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PREFACE 


The  Handbook  of  Chemistry  and  Physics,  continuing  the 
policy  of  the  past,  is  being  revised  at  frequent  intervals. 

The  general  features  and  scheme  of  arrangement,  which  have 
received  extensive  endorsement  in  former  editions  have  been 
retained.  The  aim  throughout  has  been  to  present  in  condensed 
form  as  large  an  amount  of  accurate,  reliable  and  up-to-date 
information  in  the  fields  of  chemistry  and  physics  as  was  con- 
sistent with  convenience  in  form  and  the  possibility  of  wide 
utility  and  distribution.  A  very  large  proportion  of  the  tables 
have  been  compiled  especially  for  the  Handbook  from  various 
authoritative  collections  of  data  and  from  the  current  journals. 

Since  the  beginning  special  consideration  has  been  given  to 
the  requests  and  suggestions  of  those  who  have  used  former 
editions.  In  this  way  it  has  been  hoped  to  develop  the  book 
along  lines  most  acceptable  to  those  interested  in  a  volume  of 
this  type.  Suggestions  and  contributions  are  received  each 
year  from  many  eminent  chemists  and  physicists  including 
members  of  the  teaching  profession  and  those  engaged  in 
industrial  work.  We  believe  this  cooperation  to  have  been  of 
very  great  value  in  the  growth  and  development  of  the  work. 

An  attempt  has  been  made  to  include  material  on  all  branches 
of  chemistry  and  physics  and  the  closely  allied  sciences,  which 
would  be  likely  to  find  any  extended  use.  On  the  other  hand,  in 
order  to  retain  the  convenience  of  moderate  dimensions  and  at 
the  same  time  allow  for  natural  growth  due  to  the  extension  of 
knowledge  in  these  sciences,  and  logical  additions  along  lines 
already  developed,  it  has  seemed  necessary  to  exclude  types  of 
material  of  use  only  in  certain  highly  specialized  lines  of  work. 

Chemistry  and  physics,  always  closely  related  sciences,  have 
been  brought  into  much  more  intimate  relations  by  the  more 
recent  developments  of  research.  To  an  increasing  extent  the 
student  of  either  science  should  have  a  knowledge  of  the  other. 
It  would  seem  that  there  should  be  a  large  field  for  a  single 
volume  containing  the  constants  and  f  ormulse  of  the  two  sciences 
together  with  mathematical  and  conversion  tables  adequate  for 
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accurate  computation.  The  generous  response  which  the  previ- 
ous editions  have  met  indicates  that  the  volumes  have  been 
found  useful  and  it  is  with  the  hope  of  even  more  completely 
meeting  the  needs  of  the  chemists  and  physicists  of  the  Eng- 
lish-speaking world  that  succeeding  editions  are  offered. 
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Cleveland,  Ohio 
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The  Thirty-first  edition  of  the  Handbook  of  Chemistry  and 
Physics  contains  about  180  pages  of  completely  revised  and  new 
material.  Changes  and  additions  have  been  made  to  one 
hundred  additional  pages  and  eighty-six  worn  plates  have  been 
remade,  and  one  hundred  and  fifty-two  plates  repaired,  to 
insure  clearer  printing. 

Included  in  the  more  important  new  material  added  is  a  table 
of  Isotopic  Masses  which  will  be  useful  for  those  dealing  with 
atomic  and  nuclear  problems. 

To  the  mathematical  section  there  has  been  added  a  twenty- 
three  page  table  giving  the  values,  to  five  significant  figures,  of 
sin2  x  cos2  x  and  the  product  of  sine  and  cosine  for  each  minute 
of  angle.     This  will  be  an  especial  convenience  in  curve  fitting. 

The  table  "Wave  Lengths  of  the  Principal  Lines  in  the 
Emission  Spectra  of  the  Elements"  has  been  completely  revised 
and  rearranged.  The  extreme  ultraviolet  and  infrared  have 
been  separated  from  the  main  table  which  latter  now  includes 
wave  lengths  from  2000  to  10,000  angstroms,  the  portion  of  the 
spectrum  ordinarily  recorded  photographically  and  useful  in 
qualitative  and  quantitative  analysis. 

Among  the  important  tables  added  to  recent  editions  is 
the  very  complete  table  of  isotopes  giving  the  percent  abun- 
dance, type  and  energy  of  radiations  and  half-life  for  about 
900  natural  and  artificial  radioactive  isotopes  and  stable 
isotopes. 
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ANTIDOTES  OF  POISONS 

Acetic  Acid. — Emetics,  magnesia,  chalk,  soap,  oil. 

Acetylene. — Same  as  for  carbon  monoxide. 

Arsenic,  Rat  Poison,  Paris  Green. — Milk,  raw  egg,  sweet  oil, 
lime  water,  flour  and  water. 

Carbolic  Acid. — Any  soluble  non-toxic  sulphate,  after  pro- 
voking vomiting  with  zinc  sulphate;  uncooked  white  of  egg 
in  abundance,  milk  of  lime,  saccharate  of  calcium,  olive  or 
castor  oil  with  magnesia  in  suspension,  ice,  washing  the  stomach 
with  equal  parts  water  and  vinegar;  give  alcohol  or  whiskey 
or  about  four  fluid  ounces  camphorated  oil  at  one  dose. 

Carbon  Monoxide. — Remove  to  fresh  air  immediately  and 
call  for  pulmotor;  apply  artificial  respiration  for  at  least  one 
hour  or  until  the  pulmotor  arrives.  Administration  of  oxygen 
containing  5%  of  carbon  dioxide  is  beneficial;  inhalation  of 
ammonia  or  amyl  nitrite  is  often  of  value. 

Chloroform,  Chloral,  Ether. — Dash  cold  water  on  head  and 
chest,  artificial  respiration. 

Ethylene. — Same  as  for  carbon  monoxide. 

Gas  (illuminating). — Same  as  for  carbon  monoxide. 

Hydrochloric  Acid. — Magnesia,  alkali  carbonates,  albumen, 
ice. 

Hydrocyanic  or  Prussic  Acid. — Hydrogen  peroxide  internally, 
and  artificial  respiration,  breathing  ammonia  or  chlorine  from 
chlorinated  lime,  ferrous  sulphate  followed  by  potassium  car- 
bonate, emetics,  warmth. 

Iodine. — Emetics,  stomach  siphon,  starchy  foods  in  abun- 
dance, sodium  thiosulphate. 

Lead  Acetate. — Emetics,  stomach  siphon,  sodium,  potassium 
or  magnesium  sulphates,  milk,  albumen. 

Mercuric  Chloride  or  Corrosive  Sublimate. — Zinc  sulphate, 
emetics,  stomach  siphon,  white  of  egg,  milk,  chalk,  castor  oil, 
table  salt,  reduced  iron. 

Nitrate  of  Silver. — Salt  and  water. 

Nitric  Acid. — Same  as  for  hydrochloric  acid. 

Opium,  Morphine,  Laudanum,  Paregoric,  etc. — Strong  coffee, 
hot  bath.     Keep  awake  and  moving  at  any  cost. 

Phosphoric  Acid. — Same  as  for  hydrochloric. 


ANTIDOTES  OF  POISONS  (Continued) 

Sodium  Hydroxide  or  Potassium  Hydroxide. — Vinegar, 
lemon  juice,  orange  juice,  oil,  milk. 

Sulfuric  Acid. — Same  as  for  hydrochloric  acid  with  the  addi- 
tion of  soap  or  oil. 

Sulfurous  Acid  or  Sulfur  Dioxide. — Mustard  plaster  on 
chest;  narcotics,  expectorants. 

Wood  Alcohol  (Methyl  Alcohol  or  Methanol). — Emetic 
or  wash  out  stomach  (stomach  tube)  with  a  solution  of  10  grains 
sodium  citrate  per  ounce  of  water.  Give  milk,  white  of  egg 
or  flour  in  water;  purgative  of  magnesium  sulfate  (15  grams); 
stimulate  and  combat  collapse.  In  case  of  cardiac  or  pulmo- 
nary failure  use  artificial  respiration.  Physicians  may  adminis- 
ter atropine,  digitalin  or  strychnine  as  stimulants;  to  cause 
perspiration  and  elimination  of  the  poison  use  0.1  grain  of 
pilocarpine  hydrochloride. 

BURNS  AND  SCALDS 

Exclude  air  by  thin  paste  of  starch,  flour,  or  baking  soda. 
Ordinary  oils  such  as  Vaseline  petroleum  jelly,  olive  or  castor 
oil,  lard  or  cream  may  also  be  used  except  for  phosphorus  burns. 
Lime  water  mixed  with  an  equal  part  of  raw  linseed  oil  makes  an 
excellent  dressing.  An  especially  valuable  material  for  all 
burns  is  picric  acid  gauze  which  may  be  applied  in  the  form  of  a 
compress. 

After  treatment  writh  any  of  the  above  materials,  cover  with 
a  cloth  or  with  cotton  and  hold  in  place  with  a  light  bandage. 


Apply  a  freshly  prepared  5  %  tannic  acid  solution.  Place 
several  layers  of  sterile  gauze  over  the  burned  area,  saturate 
with  the  tannic  acid  solution  and  bandage  loosely. 

CHEMICAL  BURNS 

With  either,  wash  off  as  quickly  as  possible  with  a  large 
quantity  of  water.  Water  from  a  tap  may  be  allowed  to  flow 
over  burns. 

Acids 

While  the  injury  is  being  washed,  have  procured  lime  water 
or  lime  water  and  raw  linseed  oil  mixed  together  in  equal  pro- 
portions or  a  mixture  of  baking  soda  and  water  or  soap  suds  and 
apply  freely.  For  acid  in  the  eye  wash  as  quickly  as  possible 
with  water  and  then  with  lime  water. 

Alkalis 

Wash  with  a  large  quantity  of  water  as  for  acid  burns.  Neu- 
tralize with  weak  vinegar,  hard  cider  or  lemon  juice.  For  lime 
or  other  strong  alkali  burns  in  the  eye  wash  with  weak  solution 
of  vinegar  or  with  olive  oil  or  a  saturated  solution  of  boric  acid. 

Bromine. — Sponge  immediately  with  a  strong  solution  of 
of  sodium  thiosulfate  until  all  the  bromine  color  is  gone,  then 
wash  off  the  mildly  poisonous  sodium  thiosulfate  with  plenty 
of  water. 


FIRE  PRECAUTIONS  AND  CHEMICAL  HAZARDS 

Acetone. — Dilute  with  a  spray  of  water  to  avoid  spread  of 
burning  liquid.     Use  suitable  gas  mask. 

Alcohol. — See  under  acetone. 

Ammonia. — Use  water  and  dilute  acid.  Use  suitable  gas 
mask. 

Benzol  or  Benzene. — Use  water  to  cool  containers  which 
are  endangered;  extinguish  name  with  sand,  earth,  fire-foam 
or  carbon  tetrachloride  fire  extinguishers.  Use  suitable  gas 
mask. 

Calcium  Carbide. — Do  not  use  water  as  this  generates 
acetylene,  an  inflammable  and  explosive  gas;  cut  off  electric 
current  to  avoid  ignition  of  gas.  Remove  containers  to  a  dry 
place.     Use  gas  mask. 

Carbon  Disulfide. — Use  water  to  cool  containers  which  are 
endangered;  extinguish  blaze  with  sand,  earth,  fire-foam  or 
carbon  tetrachloride  fire  extinguishers.     Use  suitable  gas  mask. 

Carbon  Tetrachloride. — Do  not  use  a  fire  extinguisher  filled 
with  carbon  tetrachloride  (pyrene  or  carbona)  on  flames  caused 
by  an  electrical  short  circuit  in  a  confined  space;  the  carbon 
tetrachloride  may  be  decomposed  into  toxic  gases. 

Do  not  put  carbon  tetrachloride  on  a  sodium  fire,  violent 
explosions  may  be  caused. 

Celluloid. — Use  large  volumes  of  water  and  sand.  The 
smoke  contains  oxides  of  nitrogen  which  are  injurious.  Use 
suitable  gas  mask. 

Chlorine. — Spray  with  water.  The  pungent  nature  of  the 
gas  makes  the  use  of  a  gas  mask  imperative. 

Collodion. — See  under  carbon  disulfide. 

Ether. — See  under  carbon  disulfide. 

Gasoline. — See  under  carbon  disulfide. 

Hydrochloric  Acid. — Use  large  volumes  of  water  also  chalk 
or  soda.     Use  gas  mask. 

Hydrocyanic  or  Prussic  Acid. — Suitable  gas  mask  is  essen. 
tial  because  of  the  extremely  poisonous  nature  of  the  vapors. 
Provide  ventilation. 


FIRE  PRECAUTIONS  (Continued) 

Lacquer  Solvents. — See  under  carbon  disulfide. 

Magnesium. — Do  not  use  water.  Use  sand  or  earth  to 
extinguish  flames.     Remove  containers  to  a  dry  place. 

Nitric  Acid  and  Oxides  of  Nitrogen. — Use  large  volumes  of 
water.     Do  not  use  sand  or  earth.     Use  gas  mask. 

Potassium. — Do  not  use  water.  Remove  containers  to  a 
dry  place.  Extinguish  flames  with  sand  or  earth.  For 
storage,  potassium  is  kept  immersed  in  petroleum. 

Potassium  Hydroxide. — Use  large  volumes  of  water  or 
dilute  acids. 

Phosphorus. — Use  water  and  wet  sand.  Use  gas  mask. 
For  storage,  white  phosphorus  must  be  kept  immersed  in 
water.     Red  phosphorus  is  less  dangerous. 

Sodium. — See  under  potassium. 

Sodium  Hydroxide. — See  under  potassium  hydroxide. 

Sulfur. — Extinguish  with  water  or  sand.     Use  gas  mask. 

Sulfuric  Acid. — See  under  hydrochloric  acid. 

Turpentine. — See  under  acetone. 
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USE  OF  MATHEMATICAL  TABLES 

For  a  complete  discussion  of  the  principles  and  use  of  mathe- 
matical tables,  textbooks  on  the  subject  should  be  consulted. 
The  following  brief  statements  are  intended  to  give  only  suffi- 
cient information  to  make  possible  the  intelligent  use  of  the 
tables,  omitting  for  the  most  part  any  attempt  at  treating  the 
theory  and  principles. 

Exponential  Method  of  Expressing  Numbers — For  conveni- 
ence in  writing  and  manipulation ,  numbers  are  often  expressed 
as  factors  of  appropriate  powers  of  10.  The  following  examples 
will  illustrate: 

2,380,000,000.  may  be  written     2.38  X  109 
238.  may  be  written     2.38  X  102 

.238  may  be  written     2.38  X  10"1 

.000000238        may  be  written     2.38  X  10" 7 

Logarithms — The  logarithm  of  a  number  is  the  exponent  of 
that  power  to  which  another  number,  the  base,  must  be  raised 
to  give  the  number  first  named.  Any  positive  number  greater 
than  1  might  serve  as  a  base.  Two  have  been  selected,  yield- 
ing two  systems  of  logarithms.  One  base,  2.718  ....  usually 
indicated  by  the  letter  e,  gives  rise  to  a  system  of  logarithms 
convenient  in  higher  mathematics.  These  are  called  natural, 
Napierian,  or  hyperbolic  logarithms.  Reference  will  be  made 
to  their  use  in  a  subsequent  paragraph. 

The  other  base  used  is  10,  giving  logarithms  particularly 
adapted  to  use  in  computation,  called  common  or  Briggian 
logarithms.  Tables  of  logarithms  given  without  designation 
are  invariably  of  this  latter  type. 

Since  most  numbers  are  incommensurable  powers  of  ten,  a 
common  logarithm,  in  general,  consists  of  an  integer  which 
is  called  the  characteristic  and  an  endless  decimal,  the  mantissa. 

It  is  to  be  observed  that  the  common  logarithms  of  all  num- 
bers expressed  by  the  same  figures  in  the  same  order  with  the 
decimal  point  in  different  positions  have  different  character- 
istics but  the  same  mantissa.  To  illustrate: — if  the  decimal 
point  stand  after  the  first  figure  of  a  number,  counting  from 
the  left,  the  characteristic  is  0;  if  after  two  figures,  it  is  1;  if  after 
three  figures,  it  is  2,  and  so  forth.  If  the  decimal  point  stand 
before  the  first  significant  figure  the  characteristic  is  —  1 ,  usually 
written  1;  if  there  is  one  zero  between  the  decimal  point  and  the 
first  significant  figure  it  is  2  and  so  on.  For  example:  log  256  = 
2.40824,  log  2.56  =  0.40824,  log  0.256  =1.40824,  log  0.00256  - 
3.40824.  The  two  latter  are  often  written  log  0.256  =  9.40824 
-10,  log  0.00256  =  7.40824-10. 


USE  OF  MATHEMATICAL  TABLES  (Continued) 

A  method  of  determining  characteristics  of  logarithms  is  to 
write  the  number  with  one  figure  to  the  left  of  the  decimal  point 
multiplied  by  the  appropriate  power  of  10.  The  characteristic 
is  then  the  exponent  used.     For  example: 

256,000,000  =  2.56  X  10 8       log  =  8.40824 

0.000000256  =  2.56  X  10"7     log  =  7.40824  or  3.40824-10 

Inasmuch  as  the  characteristic  may  be  determined  by  inspection 
the  mantissas  only  are  given  in  tables  of  common  logarithms. 
To  find  the  logarithm  of  a  number: 

For  a  number  of  four  figures,  take  out  the  tabular  mantissa 
©n  a  line  with  the  first  three  figures  of  the  number  and  under  its 
fourth  figure.  The  characteristic  is  determined  as  previously 
explained. 

For  a  number  of  less  than  four  figures,  supply  zeros  to  make 
a  four  figure  number  and  take  the  value  of  the  mantissa  from 
the  tables  as  before.   For  example:  log  2  =  log  2.000  =  0.30103. 

For  a  number  of  more  than  four  figures,  take  the  tabular 
value  of  the  mantissa  for  the  first  four  figures;  find  the  differ- 
ence between  this  mantissa  and  the  next  greater  tabular  man- 
tissa and  multiply  the  difference  so  found  by  the  remaining  fig- 
ures of  the  number  as  a  decimal  and  add  the  product  to  the 
mantissa  of  the  first  four  figures.  For  example:  to  find  log 
46.762. 

log  46.76  =  1.66987 

Tabular  difference  between  this  mantissa  and  that  for  4677 
is  .00010. 

/.log  46.762  =  1.66987  +  .2  X  .00010 
=  1.66987  +  .00002 
=  1.66989 

To  find  the  number  corresponding  to  a  given  logarithm: 

If  the  mantissa  is  found  exactly  in  the  table,  join  the  figure 
at  the  top  which  is  directly  above  the  given  mantissa  to  the 
three  figures  on  the  line  at  the  left  and  place  the  decimal  point 
according  to  the  characteristic  of  the  logarithm.  For  example, 
log"1  (antilogarithm)    3.39967  =  2510. 

If  the  mantissa  is  not  found  exactly  in  the  table  it  is  necessary 
to  interpolate.  For  example,  log"1  3.40028  =  2513.  +  9/is  = 
2513.5. 

The  column  of  proportional  parts  at  the  right  of  each  page 
of  the  table  shows,  under  the  heading  of  the  various  tabular 
differences,  the  parts  of  these  differences  which  correspond  to 
the  digits  from  1  to  9  in  the  fifth  place.  This  makes  it  possible 
to  take  out  a  'logarithm  for  a  five  figure  number  or  to  find  an 
antilogarithm  of  the  same  number  of  significant  figures  with 
increased  facility,  usually  by  inspection. 


USE  OF  MATHEMATICAL  TABLES  (Continued) 

The  following  formulae  express  the  relations  on  which  the  use 
of  logarithms  is  based: 

log  ab   =log  a+log  b 
log  j-  =  log  a  —log  b 
log  an    =nXloga 
log    Va  =  ^  a 


n 

The  following  examples  will  serve  as  illustrations: 

1.  52600  X  0.00381  X  2.74  =  549.1 

log  52600  =  4.72099 

log  0.00381  =  3.58092 

log  2.74  =  0.43775 


Sum:      =  2.73966 
Antilogarithm  =  549.1 

The  sum  is  the  logarithm  of  the  product,  the  mantissa  of 
which  is  73966.  On  looking  up  this  mantissa  in  the  logarithm 
tables  we  see  that  it  corresponds  to  the  digits  5491.  The  char- 
acteristic is  2,  hence  there  are  three  figures  before  the  decimal 
point.  The  number  corresponding  to  the  logarithm,  called  the 
antilogarithm,  is  549.1. 

2.  0.00123  ^  52.7_  =  0.00002334      An  Alternative  method: 
log  0.00123  =  3.08991  log  0.00123  =  7.08991  -10 

log        52.7  =  1.72181  log        52.7  =  1.72181 


Subtracting      5.36810  5.36810  -10 

Antilog  0.00002334 

The  characteristic  5  (5.     —10)  shows  four  zeros  after  the 
decimal  point  before  the  first  significant  figure. 

log  273  =  2.43616  log  292  =  2.46538 

log  780  =  2.89209  log  760  =  2.88081 

log     15  =  1.17609  .  " 

log  0.09  =  2~.95424  10g  denommator  =  5.34619 

log  sum  =  5.45858 

log  numerator      =  5.45858 
log  denominator  =  5.34619 


subtracting  =  0.11239 

antilogarithm       =  1.295 


USE  OF  MATHEMATICAL  TABLES  (Continued) 

As  division  may  be  accomplished  by  multiplying  by  the 
reciprocal  of  a  number,  the  above  may  be  considerably  simpli- 
fied. The  logarithm  of  the  reciprocal  of  a  number,  called  the 
cologarithm,  is  readily  obtained  from  the  table  by  subtracting 
the  logarithm  of  the  number  from  zero.  This  may  readily  be 
read  off  from  the  table  of  mantissas.  Change  the  sign  of  the 
characteristic  algebraically  adding  to  it  —  1 ,  then  mentally  sub- 
tract each  figure  of  the  mantissa  from  9  proceeding  from  left 
to  right,  the  last  figure  being  subtracted  from  10.  The  example 
then  is: 

log  273  =  2.43616 
log  780  =  2.89209 
log  15  =  1.17609 
log  0.09  =  2.95424 
colog  292  =  3^53462 
colog  760        =  3.11919 


0.11239 

4.  (0.00098)4  =  9.224  X  10"13  An  alternative  method: 

log  0.00098           =  4.99123  log  0.00098  =  6.99123-10 

4  4 


_3.96492(a)  27.96492  -40 
4X4                        16.          (b)                      or_7.96492-20 
or  13.96492 


log  (0.00098)4   =   13.96492(c) 

antilog  =  9.224  X  10'13  antilog  =  9.224  X  10"13 

In  the  above  it  will  be  noted  that  the  mantissa  is  always 
positive  hence  the  multiplication  of  the  mantissa  shown  at  (a) 
while  (b)  shows  the  multiplication  of  the  characteristic,  (c)  is 
the  algebraic  sum. 

5.^492=3.455 
log  492=2.69197 

Dividing  the  logarithm  by  5  gives  as  the  logarithm  of  the 
root  0.53839  the  antilogarithm  of  which  is  3.455  both  charac- 
teristic and  mantissa  being  positive.  When  the  characteristic  is 
negative  and  not  evenly  divisible  by  the  root  to  be  taken  a 
modification  of  the  logarithm  is  necessary. 

6.  \/  0.000372  = 

log  3.72X10-4  =  4.57054  (a) 

=  26.57054-30  (b) 

dividing  (b)  by  3  gives  8.85685  —  10  which  may  be  written 
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2.85685  and  is  the  logarithm  of  the  root  sought,  the  antiloga- 
rithm  of  which  is  0.07192. 

7.         0.000372  1-2  =  0.000076674 
log  0.000372        =  4.57054 

or  6.57054-10 
1.2 


7.88465—12 
antilogarithm  0.000076674 

Four-Place  Logarithms — This  short  table  on  two  facing  pages 
makes  possible  logarithmic  computation  precise  to  four  signi- 
ficant figures,  (three  without  interpolation).  The  mantissa  is 
given  complete  and  the  proportional  parts  indicated  for  each 
line. 

Four-Place  Antilogarithms — Some  computers  prefer  to  use 
separate  tables  for  determining  antilogarithms;  the  table  being 
entered  from  the  margins  with  the  logarithm  and  the  number 
being  found  in  the  body  of  the  table.  Such  a  table  is  given  to 
accompany  the  four-place  logarithms. 

Five-Place  Logarithms — For  computation  involving  five 
significant  figures,  (four  without  interpolation)  the  five-place 
table  will  be  adequate.  Since  the  first  two  figures  will  be  the 
same  for  several  lines  of  the  table  they  are  given  in  the  first  line 
only.  The  point  at  which  these  first  two  figures  change  is  indi- 
cated by  an  asterisk.  While  space  does  not  permit  the  pro- 
portional parts  for  each  line,  tables  will  be  found  for  each  tabular 
difference. 

The  supplementary  table  following  the  five-place  logarithms, 
giving  seven-place  logarithms  for  numbers  of  five  significant 
figures  from  10,000  to  12,000  will  be  found  convenient  to  in- 
crease precision  and  avoid  the  inconvenience  of  interpolation 
where  the  differences  are  large. 

Logarithms  of  the  Trigonometric  Functions — Logarithms  of 
the  functions  are  given  for  each  minute  from  0-360°. 

The  quantity  —  10  is  to  be  appended  to  all  logarithms  of  the 
sine  and  cosine,  to  logarithms  of  the  tangent  from  0-45°  and  of 
the  cotangent  from  45-90°. 

With  degrees  indicated  at  either  side  of  the  top  of  the  page 
use  the  column  headings  at  the  top.  With  degrees  stated  at 
the  bottom  of  the  page  use  the  column  designations  at  the 
bottom. 

With  degrees  at  the  left  (top  or  bottom)  use  the  minute  col- 
umn at  the  left,  and  with  degrees  on  the  right  side  of  the  page 
use  the  minute  column  at  the  right. 


USE  OF  MATHEMATICAL  TABLES  (Continued) 

To  illustrate  the  proper  employment  of  headings  for  angles 
in  the  four  quadrants — 

log  sin      6°  24'  =9.04715  -10  log  sin  186°  24'  =9.04715-10 

log  sin    83°15,=9.99698-10  log  sin  263°  15'  =9.99698-10 

log  cos    96°  41 '  =  9.06589  - 1 0  log  cos  276°  41 '  =  9.06589  - 10 

log  cos  173°  49'  =  9.99747  - 10  log  cos  353°  49'  =  9.99747  - 10 

For  the  accurate  determination  of  values  where  the  tabular 
differences  are  large,  the  values  of  CS  and  CT  are  given.  The 
following  equations  indicate  their  use. 

To  find  the  logarithm  of  the  functions  of  an  angle: 
For  angles  0-3°  For  angles  87-90° 

tog  sin  0  =  log  0"  -  CS  log  cos  0  =  log  (90°  -  6)"  -  CS 
log  tan  0  =  log  0"  -  CT  log  cot  0  =  log  (90°  -  $)"  -  CT 
log  cot  0  =  colog  tan  0         log  tan  0  =  colog  cot  0 

To  find  the  angle: 

For  angles  0-3°  For  angles  87-90° 

log  0"  =  log  sin  6  +  CS  log  (90°  -  d)"  =  log  cos  0  +  CS 

log  0"  =  log  tan  0  +  CT  log  (90°  -  0)"  =  log  cot  0  +  CT 

In  the  above  expressions,  0"  and  (90°  —  6)"  are  used  to  indi- 
cate the  value  of  the  angles  expressed  in  seconds.  The  values 
in  the  body  of  the  table  are  the  cologarithms  and  should  be  used 
as  indicated  above. 

The  values  of  the  logarithms  S  and  T  are  also  given  in  a 
separate  table.     For  these  the  following  relations  hold: 

To  find  the  functions  of  an  angle, 
log  sin   0  =  log  0"  +  S         log  cos  0  =  log  (90°  -  0)"  +  S 
log  tan  0  =  log  0"  +  T        log  cot  0  =  log  (90°  -  0)"  +  T 

To  find  the  angle, 
log  0"  =  log  sin   0  -  S         log  (90°  -  $V  =  log  cos  0  -  S 
log  0"  =  log  tan  0  -  T        log  (90°  -  0)"  =  log  cot  0  -  T 

Where  the  values  of  CS  and  CT  are  given,  the  angles  express- 
ed in  seconds  are  given  in  the  supplementary  column  at  the 
left. 

The  tabular  differences  are  given  under  the  headings  "d"  and 
"c.d.",  the  latter  referring  to  the  common  difference  for  the 
tangent  and  cotangent.  Tables  of  proportional  parts  ("P.P.") 
facilitate  interpolation.  At  the  bottom  of  each  column  will  be 
found  special  proportional  parts  between  the  tabular  differences 
for  the  tangent  or  cotangent  and  those  for  the  sine  or  cosine. 
These  are  useful  when  one  function  is  to  be  obtained  directly 
from  the  other  without  determining  the  angle. 
For  example,  suppose  log  tan  0  is  given  as  9.67644  and  log 
cos  0  is  required.  The  difference  between  the  given  logarithm 
and  that  given  in  the  table,  9.67622  (opposite  25°  23'),  is  22. 
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The  tabular  differences  of  the  two  logarithmic  functions  at  this 
place  are  32  and  6.  In  the  proportional  table  for  -$%,  22  corre- 
sponds to  4;  this,  subtracted  from  the  tabular  logarithmic 
cosine  9.95591,  gives  the  required  log  cos  0  =  9.95587. 

The  symbols  5  and  5  are  used  to  indicate  how  the  terminal  5 
has  been  derived.  For  example,  the  logarithm  8.83075  is 
more  fully  given  as  8.8307495  while  the  value  9.40825  is  derived 
from  9.4082539. 

Natural  Trigonometric  Functions — Values  of  the  natural 
trigonometric  functions  of  angles  are  given  for  each  minute 
from  0-360°. 

For  degrees  indicated  at  the  top  of  the  page  use  the  column 
headings  at  the  top.  For  degrees  indicated  at  the  bottom  use 
the  column  indications  at  the  bottom. 

With  degrees  at  the  left  of  each  block  (top  or  bottom),  use 
the  minute  column  at  the  left  and  with  degrees  at  the  right  of 
each  block  use  the  minute  column  at  the  right. 

Natural  Functions  and  their  Logarithms  are  given  for 
angles  in  degrees  and  tenths  from  0  to  90  degrees. 

Natural  Functions  and  their  Logarithms  are  given  for 
angles  in  radians  and  hundredths,  from  0  to  2  radians. 

Haversines — Values  of  (1  —  cos  0)/2  for  angles  between  0 
and  180°  are  given  to  four  significant  figures.  The  four-place 
mantissas  of  the  logarithms  of  the  haversines  are  also  given. 
The  correct  characteristic  must  be  provided  in  each  case. 

The  listed  values  of  the  haversines  were  derived  from  values 
which  were  computed  to  seven  significant  figures.  The 
logarithms  were  independently  derived  from  the  more  exact 
values  of  the  haversines  and  are,  therefore,  in  many  cases  not 
the  exact  value  of  the  logarithm  of  the  haversine  as  listed. 
This  is  notably  true  at  the  beginning  of  the  table  where  the 
logarithm  can  be  given  with  more  exactness  than  the  function. 

Natural  Logarithms — The  natural  logarithms  of  numbers 
from  0.000  to  999.  are  given  in  a  group  of  four  tables.  The 
method  of  finding  logarithms  of  numbers  not  included  in  the 
tables  is  indicated  at  the  beginning  of  the  third  page.  A  con- 
venient table  of  constants  occurs  at  the  top  of  the  fourth  page. 

The  first  page  gives  the  natural  logarithms  of  numbers  from 
0.000  to  0.499.  Since  the  characteristics  change  rapidly  for 
the  smaller  numbers,  they  are  indicated  above  the  mantissa  in 
the  first  line.  In  the  second  and  following  lines  the  charac- 
teristics are  given  at  the  left  only.  For  example,  loge  0.004  = 
-5.52146;  loge  0.014  =  -4.26870. 

The  succeeding  pages  give  the  natural  logarithms  of  num- 
bers up  to  999. 
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Exponential  Functions — Values  of  ex,  log  ex  and  e~x  where 
e  is  the  base  of  the  natural  system  of  logarithms  2.71828  .  .  . 
and  x  has  values  from  0  to  10.  Facilitating  the  solution  of 
exponential  equations,  these  tables  also  serve  as  a  table  of 
natural  or  Naperian  antilogarithms.  For  instance  if  the 
logarithm  or  exponent  x  —  3.26  the  corresponding  number  or 
value  of  ex  is  26.050.     Its  reciprocal  e~x  is  .038388. 

Hyperbolic  Functions — The  table  gives  the  values  and 
logarithms  of  the  hyperbolic  sine  x,  cosine  xy  tangent  x  and 
cotangent  x  for  values  of  x  from  0  to  5. 

Degrees-Radians — This  table  gives  the  value  in  radians  to 
five  significant  figures;  for  each  10  minutes  from  0°  0'  to  90°  0'; 
for  each  degree  from  90  to  180;  for  each  10  degrees  from  180 
to  480.  Values  are  also  given  for  each  minute  from  0-60'  and 
for  each  second  from  0-60". 

Tables  are  also  provided  to  facilitate  changing  from  degrees 
and  decimal  fractions  to  radians,  from  decimal  fractions  of  a 
degree  to  minutes  and  seconds  and  the  reverse  operations. 

Numerical  Tables — The  first  section  gives  the  reciprocals 
of  numbers  from  0  to  1000  and  circumferences  and  areas  of 
circles  with  diameters  having  these  values.  Reciprocals  and 
circumferences  for  values  not  listed  can  be  obtained  by  an 
appropriate  shift  of  the  decimal  point. 

The  second  section  is  devoted  to  squares,  cubes  and  roots. 
The  squares  and  cubes  from  1  to  1000  are  given  exactly.  The 
roots  are  given  to  seven  significant  figures.  Since  the  square 
roots  of  lOn  are  given,  values  of  the  square  roots  from  1  to 
10,000  may  be  found  directly.  For  the  square  roots  of  numbers 
below  and  above  this  range,  use  may  be  made  of  the  following 

relations:   VlOOn  =  10  \/n;   VlOOOn  =  10  VlOn;   VSn  - 

A  VlOn;  Vjio™  =  to  Vn;  VtAo™  =  ih  VlOn.  For  ex- 
ample, the  square  root  of  0.268  may  be  found  by  using  the 

form,  a/0.268  <=  TU  VlO  X  268.  The  tabular  value  for  the 
square  root  of  lOn  for  268  is  51.76872.  Hence,  the  desired  root 
is  0.5176872. 

Values  of  cube  roots  for  all  numbers  from  1  to  100,000  will 
be  found  directly  in  the  table.  Cube  roots  for  numbers  above 
or  below  this  range  will  be  found  from  the  following  relations: 
VlOOOn  =  10  Vn;  Vl0,000n  =  10  VlQn;  Vl00,000n  = 
10  VlOOn;  VtV*  =  A  VlOOn;  VT*o^  =  A  ^10n;  VtoW* 
=  A  Vn.    For  example,  the  cube  root  of  731,000  may  be  found 
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by  using  the  form,  ^731,000  =  10v/731.  The  tabular  value 
of  the  root  for  731  is  9.008223.  The  desired  root  is,  therefore, 
90.08223. 

Powers  of  Numbers — This  table  is  given  to  supplement  the 
values  of  squares  and  cubes  of  numbers  found  in  the  preceding 
numerical  table.  The  larger  numbers  are  expressed  exponen- 
tially to  at  least  seven  significant  figures.  The  approximate 
value  written  as  a  whole  number  may  be  obtained  by  shifting 
the  decimal  point  to  the  right  by  the  number  of  places  indicated 
in  the  exponent  of  10  shown  at  the  head  of  each  group  of  values. 
For  example:  the  approximate  value  of  338  is  found  in  the 
table  as  14.064086  X  1011.  Written  as  a  whole  number  it  is 
1,406,408,600,000. 

Factorials  and  their  Logarithms — The  product  n  X 
(n  —  1)  X  (ft  —  2)  X  •  •  •  X  1  is  called  factorial  ft,  expressed  as 
n!  or  [ft.  For  example:  factorial  5  =  5X4X3X2X1  = 
120.  Factorials  are  very  often  met  with  in  series.  For  pur- 
poses of  computation  in  such  cases  the  table  giving  the  values  of 
the  factorials  and  of  their  logarithms  for  numbers  from  1  to 
100  is  provided.  The  values  of  the  factorials  are  expressed 
exponentially  to  5  significant  figures. 

A  brief  table  of  exact  values  and  reciprocals  of  factorials  is 
to  be  found  on  page  186. 

Factors  for  Computing  Probable  Errors — The  probable 
error  of  a  series  of  n  measures  ai,  a^  a%  .  .  .  a»,  the  mean  of 
which  is  m,  is  given  by  the  expression, 

e  =    °^!f^_V(m  -  at)2  +  (m  -  a2)2  +  .  .   .   (m  -  O* 
V  n  —  1 

The  probable  error  of  the  mean  is, 

E  =       06745      V(m  -  0i)2  +  (m  -  q2)2  +  ■  .  .   (m  -  qn)2 
\/n{n  —  1) 

The  following  approximate  equations  are  convenient  forms  for 
computation, 

2d 


e  =  0.8453 
E  =  0.8453 


\/n(n  —  1) 
n\/n  —  1 


The  symbol  2<2  represents  the  arithmetical  sum  of  the 
deviations. 

For  convenience  in  computing  the  probable  error  the  value 
of  several  of  the  factors  involved  is  given  for  values  of  n  from  2 
to  100. 
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Probability  of  Occurrence  of  Deviations — The  signifi- 
cance of  deviations  is  indicated  by  this  table.  The  probability 
of  occurrence  of  deviations  as  great  as  or  greater  than  any 
specific  value  is  given  for  various  ratios  of  deviation  to  probable 
error  and  also  with  respect  to  the  standard  deviation  a.  The 
probability  of  occurrence  is  stated  in  per  cent  or  chances  in 
100.  The  odds  against  occurrence  are  also  stated.  The 
probable  error  is  0.6745  X  (or). 

Areas,  Ordinates  and  Derivatives  of  the  Normal  Curve 
of  Error — If,  for  a  large  number  of  observations,  the  frequency 
y,  of  the  occurrence  of  an  error  of  magnitude  t  be  plotted,  a 
curve  results  whose  equation  may  be  written, 

y  =  — h=  <r'2/2 

^  V27T 

The  area,  ordinates  and  derivatives  for  this  curve  given  in  the 
table  are  useful  in  the  treatment  of  observational  data.  A  text 
on  statistical  methods  should  be  consulted  for  a  complete 
explanation. 

Factors  and  Primes — The  table  presents  the  prime  factors 
of  all  factorable  numbers  and  the  logarithms  of  all  prime  num- 
bers from  1  to  2000. 


Conversion  Table 


Inches 

Centimeters 

Centimeters 

Inches 

1 

= 

2.54001 

1 

= 

0.39370 

2 

= 

5.08001 

2 

= 

0.78740 

3 

= 

7 . 62002 

3 

= 

1.1811 

4 

= 

10.16002 

4 

= 

1 . 5748 

5 

= 

12.70003 

5 

= 

1.9685 

6 

= 

15.24003 

6 

= 

2.3622 

7 

= 

17.78004 

7 

= 

2 . 7559 

8 

= 

20.32004 

8 

= 

3.1496 

9 

= 

22 . 86005 

9 

= 

3.5433 

Feet 

Meters 

Meters 

Feet 

1 

= 

0.304801 

1 

= 

3 . 28083 

2 

= 

0.609601 

2 

— 

6.56167 

3 

= 

0.914402 

3 

= 

9 . 84250 

4 

= 

1.219202 

4 

= 

13.12333 

5 

= 

1 . 524003 

5 

= 

16.40417 

6 

= 

1 . 828804 

6 

= 

19.68500 

7 

= 

2.133604 

7 

= 

22.96583 

8 

= 

2.438405 

8 

= 

26.24666 

9 

= 

2 . 743205 

9 

= 

29.52750 

Yards 

Meters 

Meters 

Yards 

1 

= 

0.914402 

1 

= 

1   093611 

2 

= 

1 . 828804 

2 

= 

2.187222 

3 

= 

2.743205 

3 

= 

3 . 280833 

4 

= 

3.657607 

4 

= 

4.374444 

5 

= 

4.572009 

5 

= 

5.468056 

6 

= 

5.486411 

6 

= 

6.561667 

7 

= 

6.400813 

7 

= 

7.655278 

8 

= 

7.315215 

8 

= 

8.748889 

9 

= 

8.229616 

9 

= 

9 . 842500 

10 


USE  OF  MATHEMATICAL  TABLES  (Continued) 
Conversion  Tables  (Continued) 


Miles 

Kilometers 

Kilometers 

Mibs 

1 

1 . 60935 

1 

0.62137 

2 

3.21869 

2 

1.24274 

3 

4.82804 

3 

1.86411 

4 

6.43739 

4 

2.48548 

5 

8.04674 

5 

3.10685 

6 

9.65608 

6 

3 . 72822 

7 

11.26543 

7 

4.34959 

8 

12.87478 

8 

4.97096 

9 

14.48412 

9 

5.59233 

Pounds  Av. 

Kilograms 

Kilograms 

Pounds  Av. 

1 

0.45359 

1 

2 . 20462 

2 

0.90718 

2 

4.40924 

3 

1.36078 

3 

6.61387 

4 

1.81437 

4 

8.81849 

5 

2.26796 

5 

11.02311 

6 

2.72155 

6 

13.22773 

7 

3.17514 

7 

15.43236 

8 

3.62874 

8 

17.63698 

9 

4.08233 

9 

19.84160 

Conversion  Factors 

U.  S.  AND  METRIC  UNITS 

Each  unit  in  bold  face  type  is  followed  by  its  equivalent  in 
one  or  other  units  of  the  same  quantity. 


Acre — 0.0015625  square  mile;  4.3560 
X  104     square     feet;     0.4046873 

Bushel— 1.2444  cubic  feet;  2150.42 

cubic      inches;      0.035239      cubic 

meter;  35.238  liters 
Centimeter— 0.032808   foot; 

0.39370  inch. 
Circular  Mil. — 7.854  X  10-7 square 

inch;  5.0671  X  10"6  square  centi- 

TT1  f^t  f^T* 

Cubic  Centimeter— 0.061023  cubic 
inch;  0.27051  dram;  16.231  min- 
ims; 0.99997  milliliter 

Cubic  Foot— 0.80357  bushel;  7.481 
gallon;  0.02831701  cubic  meter; 
28.316  liters 

Cubic  Inch — 16.387162  cubic  centi- 

Cubic  Meter— 35.314445  cubic 
feet;  264.173  gallons 

Foot— 0.3048006  meter 

Gallon— 0.13368  cubic  foot;  0.83268 
gallons  (British);  231.00  cubic 
inches;  0.0037854  cubic  meter; 
3.7853  liters 

Grain — 0.064798918  gram 

Gram — 0.00220462  pound  (avoirdu- 
pois); .0352740  ounce  (avoirdu- 
pois); 15.4324  grains 

Hectare — 2.471044  acres;  1.0764 
X  105  square  feet 

Inch — 2.540005  centimeter 

Kilogram— 2.2046223  pounds  (av- 
oirdupois) 


Kilometer— 0.62137  mile 

Liter— 0.26417762  gallon;  0.035316 

cubic  foot;  1.056710  quarts 
Meter— 1.093611    yards;    3.280833 

feet;  39.3700  inches 
Mile — 1.60935  kilometers 
Ounce       (fluid)— 1.80469       cubic 

inches;  29.5737  cubic  centimeters 
Ounce     (avoirdupois) — 28.349527 

grams 
Ounce    (apothecary    or    troy) — 

31.103481  grams 
Pint  (liquid)— 0.473167  liter;  473.- 

179  cubic  centimeters 
Pound       (avoirdupois) — 0.453592 

kilogram;  453.5924  grams 
Pound    (apothecary    or    troy) — 

0.3732418      kilogram;       373.2418 

grams 
Quart— 1.10120  liters 
Quart  (liquid)— .946333  liter 
Radian — 57.29578  degrees 
Rod— 5,029210  meters 
Square   Centimeter — 0.15500 

square  inches 
Square    Foot — 0.09290341    square 

meter 
Square    Inch — 645.16258 

millimeters 
Square    Meter— 10.76387 

feet 

Square  Yard — 0.83613  square  meter 
Ton  (short) — 907.185  kilograms 
Yard— 0.91440183  meter 


square 


square 
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NUMERICAL  CONSTANTS 

Numbers  Containing  -k 
tv  =  3.14159  26536        logio  tt  =  0.49714  98727  log*  ir  =  1.14472  98858 


Number 

1 

Logarithm 

Number 

Logarithm 

2tt 
3tt 

4tt 
8*- 
r/2 

3.1415  927 
6.2831  853 
9.4247  780 
12.5663  706 
25.1327  412 
1.5707  963 

0.4971  499 
0.7981  799 
0.9742  711 
1.0992  099 
1.4002  399 
0.1961   199 

7T2 
2tt2 
4tt2 
1/tt2 

1/(2tt2) 

1/(4tt2) 

9.8696 
19.7392 
39 . 4784 
0.1013 
0.0506 
0.0253 

044 
088 
176 
212 
606 
303 

0.9942 
1 . 2953 
1 . 5963 
9.0057 
8.7046 
8.4036 

997 

297 

597 

003-10 

703-10 

403  - 10 

7T/3 

1.0471  976 

0.0200  286 

V- 

1 . 7724 

539 

0.2485 

749 

7r/4 

0.7853  982 

9.8950  899- 

-10 

V'7r/4  or 

0.8862 

269 

9.9475 

449-10 

7T/6 

0.5235  988 

9.7189  986- 

-10 

V^r/2 

7T/8 

0.3926  991 

9.5940  599- 

-10 

Vtt/4 

0.4431 

135 

9.6465 

149-10 

2tt/3 

2.0943  951 

0.3210  586 

V^/2 

1.2533 

141 

0.0980 

599 

4tt/3 
1/t 

4.1887  902 
0.3183  099 

0.6220  886 
9.5028  501- 

-10 

V2A 

w3 

0.7978 
31.0062 

846 
767 

9.9019 
1.4914 

401-10 
496 

2/tt 

0.6366  198 

9.8038  801- 

-10 

& 

1.4645 

919 

0.1657 

166 

4/tt 

1.2732  395 

0.1049  101 

Vifc 

0.6827 

841 

9 . 8342 

834-10 

1/(2tt) 

0.1591  549 

9.2018  201- 

-10 

</** 

2.1450 

294 

0.3314 

332 

1/(4tt) 

0.0795  775 

8.9007  901- 

-10 

i/V* 

0.5641 

896 

9.7514 

251-10 

1/(6tt) 

0.0530  516 

8.7246  989- 

-10 

2/  s/tt  or 

1 . 1283 

792 

0.0524 

551 

l/(ftr) 

0.0397  887 

8.5997  601- 

-10 

V4/7T 

Logarithmic  Constants 

e  =  2.71828  18285  M  =  logio  e  =  0.43429  44819 

1/  M  =  loge  10  =  2.30258  50930  logio  M  =  logio  logio  e  =  9.63778  43113  -  10 

1/e  =  0.36787  94412 
togc  2  =  0.69314  71806  logio  2  =  0.30102  99957 

Change  of  Base 

loga  x  =  logb  x/\ogb  a 

loglO  X    =   loge  £/loge10  loge  X    =   loglO  #/loglO  « 

loge  x  =  1/M  logio  x  =  2.30258  50930  logio  x 
logio  x  =  M  loge  x  =  0.43429  44819  log*  x 

DECIMAL  EQUIVALENTS  OF  COMMON  FRACTIONS 


1/32     2/64  = 

3.03125 

17/32  34/64  = 

3.53125 

1/16     2/32     4/64  = 

.0625 

9/16   18/32  36/64  = 

.5625 

3/32     6/64  = 

.09375 

19/32  38/64  = 

.59375 

1/8       4/32     8/64  = 

.125 

5/8     20/32  40/64  = 

.625 

5/32   10/64  = 

.15625 

21/32  42/64  = 

.65625 

3/16     6/32   12/64  = 

.1875 

11/16  22/32  44/64  = 

.6875 

7/32  14/64  = 

.21875 

23/32  46/64  m 

.71875 

1/4       8/32  16/64  = 

.25 

3/4     24/32  48/64  = 

.75 

9/32   18/64  = 

.28125 

25/32  50/64  = 

.78125 

5/16  10/32  20/64  = 

3125 

13/16  26/32  52/64  = 

.8125 

11/32  22/64  = 

.34375 

27/32  54/64  = 

.84375 

3/8     12/32  24/64  = 

.375 

7/8     28/32  56/64  = 

.875 

13/32  26/34  = 

.40625 

29/32  58/64  = 

.90625 

7/16  14/32  28/64  = 

.4375 

15/16  30/32  60/64  = 

.9375 

15/32  30/64  = 

.46875 

31/32  62/64  m 

.96875 

1/2     16/32  32/64  = 

.50 
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MISCELLANEOUS  CONSTANTS 

Mean  radius  of  the  earth,  3959  miles  =  6371  kilometers. 

1  degree  of  latitude  at  40°  =  69  miles. 

1  nautical  mile=  1'  of  arc  on  the  earth's  surface  at  the 
equator. 

Mean  density  of  the  earth,  5.522  grams  per  cm3. 

Constant  of  gravitation,  K  =  6.670  X10_8=  the  attraction  in 
dynes  between  two  gram  masses  one  centimeter  apart. 

Acceleration  due  to  gravity  at  sea  level,  lat.  45°  =980.616  cm. 
per  sec.  per  sec.  =32.172  feet  per  sec.  per  sec. 

Length  of  seconds  pendulum  at  sea  level,  lat.  45°  =99.356 
cm.  =39.116  in.  

Density  of  mercury  at  0°C.  =  13.59509  g.  per  cm3. 
Density  of  water,  maximum  at  3.98°  C.  =0.999973  g.  per  cm3 
Density  of  dry  air  at  0°  C.  and  760  mm.  =  .001293  g.  per  cm3. 

Velocity  of  sound  in  dry  air  at  0°  C,  33,136  cm.  per  sec.  = 
1089  feet  per  sec. 

Velocity  of  light  in  a  vacuum  =  2.99776  X1010  cm.  per  sec.  = 
9.83514  X108  feet  per  sec.  =  186,272  mi./sec. 

Heat  equivalent  of  fusion  of  water  79.63  cal.  (15°  C.)  per 
gram. 

Heat  equivalent  of  vaporization  of  water,  539.55  cal.  (15°  C.) 
per  gram. 

Coefficient  of  expansion  of  gases,  .003665. 

Specific  heat  of  air,  at  constant  pressure,  0.238. 


Electrochemical  equivalent  of  silver,  0.001118  g.  per  sec.  per 
int.  ampere. 

Mean  wave  length  of  sodium  light,  .00005893  cm.  or  5893. 
angstrom  units. 

Absolute  wave  length  of  red  cadmium  line  in  air,  760  mm- 
pressure,  15°  C;  6438.4696  angstrom  units. 

GREEK  ALPHABET 


Greek 

Greek 

English 

Greek 

Greek 

English 

letter 

name 

equivalent 

letter 

name 

equivalent 

A  a 

Alpha 

a 

N  v 

Nu 

n 

B/3 

Beta 

b 

3  £ 

Xi 

X 

Ty 

Gamma 

g 

Oo 

Omicron 

o 

A  5 

Delta 

d 

IItt 

Pi 

p 

E  e 

Epsilon 

e 

Pp 

Rho 

r 

z  r 

Zeta 

z 

2  a 

Sigma 

s 

Hr, 

Eta 

e 

T  r 

Tau 

t 

e  e 

Theta 

th 

T    v 

Upsilon 

u 

I    c 

Iota 

i 

<£></> 

Phi 

Ph 

K    K 

Kappa 

k 

X  x 

Chi 

ch 

\  X 

Lambda 

1 

^  -b 

Psi 

ps 

MM 

Mu 

m 

Q  u 

Omega 

6 

L3 


FOUR-PLACE 


N 

0   12   3   4 

5   6   7   8   9 

Proportional  Parts 
123456789 

10 

0000  0043  0086  0128  0170 

0212  0253  0294  0334  0374 

*4  8  12  17  21 

25  29  33  37 

11 

0414  0453  0492  0531  0569 

0607  0645  0682  0719  0755 

4  8  11  15  19  23  26  30  34 

12 

0792  0828  0864  0899  0934 

0969  1004  1038  1072  1106 

3  7  10  14  17  21 

24  28  31 

13 

1139  1173  1206  1239  1271 

1303  1335  1367  1399  1430 

3  6  10  13  16  19  23  26  29 

14 

1461  1492  1523  1553  1584 

1614  1644  1673  1703  1732 

3  6  9  12  15  18  21  24  27 

15 

1761  1790  1818  1847  1875 

1903  1931  1959  1987  2014 

*3  6  8  11  14  17  20  22  25 

16 

2041  2068  2095  2122  2148 

2175  2201  2227  2253  2279 

3  5  8  11  13 

16 

18  21  24 

17 

2304  2330  2355  2380  2405 

2430  2455  2480  2504  2529 

2  5  7  10  12 

15 

17  20  22 

18 

2553  2577  2601  2625  2648 

2672  2695  2718  2742  2765 

2  5  7  9  12 

14 

16  19  21 

19 

2788  2810  2833  2856  2878 

2900  2923  2945  2967  2989 

2  4  7  9  11 

13  16  18  20 

20 

3010  3032  3054  3075  3096 

3118  3139  3160  3181  3201 

2  4  6  8  11 

13  15  17  19 

21 

3222  3243  3263  3284  3304 

3324  3345  3365  3385  3404 

2  4  6  8  10 

12 

14  16  18 

22 

3424  3444  3464  3483  3502 

3522  3541  3560  3579  3598 

2  4  6  8  10  12  14  15  17 

23 

3617  3636  3655  3674  3692 

3711  3729  3747  3766  3784 

2  4  6  7  9  11 

13  15  17 

24 

3802  3820  3838  3856  3874 

3892  3909  3927  3945  3962 

2  4  5  7  9 

11 

12  14  10 

25 

3979  3997  4014  4031  4048 

4065  4082  4099  4116  4133 

2  3  5  7  9 

10 

12  14  15 

26 

4150  4166  4183  4200  4216 

4232  4249  4265  4281  4298 

2  3  5  7  8 

10 

11  13  15 

27 

4314  4330  4346  4362  4378 

4393  4409  4425  4440  4456 

2  3  5  6  8 

9 

11  13  14 

28 

4472  4487  4502  4518  4533 

4548  4564  4579  4594  4609 

2  3  5  6  8 

9 

11  12  14 

29 

4624  4639  4654  4669  4683 

4698  4713  4728  4742  4757 

13  4  6  7 

9  10  12  13 

30 

4771  4786  4800  4814  4829 

4843  4857  4871  4886  4900 

13  4  6  7 

9 

10  11  13 

31 

4914  4928  4942  4955  4969 

4983  4997  5011  5024  5038 

13  4  6  7 

8 

10  11  12 

32 

5051  5065  5079  5092  5105 

5119  5132  5145  5159  5172 

13  4  5  7 

8 

9  11  12 

33 

5185  5198  5211  5224  5237 

5250  5263  5276  5289  5302 

13  4  5  6 

8 

9  10  12 

M 

5315  5328  5340  5353  5366 

5378  5391  5403  5416  5428 

13  4  5  6 

8 

9  10  11 

35 

5441  5453  5465  5478  5490 

5502  5514  5527  5539  5551 

12  4  5  6 

7 

9  10  11 

36 

5563  5575  5587  5599  5611 

5623  5635  5647  5658  5670 

12  4  5  6 

7 

8  10  11 

37 

5682  5694  5705  5717  5729 

5740  5752  5763  5775  5786 

12  3  5  6 

7 

8  9  10 

38 

5798  5809  5821  5832  5843 

5855  5866  5877  5888  5899 

12  3  5  6 

7 

8  9  10 

39 

5911  5922  5933  5944  5955 

5966  5977  5988  5999  6010 

12  3  4  5 

7 

8  9  10 

40 

6021  6031  6042  6053  6064 

6075  6085  6096  6107  6117 

12  3  4  5 

6 

8  9  10 

41 

6128  6138  6149  6160  6170 

6180  6191  6201  6212  6222 

12  3  4  5 

6 

7  8  9 

42 

6232  6243  6253  6263  6274 

6284  6294  6304  6314  6325 

12  3  4  5 

6 

7  8  9 

43 

6335  6345  6355  6365  6375 

6385  6395  6405  6415  6425 

12  3  4  5 

6 

7  8  9 

44 

6435  6444  6454  6464  6474 

6484  6493  6503  6513  6522 

12  3  4  5 

6 

7  8  9 

45 

6532  6542  6551  6561  6571 

6580  6590  6599  6609  6618 

12  3  4  5 

6 

7  8  9 

46 

6628  6637  6646  6656  6665 

6675  6684  6693  6702  6712 

12  3  4  5 

6 

7  7  8 

47 

6721  6730  6739  6749  6758 

6767  6776  6785  6794  6803 

12  3  4  5 

5 

6  7  8 

48 

6812  6821  6830  6839  6848 

6857  6866  6875  6884  6893 

12  3  4  4 

5 

6  7  8 

49 

6902  6911  6920  6928  6937 

6946  6955  6964  6972  6981 

12  3  4  4 

5 

6  7  8 

50 

6990  6998  7007  7016  7024 

7033  7042  7050  7059  7067 

12  3  3  4 

5 

6  7  8 

51 

7076  7084  7093  7101  7110 

7118  7126  7135  7143  7152 

12  3  3  4 

5 

6  7  8 

52 

7160  7168  7177  7185  7193 

7202  7210  7218  7226  7235 

12  2  3  4 

5 

6  7  7 

53 

7243  7251  7259  7267  7275 

7284  7292  7300  7308  7316 

12  2  3  4 

5 

6  6  7 

54 

7324  7332  7340  7348  7356 

7364  7372  7380  7388  7396 

12  2  3  4 

5 

6  6  7 

N 

0   12   3   4 

5   6   7   8   9 

12  3  4  5 

6 

7  8  9 

Interpolation  in  this  section  of  the  table  is  inaccurate. 
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LOGARITHMS 


N 

0   12   3   4 

5   6   7   8   9 

Proportional  Parts 
12  3  4  5  6  7 

8  9 

55 
56 
57 
58 
59 

7404  7412  7419  7427  7435 
7482  7490  7497  7505  7513 
7559  7566  7574  7582  7589 
7634  7642  7649  7657  7664 
7709  7716  7723  7731  7738 

7443  7451  7459  7466  7474 
7520  7528  7536  7543  7551 
7597  7604  7612  7619  7627 
7672  7679  7686  7694  7701 
7745  7752  7760  7767  7774 

12  2  3 
12  2  3 
12  2  3 
112  3 
112  3 

4 
4 
4 
4 
4 

5 
5 
5 
4 
4 

5 
5 
5 
5 
5 

6  7 
6  7 
6  7 
6  7 
6  7 

60 

61 
62 
63 
64 

7782  7789  7796  7803  7810 
7853  7860  7868  7875  7882 
7924  7931  7938  7945  7952 
7993  8000  8007  8014  8021 
8062  8069  8075  8082  8089 

7818  7825  7832  7839  7846 
7889  7896  7903  7910  7917 
7959  7966  7973  7980  7987 
8028  8035  8041  8048  8055 
8096  8102  8109  8116  8122 

112  3 
112  3 
112  3 
112  3 
112  3 

4 
4 
3 
3 
3 

4 
4 
4 
4 
4 

5 
5 
5 

5 
5 

6  6 

6  6 
6  6 
5  6 
5  6 

65 
66 
67 
68 
69 

8129  8136  8142  8149  8156 
8195  8202  8209  8215  8222 
8261  8267  8274  8280  8287 
8325  8331  8338  8344  8351 
8388  8395  8401  8407  8414 

8162  8169  8176  8182  8189 
8228  8235  8241  8248  8254 
8293  8299  8306  8312  8319 
8357  8363  8370  8376  8382 
8420  8426  8432  8439  8445 

112  3 
112  3 
112  3 
112  3 
112  2 

3 
3 
3 
3 
3 

4 

4 
4 
4 
4 

5 
5 
5 
4 
4 

5  6 
5  6 
5  6 
5  6 
5  6 

70 

71 
72 
73 
74 

8451  8457  8463  8470  8476 
8513  8519  8525  8531  8537 
8573  8579  8585  8591  8597 
8633  8639  8645  8651  8657 
8692  8698  8704  8710  8716 

8482  8488  8494  8500  8506 
8543  8549  8555  8561  8567 
8603  8609  8615  8621  8627 
8663  8669  8675  8681  8686 
8722  8727  8733  8739  8745 

112  2 
112  2 
112  2 
112  2 
112  2 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

4 
4 
4 
4 
4 

5  6 
5  5 
5  5 
5  5 
5  5 

75 

76 
77 
78 
79 

8751  8756  8762  8768  8774 
8808  8814  8820  8825  8831 
8865  8871  8876  8882  8887 
8921  8927  8932  8938  8943 
8976  8982  8987  8993  8998 

8779  8785  8791  8797  8802 
8837  8842  8848  8854  8859 
8893  8899  8904  8910  8915 
8949  8954  8960  8965  8971 
9004  9009  9015  9020  9025 

112  2 
112  2 
112  2 
112  2 
112  2 

3 
3 
3 
3 
3 

3 

3 
3 
3 
3 

4 
4 
4 
4 

4 

5  5 
5  5 
4  5 
4  5 
4  5 

80 

81 
82 
83 
84 

9031  9036  9042  9047  9053 
9085  9090  9096  9101  9106 
9138  9143  9149  9154  9159 
9191  9196  9201  9206  9212 
9243  9248  9253  9258  9263 

9058  9063  9069  9074  9079 
9112  9117  9122  9128  9133 
9165  9170  9175  9180  9186 
9217  9222  9227  9232  9238 
9269  9274  9279  9284  9289 

112  2 
112  2 
112  2 
112  2 
112  2 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

4 
4 
4 

4 
4 

4  5 
4  5 
4  5 
4  5 
4  5 

85 
86 
87 
88 
89 

9294  9299  9304  9309  9315 
9345  9350  9355  9360  9365 
9395  9400  9405  9410  9415 
9445  9450  9455  9460  9465 
9494  9499  9504  9509  9513 

9320  9325  9330  9335  9340 
9370  9375  9380  9385  9390 
9420  9425  9430  9435  9440 
9469  9474  9479  9484  9489 
9518  9523  9528  9533  9538 

112  2 
112  2 
a  1  1  2 
0  112 
0  112 

3 
3 
2 

2 
2 

3 
3 
3 
3 
3 

4 

4 
3 
3 
3 

4  5 
4  5 
4  4 
4  4 
4  4 

90 

91 
92 
93 
94 

9542  9547  9552  9557  9562 
9590  9595  9600  9605  9609 
9638  9643  9647  9652  9657 
9685  9689  9694  9699  9703 
9731  9736  9741  9745  9750 

9566  9571  9576  9581  9586 
9614  9619  9624  9628  9633 
9661  9666  9671  9675  9680 
9708  9713  9717  9722  9727 
9754  9759  9763  9768  9773 

0  112 
0  112 
0  112 
0  112 
0  112 

2 

2 

2 
2 
2 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

4  4 
4  4 
4  4 
4  4 
4  4 

95 
96 

97 
98 
99 

9777  9782  9786  9791  9795 
9823  9827  9832  9836  9841 
9868  9872  9877  9881  9886 
9912  9917  9921  9926  9930 
9956  9961  9965  9969  9974 

9800  9805  9809  9814  9818 
9845  9850  9854  9859  9863 
9890  9894  9899  9903  9908 
9934  9939  9943  9948  9952 
9978  9983  9987  9991  9996 

0  112 
0  112 
0  112 
0  112 
0  112 

2 
2 
2 
2 
2 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

4  4 
4  4 
4  4 
4  4 
3  4 

N 

0   12   3   4 

5   6   7   8   9 

12  3  4 

5 

6 

7 

8  9 

15 


FOUR-PLACE  COMMON  LOGARITHMS 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

.10 

1.000 

.9957 

.9914 

.9872 

.9830 

_ 

.9788 

_ 

.9747 

.9706 

.9666 

.9626 

.11 

— 

.9586 

— 

.9547 

— 

.9508 

— 

.9469 

— 

.9431 

— 

.9393 

— 

.9355 

— 

.9318 

— 

.9281 

— 

.9245 

.12 

— 

.9208 

— 

.9172 

— 

.9136 

— 

.9101 

— 

.  9066 

— 

.9031 

— 

.8996 

— 

.8962 

— 

.8928 

— 

.8894 

.13 

— 

.8861 

— 

.8827 

— 

.8794 

— 

.8761 

— 

.8729 

— 

.8697 

— 

.8665 

— 

.8633 

— 

.8601 

— 

.8570 

.14 

— 

.8539 

— 

.8508 

— 

.8477 

— 

.8447 

— 

.8416 

— 

.8386 

— 

.8356 

— 

.8327 

— 

.8297 

— 

.8268 

.15 



.8239 

_ 

.8210 

_ 

.8182 



.8153 



.8125 

_ 

.8097 



.8069 



.8041 



.8013 



.7986 

.16 

— 

.7959 

— 

.7932 

— 

.7905 

— 

.7878 

— 

.7852 

— 

.7825 

— 

.7799 

— 

.7773 

— 

.7747 

— 

.7721 

.17 

— 

.7696 

-7670 

— 

.7645 

— 

.7620 

— 

.7595 

— 

.7570 

— 

.7545 

— 

.7520 

— 

.7496 

— 

.7471 

.18 

— 

.7447 

— 

.7423 

— 

.7399 

— 

.7375 

— 

.7352 

— 

.7328 

— 

.7305 

— 

.7282 

— 

.7258 

— 

.7235 

.19 

— 

.7212 

— 

.7190 

— 

.7167 

— 

.7144 

— 

.7122 

— 

.7100 

— 

.7077 

— 

.7055 

— 

.7033 

— 

.7011 

.20 



.6990 

_ 

.6968 

_ 

.6946 



.6925 

_ 

.6904 

_ 

.6882 

_ 

.6861 

_ 

.6840 



.6819 



.6799 

.21 

— 

.6778 

— 

.6757 

— 

.6737 

— 

.6716 

— 

.6696 

— 

.6676 

— 

.6655 

— 

.6635 

— 

.6615 

— 

.6596 

.22 

— 

.6576 

— 

.6556 

— 

.6536 

— 

.6517 

— 

.  6498 

— 

.6478 

— 

.6459 

— 

.6440 

— 

.6421 

— 

.  6402 

.23 

— 

.6383 

— 

.6364 

— 

.6345 

— 

.6326 

— 

.6308 

— 

.6289 

— 

.6271 

— 

.6253 

— 

.6234 

— 

.6216 

.24 

— 

.6198 

— 

.6180 

— 

.6162 

— 

.6144 

— 

.6126 

— 

.6108 

— 

.6091 

— 

.6073 

— 

.6055 

— 

.6038 

.25 

_ 

.6021 

_ 

.6003 

_ 

.5986 

_ 

.5969 

_ 

.  5952 

_ 

.5935 

— 

.5918 

_ 

.5901 

_ 

.5884 

_ 

.5867 

.26 

— 

.5850 

— 

.5834 

— 

.5817 

— 

.5800 

— 

.5784 

— 

.5768 

— 

.5751 

— 

.5735 

— 

.5719 

— 

.5702 

•27 

— 

.5686 

— 

.5670 

— 

.5654 

— 

.5638 

— 

.5622 

— 

.5607 

— 

.5591 

— 

.5575 

— 

.5560 

— 

.5544 

.28 

— 

.5528 

— 

.5513 

— 

.5498 

— 

.5482 

— 

.  5467 

— 

.5452 

— 

.5436 

— 

.5421 

— 

.5406 

— 

.5391 

.29 

— 

.5376 

— 

.5361 

— 

.5346 

— 

.  5331 

— 

.5317 

— 

.5302 

— 

.5287 

— 

.5272 

— 

.5258 

— 

.5243 

.30 



.5229 



.5214 



.5200 



.5186 

_ 

.5171 

_ 

.5157 

_ 

.5143 



.5129 



.5114 



.5100 

.31 

— 

.5086 

— 

.5072 

— 

.5058 

— 

.5045 

— 

.5031 

— 

.5017 

— 

.5003 

— 

.4989 

— 

.4976 

— 

.4962 

.32 

— 

.4949 

— 

.4935 

— 

.4921 

— 

.4908 

— 

.  4895 

— 

.4881 

— 

.4868 

— 

.4855 

— 

.4841 

— 

.4828 

.33 

— 

.4815 

— 

.4802 

— 

.4789 

— 

.4776 

— 

.4763 

— 

.4750 

— 

.4737 

— 

.4724 

— 

.4711 

— 

.4698 

.34 

— 

.4685 

— 

.4672 

— 

.4660 

— 

.4647 

— 

.  4634 

— 

.  4622 

— 

.4609 

— 

.4597 

— 

.4584 

— 

.4572 

.35 



.4559 

_ 

.4547 

_ 

.4535 



.4522 



.4510 

_ 

.4498 

_ 

.4486 



.4473 

_ 

.4461 

_ 

.4449 

.36 

— 

4437 

— 

.4425 

— 

.4413 

— 

.4401 

— 

.4389 

— 

4377 

— 

.4365 

— 

.4353 

— 

.4342 

— 

.4330 

.37 

— 

.4318 

— 

.4306 

— 

.4295 

— 

.4283 

— 

.4271 

— 

4260 

— 

.4248 

— 

.4237 

— 

.4225 

— 

.4214 

.38 

— 

.4202 

— 

.4191 

— 

.4179 

— 

.4168 

— 

.4157 

— 

.4145 

— 

.4134 

— 

.4123 

— 

.4112 

— 

.4101 

.39 

— 

.4089 

— 

.4078 

— 

.4067 

— 

.4056 

— 

.4045 

— 

.4034 

— 

.4023 

— 

.4012 

— 

.4001 

— 

.3990 

.40 



.3979 

_ 

.3969 

_ 

.3958 



.3947 



.3936 

_ 

.3925 

_ 

.3915 

_ 

.3904 

_ 

.3893 

_ 

.3883 

.41 

— 

.3872 

— 

.3862 

— 

.3851 

— 

.3840 

— 

.3830 

— 

.  3820 

— 

.3809 

— 

.3799 

— 

.3788 

— 

.3778 

.42 

— 

.3768 

— 

.3757 

— 

.3747 

— 

.3737 

— 

.3726 

— 

.3716 

— 

.3706 

— 

.3696 

— 

.3686 

— 

.3675 

.43 

— 

.3665 

— 

.3655 

— 

.3645 

— 

.3635 

— 

.3625 

— 

.3615 

— 

.3605 

— 

.3595 

— 

.3585 

— 

.3575 

.44 

— 

.3565 

— 

.3556 

— 

.3546 

— 

.3536 

— 

.3526 

— 

.3516 

— 

.3507 

— 

.3497 

— 

.3487 

— 

.3478 

.45 



.3468 

_ 

.3458 

_ 

.3449 



.3439 



.3429 

_ 

.3420 



.3410 

_ 

.3401 

_ 

.3391 



.3382 

.46 

— 

.3372 

— 

.3363 

— 

.3354 

— 

.3344 

— 

.3335 

— 

.3325 

— 

.3316 

— 

.3307 

— 

.3298 

— 

.3288 

.47 

— 

.3279 

— 

.3270 

— 

.3261 

— 

.3251 

— 

.3242 

— 

.3233 

— 

.3224 

— 

.3215 

— 

.3206 

— 

.3197 

.48 

— 

.3188 

— 

.3179 

— 

.3170 

— 

.3161 

— 

.3152 

— 

.3143 

— 

.3134 

— 

.3125 

— 

.3116 

— 

.3107 

.49 

— 

.3098 

— 

.3089 

— 

.3080 

— 

.3072 

— 

.3063 

— 

.3054 

— 

.3045 

— 

.3036 

— 

.3028 

— 

.3019 

50 



.3010 



.3002 



.2993 



.2984 



.2976 



.2967 



.2958 



.2950 

_ 

.2941 



.2933 

.51 

— 

.2924 

— 

.2916 

— 

.  2907 

— 

.2899 

— 

.2890 

— 

.2882 

— 

.2874 

— 

.2865 

— 

.2857 

— 

.2848 

.52 

— 

.2840 

— 

.2332 

— 

.2323 

— 

.2815 

— 

.2807 

— 

.2798 

— 

.2790 

— 

.2782 

— 

.2774 

— 

.2765 

.53 

— 

.2757 

— 

.2749 

— 

.2741 

— 

.2733 

— 

.2725 

— 

.2716 

— 

.2708 

— 

.2700 

— 

.2692 

— 

.2684 

.54 

— 

.2676 

— 

.2668 

— 

.2660 

— 

.2652 

— 

.2644 

— 

.2636 

— 

.2628 

— 

.2620 

— 

.2612 

— 

.2604 

16 


OF  DECIMAL  FRACTIONS 


17 


ANTILOGAKITHMS 


0   12   3   4 

5   6   7   8   9 

1 

Proportional  Parte 
2  3  4  5  6  7  8  9 

.00 

.01 
.02 
.03 
.04 

1000  1002  1005  1007  1009 
1023  1026  1028  1030  1033 
1047  1050  1052  1054  1057 
1072  1074  1076  1079  1081 
1096  1099  1102  1104  1107 

1012  1014  1016  1019  1021 
1035  1038  1040  1042  1045 
1059  1062  1064  1067  1069 
1084  1086  1089  1091  1094 
1109  1112  1114  1117  1119 

0 
0 
0 
0 
0 

0 
0 
0 
0 

1 

1 
1 
1 

1 
1 

1 

1 
1 
1 

1 

1 
1 
1 
1 
1 

1 
1 

1 
1 

2 

2  2  2 
2  2  2 
2  2  2 
2  2  2 
2  2  2 

.05 
.06 
.07 
.08 
.09 

1122  1125  1127  1130  1132 
1148  1151  1153  1156  1159 
1175  1178  1180  1183  1186 
1202  1205  1208  1211  1213 
1230  1233  1236  1239  1242 

1135  1138  1140  1143  1146 
1161  1164  1167  1169  1172 
1189  1191  1194  1197  1199 
1216  1219  1222  1225  1227 
1245  1247  1250  1253  1256 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 
2 
2 

2  2  2 
2  2  2 
2  2  2 
2  2  3 
2  2  3 

.10 

.11 
.12 
.13 
.14 

1259  1262  1265  1268  1271 
1288  1291  1294  1297  1300 
1318  1321  1324  1327  1330 
1349  1352  1355  1358  1361 
1380  1384  1387  1390  1393 

1274  1276  1279  1282  1285 
1303  1306  1309  1312  1315 
1334  1337  1340  1343  1346 
1365  1368  1371  1374  1377 
1396  1400  1403  1406  1409 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
2 
2 
2 

2 

2 
2 
2 
2 
2 

2  2  3 
2  2  3 
2  2  3 
2  3  3 
2  3  3 

.15 
.16 
.17 
.18 
.19 

1413  1416  1419  1422  1426 
1445  1449  1452  1455  1459 
1479  1483  1486  1489  1493 
1514  1517  1521  1524  1528 
1549  1552  1556  1560  1563 

1429  1432  1435  1439  1442 
1462  1466  1469  1472  1476 
1496  1500  1503  1507  1510 
1531  1535  1538  1542  1545 
1567  1570  1574  1578  1581 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

2 
2 
2 

2 
2 

2 
2 
2 
2 
2 

2  3  3 
2  3  3 
2  3  3 

2  3  3 

3  3  3 

.20 

.21 
.22 
.23 
.24 

1585  1589  1592  1596  1600 
1622  1626  1629  1633  1637 
1660  1663  1667  1671  1675 
1698  1702  1706  1710  1714 
1738  1742  1746  1750  1754 

1603  1607  1611  1614  1618 
1641  1644  1648  1652  1656 
1679  1683  1687  1690  1694 
1718  1722  1726  1730  1734 
1758  1762  1766  1770  1774 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
2 
2 
2 
2 

2 
2 

2 
2 
2 

2 

2 
2 
2 
2 

3  3  3 
3  3  3 
3  3  3 
3  3  4 
3  3  4 

.25 
.26 
27 

.28 
.29 

1778  1782  1786  1791  1795 
1820  1824  1828  1832  1837 
1862  1866  1871  1875  1879 
1905  1910  1914  1919  1923 
1950  1954  1959  1963  1968 

1799  1803  1807  1811  1816 
1841  1845  1849  1854  1858 
1884  1888  1892  1897  1901 
1928  1932  1936  1941  1945 
1972  1977  1982  1986  1991 

0 
0 
0 
0 
0 

1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

2 

2 

2 

2 
2 

2 
2 
2 

2 

2 

2 
3 
3 
3 
3 

3  3  4 
3  3  4 
3  3  4 
3  4  4 
3  4  4 

.30 

.31 
.32 
.33 
.34 

1995  2000  2004  2009  2014 
2042  2046  2051  2056  2061 
2089  2094  2099  2104  2109 
2138  2143  2148  2153  2158 
2188  2193  2198  2203  2208 

2018  2023  2028  2032  2037 
2065  2070  2075  2080  2084 
2113  2118  2123  2128  2133 
2163  2168  2173  2178  2183 
2213  2218  2223  2228  2234 

0 
0 
0 
0 

1 

1 
1 
1 
1 

1 

1 

1 
1 
1 
2 

2 
2 
2 
2 
2 

2 

2 
2 
2 
3 

3 
3 
3 
3 
3 

3  4  4 
3  4  4 
3  4  4 

3  4  4 

4  4  5 

.35 
.36 
.37 
.38 
.39 

2239  2244  2249  2254  2259 
2291  2296  2301  2307  2312 
2344  2350  2355  2360  2366 
2399  2404  2410  2415  2421 
2455  2460  2466  2472  2477 

2265  2270  2275  2280  2286 
2317  2323  2328  2333  2339 
2371  2377  2382  2388  2393 
2427  2432  2438  2443  2449 
2483  2489  2495  2500  2506 

1 

1 
1 
1 

1 

1 

1 
1 
1 
1 

2 
2 

2 

2 
2 

2 
2 
2 
2 
2 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

4  4  5 
4  4  5 
4  4  5 
4  4  5 
4  5  5 

.40 

.41 
.42 
.43 
.44 

2512  2518  2523  2529  2535 
2570  2576  2582  2588  2594 
2630  2636  2642  2649  2655 
2692  2698  2704  2710  2716 
2754  2761  2767  2773  2780 

2541  2547  2553  2559  2564 
2600  2606  2612  2618  2624 
2661  2667  2673  2679  2685 
2723  2729  2735  2742  2748 
2786  2793  2799  2805  2812 

1 

1 
1 
1 
1 

1 
X 

1 
1 
1 

2 
2 
2 
2 
2 

2 
2 
2 
3 
3 

3 
3 
3 
3 
3 

4 
4 
4 
4 
4 

4  5  5 
4  5  5 
4  5  6 
4  5  6 
4  5  6 

.45 
.46 
.47 

.48 
.49 

2818  2825  2831  2838  2844 
2884  2891  2897  2904  2911 
2951  2958  2965  2972  2979 
3020  3027  3034  3041  3048 
3090  3097  3105  3112  3119 

2851  2858  2864  2871  2877 
2917  2924  2931  2938  2944 
2985  2992  2999  3006  3013 
3055  3062  3069  3076  3083 
3126  3133  3141  3148  3155 

1 
1 
1 
1 

1 

1 
1 
1 
1 
1 

2 
2 
2 
2 

2 

3 
3 
3 
3 
3 

3 
3 
3 
4 
4 

4 
4 
4 
4 
4 

5  5  6 
5  5  6 
5  5  6 
5  6  6 
5  6  6 

0   12   3   4 

5   6   7   8   9 

1 

2 

3 

4 

5 

6 

7  8  8 

18 


ANTILOGARITHMS 


3162  3170  3177  3184  3192 
3236  3243  3251  3258  3266 
3311  3319  3327  3334  3342 
3388  3396  3404  3412  3420 
3467  3475  3483  3491  3499 

3548  3556  3565  3573  3581 
3631  3639  3648  3656  3664 
3715  3724  3733  3741  3750 
3802  3811  3819  3828  3837 
3890  3899  3908  3917  3926 

3981  3990  3999  4009  4018 
4074  4083  4093  4102  4111 
4169  4178  4188  4198  4207 
4266  4276  4285  4295  4305 
4365  4375  4385  4395  4406 

4467  4477  4487  4498  4508 
4571  4581  4592  4603  4613 
4677  4688  4699  4710  4721 
4786  4797  4808  4819  4831 
4898  4909  4920  4932  4943 

5012  5023  5035  5047  5058 
5129  5140  5152  5164  5176 
5248  5260  5272  5284  5297 
5370  5383  5395  5408  5420 
5495  5508  5521  5534  5546 

5623  5636  5649  5662  5675 
5754  5768  5781  5794  5808 
5888  5902  5916  5929  5943 
6026  6039  6053  6067  6081 
6166  6180  6194  6209  6223 

6310  6324  6339  6353  6368 
6457  6471  6486  6501  6516 
6607  6622  6637  6653  6668 
6761  6776  6792  6808  6823 
6918  6934  6950  6966  6982 


7079  7096 
7244  7261 
7413  7430 
7586  7603 
7762  7780 


7112  7129  7145 
7278  7295  7311 
7447  7464  7482 
7621  7638  7656 
7798  7816  7834 


7943  7962  7980  7998  8017 
8128  8147  8166  8185  8204 
8318  8337  8356  8375  8395 
8511  8531  8551  8570  8590 
8710  8730  8750  8770  8790 

8913  8933  8954  8974  8995 
9120  9141  9162  9183  9204 
933^9354  9376  9397  941$ 
9550  9572  959±,9616  9638 
9772  9795  9817  9840  9863 


3199  3206  3214  3221  3228 
3273  3281  3289  3296  3304 
3350  3357  3365  3373  3381 
3428  3436  3443  3451  3459 
3508  3516  3524  3532  3540 

3589  3597  3606  3614  3622 
3673  3681  3690  3698  3707 
3758  3767  3776  3784  3793 
3846  3855  3864  3873  3882 
3936  3945  3954  3963  3972 

4027  4036  4046  4055  4064 
4121  4130  4140  4150  4159 
4217  4227  4236  4246  4256 
4315  4325  4335  4345  4355 
4416  4426  4436  4446  4457 

4519  4529  4539  4550  4560 
4624  4634  4645  4656  4667 
4732  4742  4753  4764  4775 
4842  4853  4864  4875  4887 
4955  4966  4977  4989  5000 

5070  5082  5093  5105  5117 

5188  5200  5212  5224  5236 

5309  5321  5333  5346  5358 

5433  5445  5458  5470  5483 

5559  5572  5585  5598  5610 

5689  5702  5715  5728  5741 

5821  5834  5848  5861  5875 

5957  5970  5984  5998  6012 

6095  6109  6124  6138  6152 

6237  6252  8266  6281  6295 

6383  6397  6412  6427  6442 

6531  6546  6561  6577  6592 

6683  6699  6714  6730  6745 

6839  6855  6871  6887  6902 

6998  7015  7031  7047  7063 

7161  7178  7194  7211  7228 
7328  7345  7362  7379  7396 
7499  7516  7534  7551  7568 
7674  7691  7709  7727  7745 
7852  7870  7889  7907  7925 

8035  8054  8072  8091  8110 
8222  8241  8260  8279  8299 
8414  8433  8453  8472  8492 
8610  8630  8650  8670  8690 
8810  8831  8851  8872  8892 

9016  9036  9057  9078  9099 
9226  9247  9268  9290  9311 
9441  9462  9484  9506  9528 
9661  9683  9705  9727  4750 
9886  9908  9931  9954  9977 
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Proportional  Part*1 
123456789 


1 

1 

2 

3 

4 

4 

5 

6  7 

1 

2 

2 

3 

4 

5 

5 

6  7 

1 

2 

2 

3 

4 

5 

5 

6  7 

1 

2 

2 

3 

4 

5 

6 

6  7 

1 

2 

2 

3 

4 

5 

6 

6  7 

1 

2 

2 

3 

4 

5 

6 

7  7 

1 

2 

3 

3 

4 

5 

6 

7  8 

1 

2 

3 

3 

4 

5 

6 

7  8 

1 

2 

3 

4 

4 

5 

6 

7  8 

1 

2 

3 

4 

5 

5 

6 

7  8 

1 

2 

3 

4 

5 

6 

6 

7  8 

1 

2 

3 

4 

5 

6 

7 

8  9 

1 

2 

3 

4 

5 

6 

7 

8  9 

1 

2 

3 

4 

5 

6 

7 

8  9 

1 

2 

6 

4 

5 

6 

7 

8  9 

1 

2 

3 

4 

5 

6 

i 

8  9 

1 

2 

3 

4 

5 

6 

7 

9  10 

1 

2 

3 

4 

5 

7 

8 

9  10 

1 

2 

3 

4 

6 

7 

8 

9  10 
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2 

3 

5 

6 

7 

8 

9  10 

12456789  11 
1  2  4  5  6  7  8  10  11 
1  2  4  5  6  7  9  10  11 
1  3  4  5  6  8  9  10  11 
1    3    4    5    6    8    9  10  12 


1 

3 

4 

5 

7  8  9  10  12 

1 

3 

4 

5 

7  8  9  11  12 

1 

3 

4 

5 

7  8  10  11  12 

1 

3 

4 

6 

7  8  10  11  13 

1 

3 

4 

6 

7  9  10  11  13 

1 

3 

4 

6 

7  9  10  12  13 

2 

3 

5 

6 

8  9  11  12  14 

2 

3 

5 

6 

8  9  11  12  14 

2 

3 

5 

6 

8  9  11  13  14 

2 

3 

5 

6 

8  10  11  13  15 

2 

3 

5 

7 

8  10  12  13  15 

2 

3 

5 

7 

8  10  12  13  15 

2 

3 

5 

7 

9  10  12  14  16 

2 

4 

5 

7 

9  11  12  14  16 

2 

4 

5 

7 

9  11  13  14  16 

2 

4 

6 

7 

9  11  13  15  17 

2 

4 

6 

8 

9  11  13  15  17 

2 

4 

6 

8 

10  12  14  15  17 

2 

4 

6 

8  10  12  14  16  IS 

2 

4 

6 

8  10  12  14  16  18 

2 

4 

6 

8  10  12  15  17  1ft 

2 

4 

6 

8 

11  13  15  17  19 

2 

4 

7 

9 

11  13  15  17  20 

2 

4 

7 

9  11  13  16  18  20 

2 

5 

7 

9 

11  14  16  18  20 

123456789 


FIVE-PLACE  LOGARITHMS 


N. 

0   12   3   4 

5   6   7   8   9 

Proportional 
parts 

100 

00  000  043  087  130  173 

217  260  303  346  389 

44 

43   42 

101 

432  475  518  561  604 

647  689  732  775  817 

1   4,4 

4,3  4,2 

102 

860  903  945  988*030 

*072*115*157*199*242 

2   8,8 

8,6  8,4 

103 

01  284  326  368  410  452 

494  536  578  620  662 

3  13,2 

12,9  12,6 

104 

703  745  787  828  870 

912  953  995*036*078 

4  17,6 

17,2  16,8 

io5 

02  119  160  202  243  284 

325  366  407  449  490 

'5  22,0 

21,5  21,0 

106 

531  572  612  653  694 

735  776  816  857  898 

6  26,4 

25,8  25,2 

107 

938  979*019*060*100 

*141*181*222*262*302 

:7  30,8 

30,1  29,4 

108 

03  342  383  423  463  503 

543  583  623  663  703 

[8  35,2 

34,4  33,6 

109 

743  782  822  862  902 

941  981*021*060*100 

9  39,6 

38,7  37,8 

110 

04  139  179  218  258  297 

336  376  415  454  493 

41 

40   39 

111 

532  571  610  650  689 

727  766  805  844  883 

1   4,1 

4,0  3,9 

112 

922  961  999*038*077 

*115*154*192*231*269 

2   8,2 

8,0  7,8 

113 

05  308  346  385  423  461 

500  538  576  614  652 

3  12,3 

12,0  11,7 

114 

690  729  767  805  843 

881  918  956  994*032 

4  16,4 

16,0  15,6 

115 

06  070  108  145  183  221 

258  296  333  371  408 

'5  20,5 

20,0  19,5 

116 

446  483  521  558  595 

633  670  707  744  781 

,6  24,6 

24,0  23,4 

117 

819  856  893  930  967 

*004*041*078*1 15*151 

7  28,7 

28,0  27,3 

118 

07  188  225  262  298  335 

372  408  445  482  518 

8  32,8 

32,0  31,2 

119 

555  591  628  664  700 

737  773  809  846  882 

9  36,9 

36,0  35,1 

120 

918  954  990*027*063 

*099*135*171*207*243 

38 

37   36 

121 

08  279  314  350  386  422 

458  493  529  565  600 

1   3,8 

3,7  3,6 

122 

636  672  707  743  778 

814  849  884  920  955 

2   7,6 

7,4  7,2 

123 

991*026*061*096*132 

*167*202*237*272*307 

3  11,4 

11,1  10,8 

124 

09  342  377  412  447  482 

517  552  587  621  656 

4  15,2 

14,8  14,4 

125 

691  726  760  795  830 

864  899  934  968*003 

5  19,0 

18,5  18,0 

126 

10  037  072  106  140  175 

209  243  278  312  346 

6  22,8 

22,2  21,6 

127 

380  415  449  483  517 

551  585  619  653  687 

7  26,6 

25,9  25,2 

128 

721  755  789  823  857 

890  924  958  992*025 

8  30,4 

29,6  28,8 

129 

11  059  093  126  160  193 

227  261  294  327  361 

9  34,2 

33,3  32,4 

130 

394  428  461  494  528 

561  594  628  661  694 

35 

34   33 

131 

727  760  793  826  860 

893  926  959  992*024 

1   3,5 

3,4  3,3 

132 

12  057  090  123  156  189 

222  254  287  320  352 

2   7,0 

6,8  6,6 

133 

385  418  450  483  516 

548  581  613  646  678 

3  10,5 

10,2  9,9 

134 

710  743  775  808  840 

872  905  937  969*001 

4  14,0 

13,6  13,2 

135 

13  033  066  098  130  162 

194  226  258  290  322 

5  17,5 

17,0  16,5 

136 

354  386  418  450  481 

513  545  577  609  640 

6  21,0 

20,4  19,8 

137 

672  704  735  767  799 

830  862  893  925  956 

7  24,5 

23,8  23,1 

138 

988*019*051*082*114 

*145*176*208*239*270 

8  28,0 

27,2  26,4 

139 

14  301  333  364  395  426 

457  489  520  551  582 

9  31,5  30,6  29,7 

140 

613  644  675  706  737 

768  799  829  860  891 

32 

31   30 

141 

922  953  983*014*045 

*076*106*137*168*198 

1   3,2 

3,1  3,0 

142 

15  229  259  290  320  351 

381  412  442  473  503 

2   6,4 

6,2  6,0 

143 

534  564  594  625  655 

685  715  746  776  806 

3   9,6 

9,3  9,0 

144 

836  866  897  927  957 

987*017*047*077*107 

4  12,8 

12,4  12,0 

)45 

16  137  167  197  227  256 

286  316  346  376  406 

5  16,0 

15,5  15,0 

146 

435  465  495  524  554 

584  613  643  673  702 

6  19,2 

18,6  18,0 

147 

732  761  791  820  850 

879  909  938  967  997 

7  22,4 

21,7  21,0 

148 

17  026  056  085  114  143 

173  202  231  260  289 

8  25,6 

24,8  24,0 

149 

319  348  377  406  435 

464  493  522  551  580 

9  28,8 

27,9  27,0 

150 

609  638  667  696  725 

754  782  811  840  869 

N. 

0   12   3   4 

5   6   7   8   9 

Proportional 
parts 
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FIVE-PLACE  LOGARITHMS   (Continued) 


N. 

0   12   3   4 

5   6   7   8   9 

Proportional 

parts 

150 

17  609  638  667  696  725 

754  782  811  840  869 

29 

28 

151 

898  926  955  984*013 

*041*070*099*127*156 

1 

2,9 

2,8 

152 

18  184  213  241  270  298 

327  355  384  412  441 

2 

5,8 

5,6 

153 

469  498  526  554  583 

611  639  667  696  724 

3 

8,7 

8,4 

154 

752  780  808  837  865 

893  921  949  977*005 

4 

11,6 

11,2 

155 

19  033  061  089  117  145 

173  201  229  257  285 

5 

14,5 

14,0 

156 

312  340  368  396  424 

451  479  507  535  562 

6 

17,4 

16,8 

157 

590  618  645  673  700 

728  756  783  811  838 

7 

20,3 

19,6 

158 

866  893  921  948  976 

*003*030*058*085*112 

8 

23,2 

22,4 

159 

20  140  167  194  222  249 

276  303  330  358  385 

9 

26,1 

25,2 

160 

412  439  466  493  520 

548  575  602  629  656 

27 

26 

161 

683  710  737  763  790 

817  844  871  898  925 

1 

2,7 

2,6 

162 

952  978*005*032*059 

*085*112*139*165*192 

2 

5,4 

5,2 

163 

21  219  245  272  299  325 

352  378  405  431  458 

3 

8,1 

7,8 

164 

484  511  537  564  590 

617  643  669  696  722 

4 

10,8 

10,4 

165 

748  775  801  827  854 

880  906  932  958  985 

5 

13,5 

13,0 

166 

22  Oil  037  063  089  115 

141  167  194  220  246 

6 

16,2 

15,6 

167 

272  298  324  350  376 

401  427  453  479  505 

7 

18,9 

18,2 

168 

531  557  583  608  634 

660  686  712  737  763 

8 

21,6 

20,8 

169 

789  814  840  866  891 

917  943  968  994*019 

9 

24,3 

23,4 

170 

23  045  070  096  121  147 

172  198  223  249  274 

25 

171 

300  325  350  376  401 

426  452  477  502  528 

1     2,5 

172 

553  578  603  629  654 

679  704  729  754  779 

2     5,0 

173 

805  830  855  880  905 

930  955  980*005*030 

3     7,5 

174 

24  055  080  105  130  155 

180  204  229  254  279 

4    10,0 

175 

304  329  353  378  403 

428  452  477  502  527 

5    12,5 

176 

551  576  601  625  650 

674  699  724  748  773 

6    15,0 

177 

797  822  846  871  895 

920  944  969  993*018 

7     17,5 

178 

25  042  066  091  115  139 

164  188  212  237  261 

8    20,0 

179 

285  310  334  358  382 

406  431  455  479  503 

9    22,5 

180 

527  551  575  600  624 

648  672  696  720  744 

24 

23 

181 

768  792  816  840  864 

888  912  935  959  983 

11    2,4 

2,3 

182 

26  007  031  055  079  102 

126  150  174  198  221 

2    4,8 

4,6 

183 

245  269  293  316  340 

364  387  411  435  458 

3    7,2 

6,9 

184 

482  505  529  553  576 

600  623  647  670  694 

4    9,6 

9,2 

185 

717  741  764  788  811 

834  858  881  905  928 

5    12,0 

11,5 

186 

951  975  998*021*045 

*068*091*114*138*161 

6    14,4 

13,8 

187 

27  184  207  231  254  277 

300  323  346  370  393 

7    16,8 

16,1 

188 

416  439  462  485  508 

531  554  577  600  623 

8    19,2 

18,4 

189 

646  669  692  715  738 

761  784  807  830  852 

9    21,6 

£0,7 

190 

875  898  921  944  967 

989*012*035*058*081 

22 

21 

191 

28  103  126  149  171  194 

217  240  262  285  307 

1    2,2 

2,1 

192 

330  353  375  398  421 

443  466  488  511  533 

2    4,4 

4,2 

193 

556  578  601  623  646 

668  691  713  735  758 

3    6,6 

6,3 

194 

780  803  825  847  870 

892  914  937  959  981 

4    8,8 

8,4 

195 

29  003  026  048  070  092 

115  137  159  181  203 

5   11,0 

10,5 

196 

226  248  270  292  314 

336  358  380  403  425 

6    13,2 

12,6 

197 

447  469  491  513  535 

557  579  601  623  645 

7    15,4 

14,7 

198 

667  688  710  732  754 

776  798  820  842  863 

8   17,6 

16,8 

199 

885  907  929  951  973 

994*016*038*060*081 

9   19,8 

18,9 

200 

30  103  125  146  168  190 

211  233  255  276  298 

N. 

0   12   3   4 

5   6   7   8   9 

Proportional 

parts 
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FIVE-PLACE  LOGARITHMS  (Continued) 

N. 

0   12   3   4 

5   6   7   8   9 

Proportional 

parts 

200 

30  103  125  146  168  190 

211  233  255  276  298 

22    21 

201 

320  341  363  384  406 

428  449  471  492  514 

1 

2,2   2,1 

202 

535  557  578  600  621 

643  664  685  707  728 

2 

4,4   4,2 

203 

750  771  792  814  835 

856  878  899  920  942 

3 

6,6   6,3 

204 

963  984*006*027*048 

*069*091*112*133*154 

4 

8,8   8,4 

205 

31  175  197  218  239  260 

281  302  323  345  366 

5 

11,0  10,5 

206 

387  408  429  450  471 

492  513  534  555  576 

6 

13,2  12,6 

207 

597  618  639  660  681 

702  723  744  765  785 

i 

15,4  14,7 

208 

806  827  848  869  890 

911  931  952  973  994 

8 

17,6  16,8 

209 

32  015  035  056  077  098 

118  139  160  181  201 

9 

19,8  18,9 

210 

222  243  263  284  305 

325  346  366  387  408 

20 

211 

428  449  469  490  510 

531  552  572  593  613 

1 

2,0 

212 

634  654  675  695  715 

736  756  777  797  818 

2 

4,0 

213 

838  858  879  899  919 

940  960  980*001*021 

3 

6,0 

214 

33  041  062  082  102  122 

143  163  183  203  224 

4 

8,0 

215 

244  264  284  304  325 

345  365  385  405  425 

5 

10,0 

216 

445  465  486  506  526 

546  566  586  606  626 

6 

12,0 

217 

646  666  686  706  726 

746  766  786  806  826 

7 

14,0 

218 

846  866  885  905  925 

945  965  985*005*025 

8 

16,0 

219 

34  044  064  084  104  124 

143  163  183  203  223 

9 

18,0 

220 

242  262  282  301  321 

341  361  380  400  420 

19 

221 

439  459  479  498  518 

537  557  577  596  616 

1 

1,9 

222 

635  655  674  694  713 

733  753  772  792  811 

2 

3,8 

223 

830  850  869  889  908 

928  947  967  986*005 

3 

5,7 

224 

35  025  044  064  083  102 

122  141  160  180  199 

4 

7,6 

225 

218  238  257  276  295 

315  334  353  372  392 

5 

9,5 

226 

411  430,  449  468  488 

507  526  545  564  583 

6 

11,4 

227 

603  622  641  660  679 

698  717  736  755  774 

7 

13,3 

228 

793  813  832  851  870 

889  908  927  946  965 

8 

15,2 

229 

984*003*021*040*059 

♦078*097*1 16*135*154 

9 

17,1 

230 

36  173  192  211  229  248 

267  286  305  324  342 

18 

231 

361  380  399  418  436 

455  474  493  511  530 

1 

1,8 

232 

549  568  586  605  624 

642  661  680  698  717 

2 

3,6 

233 

736  754  773  791  810 

829  847  866  884  903 

3 

5,4 

234 

922  940  959  977  996 

♦014*033*051*070*088 

4 

7,2 

235 

37  107  125  144  162  181 

199  218  236  254  273 

5 

9,0 

236 

291  310  328  346  365 

383  401  420  438  457 

6 

10,8 

237 

475  493  511  530  548 

566  585  603  621  639 

7 

12,6 

238 

658  676  694  712  731 

749  767  785  803  822 

8 

14,4 

239 

840  858  876  894  912 

931  949  967  985*003 

9 

16,2 

240 

38  021  039  057  075  093 

112  130  148  166  184 

17 

241 

202  220  238  256  274 

292  310  328  346  364 

1 

1,7 

242 

382  399  417  435  453 

471  489  507  525  543 

2 

3,4 

243 

561  578  596  614  632 

650  668  686  703  721 

3 

5,1 

244 

739  757  775  792  810 

828  846  863  881  899 

4 

6,8 

245 

917  934  952  970  987 

*005*023*04 1*058*076 

5 

8,5 

246 

39  094  111  129  146  164 

182  199  217  235  252 

6 

10,2 

247 

270  287  305  322  340 

358  375  393  410  428 

7 

11,9 

248 

445  463  480  498  515 

533  550  568  585  602 

8 

13,6 

249 

620  637  655  672  690 

707  724  742  759  777 

9 

15,3 

250 

794  811  829  846  863 

881  898  915  933  950 

N. 

0   12   3   4 

5   6   7   8   9 

I 

*roportional 
p8t*ts 

22 


FIVE-PLACE  LOGARITHMS   (Continued) 


N. 

0   12   3   4 

5   6   7   8   9 

Proportional 

parts 

250 

39  794  811  829  846  863 

881  898  915  933  950 

18 

251 

967  985*002*019*037 

*054*07 1 *088*106*123 

1 

1,8 

252 

40  140  157  175  192  209 

226  243  261  278  295 

2 

3,6 

253 

312  329  346  364  381 

398  415  432  449  466 

3 

5,4 

254* 

483  500  518  535  552 

569  586  603  620  637 

4 

7,2 

255 

654  671  688  705  722 

739  756  773  790  807 

5 

9,0 

256 

824  841  858  875  892 

909  926  943  960  976 

6 

10,8 

257 

993*010*027*044*061 

*078*095*111*128*145 

7 

12,6 

258 

41  162  179  196  212  229 

246  263  280  296  313 

8 

14,4 

259 

330  347  363  380  397 

414  430  447  464  481 

9 

16,2 

260 

497  514  531  547  564 

581  597  614  631  647 

17 

261 

664  681  697  714  731 

747  764  780  797  814 

1 

1,7 

262 

830  847  863  880  896 

913  929  946  963  979 

2 

3,4 

263 

996*012*029*045*062 

*078*095*111*127*144 

3 

51 

264 

42  160  177  193  210  226 

243  259  275  292  308 

4 

68 

265 

325  341  357  374  390 

406  423  439  455  472 

5 

8,5 

266 

488  504  521  537  553 

570  586  602  619  635 

6 

10,2 

267 

651  667  684  700  716 

732  749  765  781  797 

7 

11,9 

268 

813  830  846  862  878 

894  911  927  943  959 

8 

13,6 

269 

975  991*008*024*040 

*056*072*088*104*120 

9 

15,3 

270 

43  136  152  169  185  201 

217  233  249  265  281 

16 

271 

297  313  329  345  361 

377  393  409  425  441 

1 

1,6 

272 

457  473  489  505  521 

537  553  569  584  600 

2 

3,2 

273 

616  632  648  664  680 

696  712  727  743  759 

3 

4,8 

274 

775  791  807  823  838 

854  870  886  902  917 

4 

6.4 

275 

933  949  965  981  996 

*012*028*044*059*075 

5 

8,P 

276 

44  091  107  122  138  154 

170  185  201  217  232 

6 

9,6 

277 

248  264  279  295  311 

326  342  358  373  389 

7 

11,2 

278 

404  420  436  451  467 

483  498  514  529  545 

8 

12,8 

279 

560  576  592  607  623 

638  654  669  685  700 

9 

14,4 

280 

716  731  747  762  778 

793  809  824  840  855 

15 

281 

871  886  902  917  932 

948  963  979  994*010 

1 

1,5 

282 

45  025  040  056  071  086 

102  117  133  148  163 

2 

3,0 

283 

179  194  209  225  240 

255  271  286  301  317 

3 

4,5 

284 

332  347  362  378  393 

408  423  439  454  469 

4 

6,0 

285 

484  500  515  530  545 

561  576  591  606  621 

5 

7,{> 

286 

637  652  667  682  697 

712  728  743  758  773 

6 

9,0 

287 

788  803  818  834  849 

864  879  894  909  924 

7 

10,5 

288 

939  954  969  984*000 

*015*030*045*060*075 

8 

12,0 

289 

46  090  105  120  135  150 

165  180  195  210  225 

9 

13,5 

290 

240  255  270  285  300 

315  330  345  359  374 

14 

291 

389  404  419  434  449 

464  479  494  509  523 

1 

M 

292 

538  553  568  583  598 

613  627  642  657  672 

2 

2,8 

293 

687  702  716  731  746 

761  776  790  805  820 

3 

4,2 

294 

835  850  864  879  894 

909  923  938  953  967 

4 

5,6 

295 

982  997*012*026*041 

♦056*070*085*100*114 

5 

7,0 

296 

47  129  144  159  173  188 

202  217  232  246  261 

6 

8,4 

297 

276  290  305  319  334 

349  363  378  392  407 

7 

9,8 

298 

422  436  451  465  480 

494  509  524  538  553 

8 

H/2 

299 

567  582  596  611  625 

640  654  669  683  698 

9 

12,6 

300 

712  727  741  756  770 

784  799  813  828  842 

N. 
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FIVE-PLACE  LOGARITHMS  (Continued) 

N. 

0   12   3   4 

5   6   7   8   9 

Proportional 

parts 

300 

47  712  727  741  756  770 

784  799  813  828  842 

301 

857  871  885  900  914 

929  943  958  972  986 

302 

48  001  015  029  044  058 

073  087  101  116  130 

303 

144  159  173  187  202 

216  230  244  259  273 

15 

304 

287  302  316  330  344 

359  373  387  401  416 

1 

1,5 

305 

430  444  458  473  487 

501  515  530  544  558 

2 

3,0 

306 

572  586  601  615  629 

643  657  671  686  700 

3 

4,5 

307 

714  728  742  756  770 

785  799  813  827  841 

4 

6,0 

308 

855  869  883  897  911 

926  940  954  968  982 

5 

7,5 

309 

996*010*024*038*052 

*066*080*094*108*122 

6 

9,0 

7 

10,5 

310 

49  136  150  164  178  192 

206  220  234  248  262 

8 

12,0 

311 

276  290  304  318  332 

346  360  374  388  402 

9 

13,5 

312 

415  429  443  457  471 

485  499  513  527  541 

313 

554  568  582  596  610 

624  638  651  665  679 

314 

693  707  721  734  748 

762  776  790  803  817 

315 

831  845  859  872  886 

900  914  927  941  955 

14 

316 

969  982  996*010*024 

*037*051*065*079*092 

1 

1,4 

317 

50  106  120  133  147  161 

174  188  202  215  229 

2 

2,8 

318 

243  256  270  284  297 

311  325  338  352  365 

3 

4,2 

319 

379  393  406  420  433 

447  461  474  488  501 

4 
5 

5,6 
7,0 

320 

515  529  542  556  569 

583  596  610  623  637 

6 

8,4 

321 

651  664  678  691  705 

718  732  745  759  772 

7 

9,8 

322 

786  799  813  826  840 

853  866  880  893  907 

8 

11,2 

323 

920  934  947  961  974 

987*001*014*028*041 

9 

12,6 

324 

51  055  068  081  095  108 

121  135  148  162  175 

325 

188  202  215  228  242 

255  268  282  295  308 

326 

322  335  348  362  375 

388  402  415  428  441 

327 

455  468  481  495  508 

521  534  548  561  574 

13 

328 

587  601  614  627  640 

654  667  680  693  706 

1 

1,3 

329 

720  733  746  759  772 

786  799  812  825  838 

2 
3 

2,6 
3,9 

330 

851  865  878  891  904 

917  930  943  957  970 

4 

5,2 

331 

983  996*009*022*035 

*048*061*075*088*101 

5 

6,5 

332 

52  114  127  140  153  166 

179  192  205  218  231 

6 

7,8 

333 

244  257  270  284  297 

310  323  336  349  362 

7 

9,1 

334 

375  388  401  414  427 

440  453  466  479  492 

8 

10,4 

335 

504  517  530  543  556 

569  582  595  608  621 

9 

11,7 

336 

634  647  660  673  686 

699  711  724  737  750 

337 

763  776  789  802  815 

827  840  853  866  879 

338 

892  905  917  930  943 

956  969  982  994*007 

339 

53  020  033  046  058  071 

084  097  110  122  135 

1 

12 

1,2 

340 

148  161  173  186  199 

212  224  237  250  263 

2 

2,4 

341 

275  288  301  314  326 

339  352  364  377  390 

3 

3,6 

342 

403  415  428  441  453 

466  479  491  504  517 

4 

4,8 

343 

529  542  555  567  580 

593  605  618  631  643 

5 

6,0 

344 

656  668  681  694  706 

719  732  744  757  769 

6 

7,2 

345 

782  794  807  820  832 

845  857  870  882  895 

7 

8,4 

346 

908  920  933  945  958 

970  983  995*008*020 

8 

9,6 

347 

54  033  045  058  070  083 

095  108  120  133  145 

9 

10,8 

348 

158  170  183  195  208 

220  233  245  258  270 

349 

283  295  307  320  332 

345  357  370  382  394 

350 

407  419  432  444  456 

469  481  494  506  518 

N. 

0   12   3   4 

5   6   7   8   9 
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FIVE-PLACE  LOGARITHMS   (Continued) 


N. 

0   12   3   4 

5   6   7   8   9 

] 

Proportional 
parts 

350 

54  407  419  432  444  456 

469  481  494  506  518 

351 

531  543  555  568  580 

593  605  617  630  642 

352 

654  667  679  691  704 

716  728  741  753  765 

353 

777  790  802  814  827 

839  851  864  876  888 

13 

354 

900  913  925  937  949 

962  974  986  998*011 

1 

1,3 

355 

55  023  035  047  060  072 

084  096  108  121  133 

2 

2,6 

356 

145  157  169  182  194 

206  218  230  242  255 

3 

3,9 

357 

267  279  291  303  315 

328  340  352  364  376 

4 

5,2 

358 

388  400  413  425  437 

449  461  473  485  497 

5 

6,5 

359 

509  522  534  546  558 

570  582  594  606  618 

6 

7 

7,8 
9,1 

360 

630  642  654  666  678 

691  703  715  727  739 

8 

10,4 

361 

751  763  775  787  799 

811  823  835  847  859 

9 

11,7 

362 

871  883  895  907  919 

931  943  955  967  979 

363 

991*003*015*027*038 

*050*062*074*086*098 

364 

56  110  122  134  146  158 

170  182  194  205  217 

365 

229  241  253  265  277 

289  301  312  324  336 

12 

366 

348  360  372  384  396 

407  419  431  443  455 

1 

1,2 

367 

467  478  490  502  514 

526  538  549  561  573 

2 

2,4 

368 

585  597  608  620  632 

644  656  667  679  691 

3 

3,6 

369 

703  714  726  738  750 

761  773  785  797  808 

4 
5 

4,8 
6,0 

370 

820  832  844  855  867 

879  891  902  914  926 

6 

7,2 

371 

937  949  961  972  984 

996*008*019*031*043 

7 

8,4 

372 

57  054  066  078  089  101 

113  124  136  148  159 

8 

9,6 

373 

171  183  194  206  217 

229  241  252  264  276 

9 

10,8 

374 

287  299  310  322  334 

345  357  368  380  392 

375 

403  415  426  438  449 

461  473  484  496  507 

376 

519  530  542  553  565 

576  588  600  611  623 

377 

634  646  657  669  680 

692  703  715  726  738 

11 

378 

749  761  772  784  795 

807  818  830  841  852 

1 

1,1 

379 

864  875  887  898  910 

921  933  944  955  967 

2 
3 

2,2 
3,3 

380 

978  990*001*013*024 

*035*047*058*070*081 

4 

4,4 

381 

58  092  104  115  127  138 

149  161  172  184  195 

5 

55 

382 

206  218  229  240  252 

263  274  286  297  309 

6 

6,6 

383 

320  331  343  354  365 

377  388  399  410  422 

7 

7,7 

384 

433  444  456  467  478 

490  501  512  524  535 

8 

8,8 

385 

546  557  569  580  591 

602  614  625  636  647 

9 

9,9 

386 

659  670  681  692  704 

715  726  737  749  760 

387 

771  782  794  805  816 

827  838  850  861  872 

388 

883  894  906  917  928 

939  950  961  973  984 

389 

995*006*017*028*040 

*051*062*073*084*095 

1 

10 

1,0 

390 

59  106  118  129  140  151 

162  173  184  195  207 

2 

2,0 

391 

218  229  240  251  262 

273  284  295  306  318 

3 

3,0 

392 

329  340  351  362  373 

384  395  406  417  428 

4 

4,0 

393 

439  450  461  472  483 

494  506  517  528  539 

5 

5,0 

394 

550  561  572  583  594 

605  616  627  638  649 

6 

6,0 

395 

660  671  682  693  704 

715  726  737  748  759 

7 

7,0 

396 

770  780  791  802  813 

824  835  846  857  868 

8 

8,0 

397 

879  890  901  912  923 

934  945  956  966  977 

9 

9,0 

398 

988  999*010 : 021*032 

*043*0 54*065*076*086 

399 

60  097  108  119  130  141 

152  163  173  184  195 

400 

206  217  228  239  249 

260  271  282  293  304 

N. 

0   12   3   4 
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FIVE-PLACE  LOGARITHMS  (Continued) 

N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

400 

60  206 

217 

228 

239 

249 

260 

271 

282 

293 

304 

401 

314 

325 

336 

347 

358 

369 

379 

390 

401 

412 

402 

423 

433 

444 

455 

466 

477 

487 

498 

509 

520 

403 

531 

541 

552 

563 

574 

584 

595 

606 

617 

627 

404 

638 

649 

660 

670 

681 

692 

703 

713 

724 

735 

405 

746 

756 

767 

778 

788 

799 

810 

821 

831 

842 

406 

853 

863 

874 

885 

895 

906 

917 

927 

938 

949 

407 

959 

970 

981 

991 

*002 

*013 

*023 

*034 

*045 

*055 

11 

408 

61  066 

077 

087 

098 

109 

119 

130 

140 

151 

162 

1 

1/1 

409 

172 

183 

194 

204 

215 

225 

236 

247 

257 

268 

2 
3 

2/2 
3/3 

410 

278 

289 

300 

310 

321 

331 

342 

352 

363 

374 

4 

4/4 

411 

384 

395 

405 

416 

426 

437 

448 

458 

469 

479 

5 

5/5 

412 

490 

500 

511 

521 

532 

542 

553 

563 

574 

584 

6 

6'6 

413 

595 

606 

616 

627 

637 

648 

658 

669 

679 

690 

7 

7-7 

414 

700 

711 

721 

731 

742 

752 

763 

773 

784 

794 

8 

8/8 

415 

805 

815 

826 

836 

847 

857 

868 

878 

888 

899 

9 

9>9< 

416 

909 

920 

930 

941 

951 

962 

972 

982 

993 

*003 

417 

62  014 

024 

034 

045 

055 

066 

076 

086 

097 

107 

418 

118 

128 

138 

149 

159 

170 

180 

190 

201 

211 

419 

221 

232 

242 

252 

263 

273 

284 

294 

304 

315 

420 

325 

335 

346 

356 

366 

377 

387 

397 

408 

418 

10 

421 

428 

439 

449 

459 

469 

480 

490 

500 

511 

521 

] 

I/O 

422 

531 

542 

552 

562 

572 

583 

593 

603 

613 

624 

2 

2/0 

423 

634 

644 

655 

665 

675 

685 

696 

706 

716 

726 

3 

3,0 

424 

737 

747 

757 

767 

778 

788 

798 

808 

818 

829 

4 

4'0 

425 

839 

849 

859 

870 

880 

890 

900 

910 

921 

931 

5 

5/0 

426 

941 

951 

961 

972 

982 

992 

*002 

*012 

*022 

*033 

6 

6^0 

427 

63  043 

053 

063 

073 

083 

094 

104 

114 

124 

134 

7 

7^0 

428 

144 

155 

165 

175 

185 

195 

205 

215 

225 

236 

8 

8,0 

429 

246 

256 

266 

276 

286 

296 

306 

317 

327 

337 

9 

9/0 

430 

347 

357 

367 

377 

387 

397 

407 

417 

428 

438 

431 

448 

458 

468 

478 

488 

498 

508 

518 

528 

538 

432 

548 

558 

568 

579 

589 

599 

609 

619 

629 

639 

433 

649 

659 

669 

679 

689 

699 

709 

719 

729 

739 

434 

749 

759 

769 

779 

789 

799 

809 

819 

829 

839 

435 

849 

859 

869 

879 

889 

899 

909 

919 

929 

939 

9 

436 

949 

959 

969 

979 

988 

998 

*008 

*018 

*028 

*038 

1 

0'9 

437 

64  048 

058 

068 

078 

088 

098 

108 

118 

128 

137 

2 

1/8 

438 

147 

157 

167 

177 

187 

197 

207 

217 

227 

237 

3 

-2/7 

439 

246 

256 

266 

276 

286 

296 

306 

316 

326 

335 

4 
5 

3'6 
4'5 

440 

345 

355 

365 

375 

385 

395 

404 

414 

424 

434 

6 

5/4 

441 

444 

454 

464 

473 

483 

493 

503 

513 

523 

532 

7 

6,3 

442 

542 

552 

562 

572 

582 

591 

601 

611 

621 

631 

8 

7/2 

443 

640 

650 

660 

670 

680 

689 

699 

709 

719 

729 

9 

8/1 

444 

738 

748 

758 

768 

777 

787 

797 

807 

816 

826 

445 

836 

846 

856 

865 

875 

885 

895 

904 

914 

924 

446 

933 

943 

953 

963 

972 

982 

992 

*002 

*011 

*021 

447 

65  031 

040 

050 

060 

070 

079 

089 

099 

108 

118 

448 

128 

137 

147 

157 

167 

176 

186 

196 

205 

215 

449 

225 

234 

244 

254 

263 

273 

283 

292 

302 

312 

450 

321 

331 

341 

350 

360 

369 

379 

389 

398 

408 
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450 

65  321 

331 

341 

350 

360 

369 

379 

389  398  408 

451 

418 

427 

437 

447 

456 

!  466 

475 

485  495  504 

452 

514 

523 

533 

543 

552 

562 

571 

581  591  600 

453 

610 

619 

629 

639 

648 

\    658 

667 

677  686  696 

454 

706 

715 

725 

734 

744 

;  753 

763 

772  782  792 

455 

801 

811 

820 

830 

839 

j  849 

858 

868  877  887 

456 

896 

906 

916 

925 

935 

944 

954 

963  973  982 

457 

992 

*001 

*011 

*020 

*030 

j  *039 

*049 

*058  *068  *077 

10 

458 

66  087 

096 

106 

115 

124 

134 

143 

153  162  172 

1 

1/0 

459 

181 

191 

200 

210 

219 

229 

238 

247  257  266 

2 
3 

2/0 
3/0 

460 

276 

285 

295 

304 

314 

323 

332 

342  351  361 

4 

4/0 

461 

370 

380 

389 

398 

408 

417 

427 

436  445  455 

5 

5-0 

462 

464 

474 

483 

492 

502 

511 

521 

530  539  549 

6 

6/0 

463 

558 

567 

577 

586 

596 

605 

614 

624  633  642 

7 

7/0 

464 

652 

661 

671 

680 

689 

■    699 

708 

717  727  736 

8 

8»0 

465 

745 

755 

764 

773 

783 

i  792 

801 

811  820  829 

9 

9/0 

466 

839 

848 

857 

867 

876 

I  885 

894 

904  913  922 

467 

932 

941 

950 

960 

969 

978 

987 

997  *006  *015 

468 

67  025 

034 

043 

052 

062 

j  071 

080 

089  099  108 

469 

117 

127 

136 

145 

154 

164 

173 

182  191  201 

470 

210 

219 

228 

237 

247 

256 

265 

274  284  293 

471 

302 

311 

321 

330 

339 

348 

357 

367  376  385 

9 

472 

394 

403 

413 

422 

431 

440 

449 

459  468  477 

1 

0/9 

473 

486 

495 

504 

514 

523 

532 

541 

550  560  569 

2 

1/8 

474 

578 

587 

596 

605 

614 

,  624 

633 

642  651  660 

3 

2/7 

475 

669 

679 

688 

697 

706 

715 

724 

733  742  752 

4 

3/6 

476 

761 

770 

779 

788 

797 

806 

815 

825  834  843 

5 

4/5 

477 

852 

861 

870 

879 

888 

897 

906 

916  925  934 

6 

5'4 

478 

943 

952 

961 

970 

979 

988 

997 

*()06  *015  *024 

7 

6/3 

479 

68  034 

043 

052 

061 

070 

079 

088 

097  106  115 

8 

Q 

7/2 

480 

124 

133 

142 

151 

160 

169 

178 

187  196  205 

y  o- 1 

481 

215 

224 

233 

242 

251 

260 

269 

278  287  296 

482 

305 

314 

323 

332 

341 

350 

359 

368  377  386 

483 

395 

404 

413 

422 

431 

440 

449 

458  467  476 

484 

485 

494 

502 

511 

520 

529 

538 

547  556  565 

485 

574 

583 

592 

601 

610 

619 

628 

637  646  655 

8 

486 

664 

673 

681 

690 

699 

708 

717 

726  735  744 

1 

0/8 

487 

753 

762 

771 

780 

789 

797 

806 

815  824  833 

2 

1/6 

488 

842 

851 

860 

869 

878 

886 

895 

904  913  922 

3 

2/4 

489 

931 

940 

949 

958 

966 

975 

984 

993  *002  *011 

4 
5 

3/2 
4'0 

490 

69  020 

028 

037 

046 

055 

064 

073 

082  090  099 

6 

4/8 

491 

108 

117 

126 

135 

144 

152 

161 

170  179  188 

7 

5/6 

492 

197 

205 

214 

223 

232 

241 

249 

258  267  276 

8 

6<4 

493 

285 

294 

302 

311 

320 

329 

338 

346  355  364 

9 

7/2 

494 

373 

381 

390 

399 

408 

417 

425 

434  443  452 

495 

461 

469 

478 

487 

496 

504 

513 

522  531  539 

496 

548 

557 

566 

574 

583 

592 

601 

609  618  627 

497 

636 

644 

653 

662 

671 

679 

688 

697  705  714 

498 

723 

732 

740 

749 

758 

767 

775 

784  793  801 

499 

810 

819 

827 

836 

845 

854 

862 

871  880  888 

r-1 

500 

897 

906 

914 

923 

932 

940 

949 

958  966  975 
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FIVE-PLACE  LOGARITHMS   (Continued) 


N. 

0    1 

2 

3 

4 

5    6    7    8    9 

Proportional 
parts 

500 

69  897  906 

914 

923 

932 

940  949  958  966  975 

501 

984  992 

*001 

*010 

*018 

*027  *036  *044  *053  *062 

502 

70  070  079 

088 

096 

105 

114  122  131  140  148 

503 

157  165 

174 

183 

191 

200  209  217  226  234 

504 

243  252 

260 

269 

278 

286  295  303  312  321 

505 

329  338 

346 

355 

364 

372  381  389  398  406 

506 

415  424 

432 

441 

449 

458  467  475  484  492 

507 

501  509 

518 

526 

535 

544  552  561  569  578 

9 

508 

586  595 

603 

612 

621 

629  638  646  655  663 

1 

0'9 

509 

672  680 

689 

697 

706 

714  723  731  740  749 

2 
3 

1/8 

2,7 

510 

757  766 

774 

783 

791 

800  808  817  825  834 

4 

3/6 

511 

842  851 

859 

868 

876 

885  893  902  910  919 

5 

4/5 

512 

927  935 

944 

952 

961 

969  978  986  995  *003 

6 

5>4 

513 

71  012  020 

029 

037 

046 

054  063  071  079  088 

7 

6'3 

514 

096  105 

113 

122 

130 

139  147  155  164  172 

8 

7'2 

515 

181  189 

198 

206 

214 

223  231  240  248  257 

9 

8>1 

516 

265  273 

282 

290 

299 

307  315  324  332  341 

517 

349  357 

366 

374 

383 

391  399  408  416  425 

518 

433  441 

450 

458 

466 

475  483  492  500  508 

519 

517  525 

533 

542 

550 

559  567  575  584  592 

520 

600  609 

617 

625 

634 

642  650  659  667  675 

8 

521 

684  692 

700 

709 

717 

725  734  742  750  759 

1 

0,8 

522 

767  775 

784 

792 

800 

809  817  825  834  842 

2 

1/6 

523 

850  858 

867 

875 

883 

892  900  908  917  925 

3 

2/4 

524 

933  941 

950 

958 

966 

975  983  991  999  *008 

4 

3/2 

525 

72  016  024 

032 

041 

049 

057  066  074  082  090 

5 

4/0 

526 

099  107 

115 

123 

132 

140  148  156  165  173 

6 

4/8 

527 

181  189 

198 

206 

214 

222  230  239  247  255 

7 

5/6 

528 

263  272 

280 

288 

296 

304  313  321  329  337 

8 

6/4 

529 

346  354 

362 

370 

378 

387  395  403  411  419 

9 

7'2 

530 

428  436 

444 

452 

460 

469  477  485  493  501 

531 

509  518 

526 

534 

542 

550  558  567  575  583 

532 

591  599 

607 

616 

624 

632  640  648  656  665 

533 

673  681 

689 

697 

705 

713  722  730  738  746 

534 

754  762 

770 

779 

787 

795  803  811  819  827 

535 

835  843 

852 

860 

868 

876  884  892  900  908 

7 

536 

916  925 

933 

941 

949 

957  965  973  981  989 

1 

0/7 

537 

997  *006 

*014 

*022 

*030 

*038  *046  *054  *062  *070 

2 

1/4 

538 

73  078  086 

094 

102 

111 

119  127  135  143  151 

3 

2/1 

539 

159  167 

175 

183 

191 

199  207  215  223  231 

4 
5 

2/8 
3/5 

540 

239  247 

255 

263 

272 

280  288  296  304  312 

6 

4/2 

541 

320  328 

336 

344 

352 

360  368  376  384  392 

7 

4/9 

542 

400  408 

416 

424 

432 

440  448  456  464  472 

8 

5/6 

543 

480  488 

496 

504 

512 

520  528  536  544  552 

9 

6'3 

544 

560  568 

576 

584 

592 

600  608  616  624  632 

545 

640  648 

656 

664 

672 

679  687  695  703  711 

546 

719  727 

735 

743 

751 

759  767  775  783  791 

547 

799  807 

815 

823 

830 

838  846  854  862  870 

548 

878  886 

894 

902 

910 

918  926  933  941  949 

549 

957  965 

973 

981 

989 

997  *005  *013  *020  *028 

550 

74  036  044 

052 

060 

068 

076  084  092  099  107 
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FIVE-PLACE  LOGARITHMS  (Continued) 
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550 

74  036 

044 

052 

060 

068 

076 

084 

092 

099 

107 

551 

115 

123 

131 

139 

147 

155 

162 

170 

178 

186 

552 

194 

202 

210 

218 

225 

233 

241 

249 

257 

265 

553 

273 

280 

288 

296 

304 

312 

320 

327 

335 

343 

554 

351 

359 

367 

374 

382 

390 

398 

406 

414 

421 

555 

429 

437 

445 

453 

461 

468 

476 

484 

492 

500 

556 

507 

515 

523 

531 

539 

547 

554 

562 

570 

578 

557 

586 

593 

601 

609 

617 

624 

632 

640 

648 

656 

558 

663 

671 

679 

687 

695 

702 

710 

718 

726 

733 

559 

741 

749 

757 

764 

772 

780 

788 

796 

803 

811 

5(»0 

819 

827 

834 

842 

850 

858 

865 

873 

881 

889 

8 

561 

896 

904 

912 

920 

927 

935 

943 

950 

958 

966 

1 

0>8 

562 

974 

981 

989 

997 

*005 

*012 

*020 

*028* 

035 

*043 

2 

1*6 

563 

75  051 

059 

066 

074 

082 

089 

097 

105 

113 

120 

3 

2'4 

564 

128 

136 

143 

151 

159 

166 

174 

182 

189 

197 

4 

3'2 

565 

205 

213 

220 

228 

236 

243 

251 

259 

266 

274 

5 

4>0 

566 

282 

289 

297 

305 

312 

320 

328 

335 

343 

351 

6 

4  8 

567 

358 

366 

374 

381 

389 

397 

404 

412 

420 

427 

7 

5  6 

568 

435 

442 

450 

458 

465 

473 

481 

488 

496 

504 

8 

64 

569 

511 

519 

526 

534 

542 

549 

557 

565 

572 

580 

9 

7<2 

570 

587 

595 

603 

610 

618 

626 

633 

641 

648 

656 

571 

664 

671 

679 

686 

694 

702 

709 

717 

724 

732 

572 

740 

747 

755 

762 

770 

778 

785 

793 

800 

808 

573 

815 

823 

831 

838 

846 

853 

861 

868 

876 

884 

574 

891 

899 

906 

914 

921 

929 

937 

944 

952 

959 

575 

967 

974 

982 

989 

997 

*005 

*012 

*020 

*027 

*035 

576 

76  042 

050 

057 

065 

072 

080 

087 

095 

103 

110 

577 

118 

125 

133 

140 

148 

155 

163 

170 

178 

185 

578 

193 

200 

208 

215 

223 

230 

238 

245 

253 

260 

579 

268 

275 

283 

290 

298 

305 

313 

320 

328 

335 

580 

343 

350 

358 

365 

373 

380 

388 

395 

403 

410 

7 

581 

418 

425 

433 

440 

448 

455 

462 

470 

477 

485 

1 

0-7 

582 

492 

500 

507 

515 

522 

530 

537 

545 

552 

559 

2 

14 

583 

567 

574 

582 

589 

597 

604 

612 

619 

626 

634 

3 

2<1 

584 

641 

649 

656 

664 

671 

678 

686 

693 

701 

708 

4 

2  8 

585 

716 

723 

730 

738 

745 

753 

760 

768 

775 

782 

5 

3  5 

586 

790 

797 

805 

812 

819 

827 

834 

842 

849 

856 

6 

4  2 

587 

'  '  864 

871 

879 

886 

893 

901 

908 

916 

923 

930 

7 

4/9 

588 

938 

945 

953 

960 

967 

975 

982 

989 

997 

*004 

8 

5'6 

589 

77  012 

019 

026 

034 

041 

048 

056 

063 

070 

078 

9 

6*3 

590 

085 

093 

100 

107 

115 

122 

129 

137 

144 

151 

591 

159 

166 

173 

181 

188 

195 

203 

210 

217 

225 

592 

232 

240 

247 

254 

262 

269 

276 

283 

291 

298 

593 

305 

313 

320 

327 

335 

342 

349 

357 

364 

371 

594 

379 

386 

393 

401 

408 

415 

422 

430 

437 

444 

595 

452 

459 

466 

474 

481 

488 

495 

503 

510 

517 

596 

525 

532 

539 

546 

554 

561 

568 

576 

583 

590 

597 

597 

605 

612 

619 

627 

634 

641 

648 

656 

663 

598 

670 

677 

685 

692 

699 

706 

714 

721 

728 

735 

599 

743 

750 

757 

764 

772 

779 

786 

793 

801 

808 

600 

815 

822 

830 

837 

844 

851 

859 

866 

873 

880 
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N. 

0 

1 
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3 

4 

5 

G 

7 

8 
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600 

77  815 

822 

830 

837 

844 

851 

859 

866 

873 

880 

601 

887 

895 

902 

909 

916 

924 

931 

938 

945 

952 

602 

960 

967 

974 

981 

988 

996  *003  *010  *017  *025 

603 

78  032 

0S9 

046 

053 

061 

068 

075 

082 

089 

097 

604 

104 

111 

118 

125 

132 

140 

147 

154 

161 

168 

605 

176 

183 

190 

197 

204 

211 

219 

226 

233 

240 

606 

247 

254 

262 

269 

276 

283 

290 

297 

305 

312 

607 

319 

326 

333 

340 

347 

355 

362 

369 

376 

383 

8 

608 

390 

398 

405 

412 

419 

426 

433 

440 

447 

455 

1 

0/8 

609 

462 

469 

476 

483 

490 

497 

504 

512 

519 

526 

2 
3 

1'6 
2'4 

610 

533 

540 

547 

554 

561 

569 

576 

583 

590 

597 

4 

3-2 

611 

604 

611 

618 

625 

633 

640 

647 

654 

661 

668 

5 

4<0 

612 

675 

682 

689 

696 

704 

711 

718 

725 

732 

739 

6 

4,8 

613 

746 

753 

760 

767 

774 

781 

789 

796 

803 

810 

7 

5'6 

614 

817 

824 

831 

838 

845 

852 

859 

866 

873 

880 

8 

6/4 

615 

888 

895 

902 

909 

916 

923 

930 

937 

944 

951 

9 

7,2 

616 

958 

965 

972 

979 

986 

993  *000  *007  *014  *021 

617 

79  029 

036 

043 

050 

057 

064 

071 

078 

085 

092 

618 

099 

106 

113 

120 

127 

134 

141 

148 

155 

162 

619 

169 

176 

183 

190 

197 

204 

211 

218 

225 

232 

620 

239 

246 

253 

260 

267 

274 

281 

288 

295 

302 

7 

621 

309 

316 

323 

330 

337 

344 

351 

358 

365 

372 

1 

0^7 

622 

379 

386 

393 

400 

407 

414 

421 

428 

435 

442 

2 

1,4 

623 

449 

456 

463 

470 

477 

484 

491 

498 

505 

511 

3 

2/1 

624 

518 

525 

532 

539 

546 

553 

560 

567 

574 

581 

4 

2,8 

625 

588 

595 

602 

609 

616 

623 

630 

637 

644 

650 

5 

3/5 

626 

657 

664 

671 

678 

685 

692 

699 

706 

713 

720 

6 

4,2 

€27 

727 

734 

741 

748 

754 

761 

768 

775 

782 

789 

7 

4/9 

628 

796 

803 

810 

817 

824 

831 

837 

844 

851 

858 

8 

5/6 

629 

865 

872 

879 

886 

893 

900 

906 

913 

920 

927 

9 

6/3 

€30 

934 

941 

948 

955 

962 

969 

975 

982 

989 

996 

631 

80  003 

010 

017 

024 

030 

037 

044 

051 

058 

065 

o32 

072 

079 

085 

092 

099 

106 

113 

120 

127 

134 

633 

140 

147 

154 

161 

168 

175 

182 

188 

195 

202 

634 

209 

216 

223 

229 

236 

243 

250 

257 

264 

271 

635 

277 

284 

291 

298 

305 

312 

318 

325 

332 

339 

6 

636 

346 

353 

359 

366 

373 

380 

387 

393 

400 

407 

1 

0,6 

637 

414 

421 

428 

434 

441 

448 

455 

462 

468 

475 

2 

1/2 

638 

482 

489 

496 

502 

509 

516 

523 

530 

536 

543 

3 

1/8 

639 

550 

557 

564 

570 

577 

584 

591 

598 

604 

611 

4 
5 

2/4 
3/0 

640 

618 

625 

632 

638 

645 

652 

659 

665 

672 

679 

6 

3/6 

641 

686 

693 

699 

706 

713 

720 

726 

733 

740 

747 

7 

4/2 

€42 

754 

760 

767 

774 

781 

787 

794 

801 

808 

814 

8 

4/8 

643 

821 

828 

835 

841 

848 

855 

862 

868 

875 

882 

9 

5,4 

644 

889 

895 

902 

909 

916 

922 

929 

936 

943 

949 

645 

956 

963 

969 

976 

983 

990 

996  *003  *010  *017 

646 

81  023 

030 

037 

043 

050 

057 

064 

070 

077 

084 

647 

090 

097 

104 

111 

117 

124 

131 

137 

144 

151 

648 

158 

164 

171 

178 

184 

191 

198 

204 

211 

218 

649 

224 

231 

238 

245 

251 

258 

265 

271 

278 

285 

650 

291 

298 

305 

311 

318 

325 

331 

338 

345 

351 

N. 

0 

1 

2 

3 

4 

5 
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7 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8    9 

Proportional 

parts 

650 

81  291 

298 

305 

311 

318 

325 

331 

338 

345  351 

651 

358 

365 

371 

378 

385 

391 

398 

405 

411  418 

652 

425 

431 

438 

445 

451 

458 

465 

471 

478  485 

653 

491 

498 

505 

511 

518 

525 

531 

538 

544  551 

654 

558 

564 

571 

578 

584 

591 

598 

604 

611  617 

655 

624 

631 

637 

644 

651 

657 

664 

671 

677  684 

656 

690 

697 

704 

710 

717 

723 

730 

737 

743  750 

657 

757 

763 

770 

776 

783 

790 

796 

803 

809  816 

658 

823 

829 

836 

842 

849 

856 

862 

869 

875  882 

659 

889 

895 

902 

908 

915 

921 

928 

935 

941  948 

<;go 

954 

961 

968 

974 

981 

987 

994 

*000 

*0Q7  *014 

7 

661 

82  020 

027 

033 

040 

046 

053 

060 

066 

073  079 

1 

0>7 

662 

086 

092 

099 

105 

112 

119 

125 

132 

138  145 

2 

1*4 

663 

151 

158 

164 

171 

178 

184 

191 

197 

204  210 

3 

2.1 

664 

217 

223 

230 

236 

243 

249 

256 

263 

269  276 

4 

2/8 

665 

282 

289 

295 

302 

308 

315 

321 

328 

334  341 

5 

3  5 

666 

347 

354 

360 

367 

373 

380 

387 

393 

400  406 

6 

4(2 

667 

413 

419 

426 

432 

439 

445 

452 

458 

465  471 

7 

4>9 

668 

478 

484 

491 

497 

504 

510 

517 

523 

530  536 

8 

5'6 

669 

543 

549 

556 

562 

569 

575 

582 

588 

595  601 

9 

6'3 

670 

607 

614 

620 

627 

633 

640 

646 

653 

659  666 

671 

672 

679 

685 

692 

698 

705 

711 

718 

724  730 

672 

737 

743 

750 

756 

763 

769 

776 

782 

789  795 

673 

802 

808 

814 

821 

827 

834 

840 

847 

853  860 

674 

866 

872 

879 

885 

892 

898 

905 

911 

918  924 

675 

930 

937 

943 

950 

956 

963 

969 

975 

982  988 

676 

995 

♦001 

♦008 

♦014 

*020 

*027 

*033 

*040 

*046  *052 

677 

83  059 

065 

072 

078 

085 

091 

097 

104 

110  117 

678 

123 

129 

136 

142 

149 

155 

161 

168 

174  181 

679 

187 

193 

200 

206 

213 

219 

225 

232 

238  245 

680 

251 

257 

264 

270 

276 

283 

289 

296 

302  308 

6 

681 

315 

321 

327 

334 

340 

347 

353 

359 

366  372 

1 

0,6 

682 

378 

385 

391 

398 

404 

410 

417 

423 

429  436 

2 

1/2 

683 

442 

448 

455 

461 

467 

474 

480 

487 

493  499 

3 

1<8 

684 

506 

512 

518 

525 

531 

537 

544 

550 

556  563 

4 

2'4 

685 

569 

575 

582 

588 

594 

601 

607 

613 

620  626 

5 

3/0 

686 

632 

639 

645 

651 

658 

664 

670 

677 

683,  689 

6 

3 '6 

687 

696 

702 

708 

715 

721 

727 

734 

740 

746  753 

7 

4'2 

688 

759 

765 

771 

778 

784 

790 

797 

803 

809  816 

8 

4,8 

689 

822 

828 

835 

841 

847 

853 

860 

866 

872  879 

9 

5'4 

690 

885 

891 

897 

904 

910 

916 

923 

929 

935  942 

691 

948 

954 

960 

967 

973 

979 

985 

992 

998  *004 

692 

84  Oil 

017 

023 

029 

036 

042 

048 

055 

061  067 

693 

073 

080 

086 

092 

098 

105 

111 

117 

123  130 

694 

136 

142 

148 

155 

161 

167 

173 

180 

186  192 

695 

198 

205 

211 

217 

223 

230 

236 

242 

248  255 

696 

261 

267 

273 

280 

286 

292 

298 

305 

311  317 

697 

323 

330 

336 

342 

348 

354 

361 

367 

373  379 

698 

386 

392 

398 

404 

410 

417 

423 

429 

435  442 

699 

448 

454 

460 

466 

473 

479 

485 

491 

497  504 

700 

510 

516 

522 

528 

535 

541 

547 

553 

559  566 

N. 
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1 
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3 

4 

5 

6 

7 

8    9 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

700 

84  510 

516 

522 

528 

535 

541 

547 

553 

559 

566 

701 

572 

578 

584 

590 

597 

603 

609 

615 

621 

628 

702 

634 

640 

646 

652 

658 

665 

671 

677 

683 

689 

703 

696 

702 

708 

714 

720 

726 

733 

739 

745 

751 

704 

757 

763 

770 

776 

782 

788 

794 

800 

807 

813 

705 

819 

825 

831 

837 

844 

850 

856 

862 

868 

874 

706 

880 

887 

893 

899 

905 

911 

917 

924 

930 

936 

707 

942 

948 

954 

960 

967 

973 

979 

985 

991 

997 

7 

708 

85  003 

009 

016 

022 

028 

034 

040 

046 

052 

058 

1 

0>7 

709 

065 

071 

077 

083 

089 

095 

101 

107 

114 

120 

2 
3 

1/4 
2  1 

710 

126 

132 

138 

144 

150 

156 

163 

169 

175 

181 

4 

2^8 

711 

187 

193 

199 

205 

211 

217 

224 

230 

236 

242 

5 

35 

712 

248 

254 

260 

266 

272 

278 

285 

291 

297 

303 

6 

4/2 

713 

309 

315 

321 

327 

333 

339 

345 

352 

358 

364 

7 

4<9 

714 

370 

376 

382 

388 

394 

400 

406 

412 

418 

425 

8 

5>6 

715 

431 

437 

443 

449 

455 

461 

467 

473 

479 

485 

9 

6'3 

716 

491 

497 

503 

509 

516 

522 

528 

534 

540 

546 

717 

552 

558 

564 

570 

576 

582 

588 

594 

600 

606 

718 

612 

618 

625 

631 

637 

643 

649 

655 

661 

667 

719 

673 

679 

685 

691 

697 

703 

709 

715 

721 

727 

720 

733 

739 

745 

751 

757 

763 

769 

775 

781 

788 

721 

794 

800 

806 

812 

818 

824 

830 

836 

842 

848 

6 

722 

854 

860 

866 

872 

878 

884 

890 

896 

902 

908 

1 

OS 

723 

914 

920 

926 

932 

938 

944 

950 

956 

962 

968 

2 

1/2 

724 

974 

980 

986 

992 

998 

*004  *010  *016  *022  *028 

3 

1/8 

725 

86  034 

040 

046 

052 

058 

064 

070 

076 

082 

088 

4 

2/4 

726 

094 

100 

106 

112 

118 

124 

130 

136 

141 

147 

5 

3'0 

727 

153 

159 

165 

171 

177 

183 

189 

195 

201 

207 

6 

3/6 

728 

213 

219 

225 

231 

237 

243 

249 

255 

261 

267 

7 

4/2 

729 

273 

279 

285 

291 

297 

303 

308 

314 

320 

326 

8 
9 

4/8 
5/4 

730 

332 

338 

344 

350 

356 

362 

368 

374 

380 

386 

731 

392 

398 

404 

410 

415 

421 

427 

433 

439 

445 

732 

451 

457 

463 

469 

475 

481 

487 

493 

499 

504 

733 

510 

516 

522 

528 

534 

540 

546 

552 

558 

564 

734 

570 

576 

581 

587 

593 

599 

605 

611 

617 

623 

735 

629 

635 

641 

646 

652 

658 

664 

670 

676 

682 

5 

736 

688 

694 

700 

705 

711 

717 

723 

729 

735 

741 

1 

0/5 

737 

747 

753 

759 

764 

770 

776 

782 

788 

794 

800 

2 

1/0 

738 

806 

812 

817 

823 

829 

835 

841 

847 

853 

859 

3 

15 

739 

864 

870 

876 

882 

888 

894 

900 

906 

911 

917 

4 
5 

2/0 

2/5 

740 

923 

929 

935 

941 

947 

953 

958 

964 

970 

976 

6 

3/0 

741 

982 

988 

994 

999  *005 

*011  *017  *023  *029  *035 

7 

3,5 

742 

87  040 

046 

052 

058 

064 

070 

075 

081 

087 

093 

8 

4/0 

743 

099 

105 

111 

116 

122 

128 

134 

140 

146 

151 

9 

4/5 

744 

157 

163 

169 

175 

181 

186 

192 

198 

204 

210 

745 

216 

221 

227 

233 

239 

245 

251 

256 

262 

268 

746 

274 

280 

286 

291 

297 

303 

309 

315 

320 

326 

747 

332 

338 

344 

349 

355 

361 

367 

373 

379 

384 

748 

390 

396 

402 

408 

413 

419 

425 

431 

437 

442 

749 

448 

454 

460 

466 

471 

477 

483 

489 

495 

500 

750 

506 

512 

518 

523 

529 

535 

541 

547 

552 

558 

N. 

0 

1 

2 

3 

4 

5 

6 
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FIVE-PLACE  LOGARITHMS  (Continued) 

N. 

0 

l 

2 

3 

4 

5   6   7   8   9 

Proportional 
parts 

750 

87  506 

512 

518 

523 

529 

535  541  547  552  558 

751 

564 

570 

576 

581 

587 

593  599  604  610  616 

752 

622 

628 

633 

639 

645 

651  656  662  668  674 

753 

679 

685 

691 

697 

703 

708  714  720  726  731 

754 

737 

743 

749 

754 

760 

766  772  777  783  789 

755 

795 

800 

806 

812 

818 

823  829  835  841  846 

756 

852 

858 

864 

869 

875 

881  887  892  898  904 

757 

910 

915 

921 

927 

933 

938  944  950  955  961 

758 

967 

973 

978 

984 

990 

996  *001  *007  *013  *018 

759 

88  024 

030 

036 

041 

047 

053  058  064  070  076 

760 

081 

087 

093 

098 

104 

110  116  121  127  133 

6 

761 

138 

144 

150 

156 

161 

167  173  178  184  190 

1 

0>6 

762 

195 

201 

207 

213 

218 

224  230  235  241  247 

2 

1,2 

763 

252 

258 

264 

270 

275 

281  287  292  298  304 

3 

1,8 

764 

309 

315 

321 

326 

332 

338  343  349  355  360 

4 

2,4 

765 

366 

372 

377 

383 

389 

395  400  406  412  417 

5 

3,0 

766 

423 

429 

434 

440 

446 

451  457  463  468  474 

6 

3,6 

767 

480 

485 

491 

497 

502 

508  513  519  525  530 

7 

4,2 

768 

536 

542 

547 

553 

559 

564  570  576  581  587 

8 

4,8 

769 

593 

598 

604 

610 

615 

621  627  632  638  643 

9 

5,4 

770 

649 

655 

660 

666 

672 

677  683  689  694  700 

771 

705 

711 

717 

722 

728 

734  739  745  750  756 

772 

762 

767 

773 

779 

784 

790  795  801  807  812 

773 

818 

824 

829 

835 

840 

846  852  857  863  868 

774 

874 

880 

885 

891 

897 

902  908  913  919  925 

775 

930 

936 

941 

947 

953 

958  964  969  975  981 

776 

986 

992 

997  *003  *009 

*014  *020  *025  *031  *037 

777 

89  042 

048 

053 

059 

064 

070  076  081  087  092 

778 

098 

104 

109 

115 

120 

126  131  137  143  148 

779 

154 

159 

165 

170 

176 

182  187  193  198  204 

780 

209 

215 

221 

226 

232 

237  243  248  254  260 

5 

781 

265 

271 

276 

282 

287 

293  298  304  310  315 

1 

0,5 

782 

321 

326 

332 

337 

343 

348  354  360  365  371 

2 

1,0 

783 

376 

382 

387 

393 

398 

404  409  415  421  426 

3 

1*5 

784 

432 

437 

443 

448 

454 

459  465  470  476  481 

4 

2,0 

785 

487 

492 

498 

504 

509 

515  520  526  531  537 

5 

2,5 

786 

542 

548 

553 

559 

564 

570  575  581  586  592 

6 

3,0 

787 

597 

603 

609 

614 

620 

625  631  636  642  647 

7 

3,5 

788 

653 

658 

664 

669 

675 

680  686  691  697  702 

8 

4,0 

789 

708 

713 

719 

724 

730 

735  741  746  752  757 

9 

4,5 

790 

763 

768 

774 

779 

785 

790  796  801  807  812 

791 

818 

823 

829 

834 

840 

845  851  856  862  867 

792 

873 

878 

883 

889 

894 

900  905  911  916  922 

793 

927 

933 

938 

944 

949 

955  960  966  971  977 

794 

982 

988 

993 

998  *004 

*009  *015  *020  *026  *031 

795 

90  037 

042 

048 

053 

059 

064  069  075  080  086 

796 

091 

097 

102 

108 

113 

119  124  129  135  140 

797 

146 

151 

157 

162 

168 

173  179  184  189  195 

798 

200 

206 

211 

217 

222 

227  233  238  244  249 

799 

255 

260 

266 

271 

276 

282  287  293  298  304 

800 

309 

314 

320 

325 

331 

336  342  347  352  358 

N. 

0 

1 

2 

3 

4 
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Proportional 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

800 

90  309 

314 

320 

325 

331 

336 

342 

347 

352 

358 

801 

363 

369 

374 

380 

385 

390 

396 

401 

407 

412 

802 

417 

423 

428 

434 

439 

445 

450 

455 

461 

466 

803 

472 

477 

482 

488 

493 

499 

504 

509 

515 

520 

804 

526 

531 

536 

542 

547 

553 

558 

563 

569 

574 

805 

580 

585 

590 

596 

601 

607 

612 

617 

623 

628 

806 

634 

639 

644 

650 

655 

660 

666 

671 

677 

682 

807 

687 

693 

698 

703 

709 

714 

720 

725 

730 

736 

808 

741 

747 

752 

757 

763 

768 

773 

779 

784 

789 

809 

795 

800 

806 

811 

816 

822 

827 

832 

838 

843 

810 

849 

854 

859 

865 

870 

875 

881 

886 

891 

897 

6 

811 

902 

907 

913 

918 

924 

929 

934 

940 

945 

950 

1 

06 

812 

956 

961 

966 

972 

977 

982 

988 

993 

998  *004 

2 

1/2 

813 

91  009 

014 

020 

025 

030 

036 

041 

046 

052 

057 

3 

1/8 

814 

062 

068 

073 

078 

084 

089 

094 

100 

105 

110 

4 

24 

815 

116 

121 

126 

132 

137 

142 

148 

153 

158 

164 

5 

3,0 

816 

169 

174 

180 

185 

190 

196 

201 

206 

212 

217 

6 

3,6 

817 

222 

228 

233 

238 

243 

249 

254 

259 

265 

270 

7 

4/2 

818 

275 

281 

286 

291 

297 

302 

307 

312 

318 

323 

8 

4,8 

819 

328 

334 

339 

344 

350 

355 

360 

365 

371 

376 

9 

5,4 

820 

381 

387 

392 

397 

403 

408 

413 

418 

424 

429 

821 

434 

440 

445 

450 

455 

461 

466 

471 

477 

482 

822 

487 

492 

498 

503 

508 

514 

519 

524 

529 

535 

823 

540 

545 

551 

556 

561 

566 

572 

577 

582 

587 

824 

593 

598 

603 

609 

614 

619 

624 

630 

635 

640 

825 

645 

651 

656 

661 

666 

672 

677 

682 

687 

693 

826 

698 

703 

709 

714 

719 

724 

730 

735 

740 

745 

827 

751 

756 

761 

766 

772 

777 

782 

787 

793 

798 

828 

803 

808 

814 

819 

824 

829 

834 

840 

845 

850 

829 

855 

861 

866 

871 

876 

882 

887 

892 

897 

903 

830 

908 

913 

918 

924 

929 

934 

939 

944 

950 

955 

5 

831 

960 

965 

971 

976 

981 

986 

991 

997  *002  *007 

1 

0,5 

832 

92  012 

018 

023 

028 

033 

038 

044 

049 

054 

059 

2 

1,0 

833 

065 

070 

075 

080 

085 

091 

096 

101 

106 

111 

3 

1/5 

834 

117 

122 

127 

132 

137 

143 

148 

153 

158 

163 

4 

2,0 

835 

169 

174 

179 

184 

189 

195 

200 

205 

210 

215 

5 

2,5 

836 

221 

226 

231 

236 

241 

247 

252 

257 

262 

267 

6 

3,0 

837 

273 

278 

283 

288 

293 

298 

304 

309 

314 

319 

7 

3,5 

838 

324 

330 

335 

340 

345 

350 

355 

361 

366 

371 

8 

4,0 

839 

376 

381 

387 

392 

397 

402 

407 

412 

418 

423 

9 

4,5 

840 

428 

433 

438 

443 

449 

454 

459 

464 

469 

474 

841 

480 

485 

490 

495 

500 

505 

511 

516 

521 

526 

842 

531 

536 

542 

547 

552 

557 

562 

567 

572 

578 

843 

583 

588 

593 

598 

603 

609 

614 

619 

624 

629 

844 

634 

639 

645 

650 

655 

660 

665 

670 

675 

681 

845 

686 

691 

696 

701 

706 

711 

716 

722 

727 

732 

846 

737 

742 

747 

752 

758 

763 

768 

773 

778 

783 

847 

788 

793 

799 

804 

809 

814 

819 

824 

829 

834 

848 

840 

845 

850 

855 

860 

865 

870 

875 

881 

886 

849 

891 

896 

901 

906 

911 

916 

921 

927 

932 

937 

850 

942 

947 

952 

957 

962 

967 

973 

978 

983 

988 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

850 

92  942 

947 

952 

957 

962 

967 

973 

978 

983 

988 

851 

993 

998  *003  *008  *013 

*018 

*024  *029  *034  *039 

852 

93  044 

049 

054 

059 

064 

069 

075 

080 

085 

090 

853 

095 

100 

105 

110 

115 

120 

125 

131 

136 

141 

854 

146 

151 

156 

161 

166 

171 

176 

181 

186 

192 

855 

197 

202 

207 

212 

217 

222 

227 

232 

237 

242 

856 

247 

252 

258 

263 

268 

273 

278 

283 

288 

293 

6 

857 

298 

303 

308 

313 

318 

323 

328 

334 

339 

344 

1 

0*6 

858 

349 

354 

359 

364 

369 

374 

379 

384 

389 

394 

2 

1/2 

859 

399 

404 

409 

414 

420 

425 

430 

435 

440 

445 

3 
4 

1/8 
2/4 

860 

450 

455 

460 

465 

470 

475 

480 

485 

490 

495 

5 

3<0 

861 

500 

505 

510 

515 

520 

526 

531 

536 

541 

546 

6 

3/6 

862 

551 

556 

561 

566 

571 

576 

581 

586 

591 

596 

7 

4/2 

863 

601 

606 

611 

616 

621 

626 

631 

636 

641 

646 

8 

4/8 

864 

651 

656 

661 

666 

671 

676 

682 

687 

692 

697 

9 

54 

865 

702 

707 

712 

717 

722 

727 

732 

737 

742 

747 

866 

752 

757 

762 

767 

772 

777 

782 

787 

792 

797 

867 

802 

807 

812 

817 

822 

827 

832 

837 

842 

847 

868 

852 

857 

862 

867 

872 

877 

882 

887 

892 

897 

869 

902 

907 

912 

917 

922 

927 

932 

937 

942 

947 

870 

952 

957 

962 

967 

972 

977 

982 

987 

992 

997 

6 

871 

94  002 

007 

012 

017 

022 

027 

032 

037 

042 

047 

1 

0'5 

872 

052 

057 

062 

067 

072 

077 

082 

086 

091 

096 

2 

l'O 

873 

101 

106 

111 

116 

121 

126 

131 

136 

141 

146 

3 

1/5 

874 

151 

156 

161 

166 

171 

176 

181 

186 

191 

196 

4 

2-0 

875 

201 

206 

211 

216 

221 

226 

231 

236 

240 

245 

5 

2  5 

876 

250 

255 

260 

265 

270 

275 

280 

285 

290 

295 

6 

3/0 

877 

300 

305 

310 

315 

320 

325 

330 

335 

340 

345 

7 

35 

878 

349 

354 

359 

364 

369 

374 

379 

384 

389 

394 

8 

4-0 

879 

399 

404 

409 

414 

419 

424 

429 

433 

438 

443 

9 

4*5 

880 

448 

453 

458 

463 

468 

473 

478 

483 

488 

493 

881 

498 

503 

507 

512 

517 

522 

527 

532 

537 

542 

882 

547 

552 

557 

562 

567 

571 

576 

581 

586 

591 

883 

596 

601 

606 

611 

616 

621 

626 

630 

635 

640 

884 

645 

650 

655 

660 

665 

670 

675 

680 

685 

689 

4 

885 

694 

699 

704 

709 

714 

719 

724 

729 

734 

738 

1 

0,4 

886 

743 

748 

753 

758 

763 

768 

773 

778 

783 

787 

2 

0/8 

887 

792 

797 

802 

807 

812 

817 

822 

827 

832 

836 

3 

1/2 

888 

841 

846 

851 

856 

861 

866 

871 

876 

880 

885 

4 

1/6 

889 

890 

895 

900 

905 

910 

915 

919 

924 

929 

934 

5 
6 

2/0 
2/4 

890 

939 

944 

949 

954 

959 

963 

968 

973 

978 

983 

7 

2/8 

891 

988 

993 

998  *002  *007 

*012  *017  *022  *027  *032 

8 

3/2 

892 

95  036 

041 

046 

051 

056 

061 

066 

071 

075 

080 

9 

36 

893 

085 

090 

095 

100 

105 

109 

114 

119 

124 

129 

894 

134 

139 

143 

148 

153 

158 

163 

168 

173 

177 

895 

182 

187 

192 

197 

202 

207 

211 

216 

221 

226 

896 

231 

236 

240 

245 

250 

255 

260 

265 

270 

274 

897 

279 

284 

289 

294 

299 

303 

308 

313 

318 

323 

898 

328 

332 

337 

342 

347 

352 

357 

361 

366 

371 

899 

376 

381 

386 

390 

395 

400 

405 

410 

415 

419 

900 

424 

429 

434 

439 

444 

448 

453 

458 

463 

468 

N. 
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6 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

900 

95  424 

429 

434 

439 

444 

448 

453 

458 

463 

468 

901 

472 

477 

482 

487 

492 

497 

501 

506 

511 

516 

902 

521 

525 

530 

535 

540 

545 

550 

554 

559 

564 

903 

569 

574 

578 

583 

588 

593 

598 

602 

607 

612 

904 

617 

622 

626 

631 

636 

641 

646 

650 

655 

660 

905 

665 

670 

674 

679 

684 

689 

694 

698 

703 

708 

906 

713 

718 

722 

727 

732 

737 

742 

746 

751 

756 

907 

761 

766 

770 

775 

780 

785 

789 

794 

799 

804 

908 

809 

813 

818 

823 

828 

832 

837 

842 

847 

852 

909 

856 

861 

866 

871 

875 

880 

885 

890 

895 

899 

910 

904 

909 

914 

918 

923 

928 

933 

938 

942 

947 

5 

911 

952 

957 

961 

966 

971 

976 

980 

985 

990 

995 

1 

0/5 

912 

999  *004  *009  *014  *019 

*023  *028  *033  *038  *042 

2 

l'O 

913 

96  047 

052 

057 

061 

066 

071 

076 

080 

085 

090 

3 

1<5 

914 

095 

099 

104 

109 

114 

118 

123 

128 

133 

137 

4 

2,0 

915 

142 

147 

152 

156 

161 

166 

171 

175 

180 

185 

5 

2/5 

916 

190 

194 

199 

204 

209 

213 

218 

223 

227 

232 

6 

3<0 

917 

237 

242 

246 

251 

256 

261 

265 

270 

275 

280 

7 

3,5 

918 

284 

289 

294 

298 

303 

308 

313 

317 

322 

327 

8 

40 

919 

332 

336 

341 

346 

350 

355 

360 

365 

369 

374 

9 

4,5 

920 

379 

384 

388 

393 

398 

402 

407 

412 

417 

421 

921 

426 

431 

435 

440 

445 

450 

454 

459 

464 

468 

922 

473 

478 

483 

487 

492 

497 

501 

506 

511 

515 

923 

520 

525 

530 

534 

539 

544 

548 

553 

558 

562 

924 

567 

572 

577 

581 

586 

591 

595 

600 

605 

609 

925 

614 

619 

624 

628 

633 

638 

642 

647 

652 

656 

926 

661 

666 

670 

675 

680 

685 

689 

694 

699 

703 

927 

708 

713 

717 

722 

727 

731 

736 

741 

745 

750 

928 

755 

759 

764 

769 

774 

778 

783 

788 

792 

797 

929 

802 

806 

811 

816 

820 

825 

830 

834 

839 

844 

930 

848 

853 

858 

862 

867 

872 

876 

881 

886 

890 

4 

931 

895 

900 

904 

909 

914 

918 

923 

928 

932 

937 

1 

0/4 

932 

942 

946 

951 

956 

960 

965 

970 

974 

979 

984 

2 

0/8 

933 

988 

993 

997  *002  *007 

*011  *016  *021  *025  *030 

3 

1/2 

934 

97  035 

039 

044 

049 

053 

058 

063 

067 

072 

077 

4 

1/6 

935 

081 

086 

090 

095 

100 

104 

109 

114 

118 

123 

5 

2/0 

936 

128 

132 

137 

142 

146 

151 

155 

160 

165 

169 

6 

2/4 

937 

174 

179 

183 

188 

192 

197 

202 

206 

211 

216 

7 

2,8 

938 

220 

225 

230 

234 

239 

243 

248 

253 

257 

262 

8 

3/2 

939 

267 

271 

276 

280 

285 

290 

294 

299 

304 

308 

9 

3/6 

940 

313 

317 

322 

327 

331 

336 

340 

345 

350 

354 

941 
942 

359 
405 

364 
410 

368 
414 

373 
419 

377 
424 

*3S9 

^87 

391 
437 

396 
442 

400 
447 

428 

OOl 

433 

943 

451 

456 

460 

465 

470 

474 

479 

483 

488 

493 

944 

497 

502 

506 

511 

516 

520 

525 

529 

534 

539 

945 

543 

548 

552 

557 

562 

566 

571 

575 

580 

585 

946 

589 

594 

598 

603 

607 

612 

617 

621 

626 

630 

947 

635 

640 

644 

649 

653 

658 

663 

667 

672 

676 

948 

681 

685 

690 

695 

699 

704 

708 

713 

717 

722 

949 

727 

731 

736 

740 

745 

749 

754 

759 

763 

768 

950 

772 

777 

782 

786 

791 

795 

800 

804 

809 

813 
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FIVE-PLACE  LOGARITHMS  (Continued) 


N. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Proportional 
parts 

950 

97  772 

777 

782 

786 

791 

795 

800 

804 

809 

813 

951 

818 

823 

827 

832 

836 

841 

845 

850 

855 

859 

952 

864 

868 

873 

877 

882 

886 

891 

896 

900 

905 

953 

909 

914 

918 

923 

928 

932 

937 

941 

946 

950 

954 

955 

959 

964 

968 

973 

978 

982 

987 

991 

996 

955 

98  000 

005 

009 

014 

019 

023 

028 

032 

037 

041 

956 

046 

050 

055 

059 

064 

068 

073 

078 

082 

087 

957 

091 

096 

100 

105 

109 

114 

118 

123 

127 

132 

958 

137 

141 

146 

150 

155 

159 

164 

168 

173 

177 

959 

182 

186 

191 

195 

200 

204 

209 

214 

218 

223 

960 

227 

232 

236 

241 

245 

250 

254 

259 

263 

268 

5 

961 

272 

277 

281 

286 

290 

295 

299 

304 

308 

313 

1 

0-5 

962 

318 

322 

327 

331 

336 

340 

345 

349 

354 

358 

2 

1/0 

963 

363 

367 

372 

376 

381 

385 

390 

394 

399 

403 

3 

1,5 

964 

408 

412 

417 

421 

426 

430 

435 

439 

444 

448 

4 

2,0 

965 

453 

457 

462 

466 

471 

475 

480 

484 

489 

493 

5 

2,5 

966 

498 

502 

507 

511 

516 

520 

525 

529 

534 

538 

6 

3,0 

967 

543 

547 

552 

556 

561 

565 

570 

574 

579 

583 

7 

3  5 

968 

588 

592 

597 

601 

605 

610 

614 

619 

623 

628 

8 

4,0 

969 

632 

637 

641 

646 

650 

655 

659 

664 

668 

673 

9 

4,5 

970 

677 

682 

686 

691 

695 

700 

704 

709 

713 

717 

971 

722 

726 

731 

735 

740 

744 

749 

753 

758 

762 

972 

767 

771 

776 

780 

784 

789 

793 

798 

802 

807 

973 

811 

816 

820 

825 

829 

834 

838 

843 

847 

851 

974 

856 

860 

865 

869 

874 

878 

883 

887 

892 

896 

975 

900 

905 

909 

914 

918 

923 

927 

932 

936 

941 

976 

945 

949 

954 

958 

963 

967 

972 

976 

981 

985 

977 

989 

994 

998 

*003 

*007 

*012 

*016 

*021 

*025 

*029 

978 

99  034 

038 

043 

047 

052 

056 

061 

065 

069 

074 

979 

078 

083 

087 

092 

096 

100 

105 

109 

114 

118 

980 

123 

127 

131 

136 

140 

145 

149 

154 

158 

162 

4 

981 

167 

171 

176 

180 

185 

189 

193 

198 

202 

207 

1 

0,4 

982 

211 

216 

220 

224 

229 

233 

238 

242 

247 

251 

2 

0,8 

983 

255 

260 

264 

269 

273 

277 

282 

286 

291 

295 

3 

1,2 

984 

300 

304 

308 

313 

317 

322 

326 

330 

335 

339 

4 

1,6 

985 

344 

348 

352 

357 

361 

366 

370 

373 

379 

383 

5 

2,0 

986 

388 

392 

396 

401 

405 

410 

414 

419 

423 

427 

6 

2,4 

987 

432 

436 

441 

445 

449 

454 

458 

463 

467 

471 

7 

2.8 

988 

476 

480 

484 

489 

493 

498 

502 

506 

511 

515 

8 

3,2 

989 

520 

524 

528 

533 

537 

542 

546 

550 

555 

559 

9 

3,6 

990 

564 

568 

572 

577 

581 

585 

590 

594 

599 

603 

991 

607 

612 

616 

621 

625 

629 

634 

638 

642 

647 

992 

651 

656 

660 

664 

669 

673 

677 

682 

686 

691 

993 

695 

699 

704 

708 

712 

717 

721 

726 

730 

734 

994 

739 

743 

747 

752 

756 

760 

765 

769 

774 

778 

995 

782 

787 

791 

795 

800 

804 

808 

813 

817 

822 

996 

826 

830 

835 

839 

843 

848 

852 

856 

861 

865 

997 

870 

874 

878 

883 

887 

891 

896 

900 

904 

909 

998 

913 

917 

922 

926 

930 

935 

939 

944 

948 

952 

999 

957 

961 

965 

970 

974 

978 

983 

987 

991 

996 

1000 

00  000 

004 

009 

013 

017 

022 

026 

030 

035 

039 

N. 

0 
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LOGARITHMS  (Continued) 

N. 

0 

1 

2    3    4 

5 

6    7 

8 

• 

* 

1000 

000  0000 

0434 

0869  1303  1737 

2171 

2605  3039 

3473 

3907 

434 

1001 

4341 

4775 

5208  5642  6076 

6510 

6943  7377 

7810 

8244 

434 

1002 

8677 

9111 

9544  9977  *0411 

*0844  *1277  *1710 

♦2143 

♦2576 

433 

1003 

001  3009 

3442 

3875  4308  4741 

5174 

5607  6039 

6472 

6905 

433 

1004 

7337 

7770 

8202  8635  9067 

9499 

9932  *0364 

*0796 

♦1228 

432 

1005 

002  1661 

2093 

2525  2957  3389 

3821 

4253  4685 

5116 

5548 

432 

1006 

5980 

6411 

6843  7275  7706 

8138 

8569  9001 

9432 

9863 

431 

1007 

003  0295 

0726 

1157  1588  2019 

2451 

2882  3313 

3744 

4174 

431 

1008 

4605 

5036 

5467  5898  6328 

6759 

7190  7620 

8051 

8481 

431 

1009 

8912 

9342 

9772  *0203  *0633 

*1063 

♦1493  *1924 

♦2354 

♦2784 

430 

1010 

004  3214 

3644 

4074  4504  4933 

5363 

5793  6223 

6652 

7082 

430 

1011 

7512 

7941 

8371  8800  9229 

9659 

*0088  *0517 

*0947 

♦1376 

429 

1012 

005  1805 

2234 

2663  3092  3521 

3950 

4379  4808 

5237 

5666 

429 

1013 

6094 

6523 

6952  7380  7809 

8238 

8666  9094 

9523 

9951 

429 

1014 

006  0380 

0808 

1236  1664  2092 

2521 

2949  3377 

3805 

4233 

428 

1015 

4660 

5088 

5516  5944  6372 

6799 

7227  7655 

8082 

8510 

428 

1016 

8937 

9365 

9792  *0219  *0647 

♦1074 

♦1501  *1928 

*2355  *2782 

427 

1017 

007  3210 

3637 

4064  4490  4917 

5344 

5771  6198 

6624 

7051 

427 

1018 

7478 

7904 

8331  8757  9184 

9610 

♦0037  *0463  *0889 

♦1316 

426 

1019 

008  1742 

2168 

2594  3020  3446 

3872 

4298  4724 

5150 

557G 

426 

1020 

6002 

6427 

6853  7279  7704 

8130 

8556  8981 

9407 

9832 

426 

1021 

009  0257 

0683 

1108  1533  1959 

2384 

2809  3234 

3659 

4084 

425 

1022 

4509 

4934 

5359  5784  6208 

6633 

7058  7483 

7907 

8332 

425 

1023 

8756 

9181 

9605  *0030  *0454 

*0878 

♦1303  *1727  *2151 

*2575 

424 

1024 

010  3000 

3424 

3848  4272  4696 

5120 

5544  5967 

6391 

6815 

424 

1025 

7239 

7662 

8086  8510  8933 

9357 

9780  *0204 

*0627 

•1050 

424 

1026 

Oil  1474 

1897 

2320  2743  3166 

3590 

4013  4436 

4859 

5282 

423 

1027 

5704 

6127 

6550  6973  7396 

7818 

8241  8664 

9086 

9509 

423 

1028 

9931 

*0354 

*0776  *1198  *f621 

♦2043 

♦2465  *2887 

♦3310 

♦3732 

422 

1029 

012  4154 

4576 

4998  5420  5842 

6264 

6685  7107 

7529 

7951 

m 

1030 

8372 

8794 

9215  9637  *0059 

♦0480  *0901  *1323 

*1744 

*2165 

422 

1031 

013  2587 

3008 

3429  3850  4271 

4692 

5113  5534 

5955 

6376 

421 

1032 

6797 

7218 

7639  8059  8480 

8901 

9321  9742 

♦0162 

♦0583 

421 

1033 

014  1003 

1424 

1844  2264  2685 

3105 

3525  3945 

4365 

4785 

420 

1034 

52C5 

5625 

6045  6465  6885 

7305 

7725  8144 

8564 

8984 

420 

1035 

9403 

9823 

♦0243  *0662  *1082 

♦1501 

♦1920  *2340  *2759 

♦3178 

420 

1036 

015  3598 

4017 

4436  4855  5274 

5693 

6112  6531 

6950 

7369 

419 

1037 

7788 

8206 

8625  9044  9462 

9881 

♦0300  *0718 

♦1137 

♦1555 

419 

1038 

016  1974 

2392 

2810  3229  3647 

4065 

4483  4901 

5319 

5737 

418 

1039 

6155 

6573 

6991  7409  7827 

8245 

8663  9080 

9498 

9916 

418 

1040 

017  0333 

0751 

1168  1586  2003 

2421 

2838  3256 

3673 

4090 

417 

1041 

4507 

4924 

5342  5759  6176 

6593 

7010  7427 

7844 

8260 

417 

1042 

8677 

9094 

9511  9927  *0344 

•0761 

•1177  *1594 

•2010  *2427 

417 

1043 

"  018  2843 

3259 

3676  4092  4508 

4925 

5341  5757 

6173 

6589 

416 

1044 

7005 

7421 

7837  8253  8669 

9084 

9500  9916 

♦0332 

♦0747 

416 

1045 

019  1163 

1578 

1994  2410  2825 

3240 

3656  4071 

4486 

4902 

415 

1046 

5317 

5732 

6147  6562  6977 

7392 

7807  8222 

8637 

9052 

415 

1047 

9467 

9882 

♦0296  *0711  *1126 

•1540 

♦1955  *2369 

♦2784 

♦3198 

415 

1048 

020  3613 

4027 

4442  4856  5270 

5684 

6099  6513 

6927 

7341 

414 

1049 

7755 

8169 

8583  8997  9411 

9824 

♦0238  ^0652 

•1066 

•1479 

414 

1050 

021  1893 

2307 

2720  3134  3547 

3961 

4374  4787 

5201 

5614 

413 

N. 

0 

1 

2    3    4 

5 

6   7 

8 

9 

d. 
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LOGARITHMS 

(Continued) 

N. 

0 

l 

2 

3 

4 

5    6    7    8    9 

d. 

1050 

021  1893 

2307 

2720 

3134 

3547 

3961  4374  4787  5201  5614 

413 

1051 

6027 

6440 

6854 

7267 

7680 

8093  8506  8919  9332  9745 

413 

1052 

022  0157 

0570 

0983 

1396 

1808 

2221  2634  3046  3459  3871 

413 

1053 

4284 

4696 

5109 

5521 

5933 

6345  6758  7170  7582  7994 

412 

1054 

8406 

8818 

9230 

9642 

*0054 

*0466  *0878  *1289  *1701  *2113 

412 

1055 

023  2525 

2936 

3348 

3759 

4171 

4582  4994  5405  5817  6228 

411 

1056 

6639 

7050 

7462 

7873 

8284 

8695  9106  9517  9928  *0339 

411 

1057 

024  0750 

1161 

1572 

1982 

2393 

2804  3214  3625  4036  4446 

411 

1058 

4857 

5267 

5678 

6088 

6498 

6909  7319  7729  8139  8549 

410 

1059 

8960 

9370 

9780 

*0190 

*0600 

♦1010  *1419  *1829  *2239  *2649 

410 

1060 

025  3059 

3468 

3878 

4288 

4697 

5107  5516  5926  6335  6744 

410 

1061 

7154 

7563 

7972 

8382 

8791 

9200  9609  *0018  *0427  *0836 

409 

1062 

026  1245 

1654 

2063 

2472 

2881 

3289  3698  4107  4515  4924 

409 

1063 

5333 

5741 

6150 

6558 

6967 

7375  7783  8192  8600  9008 

408 

1064 

9416 

9824 

*0233 

*0641 

*1049 

*1457  *1865  *2273  *2680  *3088 

408 

1065 

027  3496 

3904 

4312 

4719 

5127 

5535  5942  6350  6757  7165 

408 

1066 

7572 

7979 

8387 

8794 

9201 

9609  *0016  *042'3  *0830>*1237 

407 

1067 

028  1644 

2051 

2458 

2865 

3272 

3679  4086  4492  4899  5306 

407 

1068 

5713 

6119 

6526 

6932 

7339 

7745  8152  8558  8964  9371 

406 

1069 

9777 

*0183 

*0590 

*0996 

*1402 

*1808  *2214  *2620  *3026  *3432 

406 

1070 

029  3838 

4244 

4649 

5055 

5461 

5867  6272  6678  7084  7489 

406 

1071 

7895 

8300 

8706 

9111 

9516 

9922  *0327  *0732  *1138  *1543 

405 

1072 

030  1948 

2353 

2758 

3163 

3568 

3973  4378  4783  5188  5592 

405 

1073 

5997 

6402 

6807 

7211 

7616 

8020  8425  8830  9234  9638 

405 

1074 

031  0043 

0447 

0851 

1256 

1660 

2064  2468  2872  3277  3681 

404 

1075 

4085 

4489 

4893 

5296 

5700 

6104  6508  6912  7315  7719 

404 

1076 

8123 

8526 

8930 

9333 

9737 

*0140  *0544  *0947  *1350  *1754 

403 

1077 

032  2157 

2560 

2963 

3367 

3770 

4173  4576  4979  5382  5785 

403 

1078 

6188 

6590 

6993 

7396 

7799 

8201  8604  9007  9409  9812 

403 

1079 

033  0214 

0617 

1019 

1422 

1824 

2226  2629  3031  3433  3835 

402 

1080 

4238 

4640 

5042 

5444 

5846 

6248  6650  7052  7453  7855 

402 

1081 

8257 

8659 

9060 

9462 

9864 

*0265  *0667  *1068  *1470  *1871 

402 

1082 

034  2273 

2674 

3075 

3477 

3878 

4279  4680  5081  5482  5884 

401 

1083 

6285 

6686 

7087 

7487 

7888 

8289  8690  9091  9491  9892 

401 

1084 

035  0293 

0693 

1094 

1495 

1895 

2296  2696  3096  3497  3897 

400 

1085 

4297 

4698 

5098 

5498 

5898 

6298  6698  7098  7498  7898 

400 

1086 

8298 

8698 

9098 

9498 

9898 

*0297  *0697  *1097  *1496  *1896 

400 

1087 

036  2295 

2695 

3094 

3494 

3893 

4293  4692  5091  5491  5S90 

399 

1088 

6289 

6688 

7087 

7486 

7885 

8284  8683  9082  9481  9880 

399 

1089 

037  0279 

0678 

1076 

1475 

1874 

2272  2671  3070  3468  3867 

399 

1090 

4265 

4663 

5062 

5460 

5858 

6257  6655  7053  7451  7849 

398 

1091 

8248 

8646 

9044 

9442 

9839 

*0237  *0635  *1033  *1431  *1829 

398 

1092 

038  2226 

2624 

3022 

3419 

3817 

4214  4612  5009  5407  5804 

398 

1093 

6202 

6599 

6996 

7393 

7791 

8188  8585  8982  9379  9776 

397 

1094 

039  0173 

0570 

0967 

1364 

1761 

2158  2554  2951  3348  3745 

397 

1095 

4141 

4538 

4934 

5331 

5727 

6124  6520  6917  7313  7709 

397 

1096 

8106 

8502 

8898 

9294 

9690 

•0086  *0482  *0878  *1274  *1670 

396 

1097 

040  2066 

2462 

2858 

3254 

3650 

4045  4441  4837  5232  5628 

396 

1098 

6023 

6419 

6814 

7210 

7605 

8001  8396  8791  9187  9582 

395 

1099 

9977 

*0372 

♦0767 

*1162 

*1557  ! 

*1952  *2347  *2742  *3137  *3532 

395 

1100 

041  3927 

4322 

4716 

5111 

5506  | 

5900  6295  6690  7084  7479 
5    6    7    8    9 

395 

N. 

0 

1 

2 

3 

! 
4  1 

d. 
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LOGARITHMS— (Continued) 


N 

0 

12    3    4 

5    6    7    8    9 

d. 

1100 

041  3927 

4322  4716  5111  5506 

5900  6295  6690  7084  7479 

395 

1101 

7873 

8268  8662  9056  9451 

9845  *0239  *0633  *1028  *1422 

394 

1102 

042  1816 

2210  2604  2998  3392 

3786  4180  4574  4968  5361 

394 

1103 

5755 

6149  6543  6936  7330 

7723  8117  8510  8904  9297 

394 

1104 

9691 

'0084  *0477  *0871  *1264 

*1657  *2050  *2444  *2837  *3230 

393 

1105 

043  3623 

4016  4409  4802  5195 

5587  5980  6373  6766  7159 

393 

1106 

7551 

7944  8337  8729  9122 

9514  9907  *0299  *0692  *1084 

393 

1107 

044  1476 

1869  2261  2653  3045 

3437  3829  4222  4614  5006 

392 

1108 

5398 

5790  6181  6573  6965 

7357  7749  8140  8532  8924 

392 

1109 

9315 

9707  *0099  *0490  *0882 

♦1273  *1664  *2056  *2447  *2839 

392 

1110 

045  3230 

3621  4012  4403  4795 

5186  5577  5968  6359  6750 

391 

1111 

7141 

7531  7922  8313  8704 

9095  9485  9876  *0267  *0657 

391 

1112 

046  1048 

1438  1829  2219  2610 

3000  3391  3781  4171  4561 

390 

1113 

4952 

5342  5732  6122  6512 

6902  7292  7682  8072  8462 

390 

1114 

8852 

9242  9632  *0021  *0411 

*0801  *1190  *1580  *1970  *2359 

390 

1115 

047  2749 

3138  3528  3917  4306 

4696  5085  5474  5864  6253 

389 

1116 

6642 

7031  7420  7809  8198 

8587  8976  9365  9754  *0143 

389 

1117 

048  0532 

0921  1309  1698  2087 

2475  2864  3253  3641  4030 

389 

1118 

4418 

4806  5195  5583  5972 

6360  6748  7136  7525  7913 

388 

1119 

8301 

8689  9077  9465  9853 

*0241  *0629  *1017  *1405  *1792 

388 

1120 

049  2180 

2568  2956  3343  3731 

4119  4506  4894  5281  5669 

388 

1121 

6056 

6444  6831  7218  7606 

7993  8380  8767  9154  9541 

387 

1122 

9929 

*0316  *0703  *1090  *1477 

*1863  *2250  *2637  *3024  *3411 

387 

1123 

050  3798 

4184  4571  4958  5344 

5731  6117  6504  6890  7277 

387 

1124 

7663 

8049  8436  8822  9208 

9595  9981  *0367  *0753  *1139 

386 

1125 

051  1525 

1911  2297  2683  3069 

3455  3841  4227  4612  4998 

386 

1126 

5384 

5770  6155  6541  6926 

7312  7697  8083  8468  8854 

386 

1127 

9239 

9624  *0010  *0395  *0780 

*1166  *1551  *1936  *2321  *2706 

385 

1128 

052  3091 

3476  3861  4246  4631 

5016  5400  5785  6170  6555 

385 

1129 

6939 

7324  7709  8093  8478 

8862  9247  9631  *0016  *0400 

385 

1130 

053  0784 

1169  1553  1937  2321 

2706  3090  3474  3858  4242 

384 

1131 

4626 

5010  5394  5778  6162 

6546  6929  7313  7697  8081 

384 

1132 

8464 

8848  9232  9615  9999 

*0382  *0766  *1149  *1532  *1916 

384 

1133 

054  2299 

2682  3066  3449  3832 

4215  4598  4981  5365  5748 

383 

1134 

6131 

6514  6896  7279  7662 

8045  8428  8811  9193  9576 

383 

1135 

9959 

*0341  *0724  *1106  *1489 

*1871  *2254  *2636  *3019  *3401 

382 

1136 

055  3783 

4166  4548  4930  5312 

5694  6077  6459  6841  7223 

382 

1137 

7605 

7987  8369  8750  9132 

9514  9896  *0278  *0659  *1041 

382 

1138 

056  1423 

1804  2186  2567  2949 

3330  3712  40P3  4475  4856 

381 

1139 

5237 

5619  6000  6381  6762 

7143  7524  7905  8287  8668 

381 

1140 

9049 

9429  9810  *01S1  *0572 

*0953  *1334  *1714  *2095  *2476 

381 

1141 

057  2856 

3237  3618  3998  4379 

4759  5140  5520  5900  6281 

381 

1142 

6661 

7041  7422  7802  8182 

8562  8942  9322  9702  *0082 

380 

1143 

058  0462 

0842  1222  1602  1982 

2362  2741  3121  3501  3881 

380 

1144 

4260 

4640  5019  5399  5778 

6158  6537  6917  7296  7676 

380 

1145 

8055 

8434  8813  9193  9572 

9951  *0330  *0709  *1088  *1467 

379 

1146 

059  1846 

2225  2604  2983  3362 

3741  4119  4498  4877  5256 

379 

1147 

5634 

6013  6391  6770  7148 

7527  7905  8284  8662  9041 

379 

1148 

9419 

9797  *0175  *0554  *0932 

*1310  *1688  *2066  *2444  *2822 

378 

1149 

060  3200 

3578  3956  4334  4712 

5090  5468  5845  6223  6601 

378 

1150 

6978 

7356  7734  8111  8489 

8866  9244  9621  9999  *0376 

378 

N 

0 

12    3    4 

5    6    7    8    9 

d. 
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LOGARITHMS— (Continued) 


N 

0 

1 

2    3    4 

5    6    7    8    9 

d. 

1150 

060  6978 

7356 

7734  8111  8489 

8866  9244  9621  9999  *0376 

37F 

1151 

061  0753 

1131 

1508  1885  2262 

2639  3017  3394  3771  4148 

377 

1152 

4525 

4902 

5279  5656  6032 

6409  6786  7163  7540  7916 

377 

1153 

8293 

8670 

9046  9423  9799 

*0176  *0552  *0929  *1305  *1682 

377 

1154 

062  2058 

2434 

2811  3187  3563 

3939  4316  4692  5068  5444 

376 

1155 

5820 

6196 

6572  6948  7324 

7699  8075  8451  8827  9203 

376 

1156 

9578 

9954 

*0330  *0705  *1081 

*1456  *1832  *2207  *2583  *2958 

376 

1157 

063  3334 

3709 

4084  4460  4835 

5210  5585  5960  6335  6711 

375 

1158 

7086 

7461 

7836  8211  8585 

8960  9335  9710  *0085  *0460 

375 

1159 

064  0834 

1209 

1584  1958  2333 

2708  3082  3457  3831  4205 

375 

1160 

4580 

4954 

5329  5703  6077 

6451  6826  7200  7574  7948 

374 

1161 

8322 

8696 

9070  9444  9818 

*0192  *0566  *0940  *1314  *16S5 

374 

1162 

005  2061 

2435 

2809  3182  3556 

3930  4303  4677  5050  5424 

374 

1163 

5797 

6171 

6544  6917  7291 

7664  8037  8410  8784  9157 

373 

1164 

9530 

9903 

*0276  *0649  *1022 

*1395  *1768  *2141  *2514  *2886 

373 

1165 

066  3259 

3632 

4005  4377  4750 

5123  5495  5868  6241  6613 

373 

1166 

6986 

7358 

7730  8103  8475 

8847  9220  9592  9964  *0336 

372 

1167 

067  0709 

1081 

1453  1825  2197 

2569  2941  3313  3685  4057 

372 

1168 

4428 

4800 

5172  5544  5915 

6287  6659  7030  7402  7774 

372 

1169 

8145 

8517 

8888  9259  9631 

*0002  *0374  *07*5  *1116  *1487 

371 

1170 

068  1859 

2230 

2601  2972  3343 

3714  4085  4456  4827  5198 

371 

1171 

5569 

5940 

6311  6681  7052 

7423  7794  8164  8535  8906 

371 

1172 

9276 

9647 

*0017  *0388  *0758 

*1129  *1499  *1869  *2240  *2610 

370 

1173 

069  2980 

3350 

3721  4091  4461 

4831  5201  5571  5941  6311 

370 

1174 

6681 

7051 

7421  7791  8160 

8530  8900  9270  9639  *0009 

370 

1175 

070  0379 

0748 

1118  1487  1857 

2226  2596  2965  3335  3704 

369 

1176 

4073 

4442 

4812  5181  5550 

5919  6288  6658  7027  7396 

369 

1177 

7765 

8134 

8503  8871  9240 

9609  9978  *0347  *0715  *1084 

369 

1178 

071  1453 

1822 

2190  2559  2927 

3296  3664  4033  4401  4770 

369 

1179 

5138 

5506 

5875  6243  6611 

6979  7348  7716  8084  8452 

368 

1180 

8820 

9188 

9556  9924  *0292 

*0660  *1028  *1396  *1763  *2131 

368 

1181 

072  2499 

2867 

3234  3602  3970 

4337  4705  5072  5440  5807 

368 

1182 

6175 

6542 

6910  7277  7644 

8011  8379  8746  9113  9480 

367 

1183 

9847 

*0215 

*0582  *0949  *1316 

*1683  *2050  *2416  *2783  *3150 

367 

1184 

073  3517 

3884 

4251  4617  4984 

5351  5717  6084  6450  6817 

367 

1185 

7184 

7550 

7916  8283  8649 

9016  9382  9748  *0114  *0481 

366 

1186 

074  0847 

1213 

1579  1945  2311 

2677  3043  3409  3775  4141 

366 

1187 

4507 

4873 

5239  5605  5970 

6336  6702  7068  7433  7799 

366 

1188 

8164 

8530 

8895  9261  9626 

9992  *0357  *0723  *1088  *1453 

365 

1189 

075  1819 

2184 

2549  2914  3279 

3644  4010  4375  4740  5105 

365 

1190 

5470 

5835 

6199  6564  6929 

7294  7659  8024  8388  8753 

365 

1191 

9118 

9482 

9847  *0211  *0576 

♦0940  *1305  *1669  *2034  *2398 

364 

1192 

076  2763 

3127 

3491  3855  4220 

4584  4948  5312  5676  6040 

364 

1193 

6404 

6768 

7132  7496  7860 

8224  8588  8952  9316  9680 

364 

1194 

077  0043 

0407 

0771  1134  1498 

1862  2225  2589  2952  3316 

364 

1195 

3679 

4042 

4406  4769  5133 

5496  5859  6222  6585  6949 

363 

1196 

7312 

7675 

8038  8401  8764 

9127  9490  9853  *0216  *0579 

363 

1197 

078  0942 

1304 

1667  2030  2393 

2755  3118  3480  3843  4206 

363 

1198 

4568 

4931 

5293  5656  6018 

6380  6743  7105  7467  7830 

362 

1199 

8192 

8551 

8916  9278  9640 

*0003  *0365  *0727  *1089  *1451 

362 

1200 

079  1812 

2174 

2536  2898  3260 

3622  3983  4345  4707  5068 

362 

N 

0 

1 

2    3    4 

5    6    7    8    9 

d. 
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LOGARITHMS   OF  THE   TRIGONOMETRIC 
FUNCTIONS 

Logarithms  of  the  functions  are  given  for  each  minute  from 
0-360°. 

The  quantity  —10  is  to  be  appended  to  all  logarithms  of  the 
sine  and  cosine,  to  logarithms  of  the  tangent  from  0-45°  and  of 
the  cotangent  from  45-90°. 

With  degrees  indicated  at  either  side  of  the  top  of  the  page 
use  the  column  headings  at  the  top.  With  degrees  stated  at 
the  bottom  of  the  page  use  the  column  designations  at  the 
bottom. 

With  degrees  at  the  left  (top  or  bottom)  use  the  minute  col- 
umn at  the  left,  and  with  degrees  on  the  right  side  of  the  page 
use  the  minute  column  at  the  right. 

The  method  of  determining  the  functions  of  small  angles  by 
the  auxiliary  quantities  S  and  T  is  given  in  the  section  explaining 
the  use  of  the  mathematical  tables  at  the  front  of  the  volume. 
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LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS 


Values  of  S, 

Values  of  T, 

Min  , 

—  10  to  be  appended 

— 10  to  be  appended 

Sec 

0° 

1  1° 

2° 

3°  |  4° 

0°   |  1°  |  2°  |  3°  |  4° 

0' 

4.68  557 

555 

549 

538 

522 

4.68  557 

562 

575 

597 

628 

0' 

1 

557 

555 

549 

537 

522 

557 

562 

575 

598 

629 

60 

2 

557 

555 

548 

537 

522 

557 

562 

576 

598 

629 

120 

3 

557 

555 

548 

537 

521 

557 

562 

578 

599 

630 

180 

4 

557 

555 

548 

537 

521 

558 

563 

576 

599 

631 

240 

5 

557 

555 

548 

537 

521 

558 

563 

577 

599 

631 

300 

6 

557 

555 

548 

536 

520 

558 

563 

577 

600 

632 

360 

7 

557 

555 

548 

536 

520 

558 

563 

577 

600 

632 

420 

8 

557 

555 

548 

536 

520 

558 

563 

578 

601 

633 

480 

9 

557 

555 

547 

536 

520 

558 

563 

578 

601 

634 

540 

10 

4.68  557 

555 

547 

535 

519 

4  68  558 

564 

578 

602 

634 

600 

11 

557 

554 

547 

535 

519 

558 

564 

579 

602 

635 

660 

12 

557 

554 

547 

535 

519 

558 

564 

579 

603 

635 

720 

13 

557 

554 

547 

535 

518 

558 

564 

579 

603 

636 

780 

14 

557 

554 

547 

534 

518 

558 

564 

580 

604 

637 

840 

15 

557 

554 

546 

534 

518 

558 

564 

580 

604 

637 

900 

16 

557 

554 

546 

534 

517 

558 

565 

580 

605 

638 

960 

17 

557 

554 

546 

534 

517 

558 

565 

581 

605 

639 

1020 

18 

557 

554 

546 

534 

517 

558 

565 

581 

606 

639 

1080 

19 

557 

554 

546 

533 

516 

558 

565 

581 

606 

640 

1140 

20 

4.68  557 

554 

546 

533 

516 

4.68  558 

565 

582 

607 

640 

1200 

21 

557 

554 

545 

533 

516 

558 

566 

582 

607 

641 

1260 

22 

557 

553 

545 

533 

515 

558 

566 

582 

608 

642 

1320 

23 

557 

553 

545 

532 

515 

558 

566 

583 

608 

642 

1380 

24 

557 

553 

545 

532 

515 

558 

566 

583 

609 

643 

1440 

25 

557 

553 

545 

532 

515 

558 

566 

583 

609 

644 

1500 

26 

557 

553 

544 

532 

514 

558 

567 

584 

610 

644 

1560 

27 

557 

553 

544 

531 

514 

558 

567 

584 

610 

645 

1620 

28 

557 

553 

544 

531 

514 

558 

567 

584 

611 

646 

1680 

29 

557 

553 

544 

531 

513 

559 

567 

585 

611 

646 

1740 

30 

4.68  557 

553 

544 

531 

513 

4.68  559 

567 

585 

612 

647 

1800 

31 

557 

552 

544 

530 

513 

559 

568 

585 

612 

648 

1860 

32 

557 

552 

543 

530 

512 

559 

568 

586 

613 

648 

1920 

33 

557 

552 

543 

530 

512 

559 

568 

586 

613 

649 

1980 

34 

557 

552 

543 

529 

512 

559 

568 

587 

614 

650 

2040 

35 

557 

552 

543 

529 

511 

559 

569 

587 

614 

650 

2100 

36 

557 

552 

543 

529 

511 

559 

569 

587 

615 

651 

2160 

37 

557 

552 

542 

529 

511 

559 

569 

588 

615 

652 

2220 

38 

557 

552 

542 

528 

510 

559 

569 

588 

616 

652 

2280 

39 

557 

552 

542 

528 

510 

559 

570 

589 

616 

653 

2340 

40 

4.68  557 

551 

542 

528 

510 

4.68  559 

570 

589 

617 

654 

2400 

41 

556 

551 

542 

528 

509 

560 

570 

589 

617 

654 

2460 

42 

556 

551 

541 

527 

509 

560 

570 

590 

618 

655 

2520 

43 

556 

551 

541 

527 

508 

560 

571 

590 

619 

656 

2580 

44 

556 

551 

541 

527 

508 

560 

571 

591 

619 

656 

2640 

45 

556 

551 

541 

527 

508 

560 

571 

591 

620 

657 

2700 

46 

556 

551 

541 

526 

507 

560 

571 

591 

620 

658 

2760 

47 

556 

551 

540 

526 

507 

560 

572 

592 

621 

659 

2820 

48 

556 

550 

540 

526 

507 

560 

572 

592 

621 

659 

2880 

49 

)       556 

550 

540 

525 

506 

560 

572 

593 

622 

660 

2940 

50 

4.68  556 

550 

540 

525 

506 

4.68  561 

572 

593 

622 

661 

3000 

51 

556 

550 

540 

525 

506 

561 

573 

593 

623 

661 

3060 

52 

556 

550 

539 

525 

505 

561 

573 

594 

624 

662 

3120 

53 

556 

550 

539 

524 

505 

561 

573 

594 

624 

663 

3180 

54 

556 

550 

539 

524 

505 

561 

573 

595 

625 

664 

3240 

55 

556 

549 

539 

524 

504 

561 

574 

595 

625 

664 

3300 

56 

556 

549 

539 

523 

504 

561 

574 

596 

626 

665 

3360 

57 

556 

549 

538 

523 

503 

562 

574 

596 

626 

666 

3420 

58 

555 

549 

538 

523 

503 

562 

575 

596 

627 

667 

3480 

59 

555 

549 

538 

523 

503 

562 

575 

597 

628 

667 

3540 

60 

4.68  555 

549 

538 

522 

502  J 

4.68  562 

575 

597 

628 

66813600 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


0°  (180°) 


(359°)  179' 


II 

0 

L.  Sin. 

d. 

C. 

S. 

C. 

T. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

/ 

0 

0.00  000 

60 

60 

1 

6.46  3 

5.31 

443 

5.31 

443 

6.46 

373 

3.53 

627 

0.00  000 

59 

120 

2 

6.76 

476 

17609 

5.31 

443 

5.31 

443 

6.76 

476 

17609 

3.23 

524 

0.00  000 

58 

180 

3 

6.94  085 

12494 

5.31 

443 

5.31 

443 

6.94 

085 

3.05 

915 

0.00  000 

57 

240 

4 

7.06 

579 

9691 

7918 

5.31 

443 

5.31 

442 

7.06 

579 

9691 
7918 

2.93 

421 

0.00  000 

56 

300 

5 

7.16 

270 

5.31 

443 

5.31 

442 

7.16 

270 

2.83 

730 

0.00  000 

55 

360 

6 

7.24 

188 

6694 

5.31 

443 

5.31 

442 

7.24 

188 

2.75 

812 

0.00  000 

54 

420 

7 

7.30 

882 

5800 

5.31 

443 

5.31 

442 

7.30 

882 

5800 

2.69 

118 

0.00  000 

53 

480 

8 

7.36 

682 

5115 

5.31 

443 

5.31 

442 

7.36 

682 

5115 

2.63 

318 

0.00  000 

52 

540 

9 

7.41 

797 

4576 
4139 

5.31 

443 

5.31 

442 

7.41 

797 

4576 
4139 

2.58 

203 

0.00  000 

51 

600 

10 

7.46 

373 

5.31 

443 

5.31 

442 

7.46 

373 

2.53 

627 

0.00  000 

50 

660 

11 

7.50 

512 

3779 

5.31 

443 

5.31 

442 

7.50 

512 

3779 

2.49 

488 

0.00  000 

49 

720 

12 

7.54 

291 

3476 

5.31 

443 

5.31 

442 

7.54 

291 

3476 

2.45 

709 

0.00  000 

48 

780 

13 

7.57 

767 

3218 

5.31 

443 

5.31 

442 

7.57 

767 

3219 

2.42 

233 

0.00  000 

47 

840 

14 

7.60  985 

2997 

2802 

5.31 

443 

5.31 

442 

7.60 

986 

2996 
2803 

2.39 

014 

0.00  000 

46 

900 

15 

7.63 

982 

5.31 

443 

5.31 

442 

7.63 

982 

2.36 

018 

0.00  000 

45 

960 

16 

7.66 

784 

2633 

5.31 

443 

5.31 

442 

7.66 

785 

2633 

2.33 

215 

0.00  000 

44 

1020 

17 

7.69 

417 

2483 

5.31 

443 

5.31 

442 

7.69 

418 

2482 

2.30 

582 

9.99  999 

43 

1080 

18 

7.71 

900 

2348 

5.31 

443 

5.31 

442 

7.71 

900 

2348 

2.28 

100 

9.99  999 

42 

1140 

19 
20 

7.74 

248 

2227 
2119 

5.31 

443 

5.31 

442 

7.74 

248 

2228 
2119 

2.25 

752 

9.99  999 

41 

1200 

7.76 

475 

5.31 

443 

5.31 

442 

7.76 

476 

2.23 

524 

9.99  999 

40 

1260 

21 

7.78 

594 

2021 

5.31 

443 

5.31 

442 

7.78 

595 

2020 

2.21 

405 

9.99  999 

39 

1320 

22 

7.80 

615 

5.31 

443 

5.31 

442 

7.80 

615 

1931 

2.19 

385 

9.99  999 

38 

1380 

23 

7.82 

545 

5.31 

443 

5.31 

442 

7.82 

546 

1848 

2.17 

454 

9.99  999 

37 

1440 

24 

7.84 

393 

1773 

5.31 

443 

5.31 

442 

7.84 

394 

1773 
1704 

2.15 

606 

9.99  999 

36 

1500 

25 

7.86 

166 

5.31 

443 

5.31 

442 

7.86 

167 

2.13 

833 

9.99  999 

35 

1560 

26 

7.87 

870 

5.31 

443 

5.31 

442 

7.87 

871 

1639 

2.12 

129 

9.99  999 

34 

1620 

27 

7.89 

509 

1579 

5.31 

443 

5.31 

442 

7.89 

510 

1579 

2.10 

490 

9.99  999 

33 

1680 

28 

7.91 

088 

1524 

5.31 

443 

5.31 

442 

7.91 

089 

1524 

2.08 

911 

9.99  999 

32 

1740 

29 

7.92 

612 

1472 

5.31 

443 

5.31 

441 

7.92 

613 

1473 
1424 

2.07 

387 

9.99  998 

31 

1800 

30 

7.94 

084 

5.31 

443 

5.31 

441 

7.94 

086 

2.05  914 

9.99  998 

30 

1860 

31 

7.95 

508 

5.31 

443 

5.31 

441 

7.95 

510 

1379 

2.04 

490 

9.99  998 

29 

1920 

32 

7.96 

887 

5.31 

443 

5.31 

441 

7.96 

889 

1336 

2.03 

111 

9.99  998 

28 

1980 

33 

7.98 

223 

5.31 

443 

5.31 

441 

7.98 

225 

1297 

2.01 

775' 

9.99  998 

27 

2040 

34 
35 

7.99 

520 

1259 

5.31 

443 

5.31 

441 

7.99 

522 

1259 
1223 

2.00 

478 

9.99  998 

26 

•J  LOO 

8.00 

779 

5.31 

443 

5.31 

441 

8.00 

781 

1.99 

219 

9.99  998 

25 

2160 

36 

8.02 

002 

5.31 

443 

5.31 

441 

8.02 

004 

1190 

1.97  996 

9.99  998 

24 

2220 

37 

8.03 

192 

5.31 

443 

5.31 

441 

8.03 

194 

1159 

1.96 

806 

9.99  997 

23 

2280 

38 

8.04 

350 

5.31 

443 

5.31 

441 

8.04 

353 

1128 

1.95 

647 

9.99  997 

22 

2340 

39 
40 

8.05  478 

1100 

5.31 

443 

5.31 

441 

8.05 

481 

1100 
1072 

1.94 

519 

9.99  997 

21 

2400 

8.06 

578 

5.31 

443 

5.31 

441 

8.06 

581 

1.93 

419 

9.99  997 

20 

2460 

41 

8.07 

650 

5.31 

444 

5.31 

440 

8.07 

653 

1047 

1.92 

347 

9.99  997 

19 

2520 

42 

8.08 

696 

5.31 

444 

5.31 

440 

8.08 

700 

1022 

1.91 

300 

9.99  997 

18 

2580 

43 

8.09 

718 

999 
976 

5.31 

444 

5.31 

440 

8.09 

722 

998 
976 

1.90 

278 

9.99  997 

17 

'.>rt40 

44 

8.10  717 

5.31 

444 

5.31 

440 

8.10 

720 

1.89 

280 

9.99  996 

16 

'.'700 

45 

8.11 

693 

954 
934 
914 
896 
877 

860 
843 
827 
812 
797 

782 
769 
755 
743 
730 

5.31 

444 

5.31 

440 

8.11 

696 

955 
934 
915 
895 
878 

860 
843 

828 
812 
797 

782 
769 
756 
742 
730 

1.88 

304 

9.99  996 

15 

.!  760 

46 

8.12 

647 

5.31 

444 

5.31 

440 

8.12 

651 

1.87 

349 

9.99  996 

14 

2820 

47 

8.13 

581 

5.31 

444 

5.31 

440 

8.13 

585 

1.86 

415 

9.99  996 

13 

2880 

48 

8.14 

495 

5.31 

444 

5.31 

440 

8.14 

500 

1.85 

500 

9.99  996 

12 

2940 

49 

8.15 

391 

5.31 

444 

5.31 

440 

8.15  395 

1.84 

605 

9.99  996 

11 

3000 

50 

8.16 

268 

5.31 

444 

5.31 

439 

8.16 

273 

1.83 

727 

9.99  995 

10 

3060 

51 

8.17 

128 

5.31 

444 

5.31 

439 

8.17 

133 

1.82 

867 

9.99  995 

9 

3120 

52 

8.17 

971 

5.31 

444 

5.31 

439 

8.17 

976 

1.82 

024 

9.99  995 

8 

3)80 

53 

8.18 

798 

5.31 

444 

5.31 

439 

8.18 

804 

1.81 

196 

9.99  995 

7 

3240 

54 

8.19 

610 

5.31 

444 

5.31 

439 

8.19 

616 

1.80 

384 

9.99  995 

6 

3300 

55 

8.20 

407 

5.31 

444 

5.31 

439 

8.20  413 

1.79 

587 

9.99  994 

5 

3360 

56 

8.21 

189 

5.31 

444 

5.31 

439 

8.21 

195 

1.78 

805 

9.99  994 

4 

3420 

57 

8.21 

958 

5.31 

445 

5.31 

439 

8.21 

964 

1.78  036 

9.99  994 

3 

3480 

58 

8.22 

713 

5.31 

445 

5.31 

438 

8.22 

720 

1.77 

280 

9.99  994 

2 

3540 

59 

8.23 

456 

5.31 

445 

5.31 

438 

8.23 

462 

1.76 

538 

9.99  994 

1 

3600 

60 

8.24 

186 

5.31 

445 

5.31 

438 

8.24 

192 

c.d. 

1.75 

808 

9.99  993 

0 

' 

L.  Cos. 

d. 

L.  Cot. 

L.  Tan. 

L.  Sin. 

i 

90°  (270°) 


(269°)  89< 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


1° 

(181°) 

(358°)  178° 

tl 

/ 

L.  Sin. 

d. 

C.  S. 

C.  T. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

/ 

3600 
3660 
3720 
3780 
3840 

0 

1 

2 
3 
4 

8.24  186 

8.24  903 

8.25  609 

8.26  304 
8.26  988 

717 
706 
695 
684 
673 
663 
653 
644 
634 
624 
616 
608 
599 
590 
583 
575 
568 
560 
553 
547 
539 
533 
526 
520 
514 

5.31  445 
5.31  445 
5.31  445 
5.31  445 
5.31  445 

5.31  438 
5.31  438 
5.31  438 
5.31  438 
5.31  437 

8.24  192 
8.24  910 
8.25.  616 
8.26  312 
8.26  996 

718 
706 
696 
684 
673 

663 
654 
643 
634 
625 

617 
607 
599 
591 
584 

575 
568 
561 
553 
546 

540 
533 
527 
520 
514 

509 
502 

496 
491 
486 

480 
475 
470 
464 
460 

1.75  808 
1.75  090 
1.74  384 
1.73  688 
1.73  004 

9.99  993 
9.99  993 
9.99  993 
9.99  993 
9.99  992 

60 

59 
58 
57 
56 

3900 
3960 
4020 
4080 

4140 

5 
6 

7 
8 
9 

8.27  661 

8.28  324 

8.28  977 

8.29  621 

8.30  255 

5.31  445 
5.31  445 
5.31  445 
5.31  445 
5.31  445 

5.31  437 
5.31  437 
5.31  437 
5.31  437 
5.31  437 

8.27  669 

8.28  332 

8.28  986 

8.29  629 

8.30  263 

1.72  331 
1.71  668 
1.71  014 
1.70  371 
1.69  737 

9.99  992 
9.99  992 
9.99  992 
9.99  992 
9.99  991 

55 
54 
53 
52 
51 

4200 
4260 
4320 

4380 
4440 

10 

11 
12 
13 
14 

8.30  879 

8.31  495 

8.32  103 

8.32  702 

8.33  292 

5.31  446 
5.31  446 
5.31  446 
5.31  446 
5.31  446 

5.31  437 
5.31  436 
5.31  436 
5.31  436 
5.31  436 

8.30  888 

8.31  505 

8.32  112 

8.32  711 

8.33  302 

1.69  112 
1.68  495 
1.67  888 
1.67  289 
1.66  698 

9.99  991 
9.99  991 
9.99  990 
9.99  990 
9.99  990 

50 

49 
48 
47 
46 

4500 
4560 
4620 
4680 
4740 

15 
16 
17 
18 
19 

8.33  875 

8.34  450 

8.35  018 

8.35  578 

8.36  131 

5.31  446 
5.31  446 
5.31  446 
5.31  446 
5.31  446 

5.31  436 
5.31  435 
5.31  435 
5.31  435 
5.31  435 

8.33  886 

8.34  461 

8.35  029 

8.35  590 

8.36  143 

1.66  114 
1.65  539 
1.64  971 
1.64  410 
1.63  857 

9.99  990 
9.99  989 
9.99  989 
9.99  989 
9.99  989 

45 
44 
43 
42 
41 

4800 
4860 
4920 
4980 
5C40 

20 

21 
22 
23 
24 

8.36  678 

8.37  217 

8.37  750 

8.38  276 
8.38  796 

5.31  446 
5.31  447 
5.31  447 
5.31  447 
5.31  447 

5.31  435 
5.31  434 
5.31  434 
5.31  434 
5.31  434 

8.36  689 

8.37  229 

8.37  762 

8.38  289 
8.38  809 

1.63  311 
1.62  771 
1.62  238 
1.61  711 
1.61  191 

9.99  988 
9.99  988 
9.99  988 
9.99  987 
9.99  987 

40 

39 
38 
37 
36 

5100 
5160 
5220 
5280 
5340 

25 
26 

27 
28 
29 

8.39  310 

8.39  818 

8.40  320 

8.40  816 

8.41  307 

508 
502 
496 
491 
485 

5.31  447 
5.31  447 
5.31  447 
5.31  447 
5.31  447 

5.31  434 
5.31  433 
5.31  433 
5.31  433 
5.31  433 

8.39  323 

8.39  832 

8.40  334 

8.40  830 

8.41  321 

1.60  677 
1.60  168 
1.59  666 
1.59  170 
1.58  679 

9.99  987 
9.99  986 
9.99  986 
9.99  986 
9.99  985 

35 
34 
33 
32 
31 

5400 
5460 
5520 
5580 
5640 

30 

31 
32 
33 
34 

8.41  792 

8.42  272 

8.42  746 

8.43  216 
8.43  680 

480 
474 
470 
464 
459 
455 
450 
445 
441 
436 

433 
427 

424 
419 
416 

5.31  447 
5.31  448 
5.31  448 
5.31  448 
5.31  448 

5.31  433 
5.31  432 
5.31  432 
5.31  432 
5.31  432 

8.41  807 

8.42  287 

8.42  762 

8.43  232 
8.43  696 

1.58  193 
1.57  713 
1.57  238 
1.56  768 
1.56  304 

9.99  985 
9.99  985 
9.99  984 
9.99  984 
9.99  984 

30 

29 

28 
27 
26 

5700 
5760 
5820 
5880 
5940 

35 
36 
37 
38 
39 

8.44  139 

8.44  594 

8.45  044 
8.45  489 
8.45  930 

5.31  448 
5.31  448 
5.31  448 
5.31  448 
5.31  449 

5.31  431 
5.31  431 
5.31  431 
5.31  431 
5.31  431 

8.44  156 

8.44  611 

8.45  061 
8.45  507 
8.45  948 

455 
450 
446 
441 
437 
432 
428 
424 
420 
416 

412 
408 
404 
401 
397 
393 
390 
386 
383 
380 

1.55  844 
1.55  389 
1.54  939 
1,54  493 
1.54  052 

9.99  983 
9.99  983 
9.99  983 
9.99  982 
9.99  982 

25 
24 
23 
22 
21 

6000 
6060 
6120 
6180 
6240 

40 

41 
42 
43 
44 

8.46  366 

8.46  799 

8.47  226 

8.47  650 

8.48  069 

5.31  449 
5.31  449 
5.31  449 
5.31  449 
5.31  449 

5.31  430 
5.31  430 
5.31  430 
5.31  430 
5.31  429 

8.46  385 

8.46  817 

8.47  245 

8.47  669 

8.48  089 

1.53  615 
1.53  183 
1.52  755 
1.52  331 
1.51  911 

9.99  982 
9.99  981 
9.99  981 
9.99  981 
9.99  980 

20 

19 
18 
17 
16 

6300 
6360 
6420 
6480 
6540 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 

8.48  485 

8.48  896 

8.49  304 

8.49  708 

8.50  108 

411 
408 
404 
400 
396 

5.31  449 
5.31  449 
5.31  450 
5.31  450 
5.31  450 

5.31  429 
5.31  429 
5.31  428 
5.31  428 
5.31  428 

8.48  505 

8.48  917 

8.49  325 

8.49  729 

8.50  130 

1.51  495 
1.51  083 
1.50  675 
1.50  271 
1.49  870 

9.99  980 
9.99  979 
9.99  979 
9.99  979 
9.99  978 

15 
14 
13 
12 
11 

6600 
6660 
672W 
6780 
6840 

8.50  504 

8.50  897 

8.51  287 

8.51  673 

8.52  055 

393 
390 
386 
382 
379 
376 
373 
369 
367 
363 

5.31  450 
5.31  450 
5.31  450 
5.31  450 
5.31  450 

5.31  428 
5.31  427 
5.31  427 
5.31  427 
5.31  427 

8.50  527 

8.50  920 

8.51  310 

8.51  696 

8.52  079 

1.49  473 
1.49  080 
1.48  690 
1.48  304 
1.47  921 

9.99  978 
9.99  977 
9.99  977 
9.99  977 
9.99  976 

10 

9 
8 

7 
6 

6900 
6960 
7020 
7080 
7140 

8.52  434 

8.52  810 

8.53  183 
8.53  552 
8.53  919 

5.31  451 
5.31  451 
5.31  451 
5.31  451 
5.31  451 

5.31  426 
5.31  426 
5.31  426 
5.31  425 
5.31  425 

8.52  459 

8.52  835 

8.53  208 
8.53  578 
8.53  945 

376 
373 
370 
367 
363 

c.d. 

1.47  541 
1.47  165 
1.46  792 
1.46  422 
1.46  055 

9.99  976 
9.99  975 
9.99  975 
9.99  974 
9.99  974 

5 

4 
3 

2 

1 

7200 

8.54  282 

5.31  451 

5.31  425 

8.54  308 

1.45  692 

9.99  974 

0 

/ 

L.  Cos. 

d. 

L.  Cot. 

L.  Tan. 

L.  Sin. 

/ 

91°  (271°) 


(268°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


2° 

(182°) 

(357°)  177° 

1 1 

L.  Sin. 

d. 

360 
357 
355 
351 
349 
346 
343 
341 
337 
336 

332 
330 
328 
325 
323 

C.  S. 

C.  T. 

L.  Tan. 

c.d. 

L. 

L.  Cos. 

i 

7200 
7260 
7320 
7380 
7440 

0 

1 
2 
3 
4 

8.54  282 
8.54  642 

8.54  999 

8.55  354 
8.55  705 

5.31  451 
5.31  451 
5.31  452 
5.31  452 
5.31  452 

5.31  425 
5.31  425 
5.31  424 
5.31  424 
5.31  424 

8.54  308 

8.54  669 

8.55  027 
8.55  382 
8.55  734 

361 
358 
355 
352 
349 
346 
344 
341 
338 
336 

333 
330 
328 
326 
323 

1 

1 
1 
1 
1 

.45  692 
.45  331 
.44  973 
.44  618 
.44  266 

9.99  974 
9.99  973 
9.99  973 
9.99  972 
9.99  972 

60 

59 
58 
57 
56 

7500 
7560 
7620 
7680 
7740 

5 

6 
7 
8 
9 

8.56  054 
8.56  400 

8.56  743 

8.57  084 
8.57  421 

5.31  452 
5.31  452 
5.31  452 
5.31  453 
5.31  453 

5.31  423 
5.31  423 
5.31  423 
5.31  422 
5.31  422 

8.56  083 
8.56  429 

8.56  773 

8.57  114 
8.57  452 

1 
1 
1 
1 
1 

.43  917 
.43  571 
43  227 
42  886 
42  548 

9.99  971 
9.99  971 
9.99  970 
9.99  970 
9.99  969 

55 
54 
53 
52 
51 

7800 
7860 
7920 
7980 
8040 

10 

11 
12 
13 
14 

8.57  757 

8.58  089 
8.58  419 

8.58  747 

8.59  072 

5.31  453 
5.31  453 
5.31  453 
5.31  453 
5.31  454 

5.31  422 
5.31  421 
5.31  421 
5.31  421 
5.31  421 

8.57  788 

8.58  121 
8.58  451 

8.58  779 

8.59  105 

1 
1 
1 
1 
1 

42  212 
41  879 
41  549 
41  221 
40  895 

9.99  969 
9.99  968 
9.99  968 
9.99  967 
9.99  967 

50 

49 
48 
47 
46 

8100 
8160 
8220 
8280 
8340 

15 
16 
17 
18 
19 

8.59  395 

8.59  715 

8.60  033 
8.60  349 
8.60  662 

320 
318 
316 
313 
311 

309 
307 
305 
302 
301 

298 
296 
294 
293 
290 

5.31  454 
5.31  454 
5.31  454 
5.31  454 
5.31  454 

5.31  420 
5.31  420 
5.31  420 
5.31  419 
5.31  419 

8.59  428 

8.59  749 

8.60  068 
8.60  384 
8.60  698 

321 
319 
316 
314 
311 

310 
307 
305 
303 
301 

1 
1 
1 
1 
1 

40  572 
40  251 
39  932 
39  616 
39  302 

9.99  967 
9.99  966 
9.99  966 
9.99  965 
9.99  964 

45 
44 
43 
42 
41 

8400 
8460 
8520 
8580 
8640 

20 

21 
22 
23 
24 

8.60  973 

8.61  282 
8.61  589 

8.61  894 

8.62  196 

5.31  455 
5.31  455 
5.31  455 
5.31  455 
5.31  455 

5.31  418 
5.31  418 
5.31  418 
5.31  417 
5.31  417 

8.61  009 
8.61  319 
8.61  626 

8.61  931 

8.62  234 

1 
1 
1 
1 
1 

38  991 
38  681 
38  374 
38  069 
37  766 

9.99  964 
9.99  963 
9.99  963 
9.99  962 
9.99  962 

40 

39 
38 
37 
36 

8700 
8760 
8820 
8880 
8940 

25 
26 
27 
28 
29 

8.62  497 

8.62  795 

8.63  091 
8.63  385 
8.63  678 

5.31  455 
5.31  456 
5.31  456 
5.31  456 
5.31  456 

5.31  417 
5.31  416 
5.31  416 
5.31  416 
5.31  415 

8.62  535 

8.62  834 

8.63  131 
8.63  426 
8.63  718 

299 
297 
295 
292 
291 

289 
287 
285 
284 
281 

280 
278 
276 
274 
273 
271 
269 
268 
266 
264 

1 
1 
1 
1 
1 

37  465 
37  166 
36  869 
36  574 
36  282 

9.99  961 
9.99  961 
9.99  960 
9.99  960 
9.99  959 

35 
34 
33 
32 
31 

9000 
9060 
9120 
9180 
9240 

30 

31 
32 
33 
34 

8.63  968 

8.64  256 
8.64  543 

8.64  827 

8.65  110 

288 
287 
284 
283 
281 
279 
277 
276 
274 
272 

270 

269 
267 
266 
263 

5.31  456 
5.31  456 
5.31  457 
5.31  457 
5.31  457 

5.31  415 
5.31  415 
5.31  414 
5.31  414 
5.31  413 

8.64  009 
8.64  298 
8.64  585 

8.64  870 

8.65  154 

1 

1 
1 
1 
1 

35  991 
35  702 
35  415 
35  130 
34  846 

9.99  959 
9.99  958 
9.99  958 
9.99  957 
9.99  956 

30 

29 
28 
27 

26 

9300 
9360 
9420 
9480 
9540 

35 
36 
37 
38 
39 

8.65  391 
8.65  670 

8.65  947 

8.66  223 
8.66  497 

5.31  457 
5.31  457 
5.31  458 
5.31  458 
5.31  458 

5.31  413 
5.31  413 
5.31  412 
5.31  412 
5.31  412 

8.65  435 
8.65  715 

8.65  993 

8.66  269 
8.66  543 

1 
1 
1 
1 
1 

34  565 
34  285 
34  007 
33  731 
33  457 

9.99  956 
9.99  955 
9.99  955 
9.99  954 
9.99  954 

25 
24 
23 
22 

21 

9600 
9660 
9720 
9780 
9840 

40 

41 
42 
43 
44 

8.66  769 

8.67  039 
8.67  308 
8.67  575 
8.67  841 

5.31  458 
5.31  458 
5.31  459 
5.31  459 
5.31  459 

5.31  411 
5.31  411 
5.31  410 
5.31  410 
5.31  410 

8.66  816 

8.67  087 
8.67  356 
8.67  624 
8.67  890 

1 
1 
1 
1 
1 

33  184 
32  913 
32  644 
32  376 
32  110 

9.99  953 
9.99  952 
9.99  952 
9.99  951 
9.99  951 

20 

19 
18 
17 
16 

9900 

9960 

10020 

10080 

10140 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 

8.68  104 
8.68  367 
8.68  627 

8.68  886 

8.69  144 

263 
260 
259 
258 
256 

254 
253 
252 
250 

249 

247 
246 
244 
243 
242 

5.31  459 
5.31  459 
5.31  460 
5.31  460 
5.31  460 

5.31  409 
5.31  409 
5.31  408 
5.31  408 
5.31  408 

8.68  154 
8.68  417 
8.68  678 

8.68  938 

8.69  196 

263 
261 
260 
258 
257 

255 
254 
252 
251 
249 
248 
246 
245 
244 
243 

1 
1 

1 
1 
1 

31  846 
31  583 
31  322 
31  062 
30  804 

9.99  950 
9.99  949 
9.99  949 
9.99  948 
9.99  948 

15 
14 
13 
12 
11 

10200 
10260 
10320 
10380 
10440 

8.69  400 
8.69  654 

8.69  907 

8.70  159 
8.70  409 
8.70  658 

8.70  905 

8.71  151 
8.71  395 
8.71  638 

5.31  460 
5.31  460 
5.31  461 
5.31  461 
5.31  461 

5.31  407 
5.31  407 
5.31  406 
5.31  406 
5.31  405 

8.69  453 
8.69  708 

8.69  962 

8.70  214 
8.70  463 

8.70  714 

8.70  962 

8.71  208 
8.71  453 
8.71  697 

1 
1 
1 
1 
1. 

30  547 
30  292 
m038 
29  786 
29  535 

9.99  947 
9.99  946 
9.99  946 
9.99  945 
9.99  944 

10 

9 

8 
7 
6 

10500 
10560 
10620 
10680 
10740 

5.31  461 
5.31  461 
5.31  462 
5.31  462 
5.31  462 

5.31  405 
5.31  405 
5.31  404 
5.31  404 
5.31  403 

1 
1 
1 
1 
1 

29  286 
29  038 
28  792 
28  547 
28  303 

9.99  944 
9.99  943 
9.99  942 
9.99  942 
9.99  941 

5 

4 
3 
2 
1 

10800 

60 

8.71  880 

5.31  462 

5.31  403 

8.71  940 

1 

28  060 

9.99  940 

0 

/ 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

I 

;.  Tan.  1 

L.  Sin. 

' 

92°  (272°) 


(267°)  87c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


8°  (183°) 
"'  L.  Sin, 


(356°)  176° 


2 

3 

_4 

5 

6 

7 

8 

_9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 

36 
37 
38 
39 
40 
41 
42 
43 
44 

45 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 


8.71 

8.72 
8.72 
8.72 
8.72 


8.73 
8.73 
8.73 
8.73 
8.73 


8.74 
8.74 
8.74 
8.74 
8.75 


8.75 
8.75 
8.75 
8.76 
8.76 


8.76 
8.76 
8.76 
8.77 
8.77 


8.77 
8.77 
8.77 
8.78 
8.78 


8.78 
8.78 
8.78 
8.79 
8.79 


8.79 
8.79 
8.79 
8.80 
8.80 


8.80 
8.80 
8.80 
8.81 
8.81 


8.81 
8.81 
8.81 
8.82 
8.82 


8.82 
8.82 
8.82 
8.83 
8.83 


8.83 
8.83 
8.83 
8.83 
8.84 


8.84 


880 
120 
359 
597 
834 

069 
303 
535 
767 
997 
226 
454 
680 
906 
130 
353 
575 
795 
015 
234 

451 
667 
883 
097 
310 

522 
733 
943 
152 
360 

568 
774 
979 
183 
386 

588 
789 
990 
189 
388 

585 
782 
978 
173 
367 

560 
752 
944 
134 
324 

513 
701 
888 
075 
261 

446 
630 
813 
996 
177 
358 


L.  Cos. 


_d. 

240 
239 
238 
237 
235 

234 
232 
232 
230 
229 

228 
226 
226 
224 
223 
222 
220 
220 
219 
217 
216 
216 
214 
213 
212 
211 
210 
209 
208 
208 
206 
205 
204 
203 
202 

201 
201 
199 
199 
197 

197 
196 
195 
194 
193 

192 
192 
190 
190 
3  89 

188 
187 
187 
186 
185 

184 
183 
183 
181 
181 


L.  T 


an 


8.71  940 

8.72  181 
8.72  420 
8.72  659 
8.72  896 


8.73  132 
8.73  366 
8.73  600 

8.73  832 

8.74  063 


8^74  292 
8.74  521 
8.74  748 

8.74  974 

8.75  199 


8.75  423 
8  75  645 

8.75  867 

8.76  087 
8.76  306 


8.76  525 
8.76  742 

8.76  958 

8.77  173 
8.77  387 


8.77  600 

8.77  811 

8.78  022 
8.78  232 
8.78  441 


8.78  649 

8.78  855 

8.79  061 
8.79  266 
8.79  470 


8.79  673 

8.79  875 

8.80  076 
8.80  277 
8.80  476 


8.80  674 

8.80  872 

8.81  068 
8.81  264 
8.81  459 


8.81  653 

8.81  846 

8.82  038 
8.82  230 
8.82  420 


8.82  610 
8.82  799 

8.82  987 

8.83  175 
8.83  361 


8.83  547 
8.83  732 

8.83  916 

8.84  100 
8.84  282 


8.84  464 


c.d 


241 
239 
239 
237 
236 

234 
234 
232 
231 
229 

229 
227 
226 
225 
224 

222 
222 
220 
219 
219 

217 
216 
215 
214 
213 

211 
211 
210 
209 
208 
206 
206 
205 
204 
203 
202 
201 
201 
199 
198 

198 
196 
196 
195 
194 

193 
192 
192 
190 
190 

189 
188 
188 
186 
186 

185 
184 
184 

182 
182 


L.  Cot.  c.d.  L.  Tan 


L.  Cot. 


1.28  060 
1.27  819 
1.27  580 
1.27  341 
1.27  104 


1.26  868 
1.26  634 
1.26  400 
1.26  168 
1.25  937 


1.25  708 
1.25  479 
1.25  252 
1.25  026 
1.24  801 


1.24  577 
1.24  355 
1.24  133 
1.23  913 
1.23  694 


1.23  475 
1.23  258 
1.23  042 
1.22  827 
1.22  613 


L.  Cos. 


9.99  940 
9.99  940 
9.99  939 
9.99  938 
9.99  938 


9.99  937 
9.99  936 
9.99  936 
9.99  935 
9.99  934 


9.99  934 
9.99  933 
9.99  932 
9.99  932 
9.99  931 


9.99  930 
9.99  929 
9.99  929 
9.99  928 
9.99  927 


1.22  400 
1.22  189 
1.21  978 
1.21  768 
1.21  559 


1.21  351 
1.21  145 
1.20  939 
1.20  734 
1.20  530 


1.20  327 
1.20  125 
1.19  924 
1.19  723 
1.19  524 


1.19  326 
1.19  128 
1.18  932 
1.18  736 
1.18  541 


1.18  347 
1.18  154 
1.17  962 
1.17  770 
1.17  580 


1.17  390 
1.17  201 
1.17  013 
1.16  825 
1.16  639 


1.16  453 
1.16  268 
1.16  084 
1.15  900 
1.15  718 


1.15  536 


9.99  926 
9.99  926 
9.99  925 
9.99  924 
9.99  923 


9.99  923 
9.99  922 
9.99  921 
9.99  920 
9.99  920 


9.99  919 
9.99  918 
9.99  917 
9.99  917 
9.99  916 


9.99  915 
9.99  914 
9.99  913 
9.99  913 
9.99  912 


9.99  911 
9.99  910 
9.99  909 
9.99  909 
9.99  908 


9.99  907 
9.99  906 
9.99  905 
9.99  904 
9.99  904 


9.99  903 
9.99  902 
9.99  901 
9.99  900 
9.99  899 


9.99  898 
9.99  898 
9.99  897 
9.99  896 
9.99  895 


9.99  894 


L.  Sin. 


P.  P. 


3M2.0 
16.1 


241 

4.0 

8.0 


20.1 
24.1 
28.1 
32.1 
36.2 

232 

3.9 

7.7 
11.6 
15.5 

19  3 
23.2 
27.1 
30.9 
34.8 

222 

3.7 

7.4 

11.1 

14.8 

18.5 

22.2 

25.9 

29.6 

33.3 

211 

3.5 

7.0 

10.6 

14.1 

17.6 

21.1 

24.6 

28.1 

31.6 

199 

3.3 

6.6 

10.0 

13.3 

16.6 
19.9 
23.2 
26.5 
29.8 

189 

3.2 

6.3 

9.4 

12.6 

15.8 
18.9 
22.0 
25.2 
28.4 
31.5 


239 

4.0 

8.0 

12.0 

15.9 

19.9 
23.9 
27.9 
31.9 
35.8 

229 

3.8 

7.6 

11.4 

15.3 

19.1 
22.9 
26.7 
30.5 
34.4 

220 

3.7 
7.3 
11.0 
14.7 
18.3 
22.0 
25.7 
29.3 
33.0 
208 
3.5 
6.9 
10.4 
13.9 
17.3 
20.8 
24.3 
27.7 
31.2 

197 

3.3 
6.6 
9.8 
13.1 
16.4 
19.7 
23.0 
26.3 
29.6 

187 

3.1 
6.2 
9.4 
12.5 
15.6 
18.7 
21.8 
24.9 
28.0 
31.2 


237 

4.0 

7.9 
11.8 
15.8 

19.8 
23.7 
27.6 
31.6 
35.6 

227 

3.8 

7.6 

11.4 

15.1 

18.9 
22.7 
26.5 
30.3 
34.0 
217 
3.6 
7.2 
10.8 
14.5 

18.1 
21.7 
25.3 
28.9 
32.6 

206 

3.4 

6.9 

10.3 

13.7 

17.2 
20.6 
24.0 
27.5 
30.9 

195 

3.2 

6.5 

9.8 

13.0 

16.2 
19.5 
22.8 
26.0 
29.2 

185 

3.1 
6.2 
9.2 
12.3 
15.4 
18.5 
21.6 
24.7 
27.8 
30.8 


235 

3.9 
7.8 
11.8 
15.7 
19.6 
23.5 
27.4 
31.3 
35.2 

225 

3.8 

7.5 

11.2 

15.0 

18.8 
22.5 
26.2 
30.0 
33.8 

215 

3.6 

7.2 
10.8 
14.3 

17.9 
21.5 
25.1 

28.7 
32.2 

203 

3.4 

6.8 

10.2 

13.5 

16.9 
20.3 
23.7 
27.1 
30.4 

193 
3.2 

6.4 

9.6 

12.9 

16.1 
19.3 
22.5 
25.7 
29.0 

183 

3.0 

6.1 

9.2 

12.2 

15.2 
18.3 
21.4 
24.4 
27.4 
30.5 


234 

3.9 

7.8 

11.7 

15.6 

19.5 
23.4 
27.3 
31.2 
35.1 

223 

3.7 
7.4 
11.2 
14.9 
18.6 
22.3 
26^0 
29.7 
33.4 

213 

3.6 

7.1 

10.6 

14.2 

17.8 
21.3 
24.8 
28.4 
32.0 

201 

3.4 

6.7 

10.0 

13.4 

16.8 

20.1 

23.4 

26.8 

30.2 

192 

3.2 

6.4 

9.6 

12.8 

16.0 

19.2 

22.4 

25.6 

28.8 

181 

3.0 

6.0 

9.0 

12.1 

15.1 

18.1 
21.1 
24.1 

27.2 
30.2 


P.  P. 


93°  (273°) 


(266°)  86c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


4° 

(184°) 

(355°)  175 

D 

/ 

L.  Sin.  1  d. 

L.  Tan. 

c.d. 

182 
180 
180 
179 

178 
177 
177 
176 
176 
174 

174 
174 
172 
172 
171 

L.  Cot. 

L.  Cos. 

60 

0 

8.84  358  10i 

8.84  464 

1.15  536 

9.99  894 

// 

182 

181   179 

178 

177 

1 

8.84  539 

lOl 

179 
179 
178 
177 

177 
176 
175 
175 
173 

173 
173 
171 
171 
171 

8.84  646 

1.15  354 

9.99  893 

59 

1 

3.0 

3.0   3.0 

3.0 

3.a 

2 

8.84  718 

8.84  826 

1.15  174 

9.99  892 

58 

2 

6.1 

6.0   6.0 

5.9 

5.9 

3 

8.84  897 

8.85  006 

1.14  994 

9.99  891 

57 

3 

9.1 

9.0   9.0 

8.9 

8.8- 

4 

8.85  075 

3.85  185 

1.14  815 

9.99  891 

56 
55 

4 
5 

12.1 
15.2 

12.1  11.9 
15.1  14.9 

11.9 
14.8 

11.8 

5 

8.85  252 

8.85  363 

1.14  637 

9.99  890 

14.8- 

♦5 

8.85  429 

8.85  540 

1.14  460 

9.99  889 

54 

6 

18.2 

18.1  17.9 

17.8 

17.7 

7 

8.85  605 

8.85  717 

1.14  283 

9.99  888 

53 

7 

21.2 

21.1  20.9 

20.8 

20.6 

8 

8.85  780 

8.85  893 

1.14  107 

9.99  887 

52 

8 

24.3 

24.1  23.9 

23.7 

23.6 

9 

8.85  955 

8.86  069 

1.13  931 

9.99  886 

51 

9 

// 

27.3 
176 

27.2  26.8 
175   174 

26.7 
173 

26.6 

10 

8.86  128 

8.86  243 

1.13  757 

9.99  885 

50 

172 

11 

8.86  301 

8.86  417 

1.13  583 

9.99  884 

49 

1 

2.9 

2.9   2.9 

2.9 

2.9 

12 

8.86  474 

8.86  591 

1.13  409 

9.99  883 

48 

2 

5.9 

5.8   5.8 

5.8 

5.7 

13 

8.86  645 

8.86  763 

1.13  237 

9.99  882 

47 

3 

8.8 

8.8   8.7 

8.6 

8.6 

14 

8.86  816 

8.86  935 

1.13  065 

9.99  881 

46 

4 

11.7 

11.7  11.6 

11.5 

11.5 

15 

8.86  987 

169 
169 
169 
167 
168 

166 
166 
165 
164 
164 

163 
163 
162 
162 
160 

8.87  106 

171 
170 
169 
169 
168 
167 
167 
166 
165 
165 

165 
163 
163 
163 
161 

162 
160 
160 
160 
159 
158 
158 
157 
157 
156 

1.12  894 

9.99  880 

45 

5 

14.7 

14.6  14.5 

14.4 

14.3 

16 

8.87  156 

8.87  277 

1.12  723 

9.99  879 

44 

6 

17.6 

17.5  17.4 

17.3 

17.2 

17 

8.87  325 

8.87  447 

1.12  553 

9.99  879 

43 

7 

20.5 

20.4  20.3 

20.2 

20.1 

18 

8.87  494 

8.87  616 

1.12  384 

9.99  878 

42 

8 

23.5 

23.3  23.2 

23.1 

22.9 

19 

8.87  661 

8.87  785 

1.12  215 

9.99  877 

41 
40 

9 
it 

26.4 
171 

26.2  26.1 
170   169 

26.0 
168 

25.8- 

20 

8.87  829 

8.87  953 

1.12  047 

9.99  876 

167 

21 

8.87  995 

8.88  120 

1.11  880 

9.99  875 

39 

1 

2.8 

2.8   2.8 

2.8 

2.8- 

22 

8.88  161 

8.88  287 

1.11  713 

9.99  874 

38 

2 

5.7 

5.7   5.6 

5.6 

5.6 

23 

8.88  326 

8.88  453 

1.11  547 

9.99  873 

37 

3 

8.6 

8.5   8.4 

8.4 

8.4 

24 

8.88  490 

8.88  618 
8.88  783 

1.11  382 

9.99  872 

36 
35 

4 
5 

11.4 
14.2 

11.3  11.3 
14.2  14.1 

11.2 
14.0 

11.1 

25 

8.88  654 

1.11  217 

9.99  871 

13.9 

26 

8.88  817 

8.88  948 

1.11  052 

9.99  870 

34 

6 

17.1 

17.0  16.9 

16.8 

16.7 

27 

8.88  980 

8.89  111 

1.10  889 

9.99  869 

33 

7 

20.0 

19.8  19.7 

19.6 

19.5 

28 

8.89  142 

8.89  274 

1.10  726 

9.99  868 

32 

8 

22.8 

22.7  22.5 

22.4 

22.3 

29 

8.89  304 

8.89  437 

1.10  563 

9.99  867 

31 

9 
// 

25.6 
166 

25.5  25.4 
165   164 

25.2 
163 

25.0 

30 

8.89  464 

161 
159 
159 
159 
158 
157 
157 
156 
155 
155 

8.89  598 

1.10  402 

9.99  866 

30 

162 

31 

8.89  625 

8.89  760 

1.10  240 

9.99  865 

29 

1 

2.8 

2.8   2.7 

2.7 

2.7 

32 

8.89  784 

8.89  920 

1.10  080 

9.99  864 

28 

2 

5.5 

5.5   5.5 

5.4 

5.4 

33 

8.89  943 

8.90  080 

1.09  920 

9.99  863 

27 

3 

8.3 

8.2   8.2 

8.2 

8.1 

34 

8.90  102 

8.90  240 

1.09  760 

9.99  862 

26 

4 
5 

11.1 
13.8 

11.0  10.9 
13.8  13.7 

10.9 
13.6 

10.8 

35 

8.90  260 

8.90  399 

1.09  601 

9.99  861 

25 

13.5 

36 

8.90  417 

8.90  557 

1.09  443 

9.99  860 

24 

6 

16.6 

16.5  16.4 

16.3 

16.2 

37 

8.90  574 

8.90  715 

1.09  285 

9.99  859 

23 

7 

19.4 

19.2  19.1 

19.0 

18.9 

38 

8.90  730 

8.90  872 

1.09  128 

9.99  858 

22 

8 

22.1 

22.0  21.9 

21.7 

21.5 

39 

8.90  885 

8.91  029 

1.08  971 

9.99  857 

21 

9 

24.9 

24.8  24.6 

24.4 

24.3 

40 

8.91  040 

155 
154 
153 
153 

8.91  185 

155 
155 
155 
153 
154 

153 
152 
152 
151 
151 

1.08  815 

9.99  856 

20 

// 

161 

160   159 

158 

157 

41 

8.91  195 

8.91  340 

1.08  660 

9.99  855 

19 

1 

2.7 

2.7   2.6 

2.6 

2.6 

42 

8.91  349 

8.91  495 

1.08  505 

9.99  854 

18 

2 

5.4 

5.3   5.3 

5.3 

5.2 

43 

8.91  502 

8.91  650 

1.08  350 

9.99  853 

17 

3 

8.0 

8.0   8.0 

7.9 

7.8- 

44 

8.91  655 

8.91  803 

1.08  197 

9.99  852 

16 
15 

4 
5 

10.7 
13.4 

10.7  10.6 
13.3  13.2 

10.5 
13.2 

10.5 

45 

8.91  807 

152 
151 
151 
150 
150 

8.91  957 

1.08  043 

9.99  851 

13.1 

46 

8.91  959 

8.92  110 

1.07  890 

9.99  850 

14 

6 

16.1 

16.0  15.9 

15.8 

15.7 

47 

8.92  110 

8.92  262 

1.07  738 

9.99  848 

13 

7 

18.8 

18.7  18.6 

18.4 

18.3 

48 

8.92  261 

8.92  414 

1.07  586 

9.99  847 

12 

8 

21.5 

21.3  21.2 

21.1 

20.9 

49 

8.92  411 

8.92  565 

1.07  435 

9.99  846 

11 

9 

24.2 

24.0  23.8 

23.7 

23.6 

50 

8.92  561 

149 
149 
148 
147 
147 

8.92  716 

150 
150 
149 
148 
149 

1.07  284 

9.99  845 

10 

// 

156 

155   154 

153 

152 

51 

8.92  710 

8.92  866 

1.07  134 

9.99  844 

9 

1 

2.6 

2.6   2.6 

2.6 

2.5 

52 

8.92  859 

8.93  016 

1.06  984 

9.99  843 

8 

2 

5.2 

5.2   5.1 

5.1 

5.1 

53 

8.93  007 

8.93  165 

1.06  835 

9.99  842 

7 

3 

7.8 

7.8   7.7 

7.6 

7.6 

54 

8.93  154 

8.93  313 

1.06  687 

9.99  841 

6 

4 

10.4 

10.3  10.3 

10.2 

10.1 

55 

8.93  301 

147 
146 
146 
145 

145 

8.93  462 

147 
147 
147 
146 
146 

1.06  538 

9.99  840 

5 

5 

13.0 

12.9  12.8 

12.8 

12.7 

56 

8.93  448 

8.93  609 

1.06  391 

9.99  839 

4 

6 

15.6 

15.5  15.4 

15.3 

15.2 

57 

8.93  594 

8.93  756 

1.06  244 

9.99  838 

3 

7 

18.2 

18.1  18.0 

17.8 

17.7 

58 

8.93  740 

8.93  903 

1.06  097 

9.99  837 

2 

8 

20.8 

20.7  20.5 

20.4 

20.3 

59 

8.93  885 

8.94  049 

1.05  951 

9.99  836 

1 

9 

23.4 

23.2  23.1 

23.0 

22.8 

60 

8.94  030 

8.94  195 

~. 

1.05  805 

9.99  834 

_0 

10 

26.0 

25.8  25.7 

25.5 

25.3 

' 

L.  Cos. 

d. 

L.  Cot. 

L.  Tan. 

L.  Sin. 

94 

3  (274°) 

(265°)  8 
48 

5° 

LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

(185°)  (354°)  174° 


1 

L.  Sin. 

d. 

L.Tan.  « 

3.d. 

L.  Cot, 

L.  Cos. 

/ 

P.P. 

0 

8.94  030 

8.94  195 

1.05  805 

9.99  834 

60 

"  151 

149 

148 

147 

148 

1 

8.94  174 

144 

8.94  340 

145 

1.05  660 

9.99  833 

39 

1 

2.5 

2.5 

2.5 

2.4 

2.4 

2 

8.94  317 

143 

8.94  485 

145 

1.05  515 

9.99  832 

58 

2 

5.0 

5.0 

4.9 

4.9 

4.9 

3 

8.94  461 

144 

8.94  630 

145 

1.05  370 

9  99  831 

57 

3 

7.6 

7.4 

7.4 

7.4 

7.3 

4 

8.94  603 

142 
143 

8.94  773 

143 

14-4 

1.05  227 

9.99  830 

56 

4 
5 

10.1 
12.6 

9.9 
12.4 

9.9 
12.3 

9.8 
12.2 

9.7 

5 

8.94  746 

8.94  917 

1.05  083 

9.99  829 

55 

12.2 

6 

8.94  887 

141 

8.95  060 

143 

1.04  940 

9.99  828 

54 

6 

15.1 

14.9 

14.8 

14.7 

14.6 

7 

8.95  029 

142 

8.95  202 

142 

1.04  798 

9.99  827 

53 

7 

17.6 

17.4 

17.3 

17.2 

17.0 

8 

8.95  170 

141 

8.95  344 

142 

1.04  656 

9.99  825 

52 

8 

20.1 

19.9 

19.7 

19.6 

19.3 

9 

8.95  310 

140 
140 

8.95  486 

142 
141 

1.04  514 

9.99  824 

51 
50 

9 

22.6 

22.4 
144 

22.2 
143 

22.0 
142 

21.9 

10 

8.95  450 

8.95  627 

1.04  373 

9.99  823 

*  145 

141 

11 

8.95  589 

139 

8.95  767 

140 

1.04  233 

9.99  822 

49 

1 

2.4 

2.4 

2.4 

2.4 

2.4 

12 

8.95  728 

139 

8.95  908 

141 

1.04  092 

9.99  821 

48 

2 

4.8 

4.8 

4.8 

4.7 

4.7 

13 

8.95  867 

139 

8.96  047 

139 

1.03  953 

9.99  820 

47 

3 

7.2 

7.2 

7.2 

7.1 

7.0 

14 

8.96  005 

138 
138 

8.96  187 

140 
1  *}£ 

1.03  813 

9.99  819 

46 

4 

5 

9.7 
12.1 

9.6 
12.0 

9.5 
11.9 

9.5 
11.8 

9.4 

15 

8.96  143 

8.96  325 

1.03  675 

9.99  817 

45 

11.8 

16 

8.96  280 

137 

8.96  464 

139 

1.03  536 

9.99  816 

44 

6 

14.5 

14.4 

14.3 

14.2 

14.1 

17 

8.96  417 

137 

8.96  602 

138 

1.03  398 

9.99  815 

43 

7 

16.9 

16.8 

16.7 

16.6 

16.4 

18 

8.96  553 

136 

8.96  739 

137 

1.03  261 

9.99  814 

42 

8 

19.3 

19.2 

19.1 

18.9 

18.8 

19 

8.96  689 

136 
136 

8.96  877 

138 
136 
137 

1.03  123 

9.99  813 

n 

40 

9 

21.8 

21.6 
139 

21.4 
138 

21.3 
137 

21.2 

20 

8.96  825 

8.97  013 

1.02  987 

9.99  812 

"  140 

136 

21 

8.96  960 

135 

8.97  150 

1.02  850 

9.99  810 

39 

1 

2.3 

2.3 

2.3 

2.3 

2.3 

22 

8.97  095 

135 

8.97  285 

135 

1.02  715 

9.99  809 

38 

2 

4.7 

4.6 

4.6 

4.6 

4.5 

23 

8.97  229 

134 

8.97  421 

136 

1.02  579 

9.99  808 

37 

3 

7.0 

7.0 

6.9 

6.8 

6.8 

24 

8.97  363 

134 
133 

8.97  556 

135 
135 

1.02  444 

9.99  807 

36 

4 
5 

9.3 
11.7 

9.3 
11.6 

9.2 
11.5 

9.1 
11.4 

9.1 

2o 

8.97  496 

8.97  691 

1.02  309 

9.99  806 

35 

11.3 

26 

8.97  629 

133 

8.97  825 

134 

1.02  175 

9.99  804 

34 

6 

14.0 

13.9 

13.8 

13.7 

13.6 

27 

8.97  762 

133 

8.97  959 

134 

1.02  041 

9.99  803 

33 

7 

16.3 

16.2 

16.1 

16.0 

15.9 

28 

8.97  894 

132 

8.98  092 

133 

1.01  908 

9.99  802 

32 

S 

18.7 

18.5 

18.4 

18.3 

18.1 

29 

8.98  026 

132 
131 

8.98  225 

133 
133 

1.01  775 

9.99  801 

31 

9 

21.0 

20.8 
134 

20.7 
133 

20.6 
132 

20.4 

30 

8.98  157 

8.98  358 

1.01  642 

9.99  800 

30 

*     135 

131 

31 

8.98  288 

131 

8.98  490 

132 

1.01  510 

9.99  798 

211 

1 

2.2 

2.2 

2.2 

2.2 

2.2 

32 

8.98  419 

131 

8.98  622 

132 

1.01  378 

9.99  797 

28 

2 

4.5 

4.5 

4.4 

4.4 

4.4 

33 

8.98  549 

130 

8.9S  753 

131 

1.01  247 

9.99  796 

27 

3 

6.8 

6.7 

6.6 

6.6 

6.6 

34 

8.98  679 

130 
129 

8.98  884 

131 
131 

1.01  116 

9.99  795 

26 

4 
5 

9.0 
11.2 

8.9 
11.2 

8.9 
11.1 

8.8 
11.0 

8.7 

35 

8.98  808 

8.99  015 

1.00  985 

9.99  793 

25 

10.9 

36 

8.98  937 

129 

3.99  145 

130 

1.00  855 

9.99  792 

24 

6 

13.5 

13.4 

13.3 

13.2 

13.1 

37 

8.99  066 

129 

8.99  275 

130 

1.00  725 

9.99  791 

23 

7 

15.8 

15.6 

15.5 

15.4 

15.3 

38 

8.99  194 

12S 

8.99  405 

130 

1.00  595 

9.99  790 

22 

S 

18.0 

17.9 

17.7 

17.6 

17.3 

39 

8.99  322 

128 

128 

3.99  534 

129 
128 

1.00  466 

9.99  788 

21 
20 

9 

20.2 

20.1 
129 

20.0 
128 

19.8 
127 

19.6 

40 

8.99  450 

S.99  662 

1.00  338 

9.99  787 

"  130 

126 

41 

8.99  577 

127 

8.99  791 

129 

1.00  209 

9.99  786 

19 

1 

2.2 

2.2 

2.1 

2.1 

2.1 

42 

8.99  704 

12? 

8.99  919 

12S 

1.00  081 

9.99  785 

IS 

2 

4.3 

4.3 

4.3 

4.2 

4.2 

43 

8.99  830 

126 

9.00  046 

127 

0.99  954 

9.99  783 

17 

3 

6.5 

6.4 

6.4 

6.4 

6.3 

44 

8.99  956 

126 
126 

9.00  174 

12S 
127 

0.99  826 

9.99  782 

16 

4 
5 

8.7 
10.8 

8.6 
10.8 

8.5 
10.7 

8.5 
10.6 

8.4 

45 

9.00  082 

9.00  301 

0.99  699 

9.99  781 

15 

10.5 

46 

9.00  207 

125 

9.00  427 

126 

0.99  573 

9.99  780 

14 

6 

13.0 

12.9 

12.8 

12.7 

12.6 

47 

9.00  332 

125 

9.00  553 

126 

0.99  447 

9.99  778 

13 

7 

15.2 

15.0 

14.9 

14.8 

14.7 

48 

9.00  456 

124 

9.00  679 

126 

0.99  321 

9.99  777 

12 

8 

17.3 

17.2 

17.1 

16.9 

16.8 

49 

9.00  581 

125 
123 

9.00  805 

126 
125 

0.99  195 

9.99  776 

11 

9 

19.5 

19.4 
124 

19.2 
123 

19.0 
122 

18.9 

50 

9.00  704 

9.00  930 

0.99  070 

9.99  775 

10 

•  125 

121 

51 

9.00  828 

124 

9.01  055 

125 
124 
124 
124 
123 

123 
123 
122 

0.98  945 

9.99  773 

9 

1 

2.1 

2.1 

2.0 

2.0 

2.0 

52 

9.00  951 

123 

9.01  179 

0.98  821 

9.99  772 

8 

2 

4.2 

4.1 

4.1 

4.1 

4.0 

53 

9.01  074 

123 

9.01  303 

0.98  697 

9.99  771 

7 

3 

6.2 

6.2 

6.2 

6.1 

6.0 

54 

9.01  196 

122 
122 

9.01  427 

0.98  573 

9.99  769 

6 

4 
5 

8.3 

10.4 

8.3 
10.3 

8.2 
10.2 

8.1 
10.2 

8.1 

55 

9.01  318 

9.01  550 

0.98  450 

9.99  768 

5 

10.5 

56 

9.01  440 

122 

9.01  673 

0.98  327 

9.99  767 

4 

6 

12.5 

12.4 

12.3 

12.2 

12.1 

57 

9.01  561 

121 

9.01  796 

0.98  204 

9.99  765 

3 

7 

14.6 

14.5 

14.4 

14.2 

14.1 

58 

9.01  682 

121 

9.01  918 

0.98  082 

9.99  764 

2 

8 

16.7 

16.5 

16.4 

16.3 

16.1 

59 

9.01  803 

121 
120 

9.02  040 

122 
122 

0.97  960 

9.99  763 

1 
0 

9 
10 

18.8 
20.8 

18.6 
20.7 

18.4 
20.5 

18.3 
20.3 

18.2 

60 

9.01  923 

9.02  162 

0.97  838 

9.99  761 

20.2 

t 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

' 

P.P. 

95*  (275°) 


(264°)  84c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

6°  (186°)  (353°)  173° 


1 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

' 

P.  P. 

0 

9.01  923 

9.02  162 

0.97  838 

9.99  761 

60 

"   121 

120 

119 

116 

1 

9.02  043 

120 

9.02  283 

121 

0.97  717 

9.99  760 

59 

1 

2.0 

2.0 

2.0 

2.0 

2 

9.02  163 

120 

9.02  404 

121 

0.97  596 

9.99  759 

58 

2 

4.0 

4.0 

4.0 

3.9 

3 

9.02  283 

120 

9.02  525 

121 

0.97  475 

9.99  757 

57 

3 

6.0 

6.0 

6.0 

5.9 

4 

9.02  402 

119 
118 

9.02  645 

120 
121 

0.97  355 

9.99  756 

56 
55 

4 
5 

8.1 
10.1 

8.0 
10.0 

7.9 
9.9 

7.9 

5 

9.02  520 

9.02  766 

0.97  234 

9.99  755 

9.8 

6 

9.02  639 

119 

9.02  885 

119 

0.97  115 

9.99  753 

54 

6 

12.1 

12.0 

11.9 

11.8 

7 

9.02  757 

118 

9.03  005 

120 

0.96  995 

9.99  752 

53 

7 

14.1 

14.0 

13.9 

13.8 

8 

9.02  874 

117 

9.03  124 

119 

0.96  876 

9.99  751 

52 

8 

16.1 

16.0 

15.9 

15.7 

9 

9.02  992 

118 
117 

9.03  242 

118 
119 

0.96  758 

9.99  749 

51 

9 

10 

18.2 
20.2 

18.0 
20.0 

17.8 
19.8 

17.7 

10 

9.03  109 

9.03  361 

0.96  639 

9.99  748 

50 

19.7 

11 

9.03  226 

117 

9.03  479 

118 

0.96  521 

9.99  747 

49 

20 

40.3 

40.0 

39.7 

39.3 

12 

9.03  342 

116 

9.03  597 

118 

0.96  403 

9.99  745 

48 

30 

60.5 

60.0 

59.5 

59.0 

13 

9.03  458 

116 

9.03  714 

117 

0.96  286 

9.99  744 

47 

40 

80.7 

80.0 

79.3 

78.7 

14 

9.03  574 

116 
116 

9.03  832 

118 
116 

0.96  168 

9.99  742 

46 
45 

50 

100.8 

100.0 
116 

99.2 
115 

98.3 

15 

9.03  690 

9.03  948 

0.96  052 

9.99  741 

"  117 

114 

16 

9.03  805 

115 

9.04  065 

117 

0.95  935 

9.99  740 

44 

1 

2.0 

1.9 

1.9 

1.9 

17 

9.03  920 

115 

9.04  181 

116 

0.95  819 

9.99  738 

43 

2 

3.9 

3.9 

3.8 

3.8 

18 

9.04  034 

114 

9.04  297 

116 

0.95  703 

9.99  737 

42 

3 

5.8 

5.8 

5.8 

5.7 

19 

9.04  149 

115 
113 

9.04  413 

116 
115 

0.95  587 

9.99  736 

41 

4 
5 

7.8 
9.8 

7.7 
9.7 

7.7 
9.6 

7.6 

20 

9.04  262 

9.04  528 

0.95  472 

9.99  734 

40 

9.5 

21 

9.04  376 

114 

9.04  643 

115 

0.95  357 

9.99  733 

39 

6 

11.7 

11.6 

11.5 

11.4 

22 

9.04  490 

114 

9.04  758 

115 

0.95  242 

9.99  731 

38 

7 

13.6 

13.5 

13.4 

13.3 

23 

9.04  603 

113 

9.04  873 

115 

0.95  127 

9.99  730 

37 

8 

15.6 

15.5 

15.3 

15.2 

24 

9.04  715 

112 
113 

9.04  987 

114 
114 

0.95  013 

9.99  728 

36 

9 
10 

17.6 
19.5 

17.4 
19.3 

17.2 
19.2 

17.1 

25 

9.04  828 

9.05  101 

0.94  899 

9.99  727 

35 

19.0 

26 

9.04  940 

112 

9.05  214 

113 

0.94  786 

9.99  726 

34 

20 

39.0 

38.7 

38.3 

38.0 

27 

9.05  052 

112 

9.05  328 

114 

0.94  672 

9.99  724 

33 

30 

58.5 

58.0 

57.5 

57.0 

28 

9.05  164 

112 

9.05  441 

113 

0.94  559 

9.99  723 

32 

40 

78.0 

77.3 

76.7 

76.0 

29 

9.05  275 

111 
111 

9.05  553 

112 
113 

0.94  447 

9.99  721 

31 

50 

97.5 

96.7 
U2 

95.8 
111 

95.0 

30 

9.05  386 

9.05  666 

0.94  334 

9.99  720 

30 

"  113 

110 

31 

9.05  497 

111 

9.05  778 

0.94  222 

9.99  718 

29 

1 

1.9 

1.9 

1.8 

1.8 

32 

9.05  607 

110 

9.05  890 

112 

0.94  110 

9.99  717 

28 

2 

3.8 

3.7 

3.7 

3.7 

33 

9.05  717 

110 

9.06  002 

112 

0.93  998 

9.99  716 

27 

3 

5.6 

5.6 

5.6 

5.5 

34 

9.05  827 

110 
110 
109 
109 
109 
108 
109 

108 
107 
108 

9.06  113 

111 
111 

0.93  887 

9.99  714 

26 

4 
5 

7.5 
9.4 

7.5 

9.3 

7.4 
9.2 

7.3 

35 

9.05  937 

9.06  224 

0.93  776 

9.99  713 

25 

9.2 

36 

9.06  046 

9.06  335 

111 

0.93  665 

9.99  711 

24 

6 

11.3 

11.2 

11.1 

11.0 

37 

9.06  155 

9.06  445 

110 

0.93  555 

9.99  710 

23 

7 

13.2 

13.1 

13.0 

12.8 

38 

9.06  264 

9.06  556 

111 

0.93  444 

9.99  708 

22 

8 

15.1 

14.9 

14.8 

14.7 

39 

9.06  372 

9.06  666 
9.06  775 

110 
109 

0.93  334 

9.99  707 

21 

9 
10 

17.0 

18.8 

16.8 

18.7 

16.6 
18.5 

16.5 

40 

9.06  481 

0.93  225 

9.99  7C5 

20 

18.3 

41 

9.06  589 

9.06  885 

110 

0.93  115 

9.99  704 

19 

20 

37.7 

37.3 

37.0 

35.7 

42 

9.06  696 

9.06  994 

109 

0.93  006 

9.99  702 

18 

30 

56.5 

56.0 

55.5 

55.0 

43 

9.06  804 

9.07  103 

109 

0.92  897 

9.99  701 

17 

40 

75.3 

74.7 

74.0 

73.3 

44 

9.06  911 

107 
107 

9.07  211 

108 
109 

0.92  789 

9.99  699 

16 
15 

50 

94. 2 

93.3 
108 

92.5 
107 

91.7 

45 

9.07  018 

9.07  320 

0.92  680 

9.99  698 

*  109 

106 

46 

9.07  124 

106 

9.07  428 

108 

0.92  572 

9.99  696 

14 

1 

1.8 

1.8 

1.8 

1.8 

47 

9.07  231 

107 

9.07  536 

108 

0.92  464 

9.99  695 

13 

2 

3.6 

3.6 

3.6 

35 

48 

9.07  337 

106 

9.07  643 

107 

0.92  357 

9.99  693 

12 

3 

5.4 

5.4 

5.4 

5.3 

49 

9.07  442 

105 
106 
105 
105 

9.07  751 

108 
107 

0.92  249 

9.99  692 

11 

4 
5 

7.3 
9.1 

7.2 

9.0 

7.1 
8.9 

7.1 

60 

9.07  548 

9.07  858 

0.92  142 

9.99  690 

10 

8.8 

51 

9.07  653 

9.07  964 

106 

0.92  036 

9.99  689 

9 

6 

10.9 

10.8 

10.7 

10.6 

52 

9.07  758 

9.08  071 

107 

0.91  929 

9.99  687 

8 

7 

12.7 

12.6 

12.5 

12.4 

53 

9.07  863 

105 

9.08  177 

106 

0.91  823 

9.99  686 

7 

8 

14.5 

14.4 

14.3 

14.1 

54 

9.07  968 

105 
104 

9.08  283 

106 
106 

0.91  717 

9.99  684 

6 

9 

10 

16.4 

18.2 

16.2 
18.0 

16.0 

17.8 

15.9 

55 

9.08  072 

9.08  389 

0.91  611 

9.99  683 

5 

17.7 

56 

9.08  176 

104 

9.08  495 

106 

0.91  505 

9.99  681 

4 

20 

36.3 

36.0 

35.7 

35.3 

57 

9.08  280 

104 

9.08  600 

105 

0.91  400 

9.99  680 

3 

30 

54.5 

54.0 

53.5 

53.0 

58 

9.08  383 

103 

9.08  705 

105 

0.91  295 

9.99  678 

2 

40 

72.7 

72.0 

71.3 

70."? 

59 

9.08  486 

103 
103 

9.08  810 

1C5 
104 

0.91  190 

9.99  677 

1 

50 

90.8 

90.0 

89.2 

88  d 

60 

9.08  589 

9.08  914 

0.91  086 

9.99  675 

0 

/ 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

t 

RP. 

96°  (276°) 
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(263°)    83° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


(187°) 


(352°)  172* 


L.  Sin.   d.   L.  Tan.  c.d.  L.  Cot.  L.  Cos 


9.08  589 
9.08  692 
9.08  795 
9.08  897 
9.08  999 


9.09  101 
9.09  202 
9.09  304 
9.09  405 
9.09  506 


9.09  606 
9.09  707 
9.09  807 

9.09  907 

9.10  006 


9.10  106 
9.10  205 
9.10  304 
9.10  402 
9.10  501 


9.10  599 
9.10  697 
9.10  795 
9.10  893 
9.10  990 


9.11  087 
9.11  184 
9.11  281 
9.11  377 
9.11  474 


9.11  570 
9.11  666 
9.11761 
9.11  857 
9.11  952 


9.12  047 
9.12  142 
9.12  236 
9.12  331 
9.12  425 


9.12  519 
9.12  612 
9.12  706 
9.12  799 
9.12  892 


9.12  985 

9.13  078 
9.13  171 
9.13  263 
9.13  355 


9.13  447 
9.13  539 
9.13  630 
9.13  722 
9.13  813 


9.13  904 

9.13  994 

9.14  085 
9.14  175 
9.14  266 


9.14  356 


L.  Cos. 


103 
103 
102 
102 
102 

101 
102 
101 
101 
100 

101 
100 
100 
99 
100 

99 
99 
98 
99 
98 

98 
98 
98 
97 
97 

97 
97 
96 
97 
96 

96 
95 
96 
95 
95 

95 
94 
95 
94 
94 

93 
94 
93 
93 
93 

93 
93 
92 
92 
92 

92 
91 
92 
91 
91 

90 
91 
90 
91 
90 


d. 


08  914 

09  019 
09  123 
09  227 
09  330 


09  434 
09  537 
09  640 
09  742 
09  84 


09  947 

10  049 
10  150 
10  252 
10  353 


10  454 
10  555 
10  656 
10  756 
10  856 


10  956 
11056 

11  155 
11254 
11  353 


11452 
11551 
11649 
11747 
11845 


11943 
12  040 
12  138 
12  235 
12  332 


12  428 
12  525 
12  621 
12  717 
12  813 


12  909 

13  004 
13  099 
13  194 
13  289 


13  384 
13  478 
13  573 
13  667 
13  761 


13  854 

13  948 

14  041 
14  134 
14  227 


14  320 
14  412 
14  504 
14  597 

14  688 


14  780 


I*  Cot.  c.d 


05 

04 
04 
03 
04 

03 
03 
02 
03 
02 

02 
01 
02 
01 
01 

01 
01 
00 
00 
00 

100 
99 
99 
99 
99 
99 
98 
98 
98 
98 

97 

98 
97 
97 
96 

97 
96 
96 
96 
96 

95 
95 
95 
95 
95 
94 
95 
94 
94 
93 
94 
93 
93 
93 
93 

92 
92 
93 
91 
92 


0.91  086 
0.90  981 
0.90  877 
0.90  773 
0.90  670 


0.90  566 
0.90  463 
0.90  360 
0.90  258 
0.90  155 


0.90  053 
0.89  951 
0.89  850 
0.89  748 
0.89  647 


0.89  546 
0.89  445 
0.89  344 
0.89  244 
0.89  144 


0.89  044 
0.88  944 
0.88  845 
0.88  746 
0.88  647 


0.88  548 
0.88  449 
0.88  351 
0.88  253 
0.88  155 


0.88  057 
0.87  960 
0.87  862 
0.87  765 
0.87  668 


0.87  572 
0.87  475 
0.87  379 
0.87  283 
0.87  187 


0.87  091 
0.86  996 
0.86  901 
0.86  806 
0.86  711 


0.86  616 
0.86  522 
0.86  427 
0.86  333 
0.86  239 


0.86  146 
0.86  052 
0.85  959 
0.85  866 
0.85  773 


0.85  680 
0.85  588 
0.85  496 
0.85  403 
0.85  312 


0.85  220 


Tan. 


9.99  675 
9.99  674 
9.99  672 
9.99  670 
9.99  669 


60 
59 

58 
57 
56 

55 

54 
53 
52 
51 

9.99  659  5C 

9.99  658 149 

9.99  656 

9.99  655 

9.99  653 


9.99  667 
9.99  666 
9.99  664 
9.99  663 
9.99  661 


9.99  651 
9.99  6 
9.99  648 
9.99  647 
9.99  645 


9.99  643 
9.99  642 
9.99  640 
9.99  638 
9.99  637 


9.99  635 
9.99  633 
9.99  632 
9.99  630 
9.99  629 


9.99  627 
9.99  625 
9.99  624 
9.99  622 
9.99  620 


9.99  618 
9.99  617 
9.99  615 
9.99  613 
9.99  612 


9.99  610 
9.99  608 
9.99  607 
9.99  605 
9.99  603 


9.99  601 
9.99  600 
9.99  598 
9.99  596 
9.99  595 


9.99  593 
9.99  591 
9.99  589 
9.99  588 
9.99  586 


9.99  584 
9.99  582 
9.99  581 
9.99  579 
9.99  577 


9.99  575 


L.  Sin 


45 

0  44 

43 

42 

41 

40 

39 

38 
^7 
36 

35 

34 
33 
32 
31 

30 

29 
28 
27 
26 

25 
24 
23 
22 
21 
20 
19 
IS 
17 
16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


P.  P. 


// 

105 

104 

103 

102 

1 

1.8 

1.7 

1.7 

1.7 

2 

3.5 

3.5 

3.4 

3.4 

3 

5.2 

5.2 

5.2 

5.1 

4 

7.0 

6.9 

6.9 

6.8 

5 

8.8 

8.7 

8.6 

8.5 

6 

10.5 

10.4 

10.3 

10.2 

( 

12.2 

12.1 

12.0 

11.9 

S 

14.0 

13.9 

13.7 

13.6 

9 

15.8 

15.6 

15.4 

15.3 

10 

17.5 

17.3 

17.2 

17.0 

20 

35.0 

34.7 

34.3 

34.0 

30 

52.5 

52.0 

51.5 

51,0 

40 

70.0 

69.3 

68.7 

68.0 

50 

87.5 

86.7 

85.8 

85.0 

// 

101 

100 

99 

98 

1 

1.7 

1.7 

1.6 

1.6 

2 

3.4 

3.3 

3.3 

3.3 

3 

5.0 

5.0 

5.0 

4.9 

4 

6.7 

6.7 

6.6 

6.6 

5 

8.4 

8.3 

8.2 

8.?, 

6 

10.1 

10.0 

9.9 

9.8 

7 

11.8 

11.7 

11.6 

11.4 

8 

13.5 

13.3 

13.2 

13.1 

9 

15.2 

15.0 

14.8 

14.7 

10 

16.8 

16.7 

16.5 

16.3 

20 

33.7 

33.3 

33.0 

32.7 

30 

50.5 

50.0 

49.5 

49.0 

40 

67.3 

66.7 

66.0 

65.3 

50 

84.2 

83.3 

82.5 

81.7 

n 

97 

96 

95 

94 

1 

1.6 

1.6 

1.6 

1.6 

2 

3.2 

3.2 

3.2 

3.1 

3 

4.8 

4.8 

4.8 

4.7 

4 

6.5 

6.4 

6.3 

6.3 

5 

8.1 

8.0 

7.9 

7.8 

6 

9.7 

9.6 

9.5 

9.4 

7 

11.3 

11.2 

11.1 

11.0 

8 

12.9 

12.8 

12.7 

12.A 

9 

14.6 

14.4 

14.2 

14.1 

10 

16.2 

16.0 

15.8 

15.7 

20 

32.3 

32.0 

31.7 

31.3 

30 

48.5 

48.0 

47.5 

47.0 

40 

64.7 

64.0 

63.3 

62.7 

50 

80.8 

80.0 

79.2 

78.3 

// 

93 

92 

91 

90 

1 

1.6 

1.5 

1.5 

1.5 

2 

3.1 

3.1 

3.0 

3.0 

3 

4.6 

4.6 

4.6 

4.5 

4 

6.2 

6.1 

6.1 

6.0 

5 

7.8 

7.7 

7.6 

7.5 

6 

9.3 

9.2 

9.1 

9.0 

7 

10.8 

10.7 

10.6 

10.5 

8 

12.4 

12.3 

12.1 

12.0 

9 

14.0 

13.8 

13.6 

13.5 

10 

15.5 

15.3 

15.2 

15.0 

20 

31.0 

30.7 

30.3 

30.0 

30 

46.5 

46.0 

45.5 

45.0 

40 

62.0 

61.3 

60.7 

60.0 

50 

77.5 

76.7 

75.8 

75.0 

P.  p. 


97°  (277°) 


51 


(262°)  82° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


8°  (188°) 

(351°) 

171° 

' 

L.  Sin 

d. 

L.  Tan. 

c.  d. 

L.  Cot. 

L.  Cos. 

' 

P 

.  P. 

0 

9.14  356 

89 
90 
89 
90 

89 

88 
89 
89 
88 
88 

88 
88 
87 
88 

87 

87 
87 
87 
86 
86 

87 
86 
85 
86 
85 

86 
85 
85 
85 

84 

85 
84 
84 
84 
84 

83 
84 
83 
83 
83 

83 
83 
82 

82 
83 
82 
81 
82 
82 
81 

81 
81 
81 
81 
81 
80 
80 
80 
80 
80 

9.14  780 

92 
91 
91 
91 
91 

91 
90 
91 
90 
90 

89 
90 
89 
90 

89 
89 
88 
89 
88 
88 

88 
88 
88 
87 
88 

87 
87 
87 
86 
87 
86 
86 
86 
86 
86 
85 
86 
85 
85 
85 

85 
84 
85 
84 
84 
84 
84 
83 
84 
83 

83 
83 
83 
83 
83 
82 
82 
82 
82 
82 

0.85  220 

9.99  575 

60 

"   92 

91 

90 

1 

9.14  445 

9.14  872 

0.85  128 

9.99  574 

59 

1 

1.5 

1.5 

1.5 

2 

9.14  535 

9.14  963 

0.85  037 

9.99  572 

58 

2 

3.1 

3.0 

3.0 

3 

9.14  624 

9.15  0541 

0.84  946 

9.99  570 

57 

3 

4.6 

4.6 

4.5 

4 

9.14  714 

9.15  145 

0.84  855 

9.99  568 

56 
55 

4 
5 

6.1 

7.7 

6.1 
7.6 

6.0 

5 

9.14  803 

9.15  236 

0.84  764 

9.99  566 

7.5 

6 

9.14  891 

9.15  327 

0.84  673 

9.99  565 

54 

6 

9.2 

9.1 

9.0 

7 

9.14  980 

9.15  417 

0.84  583 

9.99  563 

53 

7 

10.7 

10.6 

10.5 

8 

9.15  069 

9.15  508 

0.84  492 

9.99  561 

52 

8 

12.3 

12.1 

12.0 

9 

9.15  157 

9.15  598 

0.84  402 

9.99  559 

51 

9 
10 

13.8 
15.3 

13.6 
15.2 

13.5 

10 

9.15  245 

9.15  688 

0.84  312 

9.99  557 

50 

15.0 

11 

9.15  333 

9.15  777 

0.84  223 

9.99  556 

49 

20 

30.7 

30.3 

30.0 

12 

9.15  421 

9.15  867 

0.84  133 

9.99  554 

48 

30 

46.0 

45.5 

45.0 

13 

9.15  508 

9.15  956 

0.84  044 

9.99  552i 

47 

40 

61.3 

60.7 

60.0 

14 

9.15  596 

9.16  046 

0.83  954 

9.99  550 

46 

50 

76.7 

75.8 
88 

75.0 

15 

9.15  683 

9.16  135 

0.83  865 

9.99  548 

45 

89 

87 

16 

9.15  770 

9.16  224 

0.83  776 

9.99  546 

44 

1 

1.5 

1.5 

1.4 

17 

9.15  857 

9.16  312 

0.83  688 

9.99  545 

43 

2 

3.0 

2.9 

2.9 

18 

9.15  944 

9.16  401 

0.83  599 

9.99  543 

42 

3 

4.4 

4.4 

4.4 

19 

9.16  030 

9.16  489 

0.83  511 

9.99  541 

41 

4 
5 

5.9 

7.4 

5.9 
7.3 

5.8 

20 

9.16  116 

9.16  577 

0.83  423 

9.99  539 

40 

7.2 

21 

9.16  203 

9.16  665 

0.83  335 

9.99  537 

39 

6 

8.9 

8.8 

8.7 

22 

9.16  289 

9.16  753 

0.83  247 

9.99  535 

38 

7 

10.4 

10.3 

10.2 

23 

9.16  374 

9.16  841 

0.83  159 

9.99  533 

37 

8 

11.9 

11.7 

11.6 

24 

9.16  460 

9.16  928 

0.83  072 

9.99  532 

36 
35 

9 
10 

13.4 
14.8 

13.2 
14.7 

13.0 

25 

9.16  545 

9.17  016 

0.82  984 

9.99  530 

14.5 

26 

9.16  631 

9.17  103 

0.82  897 

9.99  528 

34 

20 

29.7 

29.3 

29.0 

27 

9.16  716 

9.17  190 

0.82  810 

9.99  526 

33 

30 

44.5 

44.0 

43.5 

28 

9.16  801 

9.17  277 

0.82  723 

9.99  524 

32 

40 

59.3 

58.7 

58.0 

29 

9.16  886 

9.17  363 

0.82  637 

9.99  522 

31 

50 

74.2 

73.3 
85 

72.5 

30 

9.16  970 

9.17  450 

0.82  550 

9.99  520 

30 

"   86 

84 

31 

9.17  055 

9.17  536 

0.82  464 

9.99  518 

29 

1 

1.4 

1.4 

1.4 

32 

9.17  139 

9.17  622 

0.82  378 

9.99  517 

28 

2 

2.9 

2.8 

2.8 

33 

9.17  223 

9.17  708 

0.82  292 

9.99  515 

27 

3 

4.3 

4.2 

4.2 

34 

9.17  307 

9.17  794 

0.82  206 

9.99  513 

26 

4 
5 

5.7 

7.2 

5.7 

7.1 

5.6 

35 

9.17  391 

9.17  880 

0.82  120 

9.99  511 

25 

7.0 

36 

9.17  474 

9.17  965 

0.82  035 

9.99  509 

24 

6 

8.6 

8.5 

8.4 

37 

9.17  558 

9.18  051 

0.81  949 

9.99  507 

23 

7 

10.0 

9.9 

9.8 

38 

9.17  641 

9.18  136 

0.81  864 

9.99  505 

22 

8 

11.5 

11.3 

11.2 

39 

9.17  724 

9.18  221 

0.81  779 

9.99  503 

21 
20 

9 
10 

12.9 
14.3 

12.8 
14.2 

12.6 

40 

9.17  807 

9.18  306 

0.81  694 

9.99  501 

14.0 

41 

9.17  890 

9.18  391 

0.81  609 

9.99  499 

19 

20 

28.7 

28.3 

28.0 

42 

9.17  973 

9.18  475 

0.81  525 

9.99  497 

18 

30 

43.0 

42.5 

42.0 

43 

9.18  055 

9.18  560 

0.81  440 

9.99  495 

17 

40 

57.3 

56.7 

56.0 

44 

9.18  137 

9.18  644 

0.81  356 

9.99  494 

16 

50 

71.7 

70.8 
82 

70.0 

45 

9.18  220 

9.18  728 

0.81  272 

9.99  492 

15 

"   83 

81 

46 

9.18  302 

9.18  812 

0.81  188 

9.99  490 

14 

1 

1.4 

1.4 

1.4 

47 

9.18  383 

9.18  896 

0.81  104 

9.99  488 

13 

2 

2.8 

2.7 

2.7 

48 

9.18  465 

9.18  979 

0.81  021 

9.99  486 

12 

3 

4.2 

4.1 

4.0 

49 

9.18  547 

9.19  063 

0.80  937 

9.99  484 

11 

4 
5 

5.5 
6.9 

5.5 
6.8 

5.4 

50 

9.18  628 

9.19  146 

0.80  854 

9.99  482 

10 

6.8 

51 

9.18  709 

9.19  229 

0.80  771 

9.99  480 

9 

6 

8.3 

8.2 

8.1 

52 

9.18  790 

9.19  312 

0.80  688 

9.99  478 

8 

7 

9.7 

9.6 

9.4 

53 

9.18  871 

9.19  395 

0.80  605 

9.99  476 

7 

8 

11.1 

10.9 

10.8 

54 

9.18  952 

9.19  478 

0.80  522 

9.99  474 

6 

9 
10 

12.4 
13.8 

12.3 
13.7 

12.2 

55 

9.19  033 

9.19  561 

0.80  439 

9.99  472 

5 

13.5 

56 

9.19  113 

9.19  643 

0.80  357 

9.99  470 

4 

20 

27.7 

27.3 

27.0 

57 

9.19  193 

9.19  725 

0.80  275 

9.99  468 

3 

30 

41.5 

41.0 

40.5 

58 

9.19  273 

9.19  807 

0.80  193 

9.99  466 

2 

40 

55.3 

54.7 

54.0 

59 

9.19  353 

9.19  889 

0.80  111 

9.99  464 

1 

50 

69.2 

68.3 

67.5 

60 

9.19  433 

9.19  971 

0.80  029 

9.99  462 

0 

' 

L.  Cos. 

d. 

L.  Cot. 

c.  d. 

L.  Tan. 

L.  Sin. 

' 

P. 

P. 

98°  (278°) 


(261°)  81c 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


9°  (189°) 


(350°)  170c 


L.  Sin. 


19  433 
19  513 
19  592 
19  672 
19  751 


19  830 
19  909 

19  988 

20  067 
20  145 


20  223 
20  302 
20  380 
20  458 
20  535 


20  613 
20  691 
20  768 
20  845 
20  922 


20  999 
21076 

21  153 
21229 
21306 


21382 
21458 
21534 
21610 
21685 


21761 
21836 
21912 
21987 
22  062 


22  137 
22  211 
22  286 
22  361 
22  435 


22  509 
22  583 
22  657 
22  731 
22  805 


22  878 

22  952 

23  025 
23  098 
23  171 


23  244 
23  317 
23  390 
23  462 
23  535 


23  607 
23  679 
23  752 
23  823 
23  895 


23  967 


L.  Cos. 


80 
79 
80 
79 
79 

79 
79 
79 
78 
78 
79 
78 
78 
77 
78 

78 

77 
77 
77 
77 

77 
77 
76 
77 
76 

76 
76 
76 
75 
76 
75 
76 
75 
75 
75 
74 
75 
75 
74 
74 

74 

74 
74 
74 

73 
74 
73 
73 
73 
73 

73 
73 
72 
73 

72 

72 
73 

71 

72 
72 


L.  Tan.  c.d 


19  971 

20  053 
20  134 
20  216 
20  297 


20  378 
20  459 
20  54C 
20  621 
20  701 


20  782 
20  862 

20  942 
21022 

21  102 


21  182 
21261 
21  341 

21420 
21499 


21578 
21657 
21736 
21814 
21  893 


21971 
22  049 
22  127 
22  205 
22  283 


22  361 
22  438 
22  516 
22  593 
22  670 


22  747 
22  824 
22  901 

22  977 

23  054 


23  130 
23  206 
23  283 
23  359 
23435 

23  510 
23  586 
23  661 
23  737 
23  812 


23  887 

23  962 

24  037 
24  112 
24  186 


24  261 
24  335 
24  410 

24  484 
24  558 


9 

9 .  24  632 


L.  Cot.  c.d 


82 
81 
82 
81 
81 

81 
81 
81 
80 
81 

80 
80 
80 
80 
80 

79 
80 
79 
79 
79 
79 
79 
78 
79 
78 
78 
78 
78 
78 
78 

77 
78 
77 
77 
77 

77 
77 
76 
77 
76 

76 
77 
76 
76 
75 
76 
75 
76 
75 
75 

75 

75 
75 
74 
75 
74 
75 
74 
74 
74 


L.  Cot. 


0.80  029 
0.79  947 
0.79  866 
0.79  784 


L.  Cos. 


0.79  703  9.99  454 


0.79  622 
0.79  541 
0.79  460 
0.79  379 
0.79  299 


0.79  218 
0.79  138 
0.79  058 
0.78  978 
0.78  898 


0.78  818 
0.78  739 
0.78  659 
0.78  580 
0.78  501 


0.78  422 
0.78  343 
0.78  264 
0.78  186 
0.78  107 


0.78  029 
0.77  951 
0.77  873 
0.77  79 
0.77  717 


0.77  639 
0.77  562 
0.77  484 
0.77  407 
0.77  330 


0.77  253 
0.77  176 
0.77  099 
0.77  023 
0.76  946 


0.76 
0.76 
0.76 
0.76 
0.76 


0.76 
0.76 
0.76 
0.76 
0.76 


870 
794 
717 
641 
565 
490 
414 
339 
263 
188 


0.76  113 
0.76  038 
0.75  963 

0.75  888 
0.75  814 


0.75  739 
0.75  66o 
0.75  590 
0.75  516 
0.75  442 


0.75  368 


L.  Tan. 


9 .  99  462 
9.99  460 
9.99  458 
9 .  99  456 


99  452 
99  450 
99  448 
99  446 
99  444 


99  442 
99  440 
99  438 
99  436 
99  434 


99  432 
99  429 
99  427 
99  425 
99  423 


99  421 
99  419 
99  417 
99  415 
99  413 


9.99  411 
9 .  99  409 
9.99  407 
9.99  404 
9 .  99  402 


9 .  99  400 
9.99  398 
9.99  396 
9.99  394 
9.99  392 


9.99  390 
9.99  388 
9 .  99  385 
9.99  383 
9.99  381 


99  379 
99  377 
99  375 
99  372 
99  370 


99  368 
99  366 
99  364 
99  362 
99  359 


9.99  357 
9.99  355 
9.99  353 
9.99  351 
9.99  348 


9.99  346 
9.99  344 
9.99  342 
99  340 
9.99  337 


9.99  335 


L.  Si] 


€0 

59 
58 
57 
56 

55 
54 
53 
52 

.31 
50 

49 
48 
47 
46 

45 
44 
43 
42 
41 

40 
39 
38 

37 
36 

35 
34 
33 
32 

31 

30 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 
14 
13 
12 
11 
10 

9 

8 

7 

6 

5 
4 
3 

2 
1 


P.  P. 


1 
2 
3 
4 

5 

6 
7 
8 

o 

10 
20 
30 
40 
50 


1 
2 

3 
4 

5 

6 

7 
8 
9 

10 
20 
30 
40 
50 


80 

1.3 

2.7 
4.0 
5.3 

6.7 

8.0 

9.3 

10.7 

12.0 

13.3 

26.7 
40.0 
53.3 
66.7 


79 

1.3 
2.6 
4.0 
5.3 

6.6 

7.9 

9.2 

10.5 

11.8 

13.2 
26.3 
39.5 
52.7 
65.8 


If 

1 

2 
3 
4 

7G   75 

1.3  1.2 
2.5  2.5 
3.8  3.8 
5.1  5.0 

5 
6 
7 

8 
9 

6.3  6.2 

7.6  7.5 

8.9  8.8 

10.1  10.0 

11.4  11.2 

10 
20 
30 
40 
50 

12.7  12.5 
25.3  25.0 
38.0  37.5 
50.7  50.0 
63.3  62.5 

72 
1.2 
2.4 
3.6 

4.8 

6.0 

7.2 
8.4 
9.6 
10.8 
12.0 
24.0 
36.0 
48.0 
60.0 


71 
1.2 

2.4 
3.6 
4.7 

5.9 
7.1 
8.3 
9.3 
10.6 

11.8 
23.7 
35.5 
47.3 
59.2 


78 

1.3 

2.6 

3.9 

5.2 

6.5 

7.8 
9.1 
10.4 
11.7 
13.0 
26.0 
39.0 
52.0 
65.0 

74 
1.2 
2.5 
3.7 
4.9 

6.2 
7.4 
8.6 
9.9 
11.1 

12.3 
24.7 
37.0 
49.3 
61.7 

3 

0.0 
0.1 
0.2 
0.2 

0.2 
0.3 
0.4 
0.4 
0.4 

0.5 
1.0 
1.5 
2.0 
2.5 


77 

1.3 

2.6 

3.8 

5.1 

6.4 

7.7 

9.0 

10.3 

11.6 

12.8 
25.7 
38.5 
51.3 
64.2 

73 

1.2 
2.4 
3.6 
4.9 

6.1 
7.3 

8.5 

9 .  7 

11.0 

12.2 

24 . 3 
36.5 
48.7 
60.8 

2 

0.0 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 
0.3 

0.3 
0.7 
1.0 
1.3 
1.7 


3^ 

79 


Z 

78 


3^ 

77 


u 

1 

2 
3 

13.2  13.0  12.8 
39.5  39.0  38.5 
65.8  65.0  64.2 

3    3    3 
76   75   74 

U 
1 
2 
3 

12.7  12.5  12.3 
38.0  37.5  37.0 
63.3  62.5  61.7 

P.  p. 


99°  (279°) 


53 


(260°)  80° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


10°  (190°) 


(349°)  169' 


2 
3 

5 

6 

7 

8 

_9 

10 

11 

12 

13 

14 

15" 
16 
17 
18 
19_ 
20 
21 
22 
23 
24_ 

25 

26 

27 

28 

29 

30" 

31 

32 

33 

34_ 

35 
36 
37 
38 
39 

40" 

41 
42 
43 

44_ 

45 
46 

47 
48 
49_ 

50 

51 
52 
53 

54_ 

55 
56 

57 
58 
59 

60 


L.  Sin.  d 


9.23  967 

9.24  039 
9.24  110 
9.24  181 
9.24  253 


9.24  324 
9.24  395 
9.24  466 
9.24  536 
9.24  607 


9.24  677 
9.24  748 
9.24  818 
9.24  888 
9.24  958 


9.25  028 
9.25  098 
9.25  168 
9.25  237 
9.25  307 


9.25  376 
9.25  445 
9.25  514 
9.25  583 
9.25  652 


9.25  721 
9.25  790 
9.25  858 
9.25  927 
9.25  995 


9.26  063 
9.26  131 
9.26  199 
9.26  267 
9.26  335 


9.26  403 
9.26  470 
9.26  538 
9.26  605 
9.26  672 


9.26  739 
9.26  806 
9.26  873 

9.26  940 

9.27  007 


9.27  073 
9.27  140 
9.27  206 
9.27  273 
9.27  339 


9.27  405 
9.27  471 
9.27  537 
9.27  602 
9.27  668 


9.27  734 
9.27  799 
9.27  864 
9.27  930 
9.27  995 


9.28  060 


L.  Cos. 


72 
71 
71 
72 
71 

71 

71 
70 
71 
70 
71 
70 
70 
70 
70 

70 
70 
69 
70 
69 

69 
69 
69 
69 
69 

69 

68 
69 
68 

68 

68 
68 
68 
68 
68 

67 
68 
67 
67 
67 

67 
67 
67 
67 
66 
67 
66 
67 
66 
66 

66 
66 
65 
66 

66 

65 
65 

66 
65 
65 


d. 


L.  Tan.  c.d.  L.  Cot.  L.  Cos.  d. 


9.24  632 
9.24  706 
9.24  779 
9.24  853 
9.24  926 


9.25  000 
9.25  073 
9.25  146 
9.25  219 
9.25  292 


9.25  365 
9.25  437 
9.25  510 
9.25  582 
9.25  655 


9.25  727 
9.25  799 
9.25  871 

9.25  943 

9.26  015 


9.26  086 
9.26  158 
9.26  229 
9.26  301 
9.26  372 


9.26  443 
9.26  514 
9.26  585 
9.26  655 
9.26  726 


9.26  797 
9.26  867 

9.26  937 

9.27  008 
9.27  078 


9.27  148 
9.27  218 
9.27  288 
9.27  357 
9.27  427 


9.27  496 
9.27  566 
9.27  635 
9.27  704 
9.27  773 


9.27  842 
9.27  911 

9.27  980 

9.28  049 
9.28  117 


9.28  186 
9.28  254 
9.28  323 
9.28  391 
9.28  459 


9.28  527 
9.28  595 
9.28  662 
9.28  730 
9.28  798 


9.28  865 


74 
73 
74 
73 
74 

73 
73 
73 
73 
73 

72 
73 
72 
73 

72 

72 
72 
72 
72 
71 
72 
71 
72 
71 
71 

71 

71 
70 
71 
71 

70 
70 
71 
70 
70 
70 
70 
69 
70 
69 

70 
69 
69 
69 
69 

69 
69 
69 
68 
69 

68 
69 
68 
68 
68 

68 
67 
68 
68 
67 


L.  Cot.  c.d.  L.  Tan. 


0.75  368 
0.75  294 
0.75  221 
0  75  147 
0.75  074 


0.75  000 
0.74  927 
0.74  854 
0.74  781 
0.74  708 


9.99  335 
9.99  333 
9.99  331 
9  99  328 
9.99  326 


0.74  635 
0.74  563 
0.74  490 
0.74  418 
0.74  345 


0.74  273 
0.74  201 
0.74  129 
0.74  057 
0  73  985 


0.73  914 
0.73  842 
0.73  771 
0.73  699 
0.73  628 


0.73  557 
0.73  486 
0.73  415 
0.73  345 
0.73  274 


0.73  203 
0.73  133 
0  73  063 
0.72  992 
0.72  922 


0.72  852 
0.72  782 
0.72  712 
0.72  643 
0.72  573 


0.72  504 
0.72  434 
0.72  365 
0.72  296 
0.72  227 


0.72  158 
0.72  089 
0.72  020 
0.71  951 
0.71  883 


0.7i  814 
0.71  746 
0.71  677 
0.71  609 
0.71  541 


0.71  473 
0.71  405 
0.71  338 
0.71  270 
0.71  202 


9.99  324 
9.99  322 
9.99  319 
9.99  317 
9.99  315 


9.99  313 
9.99  310 
9.99  308 
9.99  306 
9.99  304 


9.99  301 
9.99  299 
9.99  297 
9.99  294 
9.99  292 


9.99  290 
9.99  288 
9.99  285 
9.99  283 
9.99  281 


9.99  278 
9.99  276 
9.99  274 
9.99  271 
9.99  269 


9.99  267 
9.99  264 
9.99  262 
9.99  260 
9.99  257 


9.99  255 
9.99  252 
9.99  250 
9.99  248 
9.99  245 


9.99  243 
9.99  241 
9.99  238 
9.99  236 
9.99  233 


9.99  231 
9.99  229 
9.99  226 
9.99  224 
9.99  221 


9.99  219 
9.99  217 
9.99  214 
9.99  212 
9.99  209 


0.71  135 


9.99  207 
9.99  204 
9.99  202 
9.99  200 
9.99  197 


9.99  195 


L.  Sin. 


P.  P. 


74 
1.2 
2.5 
37 
4.9 
6.2 
74 
8.6 
9.9 
11.1 

12.3 

24  7 
37  0 
49.3 
61.7 

71 
1.2 

24 
36 
4.7 
5.9 
7.1 
8.3 
9.5 
10.6 

11.8 
23.7 
35.5 
47.3 
59.2 

68 
1.1 

2.3 
3.4 
4.5 

5.7 
6.8 
7.9 
9.1 
10.2 

11.3 

22.7 
34.0 
45.3 
56.7 


73 

1.2 

24 

36 

4.9 

6  1 

7.3 

8.5 

9.7 

11.0 

12.2 

24.3 

36.5 

48.7 

60.8 

70 

1.2 

2.3 

3.5 

4.7 

5.8 
7.0 
8.2 
9.3 
10.5 

11.7 

23.3 

35.0 

46.7 

58.3 

67 

1.1 

2.2 

3.4 

4.3 

5.6 

6.7 

7.8 

8.9 

10.0 

11.2 
22.3 
33.5 

44.7 
55.8 


3^ 

74 

12.3 
37.0 
61.7 


73 

12.2 
36.5 
60.8 


71 


70  69 


72 

1.2 
2.4 
3.6 
4.8 

6.0 
7.2 
8.4 
9.6 
10.8 

12.0 

24.0 

36.0 

48.0 

60.0 

69 

1.2 

2.3 

3.4 

4.6 

5.8 
6.9 
8.0 
9.2 
10.4 

11.5 

23.0 

34.5 

46.0 

57.5 

66 

1.1 

2.2 

3.3 

4.4 

5  5 

6.6 

7.7 

8.8 

9.9 

11  0 

22  0 
33.0 
44.0 
55.0 


11.8  11.7  11.5 
35.5  35.0  34.5 
59.2  58.3  57.5 


2_ 

72 

12  0 
36  0 
60.0 

3^ 
68 

11.3 
34.0 
56.7 


P.  P. 


100°  (280°) 


(259°)  79° 


54 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


11°  (191°) 


(348°)  168° 


1 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

P 

P. 

0 

9.28  060 

9.28  865 

0.71  135 

9.99  195 

60 

1 

9.28  125 

65 

9.28  933 

68 

0.71  067 

9.99  192 

3 

59 

n 

65 

64 

63 

2 

9.28  190 

65 

9.29  000 

67 

0.71  000 

9.99  190 

58 

1 

1.1 

1.1 

1.0 

3 

9.28  254 

64 

9.29  067 

67 

0.70  933 

9.99  187 

3 

57 

2 

2.2 

2.1 

2.1 

4 

9.28  319 

65 
65 

9.29  134 

67 
67 

0.70  866 

9.99  185 

2 
3 

56 
55 

3 

4 

3.2 
4.3 

3.2 
4.3 

3.2 

5 

9.28  384 

9.29  201 

0.70  799 

9.99  182 

4.2 

6 

9.28  448 

64 

9.29  268 

6/1 

0.70  732 

9.99  180 

2 

54 

5 

5.4 

5.3 

5.2 

7 

9.28  512 

64 

9.29  335 

67 

0.70  665 

9.99  177 

3 

53 

6 

6.5 

6.4 

6.3 

8 

9.28  577 

65 

9  29  402 

67 

0.70  598 

9.99  175 

2 

52 

7 

7.6 

7.5 

7.4 

9 

9.28  641 

64 
64 

9.29  468 

66 
67 

0.70  532 

9.99  172 

3 
2 

51 

5~C 

8 
9 

8.7 
9.8 

8.5 

9.6 

8.4 

10 

9.28  705 

9.29  535 

0.70  465 

9.99  170 

9.4 

11 

9.28  769 

64 

9.29  601 

66 

0.70  399 

9.99  167 

3 

49 

10 

10.8 

10.7 

105 

12 

9.28  833 

64 

9.29  668 

67 

0.70  332 

9.99  165 

2 

48 

20 

21.7 

21.3 

21.0 

13 

9.28  896 

63 

9.29  734 

66 

0.70  266 

9.99  162 

3 

47 

30 

32.5 

32.0 

31.5 

14 

9.28  960 

64 
64 

9.29  800 

66 
66 

0.70  200 

9.99  160 

3 

46 

45 

40 

50 

43.3 
54.2 

42.7 
53.3 

42.0 

15 

9.29  024 

9.29  866 

0.70  134 

9.99  157 

52.5 

16 

9.29  087 

63 

9.29  932 

66 

0.70  068 

9.99  155 

2 

44 

n 

62 

61 

60 

17 

9.29  150 

63 

9.29  998 

66 

0.70  002 

9.99  152 

3 

43 

\ 

1.0 

1.0 

1.0 

18 

9.29  214 

64 

9.30  064 

66 

0.69  936 

9.99  150 

2 

42 

2 

2.1 

2.0 

2.0 

19 

9.29  277 

63 
63 

9.30  130 

66 
65 

0.69  870 

9.99  147 

3 

2 

41 
40 

3 

4 

3.1 
4.1 

3.0 
4.1 

3.0 

20 

9.29  340 

9.30  195 

0.69  805 

9.99  145 

4.0 

21 

9.29  403 

63 

9.30  261 

66 

0.69  739 

9.99  142 

3 

39 

5 

5.2 

5.1 

5.0 

22 

9.29  466 

63 

9.30  326 

6o 

0.69  674 

9.99  140 

2 

38 

6 

6.2 

6.1 

60 

23 

9.29  529 

63 

9.30  391 

6o 

0.69  609 

9.99  137 

3 

37 

7 

7.2 

7.1 

7.0 

24 

9.29  591 

62 
63 

9.30  457 

66 
65 

0.69  543 

9.99  135 

2 
3 

36 
35 

8 
9 

8.3 
9.3 

8.1 
9.2 

8.0 

25 

9.29  654 

9.30  522 

0.69  478 

9.99  132 

9.0 

26 

9.29  716 

62 

9.30  587 

65 

0.69  413 

9.99  130 

2 

34 

10 

10.3 

10.2 

10.0 

27 

9.29  779 

63 

9.30  652 

65 

0.69  348 

9.99  127 

3 

33 

20 

20.7 

20.3 

20.0 

28 

9.29  841 

62 

9.30  717 

65 

0.69  283 

9.99  124 

3 

32 

M) 

31.0 

30.5 

30.0 

29 

9.29  903 

62 
63 

9.30  782 

65 
64 

0.69  218 

9.99  122 

2 
3 

31 

40 

41.3 

40.7 

40.0 

30 

9.29  966 

9.30  846 

0.09  154 

9.99  119 

30 

60 

51.7 

50.8 

50.0 

31 

9.30  028 

62 

9.30  911 

65 

0.69  089 

9.99  117 

2 

29 

» 

59 

3 

2 

32 

9.30  090 

62 

9.30  976 

64 

0.69  025 

9.99  114 

3 

28 

1 

1.0 

0.0 

0.0 

33 

9.30  151 

61 

9.31  040 

65 

0.68  960 

9.99  112 

2 

27 

2 

2.0 

0.1 

0.1 

34 

9.30  213 

62 

62 

9.31  104 

64 
64 

0.68  896 

9.99  109 

3 

3 

26 
26 

3 
4 

3.0 
3.9 

0.2 
0.2 

0.1 

35 

9.30  275 

9.31  168 

0.68  832 

9.99  106 

0.1 

36 

9.30  336 

61 

9.31  233 

65 

0.68  767 

9.99  104 

2 

24 

5 

4.9 

0.2 

0.2 

37 

9.30  398 

62 

9.31  297 

64 

0.68  703 

9.99  101 

3 

23 

6 

5.9 

0.3 

0.2 

38 

9.30  459 

61 

9.31  361 

64 

0.68  639 

9.99  099 

2 

22 

7 

6.9 

0.4 

0.2 

39 

9.30  521 

62 
61 

9.31  425 

64 
64 

0.68  575 

9.99  096 

3 
3 

21 
20 

8 
9 

7.9 

8.8 

0.4 
0.4 

0.3 

40 

9.30  582 

9.31  489 

0.68  511 

9.99  093 

0.3 

41 

9.30  643 

61 

9.31  552 

63 

0.6S  448 

9.99  091 

2 

19 

10 

9.8 

0.5 

0.3 

42 

9.30  704 

61 

9.31  616 

64 

0.68  384 

9.99  088 

3 

18 

20 

19.7 

1.0 

0.7 

43 

9.30  765 

61 

9.31  679 

63 

0.68  321 

9.99  086 

2 

17 

30 

29.5 

1.5 

1.0 

44 

9.30  826 

61 
61 

9.31  743 

64 
63 

0.68  257 

9.99  083 

3 
3 

16 
15 

40 
50 

39.3 
49.2 

2.0 
2.5 

1.3 

45 

9.30  887 

9.31  806 

0.68  194 

9.99  080 

1.7 

46 

9.30  947 

9.31  008 

60 
61 

9.31  870 
9.31  933 

64 
63 

0.68  130 
0.68  067 

9.99  078 
9.99  075 

2 
3 

14 
13 

47 

48 

9.31  068 

60 

9.31  996 

63 

0.68  004 

9.99  072 

3 

12 

3 

3 

3 

49 

9.31  129 

61 
60 

9.32  059 

63 
63 

0.67  941 

9.99  070 

2 
3 

11 
10 

0 

67 

11.2 
33.5 
55.8 

66 

11.0 
33.0 
55.0 

65 

50 

9.31  189 

9.32  122 

0.67  878 

9.99  067 

10.8 
32.^ 
54.2 

51 

9.31  250 

61 

9.32  185 

63 

0.67  815 

9.99  064 

3 

9 

1 

52 

9.31  310 

60 

9.32  248 

63 

0.67  752 

9.99  062 

2 

8 

2 

53 

9.31  370 

60 

9.32  311 

63 

0.67  689 

9.99  059 

3 

7 

3 

54 

9.31  430 

60 
60 
59 

9.32  373 

62 
63 

0.67  627 

9.99  056 

3 

2 

6 
5 

3 

64 

3 
63 

3 

55 

9.31  490 

9.32  436 

0.67  564 

9.99  054 

62 

56 

9.31  549 

9.32  498 

62 

0.67  502 

9.99  051 

3 

4 

0 

1 
2 
3 

57 

9.31  609 

60 

9.32  561 

63 

0.67  439 

9.99  048 

3 

3 

10.7 

10.5 

10.3 

58 

9.31  669 

60 

9.32  623 

62 

0.67  377 

9.99  046 

2 

2 

32.0 

31.5 

31.0 

59 

9.31  728 

59 
60 

9.32  685 

b2 
62 

0.67  315 

9.99  043 

3 
3 

1 

53.3 

52.5 

51.7 

60 

9.31  788 

9.32  747 

0.67  253 

9.99  040 

0 

> 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

/ 

P 

.P. 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

12°  (192°)  (347°)  167° 


' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

60 

P 

P. 

0 

9.31  788 

9.32  747 

0.67  253 

9.99  040 

1 

9.31  847 

59 

9.32  810 

63 

0.67  190 

9.99  038 

2 

59 

rr 

63 

62 

61 

2 

9.31  907 

60 

9.32  872 

62 

0.67  128 

9.99  035 

3 

58 

1 

1.0 

1.0 

1.0 

3 

9.31  966 

59 

9.32  933 

61 

0.67  067 

9.99  032 

3 

57 

2 

2.1 

2.1 

2.0 

4 

9.32  025 

59 
59 

9.32  995 

62 
62 

62 

0.67  005 

9.99  030 

3 

56 

3 

3.2 

3.1 

3.0 

5 

9.32  084 

9.33  057 

0.66  943 

9.99  027 

55 

4 

4.2 

4.1 

4.1 

6 

9.32  143 

59 

9.33  119 

0.66  881 

9.99  024 

3 

54 

5 

5.2 

5.2 

5.1 

7 

9.32  202 

59 

9.33  180 

61 
62 

0.66  820 

9.99  022 

2 

53 

6 

6.3 

6.2 

6.1 

8 

9.32  261 

59 

9.33  242 

0.66  758 

9.99  019 

3 

52 

7 

7.4 

7.2 

7.1 

9 

9.32  319 

58 

59 

9.33  303 

61 
62 

0.66  697 

9.99  016 

3 
3 

51 
50 

8 
9 

8.4 
9.4 

8.3 
9.3 

8.1 

10 

9.32  378 

9.33  365 

0.66  605 

9.99  013 

9.2 

11 

9.32  437 

59 

9.33  426 

61 

0.66  574 

9.99  011 

2 

49 

10 

10.5 

10.3 

10.2 

12 

9.32  495 

58 

9.33  487 

61 

0.66  513 

9.99  008 

3 

48 

20 

21.0 

20.7 

20.3 

13 

9.32  553 

58 

9.33  548 

61 

0.66  452 

9.99  005 

3 

47 

30 

31.5 

31.0 

30.5 

14 

9.32  612 

59 

58 

9.33  609 

61 
61 

0.66  391 

9.99  002 

3 
2 

40 

40 

42.0 

41.3 

40.7 

15 

9.32  670 

9.33  670 

0.66  330 

9.99  000 

45 

5U 

52.5 

51.7 

50.8 

16 

9.32  728 

58 

9.33  731 

61 

0.66  269 

9.98  997 

3 

44 

tt 

60 

59 

58 

17 

9.32  786 

58 

9.33  792 

61 

0.66  208 

9.98  994 

3 

43 

1 

1.0 

1.0 

1.0 

18 

9.32  844 

58 

9.33  853 

61 

0.66  147 

9.98  991 

3 

42 

2 

2.0 

2.0 

1.9 

19 

9.32  902 

58 
58 

9.33  913 

60 
61 

0.66  087 

9.98  989 

3 

41 
40 

3 

4 

3.0 
4.0 

3.0 
3.9 

2.9 

30 

9.32  960 

9.33  974 

0.66  026 

9.98  986 

3.9 

21 

9.33  018 

58 

9.34  034 

60 

0.65  966 

9.98  983 

3 

39 

5 

5.0 

4.9 

4.8 

22 

9.33  075 

57 

9.34  095 

61 

0.65  905 

9.98  980 

o 

38 

6 

6.0 

5.9 

5.8 

23 

9.33  133 

58 

9.34  155 

60 

0.65  845 

9.98  978 

2 

37 

7 

7.0 

6.9 

6.8 

24 

9.33  190 

57 

58 

9.34  215 

60 
61 

0.65  785 

9.98  975 

3 
3 

36 

8 

8.0 

7.9 

7.7 

25 

9.33  248 

9.34  276 

0.65  724 

9.98  972 

35 

9 

9.0 

8.8 

8.7 

26 

9.33  305 

57 

9.34  336 

60 

0.65  664 

9.98  969 

3 

34 

10 

10.0 

9.8 

9.7 

27 

9.33  362 

57 

9.34  396 

60 

0.65  604 

9.98  967 

33 

20 

20.0 

19.7 

19.3 

28 

9.33  420 

58 

9.34  456 

60 

0.65  544 

9.98  964 

3 

32 

30 

30.0 

29.5 

29.0 

29 

9.33  477 

57 

57 

9.34  516 

60 
60 

0.65  484 

9.98  961 

3 

31 

40 

40.0 

39.3 

38.7 

30 

9.33  534 

9.34  576 

0.65  424 

9.98  958 

30 

50 

50.0 

49.2 

48.3 

31 

9.33  591 

57 

9.34  635 

59 

0.65  365 

9.98  955 

3 

29 

n 

57 

56 

55 

32 

9.33  647 

56 

9.34  695 

60 

0.65  305 

9.98  953 

2 

28 

1 

1.0 

0.9 

0.9 

33 

9.33  704 

5/ 

9.34  755 

60 

0.65  245 

9.98  950 

3 

27 

2 

1.9 

1.9 

1.8 

34 

9.33  761 

57 
57 

9.34  814 

59 
60 

0.65  186 

9.98  947 

3 

26 

3 

2.8 

2.8 

2.8 

35 

9.33  818 

9.34  874 

0.65  126 

9.98  944 

25 

4 

3.8 

3.7 

3.7 

36 

9.33  874 

56 

9.34  933 

59 

0.65  067 

9.98  941 

■> 

24 

5 

4.8 

4.7 

4.6 

37 

9.33  931 

57 

9.34  992 

59 

0.65  008 

9.98  938 

3 

23 

6 

5.7 

5.6 

5.5 

38 

9.33  987 

56 

9.35  051 

59 

0.64  949 

9.98  936 

2 

22 

7 

6.6 

6.5 

6.4 

39 

9.34  043 

56 
57 

9.35  111 

6U 
59 

0.64  889 

9.98  933 

3 
3 

21 

8 

7.6 

7.5 

7.3 

40 

9.34  100 

9.35  170 

0.64  830 

9.98  930 

30 

9 

8.6 

8.4 

8.2 

41 

9.34  156 

56 

9.35  229 

59 

0.64  771 

9.98  927 

3 

1 9 

10 

9.5 

9.3 

9.2 

42 

9.34  212 

56 

9.35  288 

59 

0.64  712 

9.98  924 

3 

L8 

20 

19.0 

18.7 

18.3 

43 

9.34  268 

56 

9.35  347 

59 

0.64  653 

9.98  921 

3 

17 

30 

28.5 

28.0 

27.5 

44 

9.34  324 

56 
56 

9.35  045 

58 
59 

0.64  595 

9.98  919 

2 
3 

16 

40 

38.0 

37.3 

36.7 

45 

9.34  380 

9.35  464 

0.64  536 

9.98  916 

15 

50 

47.5 

46.7 

45.8 

46 

47 

9.34  436 
9.34  491 

56 

9.35  523 
9.35  581 

59 

0.64  477 
0.64  419 

9.98  913 
9.98  910 

3 

14 
13 

55 

58 

3 

3 

3 

3 

48 

9.34  547 

56 

9.35  640 

59 

0.64  360 

9.98  907 

3 

12 

61 

10.2 

60 

49 

9.34  602 

55 
56 

9.35  698 

58 
59 

0.64  302 

9.98  904 

3 
3 

1] 
10 

0 
1 
2 

62 

10.3 

50 

9.34  658 

9.35  757 

0.64  243 

9.98  901 

10.0 

51 

9.34  713 

55 

9.35  815 

58 

0.64  185 

9.98  898 

3 

9 

31.0 

30.5 

30.0 

52 

9.34  769 

5b 

9.35  873 

58 

0.64  127 

9.98  896 

2 

8 

3 

51.7 

50.8 

50.0 

53 

9.34  824 

55 

9.35  931 

58 

0.64  069 

9.98  893 

3 

7 

54 

9.34  879 

55 
55 

9.35  989 

58 
58 

0.64  011 

9.98  890 

3 
3 

6 

3 

3 

3 

55 

9.34  934 

9.36  047 

0.63  953 

9.98  887 

5 

59 

58 

57 

56 

9.34  989 

55 

9.36  105 

58 

0.63  895 

9.98  884 

3 

4 

0 

57 

9.35  044 

55 

9.36  163 

58 

0.63  837 

9.98  881 

3 

3 

1 
2 

9.8 

9.7 

9.5 

58 

9.35  099 

55 

9.36  221 

58 

0.63  779 

9.98  878 

3 

2 

29.5 

29.0 

28.5 

59 

9.35  154 

55 
55 

9.36  279 

58 
57 

0.63  721 

9.98  875 

3 

3 

1 

3 

49.2 

48.3 

47.5 

(>0 

9.35  209 

9.36  336 

0.63  664  9.98  872 

0 

' 

L.  Cos. 

L.  Cot. 

L.  Tan.  I  L.  Sin. 

d. 

P 

.  P. 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


13° 

(193°) 

(346°)  166° 

"I 

L.  Sin. 

d.  |  L.  Tan. 

c.d. 

L.  Cot, 

L.  Cos. 

d. 

3 

>0 

P 

.  P. 

9.35  209 

9.36  336 

0.63  664 

9.98  872 

1 

9.35  263 

54 

9.36  394 

58 

0.63  606 

9.98  869 

59 

57 

56 

55 

2 

9.35  318 

55 

9.36  452 

58 

0.63  548 

9.98  867 

2 

58 

1 

1.0 

0.9 

0.9 

3 

9.35  373 

55 

9.36  509 

57 

0.63  491 

9.98  864 

57 

2 

1.9 

1.9 

1.8 

4 

9.35  427 

54 
54 

9.36  566 

57 

58 

0.63  434 

9.98  861 

3 

56 

3 

2.8 

2.8 

2.8 

5 

9.35  481 

9.36  624 

0.63  376 

9.98  858 

55 

4 

3.8 

3.7 

3.7 

6 

9.35  536 

55 

9.36  681 

57 

0.63  319 

9.98  855 

3 
3 
3 
3 
3 

o 

54 

5 

4.8 

4.7 

4.6 

7 

9.35  590 

54 

9.36  738 

57 

0.63  262 

9.98  952 

53 

6 

5.7 

5.6 

5.5 

8 

9.35  644 

54 

9.36  795 

57 

0.63  205 

9.98  849 

52 

7 

6.6 

6.5 

6.4 

9 

9.35  698 

54 
54 

9.36  852 

57 
57 

0.63  148 

9.98  846 

51 

8 

7.6 

7.5 

7.3 

10 

9.35  752 

9.36  909 

0.63  091 

9.98  843 

50 

9 

8.6 

8.4 

8.2 

11 

9.35  806 

54 

9.36  966 

57 

0.63  034 

9.98  840 

3 

49 

10 

9.5 

9.3 

9.2 

12 

9.35  860 

54 

9.37  023 

57 

0.62  977 

9.98  837 

3 

48 

20 

19.0 

18.7 

18.3 

13 

9.35  914 

54 

9.37  080 

57 

0.62  920 

9.98  834 

3 

17 

30 

28.5 

28.0 

27.5 

14 

9.35  968 

54 
54 

9.37  137 

57 
56 

0.62  863 

9.98  831 

3 
3 

46 

40 

38.0 

37.3 

36.7 

15 

9.36  022 

9.37  193 

0.62  807 

9.98  828 

45 

50 

47.5 

46.7 

45.8 

16 

9.36  075 

53 

9.37  250 

57 

0.62  750 

9.98  825 

3 

44 

54 

53 

52 

17 

9.36  129 

54 

9.37  306 

56 

0.62  694 

9.98  822 

3 

43 

1 

0.9 

0.9 

0.9 

18 

9.36  182 

53 

9.37  363 

57 

0.62  637 

9.98  819 

3 

42 

2 

1.8 

1.8 

1.7 

19 

9.36  236 

54 
53 

9.37  419« 

56 
57 

0.62  581 

9.98  816 

3 
3 

41 
40 

3 

4 

2.7 
3.6 

2.6 
3.5 

2.6 

30 

9.36  289 

9.37  476 

0.62  524 

9.98  813 

3.5 

21 

9.36  342 

53 

9.37  532 

56 

0.62  468 

9.98  810 

3 

jg 

5 

4.5 

4.4 

4.3 

22 

9.36  395 

53 

9.37  588 

56 

0.62  412 

9.98  807 

3 

J8 

6 

5.4 

5.3 

5.2 

23 

9.36  449 

54 

9.37  644 

56 

0.62  356 

9.98  804 

3 

-17 

7 

6.3 

6.2 

6.1 

24 

9.36  502 

53 
53 

9.37  700 

56 
56 

0.62  300 

9.98  801 

3 
3 

3 

$6 
$5 

8 
9 

7.2 
8.1 

7.1 
8.0 

6.9 

25 

9.36  555 

9.37  756 

0.62  244 

9.98  798 

7.8 

26 

9.36  608 

53 

9.37  812 

56 

0.62  188 

9.98  795 

54 

10 

9.0 

8.8 

8.7 

27 

9.36  660 

52 
53 
53 
53 

9.37  868 

56 

0.62  132 

9.98  792 

3 
3 
3 
3 

•]:•; 

20 

18.0 

17.7 

17.3 

28 

9.36  713 

9.37  924 

56 

0.62  076 

9.98  789 

32 

30 

27.0 

26.5 

26.0 

29 

9.36  766 

9.37  980 

56 
55 

0.62  020 

9.98  786 

31 

40 

36.0 

35.3 

34.7 

30 

9.36  819 

9.38  035 

0.61  965 

9.98  783 

30 

50 

45.0 

44.2 

43.3 

31 

9.36  871 

52 

9.38  091 

56 

0.61  909 

9.98  780 

3 
3 

29 

"    51 

4   3 

2 

32 

9.36  924 

53 

9.38  147 

56 

0.61  853 

9.98  777 

28 

1 

0.8 

0.1  0.0 

0.0 

33 

9.36  976 

52 

9.38  202 

55 

0.61  798 

9.98  774 

3 

27 

2 

1.7 

0.1  0.1 

0.1 

34 

9.37  028 

52 
53 

9.38  257 

55 
56 

0.61  743 

9.98  771 

3 
3 

26 

3 

2.6 

0.2  0.2 

0.1 

35 

9.37  081 

9.38  313 

0.61  687 

9.98  768 

25 

4 

3.4 

0.3  0.2 

0.1 

36 

9.37  133 

52 

9.38  368 

55 

0.61  632 

9.98  765 

3 

24 

5 

4.2 

0.3  0.2 

0.2 

37 

9.37  185 

52 

9.38  423 

55 

0.61  577 

9.98  762 

3 

23 

6 

5.1 

0.4  0.3 

0.2 

38 

9.37  237 

52 

9.38  479 

56 

0.61  521 

9.98  759 

3 
3 
3 

22 

7 

6.0 

0.5  0.4 

0.2 

39 

9.37  289 

52 
52 

9.38  534 

55 
55 

0.61  466 

9.98  756 

21 

8 
9 

6.8 
7.6 

0.5  0.4 
0.6  0.4 

0.3 

40 

9.37  341 

9.38  589 

0.61  411 

9.98  753 

0.3 

41 

9.37  393 

52 

9.38  644 

55 

0.61  356 

9.98  750 

3 

19 

10 

8.5 

0.7  0.5 

0.3 

42 

9.37  445 

52 

9.38  699 

55 

0.61  301 

9.98  746 

4 

18 

20 

17.0 

1.3  1.0 

0.7 

43 

9.37  497 

52 

9.38  754 

55 

0.61  246 

9.98  743 

3 

17 

30 

25.5 

2.0  1.5 

1.0 

44 

9.37  549 

52 
51 
52 

9.38  808 
9.38  863 

54 
55 
55 

0.61  192 

9.98  740 

3 
3 
3 

16 
15 

40 
50 

34.0 
42.5 

2.7  2.0 
3.3  2.5 

1.3 

45 

9.37  600 

0.61  137 

9.98  737 

1.7 

46 

9.37  652 

9.38  918 

0.61  082 

9.98  734 

14 

47 

9.37  703 

51 

9.38  972 

54 

0.61  028 

9.98  731 

3 

13 

4 

4   3 

3 

48 

9.37  755 

52 

9.39  027 

55 

0.60  973 

9.98  728 

3 

12 

55  54  58 

57 

49 

9.37  806 

51 
52 

9.39  082 

55 
54 

54 

0.60  918 

9.98  725 

3 
3 

11 

0 

6  9  6  8  9  7 

Q  R 

50 

9.37  858 

9.39  136 

0.60  864 

9.98  722 

10 

1 

20.6  20.2  29.0  28.5 

51 

9.37  909 

51 

9.39  190 

0.60  810 

9.98  719 

3 
4 

9 

2 

34.4  33.8  48.3  47.5 

52 

9.37  960 

51 

9.39  245 

55 

0.60  755 

9.98  715 

8 

3 

48.1  47-2  — 



53 

9.38  011 

51 

9.39  299 

54 

0.60  701 

9.98  712 

3 

7 

4l 

54 

9.38  062 

51 
51 

9.39  353 

54 
54 

0.60  647 

9.98  709 

3 
3 

6 

3 

3 

3 

55 

9.38  113 

9.39  407 

0.60  593 

9.98  706 

5 

rm 

55 

54 

56 

9.38  164 

51 

9.39  461 

o4 

0.60  539 

9.98  703 

3 

4 

0 
1 
2 
3 

57 

9.38  215 

51 

9.39  515 

54 

0.60  485 

9.98  700 

3 

3 

9.3 

9.2 

9.0 

58 

9.38  266 

bl 

9.39  569 

54 

0.60  431 

9.98  697 

3 

2 

28.0 

27.5  27.0 

59 

9.38  317 

51 
51 

9.39  623 

54 
54 

0.60  377 

9.98  694 

3 
4 

cL 

1 

46.7 

45.8  45.0 

€0 

9.38  368 

9.39  677 

0.60  323 

9.98  690 

J) 

/ 

L.  Cos. 

d. 

L.  Cot. 

L.  Tan. 

L.  Sin. 

P. 

103°  (283°) 


(256°)  76c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


14°  (194°) 


(345°)  165c 


0 

1 
2 
3 

5 

6 

7 

8 

_9 

10 

11 

12 

13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

50 

51 
52 
53 

54 

55 
56 
57 
58 
59 


60 


L.  Sin. 


,38  368 
.38  418 
38  469 
38  519 
38  570 


38  620 
38  670 
38  721 
38  771 
38  821 


38  871 
38  921 

38  971 

39  021 
39  071 


39  121 
39  170 
39  220 
39  270 
39  319 


39  369 
39  418 
39  467 
39  517 
39  566 


39  615 
39  664 
39  713 
39  762 
39  811 


39  860 
39  909 

39  958 

40  006 
40  055 


40  103 
40  152 
40  200 
40  249 
40  297 


40  346 
40  394 
40  442 
40  490 
,40  538 


40  586 
40  634 
40  682 
40  730 
40  778 


40  825 
40  873 
40  921 

40  968 

41  016 


41063 
41  111 
41  158 
41  205 
41  252 


9.41  300 


L.  Cos. 


50 
51 
50 
51 

50 

50 
51 
50 

50 
50 
50 
50 
50 
50 
50 
49 
50 
50 
49 
50 

49 
49 
50 
49 
49 
49 
49 
49 
49 
49 

49 
49 
48 
49 
48 
49 
48 
49 
48 
49 
48 
48 
48 
48 
48 

48 
48 
48 
48 
47 
48 
48 
47 
48 
47 

48 
47 
47 
47 
48 

d" 


L.  Tan. 


9.39  677 
9.39  731 
9.39  785 
9.39  838 
9.39  892 


9.39  945 

9.39  999 

9.40  052 
9.40  106 
9.40  159 


9.40  212 
9.40  266 
9.40  319 
9.40  372 
9.40  425 


9.40  478 
9.40  531 
9.40  584 
9.40  636 
9.40  689 


9.40  742 
9.40  795 
9.40  847 
9.40  900 
9.40  952 


9.41  005 
9.41  057 
9.41  109 
9.41  161 
9.41  214 


9.41  286 
9.41  318 
9.41  370 
9.41  422 
9.41  474 


9.41  526 
9.41  578 
9.41  629 
9.41  681 
9.41  733 


9.41  784 
9.41  836 
9.41  887 
9.41  939 
9.41  990 


9.42  041 
9.42  093 
9.42  144 
9.42  195 
9.42  246 


9.42  297 
9.42  348 
9.42  399 
9.42  450 
9.42  501 


9.42  552 
9.42  603 
9.42  653 
9.42  704 
9.42  755 


9.42  805 


L.  Cot. 


54 
54 
53 
54 
53 
54 
53 
54 
53 
53 

54 
53 
53 
53 
53 

53 
53 
52 
53 
53 

53 
52 
53 
52 
53 
52 
52 
52 
53 
52 

52 
52 
52 
52 
52 

52 
51 
52 
52 
51 
52 
51 
52 
51 
51 
52 
51 
51 
51 
51 
51 
51 
51 
51 
51 

51 

50 
51 
51 
50 

c.d. 


L.  Cot. 


0.60  323 
0.60  269 
0.60  215 
0.60  162 
0.60  108 


L.  Cos. 


0.60  055 
0.60  001 
0.59  948 
0.59  894 
0.59  841 


0.59  788 
0.59  734 
0.59  681 
0.59  628 
0.59  575 


0.59  522 
0.59  469 
0.59  416 
0.59  364 
0.59  311 


0.59  258 
0.59  205 
0.59  153 
0.59  100 
0.59  048 


0.58  995 
0.58  943 
0.58  891 
0.58  839 
0.58  786 


0.58  734 
0.58  682 
0.58  630 
0.58  578 
0.58  526 


0.58  474 
0.58  422 
0.58  371 
0.58  319 
0.58  267 
0.58  216 
0.58  164 
0.58  113 
0.58  061 
0.58  010 


0.57  959 
0.57  907 
0.57  856 
0.57  805 
0.57  754 


0.57  703 
0.57  652 
0.57  601 
0.57  550 
0.57  499 


0.57  448 
0.57  397 
0.57  347 
0.57  296 
0.57  245 


0.57  195 


L.  Tan. 


9.98  690 
9.98  687 
9.98  684 
9.98  681 
9.98  678 


9.98  675 
9.98  671 
9.98  668 
9.98  685 
9.98  662 

9.98  659 
9.98  656 
9.98  652 
9.98  649 
9.98  646 


9.98  643 
9.98  640 
9.98  636 
9.98  633 
9.98  630 


9.98  627 
9.98  623 
9.98  620 
9.98  617 
9.98  614 


9.98  610 
9.98  607 
9.98  604 
9.98  601 
9.98  597 


9.98  594 
9.98  591 
9.98  588 
9.98  584 
9.98  581 


9.98  578 
9.98  574 
9.98  571 
9.98  568 
9.98  565 


9.98  561 
9.98  558 
9.98  555 
9.98  551 
9.98  548 


9-98  545 
9.98  541 
9.98  538 
9.98  535 
9.98  531 


9.98  528 
9.98  525 
9.98  521 
9.98  518 
9.98  515 


9.98  511 
9.98  508 
9.98  505 
9.98  501 
9.98  498 


9.98  494 


L.  Sin. 


P.  P. 


31  9 


10 
20 
30 
40 
50 

rr 

1 

2 
3 

4 

5 
6 

7 

8 

9 

10 

20 

30 

10 

50 

// 

1 
2 
3 

4 

5 
6 

7 
8 
9 
10 
20 
30 
40 
50 


54 

0.9 
L8 
2.7 
3.6 

4.5 
5.4 
6.3 
7.2 
8.1 

9.0 
18.0 
27.0 
36.0 
45.0 

51 

0.8 

1.7 

2.6 

3.4 

4.2 

5.1 

6.0 

6.8 

7.6 

8.5 
17.0 
25.5 
34.0 

42.5 

48 

0.8 
1.6 
2.4 
3.2 

4.0 

4.8 

5.6 

6.4 

7.2 

8.0  7.8  0.7  0.5 
16.0  15.7  1.3  1.0 
24.0  23.5  2.0  1.5 
32.0  31.3  2,7  2.0 
40.0  39.2  3.3  2.5 


53 

0.9 
1.8 
2.6 
3.5 
4.4 
5.3 
6.2 
7.1 
8.0 

8.8 
17.7 
26.5 
35.3 

44.2 

50 

0.8 

1.7 

2.5 

3.3 

4.2 

5.0 

5.8 

6.7 

7.5 

8.3 
16.7 
25.0 
33.3 
41.7 
47  4  3 
0.8  0.1  0.0 

1.6  0.1  0.1 

2.4  0.2  0.2 
3.1  0.3  0.2 
3.9  0.3  0.2 

4.7  0.4  0.3 

5.5  0.5  0.4 
6.3  0.5  0.4 
7.0  0.6  0.4 


52 

0.9 
1.7 
2.6 
3.5 

4.3 
5.2 
6.1 
6.9 

7.8 

8.7 

17.3 

26.0 

34.7 

43.3 

49 

0.8 

1.6 

2.4 

3.3 

4.1 

4.9 

5.7 

6.5 

7.4 

8.2 

16.3 

24.5 

32.7 

40.8 


A   A   _4    ± 

54  53  52  51 

6.8  6.6  6.5  6.4 
20.2  19.9  19.5  19.1 
33.8  33.132.5  31.9 
47.2  46.4  45.5  44.6 

JL    JL    jL    JL 

54  53  52  51 

9.0  8.8  8.7  8.5 
27.0  26.5  26.0  25.5 
45.0  44.2  43.3  42.5 


P.  P. 


104°  (284°) 


(255°)  75c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


15°  (195°) 


(344°)  164c 


0 

1 

2 

3 

_4 

5 
6 
7 
8 
_9 

10 

11 

12 
13 

14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 


L.  Sin.   d. 


9.41  300 
9.41  347 
9.41  394 
9.41  441 
9.41  488 


9.41  535 
9.41  582 
9.41  628 
9.41  675 
9.41  722 


9.41  768 
9.41  815 
9.41  861 
9.41  908 
9.41  954 


9.42  001 
9.42  047 
9.42  093 
9.42  140 
9.42  186 


9.42  232 
9.42  278 
9.42  324 
9.42  370 
9.42  416 


9.42  461 
9.42  507 
9.42  553 
9.42  599 
9.42  644 


9.42  690 
9.42  735 
9.42  781 
9.42  826 
9.42  872 


9.42  917 

9.42  962 

9.43  008 
9.43  053 
9.43  098 


9.43  143 
9.43  188 
9.43  233 
9.43  278 
9.43  323 


9.43  367 
9.43  412 
9.43  457 
9.43  502 
9.43  546 


9.43  591 
9.43  635 
9.43  680 
9.43  724 
9.43  769 


9.43  813 
9.43  857 
9.43  901 
9.43  946 
9,43  990 


9.44  034 


L.  Cos. 


47 
47 
47 
47 
47 

47 
46 
47 
47 
46 

47 
46 
47 
46 

47 

46 

40 
47 
46 

46 

46 
46 

40 
40 
4  5 

4G 
40 
46 
45 

40 

45 
46 

45 
40 
45 
45 
46 
45 
45 
45 

45 
45 
45 
45 

44 

45 
45 
45 
44 

45 

44 

45 

44 
45 
44 

44 
44 
45 
44 
44 


L.  Tan.  c.d.  L.  Cot.  L.  Cos.  d 


9.42  805 
9.42  856 
9.42  906 

9.42  957 

9.43  007 


9.43  057 
9.43  108 
9.43  158 
9.43  208 
9.43  258 


9.43  308 
9.43  358 
9.43  408 
9.43  458 
9.43  508 


9.43  558 
9.43  607 
9.43  657 
9.43  707 
9.43  756 


9.43  806 
9.43  855 
9.43  905 

9.43  954 

9.44  004 


9.44  053 
9.44  102 
9.44  151 
9.44  201 
9.44  250 


9.44  299 
9.44  348 
9.44  397 
9.44  446 
9.44  495 


9.44  544 
9.44  592 
9.44  641 
9.44  690 
9.44  738 


9.44  787 
9.44  836 
9.44  884 
9.44  933 

9.44  981 

9.45  029 
9.45  078 
9.45  126 
9.45  174 
9.45  222 

9.45  271 
9.45  319 
9.45  367 
9.45  415 
9.45  463 


9.45  511 
9.45  559 
9.45  606 
9.45  654 
9.45  702 


9.45  750 


51 
50 

51 

50 
50 

51 
50 

50 
50 
50 
50 
50 
50 
50 
50 

49 
50 
50 
49 
50 
49 
50 
49 
50 
49 

49 
49 
50 
49 
49 
49 
49 
49 
49 
49 

48 
49 
49 
48 
49 

49 
48 
49 
43 
48 
49 
48 
48 
48 
49 

48 
48 
48 
48 
48 
48 
47 
48 
48 
48 


0.57  195 
0.57  144 
0.57  094 
0.57  043 
0.56  993 


0.56  943 
0.56  892 
0.56  842 
0.56  792 
0.56  742 


0.56  692 
0.56  642 
0.56  592 
0.56  542 
0.56  492 


0.56  442 
0.56  393 
0.56  343 
0.56  293 
0.56  244 


0.56  194 
0.56  145 
0.56  095 
0.56  046 
0.55  996 


0.55  947 
0.55  898 
0.55  849 
0.55  799 
0.55  750 


0.55  701 
0.55  652 
0.55  603 
0.55  554 
0.55  505 


0.55  456 
0.55  408 
0.55  359 
0.55  310 
0.55  262 


0.55  213 
0.55  164 
0.55  116 
0.55  067 
0.55  019 


0.54 
0.54 
0.54 
0.54 
0.54 


0.54 
0.54 
0.54 
0.54 
0.54 


971 
922 
874 
826 
778 
729 
681 
633 
585 
537 


0.54  489 
0.54  441 
0.54  394 
0.54  346 
0.54  298 


0.54  250 


d.  L.  Cot.  c.d.  L.  Tan.  L.  Sin. 


9.98  494 
9.98  491 
9.98  488 
9.98  484 
9.98  481 


9.98  477 
9.98  474 
9.98  471 
9.98  467 
9.98  464 


9.98  460 
9.98  457 
9.98  453 
9.98  450 
9.98  447 


9.98  443 
9.98  440 
9.98  436 
9.98  433 
9.98  429 


9.98  426 
9.98  422 
9.98  419 
9.98  415 
9.98  412 


9.98  409 
9.98  405 
9.98  402 
9.98  398 
9.98  395 


9.98  391 
9.98  3S8 
9.98  384 
9.98  381 
9.98  377 


9.98  373 
9.98  370 
9.98  366 
9.98  363 
9.98  359 


9.98  356 
9,98  352 
9.98  349 
9.98  345 
9.98  342 


9.98  338 
9.98  334 
9.98  331 
9.98  327 
9.98  324 


9.98  320 
9.98  317 
9.98  313 
9.98  309 
9.98  306 


9.98  302 
9.98  299 
9.98  295 
9.98  291 
9.98  288 


9.98  284 


P.  P. 


51 

0.8 
1.7 
2.6 
3.4 
4.2 
5.1 
6.0 
6.8 
7.6 

8.5 

17.0 

25.5 

34.0 

42.5 

48 

0.8 

1.6 

2.4 

3.2 

4.0 
4.8 
5.6 
6.4 

7.2 

8.0 
16.0 
24.0 
32.0 
40.0 

45 
0.8 
1.5 
2.2 
3.0 
3.8 
4.5 
5.2 
6.0 
6.8 

7.5 


49 

0.8 
1.6 
2.4 
3.3 

4.1 
4.9 
5.7 
6.5 

7.4 

8.2 

16.3 

24.5 

32.7 

40.8 

46 

0.8 

1.5 

2.3 

3.1 

3.8 
4.6 
5.4 

6.1 
6.9 

7.7 
15.3 
23.0 
30.7 
3S.3 
4   3 

0.0 

1.5  0.1  0.1 

2.2  0.2  0.2 
2.9  0.3  0.2 

3.7  0.3  0.2 
4.4  0.4  0.3 
5.1  0.5  0.4 
5.9  0.5  0.4 

6.6  0.6  0.4 

7.3  0.7  0.5 


50 

0.8 
1.7 
2.5 
3.3 
4.2 
5.0 
5.8 
6.7 
7.5 

8.3 
16.7 
25.0 
33.3 
41.7 
47 

0.8 

1.6 

2.4 

3.1 

3.9 

4.7 
5.5 
6.3 
7.0 

7.8 
15.7 
23.5 
31.3 

39.2 

44 

0.7  0.1 


15.0  14.7  1.3  1.0 


22.5 


'.0  1. 


22.0 

30.0  29.3  2.7  2.0 
37.5  36.7  3.3  2.5 


_i  i. 

50  49 

6.2  6.1 


i. 

48 
6.0 


4 

47 
5.9 


18.8  18.4  18.0  17.6 
31.2  30.6  30.0  29.4 
43.8  42.9  42.0  41.1 


51 
8.5 


50 

8.3 


49 

8.2 


48 
8.0 


25.5  25.0  24.5  24.0 
42.5  41.7  40.8  40.0 


P.  P 


105°  (285°) 


59 


(254°)  74c 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

16°  (196°)  (343°)  163° 


' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

60 

P.P. 

0 

9.44  034 

9.45  750 

0.54  250 

9.98  284 

"   48 

1  0.8 

2  1.6 

3  2.4 
1   3  2 

47 

0.8 
1.6 
2.4 
3.1 

3.9 
4.7 
5.5 
6.3 

7  0 

46 

0.8 
1.4 
2.3 
3.1 

3.8 
4.6 
5.4 

1 

9.44  078 

44 

9.45  797 

47 

0.54  203 

9.98  281 

3 

59 

2 

9.44  122 

44 

9.45  845 

48 

0.54  155 

9.98  277 

4 

58 

3 

9.44  166 

44 

9.45  892 

47 

0.54  108 

9.98  273 

4 

57 

4 

9.44  210 

44 
43 

9.45  940 

48 
47 

0.54  060 

9.98  270 

3 

4 

56 

5 

9.44  253 

9.45  987 

0.54  013 

9.98  266 

,">d 

5   4.0 
5   4.8 
7      5.6 

S   6.4 
9   7  2 

6 

9.44  297 

44 
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0.43  268 

9.97  224 

5 

44 

1 

0.6 

0.6 

0.6 

17 

9.53  991 

34 

9.56  771 

39 
39 
39 
38 

39 
39 

0.43  229 

9.97  220 

4 

43 

2 

1.2 

1.2 

1.1 

18 

9.54  025 

34 

9.56  810 

0.43  190 

9.97  215 

b 

42 

3 

1.8 

1.8 

1.7 

19 

9.54  059 

34 
34 

9.56  849 

0.43  151 

9.97  210 

5 
4 

41 

4 

2.5 

2.3 

2.a 

20 

9.54  093 

9.56  887 

0.43  113 

9.97  206 

40 

5 

3.1 

2.9 

2.8 

21 

9.54  127 

34 

9.56  926 

0.43  074 

9.97  201 

5 

39 

6 

3.7 

3.5 

34 

22 

9.54  161 

34 

9.56  965 

0.43  035 

9.97  196 

5 

38 

7 

4.3 

4.1 

4,0 

23 

9.54  195 

34 

9.57  004 

39 

0.42  996 

9.97  192 

4 

37 

8 

4.9 

4.7 

4.* 

24 

9.54  229 

34 
34 

9.57  042 

38 
39 

39 

0.42  958 

9.97  187 

5 
5 

36 

9 

5.6 

5.2 

5.1 

25 

9.54  263 

9.57  081 

0.42  919 

9.97  182 

35 

10 

6.2 

5.8 

5.7 

26 

9.54  297 

34 

9.57  120 

0.42  880 

9.97  178 

4 

34 

20 

12.3 

11.7 

11.3 

27 

9.54  331 

34 

9.57  158 

38 

0.42  842 

9.97  173 

5 

33 

30 

18.5 

17.5 

17.0 

28 

9.54  365 

34 

9.57  197 

39 
38 
39 

0.42  803 

9.97  168 

5 

32 

40 

24.7 

23.3 

22.7 

29 

9.54  399 

34 
34 

9.57  235 

0.42  765 

9.97  163 

5 
4 

31 
30 

50 

u 

30.8 
33 

29.2 
5 

28.3 

30 

9.54  433 

9.57  274 

0.42  726 

9.97  159 

4 

31 

9.54  466 

33 

9.57  312 

38 

0.42  688 

9.97  154 

5 

29 

1 

0.6 

0.1 

0.1 

32 

9.54  500 

34 

9.57  351 

39 
38 
39 

38 

0.42  649 

9.97  149 

5 

28 

2 

1.1 

0.2 

0.1 

33 

9.54  534 

34 

9.57  389 

0.42  611 

9.97  145 

4 

27 

3 

1.6 

0.2 

0.2 

34 

9.54  567 

33 
34 

9.57  428 

0.42  572 

9.97  140 

5 
5 

26 

4 

2.2 

0.3 

0.3 

35 

9.54  601 

9.57  466 

0.42  534 

9.97  135 

25 

5 

2.8 

0.4 

0.3 

36 

9.54  635 

34 

9.57  504 

38 

0.42  496 

9.97  130 

5 

24 

6 

3.3 

0.5 

0.4 

37 

9.54  668 

33 

9.57  543 

39 

0.42  457 

9.97  126 

4 

23 

7 

3.8 

0.6 

0.& 

38 

9.54  702 

34 

9.57  581 

38 

0.42  419 

9.97  121 

5 

22 

8 

4.4 

0.7 

0.6 

39 

9.54  735 

33 
34 

9.57  619 

38 
39 

0.42  381 

9.97  116 

5 
5 

21 
20 

9 
10 

5.0 
5.5 

0.8 
0.8 

0.6 

10 

9.54  769 

9.57  658 

0.42  342 

9.97  111 

0.7 

41 

9.54  802 

33 

9.57  696 

38 

0.42  304 

9.97  107 

4 

19 

20 

11.0 

1.7 

1.3 

42 

9.54  836 

34 

9.57  734 

38 

0.42  266 

9.97  102 

5 

18 

30 

16.5 

2.5 

2.0 

43 

9.54  869 

33 

9.57  772 

38 

0.42  228 

9.97  097 

5 

17 

40 

22.0 

3.3 

2.7 

44 

9.54  903 

34 
33 

9.57  810 

38 
39 

0.42  190 

9.97  092 

5 
5 

4 

16 

50 

27.5 

4.2 

s.a 

45 

9.54  936 

9.57  849 

0.42  151 

9.97  087 

15 

5 

5 

£ 

46 

9.54  969 

33 

9.57  887 

38 

0.42  113 

9.97  083 

14 

47 

9.55  003 

34 

9.57  925 

38 

0.42  075 

9.97  078 

5 

13 

40 

39 

38 

48 

9.55  036 

33 

9.57  963 

38 

0.42  037 

9.97  073 

5 

12 

0 

4.0 

3.9 

3.8 

49 

9.55  069 

33 
33 

9.58  001 

38 
38 

0.41  999 

9.97  068 

5 
5 

11 
10 

1 
2 

3 

12.0 
20.0 

11.7 
19.5 

11.4 

50 

9.55  102 

9.58  039 

0.41  961 

9.97  063 

19.0 

51 

9.55  136 

34 

9.58  077 

38 

0.41  923 

9.97  059 

4 

9 

4 

28.0 

27.3 

26.6 

52 

9.55  169 

33 

9.58  115 

38 

0.41  885 

9.97  054 

5 

8 

5 

36.0 

35.1 

34.2 

53 

9.55  202 

33 

9.58  153 

38 

0.41  847 

9.97  049 

5 

7 

5 

4 

4 

54 

9.55  235 

33 
33 

9.58  191 

38 
38 

0.41  809 

9.97  044 

5 
5 

6 

37 

39 

33 

55 

9.55  268 

9.58  229 

0.41  771 

9.97  039 

5 

o 

56 

9.55  301 

33 

9.58  267 

38 

0.41  733 

9.97  035 

4 

4 

1 

3.7 

4.9 

4.8 

57 

9.55  334 

33 

9.58  304 

37 

0.41  696 

9.97  030 

5 

3 

2 

11.1 

14.6 

14.2 

58 

9.55  367 

33 

9.58  342 

38 

0.41  658 

9.97  025 

5 

2 

3 

18.5 

24.4 

23.8 

59 

9.55  400 

33 
33 

9.58  380 

38 

0.41  620 

9.97  020 

5 
5 

1 

4 

25.9 
33.3 

34.1 

33.2 

60 

9.55  433 

9.58  418  M* 

0.41  582 

9.97  015 

0 

5 

i 

L.  Cos. 

d.  L.  Cot.  led. 

L.  Tan. 

L.  Sin. 

d. 

r 

P.P. 

110°  (290°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


21° 

(201°) 

(338°)  158c 

' 

L.  Sin. 

d. 

L.  Tan. 

c^d. 

L.  Cot. 

L.  Cos. 

d. 

V 

«0 

P 

.  P. 

0 

9.55  433 

9.58  418 

0.41  582 

9.97  015 

n 

38 

37 

36 

1 

9.55  466 

33 

9.58  455 

37 

0.41  545 

9.97  010 

5 

59 

1 

0.6 

0.6 

0.6 

9 

9.55  499 

33 

9.58  493 

38 

0.41  507 

9.97  005 

5 

58 

2 

1.3 

1.2 

1.2 

3 

9.55  532 

33 

9.58  531 

38 

0.41  469 

9.97  001 

4 

57 

3 

1.9 

1.8 

1.8 

4 

9.55  564 

32 
33 

9.58  569 

38 
37 

0.41  431 

9.96  996 

5 
5 

56 

4 

2.5 

2.5 

2.4 

5 

9.55  597 

9.58  606 

0.41  394 

9.96  991 

55 

5 

3.2 

3.1 

3.0 

6 

9.55  630 

33 

9.58  644 

38 

0.41  356 

9.96  986 

5 

54 

6 

3.8 

3.7 

3.6 

7 

9.55  663 

33 

9.58  681 

37 

0.41  319 

9.96  981 

5 

53 

7 

4.4 

4.3 

4.2 

8 

9.55  695 

32 

9.58  719 

38 

0.41  281 

9.96  976 

5 

52 

8 

5.1 

4.9 

4.8 

9 

9.55  728 

33 
33 

9.58  757 

38 
37 

0.41  243 

9.96  971 

5 
5 

51 

9 

5.7 

5.6 

5.4 

10 

9.55  761 

9.58  794 

0.41  206 

9.96  966 

50 

10 

6.3 

6.2 

6.0 

11 

9.55  793 

32 

9.58  832 

38 

0.41  168 

9.96  962 

4 

4!) 

20 

12.7 

12.3 

12.0 

12 

9.55  826 

33 

9.58  869 

37 

0.41  131 

9.96  957 

5 

48 

30 

19.0 

18.5 

18.0 

13 

9.55  858 

32 

9.58  907 

38 

0.41  093 

9.96  952 

5 

47 

50 

25.3 

24.7 

24.0 

14 

9.55  891 

33 
32 

9.58  944 

37 
37 

0.41  056 

9.96  947 

5 
5 

46 

50 

31.7 

30.8 

30.0 

15 

9.55  923 

9.58  981 

0.41  019 

9.96  942 

45 

33 

32 

31 

16 

9.55  956 

33 

9.59  019 

38 

0.40  981 

9.96  937 

5 

44 

l 

0.6 

0.5 

0.5 

17 

9.55  988 

32 

9.59  056 

3  V 

0.40  944 

9.96  932 

5 

43 

1.1 

1.1 

1.0 

18 

9.56  021 

33 

9.59  094 

38 

0.40  906 

9.96  927 

0 

42 

3 

1.6 

1.6 

1.6 

19 

9.56  053 

32 
32 

9.59  131 

37 
37 

0.40  869 

9.96  922 

o 
5 

41 
40 

4 
5 

2.2 
2.8 

2.1 
2.7 

2.1 

20 

9.56  085 

9.59  168 

0.40  832 

9.96  917 

2.6 

21 

9.56  118 

33 

9.59  205 

37 

0.40  795 

9.96  912 

b 

39 

6 

3.3 

3.2 

3.1 

22 

9.56  150 

32 

9.59  243 

38 

0.40  757 

9.96  907 

5 

38 

7 

3.8 

3.7 

3.6 

23 

9.56  182 

32 

9.59  280 

37 

0.40  720 

9.96  903 

4 

37 

8 

4.4 

4.3 

4.1 

24 

9.56  215 

33 
32 

9.59  317 

37 
37 

0.49  683 

9.96  898 

5 
5 

36 

9 

5.0 

4.8 

4.6 

25 

9.56  247 

9.59  354 

0.40  646 

9.96  893 

35 

10 

5.5 

5.3 

5.2 

26 

9.56  279 

32 

9.59  391 

61 

0.40  609 

9.96  888 

5 

34 

20 

11.0 

10.7 

10.3 

27 

9.56  311 

32 

9.59  429 

38 

0.40  571 

9.96  883 

b 

33 

30 

16.5 

16.0 

15.5 

28 

9.56  343 

32 

9.59  466 

3; 

0.40  534 

9.96  878 

5 

32 

41) 

22.0 

21.3 

20.7 

29 

9.56  375 

32 
33 

9.59  503 

37 

37 

0.40  497 

9  96  873 

b 
5 

31 

nO 

27.5 

6 

0  1 

26.7 
5 

0.1 
0  2 

25.8 
4 

0.1 
0.1 

0  2 

30 

9.56  408 

9.59  540 

0.40  460 

9.96  868 

30 

1 

31 

9.56  440 

32 

9.59  577 

37 

0.40  423 

9.96  863 

5 

29 

2 

0  2 

32 

9.56  472 

32 
32 
32 
32 

31 

9.59  614 

37 
37 
37 
37 

0.40  386 

9.96  858 

5 

28 

g 

0  3 

0  2 

33 

9.56  504 

9.59  651 

0.40  349 

9.96  853 

5 

27 

1 

0  4 

0  3 

0  3 

34 

9.56  536 

9.59  688 

0.40  312 

9.96  848 

5 
5 

26 

5 

6 

0.5 

0  6 

0.4 

0  5 

0.3 
0  4 

35 

9.56  568 

9.59  725 

0.40  275 

9.96  843 

25 

36 

9.56  599 

9.59  762 

37 

0.40  238 

9.96  838 

5 

24 

7 

0  7 

0  6 

0.5 
0.5 
0  6 

37 

9  56  631 

32 

9.59  799 

37 

0.40  201 

9.96  833 

5 

23 

g 

0  8 

0  7 

38 

9.56  663 

32 
32 
32 

32 

9.59  835 

36 
37 
37 

0.40  165 

9.96  828 

5 

22 

9 

0  9 

0  8 

39 

9.56  695 

9.59  872 

0.40  128 

9.96  823 

5 

21 

10 
20 

1.0 
2  0 

0.8 
1.7 
2.5 
3  3 

0.7 
1.3 
2.0 

2  7 

40 

9.56  727 

9.59  909 

0.40  091 

9.96  818 

ZO 

41 

9.56  759 

9.59  946 

37 

0.40  054 

9.96  813 

5 

19 

30 

3  0 

42 

9.56  790 

31 
32 
32 

9.59  983 

37 
36 
37 

0.40  017 

9.96  808 

5 

18 

10 

4  0 

43 

9.56  822 

9.60  019 

0.39  981 

9.96  803 

5 

17 

"0 

5  0 

4  2 

3  3 

44 

9.56  854 

9.60  056 

0.39  944 

9.96  798 

5 

16 

45 

9.56  886 

32 

9.60  093 

37 

0.39  907 

9.96  793 

5 

15 

6 

5 

5 

46 

9.56  917 

31 

9.60  130 

37 

0.39  870 

9.96  788 

b 

14 

37 

38 

37 

47 

9.56  949 

32 

9.60  166 

36 

0.39  834 

9.96  783 

b 

13 

0 

3.1 

3.8 

3.7 

48 

9.56  980 

31 

9.60  203 

37 

0.39  797 

9.96  778 

b 

12 

i 

9.2 

11.4 

11.1 

49 

9.57  012 
9.57  044 

32 
32 

9.60  240 

37 
36 

0.39  760 

9.96  772 

6 
b 

11 
10 

1 

3 

1 

15.4 
21.6 

19.0 
26.6 

18.5 

50 

9.60  276 

0.39  724 

9.96  767 

25.9 

51 

9.57  075 

31 

9.60  313 

37 

0.39  687 

9.96  762 

b 

9 

5 

6 

27.8 

34.2 

33.3 

52 

9.57  107 

32 

9.60  349 

36 

0.39  651 

9.96  757 

b 

8 

33.9 

— 

— 

53 

9.57  138 

31 

9.60  386 

37 

0.39  614 

9.96  752 

b 

7 

5 

36 

4 
38 

4 
37 

54 

9.57  169 

31 
32 

9.60  422 

36 
37 

0.39  578 

9.96  747 

b 
5 

6 

55 

9.57  201 

9.60  459 

0.39  541 

9.96  742 

5 

0 
1 
3 
3 
4 

56 

9.57  232 

31 

9.60  495 

36 

0.39  505 

9.96  737 

b 

4 

3.6 

4.8 

4.6 

57 

9.57  264 

32 

9.60  532 

3; 

0.39  468 

9.96  732 

b 

3 

10.8 

14.2 

13.9 

58 

9.57  295 

31 

9.60  568 

36 

0.39  432 

9.96  727 

b 

2 

18.0 

23.8 

23.1 

59 

9.57  326 

31 
32 

9.60  605 

37 
36 

cT. 

0.39  395 

9.96  722 

5 
5 

d" 

1 

25.2 

33.2 

32.4 

60 

9.57  358 

9.60  641 

0.39  359 

9.96  717 

4 

5 

32.4 

/ 

L.  Cos. 

L.  Cot. 

L.  Tan. 

L.  Sin. 

P 

.P. 

111°  (291°) 


(248°)  68c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


2T 

(202)° 

(337 

°)  : 

157 

o 

' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

1 

00 

p.  p. 

0 

9.57  358 

9.60  641 

0.39  359 

9.96  717 

37   36 

35 

1 

9.57  389 

31 

9.60  677 

36 

0.39  323 

9.96  711 

G 

59 

1 

0.6   0.6 

0.6 

2 

9.57  420 

31 

9.60  714 

37 

0.39  286 

9.96  706 

5 

58 

2 

1.2   1.2 

1.2 

3 

9.57  451 

31 

9.60  750 

36 

0.39  250 

9.96  701 

5 

57 

3 

1.8   1.8 

1.8 

4 

9.57  482 

31 
32 

9.60  786 

36 
37 

0.39  214 

9.96  696 

5 

5 

56 

4 

2.5   2.4 

2.3 

5 

9.57  514 

9.60  823 

0.39  177 

9.96  691 

55 

5 

3.1   3.0 

2.9 

6 

9.57  545 

31 

9.60  859 

36 

0.39  141 

9.97  686 

5 

54 

6 

3.7   3.6 

3.5 

7 

9.57  576 

31 

9.60  895 

36 

0.39  105 

9.96  681 

5 

53 

7 

4.3   4.2 

4.1 

8 

9.57  607 

31 

9.60  931 

36 

0.39  069 

9.96  676 

5 

52 

8 

4.9   4.8 

4.7 

9 

9.57  638 

31 
31 

9.60  967 

36 
37 

0.39  033 

9.96  670 

6 

5 

51 

9 

5.6   5.4 

5.2 

10 

9.57  669 

9.61  004 

0.38  996 

9.96  665 

50 

10 

6.2   6.0 

5.8 

11 

9.57  700 

31 

9.61  040 

36 

0.38  960 

9.96  660 

5 

49 

20 

12.3  12.0 

11.7 

12 

9.57  731 

31 

9.61  076 

36 

0.38  924 

9.96  655 

5 

IS 

30 

18.5  18.0 

17.5 

13 

9.57  762 

31 

9.61  112 

36 

0.38  888 

9.96  650 

5 

47 

40 

24.7  24.0 

23.3 

14 

9.57  793 

31 
31 

9.61  148 

36 
36 

0.38  852 

9.96  645 

5 
5 

46 

50 

30.8  30.0 

29.2 

15 

9.57  824 

9.61  184 

0.38  816 

9.96  640 

45 

"    S'Z          31 

30 

16 

9.57  855 

31 

9.61  220 

36 

0.38  780 

9.96  634 

6 

14 

1 

U.5    U.5 

0.5 

17 

9.57  885 

30 

9.61  256 

36 

0.38  744 

9.96  629 

5 

43 

2 

1.1   1.0 

1.0 

18 

9.57  916 

31 

9.61  292 

36 

0.38  708 

9.96  624 

5 

12 

3 

1.6   1.6 

1.5 

19 

9.57  947 

31 
31 

9.61  328 

36 
36 

0.38  672 

9.96  619 

5 
5 

41 

1 

2.1   2.1 

2.0 

?0 

9.57  978 

9.61  364 

0.38  636 

9.96  614 

40 

5 

2.7   2.6 

2.5 

21 

9.58  008 

30 

9.61  400 

36 

0.38  600 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued} 

23°  (203°)  (336°)  156° 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


24° 

(204°) 
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9.65  937 

33 

0.34  063 

9.95  891 

G 

28 

"   6    5 

33 

9.61  856 

28 

9.65  971 

34 

0.34  029 

9.95  885 

G 

27 

1 

0.1  0.1 

34 

9.61  883 

27 

28 

9.66  004 

33 
34 

0.33  996 

9.95  879 

G 
6 

2G 
25 

2 
3 

0.2  0.2 

35 

9.61  911 

9.66  038 

0.33  962 

9.95  873 

0.3  0.2 

36 

9.61  939 

28 

9.66  071 

33 

0.33  929 

9.95  868 

5 

24 

4 

*  0.4  0.3 

37 

9.61  966 

27 

9.66  104 

33 

0.33  896 

9.95  862 

G 

23 

5 

0.5  0.4 

38 

9.61  994 

28 

9.66  138 

34 

0.33  862 

9.95  856 

G 

22 

6 

0.6  0.5 

39 

9.62  021 

27 
28 

9.66  171 

33 
33 

0.33  829 

9.95  850 

G 
6 

21 
20 

7 
8 

0.7  0.6 

40 

9.62  049 

9.66  204 

0.33  796 

9.95  844 

0.8  0.7 

41 

9.62  076 

27 

9.66  238 

34 

0.33  762 

9.95  839 

5 

19 

9 

0.9  0.8 

42 

9.62  104 

28 

9.66  271 

33 

0.33  729 

9.95  833 

G 

18 

10 

1.0  0.8 

43 

9.62  131 

27 

9.66  304 

33 

0.33  696 

9.95  827 

G 

17 

20 

2.0   1.7 

44 

9.62  159 

28 

27 

9.66  337 

33 
34 

0.33  663 

9.95  821 

b 
6 

1G 
15 

30 

40 

3.0   2.5 

45 

9.62  186 

9.66  371 

0.33  629 

9.95  815 

4.0  3.3 

46 

9.62  214 

28 

9.66  404 

33 

0.33  596 

9.95  810 

o 

14 

50 

5.0  4.2 

47 

9.62  241 

27 

9.66  437 

33 

0.33  563 

9.95  804 

G 

13 

48 

9.62  268 
9.62  296 

27 

28 

27 

9.66  470 
9.66  503 

6^ 
33 
34 

0.33  530 
0.33  497 

9.95  798 
9.95  792 

G 
6 
6 

12 
11 

49 

50 

9.62  323 

9.66  537 

0.33  463 

9.95  786 

10 

6    6    5 
34    33   34 

51 

9.62  350 

27 

9.66  570 

33 

0.33  430 

9.95  780 

b 

9 

52 

9.62  377 

27 

9.66  603 

33 

0.33  397 

9.95  775 

o 

8 

53 

9.62  405 

28 

9.66  636 

33 

0.33  364 

9.95  769 

G 

7 

0 

2.8   2.8   3.4 

54 

9.62  432 

27 
27 

9.66  669 

33 
33 

0.33  331 

9.95  763 

6 

b 

G 

5 

1 
2 
3 

8.5   8.2  10.2 

55 

9.62  459 

9.66  702 

0.33  298 

9.95  757 

14.2  13.8  17.0 

56 

9.62  486 

27 

9.66  735 

6^ 

0.33  265 

9.95  751 

G 

4 

1 

19.8  19.2  23.8 

57 

9.62  513 

2  V 

9.66  678 

33 

0.33  232 

9.95  745 

b 

3 

5 

25.5  24.8  30.6 

58 

9.62  541 

28 

9.66  801 

SS 

0.33  199 

9.95  739 

b 

2 

6 

31.2  30.2    — 

59 

9.62  568 

27 
27 

9.66  834 

33 
33 

c.d. 

0.33  166 

9.95  733 

6 

5 

1 

60 

9.62  595 

9.66  867 

0.33  133 

9.95  728 

° 

' 

L.  Cos. 

d. 

L.  Cot, 

L.  Tan. 

L.  Sin. 

d. 

1 

P.  P. 

114°  (294°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

25°  (205°)  (334°)  154° 


' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

60 

P.P. 

0 

9.62  595 

9.66  867 

0.33  133 

9.95  728 

1 

9.62  622 

27 

9.66  900 

33 

0.33  100 

9.95  722 

6 

59 

2 

9.62  649 

27 

9.66  933 

33 

0.33  067 

9.95  716 

6 

58 

"   33   32 

3 

9.62  676 

27 

9.66  966 

33 

0.33  034 

9.95  710 

6 

57 

1 

0.6   0.5 

4 

9.62  703 

27 

27 

9.66  999 

33 
33 

0.33  001 

9.95  704 

6 
6 

56 

2 

1.1   1.1 

5 

9.62  730 

9.67  032 

0.32  96S 

9.95  698 

55 

3 

1.6   1.6 

6 

9.62  757 

27 

9.67  065 

33 

0.32  935 

9.95  692 

6 

54 

4 

2.2   2.1 

7 

9.62  784 

27 

9.67  098 

33 

0.32  902 

9.95  686 

6 

53 

5 

2.8   2.7 

8 

9.62  811 

27 

9.67  131 

33 

0.32  869 

9.95  680 

6 

52 

6 

3.3   3.2 

9 

9.62  838 

27 
27 

9.67  163 

32 
33 

0.32  837 

9.95  674 

6 
6 

51 
50 

7 
8 

3.8   3.7 

10 

9.62  865 

9.67  196 

0.32  804 

9.95  668 

4.4   4.3 

11 

9.62  892 

27 

9.67  229 

33 

0.32  771 

9.95  663 

5 

49 

9 

5.0   4.8 

12 

9.62  918 

26 

9.67  262 

33 

0.32  738 

9.95  657 

6 

48 

10 

5.5   5.3 

13 

9.62  945 

27 

9.67  295 

33 

0.32  705 

9.95  651 

6 

47 

20 

11.0  10.7 

14 

9.62  972 

27 
27 

9.67  327 

32 
33 

0.32  673 

9.95  645 

6 
6 

46 

45 

30 
40 

16.5  16.0 

15 

9.62  999 

9.67  360 

0.32  640 

9.95  639 

22.0  21.3 

16 

9.63  026 

27 

9.67  393 

33 

0.32  607 

9.95  633 

6 

44 

50 

27.5  26.7 

17 

9.63  052 

26 

9.67  426 

33 

0.32  574 

9.95  627 

6 

43 

* 

18 

9.63  079 

27 

9.67  458 

32 

0.32  542 

9.95  621 

6 

42 

1 

0.4   0.4 

19 

9.63  106 

27 
27 

9.67  491 

33 
33 

0.32  509 

9.95  615 

6 
6 

41 
40 

2 
3 

0.9   0.9 

20 

9.63  133 

9.67  524 

0.32  476 

9.95  609 

1.4   1.3 

21 

9.63  159 

26 

9.67  556 

32 

0.32  444 

9.95  603 

6 

39 

4 

1.8   1.7 

22 

9.63  186 

27 

9.67  589 

33 

0.32  411 

9.95  597 

6 

38 

5 

2.2   2.2 

23 

9.63  213 

27 

9.67  622 

33 

0.32  378 

9.95  591 

6 

37 

6 

2.7   2.6 

24 

9.63  239 

26 

27 

9.67  654 

32 
33 

0.32  346 

9.95  585 

6 
6 

36 
35 

7 
8 

3.2   3.0 

25 

9.63  266 

9.67  687 

0.32  313 

9.95  579 

3.6   3.5 

26 

9.63  292 

26 

9.67  719 

32 

0.32  281 

9.95  573 

6 

34 

9 

4.0   3.9 

27 

9  63  319 

27 

9.67  752 

33 

0.32  248 

9.95  567 

6 

33 

10 

4.5   4.3 

28 

9.63  345 

26 

9.67  785 

33 

0.32  215 

9.95  561 

6 

32 

20 

9.0   8.7 

29 

9.63  372 

27 
26 

9.67  817 

32 
33 

0.32  183 

9.95  555 

6 
6 

31 

30 

13.5  13.0 

30 

9.63  398 

9.67  850 

0.32  150 

9.95  549 

30 

40 

18.0  17.3 

31 

9.63  425 

27 

9.67  882 

32 

0.32  118 

9.95  543 

b 

29 

50 

22.5  21.7 

32 

9.63  451 

26 

9.67  915 

33 

0.32  085 

9.95  537 

6 

28 

7    6 

33 

9.63  478 

27 

9.67  947 

32 

0.32  053 

9.95  531 

6 

27 

1 

0.1   0.1   0.) 

34 

9.63  504 

26 
27 

9.67  980 

33 
32 

0.32  020 

9.95  525 

6 
6 

20 
25 

2 
3 

0.2   0.2   0.2 

35 

9.63  531 

9.68  012 

0.31  988 

9.95  519 

0.4   0.3   0.2 

36 

9.63  557 

26 

9.68  044 

32 

0.31  956 

9.95  513 

6 

24 

4 

0.5   0.4   0.3 

37 

9.63  583 

26 

9.68  077 

33 

0.31  923 

9.95  507 

6 

23 

5 

0.6   0.5   0.4 

38 

9.63  610 

27 

9.68  109 

32 

0.31  891 

9.95  500 

7 

22 

6 

0.7   0.6   0.5 

39 

9.63  636 

26 
26 

9.68  142 

33 
32 

0.31  858 

9.95  494 

6 
6 

21 
20 

7 

8 

0.8   0.7   0.6 

40 

9.63  662 

9.68  174 

0.31  826 

9.95  488 

0.9   0.8   0.7 

41 

9.63  689 

27 

9.68  206 

32 

0.31  794 

9.95  482 

6 

19 

9 

1.0   0.9   0.8 

42 

9.63  715 

26 

9.68  239 

33 

0.31  761 

9.95  476 

6 

18 

10 

1.2   1.0   0.8 

43 

9.63  741 

26 

9.68  271 

32 

0.31  729 

9.95  470 

6 

17 

20 

2.3   2.0   1.7 

44 

9.63  767 

26 
27 

9.68  303 

32 
33 

0.31  697 

9.95  464 

6 
6 

16 
15 

30 
40 

3.5   3.0   2.5 

45 

9.63  794 

9.68  336 

0.31  664 

9.95  458 

4.7   4.0   3.3 

46 

9.63  820 

26 

9.68  368 

32 

0.31  632 

9.95  452 

6 

14 

50 

5.8   5.0   4.2 

47 

9.63  846 

26 
26 

9.68  400 

32 
32 

0.31  600 

9.95  446 

6 
6 

13 

48 

9.63  872 

9.68  432 

0.31  568 

9.95  440 

12 

""■"" 

49 

9.63  898 

26 

26 

9.68  465 

33 
32 

0.31  535 

9.95  434 

6 

7 

11 

7    6    5 

50 

9.63  924 

9.68  497 

0.31  503 

9.95  427 

10 

51 

9.63  950 

26 

9.68  529 

32 

0.31  471 

9.95  421 

6 

9 

0 
1 

52 

9.63  976 

26 

9.68  561 

32 

0.31  439 

9.95  415 

6 

8 

2.3   2.7   3.3 

53 

9.64  002 

26 

9.68  593 

32 

0.31  407 

9.95  409 

6 

7 

6.9   8.0   9.9 

54 

9.64  028 

26 
26 

9.68  626 

33 
32 

0.31  374 

9.95  403 

6 
6 

6 
5 

3 
4 

11.4  13.3  16.5 

55 

9.64  054 

9.68  658 

0.31  342 

9.95  397 

16.0  18.7  23.1 

56 

9.64  080 

26 

9.68  690 

32 

0.31  310 

9.95  391 

6 

4 

5 

20.6  24.0  29.7 

57 

9.64  106 

26 

9.68  722 

32 

0.31  278 

9.95  384 

7 

3 

6 

25.1  29.3   — 

58 

9.64  132 

26 

9.68  754 

32 

0.31  246 

9.95  378 

6 

2 

7 

29.7    —   — 

59 

9.64  158 

26 
26 

9.68  786 

32 
32 

0.31  214 

9.95  372 

6 
6 

1 

60 

9.64  184 

9.68  818 

0.31  1S2 

9.95  366 

0 

* 

L.  Cos. 

d.  |  L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

P.P. 

115°  (295°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

26°  (206°)  (333°)  153° 


' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

/ 

P.P. 

0 

9.64  184 

9.68  818 

0.31  182 

9.95  366 

60 

I 

9.64  210 

26 

9.68  850 

32 

0.31  150 

9.95  360 

6 

59 

"        32   31 

2 

9.64  236 

26 

9.68  882 

32 

0.31  118 

9.95  354 

6 

58 

1 

0.5    0.5 

3 

9.64  262 

26 

9.68  914 

32 

0.31  086 

9.95  348 

6 

57 

2 

1.1   1.0 

4 

9.64  288 

26 
25 

9.68  946 

32 
32 

0.31  054 

9.95  341 

7 
6 

06 
55 

3 

4 

1.6   1.6 

5 

9.64  313 

9.68  978 

0.31  022 

9.95  335 

2.1   2.1 

6 

9.64  339 

26 

9.69  010 

32 

0.30  990 

9.95  329 

6 

54 

5 

2.7   2.6 

7 

9.64  365 

26 

9.69  042 

32 

0.30  958 

9.95  323 

6 

53 

6 

3.2   3.1 

8 

9.64  391 

26 

9.69  074 

32 

0.30  926 

9.95  317 

6 

52 

7 

3.7   3  6 

9 

9.64  417 

26 
25 

9.69  106 

32 
32 

0.30  894 

9.95  310 

7 
6 

51 
50 

8 
9 

4.3   4.1 

to 

9.64  442 

9.69  138 

0.30  862 

9.95  304 

4.8   4.6 

11 

9.64  468 

26 

9.69  170 

32 

0.30  830 

9.95  298 

6 

49 

10 

5.3   5.2 

12 

9.64  494 

26 

9.69  202 

32 

0.30  798 

9.95  292 

6 

48 

20 

10.7  10.3 

13 

9.64  519 

25 

9.69  234 

32 

0.30  766 

9.95  286 

6 

47 

30 

16.0  15.5 

14 

9.64  545 

20 
26 

9.69  266 

32 
32 

0.30  734 

9.95  279 

7 
6 

lb 

45 

40 
50 

21.3  20.7 

15 

9.64  571 

9.69  298 

0.30  702 

9.95  273 

26.7  25.8 

16 

9.64  596 

25 

9.69  329 

31 

0.30  671 

9.95  267 

6 

44 

17 

9.64  622 

26 

9.69  361 

32 

0.30  639 

9.95  261 

b 

43 

"   26   25   24 

18 

9.64  647 

25 

9.69  393 

32 

0.30  607 

9.95  254 

7 

42 

1 

0.4   0.4   0.4 

19 

9.64  673 

26 
25 

9.69  425 

32 
32 

0.30  575 

9.95  248 

b 
6 

41 

2 
3 

4 

0.9   0.8   0.8 
1.3   1.2   1.2 
1.7   1.7   1.6 

SO 

9.64  698 

9.69  457 

0.30  543 

9.95  242 

40 

21 

9.64  724 

26 

9.69  488 

31 

0.30  512 

9.95  236 

6 

39 

22 

9.64  749 

25 

9.69  520 

32 

0.30  480 

9.95  229 

7 

38 

b 

2.2   2.1   2.0 

23 

9.64  775 

26 

9.69  552 

32 

0.30  448 

9.95  223 

6 

37 

b 

2.6   2.5   2.4 

24 

9.64  800 

25 
26 

9.69  584 

32 
31 

0.30  416 

9.95  217 

6 
6 

36 

V 
8 
9 

3.0   2.9   2.8 
3.5   3.3   3.2 
3.9   3.8   3.6 

25 

9.64  826 

9.69  615 

0.30  385 

9.95  211 

35 

26 

9.64  851 

25 

9.69  647 

32 

0.30  353 

9.95  204 

7 

34 

27 

9.64  877 

26 

9.69  679 

32 

0.30  321 

9.95  198 

6 

33 

LU 

4.3   4.2   4.0 

28 

9.64  902 

25 

9.69  710 

SI 

0.30  290 

9.95  192 

b 

32 

20 

8.7   8.3   8.0 

29 

9.64  927 

2b 
26 
25 

9.69  742 

32 
32 

31 

0.30  258 

9.95  185 

6 
6 

31 

30 
40 
50 

13.0  12.5  12.0 
17.3  16.7  16.0 
21.7  20.8  20.0 

80 

31 

9.64  953 
9.64  978 

9.69  774 
9.69  805 

0.30  226 
0.30  195 

9.95  179 
9.95  173 

30 

29 

32 

9.65  003 

25 

9.69  837 

32 

0.30  163 

9.95  167 

6 

28 

ft                Tt                      C 

33 

9.65  029 

26 

9.69  868 

31 
32 
32 

0.30  132 

9.95  160 

7 

27 

1 

2 

3 

1      V 

0.1  0.1 
0.2  0  2 

34 

9.65  054 

25 
25 

9.69  900 

0.30  100 

9.95  154 

6 
6 

26 
25 

35 

9.65  079 

9.69  932 

0.30  068 

9.95  148 

0.4  0.3 

36 

9.65  104 

25 

9.69  963 

31 

0.30  037 

9.95  141 

7 

24 

4 

0.5  0.4 

37 

9.65  130 

26 

9.69  995 

32 

0.30  005 

9.95  135 

6 

23 

5 
C 
7 
8 

0.6  0.5 
0.7  0.6 
0.8  0.7 

38 

9.65  155 

25 

9.70  026 

31 

0.29  974 

9.95  129 

6 

7 
6 

22 

39 

9.65  180 

25 
25 

9.70  058 

32 
31 

0.29  942 

9.95  122 

21 

20 

40 

9.65  205 

9.70  089 

0.29  911 

9.95  116 

0.9  0.8 

il 

9.65  230 

25 

9.70  121 

32 

0.29  879 

9.95  110 

6 

19 

9 

1.0  0.9 

42 

9.65  255 

25 

9.70  152 

31 

0.29  848 

9.95  103 

7 

18 

10 
20 
30 

1.2  1.0 

2.3  2.0 
3.5  3  0 

43 

9.65  281 

26 

9.70  184 

32 

0.29  816 

9.95  097 

6 

7 
6 

17 

44 

9.65  306 

25 
25 

9.70  215 

31 
32 

0.29  785 

9.95  090 

lb 

45 

9.65  331 

9.70  247 

0.29  753 

9.95  084 

15 

40 

4.7  4.0 

46 

9.65  356 

25 

9.70  278 

31 

0.29  722 

9.95  078 

6 

14 

50 

5.8  5.0 

47 

9.65  381 

25 

9.70  309 

31 

0.29  691 

9.95  071 

7 

13 

48 

9.65  406 
9.65  431 

25 
25 
25 

9.70  341 
9.70  372 

32 
31 
32 

0.29  659 
0.29  628 

9.95  065 
9.95  059 

6 
6 

7 

12 
11 

49 

50 

9.65  456 

9.70  404 

0.29  596 

9.95  052 

10 

7    7    6 

51 

9.65  481 

25 

9.70  435 

31 

0.29  565 

9.95  046 

6 

9 

32    31     39 

52 

9.65  506 

25 

9.70  466 

31 

0.29  534 

9.95  039 

4 

8 

o 

53 

9.65  531 

25 

9.70  498 

32 

0.29  502 

9.95  033 

6 

7 

1 

2.3   2.2   2.7 

54 

9.65  556 

25 
24 

9.70  529 

31 
31 

0.29  471 

9.95  027 

6 

7 

6 

2 

6.9   6.6   8.0 
11.4  11.1  13.3 

16.0  15.5  18.7 

20.6  19.9  24.0 

25.1  24.4  29.3 

29.7  28.8   — 

55 

9.65  580 

9.70  560 

0.29  440 

9.95  020 

5 

3 

56 

9.65  605 

25 

9.70  592 

32 

0.29  408 

9.95  014 

6 

7 

4 

4 

57 

9.65  630 

25 

9.70  623 

31 

0.29  377 

9.95  007 

3 

5 

58 
59 

9.65  655 
9.65  680 

2o 
25 
25 

9.70  654 
9.70  685 

31 
31 
32 

0.29  346 
0.29  315 

9.95  001 
9.94  995 

6 
6 

7 

2 
1 

6 
7 

60 

9.65  705 

9.70  717 

0.29  283 

9.94  988 

0 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

' 

P.P. 

1X6°  (296°) 


70 


(243°)  63° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


27°  (207°) 


(332°)  152c 


-.  Sin. 


9. 60 
9.65 
9.65 
9.65 
9.65 


9.65 
9.65 
9.65 
9.65 
9.65 


9.65 
9.65 
9.66 
9.66 
9.66 


705 
729 
754 
779 
804 

828 
853 
878 
902 
927 
952 
976 
001 
025 
050 


9.66 
9.66 
9.66 
9.66 
9.66 


9.66 
9.66 
9.66 
9.66 
9.66 


9.66 
9.66 
9.66 
9.66 
9.66 


075 
099 
124 
148 
173 

197 
221 
246 
270 
295 
319 
343 
368 
392 
416 


9.66 
9.66 
9.66 
9.66 
9.66 


441 
465 
489 
513 
537 


9.66 
9.66 
9.66 
9.66 
9.66 


562 
586 
610 
634 
658 


9.66 
9.66 
9.66 
9.66 
9.66 


9.66 
9.66 
9.66 
9.66 
9.66 


682 
706 
731 
755 
779 
803 
827 
851 
875 
899 


9.66 
9.66 
9.66 
9.66 
9.67 


922 
946 
970 
994 
018 


9.67 
9.67 
9.67 
9.67 
9.67 


042 
066 
090 
113 
137 


9.67  161 


L.  Cos.  d 


24 
25 
25 
25 
24 

25 
25 

24 
25 
25 
24 

25 
24 
25 
25 

24 
25 

24 
25 
24 

24 
25 

24 
25 

24 

24 
25 

24 
24 
25 
24 
24 
24 
24 
25 
24 
24 
24 
24 
24 
24 
25 
24 
24 
24 

24 
24 
24 
24 
23 
24 
24 
24 
24 
24 
24 
24 
23 
24 
24 


L.  Ian. 


9.70  717 
9.70  748 
9.70  779 
9.70  810 
9.70  841 


9.70  873 
9.70  904 
9.70  935 
9.70  966 
9.70  997 


9.71  028 
9.71  059 
9.71  090 
9.71  121 
9.71  153 


9.71  184 
9.71  215 
9.71  246 
9.71  277 
9.71  308 


9.71  339 
9.71  370 
9.71  401 
9.71  431 
9.71  462 
9.71  493 
9.71  524 
9.71  555 
9.71  586 
9.71  617 


9.71  648 
9.71  679 
9.71  709 
9.71  740 
9.71  771 


9.71  802 
9.71  833 
9.71  863 
9.71  894 
9.71  925 


9.71  955 

9.71  986 

9.72  017 
9.72  048 
9.72  078 


9.72  109 
9.72  140 
9.72  170 
9.72  201 
9.72  231 


9.72  262 
9.72  293 
9.72  323 
9.72  354 
9.72  384 


9.72  415 
9.72  445 
9.72  476 
9.72  506 
9.72  537 


9.72  567 


L.  Cot.  c.d 


L.  Cot. 


0.29  283 
0.29  252 
0.29  221 
0.29  190 
0.29  159 


0.29  127 
0.29  096 
0.29  065 
0.29  034 
0.29  003 


0.28  972 
0.28  941 
0.28  910 
0.28  879 
0.28  847 


0.28  816 
0.28  785 
0.28  754 
0.28  723 
0.28  692 


0.28  661 
0.28  630 
0.28  599 
0.28  569 
0.28  538 


0.28  507 
0.28  476 
0.28  445 
0.28  414 
0.28  383 


0.28  352 
0.28  321 
0.28  291 
0.28  260 
0.28  229 


0.28  198 
0.28  167 
0.28  137 
0.28  106 
0.28  075 


0.28  045 
0.28  014 
0.27  983 
0.27  952 
0.27  922 


0.27  891 
0.27  860 
0.27  830 
0.27  799 
0.27  769 


0.27  738 
0.27  707 
0.27  677 
0.27  646 
0.27  616 


0.27  585 
0.27  555 
0.27  524 
0.27  494 
0.27  463 


0.27  433 


L.  Tj 


L.  Cos. 


9.94  988 
9.94  982 
9.94  975 
9.94  969 
9.94  962 


9.94  956 
9.94  949 
9.94  943 
9.94  936 
9.94  930 


9.94  923 
9.94  917 
9.94  911 
9.94  904 
9.94  898 


9.94  891 
9.94  885 
9.94  878 
9.94  871 
9.94  865 


9.94  858 
9.94  852 
9.94  845 
9.94  839 
9.94  832 

9.94  826 
9.94  819 
9.94  813 
9.94  806 
9.94  799 


9.94  793 
9.94  786 
9.94  780 
9.94  773 
9.94  767 


9.94  760 
9.94  753 
9.94  747 
9.94  740 
9.94  734 


9.94  727 
9.94  720 
9.94  714 
9.94  707 
9.94  700 


9.94  694 
9.94  687 
9.94  680 
9.94  674 
9.94  667 


9.94  660 
9.94  654 
9.94  647 
9.94  640 
9.94  634 


9.94  627 
9.94  620 
9.94  614 
9.94  607 
9.94  600 


9.94  593 


L.  Sin. 


P.  P. 


32 

0.5 
1.1 
1.6 
2.1 

2.7 

3.2 

3.7 

4.3 

4.8 

5.3 

10.7 

16.0 

21.3 

26.7 

25 

0.4 

0.8 

1.2 

1.7 

2.1 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 


31 

0.5 
1.0 
1.6 
2.1 

2.6 

3.1 

3.6 

4.1 

4.6 

5.2 

10.3 

15.5 

20.7 

25.8 

24 

0.4 
0.8 
1.2 
1.6 

2.0 
2.4 
2.8 
3.2 
3.6 

4.0 

8.0 

12.0 

16.0 

20.0 


30 

0.5 

1.0 
1.5 
2.0 

2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
10.0 
15.0 
20.0 
25.0 

23 

0.4 
0.8 
1.2 
1.5 

1.9 
2.3 
2.7 
3.1 
3.4 

3.8 

7.7 

11.5 

15.3 

19.2 


ft 

7 

6 

1 

0.1 

0.1 

2 

0.2 

0.2 

3 

0.4 

0.3 

4 

0.5 

0.4 

5 

0.6 

0.5 

6 

0.7 

0.6 

7 

0.8 

0.7 

8 

0.9 

0.8 

9 

1.0 

0.9 

10 

1.2 

1.0 

20 

2.3 

2.0 

30 

3.5 

3.0 

40 

4.7 

4.0 

50 

5.8 

5.0 

30 

2.1 
6.4 
10.7 
15.0 
19.3 
23.6 
27.9 


6^ 
31 

2.6 

7.8 
12.9 
18.1 
23.2 

28.4 


6 
30 

2.5 
7.5 
12.5 
17.5 
22.5 
27.5 


P.  P. 


117°  (297°) 


(242°)  62° 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued^ 


28°  (208°) 


(331°)  151e 


10 

11 
12 
13 
14 


15 
16 
17 
18 

19 


20 

21 
22 
23 
24 


25 
26 
27 
28 
29 


30 

31 
32 
33 
34 


35 
36 
37 
38 
39_ 
40 
41 
42 
43 
44 


45 

46 
47 

48 
49 


50 

51 
52 
53 
54 


55 
56 

57 
58 
59_ 

60 


L.  Sin. 


9.67 
9.67 
9.67 
9.67 
9.67 


161 
185 
208 
232 
256 


9.67 
9.67 
9.67 
9.67 
9.67 


280 
303 
327 
350 
374 


9.67 
9.67 
9.67 
9.67 
9.67 


9.67 
9.67 
9.67 
9.67 
9.67 


398 
421 
445 
468 
492 

515 
539 
562 
586 
609 


9.67 
9.67 
9.67 
9.67 
9.67 


633 
656 
680 
703 

726 


9.67 
9.67 
9.67 
9.67 
9.67 


750 
773 
796 
820 
843 


9.67 
9.67 
9.67 
9.67 
9.67 


866 
890 
913 
936 
959 


9.67 
9.68 
9.68 
9.68 
9.68 


982 
006 
029 
052 
075 


9.68 
9.68 
9.68 
9.68 
9.68 


098 
121 
144 
167 
190 


9.68 
9.68 
9.68 
9.68 
9.68 


213 
237 
260 
283 
305 


9.68 
9.68 
9.68 
9.68 
9.68 


9.68 
9.68 
9.68 
9.68 
9.68 


9.68 


328 
351 

374 
397 
420 

443 
466 
489 
512 
534 

557 


L.  Cos. 


L.  Tan.  c.d.  L.  Cot.  L.  Cos 


9.72  567 
9.72  598 
9.72  628 
9.72  659 
9.72  689 


9.72  720 
9.72  750 
9.72  780 
9.72  811 
9.72  841 


9.72  872 
9.72  902 
9.72  932 
9.72  963 
9.72  993 


9.73  023 
9.73  054 
9.73  084 
9.73  114 
9.73  144 


9.73  175 
9.73  205 
9.73  235 
9.73  265 
9.73  295 


9.73  326 
9.73  356 
9.73  386 
9.73  416 
9.73  446 


9.73  476 
9.73  507 
9.73  537 
9.73  567 
9.73  597 


9.73  627 
9.73  657 
9.73  687 
9.73  717 
9.73  747 


9.73  777 
9.73  807 
9.73  837 
9.73  867 
9.73  897 


9.73  927 
9.73  957 

9.73  987 

9.74  017 
9.74  047 


9.74  077 
9.74  107 
9.74  137 
9.74  166 
9.74  196 


9.74  226 
9.74  256 
9.74  286 
9.74  316 
9.74  345 


9.74  376 


31 
30 
31 
30 
31 

30 
30 
31 
30 
31 

30 
30 
31 
30 
30 

31 
30 
30 
30 
31 
30 
30 
30 
30 
31 

30 
30 
30 
30 
30 
31 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 
30 
29 
30 
30 

30 

30 
30 

29 
30 


L.  Cot.  c.d.  L.  Tan. 


0.27  433 
0.27  402 
0.27  372 
0.27  341 
0.27  311 


0.27  280 
0.27  250 
0.27  220 
0.27  189 
0.27  159 


0.27  128 
0.27  098 
0.27  068 
0.27  037 
0.27  007 


0.26  977 
0.26  946 
0.26  916 
0.26  886 
0.26  856 


0  26  825 
0.26  795 
0.26  765 
0.26  735 
0.26  705 


C.26  674 
0.26  644 
0.26  614 
0.26  584 
0.26  554 


0.26  524 
0.26  493 
0.26  463 
0.26  433 
0.26  403 


0.26  373 
0.26  343 
0.26  313 
0.26  283 
0.26  253 


0.26  223 
0.26  193 
0.26  163 
0.26  133 
0.26  103 


0.26  073 
0.26  043 
0.26  013 
0.25  983 
0.25  953 


0.25  923 
0.25  893 
0.25  S63 
0.25  834 
0.25  804 


0.25  774 
0.25  744 
0.25  714 
0.25  684 
0.25  655 


0.25  625 


9.94  593 
9.94  587 
9.94  580 
9.94  573 
9.94  567 


9.94  560 
9.94  553 
9.94  546 
9.94  540 
9.94  533 


9.94  526 
9.94  519 
9.94  513 
9.94  506 
9.94  499 


9.94  492 
9.94  485 
9.94  479 
9.94  472 
9.94  465 


9.94  458 
9.94  451 
9.94  445 
9.94  438 
9.94  431 


9.94  424 
9.94  417 
9.94  410 
9.94  404 
9.94  397 


9.94  390 
9.94  383 
9.94  376 
9.94  369 
9.94  362 


9.94  355 
9.94  349 
9.94  342 
9.94  335 
9.94  328 


9.94  321 
9.94  314 
9.94  307 
9.94  300 
9.94  293 


9.94  286 
9.94  279 
9.94  273 
9.94  266 
9.94  259 


9.94  252 
9.94  245 
9.94  238 
9.94  231 
9.94  224 


9.94  217 
9.94  210 
9.94  203 
9.94  196 
9.94  189 


9.94  182 


L.  Sin. 


P.P. 


31 

0.5 
1.0 
1.6 
2.1 

2.6 

3.1 

3.6 

4.1 

4.6 

5.2 

10.3 

15.5 

20.7 

25.8 

24 

0.4 
0.8 
1.2 
1.6 

2.0 
2.4 
2.8 
3.2 
3.6 

4.0 

8.0 

12.0 

16.0 

20.0 


30 

0.5 
1.0 
1.5 
2.0 

2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
10.0 
15.0 
20.0 
25.0 

23 

0.4 
0.8 
1.2 
1.5 
1.9 
2.3 
2.7 
3.1 
3.4 

3.8 

7.7 

11.5 

15.3 

19.2 


29 

O.b 
1.0 
1.4 
1.9 

2.4 
2.9 
3.4 
3.9 
4.4 

4.8 

9.7 

14.5 

19.3 

24.2 

22 

0.4 
0.7 
1.1 
1.5 
1.8 
2.2 
2.6 
2.9 
3.3 

3.7 

7.3 

11.0 

14.7 

18.3 


» 

7 

1 

0.1 

2 

0.2 

3 

0.4 

4 

0.5 

5 

0.6 

6 

0.7 

7 

0.8 

8 

0.9 

9 

1.0 

10 

1.2 

20 

2.3 

30 

3.5 

40 

4.7 

50 

5.8 

6 

0.1 
0.2 
0.3 
0.4 

0.5 
0.6 
0.7 
0.8 
0.9 

1.0 
2.0 
3.0 
4.0 
5.0 


7_ 

31 


31 


30 


2.2 

2.6 

2.5 

6.6 

7.8 

7.5 

11.1 

12.9 

12.5 

15.5 

18.1 

17.5 

19.9 

23.2 

22.5 

24.4 

28.4 

27.5 

28.8 

— 

— 

P.P. 


118°  (298°) 
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(241°)  61a 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

?9°  (209°)  (330°)  150° 


L.  Sin.   d.  L.  Tan.  c.d.  L.  Cot.  L.  Cos.  d 


9 
9 

9 

9.68  625 

9.68  848 


68  557 
68  580 
68  603 


68  671 
68  694 
68  716 
68  739 

68  762 


68  784 
68  807 
68  829 
68  852 
68  875 


68  897 
68  920 
68  942 
68  965 
68  987 


69  010 
69  032 
69  055 
69  077 
69  100 


69  122 
69  144 
69  167 
69  189 
69  212 


69  234 
69  256 
69  279 
69  301 
69  323 


69  345 
69  368 
69  390 
69  412 
69  434 


69  456 
69  479 
69  501 
69  523 
69  545 


69  567 
69  589 
69  611 
69  633 
69  655 


69  677 
69  699 
69  721 
69  743 
69  765 


69  787 
69  809 
69  831 
69  853 
69  875 


9.69  897 


L.  Cos. 


23 
23 

22 
23 
23 

23 

22 
23 
23 

22 

23 
22 

23 
23 

22 

23 

22 
23 
22 
23 
22 
23 
22 
23 
22 

22 
23 
22 
23 

22 

22 
23 
22 
22 
22 

23 

22 
22 
22 
22 

23 
22 
22 

22 
22 

22 

22 
22 

22 

22 

22 
22 

22 
22 
22 

22 
22 

22 
22 
22 


9.74 
9.74 
9.74 
9.74 

9.74 


375 
405 
435 
465 
494 


9.74 
9.74 
9.74 
9.74 
9.74 


524 
554 
583 
613 
643 


9.74 
9.74 
9.74 
9.74 
9.74 


673 
702 
732 
762 
791 


9.74 
9.74 
9.74 
9.74 
9.74 


821 
851 
880 
910 
939 


9.74 
9.74 
9.75 
9.75 
9.75 


969 
998 
028 
058 
087 


9.75 
9.75 
9.75 
9.75 
9.75 


117 
146 
176 
205 
235 


9.75 
9.75 
9.75 
9.75 
9.75 


264 
294 
323 
353 
382 


9.75 
9.75 
9.75 
9.75 
9.75 


411 
441 
470 
500 
529 


9.75 
9.75 
9.75 
9.75 
9.75 


558 
588 
617 
647 
676 


9.75 
9.75 
9.75 
9.75 
9.75 


705 
735 
764 
793 

822 


9.75 
9.75 
9.75 
9.75 
9.75 


852 
881 
910 
939 
969 


9.75 
9.76 
9.76 
9.76 
9.76 


998 
027 
056 
086 
115 


9.76  144 


L.  Cot. 


c.d. 


0.25  625 
0.25  595 
0.25  565 
0.25  535 
0.25  506 


0.25  476 
0.25  446 
0.25  417 
0.25  387 
0.25  357 


0.25  327 
0.25  298 
0.25  268 
0.25  238 
0.25  209 


0.25  179 
0.25  149 
0.25  120 
0.25  090 
0.25  061 


0.25  031 
0.25  002 
0.24  972 
0.24  942 
0.24  913 


0.24  883 
0.24  854 
0.24  824 
0.24  795 
0.24  765 


0.24  736 
0.24  706 
0.24  677 
0.24  647 
0.24  618 


0.24  589 
0.24  559 
0.24  530 
0.24  500 
0.24  471 


0.24  442 
0.24  412 
0.24  383 
0.24  353 
0.24  324 


0.24  295 
0.24  265 
0.24  236 
0.24  207 
0.24  178 


0.24  148 
0.24  119 
0.24  090 
0.24  061 
0.24  031 


0.24  002 
0.23  973 
0.23  944 
0.23  914 
0.23  885 


0.23  856 


L.  Tan. 


9.94  182 
9.94  175 
9.94  168 
9.94  161 
9.94  154 

9.91  147 
9.94  140 
9.94  133 
9.94  126 
9.94  119 


9.94  112 
9.94  105 
9.94  098 
9.94  090 
9.94  0S3 


9.94  076 
9.94  069 
9.94  062 
9.94  055 
9.94  048 


9  94  041 
9.94  034 
9.94  027 
9.94  020 
9.94  012 


9.94  005 
9.93  998 
9.93  991 
9.93  984 
9.93  977 


9.93  970 
9  93  963 
9.93  955 
9.93  948 
9.93  941 


9.93  934 
9.93  927 
9.93  920 
9.93  912 
9.93  905 


9.93  898 
9.93  891 
9.93  884 
9.93  876 
9.93  869 


9.93  862 
9.93  855 
9.93  847 
9.93  840 
9.93  833 


9.93  826 
9.93  819 
9.93  811 
9.93  804 
9.93  797 


9.93  789 
9.93  782 
9.93  775 
9.93  768 
9.93  760 


9.93  753 


L.  Sin. 


P.P. 


n 

30 

29 

1 

0.5 

0.8 

2 

1.0 

1.0 

3 

1.5 

1.4 

4 

2.0 

1.9 

5 

2.5 

2.4 

6 

3.0 

2.9 

7 

3.5 

3.4 

8 

4.0 

3.9 

9 

4.5 

4.4 

10 

5.0 

4.8 

20 

10.0 

9.7 

30 

15.0 

14.5 

40 

20.0 

19.3 

50 

25.0 

24.2 

," 

22 

8 

1 

0.4 

0.1 

2 

0.7 

0.3 

3 

1.1 

0.4 

4 

1.5 

0.5 

5 

1.8 

0.7 

6 

2.2 

0.8 

7 

2.6 

0.9 

S 

2.9 

1.1 

9 

3.3 

1.2 

10 

3.7 

1.3 

20 

7.3 

2.7 

30 

11.0 

4.0 

40 

14.7 

5.3 

50 

18.3 

8.7 

23 

0.4 
0.8 
1.2 
1.4 
1.9 
2.3 
2.7 
3.1 
3.4 

3.8 

7.7 
11.5 
15.3 
19.2 

7 

0.1 
0.2 
0.4 
0.5 

0.6 
0.7 
0.8 
0.9 
1.0 

1.2 
2.3 
3.5 

4.7 
5.8 


30 

1.9 
5.6 
9.4 
13.1 
16.9 
20.6 
24.4 
28.1 


L 

30 

2.1 
6.4 
10.7 
15.0 
19.3 
23.6 
27.9 


A 
29 

1.8 
5.4 
9.1 
12.7 
16.3 
19.9 
23.6 
27.2 


7_ 

29 

2.1 
6.2 
10.4 
14.5 
18.6 
22.8 
26.9 


P.P. 


419°  (299°) 
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30°  (210°)  (329°)  149° 


10 
11 
12 
13 
14 


15 
16 
17 

18 
19 


20 

21 
22 
23 
24 


25 
26 
27 

28 
29 


30 

31 
32 
33 
34 


35 
36 
37 

38 
39 


40 

41 
42 
43 
44 


45 
46 
47 
48 
49 
50 
51 
52 
53 
54 


55 
56 
57 

58 
59 


60 


L.  Sin.   d.  L.  Tan.  c.d.  L.  Cot.  L.  Cos 


9.69 
9.69 
9.69 
9.69 
9.69 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


897 
919 
941 
963 

984 

006 
028 
050 
072 
093 

115 
137 
159 
180 
202 

224 
245 
267 
288 
310 
332 
353 
375 
396 
418 
439 
461 
482 
504 
525 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


9.70 
9.70 
9.70 
9.70 
9.70 


547 
568 
590 
611 
633 

654 
675 
697 
718 
739 

761 

782 
803 
824 
846 


9.70 
9.70 
9.70 
9.70 
9.70 


867 
888 
909 
931 
952 


9.70 
9.70 
9.71 
9.71 
9.71 


973 
994 
015 
036 
058 


9.71 
9.71 
9.71 
9.71 
9.71 


079 
100 
121 
142 
163 


9.71  184 


22 
22 
22 
21 
22 

22 

22 
22 
21 
22 

22 

22 
21 

22 
22 

21 
22 
21 
22 

22 

21 

22 
21 

22 
21 

22 
21 
22 
21 
22 

21 

22 
21 
22 
21 

21 
22 
21 
21 
22 

21 
21 
21 

22 
21 

21 
21 
22 
21 

21 

21 
21 
21 

22 
21 

21 
21 
21 
21 
21 


9.76  144 
9.76  173 
9.76  202 
9.76  231 
9.76  261 


9.76  290 
9.76  319 
9.76  34S 
9.76  377 
9.76  406 


9.76  435 
9.76  464 
9.76  493 
9.76  522 
9.76  551 


9.76  580 
9.76  609 
9.76  639 
9.76  66S 
9.76  697 


9.76  725 
9.76  754 
9.76  783 
9.76  812 
9.76  841 


9.76  870 
9.76  899 
9.76  928 
9.76  957 
9.76  986 


9.77  015 
9.77  044 
9.77  073 
9.77  101 
9.77  130 


9.77  159 
9.77  188 
9.77  217 
9.77  246 
9.77  274 


9.77  303 
9.77  332 
9.77  361 
9.77  390 
9.77  418 


9.77  447 
9.77  476 
9.77  505 
9.77  533 
9.77  562 


9.77  591 
9.77  619 
9.77  648 
9.77  677 
9.77  706 


9.77  734 
9.77  763 
9.77  791 
9.77  820 
9.77  849 


9.77  877 


0.23  856 
0.23  827 
0.23  798 
0.23  769 
0.23  739 


0.23  710 
0.23  681 
0.23  652 
0.23  623 
0.23  594 


0.23  565 
0.23  536 
0.23  507 
0.23  478 
0.23  449 


0.23  420 
0.23  391 
0.23  361 
0.23  332 
0.23  303 


0.23  275 
0.23  246 
0.23  217 
0.23  188 
0.23  159 


0.23  130 
0.23  101 
0.23  072 
0.23  043 
0.23  014 


0.22  985 
0.22  956 
0.22  927 
0.22  899 
0.22  870 


0.22  841 
0.22  812 
0.22  783 
0.22  754 
0.22  726 


0.22  697 
0.22  668 
0.22  639 
0.22  610 
0.22  582 


0.22  553 
0.22  524 
0.22  495 
0.22  467 
0.22  438 


0.22  409 
0.22  381 
0.22  352 
0.22  323 

0.22  294 


0.22  266 
0.22  237 
0.22  209 
0.22  180 
0.22  151 


0.22  123 


9.93  753 
9.93  746 
9.93  738 
9.93  731 
9.93  724 


9.93  717 
9.93  709 
9.93  702 
9.93  695 
9.93  687 


9.93  680 
9.93  673 
9.93  665 
9.93  658 
9.93  650 


9.93  643 
9.93  636 
9.93  628 
9.93  621 
9.93  614 


9.93  606 
9.93  599 
9.93  591 
9.93  584 
9.93  577 


9.93  569 
9.93  562 
9.93  554 
9.93  547 
9.93  539 


9.93  532 
9.93  525 
9.93  517 
9.93  510 
9.93  502 


9.93  495 
9.93  487 
9.93  480 
9.93  472 
9.93  465 


9.93  457 
9.93  450 
9.93  442 
9.93  435 
9.93  427 


9.93  420 
9.93  412 
9.93  405 
9.93  397 
9.93  390 


9.93  3S2 
9.93  375 
9.93  367 
9.93  360 
9.93  352 


9.93  344 
9.93  337 
9.93  329 
9.93  322 
9.93  314 


9.93  307 


P.P. 


30 

0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 

5.0 
10.0 
15.0 
20.0 
25.0 


29 

0.5 
1.0 
1.4 
1.9 

2.4 
2.9 
3.4 
3.9 

4.4 

4.8 

9.7 

14.5 

19.3 

24.2 


28 

0.3 
0.9 
1.4 
1.9 

2.3 

2.8 
3.3 
3.7 
4.2 

4  7 

93 

14.0 

18.7 

23.3 


22 

0.4 
0.7 
1.1 
1.5 

1.8 
2.2 
2.6 
2.9 
3.3 

3.7 

7.3 

11.0 

14.7 

18.3 

8 

0.1 
0.3 
0.4 
0.5 
0.7 
0.8 
0.9 
1.1 
1.2 

1.3 
2.7 
4.0 
5.3 
6.7 


21 

0.4 
0.7 
1.0 
1.4 

1.8 
2.1 
2.4 
2.8 
3.2 

3.5 

7.0 

10.5 

14.0 

17.5 

7 

0.1 
0.2 
04 
0.5 

0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
2.3 
3.5 
4.7 
5.8 


7_ 
30 


T_ 
29 


7_ 

28 


2.1 

2.1 

2.C 

6.4 

6.2 

6.0 

10.7 

10.4 

10.0 

15.0 

14.5 

14.0 

19.3 

18.6 

18.0 

23.6 

22.8 

22.0 

27.9 

26.9 

26.0 

L.  Cos. 


L.  Cot.  c.d 


L.  Tan. 


L.  Sin.  |  d. 


P.P. 


120°  (300°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

31°  (211°)  (328°)  148° 


t 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

/ 

P.P. 

0 

9.71  184 

9.77  877 

0.22  123 

9.93  307 

60 

1 

9.71  205 

21 

9.77  906 

29 

0.22  094 

9.93  299 

8 

59 

0       29 

28 

2 

9.71  226 

21 

9.77  935 

29 

0.22  065 

9.93  291 

8 

58 

1 

0.5 

0.5 

3 

9.71  247 

21 

9.77  963 

28 

0.22  037 

9.93  284 

7 

57 

2 

1.0 

0.9 

4 

9.71  268 

21 
21 

9.77  992 

29 

28 

0.22  008 

9.93  276 

8 
7 

56 

3 

1.4 

1.4 

5 

9.71  289 

9.78  020 

0.21  980 

9.93  269 

55 

4 

1.9 

1.9 

6 

9.71  310 

21 

9.78  049 

29 

0.21  951 

9.93  261 

8 

54 

5 

2.4 

2.3 

7 

9.71  331 

21 

9.78  077 

28 

0.21  923 

9.93  253 

8 

53 

6 

2.9 

2.8 

8 

9.71  352 

21 

9.78  106 

29 

0.21  894 

9.93  246 

7 

52 

7 

3.4 

3.3 

9 

9.71  373 

21 
20 

I  9.78  135 

29 

28 

0.21  865 

9.93  238 

8 
8 

51 

8 

3.9 

3.7 

10 

9.71  393 

[  9.78  163 

0.21  837 

9.93  230 

50 

9 

4.4 

4.2 

11 

9.71  414 

21 

1  9.78  192 

29 

0.21  808 

9.93  223 

7 

49 

10 

4.8 

4.7 

12 

9.71  435 

21 

9.78  220 

28 

0.21  780 

9.93  215 

8 

48 

20 

9.7 

9.3 

13 

9.71  456 

21 

9.78  249 

29 

0.21  751 

9.93  207 

8 

47 

30 

14.5 

14.0 

14 

9.71  477 

21 
21 

9.78  277 

28 
29 

0.21  723 

9.93  200 

7 
8 

46 
45 

40 
50 

19.3 
24.2 

18.7 

15 

9.71  498 

9.78  306 

0.21  694 

9.93  192 

23.3 

16 

9.71  519 

21 

9.78  334 

28 

0.21  666 

9.93  184 

8 

44 

»   01 

20 

0.3 
0.7 
1.0 

17 

9.71  539 

20 

9.78  363 

29 

0.21  637 

9.93  177 

7 

43 

1 
2 

0.4 
0.7 
1.0 
1.4 

18 

9.71  560 

21 

9.78  391 

28 

0.21  609 

9.93  169 

8 

42 

19 

9.71  581 

21 
21 

9.78  419 

28 
29 

0.21  581 

9.93  161 

8 
7 

U 
40 

3 
4 

20 

9.71  602 

9.78  448 

0.21  552 

9.93  154 

1.3 

21 

9.71  622 

20 

9.78  476 

28 

0.21  524 

9.93  146 

8 

39 

5 
6 

1.8 
2.1 

2  4 

1.7 
2.0 
2.3 
2.7 

22 

9.71  643 

21 

9.78  505 

29 

0.21  495 

9.93  138 

8 

38 

23 

9.71  664 

21 

9.78  533 

28 
29 
28 
28 

0.21  467 

9.93  131 

7 

37 

7 

24 

9.71  685 

21 

20 

9.78  562 

0.21  438 

9.93  123 

8 
8 

36 
35 

8 
9 

2.8 
3.2 

25 

9.71  705 

9.78  590 

0.21  410 

9.93  115 

3.0 

26 

9.71  726 

21 

9.78  618 

0.21  382 

9.93  108 

7 

34 

10 
20 
30 
40 
50 

3.5 

7.0 
10.5 
14.0 
17.5 

3.3 

6.7 
10.0 
13.3 

27 

9.71  747 

21 
20 

9.78  647 

29 

28 
29 
28 

0.21  353 

9.93  100 

8 

33 

28 

9.71  767 

9.78  675 

0.21  325 

9.93  092 

8 

32 

29 

9.71  788 

21 
21 

9.78  704 

0.21  296 

9.93  084 

8 
7 

31 

30 

30 

9.71  809 

9.78  732 

0.21  268 

9.93  077 

16.7 

31 

9.71  829 

20 

9.78  760 

28 

0.21  240 

9.93  069 

8 

29 

32 

9.71  850 

21 

9.78  789 

29 

0.21  211 

9.93  061 

8 

28 

"   8 

7 

33 

9.71  870 

20 

9.78  817 

28 

0.21  183 

9.93  053 

8 

27 

1 

U.l 

0.1 

34 

9.71  891 

21 
20 

9.78  845 

28 
29 

0.21  155 

9.93  046 

7 

8 

26 

2 

c 
4 

!  0.3 

►  0.4 

0.5 

0.2 
0.4 
0.5 

35 

9.71911 

9.78  874 

0.21  126 

9.93  038 

25 

36 

9.71  932 

21 

9.78  902 

28 

0.21  098 

9.93  030 

8 

24 

37 

9.71  952 

20 

9.78  930 

28 

0.21  070 

9.93  022 

8 

23 

»  0.7 

0.6 

38 

9.71  973 

21 

9.78  959 

29 

0.21  041 

9.93  014 

8 

22 

e 

0.8 

0.7 

39 

9.71  994 

21 
20 

9.78  987 

28 
28 

0.21  013 

9.93  007 

i 
8 

21 

7 

0.9 

1  1.1 

1.2 

0.8 
0.9 
1.0 

40 

9.72  014 

9.79  015 

0.20  985 

9.92  999 

20 

41 

9.72  034 

20 

9.79  043 

28 

0.20  957 

9.92  991 

8 

19 

42 

9.72  055 

21 

9.79  072 

29 

0.20  928 

9.92  983 

8 

is 

1C 

I  1.3 

1.2 

43 

9.72  075 

20 

9.79  100 

28 

0.20  900 

9.92  976 

i 

17 

2C 

2.7 

2.3 

44 

9.72  096 

21 

20 

9.79  128 

28 
28 
29 

0.20  872 

9.92  968 

8 
8 

16 

3C 
4C 
5C 

4.0 
5.3 

6.7 

3.5 

4.7 
5.8 

45 

9.72  116 

9.79  156 

0.20  844 

9.92  960 

15 

46 

9.72  137 

21 

9.79  185 

0.20  815 

9.92  952 

8 

14 

47 

9.72  157 
9.72  177 

20 
20 

9.79  213 
9.79  241 

28 
28 

0.20  787 
0.20  759 

9.92  944 
9.92  936 

8 
8 

13 
12 

48 

49 

9.72  198 

21 
20 
20 

9.79  269 

28 
28 

0.20  731 

9.92  929 

V 
8 

11 
10 

A   J 

4ft     0< 

8 

50 

9.72  218 

9.79  297 

0.20  703 

9.92  921 

J   28 

51 

9.72  238 

9.79  326 

29 

0.20  674 

9.92  913 

8 

9 

0 

1 

2 
3 

52 

9.72  259 

21 

9.79  354 

28 

0.20  646 

9.92  905 

8 

8 

1.9   1.8 

53 

9.72  279 

20 

9.79  382 

2S 

0.20  618 

9.92  897 

8 

7 

5.6   5.4   5.2 

54 

9.72  299 

20 
21 

9.79  410 

2S 
28 

0.20  590 

9.92  889 

8 
8 

6 

9.4   9.1   8.8 

55 

9.72  320 

9.79  438 

0.20  562 

9.92  881 

5 

4 

13.1  12.7  12.2 
16.9  16.3  15.8 
20.6  19.9  19.2 
24.4  23.6  22.8 
28.1  27.2  26.2 

56 

9.72  340 

20 

9.79  466 

28 

0.20  534 

9.92  874 

; 

4 

5 

57 

9.72  360 

20 

9.79  495 

29 

0.20  505 

9.92  866 

8 

3 

P. 

58 

9.72  381 

21 

9.79  523 

28 

0.20  477 

9.92  858 

8 

2 

7 

59 

9.72  401 

20 
90 

9.79  551 

28 
28 

0.20  449 

9.92  850 

8 
8 

1 

8 

60 

9.72  421 

9.79  579 

0.20  421 

9.92  842 

0 

i 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

i 

P.P. 

121°  (301°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


32° 

(212°) 

(327°)  147c 

> 

' 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot, 

L.  Cos. 

(I. 

60 

P 

.  P. 

0 

9.72  421 

9.79  579 

28 
28 
28 
28 
28 

0.20  421 

9.92  842 

" 

29 

28 

27 

1 

9.72  441 

20 

9.79  607 

0.20  393 

9.92  834 

8 

59 

1 

0.5 

0.5 

0.4 

2 

9.72  461 

20 
21 
20 
20 

9.79  635 

0.20  365 

9.92  826 

8 

58 

2 

1.0 

0.9 

O.ft 

3 

9.72  482 

9.79  663 

0.20  337 

9.92  818 

8 

57 

3 

1.4 

1.4 

1.4 

4 

9.72  502 

9.79  691 

0.20  309 

9.92  810 
9.92  803 

8 

7 

56 

5/) 

4 
5 

1.9 
2.4 

1.9 
2.3 

1.8 

5 

9.72  522 

9.79  719 

0.20  281 

2.2 

6 

9.72  542 

20 
20 

9.79  747 

28> 
29 

0.20  253 

9.92  795 

8 

54 

6 

2.9 

2.8 

2.7 

7 

9.72  562 

9.79  776 

0.20  224 

9.92  787 

8 

53 

7 

3.4 

3.3 

3.2 

8 

9.72  582 

20 

9.79  804 

28 

0.20  196 

9.92  779 

8 

52 

8 

3.9 

3.7 

3.6 

9 

9.72  602 

20 
20 

9.79  832 

28 
28 

0.20  168 

9.92  771 

8 

8 

51 
50 

9 

10 

4.4 
4.8 

4.2 
4.7 

4.0 

10 

9.72  622 

9.79  860 

0.20  140 

9.92  763 

4.5 

11 

9.72  643 

21 

9.79  888 

28 

0.20  112 

9.92  755 

ft 

49 

20 

9.7 

9.3 

9.0 

12 

9.72  663 

20 
20 
20 
20 

9.79  916 

28 

0.20  084 

9.92  747 

8 

4S 

30 

14.5 

14.0 

13.5 

13 

9.72  683 

9.79  944 

28 

0.20  056 

9.92  739 

8 

47 

40 

19.3 

18.7 

18.0 

14 

9.72  703 

9.79  972 

28 
28 

0.20  028 

9.92  731 

8 
8 

46 

45 

50 

24.2 
21 

23.3 
20 

22.5 

15 

9.72  723 

9.80  000 

0.20  000 

9.92  723 

10 

16 

9.72  743 

20 

9.80  028 

28> 

0.19  972 

9.92  715 

8 

44 

1 

0.4 

0.3 

0.3 

17 

9.72  763 

20 

9.80  056 

28 

0.19  944 

9.92  707 

8 

43 

2 

0.7 

0.7 

0.6 

18 

9.72  783 

20 

9.80  084 

28 

0.19  916 

9.92  699 

8 

42 

3 

1.0 

1.0 

1.0 

19 

9.72  803 

20 
20 

9.80  112 

28 
28 

0.19  888 

9.92  691 

ft 
8 

41 
40 

4 
5 

1.4 
1.8 

1.3 

1.7 

1.3 

20 

9.72  823 

9.80  140 

0.19  860 

9.92  683 

1.6 

21 

9.72  843 

20 

9.80  168 

28 

0.19  832 

9.92  675 

ft 

39 

6 

2.1 

2.0 

1.9 

22 

9.72  863 

20 

9.80  195 

27 

0.19  805 

9.92  667 

ft 

38 

7 

2.4 

2.3 

2.2 

23 

9.72  883 

20 

9.80  223 

28 

0.19  777 

9.92  659 

ft 

37 

8 

2.8 

2.7 

2.5 

24 

9.72  902 

19 
20 

9.80  251 

2S 
28 

0.19  749 

9.92  651 

ft 

ft 

36 

35 

9 
10 

3.2 
3.5 

3.0 
3.3 

2.8 

2. 5 

9.72  922 

9.80  279 

0.19  721 

9.92  643 

3.2 

26 

9.72  942 

20 

9.80  307 

28 

0.19  693 

9.92  635 

ft 

34 

20 

7.0 

6.7 

6.3 

27 

9.72  962 

20 

9.80  335 

28 

0.19  665 

9.92  627 

ft 

33 

30 

10.5 

10.0 

9.5 

28 

9.72  982 

20 

9.80  363 

28 

0.19  637 

9.92  619 

ft 

32 

40 

14.0 

13.3 

12.7 

29 

9.73  002 

20 
20 

9.80  391 

28 
28 

0.19  609 

9.92  611 

8 
8 

31 
30 

50 

r  1 

17.5 
5) 

16.7 
8 

15.8 

30 

9.73  022 

9.80  419 

0.19  581 

9.92  603 

7 

31 

9.73  041 

19 

9.80  447 

28 

0.19  553 

9.92  595 

ft 

29 

1 

0.2 

0.1 

0.1 

32 

9.73  061 

20 

9.80  474 

27 

0.19  526 

9.92  587 

ft 

28 

2 

0.3 

0.3 

0.2 

33 

9.73  081 

20 

9.80  502 

28 

0.19  498 

9.92  579 

ft 

27 

3 

0.4 

0.4 

0.4 

34 

9.73  101 

20 
20 

9.80  530 

28 

28 

0.19  470 

9.92  571 
9.92  563 

ft 
8 

26 
25 

4 
5 

0.6 

0.8 

0.5 
0.7 

0.5 

35 

9.73  121 

9.80  558 

0.19  442 

0.6 

36 

9.73  140 

19 

9.80  586 

28 

0.19  414 

9.92  555 

ft 

24 

6 

0.9 

0.8 

0.7 

37 

9.73  160 

20 

9.80  614 

28 

0.19  386 

9.92  546 

(.) 

23 

7 

1.0 

0.9 

0.8 

38 

9.73  180 

20 

9.80  642 

28 

0.19  358 

9.92  538 

ft 

22 

8 

1.2 

1.1 

0.9 

39 

9.73  200 

20 
19 

9.80  669 

27 
28 

0.19  331 

9.92  530 

ft 
8 

21 
20 

9 

10 

1.4 
1.5 

1.2 
1.3 

1.0 

40 

9.73  219 

9.80  697 

0.19  303 

9.92  522 

1.2 

41 

9.73  239 

20 

9.80  725 

28 

0.19  275 

9.92  514 

ft 

L9 

20 

3.0 

2.7 

2.3 

42 

9.73  259 

20 

9.80  753 

28 

0.19  247 

9.92  506 

8 

1ft 

30 

4.5 

4.0 

3.5 

43 

9.73  278 

19 

9.80  781 

28 

0.19  219 

9.92  498 

ft 

17 

40 

6.0 

5.3 

4.7 

44 

9.73  298 
9.73  318 
9.73  337 

20 
20 
19 

9.80  808 

27 
28 

28 

0.19  192 

9.92  490 

8 
8 
9 

L6 

15 
14 

50 

7.5 

6.7 

5.8 

45 

9.80  836 
9.80  864 

0.19  164 
0.19  136 

9.92  482 
9.92  473 

46 

47 

9.73  357 

20 

9.80  892 

28 

0.19  108 

9.92  465 

ft 

13 

7 

48 

9.73  377 

20 

9.80  919 

27 

0.19  081 

9.92  457 

8 

12 

8 

8 

49 

9.73  396 

19 
20 

9.80  947 

28 
28 

0.19  053 

9.92  449 

ft 
S 

11 
10 

0 

29 

1.8 

28 
1.8 

28 

50 

9.73  416 

9.80  975 

0.19  025 

9.92  441 

2.0 

51 

9.73  435 

19 

9.81  003 

28 

0.18  997 

9.92  433 

8 

9 

1 

5.4 

5.2 

6.0 

52 

9.73  455 

20 

9.81  030 

27 

0.18  970 

9.92  425 

ft 

S 

2 
3 

9.1 

8.8 

10.0 

53 

9.73  474 

19 

9.81  058 

28 

0.18  942 

9.92  416 

it 

7 

12.7 

12.2 

14.0 

54 

9.73  494 

20 
19 

9.81  086 

28 
27 

0.18  914 

9.92  408 

8 

ft 

6 
5 

4 
5 
6 

7 
8 

16.3 
19.9 

15.8 
19.2 

18.0 

55 

9.73  513 

9.81  113 

0.18  887 

9.92  400 

22.0 

56 

9.73  533 

20 

9.81  141 

28 

0.18  859 

9.92  392 

ft 

4 

23.6 

22.8 

26.0 

57 

9.73  552 

19 

9.81  169 

28 

0.18  831 

9.92  384 

ft 

3 

27.2 

26.2 

■ — 

58 

9.73  572 

20 

9.81  196 

2; 

0.18  804 

9.92  376 

ft 

2 

59 

9.73  591 

19 
20 

"d~ 

9.81  224 
9.81  252 

28 
28 

0.18  776 

9.92  367 

9 

8 

d" 

1 

00 

9.73  611 

0.18  748 

9.92  359 

' 

L.  Cos. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

\J. 

P. 

122°  (302°) 


(237°)  57c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


33° 

(213°) 

(326° 

)  146c 

/ 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

P.  P. 

0 

9.73  611 

9.81  252 

0.18  748 

9.92  359 

m 

28    27 

1 

9.73  630 

19 

9.81  279 

27 

0.18  721 

9.92  351 

8 

59 

1 

0.5   0.4 

2 

9.73  650 

20 
19 

9.81  307 

28 

0.18  693 

9.92  343 

8 

58 

2 

0.9   0.9 

3 

9.73  669 

9.81  335 

28 

0.18  665 

9.92  335 

8 

57 

3 

1.4   1.4 

4 

9.73  689 

20 
19 

9.81  362 

27 
28 

0.18  638 

9.92  326 

9 

8 

56 

55 

4 
5 

1.9   1.8 

5 

9.73  708 

9.81  390 

0.18  610 

9.92  318 

2.3   2.2 

6 

9.73  727 

19 

9.81  418 

28 

0.18  582 

9.92  310 

8 

54 

6 

2.8   2.7 

7 

9.73  747 

20 

9.81  445 

27 

0.18  555 

9.92  302 

8 

53 

7 

3.3   3.2 

8 

9.73  766 

19 
19 
20 

9.81  473 

28 

0.18  527 

9.92  293 

9 

52 

8 

3.7   3.6 

9 

9.73  785 

9.81  500 

27 
28 

0.18  500 

9.92  285 

8 
8 

51 

9 

4.2   4.0 

10 

9.73  805 

9.81  528 

0.18  472 

9.92  277 

50 

10 

4.7   4.5 

11 

9.73  824 

19 

9.81  556 

28 

0.18  444 

9.92  269 

8 

4!) 

20 

9.3   9.0 

12 

9.73  843 

19 

9.81  583 

27 

0.18  417 

9.92  260 

9 

48 

30 

14.0  13.5 

13 

9.73  863 

20 

9.81  611 

28 

0.18  389 

9.92  252 

8 

47 

40 

18.7  18.0 

14 

9.73  882 

19 
19 

9.81  638 

27 
28 

0.18  362 

9.92  244 

8 
9 

46 

50 

23.3  22.5 

15 

9.73  901 

9.81  666 

0.18  334 

9.92  235 

45 

20 

16 

9.73  921 

20 

9.81  693 

27 

0.18  307 

9.92  227 

8 

44 

1 

0.3   0.3   0.3 

17 

9.73  940 

19 

9.81  721 

28 

0.18  279 

9.92  219 

8 

43 

-> 

0.7   0.6   0.6 

18 

9.73  959 

19 

9.81  748 

27 

0.18  252 

9.92  211 

8 

42 

3 

1.0   1.0   0.9 

19 

9.73  978 
9.73  997 

19 
19 

9.81  776 
9.81  803 

28 
27 

0.18  224 
0.18  197 

9.92  202 

9 

8 

41 
40 

4 

5 

1.3   1.3   1.2 

20 

9.92  194 

1.7   1.6   1.5 

21 

9.74  017 

20 

9.81  831 

28 

0.18  169 

9.92  186 

8 

39 

6 

2.0   1.9   1.8 

22 

9.74  036 

19 

9.81  858 

27 

0.18  142 

9.92  177 

9 

38 

7 

2.3   2.2   2.1 

23 

9.74  055 

19 

9.81  886 

28 

0.18  114 

9.92  169 

8 

37 

s 

2.7   2.5   2.4 

24 

9.74  074 

19 
19 

9.81  913 

27 
28 

0.18  087 

9.92  161 

8 

9 

36 

(.) 

3.0   2.8   2.7 

25 

9.74  093 

9.81  941 

0.18  059 

9.92  152 

35 

10 

3.3   3.2   3.0 

26 

9.74  113 

20 

9.81  968 

27 

0.18  032 

9.92  144 

S 

34 

20 

6.7   6.3   6.0 

27 

9.74  132 

19 

9.81  996 

28 

0.18  004 

9.92  136 

8 

33 

30 

10.0   9.5   9.0 

28 

9.74  151 

19 

9.82  023 

27 

0.17  977 

9.92  127 

9 

32 

40 

13.3  12.7  12.0 

29 

9.74  170 

19 

9.82  051 

28 

0.17  949 

9.92  119 

8 

31 

50 

16.7  15.8  15.0 

19 

27 

8 

30 

9.74  189 

9.82  078 

0.17  922 

9.92  111 

30 

"98 

31 

9.74  208 

19 

9.82  106 

28 

0.17  894 

9.92  102 

9 

29 

1 

0.2  0.1 

32 

9.74  227 

19 

9.82  133 

27 

0.17  867 

9.92  094 

8 

28 

2 

0.3  0.3 

33 

9.74  246 

19 

9.82  161 

28 

0.17  839 

9.92  086 

8 

27 

3 

0.4  0.4 

34 

9.74  265 

19 
19 

9.82  188 

27 
27 

0.17  812 

9.92  077 

9 
8 

26 

4 

0.6  0.5 

35 

9.74  284 

9.82  215 

0.17  785 

9.92  069 

25 

£ 

0.8  0.7 

36 

9.74  303 

19 

9.82  243 

28 

0.17  757 

9.92  060 

9 

24 

e 

0.9  0.8 

37 

9.74  322 

19 

9.82  270 

27 

0.17  730 

9.92  052 

8 

23 

7 

1.0  0.9 

38 

9.74  341 

19 

9.82  298 

28 

0.17  702 

9.92  044 

8 

22 

£ 

1.2   1.1 

39 

9.74  360 

19 
19 

9.82  325 

27 
27 

0.17  675 

9.92  035 

9 
8 

21 
20 

e 

1C 

1.4  1.2 

40 

9.74  379 

9.82  352 

0.17  648 

9.92  027 

1.5  1.3 

41 

9.74  398 

19 

9.82  380 

28 

0.17  620 

9.92  018 

9 

19 

2C 

3.0  2.7 

42 

9.74  417 

19 

9.82  407 

27 

0.17  593 

9.92  010 

8 

18 

3C 

4.5  4.0 

43 

9.74  436 

19 

9.82  435 

28 

0.17  565 

9.92  002 

8 

17 

4C 

6.0  5.3 

44 

9.74  455 

19 
19 

19 

9.82  462 

27 

27 
28 

0.17  538 

9.91  993 

9 
8 
9 

L6 

50 

7.5  6.7 

45 

9.74  474 
9.74  493 

9.82  489 
9.82  517 

0.17  511 
0.17  483 

9.91  985 
9.91  976 

15 
14 

46 

47 

9.74  512 

19 

9.82  544 

27 

0.17  456 

9.91  968 

5 

13 

9    9    8 

48 

9.74  531 

19 

9.82  571 

27 

0.17  429 

9.91  959 

9 

12 

49 

9.74  549 

18 
19 

9.82  599 

28 

27 

0.17  401 

9.91951 

8 
9 

11 

0 

1 

/SO     7Si           4  4 

50 

9.74  568 

9.82  626 

0.17  374 

9.91  942 

10 

1.6   1.5   1.7 

51 

9.74  587 

19 

9.82  653 

27 

0.17  347 

9.91  934 

8 

9 

•) 

4.7   4.5   5.1 

52 

9.74  606 

19 

9.82  681 

28 

0.17  319 

9.91  925 

'.» 

8 

3 
1 

7.8   7.5   8.4 

53 

9.74  625 

19 

9.82  708 

2; 

0.17  292 

9.91917 

8 

7 

10.9  10.5  11.8 

54 

9.74  644 

19 
18 

9.82  735 

27 

27 

0.17  265 

9.91  908 

9 

8 

6 

5 

14.0  13.5  15.2 

17.1  16.5  18.6 

20.2  19.5  21.9 

23.3  22.5  25.3 

26.4  25.5   — 

55 

9.74  662 

9.82  762 

0.17  238 

9.91  900 

5 

6 

56 

9.74  681 

19 

9.82  790 

28 

0.17  210 

9.91  891 

9 

4 

7 

57 

58 

9.74  700 
9.74  719 

19 
19 

9.82  817 
9.82  844 

27 

27 

0.17  183 
0.17  156 

9.91  883 
9.91  874 

8 
9 

3 

2 

8 
9 

59 

9.74  737 

18 
19 

9.82  871 

27 

28 

0.17  129 

9.91  866 

8 

9 

1 

GO 

9.74  756 

9.82  899 

0.17  101 

9.91  857 

_0 

i 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan 

L.  Sin. 

d. 

P.  P. 

123°  (303°) 


(236°)  56c 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


34°  (214°) 


(325°)  145° 


10 

11 
12 
13 

11 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

95 

26 
27 

28 
29 

80 

31 
32 
33 
34 

35 
36 
37 
38 

39 

40 

41 
42 
43 
44 


45 

46 
47 

48 
49^ 

60 

51 
52 
53 
54 

55 
56 
57 

58 
59 

60 


L.  Sin. 


9.74  756 
9.74  775 
9.74  794 
9.74  812 
9.74  831 


9.74  850 
9.74  868 
9.74  887 
9.74  906 
9.74  924 


9.74  943 
9.74  961 
9.74  980 

9.74  999 

9.75  017 


9.75  036 
9.75  054 
9.75  073 
9.75  091 
9.75  110 


9.75  128 
9.75  147 
9.75  165 
9.75  184 
9.75  202 


9.75  221 
9.75  239 
9.75  258 
9.75  276 
9.75  294 


9.75  313 
9.75  331 
9.75  350 
9.75  368 
9.75  386 


9.75  405 
9.75  423 
9.75  441 
9.75  459 
9.75  478 


9.75  496 
9.75  514 
9.75  533 
9.75  551 
9.75  569 


9.75  587 
9.75  605 
9.75  624 
9.75  642 
9.75  660 


9.75  678 
9.75  696 
9.75  714 
9.75  733 
9.75  751 


9.75  769 
9.75  787 
9.75  805 
9.75  823 
9.75  841 


9.75  859 


L.  Cos. 


d. 


L.  Tan. 


9.82 
9.82 
9.82 
9.82 
9.83 


899 
926 
953 
980 
008 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.83 
9.83 
9.83 
9.83 


9.83 
9.84 
9.84 
9.84 
9.84 


9.84 
9.84 
9.84 
9.84 
9.84 


9.84 
9.84 
9.84 
9.84 
9.84 


035 
062 
089 
117 
144 

171 
198 
225 
252 

280 

307 
334 
361 
388 
415 
442 
470 
497 
524 
551 

578 
605 
632 
659 
686 

713 

740 

758 
795 

822 

849 
876 
903 
930 
957 

984 
011 
038 
065 
092 

119 
146 
173 
200 
227 

254 
280 
307 
334 
361 


9.84 
9.84 
9.84 
9.84 
9.84 


388 
415 
442 
469 
496 


9.84  523 


c.d 


L.  Cot.  c.d.  L.  Tan 


L.  Cot. 


0.17  101 
0.17  074 
0.17  047 
0.17  020 
0.16  992 


0.16  965 
0.16  938 
0.16  911 
0.16  883 
0.16  856 


0.16  829 
0.16  802 
0.16  775 
0.16  748 
0.16  720 


0.16  693 
0.16  666 
0.16  639 
0.16  612 
0.16  585 


0.16  558 
0.16  530 
0.16  503 
0.16  476 
0.16  449 


0.16  422 
0.16  395" 
0.16  368 
0.16  341 
0.16  314 


0.16  287 
0.16  260 
0.16  232 
0.16  205 
0.16  178 


0.16  151 
0.16  124 
0.16  097 
0.16  070 
0.16  043 


0.16  016 
0.15  989 
0.15  962 
0.15  935 
0.15  908 


0.15  881 
0.15  854 
0.15  827 
0.15  800 
0.15  773 


0.15  746 
0.15  720 
0.15  693 
0.15  6664 
0.15  6: 


0.15  612 
0.15  585 
0.15  558 
0.15  531 
0.15  504 


0.15  477 


L.  Cos. 


9.91  857 
9.91  849 
9.91  840 
9.91  832 
9.91  823 


9.91  815 
9.91  806 
9.91  798 
9.91  789 
9.91  781 


9.91  772 
9.91  763 
9.91  755 
9.91  746 
9.91  738 


9.91  729 
9.91  720 
9.91  712 
9.91  703 
9.91  695 


9.91  686 
9.91  677 
9.91  669 
9.91  660 
9.91  651 


9.91  643 
9.91  634 
9.91  625 
9.91  617 
9.91  608 


9.91  599 
9.91  591 
9.91  582 
9.91  573 
9.91  565 


9.91  556 
9.91  547 
9.91  538 
9.91  530 
9.91  521 


9.91  512 
9.91  504 
9.91  495 
9.91  486 
9.91  477 


9.91  469 
9.91  460 
9.91  451 
9.91  442 
9.91  433 


9.91  425 
9.91416 
9.91  407 
9.91  398 
9.91  389 


9.91  381 
9.91  372 
9.91  363 
9.91  354 
9.91  345 


9.91  336 


L.  Sin. 


P.P. 


28 

0.5 
0.9 
1.4 
1.9 
2.3 
2.8 
3.3 
3.7 
4.2 

4.7 

9.3 

14.0 

18.7 

23.3 


27 

0.4 

0.9 

1.4 

1.8 

2.2 

2.7 

3.2 

3.6 

4.0 

4.5 

9.0 

13.5 

18.0 

22.5 


26 

0.4 
0.9 
1.3 

1.7 

2.2 
2.6 
3.0 
3.5 
3.9 

4.3 

8.7 
13.0 
17.3 

21.7 


19 

0.3 
0.6 
1.0 
1.3 

1.6 
1.9 
2.2 
2.5 

2.8 

3.2 

6.3 

9.5 

12.7 

15.8 


1 

0.2 

2 

0.3 

3 

0.4 

4 

0.6 

5 

0.8 

6 

0.9 

7 

1.0 

8 

1.2 

9 

1.4 

10 

1.5 

20 

3.0 

30 

4.5 

40 

6.0 

50 

7.5 

18 

0.3 
0.6 
0.9 
1.2 

1.5 
1.8 
2.1 
2.4 

2.7 

3.0 

6.0 

9.0 

12.0 

15.0 

8 

0.1 
0.3 
0.4 
0.5 
0.7 
0.8 
0.9 
1.1 
1.2 

1.3 
2.7 
4.0 
5.3 
6.7 


28 

1.6 
4.7 
7.8 
10.9 
14.0 
17.1 
20.2 
23.3 
26.4 


8^ 
28 

1.8 
5.2 
8.8 
12.2 
15.8 
19.2 
22.8 
26.2 


8^ 
27 

1.7 
5.1 

8.4 
11.8 
15.2 
18.6 
21.9 
25.3 


P.P. 


124°  (304°) 


78 


(235°)  55° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


35* 

(215°) 

(324°)  144 

o 

/ 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

p.p. 

0 

9.75  859 

9.84  523 

0.15  477 

9.91  336 

60 

1 

9.75  877 

IS 

9.84  550 

27 

0.15  450 

9.91  328 

8 

59 

n 

27   26   18 

2 

9.75  895 

18 

9.84  576 

26 

0.15  424 

9.91  319 

9 

58 

1 

0.4   0.4   0.3 

3 

9.75  913 

18 

9.84  603 

27 

0.15  397 

9.91  310 

9 

57 

2 

0.9   0.9   0.6 

4 

9.75  931 

18 
18 

9.84  630 

27 
27 

0.15  370 

9.91  301 

9 
9 

56 

55 

3 
4 

1.4   1.3   0.9 

5 

9.75  949 

9.84  657 

0.15  343 

9.91  292 

1.8   1.7   1.2 

6 

9.75  967 

18 

9.84  684 

27 

0.15  316 

9.91  283 

9 

54 

5 

2.2   2.2   1.5 

7 

9.75  985 

18 

9.84  711 

27 

0.15  289 

9.91  274 

9 

53 

6 

2.7   2.6   1.8 

8 

9.76  003 

18 

9.84  738 

27 

0.15  262 

9.91  266 

8 

52 

7 

3.2   3.0   2.1 

9 

9.76  021 

IS 

18 

9.84  764 

26 
27 

0.15  236 

9.91  257 

9 
9 

51 

8 

3.6   3.5   2.4 

10 

9.76  039 

9.84  791 

0.15  209 

9.91  248 

50 

9 

4.0   3.9   2.7 

11 

9.76  057 

18 

9.84  818 

27 

0.15  182 

9.91  239 

9 

49 

10 

4.5   4.3   3.0 

12 

9.76  075 

IS 

9.84  845 

27 

0.15  155 

9.91  230 

9 

48 

20 

9.0   8.7   6.0 

13 

9.76  093 

18 

9.84  872 

27 

0.15  128 

9.91  221 

9 

47 

30 

13.5  13.0   9.0 

14 

9.76  111 

IS 
18 

9.84  899 

27 
26 

0.15  101 

9.91  212 

9 
9 

46 

40 

18.0  17.3  12.0 

15 

9.76  129 

9.84  925 

0.15  075 

9.91  203 

45 

oU 

22.5  21.7  15.0 

16 

9.76  146 

17 

9.84  952 

27 

0.15  048 

9.91  194 

9 

44 

17 

9.76  164 

18 

9.84  979 

27 

0.15  021 

9.91  185 

9 

43 

17  10  9   8 

18 

9.76  182 

18 

9.85  006 

27 

0.14  994 

9.91  176 

9 

42 

1 

0.3  0.2  0.2  0.1 

19 

9.76  200 

IS 
18 

18 

9.85  033 

2/ 
26 

0.14  967 

9.91  167 

9 
9 

9 

11 

2 
3 
4 

0.6  0.3  0.3  0.3 
0.8  0.5  0.4  0.4 
1.1  0.7  0.6  0.6 

20 

9.76  218 

9.85  059 

0.14  941 

9.91  158 

40 

21 

9.76  236 

9.85  086 

27 

0.14  914 

9.91  149 

39 

22 

9.76  253 

17 

9.85  113 

21 

0.14  887 

9.91  141 

8 

38 

5 

1.4  0.8  0.8  0.7 

23 

9.76  271 

18 

9.85  140 

21 

0.14  860 

9.91  132 

9 

37 

6 

1.7  1.0  0.9  0.8 

24 

9.76  289 

18 
18 

17 

9.85  166 

26 

27 

27 

0.14  834 

9.91  123 

9 
9 

9 

36 

7 
8 
9 

2.0  1.2  1.0  0  9 
2.3  1.3  1.2  1.1 
26  15  14  12 

25 

9.76  307 

9.85  193 

0.14  807 

9.91  114 

35 

26 

9.76  324 

9.85  220 

0.14  780 

9.91  105 

34 

27 

9.76  342 

18 

9.85  247 

27 

0.14  753 

9.91  096 

9 

33 

10 

2.8  1.7  1.5  1.3 

28 

9.76  360 

IS 

9.85  273 

2b 

0.14  727 

9.91  087 

9 

32 

20 

5.7  3.3  3.0  2.7 

29 

9.76  378 

IS 
17 

18 

9.85  300 

27 
27 
27 

0.14  700 

9.91  078 

9 
9 
9 

31 

30 

40 
50 

8.5  5.0  4.5  4.0 
11.3  6.7  6.0  5.3 
14  2  83  75  67 

30 

9.76  395 

9.85  327 

0.14  673 

9.91  069 

30 

31 

9.76  413 

9.85  354 

0.14  646 

9.91  060 

29 

32 

9.76  431 
9.76  448 

18 
17 

9.85  380 
9.85  407 

26 
27 

0.14  620 
0.14  593 

9.91  051 
9.91  042 

9 
9 

28 
27 

33 

34 

9.76  466 

18 
18 

9.85  434 

27 
26 

0.14  566 

9.91  033 

9 
10 

26 

10   10 

35 

9.76  484 

9.85  460 

0.14  540 

9.91  023 

25 

36 

9.76  501 

17 
18 

9.85  487 

27 

0.14  513 

9.91  014 

9 

24 

27   26 

37 

9.76  519 

9.85  514 

27 

0.14  486 

9.91  005 

9 

23 

0 

1.4   1.3 

38 

9.76  537 

18 

9.85  540 

26 

0.14  460 

9.90  996 

9 

22 

1 

4.1   3.9 

39 

9.76  554 

17 
18 

9.85  567 

27 
27 

0.14  433 

9.90  987 

9 
9 

21 
20 

2 
3 

4 
5 
6 

7 
8 

6.8   6.5 

40 

9.76  572 

9.85  594 

0.14  406 

9.90  978 

9.4   9.1 

41 

9.76  590 

18 

9.85  620 

26 

0.14  380 

9.90  969 

9 

19 

12.2  11.7 

42 

9.76  607 

17 

9.85  647 

27 

0.14  353 

9.90  960 

9 

18 

14.8  14.3 

43 

9.76  625 

IS 

9.85  674 

27 

0.14  326 

9.90  951 

9 

17 

17.6  16.9 

44 

9.76  642 

17 

18 

9.85  700 

26 
27 

0.14  300 

9.90  942 

9 
9 
9 

16 

20.2  19.5 
22.9  22.1 
25.6  24.7 

45 

9.76  660 

9.85  727 

0.14  273 

9.90  933 

15 

9 

46 

9.76  677 

17 

9.85  754 

27 

0.14  246 

9.90  924 

14 

10 

47 

9.76  695 

18 

9.85  780 

26 

0.14  220 

9.90  915 

9 

13 

48 

9.76  712 

17 

9.85  807 

27 

0.14  193 

9.90  906 

9 

12 

9    9 

49 

9.76  730 

IS 
17 
18 

9.85  834 

27 
26 

0.14  166 

9.90  896 

10 
9 

11 
10 

27   26 

50 

9.76  747 

9.85  860 

0.14  140 

9.90  887 

0 

1.5   1.4 

4.5   4.3 

7.5   7.2 

10.5  10.1 

13  5  13  0 

51 

9.76  765 

9.85  887 

27 

0.14  113 

9.90  878 

9 

9 

1 

52 

9.76  782 

17 

9.85  913 

26 

0.14  087 

9.90  869 

9 

8 

2 

53 

9.76  800 

IS 

9.85  940 

27 

0.14  060 

9.90  860 

9 

7 

3 

54 

9.76  817 

17 

18 

17 

18 

9.85  967 

27 
26 

0.14  033 

9.90  851 

9 
9 

6 
5 

4 
5 

55 

9.76  835 

9.85  993 

0.14  007 

9.90  842 

16.5  15.9 

56 

9.76  852 

9.86  020 

27 

0.13  980 

9.90  832 

10 

4 

6 

19.5  18.8 

57 

9.76  870 

9.86  046 

26 

0.13  954 

9.90  823 

9 

3 

7 

22.5  21.7 

58 

9.76  887 

17 

9.86  073 

27 

0.13  927 

9.90  814 

9 

2 

8 

25.5  24.6 

59 

9.76  904 

17 
18 

9.86  100 

27 
26 

0.13  900 

9.90  805 

9 
9 

1 

9 

60 

9.76  922 

9.86  126 

0.13  874 

9.90  796 

0 

'   L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

' 

P.P. 

i25°  (305°) 


79 


(234°)  54' 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

>°  (216°)  (323°)  143° 


5 

6 

7 

8 

9_ 

10 

11 

12 

13 

11 
15 
16 
17 

18 
19 


20 

21 
22 
23 
24 


25 
26 
27 

28 
29 


30 

31 
32 
33 
34 


35 
36 
37 
38 
39 


40 

41 
42 
43 
44 


45 
46 
47 

48 
49 


ISO 

51 
52 
53 
54 


55 
56 
57 
58 
59 

60 


L.  Sin. 


9.76  922 
9.76  939 
9.76  957 
9.76  974 
9.76  991 


9.77  009 
9.77  026 
9.77  043 
9.77  061 
9.77  078 


9.77  095 
9.77  112 
9.77  130 
9.77  147 
9.77  164 


9.77  181 
9.77  199 
9.77  216 
9.77  233 
9.77  250 


9.77  268 
9.77  285 
9.77  302 
9.77  319 
9.77  336 


9.77  353 
9.77  370 
9.77  387 
9.77  405 
9.77  422 


9.77  439 
9.77  456 
9.77  473 
9.77  490 
9.77  507 


9.77  524 
9.77  541 
9.77  558 
9.77  575 
9.77  592 


9.77  609 
9.77  626 
9.77  643 
9.77  660 
9.77  677 


9.77  694 
9.77  711 
9.77  728 
9.77  744 
9.77  761 


9.77  778 
9.77  795 
9.77  812 
9.77  829 
9.77  846 


9.77  862 
9.77  879 
9.77  896 
9.77  913 
9.77  930 


9.77  946 


L.  Cos. 


L.  Tan.  c.d.  L.  Cot. 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.86 
9.86 


9.86 
9.86 
9.86 
9.87 
9.87 


9.87 
9.87 
9.87 
9.87 
9.87 


9.87 
9.87 
9.87 
9.87 
9.87 


126 
153 
179 
206 
232 

259 
285 
312 
338 
365 
392 
418 
445 
471 
498 

524 
551 
577 
603 
630 

656 
683 
709 
736 
762 

789 
815 
842 
868 
894 

921 
947 
974 
000 
027 
053 
079 
106 
132 
158 

185 
211 
238 
264 
290 


9.87 
9.87 
9.87 
9.87 
9.87 


317 
343 
369 
396 
422 


9.87 
9.87 
9.87 
9.87 
9.87 


448 
475 
501 
527 
554 


9.87 
9.87 
9.87 
9.87 
9.87 


580 
606 
633 
659 
685 


9.87  711 


27 
26 

27 
26 

27 

26 

27 
26 
27 
27 
26 
27 
26 
27 
26 

27 
26 
26 
27 
26 

27 
26 
27 
26 
27 
26 
27 
26 
26 
27 

26 
27 
26 
27 
26 

26 

27 
26 
26 

27 

26 

27 
26 
26 

27 

26 
26 

27 
26 
26 

27 
26 
26 

27 
26 

26 

27 
26 
26 
26 


0.13  874 
0.13  847 
0.13  821 
0.13  794 
0.13  768 


0.13  741 
0.13  715 
0.13  688 
0.13  662 
0.13  635 


0.13  608 
0.13  582 
0.13  555 
0.13  529 
0.13  502 


0.13  476 
0.13  449 
0.13  423 
0.13  397 
0.13  370 


0.13  344 
0.13  317 
0.13  291 
0.13  264 
0.13  238 


0.13  211 
0.13  185 
0.13  158 
0.13  132 
0.13  106 


0.13  079 
0.13  053 
0.13  026 
0.13  000 
0.12  973 


0.12  947 
0.12  921 
0.12  894 
0.12  868 
0.12  842 


0.12  815 
0.12  789 
0.12  762 
0.12  736 
0.12  710 


0.12  683 
0.12  657 
0.12  631 
0.12  604 
0.12  578 


0.12  552 
0.12  525 
0.12  499 
0.12  473 
0.12  446 


0.12  420 
0.12  394 
0.12  367 
0.12  341 
0.12  315 


0.12  289 


L.  Cot,  c.d.  L.  Tan..  L.  Sin. 


L.  Cos. 


9.90  796 
9.90  787 
9.90  777 
9.90  768 
9.90  759 


9.90  750 
9.90  741 
9.90  731 
9.90  722 
9.90  713 


9.90  704 
9.90  694 
9.90  685 
9.90  676 
9.90  667 


9.90  657 
9.90  648 
9.90  639 
9.90  630 
9.90  620 


9.90  611 
9.90  602 
9.90  592 
9.90  583 
9.90  574 


9.90  565 
9.90  555 
9.90  546 
9.90  537 
9.90  527 


9.90  518 
9.90  509 
9.90  499 
9.90  490 
9.90  480 


9  90  471 
9.90  462 
9.90  452 
9.90  443 
9.90  434 


9.90  424 
9.90  415 
9.90  405 
9.90  396 
9.90  386 


9.90  377 
9.90  368 
9.90  358 
9.90  349 
9.90  339 


9.90  330 
9.90  320 
9.90  311 
9.90  301 
9.90  292 


9.90  282 
9.90  273 
9.90  263 
9.90  254 
9.90  244 


9.90  235 


60 

59 

58 
57 
56 

55 
54 
53 
52 
51 

50 

19 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

_6 

5 
4 
3 
2 
J. 
0 


P.P. 


1 

2 
3 
4 

5 

6 

7 
8 
9 

10 
20 
30 
40 
50 


27 

0.4 

0.9 

1.4 

1.8 

2.2 

2.7 

3.2 

3.6 

4.0 

4.5 

9.0 

13.5 

18.0 

22.5 


26 

0.4 
0.9 
1.3 
1.7 
2.2 
2.6 
3.0 
3.1 
3.9 

4.3 

8.7 
13.0 
17.3 
21.7 


// 

18 

17 

1 

0.3 

0.3 

2 

0.6 

0.6 

3 

0.9 

0.8 

4 

1.2 

1.1 

5 

1.5 

1.4 

6 

1.8 

1.7 

7 

2.1 

2.0 

8 

2.4 

2.3 

9 

2.7 

2.6 

10 

3.0 

2.8 

20 

6.0 

5.7 

30 

9.0 

8.5 

40 

12.0 

11.3 

50 

15.0 

14.2 

16 

0.3 
0.5 
0.8 
1.1 

1.3 
1.6 
1.9 
2.1 
2.4 

2.7 

5.3 

8.0 

10.7 

13.3 


10 

0.2 
0.3 
0.5 
0.7 
0.8 
1.0 
1.2 
1.3 
1.5 

1.7 
3.3 
5.0 
6.7 
8.3 


9 

0.2 
0.3 
0.4 
0.6 
0.8 
0.9 
1.0 
1.2 
1.4 
1.5 
3.0 
4.5 
6.0 
7.5 


27 

1.5 
4.5 
7.5 
10.5 
13.5 
16.5 
19.5 
22.5 
25.5 


26 

1.4 
4.3 
7.2 
10.1 
13.0 
15.9 
18.8 
21.7 
24.6 


P.P. 


126°  (306°) 


80 


(233°)  53c 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

37°  (217°)  (322°)  142° 


10 

II 
12 
13 
14 


15 
16 
17 

18 

12. 

20 

21 
22 
23 
24 

25" 
26 
27 
28 
29 


30 

31 
32 
33 
34_ 

35 
36 
37 
38 
39^ 

40 

41 
42 
43 
44_ 

45 
4b 
47 

48 
49 


50 

51 
52 
53 
54 

55 
56 
57 

58 
59 


60 


L.  Sin. 


9.77 
9.77 
9.77 
9.77 
9.7S 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 
9.78 
9.78 
9.78 
9.78 


946 
963 
980 
997 
013 

030 
047 
063 
080 
097 

113 
130 
147 
163 
180 
197 
213 
230 
246 
263 

280 
296 
313 
329 
346 
362 
379 
395 
412 
428 

445 
461 
478 
494 
510 

527 
543 
560 
576 
592 

609 
625 
642 
658 
674 

691 
707 
723 
739 
756 
772 
788 
805 
821 
837 


9.78 
9.78 
9.78 
9.78 
9.78 


9.78 


853 
869 
886 
902 
918 

934 


L.  Cos. 


L.  Tan.  c.d.  L.  Cot.  L.  Cos.  d 


9.87  711 
9.87  738 
9.87  764 
9.87  790 
9.87  817 


9.87  843 
9.87  869 
9.87  895 
9.87  922 
9.87  948 


9.87  974 

9.88  000 
9.88  027 
9.88  053 
9.88  079 


9.88  105 
9.88  131 
9.88  158 
9.88  184 
9.88  210 


9.88  236 
9.88  262 
9.88  289 
9.88  315 
9.88  341 


9.88  367 
9.88  393 
9.88  420 
9.88  446 
9.88  472 


9.88  498 
9.88  524 
9.88  550 
9.88  577 
9.88  603 


9.88  629 
9.88  655 
9.88  681 
9.88  707 
9.88  733 


9.88  759 
9.88  786 
9.88  812 
9.88  838 
9.88  864 


9.88  890 
9.88  916 
9.88  942 
9.88  968 
9.88  994 


9.89  020 
9.89  046 
9.89  073 
9.89  099 
9.89  125 


9.89  151 
9.89  177 
9.89  203 
9.89  229 
9.89  255 


9.89  281 


27 

26 
26 
27 

26 
26 
26 
27 
26 
26 

26 
27 
26 
26 
26 
26 
27 
26 
26 
26 

26 

27 
26 
26 
26 

26 

27 
26 
26 
26 

26 
26 

27 
26 
26 

26 
26 
26 
26 
26 
27 
26 
26 
26 
26 

26 

26 
26 
26 
26 

26 
27 
26 
26 

26 

26 
26 

26 
26 
26 


0.12  289 
0.12  262 
0.12  236 
0.12  210 
0.12  183 


0.12  157 
0.12  131 
0.12  105 
0.12  078 
0.12  052 


0.12  026 
0.12  000 
0.11  973 
0.11947 
0.11  921 


0.11  895 
0.11  869 
0.11  842 
0.11  816 
0.11790 


0.11  764 
0.11  738 
0.11711 
0.11  685 
0.11  659 


0.11  633 
0.11  607 
0.11  580 
0.11  554 
0.11  528 


0.11  502 
0.11  476 
0.11  450 
0.11  423 
0.11  397 


0.11  371 
0.11  345 
0.11  319 
0.11  293 
0.11  267 


0.11  241 
0.11  214 
0.11  188 
0.11  162 
0.11  136 


0.11  110 
0.11  084 
0.11  058 
0.11  032 
0.11  006 


0  10  980 
0.10  954 
0.10  927 
0.10  901 
0.10  875 


0.10  849 
0.10  823 
0.10  797 
0.10  771 
0.10  745 


0.10  719 


L.  Cot,  c.d.  L.  Tan.  L.  Sin,  d. 


9.90  235 
9.90  225 
9.90  216 
9.90  206 
9.90  197 


9.90  187 
9.90  178 
9.90  168 
9.90  159 
9.90  149 


9.90  139 
9.90  130 
9.90  120 
9.90  111 
9.90  101 


9.90  091 
9.90  082 
9.90  072 
9.90  063 
9.90  053 


9.90  043 
9.90  034 
9.90  024 
9.90  014 
9.90  005 


9.89  995 
9.89  985 
9.89  976 
9.89  966 
9.89  956 


9.89  947 
9.89  937 
9.89  927 
9.89  918 
9.89  908 


9.89  898 
9.89  888 
9.89  879 
9.89  869 
9.89  859 


9.89  849 
9.89  840 
9.89  830 
9.89  820 
9.89  810 


9.89  801 
9.89  791 
9.89  7S1 
9.89  771 
9.89  761 


9.89  752 
9.89  742 
9.89  732 
9.89  722 
9.89  712 


9.89  702 
9.89  693 
9.89  683 
9.89  673 
9.89  663 


9.89  653 


60 

59 
58 
57 
56 
55 
54 
53 
52 
51 

50 

49 
48 
47 
46 
45 
44 
43 
42 
41 

40 

39 
38 

37 
36 

35 
34 

33 
32 
31 

30 

29 

2S 
27 
26 

25 
24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

_6 

5 
4 
3 
2 

1 


P.P. 


1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
20 
30 
40 
50 
// 

1 
2 
3 
4 

5 

6 
7 
8 
9 

10 
20 
30 
40 
50 


1 
2 
3 
4 

5 
6 

7 
8 
9 

10 
20 
30 
40 
50 


27 

0.4 
0.9 
1.4 
1.8 

2.2 

2.7 

3.2 

3.6 

4.0 

4.5 

9.0 

13.5 

18.0 

22.5 

17 

0.3 
0.6 
0.8 
1.1 

1.4 

1.7 
2.0 
2.3 
2.6 
2.8 
5.7 
8.5 
11.3 
14.2 

10 

0.2 
0.3 
0.5 
0.7 

0.8 
1.0 
1.2 
1.3 
1.5 

1.7 
3.3 
5.0 
6.7 
8.3 


26 

0.4 
0.9 
1.3 
1.7 
2.2 
2.6 
3.0 
3.S 
3.9 

4.3 

8.7 

13.0 

17.3 

21.7 

16 

0.3 
0.5 
0.8 
1.1 

1.3 
1.6 
1.9 
2.1 
2.4 

2.7 

5.3 

8.0 

10.7 

13.3 

9 

0.2 
0.3 
0.4 
0.6 
0.8 
0.9 
1.0 
1.2 
1.4 

1.5 
3.0 
4.5 
6.0 
7.5 


10   10 


27 

1.4 

4.1 
6.8 
9.4 
12.2 
14.8 
17.6 
20.2 
22.9 
25.6 


26 

1.3 

3.9 

6.5 

9.1 

11.7 

14.3 

16.9 

19.5 

22.1 

24.7 


P.P. 


127°  (307°) 


81 


(232°)  52° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

38°   (218°)  (321°)  141° 


t 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

P 

.  P. 

0 

9.78  934 

9.89  281 

0.10  719 

9.89  653 

60 

"   26   25 

1 

9.78  950 

16 

9.89  307 

26 

0.10  693 

9.89  643 

10 

59 

1 

0.4   0.4 

2 

9.78  967 

17 

9.89  333 

26 

0.10  667 

9.89  633 

10 

58 

2 

0.9   0.8 

3 

9.78  983 

16 

9.89  359 

26 

0.10  641 

9.89  524 

9 

57 

3 

1.3   1.2 

4 

9.78  999 

16 
16 

9.89  385 

26 
26 

0.10  615 

9.89  614 

10 
10 

56 
55 

4 
5 

1.7   1 

2.2   2 

.7 

5 

9.79  015 

9.89  411 

0.10  589 

9.89  604 

.1 

6 

9.79  031 

16 

9.89  437 

26 

0.10  563 

9.89  594 

10 

54 

6 

2.6   2.5 

7 

9.79  047 

16 

9.89  463 

26 

0.10  537 

9.89  584 

10 

53 

7 

3.0   2.9 

8 

9.79  063 

16 

9.89  489 

26 

0.10  511 

9.89  574 

10 

52 

8 

3.5   3.3 

9 

9.79  079 

16 
16 

9.89  515 

26 
26 

0.10  485 

9.89  564 

10 
10 

51 
50 

9 
10 

3.9   3 
4.3   4 

.8 

10 

9.79  095 

9.89  541 

0.10  459 

9.89  554 

.2 

11 

9.79  111 

16 
17 

9.89  567 

26 

0.10  433 

9.89  544 

10 

49 

20 

8.7   8.3 

12 

9.79  128 

9.89  593 

26 

0.10  407 

9.89  534 

10 

48 

30 

13.0  12.5 

13 

9.79  144 

16 

9.89  619 

26 

0.10  381 

9.89  524 

10 

47 

40 

17.3  16.7 

14 

9.79  160 

16 
16 
16 

9.89  645 

26 
26 

0.10  355 

9.89  514 

10 
10 

46 

50 

21.7  20.8 

15 

9.79  176 

9.89  671 

0.10  329 

9.89  504 

45 

» 

17 

16 

15 

16 

9.79  192 

9.89  697 

26 

0.10  303 

9.89  495 

9 

44 

1 

0.3 

0.3 

0.2 

17 

9.79  208 

16 

9.89  723 

26 

0.10  277 

9.89  485 

10 

43 

2 

0.6 

0.5 

0.5 

18 

9.79  224 

16 
16 
16 
16 
16 

9.89  749 

26 

0.10  251 

9.89  475 

10 

42 

3 

0.8 

0.8 

0.8 

19 

9.79  240 

9.89  775 

26 
26 

0.10  225 

9.89  465 

10 
10 

41 
40 

4 

5 

1.1 
1.4 

1.1 
1.3 

1.0 

20 

9.79  256 

9.89  801 

0.10  199 

9.89  455 

1.2 

21 

9.79  272 

9.89  827 

26 

0.10  173 

9.89  445 

10 

39 

6 

1.7 

1.6 

1.5 

22 

9.79  288 

9.89  853 

26 

0.10  147 

9.89  435 

10 

38 

7 

2.0 

1.9 

1.8 

23 

9.79  304 

16 
15 
16 

9.89  879 

26 

0.10  121 

9.89  425 

10 

37 

8 

2.3 

2.1 

2.0 

24 

9.79  319 

9.89  905 

26 
26 

0.10  095 

9.89  415 

10 
10 

36 
35 

9 
10 

2.6 

2.8 

2.4 
2.7 

2.2 

25 

9.79  335 

9.89  931 

0.10  069 

9.89  405 

2.5 

26 

9.79  351 

16 

9.89  957 

26 

0.10  043 

9.89  395 

10 

34 

20 

5.7 

5.3 

5.0 

27 

9.79  367 

16 
16 
16 
16 

16 

9.89  983 

26 

0.10  017 

9.89  385 

10 

33 

30 

8.5 

8.0 

7.5 

28 

9.79  383 

9.90  009 

26 

0.09  991 

9.89  375 

10 

32 

10 

11.3 

10.7 

10.0 

29 

9.79  399 

9.90  035 

26 
26 

0.09  965 

9.89  364 

11 
10 

31 
30 

50 
n 

14.2 
11 

13.3 
10 

12.5 

80 

9.79  415 

9.90  061 

0.09  939 

9.89  354 

9 

31 

9.79  431 

9.90  086 

25 

0.09  914 

9.89  344 

10 

2i< 

1 

0.2 

0.2 

0.2 

32 

9.79  447 

16 

9.90  112 

26 

0.09  888 

9.89  334 

10 

28 

2 

0.4 

0.3 

0.3 

33 

9.79  463 

16 

9.90  138 

26 

0.09  862 

9.89  324 

10 

27 

3 

0.6 

0.5 

0.4 

34 

9.79  478 

15 
16 
16 
16 
16 

9.90  164 

26 
26 
26 

0.09  836 

9.89  314 

10 
10 

26 

25 

4 
5 

0.7 
0.9 

0.7 
0.8 

0.6 

85 

9.79  494 

9.90  190 

0.09  810 

9.89  304 

0.8 

36 

9.79  510 

9.90  216 

0.09  784 

9.89  294 

10 

24 

6 

1.1 

1.0 

0.9 

37 

9.79  526 

9.90  242 

26 

0.09  758 

9.89  284 

10 

23 

7 

1.3 

1.2 

1.0 

38 

9.79  542 

9.90  268 

26 

0.09  732 

9.89  274 

10 

22 

8 

1.5 

1.3 

1.2 

89 

9.79  558 

16 
15 

16 

9.90  294 

26 
26 

0.09  706 

9.89  264 

10 
10 

21 
20 

9 
10 

1.6 
1.8 

1.5 
1.7 

1.4 

40 

9.79  573 

9.90  320 

0.09  680 

9.89  254 

1.5 

41 

9.79  589 

9.90  346 

26 

0.09  654 

9.89  244 

10 

19 

20 

3.7 

3.3 

3.0 

42 

9.79  605 

16 

9.90  371 

25 

0.09  629 

9.89  233 

11 

18 

30 

5.5 

5.0 

4.5 

43 

9.79  621 

16 
15 
16 

9.90  397 

26 

0.09  603 

9.89  223 

10 

17 

to 

7.3 

6.7 

6.0 

44 

9.79  636 

9.90  423 

26 
26 

0.09  577 

9.89  213 

10 
10 

16 

50 

9.2 

8.3 

7.5 

45 

9.79  652 

9.90  449 

0.09  551 

9.89  203 

15 

46 

9.79  668 

16 

9.90  475 

26 

0.09  525 

9.89  193 

10 

14 

10 

10 

2. 

47 

9.79  684 

16 

9.90  501 

26 

0.09  499 

9.89  183 

10 

13 

48 

9.79  699 

15 

9.90  527 

26 

0.09  473 

9.89  173 

10 

12 

26 

25 

26 

49 

9.79  715 

16 
16 

9.90  553 

26 
25 

0.09  447 

9.89  162 

11 
10 

11 
10 

0 

1 
2 
3 
1 

1.3 

3.9 

1.2 
3.8 

1.4 

50 

9.79  731 

9.90  578 

0.09  422 

9.89  152 

4.3 

51 

9.79  746 

15 

9.90  604 

26 

0.09  396 

9.89  142 

10 

9 

6.5 

6.2 

7.2 

52 

9.79  762 

16 

9.90  630 

26 

0.09  370 

9.89  132 

10 

8 

9.1 

8.8 

10.1 

53 

9.79  778 

16 

9.90  656 

26 

0.09  344 

9.89  122 

10 

7 

r, 

11.7 

11.2 

13.0 

54 

9.79  793 

15 
16 

9.90  682 

26 
26 

0.09  318 

9.89  112 

10 

11 

6 

6 

14.3 
16.9 
19.5 
22.1 
24.7 

13.8 
16.2 
18.8 
21.2 
23.8 

15.9 

18.8 
21.7 

24.6 

55 

9.79  809 

9.90  708 

0.09  292 

9.89  101 

5 

7 

56 

9.79  825 

16 

9.90  734 

26 

0.09  266 

9.89  091 

10 

4 

8 

57 

9.79  840 

15 

9.90  759 

25 

0.09  241 

9.89  081 

10 

3 

9 

58 

9.79  856 

16 

9.90  785 

26 

0.09  215 

9.89  071 

10 

2 

10 

59 

9.79  872 

16 
15 

9.90  811 

26 
26 

0.09  189 

9.89  060 

11 
10 

1 
0 

60 

9.79  887 

9.90  837 

0.09  163 

9.89  050 

/ 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

i 

P 

.P. 

128°  (308°) 


82 


(231°:  61/ 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


39° 

(219°) 

(320°)  140 

o 

/ 

L.  Sin. 

d.  1  L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

P.P. 

0 

9.79  887 

9.90  837 

0.09  163 

9.89  050 

60 

"       26 

25 

1 

9.79  903 

16 

9.90  863 

26 

0.09  137 

9.89  040 

10 

59 

1 

0.4 

0.4 

2 

9.79  318 

15 

9.90  889 

26 

0.09  111 

9.89  030 

10 

58 

2 

0.9 

0.8 

3 

9.79  934 

16 

9.90  914 

25 

0.09  086 

9.89  020 

10 

57 

3 

1.3 

1.2 

4 

9.79  950 

16 
15 

9.90  940 

26 
26 

0.09  060 

9.89  009 

11 
10 

56 
55 

4 
5 

1.7 
2.2 

1.7 

5 

9.79  965 

9.90  966 

0.09  034 

9.88  999 

2.1 

8 

9.79  981 

16 

9.90  992 

26 

0.09  008 

9.88  989 

10 

54 

6 

2.6 

2.5 

7 

9.79  996 

15 

9.91  018 

26 

0.08  982 

9.88  978 

11 

53 

7 

3.0 

2.9 

8 

9.80  012 

16 

9.91  043 

25 

0.08  957 

9.88  968 

10 

52 

8 

3.5 

3.3 

9 

9.80  027 

15 

16 

9.91  069 

26 
26 

0.08  931 

9.88  958 

10 
10 

51 
50 

9 
10 

3.9 
4.3 

3.8 

10 

9.80  043 

9.91  095 

0.08  905 

9.88  948 

4.2 

11 

9.80  058 

15 

9.91  121 

26 

0.08  879 

9.88  937 

11 

49 

20 

8.7 

8.3 

12 

9.80  074 

16 

9.91  147 

26 

0.08  853 

9.88  927 

10 

48 

30 

13.0 

12.5 

13 

9.80  089 

15 

9.91  172 

25 

0.08  828 

9.88  917 

10 

47 

40 

17.3 

16.7 

14 

9.80  105 

16 
15 

9.91  198 

26 
26 

0.08  802 

9.88  906 

11 
10 

46 
45 

50 

21.7 

20.8 

15 

9.80  120 

9.91  224 

0.08  776 

9.88  896 

"   16 

15 

16 

9.80  136 

16 

9.91  250 

26 

0.08  750 

9.88  886 

10 

44 

1 

0.3 

0.2 

17 

9.80  151 

15 

9.91  276 

26 

0.08  724 

9.88  875 

11 

43 

2 

0.5 

0.5 

18 

9.80  166 

15 

9.91  301 

25 

0.08  699 

9.88  865 

10 

42 

3 

0.8 

0.8 

19 

9.80  182 

16 
15 

9.91  327 

26 
26 

0.08  673 

9.88  855 

10 

11 

41 
40 

4 
5 

1.1 

1.3 

1.0 

20 

9.80  197 

9.91  353 

0.08  647 

9.88  844 

1.2 

21 

9.80  213 

16 

9.91  379 

26 

0.08  621 

9.88  834 

10 

39 

6 

1.6 

1.5 

22 

9.80  228 

15 

9.91  404 

25 

0.08  596 

9.88  824 

10 

38 

7 

1.9 

1.8 

23 

9.80  244 

16 

9.91  430 

26 

0.08  570 

9.88  813 

11 

37 

8 

2.1 

2.0 

24 

9.80  259 

15 
15 

9.91  456 

26 
26 

0.08  544 

9.88  803 

10 
10 

36 
35 

9 
10 

2.4 
2.7 

2.2 

25 

9.80  274 

9.91  482 

0.08  518 

9.88  793 

2.5 

26 

9.80  290 

16 

9.91  507 

25 

0.08  493 

9.88  782 

11 

34 

20 

5.3 

5.0 

27 

9.80  305 

15 

9.91  533 

26 

0.08  467 

9.88  772 

10 

33 

30 

8.0 

7.5 

28 

9.80  320 

15 

9.91  559 

26 

0.0S  441 

9.88  761 

11 

32 

40 

10.7 

10.0 

39 

9.80  336 

16 
15 

9.91  585 

26 
25 

0.08  415 

9.88  751 

10 
10 

31 

50 

13.3 

12.5 

SO 

9.80  351 

9.91  610 

0.08  390 

9.88  741 

30 

*     11 

10 

31 

9.80  366 

15 

9.91  636 

26 

0.08  364 

9.88  730 

11 

29 

: 

0.2 

0.2 

32 

9.80  382 

16 

9.91  662 

26 

0.08  338 

9.88  720 

10 

28 

< 

I    0.4 

0.3 

33 

9.80  397 

15 

9.91  688 

26 

0.08  312 

9.88  709 

11 

27 

; 

J  0.6 

0.5 

34 

9.80  412 

15 
16 

9.91  713 

25 
26 

0.08  287 

9.88  699 

10 

11 

26 

25 

t 

1  0.7 
3  0.9 

0.7 

35 

9.80  428 

9.91  739 

0.08  261 

9.88  688 

0.8 

36 

9.80  443 

15 

9.91  765 

26 

0.08  235 

9.88  678 

10 

24 

i 

5  1.1 

1.0 

37 

9.80  458 

15 

9.91  791 

26 

0.08  209 

9.88  668 

10 

23 

* 

r  1.3 

1.2 

38 

9.80  473 

15 

9.91  816 

25 

0.08  184 

9.88  657 

11 

22 

\ 

l     1.5 

1.3 

39 

9.80  489 

16 
15 

9.91  842 

26 
26 

0.08  158 

9.88  647 

10 

11 

21 
20 

( 
l( 

)  1.6 
)  1.8 

1.5 

40 

9.80  504 

9.91  868 

0.08  132 

9.88  636 

1.7 

41 

9.80  519 

15 

9.91  893 

25 

0.08  107 

9.88  626 

10 

19 

2( 

)  3.7 

3.3 

42 

9.80  534 

15 

9.91  919 

26 

0.08  081 

9.88  615 

11 

IS 

3( 

)  5.5 

5.0 

43 

9.80  550 

16 

9.91  945 

26 

0.08  055 

9.88  605 

10 

17 

4( 

)    7.3 

6.7 

44 

9.80  565 

15 
15 

9.91  971 

26 
25 

0.08  029 

9.88  594 

11 
10 

16 
15 

5( 

)  9.2 

8.3 

45 

9.80  580 

9.91  996 

0.08  004 

9.88  584 

46 

9.80  595 

15 

9.92  022 

26 

0.07  978 

9.88  573 

11 

14 

47 

9.80  610 

15 

9.92  048 

26 

0.07  952 

9.88  563 

10 

13 

11 

11 

48 

9.80  625 

15 

9.92  073 

2o 

0.07  927 

9.88  552 

11 

12 

26 

25 

49 

9.80  641 

16 
15 

9.92  099 

26 
26 

0.07  901 

9.88  542 

10 

11 

11 
10 

1 
2 
3 

1.2 
3.5 

1  1 

60 

9.80  656 

9.92  125 

0.07  875 

9.88  531 

3.4 

51 

9.80  671 

15 

9.92  150 

25 

0.07  850 

9.88  521 

10 

9 

5.9 

5.7 

52 

9.80  686 

15 

9.92  176 

26 

0.07  824 

9.88  510 

11 

8 

8.3 

7.9 

53 

9.80  701 

15 

9.92  202 

26 

0.07  798 

9.88  499 

11 

7 

4 

10.6 

10.2 

54 

9.80  716 

15 
15 

9.92  227 

25 
26 

0.07  773 

9.88  489 

10 

11 

6 
5 

5 
6 

7 

13.0 
15.4 

12.5 

65 

9.80  731 

9.92  253 

0.07  747 

9.88  478 

14.8 

56 

9.80  746 

15 

9.92  279 

26 

0.07  721 

9.88  468 

10 

4 

8 

17.7 

17.1 

57 

9.80  762 

16 

9.92  304 

2o 

0.07  696 

9.88  457 

11 

3 

9 

20.1 

19.3 

58 

9.80  777 

15 

9.92  330 

26 

0.07  670 

9.88  447 

10 

2 

10 
11 

22.5 

21.6 

59 

9.80  792 

15 
15 

9.92  356 

26 
25 

0.07  644 

9.88  436 

il 

11 

1 

24.8 

23.9 

60 

9.80  807 

9.92  381 

0.07  619 

9.88  425 

0 

i 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

/ 

P.  P 

129°  (309°) 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


40°  (220°) 


(319°)  139° 


0 

1 

2 

3 

_^ 

5 
6 
7 
8 
_9_ 

10 

11 
12 
13 

?!_ 

15 

16 

17 

18 

19_ 

20 

21 

22 

23 

?! 
25 
26 

27 
28 
29_ 

30 

31 
32 
33 

?! 
35 
36 
37 

38 
39_ 

40 

41 
42 
43 

1! 
45 
46 
47 
48 
49_ 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59_ 
60 


L.  fcin. 


,80  807 
.80  822 
80  837 
,80  852 
80  867 


80  882 
80  897 
80  912 
80  927 
80  942 


80  957 
80  972 

80  987 

81  002 
81  017 


81  032 
81  047 
81  061 
81  076 
81  091 


81  106 
81  121 
81  136 
81  151 
81  166 


,81  180 
,81  195 
,81  210 
,81  225 
,81  240 


81  254 
81  269 
81  284 
81  299 
81  314 


81  328 
,81  343 
,81  358 
81  372 
,81  387 


81  402 
81  417 
81  431 
81  446 
81  461 


81  475 
81  490 
81  505 
81  519 
81  534 


81  549 
81  563 
81  578 
81  592 
81  607 


81  622 
81  636 
81  651 
81  665 
81  680 
81  694 


L.  Cos.  d. 


L.  Tan.  c.d 


9.92  381 
9.92  407 
9.92  433 
9.92  458 
9.92  484 


9.92  510 
9.92  535 
9.92  561 
9.92  587 
9.92  612 


9.92  638 
9.92  663 
9.92  689 
9.92  715 
9.92  740 


9.92  766 
9.92  792 
9.92  817 
9.92  843 
9.92  868 


9.92  894 
9.92  920 
9.92  945 
9.92  971 
9.92  996 


9.93  022 
9.93  048 
9.93  073 
9.93  099 
9.93  124 


9.93  150 
9.93  175 
9.93  201 
9.93  227 
9.93  252 


9.93  278 
9.93  303 
9.93  329 
9.93  354 
9.93  380 


9.93  406 
9.93  431 
9.93  457 
9.93  482 
9.93  508 


9.93  533 
9.93  559 
9.93  584 
9.93  610 
9.93  636 


9.93  661 
9.93  687 
9.93  712 
9.93  738 
9.93  763 

9.93  789 
9.93  814 
9.93  840 
9.93  865 
9.93  891 


9.93  916 


L.  Cot.  c.d 


L.  Cot. 


0.07  619 
0.07  593 
0.07  567 
0.07  542 
0.07  516 


0.07  490 
0.07  465 
0.07  439 
0.07  413 
0.07  388 


0.07  362 
0.07  337 
0.07  311 
0.07  285 
0.07  260 


0.07  234 
0.07  208 
0.07  183 
0.07  157 
0.07  132 


0.07  106 
0.07  080 
0.07  055 
0.07  029 
0.07  004 


0.06  978 
0.06  952 
0.06  927 
0.06  901 
0.06  876 


0.06  850 
0.06  825 
0.06  799 
0.06  773 
0.06  748 


0.06  722 
0.06  697 
0.06  671 
0.06  646 
0.06  620 


0.06  594 
0.06  569 
0.06  543 
0.06  518 
0.06  492 


0.06  467 
0.06  441 
0.06  416 
0.06  390 
0.06  364 


0.06  339 
0.06  313 
0.06  288 
0.06  262 
0.06  237 


0.06  211 
0.06  186 
0.06  160 
0.06  135 
0.06  109 


0.06  084 


L.  Tan. 


L.  Cos. 


9.88  425 
9.88  415 
9.88  404 
9.88  394 
9.88  383 


9.88  372 
9.88  362 
9.88  351 
9.88  340 
9.88  330 


9.88  319 
9.88  308 
9.88  298 
9.88  287 
9.88  276 


9.88  266 
9.88  255 
9.88  244 
9.88  234 
9.88  223 


9.88  212 
9.88  201 
9.88  191 
9.88  180 
9.88  169 


9.88  158 
9.88  148 
9.88  137 
9.88  126 
9.88  115 


9.88  105 
9.88  094 
9.88  083 
9.88  072 
9.88  061 


9.88  051 
9.88  040 
9.88  029 
9.88  018 
9.88  007 


9.87  996 
9.87  985 
9.87  975 
9.87  964 
9.87  953 


9.87  942 
9.87  931 
9.87  920 
9.87  909 
9.87  898 


9.87  887 
9.87  877 
9.87  866 
9.87  855 
9.87  844 


9.87  833 
9.87  822 
9.87  811 
9.87  800 
9.87  789 


9.87  778 


L.  Sin. 


P.  P. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

20 

30 

40 

50 


26 

0.4 

0.9 

1.3 

1.7 

2.2 

2.6 

3.0 

3.5 

3.9 

4.3 

8.7 

13.0 

17.3 

21.7 

15 

0.2 
0.5 
0.8 
1.0 

1.2 
1.5 
1.8 
2.0 
2.2 

2.5 

5.0 

7.5 

10.0 

12.5 

11 

0.2 
0.4 
0.6 
0.7 
0.9 
1.1 
1.3 
1.5 
1.6 

1.8 
3.7 
5.5 
7.3 
9.2 


25 

0.4 

0.8 

1.2 

1.7 

2.1 

2.5 

2.9 

3.3 

3.8 

4.2 

8.3 

12.5 

16.7 

20.8 

14 

0.2 
0.5 
0.7 
0.9 
1.2 
1.4 
1.6 
1.9 
2.1 

2.3 
4.7 
7.0 
9.3 
11.7 

10 

0.2 
0.3 
0.5 
0.7 
0.8 
1.0 
1.2 
1.3 
1.5 

1.7 
3.3 
5.0 
6.7 

8.3 


11 
26 


10 
26 


1.2 

1.3 

3.5 

3.9 

5.9 

6.5 

8.3 

9.1 

10.6 

11.7 

13.0 

14.3 

15.4 

16.9 

17.7 

19.5 

20.1 

22.1 

22.5 

24.7 

24.8 

— 

10 

25 

1.2 

3.8 

6.2 

8.8 

11.2 

13.8 

16.2 

18.8 

21.2 

23.8 


P.  P. 


130°  (310°) 


(229°)  49° 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


41° 

(221°) 

(318°)  138c 

/ 

L.  Sin. 

d. 

L.  Tan. 

c.d.  L.  Cot. 

L.  Cos. 

a. 

<>0 

P.  P. 

0 

9.81  694 

15 
14 

9.93  916 

26 

25 

0.06  084 

9.87  778 

/>" 

26 

25 

1 

9.81  709 

9.93  942 

0.06  058 

9.87  767 

59 

1 

0.4 

0.4 

2 

9.81  723 

9.93  967 

0.06  033 

9.87  756 

58 

2 

0.9 

0.8 

3 

9.81  738 

15 

9.93  993 

26 

0.06  007 

9.87  745 

57 

3 

1.3 

1.2 

4 

9.81  752 

14 
15 
14 
15 
14 
15 
14 

15 
14 
14 
15 
14 

15 

14 
15 
14 
14 

15 
14 
14 
15 
14 

14 
15 

14 
14 
14 

9.94  018 
9.94  044 

25 
26 
25 
26 
25 
26 
25 

26 

0.05  982 
0.05  956 

9.87  734 

56 
55 

4 
5 

1.7 
2.2 

1.7 

5 

9.81  767 

9.87  723 

2.1 

6 

9.81  781 

9.94  069 

0.05  931 

9.87  712 

54 

6 

2.6 

2.5 

7 

9.81  796 

9.94  095 

0.05  905 

9.87  701 

53 

7 

3.0 

2.9 

8 

9.81  810 

9.94  120 

0.05  880 

9.87  690 

52 

8 

3.5 

3.3 

9 

9.81  825 

9.94  146 

0.05  854 

9.87  679 

51 
50 

9 
10 

3.9 
4.3 

3.8 

10 

9.81  839 

9.94  171 

0.05  829 

9.87  668 

4.2 

11 

9.81  854 

9.94  197 

0.05  803 

9.87  657 

49 

20 

8.7 

8.3 

12 

9.81  868 

9.94  222 

25 
26 
25 
26 

25 

0.05  778 

9.87  646 

48 

30 

13.0 

12.5 

13 

9.81  882 

9.94  248 

0.05  752 

9.87  635 

47 

40 

17.3 

16.7 

14 

9.81  897 

9.94  273 

0.05  727 

9.87  624 

46 

45 

50 

21.7 
15 

20.8 

15 

9.81  911 

9.94  299 

0.05  701 

9.87  613 

14 

16 

9.81  926 

9.94  324 

0.05  676 

9.87  601 

44 

1 

0.2 

0.2 

17 

9.81  940 

9.94  350 

26 
25 

0.05  650 

9.87  590 

43 

2 

0.5 

0.5 

18 

9.81  955 

9.94  375 

0.05  625 

9.87  579 

42 

3 

0.8 

0.7 

19 

9.81  969 

9.94  401 

26 
25 

0.05  599 

9.87  568 

41 
40 

4 
5 

1.0 
1.2 

0.9 

20 

9.81  983 

9.94  426 

0.05  574 

9.87  557 

1.2 

21 

9.81  998 

9.94  452 

26 

0.05  548 

9.87  546 

39 

6 

1.5 

1.4 

22 

9.82  012 

9.94  477 

25 

0.05  523 

9.87  535 

38 

7 

1.8 

1.6 

23 

9.82  026 

9.94  503 

26 

0.05  497 

9.87  524 

37 

8 

2.0 

1.9 

24 

9.82  041 
9.82  055 

9.94  528 

25 
26 

0.05  472 

9.87  513 

36 
35 

9 
10 

2.2 
2.5 

2.1 

25 

9.94  554 

0.05  446 

9.87  501 

2.3 

26 

9.82  069 

9.94  579 

25 

0.05  421 

9.87  490 

34 

20 

5.0 

4.7 

27 

9.82  084 

9.94  604 

25 

0.05  396 

9.87  479 

33 

30 

7.5 

7.0 

28 

9.82  098 

9.94  630 

26 
25 
26 

0.05  370 

9.87  468 

32 

40 

10.0 

9.3 

29 

9.82  112 

9.94  655 

0.05  345 

9.87  457 

31 
30 

50 

12.5 
12 

11.7 

30 

9.82  126 

9.94  681 

0.05  319 

9.87  446 

11 

31 

9.82  141 

15 
14 

9.94  706 

25 

0.05  294 

9.87  434 

29 

1 

0.2 

0.2 

32 

9.82  155 

9.94  732 

26 

0.05  268 

9.87  423 

28 

2 

0.4 

0.4 

33 

9.82  169 

14 
15 
14 

9.94  757 

25 

0.05  243 

9.87  412 

27 

3 

0.6 

0.6 

34 

9.82  184 

9.94  783 

26 
25 

0.05  217 

9.87  401 

26 
25 

4 
5 

0.8 
1.0 

0.7 

35 

9.82  198 

9.94  808 

0.05  192 

9.87  390 

0.9 

36 

9.82  212 

14 

9.94  834 

26 

0.05  166 

9.87  378 

24 

6 

1.2 

1.1 

37 

9.82  226 

14 

9.94  859 

25 

0.05  141 

9.87  367 

23 

7 

1.4 

1.3 

38 

9.82  240 

14 

9.94  884 

25 

0.05  116 

9.87  356 

22 

8 

1.6 

1.5 

39 

9.82  255 

15 

14 

9.94  910 

26 
25 

0.05  090 
0.05  065 

9.87  345 

21 
20 

9 
10 

1.8 
2.0 

1.6 

40 

9.82  269 

9.94  935 

9.87  334 

1.8 

41 

9.82  283 

14 

9.94  961 

26 

0.05  039 

9.87  322 

19 

20 

4.0 

3.7 

42 

9.82  297 

14 

9.94  986 

25 

0.05  014 

9.87  311 

18 

30 

6.0 

5.5 

43 

9.82  311 

14 

9.95  012 

26 

0.04  988 

9.87  300 

17 

40 

8.0 

7.3 

44 

9.82  326 

15 
14 

9.95  037 

25 
25 

0.04  963 

9.87  288 

12 

16 
15 

50 

10.0 

9.2 

45 

9.82  340 

9.95  062 

0.04  938 

9.87  277 

46 

9.82  354 

14 

9.95  088 

2b 

0.04  912 

9.87  266 

14 

12 

12   11 

47 

9.82  368 

14 

9.95  113 

25 

0.04  887 

9.87  255 

13 

26 

25   25 

48 

9.82  382 

14 

9.95  139 

26 

0.04  861 

9.87  243 

12 

12 

49 

9.82  396 

14 
14 

9.95  164 

2b 
26 

0.04  836 

9.87  232 

11 
10 

0 
1 
2 

L.l   1 
5.2   3 

.1   1.1 

50 

9.82  410 

9.95  190 

0.04  810 

9.87  221 

.1   3.4 

51 

9.82  424 

14 

9.95  215 

2b 

0.04  785 

9.87  209 

9 

3 

S.4   5.2   5.7 

52 

9.82  439 

lb 

9.95  240 

2b 

0.04  760 

9.87  198 

8 

\ 

r.6   7.3   7.9 

53 

9.82  453 

14 

9.95  266 

2b 

0.04  734 

9.87  187 

7 

5 
6 

< 

).8   9.4  10.2 

54 

9.82  467 

14 
14 

9.95  291 

2b 
26 

0.04  709 

9.87  175 

6 

1 

L.9  11.5  12.5 

55 

9.82  481 

9.95  317 

0.04  683 

9.87  164 

5 

7 

1* 

1.1  13 

3.2  15 
3.4  17 
).6  19 

1.8  21 

1.9  23 

.6  17.1 
.7  19.3 
.8  21.6 
.9  23.9 
.9   — 

56 

9.82  495 

14 

9.95  342 

2b 

0.04  658 

9.87  153 

4 

8 

i  < 

57 

9.82  509 

14 

9.95  368 

26 

0.04  632 

9.87  141 

3 

9 

Of 

58 

9.82  523 

14 

9.95  393 

25 

0.04  607 

9.87  130 

2 

10 

Q< 

59 

9.82  537 

14 
14 

9.95  418 

25 
26 

0.04  582 

9.87  119 

12 
d~ 

1 

0 

/ 

11 
12 

2' 

60 

9.82  551 

9.95  444 

0.04  556 

9.87  107 

t 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

P.  P. 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

42°  (222°)  (317°)  137° 


5 
6 

7 

8 

_9^ 

10 

11 
12 
13 
14 

15 
16 
17 

18 
19 


20 

21 
22 
23 
24 


25 
26 
27 
28 
29 
30 
31 
32 
33 
34 


35 
36 
37 
38 
39 


40 

41 
42 
43 

44 


45 
46 
47 
48 
49. 

50 

51 
52 
53 

55 
56 
57 
58 
59 


L.  Sin. 


9.82  551 
9.82  565 
9.82  579 
9.82  593 
9.82  607 


9.82  621 
9.82  635 
9.82  649 
9.82  663 
9.82  677 


9.82  691 
9.82  705 
9.82  719 
9.82  733 
9.82  747 


9.82  761 
9.82  775 
9.82  788 
9.82  802 
9.82  816 


9.82  830 
9.82  844 
9.82  858 
9.82  872 
9.82  885 


9.82  899 
9.82  913 
9.82  927 
9.82  941 
9.82  955 


9.82  968 
9.82  982 

9.82  996 

9.83  010 
9.83  023 


9.83  037 
9.83  051 
9.83  065 
9.83  078 
9.83  092 


9.83  106 
9.83  120 
9.83  133 
9.83  147 
9.83  161 


9.83  174 
9.83  188 
9.83  202 
9.83  215 
9.83  229 


9.83  242 
9.83  256 
9.83  270 
9.83  283 
9.83  297 


9.83  310 
9.83  324 
9.83  338 
9.83  351 
9.83  365 


60  9.83  378 


L.  Cos. 


L.  Tan.  c.d.  L.  Cot. 


9.95 
9.95 
9.95 
9.95 
9.95 


9.95 
9.95 
9.95 
9.95 
9.95 


9.95 
9.95 
9.95 
9.95 
9.95 


9.95 
9.95 
9.95 
9.95 
9.95 


9.95 
9.95 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 
9.96 
9.96 
9.96 
9.96 


9.96 


444 
469 
495 
520 
545 

571 
596 
622 
647 
672 

698 
723 
748 
774 
799 

825 
850 
875 
901 
926 
952 
977 
002 
028 
053 

078 
104 
129 
155 
180 

205 
231 
256 
281 
307 

332 
357 
383 
408 
433 

459 
484 
510 
535 
560 
586 
611 
636 
662 
687 
712 
738 
763 
788 
814 

839 
864 
890 
915 
940 

966 


25 
26 
25 
25 
26 
25 
26 
25 
25 
26 
25 
25 
26 
25 
26 
25 
25 
26 
25 
26 
25 
25 
26 
25 
25 

26 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 

26 
25 
25 
26 

25 
26 
25 
25 
26 
25 
25 
26 
25 
25 

26 
25 
25 
26 
25 

25 
26 
25 
25 
26 


d.  L.  Cot.  c.d 


0.04  556 
0.04  531 
0.04  505 
0.04  480 
0.04  455 


0.04  429 
0.04  404 
0.04  378 
0.04  353 
0.04  328 


0.04  302 
0.04  277 
0.04  252 
0.04  226 
0.04  201 


0.04  175 
0.04  150 
0.04  125 
0.04  099 
0.04  074 


0.04  048 
0.04  023 
0.03  998 
0.03  972 
0.03  947 


0.03  922 
0.03  896 
0.03  871 
0.03  845 
0.03  820 


0.03  795 
0.03  769 
0.03  744 
0.03  719 
0.03  693 


0.03  668 
0.03  643 
0.03  617 
0.03  592 
0.03  567 


0.03  541 
0.03  516 
0.03  490 
0.03  465 
0.03  440 


0.03  414 
0.03  389 
0.03  364 
0.03  338 
0.03  313 


0.03  288 
0.03  262 
0.03  237 
0.03  212 
0.03  186 


0.03  161 
0.03  136 
0.03  110 
0.03  085 
0.03  060 


0.03  034 


L.  Tan. 


L.  Cos.  d. 


9.87  107 
9.87  096 
9.87  085 
9.87  073 
9.87  062 


9.87  050 
9.87  039 
9.87  028 
9.87  016 
9.87  005 


9.86  993 
9.86  982 
9.86  970 
9.86  959 
9.86  947 


9.86  936 
9.86  924 
9.86  913 
9.86  902 
9.86  890 


9.86  879 
9.86  867 
9.86  855 
9.86  844 
9.86  832 


9.86  821 
9.86  809 
9.86  798 
9.86  786 
9.86  775 


9.86  763 
9.86  752 
9.86  740 
9.86  728 
9.86  717 


9.86  705 
9.86  694 
9.86  682 
9.86  670 
9.86  659 


9.86  647 
9.86  635 
9.86  624 
9.86  612 
9.86  600 


9.86  589 
9.86  577 
9.86  565 
9.86  554 
9.86  542 


9.86  530 
9.86  518 
9.86  507 
9.86  495 
9.86  483 


9.86  472 
9.86  460 
9.86  448 
9.86  436 
9.86  425 


9.86  413 
L.  Sin. 


P.P. 


1 
2 
3 
4 

5 

6 
7 
8 
9 

10 
20 
30 
40 
50 
// 

1 

2 
3 

4 

5 
6 
7 
8 
9 

10 
20 
30 
40 
50 
// 

1 
2 
3 

4 

5 
6 

7 
8 
9 

10 

20 
30 
40 
50 


26 

0.4 
0.9 
1.3 
1.7 
2.2 
2.6 
3.0 
3.5 
3.9 

4.3 

8.7 

13.0 

17.3 

21.7 

14 

0.2 

0.5 

0.7 

0.9 

1.2 

1.4 

1.6 

1.9 

2.1 

2.3 
4.7 
7.0 
9.3 
11.7 
12 
0.2 
0.4 
0.6 
0.8 

1.0 
1.2 
1.4 
1.6 
1.8 

2.0 
4.0 
6.0 
8.0 
10.0 


26 

0.4 
0.8 
1.2 
1.7 
2.1 
2.5 
2.9 
3.3 
3.8 

4.2 

8.3 
12.5 
16.7 
20.8 

13 

0.2 
0.4 
0.6 
0.9 

1.1 
1.3 
1.4 
1.7 
2.0 
2.2 
4.3 
6.5 
8.7 
10.8 

11 

0.2 
0.4 
0.6 
0.7 
0.9 
1.1 
1.3 
l.S 
1.6 
1.8 
3.7 
5.5 
7.3 
9.2 


12 

26 

1.1 

3.2 

5.4 

7.6 

9.8 

11.9 

14.1 

16.2 

18.4 

20.6 

22.8 

24.9 


11 
26 

1.2 

3.4 

5.9 

8.3 

10.6 

13.0 

15.4 

17.7 

20.1 

22.5 

24.8 


11 
25 

1.1 
3.4 

5.7 
7.9 
10.2 
12.5 
14.8 
17.1 
19.3 
21.6 
23.9 


P.  P. 


132°  C312°> 
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LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 

43°  (223°)  (316°)  136* 


1 

L.  Sin. 

d. 

L.  Tan. 

c.d. 

L.  Cot. 

L.  Cos. 

d. 

' 

P.P. 

0 

9.83  378 

9.96  966 

0.03  034 

9.86  413 

60 

"   26 

25 

1 

9.83  392 

14 

9.96  991 

25 

0.03  009 

9.86  401 

12 

59 

1 

0.4 

0.4 

2 

9.83  405 

13 

9.97  016 

25 

0.02  984 

9.86  389 

12 

58 

2 

0.9 

0.8 

3 

9.83  419 

14 

9.97  042 

26 

0.02  958 

9.86  377 

12 

57 

3 

1.3 

1.2 

4 

9.83  432 

13 
14 

9.97  067 

25 
25 

0.02  933 

9.86  366 

11 
12 

56 
55 

4 
5 

1.7 
2.2 

1.7 

5 

9.83  446 

9.97  092 

0.02  908 

9.86  354 

2.1 

6 

9.83  459 

13 

9.97  118 

20 

0.02  882 

9.86  342 

12 

54 

6 

2.6 

2.5 

7 

9.83  473 

14 

9.97  143 

25 

0.02  857 

9.86  330 

12 

53 

7 

3.0 

2.9 

8 

9.83  486 

13 

9.97  168 

25 

0.02  832 

9.86  318 

12 

52 

8 

3.5 

3.3 

9 

9.83  500 

14 
13 

9.97  193 

25 
26 

0.02  807 

9.86  306 

12 
11 

51 

50 

9 
10 

3.9 
4.3 

3.8 

10 

9.83  513 

9.97  219 

0.02  781 

9.86  295 

4.2 

11 

9.83  527 

14 

9.97  244 

25 

0.02  756 

9.86  283 

12 

10 

20 

8.7 

8.3 

12 

9.83  540 

13 

9.97  269 

25 

0.02  731 

9.86  271 

12 

48 

30 

13.0 

12.5 

13 

9.83  554 

14 

9.97  295 

26 

0.02  705 

9.86  259 

12 

47 

40 

17.3 

16.7 

14 

9.83  567 

13 
14 

9.97  320 

25 
25 

0.02  680 

9.86  247 

12 
12 

46 
45 

50 

21.7 

20.8 

15 

9.83  581 

9.97  345 

0.02  655 

9.86  235 

"   14 

13 

16 

9.83  594 

13 

9.97  371 

26 

0.02  629 

9.86  223 

12 

44 

1 

0.2 

0.2 

17 

9.83  608 

14 

9.97  396 

25 

0.02  604 

9.86  211 

12 

43 

2 

0.5 

0.4 

18 

9.83  621 

13 

9.97  421 

25 

0.02  579 

9.86  200 

11 

42 

3 

0.7 

0.6 

19 

9.83  634 

13 
14 

9.97  447 

26 
25 

0.02  553 

9.86  188 

12 

12 

41 

4 

0.9 

0.9 

20 

9.83  648 

9.97  472 

0.02  528 

9.86  176 

40 

5 

1.2 

11 

21 

9.83  661 

13 

9.97  497 

25 

0.02  503 

9.86  164 

12 

39 

6 

1.4 

1,3 

22 

9.83  674 

13 

9.97  523 

26 

0.02  477 

9.86  152 

12 

38 

7 

1.6 

1.5 

23 

9.83  688 

14 

9.97  548 

25 

0.02  452 

9.86  140 

12 

37 

8 

1.9 

1.7 

24 

9.83  701 

13 
14 

9.97  573 

25 
25 

0.02  427 

9.86  128 

12 
12 

36 

9 

2.1 
2.3 

2.0 

25 

9.83  715 

9.97  598 

0.02  402 

9.86  116 

S5   10 

2.2 

26 

9.83  728 

13 

9.97  624 

26 

0.02  376 

9.86  104 

12 

34 

20 

4.7 

4.3 

27 

9.83  741 

13 

9.97  649 

25 

0.02  351 

9.86  092 

12 

33 

30 

7.0 

6.5 

28 

9.83  755 

14 

9.97  674 

25 

0.02  326 

9.86  080 

12 

32 

40 

9.3 

8.7 

29 

9.83  768 

13 
13 

9.97  700 

26 
25 

0.02  300 

9.86  068 

12 
12 

SI 
30 

50 

11.7 

10.8 

30 

9.83  781 

9.97  725 

0.02  275 

9.86  056 

"   12 

11 

31 

9.83  795 

14 

9.97  750 

25 

0.02  250 

9.86  044 

12 

29 

1 

0.2 

0.2 

32 

9.83  808 

13 

9.97  776 

26 

0.02  224 

9.86  032 

12 

28 

2 

0.4 

0.4 

33 

9.83  821 

13 

9.97  801 

25 

0.02  199 

9.86  020 

12 

27 

3 

0.6 

0.6 

34 

9.83  834 

13 
14 

13 

9.97  826 

25 
25 

0.02  174 

9.86  008 

12 
12 

26 
25 

4 
5 

0.8 
1.0 

0,7 

35 

9.83  848 

9.97  851 

0.02  149 

9.85  996 

0.9 

36 

9.83  861 

9.97  877 

26 

0.02  123 

9.85  984 

12 

24 

6 

1.2 

1.1 

37 

9.83  874 

13 

9.97  902 

25 

0.02  098 

9.85  972 

12 

23 

7 

1.4 

1.3 

38 

9.83  887 

13 

9.97  927 

25 

0.02  073 

9.85  960 

12 

22 

8 

1.6 

1.3 

39 

9.83  901 

14 
13 
13 
13 

9.97  953 

26 
25 

25 

0.02  047 

9.85  948 

12 
12 

21 
20 

9 
10 

1.8 
2.0 

1.6 

40 

9.83  914 

9.97  978 

0.02  022 

9.85  936 

1.8 

41 

9.83  927 

9.98  003 

0.01  997 

9.85  924 

12 

19 

20 

4.0 

3.7 

42 

9.83  940 

9.98  029 

26 

0.01  971 

9.85  912 

12 

18 

30 

6.0 

5.5 

43 

9.83  954 

14 

9.98  054 

25 

0.01  946 

9.85  900 

12 

17 

40 

8.0 

7.3 

44 

9.83  967 

13 
13 

9.98  079 

25 
25 

0.01  921 

9.85  888 

12 
12 

16 
15 

50 

10.0 

9.2 

45 

9.83  980 

9.98  104 

0.01  896 

9.85  876 

46 

9.83  993 

13 

9.98  130 

26 

0.01  870 

9.85  864 

12 

14 

13    13 

12 

47 

9.84  006 

13 

9.98  155 

25 

0.01  845 

9.85  851 

13 

13 

26   25 

25 

48 

9.84  020 

14 

9.98  180 

25 

0.01  820 

9.85  839 

12 

12 

0 

1  n   nc 

-,.       i  ■» 

49 

9.84  033 

13 
13 

9.98  206 

26 
25 

0.01  794 

9.85  827 

12 
12 

11 

1 

l.U     U.i*     1.4 

3  0   2  9   31 

50 

9.84  046 

9.98  231 

0.01  769 

9.85  Sl5 

10 

2 

5.0   4.8   5.2 

51 

9.84  059 

13 
13 

9.98  256 

25 

0.01  744 

9.b5  803 

12 

9 

3 
4 

7.0   6.7   7.3 

52 

9.84  072 

9.98  281 

25 

0.01  719 

9.85  791 

12 

8 

9.0   8.7   9.4 

53 

9.84  085 

13 
13 
14 

9.98  307 

26 

0.01  693 

9.85  779 

12 

7 

5 

11.0  10.6  ll.H 

54 

9.84  098 

9.98  332 

25 
25 

0.01  668 

9.85  766 

13 
12 

6 
5 

6 

7 

8 

9 

10 

11 

12 

13.0  12., 
15.0  14.< 

3  13.4 

55 

9.84  112 

9.98  357 

0.01  643 

9.85  754 

I  15.6 

56 

9.84  125 

13 

9.98  383 

2b 

0,01  617 

9.85  742 

12 

4 

17.0  16.3  17.7 

57 

9.84  138 

13 

9.98  408 

25 

0.01  592 

9.85  730 

12 

3 

19.0  18.3  19.8 

58 

9.84  151 

13 

9.98  433 

25 

0.01  567 

9.85  718 

12 

2 

21.0  20.2  21.9 

59 

9.84  164 

13 
13 

9.98  458 

25 
26 

0.01  542 

9.85  706 

12 
13 

1 

23.0  22.1  23.9 
25.0  24.1   — 

60 

9.84  177 

9.98  484 

0.01  516 

9.85  693 

0 

13 

# 

L.  Cos. 

d. 

L.  Cot. 

c.d. 

L.  Tan. 

L.  Sin. 

d. 

/ 

P.P. 

133°  (313°) 
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(226°)   46° 


LOGARITHMS  OF  THE  FUNCTIONS  (Continued) 


44° 

(224°) 

(315°) 

135 

° 

i 

L.  Sin.  1 

L.  Tan. 

c.d. 

L.  Cot, 

L.  Cos. 

<1. 

30 

0 

9.84  177 

9.98  484 

0.01  516 

9.85  693 

// 

26 

25 

1 

9.84  190 

13 

9.98  509 

25 

0.01  491 

9.85  681 

12 

59 

1 

0.4 

0.4 

2 

9.84  203 

13 

9.98  534 

25 

0.01  466 

9.85  669 

12 

58 

2 

0.9 

0.8 

3 

9.84  216 

13 

9.98  560 

26 

0.01  440 

9.85  657 

12 

57 

3 

1.3 

1.2 

4 

9.84  229 

13 
13 

9.98  585 

25 
25 

0.01  415 

9.85  645 

12 
13 

56 

4 

1.7 

1.7 

5 

9.84  242 

9.98  610 

0.01  390 

9.85  632 

55 

5 

2.2 

2.1 

6 

9.84  255 

13 

9.98  635 

25 

0.01  365 

9.85  620 

12 

54 

6 

2.6 

2.5 

7 

9.84  269 

14 

9.98  661 

26 

0.01  339 

9.85  608 

12 

53 

7 

3.0 

2.9 

8 

9.84  282 

13 

9.98  686 

25 

0.01  314 

9.85  596 

12 

52 

8 

3.5 

3.3 

9 

9.84  295 

13 
13 

9.98  711 

25 
26 

0.01  289 

9.85  583 

13 
12 

51 
50 

9 

10 

3.9 
4.3 

3.8 

10 

9.84  308 

9.98  737 

0.01  263 

9.85  571 

4.2 

11 

9.84  321 

13 

9.98  762 

25 

0.01  238 

9.85  559 

12 

49 

20 

8.7 

8.3 

12 

9.84  334 

13 

9.98  787 

25 

0.01  213 

9.85  547 

12 

48 

30 

13.0 

12.5 

13 

9.84  347 

13 

9.98  812 

25 

0.01  188 

9.85  534 

13 

47 

40 

17.3 

16.7 

14 

9.84  360 

13 
13 

9.98  838 

26 
25 

0.01  162 

9.85  522 

12 
12 

4G 

50 

21.7 

20.8 

15 

9.84  373 

9.98  863 

0.01  137 

9.85  510 

45 

n 

1i 

13    12 

16 

9.84  385 

12 

9.98  888 

25 

0.01  112 

9.85  497 

13 

44 

1 

0.2   0.2   0.2 

17 

9.84  398 

13 

9.98  913 

25 

0.01  087 

9.85  485 

12 

43 

2 

0.5   0.4   0.4 

18 

9.84  411 

13 

9.98  939 

26 

0.01  061 

9.85  473 

12 

42 

g 

0.7   0.6   0.6 

19 

9.84  424 

13 
13 

9.98  964 

25 
25 

0.01  036 

9.85  460 

13 
12 

41 

4 

0.9   0.9   0.8 

20 

9.84  437 

9.98  989 

0.01  011 

9.85  448 

40 

5 

1.2   1 

.1    10 

21 

9.84  450 

13 

9.99  015 

26 

0.00  985 

9.85  436 

12 

39 

6 

L.4   1.3   1.2 

22 

9.84  463 

13 

9.99  040 

25 

0.00  960 

9.85  423 

13 

38 

7 

L6   1.5   1.4 

23 

9.84  476 

13 

9.99  065 

25 

0.00  935 

9.85  411 

12 

37 

S 

Q    17    1  fi 

24 

9.84  489 

13 
13 

13 
13 

9.99  090 

25 
26 

0.00  910 

9.85  399 

12 
13 

36 

9 

2.1   2.0   1.8 

25 

9.84  502 

9.99  116 

0.00  884 

9.85  386 

35 

10 

2.3   2.2   2.0 

26 

9.84  515 

9.99  141 

25 

0.00  859 

9.85  374 

[2 

34 

?n 

4.7   4.3   4.0 

27 

9.84  528 

9.99  166 

25 

0.00  834 

9.85  361 

13 

33 

30 

7.0   6.5   6.0 

28 

9.84  540 

12 
13 
13 

9.99  191 

25 

0.00  809 

9.85  349 

[2 

32 

40 

9.3   8.7   8.0 

29 

9.84  553 

9.99  217 

26 
25 

0.00  783 

9.85  337 
9.85  324 

12 
13 

31 
30 

50 

11.7  10.8  10.0 

30 

9.84  566 

9.99  242 

0.00  758 

13 

13 

31 

9.84  579 

13 

9.99  267 

25 

0.00  733 

9.85  312 

12 

29 

32 

9.84  592 

13 

9.99  293 

26 

0.00  707 

9.85  299 

13 

28 

26 

25 

33 

9.84  605 

13 

9.99  318 

25 

0.00  682 

9.85  287 

12 

27 

0 

1.0 
3.0 

0.9 
2.9 

34 

9.84  618 

13 
12 

9.99  343 

25 
25 

0.00  657 

9.85  274 

13 
12 

26 

1 

35 

9.84  630 

9.99  368 

0.00  632 

9.85  262 

25 

2 
3 
4 

50 

4.8 

36 

9.84  643 

13 

9.99  394 

26 

0.00  606 

9.85  250 

12 

24 

7.0 

6.7 

37 

9.84  656 

13 

9.99  419 

25 

0.00  581 

9.85  237 

13 

23 

9.0 

8.7 

38 

9.84  669 

13 

9.99  444 

25 

0.00  556 

9.85  225 

12 

22 

5 

11.0 

10.6 

39 

9.84  682 

13 
12 

9.99  469 

25 
26 

0.00  531 

9.85  212 

13 
12 

21 
>0 

6 

7 
8 

13.0 
15.0 

12.5 

40 

9.84  694 

9.99  495 

0.00  505 

9.85  200 

14.4 

41 

9.84  707 

13 

9.99  520 

25 

0.00  480 

9.85  187 

13 

19 

9 

17.0 

16.3 

42 

9-84  720 

13 

9.99  545 

2b 

0.00  455 

9.85  175 

12 

IS 

10 

19.0 

18.3 

43 

9.84  733 

13 

9.99  570 

25 

0.00  430 

9.85  162 

13 

17 

11 

21.0 

20.2 

44 

9.84  745 

12 
13 

9.99  596 

2b 
25 

0.00  404 

9.85  150 

12 
13 

16 

12 

23.0 
25.0 

22.1 
24.1 

45 

9.84  758 

9.99  621 

0.00  379 

9.85  137 

15 

13 

46 

9.84  771 

13 

9.99  646 

25 

0.00  354 

9.85  125 

12 

14 

47 

9.84  784 

13 

9.99  672 

2b 

0.00  328 

9.85  112 

13 

13 

12 

12 

48 

9.84  796 

9.99  697 

25 

0.00  303 

9.85  100 

12 

12 

26 

25 

49 

9.84  809 
9.84  822 

13 
13 

9.99  722 
9.99  747 

2b 
25 

0.00  278 

9.85  087 

13 

13 

11 
10 

0 
1 

1.1 
3.2 

1  i 

50 

0.00  253 

9.85  074 

3.1 

51 

9.84  835 

13 

9.99  773 

26 

0.00  227 

9.85  062 

12 

9 

2 

5.4 

5.2 

52 

9.84  847 

12 

9.99  798 

25 

0.00  202 

9.85  049 

13 

8 

3 

7.6 

7.3 

53 

9.84  860 

13 

9.99  823 

2b 

0.00  177 

9.85  037 

12 

7 

4 

9.8 

9.4 

54 

9.84  873 

13 
12 

9.99  848 

25 
26 

0.00  152 
0.00  126 

9.85  024 

13 
12 

6 

5 

5 

6 

7 

8 

9 

10 

11 

12 

11.9 
14.1 

11.5 

55 

9.84  885 

9.99  874 

9.85  012 

13.5 

56 

9.84  898 

13 

9.99  899 

2b 

0.00  101 

9.84  999 

13 

4 

16.2 

15.6 

57 

9.84  911 

13 

9.99  924 

2b 

0.00  076 

9.84  986 

13 

3 

18.4 

17.7 

58 

9.84  923 

12 

9.99  949 

2b 

0.00  051 

9.84  974 

12 

2 

20.6 

19.8 

59 

9.84  936 

13 
13 

9.99  975 

2b 
25 

0.00  025 

9.84  961 

13 

12 

1 
0 

22.8 
24.9 

21.9 

60 

9.84  949 

0.00  000 

0.00  000 

9.84  949 

23.9 

/ 

L.  Cos. 

d. 

L.  Cot. 

'c.d. 

L.  Tan.  1  L.  Sin. 

d. 

/ 

P.  P. 

134°  (314°) 


(225°)  45c 
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NATURAL  TRIGONOMETRIC  FUNCTIONS 

Values  of  the  trigonometric  functions  of  angles  for  each  minute 
from  0-360°. 

For  degrees  indicated  at  the  top  of  the  page  use  the  column 
headings  at  the  top.  For  degrees  indicated  at  the  bottom  use 
the  column  indications  at  the  bottom. 

With  degrees  at  the  left  of  each  block  (top  or  bottom),  use  the 
minute  column  at  the  left  and  with  degrees  at  the  right  of  each 
block  use  the  minute  column  at  the  right. 


89 


0°  (180°) 


NATURAL  FUNCTIONS 

(359°)  179°      1°  (181°) 


(358°)  178° 


0 

Sin 

Tan 

Cot 

Cos 

60 

. 00000 

.00000 

1.0000 

1 

. 00029 

. 00029 

3437.7 

1 . 0000 

59 

2 

. 00058 

. 00058 

1718.9 

1 . 0000 

58 

3 

. 00087 

. 00087 

1145.9 

1 . 0000 

57 

4 

.00116 

.00116 

859 . 44 

1 . 0000 

56 

5 

.00145 

.00145 

687 . 55 

1.0000 

55 

6 

.00175 

.00175 

572.96 

1 . 0000 

54 

7 

. 00204 

. 00204 

491.11 

1 . 0000 

53 

8 

.00233 

.00233 

429.72 

1 . 0000 

52 

9 

. 00262 

. 00262 

381.97 

1 . 0000 

51 

10 

.00291 

.00291 

343.77 

1 . 0000 

50 

11 

. 00320 

. 00320 

312.52 

. 99999 

49 

12 

.00349 

. 00349 

286.48 

.99999 

48 

13 

. 00378 

.00378 

264.44 

.99999 

47 

14 

. 00407 

. 00407 

245.55 

. 99999 

46 

15 

.00436 

.00436 

229.18 

.99999 

45 

16 

. 00465 

.00465 

214.86 

.99999 

44 

17 

. 00495 

.00495 

202.22 

.99999 

43 

18 

. 00524 

. 00524 

190.98 

.99999 

42 

19 

. 00553 

. 00553 

180.93 

. 99998 

41 

20 

. 00582 

. 00582 

171.89 

.99998 

40 

21 

.00611 

.00611 

163.70 

.99998 

39 

22 

. 00640 

. 00640 

156.26 

.99998 

38 

23 

. 00669 

. 00669 

149.47 

.99998 

37 

24 

. 00698 

.00698 

143 . 24 

.99998 

36 

25 

. 00727 

.00727 

137.51 

.99997 

35 

26 

. 00756 

. 00756 

132.22 

.99997 

34 

27 

.00785 

.00785 

127.32 

.99997 

33 

28 

.00814 

.00815 

122.77 

.99997 

32 

29 

. 00844 

. 00844 

118.54 

. 99996 

31 

30 

.00873 

. 00873 

114.59 

.99996 

30 

31 

. 00902 

. 00902 

110.89 

.99996 

29 

32 

.00931 

.00931 

107.43 

. 99996 

28 

33 

. 00960 

. 00960 

104.17 

. 99995 

27 

34 

.00989 

.00989 

101.11 

.99995 

26 

35 

.01018 

.01018 

98.218 

.99995 

25 

36 

.01047 

.01047 

95.489 

.99995 

24 

37 

.01076 

.01076 

92.908 

.99994 

23 

38 

.01105 

.01105 

90.463 

.99994 

22 

39 

.01134 

.01135 

88.144 

.99994 

21 

40 

.01164 

.01164 

85.940 

.99993 

20 

41 

.01193 

.01193 

83 . 844 

. 99993 

19 

42 

.01222 

.01222 

81.847 

.99993 

18 

43 

.01251 

.01251 

79.943 

.99992 

17 

44 

.01280 

.01280 

78.126 

.99992 

16 

45 

.01309 

.01309 

76.390 

.99991 

15 

46 

.01338 

.01338 

74.729 

.99991 

14 

47 

.01367 

.01367 

73.139 

.99991 

13 

48 

.01396 

.01396 

71.615 

.99990 

12 

49 

.01425 

.01425 

70.153 

.99990 

11 

50 

.01454 

.01455 

68.750 

.99989 

10 

51 

.01483 

.01484 

67 . 402 

.99989 

9 

52 

.01513 

.01513 

66.105 

.99989 

8 

53 

.01542 

.01542 

64 . 858 

.99988 

7 

54 

.01571 

.01571 

63 . 657 

.99988 

6 

55 

.01600 

.01600 

62 . 499 

.99987 

5 

56 

.01629 

.01629 

61.383 

. 99987 

4 

57 

.01658 

.01658 

60.306 

. 99986 

3 

58 

.01687 

.01687 

59 . 266 

.99986 

2 

59 

.01716 

.01716 

58.261 

.99985 

1 

60 

.01745 

.01746 

57.290 

. 99985 

0 

Cos 

Cot 

Tan 

Sin 

r 

0 

Sin 

Tan 

Cot 

Cos 

' 

.01745 

.01746 

57 . 290 

.99985 

60 

1 

.01774 

.01775 

56.351 

.99984 

59 

2 

.01803 

.01804 

55.442 

.99984 

58 

3 

.01832 

.01833 

54.561 

.99983 

57 

4 

.01862 

.01862 

53.709 

.99983 

56 

5 

.01891 

.01891 

52 . 882 

.99982 

55 

6 

.01920 

.01920 

52.081 

.99982 

54 

7 

.01949 

.01949 

51.303 

.99981 

53 

8 

.01978 

.01978 

50.549 

.99980 

52 

9 

. 02007 

. 02007 

49.816 

.99980 

51 

10 

. 02036 

.02036 

49 . 104 

.99979 

50 

11 

. 02065 

.02066 

48.312 

.99979 

49 

12 

. 02094 

.02095 

47 . 740 

.99978 

48 

13 

.02123 

.02124 

47.085 

.99977 

47 

14 

.02152 

.02153 

46.449 

.99977 

46 

15 

.02181 

.02182 

45.829 

.99976 

45 

16 

.02211 

.02211 

45.226 

.99976 

44 

17 

. 02240 

.02240 

44 . 639 

.99975 

43 

18 

. 02269 

.02269 

44 . 066 

.99974 

42 

19 

.02298 

.02298 

43.508 

.99974 

41 

20 

.02327 

.02328 

42 . 964 

.99973 

40 

21 

.02356 

.02357 

42.433 

.99972 

39 

22 

.02385 

.02386 

41.916 

.99972 

38 

23 

.02414 

.02415 

41.411 

.99971 

37 

24 

. 02443 

. 02444 

40.917 

.99970 

36 

25 

. 02472 

. 02473 

40.436 

.99969 

35 

26 

.02501 

.02502 

39.965 

.99969 

34 

27 

.02530 

.02531 

39.506 

.99968 

33 

28 

. 02560 

.02560 

39.057 

.99967 

32 

29 

. 02589 

. 02589 

38.618 

.99966 

31 

30 

.20618 

.02619 

38.188 

.99966 

30 

31 

. 02647 

.02648 

37.769 

.99965 

29 

32 

.02676 

. 02077 

37.358 

.99964 

28 

33 

.02705 

.02706 

36.956 

.99963 

27 

34 

.02734 

.02735 

36 . 563 

.99963 

26 

35 

.02763 

.02764 

36.178 

.99962 

25 

36 

.02792 

.02793 

35.801 

.99961 

24 

37 

.02821 

. 02822 

35.431 

.9996C 

23 

38 

.02850 

.02851 

35.070 

.99959 

22 

39 

. 02879 

.02881 

34.715 

.99959 

21 

40 

.02908 

.02910 

34.368 

.99958 

20 

41 

.02938 

.02939 

34.027 

.99957 

19 

42 

.02967 

.02968 

33.694 

.99956 

18 

43 

.02996 

.02997 

33.366 

.99955 

17 

44 

.03025 

.03026 

33.045 

.99954 

16 

45 

.03054 

.03055 

32.730 

.99953 

15 

46 

. 03083 

.03084 

32.421 

.99952 

14 

47 

.03112 

.03114 

32.118 

.99952 

13 

48 

.03141 

.03143 

31.821 

.99951 

12 

49 

.03170 

.03172 

31.528 

.99950 

11 

50 

.03199 

.03201 

31.242 

.99949 

10 

51 

.03228 

.03230 

30.960 

.99948 

9 

52 

. 03257 

.03259 

30.683 

.99947 

8 

53 

. 03286 

. 03288 

30.412 

.99946 

7 

54 

.03316 

.03317 

30.145 

.99945 

6 

55 

. 03345 

.03346 

29 . 882 

.99944 

5 

56 

.03374 

.03376 

29 . 624 

.99943 

4 

57 

. 03403 

. 03405 

29.371 

.99942 

3 

58 

.03432 

.03434 

29.122 

.99941 

2 

59 

.03461 

. 03463 

28.877 

.99940 

.1 

60 

. 03490 

.03492 

28.636 

. 99939 

J) 

/ 

Cos 

Cot 

Tan 

Sin 

(270°) 


(269°)  89°        91°  (271°) 
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NATURAL  FUNCTIONS  (Continued) 


2° 

(182°) 

(357°)  177° 

0 

Sin 

Tan 

Cot 

Cos 

' 

. 03490 

.03492 

28.636 

.99939 

60 

1 

.03519 

.03521 

28.399 

. 99938 

59 

2 

.03548  .03550 

28.166 

.99937 

58 

3 

.03577 

.03579 

27.937 

.99936 

57 

4 

. 03606 

.03609 

27.712 

.99935 

56 

5 

. 03635 

.03638 

27 . 490 

.99934 

55 

6 

. 03664 

.03667 

27.271 

.99933 

54 

7 

. 03693 

.03696 

27 . 057 

.99932 

53 

8 

.03723  .03725 

26 . 845 

.99931 

52 

9 

. 03752 

.03754 

26 . 637 

.99930 

51 

10 

.03781 

.03783 

26.432 

.99929 

50 

11 

.03810 

.03812 

26.230 

.99927 

49 

12 

. 03839 

.03842 

26.031 

.99926 

48 

13 

.03868 

.03871 

25.835 

.99925 

47 

14 

.03897 

.03900 

25.642 

.99924 

46 

15 

.03926 

.03929 

25.452 

.99923 

15 

16 

.03955 

.03958 

25.264 

.99922 

44 

17 

.03984 

.03987 

25 . 080 

.99921 

43 

18 

.04013 

.04016 

24 . 898 

.99919 

42 

19 

. 04042 

.04046 

24.719 

.99918 

41 

20 

.04071 

.04075 

24.542 

.99917 

10 

21 

.04100 

.04104 

24.368 

.99916 

39 

22 

.04129 

.04133 

24.196 

.99915 

38 

23 

.04159 

.04162 

24.026 

.99913 

37 

24 

.04188 

.04191 

23.859 

.99912 

36 

25 

.04217 

.04220 

23 . 695 

.99911 

35 

26 

.04246 

.04250 

23.532 

.99910 

34 

27 

.04275 

.04279 

23.372 

.99909 

33 

28 

.04304 

.04308 

23.214 

.99907 

32 

29 

.04333 

.04337 

23.058 

.99906 

31 

30 

.04362 

.04366 

22 . 904 

.99905 

30 

31 

.04391 

.04395 

22.752 

.99904 

29 

32 

. 04420 

.04424 

22 . 602 

.99902 

28 

33 

. 04449 

. 04454 

22.454 

.99901 

27 

34 

.04478 

.04483 

22.308 

.99900 

26 

35 

. 04507 

.04512 

22.164 

.99898 

25 

36 

. 04536 

.04541 

22.022 

.99897 

24 

37 

.04565 

.04570 

21.881 

.99896 

23 

38 

. 04594 

.04599 

21.743 

.99894 

22 

39 

.04623 

.04628 

21.606 

.99893 

21 

40 

. 04653 

.04658 

21.470 

.99892 

20 

41 

. 04682 

.04687 

21.337 

.99830 

19 

42 

.04711 

.04716 

21.205 

. 99889 

18 

43 

. 04740 

.04745 

21.075 

.99888 

17 

44 

. 04769 

.04774 

20.946 

.99886 

16 

45 

. 04798 

. 04803 

20.819 

.99885 

15 

46 

. 04827 

.04833 

20 . 693 

.99883 

14 

47 

.04856 

.04862 

20.569 

.99882 

13 

48 

. 04885 

.04891 

20.446 

.99881 

12 

49 

.04914 

.04920 

20.325 

.99879 

11 

50 

. 04943 

. 04949 

20.206 

.99876 

10 

51 

. 04972 

.04978 

20.087 

.99876 

9 

52 

.05001 

.05007 

19.970 

.99875 

8 

53 

. 05030 

.05037 

19.885 

.99873 

7 

54 

. 05059 

.05066 

19.740 

. 99872 

6 

55 

. 05088 

.05095 

19.627 

.99870 

5 

56 

.05117 

.05124 

19.516 

.99869 

4 

57 

.05146 

.05153 

19.405 

.99867 

3 

58 

.05175 

.05182 

19.296 

.99866 

2 

59 

. 05205 

.05212 

19.188 

.99864 

1 

60 

.05234 

.05241 

19.081 

.99863 

0 

/ 

Cos 

Cot 

Tan 

Sin 

3° 

;i83°) 

(356° )176° 

' 

1  Sin 

Tan 

Cot 

Cos 

/ 

0 

.05234 

.05421 

19.081 

.99863 

60 

1 

.05263 

.05270 

18.976 

.99861 

59 

2 

.05292 

.05299 

18.871 

.99860 

58 

3 

.05321 

.05328 

18.768 

.99858 

57 

4 

.05350 

. 05357 

18.666 

.99857 

56 

5 

.05379 

.05387 

18.564 

.99855 

55 

6 

.05408 

.54016 

18.464 

.99854 

54 

7 

.05437 

.05445 

18.366 

.99852 

53 

8 

. 05466 

.05474 

18.268 

.99851 

52 

9 

.05495 

. 05503 

18.171 

.99849 

51 

10 

.05524 

.05533 

18.075 

.99847 

50 

11 

.05553 

.05562 

17.980 

.99846 

49 

12 

.05582 

.05591 

17.886 

.99844 

48 

13 

.05611 

.05620 

17.793 

.99842 

47 

14 

.05640 

.05649 

17.702 

.99841 

46 

15 

. 05669 

.05678 

17.611 

.99839 

45 

16 

.05698 

.05708 

17.521 

.99838 

44 

17 

.05727 

.05737 

17.431 

.99836 

43 

18 

.05756 

.05766 

17.343 

.99834 

42 

19 

.05785 

.05795 

17.256 

.99833 

41 

20 

.05814 

.05824 

17.169 

.99831 

40 

21 

.05844 

.05854 

17.084 

.99829 

39 

22 

.05873 

.05883 

16.999 

.99827 

38 

23 

. 05902 

.05912 

16.915 

.99826 

37 

24 

.05931 

.05941 

16.832 

.99824 

36 

25 

.05960 

.05970 

16.750 

.99822 

35 

26 

. 05989 

.05999 

16.668 

.99821 

34 

27 

.06018 

.06029 

16.587 

.99819 

33 

28 

.06047 

.06058 

16.507 

.99817 

32 

29 

. 06076 

.06087 

16.428 

.99815 

31 

30 

.06105 

.06116 

16.350 

.99813 

30 

31 

.06134 

.06145 

16.272 

.99812 

29 

32 

.06163 

.06175 

16.195 

.99810 

28 

33 

.06192 

. 06204 

16.119 

.99808 

27 

34 

.06221 

.06233 

16.043 

.99806 

26 

35 

.06250 

.06262 

15.969 

.99804 

25 

3G 

. 06279 

.06291 

15.895 

.99803 

24 

37 

. 06308 

.06321 

15.821 

.99801 

23 

38 

.06337 

.06350 

15.748 

.99799 

22 

39 

. 06366 

.06379 

15.676 

.99797 

21 

40 

.06395 

. 06408 

15.605 

.99795 

20 

41 

. 06424 

.06438 

15.534 

.99793 

19 

42 

. 06453 

.06467 

15.464 

.99792 

18 

43 

. 06482 

.06496 

15.394 

.99790 

17 

44 

.06511 

.06525 

15.325 

.99788 

16 

45 

. 06540 

. 06554 

15.257 

.99786 

15 

56 

. 06569 

. 06584 

15.189 

. 99784 

14 

47 

.06598 

.06613 

15.122 

.99782 

13 

48 

. 06627 

.06642 

15.056 

.99780 

12 

49 

.06656 

.06671 

14.990 

.99778 

11 

50 

.06685 

.06700 

14.924 

.99776 

10 

51 

.06714 

.06730 

14.860 

.99774 

9 

52 

. 06743 

.06759 

14.795 

.99772 

8 

53 

. 06773 

.06788 

14.732 

.99770 

7 

54 

.06802 

.06817 

14.669 

.99768 

6 

55 

.06831 

.06847 

14.606 

.99766 

5 

5G 

. 06860 

.06876 

14.544 

.99764 

4 

57 

. 06889 

.06905 

14.482 

.99762 

3 

58 

.06918 

. 06934 

14.421 

.99760 

2 

59 

. 06947 

. 06963 

14.361 

.99758 

1 

60 

. 06976 

. 06993 

14.301 

.99756 

_? 

F 

Cos 

Cot 

Tan 

Sin 

' 

92°  (272°) 


(267°)  87°      93°  (273°) 
91 


(266°)  86c 


NATURAL  FUNCTIONS  (Continued) 


4°  (184°) 

;355°)  175° 

r 

Sin 

Tan 

Cot 

Cos 

/ 

0 

.06976 

.06993 

14.301 

.99756 

60 

1 

.07005 

. 07022 

14.241 

.99754 

59 

2 

.07034 

.07051 

14.182 

.99752 

58 

3 

.07063 

. 07080 

14.124 

.99750 

57 

4 

. 07092 

.07110 

14.065 

.99748 

56 

5 

.07121 

.07139 

14.008 

.99746 

55 

6 

.07150 

.07168 

13.951 

. 99744 

54 

7 

.07179 

.07197 

13 . 894 

.99742 

53 

8 

.07208 

.07227 

13.838 

.99740 

52 

9 

. 07237 

.07256 

13.782 

.99738 

51 

10 

.07266 

.07285 

13.727 

.99736 

50 

11 

.07295 

.07314 

13.672 

.99734 

49 

12 

.07324 

.07344 

13.617 

.99731 

48 

13 

.07353 

.07373 

13.563 

.99729 

47 

14 

.07382 

. 07402 

13.510 

.99727 

46 

15 

.07411 

.07431 

13.457 

.99725 

45 

16 

. 07440 

.07461 

13.404 

.99723 

44 

17 

. 07469 

.07490 

13.352 

.99721 

43 

18 

.07498 

.07519 

13.300 

.99719 

42 

19 

. 07527 

. 07548 

13.248 

.99716 

41 

20 

.07556 

.07578 

13.197 

.99714 

40 

21 

.07585 

.07607 

13.146 

.99172 

39 

22 

.07614 

.07636 

13.096 

.99710 

38 

23 

. 07643 

.07665 

13.046 

.99708 

37 

24 

.07672 

.07695 

12.996 

.99705 

36 

25 

.07701 

. 07724 

12.947 

.99703 

35 

26 

. 07730 

.07753 

12.898 

.99701 

34 

27 

. 07759 

. 07782 

12.850 

.99699 

33 

28 

.07788 

.07812 

12.801 

.99696 

32 

29 

.07817 

.07841 

12.754 

. 99694 

31 

30 

. 07846 

.07870 

12.706 

.99692 

30 

31 

. 07875 

.07899 

12.659 

.99689 

29 

32 

.07904 

. 07929 

12.612 

. 99687 

28 

33 

.07933 

.07958 

12.566 

.99685 

27 

34 

. 07962 

. 07987 

12.520 

.99683 

26 

35 

.07991 

.08017 

12.474 

.99680 

25 

36 

. 08020 

. 08046 

12.429 

.99678 

24 

37 

. 08049 

.08075 

12.384 

.99676 

23 

38 

. 08078 

.08104 

12.339 

.99673 

22 

39 

.08107 

.08134 

12.295 

.99671 

21 

40 

.08136 

.08163 

12.251 

.99668 

20 

41 

.08165 

.08192 

12.207 

.99666 

19 

42 

.08194 

.08221 

12.163 

.99664 

18 

43 

.08223 

.08251 

12.120 

.99661 

17 

44 

. 08252 

. 08280 

12.077 

.99659 

16 

45 

.08281 

.08309 

12.035 

.99657 

15 

46 

.08310 

.0833? 

11.992 

.99654 

14 

47 

.08339 

.08368 

11.950 

.99652 

13 

48 

.08368 

. 08397 

11.909 

.99649 

12 

49 

. 08397 

. 08427 

11.867 

.99647 

11 

50 

. 08426 

.08456 

11.826 

.99644 

10 

51 

.08455 

. 08485 

11.785 

.99642 

9 

52 

. 08484 

.08514 

11.745 

.99639 

8 

53 

.08513 

.08544 

11.705 

.99637 

7 

54 

. 08542 

. 08573 

11.664 

.99635 

6 

55 

.08571 

. 08602 

11.625 

.99632 

5 

56 

. 08600 

. 08632 

11.585 

.99630 

4 

57 

. 08629 

.08661 

11.546 

.99627 

3 

58 

.08658 

.08690 

11.507 

.99625 

2 

59 

. 08687 

.08720 

11.468 

.99622 

1 

60 

i 

.08716 

. 08749 

11.430 

.99619 

0 

Cos 

Cot 

Tan 

Sin 

/ 

5°  ( 

185°) 

< 

354°)  174° 

0 

Sin 

Tan 

Cot 

Cos 

/ 

.08716 

.08749 

11.430 

.99619 

60 

1 

. 08745 

.08778 

11.392 

.99617 

59 

2 

. 08774 

.08807 

11.354 

.99614 

58 

3 

. 08803 

. 08837 

11.316 

.99612 

57 

4 

.08831 

. 08866 

11.279 

.99609 

56 

5 

. 08860 

. 08895 

11.242 

.99607 

55 

6 

. 08889 

.08925 

11.205 

.99604 

54 

7 

.08918 

. 08954 

11.168 

.99602 

53 

8 

. 08947 

.08983 

11.132 

.99599 

52 

9 

. 08976 

.09013 

11.095 

.99596 

51 

10 

. 09005 

. 09042 

11.059 

.99594 

50 

11 

.09034 

.09071 

11.024 

.99591 

49 

12 

. 09063 

.09101 

10.988 

.99588 

48 

13 

. 09092 

.09130 

10.953 

.99586 

47 

14 

.09121 

.09159 

10.918 

.99583 

46 

15 

.09150 

.09189 

10.883 

.99580 

45 

16 

.09179 

.09218 

10.848 

.99578 

44 

17 

.09208 

.09247 

10.814 

.99575 

43 

18 

.09237 

.09277 

10.780 

.99572 

42 

19 

. 09266 

.09306 

10.746 

.99570 

41 

20 

. 09295 

.09335 

10.712 

.99567 

40 

21 

. 09324 

.09365 

10.678 

.99564 

39 

22 

.09353 

.09394 

10.645 

.99562 

38 

23 

.09382 

.09423 

10.612 

.99559 

37 

24 

.09411 

.09453 

10.579 

.99556 

36 

25 

. 09440 

. 09482 

10.546 

.99553 

35 

26 

.09469 

.09511 

10.514 

.99551 

34 

27 

.09498 

.09541 

10.481 

.99548 

33 

28 

.09527 

.09570 

10.449 

.99545 

32 

29 

.09556 

.09600 

10.417 

.99542 

31 

30 

. 09585 

.09629 

10.385 

.99540 

30 

31 

.09614 

. 09658 

10.354 

.99537 

29 

32 

.09642 

.09688 

10.322 

.99534 

28 

33 

.09671 

.09717 

10.291 

.99531 

27 

34 

. 09700 

.09746 

10.260 

.99528 

26 

35 

.09729 

.09776 

10.229 

.99526 

25 

36 

.09758 

. 09805 

10.199 

.99523 

24 

37 

. 09787 

.09834 

10.168 

.99520 

23 

38 

.09816 

.09864 

10.138 

.99517 

22 

39 

. 09845 

.09893 

10.108 

.99514 

21 

40 

. 09874 

.09923 

10.078 

.99511 

20 

41 

. 09903 

.09952 

10.048 

.99508 

19 

42 

.09932 

.09981 

10.019 

.99506 

18 

43 

.09961 

.10011 

9.9893 

.99503 

17 

44 

. 09990 

. 10040 

9.9601 

.99500 

16 

45 

.10019 

. 10069 

9.9310 

.99497 

15 

46 

. 10048 

. 10099 

9.9021 

.99494 

14 

47 

. 10077 

.10128 

9 . 8734 

.99491 

13 

48 

.10106 

.10158 

9 . 8448 

.99488 

12 

49 

.10135 

.10187 

9.8164 

.99485 

11 

50 

.10164 

.10216 

9.7882 

.99482 

10 

51 

.10192 

.10246 

9.7601 

.99479 

9 

52 

. 10221 

. 10275 

9.7322 

.99476 

8 

53 

. 10250 

. 10305 

9.7044 

.99473 

7 

54 

. 10279 

. 10334 

9.6768 

.99470 

6 

55 

. 10308 

. 10363 

9 . 6943 

.99467 

5 

56 

. 10337 

. 10393 

9.6220 

.99464 

4 

57 

. 10366 

. 10422 

9 . 5949 

.99461 

3 

58 

.10395 

. 10452 

9 . 5679 

.99458 

2 

59 

. 10424 

. 10481 

9.5411 

.99455 

1 

60 

. 10453 

.10510 

9.5144 

.99452 

0 

Cos 

Cot 

Tan 

Sin 

' 

94°  (274°) 


(265°)  85°      95°  (275°) 
92 


(264°)  84c 


6°  (180°) 


NATURAL  FUNCTIONS  (Continued) 

(353°)  173c 


0  . 10453 
10482 
10511 
10540 
10569 


Sin   Tan   Cot 


19  .11002 


20 

21 
22 
23 
24 

85 

26 

27 
28 
29 

30 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 
50 
51 
52 
53 
54 

55 

56 
57 
58 
59 
CO 


. 10597 
. 10626 
. 10655 
. 10684 
.10713 
. 10742 
.10771 
. 10800 
. 10829 
. 10858 

. 10887 
.10916 
. 10945 
. 10973 


.11031 
.11060 
.11089 
.11118 
.11147 
.11176 
.11205 
.11234 
.11263 
.11291 

.11320 
.11349 
.11378 
.11407 
.11436 
.11465 
.11494 
.11523 
.11552 
.11580 
.11609 
.11638 
.11667 
.11696 
.11725 
.11754 
.11783 
.11812 
.11840 
.11869 
.11898 
.11927 
.11956 
.11985 
.12014 
. 12043 
.12071 
.12100 
.12129 
.12158 
.12187 


Cos 


.10510 
. 10540 
. 10569 
. 10599 
. 10628 

. 10657 
. 10687 
.10716 
. 10746 
.10775 

. 10805 
. 10834 
. 10863 
. 10893 
. 10922 

. 10952 

.10981 

.11011 

.11040 

,11070 

.11099 

.11128 

,11158 

,11187 

11217 

11246 

11276 

11H05 

11335 

11364 

11394 

11423 

11452 

11482 

11511 

11541 

11570 

11600 

11629 

11659 

11688 
11718 
11747 
11777 
11806 

11836 
11865 
11895 
11924 
11954 

11983 
12013 
12042 
12072 
12101 
12131 
12160 
12190 
12219 
12249 

12278 


8. 


.5144 
.4878 
.4614 
.4352 
.4090 

.3831 
.3572 
.3315 
.3060 
.2806 

.2553 
.2302 
.2052 
.1803 
.1555 

.1309 
,1065 
0821 
0579 
0338 
0098 
9880 
9623 
9387 
9152 

8919 
8686 
8455 
8225 
7996 

7769 
7542 
7317 
7093 
6870 
6648 
6427 
6208 
5989 
5772 

5555 
5340 
5126 
4913 
4701 

4490 
4280 
4071 
3863 
3656 
3450 
3245 
3041 
2838 
2636 
2434 
2234 
2035 
1837 
1640 

1443 


Cos 


Cot        Tan 


.99452 
.99449 
.99446 
.99443 
.99440 

.99437 
.99434 
.99431 
.99428 
.99424 

.99421 
.99418 
.99415 
.99412 
.99409 

.99406 
.99402 
.99399 
.99396 
.99393 

.99390 
.99386 
.99383 
.99380 
.99377 
.99374 
.99370 
.99367 
.99364 
.99360 

.99357 
,99354 
.99351 
,99347 
,99344 

,99341 
,99337 
,99334 
,99331 
99327 
99324 
,99320 
,99317 
.99314 
,99310 

, 99307 
,99303 
,99300 
,99297 
9929C 

,99290 
,99286 
.99283 
99279 
99276 
99272 
99269 
99265 
99262 
99258 
99255 


Sin 


7° 

(187°) 

(352°)  172° 

0 

Sin 

Tan 

Cot 

Cos 

/ 

. 12187 

.12278 

8.1443 

.99255 

60 

1 

.12216 

. 12308 

8.1248 

.99251 

59 

2 

. 12245 

. 12338 

8.1054 

.99248 

58 

3 

.12274 

. 12367 

8.0860 

.99244 

57 

4 

. 12302 

. 12397 

8.0667 

.99240 

56 

5 

.12331 

. 12426 

8.0476 

.99237 

55 

6 

. 12360 

.12456 

8.0285 

.99233 

54 

7 

. 12389 

.12485 

8.0095 

.99230 

53 

8 

.12418 

.12515 

7.9906 

.99226 

52 

9 

. 12447 

. 12544 

7.9718 

.99222 

51 

10 

. 12476 

. 12574 

7.9530 

.99219 

50 

11 

. 12504 

. 12603 

7.9344 

.99215 

49 

12 

. 12533 

. 12633 

7.9158 

.99211 

48 

13 

. 12562 

. 12662 

7.8973 

.99208 

47 

14 

.12591 

.12692 

7.8789 

.99204 

46 

15 

. 12620 

.12722 

7.8606 

.99200 

45 

16 

. 12649 

.12751 

7.8424 

.99197 

44 

17 

. 12678 

. 12781 

7.8243 

.99193 

43 

18 

. 12706 

.12810 

7 . 8062 

.99189 

42 

19 

.12735 

. 12840 

7.7882 

.99186 

41 

20 

. 12764 

. 12869 

7.7704 

.99182 

40 

21 

.12793 

.12899 

7.7525 

.99178 

39 

22 

. 12822 

. 12929 

7.7348 

.99175 

38 

23 

.12851 

.12958 

7.7171 

.99171 

37 

24 

. 12880 

. 12988 

7.6996 

.99167 

36 

25 

. 12908 

.13017 

7.6821 

.99163 

35 

26 

. 12937 

. 13047 

7.6647 

.99160 

34 

27 

.12966 

. 13076 

7.6473 

.99156 

33 

28 

.12995 

.13106 

7.6301 

.99152 

32 

29 

. 13024 

.13136 

7.6129 

.99148 

31 

30 

. 13053 

.13165 

7.5958 

.99144 

30 

31 

. 13081 

.13195 

7 . 5787 

.99141 

29 

32 

.13110 

.13224 

7.5618 

.99137 

28 

33 

.13139 

. 13254 

7 . 5449 

.99133 

27 

34 

.13168 

. 13284 

7.5281 

.99129 

26 

35 

.13197 

.13313 

7.5113 

.99125 

25 

36 

.13226 

. 13343 

7 . 4947 

.99122 

24 

37 

. 13254 

.13372 

7.4781 

.99118 

23 

38 

. 13283 

. 13402 

7.4615 

.99114 

22 

39 

.13312 

. 13432 

7.4451 

.99110 

21 

40 

.13341 

.13461 

7.4287 

.99106 

20 

41 

. 13370 

.13491 

7.4124 

.99102 

19 

42 

. 13399 

.13521 

7.3962 

.99098 

18 

43 

. 13427 

. 13550 

7.3800 

.99094 

17 

44 

. 13456 

. 13580 

7.3639 

.99091 

16 

45 

. 13485 

. 13609 

7.3479 

. 99087 

15 

46 

.13514 

. 13639 

7.3319 

.99083 

14 

47 

. 13543 

. 13669 

7.3160 

.99079 

13 

48 

. 13572 

.13698 

7 . 3002 

.99075 

12 

49 

. 13600 

.13728 

7 . 2844 

.99071 

11 

50 

. 13629 

. 13758 

7.2687 

.99067 

10 

51 

. 13658 

. 13787 

7.2531 

.99063 

9 

52 

. 13687 

.13817 

7.2375 

.99059 

8 

53 

.13716 

. 13846 

7.2220 

. 99055 

7 

54 

. 13744 

. 13876 

7.2066 

.99051 

6 

55 

. 13773 

.13906 

7.1912 

.99047 

5 

56 

. 13802 

. 13935 

7.1759 

.99043 

4 

57 

.13831 

.13965 

7.1607 

.99039 

3 

58 

. 13860 

.13995 

7.1455 

.99035 

2 

59 

. 13889 

. 14024 

7.1304 

.99031 

1 

60 

/ 

.13917 

. 14054 

7.1154 

.99027 

J 

Cos 

Cot 

Tan 

Sin 

1 

96°  (276°) 


(263°)  83°       97°  (277°) 
93 


(262°)  82c 


8°  (188°) 


NATURAL  FUNCTIONS  (Continued) 

(351°)  171°      9°  (189°) 


(350?)  170° 


1 

Sin 

Tan 

Cot 

Cos 

00 

t 

Sin 

Tan 

Cot 

Cos 

00 

0 

.13917 

. 14054 

7.1154 

.99027 

0 

. 15643 

.15838 

6.3138 

.98769 

1 

.13946 

. 14084 

7.1004 

.99023 

59 

1 

. 15672 

. 15868 

6.3019 

.98764 

59 

2 

. 13975 

.14113 

7.0855 

.99019 

58 

2 

.15701 

. 15898 

6.2901 

.98760 

58 

3 

. 14004 

.14143 

7.0706 

.99015 

57 

3 

. 15730 

.15928 

6 . 2783 

.98755 

57 

4 

. 14033 

.14173 

7.0558 

.99011 

56 

4 

. 15758 

. 15958 

6.2666 

.98751 

56 

5 

.14061 

. 14202 

7.0410 

.99006 

55 

5 

. 15787 

.15988 

6.2549 

.98746 

55 

6 

. 14090 

. 14232 

7.0264 

.99002 

54 

6 

.15816 

.16017 

6.2432 

.98741 

54 

7 

.14119 

.14262 

7.0117 

.98998 

53 

7 

. 15845 

. 16047 

6.2316 

. 98737 

53 

8 

.14148 

.14291 

6.9972 

.98994 

52 

8 

.15873 

. 16077 

6.2200 

.98732 

52 

9 

.14177 

.14321 

6.9827 

.98900 

51 

9 

.15902 

.16107 

6 . 2085 

.98728 

51 

10 

. 14205 

.14351 

6.9682 

.98986 

50 

10 

.15931 

.16137 

6.1970 

.98723 

50 

11 

. 14234 

.14381 

6.9538 

.98982 

49 

11 

. 15959 

.16167 

6.1856 

.98718 

49 

12 

.14263 

.14410 

6.9395 

.98978 

48 

12 

.15988 

.16196 

6.1742 

.98714 

48 

13 

. 14292 

. 14440 

6.9252 

.98973 

47 

13 

.16017 

.16226 

6.1628 

.98709 

47 

14 

. 14320 

. 14470 

6.9110 

. 98969 

46 

14 

. 16046 

. 16256 

6.1515 

.98704 

46 

15 

. 14349 

. 14499 

6 . 8969 

.98965 

45 

15 

. 16074 

. 16286 

6.1402 

.98700 

45 

16 

. 14378 

. 14529 

6 . 8828 

.98961 

44 

16 

.16103 

.16316 

6.1290 

.98095 

44 

17 

. 14407 

. 14559 

6.8687 

.98957 

43 

17 

.16132 

.16346 

6.1178 

.98690 

43 

18 

. 14436 

. 14588 

6.8548 

.98953 

42 

18 

.16160 

.16376 

6.1066 

.98686 

42 

19 

. 14464 

.14618 

6 . 8408 

.98948 

41 

19 

.16189 

. 16405 

6.0955 

.98681 

41 

20 

. 14493 

. 14648 

6 . 8269 

.98944 

40 

20 

.16218 

.16435 

6 . 0844 

.98676 

40 

21 

. 14522 

. 14678 

6.8131 

.98940 

39 

21 

. 16246 

. 16465 

6 . 0734 

.98671 

39 

22 

.14551 

. 14707 

6.7994 

.98936 

38 

22 

.16275 

.16495 

6.0624 

.98667 

38 

23 

. 14580 

. 14737 

6.7856 

.98931 

37 

23 

. 16304 

.16525 

6.0514 

.98662 

37 

24 

. 14608 

. 14767 

6.7720 

. 98927 

36 

24 

. 16333 

. 16555 

6.0405 

.98657 

36 

25 

. 14637 

. 14796 

6.7584 

.98923 

35 

25 

.16361 

.16585 

6.0296 

.98652 

35 

26 

. 14666 

. 14826 

6.7448 

.98919 

34 

26 

. 16390 

.16615 

6.0188 

.98648 

34 

27 

. 14695 

. 14856 

6.7313 

.98914 

33 

27 

.16419 

. 16645 

6.0080 

.98643 

33 

28 

. 14723 

. 14886 

6.7179 

.98910 

32 

2£ 

. 16447 

. 16674 

5.9972 

.98638 

32 

29 

. 14752 

.14915 

6.7045 

.98906 

31 

29 

. 16476 

. 16704 

5.9865 

.98633 

31 

30 

.14781 

.14945 

6.6912 

.98902 

30 

30 

. 16505 

.16734 

5.9758 

.98629 

30 

31 

.14810 

.14975 

6.6779 

.98897 

29 

31 

. 16533 

. 16764 

5.9651 

.98624 

29 

3. 

.14838 

.15005 

6 . 6646 

.98893 

28 

32 

. 16562 

.16794 

5.9545 

.98619 

28 

33 

. 14867 

.15034 

6.6514 

.98889 

27 

33 

.16591 

. 16824 

5.9439 

.98614 

27 

34 

. 14896 

.15064 

6.6383 

.98884 

26 

34 

. 16620 

. 16854 

5.9333 

.98609 

26 

35 

. 14925 

.15094 

6.6252 

. 98880 

25 

35 

.16648 

.16884 

5.9228 

.98604 

25 

36 

. 14954 

.15124 

6.6122 

. 98876 

24 

36 

. 16677 

.16914 

5.9124 

. 98600 

24 

37 

. 14982 

.15153 

6.5992 

.98871 

23 

37 

. 16706 

. 16944 

5.9019 

.98595 

23 

38 

.15011 

.15183 

6.5863 

.98867 

22 

38 

. 16734 

. 16974 

5.8915 

.98590 

22 

39 

. 15040 

.15213 

6.5734 

.98863 

21 

39 

. 16763 

. 17004 

5.8811 

.98585 

21 

40 

. 15069 

.15243 

6 . 5606 

.98858 

20 

40 

. 16792 

. 17033 

5.8708 

.98580 

20 

41 

. 15097 

.15272 

6.5478 

.98854 

19 

41 

. 16820 

. 17063 

5.8605 

.98575 

19 

42 

.15126 

.15302 

6.5350 

.98849 

18 

42 

. 16849 

. 17093 

5 . 8502 

.98570 

18 

43 

.15155 

. 15332 

6.5223 

.98845 

17 

43 

. 16878 

.17123 

5 . 8400 

.98565 

17 

44 

.15184 

. 15362 

6 . 5097 

.98841 

16 

44 

. 16906 

.17153 

5.8298 

.98561 

16 

45 

.15212 

.15391 

6.4971 

.98836 

15 

45 

.16935 

.17183 

5.8197 

.98556 

15 

46 

.15241 

.15421 

6.4846 

.98832 

14 

46 

. 16964 

.17213 

5 . 8095 

.98551 

14 

47 

. 15270 

.15451 

6.4721 

.98827 

13 

47 

. 16992 

. 17243 

5.7994 

.98546 

13 

48 

. 15299 

.15481 

6.4596 

.98823 

12 

48 

.17021 

.17273 

5.7894 

.98541 

12 

49 

. 15327 

.15511 

6.4472 

.98818 

11 

49 

. 17050 

.17303 

5.7794 

.98536 

11 

50 

.15356 

. 15540 

6.4348 

.98814 

10 

50 

. 17078 

.17333 

5.7694 

.98531 

10 

51 

.15385 

.15570 

6.4225 

. 98809 

9 

51 

.17107 

.17363 

5.7594 

.98526 

9 

52 

.15414 

. 15600 

6.4103 

.98805 

8 

52 

.17136 

.17393 

5.7495 

.98521 

8 

53 

. 15442 

.15630 

6 . 3980 

.98800 

7 

53 

.17164 

. 17423 

5.7396 

.98516 

7 

54 

.15471 

.15660 

6.3859 

.98796 

6 

54 

.17193 

. 17453 

5.7297 

.98511 

6 

55 

. 15500 

.15689 

6.3737 

.98791 

5 

55 

.17222 

. 17483 

5.7199 

.98506 

5 

56 

.15529 

.15719 

6.3617 

.98787 

4 

56 

.17250 

.17513 

5.7101 

.98501 

4 

57 

.15557 

.15749 

6.3496 

.98782 

3 

57 

.17279 

.17543 

5.7004 

.98496 

3 

58 

. 15586 

. 15779 

6.3376 

.98778 

2 

58 

. 17308 

.17573 

5.6906 

.98491 

2 

59 

.15615 

. 15809 

6.3257 

.98773 

1 

59 

. 17336 

. 17603 

5 . 6809 

.98486 

1 

60 

.15643 

.15838 

6.3138 

. 98769 

J) 

/ 

00 

. 17365 

. 17633 

5.6713 

.98481 

J) 

i 

/ 

Cos 

Cot 

Tan 

Sin 

Cos 

Cot 

Tan 

Sin 

98°  (278°) 


(261°)  81°       99c 
94 


(279°) 


(260°)  80c 


NATURAL  FUNCTIONS  (Continued) 

11°  (191°) 


10° 

(190°) 

(349°)  169° 

0 

Sin 

Tan 

Cot 

Cos 

t 
60 

.17365 

.  17633 

5.6713 

.98481 

1 

.  17393 

. 17663 

5.6617 

.98476 

59 

2 

. 17422 

.17693 

5.6521 

.98471 

58 

3 

.17451 

. 17723 

5.6425 

.98466 

57 

4 

. 17479 

.17753 

5.6329 

.98461 

56 

5 

.17508 

. 17783 

5 . 6234 

.98455 

55 

6 

.17537 

.17813 

5.6140 

.98450 

54 

7 

. 17565 

.17843 

5.6045 

.98445 

53 

8 

. 17594 

.17873 

5.5951 

.98440 

52 

9 

.17623 

. 17903 

5.5857 

.98435 

51 

10 

.17651 

.17933 

5.5764 

.9843C 

50 

11 

. 17680 

.17903 

5.5671 

.98425 

49 

12 

. 17708 

.17993 

5.5578 

.98420 

48 

13 

.17737 

. 18023 

5.5485 

.98414 

47 

14 

. 17766 

. 18053 

5.5393 

.98409 

46 

15 

. 17794 

. 18083 

5.5301 

.98404 

45 

16 

.17823 

.18113 

5 . 5209 

.98399 

44 

17 

.17852 

.18143 

5.5118 

.98394 

43 

18 

. 17880 

.18173 

5.5026 

.98389 

42 

19 

. 17909 

.18203 

5.4936 

.98383 

41 

20 

.17937 

.18233 

5.4845 

.98378 

40 

21 

.  17966 

. 18263 

5.4755 

.98373 

39 

22 

.17995 

.18293 

5.4665 

.98368 

38 

23 

.18023 

. 18323 

5.4575 

.98362 

37 

24 

.  18052 

.18353 

5.4486 

.98357 

36 

25 

. 18081 

. 18384 

5.4397 

.98352 

35 

26 

.18109 

.18414 

5.4308 

.98347 

34 

27 

.18138 

. 18444 

5.4219 

.98341 

33 

28 

.18166 

.18474 

5.4131 

.98330 

32 

29 

.18195 

. 18504 

5 . 4043 

.98331 

31 

30 

.18224 

.18534 

5.3955 

.98325 

30 

31 

. 18252 

. 18564 

5.3868 

.98320 

29 

32 

.18281 

.18594 

5.3781 

.98315 

28 

33 

.18309 

. 18624 

5.3694 

.98310 

27 

34 

. 18338 

. 18654 

5 . 3607 

.98304 

26 

35 

. 18367 

. 18684 

5.3521 

.98299 

25 

36 

. 18395 

.18714 

5.3435 

.98294 

24 

37 

. 18424 

. 18745 

5.3349 

.98288 

23 

38 

. 18452 

.18775 

5.3263 

.98283 

22 

39 

.18481 

. 18805 

5.3178 

.98277 

21 

40 

. 18509 

.18835 

5 . 3093 

.98272 

20 

41 

. 18538 

. 18865 

5.3008 

.98267 

19 

42 

. 18567 

. 18895 

5.2924 

.98261 

18 

43 

. 18595 

.18925 

5 . 2839 

.98256 

17 

44 

. 18624 

.18955 

5.2755 

.98250 

16 

45 

. 18652 

. 18986 

5.2672 

.98245 

15 

46 

.18681 

.19016 

5.2588 

.98240 

14 

47 

.18710 

. 19046 

5.2505 

.98234 

13 

48 

. 18738 

. 19076 

5 . 2422 

.98229 

12 

49 

. 18767 

.19106 

5.2339 

.98223 

11 

50 

. 18795 

.19136 

5.2257 

.98218 

10 

51 

. 18824 

.19166 

5.2174 

.98212 

9 

52 

. 18852 

.19197 

5 . 2092 

. 98207 

8 

53 

.18881 

. 19227 

5.2011 

.98201 

7 

54 

.18910 

, 19257 

5.1929 

.98196 

6 

55 

.18938 

. 19287 

5.1848 

.98190 

5 

56 

. 18967 

.19317 

5.1767 

.98185 

4 

57 

.18995 

. 19347 

5.1686 

.98179 

3 

58 

. 19024 

.19378 

5.1606 

.98174 

2 

59 

. 19052 

. 19408 

5.1526 

.98168 

1 

80 

.19081 

.19438 

5.1446 

.98163 

0 

Cos 

Cot 

Tan 

Sin 

(348°)  168c 


/ 

0 

Sin 

Tan 

Cot 

Cos  |  ' 

.19081 

.19438 

5.1446 

.98163  60 

1 

.19109 

. 19468 

5.1366 

.98157 

59 

2 

.19138 

.19498 

5.1286 

.98152 

58 

3 

.19167 

. 19529 

5.1207 

.98146 

57 

4 

.19195 

. 19559 

5.1128 

.98140 

56 

5 

. 19224 

. 19589 

5 . 1049 

.98135 

55 

6 

. 19252 

.19619 

5.0970 

.98129 

54 

7 

.19281 

. 19649 

5 . 0892 

.98124 

53 

8 

. 19309 

.19680 

5.0814 

.98118 

52 

9 

. 19338 

.19710 

5.0736 

.98112 

51 

10 

.19366 

. 19740 

5.0658 

.98107 

50 

11 

.19395 

.19770 

5.0581 

.98101 

49 

12 

. 19423 

.19801 

5.0504 

.98096 

48 

13 

.19452 

.19831 

5 . 0427 

.98090 

47 

14 

.19481 

.19861 

5.0350 

.98084 

46 

15 

.19509 

.19891 

5.0273 

. 98079 

45 

16 

.  19538 

. 19921 

5.0197 

.98073 

44 

17 

.  19566 

.19952 

5.0121 

.98067 

43 

18 

.19595 

. 19982 

5 . 0045 

.98061 

42 

19 

.  19623 

.20012 

4.9969 

.98056 

41 

20 

. 19652 

. 20042 

4.9894 

.98050 

40 

21 

.19680  .20073 

4.9819 

.98044 

39 

22 

. 19709 

.20103 

4.9744 

.98039 

38 

23 

. 19737 

.20133 

4.9669 

.98033 

37 

24 

. 19766 

.20164 

4.9594 

.98027 

36 

25 

. 19794 

.20194 

4.9520 

.98021 

35 

26 

. 19823 

.20224 

4.9446 

.98016 

34 

27 

.19851 

.20254 

4.9372 

.98010 

33 

28 

. 19880 

.20285 

4.9298 

.98004 

32 

29 

. 19908 

.20315 

4.9225 

.97998 

31 

30 

. 19937 

.20345 

4.9152 

.97992 

30 

31 

. 19965 

.20376 

4.9078 

.97987 

29 

32 

. 19994 

.20406 

4.9006 

.97981 

28 

33 

.20022 

.20436 

4.8933 

.97975 

27 

34 

.20051 

.20466 

4 . 8860 

.97969 

26 

35 

. 20079 

.20497 

4 . 8788 

.97963 

25 

36 

.20108 

. 20527 

4.8716 

.97958 

24 

37 

.20136 

.20557 

4 . 8644 

.97952 

23 

38 

.20165 

. 20588 

4.8573 

.97946 

22 

39 

.20193 

.20618 

4.8501 

.97940 

21 

40 

.20222 

. 20648 

4.8430 

.97934 

20 

41 

.20250 

. 20679 

4.8359 

.97938 

19 

42 

.20279 

. 2070  ) 

4.8288 

.97922 

18 

43 

. 20307 

.20739 

4.8218 

.97916 

17 

44 

.20336 

. 20770 

4.8147 

.97910 

16 

45 

. 20364 

. 20800 

4.8077 

.97905 

15 

46 

. 20393 

. 20830 

4 . 8007 

.97899 

14 

47 

.20421 

.20861 

4.7937 

. 97893 

13 

48 

.20450 

.20891 

4 . 7867 

.97887 

12 

49 

.20478 

.20921 

4.7798 

.97881 

11 

50 

. 20507 

.20952 

4.7729 

.97875 

10 

51 

.20535 

.20982 

4.7659 

.97869 

9 

52 

. 20563 

.21013 

4.75-91 

.97863 

8 

53 

.20592 

.21043 

4.7522 

. 97857 

7 

54 

.20620 

.21073 

4.7453 

.97851 

6 

55 

.20649 

.21104 

4.7385 

.97845 

5 

56 

. 20677 

.21134 

4.7317 

.97839 

4 

57 

. 20706 

.21164 

4.7249 

.97833 

3 

58 

.20734 

.21195 

4.7181 

.97827 

2 

59 

.20763 

.21225 

4.7114 

.97821 

1 

60 

.20791 

.21256 

4.7046 

.97815 

_2 

r 

Cos 

Cot 

Tan 

Sin 

H 

100°  (280°) 


(259°)  79°       101°  (281°) 
95 


(258°)  78c 


12°  (192°) 


NATURAL  FUNCTIONS  (Continued) 

(347°)  167°   13°  (193°)  (346°)  166° 


/ 

0 

Sin 

Tan 

Cot 

Cos 

60 

.20791 

.21256 

4.7046 

.97815 

1 

. 20820 

.21286 

4.6979 

.97809 

59 

2 

. 20848 

.21316 

4.6912 

. 97803 

58 

3 

. 20877 

.21347 

4.6845 

.97797 

57 

4 

. 20905 

.21377 

4.6779 

.97791 

56 

5 

.20933 

.21408 

4.6712 

.97784 

55 

6 

.20962 

.21438 

4 . 6646 

.97778 

54 

7 

.20990 

.21469 

4 . 6580 

.97772 

53 

8 

.21019 

.21499 

4.6514 

.97766 

52 

9 

.21047 

.21529 

4.6448 

.97760 

51 

10 

.21076 

.21560 

4 . 6382 

.97754 

50 

11 

.21104 

.21590 

4.6317 

.97748 

49 

12 

.21132 

.21621 

4.6252 

.97742 

48 

13 

.21161 

.21651 

4.6187 

.97735 

47 

14 

.21189 

.21682 

4.6122 

.97729 

46 

15 

.21218 

.21712 

4 . 6057 

.97723 

45 

16 

.21246 

.21743 

4.5993 

.97717 

44 

17 

.21275 

.21773 

4.5928 

.97711 

43 

18 

.21303 

.21804 

4 . 5864 

.97705 

42 

19 

.21331 

.21834 

4 . 5800 

.97698 

41 

20 

.21360 

.21864 

4.5736 

.97692 

40 

21 

.21388 

.21895 

4 . 5673 

.97686 

39 

22 

.21417 

.21925 

4.5609 

. 97680 

38 

23 

.21445 

.21956 

4.5546 

.97673 

37 

24 

.21474 

.21986 

4.5483 

. 97667 

36 

25 

.21502 

.22017 

4 . 5420 

.97661 

35 

26 

.21530 

. 22047 

4.5357 

.97655 

34 

27 

.21559 

.22078 

4.5294 

.97648 

33 

28 

.21587 

.22108 

4.5232 

.97642 

32 

29 

.21616 

.22139 

4.5169 

. 97636 

31 

30 

.21644 

.22169 

4.5107 

.97630 

30 

31 

.21672 

.22200 

4 . 5045 

.97623 

29 

32 

.21701 

.22231 

4 . 4983 

.97617 

28 

33 

.21729 

.22261 

4.4922 

.97611 

27 

34 

.217581.22292 

4 . 4860 

.97604 

26 

35 

.21786 

.22322 

4.4799 

.97598 

25 

36 

.21814 

. 22353 

4 . 4737 

.97592 

24 

37 

.21843 

.22383 

4 . 4676 

.97585 

23 

38 

.21871 

.22414 

4.4615 

.97579 

22 

39 

.21899 

. 22444 

4.4555 

.97573 

21 

40 

.21928 

.22475 

4 . 4494 

.97566 

20 

41 

.21956 

.22505 

4.4434 

.97560 

19 

42 

.21985 

.22536 

4.4373 

.97553 

18 

43 

.22013 

.22567 

4.4313 

.97547 

17 

44 

.22041 

.22597 

4.4253 

.97541 

16 

45 

.22070 

.22628 

4.4194 

.97534 

15 

46 

.22098 

.22658 

4.4134 

.97528 

14 

47 

.22126 

.22689 

4.4075 

.97521 

13 

48 

.22155 

.22719 

4.4015 

.97515 

12 

49 

.22183 

.22750 

4.3956 

. 97508 

11 

50 

.22212 

.22781 

4.3897 

.97502 

10 

51 

.22240 

.22811 

4.3838 

.97496 

9 

52 

.22268 

.22842 

4.3779 

. 97489 

8 

53 

.22297 

.22872 

4.3721 

.97483 

7 

54 

.22325 

.22903 

4.3662 

.97476 

6 

55 

.22353 

.22934 

4.3604 

.97470 

5 

56 

.22382 

.22964 

4.3546 

.97463 

4 

57 

.22410 

.22995 

4.3488 

.97457 

3 

58 

.22438 

.23026 

4.3430 

.97450 

2 

59 

.22467 

.23056 

4.3372 

.97444 

1 

60 
t 

.22495 

.23087 

4.3315 

.97437 

_0 

Cos 

Cot 

Tan 

Sin 

/ 

/ 
0 

Sin 

Tan 

Cot 

Cos 

/ 

. 22495 

. 23087 

4.3315 

.97437 

60 

1 

.22523 

.23117 

4.3257 

.97430 

59 

2 

.22552 

.23148 

4 . 3200 

. 97424 

58 

3 

.22580 

.23179 

4.3143 

.97417 

57 

4 

.2260S 

. 23209 

4.3086 

.97411 

56 

5 

.22637 

. 23240 

4 . 3029 

. 97404 

55 

6 

.22665 

.23271 

4.2972 

.97398 

54 

7 

.22693 

.23301 

4.2916 

.97391 

53 

8 

.22722 

.23332 

4.2859 

.97384 

52 

9 

.22750 

.23363 

4 . 2803 

.97378 

51 

10 

.22778 

.23393 

4.2747 

.97371 

50 

11 

. 22807 

. 23424 

4.2691 

.97365 

49 

12 

.22835 

.23455 

4.2635 

.97358 

48 

13 

.22863 

. 23485 

4.2580 

.97351 

47 

14 

.22892 

.23516 

4.2524 

.97345 

46 

15 

.22920 

. 23547 

4.2468 

.97338 

45 

16 

. 22948 

.23578 

4.2413 

.97331 

44 

17 

. 22977 

.23608 

4.2358 

.97325 

43 

18 

. 23005 

.23639 

4.2303 

.97318 

42 

19 

. 23033 

.23670 

4.2248 

.97311 

41 

20 

. 23062 

.23700 

4.2193 

.97304 

40 

21 

. 23090 

.23731 

4.2139 

.97298 

39 

22 

.23118 

.23762 

4 . 2084 

.97291 

38 

23 

.23146 

.23793 

4 . 2030 

.97284 

37 

24 

.23175 

. 23823 

4.1976 

.97278 

36 

25 

. 23203 

.23854 

4.1922 

.97271 

35 

26 

.23231 

.23885 

4.1868 

.97264 

34 

27 

.23260 

.23916 

4.1814 

.97257 

33 

28 

.23288 

.23946 

4.1760 

.97251 

32 

29 

.23316 

. 23977 

4.1706 

.97244 

31 

30 

.23345 

. 24008 

4.1653 

.97237 

30 

31 

. 23373 

. 24039 

4.1600 

.97230 

29 

32 

.23401 

. 24069 

4.1547 

.97223 

28 

33 

.23429 

.24100 

4.1493 

.97217 

27 

34 

.23458 

.24131 

4.1441 

.97210 

26 

35 

.23486 

.24162 

4.1388 

.97203 

25 

36 

.23514 

.24193 

4.1335 

.97196 

24 

37 

.23542 

.24223 

4.1282 

.97189 

23 

38 

.23571 

.24254 

4.1230 

.97182 

22 

39 

.23599 

.24285 

4.1178 

.97176 

21 

40 

.23627 

.24316 

4.1126 

.97169 

20 

41 

.23656 

. 24347 

4.1074 

.97162 

19 

42 

. 23684 

.24377 

4.1022 

.97155 

18 

43 

.23712 

. 24408 

4 . 0970 

.97148 

17 

44 

.23740 

. 24439 

4.0918 

.97141 

16 

45 

. 23769 

. 24470 

4.0867 

.97134 

15 

46 

.23797 

.24501 

4.0815 

.97127 

14 

47 

.23825 

.24532 

4 . 0764 

.97120 

13 

48 

.23853 

.24562 

4.0713 

.97113 

12 

49 

.23882 

.24593 

4 . 0662 

.97106 

11 

50 

.23910 

. 24624 

4.0611 

.97100 

10 

51 

.23938 

.24655 

4.0560 

. 97093 

9 

52 

.23966 

.24686 

4 . 0509 

. 97086 

8 

53 

.23995 

.24717 

4 . 0459 

.97079 

7 

54 

. 24023 

. 24747 

4 . 0408 

.97072 

6 

55 

.24051 

.24778 

4.0358 

.97065 

5 

56 

. 24079 

. 24809 

4 . 0308 

.97058 

4 

57 

.24108 

. 24840 

4 . 0257 

.97051 

3 

58 

.24136 

.24871 

4 . 0207 

. 97044 

2 

59 

.24164 

. 24902 

4.0158 

. 97037 

1 

60 

.24192 

.24933 

4.0108 

.97030 

0 

Cos 

Cot 

Tan 

Sin 

/ 

102°  (282°) 


(257°)  77°   103°  (283°) 
96 


(256°)  76c 


NATURAL  FUNCTIONS  (Continued) 


14°  (194°) 


(345°)  165°       15°  (195°) 


(344°)  164c 


/ 

Sin 

Tan 

Cot 

Cos 

60 

t 
0 

Sin 

Tan 

Cot 

Cos 

60 

0 

.24192 

.24933 

4.0108 

.97030 

. 25882 

.26795 

3.7321 

.96593 

1 

.24220 

. 24964 

4 . 0058 

.97023 

59 

1 

.25910 

.26826 

3.7277 

.96585 

59 

2 

. 24249 

.24995 

4 . 0009 

.97015 

58 

2 

.25938 

. 26857 

3.7234 

.96578 

58 

3 

.24277 

.25026 

3.9959 

.97008 

57 

3 

.25966 

.26888 

3.7191 

.96570 

57 

4 

.24305 

.25056 

3.9910 

.97001 

56 

4 

.25994 

.26920 

3.7148 

.96562 

56 

5 

.24333 

.25087 

3.9861 

.96994 

55 

5 

. 26022 

.26951 

3.7105 

.96555 

55 

G 

.24362 

.25118 

3.9812 

.96987 

54 

6 

. 26050 

.26982 

3.7062 

.96547 

54 

7 

.24390 

.25149 

3.9763 

.96980 

53 

7 

. 26079 

.27013 

3.7019 

.96540 

53 

8 

.24418 

.25180 

3.9714 

.96973 

52 

8 

.26107 

. 27044 

3.6976 

.96532 

52 

9 

. 24446 

.25211 

3.9665 

.96966 

51 

9 

.26135 

.27076 

3.6933 

.96524 

51 

10 

. 24474 

.25242 

3.9617 

.96959 

50 

10 

.26163 

.27107 

3.6891 

.96517 

50 

11 

. 24503 

.25273 

3.9568 

.96952 

49 

11 

.26191 

.27138 

3 . 6848 

.96509 

49 

12 

.24531 

.25304 

3.9520 

.96945 

48 

12 

.26219 

.27169 

3.6806 

.96502 

48 

13 

. 24559 

.25335 

3.9471 

.96937 

47 

13 

. 26247 

.27201 

3.6764 

.96494 

47 

14 

. 24587 

.25366 

3.9423 

.96930 

46 

14 

.26275 

.27232 

3.6722 

.96486 

46 

15 

.24615 

.25397 

3.9375 

.96923 

45 

15 

. 26303 

.27263 

3 . 6680 

.96479 

45 

16 

. 24644 

.25428 

3.9327 

.96916 

44 

16 

.26331 

.27294 

3.6638 

.96471 

44 

17 

. 24672 

.25459 

3.9279 

. 96909 

43 

17 

.26359 

.27326 

3.6596 

.96463 

43 

18 

. 24700 

.25490 

3.9232 

.96902 

42 

18 

.26387 

.27357 

3.6554 

.96456 

42 

19 

. 24728 

.25521 

3.9184 

.96894 

41 

19 

.26415 

.27388 

3.6512 

. 96448 

41 

20 

.24758 

.25552 

3.9136 

.96887 

40 

20 

.26443 

.27419 

3.6470 

.96440 

40 

21 

.24784 

.25583 

3.9089 

. 96880 

39 

21 

.26471 

.27451 

3.6429 

.96433 

39 

22 

.24813 

.25614 

3.9042 

.96873 

38 

22 

.26500 

. 27482 

3.6387 

.96425 

38 

23 

.24841 

.25645 

3 . 8995 

.96866 

37 

23 

.26528 

.27513 

3.6346 

.96417 

37 

24 

. 24869 

.25676 

3 . 8947 

. 96858 

36 

24 

.26556 

.27545 

3.6305 

.96410 

36 

25 

. 24897 

. 25707 

3 . 8900 

.96851 

35 

25 

.26584 

.27576 

3.6264 

. 96402 

35 

26 

.24925 

.25738 

3 . 8854 

.96844 

34 

26 

.26612 

.27607 

3.6222 

.96394 

34 

27 

. 24954 

.25769 

3 . 8807 

.96837 

33 

27 

. 26640 

.27638 

3.6181 

.96386 

33 

28 

. 24982 

. 25800 

3 . 8760 

.96829 

32 

2S 

.26668 

.27670 

3.6140 

.96379 

32 

29 

.25010 

.25831 

3.8714 

.96822 

31 

29 

.26696 

.27701 

6.6100 

.96371 

31 

30 

. 25038 

.25862 

3 . 8667 

.96815 

30 

30 

.26724 

.27732 

3.6059 

.96363 

30 

31 

. 25066 

.25893 

3.8621 

.96807 

29 

31 

. 26572 

.27764 

3.6018 

.96355 

29 

32 

. 25094 

.25924 

3 . 8575 

.96800 

28 

32 

. 26780 

.27795 

3.5978 

.96347 

28 

33 

.25122 

.25955 

3.8528 

.96793 

27 

33 

.26808 

.27826 

3.5937 

.96340 

27 

34 

.25151 

.25986 

3 . 8482 

.96786 

26 

34 

.26836 

. 27858 

3 . 5897 

.96332 

26 

35 

.25179 

.26017 

3.8436 

.96778 

25 

35 

.26864 

.27889 

3.5856 

.96324 

25 

36 

. 25207 

.26048 

3.8391 

.96771 

24 

36 

. 26892 

.27921 

3.5816 

.96316 

24 

37 

.25235 

. 26079 

3.8345 

.96764 

23 

37 

.26920 

.27952 

3.5776 

.96308 

23 

38 

.25263 

.26110 

3 . 8299 

.96756 

22 

38 

. 26948 

. 27983 

3 . 5736 

.96301 

22 

39 

.25291 

.26141 

3.8254 

.96749 

21 

39 

. 26976 

.28015 

3.5696 

.96293 

21 

40 

.25320 

.26172 

3.8208 

.96742 

20 

40 

.27004 

. 28046 

3.5656 

.96285 

20 

41 

.25348 

.26203 

3.8163 

.96734 

19 

41 

. 27032 

. 28077 

3.5616 

.96277 

19 

42 

.25376 

.26235 

3.8118 

.96727 

18 

42 

. 27060 

.28109 

3.5576 

.96269 

18 

43 

. 25404 

.26266 

3.8073 

.96719 

17 

43 

. 27088 

.28140 

3.5536 

.96261 

17 

44 

. 25432 

.26297 

3.8028 

.96712 

16 

44 

.27116 

.28172 

3 . 5497 

.96253 

16 

45 

.25460 

.26328 

3.7983 

.96705 

15 

45 

.27144 

.28203 

3 . 5457 

.96246 

15 

46 

.25488 

.26359 

3.7938 

.96697 

14 

46 

.27172 

.28234 

3.5418 

.96238 

14 

47 

.25516 

. 26390 

3.7893 

.96690 

13 

47 

.27200 

.28266 

3.5379 

.96230 

13 

48 

. 25545 

.26421 

3.7848 

.96682 

12 

48 

.27228 

. 28297 

3.5339 

.96222 

12 

49 

.25573 

.26452 

3.7804 

.96675 

11 

49 

.27256 

.28329 

3.5300 

.96214 

11 

50 

.25601 

. 26483 

3.7760 

.96667 

10 

50 

.27284 

.28360 

3.5261 

. 96206 

10 

51 

. 25629 

.26515 

3.7715 

.96660 

9 

51 

.27312 

.28391 

3 . 5222 

.96198 

9 

52 

.25657 

.26546 

3.7671 

.96653 

8 

52 

.27340 

.28423 

3.5183 

.96190 

8 

53 

.25685 

. 26577 

3.7627 

.96645 

7 

53 

.27368 

.28454 

3.5144 

.96182 

7 

54 

.25713 

.26608 

3.7583 

.96638 

6 

54 

.27396 

. 28486 

3.5105 

.96174 

6 

55 

. 25741 

.26639 

3.7539 

.96630 

5 

55 

.27424 

.28517 

3.5067 

.96166 

5 

56 

. 25769 

.26670 

3.7495 

.96623 

4 

56 

. 27452 

. 28549 

3.5028 

.96158 

4 

57 

. 25798 

.26701 

3.7451 

.96615 

3 

57 

. 27480 

.28580 

3.4989 

.96150 

3 

58 

.25826 

. 26733 

3.7408 

.96608 

2 

58 

.27508 

.28612 

3.4951 

.96142 

2 

59 

.25854 

.26764 

3.7364 

.96600 

1 

59 

.27536 

.28643 

3.4912 

.96134 

1 

60 

. 25882 

.26795 

3.7321 

.96593 

0 

60 

.27564 

. 28675 

3.4874 

.96126 

J) 

f 

/ 

Cos 

Cot 

Tan 

Sin 

/ 

/ 

Cos 

Cot 

Tan 

Sin 

104°  (284°) 


(255°)  75°       105c 
97 


(285°) 


(254°)  74c 


16°  (196°) 


NATURAL  FUNCTIONS  (Continued) 

(343°)  163°   17°  (197°)  (342°)  16?° 


f 

Sin 

Tan 

Cot  1  Cos 

60 

0 

.27564 

.28675 

3.4874 

.96126 

1 

. 27592 

.28706 

3.4836 

.96118 

59 

2 

.27620 

.28738 

3.4798 

.96110 

58 

3 

.27648 

.28769 

3.4760 

.96102 

57 

4 

.27676 

.28801 

3.4722 

.96094 

56 

5 

. 27704 

. 28832 

3.4684 

.96086 

55 

6 

.27731 

. 28864 

3.4646 

.96078 

54 

7 

.27759 

.28895 

3.4608 

.96070 

53 

8 

. 27787 

.28927 

3.4570 

.96062 

52 

9 

.27815 

.28958 

3.4533 

. 96054 

51 

10 

. 27843 

.28990 

3.4495 

.96046 

50 

11 

.27871 

.29021 

3 . 4458 

.96037 

49 

12 

.27899 

.29053 

3.4420 

.96029 

48 

13 

.27927 

. 29084 

3.4383 

.96021 

47 

14 

.27955 

.29116 

3.4346 

.96013 

46 

15 

.27983 

.29147 

3 . 4308 

.96005 

45 

16 

.28011 

.29179 

3.4271 

.95997 

44 

17 

. 28039 

.29210 

3.4234 

.95989 

43 

18 

. 28067 

.29242 

3.4197 

.95981 

42 

19 

.28095 

.29274 

3.4160 

.95972 

41 

20 

.28123 

.29305 

3.4124 

.95964 

40 

21 

.28150 

.29337 

3 . 4087 

.95956 

39 

22 

.28178 

.29368 

3 . 4050 

. 95948 

38 

23 

.28208 

. 29400 

3.4014 

.95940 

37 

24 

.28234 

.29432 

3.3977 

.95931 

36 

25 

. 28262 

. 29463 

3.3941 

.95923 

35 

26 

.28290 

.29495 

3.3904 

.95915 

34 

27 

.28318 

.29526 

3 . 3868 

.95907 

33 

28 

.28346 

.29558 

3.3832 

.95898 

32 

29 

.28374 

.29590 

3.3796 

.95890 

31 

30 

. 28402 

.29621 

3.3759 

.95882 

30 

31 

.28429 

.29653 

3.3723 

.95874 

29 

32 

.28457 

. 29685 

3.3687 

.95865 

28 

33 

. 28485 

.29716 

3.3652 

.95857 

27 

34 

.28513 

.29748 

3.3616 

.95849 

26 

35 

.28541 

.29780 

3.3580 

.95841 

25 

36 

.28569 

.29811 

3 . 3544 

.95832 

24 

37 

.28597 

. 29843 

3 . 3509 

.95824 

23 

38 

.28625 

.29875 

3 . 3473 

.95816 

22 

39 

. 28652 

.29906 

3.3438 

.95807 

21 

40 

. 28680 

.29938 

3 . 3402 

.95799 

20 

41 

.28708 

.29970 

3.3367 

.95791 

19 

42 

. 28736 

.30001 

3.3332 

.95782 

18 

43 

.28764 

. 30033 

3.3297 

.95774 

17 

44 

.28792 

. 30065 

3.3261 

.95766 

16 

45 

. 28820 

. 30097 

3.3226 

.95757 

15 

46 

. 28847 

.30128 

3.3191 

. 95749 

14 

47 

. 28875 

.30160 

3.3156 

.95740 

13 

48 

.28903 

.30192 

3.3122 

.95732 

12 

49 

.28931 

. 30224 

3.3087 

.95724 

11 

50 

.28959 

.30255 

3 . 3052 

.95715 

10 

51 

. 28987 

. 30287 

3.3017 

.95707 

9 

52 

.29015 

.30319 

3.2983 

.95698 

8 

53 

.29042 

.30351 

3.2948 

.95690 

7 

54 

.29070 

.30382 

3.2914 

.95681 

6 

55 

.29098 

.30414 

3.2879 

.95673 

5 

56 

.29126 

.30446 

3.2845 

.95664 

4 

57 

.29154 

. 30478 

3.2811 

.95656 

3 

58 

.29182 

. 30509 

3.2777 

.95647 

2 

59 

.29209 

.30541 

3.2743 

.95639 

1 

60 
i 

.29237 

. 30573 

3.2709 

.95630 

_0 

Cos 

Cot 

Tan 

Sin 

10 

11 

12 
13 

14 

15 

16 
17 
18 
19 

30 

2J 

22 
23 
24 

25 

26 

27 
28 
29 

30 

31 

32 
33 

34 

35 
36 

37 
38 
39 
40 

41 
42 
43 
44 

45 
40 
47 
48 
49 

50 

51 

">2 
53 
54 

55 

56 

57 
58 
59 

<»0 


Sin 


.29237 
.29265 
.29293 
.29321 
.29348 

.29376 
. 29404 
.29432 
.29460 
. 29487 
.29515 
.29543 
.29571 
.29599 
.29626 
.29654 
.29682 
.29710 
.29737 
.29765 

. 29793 
.29821 
. 29849 
.29876 
.29904 

.29932 
.29960 
.29987 
.30015 
.30043 

.30071 
.30098 
.30126 
.30154 
.30182 

. 30209 
.30237 
. 30265 
.30292 
. 30320 
. 30348 
. 30376 
.30403 
.30431 
. 30459 

.30486 
.30514 
. 30542 
. 30570 
. 30597 
.30625 
.30653 
.30680 
, 30708 
30736 

30763 
30791 
30819 
30846 
30874 

30902 


Tan 


Cos 


.30573 
.30605 
.30637 
. 30669 
.30700 
.30732 
. 30764 
. 30796 
. 30828 
.30860 
.30891 
.30923 
.30955 
. 30987 
.31019 
.31051 
.31083 
.31115 
.31147 
.41178 

.31210 
.31242 
.31274 
.31306 
.31338 
.31370 
.31402 
.31434 
.31466 
.31498 

.31530 
.31562 
.31594 
.31626 
.31658 
.31690 
.31722 
.31754 
.31786 
.31818 

.31850 
.31882 
.31914 
.31946 
.31978 

.32010 
. 32042 
. 32074 
.32106 
.32139 

.32171 
.32203 
.32235 
.32267 
.32299 

.32331 
.32363 
.32396 
32428 
32460 
32492 


Cot 


3 . 2709 
3 . 2675 
3.2641 
3 . 2607 
3 . 2573 

3.2539 
3 . 2506 
3.2472 
3 . 2438 
3 . 2405 

3.2371 
3.2338 
3 . 2305 
3 . 2272 
3 . 2238 


2205 
2172 
2139 
2106 
2073 


3.2041 
3 . 2008 
3.1975 
3 . 1943 
3.1910 

3.1878 
3.1845 
3.1813 
3.1780 
3.1748 

3.1716 
3.1684 
3.1652 
3.1620 
3.1588 

3.1556 
3.1524 
3 . 1492 
3.1460 
3 . 1429 


Cos 


1397 
1366 
1334 
130£ 

1273 

1240 
1209 
1178 
1146 
1115 

1084 
1053 
1022 
0991 
0961 
0930 
0899 
0868 
0838 
0807 

0777 


Cot   Tan   Sin 


.95630 
.95622 
.95613 
. 95605 
.95596 

.95588 
.95579 
.95571 
.95562 
.95554 
.95545 
.95536 
.9552£ 
.95519 
.95511 
.95502 
.95493 
.95485 
.95476 
.95467 

.95459 
.95450 
.95441 
.95433 
.95424 

.95415 
.95407 
.95398 
.95389 
.95380 
.95372 
.95363 
.95354 
.95345 
.95337 
.95328 
.95319 
.95310 
.95301 
.95293 
.95284 
. 95275 
.95266 
.95257 
.95248 

. 9524C 

.95231 

.9522? 

.9521 

.95204 

.95195 
.95186 
.95177 
.95168 
,95159 

95150 
95142 
95133 
95124 
95115 
95106 


106°  (286°) 


(253°)  73°   107( 
98 


(287°) 


(252°)  72c 


NATURAL  FUNCTIONS  (Continued) 


18c 

(198°) 

(341°)  161 

3 

19° 

(199°) 

(340°)  160° 

r 

0 

Sin 

Tan 

Cot 

Cos 

' 

' 

Sin 

Tan 

Cot 

Cos 

/ 

. 30902 

.32492 

3.0777 

.95106 

60 

0 

.32557 

.34433 

2.9042 

.94552 

60 

1 

. 30929 

.32524 

3 . 0746 

.95097 

59 

1 

.32584 

.34465 

2.9015 

.94542 

59 

2 

.30957 

.32556 

3.0716 

.95088 

58 

2 

.32612 

.34498 

2 . 8987 

.94533 

58 

3 

. 30985 

.32588 

3 . 0686 

.95079 

57 

3 

.32639 

.34530 

2.8960 

.94523 

57 

4 

.31012 

.32621 

3.0655 

.95070 

56 

4 

. 32667 

. 34563 

2 . 8933 

.94514 

56 

5 

.31040 

.32653 

3.0625 

.95061 

55 

5 

.32694 

.34596 

2.8905 

.94504 

55 

6 

.31068 

.32685 

3.0595 

.95052 

54 

6 

.32722 

.34628 

2 . 8878 

.94495 

54 

7 

.31095 

.32717 

3.0565 

.95043 

53 

7 

.32749 

.34661 

2.8851 

.94485 

53 

8 

.31123 

.32749 

3.0535 

.95033 

52 

8 

.32777 

.34693 

2 . 8824 

.94476 

52 

9 

.31151 

.32782 

3.0505 

.95024 

51 

9 

. 32804 

.34726 

2 . 8797 

.94466 

51 

10 

.31178 

.32814 

3.0475 

.95015 

50 

10 

.32832 

.34758 

2.8770 

.94457 

50 

11 

.31206 

.32846 

3.0445 

.95000 

49 

11 

.32859 

.34791 

2.8743 

.94447 

49 

12 

.31233 

.32878 

3.0415 

.94997 

48 

12 

. 32887 

.34824 

2.8716 

.94438 

48 

13 

.31261 

.32911 

3 . 0385 

.94988 

47 

13 

.32914 

.34856 

2 . 8689 

.94428 

47 

14 

.31289 

.32943 

3.0356 

.94979 

46 

14 

. 32942 

.34889 

2 . 8662 

.94418 

46 

15 

.31316 

.32975 

3.0326 

.94970 

45 

15 

.32969 

.34922 

2.8636 

.94409 

45 

16 

.31344 

. 33007 

3.0296 

.94961 

44 

10 

.32997 

.34954 

2 . 8609 

.94399 

44 

17 

.31372 

.33040 

3 . 0267 

.94952 

43 

17 

.33024 

.34987 

2.8582 

.94390 

43 

18 

.31399 

.33072 

3 . 0237 

.94943 

42 

IS 

.33051 

.35020 

2.8556 

. 94380 

42 

19 

.31427 

.33104 

3.0208 

.94933 

41 

19 

. 33079 

.35052 

2.8529 

.94370 

41 

20 

.31454 

.33136 

3.0178 

.94924 

40 

20 

.33106 

.35085 

2 . 8502 

.94361 

40 

21 

.31482 

.33169 

3.0149 

.94915 

39 

21 

.33134 

.35118 

2 . 8476 

.94351 

39 

22 

.31510 

.33201 

3.0120 

.94906 

38 

22 

.33161 

.35150 

2 . 8449 

.94342 

38 

23 

.31537 

.33233 

3.0090 

.94897 

37 

23 

.33189 

.35183 

2 . 8423 

.94332 

37 

24 

.31565 

.33266 

3.0061 

.94888 

30 

24 

.33216 

.35216 

2 . 8397 

.94322 

36 

25 

.31593 

.33298 

3 . 0032 

.94878 

35 

25 

.33244 

.35248 

2 . 8370 

.94313 

35 

26 

.31620 

.33330 

3 . 0003 

.94869 

34 

20 

.33271 

.35281 

2 . 8344 

.94303 

24 

27 

.31648 

.33363 

2.9974 

.94860 

33 

27 

.33298 

.35314 

2.8318 

.94293 

33 

28 

.31675 

.33395 

2.9945 

94851 

32 

28 

.33326 

.35346 

2.8291 

.94284 

32 

29 

.31703 

.33427 

2.9916 

.94842 

31 

29 

.33353 

.35379 

2.8265 

.94274 

31 

30 

.31730 

.33460 

2 . 9887 

.94832 

30 

30 

.33381 

.35412 

2.8239 

.94264 

30 

31 

.31758 

.33492 

2.9858 

.94823 

29 

31 

. 33408 

.35445 

2.8213 

.94254 

29 

32 

.31786 

.33524 

2 . 9829 

.94814 

28 

32 

. 33436 

.35477 

2.8187 

.94245 

28 

33 

.31813 

.33557 

2.9800 

.94805 

27 

33 

.33463 

.35510 

2.8161 

.94235 

27 

34 

.31841 

.33589 

2.9772 

.94795 

20 

34 

. 33490 

.35543 

2.8135 

.94225 

26 

35 

.31868 

.33621 

2.9743 

.94786 

25 

35 

.33518 

.35576 

2.8109 

.94215 

25 

36 

.31896 

.33654 

2.9714 

.94777 

24 

30 

.33545 

.35608 

2 . 8083 

.94206 

24 

37 

.31923 

.33686 

2.9686 

.94768 

23 

37 

. 33573 

.35641 

2.8057 

.94196 

23 

38 

.31951 

.33718 

2.9657 

.94758 

22 

38 

. 33000 

. 35674 

2.8032 

.94186 

22 

39 

.31979 

.33751 

2.9629 

.94749 

21 

39 

.33627 

. 35707 

2 . 8006 

.94176 

21 

40 

. 32006 

.33783 

2.9600 

.94740 

20 

40 

.33655 

. 35740 

2.7980 

.94167 

20 

41 

. 32034 

.33816 

2.9572 

.94730 

19 

41 

.33682 

.35772 

2.7955 

.9415/ 

19 

42 

.32061 

.33848 

2.9544 

.94721 

18 

42 

.33710 

.35805 

2.7929 

.94147 

18 

43 

. 32089 

.33881 

2.9515 

.94712 

17 

43 

.33737 

.35838 

2.7903 

.94137 

17 

44 

.32116 

.33913 

2 . 9487 

.94702 

16 

44 

. 33764 

.35871 

2.7878 

.94127 

16 

15 

.32144 

.33945 

2 . 9459 

.94693 

15 

45 

. 33792 

.35904 

2.7852 

.94118 

15 

46 

.32171 

.33978 

2.9431 

. 94684 

14 

40 

.33819 

.35937 

2 . 7827 

.94108 

14 

47 

.32199 

.34010 

2.9403 

.94674 

13 

47 

.33846 

.35969 

2.7801 

.94098 

13 

48 

.32227 

. 34043 

2.9375 

.94665 

12 

48 

.33874 

. 36002 

2.7776 

. 94088 

12 

49 

.32254 

.34075 

2.9347 

.94656 

11 

49 

.33901 

.36035 

2.7751 

.94078 

11 

50 

.32282 

.34108 

2.9319 

.94646 

10 

50 

.33929 

.36068 

2.7725 

. 94068 

10 

51 

.32309 

.34140 

2.9291 

.94637 

9 

51 

.33956 

.36101 

2.7700 

.94058 

9 

52 

.32337 

.34173 

2.9263 

.94627 

8 

52 

.33983 

.36134 

2.7675 

.94049 

8 

53 

. 32364 

.34205 

2.9235 

.94618 

7 

53 

.34011 

.36167 

2.7650 

.94039 

7 

54 

.32392 

.34238 

2.9208 

.94609 

6 

54 

. 34038 

.36199 

2.7625 

.94029 

6 

55 

.32419 

.34270 

2.9180 

.94599 

5 

55 

. 34065 

.36232 

2.7600 

.94019 

5 

56 

. 32447 

. 34303 

2.9152 

.94590 

4 

50 

. 34093 

.36265 

2.7575 

. 94009 

4 

57 

.32474 

.34335 

2.9125 

.94580 

3 

57 

.34120 

.36298 

2.7550 

.93999 

3 

58 

.32502 

.34368 

2.9097 

.94571 

2 

58 

.34147 

.36331 

2.7525 

. 93989 

2 

59 

.32529 

.34400 

2.9070 

.94561 

1 

59 

.34175 

. 36364 

2.7500 

.93979 

1 

80 

.32557 

.34433 

2 . 9042 

.94552 

0 

60 

. 34202 

. 36397 

2.7475 

.93969 

_0 

/ 

r 

Cos 

Cot 

Tan 

Sin 

/ 

/ 

Cos 

Cot 

Tan 

Sin 

108°  (288°) 


(251°)  71°       109c 

99 


(289°) 


(250°)  70c 


NATURAL  FUNCTIONS  (Continued) 

21°  (201°)  (338°)  158c 


20° 

(200°) 

:339°)  159° 

0 

Sin 

Tan 

Cot 

Cos 

/ 

. 34202 

.36397 

2 . 7475 

.93969 

60 

1 

.34229 

.36430 

2.7450 

.93959 

59 

2 

. 34257 

.36463 

2.7425 

.93949 

58 

3 

. 34284 

.36496 

2 . 7400 

.93939 

57 

4 

.34311 

.36529 

2.7376 

. 93929 

56 

5 

. 34339 

.36562 

2.7351 

.93919 

55 

6 

.34366 

.36595 

2.7326 

.93909 

54 

7 

. 34393 

.36628 

2.7302 

.93899 

53 

8 

.34421 

.36661 

2.7277 

.93889 

52 

9 

. 34448 

.36694 

2.7253 

.93879 

51 

10 

. 34475 

.36727 

2.7228 

.93869 

50 

11 

. 34503 

.36760 

2.7204 

.93859 

49 

12 

.34530 

.36793 

2.7179 

.93849 

48 

13 

. 34557 

.36826 

2.7155 

.93839 

47 

14 

. 34584 

. 36859 

2.7130 

.93829 

46 

15 

.34612 

.36892 

2.7106 

.93819 

45 

16 

. 34639 

.36925 

2 . 7082 

.93809 

44 

17 

. 34666 

.36958 

2 . 7058 

.93799 

43 

18 

. 34694 

.36991 

2 . 7034 

.93789 

42 

19 

.34721 

.37024 

2 . 7009 

.93779 

41 

20 

. 34748 

.37057 

2 . 6985 

.93769 

40 

21 

.34775 

.37090 

2.6961 

.93759 

39 

22 

. 34803 

.37123 

2 . 6937 

.93748 

38 

23 

. 34830 

.37157 

2.6913 

.93738 

37 

24 

. 34857 

.37190 

2 . 6889 

.93728 

36 

25 

. 34884 

.37223 

2.6865 

.93718 

35 

26 

.34912 

.37256 

2.6841 

.93708 

34 

27 

.34939 

.37289 

2.6818 

.93698 

33 

28 

.34966 

.37322 

2 . 6794 

.93688 

32 

29 

. 34993 

.37355 

2.6770 

.93677 

31 

30 

.35021 

.37388 

2.6746 

.93667 

30 

31 

.35048 

.37422 

2.6723 

.93657 

29 

32 

.35075 

.37455 

2.6699 

.93647 

28 

33 

.35102 

.37488 

2.6675 

.93637 

27 

34 

.35130 

.37521 

2.6652 

.93626 

26 

35 

.35157 

.37554 

2.6628 

.93616 

25 

36 

.35184 

.37588 

2 . 6605 

. 93606 

24 

37 

.35211 

.37621 

2.6581 

.93596 

23 

38 

.35239 

.37654 

2.6558 

.93585 

22 

39 

.35266 

.37687 

2.6534 

.93575 

21 

40 

.35293 

.37720 

2.6511 

.93565 

20 

41 

.35320 

.37754 

2.6488 

.93555 

19 

42 

.35347 

.37787 

2 . 6464 

. 93544 

18 

43 

.35375 

.37820 

2.6441 

.93534 

17 

44 

.35402 

.37853 

2.6418 

.93524 

16 

45 

.35429 

. 37887 

2.6395 

.93514 

15 

46 

.35456 

.37920 

2.6371 

.93503 

14 

47 

. 35484 

.37953 

2.6348 

.93493 

13 

48 

.35511 

. 37986 

2.6325 

.93483 

12 

49 

.35538 

.38020 

2.6302 

.93472 

11 

50 

.35565 

.38053 

2 . 6279 

.93462 

10 

51 

.35592 

. 38086 

2.6256 

.93452 

9 

52 

.35619 

.38120 

2.6233 

.93441 

8 

53 

.35647 

.38153 

2.6210 

.93431 

7 

54 

.35674 

.38186 

2.6187 

.93420 

6 

55 

.35701 

.38220 

2.6165 

.93410 

5 

56 

.35728 

.38253 

2.6142 

.93400 

4 

57 

.35755 

.38286 

2.6119 

.93389 

3 

58 

.35782 

. 38320 

2.6096 

.93379 

2 

59 

.35810 

. 38353 

2 . 6074 

.93368 

1 

60 

.35837 

. 38386 

2.6051 

.93358 

J) 

Cos 

Cot 

Tan 

Sin 

0 

Sin 

Tan 

Cot 

Cos 

r 

.35837 

.38386 

2.6051 

.93358 

60 

1 

. 35864 

.38420 

2.6028 

.93348 

59 

2 

.35891 

.38453 

2.6006 

.93337 

58 

3 

.35918 

. 38487 

2.5983 

.93327 

57 

4 

.35945 

.38520 

2.5961 

.93316 

56 

5 

.35973 

.38553 

2.5938 

.93306 

55 

6 

.36000 

.38587 

2.5916 

.93295 

54 

7 

. 36027 

. 38620 

2 . 5893 

.93285 

53 

8 

. 36054 

.38654 

2.5871 

.93274 

52 

9 

.36081 

. 38687 

2.5848 

.93264 

51 

10 

.36108 

.38721 

2 . 5826 

.93253 

50 

11 

.36135 

.38754 

2 . 5804 

.93243 

49 

12 

.36162 

.38787 

2.5782 

.93232 

48 

13 

.36190 

.38821 

2.5759 

.93222 

47 

14 

.36217 

.38854 

2.5737 

.93211 

46 

15 

. 36244 

.38888 

2.5715 

.93201 

45 

16 

.36271 

.38921 

2.5693 

.93190 

44 

17 

.36298 

.38955 

2.5671 

.93180 

43 

18 

.36325 

. 38988 

2 . 5649 

.93169 

42 

19 

.36352 

.39022 

2.5627 

.93159 

41 

20 

.36379 

.39055 

2.5605 

.93148 

40 

21 

.36406 

.39089 

2.5583 

.93137 

39 

22 

.36434 

.39122 

2.5561 

.93127 

38 

23 

.36461 

.39156 

2.5539 

.93116 

37 

24 

.36488 

.39190 

2.5517 

.93106 

36 

25 

.36515 

.39223 

2.5495 

.93095 

35 

2G 

.36542 

.39257 

2.5473 

. 93084 

34 

27 

.36569 

.39290 

2 . 5452 

.93074 

33 

28 

.36596 

.39324 

2.5430 

.93063 

32 

29 

.36623 

.39357 

2 . 5408 

.93052 

31 

30 

.36650 

.39391 

2 . 5386 

.93042 

30 

31 

. 36677 

.39425 

2.5365 

.93031 

29 

32 

.36704 

.39458 

2.5343 

.93020 

28 

33 

.36731 

.39492 

2.5322 

.93010 

27 

34 

.36758 

.39526 

2.5300 

.92999 

26 

35 

.36785 

.39559 

2.5279 

.92988 

25 

36 

.36812 

.39593 

2.5257 

.92978 

24 

37 

.36839 

.39626 

2.5236 

.93967 

23 

38 

.36867 

. 39660 

2.5214 

. 92956 

22 

39 

. 36894 

.39694 

2.5193 

.92945 

21 

40 

.36921 

.39727 

2.5172 

.92935 

20 

41 

.36948 

.39761 

2.5150 

.92924 

19 

42 

.36975 

.39795 

2.5129 

.92913 

18 

43 

.37002 

.39829 

2.5108 

.92902 

17 

44 

.37029 

.39862 

2 . 5086 

.92892 

16 

45 

.37056 

.39896 

2.5065 

.92881 

15 

46 

. 37083 

.39930 

2 . 5044 

.92870 

14 

47 

.37110 

.39963 

2 . 5023 

.92859 

13 

48 

.37137 

.39997 

2 . 5002 

.92849 

12 

49 

.37164 

.40031 

2.4981 

.92838 

11 

50 

.37191 

.40065 

2.4960 

.92827 

10 

51 

.37218 

.40098 

2.4939 

.92816 

9 

52 

.37245 

.40132 

2.4918 

.92805 

8 

53 

.37272 

.40166 

2.4897 

.92794 

7 

54 

.37299 

.40200 

2.4876 

.92784 

6 

55 

.37326 

. 40234 

2.4855 

.92773 

5 

56 

.37353 

.40267 

2 . 4834 

.92762 

4 

57 

. 37380 

.40301 

2.4813 

.92751 

3 

58 

.37407 

.40335 

2.4792 

.92740 

2 

59 

. 37434 

.40369 

2.4772 

.92729 

1 

60 

.37461 

.40403 

2.4751 

.92718 

J) 

Cos 

Cot 

Tan 

Sin 

110°  (290°) 


(249°)  69°       111°  (291°) 
100 


(248°)  68° 


NATURAL  FUNCTIONS  (Continued) 

22°  (202°)  (337°)  157°      23°  (203°)  (336°)  156c 


r 

Sin 

Tan 

Cot 

Cos 

r 

0 

.37461 

.40403 

2.4751 

.92718 

60 

1 

.37488 

. 40436 

2.4730 

.92707 

59 

2 

.37515 

.40470 

2 . 4709 

.92697 

58 

3 

.37542 

.40504 

2 . 4689 

.92686 

57 

4 

.37569 

.40538 

2.4668 

.92675 

56 

5 

.37595 

.40572 

2.4648 

.92664 

55 

6 

.37622 

.40606 

2.4627 

.92653 

54 

7 

. 37649 

.40640 

2.4606 

.92642 

53 

8 

.37676 

.40674 

2.4586 

.92631 

52 

9 

.37703 

.40707 

2.4566 

.92620 

51 

10 

.37730 

.40741 

2.4545 

.92609 

50 

11 

.37757 

.40775 

2.4525 

.92598 

49 

12 

.37784 

.40809 

2.4504 

.92587 

48 

13 

.37811 

.40843 

2 . 4484 

.92576 

47 

14 

. 37838 

.40877 

2 . 4464 

.92565 

46 

15 

. 37865 

.40911 

2.4443 

.92554 

45 

16 

.37892 

.40945 

2.4423 

.92543 

44 

17 

.37919 

.40979 

2.4403 

.92532 

43 

18 

.37946 

.41013 

2.4383 

.92521 

42 

19 

. 37973 

.41047 

2.4362 

.92510 

41 

20 

.37999 

.41081 

2.4342 

.92499 

40 

21 

.38026 

.41115 

2.4322 

.92488 

39 

22 

. 38053 

.41149 

2.4302 

.92477 

38 

23 

. 38080 

.41183 

2.4282 

.92466 

37 

24 

.38107 

.41217 

2.4262 

.92455 

36 

25 

.38134 

.41251 

2.4242 

.92444 

35 

26 

.38161 

.41285 

2.4222 

.92432 

34 

27 

.38188 

.41319 

2.4202 

.92421 

33 

28 

.38215 

.41353 

2.4182 

.92410 

32 

29 

.38241 

.41387 

2.4162 

.92399 

31 

30 

.38268 

.41421 

2.4142 

.92388 

30 

31 

. 38295 

.41455 

2.4122 

.92377 

29 

32 

.38322 

.41490 

2.4102 

.9236G 

28 

33 

.38349 

.41524 

2 . 4083 

.92355 

27 

34 

.38376 

.41558 

2.4063 

.92343 

26 

35 

. 38403 

.41592 

2.4043 

.92332 

25 

36 

. 38430 

.41626 

2 . 4023 

.92321 

24 

37 

.38456 

.41660 

2.4004 

.92310 

23 

38 

. 38483 

.41694 

2 . 3984 

.92299 

22 

39 

.38510 

.41728 

2.3964 

.92287 

21 

40 

. 38537 

.41763 

2.3945 

.92276 

20 

41 

. 38564 

.41797 

2 . 3925 

.92265 

19 

42 

.38591 

.41831 

2.3906 

.92254 

18 

43 

.38617 

.41865 

2.3886 

. 92243 

17 

44 

. 38644 

.41899 

2.3867 

.92231 

16 

45 

.38671 

.41933 

2 . 3847 

.92220 

15 

46 

.38698 

.41968 

2.3828 

.92209 

14 

47 

.38725 

.42002 

2.3808 

.92198 

13 

48 

.38752 

.42036 

2.3789 

.92188 

12 

49 

.38778 

.42070 

2.3770 

.92175 

11 

50 

.38805 

.42105 

2.3750 

.92164 

10 

51 

.38832 

.42139 

2.3731 

.92152 

9 

52 

.38859 

.42173 

2.3712 

.92141 

8 

53 

.38886 

.42207 

2.3693 

.92130 

7 

54 

.38912 

.42242 

2.3673 

.92119 

6 

55 

.38939 

.42276 

2.3654 

.92107 

5 

56 

.38966 

.42310 

2.3635 

.92096 

4 

57 

.38993 

.42345 

2.3616 

.92085 

3 

58 

.39020 

.42379 

2.3597 

.92073 

2 

59 

. 39046 

.42413 

2.3578 

.92062 

1 

60 

t 

.39073 

.42447 

2.3559 

.92050 

J) 

Cos 

Cot 

Tan 

Sin 

/ 

f 

Sin 

Tan 

Cot 

Cos 

60 

0 

.39073 

.42447 

2 .  3559. 

.92050 

1 

.39100 

.42482 

2.3539 

.92039 

59 

2 

.39127 

.42516 

2.3520 

.92028 

58 

3 

.39153 

.42551 

2.3501 

.92016 

57 

4 

.39180 

.42585 

2 . 3483 

.92005 

56 

5 

. 39207 

.42619 

2 . 3464 

.91994 

55 

6 

.39234 

.42654 

2.3445 

.91982 

54 

7 

. 39260 

.42688 

2.3426 

.91971 

53 

8 

. 39287 

.42722 

2 . 3407 

.91959 

52 

9 

.39314 

.42757 

2.3388 

.91948 

51 

10 

.39341 

.42791 

2.3369 

.91936 

50 

11 

. 39367 

.42826 

2.3351 

.91925 

49 

12 

. 39394 

.42860 

2.3332 

.91914 

48 

13 

.39421 

.42894 

2.3313 

.91902 

47 

14 

.39448 

.42929 

2.3294 

.91891 

46 

15 

. 39474 

.42963 

2.3276 

.91879 

45 

16 

.39501 

.42998 

2 . 3257 

.91868 

44 

17 

.39528 

.43032 

2.3238 

.91856 

43 

18 

.39555 

. 43067 

2.3220 

.91845 

42 

19 

.39581 

.43101 

2.3201 

.91833 

41 

20 

. 39608 

.43136 

2.3183 

.91822 

40 

21 

.39635 

.43170 

2.3164 

.91810 

39 

22 

.39661 

.43205 

2.3146 

.91799 

38 

23 

. 39688 

.43239 

2.3127 

.91878 

37 

24 

.39715 

.43274 

2.3109 

.91775 

36 

25 

.39741 

.43308 

2.3090 

.91764 

35 

26 

.39768 

.43343 

2 . 3072 

.91752 

34 

27 

. 39795 

.43378 

2.3053 

.91741 

33 

28 

.39822 

.43412 

2.3035 

.91729 

32 

29 

. 39848 

.43447 

2.3017 

.91718 

31 

30 

.39875 

.43481 

2.2998 

.91706 

30 

31 

. 39902 

.43516 

2.2980 

.91694 

29 

32 

.39928 

.43550 

2.2962 

.91683 

28 

33 

.39955 

.43585 

2.2944 

.91671 

27 

34 

. 39982 

.43620 

2.2925 

.91660 

26 

35 

.40008 

.43654 

2 . 2907 

.91648 

25 

36 

. 40035 

.43689 

2 . 2889 

.91636 

24 

37 

. 40062 

.43724 

2.2871 

.91625 

23 

38 

. 40088 

.43758 

2.2853 

.91613 

22 

39 

.40115 

.43793 

2.2835 

.91601 

21 

40 

.40141 

.43828 

2.2817 

.91590 

20 

41 

.40168 

.43862 

2.2799 

.91578 

19 

42 

.40195 

.43897 

2.2781 

.91566 

18 

43 

.40221 

.43932 

2.2763 

.91555 

17 

44 

. 40248 

.43966 

2.2745 

.91543 

16 

45 

.40275 

.44001 

2.2727 

.91531 

15 

46 

.40301 

.44036 

2.2709 

.91519 

14 

47 

.40328 

.44071 

2.2691 

.91508 

13 

48 

. 40355 

.44105 

2.2673 

.91496 

12 

49 

. 40381 

.44140 

2.2655 

.91484 

11 

50 

. 40408 

.44175 

2.2637 

.91472 

10 

51 

. 40434 

.44210 

2.2620 

.91461 

9 

52 

.40461 

.44244 

2.2602 

.91449 

8 

53 

. 40488 

.44279 

2 . 2584 

.91437 

7 

54 

.40514 

.44314 

2.2566 

.91425 

6 

55 

.40541 

.44349 

2.2549 

.91414 

5 

56 

. 40567 

.44384 

2.2531 

.91402 

4 

57 

. 40594 

.44418 

2.2513 

.91390 

3 

58 

.40621 

.44453 

2.2496 

.91378 

2 

59 

. 40647 

.44488 

2.2478 

.91366 

1 

60 

.40674 

.44523 

2 . 2460 

.91355 

J? 

Cos 

Cot 

Tan 

Sin 

112°  (292°) 


(247°)  67°      113°  (293°) 
101 


(24 


66c 


24°  (204°) 


NATURAL  FUNCTIONS  (Continued) 

(335°)  155°       25°  (205°)  (334°)  154c 


/ 

Sin 

Tan 

Cot 

Cos 

' 

0 

. 40674 

.44523 

2.2460 

.91355 

60 

1 

.40700 

.44558 

2.2443 

.91343 

59 

2 

. 40727 

.44593 

2.2425 

.91331 

58 

3 

.40753 

.44627 

2 . 2408 

.91319 

57 

4 

. 40780 

.44662 

2.2390 

.91307 

56 

5 

.40806 

.44697 

2.2373 

.91295 

55 

6 

.40833 

.44732 

2.2355 

.91283 

54 

7 

. 40860 

.44767 

2.2338 

.91272 

53 

8 

. 40886 

.44802 

2.2320 

.91260 

52 

9 

.40913 

.44837 

2.2303 

.91248 

51 

10 

. 40939 

. 44872 

2.2286 

.91236 

50 

11 

.40966 

.44907 

2.2268 

.91224 

49 

12 

.40992 

.44942 

2.2251 

.91212 

48 

13 

.41019 

. 44977 

2.2234 

.91200 

47 

14 

.41045 

.45012 

2.2216 

.91188 

46 

15 

.41072 

.45047 

2.2199 

.91176 

45 

16 

.41098 

.45082 

2.2182 

.91164 

44 

17 

.41125 

.45117 

2.2165 

.91152 

43 

18 

.41151 

.45152 

2.2148 

.91140 

42 

19 

.41178 

.45187 

2.2130 

.91128 

41 

20 

.41204 

.45222 

2.2113 

.91116 

40 

21 

.41231 

A5257 

2.2096 

.91104 

39 

22 

.41257 

.45292 

2 . 2079 

.91092 

38 

23 

.41284 

.45327 

2.2062 

.91080 

37 

24 

.41310 

.45362 

2.2045 

.91068 

36 

25 

.41337 

.45397 

2.2028 

.91056 

35 

26 

.41363 

.45432 

2.2011 

.91044 

34 

27 

.41390 

.45467 

2.1994 

.91032 

33 

28 

.41416 

. 45502 

2.1977 

.91020 

32 

29 

.41443 

.45538 

2.1960 

.91008 

31 

30 

.41469 

.45573 

2.1943 

.90996 

30 

31 

.41496 

.45608 

2.1926 

. 90984 

29 

32 

.41522 

.45643 

2.1909 

. 90972 

28 

33 

.41549 

.45678 

2.1892 

.90960 

27 

34 

.41575 

.45713 

2.1876 

.90948 

26 

35 

.41602 

.45748 

2.1859 

.90936 

25 

36 

.41628 

.45784 

2.1842 

. 90924 

24 

37 

.41655 

.45819 

2.1825 

.90911 

23 

38 

.41681 

.45854 

2.1808 

. 90899 

22 

39 

.41707 

.45889 

2.1792 

. 90887 

21 

40 

.41734 

.45924 

2.1775 

.90875 

20 

41 

.41760 

.45960 

2.1758 

.90863 

19 

42 

.41787 

.45995 

2 . 1742 

.90851 

18 

43 

.41813 

.46030 

2.1725 

.90839 

17 

44 

.41840 

.46065 

2.1708 

.90826 

16 

45 

.41866 

.46101 

2.1692 

.90814 

15 

46 

.41892 

.46136 

2.1675 

. 90802 

14 

47 

.41919 

.46171 

2.1659 

.90790 

13 

48 

.41945 

.46206 

2.1642 

.90778 

12 

49 

.41972 

.46242 

2.1625 

.90766 

11 

50 

.41998 

.46277 

2.1609 

.90753 

10 

51 

. 42024 

.46312 

2.1592 

.90741 

9 

52 

.42051 

.46348 

2.1576 

.90729 

8 

53 

.42077 

.46383 

2.1560 

.90717 

7 

54 

.42104 

.46418 

2.1543 

.90704 

6 

55 

.42130 

.46454 

2.1527 

.90692 

5 

56 

.42156 

.46489 

2.1510 

.90680 

4 

57 

.42183 

.46525 

2 . 1494 

.90668 

3 

58 

.42209 

.46560 

2 . 1478 

.90655 

2 

59 

.42235 

.46595 

2.1461 

. 90643 

1 

60 

.42262 

.46631 

2.1445 

.90631 

0 

Cos 

Cot 

Tan 

Sin 

/ 

/ 

Sin 

Tan 

Cot 

Cos 

i 
60 

0 

.42262 

.46631 

2 .  1445 

.90631 

1 

.42288 

.46666 

2.1429 

.90618 

59 

2 

.42315 

.46702 

2.1413 

.90606 

58 

3 

.42341 

.46737 

2.1396 

.90594 

57 

4 

.42367 

.46772 

2.1380 

.90582 

56 

5 

.42394 

.46808 

2.1364 

.90569 

55 

6 

.42420 

.46843 

2.1348 

.90557 

54 

7 

.42446 

.46879 

2.1332 

.90545 

53 

8 

.42473 

.46914 

2.1315 

.90532 

52 

9 

.42499 

.46950 

2.1299 

.90520 

51 

10 

.42525 

.46985 

2.1283 

.90507 

50 

11 

.42552 

.47021 

2.1267 

.90495 

49 

12 

.42578 

.47056 

2.1251 

.90483 

48 

13 

.42604 

.47092 

2.1235 

.90470 

47 

14 

.42631 

.47128 

2.1219 

.90458 

46 

15 

.42657 

.47163 

2.1203 

.90446 

45 

16 

.42683 

.47199 

2.1187 

.90433 

44 

17 

.42709 

.47234 

2.1171 

.90421 

43 

18 

.42736 

.47270 

2.1155 

.90408 

42 

19 

.42762 

.47305 

2.1139 

.90396 

41 

20 

.42788 

.47341 

2.1123 

.90383 

40 

21 

.42815 

.47377 

2.1107 

.90371 

39 

22 

.42841 

.47412 

2.1092 

.90358 

38 

23 

.42867 

.47448 

2.1076 

.90346 

37 

24 

.42894 

.47483 

2.1060 

.90334 

36 

25 

.42920 

.47519 

2.1044 

.90321 

35 

26 

.42946 

.47555 

2.1028 

.90309 

34 

27 

.42972 

.47590 

2.1013 

.90296 

33 

28 

.42999 

.47626 

2 . 0997 

.90284 

32 

29 

.43025 

.47662 

2.0981 

.90271 

31 

30 

.43051 

.47698 

2.0965 

.90259 

30 

31 

. 43077 

.47733 

2.0950 

.90246 

29 

32 

.43104 

.47769 

2.0934 

.90233 

28 

33 

.43130 

.47805 

2.0918 

.90221 

27 

34 

.43156 

.46840 

2 . 0903 

.90208 

26 

35 

.43182 

.47876 

2.0887 

.90196 

25 

36 

.43209 

.47912 

2.0872 

.90183 

24 

37 

.43235 

.47948 

2 . 0856 

.90171 

23 

38 

.43261 

.47984 

2 . 0840 

.90158 

22 

39 

.43287 

.48019 

2 . 0825 

.90146 

21 

40 

.43313 

. 48055 

2.0809 

.90133 

20 

41 

.43340 

.48091 

2 . 0794 

.90120 

19 

42 

.43366 

.48127 

2.0778 

.90108 

18 

43 

.43392 

.48163 

2 . 0763 

.90095 

17 

44 

.43418 

.48198 

2 . 0748 

.90082 

16 

45 

.43445 

.48234 

2 . 0732 

.90070 

15 

46 

.43471 

.48270 

2.0717 

.90057 

14 

47 

.43497 

. 48306 

2.0701 

.90045 

13 

48 

.43523 

.48342 

2.0686 

. 90032 

12 ! 

49 

.43549 

.48378 

2.0671 

.90019 

II1 

50 

.43575 

.48414 

2.0655 

.90007 

10 

51 

.43602 

.48450 

2 . 0640 

. 89994 

9 

52 

.43628 

.  48486 

2 . 0625 

.89981 

8 

53 

.43654 

.48521 

2 . 0609 

. 89968 

7 

54 

.43680 

.48557 

2 . 0594 

.89956 

6; 

55 

.43706 

.48593 

2.0579 

.89943 

5 

56 

. 43733 

.48629 

2 . 0564 

. 89930 

4 

57 

.43759 

.48665 

2 . 0549 

.89918 

3 

58 

.43785 

.48701 

2 . 0533 

. 89905 

2 

59 

.43811 

.48737 

2.0518 

. 89892 

1 

60 

/ 

.43837 

.48773 

2 . 0503 

. 89879 

0 

r  Cos 

Cot 

Tan 

Sin  J  '  | 

114°  (294°) 


(245°)  65° 
102 


115°  (295°) 


(244°)  64c 


NATURAL  FUNCTIONS  (Continued) 

27°  (207°) 


26° 

(206°) 

(333°)  153° 

0 

Sin 

Tan 

Cot 

Cos 

' 

.43837 

.48773 

2 . 0503 

.89879  GO 

1 

.43863 

.48809 

2 . 0488 

. 89867 

59 

2 

.43889 

.48845 

2.0473 

.89854 

58 

3 

.43916 

.48881 

2.0458 

.89841 

57 

4 

.43942 

.48917 

2 . 0443 

. 89828 

56 

5 

.43968 

.48953 

2 . 0428 

.89816 

55 

6 

.43994 

.48989 

2.0413 

. 89803 

54 

7 

.44020 

.49026 

2.0398 

.89790 

53 

8 

. 44046 

.49062 

2 . 0383 

.89777 

52 

9 

.44072 

.49098 

2.0368 

. 89764 

51 

10 

.44098 

.49134 

2.0353 

.89752 

50 

11 

.44124 

.49170 

2.0338 

.89739 

49 

12 

.44151 

.49206 

2.0323 

. 89726 

48 

13 

.44177 

.49242 

2 . 0308 

.89713 

47 

14 

.44203 

.49278 

2 . 0293 

. 89700 

46 

15 

.44229 

.49315 

2.0278 

. 89687 

15 

16 

.44255 

.49351 

2 . 0263 

. 89674 

44 

17 

.44281 

.49387 

2.0248 

.89662 

43 

18 

.44307 

.49423 

2 . 0233 

. 89649 

42 

19 

.44333 

.49459 

2.0219 

.89636 

41 

20 

.44359 

.49495 

2 . 0204 

. 89623 

10 

21 

.44385 

.49532 

2.0189 

.89610 

39 

22 

.44411 

.49568 

2.0174 

. 89597 

38 

23 

.44437 

.49604 

2.0160 

. 89584 

37 

24 

.44464 

.49640 

2.0145 

.89571 

36 

25 

. 44490 

.49677 

2.0130 

.89558 

35 

26 

.44516 

.49713 

2.0115 

.89545 

34 

27 

. 44542 

.49749 

2.0101 

. 89532 

33 

28 

.44538 

.49786 

2.0086 

.89519 

32 

29 

.44594 

.49822 

2.0072 

.89506 

31 

30 

. 44620 

.49858 

2 . 0057 

.89493 

30 

31 

.  44646 

.49894 

2 . 0042 

.89480 

29 

32 

.44672 

.49931 

2 . 0028 

. 89467 

28 

33 

.44698 

.49967 

2.0013 

. 89454 

27 

34 

.44724 

. 50004 

1.9999 

.89441 

26 

35 

.44750 

. 50040 

1.9984 

. 89428 

25 

36 

.44776 

.50076 

1.9970 

.89415 

24 

37 

. 44802 

.50113 

1.9955 

. 89402 

23 

38 

.44828 

.50149 

1.9941 

.89389 

22 

39 

.44854 

.50185 

1.9926 

. 89376 

21 

10 

. 44880 

.50222 

1.9912 

.89363 

20 

41 

.44906 

.50258 

1.9897 

.89350 

19 

42 

.44932 

.50.-95 

1.9S83 

.89337 

18 

43 

.44958 

.50331 

1.9868 

.89324 

17 

44 

. 44984 

. 50368 

1.9854 

.89311 

16 

15 

.45010 

. 50404 

1.9840 

.89298 

15 

46 

.45036 

.50441 

1.9825 

.89285 

14 

47 

.45062 

. 50477 

1.9811 

.89272 

13 

48 

. 45088 

.50514 

1.9797 

.89259 

12 

49 

.45114 

.50550 

1.9782 

. 89245 

11 

50 

.45140 

.50587 

1.9768 

.89232 

10 

51 

.45166 

.50623 

1.9754 

.89219 

9 

52 

.45192 

. 50660 

1.9740 

. 89206 

8 

53 

.45218 

.50696 

1.9725 

.89193 

7 

54 

.45243 

.50733 

1.9711 

.89180 

6 

55 

.45269 

. 50769 

1.9697 

.89167 

5 

56 

.45295 

. 50806 

1.9683 

.89153 

4 

57 

.45321 

.50843 

1.9669 

.89140 

3 

58 

.45347 

.50879 

1.9654 

.89127 

2 

59 

.45373 

.50916 

1.9640 

.89114 

1 

60 

. 45399 

. 50953 

1.9626 

.89101 

0 

t 

Cos 

Cot 

Tan 

Sin 

/ 

(332°)  152° 


0 

Sin 

Tan 

Cot 

Cos 

' 

. 45399 

.50953 

1.9626 

.89101 

60 

1 

.45425 

. 50989 

1.9612 

. 89087 

59 

2 

.45451 

.51026 

1.9598 

. 89074 

58 

3 

.45477 

.51063 

1.9584 

.89061 

57 

4 

.45503 

.51099 

1.9570 

. 89048 

56 

5 

.45529 

.51136 

1.9556 

. 89035 

55 

6 

.45554 

.51173 

1.9542 

.89021 

54 

7 

.45580 

.51209 

1.9528 

. 89008 

53 

8 

.45606 

.51246 

1.9514 

. 88995 

52 

9 

. 45632 

.51283 

1.9500 

.88981 

51 

10 

.45658 

.51319 

1 . 9486 

. 88968 

50 

11 

.45684 

.51356 

1.9472 

. 88955 

49 

12 

.45710 

.51393 

1.9458 

. 88942 

48 

13 

.45736 

.51430 

1 . 9444 

. 88928 

47 

14 

.45762 

.51467 

1.9430 

.88915 

46 

15 

.45787 

.51503 

1.9416 

. 88902 

15 

16 

.45813 

.51540 

1.9402 

. 88888 

44 

17 

.45839 

.51577 

1.9388 

. 88875 

43 

18 

.45865 

.51614 

1.9375 

. 88862 

42 

19 

.45891 

.51651 

1.9361 

. 88848 

41 

20 

.45917 

.51688 

1.9347 

. 88835 

10 

21 

.45942 

.51724 

1.9333 

. 88822 

39 

22 

.45968 

.51761 

1.9319 

. 88808 

38 

23 

.45994 

.51798 

1.9306 

. 88795 

37 

24 

.46020 

.51835 

1.9292 

. 88782 

36 

25 

. 46046 

.51872 

1.9278 

. 88768 

35 

26 

.46072 

.51909 

1.9265 

.88755 

34 

27 

. 46097 

.51946 

1.9251 

.88741 

33 

28 

.46123 

.51983 

1.9237 

. 88728 

32 

29 

.46149 

.52020 

1.9223 

.88715 

31 

30 

.46175 

. 52057 

1.9210 

.88701 

30 

31 

.46201 

. 52094 

1.9196 

. 88688 

29 

32 

.46226 

.52131 

1.9183 

. 88674 

28 

33 

.46252 

.52168 

1.9169 

.88661 

27 

34 

.46278 

. 52205 

1.9155 

.88647 

26 

35 

.46304 

. 52242 

1.9142 

.88634 

25 

36 

.46330 

.52279 

1.9128 

. 88620 

24 

37 

.46355 

.52316 

1.9115 

. 88607 

23 

38 

.46381 

.52353 

1.9101 

.88953 

22 

39 

. 46407 

. 52390 

1.9088 

.88580 

21 

10 

.46433 

. 52427 

1 . 9074 

. 88566 

20 

41 

.46458 

.52464 

1.9061 

. 88553 

19 

42 

. 46484 

.52501 

1.9047 

. 88539 

18 

43 

.46510 

.52538 

1.9034 

. 88526 

17 

44 

.46536 

.52575 

1.9020 

.88512 

16 

15 

.46561 

.52613 

1 . 9007 

. 88499 

15 

46 

.46587 

.52650 

1.8993 

. 88485 

14 

47 

.46613 

.52687 

1 . 8980 

. 88472 

13 

48 

.46639 

.52724 

1.8967 

.88458 

12 

49 

.46664 

.52761 

1 . 8953 

. 88445 

11 

50 

.46690 

.52798 

1.8940 

.88431 

10 

51 

.46716 

. 52836 

1.8927 

.88417 

9 

52 

.46742 

. 52873 

1.8913 

. 88404 

8 

53 

.46767 

.52910 

1 . 8900 

.88390 

7 

54 

.46793 

. 52947 

1 . 8887 

. 88377 

6 

55 

.46819 

.52985 

1 . 8873 

.88363 

5 

56 

. 46844 

.53022 

1 .  8860. 

. 88349 

4 

57 

. 46870 

.53059 

1 . 8847 

. 88336 

3 

58 

.46896 

.53096 

1 . 8834 

. 88322 

2 

59 

.46921 

.53134 

1 . 8820 

. 88308 

1 

60 

. 46947 

.53171 

1 . 8807 

.88295 

0 

/ 

Cos 

Cot 

Tan 

Sin 

/ 

116°  (296°) 


(243°)  63°       117°  (297°) 
103 


(242°)  62< 


NATURAL  FUNCTIONS  (Continued) 


28° 

(208°) 

(331°)  151 

o 

29°  (209°) 

(330°)  150° 

0 

Sin 

Tan 

Cot 

Cos 

00 

r 

0 

Sin 

Tan 

Cot 

Cos 

60 

.46947 

.53171 

1 . 8807 

.88295 

.48481 

.55431 

1 . 8040 

. 87462 

1 

.46973 

. 53208 

1 . 8794 

. 88281 

59 

1 

.48506 

. 55469 

1 . 8028 

. 87448 

59 

2 

.46999 

. 53246 

1.8781 

. 88267 

58 

2 

.48532 

.55507 

1.8016 

. 87434 

58 

3 

.47024 

. 53283 

1 . 8768 

. 88254 

57 

3 

.48557 

. 55545 

1 . 8003 

. 87420 

57 

4 

.47050 

.53320 

1.8755 

. 88240 

56 

4 

. 48583 

.55583 

1.7991 

. 87406 

56 

5 

.47076 

.53358 

1.8741 

. 88226 

55 

5 

.48608 

.55621 

1.7979 

.87391 

55 

6 

.47101 

.53395 

1.8728 

.88213 

54 

6 

.48634 

. 55659 

1.7966 

. 87377 

54 

7 

.47127 

. 53432 

1.8715 

.88199 

53 

7 

.48659 

.55697 

1.7954 

.87363 

53 

8 

.47153 

.53470 

1.8702 

.88185 

52 

8 

.48684 

. 55736 

1.7942 

. 87349 

52 

9 

.47178 

. 53507 

1.8689 

.88172 

51 

9 

.48710 

.55774 

1.7930 

.87335 

51 

10 

.47204 

.53545 

1.8676 

.88158 

50 

10 

.48735 

.55812 

1.7917 

.87321 

50 

11 

.47229 

.53582 

1 . 8663 

. 88144 

49 

11 

.48761 

. 55850 

1.7905 

.87306 

49 

12 

.47255 

.53620 

1 . 8650 

.88130 

48 

12 

.48786 

.55888 

1.7893 

. 87292 

48 

13 

.47281 

. 53657 

1.8637 

.88117 

47 

13 

.48811 

.55926 

1.7881 

.87278 

47 

14 

.47306 

. 53694 

1 . 8624 

.88103 

46 

14 

.48837 

.55964 

1.7868 

.87264 

46 

15 

.47332 

.53732 

1.8611 

. 88089 

45 

15 

.48862 

. 56003 

1.7856 

.87250 

45 

16 

.47358 

.53769 

1.8598 

. 88075 

44 

16 

.48888 

.56041 

1.7844 

. 87235 

44 

17 

.47383 

. 53807 

1 . 8585 

. 88062 

43 

17 

.48913 

. 56079 

1.7832 

.87221 

43 

18 

.47409 

. 53844 

1 . 8572 

. 88048 

42 

18 

.48938 

.56117 

1.7820 

.87207 

42 

19 

. 47434 

. 53S82 

1 . 8559 

. 88034 

41 

19 

.48964 

.56156 

1.7808 

.87193 

41 

20 

.47460 

.53920 

1.8546 

.88020 

40 

20 

. 48989 

.56194 

1.7796 

.87178 

40 

21 

.47486 

. 53957 

1 . 8533 

. 88006 

39 

21 

.49014 

.56232 

1.7783 

.87164 

39 

22 

.47511 

.53995 

1 . 8520 

. 87993 

38 

22 

. 49040 

.56270 

1.7771 

.87150 

38 

23 

.47537 

. 54032 

1 . 8507 

. 87979 

37 

23 

.49065 

. 56309 

1.7759 

.87136 

37 

24 

.47562 

. 54070 

1 . 8495 

.87965 

36 

24 

.49090 

.56347 

1.7747 

.87121 

36 

25 

.47588 

.54107 

1 . 8482 

.87951 

35 

25 

.49116 

.56385 

1.7735 

.87107 

35 

26 

.47614 

.54145 

1 . 8469 

. 87937 

34 

26 

.49141 

. 56424 

1.7723 

. 87093 

34 

27 

.47639 

.54183 

1 . 8456 

. 87923 

33 

27 

.49166 

. 56462 

1.7711 

.87079 

33 

28 

.47665 

. 54220 

1 . 8443 

. 87909 

32 

28 

.49192 

.56501 

1.7699 

.87064 

32 

29 

.47690 

.54258 

1.8430 

.87896 

31 

29 

.49217 

.56539 

1.7687 

.87050 

31 

30 

.47716 

.54296 

1.8418 

. 87882 

30 

30 

.49242 

. 56577 

1.7675 

.87036 

30 

31 

.47741 

.54333 

1 . 8405 

. 87868 

29 

31 

.49268 

.56616 

1.7663 

.87021 

29 

32 

.47767 

.54371 

1 . 8392 

. 87854 

28 

32 

.49293 

. 56654 

1.7651 

.87007 

28 

33 

.47793 

. 54409 

1 . 8379 

. 87840 

27 

33 

.49318 

.56693 

1.7639 

. 86993 

27 

34 

.47818 

. 54446 

1 . 8367 

.87826 

26 

34 

.49344 

.56731 

1.7627 

.86978 

26 

35 

.47844 

. 54484 

1.8354 

.87812 

25 

35 

.49369 

.56769 

1.7615 

. 86964 

25 

36 

.47869 

. 54522 

1.8341 

.87798 

24 

36 

.49394 

. 56808 

1.7603 

. 86949 

24 

37 

.47895 

.54560 

1.8329 

. 87784 

23 

37 

.49419 

. 56846 

1.7591 

.86935 

23 

38 

.47920 

.54597 

1.8316 

. 87770 

22 

38 

.49445 

.56885 

1.7579 

.86921 

22 

39 

.47946 

.54635 

1.8303 

.87756 

21 

39 

.49470 

.56923 

1.7567 

. 86906 

21 

40 

.47971 

. 54673 

1.8291 

.87743 

20 

40 

.49495 

.56962 

1.7556 

.86892 

20 

41 

.47997 

.54711 

1 . 8278 

.87729 

19 

41 

.49521 

.57000 

1.7544 

.86878 

19 

42 

.48022 

. 54748 

1.8265 

.87715 

18 

42 

.49546 

.57039 

1.7532 

.86863 

18 

43 

.48048 

. 54786 

1 . 8253 

.87701 

17 

43 

.49571 

.57078 

1.7520 

.86849 

17 

44 

.48073 

. 54824 

1.8240 

. 87687 

16 

44 

.49596 

.57116 

1.7508 

.86834 

16 

45 

.48099 

. 54862 

1.8228 

. 87673 

15 

45 

.49622 

.57155 

1.7496 

.86820 

15 

46 

.48124 

. 54900 

1.8215 

. 87659 

14 

46 

.49647 

.57193 

1.7485 

. 86805 

14 

47 

.48150 

. 54938 

1 . 8202 

.87645 

13 

47 

.49672 

.57232 

1.7473 

.86791 

13 

48 

.48175 

.54975 

1.8190 

.87631 

12 

48 

.49697 

.57271 

1.7461 

. 86777 

12 

49 

.48201 

.55013 

1.8177 

.87617 

11 

49 

.49723 

. 57309 

1.7449 

. 86762 

11 

50 

.48226 

.55051 

1.8165 

. 87603 

10 

50 

.49748 

. 57348 

1.7437 

.86748 

10 

51 

.48252 

. 55089 

1.8152 

. 87589 

9 

51 

.49773 

.57386 

1.7426 

.86733 

9 

52 

.48277 

.55127 

1.8140 

. 87575 

8 

52 

.49798 

.57425 

1.7414 

.86719 

8 

53 

.48303 

.55165 

1.8127 

.87561 

7 

53 

. 49824 

. 57464 

1.7402 

. 86704 

7 

54 

.48328 

.55203 

1.8115 

.87546 

6 

54 

.49849 

. 57503 

1.7391 

.86690 

6 

>5 

.48354 

.55241 

1.8103 

.87532 

5 

55 

. 49874 

.57541 

1.7379 

.86675 

5 

56 

.48379 

.55279 

1 . 8090 

.87518 

4 

56 

.49899 

.57580 

1.7367 

.86661 

4 

57 

.48405 

.55317 

1 . 8078 

. 87504 

3 

57 

.49924 

.57619 

1.7355 

.86646 

3 

38 

.48430 

. 55355 

1 . 8065 

. 87490 

2 

58 

. 49950 

. 57657 

1.7344 

.86632 

2 

59 

. 48456 

. 55393 

1 . 8053 

. 87476 

1 

59 

.49975 

.57696 

1.7332 

.86617 

1 

BO 

.48481 

.55431 

1 . 8040 

. 87462 

0 

60 

. 50000 

. 57735 

1.7321 

. 86603 

_0 

/ 

/ 

Cos 

Cot 

Tan 

Sin 

/ 

Cos 

Cot 

Tan 

Sin 

118°  f298°) 


(241°)  61°       119°  (299°) 
104 


(240°)  60c 


30°  (210°) 


NATURAL  FUNCTIONS  (Continued) 

(329°)  149°       31°  (211°) 


(328°)  148° 


/ 

Sin 

Tan 

Cot 

Cos 

t 

0 

. 50000 

.57735 

1.7321 

. 86603 

60 

1 

.50025 

.57774 

1 . 7309 

. 86588 

59 

2 

.50050 

.57813 

1.7297 

.86573 

58 

3 

. 50076 

.57851 

1.7286 

.86559 

57 

4 

.50101 

. 57890 

1.7274 

.86544 

56 

5 

.50126 

. 57929 

1.7262 

. 86530 

55 

6 

.50151 

.57968 

1.7251 

.86515 

54 

7 

.50176 

. 58007 

1.7239 

.86501 

53 

8 

.50201 

. 58046 

1.7228 

. 86486 

52 

9 

. 50227 

. 58085 

1.7216 

.86471 

51 

10 

. 50252 

.58124 

1.7205 

. 86457 

50 

11 

. 50277 

.58162 

1.7193 

. 86442 

49 

12 

. 50302 

.58201 

1.7182 

. 8642  i 

48 

13 

. 50327 

. 58240 

1.7170 

.86413 

47 

14 

. 50352 

.58279 

1.7159 

.86398 

46 

15 

. 50377 

.58318 

1.7147 

.86384 

45 

16 

. 50403 

.58357 

1.7136 

. 86369 

44 

17 

. 50428 

.58396 

1.7124 

. 86354 

43 

18 

. 50453 

.58435 

1.7113 

.86340 

42 

19 

. 50478 

. 58474 

1.7102 

. 86325 

41 

20 

. 50503 

.58513 

1.7090 

.86310 

40 

21 

. 50528 

.58552 

1.7079 

. 86295 

39 

22 

. 50553 

.58591 

1.7067 

.86281 

38 

23 

.50578 

.58631 

1.7056 

.86266 

37 

24 

. 50603 

.58670 

1.7045 

.86251 

36 

25 

. 50628 

. 58709 

1.7033 

. 86237 

35 

26 

. 50654 

. 58748 

1.7022 

.86222 

34 

27 

. 50679 

. 58787 

1.7011 

.86207 

33 

28 

. 50704 

. 58826 

1 . 6999 

.86192 

32 

29 

.50729 

. 58865 

1 . 6988 

.86178 

31 

30 

. 50754 

. 58905 

1 . 6977 

.86163 

30 

31 

. 50779 

. 58944 

1.6965 

.86148 

29 

32 

. 50804 

. 58983 

1 . 6954 

.86133 

28 

33 

. 50829 

.59022 

1 . 6943 

.86119 

27 

34 

. 50854 

.59061 

1 . 6932 

.86104 

26 

35 

. 50879 

.59101 

1 . 6920 

. 86089 

25 

36 

. 50904 

.59140 

1 . 6909 

. 86074 

24 

37 

. 50929 

.59179 

1 . 6898 

. 86059 

23 

38 

. 50954 

.59218 

1.6887 

. 86045 

22 

39 

. 50979 

.59258 

1.6875 

. 86030 

21 

40 

.51004 

. 59297 

1.6864 

.86015 

20 

41 

.51029 

.59336 

1.6853 

. 86000 

19 

42 

.51054 

.59376 

1 . 6842 

. 85985 

18 

43 

.51079 

.59415 

1.6831 

. 85970 

17 

44 

.51104 

. 59454 

1 . 6820 

.85956 

16 

45 

.51129 

. 59494 

1 . 6808 

.85941 

15 

46 

.51154 

.59533 

1 . 6797 

.85926 

14 

47 

.51179 

. 59573 

1.6786 

.85911 

13 

48 

.51204 

.59612 

1.6775 

. 85896 

12 

49 

.51229 

.59651 

1 . 6764 

.85881 

11 

50 

.51254 

.59691 

1.6753 

. 85866 

10 

51 

.51279 

.59730 

1.6742 

.85851 

9 

52 

.51304 

.59770 

1.6731 

.85836 

8 

53 

.51329 

.59809 

1.6720 

.85821 

7 

54 

.51354 

. 59849 

1 . 6709 

. 85806 

6 

55 

.51379 

. 59888 

1.6698 

. 85792 

5 

56 

.51404 

.59928 

1 . 6687 

.85777 

4 

57 

.51429 

. 59967 

1.6676 

.85762 

3 

58 

.51454 

. 60007 

1 .  6665 

. 85747 

2 

59 

.51479 

. 60046 

1 . 6654 

.85732 

1 

60 

.51504 

. 60086 

1.6643 

.85717 

0 

/ 

Cos 

Cot 

Tan 

Sin 

t 

i 
0 

Sin 

Tan 

Cot 

Cos 

t 

.51504 

. 60086 

1 . 6643 

.85717 

60 

1 

.51529 

.60126 

1.6632 

.85702 

59 

2 

.51554 

.60165 

1.6621 

.85687 

58 

3 

.51579 

.60205 

1.6610 

.85672 

57 

4 

.51604 

. 60245 

1.6599 

. 85657 

56 

5 

.51628 

. 60284 

1 . 6588 

.85642 

55 

6 

.51653 

. 60324 

1.6577 

.85627 

54 

7 

.51678 

. 60364 

1.6566 

.85612 

53 

8 

.51703 

. 60403 

1.6555 

.85597 

52 

9 

.51728 

. 60443 

1 . 6545 

. 85582 

51 

10 

.51753 

. 60483 

1.6534 

. 85567 

50 

11 

.51778 

. 60522 

1.6523 

.85551 

49 

12 

.51803 

.60562 

1.6512 

. 85536 

48 

13 

.51828 

. 60602 

1.6501 

.85521 

47 

14 

.51852 

.60642 

1 . 6490 

.85506 

46 

15 

.51877 

.60681 

1 . 6479 

.85491 

45 

16 

.51902 

.60721 

1 . 6469 

. 85476 

44 

17 

.51927 

.60761 

1.6458 

.85461 

43 

18 

.51952 

.60801 

1 . 6447 

.85446 

42 

19 

.51977 

.60841 

1.6436 

.85431 

41 

20 

. 52002 

.60881 

1 . 6426 

.85416 

40 

21 

. 52026 

.60921 

1.6415 

.85401 

39 

22 

.52051 

.60960 

1 . 6404 

.85385 

38 

23 

.52076 

.61000 

1 . 6393 

. 85370 

37 

24 

.52101 

.61040 

1.6383 

.85355 

36 

25 

.52126 

.61080 

1.6372 

. 85340 

35 

26 

.52151 

.61120 

1.6361 

.85325 

34 

27 

.52175 

.61160 

1.6351 

.85310 

33 

28 

.52200 

.61200 

1.6340 

. 85294 

32 

29 

.52225 

.61240 

1.6329 

. 85279 

31 

30 

.52250 

.61280 

1.6319 

. 85264 

30 

31 

. 52275 

.61320 

1.6308 

. 85249 

29 

32 

. 52299 

.61360 

1 . 6297 

. 85234 

28 

33 

. 52324 

.61400 

1 . 6287 

.85218 

2-7 

34 

. 52349 

.61440 

1 . 6276 

. 85203 

26 

35 

.52374 

.61480 

1.6265 

.85188 

25 

36 

. 52399 

.61520 

1.6255 

.85173 

24 

37 

.52423 

.61561 

1 . 6244 

.85157 

23 

38 

. 52448 

.61601 

1.6234 

.85142 

22 

39 

. 52473 

.61641 

1.6223 

.85127 

21 

40 

. 52498 

.61681 

1.6212 

.85112 

20 

41 

.52522 

.61721 

1.6202 

.85096 

19 

42 

. 52547 

.61761 

1.6191 

.85081 

18 

43 

. 52572 

.61801 

1.6181 

. 85066 

17 

44 

. 52597 

.61842 

1.6170 

.85051 

16 

45 

.52621 

.61882 

1.6160 

. 85035 

15 

46 

. 52646 

.61922 

1.6149 

.85020 

14 

47 

.52671 

.61962 

1.6139 

.85005 

13 

48 

. 52696 

. 62003 

1.6128 

.84989 

12 

49 

.52720 

. 62043 

1.6118 

. 84974 

11 

50 

.52745 

.62083 

1.6107 

.84959 

10 

51 

. 52770 

.62124 

1.6097 

. 84943 

9 

52 

.52794 

.62164 

1.6087 

. 84928 

8 

53 

.52819 

. 62204 

1.6076 

.84913 

7 

54 

.52844 

.62245 

1 . 6066 

.84897 

6 

55 

. 52869 

.62285 

1.6055 

. 84882 

5 

56 

. 52893 

.62325 

1 . 6045 

. 84866 

4 

57 

.52918 

.62366 

1 . 6034 

.84851 

3 

58 

. 52943 

.62406 

1.6024 

. 84836 

2 

59 

. 52967 

. 62446 

1.6014 

. 84820 

1 

60 

.52992 

.62487 

1 . 6003 

. 84805 

0 

' 

Cos 

Cot 

Tan 

Sin 

/ 

120°  (300°) 


(239°)  59°       121c 

105 


(301°) 


(238°)  58c 


32°  (212°) 


NATURAL  FUNCTIONS  (Continued) 

(327°)  147°   33°  (213°)  (326°)  146° 


/ 

Sin 

Tan 

Cot 

Cos 

00 

0 

Sin 

Tan 

Cot 

Cos 

/ 

0 

.52992 

.62487 

1 . 6003 

. 84805 

. 54464 

.64941 

1 . 5399 

. 83867 

60 

1 

.53017 

.62527 

1 . 5993 

. 84789 

59 

1 

.54488 

. 64982 

1 . 5389 

.83851 

59 

2 

.53041 

.62568 

1 . 5983 

. 84774 

58 

2 

.54513 

. 65024 

1.5379 

.83835 

58 

3 

.53066 

.62608 

1.5972 

. 84759 

57 

3 

. 54537 

.65065 

1.5369 

.83819 

57 

4 

.53091 

.62649 

1 . 5962 

. 84743 

56 

4 

.54561 

.65106 

1 . 5359 

. 83804 

56 

5 

.53115 

.62689 

1 . 5952 

.84728 

55 

5 

. 54586 

.65148 

1 . 5350 

. 83788 

55 

6 

.53140 

.62730 

1.5941 

.84712 

54 

6 

.54610 

.65189 

1.5340 

. 83772 

54 

7 

.53164 

.62770 

1.5931 

. 84697 

53 

7 

. 54635 

.65231 

1.5330 

. 83756 

53 

8 

.53189 

.62811 

1.5921 

. 84681 

52 

8 

.54659 

.65272 

1.5320 

. 83740 

52 

9 

.53214 

.62852 

1.5911 

. 84666 

51 

9 

. 54683 

.65314 

1.5311 

. 83724 

51 

10 

.53238 

. 62892 

1 . 5900 

.84850 

50 

10 

. 54708 

.65355 

1.5301 

. 83708 

50 

11 

. 53263 

.62933 

1 . 5890 

. 84635 

49 

11 

.54732 

.65397 

1.5291 

. 83692 

49 

12 

. 53288 

.62973 

1 . 5880 

.84619 

48 

12 

.54756 

.65438 

1 . 5282 

. 83676 

48 

13 

.53312 

.63014 

1 . 5869 

. 84604 

47 

13 

.54781 

.65480 

1 . 5272 

.83660 

47 

14 

.53337 

.63055 

1 . 5859 

. 84588 

40 

14 

. 54805 

.65521 

1 . 5262 

. 83645 

46 

15 

.53361 

.63095 

1 . 5849 

. 84573 

45 

15 

. 54829 

.65563 

1 . 5253 

. 83629 

45 

16 

.53386 

.63136 

1 . 5839 

. 84557 

44 

16 

. 54854 

. 65604 

1.5243 

.83613 

44 

17 

.53411 

.63177 

1 . 5829 

. 84542 

43 

17 

.54878 

.65646 

1.5233 

. 83597 

43 

18 

.53435 

.63217 

1.5818 

. 84526 

42 

18 

. 54902 

.65688 

1.5224 

.83581 

42 

19 

.53460 

.63258 

1 . 5808 

.84511 

41 

19 

. 54927 

.65729 

1.5214 

.83565 

41 

20 

. 53484 

.63299 

1.5798 

. 84495 

40 

20 

.54951 

.65771 

1 . 5204 

. 83549 

40 

21 

. 53509 

.63340 

1 . 5788 

. 84480 

39 

21 

.54975 

.65813 

1.5195 

.83533 

39 

22 

. 53534 

.63380 

1.5778 

. 84464 

38 

22 

. 54999 

.65854 

1.5185 

.83517 

38 

23 

.53558 

.63421 

1.5768 

. 84448 

37 

23 

. 55024 

.65896 

1.5175 

.83501 

37 

24 

. 53583 

.63462 

1.5757 

. 84433 

36 

24 

. 55048 

.65938 

1.5166 

. 83485 

36 

25 

. 53607 

.63503 

1 . 5747 

.84417 

35 

25 

. 55072 

. 65980 

1.5156 

. 83469 

35 

26 

. 53632 

.63544 

1 . 5737 

. 84402 

34 

26 

. 55097 

.66021 

1.5147 

. 83453 

34 

27 

.53656 

.63584 

1.5727 

.84386 

33 

27 

.55121 

. 66063 

1.5137 

. 83437 

33 

28 

.53681 

.63625 

1.5717 

. 84370 

32 

28 

.55145 

.66105 

1.5127 

.83421 

32 

29 

. 53705 

.63666 

1 . 5707 

.84355 

31 

29 

.55169 

.66147 

1.5118 

. 83405 

31 

30 

.53730 

. 63707 

1.5697 

.84339 

30 

30 

.55194 

.66189 

1.5108 

. 83389 

30 

31 

.53754 

.63748 

1 . 5687 

. 84324 

29 

31 

.55218 

.66230 

1 . 5099 

. 83373 

29 

32 

.53779 

.63789 

1 . 5677 

. 84308 

28 

32 

. 55242 

.66272 

1 . 5089 

. 83356 

28 

33 

. 53804 

.63830 

1 . 5667 

. 84292 

27 

33 

.55266 

.66314 

1 . 5080 

. 83340 

27 

34 

. 53828 

.63871 

1.5657 

.84277 

26 

34 

.55291 

.66356 

1 . 5070 

. 83324 

26 

35 

.53853 

.63912 

1 . 5647 

.84261 

25 

35 

.55315 

. 66398 

1.5061 

. 83308 

25 

36 

.53877 

.63953 

1 . 5637 

. 84245 

24 

36 

.55339 

. 66440 

1.5051 

.83292 

24 

37 

. 53902 

.63994 

1.5627 

.84230 

23 

37 

.55363 

. 66482 

1 . 5042 

. 83276 

23 

38 

. 53926 

. 64035 

1.5617 

.84214 

22 

38 

.55388 

.66254 

1 . 5032 

.83260 

22 

39 

.53951 

.64076 

1 . 5607 

.84198 

21 

39 

.55412 

. 66566 

1 . 5023 

. 83244 

21 

40 

.53975 

.64117 

1 . 5597 

.84182 

20 

40 

. 55436 

. 66608 

1.5013 

.83228 

20 

41 

. 54000 

.64158 

1 . 5587 

.84167 

19 

41 

. 55460 

.66650 

1 . 5004 

.83212 

19 

42 

. 54024 

.64199 

1.5577 

.84151 

18 

42 

. 55484 

.66892 

1.4994 

.83195 

18 

43 

. 54049 

.64240 

1.5587 

.84135 

17 

43 

.55509 

. 66734 

1.4985 

.83179 

17 

44 

. 54073 

.64281 

1.5557 

.84120 

16 

44 

.55533 

.66776 

1.4975 

.83163 

16 

45 

. 54097 

.64322 

1 . 5547 

.84104 

15 

45 

.55557 

.66818 

1.4966 

.83147 

15 

46 

.54122 

.64363 

1.5537 

. 84038 

14 

40 

.55581 

. 66830 

1.4957 

.83131 

14 

47 

.54146 

. 64404 

1.5527 

. 84072 

13 

47 

. 55605 

.68902 

1 . 4947 

.83115 

13 

48 

.54171 

.64446 

1.5517 

. 84057 

12 

48 

.55630 

.66944 

1.4938 

.83098 

12 

49 

.54195 

. 64487 

1 . 5507 

.84041 

11 

49 

. 55654 

.66986 

1.4928 

. 83082 

11 

50 

.54220 

.64528 

1 . 5497 

. 84025 

10 

50 

.55678 

.67028 

1.4919 

.83066 

10 

51 

. 54244 

.64569 

1 . 5487 

. 84009 

9 

51 

. 55702 

.67071 

1.4910 

. 83050 

9 

52 

. 54269 

.64610 

1 . 5477 

. 83994 

8 

52 

.55726 

.67113 

1.4900 

. 83034 

8 

53 

. 54293 

.64652 

1.5468 

.83978 

7 

53 

.55750 

.67155 

1.4891 

.83017 

7 

54 

.54317 

.64693 

1.5458 

.83962 

6 

54 

. 55775 

.67197 

1.4882 

.83001 

6 

55 

. 54342 

.64734 

1 . 5448 

. 83946 

5 

55 

.55799 

.67239 

1.4872 

. 82985 

5 

56 

. 54366 

.64775 

1.5438 

.83930 

4 

50 

.55823 

.67282 

1.4863 

.82969 

4 

57 

.54391 

.64817 

1 . 5428 

.83915 

3 

57 

. 55847 

. 67324 

1.4854 

.82953 

3 

58 

.54415 

.64858 

1.5418 

. 83899 

2 

58 

.55871 

.67366 

1.4844 

. 82936 

2 

59 

.54440 

. 64899 

1 . 5408 

. 83883 

1 

59 

.55895 

. 67409 

1.4835 

. 82920 

1 

60 

. 54464 

.64941 

1 . 5399 

. 83867 

0 

52 

.55919 

.67451 

1.4826 

. 82904 

0 

Cos 

Cot 

Tan 

Sin 

' 

Cos 

Cot 

Tan 

Sin 

/ 

122°  (302°) 


(237°)  57°   123c 
106 


(303°) 


(236°)  56c 


NATURAL  FUNCTIONS  (Continued) 

34°  (214°)  (325°)  145°       35°  (215°)  (324°)  144° 


/ 

Sin 

Tan 

Cot 

Cos 

r 

<;o 

0 

Sin 

Tan 

Cot 

Cos 

r 
60 

0 

.55919 

.67451 

1.4826 

.82904 

. 57358 

.70021 

1.4281 

.81915 

1 

.55943 

. 67493 

1 .4816 

. 82887 

59 

1 

.57381 

. 70064 

1.4273 

.81899 

59 

2 

.55968 

.67536 

1.4807 

.82871 

58 

2 

.57405 

.70107 

1.4264 

.81882 

58 

3 

.55992 

.67578 

1.4798 

.82855 

57 

3 

.57429 

.70151 

1.4255 

.81865 

57 

4 

.56016 

.67620 

1.4788 

. 82839 

56 

4 

.57453 

.70194 

1.4246 

.81848 

56 

5 

. 56040 

. 67663 

1.4779 

.82822 

55 

5 

.57477 

. 70238 

1.4237 

.81832 

55 

6 

. 56064 

.67705 

1.4770 

. 82806 

54 

6 

.57501 

.70281 

1.4229 

.81815 

54 

7 

.56088 

.67748 

1.4761 

.82790 

53 

7 

.57524 

.70325 

1.4220 

.81798 

53 

8 

.56112 

.67790 

1.4751 

.82773 

52 

S 

. 57548 

.70368 

1.4211 

.81782 

52 

9 

.56136 

.67832 

1  4742 

.82757 

51 

9 

. 57572 

.70412 

1.4202 

.81765 

51 

10 

.56160 

.67875 

1.4733 

.82741 

50 

10 

. 57596 

.70455 

1.4193 

.81748 

50 

11 

.56184 

.67917 

1.4724 

. 82724 

49 

u 

.57619 

.70499 

1.4185 

.81731 

49 

12 

. 56208 

.67960 

1.4715 

.82708 

is 

12 

. 57643 

.70542 

1.4176 

.81714 

48 

13 

.56232 

.68002 

1.4705 

.82692 

47 

13 

. 57667 

.70586 

1.4167 

.81698 

47 

14 

.56256 

. 68045 

1.4696 

.82675 

16 

14 

.57691 

.70629 

1.4158 

.81681 

46 

15 

. 56280 

. 68088 

1 . 4687 

. 82659 

4. ", 

15 

.57715 

.70673 

1.4150 

.81664 

45 

16 

.56305 

.68130 

1.4678 

.82643 

44 

L6 

.57738 

.70717 

1.4141 

.81647 

44 

17 

. 56329 

.68173 

1.4669 

.82626 

!:; 

17 

. 57762 

.70700 

1.4132 

.81631 

43 

18 

. 56353 

.68215 

1.4659 

.82610 

42 

18 

. 57786 

. 70804 

1.4124 

.81614 

42 

19 

.56377 

.68258 

1.4650 

.82593 

41 

L9 

.57810 

. 70848 

1.4115 

.81597 

41 

20 

.56401 

.68301 

1.4641 

.82577 

10 

20 

. 57833 

.70891 

1.4106 

.81580 

40 

21 

.56425 

.68343 

1.4632 

.82561 

39 

21 

. 57857 

.70935 

1 . 4097 

.81563 

39 

22 

.56449 

.68386 

1.4623 

.82544 

38 

22 

.57881 

. 70979 

1 . 4089 

.81546 

38 

23 

.56473 

. 68429 

1.4614 

.82528 

37 

23 

. 57904 

.71023 

1 . 4080 

.81530 

37 

24 

.56497 

.68471 

1.4605 

.82511 

36 

24 

.57928 

.71066 

1.4071 

.81513 

36 

25 

.56521 

.68514 

1.4596 

.82495 

35 

25 

.57952 

.71110 

1.4063 

.81496 

35 

26 

.56545 

. 68557 

1 . 4586 

.82478 

34 

26 

. 57976 

.71154 

1 . 4054 

.81479 

34 

27 

.56569 

. 68600 

1.4577 

.82462 

33 

27 

. 57999 

.71198 

1.4045 

.81462 

33 

28 

. 56593 

.68642 

1.4568 

.82446 

32 

28 

. 58023 

.71242 

1 . 4037 

.81445 

32 

29 

.56617 

. 68685 

1.4559 

.82429 

31 

2!) 

. 58047 

.71285 

1.4028 

.81428 

31 

30 

.56641 

.68728 

1.4550 

.82413 

30 

30 

. 58070 

.71329 

1.4019 

.81412 

30 

31 

.56665 

.68771 

1.4541 

. 82396 

29 

31 

. 58094 

.71373 

1.4011 

.81395 

29 

32 

. 56689 

.68814 

1.4532 

. 82380 

28 

32 

.58118 

.71417 

1.4002 

.81378 

28 

33 

.56713 

.68857 

1.4523 

.82363 

27 

33 

.58141 

.71461 

1.3994 

.81361 

27 

34 

.56736 

. 68900 

1.4514 

.82347 

26 

34 

.58165 

.71505 

1.3985 

.81344 

26 

35 

.56760 

. 68942 

1.4505 

.82330 

25 

35 

.58189 

.71549 

1.3976 

.81327 

25 

36 

. 56784 

. 68985 

1.4496 

.82314 

24 

36 

.58212 

.71593 

1.3968 

.81310 

24 

37 

. 56808 

.69028 

1.4487 

. 82297 

23 

37 

. 58236 

.71637 

1.3959 

.81293 

23 

38 

.56832 

.69071 

1.4478 

.82281 

22 

38 

. 58260 

.71681 

1.3951 

.81276 

22 

39 

. 56856 

.69114 

1.4469 

.82204 

21 

3S 

. 58283 

.71725 

1.3942 

.81259 

21 

40 

. 56880 

.69157 

1.4460 

.82248 

20 

40 

. 58307 

.71769 

1.3934 

.81242 

20 

41 

. 56904 

. 69200 

1.4451 

.82231 

19 

41 

. 58330 

.71813 

1.3925 

.81225 

19 

42 

.56928 

.69243 

1.4442 

.82214 

18 

42 

. 58354 

.71857 

1.3916 

.81208 

18 

43 

.56952 

.69286 

1.4433 

.82198 

17 

43 

.58378 

.71901 

1.3908 

.81191 

17 

44 

.56976 

. 69329 

1.4424 

.82181 

16 

44 

.58401 

.71946 

1.3899 

.81174 

16 

45 

. 57000 

.69372 

1.4415 

.82165 

15 

45 

.58425 

.71990 

1.3891 

.81157 

15 

46 

. 57024 

.69416 

1.4406 

.82148 

14 

46 

. 58449 

.  72034 

1.3882 

.81140 

14 

47 

. 57047 

.69459 

1.4397 

.82132 

13 

47 

. 58472 

.72078 

1.3874 

.81123 

13 

48 

.57071 

.69502 

1.4388 

.82115 

12 

48 

. 58496 

.72122 

1 . 3865 

.81106 

12 

49 

.57095 

.69545 

1.4379 

.82098 

11 

49 

.58519 

.72167 

1.3857 

.81089 

11 

50 

.57119 

.69588 

1.4370 

. 82082 

10 

50 

. 58543 

.72211 

1.3848 

.81072 

10 

51 

.57143 

.69631 

1.4361 

.82065 

9 

51 

. 58567 

.72255 

1 . 3840 

.81055 

9 

52 

.57167 

.69675 

1.4352 

.82048 

8 

52 

.58590 

.72299 

1.3831 

.81038 

8 

53 

.57191 

.69718 

1.4344 

.82032 

7 

53 

.58614 

.72344 

1.3823 

.81021 

7 

54 

.57215 

.69761 

1.4335 

.82015 

6 

54 

.58637 

.72388 

1.3814 

.81004 

6 

55 

.57238 

. 69804 

1.4326 

.81999 

5 

55 

.58661 

.72432 

1.3806 

. 80987 

5 

56 

. 57262 

. 69847 

1.4317 

.81982 

4 

50 

. 58684 

.72477 

1.3798 

. 80970 

4 

57 

.57286 

.69891 

1.4308 

.81965 

3 

57 

. 58708 

.72521 

1.3789 

.80953 

3 

58 

.57310 

.69934 

1.4299 

.81949 

2 

58 

.58731 

.72565 

1.3781 

. 80936 

2 

59 

.57334 

.69977 

1.4290 

.81932 

1 

59 

. 58755 

.72610 

1.3772 

.80919 

1 

60 

.57358 

.70021 

1.4281 

.81915 

0 

/ 

60 

.58779 

.72654 

1.3764 

. 80902 

_0 

r 

Cos 

Cot 

Tan 

Sin 

Cos 

Cot 

Tan 

Sin 

124°  (304°) 


(235°)  55°       125°  (305°) 
107 


(234°)  54< 


36°  (216°) 


NATURAL  FUNCTIONS  (Continued) 

(323°)  143°   37°  (217°) 


(322°)  142< 


0 

Sin 

Tan 

Cot 

Cos 

/ 

Sin 

Tan 

Cot 

Cos   ' 

. 58779 

.72654 

1.3764 

. 80902 

60 

.60182 

.75355 

1.327C 

.79864  60 

1 

. 58802 

.72699 

1.3755 

. 80885 

59 

1 

. 60205 

.75401 

1.3262 

.79846  59 

2 

. 58826 

.72743 

1.3747 

. 80867 

5£ 

2 

. 60228 

.75447 

1.3254 

.79829  58 

3 

. 58849 

.72788 

1.3739 

. 8085C 

57 

3 

.60251 

.75492 

1.3246 

.79811  57 

4 

.58873 

.72832 

1.3730 

. 80833 

oG 

4 

. 60274 

.75538 

1.3238 

.79793  56 

5 

. 58896 

. 72877 

1.3722 

.80816 

55 

5 

.60298 

.75584 

1.3230 

.79776  55 

6 

.58920 

.72921 

1.3713 

.80799 

54 

6 

.60321 

.75629 

1.3222 

.79758  54 

7 

. 58943 

.72966 

1 . 3705 

. 80782 

53 

7 

. 60344 

.75675 

1.3214 

.79741  53 

8 

. 58967 

.73010 

1.3697 

.80765 

52 

8 

.60367 

.75721 

1.3206 

.79723  52 

9 

. 58990 

.73055 

1.3688 

. 80748 

51 

9 

. 60390 

.75767 

1.3198 

.79706  51 

10 

.59014 

.73100 

1.3680 

.80730 

50 

10 

.60414 

.75812 

1.3190 

.79688  50 

11 

.59037 

.73144 

1.3672 

.80713 

49 

11 

. 60437 

.75858 

1.3182 

.79671  49 

12 

.59061 

.73189 

1.3663 

. 80696 

48 

12 

. 60460 

.75904 

1.3175 

.79653  48 

13 

.59084 

.73234 

1.3655 

. 80679 

47 

13 

. 60483 

.75950 

1.3167 

.79635  47 

14 

.59108 

.73278 

1 . 3647 

. 80662 

46 

14 

. 60506 

.75996 

1.3159 

.79618  46 

15 

.59131 

.73323 

1.3638 

. 80644 

45 

15 

.60529 

.76042 

1.3151 

.79600  45 

16 

.59154 

.73368 

1.3630 

. 80627 

44 

16 

.60553 

.76088 

1.3143 

.79583  44 

17 

.59178 

.73413 

1.3622 

.80610 

43 

17 

. 60576 

.76134 

1.3135 

.79565  43 

18 

.59201 

.73457 

1.3613 

. 80593 

42 

18 

. 60599 

.76180 

1.3127 

.79547  42 

19 

. 59225 

.73502 

1.3605 

. 80576 

41 

19 

. 60622 

.76226 

1.3119 

.79530  41 

20 

.59248 

.73547 

1.3597 

.80558 

40 

20 

. 60645 

.76272 

1.3111 

.79512  40 

21 

.59272 

.73592 

1.3588 

.80541 

39 

21 

. 60668 

.76318 

1.3103 

.79494  39 

22 

.59295 

.73637 

1.3580 

. 80524 

38 

22 

.60691 

.76364 

1.3095 

.79477  38 

23 

.59318 

.73681 

1.3572 

. 80507 

37 

23 

.60714 

.76410 

1.3087 

.79459  37 

24 

.59342 

.73726 

1.3564 

. 80489 

36 

24 

.60738 

.76456 

1.3079 

.79441  36 

25 

.59365 

.73771 

1.3555 

. 80472 

35 

25 

.60761 

.76502 

1 . 3072 

.79424  35 

26 

. 59389 

.73816 

1.3547 

. 80455 

34 

26 

. 60784 

.76548 

1 . 3064 

.79406  34 

27 

.59412 

.73861 

1.3539 

. 80438 

33 

27 

. 60807 

.76594 

1 . 3056 

.79388  33 

28 

.59436 

.73906 

1.3531 

. 80420 

32 

28 

. 60830 

.76640 

1.3048 

.79371  32 

29 

.59459 

.73951 

1.3522 

. 80403 

31 

29 

. 60853 

.76686 

1.3040 

.79353  31 

30 

. 59482 

.73996 

1.3514 

. 80386 

30 

30 

. 60876 

.76733 

1.3032 

.79335  30 

31 

.59506 

.74041 

1.3506 

.80368 

29 

31 

.60899 

.76779 

1.3024 

.79318  29 

32 

.59529 

.74086 

1.3498 

.80351 

28 

32 

. 60922 

.76825 

1.3017 

.79300  28 

33 

.59552 

.74131 

1 . 3490 

. 80334 

27 

33 

. 60945 

.76871 

1.3009 

.79282  27 

34 

.59576 

.74176 

1.3481 

.80316 

26 

34 

. 60968 

.76918 

1.3001 

.79264  26 

35 

. 59599 

.74221 

1.3473 

. 80299 

25 

35 

.60991 

.76964 

1.2993 

.79247  25 

36 

.59622 

.74267 

1.3465 

.80282 

24 

36 

.61015 

.77010 

1.2985 

.79229  24 

37 

.59646 

.74312 

1.3457 

. 80264 

23 

37 

.61038 

. 77057 

1.2977 

.79211  23 

38 

.59669 

.74357 

1.3449 

. 80247 

22 

38 

.61061 

.77103 

1.2970 

.79193  22 

39 

.59693 

. 74402 

1 . 3440 

.80230 

21 

39 

.61084 

.77149 

1.2962 

.79176  21 

40 

.59716 

.74447 

1 . 3432 

.80212 

20 

40 

.61107 

.77196 

1.2954 

.79158  20 

41 

.59739 

.74492 

1.3424 

.80195 

19 

41 

.61130 

.77242 

1.2946 

.79140  19 

42 

.59763 

.74538 

1.3416 

.80178 

18 

42 

.61153 

.77289 

1.2938 

.79122  18 

43 

.59786 

.74583 

1.3408 

.80160 

17 

43 

.61176 

.77335 

1.2931 

.79105  17 

44 

. 59809 

.74628 

1.3400 

.80143 

16 

44 

.61199 

.77382 

1.2923 

.79087  16 

45 

.59832 

.74674 

1.3392 

.80125 

15 

45 

.61222 

.77428 

1.2915 

.79069  15 

46 

.59856 

.74719 

1.3384 

.80108 

14 

46 

.61245 

.77475 

1 . 2907 

.79051  14 

47 

. 59879 

.74764 

1.3375 

.80091 

13 

47 

.61268 

.77521 

1.2900 

.79033  13 

48 

.59902 

.74810 

1 . 3367 

.80073 

12 

48 

.61291 

.77568 

1.2892 

.79016  12 

49 

.59926 

.74855 

1.3359 

. 80056 

11 

49 

.61314 

.77615 

1.2884 

.78998  11 

50 

.59949 

.74900 

1.3351 

. 80038 

10 

50 

.61337 

.77661 

1.2876 

.78980  10 

51 

.59972 

.74946 

1.3343 

.80021 

9 

51 

.61360 

.77708 

1 . 2869 

.78962  9 

52 

.59995 

.74991 

1.3335 

. 80003 

8 

52 

.61383 

.77754 

1.2861 

.78944  8 

53 

.60019 

.75037 

1.3327 

.79986 

7 

53 

.61406 

.77801 

1.2853 

.78926  7 

54 

.60042 

.75082 

1.3319 

.79968 

6 

54 

.61429 

.77848 

1.2846 

.78908  6 

55 

. 60065 

.75128 

1.3311 

.79951 

5 

55 

.61451 

.77895 

1.2838 

.78891  5 

56 

. 60089 

.75173 

1.3303 

.79934 

4 

56 

.61474 

.77941 

1 . 2830 

.78873  4 

57 

.60112 

.75219 

1.3295 

.79916 

3 

57 

.61497 

.77988 

1.2822 

.78855  3 

58 

.60135 

.75264 

1.3287 

.79899 

2 

38 

.61520 

.78035 

1.2815 

.78837  2 

59 

.60158 

.75310 

1.3278 

.79881 

1 

39 

.61543 

. 78082 

1.2807 

.78819  1 

60 

.60182 

.75355 

1.3270 

.79864 

_0 

50 

.61566 

.78129 

1.2799 

.78801  0 

Cos 

Cot 

Tan 

Sin 

/ 

Cos 

Cot 

Tan 

Sin   ' 

126°  (306°) 


(233°)  53°   127°  (307°) 
108 


(232°)  52( 


38°  (218°) 


NATURAL  FUNCTIONS  (Continued) 

(321°)  141°      39°  (219°)  (320°)  140° 


~0 

Sin 

Tan 

Cot 

Cos 

60 

.61566 

.78129 

1.2799 

.78801 

1 

.61589 

.78175 

1.2792 

.78783 

59 

2 

.61612 

.78222 

1.2784 

.78765 

58 

3 

.61635 

.78269 

1.2776 

.78747 

57 

4 

.61658 

.78316 

1.2769 

.78729 

56 

5 

.61681 

.78363 

1.2761 

.78711 

55 

6 

.61704 

.78410 

1.2753 

.78694 

54 

7 

.61726 

.78457 

1.2746 

.78676 

53 

8 

.61749 

.78504 

1.2738 

.78658 

52 

9 

.61772 

.78551 

1.2731 

.78640 

51 

10 

.61795 

.78598 

1.2723 

.78622 

50 

11 

.61818 

.78645 

1.2715 

.78604 

49 

12 

.61841 

.78692 

1.2708 

.78586 

48 

13 

.61864 

.78739 

1.2700 

.78568 

47 

14 

.61887 

.78786 

1.2693 

.78550 

46 

15 

.61909 

.78834 

1.2685 

.78532 

45 

16 

.61932 

.78881 

1.2677 

.78514 

44 

17 

.61955 

.78928 

1.2670 

.78496 

43 

18 

.61978 

.78975 

1.2662 

.78478 

42 

19 

.62001 

.79022 

1.2655 

.78460 

41 

20 

. 62024 

.79070 

1.2647 

.78442 

40 

21 

.62046 

.79117 

1.2640 

.78424 

39 

22 

.62069 

.79164 

1.2632 

.78405 

38 

23 

.62092 

.79212 

1.2624 

.78387 

37 

24 

.62115 

.79259 

1.2617 

.78369 

36 

25 

.62138 

.79306 

1.2609 

.78351 

35 

26 

.62160 

.79354 

1.2602 

.78333 

34 

27 

.62183 

.79401 

1.2594 

.78315 

33 

28 

. 62206 

.79449 

1.2587 

.78297 

32 

29 

. 62229 

.79496 

1.2579 

.78279 

31 

30 

.62251 

.79544 

1.2572 

.78261 

30 

31 

.62274 

.79591 

1.2564 

.78243 

29 

32 

.62297 

.79639 

1.2557 

.78225 

28 

33 

.62320 

.79686 

1.2549 

.78206 

27 

34 

.62342 

.79734 

1.2542 

.78188 

26 

35 

.62365 

.79781 

1.2534 

.78170 

25 

36 

.62388 

.79829 

1.2527 

.78152 

24 

37 

.62411 

.79877 

1.2519 

.78134 

23 

38 

.62433 

.79924 

1.2512 

.78116 

22 

39 

.62456 

.79972 

1.2504 

.78098 

21 

40 

.62479 

.80020 

1.2497 

.78079 

20 

41 

. 62502 

. 80067 

1.2489 

.78061 

19 

42 

.62524 

.80115 

1.2482 

.78043 

18 

43 

.62547 

.80163 

1.2475 

.78025 

17 

44 

.62570 

.80211 

1.2467 

.78007 

16 

45 

. 62592 

.80258 

1.2460 

.77988 

15 

46 

.62615 

.80306 

1.2452 

.77970 

14 

47 

.62638 

.80354 

1.2445 

.77952 

13 

48 

.62660 

. 80402 

1.2437 

.77934 

12 

49 

.62683 

. 80450 

1.2430 

.77916 

11 

50 

.62706 

.80498 

1.2423 

.77897 

10 

51 

.62728 

. 80546 

1.2415 

.77879 

9 

52 

.62751 

. 80594 

1.2408 

.77861 

8 

53 

.62774 

.80642 

1.2401 

.77843 

7 

54 

.62796 

.80690 

1.2393 

.77824 

6 

55 

.62819 

.80738 

1.2386 

.77806 

5 

56 

. 62842 

. 80786 

1.2378 

.77788 

4 

57 

.62864 

. 80834 

1.2371 

.77769 

3 

58 

.62887 

. 80882 

1.2364 

.77751 

2 

59 

.62909 

.80930 

1.2356 

.77733 

1 

60 

.62932 

. 80978 

1.2349  .77715 

0 

/ 

Cos 

Cot 

Tan 

Sin 

i 

Sin 


.62932 
.62955 
.62977 
.63000 
.63022 

.63045 
. 63068 
.63090 
.63113 
.63135 
.63158 
.63180 
.63203 
.63225 
.63248 


Tan 


.63271 
.63293 
.63316 

18  .63338 

19  .63361 


.63383 
.63406 
.63428 
.63451 
.63473 
.63496 
.63518 
.63540 
.63563 
.63585 

. 63608 
.63630 
.63653 
.63675 
.63698 
.63720 
.63742 
.63765 
.63787 
.63810 
.63832 
.63854 
.63877 
.63899 
.63922 

.63944 
.63966 
.63989 
.64011 
.64033 
.64056 
.  64078 
.64100 
.64123 
.64145 

.64167 
.64190 
.64212 
.64234 
. 64256 
. 64279 


.80978 
.81027 
,81075 
,81123 
,81171 
,81220 
,81268 
,81316 
,81364 
81413 
81461 
81510 
81558 
81606 
.81655 

.81703 
.81752 
.81800 
.81849 
.81898 

.81946 
.81995 
.82044 
.82092 
.82141 

.82190 
.82238 
. 82287 
.82336 
.82385 

.82434 
.82483 
.82531 
.82580 
.82629 

.82678 
.82727 
.82776 
.82825 
.82874 

.82923 
.82972 
.83022 
.83071 
.83120 
.83169 
.83218 
.83268 
.83317 
.83366 

.83415 
.83465 
.83514 
.83564 
.83613 
. 83662 
.83712 
.83761 
.83811 
.83860 

.83910 


Cot 


1.2349 
1.2342 
1.2334 
1.2327 
1.2320 


Cos   Cot   Tan 


.2312 
.2305 
.2298 
.2290 

.2283 

.2276 
.2268 
.2261 
.2254 
.2247 
.2239 
.2232 
.2225 
.2218 
.2210 

.2203 
.2196 
.2189 
.2181 
.2174 

.2167 
.2160 
.2153 
.2145 
,2138 
,2131 
,2124 
2117 
,2109 
2102 

2095 
2088 
2081 
2074 
2066 

2059 
2052 
2045 
2038 
2031 
2024 
2017 
2009 
2002 
1995 

1988 
1981 
1974 
1967 
1960 

1953 
1946 
1939 
1932 
1925 
1.1918 


Cos 


.77715 
. 77696 
.77678 
.77660 
.77641 

.77623 
.77605 
.77586 
.77568 
.77550 

.77531 
.77513 
.77494 
.77476 
.77458 
.77439 
.77421 
.77402 
.77384 
.77366 

.77347 
.77329 
.77310 
.77292 
.77273 
.77255 
.77236 
.77218 
.77199 
.77181 
.77162 
.77144 
.77125 
.77107 
.77088 

.77070 
.77051 
.77033 
.77014 
,76996 

,76977 
,76959 
76940 
76921 
76903 
76884 
76866 
76847 
76828 
76810 
76791 
76772 
76754 
76735 
76717 
76698 
76679 
76661 
76642 
76623 
76604 


Sin 


60 

59 

58 
57 
5(5 

55 

54 
53 
52 
51 
50 
49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 

38 
37 
36 

35 

34 
33 
32 
31 
30 
29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 
10 

9 

8 

7 

6 

5 

4 
3 

2 
1 


128°  (308°) 


(231°)  51°   129c 

109 


(309°) 


(230°)  50c 


NATURAL  FUNCTIONS  (Continued) 


40° 

(220°) 

(319°)  139° 

0 

Sin 

Tan 

Cot 

Cos 

f 

.64279 

.83910 

1.1918 

.76604 

60 

1 

.64301 

.83960 

1.1910 

.76586 

59 

2 

.64323 

. 84009 

1.1903 

.76567 

58 

3 

. 64346 

.84059 

1.1896 

.76548 

57 

4 

.64368 

.84108 

1.1889 

.76530 

56 

5 

.64390 

.84158 

1.1882 

.76511 

55 

6 

.64412 

. 84208 

1.1875 

.76492 

54 

7 

.64435 

.84258 

1.1868 

.73473 

53 

8 

.64457 

. 84307 

1.1861 

.76455 

52 

9 

. 64479 

.84357 

1.1854 

.76436 

51 

10 

. 64501 

. 84407 

1.1847 

.76417 

50 

11 

.64524 

. 84457 

1 . 1840 

.76398 

49 

12 

.64546 

. 84507 

1.1833 

.76380 

48 

13 

. 64568 

.84556 

1.1826 

.76361 

47 

14 

.64590 

. 84606 

1.1819 

.76342 

46 

15 

.64612 

.84656 

1.1812 

.76323 

45 

16 

.64635 

. 84706 

1.1806 

.76304 

44 

17 

.64657 

.84756 

1.1799 

.76286 

43 

18 

. 64679 

. 84806 

1.1792 

.76267 

42 

19 

. 64701 

. 84856 

1.1785 

.76248 

41 

20 

.64723 

.84906 

1.1778 

.76229 

40 

21 

. 64746 

.84956 

1.1771 

.76210 

39 

22 

.64768 

. 85006 

1.1764 

.76192 

38 

23 

.64790 

.85057 

1.1757 

.76173 

37 

24 

.64812 

.85107 

1.1750 

.76154 

36 

25 

. 64834 

.85157 

1.1743 

.76135 

35 

26 

. 64856 

.85207 

1.1736 

.76116 

34 

27 

. 64878 

.85257 

1 . 1729 

.76097 

33 

28 

.64901 

.85308 

1.1722 

.76078 

32 

29 

. 64923 

.85358 

1.1715 

. 76059 

31 

30 

.64945 

. 85408 

1.1708 

.76041 

30 

31 

. 64967 

.85458 

1.1702 

.76022 

29 

32 

. 64989 

. 85509 

1.1695 

.76003 

28 

33 

.65011 

.85559 

1.1688 

.75984 

27 

34 

.65033 

. 85609 

1.1681 

.75965 

26 

35 

. 65055 

. 85660 

1.1674 

.75946 

25 

36 

.65077 

.85710 

1 . 1667 

.75927 

24 

37 

.65100 

.85761 

1.1660 

.75908 

23 

38 

.65122 

.85811 

1.1653 

.75889 

22 

39 

.65144 

.85862 

1 . 1647 

.75870 

21 

40 

.65166 

.85912 

1 . 1640 

.75851 

20 

41 

.65188 

.85963 

1.1633 

.75832 

19 

42 

.65210 

.86014 

1.1626 

.75813 

18 

43 

.65232 

. 86064 

1.1619 

.75794 

17 

44 

.65254 

.86115 

1.1612 

.75775 

16 

45 

.65276 

.86166 

1.1606 

.75756 

15 

46 

. 65298 

.86216 

1.1599 

.75738 

14 

47 

.65320 

.86267 

1.1592 

.75719 

13 

48 

.65342 

.86318 

1.1585 

.75700 

12 

49 

.65364 

.86368 

1.1578 

.75680 

11 

50 

.65386 

.86419 

1.1571 

.75661 

10 

51 

.65408 

. 86470 

1.1565 

.75642 

9 

52 

. 65430 

.86521 

1.1558 

.75623 

8 

53 

.65452 

.86572 

1.1551 

.75604 

7 

54 

.65474 

.86623 

1 . 1544 

.75585 

6 

55 

.65496 

.86674 

1.1538 

.75566 

5 

56 

.65518 

.86725 

1.1531 

.75547 

4 

57 

.65540 

. 86776 

1.1524 

.75528 

3 

58 

.65562 

. 86827 

1.1517 

.75509 

2 

59 

. 65584 

. 86878 

1.1510 

.75490 

1 

60 

. 65606 

. 86929 

1.1504 

.75471 

JO 

i 

Cos 

Cot 

Tan 

Sin 

41° 

(221°) 

(318°)  138° 

0 

Sin 

Tan 

Cot 

Cos 

/ 

.65606 

. 86929 

1.1504 

.75471 

60 

1 

.65628 

. 86980 

1 . 1497 

.75452 

59 

2 

.65650 

.87031 

1 . 1490 

.75433 

58 

3 

.65672 

. 87082 

1 . 1483 

.75414 

57 

4 

.65694 

.87133 

1 . 1477 

.75395 

56 

5 

.65716 

.87184 

1 . 1470 

.75375 

55 

6 

.65738 

.87236 

1.1463 

.75356 

54 

7 

.65759 

. 87287 

1 . 1456 

.75337 

53 

8 

.65781 

.87338 

1 . 1450 

.75318 

52 

9 

.65803 

.87389 

1 . 1443 

.75299 

51 

10 

.65825 

.87441 

1.1436 

.75280 

50 

11 

. 65847 

. 87492 

1.1430 

.75261 

49 

12 

. 65869 

. 87543 

1.1423 

.75241 

48 

13 

.65891 

.87595 

1.1416 

.75222 

47 

14 

.65913 

. 87646 

1.1410 

.75203 

46 

15 

.65935 

.87698 

1 . 1403 

.75184 

45 

16 

.65956 

. 87749 

1.1396 

.75165 

44 

17 

.65978 

.87801 

1.1389 

.75146 

43 

18 

. 66000 

. 87852 

1.1383 

.75126 

42 

19 

. 66022 

. 87904 

1.1376 

.75107 

41 

20 

. 66044 

.87955 

1.1369 

.75088 

40 

21 

. 66066 

. 88007 

1.1363 

.75069 

39 

22 

. 66088 

. 88059 

1.1356 

.75050 

38 

23 

.66109 

.88110 

1 . 1349 

.75030 

37 

24 

.66131 

.88162 

1.1343 

.75011 

36 

25 

.66153 

.88214 

1.1336 

.74992 

35 

26 

.66175 

. 88265 

1.1329 

.74973 

34 

27 

.66197 

.88317 

1.1323 

.74953 

33 

28 

.66218 

. 88369 

1.1316 

.74934 

32 

29 

. 66240 

.88421 

1.1310 

.74915 

31 

30 

.66262 

. 88473 

1 . 1303 

.74896 

30 

31 

. 66284 

. 88524 

1.1296 

.74876 

29 

32 

. 66306 

.88576 

1.1290 

.74857 

28 

33 

.66327 

. 88628 

1.1283 

.74838 

27 

34 

.66349 

. 88680 

1.1276 

.74818 

26 

35 

.66371 

. 88732 

1.1270 

.74799 

25 

36 

. 66393 

. 88748 

1.1263 

.74780 

24 

37 

.66414 

. 88836 

1.1257 

.74760 

23 

38 

. 66436 

. 88888 

1.1250 

.74741 

22 

39 

.66458 

. 88940 

1 . 1243 

.74722 

21 

40 

. 66480 

. 88992 

1 . 1237 

.74703 

20 

41 

.66501 

. 89045 

1.1230 

. 74683 

19 

42 

.66523 

. 89097 

1.1224 

. 74664 

18 

43 

. 66545 

.89149 

1.1217 

.74644 

17 

44 

.66566 

. 89201 

1.1211 

.74625 

16 

45 

.66588 

. 89253 

1.1204 

.74606 

15 

46 

.66610 

. 89306 

1.1197 

.74586 

14 

47 

. 66632 

.89358 

1.1191 

.74567 

13 

48 

.66653 

.89410 

1.1184 

.74548 

12 

49 

.66675 

.89463 

1.1178 

.74528 

11 

50 

.66697 

.89515 

1.1171 

.74509 

10 

51 

.66718 

.89567 

1.1165 

.74489 

9 

52 

. 66740 

.89620 

1.1158 

.74470 

8 

53 

.66762 

.89672 

1  1152 

.74451 

7 

54 

.66783 

. 89725 

1.1145 

.74431 

6 

55 

.66805 

. 89777 

1.1139 

.74412 

5 

56 

.66827 

.89830 

1.1132 

.74392 

4 

57 

. 66848 

.89883 

1.1126 

.74373 

3 

58 

.66870 

. 89935 

1.1119 

.74353 

2 

59 

.66891 

. 89988 

1.1113 

.74334 

1 

60 

.66913 

.90040 

1.1106 

.74314 

0 

Cos 

Cot 

Tan 

Sin 

/ 

130°  (310°) 


(229°)  49°       131°  (311°) 
110 


(228°)  48° 


NATURAL  FUNCTIONS  (Continued) 


42° 

(222°) 

(317°)  137c 

» 

l'.i 

(223°) 

( 

316°)  136° 

0 

Sin 

Tan 

Cot 

Cos 

<>0 

! 

0 

Sin 

Tan 

Cot 

Cos 

00 

.66913 

.90040 

1.1106 

.74314 

. 68200 

.93252 

1 . 0724 

.73135 

1 

. 66935 

.90093 

1.1100 

.74295 

59 

1 

.68221 

.93306 

1.0717 

.73116 

59 

2 

. 66956 

.90146 

1 . 1093 

.74276 

58 

2 

.68242 

.93360 

1.0711 

.73096 

58 

3 

.66978 

.90199 

1 . 1087 

.74256 

57 

3 

.68264 

.93415 

1.0705 

.73076 

57 

4 

. 66999 

.90251 

1 . 1080 

.74237 

56 

4 

.68285 

.93469 

1.0699 

.73056 

56 

5 

.67021 

.90304 

1 . 1074 

.74217 

55 

5 

. 68306 

.93524 

1 . 0692 

.73036 

55 

6 

. 67043 

.90357 

1 . 1067 

.74198 

54 

6 

.68327 

.93578 

1 . 0686 

.73016 

54 

7 

. 67064 

.90410 

1.1061 

.74178 

53 

7 

. 68349 

.93633 

1 . 0680 

.72996 

53 

8 

.67086 

.90463 

1 . 1054 

.74159 

52 

8 

. 68370 

.93688 

1 . 0674 

.72976 

52 

9 

.67107 

.90516 

1.1048 

.74139 

51 

9 

.68391 

.93742 

1.0668 

.72957 

51 

10 

.67129 

. 90569 

1.1041 

.74120 

50 

10 

.68412 

.93796 

1.0661 

.72937 

50 

11 

.67151 

.90621 

1.1035 

.74100 

49 

11 

. 68434 

.93852 

1 . 0655 

.72917 

49 

12 

.67172 

. 90674 

1.1028 

.74080 

48 

12 

. 68455 

.93906 

1 .0649 

.72897 

48 

13 

.67194 

.90727 

1.1022 

.74061 

47 

13 

. 68476 

.93961 

1 . 0643 

.72877 

47 

14 

.67215 

.90781 

1.1016 

.74041 

46 

14 

. 68497 

.94016 

1.0637 

.72857 

46 

15 

.67237 

.90834 

1 . 1009 

.74022 

45 

15 

.68518 

.94071 

1 . 0630 

.72837 

45 

16 

.67258 

. 90887 

1 . 1003 

.74002 

44 

16 

.68539 

.94125 

1.0624 

.72817 

44 

17 

.67280 

. 90940 

1 . 0996 

.73983 

43 

17 

.68561 

.94180 

1.0618 

.72797 

43 

18 

.67301 

.90993 

1 . 0990 

.73963 

42 

18 

. 68582 

.94235 

1.0612 

.72777 

42 

19 

.67323 

.91046 

1 . 0983 

.73944 

41 

19 

. 68603 

.94290 

1.0606 

.72757 

41 

20 

. 67344 

.91099 

1 . 0977 

.73924 

40 

20 

. 68624 

.94345 

1 . 0599 

.72737 

40 

21 

.67366 

.91153 

1.0971 

.73904 

39 

21 

. 68645 

.94400 

1.0593 

.72717 

39 

22 

. 67387 

.91206 

1.0964 

.73885 

38 

22 

. 68666 

.94455 

1.0587 

.72697 

38 

23 

. 67409 

.91259 

1 . 0958 

.73865 

37 

23 

. 68688 

.94510 

1.0581 

.72677 

37 

24 

. 67430 

.91313 

1.0951 

.73846 

36 

24 

.68709 

.94565 

1.0575 

.72657 

36 

25 

. 67452 

.91366 

1.0945 

.73826 

35 

25 

.68730 

.94620 

1.0569 

.72637 

35 

26 

.67473 

.91419 

1 . 0939 

.73806 

34 

26 

.68751 

.94676 

1.0562 

.72617 

34 

27 

. 67495 

.91473 

1 . 0932 

.73787 

33 

27 

. 68772 

.94731 

1 . 0556 

.72597 

33 

28 

.67516 

.91526 

1.0926 

.73767 

32 

28 

. 68793 

.94786 

1.0550 

.72577 

32 

29 

.67538 

.91580 

1.0919 

.73747 

31 

29 

.68814 

.94841 

1.0544 

.72557 

31 

30 

.67559 

.91633 

1.0913 

.73728 

30 

30 

. 68835 

.94896 

1.0538 

.72537 

30 

31 

. 67580 

.91687 

1 . 0907 

. 73708 

29 

31 

. 68857 

.94952 

1 . 0532 

.72517 

29 

32 

. 67602 

.91740 

1 . 0900 

.73688 

28 

32 

. 68878 

.95007 

1 . 0526 

.72497 

28 

33 

. 67623 

.91794 

1 . 0894 

.73669 

27 

33 

. 68899 

.95062 

1.0519 

.72477 

27 

34 

. 67645 

.91847 

1 . 0888 

.73649 

26 

34 

. 68920 

.95118 

1.0513 

.72457 

26 

35 

.67666 

.91901 

1 . 0881 

.73629 

25 

35 

.68941 

.95173 

1.0507 

.72437 

25 

36 

.67688 

.91955 

1 . 0875 

.73610 

24 

36 

. 68962 

.95229 

1.0501 

.72417 

24 

37 

. 67709 

. 92008 

1 . 0869 

.73590 

23 

37 

. 68983 

.95284 

1 . 0495 

.72397 

23 

38 

.67730 

.  92062 

1.0862 

. 73570 

22 

38 

. 69004 

.95340 

1 . 0489 

.72377 

22 

39 

.67752 

.92116 

1 . 0856 

.73551 

21 

39 

. 69025 

.95395 

1.0483 

.72357 

21 

40 

.67773 

.92170 

1 . 0850 

.73531 

20 

40 

. 69046 

.95451 

1.0477 

.72337 

20 

41 

.67795 

.92224 

1 . 0843 

.73511 

19 

41 

. 69067 

.95506 

1.0470 

.72317 

19 

42 

.67816 

.92277 

1.0837 

.73491 

18 

42 

.69088 

.95562 

1.0464 

.72297 

18 

43 

.67837 

.92331 

1.0831 

.73472 

17 

43 

.69109 

.95618 

1 . 0458 

.72277 

17 

44 

.67859 

.92385 

1 . 0824 

.73452 

16 

44 

.69130 

.95673 

1.0452 

.72257 

16 

45 

.67880 

.92439 

1.0818 

.73432 

15 

45 

.69151 

.95729 

1 . 0446 

.72236 

15 

46 

.67901 

.92493 

1.0812 

.73413 

14 

46 

.69172 

.95785 

1.0440 

.72216 

14 

47 

.67923 

.92547 

1.0805 

.73393 

13 

47 

.69193 

.95841 

1.0434 

.72196 

13 

48 

. 67944 

.92601 

1.0799 

.73373 

12 

48 

.69214 

.95897 

1.0428 

.72176 

12 

49 

.67965 

.92655 

1.0793 

.73353 

11 

49 

.69235 

.95952 

1.0422 

.72156 

11 

50 

.67987 

.92709 

1.0786 

.73333 

10 

50 

.69256 

.96008 

1.0416 

.72136 

10 

51 

. 68008 

.92763 

1.0780 

.73314 

9 

51 

. 69277 

.96064 

1.0410 

.72116 

9 

52 

.68029 

.92817 

1.0774 

.73294 

8 

52 

. 69298 

.96120 

1 . 0404 

.72095 

8 

53 

.68051 

.92872 

1.0768 

.73274 

7 

53 

.69319 

.96176 

1 . 0398 

.72075 

7 

54 

.68072 

.92926 

1.0761 

.73254 

6 

54 

. 69340 

.96232 

1.0392 

.72055 

6 

55 

.68093 

.92980 

1.0755 

.73234 

5 

55 

.69361 

.96288 

1.0385 

.72035 

5 

56 

.68115 

.93034 

1 . 0749 

.73215 

4 

56 

. 69382 

.96344 

1 . 0379 

.72015 

4 

57 

.68136 

.93088 

1 . 0742 

.73195 

3 

57 

. 69403 

.96400 

1 . 0373 

.71995 

3 

58 

.68157 

.93143 

1.0736 

.73175 

2 

58 

. 69424 

.96457 

1.0367 

.71974 

2 

59 

.68179 

.93197 

1.0730 

.73155 

1 

59 

. 69445 

.96513 

1.0361 

.71954 

1 

60 

. 68200 

.93252 

1 . 0724 

.73135 

0 

«0 

.69466 

.96569 

1.0355 

.71934 

r 

' 

Cos 

Cot 

Tan 

Sin 

Cos 

Cot 

Tan 

Sin 

132°  (312°) 


(227°)  47°       133°  (313°) 
111 


(226°)  46c 


NATURAL  FUNCTIONS  (Continued) 

44°  (224°)  (315°)  135° 


/ 

Sin  1  Tan 

Cot 

Cos 

' 

0 

.69466 

.96569 

1 . 0355 

.71934 

60 

1 

. 69487 

.96625 

1 . 0349 

.71914 

59 

2 

.69508 

.96681 

1 . 0343 

.71894 

58 

3 

.69529 

.96738 

1 . 0337 

.71873 

57 

4 

. 69549 

.96794 

1.0331 

.71853 

56 

5 

.69570 

.96850 

1.0325 

.71833 

55 

6 

.69591 

.96907 

1.0319 

.71813 

54 

7 

.69612 

.96963 

1.0313 

.71792 

53 

8 

. 69633 

.97020 

1.0307 

.71772 

52 

9 

.69654 

.97076 

1.0301 

.71752 

51 

10 

.69675 

.97133 

1.0295 

.71732 

50 

11 

.69696 

.97189 

1 . 0289 

.71711 

49 

12 

.69717 

.97246 

1.0283 

.71691 

48 

13 

.69737 

. 97302 

1.0277 

.71671 

47 

14 

.69758 

.97359 

1.0271 

.71650 

46 

15 

.69779 

.97416 

1.0265 

.71630 

45 

16 

. 69800 

.97472 

1.0259 

.71610 

44 

17 

.69821 

.97529 

1.0253 

.71590 

43 

18 

. 69842 

.97586 

1 . 0247 

.71569 

42 

19 

. 69862 

.97643 

1.0241 

.71549 

41 

20 

.69883 

.97700 

1.0235 

.71529 

40 

21 

. 69904 

.97756 

1.0230 

.71508 

39 

22 

.69925 

.97813 

1.0224 

.71488 

38 

23 

.69946 

.97870 

1.0218 

.71468 

37 

24 

.69966 

.97927 

1.0212 

.71447 

36 

25 

.69987 

.97984 

1 . 0206 

.71427 

35 

26 

. 70008 

.98041 

1 . 0200 

.71407 

34 

27 

.70029 

.98098 

1.0194 

.71386 

33 

28 

.70049 

.98155 

1.0188 

.71366 

32 

29 

.70070 

.98213 

1.0182 

.71345 

31 

30 

.70091 

.98270 

1.0176 

.71325 

30 

31 

.70112 

.98327 

1.0170 

.71305 

29 

32 

.70132 

.98384 

1.0164 

.71284 

28 

33 

.70153 

.98441 

1.0158 

.71264 

27 

34 

.70174 

.98499 

1.0152 

.71243 

26 

35 

.70195 

.98556 

1.0147 

.71223 

25 

36 

.70215 

.98613 

1.0141 

.71203 

24 

37 

.70236 

.98671 

1.0135 

.71182 

23 

38 

.70257 

.98728 

1.0129 

.71162 

22 

39 

.70277 

.98786 

1.0123 

.71141 

21 

40 

.70298 

.98843 

1.0117 

.71121 

20 

41 

.70319 

.98901 

1.0111 

.71100 

19 

42 

. 70339 

.98958 

1.0105 

.71080 

18 

43 

.70360 

.99016 

1.0399 

.7105t 

17 

44 

.70381 

.99073 

1.0094 

.71039 

16 

45 

.70401 

.99131 

1.0088 

.71019 

15 

46 

.70422 

.99189 

1.0082 

.70998 

14 

47 

.70443 

.99247 

1.0076 

.70978 

13 

48 

.70463 

.99304 

1.0070 

.70957 

12 

49 

.70484 

.99362 

1.0064 

.70937 

11 

50 

.70505 

.99420 

1.0058 

.70916 

10 

51 

.70525 

.99478 

1 . 0052 

.70896 

9 

52 

.70546 

.99536 

1 . 0047 

.70875 

8 

53 

.70567 

.99594 

1.0041 

.70855 

7 

54 

.70587 

.99652 

1 . 0035 

.70834 

6 

55 

.70608 

.99710 

1 . 0029 

.70813 

5 

56 

.70628 

.99768 

1 . 0023 

. 70793 

4 

57 

.70649 

.99826 

1.0017 

. 70772 

3 

58 

.70670 

.99884 

1.0012 

.70752 

2 

59 

.70690 

.99942 

1 . 0006 

.70731 

1 

60 

.70711 

1 . 0000 

1 . 0000 

.70711 

J) 

Cos 

Cot 

Tan 

Sin 

134°  (314°) 


(225°)  45c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS 


(180°) 


(359°)  179° 


0 

) 
2 
3 
4 

5 
6 
7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 

22 
23 
24 

25 

26 

27 
28 
29 

30 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 

52 
53 
54 

55 

56 

57 
58 
59 

SO 


Sec 


1.0000 
1.0000 
1.0000 
I. 0000 
1.0000 

1.0000 
1.0000 
1  0000 
I . 0000 
1.0000 

1.0000 
1 . 0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1.0000 
1 . 0000 
1.0000 
1.0000 

1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

1.0000 
1 . 0000 
1.0000 
1.0000 
1 . 0000 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

1.0001 
1.0001 
1.0001 
1.0001 
1.0001 

1.0002 


Csc 


Csc 


3437.7 
1718.9 
1145.9 
859.44 

687.55 
572.96 
491.11 
429.72 
381.97 

343.78 
312.52 
286.48 
264.44 
245.55 

229.18 
214.80 
202.22 
190.99 
180.93 

171.89 
103.70 
156.26 
149.47 
143.24 

137.51 
132.22 
127.33 

122.78 
118.54 

114.59 
110.90 
107.43 
104.18 
101.11 

98.223 
95.495 
92.914 
90.469 
88.149 

85.946 
83.849 
81.853 
79.950 
78.133 

76.397 
74.736 
73.146 
71.622 
70.160 

68.757 
67.409 
66.113 
64.866 
63.665 

62.507 
61.391 
60.314 
59 . 274 
58.270 

57.299 


Sec 


60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

35 

34 
33 
32 
31 

30 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 
4 
3 
2 
1 


1°(181°) 

(358°) 

178* 

/ 

Sec 

Csc 

/ 
60 

0 

1.0002 

57.299 

1 

1.0002 

56.359 

59 

2 

1.0002 

55.451 

58 

3 

1 .0002 

54 . 570 

57 

4 

1.0002 

53.718 

56 

5 

1.0002 

52.892 

55 

6 

1.0002 

52.090 

54 

7 

1.0002 

51.313 

53 

8 

1.0002 

50.558 

52 

9 

1.0002 

49,826 

51 

10 

1.0002 

49.114 

50 

11 

1 . 0002 

48.422 

49 

12 

1.0002 

47.750 

48 

13 

1.0002 

47.096 

47 

14 

1.0002 

46.460 

46 

15 

1.0002 

45.840 

45 

16 

1.0002 

45.237 

44 

17 

1.0003 

44.650 

43 

18 

1.0003 

44.077 

42 

19 

1.0003 

43.520 

41 

20 

1.0003 

42.976 

40 

21 

1.0003 

42.445 

39 

22 

1.0003 

41.928 

38 

23 

1.0003 

41.423 

37 

24 

1.0003 

40.930 

36 

25 

1.0003 

40.448 

35 

26 

1.0003 

39.978 

34 

27 

1.0003 

39.519 

33 

2S 

1 . 0003 

39.070 

32 

29 

1.0003 

38.631 

31 

30 

1.0003 

38 . 202 

30 

31 

1 . 0004 

37.7.S2 

29 

32 

1.0004 

37.371 

28 

33 

1 . 0004 

36 . 970 

27 

34 

1.0004 

36.576 

26 

35 

1.0004 

36.191 

25 

36 

1.0004 

35.815 

24 

37 

1.0004 

35.445 

23 

38 

1.0004 

35.084 

22 

39 

1.0004 

34.730 

21 

40 

1.0004 

34.382 

20 

41 

1.0004 

34.042 

19 

42 

1 . 0004 

33.708 

18 

43 

1.0004 

33.381 

17 

44 

1.0005 

33.0G0 

16 

45 

1.0005 

32.746 

15 

46 

1.0005 

32.437 

14 

47 

1.0005 

32.134 

13 

48 

1.0005 

31.836 

12 

49 

1.0005 

31.544 

11 

50 

1.0005 

31.258 

10 

51 

1.0005 

30.976 

9 

52 

1.0005 

30.700 

8 

53 

1.0005 

30.428 

7 

5.4 

1.0006 

30.161 

6 

55 

1.0006 

29.899 

5 

56 

1.0006 

29.641 

4 

57 

1.0006 

29.388 

3 

58 

1.0006 

29.139 

2 

59 

1.0006 

28.894 

1 

60 

1.0006 

28  654 

0 

/ 

Csc 

Sec 

f 

2°  (182°) 


(357°)  177- 


/ 

Sec 

Csc 

i 

0 

1.0000 

28.654 

60 

1 

1.0006 

28.417 

59 

2 

1.0006 

28.184 

58 

3 

1.0006 

27.955 

57 

4 

1.0007 

27.730 

56 

5 

1.0007 

27.508 

55 

6 

1.0007 

27.290 

54 

7 

1.0007 

27.075 

53 

8 

1.0007 

26.864 

52 

9 

1.0007 

26.655 

51 

10 

1.0007 

26.451 

50 

11 

1.0007 

26.249 

49 

12 

1.0007 

26.050 

48 

13 

1.0007 

25 . 854 

47 

14 

1.0008 

25.661 

46 

15 

1.0008 

25.471 

45 

16 

1.0008 

25.284 

44 

17 

1.0008 

25.100 

43 

18 

1.0008 

24.918 

42 

19 

1.0008 

24.739 

41 

20 

1.0008 

24.562 

40 

21 

1.0008 

24.388 

39 

22 

1.0009 

24.216 

38 

23 

1 . 0009 

24.047 

37 

24 

1.0009 

23.880 

36 

25 

1.0009 

23.716 

35 

26 

1.0009 

23 . 553 

34 

27 

1.0009 

23.393 

33 

28 

1 . 0009 

23.235 

32 

29 

1.0009 

23.079 

31 

30 

1.0010 

22.926 

30 

31 

1.0010 

22.774 

29 

32 

1.0010 

22.624 

28 

33 

1.0010 

22.476 

27 

34 

1.0010 

22.330 

26 

35 

1.0010 

22.187 

25 

36 

1.0010 

22.044 

24 

37 

1.0010 

21.904 

23 

38 

1.0011 

21.766 

22 

39 

1.0011 

21.629 

21 

40 

1.0011 

21.494 

20 

41 

1.0011 

21.360 

19 

42 

1.0011 

21.229 

18 

43 

1.0011 

21.098 

17 

44 

1.0011 

20.970 

16 

45 

1.0012 

20.843 

15 

46 

1.0012 

20.717 

14 

47 

1.0012 

20.593 

13 

48 

1.0012 

20.471 

12 

49 

1.0012 

20.350 

11 

50 

1.0012 

20.230 

10 

51 

1.0012 

20.112 

9 

52 

1.0013 

19.995 

8 

53 

1.0013 

19.880 

7 

54 

1.0013 

19.766 

6 

55 

1.0013 

19.653 

5 

56 

1.0013 

19.541 

4 

57 

1.0013 

19.431 

3 

58 

1.0013 

19.322 

2 

59 

1.0014 

19.214 

1 

60 

1.0014 

19.107 

0 

Csc 

Sec 

t 

90°  (270°) 


(269°)  89°       91°  (271°) 


(268°)  88°       92°  (272°) 


(267°)  87c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
3°  (183°)  (356°)  176°       4°  (18te)  (355°)  175°       5°  (185°)  (354°)  174° 


60 


Sec 


Csc 


1.0017 
1.0017 
1.0017 
1.0017 
1.0018 


1.0020 
1.0020 
1.0020 
1.0020 
1 .0020 

1.0021 
1.0021 
1.0021 
1.0021 
1.0021 

1.0021 
1.0022 
1.0022 
1.0022 
1.0022 


1.0023 
1.0024 
1.0024 
1.0024 
1.0024 

1.0024 


Csc 


19.107 
19.002 
18.898 
18.794 
18.692 

18.591 
18.492 
18.393 
18.295 
18.198 

18.103 
18.008 
17.914 
17.822 
17.730 

17.639 
17.549 
17.460 
17.372 
17.285 

17.198 
17.113 
17.028 
16.945 
16.862 

16.779 
16.698 
16.618 
16.538 
16.459 

16.380 
16.303 
16.226 
16.150 
16.075 

16.000 
15.926 
15.853 
15.780 
15.708 

15.637 
15.566 
15.496 
15.427 
15.358 

15.290 
15.222 
15.155 
15.089 
15.023 

14.958 
14.893 
14.829 
14.766 
14.703 

14.640 
14.578 
14.517 
14.456 
14.395 

14.336 


Sec 


/ 

Sec 

Csc 

' 

0 

1.0024 

14.336 

60 

1 

1.0025 

14.276 

59 

2 

1.0025 

14.217 

58 

3 

1.0025 

14.159 

57 

4 

1.0025 

14.101 

56 

5 

1.0025 

14.044 

55 

6 

1.0026 

13.987 

54 

7 

1.0026 

13.930 

53 

8 

1.0026 

13.874 

52 

9 

1.0026 

13.818 

51 

10 

1.0027 

13.763 

50 

11 

1.0027 

13.708 

49 

12 

1.0027 

13.654 

48 

13 

1.0027 

13.600 

47 

14 

1.0027 

.13.547 

46 

15 

1.0028 

13.494 

45 

16 

1.0028 

13.441 

44 

17 

1.0028 

13.3S9 

43 

18 

1.0028 

13.337 

42 

19 

1.0028 

13.286 

41 

20 

1.0029 

13.235 

40 

21 

1.0029 

13.184 

39 

22 

1.0029 

13.134 

38 

23 

1.0029 

13.084 

37 

24 

1.0030 

13.035 

36 

25 

1.0030 

12.985 

35 

26 

1.0030 

12.937 

34 

27 

1.0030 

12.888 

33 

28 

1.0030 

12.840 

32 

29 

1.0031 

12.793 

31 

30 

1.0031 

12.745 

30 

31 

1.0031 

12.699 

29 

32 

1.0031 

12.652 

28 

33 

1.0032 

12.606 

27 

34 

1.0032 

12.660 

26 

35 

1.0032 

12.514 

25 

36 

1.0032 

12.469 

24 

37 

1.0033 

12.424 

23 

38 

1.0033 

12.379 

22 

39 

1.0033 

12.335 

21 

40 

1.0033 

12.291 

20 

41 

1.0034 

12.248 

19 

42 

1.0034 

12.201 

18 

43 

1 . 0034 

12.161 

17 

44 

1.0031 

12.119 

16 

45 

1.0034 

12.076 

15 

46 

1.0035 

12.034 

14 

47 

1.0035 

11.992 

13 

48 

1.0035 

11.951 

12 

49 

1.0035 

11.909 

11 

50 

1.0036 

11.868 

10 

51 

1.0036 

11.828 

9 

52 

1.0036 

11.787 

8 

53 

1.0036 

11.747 

7 

54 

1.0037 

11.707 

6 

55 

1.0037 

11.668 

5 

56 

1.0037 

11.628 

4 

57 

1.0037 

11.589 

3 

58 

1.0038 

11.551 

2 

59 

1 . 0038 

11.512 

1 

60 

r 

1.0038 

11.474 

0 

/ 

Csc 

Sec 

, 

Sec 

Csc 

/ 

0 

1.0038 

11.474 

60 

1 

1 . 0038 

11.436 

59 

2 

1 . 0039 

11.398 

58 

3 

1.0039 

11.360 

57 

4 

1.0039 

11.323 

56 

5 

1.0039 

11.286 

55 

6 

1.0040 

11.249 

54 

7 

1.0040 

11.213 

53 

8 

1.0040 

11.176 

52 

9 

1.0041 

11.140 

51 

10 

1.0041 

11.105 

50 

11 

1.0041 

11.069 

49 

12 

1.0041 

11.034 

48 

13 

1.0042 

10.998 

47 

14 

1.0042 

10.963 

46 

15 

1.0042 

10.929 

45 

16 

1.0042 

10.894 

44 

17 

1.0043 

10.860 

43 

18 

1.0043 

10.826 

42 

19 

1.0043 

10.792 

41 

20 

1.0043 

10.758 

40 

21 

1.0044 

10.725 

39 

22 

1.0044 

10.692 

38 

23 

1.0044 

10.659 

37 

24 

1.0045 

10.626 

36 

25 

1.0045 

10.593 

35 

26 

1.0045 

10.561 

34 

27 

1.0045 

10.529 

33 

28 

1.0046 

10.497 

32 

29 

1.0046 

10.465 

31 

30 

1.0046 

10.433 

30 

31 

1.0047 

10.402 

29 

32 

1.0047 

10.371 

28 

33 

1.0047 

10.340 

27 

34 

1.0047 

10.309 

26 

35 

1.0048 

10.278 

25 

36 

1.0048 

10.248 

24 

37 

1.0048 

10.217 

23 

38 

1.0049 

10.187 

22 

39 

1.0049 

10.157 

21 

40 

1.0049 

10.128. 

20 

41 

1.0049 

10.098 

19 

42 

1.0050 

10.068 

18 

43 

1.0050 

10.039 

17 

44 

1.0050 

10.010 

16 

45 

1.0051 

9.9812 

15 

46 

1.0051 

9.9525 

14 

47 

1.0051 

9.9239 

13 

48 

1.0051 

9 . 8955 

12 

49 

1.0052 

9.8672 

11 

50 

1.0052 

9.8391 

10 

51 

1 . 0052 

9.8112 

9 

52 

1.0053 

9.7834 

8 

53 

1.0053 

9.7558 

7 

54 

1.0053 

9.7283 

6 

55 

1.0054 

9.7010 

5 

56 

1.0054 

9.6739 

4 

57 

1.0054 

9.6469 

3 

58 

1.0054 

9.6200 

2 

59 

1.0055 

9 . 5933 

1 

60 

1.0055 

9.5668 

0 

/ 

Csc 

Sec 

/ 

93°  (273°) 


(266°)  86°       94°  (274°) 


(265°)  85°       95°  (275°) 


(264°)  84c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
6°  (186°)  (353°)  173°       7°  (187°)  (352°)  172°       8°  (188°)  (351°)  171 


/ 

Sec 

Csc 

/ 

0 

1.0055 

9.5668 

60 

1 

1 . 0055 

9 . 5404 

59 

2 

1 . 0056 

9.5141 

58 

3 

1 . 0056 

9.4880 

57 

4 

1 . 0056 

9.4620 

56 

5 

1.0057 

9.4362 

55 

6 

1 . 0057 

9.4105 

54 

7 

1 . 0057 

9 . 3850 

53 

8 

1.0058 

9.3596 

52 

9 

1.0058 

9.3343 

51 

10 

1.0058 

9.3092 

50 

11 

1.0059 

9.2842 

49 

12 

1 .  0059 

9.2593 

48 

13 

1.0059 

9.2346 

47 

14 

1.0059 

9.2100 

46 

15 

1.0060 

9.1855 

45 

16 

1.0060 

9.1612 

44 

17 

1.0060 

9.1370 

43 

18 

1.0061 

9.1129 

42 

19 

1.0061 

9.0890 

41 

20 

1.0061 

9.0652 

40 

21 

1.0062 

9.0415 

39 

22 

1.0062 

9.0179 

38 

23 

1.0062 

8.9944 

37 

24 

1.0063 

8.9711 

36 

25 

1.0063 

8.9479 

35 

26 

1.0063 

8.9248 

34 

27 

1.0004 

8.9019 

33 

28 

1.0064 

8.8790 

32 

29 

1.0064 

8.8563 

31 

30 

1.0065 

8.8337 

30 

31 

1.0065 

8.8112 

29 

32 

1.0065 

8.7888 

28 

33 

1 . 0006 

8.7665 

27 

34 

1.0006 

8.7444 

26 

35 

1.0066 

8.7223 

25 

36 

1.0067 

8.7004 

24 

37 

1 . 0067 

8.6786 

23 

38 

1.0007 

8.6569 

22 

39 

1.0068 

8.6353 

21 

40 

1.0068 

8.6138 

20 

41 

1.0068 

8.5924 

19 

42 

1 . 0069 

8.5711 

18 

43 

1 . 0009 

8.5500 

17 

44 

1.0069 

8.5289 

16 

45 

1.0070 

8.5079 

15 

46 

1.0070 

8.4871 

14 

47 

1.0070 

8.4663 

13 

48 

1.0071 

8.4457 

12 

.49 

1.0071 

8.4251 

11 

50 

1.0072 

8.4047 

10 

51 

1.0072 

8.3843 

9 

52 

1.0072 

8.3641 

8 

53 

1.0073 

8.3439 

7 

54 

1.0073 

8.3238 

6 

55 

1.0073. 

8.3039 

5 

56 

1.0074 

8.2840 

4 

57 

1.0074 

8.2642 

3 

58 

1.0074- 

8.2446 

2- 

59 

1.0075 

8.2250 

1 

60 

1.0075 

8.2055 

0 

/ 

Csc 

Sec 

t 

> 

Sec 

Csc 

/ 

0 

1.0075 

8.2055 

60 

1 

1.0075 

8.1861 

59 

2 

1.0076 

8 . 1 668 

58 

3 

1.0076 

8.1476 

57 

4 

1.0077 

8.1285 

56 

5 

1.0077 

8.1095 

55 

6 

1.0077 

8.0905 

54 

7 

1.0078 

8.0717 

53 

8 

1 . 0078 

8.0529 

52 

9 

1 . 0078 

8.0342 

51 

10 

1.0079 

8.0156 

50 

11 

1.0079 

7.9971 

49 

12 

1.0079 

7.9787 

48 

13 

1.0080 

7 . 9604 

47 

14 

1.0080 

7.9422 

46 

15 

1.0081 

7.9240 

45 

16 

1.0081 

7.9059 

44 

17 

1.00S1 

7.8879 

43 

18 

1 . 0082 

7.8700 

42 

19 

1.0082 

7.8522 

41 

20 

1.00S2 

7.8344 

40 

21 

1 . 0083 

7.8168 

39 

22 

1 .0083 

7 . 7992 

38 

23 

1 . 00S4 

7.7817 

37 

24 

1.0084 

7.7642 

36 

25 

1.0084 

7 . 7469 

35 

26 

1.0085 

7.7296 

34 

27 

1 . 0085 

7.7124 

33 

28 

1 . 0086 

7 . 6953 

32 

29 

1 . 0086 

7.(i7s:j 

31 

30 

1.0086 

7.6613 

30 

31 

1 . 0087 

7.6444 

29 

32 

1.0087 

7.6276 

28 

33 

1 . 0087 

7.6109 

27 

34 

1 . 0088 

7 . 5942 

26 

35 

1.0088 

7.5776 

25 

36 

1.0089 

7.5611 

24 

37 

1 . 0089 

7 . 5446 

23 

38 

1 . 0089 

7 . 5282 

22 

39 

1.0090 

7.5119 

21 

40 

1.0090 

7.4957 

20 

41 

1.0091 

7.4795 

19 

42 

1.0091 

7.4635 

18 

43 

1.0091 

7.4474 

17 

44 

1.0092 

7.4315 

16 

45 

1.0092 

7.4156 

15 

46 

1.0093 

7 . 3998 

14 

47 

1.0093 

7.3840 

13 

48 

1.0093 

7.3684 

12 

49 

1.0094 

7.3527 

11 

50 

1.0094 

7.3372 

10 

51 

1.0095 

7.3217 

9 

52 

1.0095 

7.3063 

8 

53 

1.0095 

7 . 2909 

7 

54 

1.0096 

7.2757 

6 

55 

1.0096 

7.2604 

5 

56 

1.0097 

7.2453 

4 

57, 

1.0097 

7.2302 

3 

58 

1.0097 

7.2152 

2 

59 

1.0098 

7.2002 

1 

60 

1.0098 

7.1853 

0 

/ 

Csc 

Sec 

/ 

r 

Sec 

Csc 

/ 

0 

1.0098 

7.1853 

60 

1 

1.0099 

7.1705 

59 

2 

1.0099 

7.1557 

58 

3 

1.0100 

7.1410 

57 

4 

1.0100 

7.1263 

56 

5 

1.0100 

7.1117 

55 

6 

1.0101 

7.0972 

54 

7 

1.0101 

7.0827 

53 

8 

1.0102 

7.0683 

52 

9 

1.0102 

7.0539 

51 

10 

1.0102 

7.0396 

50 

11 

1.0103 

7.0254 

49 

12 

1.0103 

7.0112 

48 

13 

1.0104 

6.9971 

47 

14 

1.0104 

6.9830 

46 

15 

1.0105 

6.9690 

45 

16 

1.0105 

6.9550 

44 

17 

1.0105 

6.9411 

43 

18 

1.0106 

6.9273 

42 

19 

1.0106 

6.9135 

41 

20 

1.0107 

6.8998 

40 

21 

1.0107 

6.8861 

39 

22 

1.0108 

6.8725 

38 

23 

1.0108 

6 . 8589 

37 

24 

1.0108 

6.8454 

36 

25 

1.0109 

6.8320 

35 

26 

1.0109 

6.8186 

34 

27 

1.0110 

6 . 8052 

33 

28 

1.0110 

6.7919 

32 

29 

1.0111 

6.7787 

31 

30 

1.0111 

6.7655 

30 

31 

1.0112 

6.7523 

29 

32 

1.0112 

6.7392 

2S 

33 

1.0112 

6.7262 

27 

34 

1.0113 

6.7132 

26 

35 

1.0113 

6.7003 

25 

36 

1.0114 

6.6874 

24 

37 

1.0114 

6.6745 

23 

38 

1.0115 

6.6618 

22 

39 

1.0115 

6.6490 

21 

40 

1.0116 

6.6363 

20 

41 

1.0116 

6.6237 

19 

42 

1.0116 

6.6111 

18 

43 

1.0117 

6.5986 

17 

44 

1.0117 

6.5861 

16 

45 

1.0118 

6.5736 

15 

46 

1.0118 

6.5612 

14 

47 

1.0119 

6 . 5489 

13 

48 

1.0119 

6 . 5366 

12 

49 

1.0120 

6.5243 

11 

50 

1.0120 

6.5121 

10 

51 

1.0120 

.  6.4999 

9 

52 

1.0121 

6.4878 

8 

53 

1.0121 

6.4757 

7 

54 

1.0122 

6.4637 

6 

55 

1.0122 

6.4517 

5 

56 

1.0123 

6.4398 

4 

57 

1.0123 

6.4279 

3 

58 

1.0124 

6.4160 

2 

59 

1.0124 

6.4042 

1 

60 

1.0125 

6.3925 

0 

/ 

Csc 

Sec    ► 

/ 

96°  (276°) 


(263°)  83°       97°  (277°) 


(262°)  82°       98°  (278°) 


(261°)  81° 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

9°  (189°)  (350°)  170°       10°  (190°)  (349°)  169°       11°  (191°)  (348°)168e 


/ 

0 

Sec 

Csc 

f 

1.0125 

6.3925 

60 

1 

1.0125 

6.3807 

59 

2 

1.0126 

6.3691 

58 

3 

1.0126 

6.3574 

57 

4 

1.0127 

6.3458 

56 

5 

1.0127 

6.3343 

55 

6 

1.0127 

6.3228 

54 

7 

1.0128 

6.3113 

53 

8 

1.0128 

6.2999 

52 

9 

1.0129 

6.2885 

51 

10 

1.0129 

6.2772 

50 

11 

1.0130 

6.2659 

49 

12 

1.0130 

6.2546 

48 

13 

1.0131 

6 . 2434 

47 

14 

1.0131 

6.2323 

46 

15 

1.0132 

6.2211 

45 

16 

1.0132 

6.2100 

44 

17 

1.0133 

6.1990 

43 

18 

1.0133 

6.1880 

42 

IP 

1.0134 

6.1770 

41 

20 

1.0134 

6.1661 

40 

21 

1.0135 

6.1552 

39 

22 

1.0135 

6.1443 

38 

23 

1.0136 

6.1335 

37 

24 

1.0136 

6.1227 

36 

25 

1.0137 

6.1120 

35 

26 

1.0137 

6.1013 

34 

27 

1.0138 

6.0906 

33 

28 

1.0138 

6.0800 

32 

29 

1.0139 

6.0694 

31 

30 

1.0139 

6.0589 

30 

31 

1.0140 

6.0483 

29 

32 

1.0140 

6.0379 

28 

33 

1.0141 

6.0274 

27 

34 

1.0141 

6.0170 

26 

35 

1.0142 

6.0067 

25 

36 

1.0142 

5.9963 

24 

37 

1.0143 

5.9860 

23 

38 

1.0143 

5.9758 

22 

39 

1.0144 

5.9656 

21 

40 

1.0144 

5.9554 

20 

41 

1.0145 

5.9452 

19 

42 

1.0145 

5.9351 

18 

43 

1.0146 

5.9250 

17 

44 

1.0146 

5.9150 

16 

45 

1.0147 

5.9049 

15 

46 

1.0147 

5.8950 

14 

47 

1.0148 

5.8850 

13 

48 

1.0148 

5.8751 

12 

49 

1.0149 

5.8652 

11 

50 

1.0149 

5.8554 

10 

51 

1.0150 

5.8456 

9 

52 

1.0150 

5.8358 

8 

53 

1.0151 

5.8261 

7 

54 

1.0151 

5.8164 

6 

55 

1.0152 

5.8067 

5 

56 

1.0152 

5.7970 

4 

57 

1.0153 

5.7874 

3 

58 

1.0153 

5.7778 

2 

59 

1.0154 

5.7683 

1 

60 

1.0154 

5.7588 

0 

/ 

Csc 

Sec 

i 

t 

Sec 

Csc 

i 

t 

Sec 

Csc 

' 

0 

1.0154 

5.7588 

60 

0 

1.0187 

5.2408 

6C 

1 

1.0155 

5.7493 

59 

1 

1.0188 

5.2330 

59 

2 

1.0155 

5.7398 

58 

2 

1.0188 

5.2252 

58 

3 

1.0156 

5.7304 

57 

3 

1.0189 

5.2174 

57 

4 

1.0156 

5.7210 

56 

4 

1.0189 

5.2097 

56 

5 

1.0157 

5.7117 

55 

5 

1.0190 

5.2019 

55 

6 

1.0157 

5.7023 

54 

6 

1.0191 

5.1942 

54 

7 

1.0158 

5.6930 

53 

7 

1.0191 

5.1865 

53 

8 

1.0158 

5.6838 

52 

8 

1.0192 

5.1789 

52 

9' 

1.0159 

5.6745 

51 

9 

1.0192 

5.1712 

51 

10 

1.0160 

5.6653 

50 

10 

1.0193 

5.1636 

50 

11 

1.0160 

5.6562 

49 

11 

1.0194 

5.1560 

49 

12 

1.0161 

5.6470 

48 

12 

1.0194 

5.1484 

48 

13 

1.0161 

5.6379 

47 

13 

1.0195 

5.1409 

47 

14 

1.0162 

5.6288 

46 

14 

1.0195 

5.1333 

46 

15 

1.0162 

5.6198 

45 

15 

1.0196 

5.1258 

45 

16 

1.0163 

5.6107 

44 

16 

1.0197 

5.1183 

44 

17 

1.0163 

5.6017 

43 

17 

1.0197 

5.1109 

43 

18 

1.0164 

5.5928 

42 

18 

1.0198 

5.1034 

42 

19 

1.0164 

5.5838 

41 

19 

1.0198 

5.0960 

41 

20 

1.0165 

5.5749 

40 

20 

1.0199 

5.0886 

40 

21 

1.0165 

5 . 5660 

39 

21 

1.0199 

5.0813 

39 

22 

1.0166 

5.5572 

38 

22 

1.0200 

5.0739 

38 

23 

1.0166 

5.5484 

37 

23 

1.0201 

5.0666 

37 

24 

1.0167 

5.5396 

36 

24 

1.0201 

5.0593 

36 

25 

1.0168 

5.5308 

35 

25 

1.0202 

5.0520 

35 

26 

1.0168 

5.5221 

34 

26 

1.0202 

5.0447 

34 

27 

1.0169 

5.5134 

33 

27 

1.0203 

5.0375 

33 

28 

1.0169 

5.5047 

32 

28 

1.0204 

5.0302 

32 

29 

1.0170 

5.4960 

31 

29 

1.0204 

5.0230 

31 

30 

1.0170 

5.4874 

30 

30 

1.0205 

5.0159 

30 

31 

1.0171 

5.4788 

29 

31 

1.0205 

5.0087 

29 

32 

1.0171 

5.4702 

28 

32 

1.0206 

5.0016 

28 

33 

1.0172 

5.4617 

27 

33 

1.0207 

4.9944 

27 

34 

1.0173 

5.4532 

26 

34 

1.0207 

4.9873 

26 

35 

1.0173 

5.4447 

25 

35 

1.0208 

4.9803 

25 

36 

1.0174 

5.4362 

24 

36 

1.0209 

4.9732 

24 

37 

1.0174 

5.4278 

23 

37 

1.0209 

4.9662 

23 

38 

1.0175 

5.4194 

22 

38 

1.0210 

4.9591 

22 

39 

1.0175 

5.4110 

21 

39 

1.0210 

4.9521 

21 

40 

1.0176 

5.4026 

20 

40 

1.0211 

4.9452 

20 

41 

1.0176 

5.3943 

19 

41 

1.0212 

4.9382 

19 

42 

1.0177 

5.3860 

18 

42 

1.0212 

4.9313 

18 

43 

1.0178 

5.3777 

17 

43 

1.0213 

4.9244 

17 

44 

1.0178 

5.3695 

16 

44 

1.0213 

4.9175 

16 

45 

1.0179 

5.3612 

15 

45 

1.0214 

4.9106 

15 

46 

1.0179 

5.3530 

14 

46 

1.0215 

4.9037 

14 

47 

1.0180 

5.3449 

13 

47 

1.0215 

4 . 8969 

13 

48 

1.0180 

5.3367 

12 

48 

1.0216 

4.8901 

12 

49 

1.0181 

5.3286 

11 

49 

1.0217 

4 . 8833 

11 

50 

1.0181 

5.3205 

10 

50 

1.0217 

4.8765 

10 

51 

1.0182 

5.3124 

9 

51 

1.0218 

4.8697 

9 

52 

1.0183 

5.3044 

8 

52 

1.0218 

4 . 8630 

8 

53 

1.0183 

5.2963 

7 

53 

1.0219 

4.8563 

7 

54 

1.0184 

5.2883 

6 

54 

1.0220 

4.8496 

6 

55 

1.0184 

5.2804 

5 

55 

1.0220 

4.8429 

5 

56 

1.0185 

5.2724 

4 

56 

1.0221 

4.8362 

4 

57 

1.0185 

5.2645 

3 

57 

1.0222 

4.8296 

3 

58 

1.0186 

5.2566 

2 

58 

1 . 0222 

4.8229 

2 

59 

1.0187 

5.2487 

1 

59 

1.0223 

4.8163 

1 

60 

1.0187 

5.2408 

0 

60 

1.0223 

4.8097 

0 

/ 

Csc 

Sec 

i 

/ 

Csc 

Sec 

99°  (279°) 


(260°)  80°       100°  (280°) 


(259°)  79°       101°  (281°) 


(25S°)  7SC 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
12°  (192°)  (347°)  167°       13°  (193°)  (346°)  166°       14°  (194°)  (345°)  165° 


1 

Sec 

Csc 

/ 

/ 
0 

Sec 

Csc 

/ 

i 

Sec 

Csc 

' 

0 

1.0223 

4.8097 

60 

1.0263 

4.4454 

60 

0 

1.0306 

4.1336 

60 

1 

1.0224 

4.8032 

59 

1 

1.0264 

4.4398 

59 

1 

1.0307 

4.1287 

59 

2 

1.0225 

4.7966 

58 

2 

1.0264 

4.4342 

58 

2 

1.0308 

4.1239 

58 

3 

1.0225 

4.7901 

57 

3 

1.0265 

4.4287 

57 

3 

1.0308 

4.1191 

57 

4 

1.0226 

4.7836 

56 

4 

1.0266 

4.4231 

56 

4 

1.0309 

4.1144 

56 

5 

1.0227 

4.7771 

55 

5 

1.0266 

4.4176 

55 

5 

1.0310 

4.1096 

55 

6 

1.0227 

4.7706 

54 

6 

1.0267 

4.4121 

54 

6 

1.0311 

4 . 1048 

54 

7 

1.0228 

4.7641 

53 

7 

1 . 0268 

4.4066 

53 

7 

1.0311 

4.1001 

53 

8 

1.0228 

4.7577 

52 

8 

1.0269 

4.4011 

52 

8 

1.0312 

4.0954 

52 

9 

1.0229 

4.7512 

51 

9 

1.0269 

4.3956 

51 

9 

1.0313 

4.0906 

51 

10 

1.0230 

4.7448 

50 

10 

1.0270 

4.3901 

50 

10 

1.0314 

4.0859 

50 

11 

1.0230 

4.7384 

49 

11 

1.0271 

4.3847 

49 

11 

1.0314 

4.0812 

49 

12 

1.0231 

4.7321 

48 

12 

1.0271 

4.3792 

48 

12 

1.0315 

4.0765 

48 

13 

1 . 0232 

4.7257 

47 

13 

1.0272 

4.3738 

47 

13 

1.0316 

4.0718 

47 

14 

1.0232 

4.7194 

46 

14 

1.0273 

4.3684 

46 

14 

1.0317 

4.0672 

46 

15 

1.0233 

4.7130 

45 

15 

1.0273 

4 : 3630 

45 

15 

1.0317 

4.0625 

45 

16 

1.0234 

4.7067 

44 

16 

1 . 0274 

4.3576 

44 

16 

1.0318 

4.0579 

44 

17 

1.0234 

4.7004 

43 

17 

1.0275 

4.3522 

43 

17 

1.0319 

4.0532 

43 

18 

1.0235 

4.6942 

42 

18 

1.0276 

4.3469 

42 

18 

1.0320 

4.04H6 

42 

19 

1.0236 

4.6879 

41 

19 

1.0276 

4.3415 

41 

19 

1.0321 

4.0440 

41 

20 

1.0236 

4.6817 

40 

20 

1.0277 

4.3362 

40 

20 

1.0321 

4.0394 

40 

21 

1.0237 

4.6755 

39 

21 

1.0278 

4 . 3309 

39 

21 

1.0322 

4.0348 

39 

22 

1.0238 

4.6693 

38 

22 

1.0278 

4.3256 

38 

22 

1.0323 

4.0302 

38 

23 

1.0238 

4.6631 

37 

23 

1.0279 

4.3203 

37 

23 

1.0324 

4.0256 

37 

24 

1 . 0239 

4.6569 

36 

24 

1.0280 

4.3150 

36 

24 

1.0324 

4.0211 

36 

25 

1.0240 

4.6507 

35 

25 

1.0281 

4 . 3098 

35 

25 

1.0325 

4.0165 

35 

26 

1.0240 

4.6446 

34 

26 

1.02bl 

4.3045 

34 

26 

1.0326 

4.0120 

34 

27 

1.0241 

4.6385 

33 

27 

1.0282 

4.2993 

"33 

27 

1.0327 

4.0075 

33 

28 

1.0241 

4.6324 

32 

28 

1.0283 

4.2941 

32 

28 

1.0327 

4.0029 

32 

29 

1.0242 

4.6263 

31 

29 

1.0283 

4.2889 

31 

29 

1.0328 

3.9984 

31 

30 

1.0243 

4.6202 

30 

30 

1.0284 

4.2837 

30 

30 

1.0329 

3.9939 

30 

31 

1.0243 

4.6142 

29 

31 

1.0285 

4.2785 

29 

31 

1.0330 

3.9894 

29 

32 

1.0244 

4.6081 

28 

32 

1.0286 

4.2733 

28 

32 

1.0331 

3.9850 

28 

33 

1.0245 

4.6021 

27 

33 

1.0286 

4.2681 

27 

33 

1.0331 

3.9805 

27 

34 

1.0245 

4.5961 

26 

34 

1.0287 

4.2630 

26 

34 

1.0332 

3.9760 

26 

35 

1.0246 

4.5901 

25 

35 

1.0288 

4.2579 

25 

35 

1.0333 

3.9716 

25 

36 

1.0247 

4.5841 

24 

36 

1.0288 

4.2527 

24 

36 

1.0334 

3.9672 

24 

37 

1.0247 

4.5782 

23 

37 

1.0289 

4.2476 

23 

37 

1.0334 

3.9627 

23 

38 

1.0248 

4.5722 

22 

38 

1.0290 

4.2425 

22 

38 

1.0335 

3.9583 

22 

39 

1.0249 

4 . 5663 

21 

39 

1.0291 

4.2375 

21 

39 

1.0336 

3.9539 

21 

40 

1.0249 

4.5604 

20 

40 

1.0291 

4.2324 

20 

40 

1.0337 

3.9495 

20 

41 

1.0250 

4.5545 

19 

41 

1.0292 

4.2273 

19 

41 

1.0338 

3.9451, 

19 

42 

1.0251 

4.5486 

18 

42 

1.0293 

4.2223 

18 

42 

1.0338 

3.9408 

18 

43 

1.0251 

4.5428 

17 

43 

1.0294 

4.2173 

17 

43 

1.0339 

3.9364 

17 

44 

1.0252 

4.5369 

16 

44 

1.0294 

4.2122 

16 

44 

1.0340 

3.9320 

16 

45 

1.0253 

4.5311 

15 

45 

1.0295 

4.2072 

15 

45 

1.0341 

3.9277 

15 

46 

1.0253 

4.5253 

14 

46 

1.0296 

4.2022 

14 

46 

1.0342 

3. $234 

14 

47 

1.0254 

4.5195 

13 

47 

1.0297 

4.1973 

13 

47 

1.0342 

3.9190 

13 

48 

1.0255 

4,. 5137 

12 

48 

1.0297 

4.1923 

12 

48 

1.0343 

3.9147 

12 

49 

1.0256 

4.5079 

11 

49 

1.0298 

4.1873 

11 

49 

1.0344 

3.9104 

11 

50 

1.0256 

4.5022 

10 

50 

1.0299 

4.1824 

10 

50 

1.0345 

3.9061 

10 

51 

1.0257 

4.4964 

9 

51 

1.0299 

4.177^4 

9 

51 

1.0346 

3.9018 

9 

52 

1.0258 

4.4907 

8 

52 

1.0300 

4.1725 

8 

52 

1.0346 

3.8976 

8 

53 

1.0258 

4.4850 

7 

53 

1.0301 

4.1676 

7 

53 

1.0347 

3.8933 

7 

54 

1.0259 

4.4793 

6 

54 

1.0302 

4.1627 

6 

54 

1.0348 

3.8890 

6 

55 

1.0260 

4.4736 

5 

55 

1.0302 

4 . 1578 

5 

55 

1.0349 

3,8848 

5 

56 

1 .  0260 

4.4679 

4 

56 

1.0303 

4.1529 

4 

56 

1.0350 

3.8806 

*t 

57 

1.0261 

4.4623 

3 

57 

1.0304 

4.1481 

3 

57 

1.0350 

3. '8763 

3 

58 

1.0262 

4.4566 

2 

58 

1.0305 

4.1432 

2 

58 

1.0351 

3.8721 

2 

59 

1.0262 

4.4510 

1 

59 

1.0305 

4.1384 

1 

59 

1.0352 

3.8679 

1 

60 
i 

1.0263 

4.4454 

0 

60 

1.0306 

4.1336 

0 

60 

1.0353 

3.8637 

0 

Csc 

Sec 

/ 

/ 

Csc 

Sec 

/ 

i 

Csc 

Sec 

102°  (282°) 


(257°)  77°       1 03°  (283°) 


(256°)  76°       104°  (284°) 


(255°)  75c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

15°  (195°)  (344°)  164°        16°  (190°)  (343°)  163°        17°  (197°)  (342°)162c 


t 

Sec 

Csc 

/ 

0 

1.0457 

3.4203 

60 

1 

1.0458 

3.4171 

59 

2 

1.0459 

3.4138 

58 

3 

1.0460 

3.4106 

57 

4 

1.0461 

3.4073 

56 

5 

1.0462 

3.4041 

55 

6 

1.0463 

3 . 4009 

54 

7 

1.0463 

3.3977 

53 

8 

1.0464 

3.3945 

52 

9 

1.0465 

3.3913 

51 

10 

1.0466 

3.3881 

50 

11 

1.0467 

3.3849 

49 

12 

1.0468 

3.3817 

48 

13 

1.0469 

3.3785 

47 

14 

1.0470 

3.3754 

46 

15 

1.0471 

3.3722 

45 

16 

1.0472 

3.3691 

44 

17 

1.0473 

3 . 3659 

43 

18 

1.0474 

3 . 362S 

42 

19 

1.0475 

3.3596 

41 

20 

1.0476 

3.3565 

40 

21 

1.0477 

3.3534 

39 

22 

1.0478 

3 . 3502 

38 

23 

1.0479 

3.3471 

37 

24 

1.0480 

3.3440 

36 

25 

1.0480 

3.3409 

35 

26 

1.0481 

3.3378 

34 

27 

1.0482 

3.3347 

33 

28 

1.0483 

3.3317 

32 

29 

1.0484 

3.3286 

31 

30 

1.0485 

3.3255 

30 

31 

1.04 SO 

3.3224 

29 

32 

1.0487 

3.3194 

28 

33 

1.04S8 

3.3163 

27 

34 

1.0489 

3.3133 

26 

35 

1.0490 

3.3102 

25 

36 

1.0491 

3.3072 

24 

37 

1.0492 

3.3042 

23 

38 

1.0493 

3.3012 

22 

39 

1.0494 

3.2981 

21 

40 

1.0495 

3.2951 

20 

41 

1.0496 

3.2921 

19 

42 

1.0497 

3.2891 

18 

43 

1.0498 

3.2861 

17 

44 

1.0499 

3.2831 

16 

45 

1.0500 

3.2801 

15 

46 

1.0501 

3.2772 

14 

47 

1.0502 

3.2742 

13 

48 

1.0503 

3.2712 

12 

49 

1.0504 

3.2683 

11 

50 

1.0505 

3.2653 

10 

51 

1.0500 

3.2624 

9 

52 

1 . 0507 

3.2594 

8 

53 

1.0508 

3.2565 

7 

54 

1.0509 

3.2535 

6 

55 

1.0510 

3.2506 

5 

56 

1.0511 

3.2477 

4 

57 

1.0512 

3.2448 

3 

58 

1.0513 

3.2419 

2 

59 

1.0514 

3.2390 

1 

60 

1.0515 

3.2361 

0 

/ 

Csc 

Sec 

/ 

105°  (285°> 


(254°)  74°        106°  (286°) 


(253°)  73°       107°  (287°) 


(252°)  72° 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
18°  (198°)  (341°)  161°       19°  (199°)  (340°)  160°       20°  (200°)  (339°)  159c 


/ 
0 

Sec 

Csc 

/ 

1.0515 

3.2361 

60 

1 

1.0516 

3.2332 

59 

2 

1.0517 

3.2303 

58 

3 

1.0518 

3.2274 

57 

4 

1.0519 

3.2245 

56 

5 

1.0520 

3.2217 

55 

6 

1.0521 

3.2188 

54 

7 

1.0522 

3.2159 

53 

8 

1.0523 

3.2131 

52 

9 

1.0524 

3.2102 

51 

10 

1.0525 

3.2074 

50 

11 

1.0526 

3.2045 

49 

12 

1.0527 

3.2017 

48 

13 

1.0528 

3.1989 

47 

14 

1.0529 

3.1960 

46 

15 

1.0530 

3.1932 

45 

16 

1.0531 

3.1904 

44 

17 

1 . 0532 

3.1876 

43 

18 

1.0533 

3.1848 

42 

19 

1.0534 

3.1820 

41 

20 

1.0535 

3.1792 

40 

21 

1.0536 

3.1764 

39 

22 

1.0537 

3.1736 

38 

23 

1.0538 

3.1708 

37 

24 

1 .  0539 

3.1681 

36 

25 

1.0540 

3.1653 

35 

20 

1.0541 

3.1625 

34 

27 

1.0542 

3.1598 

33 

2S 

1.0543 

3.1570 

32 

29 

1.0544 

3.1543 

31 

30 

1.0545 

3.1515 

30 

31 

1.0546 

3.1488 

29 

32 

1.0547 

3.1461 

28 

33 

1.0548 

3.1433 

27 

34 

1.0549 

3.1406 

26 

35 

1.0550 

3.1379 

25 

3G 

1.0551 

3.1352 

24 

37 

1.0552 

3.1325 

23 

38 

1.0553 

3.1298 

22 

39 

1.0554 

3.1271 

21 

40 

1.0555 

3.1244 

20 

41 

1.0556 

3.1217 

19 

42 

1 . 0557 

3.1190 

IS 

43 

1.0558 

3.1163 

17 

44 

1.0559 

3.1137 

16 

45 

1.0560 

3.1110 

15 

46 

1.0561 

3.10X3 

14 

47 

1 .  0563 

3.1057 

13 

48 

1 .  0564 

3.1030 

12 

49 

1.0565 

3.1004 

11 

50 

1.0566 

3.0977 

10 

51 

1.0567 

3.0951 

9 

52 

1 .  0568 

3 . 0925 

8 

53 

1.0569 

3.0X98 

7 

54 

1.0570 

3.0872 

6 

55 

1.0571 

3.0846 

5 

56 

i.0572 

3.0820 

4 

57 

1.0573 

3.0794 

3 

58 

1.0574 

3.0768 

2 

59 

1.0575 

3.0742 

1 

60 

1.0576 

3.0716 

0 

i 

Csc 

Sec 

/ 

/ 
0 

Sec 

Csc 

/ 

1.0576 

3.0716 

60 

1 

1.0577 

3 . 0690 

59 

2 

1.0578 

3.0604 

58 

3 

1.0579 

3 . 0638 

57 

4 

1.0580 

3.0012 

56 

5 

1.0582 

3.0586 

55 

6 

1.0583 

3.0561 

54 

7 

1.0584 

3.0535 

53 

8 

1.0585 

3 . 0509 

52 

9 

1.0586 

3.0484 

51 

10 

1.0587 

3.0458 

50 

11 

1.0588 

3.0433 

49 

12 

1.0589 

3.0407 

48 

13 

1 . 0590 

3.0382 

47 

14 

1.0591 

3.0357 

46 

15 

1.0592 

3.0331 

45 

16 

1 . 0593 

3 . 0300 

44 

17 

1 . 0594 

3.02X1 

43 

18 

1 . 0595 

3 . 025G 

42 

19 

1.0597 

3.0231 

41 

20 

1.0598 

3.0200 

40 

21 

1 . 0599 

3.0181 

39 

22 

1.0600 

3.0150 

38 

23 

1.0G01 

3.0131 

37 

24 

1.0602 

3.0100 

36 

25 

1.0603 

3.00X1 

35 

26 

1.0604 

3 . 0056 

34 

27 

1.0605 

3.00:51 

33 

28 

1.0606 

3 . 0007 

32 

29 

1.0607 

2.9982 

31 

30 

1.0608 

2.9957 

30 

31 

1.0610 

2.9933 

29 

32 

1.0611 

2. 9U0S 

28 

33 

1.0612 

2. 9884 

27 

34 

1.0613 

2.9S59 

26 

35 

1.0614 

2.9S35 

25 

36 

1.0615 

2.9811 

24 

37 

1.0016 

2.97X0 

23 

3S 

1.0617 

2.9702 

22 

39 

1.0618 

2.9738 

21 

40 

1.0619 

2.9713 

20 

41 

1.0621 

2 . 9089 

19 

42 

1 . 0622 

2 . 9005 

18 

43 

1.0623 

2.9G41 

17 

44 

1.0624 

2.9017 

16 

45 

1.0625 

2.9593 

15 

46 

1.0626 

2 . 9509 

14 

47 

1.0627 

2 . 9545 

13 

48 

1 . 0628 

2.9521 

12 

49 

1.0629 

2.9498 

11 

50 

1.0631 

2.9474 

10 

51 

1 . 0632 

2.9450 

9 

52 

1.0633 

2.9426 

8 

53 

1.0634 

2 . 9403 

7 

54 

1.0635 

2.9379 

6 

55 

1.0636 

2.9355 

5 

56 

1.0637 

2 . 9332 

4 

57 

1.0638 

2 . 9308 

3 

58 

1 . 0640 

2.92X5 

2 

59 

1.0641 

2.9261 

1 

60 

1.0642 

2.9238 

0 

/ 

Csc 

Sec 

r 

i 

Sec 

Csc 

t 

0 

1.0642 

2.9238 

60 

1 

1.0643 

2.9215 

59 

2 

1.0644 

2.9191 

58 

3 

1.0645 

2.916S 

57 

4 

1.0646 

2.9145 

5G 

5 

1.0647 

2.9122 

55 

6 

1.0649 

2.9099 

54 

7 

1.0650 

2.9075 

53 

8 

1.0651 

2.9052 

52 

9 

1.0652 

2.9029 

51 

10 

1 .0653 

2.9006 

50 

11 

1.0654 

2.8983 

49 

12 

1.0655 

2.8960 

48 

13 

1.0657 

2.8938 

47 

14 

1.0658 

2.8915 

40 

15 

1.0659 

2.8S92 

45 

16 

1.0660 

2.8869 

44 

17 

1.0661 

2.8846 

43 

18 

1.0662 

2.8824 

42 

19 

1.0003 

2. 8801 

41 

20 

1.0665 

2.8779 

40 

21 

1.0000 

2.8756 

39 

22 

1.0007 

2.8733 

38 

23 

1.0GG8 

2.8711 

37 

24 

1.0GG9 

2.8688 

3G 

25 

1.0G70 

2 . 8666 

35 

20 

1.0071 

2.SG44 

34 

27 

1.0G73 

2.8G21 

33 

28 

1.0074 

2.8599 

32 

29 

1.0G75 

2.8577 

31 

30 

1.0076 

2.8555 

30 

31 

1.0677 

2.S532 

29 

32 

1.0078 

2.8510 

28 

33 

1.0G80 

2.8488 

27 

34 

1.0GS1 

2.8466 

26 

35 

1.0GS2 

2.8444 

25 

30 

1.0GS3 

2.8422 

24 

37 

1.0GS4 

2.8400 

23 

38 

1.00X5 

2.S37S 

22 

39 

1.0GX7 

2.8356 

21 

40 

1.0G88 

2.8334 

20 

41 

1.0089 

2.8312 

19 

42 

1.0090 

2.8291 

18 

43 

1.0091 

2 . 8269 

17 

44 

1.0G92 

2.8247 

16 

45 

1.0G94 

2.8225 

15 

40 

1.0695 

2.8204 

14 

47 

1.0696 

2.8182 

13 

48 

1.0697 

2.8161 

12 

49 

1.0698 

2.8139 

11 

50 

1.0700 

2.8117 

10 

51 

1.0701 

2 . 8090 

9 

52 

1.0702 

2. 807 5 

8 

53 

1.0703 

2.8053 

7 

54 

1.0704 

2 . 8032 

6 

55 

1.0705 

2.8010 

5 

50 

1.0707 

2 . 7989 

4 

57 

1.0708 

2.7908 

3 

58 

1.0709 

2.7947 

2 

59 

1.0710 

2.7925 

1 

60 

1.0711 

2.7904 

0 

/ 

/ 

Csc 

Sec 

108°  (288°) 


(251°)  71°        109°  (289°) 


(250°)  70°        110°  (290°) 


(249°)  69c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
21°  (201°)  (338°)  158°       22°  (202°)  (337°)  157°       23°  (203°)  (336°)  156c 


/ 

Sec 

Csc 

60 

0 

1.0711 

2.7904 

1 

1.0713 

2.7883 

59 

2 

1.0714 

2.7862 

58 

3 

1.0715 

2.7841 

57 

4 

1.0716 

2.7820 

56 

5 

1.0717 

2.7799 

55 

6 

1.0719 

2.7778 

54 

7 

1.0720 

2.7757 

53 

8 

1.0721 

2.7736 

52 

9 

1.0722 

2.7715 

51 

10 

1.0723 

2.7695 

50 

11 

1.0725 

2.7674 

49 

12 

1.0726 

2.7653 

48 

13 

1.0727 

2.7632 

47 

14 

1.0728 

2.7612 

46 

15 

1.0730 

2.7591 

45 

16 

1.0731 

2.7570 

44 

17 

1.0732 

2.7550 

43 

18 

1.0733 

2.7529 

42 

19 

1.0734 

2.7509 

41 

20 

1.0736 

2.7488 

40 

21 

1.0737 

2.7468 

39 

22 

1.0738 

2.7447 

38 

23 

1.0739 

2.7427 

37 

24 

1.0740 

2.7407 

36 

25 

1.0742 

2.7386 

35 

20 

1.0743 

2.7366 

31 

27 

1.0744 

2.7346 

33 

28 

1.0745 

2.7325 

32 

29 

1.0747 

2.7305 

31 

30 

1.0748 

2.7285 

30 

31 

1.0749 

2.7265 

29 

32 

1.0750 

2.7245 

28 

33 

1.0752 

2.7225 

27 

34 

1.0753 

2.7205 

26 

35 

1.0754 

2.7185 

25 

36 

1.0755 

2.7165 

24 

37 

1.0757 

2.7145 

23 

38 

1.0758 

2.7125 

22 

39 

1.0759 

2.7105 

21 

40 

1.0760 

2.70S5 

20 

41 

1.0761 

2.7065 

19 

42 

1.0763 

2.7046 

IS 

43 

1.0764 

2 . 7026 

17 

44 

1.0765 

2.7006 

16 

45 

1.0766 

2.6986 

15 

46 

1 . 0768 

2 . 6967 

14 

47 

1 . 0769 

2.6947 

13 

48 

1.0770 

2 . 6927 

12 

49 

1.0771 

2 . 6908 

11 

50 

1.0773 

2.6888 

10 

51 

1 . 0774 

2 . 6869 

9 

52 

1.0775 

2.6849 

8 

53 

1.0777 

2 . 6830 

7 

54 

1.0778 

2.6811 

6 

55 

1.0779 

2.6791 

5 

56 

1.0780 

2.6772 

4 

57 

1.07S2 

2.6752 

3 

58 

1.0783 

2.6733 

2 

59 

1.0784 

2.6714 

1 

60 

/ 

1.0785 

2.6695 

0 

Csc 

Sec 

/ 

t 

Sec 

Csc 

i 

0 

1.0785 

2.6695 

60 

1 

1.0787 

2.6675 

59 

2 

1.0788 

2.6656 

58 

3 

1.0789 

2.6637 

57 

4 

1.0790 

2.6618 

56 

5 

1.0792 

2.6599 

55 

6 

1.0793 

2 . 6580 

54 

7 

1.0794 

2.6561 

53 

8 

1.0796 

2.6542 

52 

9 

1.0797 

2.6523 

51 

10 

1.0798 

2.6504 

50 

11 

1.0799 

2.6485 

49 

12 

1.0801 

2.6466 

48 

13 

1.0802 

2.6447 

47 

14 

1.0803 

2.6429 

46 

15 

1.0804 

2.6410 

45 

16 

1.0806 

2.6391 

44 

17 

1.0807 

2.6372 

43 

18 

1.080S 

2 . 6354 

42 

19 

1.0810 

2.6335 

41 

20 

1.0811 

2.6316 

40 

21 

1.0812 

2.6298 

39 

22 

1.0814 

2.6279 

38 

23 

1.0815 

2.6260 

37 

24 

1.0816 

2.0242 

36 

25 

1.0817 

2.0223 

35 

26 

1.0819 

2.0205 

34 

27 

1.0S20 

2.0186 

33 

28 

1.0821 

2.6168 

32 

29 

1.0823 

2.6150 

31 

30 

1.0824 

2.6131 

30 

31 

1.0825 

2.6113 

29 

32 

1  ..0827 

2.6095 

28 

33 

1.0828 

2.6076 

27 

34 

1.0829 

2.6058 

26 

35 

1.0830 

2.6040 

25 

36 

1.0832 

2.0022 

24 

37 

1 . 0883 

2.0003 

23 

38 

1.0834 

2.5985 

22 

39 

1.0836 

2.5907 

21 

40 

1.0S37 

2.5949 

20 

41 

1.0838 

2.5931 

19 

42 

1.0840 

2.5913 

18 

43 

1.0841 

2 . 5895 

17 

44 

1.0842 

2.5877 

16 

45 

1.0844 

2.5859 

15 

46 

1.0845 

2.5841 

14 

47 

1 . 0S46 

2  5823 

13 

48 

1 . 0848 

2 . 5805 

12 

49 

1.0849 

2.5788 

11 

50 

1.0850 

2.5770 

10 

51 

1 . 0852 

2.5752 

9 

52 

1.0853 

2 . 5734 

8 

53 

1.0854 

2.5710 

7 

54 

1.0856 

2.5099 

6 

55 

1.0857 

2.5081 

5 

56 

1.0858 

2.5G03 

4 

57 

1.0800 

2 . 5040 

3 

58 

1.0861 

2 . 5028 

2 

59 

1.0862 

2.5011 

1 

60 

1.0864 

2.5593 

0 

' 

Csc 

Sec 

/ 

i 
0 

Sec 

Csc 

/ 

1.0804 

2.5593 

60 

1 

1.08G5 

2.5576 

59 

2 

1.0800 

2.5558 

58 

3 

1.0808 

2.5541 

57 

4 

1.0809 

2.5523 

50 

5 

1.0870 

2.5506 

55 

6 

1.0872 

2.5488 

54 

7 

1.0873 

2.5471 

53 

8 

1.0874 

2.5454 

52 

9 

1.0876 

2.5436 

51 

10 

1.0877 

2.5419 

50 

11 

1.0878 

2.5402 

49 

12 

1.0880 

2.5384 

48 

13 

1.0881 

2.5367 

47 

14 

1.0883 

2.5350 

40 

15 

1.0884 

2 . 5333 

45 

16 

1.0885 

2.5316 

44 

17 

1.0887 

2.5299 

43 

18 

1.0888 

2.5282 

42 

19 

1.0889 

2.5264 

41 

20 

1.0891 

2.5,247 

40 

21 

1.0802 

2.5230 

39 

22 

1.0893 

2.5213 

38 

23 

1.0895 

2.5190 

37 

24 

1.0896 

2.5180 

36 

25 

1.0898 

2.5103 

35 

26 

1.0809 

2.5140 

34 

27 

1.0900 

2.5129 

33 

28 

1.0902 

2.5112 

32 

29 

1.0903 

2.5095 

31 

30 

1.0904 

2.5078 

30 

31 

1.0906 

2 . 5002 

29 

32 

1.0907 

2.5045 

28 

33 

1.0909 

2.5028 

27 

34 

1.091.0 

2.5012 

26 

35 

1.0911 

2.4995 

25 

36 

1.0913 

2 . 4978 

24 

37 

1.0914 

2.4902 

23 

38 

1.0915 

2.4945 

22 

39 

1.0917 

2.4928 

21 

40 

1.0918 

2.4912 

20 

41 

1.0920 

2.4895 

19 

42 

1.0921 

2.4*79 

18 

43 

1.0922 

2.4S02 

17 

44 

1.0924 

2.4840 

16 

45 

1.0925 

2.4830 

15 

46 

1.0027 

2.4813 

14 

47 

1.0928 

2.4797 

13 

48 

1.0929 

2.4780 

12 

49 

1.0931 

2.4704 

11 

50 

1.0932 

2.4748 

10 

51 

1.0934 

2.4731 

9 

52 

1.0935 

2.4715 

8 

53 

1.0936 

2.4099 

7 

54 

1.0938 

2.4083 

6 

55 

1.0939 

2.4007 

5 

56 

1.0941 

2.4G50 

4 

57 

1.0942 

2.4034 

3 

58 

1.0944 

2.4018 

2 

59 

1.0945 

2.4002 

I 

60 

1.0946 

2.4580 

0 

/ 

Csc 

Sec 

/ 

111°  (291°) 


(248°)  68c 


1 1  2°  (292°)  (247°)  67° 

120 


1 1 3°  (293°) 


(246°)  66c 


"NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

'24°  C2040)  (335°)  1 55°       25°  (205°)  (334°)  1 54°       26°  (206°)  (333°)  1  53c 


Sec 


1.0946 
1.0948 
1.0949 
1.0951 
1.0952 

1 .  0953 
1 .  0955 
1.0956 

1 . 0958 

1 . 0959 

1.0961 
1.0962 
1.0963 
1.0965 
1.0966 

1.0968 
1.0969 
1.0971 
1.0972 
1.0974 

1.0975 
1.0976 
1.0978 
1.0979 
1.0981 

1.0982 
1.0984 
1.0985 
1.0987 
1.09S8 

1.0989 
1.0991 
1.0992 
1.0994 
1.0995 

1.0997 
1.0998 
1.1000 
1.1001 
1.1003 


Csc 


1004 
1006 
1007 
1009 
1010 

1011 
1013 
1014 
1016 
1017 

1019 
1020 
1022 
1023 
1025 

1026 
1028 
1029 
1031 
1032 


2.4586 
2.4570 
2.4554 
2.4538 
2.4522 

2.4506 
2.4490 
2.4474 

2.4458 
2.4442 

2.4426 
2.4411 
2.4395 
2.4379 
2.4363 

2.4348 
2.4332 
2.4316 
2.4300 
2.42S5 

2.4269 
2.4254 
2.4238 
2.4222 
2.4207 

2.4191 
2.4170 
2.4100 
2.4145 
2.4130 

2.4114 
2.4099 
2.40S3 
2.4068 
2.4053 


1.1034 


Csc 


2.403S 
2.4022 
2.4007 
2 . 3992 
2.3977 

2.3961 
2.3946 
2.3931 
2.3916 
2.3901 

2 . 3S86 
2.3871 
2.3856 
2.3S41 
2.3826 

2.3811 
2.3790 
2.3781 
2.3766 
2.3751 

2 . 3736 
2.3721 
2.3706 
2.3092 
2.3077 

2.3GG2 


Sec 


60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 

48 
47 
40 

45 

44 
43 
42 
41 

40 

39 

38 
37 
30 

35 

34 
33 
32 
31 

30 

29 
28 
27 
20 

25 

24 
23 
22 
21 

20 

19 
18 
17 
10 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 


0 
1 
2 
3 
4 

5 
6 

7 
8 

g 

10 

n 

12 
13 
14 

15 

it; 

17 
is 
19 

20 
21 
22 
23 
24 

25 

26 
27 

28 
29 

30 

31 
32 
33 
34 

35 
36 

37 
38 
39 

40 

41 
42 
43 
44 

45 

46 
47 
48 
49 

50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 


Sec 


1 . 1034 
1.1035 
1.1037 
1.1038 
1.1040 

1.1041 
1.1043 
1 . 1044 
1.1046 
1.1047 

1 . 1049 

1 . 1050 

1 . 1052 

1 . 1053 

1 . 1055 

1 . 1056 
1.1058 
1 . 1059 
1.1061 

1.1062 

1.1064 
1.1060 
1 . 1007 
1 . 1009 
1.1070 

1.1072 
1.1073 
1 . 1075 
1.1070 
1.1078 

1.1079 
1 . 1081 

1.1 0S2 

1 . 1084 

1 . 1085 

1 . 1087 

1 . 1089 

1 . 1090 
1 . 1092 
1.1093 

1.1095 
1.1090 
1.1098 
1 . 1099 
1.1101 

1.1102 
1.1104 
1.1100 
1.1107 
1.1109 

1.1110 
1.1112 
1.1113 
1.1115 
1.1117 

1.1118 
1.1120 
1.1121 
1.1123 
1.1124 

1.1120 


Csc 


Csc 


2 . 3002 
2.3047 
2 . 3033 
2.3018 
2.3003 

2.3588 
2 . 3574 
2 . 3559 
2.3545 
2.3530 

2.3515 
2 . 3501 
2 . 3480 
2.3472 
2.3457 

2.3443 

2.3428 
2.3414 
2.3400 
2 . 33S5 

2.3371 

2.3350 
2.3342 
2.3328 
2.3314 

2.3299 
2 . 3285 
2.3271 
2 . 3257 
2.3242 

2 . 3228 
2.3214 
2.3200 
2.3180 
2.3172 

2.3158 
2.3144 
2.3130 
2.3115 
2.3101 

2.30S8 
2 . 3074 
2.3000 
2 . 3040 
2.3032 

2.3018 
2.3004 
2.2990 
2.2970 
2.2962 

2.2949 
2.2935 
2.2921 
2 . 2907 
2.2894 

2 . 2SS0 
2.2800 
2.2S53 
2.2839 
2.2825 

2.2S12 


Sec 


60 

59 
58 
57 
56 

55 

54 
53 
52 
51 

50 

49 
48 
47 
46 

45 

44 
43 
42 
41 

40 

39 
38 
37 
36 

35 

34 
33 
32 
31 

30 

29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 
8 
7 
6 

5 

4 
3 

2 

1 


/ 

Sec 

Csc 

/ 

0 

1.1120 

2.2812 

60 

1 

1.1128 

2.2798 

59 

2 

1.1129 

2 . 2785 

58 

3 

1.1131 

2.2771 

57 

4 

1.1132 

2.2757 

56 

5 

1.1134 

2 . 2744 

55 

6 

1.1130 

2 . 2730 

54 

7 

1.1137 

2.2717 

53 

8 

1.1139 

2 . 2703 

52 

9 

1.1140 

2 . 2690 

51 

10 

1.1142 

2.2677 

50 

11 

1.1143 

2.2003 

49 

12 

1.1145 

2.2650 

48 

13 

1.1147 

2 .  2030 

47 

14 

1.1148 

2.2623 

46 

15 

1.1150 

2.2610 

45 

10 

1.1151 

2.2596 

44 

17 

1.1153 

2 . 25S3 

43 

18 

1.1155 

2 . 2570 

42 

19 

1.1156 

2.2556 

41 

20 

1.1158 

2.2543 

40 

21 

1.1159 

2.2530 

39 

22 

1.1161 

2.2517 

38 

23 

1.1163 

2.2504 

37 

24 

1.1164 

2.2490 

36 

25 

1.1166 

2.2477 

35 

20 

1.1168 

2.2464 

34 

27 

1.1169 

2.2451 

33 

28 

1.1171 

2.2438 

32 

29 

1.1172 

2.2425 

31 

30 

1.1174 

2.2412 

30 

31 

1.1176 

2 . 2399 

29 

32 

1.1177 

2.2385 

28 

33 

1.1179 

2.2372 

27 

34 

1.1180 

2.2359 

26 

35 

1.1182 

2 . 2346 

25 

30 

1.1 1S4 

2.2333 

24 

37 

1.1185 

2.2320 

23 

38 

1.1187 

2  2308 

22 

39 

1.1189 

2.2295 

21 

40 

1.1190 

2.2282 

20 

41 

1.1192 

2 . 2209 

19 

42 

1.1194 

2.2256 

18 

43 

1.1195 

2.2243 

17 

44 

1.1197 

2.2230 

16 

45 

1.1198 

2.2217 

15 

40 

1.1200 

2.2205 

14 

47 

1 . 1202 

2.2192 

13 

48 

1 . 1203 

2.2179 

12 

49 

1 . 1205 

2.2106 

11 

50 

1.1207 

2.2153 

10 

51 

1.1208 

2.2141 

<j 

52 

1.1210 

2  2128 

s 

53 

1.1212 

2.' 21 15 

7 

54 

1.1213 

2.2103 

0 

55 

1.1215 

2.2090 

5 

50 

1.1217 

2.2077 

4 

57 

1.1218 

2.2005 

3 

58 

1.1220 

2 . 2052 

2 

59 

1.1222 

2 . 2039 

1 

60 

1.1223 

2.2027 

0 

/ 

Csc 

Sec 

/ 

(294°) 


(245°)  65c 


1 1  5°  (295°)  f244°)  64° 

121 


1 1  6°  (296°) 


(243°)  63c 


NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

27°  (207°)  (332°)  152°       28°  (208°)  (331°)  151°       29°  (209°)  (330)°  150° 


/ 

Sec 

Csc 

/ 
60 

/ 
0 

Sec 

Csc 

/ 

/ 

Sec 

Csc 

/ 

0 

1.1223 

2.2027 

1.1326 

2.1301 

60 

0 

1 . 1434 

2 . 0627 

60 

1 

1.1225 

2.2014 

59 

1 

1.1327 

2.1289 

59 

1 

1.1435 

2.0616 

59 

2 

1.1227 

2.2002 

58 

2 

1 . 1329 

2.1277 

58 

2 

1.1437 

2.0605 

58 

3 

1.1228 

2.1989 

57 

3 

1.1331 

2.1266 

57 

3 

1.1439 

2.0594 

57 

4 

1 . 1230 

2.1977 

56 

4 

1.1333 

2.1254 

56 

4 

1.1441 

2.0583 

56 

5 

1.1232 

2.1964 

55 

5 

1 . 1334 

2.1242 

55 

5 

1.1443 

2.0573 

55 

6 

1.1233 

2.1952 

54 

6 

1 . 1336 

2.1231 

54 

6 

1.1445 

2 . 0562 

54 

7 

1.1235 

2.1939 

53 

7 

1.1338 

2.1219 

53 

7 

1.1446 

2.0551 

53 

8 

1 . 1237 

2.1927 

52 

8 

1.1340 

2.1208 

52 

8 

1.1448 

2.0540 

52 

9 

1.1238 

2.1914 

51 

9 

1.1342 

2.1196 

51 

9 

1 . 1450 

2.0530 

51 

10 

1.1240 

2.1902 

50 

10 

1.1343 

2.1185 

50 

10 

1.1452 

2.0519 

50 

11 

1.1242 

2.1890 

49 

11 

1.1345 

2.1173 

49 

11 

1.1454 

2.0508 

49 

12 

1.1243 

2.1877 

48 

12 

1.1347 

2.1162 

48 

12 

1 . 1456 

2 . 0498 

48 

13 

1.1245 

2 . 1865 

47 

13 

1.1349 

2.1150 

47 

13 

1.1458 

2.0487 

47 

14 

1.1247 

2.1852 

46 

14 

1.1350 

2.1139 

46 

14 

1 . 1460 

2.0476 

46 

15 

1.1248 

2.1840 

45 

15 

1.1352 

2.1127 

45 

15 

1.1461 

2.0466 

45 

16 

1 . 1250 

2.1828 

44 

16 

1.1354 

2.1116 

44 

16 

1.1463 

2.0455 

44 

17 

1.1252 

2.1815 

43 

17 

1.1356 

2.1105 

43 

17 

1.1465 

2.0445 

43 

18 

1.1253 

2.1803 

42 

18 

1.1357 

2.1093 

42 

18 

1.1467 

2 . 0434 

42 

19 

1 . 1255 

2,1791 

41 

19 

1.1359 

2.1082 

41 

19 

1.1469 

2.0423 

41 

20 

1.1257 

2.1779 

40 

20 

1.1361 

2.1070 

40 

20 

1.1471 

2.0413 

40 

21 

1.1259 

2 . 1766 

39 

21 

1.1363 

2.1059 

39 

21 

1.1473 

2.0402 

39 

22 

1.1260 

2.1754 

38 

22 

1 . 1365 

2.1048 

38 

22 

1.1474 

2.0392 

38 

23 

1.1262 

2.1742 

37 

23 

1.1366 

2.1036 

37 

23 

1.1476 

2.0381 

37 

24 

1.1264 

2.1730 

36 

24 

1.1368 

2.1025 

36 

24 

1.1478 

2.0371 

36 

25 

1.1265 

2.1718 

35 

25 

1.1370 

2.1014 

35 

25 

1.1480 

2.0360 

35 

26 

1 . 1267 

2 .  1705 

34 

26 

1.1372 

2.1002 

34 

26 

1.1482 

2.0350 

34 

27 

1 . 1269 

2.1693 

33 

27 

1.1374 

2.0991 

33 

27 

1.1484 

2.0339 

33 

28 

1.1270 

2.1681 

32 

28 

1.1375 

2.0980 

32 

28 

1.1486 

2.0329 

32 

29 

1.1272 

2.1669 

31 

29 

1.1377 

2.0969 

31 

29 

1 . 1488 

2.0318 

31 

30 

1.1274 

2.1657 

30 

30 

1.1379 

2.0957 

30 

30 

1.1490 

2.0308 

30 

31 

1.1276 

2.1615 

29 

31 

1.1381 

2.0946 

29 

31 

1.1491 

2.0297 

29 

32 

1.1277 

2.1633 

28 

32 

1 . 1383 

2.0935 

28 

32 

1.1493 

2.0287 

28 

33 

1.1279 

2.1621 

27 

33 

1.1384 

2.0924 

27 

33 

1.1495 

2.0276 

27 

34 

1.1281 

2.1609 

26 

34 

1.1386 

2.0913 

26 

34 

1.1497 

2.0266 

20 

35 

1.1282 

2.1596 

25 

35 

1 . 1388 

2.0901 

25 

35 

1.1499 

2.0256 

25 

36 

1.1234 

2.1584 

24 

36 

1.1390 

2.0890 

24 

36 

1.1501 

2.0245 

24 

37 

1.1286 

2.1572 

23 

37 

1 . 1392 

2.0879 

23 

37 

1.1503 

2 . 0235 

23 

38 

1.12:58 

2.1560 

22 

38 

1.1393 

2.0868 

22 

38 

1.1505 

2 . 0225 

22 

39 

1.1289 

2.1549 

21 

39 

1.1395 

2.0857 

21 

39 

1 . 1507 

2.0214 

21 

40 

1.1291 

2.1537 

20 

40 

1.1397 

2.0846 

20 

40 

1.1509 

2.0204 

20 

41 

1.1293 

2.1525 

19 

41 

1 . 1399 

2.0835 

19 

41 

1.1510 

2.0194 

19 

42 

1.1294 

2.1513 

18 

42 

1.1401 

2 . 0824 

18 

42 

1.1512 

2.0183 

18 

43 

1.1296 

2.1501 

17 

43 

1.1402 

2.0813 

17 

43 

1.1514 

2.0173 

17 

44 

1 . 1298 

2.1489 

16 

44 

1 . 1404 

2.0802 

16 

44 

1.1516 

2.0163 

16 

45 

1 . 1300 

2.1477 

15 

45 

1.1406 

2.0791 

15 

45 

1.1518 

2.0152 

15 

46 

1.1301 

2.1465 

14 

46 

1 . 1408 

2.0779 

14 

46 

1.1520 

2.0142 

14 

47 

1 . 1303 

2.1453 

13 

47 

1.1410 

2.0768 

13 

47 

1.1522 

2.0132 

13 

48 

1.1305 

2.1441 

12 

48 

1.1412 

2 . 0757 

12 

48 

1.1524 

2.0122 

12 

49 

1 . 1307 

2.1430 

11 

49 

1.1413 

2.0747 

11 

49 

1.1526 

2.0112 

11 

50 

1.1308 

2.1418 

10 

50 

1.1415 

2.0736 

10 

50 

1.1528 

2.0101 

10 

51 

1.1310 

2.1406 

9 

51 

1.1417 

2.0725 

9 

51 

1.1530 

2.0091 

9 

52 

1.1312 

2.1394 

8 

52 

1.1419 

2.0714 

8 

52 

1.1532 

2.0081 

8 

53 

1.1313 

2.1382 

7 

53 

1.1421 

2.0703 

7 

53 

1.1533 

2.0071 

7 

54 

1.1315 

2.1371 

6 

54 

1.1423 

2.0692 

6 

5.4 

1.1535 

2.0061 

6 

55 

1.1317 

2.1359 

5 

55 

1 . 1424 

2.0681 

5 

55 

1.1537 

2.0051 

5 

56 

1.1319 

2.1347 

4 

56 

1 . 1426 

2.0670 

4 

56 

1 . 1539 

2.0040 

4 

57 

1 . 1320 

2.1336 

3 

57 

1.1428 

2.0659 

3 

57 

1.1541 

2.0030 

3 

58 

1.1322 

2.1324 

2 

58 

1 . 1430 

2.0648 

2 

58 

1.1543 

2.0020 

2 

59 

1 .  1324 

2.1312 

1 

59 

1 . 1432 

2.0637 

1 

59 

1 . 1545 

2.0010 

1 

60 

1.1326 

2.1301 

0 

60 

1.1434 

2.0627 

0 

60 

1.1547 

2.0000 

0 

./ 

Csc 

Sec 

/ 

/ 

Csc 

Sec 

/ 

/ 

Csc 

Sec 

/ 

117°  (297°) 


(242°)  62°        118°  (298°) 


(241°)  61°        11 9°  (299°). 


(240°)  60° 
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NATURAL  FUNCTIONS- SECANTS  AND  COSECANTS  (Continued) 
30°  (210°)  (329°)  149°       31°  (211°)  (328°)  148°       32°  (212°)  (327°)  147c 


/ 

Sec 

Csc 

/ 

0 

1.1547 

2.0000 

60 

1 

1.1549 

1.9990 

59 

2 

1.1551 

1.9980 

58 

3 

1.1553 

1.9970 

57 

4 

1.1555 

1.9960 

56 

5 

1 .  1557 

1.9950 

55 

6 

1.1559 

1.9940 

54 

7 

1.1561 

1.9930 

53 

8 

1.1563 

1.9920 

52 

9 

1.1565 

1.9910 

51 

10 

1.1566 

1.9900 

50 

11 

1.1568 

1.9890 

49 

12 

1.1570 

1.9880 

48 

13 

1.1572 

1.9870 

47 

14 

1.1574 

1.9860 

46 

15 

1.1576 

1.9850 

45 

16 

1.1578 

1.9840 

44 

17 

1.1580 

1.9830 

43 

18 

1 .  1582 

1.9821 

42 

19 

1.1584 

1.9811 

41 

20 

1.1586 

1.9801 

40 

21 

1.1588 

1.9791 

39 

22 

1.1590 

1.9781 

38 

23 

1.1592 

1.9771 

37 

24 

1.1594 

1.9762 

36 

25 

1.1596 

1.9752 

35 

26 

1.1598 

1.9742 

34 

27 

1.1600 

1.9732 

33 

28 

1.1602 

1.9722 

32 

29 

1 .  1604 

1.9713 

31 

30 

1.1606 

1.9703 

30 

31 

1.1608 

1.9693 

29 

32 

1.1610 

1.9684 

28 

33 

1.1612 

1.9674 

27 

34 

1.1614 

1.9664 

26 

35 

1.1616 

1.9654 

25 

36 

1.1618 

1.9645 

24 

37 

1.1620 

1.9635 

23 

38 

1.1622 

1.9625 

22 

39 

1.1624 

1.9616 

21 

40 

1.1626 

1.9606 

20 

41 

1 .  1628 

1.9597 

19 

42 

1.1630 

1.9587 

18 

43 

1.1632 

1.9577 

17 

44 

1.1634 

1.9568 

16 

45 

1.1636 

1.9558 

15 

46 

1.1638 

1.9549 

14 

47 

1.1640 

1.9539 

13 

48 

1.1642 

1.9530 

12 

49 

1 . 1644 

1.9520 

11 

50 

1.1646 

1.9511 

10 

51 

1.1648 

1.9501 

9 

52 

1.1650 

1.9492 

8 

53 

1.1652 

1.9482 

7 

54 

1 .  1654 

1.9473 

6 

55 

1.1656 

1.9463 

5 

56 

1.1658 

1.9454 

4 

57 

1.1660 

1.9444 

3 

58 

1 .  1662 

1.9435 

2 

59 

1.1664 

1.9425 

1 

60 

1.1666 

1.9416 

0 

r 

/ 

Csc 

Sec 

/ 

Sec 

Csc 

/ 

0 

1.1666 

1.9416 

60 

1 

1.1668 

1.9407 

59 

2 

1.1670 

1.9397 

58 

3 

1.1672 

1.9388 

57 

4 

1.1675 

1.9379 

56 

5 

1.1677 

1.9369 

55 

6 

1 . 1679 

1.9360 

54 

7 

1.1681 

1.9351 

53 

8 

1.1683 

1.9341 

52 

9 

1.1685 

1.9332 

51 

10 

1.1687 

1.9323 

50 

11 

1 . 1 689 

1.9313 

49 

12 

1.1691 

1.9304 

48 

13 

1.1693 

1.9295 

47 

14 

1.1695 

1.9285 

46 

15 

1.1697 

1.9276 

45 

16 

1.1699 

1.9267 

44 

17 

1.1701 

1 . 9258 

43 

18 

1 . 1703 

1.9249 

42 

19 

1 . 1705 

1.9239 

41 

20 

1.1707 

1.9230 

40 

21 

1 .1710 

1.9221 

39 

22 

1.1712 

1.9212 

38 

23 

1.1714 

1.9203 

37 

24 

1,1716 

1.9194 

36 

25 

1.1718 

1.9184 

35 

26 

1.1720 

1.9175 

34 

27 

1.1722 

1.9166 

33 

28 

1.1724 

1.9157 

32 

29 

1.1726 

1.9148 

31 

30 

1 . 1728 

1.9139 

30 

31 

1.1730 

1.9130 

29 

32 

1 . 1732 

1.9121 

28 

33 

1.1735 

1.9112 

27 

34 

1.1737 

1.9103 

26 

35 

1.1739 

1.9094 

25 

36 

1.1741 

1.9084 

24 

37 

1.1743 

1.9075 

23 

38 

1.1745 

1.9066 

22 

39 

1.1747 

1.9057 

21 

40 

1.1749 

1.9048 

20 

41 

1.1751 

1 . 9039 

19 

42 

1.1753 

1.9031 

18 

43 

1.1756 

1.9022 

17 

44 

1.1758 

1.9013 

16 

45 

1.1760 

1.9004 

15 

46 

1.1762 

1.8995 

14 

47 

1.1764 

1.8986 

13 

48 

1.1766 

1.8977 

12 

49 

1 . 1768 

1.8968 

11 

50 

1.1770 

1.8959 

10 

51 

1.1773 

1.8950 

9 

52 

1.1775 

1.8941 

8 

53 

1.1777 

1 . 8933 

7 

54 

1.1779 

1.8924 

6 

55 

1.1781 

1.8915 

5 

56 

1.1783 

1.8906 

4 

57 

1.1785 

1.8897 

3 

58 

1.1788 

1.8888 

2 

59 

1.1790 

1.8880 

1 

60 

1.1792 

1.8871 

0 

/ 

/ 

Csc 

Sec 

t 

Sec 

Csc 

/ 
60 

0 

1.1792 

1.8871 

1 

1.1794 

1.8862 

59 

2 

1.1796 

1.8853 

58 

3 

1 . 1798 

1.8844 

57 

4 

1 . 1800 

1.8836 

56 

5 

1 . 1803 

1.8827 

55 

6 

1.1805 

1.8818 

54 

7 

1.1807 

1.8810 

53 

8 

1.1809 

1.8801 

52 

9 

1.1811 

1.8792 

51 

10 

1.1813 

1.8783 

50 

11 

1.1815 

1.8775 

49 

12 

1.1818 

1.8766 

48 

13 

1.1820 

1.8757 

47 

14 

1.1822 

1.8749 

46 

15 

1.1824 

1.8740 

45 

16 

1.1826 

1.8731 

44 

17 

1.1828 

1.8723 

43 

18 

1.1831 

1.8714 

42 

19 

1 . 1833 

1.8706 

41 

20 

1.1835 

1.8697 

40 

21 

1 . 1837 

1 . 86S8 

39 

22 

1 . 1839 

1.8680 

38 

23 

1.1842 

1.8671 

37 

24 

1.1844 

1.8663 

36 

25 

1.1846 

1.8654 

35 

26 

1.1848 

1.8646 

34 

27 

1.1850 

1.8637 

33 

28 

1.1852 

1.8629 

32 

29 

1 . 1855 

1.8620 

31 

30 

1.1857 

1.8612 

30 

31 

1.1859 

1.8603 

29 

32 

1.1861 

1.8595 

28 

33 

1.1863 

1.8586 

27 

34 

1 . 1866 

1.8578 

26 

35 

1.1868 

1.8569 

25 

36 

1.1870 

1.8561 

24 

37 

1.1872 

1.8552 

23 

38 

1.1875 

1.8544 

22 

39 

1.1877 

1.8535 

21 

40 

1 . 1879 

1.8527 

20 

41 

1.1881 

1.8519 

19 

42 

1 . 1883 

1.8510 

18 

43 

1 . 1886 

1.8502 

17 

44 

1 . 1888 

1.8494 

16 

45 

1.1890 

1.8485 

15 

46 

1 . 1892 

1.8477 

14 

47 

1.1895 

1.8468 

13 

48 

1.1897 

1.8460 

12 

49 

1 . 1899 

1.8452 

11 

50 

1.1901 

1.8443 

10 

51 

1.1903 

1.8435 

9 

52 

1 . 1906 

1.8427 

8 

53 

1.1908 

1.8419 

7 

54 

1.1910 

1.8410 

6 

55 

1.1912 

1.8402 

5 

56 

1.1915 

1.8394 

4 

57 

1.1917 

1.8385 

3 

58 

1.1919 

1.8377 

2 

59 

1.1921 

1.8369 

1 

60 

1 . 1924 

1.8361 

0 

i 

Csc 

Sec 

/ 

(300°) 


(239°)  59°        121°  (301°). 


(238°)  58°        1 22°  (302°) 


(237°)  57c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

33°  (213°)  (326°)  146°       34°  (214°)  (325°)  145°       35°  (215°)  (324°)  14' 


f 

Sec 

Csc 

/ 

f 

Sec 

Csc 

/ 

/ 

Sec 

Csc 

i 

0 

1.1924 

1.8361 

60 

0 

1.2062 

1.7883 

60 

0 

1 . 2208 

1.7434 

60 

1 

1.1926 

1 . 8353 

59 

1 

1 . 2065 

1.7875 

59 

1 

1.2210 

1.7427 

59 

2 

1 . 1928 

1.8344 

58 

2 

1.2067 

1.7868 

58 

2 

1.2213 

1.7420 

58 

3 

1.1930 

1.8336 

57 

3 

1.2069 

1.7860 

57 

3 

1.2215 

1.7413 

57 

4 

1 . 1933 

1.8328 

56 

4 

1.2072 

1.7852 

56 

4 

1  2218 

1.7406 

56 

5 

1.1935 

1.8320 

55 

5 

1.2074 

1.7844 

55 

5 

1.2220 

1.7398 

55 

6 

1.1937 

1.8312 

54 

6 

1.2076 

1.7837 

54 

6 

1.2223 

1.7391 

54 

7 

1.1939 

1.8303 

53 

7 

1.2079 

1.7829 

53 

7 

1.2225 

1.7384 

53 

8 

1.1942 

1 . 8295 

52 

8 

1.2081 

1.7821 

52 

8 

1 . 2228 

1.7377 

52 

9 

1 . 1944 

1.8287 

51 

9 

1.2084 

1.7814 

51 

9 

1.2230 

1.7370 

51 

10 

1.1946 

1.8279 

50 

10 

1.2086 

1.7806 

50 

10 

1 . 2233 

1.7362 

50 

11 

1.1949 

1.8271 

49 

11 

1.2088 

1.7799 

49 

11 

1.2235 

1.7355 

49 

12 

1.1951 

1.8263 

48 

12 

1.2091 

1.7791 

48 

12 

1.2238 

1.7348 

48 

13 

1.1953 

1.8255 

47 

13 

1.2093 

1.7783 

47 

13 

1 . 2240 

1.7341 

47 

14 

1.1355 

1.8247 

46 

14 

1.2096 

1.7776 

46 

14 

1.2243 

1.7334 

46 

15 

1*.  1958 

1.8238 

45 

15 

1.2098 

1.7768 

45 

15 

1.2245 

1.7327 

45 

16 

1.1960 

1.8230 

44 

16 

1.2100 

1.7761 

44 

16 

1.2248 

1.7320 

44 

17 

1.1962 

1 . 8222 

43 

17 

1.2103 

1.7753 

43 

17 

1 . 2250 

1.7312 

43 

18 

1 . 1964 

1.8214 

42 

18 

1.2105 

1.7745 

42 

18 

1.2253 

1.7305 

42 

19 

1 . 1967 

1.8206 

41 

19 

1.2108 

1.7738 

41 

19 

1.2255 

1.7298 

41 

20 

1 . 1969 

1.8198 

40 

20 

1.2110 

1 . 7730 

40 

20 

1.2258 

1.7291 

40 

21 

1.1971 

1.8190 

39 

21 

1.2112 

1.7723 

39 

21 

1.2260 

1.7284 

39 

22 

1.1974 

1.8182 

38 

22 

1.2115 

1.7715 

38 

22 

1.2263 

1.7277 

38 

23 

1.1976 

1.8174 

37 

23 

1.2117 

1.7708 

37 

23 

1.2265 

1.7270 

37 

24 

1.1978 

1.8166 

36 

24 

1.2120 

1.7700 

36 

24 

1.2268 

1.7263 

36 

25 

1.1981 

1.8158 

35 

25 

1.2122 

1.7693 

35 

25 

1.2271 

1.7256 

35 

26 

1.1983 

1.8150 

34 

26 

1.2124 

1.7685 

34 

26 

1.2273 

1.7249 

34 

27 

1.1985 

1.8142 

33 

27 

1.2127 

1.7678 

33 

27 

1.2276 

1.7242 

33 

28 

1.1987 

1.8134 

32 

28 

1.2129 

1.7670 

32 

28 

1.2278 

1.7235 

32 

29 

1.1990 

1.8126 

31 

29 

1.2132 

1.7663 

31 

29 

1.2281' 

1.722S 

31 

30 

1.1992 

1.8118 

30 

30 

1.2134 

1.7655 

30 

30 

1.2283 

1.7221 

30 

31 

1.1994 

1.8110 

29 

31 

1.2136 

1.7648 

29 

31 

1.2286 

1.7213 

29 

32 

1.1997 

1.8102 

28 

32 

1.2139 

1.7640 

28 

32 

1.2288 

1.7206 

28 

33 

1.1999 

1.8094 

27 

33 

1.2141 

1.7633 

27 

33 

1.2291 

1.7199 

27 

34 

1.2001 

1.8086 

26 

34 

1.2144 

1.7625 

26 

34 

1.2293 

1.7192 

26 

35 

1.2004 

1.8078 

25 

35 

1.2146 

1.7618 

25 

35 

1.2296 

1.7185 

25 

36 

1.2006 

1.8070 

24 

36 

1.2149 

1.7610 

24 

36 

1.2299 

1.7179 

24 

37 

1.2008 

1.8062 

23 

37 

1.2151 

1.7603 

23 

37 

1.2301 

1.7172 

23 

38 

1.2011 

1.8055 

22 

38 

1.2154 

1.7596 

22 

38 

1 . 2304 

1.7165 

22 

39 

1.2013 

1.8047 

21 

39 

1.2156 

1.7588 

21 

39 

1.2306 

1.7158 

21 

40 

1.2015 

1.8039 

20 

40 

1.2158 

1.7581 

20 

40 

1.2309 

1.7151 

20 

41 

1.2018 

1.8031 

19 

41 

1.2161 

1.7573 

19 

41 

1.2311 

1.7144 

19 

42 

1.2020 

1.8023 

18 

42 

1.2163 

1 . 7566 

18 

42 

1.2314 

1.7137 

18 

43 

1 . 2022 

1.8015 

17 

43 

1.2166 

1.7559 

17 

43 

1.2317 

1.7130 

17 

44 

1.2025 

1.8007 

16 

44 

1.2168 

1.7551 

16 

44 

1.2319 

1.7123 

16 

45 

1.2027 

1.8000 

15 

45 

1:2171 

1.7544 

15 

45 

1.2322 

1.7116 

15 

46 

1.2029 

1.7992 

14 

46 

1.2173 

1.7537 

14 

46 

1.2324 

1.7109 

14 

47 

1.2032 

1.7984 

13 

47 

1.2176 

1.7529 

13 

47 

1.2327 

1.7102 

13 

48 

1 . 2034 

1.7976 

12 

48 

1.2178 

1.7522 

12 

48 

1 . 2329 

1.7095 

12 

49 

1.2036 

1.7968 

11 

49 

1.2181 

1.7515 

11 

49 

1.2332 

1.7088 

11 

50 

1.2039 

1.7960 

10 

50 

1.2183 

1.7507 

10 

50 

1.2335 

1.7081 

10 

51 

1.2041 

1.7953 

9 

51 

1.2185 

1.7500 

9 

51 

1.2337 

1.7075 

9 

52 

1.2043 

1.7945 

8 

52 

1.2188 

1.7493 

8 

52 

1 . 2340 

1.7068 

8 

53 

1 . 2046 

1.7937 

7 

53 

1.2190 

1.7485 

7 

53 

1.2342 

1.7061 

7 

54 

1.2048 

1.7929 

6 

54 

1.2193 

1.7478 

6 

54 

1.2345 

1.7054 

6 

55 

1.2050 

1.7922 

5 

55 

1.2195 

1.7471 

5 

55 

1.2348 

1.7047 

5 

56 

1.2053 

1.7914 

4 

56 

1.2198 

1.7463 

4 

56 

1.2350 

1.7040 

4 

57 

1.2055 

1.7906 

3 

57 

1.2200 

1.7456 

3 

57 

1.2353 

1.7033 

3 

58 

1.2057 

1.7898 

2 

58 

1.2203 

1.7449 

2 

58 

1.2355 

1.7027 

2 

59 

1.2060 

1.7891 

1 

59 

1.2205 

1.7442 

1 

59 

1.2358 

1.7020 

1 

60 

1.2062 

1.7883 

0 

60 

1.2208 

1.7434 

0 

60 

1.2361 

1.7013 

0 

/ 

Csc 

Sec 

/ 

/ 

Csc 

Sec 

t 

/ 

Csc 

Sec 

t 

123°  (303°) 


(236°)  56°       124°  (304°) 


(235°)  55°       125°  (305°) 


(234°)  54° 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 
36°  (216°)  (323°)  143°       37°  (217°)  (322°)  142°       38°  (218°)  (321°)  141° 


t 
0 

Sec 
1.2361 

Csc 
1.7013 

60 

t 
0 

Sec 
1.2521 

Csc 

r 

» 

Sec 

Csc 

/ 

1.6616 

60 

0 

1.2690 

1.6243 

60 

1 

1.2363 

1.7006 

59 

1 

1.2524 

1.6610 

59 

1 

1 . 2693 

1.6237 

59 

2 

1.2366 

1.6999 

58 

2 

1.2527 

1.6604 

58 

2 

1.2696 

1.6231 

58 

3 

1.2369 

1.6993 

57 

3 

1.2530 

1.6597 

57 

3 

1 . 2699 

1.6225 

57 

4 

1.2371 

1.6986 

56 

4 

1.2532 

1.6591 

56 

4 

1.2702 

1.6219 

56 

5 

1.2374 

1.6979 

55 

5 

1.2535 

1.6584 

55 

5 

1.2705 

1.6213 

55 

6 

1.2376 

1.6972 

54 

6 

1.2538 

1.6578 

54 

6 

1.2708 

1.6207 

54 

7 

1 . 2379 

1.6966 

53 

7 

1.2541 

1.6572 

53 

7 

1.2710 

1.6201 

53 

8 

1.2382 

1 . 6959 

52 

8 

1.2543 

1.6565 

52 

8 

1.2713 

1.6195 

52 

9 

1.2384 

1.6952 

51 

9 

1.2546 

1.6559 

51 

9 

1.2716 

1.6189 

51 

10 

1.2387 

1.6945 

50 

10 

1.2549 

1.6553 

50 

10 

1.2719 

1.6183 

50 

11 

1.2390 

1.6939 

49 

11 

1.2552 

1.6546 

49 

11 

1.2722 

1.6177 

49 

12 

1 . 2392 

1.6932 

48 

12 

1.2554 

1.6510 

48 

12 

1.2725 

1.6171 

48 

13 

1 . 2395 

1.6925 

47 

13 

1.2557 

1.6534 

47 

13 

1.2728 

1.6165 

47 

14 

1.2397 

1.6918 

46 

14 

1.2560 

1.6527 

46 

14 

1.2731 

1.6159 

46 

15 

1.2400 

1.6912 

45 

15 

1.2563 

1.6521 

45 

15 

1.2734 

1.6153 

45 

16 

1.2403 

1.6905 

44 

16 

1.2566 

1.6515 

44 

16 

1 . 2737 

1.6147 

44 

17 

1 . 2405 

1.6898 

43 

17 

1.2568 

1.6508 

43 

17 

1.2740 

1.6141 

43 

18 

1 . 2408 

1.6892 

42 

18 

1.2571 

1.6502 

42 

18 

1.2742 

1.6135 

42 

19 

1.2411 

1.6885 

41 

19 

1.2574 

1.6496 

41 

19 

1.2745 

1.6129 

41 

20 

1.2413 

1.6878 

40 

20 

1.2577 

1.6489 

40 

20 

1.2748 

1.6123 

40 

21 

1.2416 

1.6871 

39 

21 

1.2579 

1.6483 

39 

21 

1.2751 

1.6117 

39 

22 

1.2419 

1.6865 

38 

22 

1.2582 

1.6477 

38 

22 

1.2754 

1.6111 

38 

23 

1.2421 

1.6858 

37 

23 

1.2585 

1.6471 

37 

23 

1.2757 

1.6105 

37 

24 

1.2424 

1.6852 

36 

24 

1.2588 

1.6464 

36 

24 

1.2760 

1.6099 

36 

25 

1.2427 

1.6845 

35 

25 

1.2591 

1.6458 

35 

25 

1.2763 

1.6093 

35 

26 

1 . 2429 

1.6838 

34 

26 

1.2593 

1.6452 

34 

26 

1.2766 

1.6087 

34 

27 

1.2432 

1.6832 

33 

27 

1.2596 

1.6446 

33 

27 

1.2769 

1.6082 

33 

2$ 

1.2435 

1 . 6825 

32 

28 

1.2599 

1.6439 

32 

28 

1.2772 

1.6076 

32 

29 

1.2437 

1.6818 

31 

29 

1.2602 

1.6433 

31 

29 

1.2775 

1.6070 

31 

30 

1.2440 

1.6812 

30 

30 

1.2605 

1.6427 

30 

30 

1.2778 

1.6064 

30 

31 

1.2443 

1.6805 

29 

31 

1.2608 

1.6421 

29 

31 

1.2781 

1.6058 

29 

32 

1.2445 

1.6799 

28 

32 

1.2610 

1.6414 

28 

32 

1.2784 

1.6052 

28 

33 

1.2448 

1.6792 

27 

33 

1.2613 

1.6408 

27 

33 

1.2787 

1 . 6046 

27 

34 

1.2451 

1.6785 

26 

34 

1.2616 

1.6402 

26 

34 

1.2790 

1.6040 

26 

35 

1.2453 

1.6779 

25 

35 

1.2619 

1.6396 

25 

35 

1.2793 

1.6035 

25 

36 

1.2456 

1.6772 

24 

36 

1.2622 

1.6390 

24 

36 

1.2796 

1.6029 

24 

37 

1.2459 

1.6766 

23 

37 

1.2624 

1.6383 

23 

37 

1 . 2799 

1.6023 

23 

38 

1.2462 

1 . 6759 

22 

38 

1.2627 

1.6377 

22 

38 

1.2802 

1.6017 

22 

39 

1.2464 

1.6753 

21 

39 

1.2630 

1.6371 

21 

39 

1.2804 

1.6011 

21 

40 

1.2467 

1.6746 

20 

40 

1 . 2633 

1.6365 

20 

40 

1.2807 

1 . 6005 

20 

41 

1.2470 

1.6739 

19 

41 

1.2636 

1.6359 

19 

41 

1.2810 

1.6000 

19 

42 

1.2472 

1.6733 

18 

42 

1.2639 

1.6353 

18 

42 

1.2813 

1.5994 

18 

43 

1.2475 

1.6726 

17 

43 

1.2641 

1.6346 

17 

43 

1.2816 

1.5988 

17 

44 

1.2478 

1.6720 

16 

44 

1.2644 

1.6340 

16 

44 

1.2819 

1.5982 

16 

45 

1.2480 

1.6713 

15 

45 

1.2647 

1.6334 

15 

45 

1.2822 

1.5976 

15 

46 

1 . 2483 

1.6707 

14 

46 

1.2650 

1.6328 

14 

46 

1.2825 

1.5971 

14 

47 

1.2486 

1.6700 

13 

47 

1.2653 

1.6322 

13 

47 

1.2828 

1.5965 

13 

48 

1.2489 

1.6694 

12 

48 

1.2656 

1.6316 

12 

48 

1.2831 

1.5959 

12 

49 

1.2491 

1.6687 

11 

49 

1.2659 

1.6310 

11 

49 

1.2834 

1.5953 

11 

50 

1.2494 

1.6681 

10 

50 

1.2661 

1.6303 

10 

50 

1.2837 

1.5948 

10 

51 

1.2497 

1.6674 

9 

51 

1.2664 

1.6297 

9 

51 

1.2840 

1.5942 

9 

52 

1.2499 

1.6668 

8 

52 

1.2667 

1.6291 

8 

52 

1.2843 

1.5936 

8 

53 

1.2502 

1.6661 

7 

53 

1.2670 

1.6285 

7 

53 

1.2846 

1.5930 

7 

54 

1.2505 

1.6655 

6 

54 

1.267.3 

1.6279 

6 

51 

1.2849 

1.5925 

6 

55 

1.2508 

1.6649 

5 

55 

1.2676 

1.6273 

5 

55 

1.2852 

1.5919 

5 

56 

1.2510 

1.6642 

4 

56 

1.2679 

1.6267 

4 

56 

1.2855 

1.5913 

4 

57 

1.2513 

1.6636 

3 

57 

1.2682 

1.6261 

3 

57 

1.2859 

1.5907 

3 

58 

1.2516 

1.6629 

2 

58 

1.2684 

1.6255 

2 

58 

1 . 2862 

1.5902 

2 

59 

1.25-19 

1.6623 

1 

59 

1.2687 

1.6249 

1 

59 

1.2865 

1.5896 

1 

60 

1.2521 

1.6616 

0 

60 

1.2690 

1.6243 

0 

/ 

60 

1.2868 

1.5890 

0 

/ 

Csc 

Sec 

/ 

t 

Csc 

Sec 

' 

Cs  c 

Sec 

/ 

126°  (306°) 


(233°)  53°       127°  (307°) 


(232°)  52°       128°  (308°) 


(231°)  51° 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

39°  (219°)  (320°)  140°       40°  (220°)  (319°)  139°       41°  (221°)  (318°)  138' 


1 

0 

Sec 

Csc 

60 

/ 

Sec 

Csc 

' 

t 

Sec 

Csc 

/ 

1.2868 

1.5890 

0 

1 . 3054 

1 . 5557 

60 

0 

1.3250 

1.5243 

60 

1 

1.2871 

1.5884 

59 

1 

1 . 3057 

1.5552 

59 

1 

1.3253 

1.5237 

59 

2 

1.2874 

1.5879 

58 

2 

1 . 3060 

1.5546 

58 

2 

1.3257 

1.5232 

58 

3 

1.2877 

1.5873 

57 

3 

1 . 3064 

1.5541 

57 

3 

1.3260 

1.5227 

57 

4 

1.2880 

1.5867 

56 

4 

1.3067 

1 . 5536 

56 

4 

1.3264 

1.5222 

56 

5 

1 . 2883 

1.5862 

55 

5 

1.3070 

1.5530 

55 

5 

1.3267 

1.5217 

55 

G 

1 . 2886 

1 . 5856 

54 

6 

1 . 3073 

1 . 5525 

5* 

6 

1.3270 

1.5212 

54 

7 

1.2889 

1.5S50 

53 

7 

1.3076 

1 . 5520 

53 

7 

1.3274 

1.5207 

53 

8 

1 . 2S92 

1 . 5845 

52 

8 

1.3080 

1.5514 

52 

8 

1.3277 

1.5202 

52 

9 

1.2895 

1 . 5839 

51 

9 

1.3083 

1.5509 

51 

9 

1.3280 

1.5197 

51 

10 

1.2898 

1.5833 

50 

10 

1 . 3086 

1 . 5504 

50 

10 

1 . 3284 

1.5192 

50 

11 

1.2901 

1 . 5828 

49 

11 

1 . 3089 

1.5498 

49 

11 

1.3287 

1.5187 

49 

12 

1.2904 

1 . 5822 

48 

12 

1 . 3093 

1 . 5493 

48 

12 

1.3291 

1.5182 

48 

13 

1.2907 

1.5816 

47 

13 

1 . 3096 

1 . 5488 

47 

13 

1.3294 

1.5177 

47 

14 

1.2910 

1.5811 

46 

14 

1.3099 

1.5482 

46 

14 

1.3297 

1.5172 

46 

IS 

1.2913 

1.5S05 

45 

15 

1.3102 

1.5477 

45 

15 

1.3301 

1.5167 

45 

1G 

1.2910 

1 . 5800 

44 

16 

1.3105 

1.5472 

44 

16 

1 . 3304 

1.5162 

44 

17 

1.2919 

1.5794 

43 

17 

1.3109 

1.5466 

43 

17 

1.3307 

1.5156 

43 

18 

1 . 2923 

1 . 5788 

42 

18 

1.3112 

1.5461 

42 

18 

1.3311 

1.5151 

42 

19 

1.2926 

1.5783 

41 

19 

1.3115 

1.5456 

41 

19 

1.3314 

1.5146 

41 

20 

1 . 2929 

1.5777 

40 

20 

1.3118 

1 . 5450 

40 

20 

1.3318 

1.5141 

40 

21 

1 . 2932 

1.5771 

39 

21 

1.3122 

1.5445 

39 

21 

1.3321 

1.5136 

39 

22 

1.2935 

1 . 5766 

3S 

22 

1.3125 

1 . 5440 

38 

22 

1.3325 

1.5131 

38 

23 

1 . 2938 

1.5760 

37 

23 

1.3128 

1.5435 

37 

23 

1.332S 

1.5126 

37 

24 

1.2941 

1.5755 

36 

24 

1.3131 

1.5429 

36 

24 

1.3331 

1.5121 

36 

25 

1.2944 

1.5749 

35 

25 

1.3135 

1.5424 

35 

25 

1.3335 

1.5116 

35 

26 

1.2947 

1 . 5744 

34 

26 

1.3138 

1.5419 

31 

26 

1.3338 

1.5111 

34 

27 

1.2950 

1 . 573S 

33 

27 

1.3141 

1.5413 

33 

27 

1.3342 

1.5107 

33 

28 

1.2953 

1.5732 

32 

28 

1.3144 

1 . 5408 

32 

2S 

1.3345 

1.5102 

32 

29 

1.2957 

1.5727 

31 

29 

1.3148 

1 . 5403 

31 

29 

1.3348 

1.5097 

31 

30 

1.2960 

1.5721 

30 

30 

1.3151 

1.5398 

30 

30 

1.3352 

1.5092 

30 

31 

1 . 2963 

1.5716 

29 

31 

1.3154 

1 . 5392 

29 

31 

1 . 3355 

1 . 5087 

29 

32 

1.2966 

1.5710 

28 

32 

1.3157 

1 . 5387 

28 

32 

1.3359 

1.5082 

28 

33 

1 . 2969 

1.5705 

27 

33 

1.3161 

1.5382 

27 

33 

1.3362 

1 . 5077 

27 

34 

1.2972 

1.5699 

26 

34 

1.3164 

1.5377 

26 

34 

1.3366 

1.5072 

26 

35 

1.2975 

1.5694 

25 

35 

1.3167 

1.5372 

25 

35 

1.3369 

1.5067 

25 

36 

1.2978 

1 . 5688 

24 

36 

1.3171 

1.5366 

24 

36 

1.3373 

1.5062 

24 

37 

1.2981 

1 . 5683 

23 

37 

1.3174 

1.5361 

23 

37 

1.3376 

1 . 5057 

23 

38 

1.2985 

1.5677 

22 

38 

1.3177 

1.5356 

22 

38 

1.3380 

1.5052 

22 

39 

1.2988 

1.5672 

21 

39 

1.3180 

1.5351 

21 

39 

1.3383 

1.5047 

21 

40 

1.2991 

1 . 5666 

20 

40 

1.3184 

1.5345 

20 

40 

1.3386 

1.5042 

20 

41 

1.2994 

1.5661 

19 

41 

1.3187 

1.5340 

19 

41 

1.3390 

1.5037 

19 

42 

1 . 2997 

1 . 5655 

18 

42 

1.3190 

1.5335 

18 

42 

1.3393 

1.5032 

18 

43 

1 . 3000 

1 . 5650 

17 

43 

1.3194 

1 . 5330 

17 

43 

1.3397 

1 . 5027 

17 

44 

1.3003 

1.5644 

16 

44 

1.3197 

1 . 5325 

16 

44 

1.3400 

1 . 5023 

16 

45 

1.3007 

1.5639 

15 

45 

1.3200 

1.5320 

15 

45 

1 . 3404 

1.5018 

15 

46 

1.3010 

1 . 5633 

14 

46 

1 . 3203 

1.5314 

14 

46 

1.3407 

1.5013 

14 

47 

1.3013 

1 . 5628 

13 

47 

1 . 3207 

1.5309 

13 

47 

1.3411 

1.5008 

13 

48 

1.3016 

1.5622 

12 

48 

1.3210 

1 . 5304 

12 

48 

1.3414 

1 . 5003 

12 

49 

1.3019 

1.5617 

11 

49 

1.3213 

1 . 5299 

11 

49 

1.3418 

1.4998 

11 

50 

1.3022 

1.5611 

10 

50 

1.3217 

1.5294 

10 

50 

1.3421 

1.4993 

10 

51 

1 . 3026 

1 . 5606 

9 

51 

1.3220 

1.5289 

9 

51 

1 . 3425 

1.4988 

9 

52 

1 . 3029 

1.5601 

8 

52 

1.3223 

1.5283 

8 

52 

1 . 3428 

1.4984 

8 

53 

1 .  3032 

1 . 5595 

7 

53 

1.3227 

1.5278 

7 

53 

1 . 3432 

1.4979 

7 

54 

1.3035 

1.5590 

6 

54 

1.3230 

1.5273 

6 

54 

1.3435 

1.4974 

6 

55 

1 . 3038 

1.5584 

5 

55 

1.3233 

1.5268 

5 

55 

1.3439 

1.1969 

5 

56 

1 . 304 1 

1 . 5579 

4 

56 

1 . 3237 

1 . 5263 

4 

56 

1.3442 

1.4964 

4 

57 

1.3045 

1 . 5573 

3 

57 

1.3240 

1.5258 

3 

57 

1 . 3446 

1.4959 

3 

58 

I . 3048 

1 . 5568 

2 

58 

1 . 3243 

1 . 5253 

2 

58 

1.3449 

1.4954 

2 

59 

1.3051 

1 . 5563 

1 

59 

1.3247 

1.5248 

1 

59 

1.3453 

1.4950 

1 

60 

1.3054 

1 . 5557 

0 

60 

1.3250 

1.5243 

0 

/ 

60 

1.3456 

1.4945 

0 

/ 

Csc 

Sec 

' 

Csc 

Sec 

/ 

Csc 

Sec 

/ 

129°  (309°) 


(230°)  50°        130°  (310°) 


(229°)  49°       131°  (311°) 


(228°)  48c 
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NATURAL  FUNCTIONS— SECANTS  AND  COSECANTS  (Continued) 

42°  (222°)  (317°)  137°       43°  (223°)  (316°)  136°       44°  (224°)  (315°)  135° 


f 

Sec 

Csc 

* 

r 

Sec 

Csc 

' 

/ 

Sec 

Csc 

/ 

0 

1.3456 

1.4945 

60 

0 

1.3673 

1.4663 

60 

0 

.1.3902 

1.4396 

60 

1 

1.3460 

1.4940 

59 

1 

1.3677 

1.4658 

59 

1 

1.3906 

1.4391 

59 

2 

1.3463 

1.4935 

58 

2 

1.36S1 

1.4654 

58 

2 

1 . 3909 

1.4387 

58 

3 

1.3467 

1.4930 

57 

3 

1 . 3684 

1.4649 

57 

3 

1.3913 

1.4383 

57 

4 

1.3470 

1.4925 

56 

4 

1 . 3688 

1.4645 

56 

4 

1.3917 

1.4378 

56 

5 

1.3474 

1.4921 

55 

5 

1 . 3692 

1.4640 

55 

5 

1.3921 

1.4374 

55 

6 

1.3478 

1.4916 

54 

6 

1 . 3696 

1.4635 

54 

6 

1.3925 

1.4370 

54 

7 

1.3481 

1.4911 

53 

7 

1 . 3699 

1.4631 

53 

7 

1.3929 

1.4365 

53 

8 

1.3485 

1.4906 

52 

8 

1 . 3703 

1.4626 

52 

8 

1 . 3933 

1.4361 

52 

9 

1.3488 

1.4901 

51 

9 

1 . 3707 

1.4622 

51 

9 

1.3937 

1.4357 

51 

10 

1.3492 

1.4897 

50 

10 

1.3711 

1.4617 

50 

10 

1.3941 

1.4352 

50 

11 

1.3495 

1 . 4S92 

49 

11 

1.3714 

1.4613 

49 

11 

1.3945 

1.4348 

49 

12 

1.3499 

1.4887 

4S 

12 

1.3718 

1.4608 

48 

12 

1.3949 

1.4344 

48 

13 

1.3502 

1.4882 

47 

13 

1 . 3722 

1.4604 

47 

13 

1 . 3953 

1.4340 

47 

14 

1 . 3506 

1.4878 

46 

14 

1 . 3726 

1.4599 

46 

14 

1.3957 

1.4335 

46 

15 

1.3510 

1.4873 

45 

15 

1.3729 

1.4595 

45 

15 

1.3961 

1.4331 

45 

16 

1.3513 

1.4868 

44 

16 

1 . 3733 

1.4590 

44 

16 

1.3965 

1.4327 

44 

17 

1.3517 

1.4S63 

43 

17 

1.3737 

1.45S6 

43 

17 

1..3969 

1.4322 

43 

18 

1 .  3520 

1.4859 

42 

18 

1.3741 

1.4581 

42 

18 

1.3972 

1.4318 

42 

19 

1.3524 

1.4854 

41 

19 

.1 .  3744 

1.4577 

41 

19 

1.3976 

1.4314 

41 

20 

1.3527 

1.4849 

40 

20 

1.3748 

1.4572 

40 

20 

1.3980 

1.4310 

40 

21 

1.3531 

1.4844 

39 

21 

1.3752 

1.4568 

39 

21 

1 . 3984 

1.4305 

39 

22 

1 .  3535 

1.4840 

38 

22 

1.3756 

1.4563 

38 

22 

1 . 3988 

1.4301 

38 

23 

1 . 3538 

1.4835 

37 

23 

1 . 3759 

1.4559 

37 

23 

1.3992 

1.4297 

37 

24 

1.3542 

1.4830 

36 

24 

1 . 3763 

1.4554 

36 

24 

1.3996 

1.4293 

36 

25 

1 . 3545 

1.4825 

35 

25 

1 . 3767 

1.4550 

35 

25 

1.4000 

1.428S 

35 

20 

1 . 3549 

1.4821 

34 

26 

1.3771 

1.4545 

34 

26 

1 . 4004 

1.4284 

34 

27 

1.3553 

1.4816 

33 

27 

1 .3775 

1.4541 

33 

27 

1 . 4008 

1.4280 

33 

28 

1 .  3556 

1.4811 

32 

28 

1 . 377S 

1.4536 

32 

28 

1.4012 

1.4276 

32 

29 

1.3560 

1.4807 

31 

29 

1 . 37S2 

1.4532 

31 

29 

1.4016 

1.4271 

31 

30 

1.3563 

1.4S02 

30 

30 

1 . 3786 

1.4527 

30 

30 

1.4020 

1.4267 

30 

31 

1.3567 

1.4797 

29 

31 

1.3790 

1.4523 

29 

31 

1.4024 

1.4263 

29 

32 

1.3571 

1.4792 

28 

32 

1.3794 

1.4518 

28 

32 

1.4028 

1.4259 

28 

33 

1.3574 

1.4788 

27 

33 

1.3797 

1.4514 

27 

33 

1.4032 

1.4255 

27 

34 

1.3578 

1.4783 

20 

34 

1.3S01 

1.4510 

26 

34 

1.4030 

1.4250 

26 

35 

1.3582 

1.4778 

25 

35 

1 . 3805 

1.4505 

25 

35 

1.4040 

1.4246 

25 

36 

1 . 3585 

1.4774 

24 

36 

1 . 3809 

1.4501 

24 

36 

1.4044 

1.4242 

24 

37 

1 .  3589 

1.4769 

23 

37 

1.3813 

1.4496 

23 

37 

1.4048 

1.4238 

23 

38 

1.3592 

1.4764 

22 

38 

1.3817 

1.4492 

22 

38 

1.4052 

1.4234 

22 

39 

1 . 3596 

1.4760 

21 

39 

1.3S20 

1.4487 

21 

39 

1.4057 

1.4229 

21 

40 

1 . 3600 

1.4755 

20 

40 

1 . 3824 

1.4483 

20 

40 

1.4061 

1.4225 

20 

41 

1.3603 

1.4750 

19 

41 

1.3828 

1.4479 

19 

41 

1.40G5 

1.4221 

19 

42 

1 . 3607 

1.4746 

18 

42 

1.3832 

1.4474 

18 

42 

1.4069 

1.4217 

18 

43 

1.3611 

1.4741 

17 

43 

1 . 3836 

1.4470 

17 

43 

1.4073 

1.4213 

17 

44 

1.3614 

1.4737 

16 

44 

1 . 3840 

1.4465 

16 

44 

1.4077 

1.4208 

16 

45 

1.3618 

1.4732 

15 

45 

1 . 3843 

1.4461 

15 

45 

1.4081 

1.4204 

15 

46 

1.3622 

1.4727 

14 

46 

1.3847 

1.4457 

14 

46 

1.4085 

1.4200 

14 

47 

1 .  3625 

1.4723 

13 

47 

1.3851 

1.4452 

13 

47 

1.4089 

1.4196 

13 

48 

1.3629 

1.4718 

12 

48 

1 . 3855 

1.4448 

12 

48 

1.4093 

1.4192 

12 

49 

1.3633 

1.4713 

11 

49 

1.3859 

1.4443 

11 

49 

1.4097 

1.4188 

11 

50 

1 .  3636 

1.4709 

10 

50 

1.3863 

1.4439 

10 

50 

1.4101 

1.4183 

10 

51 

1.3640 

1.4704 

9 

51 

1 . 3867 

1.4435 

9 

51 

1.4105 

1.4179 

9 

52 

1 .  3644 

1.4700 

8 

52 

1.3871 

1.4430 

8 

52 

1.4109 

1.4175 

8 

53 

1.3647 

1.4695 

7 

53 

1 . 3874 

1.4426 

7 

53 

1.4113 

1.4171 

7 

54 

1.3651 

1.4690 

6 

54 

1 . 3878 

1.4422 

6 

54 

1.4118 

1.4167 

6 

55 

1 .3655 

1.4686 

5 

55 

1 . 3882 

1.4417 

5 

55 

1.4122 

1.4163 

5 

56 

1 . 3658 

1.4681 

4 

56 

1 . 3886 

1.4413 

4 

56 

1.4126 

1.4159 

4 

57 

1 .  3662 

1.4G77 

3 

57 

1.3890 

1.4409 

3 

57 

1.4130 

1.4154 

3 

58 

1 .  36G6 

1.4672 

2 

58 

1.3894 

1.4404 

2 

58 

1.4134 

1.4150 

2 

59 

1 . 3670 

1.4667 

1 

59 

1.3898 

1.4400 

1 

59 

1.4138 

1.4146 

1 

60 

i 

1.3673 

1.4663 

0 

60 

1.3902 

1.4396 

0 

60 

1.4142 

1.4142 

0 

Csc 

Sec 

/ 

Csc 

Sec 

Csc 

Sec 

/ 

132°  (312°) 


(227°)  47°       133°  (313°) 


(226°)  46°       134°  (314°) 


(225°)  45c 
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NATURAL  TRIGONOMETRIC  FUNCTIONS  FOR 
ANGLES  IN  DEGREES  AND  DECIMALS 


Deg. 

Sin 

Tan 

Cot 

Cos 

Deg 

Deg 

Sin 

Tan 

Cot 

Cos 

Deg. 

0.0 

.00000 

.00000 

00 

1.0000 

90.0 

6.0 

.10453 

.10510 

9.514 

0.994£ 

»  84.0 

.1 

.00175 

.00175 

573.0 

1.0000 

89.9 

.1 

.10626 

.10687 

9.357 

.9945 

83.9 

2 

.00349 

.00349 

286.5 

1.0000 

.8 

.2 

.1080 

.10863 

9.205 

.9942 

.8 

.3 

.00524 

.00524 

191.0 

1.0000 

.7 

.3 

.10973 

.11040 

9.058 

.994C 

>   .7 

A 

.00698 

.00698 

143.24 

1.0000 

.6 

.4 

.11147 

.11217 

8.915 

.993* 

»   .6 

.5 

.00873 

.00873 

114.59 

1.0000 

.5 

.5 

.11320 

.11394 

8.777 

.9936 

.5 

.6 

.01047 

.01047 

95.49 

0.9999 

.4 

.6 

.11494 

.11570 

8.643 

.9934 

.4 

"7 

.01222 

.01222 

81.85 

.9999 

.3 

.7 

.11667 

.11747 

8.513 

.9932 

.3 

A 

.01396 

.01396 

71.62 

.9999 

.2 

.8 

.11840 

.11924 

8.386 

.993C 

1   .2 

.9 

.01571 

.01571 

63.66 

.9999 

89.1 

.9 

.12014 

.12101 

8.264 

.9928 

>  83.1 

1.0 

.01745 

.01746 

57.29 

0.9998 

89.0 

7.0 

.12187 

.12278 

8.144 

0.992£ 

83.0 

.1 

:01920 

.01920 

52.08 

.9998 

88.9 

.1 

.12360 

.12456 

8.028 

.9923 

82.9 

2 

.02094 

.02095 

47.74 

.9998 

.8 

.2 

.12533 

.12633 

7.916 

.9921 

.8 

!s 

.02269 

.02269 

44.07 

.9997 

.7 

.3 

.12706 

.12810 

7.806 

.9919 

.7 

.4 

.02443 

.02444 

40.92 

.9997 

.6 

.4 

.12880 

.12988 

7.700 

.9917 

.6 

.5 

.02618 

.02619 

38.19 

.9997 

.5 

.5 

.13053 

.13165 

7.596 

.9914 

.5 

.6 

.02792 

.02793 

35.80 

.9996 

.4 

.6 

.13226 

.13343 

7.495 

.9912 

.4 

.7 

.02967 

.02968 

33.69 

.9996 

.3 

.7 

.13399 

.13521 

7.396 

.9910 

.3 

.8 

.03141 

.03143 

31.82 

.9995 

.2 

.8 

.13572 

.13698 

7.300 

.9907 

.2 

.9 

.03316 

.03317 

30.14 

.9995 

88.1 

.9 

.13744 

.13876 

7.207 

.9905 

82.1 

2.0 

.03490 

.03492 

28.64 

0.9994 

88.0 

8.0 

.13917 

.14054 

7.115 

0.9903 

82.0 

.1 

.03664 

.03667 

27.27 

.9993 

87.9 

.1 

.14090 

.14232 

7.026 

.9900 

81.9 

2 

.03839 

.03842 

26.03 

.9993 

.8 

.2 

.14263 

.14410 

6.940 

.9898 

.8 

.3 

.04013 

.04016 

24.90 

.9992 

.7 

.3 

.14436 

.14588 

6.855 

.9895 

.7 

A 

.04188 

.04191 

23.86 

.9991 

.6 

.4 

.14608 

.14767  6.772 

.9893 

.6 

.5 

.04362 

.04366 

22.90 

.9990 

.5 

.5 

.14781 

.1494516.691 

.9890 

.5 

.6 

.04536 

.04541 

22.02 

.9990 

.4 

.6 

.14954 

.15124 

6.612 

.9888 

.4 

"T 

.04711 

.04716 

21.20 

.9989 

.3 

.7 

.15126 

.15302 

6.535 

.9885 

.3 

!g 

.04885 

.04891 

20.45 

.9988 

.2 

.8 

.15299 

.15481 

6.460 

.9882 

.2 

.9 

.05059 

.05066 

19.74 

.9987 

87.1 

.9 

.15471 

.15660 

6.386 

.9880 

81.1 

3.0 

.05234 

.05241 

19.081 

0.9986 

87.0 

9.0 

.15643 

.15838 

6.314 

0.9877 

81.0 

.1 

.05408 

.05416 

18.464 

.9985 

86.9 

.1 

.15816 

.16017 

6.243 

.9874 

80.9 

.2 

.05582 

.05591 

17.886 

.9984 

.8 

.2 

.15988 

.16196 

6.174 

.9871 

.8 

.3 

.05756 

.05766 

17.343 

.9983 

.7 

.3 

.16160 

.16376 

6.107 

.9869 

.7 

.4 

.05931 

.05941 

16.832 

.9982 

.6 

.4 

.16333 

.16555 

6.041 

.9866 

.6 

.5 

.06105 

.06116 

16.350 

.9981 

.5 

.5 

.16505 

.16734 

5.976 

.9863 

.5 

.6 

.06279 

.06291 

15.895 

.9980 

.4 

.6 

.16677 

.16914 

5.912 

.9860 

.4 

.7 

.06453 

.06467 

15.464 

.9979 

.3 

.7 

.16849 

.17093 

5.850 

.9857 

.3 

.8 

.06627 

.06642 

15.056 

.9978 

.2 

.8 

.17021 

.17273 

5.789 

.9854 

.2 

.9 

.06802 

.06817 

14.669 

.9977 

86.1 

.9 

.17193 

.17453 

5.730 

.9851 

80.1 

4.0 

.06976 

.06993 

14.301 

0.9976 

86.0 

10.0 

.1736 

.1763 

5.671 

0.9848 

80.0 

.1 

.07150 

.07168 

13.951 

.9974 

85.9 

.1 

.1754 

.1781 

5.614 

.9845 

79.9 

2 

.07324 

.07344 

13.617 

.9973 

.8 

.2 

.1771 

.1799 

5.558 

.9842 

.8 

;.3 

.07498 

.07519 

13.300 

.9972 

.7 

.3 

.1788 

.1817 

5.503 

.9839 

.7 

.4 

.07672 

.07695 

12.996 

.9971 

.6 

.4 

.1805 

.1835 

5.449 

.9836 

.6 

.5 

.07846 

.07870 

12.706 

.9969 

.5 

.5 

.1822 

.1853 

5.396 

.9833 

.5 

.6 

.08020 

.08046 

12.429 

.9968 

.4 

.6 

.1840 

.1871 

5.343 

.9829 

.4 

.7 

.08194 

.08221 

12.163 

.9966 

.3 

.7 

.1857 

.1890 

5.292 

.9826 

.3 

.8 

.08368 

.08397 

11.909 

.9965 

.2 

.8 

.1874 

.1908 

5.242 

.9823 

.2 

.9 

.08542 

.08573 

11.664 

.9963 

85.1 

.9 

.1891 

.1926 

5.193 

.9820 

79.1 

5.0 

.08716 

.08749 

11.430 

0.9962 

85.0 

11.0 

.1908 

.1944 

5.145 

0.9816 

79.0 

.1 

.08889 

.08925 

11.205 

.9960 

84.9 

.1 

.1925 

.1962 

5.097 

.9813 

78.9 

.2 

.09063 

.09101 

10.988 

.9959 

.8 

.2 

.1942 

.1980 

5.050 

.9810 

.8 

.3 

.09237 

.09277 

10.780 

.9957 

.7 

.3 

.1959 

.1998 

5.005 

.9806 

.7 

.4 

.09411 

.09453 

10.579 

.9956 

.6 

.4 

.1977 

.2016 

4.959 

.9803 

.6 

.5 

.09585 

.09629 

10.385 

.9954 

.5 

.5 

.1994 

.2035 

4.915 

.9799 

.5 

.6 

.09758 

.09805 

10.199 

.9952 

.4 

.6 

.2011 

.2053 

4.872 

.9796 

.4 

.7 

.09932 

.09981 

10.019 

.9951 

.3 

.7 

.2028 

.2071 

4.829 

.9792 

.3 

.8 

.10106 

.10158 

9.845 

.9949 

.2 

.8 

.2045 

.2089 

4.787 

.9789 

.2 

.9 

.10279 

.10334 

9.677 

.9947 

84.1 

.9 

.2062 

.2107 

1.745 

.9785 

78.1 

6.0 

.10453 

.10510 

9.514 

0.9945 

84.0 

12.0 

Deg. 

.2079 

2126 

1.705  ( 

3.9781 

78.0 

Deg. 

Cos 

Cot 

Tan 

Sin 

Deg. 

Cos 

Cot 

Tan 

Sin 

Deg. 
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NATURAL  FUNCTIONS  FOR  DEGREES  AND 
DECIMALS  (Continued) 


Deg. 

Sin 

Tan 

Cot 

Cos 

Deg. 

12.0 

0.2079 

0.2126 

4.705 

0.9781 

78.0 

.1 

.2096 

.2144 

4.665 

.9778 

77.9 

.2 

.2113 

.2162 

4.625 

.9774 

.8 

.3 

.2130 

.2180 

4.586 

.9770 

.7 

.4 

.2147 

.2199 

4.548 

.9767 

.6 

.5 

.2164 

.2217 

4.511 

.9763 

.5 

.6 

.2181 

.2235 

4.474 

.9759 

.4 

.7 

.2198 

.2254 

4.437 

.9755 

.3 

.8 

.2215 

.2272 

4.402 

.9751 

.2 

.9 

.2233 

.2290 

4.366 

.9748 

77.1 

13.0 

0.2250 

0.2309 

4.331 

0.9744 

77.0 

.1 

.2267 

.2327 

4.297 

.9740 

76.9 

.2 

.2284 

.2345 

4.264 

.9736 

.8 

.3 

.2300 

.2364 

4.230 

.9732 

.7 

.4 

.2317 

.2382 

4.198 

.9728 

.6 

.5 

.2334 

.2401 

4.165 

.9724 

.5 

.6 

.2351 

.2419 

4.134 

.9720 

.4 

.7 

.2368 

.2438 

4.102 

.9715 

.3 

.8 

.2385 

.2456 

4.071 

.9711 

.2 

.9 

.2402 

.2475 

4.041 

.9707 

76.1 

U.O 

0.2419 

0.2493 

4.011 

0.9703 

76.0 

.1 

.2436 

.2512 

3.981 

.9699 

75.9 

.2 

.2453 

.2530 

3.952 

.9694 

.8 

.3 

.2470 

.2549 

3.923 

.9690 

.7 

.4 

.2487 

.2568 

3.895 

.9686 

.6 

.5 

.2504 

.2586 

3.867 

.9681 

.5 

.6 

.2521 

.2605 

3.839 

.9677 

.4 

.7 

.2538 

.2623 

3.812 

.9673 

.3 

.8 

.2554 

.2642 

3.785 

.9668 

.2 

.9 

.2571 

.2661 

3.758 

.9664 

75.1 

15.0 

0.2588 

0.2679 

3.732 

0.9659 

75.0 

.1 

.2605 

.2698 

3.706 

.9655 

74.9 

.2 

.2622 

.2717 

3.681 

.9650 

.8 

.3 

.2639 

.2736 

3.655 

.9646 

.7 

.4 

.2656 

.2754 

3.630 

.9641 

.6 

.5 

.2672 

.2773 

3.606 

.9636 

.5 

.6 

.2689 

.2792 

3.582 

.9632 

.  .4 

.7 

.2706  .2811 

3.558 

.9627 

.3 

.8 

.2723 

.2830 

3.534 

.9622 

.2 

.9 

.2740 

.2849 

3.511 

.9617 

74.1 

16.0 

0.2756 

0.2867 

3.487 

0.9613 

74.0 

.1 

.2773 

.2886 

3.465 

.9608 

73.9 

.2 

.2790 

.2905 

3.442 

.9603 

.8 

!3 

.2807 

.2924 

3.420 

.9598 

.7 

.4 

.2823 

.2943 

3.398 

.9593 

.6 

.5 

.2840 

.2962 

3.376 

9588 

.5 

.6 

.2857 

.2981 

3.354 

.9583 

.4 

.7 

.2874 

.3000 

3.333 

.9578 

.3 

.8 

.2890 

.3019 

3.312 

.9573 

.2 

.9 

.2907 

.3038 

3.291 

.9568 

73.1 

17.0 

0.2924 

0.3057 

3.271 

0.9563 

73.0 

.1 

.2940 

.3076 

3.251 

.9558 

72.9 

.2 

.2957 

.3096 

3.230 

.9553 

.8 

.3 

.2974 

.3115 

3.211 

.9548 

.7 

.4 

.2990 

.3134 

3.191 

.9542 

.6 

.5 

.3007 

.3153 

3.172 

.9537 

.5 

.6 

.3024 

.3172 

3.152 

.9532 

.4 

.7 

.3040 

.3191 

3.133 

.9527 

.3 

.8 

.3057 

.3211 

3.115 

.9521 

.2 

.9 

.3074 

.3230 

3.096 

.9516 

72.1 

18.0  0.3090 

0.3249 

3.078 

0.9511 

72.0 

Deg.  Cos  |  Cot 

Tan 

Sin 

Deg. 

Deg. 

Sin 

1   rr, 

Tan 

Cot 

Cos 

Deg. 

18.0 

0.3090 

0.3249 

3.078 

0.9511 

72.0 

.1 

.3107 

.3269 

3.060 

.9505 

71.9 

.2 

.3123 

.3288 

3.042 

.9500 

.8 

.3 

.3140 

.3307 

3.024 

.9494 

.7 

.4 

.3156 

.3327 

3.006 

.9489 

.6 

.5 

.3173 

.3346 

2.989 

.9483 

.5 

.6 

.3190 

.3365 

2.971 

.9478 

.4 

.7 

.3206 

.3385 

2.954 

.9472 

.3 

.8 

.3223 

.3404 

2.937 

.9466 

.2 

.9 

.3239 

.3424 

2.921 

.9461 

71.1 

19.0 

0.3256 

0.3443 

2.904 

0.9455 

71.0 

.1 

.3272 

.3463 

2.888 

.9449 

70.9 

.2 

.3289 

.3482 

2.872 

.9444 

.8 

.3 

.3305 

.3502 

2.856 

.9438 

.7 

.4 

.3322 

.3522 

2.840 

.9432 

.6 

.5 

.3338 

.3541 

2.824 

.9426 

.5 

.6 

.3355 

.3561 

2.808 

.9421 

.4 

.7 

.3371 

.3581 

2.793 

.9415 

.3 

.8 

.3387 

.3600 

2.778 

.9409 

.2 

.9 

.3404 

.3620 

2.762 

.9403 

70.1 

20.0 

0.3420 

0.3640 

2.747 

0.9397 

70.0 

.1 

.3437 

.3659 

2.733 

.9391 

69.9 

.2 

.3453 

.3679 

2.718 

.9385 

.8 

.3 

.3469 

.3699 

2.703 

.9379 

.7 

.4 

.3486 

.3719 

2.689 

.9373 

.6 

.5 

.3502 

.3739 

2.675 

.9367 

.5 

.6 

.3518 

.3759 

2.660 

.9361 

.4 

.7 

.3535 

.3779 

2.646 

.9354 

.3 

.8 

.3551 

.3799 

2.633 

.9348 

.2 

.9 

.3567 

.3819 

2.619 

.9342 

69.1 

21.0 

0.3584 

0.3839 

2.605 

0.9336 

69.0 

.1 

.3600 

.3859 

2.592 

.9330 

68.9 

.2 

.3616 

.3879 

2.578 

.9323 

.8 

.3 

.3633 

.3899 

2.565 

.9317 

.7 

.4 

.3649 

.3919 

2.552 

.9311 

.6 

.5 

.3665 

.3939 

2.539 

.9304 

.5 

.6 

.3681 

.3959 

2.528 

.9298 

.4 

.7 

.3697 

.3979 

2.513 

.9291 

.3 

.8 

.3714 

.4000 

2.500 

.9285 

.2 

.9 

.3730 

.4020 

2.488 

.9278 

68.1 

22.0 

0.3746 

0.4040 

2.475 

0.9272 

68.0 

.1 

.3762 

.4061 

2.463 

.9265 

67.9 

.2 

.3778 

.4081 

2.450 

.9259 

.8 

.3 

.3795 

.4101 

2.438 

.9252 

.7 

.4 

.3811 

.4122 

2.426 

.9245 

.6 

.5 

.3827 

.4142 

2.414 

.9239 

.5 

.6 

.3843 

.4163 

2.402 

.9232 

.4 

.7 

.3859 

.4183 

2.391 

.9225 

.3 

.8 

.3875 

.4204 

2.379 

.9219 

.2 

.9 

.3891 

.4224 

2.367 

.9212 

67.1 

23.0 

0.3907 

0.4245 

2.356 

0.9205 

67.0 

.1 

.3923 

.4265 

2.344 

.9198 

66.9 

.2 

.3939 

.4286 

2.333 

.9191 

.8 

.3 

.3955 

.4307 

2.322 

.9184 

.7 

.4 

.3971 

.4327 

2.311 

.9178 

.6 

.5 

.3987 

.4348 

2.300 

.9171 

.5 

.6 

.4003 

.4369 

2.289 

.9164 

.4 

.7 

.4019 

.4390 

2.278 

.9157 

.3 

.8 

.4035 

.4411 

2.267 

.9150 

.2 

.9 

.4051 

.4431 

2.257 

.9143 

66.1 

24.0 

0.4067 

0.4452 

2.246 

0.9135 

66.0 

Deg. 

Cos 

Cot 

Tan 

Sin 

Deg. 
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Deg.|  Sin 

Tan 

Cot 

Cos 

Deg. 

24.0 

0.4067 

0.4452 

2.246 

0.9135 
.9128 

66.0 

.1 

.4083 

.4473 

2.236 

05.9 

.2 

.4099 

.4494 

2.225 

.9121 

.8 

.3 

.4115 

.4515 

2.215 

.9114 

J 

.4 

.4131 

.4536 

2.204 

.9107 

.6 

.5 

.4147 

.4557 

2.194 

.9100 

.5 

.6 

.4163 

.4578 

2.184 

.9092 

.4 

.7 

.4179 

.4599 

2.174 

.9085 

.3 

.8 

.4195 

.4621 

2.164 

.9078 

.2 

.9 

.4210 

.4642 

2.154 

.9070 

65.1 

25.0 

0.4226 

0.4663 

2.145 

0.9063 

65.0 

.1 

.4242 

.4684 

2.135 

.9056 

64.9 

.2 

.4258 

.4706 

2.125 

.9048 

.8 

.3 

.4274 

.4727 

2.116 

.9041 

.7 

.4 

.4289 

.4748 

2.106 

.9033 

.6 

.5 

.4305 

.4770 

2.097 

.9026 

.5 

.6 

.4321 

.4791 

2.087 

.9018 

.4 

.7 

.4337 

.4813 

2.078 

.9011 

.3 

.8 

.4352 

.4834 

2.069 

.9003 

.2 

.9 

.4368 

.4856 

2.059 

.8996 

64!l 

26.0 

0.4384 

0.4877 

2.Q50 

0.8988 

64.0 

.1 

.4399 

.4899 

2.041 

.8980 

63.9 

.2 

.4415 

.4921 

2.032 

.8973 

.8 

.3 

.4431 

.4942 

2.023 

.8965 

.7 

.4 

.4446 

.4964 

2.014 

.8957 

.6 

.5 

.4462 

.4986 

2.006 

.8949 

.5 

.6 

.4478 

.5008 

1.997 

.8942 

.4 

.7 

.4493 

.5029 

1.988 

.8934 

.3 

.8 

.4509 

.5051 

1.980 

.8926 

2 

.9 

.4524 

.5073 

1.971 

.8918 

63;! 

27.0 

0.4540 

0.5095 

1.963 

0.8910 

63.0 

.1 

.4555 

.5117 

1.954 

.8902 

62.9 

.2 

.4571 

.5139 

1.946 

.8894 

.8 

.3 

.4586 

.5161 

1.937 

.8886 

.7 

.4 

.4602 

.5184 

1.929 

.8878 

.6 

.5 

.4617 

.5206 

1.921 

.8870 

.5 

.6 

.4633 

.5228 

1.913 

.8862 

.4 

.7 

.4648 

.5250 

1.905 

.8854 

.3 

.8 

.4664 

.5272 

1.897 

.8846 

.2 

.9 

.4679 

.5295 

1.889 

.8838 

62.1 

28.0 

0.4695 

0.5317 

1.881 

0.8829 

62.0 

.1 

.4710 

.5340 

1.873 

.8821 

61.9 

.2 

.4726 

.5362 

1.865 

.8813 

.8 

.3 

.4741 

.5384 

1.857 

.8805 

.7 

.4 

.4756 

.5407 

1.849 

.8796 

.6 

.5 

.4772 

.5430 

1.842 

.8788 

.5 

.6 

.4787 

.5452 

1.834 

.8780 

.4 

.7 

.4802 

.5475 

1.827 

.8771 

.3 

.8 

.4818 

.5498 

1.819 

.8763 

#2 

.9 

.4833 

.5520 

1.811 

.8755 

6L1 

29.0 

0.4848 

0.5543 

1.804 

0.8746 

61.0 

.1 

.4863 

.5566 

1.797 

.8738 

60.9 

.2 

.4879 

.5589 

1.789 

.8729 

.8 

.3 

.4894 

.5612 

1.782 

.8721 

.7 

.4 

.4909 

.5635 

1.775 

.8712 

.6 

.5 

.4924 

.5658 

1.767 

.8704 

.5 

.6 

.4939 

.5681 

1.760 

.8695 

.4 

.7 

.4955 

.5704 

1.753 

.8686 

.3 

.8 

.4970 

.5727 

1.746 

.8678 

.2 

.9 

.4985 

.5750 

1.739 

.8669 

60.1 

30.0 

0.5000 

0.5774 

1.732 

0.8660 

60.0 

'Deg. 

Beg. 

Cos 

Cot 

Tan 

Sin 

Deg. 

Sin 

Tan 

Cot 

Cos  j  Deg. 

30.0 

0.5000 

0.5774 

1.7321 

0.8660  60.0 

.1 

.5015 

.5797 

1.7251 

.8652 

59.9 

.2 

.5030 

.5820 

1.7182 

.8643 

.8 

.3 

.5045 

.5844 

1.7113 

.8634 

.7 

.4 

.5060 

.5867 

1.7045 

.8625 

.6 

.5 

.5075 

.5890 

1.6977 

.8616   .5 

.6 

.5090 

.5914 

1.6909 

.8607   .4 

.7 

.5105 

.5938 

1.6842 

.8599i   .3 

.8 

.5120 

.5961 

1.6775 

.85901   .2 

.9 

.5135 

.5985 

1.6709 

.8581  59.1 

31.0 

0.5150 

0.6009 

1.6643 

0.8572  59.0 

.1 

.5165 

.6032 

1.6577 

.85631  58.9 

.2 

.5180 

.6056  1.6512 

.8554!   .8 

.3 

.5195 

.6080 

1.6447 

.8545!   .7 

.4 

.5210 

.6104 

1.6383 

.8536   .6 

.5 

.5225 

.6128 

1.6319 

.8526   .5 

.6 

.5240 

.6152 

1.6255 

.8517;   .4 

.7 

.5255 

.6176 

1.6191 

.85081   .3 

.8 

.5270 

.6200 

1.6128 

.84991   .2 

.9 

.5284 

.6224 

1.6066 

.8490 

58.1 

32.0 

0.5299 

0.6249 

1.6003 

0.8480 

58.0 

.1 

.5314 

.6273 

1.5941 

.8471 

57.9 

.2 

.5329 

.6297 

1.5880 

.8462 

.8 

'.3 

.5344 

.6322 

1.5818 

.8453   .7 

.4 

.5358 

.6346 

1.5757 

.8443   .6 

.5 

.5373  .6371 

1.5697 

.8434   .5 

.6 

.5388|  .6395 

1.5637 

.8425   .4 

.7 

.54021  .6420 

1.5577 

.84151   .3 

.8 

.5417!  .6445 

1.5517 

.8406j   .2 

.9 

.5432'  .6469 

1.5458 

.8396 

57.1 

33.0 

0.544610.6494 

1.5399 

0.8387 

57.0 

.1 

.5461 i  .6519 

1.5340 

.8377 

56.9 

.2 

.54761  .6544 

1.5282 

.8368 

.8 

.3 

.5490 

.6569 

1.5224 

.8358 

.7 

.4 

.5505 

.6594 

1.5166 

.8348 

.6 

.5 

.5519 

.6619 

1.5108 

.8339 

.5 

.6 

.5534 

.6644 

1.5051 

.8329 

.4 

.7 

.5548 

.6669 

1.4994 

.8320 

.3 

.8 

.5563 

.6694 

1.4938 

.8310 

2 

.9 

.5577 

.6720 

1.4882 

.8300 

56!  1 

34.0 

0.5592  0.6745)1.4826 

0.8290 

56.0 

.1 

.5606  .677111.4770 

.8281 

55.9 

.2 

.5621  .6796(1.4715 

.8271 

.8 

'.3 

.56351  .6822  1.4659 

.8261 

.7 

A 

.5650 

.6847 

1.4605 

.8251 

.6 

.5 

.5664 

.6873 

1.4550 

.8241 

.5 

.6 

.5678 

.6899 

1.4496 

.8231 

.4 

.7 

.5693 

.6924 

1.4442 

.8221 

.3 

.8 

.5707 

.6950 

1.4388 

.8211 

.2 

.9 

.5721 

.6976 

1.4335 

.8202 

55.1 

35.0 

0.5736  0.7002 

1.4281 

0.8192 

55.0 

.1 

.5750 

.7028 

1.4229 

.8181 

54.9 

.2 

.5764 

.7054 

1.4176 

.8171 

.8 

.3 

.5779 

.7080 

1.4124 

.8161 

•7 

.4 

.5793 

.7107 

1.4071 

.8151 

.6 

.5 

.5807 

.7133 

1.4019 

.8141 

.5 

.6 

.5821 

.7159 

1.3968 

.8131 

.4 

.7 

.5835 

.7186 

1.3916 

.8121 

.3 

.8 

.5850 

.7212 

1.3865 

.8111 

.2 

.9 

.5864 

.7239 

1.3814 

.8100 

54.1 

36.0 

0.5878 

0.7265 

1.3764 
Tan 

0.8090 

54.0 

Deg. 

Cos 

Cot 

Sin 

Deg. 
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Deg. 

Sin 

Tan 

Cot 

Cos 

Deg. 

36.0 

0.5878 

0.7265 

1.3764 

0.8090 

54.0 

.1 

.5892 

.7292 

1.3713 

.8080 

53.9 

.2 

.5906 

.7319 

1.3663 

.8070 

.8 

.3 

.5920 

.7346 

1.3613 

.8059 

.7 

.4 

.5934 

.7373 

1.3564 

.8049 

.6 

.5 

.5948 

.7400 

1.3514 

.8039 

.5 

.6 

.5962 

.7*27 

1.3465 

.8028 

.4 

.7 

.5976 

.7*o4 

1.3416 

.8018 

.3 

.8 

.5990 

.7*81 

1.3367 

.8007 

2 

.9 

.6004 

.7508 

1.3319 

.7997 

53.1 

37.0 

0.6018 

0.7536 

1.3270 

0.7986 

53.0 

.1 

.6032 

.7563 

1.3222 

.7976 

52.9 

2 

.6046 

.7590 

1.3175 

.7965 

.8 

'.S 

.6060 

.7618 

1.3127 

.7955 

.7 

.4 

.6074 

.7646 

1.3079 

.7944 

.6 

.5 

.6088 

.7673 

1.3032 

.7934 

.5 

.6 

.6101 

.7701 

1.2985 

.7923 

.4 

.7 

.6115 

.7729 

1.2938 

.7912 

.3 

.8 

.6129 

.7757 

1.2892 

.7902 

o 

.9 

.6143 

.7785 

1.2846 

.7891 

521 

38.0 

0.6157 

0.7813 

1.2799 

0.7880 

52.0 

.1 

.6170 

.7841 

1.2753 

.7869 

51.9 

2 

.6184 

.7869 

1.2708 

.7859 

.8 

.3 

.6198 

.7898 

1.2662 

.7848 

.7 

A 

.6211 

.7926 

1.2617 

.7837 

.6 

.5 

.6225 

.7954 

1.2572 

.7826 

.5 

.6 

.6239 

.7983 

1.2527 

.7815 

.4 

.7 

.6252 

.8012 

1.2482 

.7804 

.3 

.8 

.6266 

.8040 

1.2437 

.7793 

2 

.9 

.6280 

.8069 

1.2393 

.7782 

51.1 

39.0 

0.6293 

0.8098 

1.2349 

0.7771 

51.0 

.1 

.6307 

.8127 

1.2305 

.7760 

50.9 

.2 

.6320 

.8156 

1.2261 

.7749 

.8 

!5 

.6334 

.8185 

1.2218 

.7738 

.7 

.4 

.6347 

.8214 

1.2174 

.7727 

.6 

.5 

.6361 

.8243 

1.2131 

.7716 

.5 

.6 

.6374 

.8273 

1.2088 

.7705 

.4 

.7 

.6388 

.8302 

1.2045 

.7694 

.3 

.8 

.6401 

.8332 

1.2002 

.7683 

.2 

.9 

.6414 

.8361 

1.1960 

.7672 

50.1 

40.0 

0.6428 

0.8391 

1.1918 

0.7660 

50.0 

.1 

.6441 

.8421 

1.1875 

.7649 

49.9 

«> 

.6455 

.8451 

1.1833 

.7638 

.8 

>3 

.6468 

.8481 

1.1792 

.7627 

.7 

.4 

.6481 

.8511 

1.1750 

.7615 

.6 

40.5 

0.6494 

0.8541 

1.1708 

0.7604 

49.5 

Deg. 

Cos 

Cot 

Tan 

Sin 

Deg. 

Deg. 

Sin 

Tan 

Cot 

Cos 

Deg. 

40.5 

0.6494 

0.8541 

1.1708 

0.7604 

49.5 

.6 

.6508 

.8571 

1  1667 

.7593 

.4 

.7 

.6521 

.8601 

1.1626 

.7581 

.3 

.8 

.6534 

.8632 

1.1585 

.7570 

.2 

.9 

.6547 

.8662 

1.1544 

.7559 

49.1 

41.0 

0.6561 

0.8693 

1.1504 

0.7547 

49.0 

.1 

.0574 

.8724 

1.1463 

.7536 

48.9 

2 

.6587 

.8754 

1.1423 

.7524 

.8 

~$ 

.6600 

.8785 

1.1383 

.7513 

.7 

.4 

.6613 

.8816 

1.1343 

.7501 

.6 

.5 

.6626 

.8847 

1.1303 

.7490 

.5 

.6 

.6639 

.8878 

1.1263 

.7478 

.4 

.7 

.6652 

.8910 

1.1224 

.7466 

.3 

.8 

.6665 

.8941 

1.1184 

.7455 

.2 

.9 

.6678 

.8972 

1.1145 

.7443 

48.1 

42.0 

0.6691 

0.9004 

1  1106 

0.7431 

48.0 

.1 

.6704 

.9036 

1.1067 

.7420 

47  9 

.2 

.6717 

.9067 

1.1028 

.7408 

8 

!s 

.6730 

.9099 

1.0990 

.7396 

.7 

.4 

.6743 

.9131 

1.0951 

-7385 

.6 

.5 

.6756 

.9163 

1.0913 

.7373 

.5 

.6 

.6769 

.9195 

1.0875 

.7361 

.4 

.7 

.6782 

.9228 

1.0837 

.7349 

.3 

.8 

.6794 

.9260  1.0799 

.7337 

.2 

.9 

.6807 

.9293  1.0761 

.7325 

47.1 

43.0 

0.6820 

0.9325  1.0724 

0.7314 

47.0 

.1 

.6833 

.9358 

1  0686 

.7302 

46.9 

2 

.6845 

.9391 

1.0649 

.7290 

.8 

.3 

.6858 

.9424 

1.0612 

.7278 

.7 

A 

.6871 

.9457 

1.0575 

.7266 

.6 

.5 

.6884 

.9490  1.0538 

.7254 

.5 

.6 

.6896 

.9523)1.0501 

.7242 

.4 

.7 

.6909 

.955611.0464 

.7230 

.3 

.8 

.6921 

.9590  1.0428 

.7218 

.2 

.9 

.6934 

.9623 

1.0392 

.7206 

46.1 

44.0 

0.6947 

0.9657 

1.0355 

0.7193 

46.0 

.1 

.6959 

.9691 

1.0319 

.7181 

45.9 

.2 

.6972 

.9725 

1.0283 

.7169 

.8 

.3 

.6984 

.9759 

1.0247 

.7157 

.7 

.4 

.6997 

.9793 

1.0212 

.7145 

.6 

.5 

.7009 

.9827 

1.0176 

.7133 

.5 

.6 

.7022 

.9861 

1.0141 

.7120 

A 

.7 

.7034 

.9896 

1.0105 

.7108 

.3 

.8 

.7046 

.9930 

1.0070 

.7096   .2 

.9 

.7059 

.9965 

1.0035 

.7083 

45.1 

45.0 

0.7071 

1.0000 

1.0000 

0.7071 

45.0 

Deg. 

Cos 

Cot 

Tan 

Sin 

Deg. 
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LOGARITHMS  OF  TRIGONOMETRIC  FUNCTIONS 
FOR  ANGLES  IN  DEGREES  AND  DECIMALS 


Deg. 

L.  Sin 

L.Tan 

L.  Cot 

L.  Cos 

Deg. 

0.0 

—  00 

—  00 

00 

0.0000 

90.0 

.1 

7.2419 

7.2419 

2.7581 

0.0000 

89.9 

.2 

7.5429 

7.5429 

2.4571 

0.0000 

.8 

.3 

7.7190 

7.7190 

2.2810 

0.0000 

.7 

.4 

7.8439 

7.8439 

2.1561 

0.0000 

.6 

.5 

7.9408 

7.9409 

2.0591 

0.0000 

.5 

.6 

8.0200 

8.0200 

1.9800 

0.0000 

.4 

.7 

8.0870 

8.0870 

1.9130 

0.0000 

.3 

.8 

8.1450 

8  1450 

1.8550 

0.0000 

.2 

.9 

8.1961 

8.1962 

1.8038 

9.9999 

89.1 

1.0 

8.2419 

8.2419 

1.7581 

9.9999 

89.0 

.1 

8.2832 

8.2833 

1.7167 

9.9999 

88.9 

.2 

8.3210 

8.3211 

1.6789 

9.9999 

.8 

.3 

8.3558 

8.3559 

1.6441 

9.9999 

.7 

.4 

8.3880 

8.3881 

1.6119 

9.9999 

.6 

.5 

8.4179 

8.4181 

1.5819 

9.9999 

.5 

.6 

8.4459 

8.4461 

1.5539 

9.9998 

.4 

.7 

8.4723 

8.4725 

1.5275 

9.9998 

.3 

.8 

8.4971 

8.4973 

1.5027 

9.9998 

.2 

.9 

8. 5206 

8.5208 

1.4792 

9.9998 

88.1 

2.0 

8.5428 

8.5431 

1.4569 

9.9997 

88.0 

1 

8.5640 

8.5643 

1.4357 

9.9997 

87.9 

.2 

8.5842 

8.5845 

1.4155 

9.9997 

.8 

.3 

8.6035 

8.6038 

1.3962 

9.9996 

.7 

4 

8.6220 

8.6223 

1.3777 

9.9996 

.6 

.5 

8.6397 

8.6401 

1.3599 

9.9996 

.5 

.6 

8.6567 

8  6571 

1.3429 

9.9996 

.4 

.7 

8.6731 

8.6736 

1.3264 

9.9995 

.3 

.8 

8  6889 

8.6894 

1.3106 

9.9995 

.2 

9 

8.7041 

8.7046 

1.2954 

9.9994 

87.1 

3.0 

8.7188 

8.7194 

1.2806 

9.9994 

87.0 

.1 

8.7330 

8.7337 

1.2663 

9.9994 

86.9 

2 

8.7468 

8.7475 

1.2525 

9.9993 

.8 

.3 

8.7602 

8.7609 

1.2391 

9.9993 

.7 

.4 

8.7731 

8.7739 

1.2261 

9.9992 

.6 

.5 

8.7857 

8.7865 

1.2135 

9.9992 

.5 

.6 

8.7979 

8  7988 

1.2012 

9.9991 

.4 

.7 

8.8098 

8.8107 

1.1893 

9.9991 

.3 

.8 

8.8213 

8.8223 

1.1777 

9.9990 

.2 

.9 

8.8326 

8.8336 

1.1664 

9.9990 

86.1 

4.0 

8  8436 

8.8446 

1.1554 

9.9989 

86.0 

.1 

8.8543 

8.8554 

1.1446 

9.9989 

85.9 

.2 

8.8647 

8.8659 

1.1341 

9.9988 

.8 

.3 

8.8749 

8.8762 

1.1238 

9.9988 

.7 

.4 

8.8849 

8.8862 

1.1138 

9.9987 

.6 

.5 

8.8946 

8.8960 

1.1040 

9.9987 

.5 

.6 

8.9042 

8.9056 

1.0944 

9.9986 

.4 

.7 

8.9135 

8.9150 

1.0850 

9.9985 

.3 

.8 

8  9226 

8.9241 

1.0759 

9.9985 

.2 

.9 

8.9315 

8.9331 

1.0669 

9.9984 

85.1 

5.0 

8.9403 

8.9420 

1.0580 

9.9983 

85.0 

.1 

8.9489 

8.9506 

1.0494 

9.9983 

84.9 

.2 

8.9573 

8.9591 

1.0409 

9.9982 

,8 

.3 

8.9655 

8.9674 

1.0326 

9.9981 

.7 

.4 

8.9736 

8.9756 

1.0244 

9.9981 

.6 

.5 

8.9816 

8.9836 

1.0164 

9.9980 

.5 

.6 

8.9894 

8.9915 

1.0085 

9.9979 

.4 

.7 

8.9970 

8.9992 

1.0008 

9.9978 

.3 

.8 

9.0046 

9.0068 

0.9932 

9.9978 

.2 

.9 

9.0120 

9.0143 

0.9857 

9.9977 

84.1 

6.0 

9.0192 

9.0216 

0.9784 

9.9976 

84.0 

Deg. 

L.  Cos 

L.  Cot 

L.Tan 

L.  Sin 

Deg. 

Deg. 

L.  Sin 

L.Tan 

L.  Cot 

L.  Cos 

,  Deg. 
84.0 

6.0 

9.0192 

9.02]  6 

0  9784 

9.9976 

.1 

9  0264 

9.0289 

0  9711 

9.9975 

83.9 

.2 

9.0334 

9.03^0 

0  9640 

9.9975 

.8 

.3 

9.0403 

8.0430 

0  9570 

9.9974 

.7 

.4 

9.0472 

9.0499 

0.9501 

9.9973 

.6 

.5 

9.0539 

9.0567 

0.9433 

9.9972 

.5 

.6 

9.0605 

9.0633 

0.9367 

9.9971 

.4 

.7 

9.0670 

9.0699 

0.9301 

9.9970 

.3 

.8 

9.0734 

9.0764 

0.9236 

9.9969 

.2 

.9 

9.0797 

9.0828 

0.9172 

9.9968 

83.1 

7.0 

9.0859 

9.0891 

0.9109 

9.9968 

83.0 

.1 

9.0920 

9.0954 

0.9046 

9.9967 

82.9 

.2 

9.0981 

9.1015 

0.8985 

9.9966 

.8 

.3 

9  1040 

9.1076 

0.8924 

9.9965 

.7 

.4 

9.1099 

9.1135 

0.8865 

9.9964 

.6 

.5 

9.1157 

9.1194 

0.8806 

9.9963 

.5 

.6 

9.1214 

9.1252 

0.8748 

9.9962 

.4 

.7 

9.1271 

9.1310 

0.8690 

9.9961 

.3 

.8 

9.1326 

9.1367 

0.8633 

9.9960 

.2 

.9 

9.1381 

9.1423 

0.8577 

9.9959 

82.1 

8.0 

9.1436 

9.1478 

0.8522 

9.9958 

82.0 

.1 

9.1489 

9.1533 

0.8467 

9.9956 

81.9 

.2 

9.1542 

9.1587 

0.8413 

9.9955 

.8 

.3 

9.1594 

9.1640 

0.8360 

9.9954 

.7 

.4 

9.1646 

9.1693 

0.8307 

9.9953 

.6 

.5 

9.1697 

9.1745 

0.8255 

9.9952 

.5 

.6 

9.1747 

9.1797 

0.8203 

9.9951 

.4 

.7 

9.1797 

9.1848 

0.8152 

9.9950 

.3 

.8 

9.1847 

9.1898 

0.8102 

9.9949 

.2 

.9 

9.1895 

9.1948 

0.8052 

9.9947 

81.1 

9.0 

9.1943 

9.1997 

0.8003 

9.9946 

81.0 

.1 

9.1991 

9.2046 

0.7954 

9.9945 

80.9 

.2 

9.2038 

9.2094 

0.7906 

9.9944 

.8 

.3 

9.2085 

9.2142 

0.7858 

9.9943 

.7 

.4 

9.2131 

9.2189 

0.7811 

9.9941 

.6 

.5 

9.2176 

9.2236 

0.7764 

9.9940 

.5 

.6 

9.2221 

9.2282 

0.7718 

9.9939 

.4 

.7 

9.2266 

9.2328 

0.7672 

9.9937 

.3 

.8 

9.2310 

9.2374 

0.7626 

9.9936 

.2 

.9 

9.2353 

9.2419 

0.7581 

9.9935 

80.1 

10.0 

9.2397 

9.2463 

0.7537 

9.9934 

80.0 

.1 

9.2439 

9.2507 

0.7493 

9.9932 

79.9 

.2 

9.2482 

9.2551 

0.7449 

9.9931 

.8 

.3 

9.2524 

9.2594 

0.7406 

9.9929 

.7 

.4 

9.2565 

9.2637 

0.7363 

9.9928 

.6 

.5 

9.2606 

9.2680 

0.7320 

9.9927 

.5 

.6 

9.2647 

9.2722 

0.7278 

9.9925 

.4 

.7 

9.2687 

9.2764 

0.7236 

9.9924 

.3 

.8 

9.2727 

9.2805 

0.7195 

9.9922 

.2 

.9 

9.2767 

9.2846 

0.7154 

9.9921 

79.1 

11.0 

9.2806 

9.2887 

0.7113 

9.9919 

79.0 

.1 

9.2845 

9.2927 

0.7073 

9.9918 

78.9 

.2 

9.2883 

9.2967 

0.7033 

9.9916 

.8 

.3 

9.2921 

9.3006 

0.6994 

9.9915 

.7 

.4 

9.2959 

9.3046 

0.6954 

9.9913 

.6 

.5 

9.2997 

9.3085 

0.6915 

9.9912 

.5 

.6 

9.3034 

9.3123 

0.6877 

9.9910 

.4 

.7 

9.3070 

9.3162 

0.6838 

9.9909 

.3 

.8 

9.3107 

9.3200 

0.6800 

9.9907 

.2 

.9 

9.3143 

9.3237 

0.6763 

9.9906 

78.1 

12.0 

9.3179 

9.3275 

0.6725 

9.9904 

78.0 

Deg. 

L.  Cos 

L.  Cot 

L.Tan 

L.  Sin 

Deg. 
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LOGARITHMS  OF  FUNCTIONS  FOR  DEGREES  AND 
DECIMALS  (Continued) 


Deg 

L.  Sin 

L.Tan 

L.  Cot 

L.  Cos 

Deg 

12.0 

9.3179 

9.3275 

0.6725 

9.9904 

78.0 

.1 

9.3214 

9.3312 

0.6688 

9  9902 

779 

.2 

9.3250 

9.3349 

0.6651 

9.9901 

.8 

.3 

9  3284 

9.3385 

0.6615 

9  9899 

.7 

.4 

9.3319 

9.3422 

0.6578 

9.9897 

.6 

.5 

9  3353 

9.3458 

0.6542 

9.9896 

.5 

.6 

9.3387 

9.3493 

0.6507 

9.9894 

,4 

,7 

9.3421 

9.3529 

0.6471 

9  9892 

.3 

.8 

9  3455 

9.3564 

0.6436 

9  9891 

.2 

.9 

9.3488 

9.3599 

0.6401 

9.9889 

77.1 

13.0 

9.3521 

9.3634 

0.6366 

9.9887 

77.0 

.1 

9.3554 

9.3668 

0.6332 

9.9885 

76  9 

.2 

9.3586 

9.3702 

0.6298 

9.9884 

.8 

.3 

9.3618 

9  3736 

0.6264 

9  9882 

7 

.4 

9.3650 

9.3770 

0.6230 

9.9880 

.6 

.5 

9  3682 

9.3804 

0.6196 

9  9878 

.5 

.6 

9  3713 

9.3837 

0.6163 

9.9876 

.4 

.7 

9.3745 

9.3870 

0.6130 

9.9875 

.3 

.8 

9.3775 

9.3903 

0.6097 

9.9873 

.2 

9 

9  3806 

9.3935 

0.6065 

9.9871 

76.1 

14.0 

9.3837 

9.3968 

0.6032 

9.9869 

76.0 

.1 

9  3867 

9.4000 

0.6000 

9  9867 

75.9 

.2 

9.3897 

9.4032 

0.5968 

9.9865 

,8 

.3 

9  3927 

9.4064 

0.5936 

9  9863 

.7 

4 

9  3957 

9.4095 

0.5905 

9.9861 

.6 

.5 

9.3986 

94127 

0.5873 

9.9859 

.5 

.6 

9  4015 

9.4158 

0.5842 

9,9857 

4 

7 

9.4044 

9.4189 

0  5811 

9.9855 

.3 

.8 

9.4073 

9  4220 

0.5780 

9.9853 

.2 

.9 

9  4102 

9.4250 

0.5750 

9.9851 

75.1 

15.0 

9.4130 

9.4281 

0.5719 

9  9849 

75.0 

.1 

9  4158 

9.4311 

0.5689 

9.9847 

74.9 

.2 

9.4186 

9.4341 

0.5659 

9.9845 

.8 

3 

9.4214 

9.4371 

0.5629 

9.9843 

.7 

.4 

9.4242 

9.4400 

0.5600 

9.9841 

.6 

.5 

9.4269 

9.4430 

0.5570 

9.9839 

.5 

.6 

9.4296 

9.4459 

0.5541 

9.9837 

.4 

.7 

9.4323 

9.4488 

0.5512 

9.9835 

3 

.8 

9.4350 

9.4517 

0.5483 

9.9833 

2 

.9 

9.4377 

9.4546 

0.5454 

9.9831 

74ll 

16.0 

9.4403 

9.4575 

0.5425 

9.9828 

74.0 

.1 

9.4430 

9.4603 

0.5397 

9.9826 

73.9 

.2 

9.4456 

9.4632 

0.5368 

9.9824 

8 

.3 

9.4482 

9.4660 

0.5340 

9.9822 

.7 

.4 

9  4508 

9.4688 

0.5312 

9.9820 

.6 

5 

9.4533 

9.4716 

0.5284 

9.9817 

.5 

.6 

9.4559 

9.4744 

0.5256 

9.9815 

.4 

.7 

9.4584 

9.4771 

0.5229 

9.9813 

.3 

.8 

9  4609 

9.4799 

0.5201 

9.9811 

.2 

.9 

9.4634 

9.4826 

0.5174 

9.9808 

73.1 

17.0 

9.4659 

9.4853 

0.5147 

9.9806 

73.0 

.1 

9.4684 

9.4880 

0.5120 

9.9804 

72.9 

.2 

9.4709 

9.4907 

0.5093 

9.9801 

.8 

.3 

9.4733 

9.4934 

0.5066 

9.9799 

.7 

.4 

9.4757 

9.4961 

0.5039 

9.9797 

.6 

.5 

9.4781 

9.4987 

0.5013 

9.9794 

.5 

.6 

9.4805 

9.5014 

0.4986 

9.9792 

.4 

.7 

9.4829 

9.5040 

0.4960 

9.9789 

.3 

.8 

9.4853 

9.5066 

0  4934 

9.9787 

.2 

.9 

9.4876 

9.5092 

0.4908 

9.9785 

72.1 

18.0 

9.4900 

9.5118 

0.4882 

9.9782 

73.0 

Deg. 

[L.  Cos 

L.  Cot 

L.Tan 

L.  Sin 

Del 

Deg. 

L.  Sin 

L.TanL  Cot 

L.  Cos 

Deg 

18.0 

9.4900 

9.51180.4882 

9.9782 

72.0 

.1 

9  4923 

9.5143  0.4857 

9.9780 

71.9 

.2 

9.4946  9.5169j0  4831 

9.9777 

.8 

.3 

9.4969  9.5195  0.4805 

9.9775 

.7 

.4 

9.49929.5220 

0.4780 

9.9772 

.6 

.5 

9.5015!9.5245 

0.4755 

9.9770 

.5 

.6 

9.5037 

9.5270 

0  4730 

9  9767 

4 

.7 

9.5060 

9.5295 

0.4705 

9.9764 

3 

.8 

9.5082 

9.5320 

0.4680 

9.9762 

.2 

.9 

9.5104 

9.5345 

0.4655 

9  9759 

71.1 

19.0 

9  5123 

9.5370 

0.4630 

9.9757 

71.0 

.1 

9.5148 

9.5394 

0.4606 

9.9754 

70.9 

.2 

9.5170 

9  5419 

0.4581 

9.9751 

.8 

.3 

9.5192 

9.5443 

0.4557 

9.9749 

.7 

.4 

9.5213 

9.5467 

0  4533 

9.9746 

6 

.5 

9.5235 

9  5491 

0.4509 

9  9743 

.5 

.6 

9  5256 

9.5516 

0.4484 

9.9741 

.4 

.7 

9.5278 

9.5539 

0.4461 

9.9738 

.3 

.8 

9.5299 

9.5563 

0  4437 

0.9735 

%2 

.9 

9.5320 

9.5587 

0.4413 

9.9733 

70*.l 

20.0 

9.5341 

9.5611 

0.4389 

9.9730 

70.0 

.1 

9.5361 

9.5634 

0.4366 

9.9727 

69  9 

.2 

9.5382 

9.5658 

0.4342 

9.9724 

.8 

.3 

9.5402 

9  5681 

0.4319 

9.9722 

.7 

.4 

9.5423 

9.5704 

0.4296 

9  9719 

.6 

.5 

9  5443 

9.5727 

0.4273 

9.9716 

.5 

.6 

9  5463 

9.5750 

0.4250 

9  9713 

.4 

.7 

9.5484 

9.5773 

0.4227 

9.9710 

.3 

.8 

9.5504 

9.5796 

0.4204 

9.9707 

2 

.9 

9.5523 

9.5819 

0.4181 

9.9704 

69a 

21.0 

9.5543 

9.5842 

0.4158 

9.9702 

69.0 

.1 

9.5563 

9.5864 

0.4136 

9.9699 

68.9 

.2 

9.5583 

9.5887 

0.4113 

9.9696 

.8 

.3 

9.5602 

9.5909 

0.4091 

9.9693 

.7 

.4 

9.5621 

9.5932 

0.4068 

9.9690 

.6 

.5 

9.5641 

9.5954 

0.4046 

9.9687 

.5 

.6 

9.5660 

9.5976 

0.4024 

9.9684 

„4 

.7 

9.5679 

9.5998 

0.4002 

9.9681 

.3 

.8 

9.5698 

9.6020 

0.3980 

9.9678 

2 

.9 

9.5717 

9.6042 

0.3958 

9.9675 

6&1 

22.0 

9.5736 

9.6064 

0.3936 

9  9672 

68.0 

.1 

9.5754 

9.6086 

0.3914 

9.9669 

67.9 

2 

9.5773 

9.6108 

0.3892 

9.9666 

.8 

.3 

9.5792 

9.6129 

0.3871 

9.9662 

.7 

.4 

9.5810 

9.6151 

0.3849 

9.9659 

.6 

.5 

9.5828 

9.6172 

0.3828 

9.9656 

.5 

.6 

9.5847 

9.6194 

0.3806 

9.9653 

4 

.7 

9.5865 

9.6215 

0.3785 

9.9650 

.3 

.8 

9.5883 

9.6236 

0.3764 

9.9647 

2 

.9 

9.5901 

9.6257 

0.3743 

9.9643 

67ll 

23.0 

9.5919 

9.6279 

0.3721 

9.9640 

67.0 

.1 

9.5937 

9.6300 

0.3700 

9.9637 

66.9 

.2 

9.5954 

9.6321 

0.3679 

0.9634 

.8 

.3 

9.5972 

9.6341 

0.3659 

9.9631 

.7 

.4 

9.5990 

9.6362 

0.3638 

9,9627 

.6 

.5 

9.6007 

9.6383 

0.3617 

9.9624 

.5 

.6 

9.6024 

9:6404 

0.3596 

9  9621 

!  A 

.7 

9.6042 

9.6424 

0.3576 

9  9617 

.3 

.8 

9.6059 

9.6445 

0.3555 

9.9614 

.2 

.9 

9.6076 

9.6465 

0.3535 

99611 

66".l 

24.0 

9.6093 

9.6486 

0.3514 

9.9607 

66.0 
Deg. 

Deg. 

L.  Cos  L.  Cot 

L.Tan 

L.  Sin 
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LOGARITHMS  OF  FUNCTIONS  FOR  DEGREES  AND 
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Deg. 

L.  Sin 

L.Tan 

L.  Cot 

L.  Cos 

Deg 

Deg. 

L.  Sin 

L.Tai 
9.7614 

i  L.  Cot 

L.  Cos  Deg. 

24.0 

9.6093 

9.6486 

0.3514 

9.9607 

66.0 

30.0 

9.699C 

0.2386 

9.937S 

60.0 

1 

9  6110 

9.6506 

0.3494 

9.9604 

65.9 

.1 

9.7002 

9.7632 

0.2368 

9.9371 

59.9 

.2 

9.6127 

9.6527 

0.3473 

9.9601 

.8 

.2 

9.7016 

9.7649 

0.2351 

9.9367 

.8 

.3 

9.6144 

9.6547 

0.3453 

9.9597 

.7 

3 

9.7029 

9.7667 

0.2333 

9.9362 

.7 

.4 

9.6161 

9.6567 

0.3433 

9.9594 

.6 

.4 

9.7042 

9.7684 

0.2316 

9  9358 

.6 

.5 

9.6177 

9.6587 

0.3413 

9  9590 

.5 

.5 

9.7055 

9.7701 

0.2299 

9.9353 

.5 

.6 

9  6194 

9.6607 

0.3393 

9.9587 

.4 

.6 

9.7068 

9.7719 

0.2281 

9.9349 

.4 

.7 

9  6210 

9.6627 

0.3373 

9.9583 

.3 

.7 

9.7080 

9.7736 

0.2264 

9.9344 

.3 

.8 

9.6227 

9.6647 

0.3353 

9.9580 

.2 

.8 

9.7093 

9.7753 

0.2247 

9.9340 

.2 

.9 

9.6243 

9.6667 

0.3333 

9.9576 

65.1 

.9 

9.7106 

9.7771 

0.2229 

9.9335 

59.1 

25.0 

9.6259 

9.6687 

0.3313 

9.9573 

65.0 

31.0 

9.7118 

9.7788 

0.2212 

9.9331 

59.0 

.1 

9.6276 

9.6706 

0.3294 

9.9560 

64.9 

.1 

9.7131 

9.7805 

0.2195 

9.9326 

58.9 

.2 

9.6292 

9.6726 

0  3274 

9.9566 

.8 

.2 

9.7144 

9.7822 

0.2178 

9.9322 

.8 

.3 

9.6308 

9.6746 

0.3254 

9.9562 

.7 

.3 

9.7156 

9.7839 

0.2161 

9.9317 

.7 

.4 

9.6324 

9.6765 

0.3235 

9.9558 

.6 

.4 

9.7168 

9.7856 

0.2144 

9.9312 

.6 

.5 

9.6340 

9.6785 

0  3215 

9.9555 

.5 

.5 

9.7181  9.7873 

0.2127 

9.9308 

.5 

.6 

9.6356 

9.6804 

0.3196 

9.9551 

.4 

6 

9.7193|9.7890 

0.2110 

9.9303 

.4 

.7 

9.6371 

9.6824  0.3176 

9.9548 

.3 

.7 

9.7205 

9.7907 

0.2093 

9.9298 

.3 

.8 

9.6387 

9.6843  0.3157 

9.9544 

.2 

.8 

9.7218 

9.7924 

0.2076 

9.9294 

.2 

.9 

9  6403 

9.6863 

0.3137 

9.9540 

64.1 

.9 

9.7230 

9.7941 

0  2059 

9.9289 

58.1 

26.0 

9.6418 

9.6882 

0.3118 

9.9537 

64.0 

32.0 

9.7242 

9.7958 

0.2042 

9.9284 

58.0 

.1 

9.6434 

9.6901 

0.3099 

9.9533 

63.9 

.1 

9.7254 

9.7975 

0.2025 

9.9279 

57.9 

.2 

9.6449 

9.6920 

0.3080 

9.9529 

.8 

2 

9.7266 

9.7992 

0.2008 

9.9275 

.8 

.3 

9.6465 

9.6939 

0.3061 

9  9525 

.7 

.*3 

9.7278 

9.8008 

0.1992 

9.9270 

.7 

.4 

9.6480 

9.6958 

0.3042 

9.9522 

.6 

.4 

9.7290 

9.8025 

0.1975 

9.9265 

.6 

.5 

9.6495 

9.6977 

0.3023 

9.9518 

.5 

.5 

9  7302 

9.8042 

0.1958 

9.9260 

.5 

.6 

9.6510 

9.6996 

0  3004 

9.9514 

.4 

.6 

9.7314 

9.8059 

0.1941 

9.9255 

.4 

.7 

9.6526 

9.7015 

0.2985 

9.9510 

3 

.7 

9.7326 

9.8075 

0.1925 

9.9251 

.3 

.8 

9.6541 

9.7034 

0.2966 

9.9506 

.2 

.8 

9.7338 

9.8092 

0.1908 

9.9246 

.2 

.9 

9.6556 

9.7053 

0.2947 

9.9503 

63.1 

.9 

9.7349 

9.8109 

0.1891 

9.9241 

57.1 

27.0 

9.6570 

9.7072 

0.2928 

9.9499 

63.0 

33.0 

9.7361 

9.8125 

0.1875 

9.9236 

57.0 

.1 

9.6585 

9.7090 

0.2910 

9.9495 

62.9 

.1 

9.7373 

9.8142 

0.1858 

9.9231 

56.9 

.2 

9.6600 

9.7109 

0.2891 

9.9491 

.8 

.2 

9.7384 

9.8158 

0.1842 

9.9226 

.8 

.3 

9.6615 

9.7128 

0.2872 

9.9487 

.7 

.3 

9.7396 

9.8175 

0.1825 

9.9221 

.7 

.4 

9.6629 

9.7146 

0.2854 

9.9483 

.6 

.4 

9.7407 

9.8191 

0.1809 

9.9216 

.6 

.5 

9.6644 

9.7165 

0.2835 

9.9479 

.5 

.5 

9.7419 

9.8208 

0.1792 

9.9211 

.5 

.6 

9.6659 

9.7183 

0.2817 

9.9475 

.4 

.6 

9.7430 

9.8224 

0.1776 

9.9206 

.4 

.7 

9.6673 

9.7202 

0.2798 

9.9471 

.3 

.7 

9.7442 

9.8241 

0.1759 

9.9201 

.3 

.8 

9.6687 

9.7220 

0.2780 

9.9467 

2 

.8 

9.7453 

9.8257 

0.1743 

9.9196 

.2 

.9 

9.6702 

9.7238 

0.2762 

9.9463 

62!l 

.9 

9.7464 

9.8274 

0.1726 

9.9191 

56.1 

28.0 

9.6716 

9.7257 

0.2743 

0.9459 

62.0 

34.0 

9.7476 

9.8290 

0.1710 

9.9186 

56.0 

.1 

9.6730 

9.7275 

0.2725 

9.9455 

61.9 

.1 

9.7487 

9.8306 

0.1694 

9.9181 

55.9 

.2 

9.6744 

9.7293 

0.2707 

9.9451 

.8 

.2 

9.7498 

9.8323 

0.1677 

9.9175 

.8 

.3 

9.6759 

9.7311 

0.2689 

9.9447 

.7 

.3 

9.7509 

9.8339 

0.1661 

9.9170 

.7 

.4 

9.6773 

9.7330 

0.2670 

9.9443 

.6 

.4 

9.7520 

9.8355 

0.1645 

9  9165 

6 

.5 

9.6787 

9.7348 

0.2652 

9.9439 

.5 

.5 

9.7531 

9.8371 

0.1629 

9.9160 

.5 

.6 

9.6801 

9.7366 

0.2634 

9.9435 

.4 

.6 

9.7542 

9.8388 

0.1612 

9.9155 

.4 

.7 

9.6814(9.7384 

0.2616 

9.9431 

.3 

.7 

9.7553 

9.8404 

0.1596 

9.9149 

.3 

.8 

9.68289.7402 

0.2598 

9.9427 

.2 

.8 

9.7564 

9.8420 

0.1580 

9.9144 

.2 

.9 

9.6842 

9.7420 

0.2580 

9.9422 

61.1 

.9 

9.7575 

9.8436 

0.1564 

9.9139 

55.1 

29.0 

9.6856 

9.7438 

0.2562 

9.9418 

61.0 

35.0 

9.7586 

9.8452 

0.1548 

9.9134 

55.0 

.1 

9.6869 

9.7455 

0.2545 

9.9414 

60.9 

.1 

9.7597 

9.8468 

0.1532 

9.9128 

54.9 

.2 

9.6883 

9.7473 

0.2527 

9.9410 

.8 

.2 

9.7607 

9.8484 

0.1516 

9.9123 

.8 

.3 

9.6896 

9.7491 

0.2509 

9.9406 

.7 

.3 

9  7618 

9.8501 

0.1499 

9.9118 

.7 

.4 

9.6910 

9.7509 

0.2491 

9.9401 

.6 

.4 

9.7629 

9.8517 

0.1483 

9.9112 

.6 

.5 

9.6923 

9.7526 

0.2474 

9.9397 

.5 

.5 

9.7640 

9.8533 

0.1467 

9.9107 

.5 

.6 

9.6937 

9.7544 

0.2456 

9.9393 

.4 

.6 

9.7650 

9.8549 

0.1451 

9.9101 

.4 

.7 

9.6950  9.7562 

0.2438 

9.9388 

.3 

.7  9.7661 

9.8565 

0.1435 

9.9096 

-3 

.8 

9.69639.7579 

0.2421 

9.9384 

.2 

•8 

9.7671 

9  8581 

0.1419 

9.9091 

.2 

.9 

9.6977i9.7597 

0.2403 

9.9380 

60.1 

.9 

9.7682 

9.8597 

0.1403|9.9085 

54.1 

30.0 

9.6990 
L.  Cos 

9  7614 

0.2386 

9.9375 

60.0 

36.0 

9.7692 

9.8613 

0  1387, 

9  9080 
L.  Sin 

54.0 

Deg. 

L.  Cot 

L.Tan 

L.  Sin 

Deg. 

Deg. 

L.  Cos 

L  Cot 

L.Tan| 

Deg. 
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LOGARITHMS  OF  FUNCTIONS  FOR  DEGREES  AND 
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Deg.  L.  Sin   L.  TanlL.  Cot  L.  Cos   Deg 


36.0 

.1 
2 

!5 

.4 

.5 
.6 
.7 
.8 
.9 

37.0 

.1 
.2 

.3 
A 
.5 
.6 
.7 
.8 
.9 

38.0 

1 
m2 

/S 
A 

.5 
.6 
.7 


39.0 

.1 
2 
.3 
.4 

.5 
.0 
.7 
.8 
.9 
40.0 
.1 
.2 
'.3 
.4 


9.7692 
9.7703 
9.7713 
9.7723 
9.7734 

9.7744 
9.7754 
9.7764 
9.7774 
9.7785 

9.7795 
9.7805 
9.7815 
9.7825 
9. 7835 

9.7844 
9.7854 
9.7864 
9.7874 
9.7884 

9.7893 
9.7903 
9.7913 
9.7922 
9.7932 
9.7941 
9.7951 
9.7960 
9.7970 
9.7979 

9.7989 
9.7998 
9.8007 
9.8017 
9.8026 

9.8035 
9.8044 
9.8053 
9.8063 
9.8072 


9.8613 
9.8629 
9.8644 
9.8660 
9.8676 
9.8692 
9.8708 
9.8724 
9.8740 
9.8755 

8771 
8787 
8803 
8818 
8834 

8850 
8865 
8881 
8897 
8912 


9.8928 
9.8944 
9.8959 
9.8975 
9.8990 

9.9006 
9.9022 
9.9037 
9.9053 
9.9068 
9.9084 
9.9099 
9.9115 
9.9130 
9  9146 
9.9161 
9.9176 
9.9192 
9.9207 
9.9223 


0.1387 
0.1371 
0.1356 
0.1340 
0.1324 

0.1308 
0.1292 
0.1276 
0.1260 
0.1245 


1229 
1213 
1197 
1182 
1166 

1150 
1135 
1119 
1103 
1088 


0. 
0. 
0. 
0. 
0. 

0. 

0. 

0. 

0. 

0. 

0.1072 

0.1056 

0.1041 

0.1025 

0.1010 

0.0994 

0.0978 

0.0963 

0  0947 

0.0932 

0.0916 
0.0901 
0.0885 
0.0870 
0.0854 
0.0839 
0.0824 
0.0808 
0.0793 
0.0777 


9.8081  9.9238 
9.8090  9.9254 
9.8099 
9.8101 
9.8117 


9.9080 
9.9074 
9.9069 
9.9063 
9.9057; 

9.9052 
9.9046 
9.9041 
9.9035: 
9.9029 

9.9023 
9.9018 
9.9012 
9.9006 
9.9000 
9.8995 
9.8989 
9.8983 
9.8977 
9.8971 

9.8965 
9.8959 
9.8953 
9.8947 
9.8941 

9.8935 
9  8929 
9.8923 
9.8917 
9.8911 

9.8905 
9.8899 
9.8893 
9.8887 
9.8880 

9.8874 
9.8868 
9.8862 
9.8855 
9.8849 


0.0762  9.8843 

0.0746  9.8836 

9.9269  0.0731  9.8830 

9.9284  0.0716  9.8823 

9.^300  0.0700  9.8817 


.5  9.8125  9.9315 
.6  9.8134*9.9330 
.7  9.8143,9.9346 
.8j9.8152i9.9361 
.9 


0.0670  9. 
0.065419. 


9.8161  9.9376  0.0624j9 
41.0  19.8169:9.9392  0.0608'9 


0.068519.8810 
8804 
8797 

0.0639j9.8791 
8784 

8778 


Deg.|L.  Cos'L.  Cot,L.Tan|L.  Sin 


54.0 

53.9 
.8 
.7 
.6 

.5 

.4 

.3 

.2 

53.1 

53.0 

52.9 

.8 

.7 

.6 

5 

.4 

.3 

2 

52il 

52.0 

51.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

51.1 

51.0 

50.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

50.1 

50.0 

49.9 

.8 

.7 

.6 

.5 
.4 
.3 
2 
49.1 
49.0 


Deg. 


Deg. 

L.  Sin 

L.  TanlL.  Cot 

L.  Cos 

Deg. 

41.0 

.1 
.2 
.3 
.4 

9.8169 
9.8178 
9.8187 
9.8195 
9.8204 

9.9392 
9.9407 
9.9422 
9.9438 
9.9453 

0.0608 
0.0593 
0.0578 
0.0562 
0.0547 

9.8778 
9.8771 
9.8765 
9.8758 
9.8751 

49.0 

48.9 
.8 
.7 
.6 

.5 
.6 
.7 

.8 
.9 

9.8213 
9.8221 
9.8230 
9.8238 
9.8247 

9.9468 
9.9483 
9.9499 
9.9514 
9.9529 

0.0532 
0.0517 
0.0501 
0.0486 
0.0471 

9.8745 
9.8738 
9.8731 
9.8724 
9.8718 

.5 
.4 
.3 
.2 
48.1 

42.0 

.1 
2 

.3 
A 

9.8255 
9.8264 
9.8272 
9.8280 
9.8289 

9.9544 
9.9560 
9.9575 
9.9590 
9.9605 

0.0456 
0.0440 
0.0425 
0.0410 
0.0395 

9.8711 
9.8704 
9.8697 
9.8690 
9.8683 

48.0 

47.9 

.8 
.7 
.6 

.5 
.6 

.7 
.8 
9 

9.8297 
9.8305 
9.8313 
9  8322 
9.8330 

9.9621 
9.9636 
9.9651 
9.9666 
9.9681 

0.0379 
0.0364 
0.0349 
0.0334 
0.0319 

9.8676 
9.8669 
9.8662 
9.8655 
9.8648 

.5 
.4 
.3 
.2 
47.1 

43.0 

.1 
.2 
.3 
.4 

9.8338 
9.8346 
9.8354 
9.8362 
9.8370 

9.9697 
9.9712 
9.9727 
9.9742 
9.9757 

0.0303 
0.0288 
0.0273 
0.0258 
0.0243 

9.8641 
9.8634 
9.8627 
9.8620 
9.8613 

47.0 

46.9 

.8 
.7 
.6 

.5 
.6 

.7 
.8 
.9 

9.8378 
9.8386 
9.8394 
9.8402 
9.8410 

9.9772 
9.9788 
9.9803 
9.9818 
9.9833 

0.0228  9.8606 
0.0212  9.8598 
0.0197  9.8591 
0.0182  9.8584 
0.0167J9.8577 

.5 
.4 
.3 
.2 
46.1 

44.0 

.1 
.2 
.3 
.4 

9.8418J9.9848 
9.8426  9.9864 
9.84339.9879 
9.8441  9.9894 
9.8449  9.9909 

0.0152,9.8569 
0.013619.8562 
0.012l|9.8555 
0.01069.8547 
0.009119.8540 

46.0 

45.9 
.8 
.7 
.6 

.5 

.6 
.7 

.8 
.9 

9.84579.9924 
9.8464  9.9939 
9.84729.9955 
9.8480|9.9970 
9.84879.9985 

0.00769.8532 
0.0061  9.8525 
0.00459.8517 
0.00309.8510 
0.0015|9.8502 

.5 
.4 
.3 
.2 
45.1 

45.0 

9.8495 

0.0000 
|l.  Cot 

0.0000 

9.8495 

45.0 

Deg. 

L.  Cos 

L.Tan 

L.  Sin 

Deg. 
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NATURAL  FUNCTIONS  FOR  ANGLES  IN  RADIANS 


Rad. 

Sin 

Tan 

Cot 

Cos 

.00 

.00000 

.00000 

00 

1.0000 

.01 

.01000 

.01000 

99.997 

.99995 

.02 

.02000 

.02000 

49.993 

.99980 

.03 

.03000 

.03001 

33.323 

.99955 

.04 

.03999 

.04002 

24.987 

.99920 

.05 

.04998 

.05004 

19.983 

.99875 

.06 

.05996 

.06007 

16.647 

.99820 

.07 

.06994 

.07011 

14.262 

.99755 

.08 

.07991 

.08017 

12.473 

.99680 

.09 

.08988 

.09024 

11.081 

.99595 

.10 

.09983 

.10033 

9.9666 

.99500 

.11 

.10978 

.11045 

9.0542 

.99396 

.12 

.11971 

.12058 

8.2933 

.99281 

.13 

.12963 

.13074 

7.6489 

.99156 

.14 

.13954 

.14092 

7.0961 

.99022 

.15 

.14944 

.15114 

6.6166 

.98877 

.16 

.15932 

.16138 

6.1966 

.98723 

.17 

.16918 

.17166 

5.8256 

.98558 

.18 

.17903 

.18197 

5.4954 

.98384 

.19 

.18886 

.19232 

5.1997 

.98200 

.20 

.19867 

.20271 

4.9332 

.98007 

.21 

.20846 

.21314 

4.6917 

.97803 

.22 

.21823 

.22362 

4.4719 

.97590 

.23 

.22798 

.23414 

4.2709 

.97367 

.24 

.23770 

.24472 

4.0864 

.97134 

.25 

.24740 

.25534 

3.9163 

.96891 

.26 

.25708 

.26602 

3.7591 

.96639 

.27 

.26673 

.27676 

3.6133 

.96377 

.28 

.27636 

.28755 

3.4776 

.96106 

.29 

.28595 

.29841 

3.3511 

.95824 

.30 

.29552. 

.30934 

3.2327 

.95534 

.31 

.30506 

.32033 

3.1218 

.95233 

.32 

.31457 

.33139 

3.0176 

.94924 

.33 

.32404 

.34252 

2.9195 

.94604 

.34 

.33349 

.35374 

2.8270 

.94275 

.35 

.34290 

.36503 

2.7395 

.93937 

.36 

.35227 

.37640 

2.6567 

.93590 

.37 

.36162 

.38786 

2.5782 

.93233 

.38 

.37092 

.39941 

2.5037 

.92860 

.39 

.38019 

.41105 

2.4328 

.92491 

.40 

.38942 

.42279 

2.3652 

.92106 

.41 

.39861 

.43463 

2.3008 

.91712 

.42 

.40776 

.44657 

2.2393 

.91309 

.43 

.41687 

.45862 

2.1804 

.90897 

.44 

.42594 

.47078 

2.1241 

.90475 

.45 

.43497 

.48306 

2.0702 

.90045 

.46 

.44395 

.49545 

2.0184 

.89605 

.47 

.45289 

.50797 

1.9686 

.89157 

.48 

.46178 

.52061 

1.9208 

.88699 

.49 

.47063 

.53339 

1.8748 

.88233 

.50 

.47943 

.54630 

1.8305 

.87758 

Rad. 

Sin 

Tan 

Cot 

Cos 

Rad.f  Sin 

Tan 

Cot 

Cos 

.50  .47943 

.54630 

1.8305 

.87758 

.51 

.48818 

.55936 

1.7878 

.87274 

.52 

.49688 

.57256 

1.7465 

.86782 

.53 

.50553 

.58592 

1.7067 

.86281 

.54 

.51414 

.59943 

1.6683 

.85771 

.55 

.52269 

.61311 

1.6310 

.85252 

.56 

.53119 

.62695 

1.5950 

.84726 

.57 

.53963 

.64097 

1.5601 

.84190 

.58 

.54802 

.65517 

1.5263 

.83646 

.59 

.55636 

.66956 

1.4935 

.83094 

.60 

.56464 

.68414 

1.4617 

.82534 

.61 

.57287 

.69892 

1.4308 

.81965 

.62 

.58104 

.71391 

1.4007 

.81388 

.63 

.58914 

.72911 

1.3715 

.80803 

.64 

.59720 

.74454 

1.3431 

.80210 

.65 

.60519 

.76020 

1.3154 

.79608 

.66 

.61312 

.77610 

1.2885 

.78999 

.67 

.62099 

.79225 

1.2622 

.78382 

.68 

.62879 

.80866 

1.2366 

.77757 

.69 

.63654 

.82534 

1.2116 

.77125 

.70 

.64422 

.84229 

1.1872 

.76484 

.71 

.65183 

.85953 

1.1634 

.75836 

.72 

.65938 

.87707 

1.1402 

.75181 

.73 

.66687 

.89492 

1.1174 

.74517 

.74 

.67429 

.91309 

1.0952 

.73847 

.75 

.68164 

.93160 

1.0734 

.73169 

.76 

.68892 

.95045 

1.0521 

.72484 

.77 

.69614 

.96967 

1.0313 

.71791 

.78 

.70328 

.98926 

1.0109 

.71091 

.79 

.71035 

1.0092 

.99084 

.70385 

.80 

.71736 

1.0296 

.97121 

.69671 

.81 

.72429 

1.0505 

.95197 

.68950 

.82 

.73115 

1.0717 

.93309 

.68222 

.83 

.73793 

1.0934 

.91455 

.67488 

.84 

.74464 

1.1156 

.89635 

.66740 

.85 

.75128 

1.1383 

.87848 

.65998 

.86 

.75784 

1.1616 

.86091 

.65244 

.87 

.76433 

1.1853 

.84365 

.64483 

.88 

.77074 

1.2097 

.82668 

.63715 

.89 

.77707 

1.2346 

.80998 

.62941 

.90 

.78333 

1.2602 

.79355 

.62161 

.91 

.78950 

1.2864 

.77738 

.61375 

.92 

.79560 

1.3133 

.76146 

.60582 

.93 

.80162 

1.3409 

.74578 

.59783 

.94 

.80756 

1.3692 

.73034 

.58979 

.95 

.81342 

1.3984 

.71511 

.58168 

.96 

.81919 

1.4284 

.70010 

.57352 

.97 

.82489 

1.4592 

.68531 

.56530 

.98 

.83050 

1.4910 

.67071 

.55702 

.99 

.83603 

1.5237 

.65631 

.54869 

1.00 

.84147 

1.5574 

.64209 

.54030 

Rad. 

Sin 

Tan 

Cot 

Cos 
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FUNCTIONS  FOR  ANGLES  IN  RADIANS  (Continued) 


Rad.  Sin    Tan     Cot     Cos 


.84147 
.84683 
.85211 
.85730 
.86240 

.86742 
.87236 
.87720 
.88196 
.88663 

.89121 
89570 
.90010 
.90441 
.90863 

.91276 
.91680 
.92075 
.92461 
.92837 

.93204 
.93562 
.93910 
94249 
.94578J 

94898! 
95209! 
.95510! 
.95802 
96084 

96356 
96618 
96872 
97115 
97348 

97572 
97786 
97991 
98185 
98370 

98545 
98710 
98865 
99010 
99146 

99271 
99387 
99492 
99588 
99674 
i 

99749 


1.5574 
1.5922 
1.6281 
1.6652 
1.7036 

1.7433 
1.7844 
1.8270 
1.8712 
1.9171 

1.9648 
2.0143 
2.0660 
2.1198 
2.1759 

2.2345 
2.2958 
2.3600 
2.4273 
2.4979 

2.5722 
2.6503 
2.7328 
2.8198 
2.9119 

3.0096 
3.1133 
3.2236 
3.3413 
3.4672 

3.6021 
3.7471 
3.9033 
4.0723 
4.2556 

4.4552 
4.6734 
4.9131 
5.1774 
5.4707 

5.7979 
6.1654 
6.5811 
7.0555 
7.6018 

8.2381 
8.9886 
9.8874 
10.983 
12.350 

14.101 


Tan 


.64209 
.62806 
.61420 
.60051 

.58699 

.57362 
.56040 
.54734 
.53441  | 
.52162  ' 


.50897 
.49644 
.48404 
.47175 
.45959 

.44753 
.43558 
.42373 
.41199 
.40034 

.38878 
.37731 
.36593 
.35463 
.34341 

.33227 
.32121 
.31021 
.29928 

.28842 

.27762 
.26687 
.25619 
.24556 
.23498 

.22446 
.21398 
.20354 
.19315 
.18279 

.17248 
.16220 
.15195 
.14173 
.13155 

.12139 
.11125 
.10114 
.09105 
.08097 

.07091 


Cot 


.54030 
.53186 
.52337 
.51482 
.50622 

.49757 
.48887 
.48012 
.47133 
.46249 

.45360 
.44466 
.43568 
.42666 
.41759 

.40849 
.39934 
.39015 
.38092 
.37166 

.36236 
.35302 
.34365 
.33424 
.32480 

.31532 
.30582 
.29628 
.28672 
.27712 

.26750 

.25785 
.24818 
.23848 

.22875 

.21901 
.20924 
.19945 
.18964 
.17981 

.16997 
.16010 
.15023 
.14033 
.13042 

.12050 
.11057 
.10063 
.09067 
.08071 

.07074 


Cos 


Rad. 

Sin 

Tan 

Cot 

Cos 

1.50 

.99749 

14.101 

.07091 

.07074 

1.51 

.99815 

16.428 

.06087 

.06076 

1.52 

.99871 

19.670 

.05084 

.05077 

1.53 

99917 

24.498 

.04082 

.04079 

1.54 

.99953 

32.461 

.03081 

.03079 

1.55 

.99978 

48.078 

.02080 

.02079 

1.56 

.99994 

92.621 

.01080 

.01080 

1.57  11.0000 

1255.8 

.00080 

.00080 

1.58  .99996 

-108.65 

-.00920 

-  .00920 

1.59  .99982 

-52.067 

-.01921 

-.01920 

1.60  .99957 

-34.233 

-.02921 

-.02920 

1.61  .99923 

-25.495 

-.03922 

-.03919 

1.62  .99879 

-20.307 

-  .04924 

-.04918 

1.63  .99825 

-16.871 

-.05927 

-.05917 

1.64  ,.99761 

-14.427 

-.06931 

-.06915 

1.65  .99687 

-12.599 

-.07937 

-.07912 

1.66  .99602 

-11.181 

-  .08944 

-.08909 

1.67  .99508 

-10.047 

-.09953 

-.09904 

1.68  .99404 

-9.1208 

-.10964 

-.10899 

1.69  .99290 

-8.3492 

-.11977 

-.11892 

1.70  .99166 

-7.6966 

-.12993 

-.12884 

1.71  .99033 

-7.1373 

-.14011 

-.13875 

1.72  .98889 

-6.6524 

-.15032 

-.14865 

1.73  .98735 

-6.2281 

-.16056 

-.15853 

1.74  i.98572 

-5.8535 

-.17084 

-.16840 

1.75 

.98399 

-5.5204 

-.18115 

-.17825 

1.76 

.98215 

-5.2221 

-.19149 

-.18808 

J. 77  1.98022 

-4.9534 

-.20188 

-.19789 

1.78 

.97820 

-4.7101 

-.21231 

-.20768 

1.79 

.97607 

-4.4887 

-.22278 

-.21745 

1.80 

.97385 

-4.2863 

-.23330 

-.22720 

1.81 

.97153 

-4.1005 

-.24387 

-.23693 

1.82 

.96911 

-3.9294 

-.25449 

-.24663 

1.83 

.96659 

-3.7712 

-.26517 

-.25631 

1.84 

.96398 

-3.6245 

-.27590 

-.26596 

1.85 

.96128 

-3.4881 

-.28669 

-.27559 

1.86 

.95847 

-3.3608 

-.29755 

-.28519 

1.87 

.95557 

-3.2419 

-.30846 

-.29476 

1.88 

.95258 

-3.1304 

-.31945 

-.30430 

1.89 

.94949 

-3.0257 

-.33051 

-.31381 

1.90  1.94630 

-2.9271 

-.34164 

-.32329 

1.91 

.94302 

-2.8341 

-.35284 

-.33274 

1.92 

.93965 

-2.7463 

-.36413 

-.34215 

1.93 

.93618 

-2.6632 

-.37549 

-.35153 

1.94 

.93262 

-2.5843 

-.38695 

-.36087 

1.95  .92896 

-2.5095 

-.39849 

-.37018 

1.96  .92521 

-2.4383 

-.41012 

-.37945 

1.97 

.92137 

-2.3705 

-.42185 

-.38868 

1.98 

.91744 

-2.3058 

-.43368 

-.39788 

1.99 

.91341 

-2.2441 

-.44562 

-.40703 

2.00 

.90930 

-2.1850 

-.45766 

-.41615 

Rad. 

Sin 

Tan 

Cot 

Cos 

a? 


LOGARITHMS  OF  THE  FUNCTIONS  FOR  ANGLES  IN 

RADIANS 


Rad. 


.00 
.0.1 

.02 
.03 
.04 

.05 
.06 
.07 
.08 
.09 

.10 

.11 
.12 
.13 
.14 

.15 
.16 
.17 
.18 
.19 

.30 

.21 
.22 
.23 
.24 

.25 
.26 
.27 

.28 
.29 

.30 

.31 
.32 
.33 
.34 

.35 
.36 
.37 
.38 
.39 

.40 

.41 
.42 
.43 
.44 

.45 
.46 
.47 
.48 
.49 

•50 

Rad 


L.  Sin 


-     00 

7.99999 
8.30100 
8.47706 
8.60194 

869879 
8.77789 
8.84474 
8.90263 
8.95366 

8.99928 
9.04052 
9.07814 
9.11272 
9.14471 

9.17446 
9.20227 
9.22836 
9.25292 
9.27614 

9.29813 
9.31902 
9.33891 
9.35789 
9.37603 

9.39341 
9.41007 
9.42607 
9.44147 
9.45629 

9.47059 
9.48438 
9.49771 
9.51060 
9.52308 

9  53516 
9.54688 
9.55825 
9.56928 
9.58000 

9.59042 
9.60055 
9.61041 
9.62000 
9.62935 

9.63845 
9.64733 
9.65599 
9.66443 
9.67268 

9.68072 


L.  Sin 


L.  Tan 


8.00001 
8.30109 
8.47725 
8.60229 

8.69933 
8.77867 
8.84581 
8.90402 
8.95542 

9.00145 
9.04315 
9.08127 
9.11640 
9.14898 

9.17937 
9.20785 
9.23466 
9.26000 
9.28402 

9.30688 
9.32867 
9.34951 
9.36948 
9.38866 

9.40712 
9.42492 
9.44210 
9.45872 
9.47482 

9.49043 
9.50559 
9.52034 
9.53469 
9.54868 

9.56233 
9.57565 
9.58868 
9.60142 
9.61390 

9.62613 
9.63812 
9.64989 
9.66145 
9.67282 

9.68400 
9.69500 
9.70583 
9.71651 
9.72704 

9.73743 


L.  Tan 


L.  Cot 


1.99999 
1.69891 
1.52275 
1.39771 

1.30067 
1.22133 
1.15419 
1.09598 
1.04458 

0.99855 
0.95685 
0.91873 
0.88360 
0.85102 

0.82063 
0.79215 
0.76534 
0.74000 
0.71598 

0.69312 
0.67133 
0.65049 
0.63052 
0.61134 

0.59288 
0.57508 
0.55790 
0.54128 
0.52518 

0.50957 
0.49441 
0.47966 
0.46531 
0.45132 

0.43767 
0.42435 
0.41132 
0.39858 
0.38610 

0.37387 
0.36188 
0.35011 
0.33855 
0.32718 

0.31600 
0  30500 
0.29417 
0.28349 
0.27296 

0.26257 


L.  Cot 


L.  Cos 


0.00000 
9.99998 
9.99991 
9.99980 
9.99965 

9.99946 
9.99922 
9.99894 
9.99861 
9.99824 

9.99782 
9.99737 
9.99687 
9.99632 
9.99573 

9.99510 
9.99442 
9.99369 
9.99293 
9.99211 

9.99126 
9.99035 
9.98940 
9.98841 
9.98737 

9.98628 
9.98515 
9.98397 
9.98275 
9.98148 

9.98016 
9.97879 
9.97737 
9.97591 
9.97440 

9.97284 
9.97123 
9.96957 
9.96786 
9.96610 

9.96429 
9.96243 
9.96051 
9.95855 
9.95653 

9.95446 
9.95233 
9.95015 
9.94792 
9.94563 

9.94329 


L.  Cos 


Rad. 


.50 

.51 
.52 
.53 
.54 

.55 
.56 
.57 
.58 
.59 

.60 

.61 
.62 
.63 
.64 

.65 
.66 
.67 
.68 
.69 

70 

.71 
.72 
.73 
.74 

.75 

.76 
.77 
.78 
.79 

.80 

.81 
.82 
.83 
.84 

.85 

.86 
.87 
.88 
.89 

.90 

.91 
.92 
.93 
.94 

95 
.96 
.97 
.98 
.99 

1.00 

Rad. 


L.  Sin 


9.68072 
9.68858 
9.69625 
9.70375 
9.71108 

9.71824 
9.72525 
9.73210 
9.73880 
9.74536 

9.75177 
9.75805 
9.76420 
9.77022 
9.77612 

9.78189 
9.78754 
9.79308 
9.79851 
9.80382 

9.80903 
9.81414 
9.81914 
9.82404 
9.82885 

9.83355 
9.83817 
9.84269 
9.84713 
9.85147 

9.85573 
9.85991 
9.86400 
9.86802 
9.87195 

9.87580 
9.87958 
9.88328 
9.88691 
9.89046 

9.89394 
9.89735 
9.90070 
9.90397 
9.90717 

9.91031 
9.91339 
9.91639 
9.91934 
9.92222 

9.92504 


L.  Sin 


L.  Tan 


9.73743 
9.74769 
9.75782 
9.76784 
9.77774 

9.78754 
9.79723 
9.80684 
9.81635 
9.82579 

9.83514 
9.84443 
9.85364 
9.86280 
9.87189 

9.88093 
9.88992 
9.89886 
9.90777 
9.91663 

9.92546 
9.93426 
9.94303 
9.95178 
9.96051 

9  96923 
9.97793 
9.98662 
9.99531 
0.00400 

0.01268 
0.02138 
0.03008 
0.03879 
0.04752 

0.05627 
0.06504 
0.07384 
0.08266 
0.09153 

0.10043 
0.10937 
0.11835 
0.12739 
0.13648 

0.14563 
0.15484 
0.16412 
0.17347 
0.18289 

0.19240 


L.  Tan 


L.  Cot 


0.26257 
0.25231 
0.24218 
0.23216 
0.22226 

0.21246 
0.20277 
0.19316 
0.18365 
0.17421 

0.16486 
0.15557 
0.14636 
0.13720 
0.12811 

0.11907 
0.11008 
0.10114 
0.09223 
0.08337 

0.07454 
0.06574 
0.05697 
0.04822 
0.03949 

0.03077 
0.02207 
0.01338 
0.00469 
9.99600 

9.98732 
9.97862 
9.96992 
9.96121 
9.95248 

9.94373 
9.93496 
9.92616 
9.91734 
9.90847 

9.89957 
9.89063 
9.88165 
9.87261 
9.86352 

9.85437 
9.84516 
9.83588 
9.82653 
9.81711 

9.80760 


L.  Cot 
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LOGARITHMS  OF  FUNCTIONS  FOR  ANGLES  IN 
RADIANS  (Continued) 


ad. 


LOO 

1.01 
.02 
.03 
.04 

..05 
..06 
.07 
.08 
..09 

.10 

.11 
L.12 
L.13 

1.14 

L.15 
L.16 
L17 
L.18 
L.19 

L.20 

L.21 

L.22 
1.23 

1.24 

L.25 
L.26 
L.27 
L.28 
L.29 

1.30 

L.31 
L.32 
L.33 

L.34 


L.  Sin 


9.92504 
9.92780 
9.93049 
9.93313 
9.93571 

9.93823 
9.94069 
9.94310 
9.94545 
9.94774 

9.94998 
9.95216 
9.95429 
9.95637 
9.95839 

9.S6036 
9.96228 
9.96414 
9.96596 
9.96772 

9.96943 
9  97110 
9.97271 
9.97428 
9.97579 

9.97726 
9.97868 
9.98005 
9.98137 
9.98265 

9.98388 
9.98506 
9.98620 
9.98729 
9.98833 


L.35  9.98933 


L.36 
L.37 
L.38 
L.39 

1.40 

L.41 
1.42 
L.43 
1.44 

1.45 
1.46 
1.47 
1.48 
1.49 

1.50 


lad. 


9.99028 
9.99119 
9.99205 
9.99286 

9.99363 
9.99436 
9.99504 
9.99568 
9.99627 

9.99682 
9.99733 
9.99779 
9.99821 
9.99858 

9.99891 


L.  Sin 


L.  Tan 


0.19240 
0.20200 
0.21169 
0.22148 
0.23137 

0.24138 
0.25150 
0.26175 
0.27212 
0.28264 

0.29331 
0.30413 
0.31512 
0.32628 
0.33763 

0  34918 
0.36093 
0.37291 
0.38512 
0.39757 

0.41030 
0.42330 
0.43660 
0.45022 
0.46418 

0.47850 
0.49322 
0.50835 
0.52392 
0,53998 

0.55656 
0.57369 
0.59144 
0.60984 
0.62896 

0.64887 
0.66964 
0.69135 
0.71411 
0.73804 

0.76327 
0.78996 
0.81830 
0.84853 
0.88092 

0.91583 
0.95369 
0.99508 
1.04074 
1,09166 

1.14926 


L.  Tan 


L.  Cot 


9.80760 
9.79800 
9.78831 
9.77852 
9.76863 

9.75862 
9.74850 
9.73825 
9.72788 
9.71736 

9.70669 
9.69587 
9.68488 
9.67372 
9.66237 

9.65082 
9.63907 
9.62709 
9.61488 
9.60243 

9.58970 
9.57670 
9.56340 
9.54978 
9.53582 

9.52150 
9.50678 
9.49165 
9.47608 
9.46002 

9.44344 
9.42631 
9.40856 
9.39016 
9.37104 

9.35113 
9.33036 
9.30865 
9.28589 
9.26196 

9.23673 
9.21004 
9.18170 
9.15147 
9.11908 

9.08417 
9.04631 
9.00492 
8.95926 
8.90834 

8.85074 


L.  Cot 


L.  Cos 


9.73264 
9.72580 
9.71881 
9.71165 
9.70434 

9.69686 
9.68920 
9.68135 
9.67332 
9.66510 

9.65667 
9.64803 
9.63917 
9  63008 
9.62075 

9.61118 
9.60134 
9  591-23 
9.58084 
9.57015 

9.55914 
9.54780 
9.53611 
9.52406 
9.51161 

9  49875 
9.48546 
9.47170 
9.45745 
9.44267 

9.42732 
9.41137 
9.39476 
9.37744 
9.35937 

9.34046 
9.32064 
9.29983 
9.27793 
9.25482 

9.23036 
9.20440 
9.17674 
9.14716 
9.11536 

9.08100 
9.04364 
9.00271 
8.95747 
8.90692 

8.84965 


L.  Cos 


Rad 


1.50 

1.51 
1.52 
1.53 
1.54 

1.55 
1.56 
1.57 
1.58 
1.59 

1.60 

1.61 
1.62 
1.63 
1.64 

1.65 
1.66 
1.67 

1.68 
1.69 

1.70 

1.71 
1.72 
1.73 
1.74 

1.75 
1.76 
1.77 
1.78 
1.79 

1.80 

1.81 
1.82 
1.83 
1.84 

1.85 
1.86 
1.87 
1.88 
1.89 

1.90 

1.91 
1.92 
1.93 
1.94 

1.95 
1.96 
1.97 
1.98 
1.99 

2.00 


Rad. 


L.  Sin 


9.99891 
9.99920 
9.99944 
9.99964 
9.99979 

9.99991 
9.99997 
0.00000 
9.99998 
9.99992 


L.  Tan 


1.14926 
1.21559 
1.29379 
1.38914 
1.51136 

1.68195 

1.96671 

3.09891 

2.03603* 

1.71656 


9.99981  1.53444 
9.99967  1.40645 


9.99947 
9.99924 
9.99896 

9.99864 
9.99827 
9.99786 
9.99741 
9.99691 

9.99636 
9.99578 
9.99515 
9.99447 
9.99375 

99299 
9.99218 
9.99133 
9.99043 
9  38948 

9.98849 
9.98745 
9.98637 
9.98524 
9.98407 

9.98285 
9.98158 
9.98026 
9.97890 
9.97749 

9.97603 
9.97452 
9.97296 
9.97136 
9.96970 

9.96800 
9.96624 
9.96443 
9.96258 
9.96067 

9.95871 


L.  Sin 


1.30765 
1.22714 
1.15918 

1.10035 
1.04847 
1 .00204 
0.96003 
0.92165 

0  88630 
0.85353 
0.82298 
0.79436 
0.76742 

0.74197 
0.71784 
0.69490 
0.67303 
0.65212 

0.63208 
0.61284 
0.59432 
0.57648 
0.55925 

0.54258 
0.52645 
0.51080 
0.49560 
0.48082 

0.46644 
0.45242 
0.43875 
0.42540 
0.41235 

0.39958 
0.38708 
0.37484 
0.36283 
0.35104 

0.33946 


L.  Tan 


L.  Cot 


8.85074 
8.78441 
8.70621 
8.61086 
8.48864 

8.31805 

8.03329 

6.90109 

7.96397* 

8.28344 

8.46556 
8.59355 
8.69235 
8.77286 
8.84082 

8.89965 
8.95154 
8.99796 
9.03997 
9.07835 

9.11370 
9.14647 
9.17702 
9.20564 
9.23258 

9.25803 
9.28216 
9.30510 
9.32697 
9.34788 

9.36792 
9.38716 
9.40568 
9.42352 
9.44075 

9.45742 
9.47355 
9.48920 
9.50440 
9.51918 

9.53356 
9.54758 
9.56125 
9.57460 
9.58765 

9.60042 
9.61292 
9.62516 
9.63717 
9.64896 

9.66054 


L.  Cot 


L.  Cos 


8  84965 
8.78361 
8.70565 
8.61050 
8  48843 

8.31796 
8.03327 
6.90109 
7  96396* 
8.28336 

8.46538 
8.59323 
8.69182 
8.77209 
8.83978 

8.89829 
8.94981 
8.99582 
9.03737 
9.07526 

9.11007 
9.14225 
9.17217 
9.20012 
9.22634 

9.25102 
9.27434 
9.29642 
9.31740 
9.33736 

9.35641 
9.37462 
9.39205 
9.40877 
9.42482 

9.44026 
9.45513 
9.46947 
9.48330 
9.49667 

9.50959 
9.52210 
9.53422 
9.54597 
9.55735 

9.56841 
9.57916 
9.58960 
9.59975 
9.60963 

9.61925 


L.  Cos 


*  Values  of  the  cosine,  tangent  and  cotangent  for  angles  in  the  table,  1.58  radians 
ad  above,  are  negative. 
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HAVERSINES 

The  following  table  gives  the  values  of  the  haverslnes  and  their  logarithms  for  angles  from 
0  to  180°  at  10  minute  intervals.    Characteristics  of  the  logarithms  are  omitted. 


0 

0 

1C 

' 

2C 

' 

3C 

' 

4C 

' 

5C 

' 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

0 

.0000 

— 

.0000  6.3254 

.0000  6.9275 

.0000  5.2796 

.0000  5.5295 

.0001  5.7233 

1 

.0001  5.8817 

.0001 

.0156 

.0001 

.1316 

.0002 

.2339 

.0002 

.3254 

.0003 

.4081 

2 

.0003 

.4837 

.0004 

.5532 

.0004 

.6176 

.0005 

.6775 

.0005 

.7336 

.0006 

.7862 

3 

.0007 

.8358 

.0008 

.8828 

.0008 

.9273 

.0009 

.9697 

.0010 

.0101 

.0011 

.0487 

4 

.0012 

.0856 

.0013 

.1211 

.0014 

.1551 

.0015 

.1879 

.0017 

.2195 

.0018 

.2499 

5 

.0019 

.2794 

.0020 

.3078 

.0022 

.3354 

.0023 

.3621 

.0024 

.3880 

.0026 

.4132 

6 

.0027 

.4376 

.0029 

.4614 

.0031 

.4845 

.0032 

.5071 

.0034 

.5290 

.0036 

.5504 

7 

.0037 

.5714 

.0039 

.5918 

.0041 

.6117 

.0043 

.6312 

.0045 

.6503 

.0047 

.6689 

8 

.0049 

.6872 

.0051 

.7051 

.0053 

.7226 

.0055 

.7397 

.0057 

.7566 

.0059 

.7731 

9 

.0062 

.7893 

.0064 

.8052 

.0066 

.8208 

.0069 

.8361 

.0071 

.8512 

.0073 

.8660 

10 

.0076 

.8806 

.0079 

.8949 

.0081 

.9090 

.0084 

.9229 

.0086 

.9365 

.0089 

.949$ 

11 

.0092 

.9631 

.0095 

.9762 

.0097 

.9890 

.0100 

.0016 

.0103 

.0141 

.0106 

.0264 

12 

.0109 

.0385 

.0112 

.0504 

.0115 

.0622 

.0119 

.0738 

.0122 

.0852 

.0125 

.0966 

13 

.0128 

.1077 

.0131 

.1187 

.0135 

.1296 

.0138 

.1404 

.0142 

.1510 

.0145 

.1614 

14 

.0149 

.1718 

.0152 

.1820 

.0156 

.1921 

.0159 

.2021 

.0163 

.2120 

.0167 

.2217 

15 

.0170 

.2314 

.0174 

.2409 

.0178 

.2504 

.0182 

.2597 

.0186 

.2689 

.0190 

.2781 

16 

.0194 

.2871 

.0198 

.2961 

.0202 

.3049 

.0206 

.3137 

.0210 

.3223 

.0214 

.3309 

17 

.0218 

.3394 

.0223 

.3478 

.0227 

.3561 

.0231 

.3644 

.0236 

.3726 

.0240 

.3807 

18 

.0245 

.3887 

.0249 

.3966 

.0254 

.4045 

.0258 

.4123 

.0263 

.4200 

.0268 

.4276 

19 

.0272 

.4352 

.0277 

.4427 

.0282 

.4502 

.0287 

.4576 

.0292 

.4649 

.0297 

.4721 

20 

.0302 

.4793 

.0307 

.4865 

.0312 

.4935 

.0317 

.5006 

.0322 

.5075 

.0327 

.5144 

21 

.0332 

.5213 

.0337 

.5281 

.0343 

.5348 

.0348 

.5415 

.0353 

.5481 

.0359 

.5547 

22 

.0364 

.5612 

.0370 

.5677 

.0375 

.5741 

.0381 

.5805 

.0386 

.5868 

.0392 

.5931 

23 

.0397 

.5993 

.0403 

.6055 

.0409 

.6116 

.0415 

.6177 

.0421 

.6238 

.0426 

.6298 

24 

.0432 

.6358 

.0438 

.6417 

.0444 

.6476 

.0450 

.6534 

.0456 

.6592 

.0462 

.6656 

25 

.0468 

.6707 

.0475 

.6764 

.0481 

.6820 

.0487 

.6876 

.0493 

.6932 

.0500 

.6987 

26 

.0506 

.7042 

.0512 

.7096 

.0519 

.7150 

.0525 

.7204 

.0532 

.7258 

.0538 

.7311 

27 

.0545 

.7364 

.0552 

.7416 

.0558 

.7468 

.0565 

.7520 

.0572 

.7572 

.0578 

.7623 

28 

.0585 

.7674 

.0592 

.7724 

.0599 

.7774 

.0606 

.7824 

.0613 

.7874 

.0620 

.7923 

29 

.0627 

.7972 

.0634 

.8021 

.0641 

.8069 

.0648 

.8117 

.0655 

.8165 

.0663 

.8213 

30 

.0670 

.8260 

.0677 

.8307 

.0684 

.8354 

.0692 

.8400 

.0699 

.8446 

.0707 

.8492 

31 

.0714 

.8538 

.0722 

.8583 

.0729 

.8629 

.0737 

.8673 

.0744 

.8718 

.0752 

.8763 

32 

.0760 

.8807 

.0767 

.8851 

.0775 

.8894 

.0783 

.8938 

.0791 

.8981 

.0799 

.9024 

33 

.0807 

.9067 

.0815 

.9109 

.0823 

.9152 

.0831 

.9194 

.0839 

.9236 

.0847 

.9277 

34 

.0855 

.9319 

.0863 

.9360 

.0871 

.9401 

.0879 

.9442 

.0888 

.9482 

.0896 

.9523 

35 

.0904 

.9563 

.0913 

.9603 

.0921 

.9643 

.0929 

.9682 

.0938 

.9721 

.0946 

.9761 

36 

.0955 

.9800 

.0963 

.9838 

.0972 

.9877 

.0981 

.9915 

.0989 

.9954 

.0998 

.9992 

37 

.1007 

.0030 

.1016 

.0067 

.1024 

.0105 

.1033 

.0142 

.1042 

.0179 

.1051 

.0216 

38 

.1060 

.0253 

.1069 

.0289 

.1078 

.0326 

.1087 

.0362 

.1096 

.0398 

.1105 

.0434 

39 

.1114 

.0470 

.1123 

.0505 

.1133 

.0541 

.1142 

.0576 

.1151 

.0611 

.1160 

.0646 

40 

.1170 

.0681 

.1179 

.0716 

.1189 

.0750 

.1198 

.0784 

.1207 

.0819 

.1217 

.0853 

41 

.1226 

.0887 

.1236 

.0920 

.1246 

.0954 

.1255 

.0987 

.1265 

.1020 

.1275 

.1054 

42 

.1284 

.1087 

.1294 

.1119 

.1304 

.1152 

.1314 

.1185 

.1323 

.1217 

.1333 

.1249 

43 

.1343 

.1282 

.1353 

.1314 

.1363 

.1345 

.1373 

.1377 

.1383 

.1409 

.1393 

.1440 

44 

.1403 

.1472 

.1413 

.1503 

.1424 

.1534 

.1434 

.1565 

.1444 

.1596 

.1454 

.1626 

45 

.1464 

.1657 

.1475 

.1687 

.1485 

.1718 

.1495 

.1748 

.1506 

.1778 

.1516 

.1808 

46 

.1527 

.1838 

.1537 

.1867 

.1548 

.1897 

.1558 

.1926 

.1569 

.1956 

.1579 

.1985 

47 

.1590 

.2014 

.1601 

.2043 

.1611 

.2072 

.1622 

.2101 

.1633 

.2129 

.1644 

.2158 

48 

.1654 

.2186 

.1665 

.2215 

.1676 

.2243 

.1687 

.2271 

.1698 

.2299 

.1709 

.2327 

49 

.1720 

.2355 

.1731 

.2382 

.1742 

.2410 

.1753 

.2437 

.1764 

.2465 

.1775 

.2492 

50 

.1786 

.2519 

.1797 

.2546 

.1808 

.2573 

.1820 

.2600 

.1831 

.2627 

.1842 

.2653 

51 

.1853 

.2680 

.1865 

.2706 

.1876 

.2732 

.1887 

.2759 

.1899 

.2785 

.1910 

.2811 

52 

.1922 

.2837 

.1933 

.2863 

.1945 

.2888 

.1956 

.2914 

.1968 

.2940 

.1979 

.2965 

53 

.1991 

.2991 

.2003 

.3016 

.2014 

.3041 

.2026 

.3066 

.2038 

.3091 

.2049 

.3116 

54 

2061 

.3141 

.2073 

.3166 

.2085 

.3190 

.2096 

.3215 

.2108 

.3239 

.2120 

.3264 

55 

.2132 

.3288 

.2144 

.3312 

.2156 

.3336 

.2168 

.3361 

.2180 

.3384 

.2192 

.3408 

56 

.2204 

.3432 

.2216 

.3456 

.2228 

.3480 

.2240 

.3503 

.2252 

.3527 

.2265 

.3550 

57 

.2277 

.3573 

.2289 

.3596 

.2301 

.3620 

.2314 

.3643 

.2326 

.3666 

.2338 

.3689 

58 

.2350 

.3711 

.2363 

.3734 

.2375 

.3757 

.2388 

.3779 

.2400 

.3802 

.2412 

.3824 

59 

.2425 

.3847 

.2437 

.3869 

.2450 

.3891 

.2462 

.3913 

.2475 

.3935 

.2487 

.3957 
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HAVERSINES  (Continued) 

Characteristics  of  the  logarithms  are  omitted. 


o 

0' 

10 

/ 

2C 

' 

3C 

' 

40 

' 

50' 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

60 

.2500 

.3979 

.2513 

.4001 

.2525 

.4023 

.2538 

.4045 

.2551 

.4066 

.2563 

.4088 

61 

.2576 

.4109 

.2589 

.4131 

.2601 

.4152 

.2614 

.4173 

.2627 

.4195 

.2640 

.4216 

62 

.2653 

.4237 

.2665 

.4258 

.2678 

.4279 

.2691 

.4300 

.2704 

.4320 

.2717 

.4341 

63 

.2730 

.4362 

.2743 

.4382 

.2756 

.4403 

.2769 

.4423 

.2782 

.4444 

.2795 

.44J54 

64 

.2808 

.4484 

.2821 

.4504 

.2834 

.4524 

.2847 

.4545 

.2861 

.4565 

.2874 

.4584 

65 

.2887 

.4604 

.2900 

.4624 

.2913 

.4644 

.2927 

.4664 

.2940 

.4683 

.2953 

.4703 

66 

.2966 

.4722 

.2980 

.4742 

.2993 

.4761 

.3006 

.4780 

.3020 

.4799 

.3033 

.4819 

67 

.3046 

.4838 

.3060 

.4857 

.3073 

.4876 

.3087 

.4895 

.3100 

.4914 

.3113 

.4932 

68 

.3127 

.4951 

.3140 

.4970 

.3154 

.4989 

.3167 

.5007 

.3181 

.5026 

.3195 

.5044 

69 

.3208 

.5063 

.3222 

.5081 

.3235 

.5099 

.3249 

.5117 

.3263 

.5136 

.3276 

.5154 

70 

.3290 

.5172 

.3304 

.5190 

.3317 

.5208 

.3331 

.5226 

.3345 

.5244 

.3358 

.5261 

71 

.3372 

.5279 

.3386 

.5297 

.3400 

.5314 

.3413 

.5332 

.3427 

.5349 

.3441 

.5367 

72 

.3455 

.5384 

.3469 

.5402 

.3483 

.5419 

.3496 

.5436 

.3510 

.5454 

.3524 

.5471 

73 

.3538 

.5488 

.3552 

.5505 

.3566 

.5522 

.3580 

.5539 

.3594 

.5556 

.3608 

.5572 

74 

.3622 

.5589 

.3636 

.5606 

.3650 

.5623 

.3664 

.5639 

.3678 

.5656 

.3692 

.5672 

75 

.3706 

.5689 

.3720 

.5705 

.3734 

.5722 

.3748 

.5738 

.3762 

.5754 

.3776 

.5771 

76 

.3790 

.5787 

.3805 

.5803 

.3819 

.5819 

.3833 

.5835 

.3847 

.5851 

.3861 

.5867 

77 

.3875 

.5883 

.3889 

.5899 

.3904 

.5915 

.3918 

.5930 

.3932 

.5946 

.3946 

.5962 

78 

.3960 

.5977 

.3975 

.5993 

.3989 

.6009 

.4003 

.6024 

.4017 

.6039 

.4032 

.6055 

79 

.4046 

.6070 

.4060 

.6086 

.4075 

.6101 

.4089 

.6116 

.4103 

.6131 

.4117 

.6146 

80 

.4132 

.6161 

.4146 

.6176 

.4160 

.6191 

.4175 

.6206 

.4189 

.6221 

.4203 

.6236 

81 

.4218 

.6251 

.4232 

.6266 

.4247 

.6280 

.4261 

.6295 

.4275 

.6310 

.4290 

.6324 

82 

.4304 

.6339 

.4319 

.6353 

.4333 

.6368 

.4347 

.6382 

.4362 

.6397 

.4376 

.6411 

83 

.4391 

.6425 

.4405 

.6440 

.4420 

.6454 

.4434 

.6468 

.4448 

.6482 

.4463 

.6496 

84 

.4477 

.6510 

.4492 

.6524 

.4506 

.6538 

.4521 

.6552 

.4535 

.6566 

.4550 

.6580 

85 

.4564 

.6594 

.4579 

.6607 

.4593 

.6621 

.4608 

.6635 

.4622 

.6648 

.4637 

.6662 

86 

.4651 

.6676 

.4666 

.6689 

.4680 

.6703 

.4695 

.6716 

.4709 

.6730 

.4724 

.6743 

87 

.4738 

.6756 

.4753 

.6770 

.4767 

.6783 

.4782 

.6796 

.4796 

.6809 

.4811 

.6822 

88 

.4826 

.6835 

.4840 

.6848 

.4855 

.6862 

.4869 

.6875 

.4884 

.6887 

.4898 

.6900 

89 

.4913 

.6913 

.4927 

.6926 

.4942 

.6939 

.4956 

.6952 

.4971 

.6964 

.4985 

.6977 

90 

.5000 

.6990 

.5015 

.7002 

.5029 

.7015 

.5044 

.7027 

.5058 

.7040 

.5073 

.7052 

91 

.5087 

.7065 

.5102 

.7077 

.5116 

.7090 

.5131 

.7102 

.5145 

.7114 

.5160 

.7126 

92 

.5174 

.7139 

.5189 

.7151 

.5204 

.7163 

.5218 

.7175 

.5233 

.7187 

.5247 

.7199 

93 

.5232 

.7211 

.5276 

.7223 

.5291 

.7235 

.5305 

.7247 

.5320 

.7259 

.5334 

.7271 

94 

.5349 

.7283 

.5363 

.7294 

.5378 

.7306 

.5392 

.7318 

.5407 

.7329 

.5421 

.7341 

95 

.5436 

.7353 

.5450 

.7364 

.5465 

.7376 

.5479 

.7387 

.5494 

.7399 

.5508 

.7410 

96 

.5523 

.7421 

.5537 

.7433 

.5552 

.7444 

.5566 

.7455 

.5580 

.7467 

.5595 

.7478 

97 

.5609 

.7489 

.5624 

.7500 

.5638 

.7511 

.5653 

.7523 

.5667 

.7534 

.5681 

.7545 

98 

.5696 

.7556 

.5710 

.7567 

.5725 

.7577 

.5739 

.7588 

.5753 

.7599 

.5768 

.7610 

99 

.5782 

.7621 

.5797 

.7632 

.5811 

.7642 

.5825 

.7653 

.5840 

.7664 

.5854 

.7674 

100 

.5868 

.7685 

.5883 

.7696 

.5897 

.7706 

.5911 

.7717 

.5925 

.7727 

.5940 

.7738 

101 

.5954 

.7748 

.5968 

.7759 

.5983 

.7769 

.5997 

.7779 

.6011 

.7790 

.6025 

.7800 

102 

.6040 

.7810 

.6054 

.7820 

.6068 

.7830 

.6082 

.7841 

.6096 

.7851 

.6111 

.7861 

103 

.6125 

.7871 

.6139 

.7H81 

.6153 

.7891 

.6167 

.7901 

.6181 

.7911 

.6195 

.7921 

104 

.6210 

.7931 

.6224 

.7940 

.6238 

.7950 

.6252 

.7960 

.6266 

.7970 

.6280 

.7980 

105 

.6294 

.7989 

.6308 

.7999 

.6322 

.8009 

.6336 

.8018 

.6350 

.8028 

.6364 

.8037 

106 

.6378 

.8047 

.6392 

.8056 

.6406 

.8066 

.6420 

.8075 

.6434 

.8085 

.6448 

.8094 

107 

.6462 

.8104 

.6476 

.8113 

.6490 

.8122 

.6504 

.8131 

.6517 

.8141 

.6531 

.8150 

108 

.6545 

.8159 

.6559 

.8168 

.6573 

.8177 

.6587 

.8187 

.6600 

.8196 

.6614 

.8205 

109 

.6628 

.8214 

.6642 

.8223 

.6655 

.8232 

.6669 

.8241 

.6683 

.8250 

.6696 

.8258 

110 

.6710 

.8267 

.6724 

.8276 

.6737 

.8285 

.6751 

.8294 

.6765 

.8302 

.6778 

.8311 

111 

.6792 

.8320 

.6805 

.8329 

.6819 

.8337 

.6833 

.8346 

.6846 

.8354 

.6860 

.8363 

112 

.6873 

.8371 

.6887 

.8380 

.6900 

.8388 

.6913 

.8397 

.6927 

.8405 

.6940 

.8414 

113 

.6954 

.8422 

.6967 

.8430 

.6980 

.8439 

.6994 

.8447 

.7007 

.8455 

.7020 

.8464 

114 

.7034 

.8472 

.7047 

.8480 

.7060 

.8488 

.7073 

.8496 

.7087 

.8504 

.7100 

.8513 

115 

.7113 

.8521 

.7126 

.8529 

.7139 

.8537 

.7153 

.8545 

.7166 

.8553 

.7179 

.8561 

116 

.7192 

.8568 

.7205 

.8576 

.7218 

.8584 

.7231 

.8592 

.7244 

.8600 

.7257 

8b08 

117 

.7270 

.8615 

.7283 

.8623 

.7296 

.8631 

.7309 

.8638 

.7322 

.8646 

.7335 

.8654 

118 

.7347 

.8661 

.7360 

.8669 

.7373 

.8676 

.7386 

.8684 

.7399 

.8691 

.7411 

.8699 

119 

.7424 

.8706 

.7437 

.8714 

.7449 

.8721 

.7462 

.8729 

.7475 

.8736 

.7487 

.8743 
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HAVERSINES  (Continued) 

Characteristics  of  the  logarithms  are  omitted- 


o 

0' 

10' 

20' 

30' 

W 

50' 

Value  Log 

Value  Log 

Value  Log 

Value  Log 

Value  Log 

Value  Log 

120 

.7500  .8751 

.7513  .8758 

.7525  .8765 

.7538  .8772 

.7550  .8780 

.7563  .8787 

121 

.7575  .8794 

.7588  .8801 

.7600  .8808 

.7612  .8815 

.7625  .8822 

.7637  .8829 

122 

.7650  .8836 

.7662  .8843 

.7674  .8850 

.7686  .8857 

.7699  .8864 

.7711  .8871 

123 

.7723  .8878 

.7735  .8885 

.7748  .8892 

.7760  .8898 

.7772  .8905 

.7784  .8912 

124 

.7796  .8919 

.7808  .8925 

.7820  .8932 

.7832  .8939 

.7844  .8945 

.7856  .8952 

125 

.7868  .8959 

.7880  .8965 

.7892  .8972 

.7904  .8978 

.7915  .8985 

.7927  .8991 

126 

.7939  .8998 

.7951  .9004 

.7962  .9010 

.7974  .9017 

.7986  .9023 

.7997  .9030 

127 

.8009  .9036 

.8021  .9042 

.8032  .9048 

.8044  .9055 

.8055  .9061 

.8067  .9067 

128 

.8078  .9073 

.8090  .9079 

.8101  .9085 

.8113  .9092 

.8124  .9098 

.8135  .9104 

129 

.8147  .9110 

.8158  .9116 

.8169  .9122 

.8180  .9128 

.8192  .9134 

.8203  .9140 

130 

.8214  .9146 

.8225  .9151 

.8236  .9157 

.8247  .9163 

.8258  .9169 

.8269  .9175 

131 

.8280  .9180 

.8291  .9186 

.8302  .9192 

.8313  .9198 

.8324  .9203 

.8335  .9209 

132 

.8346  .9215 

.8356  .,9220 

.8367  .9226 

.8378  .9231 

.8389  .9237 

.8399  .9242 

133 

.8410  .9248 

.8421  .9253 

.8431  .9259 

.8442  .9264 

.8452  .9270 

.8463  .9275 

134 

.8473  .9281 

.8484  .9286 

.8494  .9291 

.8505  .9297 

.8515  .9302 

.8525  .9307 

135 

.8536  .9312 

.8546  .9318 

.8556  .9323 

.8566  .9328 

.8576  .9333 

.8587  .9338 

136 

.8597  .9343 

.8607  .9348 

.8617  .9353 

.8627  .9359 

.8637  .9364 

.8647  .9369 

137 

.8657  .9374 

.8667  .9379 

.8677  .9383 

.8686  .9388 

.8696  .9393 

.8706  .9398 

138 

.8716  .9403 

.8725  .9408 

.8735  .9413 

.8745  .9417 

.8754  .9422 

.8764  .9427 

139 

.8774  .9432 

.8783  .9436 

.8793  .9441 

.8802  .9446 

.8811  .9450 

.8821  .9455 

140 

.8830  .9460 

.8840  .9464 

.8849  .9469 

.8858  .9473 

.8867  .9478 

.8877  .9482 

141 

.8886  .9487 

.8895  .9491 

.8904  .9496 

.8913  .9500 

.8922  .9505 

.8931  .9509 

142 

.8940  .9513 

.8949  .9518 

.8958  .9522 

.8967  .9526 

.8976  .9531 

.8984  .9535 

143 

.8993  .9539 

.9002  .9543 

.9011  .9548 

.9019  .9552 

.9028  .9556 

.9037  .9560 

144 

.9045  .9564 

.9054  .9568 

.9062  .9572 

.9071  .9576 

.9079  .9580 

.9087  .9584 

145 

.9096  .9588 

.9104  .9592 

.9112  .9596 

.9121  .9600 

.9129  .9604 

.9137  .9608 

146 

.9145  .9612 

.9153  .9616 

.9161  .9620 

.9169  .9623 

.9177  .9627 

.9185  .9631 

147 

.9193  .9635 

.9201  .9638 

.9209  .9642 

.9217  .9646 

.9225  .9650 

.9233  .9653 

148 

.9240  .9657 

.9248  .9660 

.9256  .9664 

.9263  .9668 

.9271  .9671 

.9278  .9675 

149 

.9286  .9678 

.9293  .9682 

.9301  .9685 

.9308  .9689 

.9316  .9692 

.9323  .9695 

150 

.9330  .9699 

.9337  .9702 

.9345  .9706 

.9352  .9709 

.9359  .9712 

.9366  .9716 

151 

.9373  .9719 

.9380  .9722 

.9387  .9725 

.9394  .9729 

.9401  .9732 

.9408  .9735 

152 

.9415  .9738 

.9422  .9741 

.9428  .9744 

.9435  .9747 

.9442  .9751 

.9448  .9754 

153 

.9455  .9757 

.9462  .9760 

.9468  .9763 

.9475  .9766 

.9481  .9769 

.9488  .9772 

154 

.9494  .9774 

.9500  .9777 

.9507  .9780 

.9513  .9783 

.9519  .9786 

.9525  .9789 

155 

.9532  .9792 

.9538  .9794 

.9544  .9797 

.9550  .9800 

.9556  .9803 

.9562  .9805 

156 

.9568  .9808 

.9574  .9811 

.9579  .9813 

.9585  .9816 

.9591  .9819 

.9597  .9821 

157 

.9603  .9824 

.9608  .9826 

.9614  .9829 

.9619  .-9831 

.9625  .9834 

.9630  .9836 

158 

.9636  .9839 

.9641  .9841 

.9647  .9844 

.9652  .9846 

.9657  .9849 

.9663  .9851 

159 

.9668  .9853 

.9673  .9856 

.9678  .9858 

.9683  .9860 

.9688  .9863 

.9693  .9865 

160 

.9698  .9867 

.9703  .9869 

.9708  .9871 

.9713  .9874 

.9718  .9876 

.9723  .9878 

161 

.9728  .9880 

.9732  .9882 

.9737  .9884 

.9742  .9886 

.9746  .9888 

.9751  .9890 

162 

.9755  .9892 

.9760  .9894 

.9764  .9896 

.9769  .9898 

.9773  .9900 

.9777  .9902 

163 

.9782  .9904 

.9786  .9906 

.9790  .9908 

.9794  .9910 

.9798  .9911 

.9802  .9913 

164 

.9806  .9915 

.9810  .9917 

.9814  .9919 

.9818  .9920 

.9822  .9922 

.9826  .9924 

165 

.9830  .9925 

.9833  .9927 

.9837  .9929 

.9841  .9930 

.9844  .9932 

.9848  .9933 

166 

.9851  .9935 

.9855  .9937 

.9858  .9938 

.9862  .9940 

.9865  .9941 

.9869  .9943 

167 

.9872  .9944 

.9875  .9945 

.9878  .9917 

.9881  .9948 

.9885  .9950 

.9888  .9951 

168 

.9891  .9952 

.9894  .9954 

.9897  .9955 

.9900  .9956 

.9903  .9957 

.9905  .9959 

169 

.9908  .9960 

.9911  .9961 

.9914  .9962 

.9916  .9963 

.9919  .9965 

.9921  .9966 

170 

.9924  .9967 

.9927  .9968 

.9929  .9969 

.9931  .9970 

.9934  .9971 

.9936  .9972 

171 

.9938  .9973 

.9941  .9974 

.9943  .9975 

.9945  .9976 

.9947  .9977 

.9949  .9978 

172 

.9951  .9979 

.9953  .9980 

.9955  .9981 

.9957  .9981 

.9959  .9982 

.9961  .9983 

173 

.9963  .9984 

.9964  .9985 

.9966  .9985 

.9968  .9986 

.9969  .9987 

.9971  .9987 

174 

.9973  .9988 

.9974  .9989 

.9976  .9989 

.9977  .9990 

.9978  .9991 

.9980  .9991 

175 

.9981  .9992 

.9982  .9992 

.9983  .9993 

.9985  .9993 

.9986  .9994 

.9987  .9994 

176 

.9988  .9995 

.9989  .9995 

.9990  .9996 

.9991  .9996 

.9992  .9996 

.9992  .9997 

177 

.9993  .9997 

.9994  .9997 

.9995  .9998 

.9995  .9998 

.9996  .9998 

.9996  .9998 

178 

.9997  .9999 

.9997  .9999 

.9998  .9999 

.9998  .9999 

.9999  .9999 

.9999  .9999 

179 

.9999  .9999 

.9999  .9999 

1.0000  .0000 

1.0000  .0000 

1.0000  .0000 

1.0000  .0000 

ISO 

1.0000  .0000 
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SQUARE  OF  THE  SINE  AND  COSINE  AND  THEIR 

PRODUCT 

Compiled  by  Niel  F.  Beardsley 


0°  (180°) 

(359°)  179° 

~o 

Sin2 

Sin  •  Cos 

Cos2 

t 

.00000 

.00000 

1.00000 

60 

1 

. 00000 

.00029 

1.00000 

59 

2 

.00000 

.00058 

1.00000 

58 

3 

. 00000 

.00087 

1.00000 

57 

4 

. 00000 

.00116 

1.00000 

56 

5 

. 00000 

.00145 

1.00000 

55 

6 

.00000 

.00175 

1.00000 

54 

7 

. 00000 

.00204 

1.00000 

53 

8 

.00001 

.00233 

.99999 

52 

9 

. 00001 

.00262 

.99999 

51 

10 

.00001 

.00291 

.99999 

50 

11 

.00001 

.00320 

.99999 

49 

12 

.00001 

.00349 

.99999 

48 

1  o 

.00001 

.00378 

.99999 

47 

14 

. 00002 

.00407 

.99998 

46 

15 

. 00002 

.00436 

.99998 

45 

16 

. 00002 

.00465 

.99998 

44 

17 

.00002 

.00495 

.99998 

43 

18 

. 00003 

.00524 

.99997 

42 

19 

. 00003 

.00553 

.99997 

41 

20 

. 00003 

.00582 

.99997 

40 

21 

. 00004 

.00611 

.99996 

39 

22 

. 00004 

.00640 

.99996 

38 

23 

. 00004 

.00669 

.99996 

37 

24 

.00005 

.00698 

.99995 

36 

25 

.00005 

.00727 

.99995 

35 

26 

. 00006 

.00756 

.99994 

34 

27 

.00006 

.00785 

.99994 

33 

28 

. 00007 

.00814 

.99993 

32 

29 

.00007 

.00844 

.99993 

31 

30 

. 00008 

.00873 

.99992 

30 

31 

.00008 

.00902 

.99992 

29 

32 

. 00009 

.00931 

.99991 

28 

33 

. 00009 

.00960 

.99991 

27 

34 

.00010 

.00989 

.99990 

26 

35 

.00010 

.01018 

.99990 

25 

3G 

.00011 

.01047 

.99989 

24 

37 

.00012 

.01076 

.99988 

23 

38 

.00012 

.01105 

.99988 

22 

39 

.00013 

.01134 

.99987 

21 

10 

.00014 

.01163 

.99986 

20 

41 

.00014 

.01193 

.99986 

19 

42 

.00015 

.01222 

.99985 

18 

43 

.00016 

.01251 

.99984 

17 

44 

.00016 

.01280 

.99984 

16 

45 

.00017 

.01309 

.99983 

15 

46 

.00018 

.01338 

.99982 

14 

47 

.00019 

.01367 

.99981 

13 

48 

.00019 

.01396 

.99981 

12 

49 

. 00020 

.01425 

.99980 

11 

50 

.00021 

.01454 

.99979 

10 

51 

. 00022 

.01483 

.99978 

9 

52 

. 00023 

.01512 

.99977 

8 

53 

. 00024 

.01541 

.99976 

7 

54 

.00025 

.01571 

.99975 

6 

55 

.00026 

.01600 

.99974 

5 

56 

. 00027 

.01629 

.99973 

4 

57 

. 00027 

.01658 

.99973 

3 

58 

.00028 

.01687 

.99972 

2 

59 

. 00029 

.01716 

.99971 

1 

so 

. 00030 

.01745 

.99970 

0 

Cos* 

Sin  •  Cos 

Sin2 

/ 

1°  (181°) 

(358°)  178° 

1) 

Sin  2 

Sin  •  Cos 

Cos2 

60 

. 00030 

.01745 

.99970 

1 

.00031 

.01774 

.99969 

59 

2 

. 00033 

.01803 

. 99967 

58 

3 

.00034 

.01832 

.99966 

57 

4 

.00035 

.01861 

.99965 

56 

5 

.00036 

.01890 

.99964 

55 

6 

. 00037 

.01919 

.99963 

54 

7 

.00038 

.01948 

.99962 

53 

8 

. 00039 

.01978 

.99961 

52 

9 

. 00040 

. 02007 

.99960 

51 

10 

.00041 

.02036 

.99959 

50 

11 

. 00043 

.02065 

.99957 

49 

12 

. 00044 

.02094 

.99956 

48 

13 

. 00045 

.02123 

.99955 

47 

14 

. 00046 

.02152 

.99954 

46 

15 

. 00048 

.02181 

. 99952 

45 

16 

. 00049 

.02210 

.99951 

44 

17 

. 00050 

.02239 

.99950 

43 

18 

.00051 

.02268 

. 99949 

42 

19 

. 00053 

.02297 

.99947 

41 

'20 

. 00054 

.02326 

. 99946 

40 

21 

. 00056 

.02355 

.99944 

39 

22 

. 00057 

.02384 

.99943 

38 

23 

. 00058 

.02413 

.99942 

37 

24 

.00000 

.02442 

. 99940 

36 

25 

.00061 

.02472 

.99939 

35 

26 

. 00063 

.02501 

. 99937 

34 

27 

. 00064 

.02530 

. 99936 

33 

28 

.00066 

. 02559 

.99934 

32 

29 

. 00067 

.02588 

. 99933 

31 

30 

. 00069 

.02617 

.99931 

30 

31 

. 00070 

.02646 

. 99930 

29 

32 

. 00072 

. 02675 

.99928 

28 

33 

. 00073 

. 02704 

.99927 

27 

34 

. 00075 

.02733 

. 99925 

26 

35 

. 00076 

.02762 

.99924 

25 

36 

. 00078 

.02791 

.99922 

24 

37 

. 00080 

.02820 

.99920 

23 

38 

.00081 

. 02849 

.99919 

22 

39 

. 00083 

.02878 

.99917 

21 

40 

. 00085 

. 02907 

.99915 

20 

41 

. 00086 

.02936 

.99914 

19 

42 

. 00088 

.02965 

.99912 

18 

43 

. 00090 

.02994 

.99910 

17 

44 

.00091 

.03023 

.99909 

16 

45 

.00093 

.03052 

.99907 

15 

46 

. 00095 

.03081 

. 99905 

14 

47 

.00097 

.03110 

.99903 

13 

48 

. 00099 

.03140 

.99901 

12 

49 

.00100 

.03169 

.99900 

11 

50 

.00102 

.03198 

.99898 

10 

51 

.00104 

.03227 

.99896 

9 

52 

.00106 

.03256 

.99894 

8 

53 

.00108 

.03285 

.99892 

7 

54 

.00110 

.03314 

.99890 

6 

55 

.00112 

.03343 

.99888 

5 

56 

.00114 

.03372 

. 99886 

4 

57 

.00116 

.03401 

.99884 

3 

58 

.00118 

.03430 

.99882 

2 

59 

.00120 

. 03459 

.99880 

1 

60 

.00122 

.03488 

.99878 

_0 

Cos2 

Sin  •  Cos 

Sin2 

90°  (270°) 


(269°)  89c 


14'i 


91°  (271°) 


(268°)  88c 


Sin2  x       Cos2  x       Sin  x  Cos  x 


2°  (182°) 

(357°)  177° 

/ 

Sin2 

Sin  •  Cos 

Cos- 

0 

.00122 

.03488 

.99878 

60 

1 

.00124 

.03517 

.99876 

59 

2 

.00126 

.03546 

.99874 

58 

3 

.00128 

.03575 

.99872 

57 

4 

.00130 

.03604 

.99870 

56 

5 

.00132 

.03633 

.99868 

55 

6 

.00134 

.03662 

.99866 

54 

7 

.00136 

.03691 

.90864 

53 

8 

.00139 

.03720 

. 99861 

52 

9 

.00141 

.03749 

.99859 

51 

ie 

.00143 

.03778 

.99857 

50 

n 

.00145 

.03807 

.99855 

49 

12 

.00147 

.03836 

.99853 

48 

13 

.00150 

.03865 

.99850 

47 

14 

.00152 

.03894 

.99848 

46 

15 

.00154 

.03923 

.99846 

45 

16 

.00156 

.03952 

.99844 

44 

17 

.00159 

.03981 

.99841 

43 

18 

.00161 

.04010 

.99839 

42 

19 

.00163 

.04039 

.99837 

41 

20 

.00166 

.04068 

.99834 

40 

21 

.00168 

. 04097 

.99832 

39 

22 

.00171 

.04126 

. 99829 

38 

23 

.00173 

.04155 

.99827 

37 

24 

.00175 

.04184 

. 99825 

36 

25 

.00178 

.04213 

.99822 

35 

26 

.00180 

. 04242 

. 99820 

34 

27 

.00183 

.04271 

.99817 

33 

28 

.00185 

.04300 

.99815 

32 

29 

.00188 

.04329 

.99812 

31 

30 

.00190 

.04358 

.99810 

30 

31 

.00193 

. 04387 

.99807 

29 

32 

.00195 

.04416 

.99805 

28 

33 

.00198 

.04445 

.99802 

27 

34 

.00201 

.04474 

i.  99799 

26 

35 

.00203 

.04503 

.99797 

25 

36 

. 00206 

.04532 

.99794 

24 

37 

. 00208 

.04561 

. 99792 

23 

38 

.00211 

.04590 

. 99789 

22 

39 

.00214 

.04619 

.99786 

21 

40 

.00216 

.04647 

.99784 

20 

41 

.00219 

.04676 

.99781 

19 

42 

.00222 

.04705 

.99778 

18 

43 

. 00225 

.04734 

.99775 

17 

44 

.00227 

.04763 

.99773 

16 

45 

.00230 

. 04792 

.99770 

15 

46 

.00233 

.04821 

.99767 

14 

47 

. 00236 

.04850 

'.99764 

13 

48 

. 00239 

.04879 

j.  99761 

12 

49 

.00241 

. 04908 

.99759 

11 

50 

.00244 

.04937 

.99756 

10 

51 

. 00247 

.04966 

.99753 

9 

52 

. 00250 

.04995 

.99750 

8 

53 

.00253 

.05024 

.99747 

7 

54 

. 00256 

.05053 

.99744 

6 

55 

.00259 

.05082 

.99741 

5 

56 

.00262 

.05111 

.99738 

4 

57 

.00265 

.05140 

.99735 

3 

58 

.00268 

.05169 

.99732 

2 

59 

.00271 

.05197 

.99729 

1 

60 

. 00274 

.05226 

.99726 

o 

/ 

Cos2 

Sin  •  Cos 

Sin2 

'1 

3° 

(183°) 

(356°)  176° 

"o 

Sin2 

Sin  •  Cos 

Cos2 

—r 

. 00274 

.05226 

.99726 

60 

1 

.00277 

.05255 

.99723 

59 

2 

.00280 

.05284 

.99720 

58 

3 

.00283 

.05313 

.99717 

57 

4 

. 00286 

.05342 

.99714 

56 

5 

.00289 

.05371 

.99711 

55 

6 

. 00292 

.05400 

.99708 

54 

7 

. 00296 

. 05429 

.99704 

53 

8 

. 00299 

.05458 

.99701 

52 

9 

.00302 

.05487 

.99698 

51 

10 

.00305 

.05516 

.99695 

50 

11 

. 00308 

.05545 

.99692 

49 

12 

.00312 

.05573 

.99688 

48 

13 

.00315 

.05602 

.99685 

47 

14 

.00318 

.05631 

.99682 

46 

15 

.00321 

.05660 

.  99679 

45 

16 

.00325 

.05689 

.99675 

44 

17 

. 00328 

.05718 

1.99672 

43 

18 

.00331 

.05747 

.99669 

42 

19 

, 00335 

.05776 

. 99665 

41 

20 

.00338 

.05805 

.99662 

40 

21 

.00341 

. 05834 

.99659 

39 

22 

, 00345 

.05862 

.99655 

38 

23 

. 00348 

.05891 

.99652 

37 

24 

.00352 

.05920 

.99648 

36 

25 

. 00355 

.05949 

. 99645 

35 

26 

.00359 

. 05978 

.99641 

34 

27 

. 00362 

. 06007 

.99638 

33 

28 

.00366 

.06036 

i.  99634 

32 

29 

.00369 

.06065 

;.  99631 

31 

30 

. 00373 

.06093 

.99627 

30 

31 

.00376 

.06122 

. 99624 

29 

32 

. 00380 

.06151 

.99620 

28 

33 

. 00383 

.06180 

.99617 

27 

34 

.00387 

.06209 

.99613 

26 

35 

.00391 

.06238 

.99609 

25 

36 

.00394 

:  .06267 

.99606 

24 

37 

.00308 

.06296 

.99602 

23 

38 

.00402 

.06324 

. 99598 

22 

39 

.00405 

.06353 

.99595 

21 

40 

.00409 

.06382 

.99591 

20 

41 

.00413 

.06411 

.99587 

19 

42 

.00416 

. 06440 

!.  99584 

18 

43 

.00420 

. 06469 

.99580 

17 

44 

.00424 

.06497 

.99576 

16 

45 

.00428 

.06526 

1.99572 

15 

46 

.00432 

. 06555 

.99568 

14 

47 

. 00435 

. 06584 

.99565 

13 

48 

. 00439 

.06613 

.99561 

12 

49 

.00443 

.06642 

:.  99557 

11 

50 

.00447 

.06670 

.99553 

10 

51 

.00451 

.06699 

.99549 

9 

52 

.00455 

.06728 

.99545 

8 

53 

. 00459 

.06757 

.99541 

7 

54 

.00463 

.06786 

.99537 

6 

55 

.00467 

.06815 

.99533 

5 

56 

.00471 

.06843 

.99529 

4 

57 

.00475 

.06872 

.99525 

3 

58 

.00479 

.06901 

.99521 

2 

59 

. 00483 

.06930 

.99517 

1 

60 

"7" 

. 00487 

. 06959 

.99513 

0 

Cos2 

Sin  •  Cos 

Sin2 

T 

92°  (272°) 


(267°)  87c 


93°  (273°) 


(266°)  86c 
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Sin2  x      Cos2  x 


4°< 

184°> 

(355°)  175° 

r 

Sin2 

Sin  •  Cos 

Cos2 

rr 

0 

.00487 

.06959 

.99513 

60 

1 

.00491 

.06987 

. 99509 

59 

2 

. 00495 

.07016 

.99505 

58 

3 

.00499 

.07045 

.99501 

57 

4 

. 00503 

.07074 

.90497 

56 

5 

.00507 

.07103 

.99493 

55 

6 

.00511 

.07131 

.99489 

54 

7 

.00515 

.07160 

.99485 

53 

8 

.00520 

.07189 

. 99480 

52 

9 

. 00524 

.07218 

.99476 

51 

10 

.00528 

.07247 

.99472 

50 

11 

.00532 

.07275 

. 99468 

49 

12 

. 00536 

.07304 

.99464 

48 

13 

.00541 

.07333 

.99459 

47 

14 

. 00545 

.07362 

.99455 

46 

15 

. 00549 

.07390 

.99451 

45 

16 

.00554 

.07419 

. 99440 

44 

17 

. 00558 

.07448 

.99442 

43 

18 

. 00562 

.07477 

.99438 

42 

19 

. 00567 

.07506 

.99433 

41 

20 

.00571 

.07534 

.99429 

40 

21 

. 00575 

.07563 

.99425 

39 

22 

. 00580 

.07592 

.99420 

38 

23 

. 00584 

.07621 

.99416 

37 

24 

. 00589 

.07649 

.99411 

36 

25 

. 00593 

.07678 

. 99407 

35 

26 

. 00598 

.07707 

.99402 

34 

27 

. 00602 

.07736 

.99398 

33 

28 

. 00607 

.07764 

. 99393 

32 

29 

.00611 

.07793 

. 99389 

31 

30 

.00616 

.07822 

.99384 

30 

31 

. 00620 

. 07850 

.99380 

29 

32 

. 00625 

. 07879 

.99375 

28 

33 

. 00629 

.07908 

.99371 

27 

34 

.00634 

.07937 

99366 

26 

35 

.00639 

.07965 

.99361 

25 

36 

. 00643 

.07994 

.99357 

24 

37 

.00648 

. 08023 

.99352 

23 

38 

.00653 

.08051 

.99347 

22 

39 

. 00657 

.08080 

.99343 

21 

40 

. 00662 

.08109 

. 99338 

20 

41 

. 00667 

.08138 

. 99333 

19 

42 

.00671 

.08166 

.99329 

18 

43 

. 00676 

.08195 

.99324 

17 

44 

.00681 

. 08224 

.99319 

16 

45 

. 00686 

.08252 

.99314 

15 

46 

.00691 

. 08281 

.99309 

14 

47 

.00695 

.08310 

.99305 

13 

48 

.00700 

.08338 

.99300 

12 

49 

.00705 

.08367 

.99295 

11 

50 

.00710 

. 08396 

.99290 

10 

51 

.00715 

. 08424 

.99285 

9 

52 

. 00720 

.08453 

. 99280 

8 

53 

.00725 

.08482 

.99275 

7 

54 

. 00730 

.08510 

.99270 

6 

55 

.00735 

.08539 

.99265 

5 

56 

.00740 

.08568 

.99260 

4 

57 

.00745 

.08596 

.99255 

3 

58 

.00750 

.08625 

.99250 

2 

59 

.00755 

.08654 

.99245 

1 

60 
"T" 

.00760 

. 08682 

.99240 

_0 

Cos2 

Sin  •  Cos 

Sin2 

T 

Sin  x  Cos  x 

5°  (185°) 


(354°)  (174°) 


0 

Sin2 

Sin  •  Cos 

Cos2 

60 

.00760 

. 08682 

.99240 

1 

.00765 

.08711 

. 99235 

59 

2 

.00770 

.08740 

.99230 

58 

3 

.00775 

.08768 

.99225 

57 

4 

.00780 

.08797 

.99220 

56 

5 

.00785 

.08826 

.99215 

55 

6 

.00790 

.08854 

.99210 

54 

7 

.00795 

.08883 

.99205 

53 

8 

.00801 

.08911 

.99199 

52 

9 

. 00806 

.08940 

.99194 

51 

10 

.00811 

.08969 

.99189 

50 

11 

.00816 

. 08997 

.99184 

49 

12 

.00821 

.09026 

.99179 

48 

13 

. 00827 

.09055 

.99173 

47 

14 

.00832 

. 09083 

.99168 

46 

15 

.00837 

.09112 

.99163 

45 

16 

.00843 

.09140 

.99157 

44 

17 

. 00848 

.09169 

.99152 

43 

18 

.00853 

.09198 

.99147 

42 

19 

.00859 

.09226 

.99141 

41 

20 

.00864 

.09255 

.99136 

40 

21 

. 00869 

. 09283 

.99131 

39 

22 

. 00875 

.09312 

.99125 

38 

23 

.00880 

.09340 

.99120 

37 

24 

. 00886 

. 09369 

.99114 

30 

25 

.00891 

. 09398 

.99109 

35 

20 

. 00897 

.09426 

.99103 

34 

27 

.00902 

. 09455 

. 99098 

33 

28 

.00908 

.09483 

. 99092 

32 

29 

.00913 

.09512 

. 99087 

31 

30 

.00919 

.09540 

.99081 

30 

31 

.00924 

.09569 

.99076 

29 

32 

.00930 

. 09598 

.99070 

28 

33 

.00935 

. 09626 

.99065 

27 

34 

.00941 

.09655 

. 99059 

20 

35 

.00947 

.09683 

.99053 

25 

36 

.00952 

.09712 

.99048 

24 

37 

. 00958 

. 09740 

. 99042 

23 

38 

.00964 

.09769 

.99036 

22 

39 

. 00969 

. 09797 

.99031 

21 

40 

.00975 

. 09826 

. 99025 

20 

41 

.00981 

.09854 

.99019 

19 

12 

. 00986 

.09883 

.99014 

18 

43 

. 00992 

.09911 

. 99008 

17 

44 

. 00998 

.09940 

. 99002 

10 

45 

.01004 

.09968 

.98996 

15 

46 

.01010 

. 09997 

. 98990 

14 

47 

.01015 

. 10025 

.98985 

13 

48 

.01021 

. 10054 

.98979 

12 

49 

.01027 

.10082 

.98973 

11 

50 

.01033 

.10111 

.98967 

10 

51 

.01039 

.10139 

.98961 

9 

52 

.01045 

.10168 

.98955 

8 

53 

.01051 

. 10196 

.98949 

7 

54 

.01057 

. 10225 

. 98943 

6 

55 

.01063 

. 10253 

.98937 

5 

56 

.01069 

. 10282 

.98931 

4 

57 

.01075 

.10310 

.98925 

3 

58 

.01081 

. 10339 

.98919 

2 

59 

.01087 

. 10367 

.98913 

1 

60 

"T" 

.01093 

. 10396 

. 98907 

t 

Cos2 

Sin  •  Cos 

Sin2 

94°  (274°) 


(265°)  85° 


95°  (275°) 


(264°)  84° 
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Sin2  x       Cos2 


6° 

;i86°) 

[353°)  173° 

~o 

Sin2 

Sin  •  Cos 

Cos1' 

60 

.01093 

. 10396 

. 98907 

1 

.01099 

. 10424 

.98901 

59 

2 

.01105 

. 10452 

.98895 

58 

3 

.01111 

. 10481 

. 98889 

57 

4 

.01117 

. 10509 

. 98883 

56 

5 

.01123 

.10538 

.98877 

55 

6 

.01129 

. 10566 

.98871 

54 

7 

.01135 

.10595 

.98865 

53 

8 

.01142 

.10623 

.98858 

52 

9 

.01148 

. 10652 

.98852 

51 

10 

.01154 

. 10680 

.98846 

50 

11 

.01160 

. 10708 

.98840 

49 

12 

.01166 

. 10737 

.98834 

48 

13 

.01173 

. 10765 

.98827 

47 

14 

.01179 

. 10794 

.98821 

46 

15 

.01185 

. 10822 

.98815 

45 

1G 

.01192 

. 10850 

.98808 

44 

17 

.01198 

. 10879 

.98802 

43 

18 

.01204 

.10907 

.98796 

42 

19 

.01211 

. 10936 

.98789 

41 

20 

.01217 

. 10964 

. 98783 

40 

21 

.01223 

. 10992 

.98777 

89 

22 

.01230 

.11021 

.98770 

38 

23 

.01236 

.11049 

.98764 

37 

24 

.01243 

.11077 

. 98757 

36 

25 

.01249 

.11106 

.98751 

35 

2G 

.01255 

.11134 

.98745 

34 

27 

.01262 

.11163 

.98738 

33 

28 

.01268 

.11191 

.98732 

32 

29 

.01275 

.11219 

.98725 

31 

30 

.01281 

.11248 

.98719 

30 

n 

.01288 

.11276 

.98712 

29 

32 

.01295 

.11304 

.98705 

28 

33 

.01301 

.11333 

.98699 

27 

34 

.01308 

.11361 

.98692 

26 

35 

.01314 

.11389 

.98686 

25 

36 

.01321 

.11418 

.98679 

24 

37 

.01328 

.11446 

. 98672 

23 

38 

.01334 

.11474 

. 98666 

22 

39 

.01341 

.11502 

. 98659 

21 

40 

.01348 

.11531 

.98652 

20 

11 

.01354 

.11559 

. 98646 

19 

12 

.01361 

.11587 

.98639 

18 

43 

.01368 

.11616 

.98632 

17 

44 

.01375 

.11644 

. 98625 

16 

45 

.01382 

.11672 

.98618 

15 

46 

.01388 

.11701 

.98612 

14 

47 

.01395 

.11729 

. 98605 

13 

48 

.01402 

.11757 

. 98598 

12 

49 

.01409 

.11785 

.98591 

11 

50 

.01416 

.11814 

. 98584 

10 

51 

.01423 

.11842 

. 98577 

9 

52 

.01429 

.11870 

.98571 

8 

53 

.01436 

.11898 

. 98564 

7 

54 

.01443 

.11927 

.98557 

6 

55 

.01450 

.11955 

.98550 

5 

56 

.01457 

.11983 

.98543 

4 

57 

.01464 

.12011 

.98536 

3 

58 

.01471 

. 12040 

.98529 

2 

59 

.01478 

.12068 

. 98522 

1 

80 

"7" 

.01485 

.12096 

.98515 

0 

Cos2 

Sin  •  Cos 

Sin  2 

i 

Sin  x  Cos  x 

7°  (187°) 


(352°)  172c 


0 

Sin2 

Sin  •  Cos 

C  os  - 

/ 

.01485 

. 12096 

.98515 

60 

1 

.01492 

.12124 

.98508 

59 

2 

.01499 

.12153 

.98501 

58 

3 

.01506 

.12181 

. 98494 

57 

4 

.01513 

. 12209 

.98487 

56 

5 

.01521 

.12237 

.98479 

55 

6 

.01528 

.12265 

.98472 

54 

7 

.01535 

. 12294 

. 98465 

53 

8 

.01542 

.12322 

.98458 

52 

9 

.01549 

.12350 

.98451 

51 

10 

.01556 

.12378 

. 98444 

50 

11 

.01564 

. 12406 

. 98436 

49 

12 

.01571 

. 12434 

.98429 

48 

13 

.01578 

. 12463 

.98422 

47 

14 

.01585 

.12491 

.98415 

46 

15 

.01593 

.12519 

. 98407 

45 

16 

.01600 

. 12547 

.98400 

44 

17 

.01607 

.12575 

. 98393 

43 

18 

.01615 

.12603 

.98385 

42 

19 

.01022 

. 12632 

.98378 

41 

20 

.01629 

.12660 

.98371 

40 

21 

.01637 

. 12088 

. 98363 

39 

22 

.01644 

.12716 

.98356 

38 

23 

.01651 

.12744 

. 98349 

37 

24 

.01659 

. 12772 

.98341 

36 

25 

.01666 

. 12800 

. 98334 

35 

26 

.01674 

.12829 

. 98326 

34 

27 

.01681 

. 12857 

.98319 

33 

28 

.01689 

. 12885 

.98311 

32 

29 

.01096 

.12913 

. 98304 

31 

30 

.01704 

.12941 

. 98296 

30 

31 

.01711 

.12969 

. 98289 

29 

32 

.01719 

. 12997 

.98281 

28 

33 

.01726 

. 13025 

.98274 

27 

34 

.01734 

. 13053 

.98266 

26 

35 

.01742 

.13081 

. 98258 

25 

3C 

.01749 

.13109 

.98251 

24 

37 

.01757 

.13138 

. 98243 

23 

38 

.01764 

.13166 

. 98236 

22 

39 

.01772 

.13194 

.98228 

21 

40 

.01780 

.13222 

.98220 

20 

41 

.01788 

.13250 

.98212 

19 

42 

.01795 

. 13278 

.98205 

18 

43 

.01803 

.13306 

.98197 

17 

44 

.01811 

. 13334 

.98189 

16 

45 

.01818 

. 13362 

.98182 

15 

46 

.01826 

. 13390 

.98174 

14 

47 

.01834 

.13418 

.98166 

13 

48 

.01842 

. 13446 

.98158 

12 

49 

.01850 

. 13474 

.98150 

11 

50 

.01858 

. 13502 

.98142 

10 

51 

.01865 

.13530 

.98135 

9 

52 

.01873 

.13558 

.98127 

8 

53 

.01881 

. 13586 

.98119 

7 

54 

.01889 

.13614 

.98111 

6 

55 

.01897 

.13642 

.98103 

5 

56 

.01905 

. 13670 

.98095 

4 

57 

.01913 

.13698 

.98087 

3 

58 

.01921 

.13726 

.98079 

2 

59 

.01929 

. 13754 

.98071 

1 

60 

.01937 

.13782 

. 98063 

J) 

t 

/ 

Cos2 

Sin  •  Cos 

Sin2 

96°  (276°) 


(263°)  83c 


97°  (277°) 


(262°)  82c 
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Sin2  x       Cos2  x 


8°  (188°) 

(351°)  171° 

i 

>sin2 

Sin  •  Cos 

Cos2 

7 

"0 

.01937 

. 13782 

.98063 

00 

1 

.01945 

.13810 

. 98055 

59 

2 

.01953 

.13838 

.98047 

58 

3 

.01961 

. 13866 

.98039 

57 

4 

.01969 

. 13894 

.98031 

56 

5 

.01977 

.13922 

.98023 

55 

6 

.01985 

.13950 

.98015 

54 

7 

.01993 

. 13977 

.98007 

53 

8 

.02002 

. 14005 

.97998 

52 

9 

.02010 

. 14033 

.97990 

51 

10 

.02018 

.14061 

.97982 

50 

11 

.02026 

. 14089 

.97974 

49 

12 

.02034 

.14117 

.97966 

48 

13 

. 02043 

.14145 

.97957 

47 

14 

.02051 

.14173 

.97949 

46 

15 

.02059 

.14201 

.97941 

45 

16 

.02067 

.14229 

.97933 

44 

17 

.02076 

. 14257 

.97924 

43 

18 

. 02084 

. 14284 

.97916 

42 

19 

. 02092 

.14312 

.97908 

41 

20 

.02101 

.14340 

.97899 

10 

21 

.02109 

. 14368 

.97891 

39 

22 

.02117 

. 14396 

.97883 

38 

23 

.02126 

. 14424 

.97874 

37 

24 

.02134 

. 14452 

. 97866 

36 

25 

.02142 

. 14479 

.97858 

35 

26 

.02151 

. 14507 

.97849 

34 

27 

.02159 

.14535 

.97841 

33 

28 

.02168 

. 14563 

.97832 

.52 

29 

.02176 

. 14591 

.97824 

31 

30 

.02185 

.14619 

.97815 

30 

31 

.02193 

. 14646 

.97807 

29 

32 

.02202 

.14674 

.97798 

28 

33 

.02210 

.14702 

.97790 

27 

34 

.02219 

. 14730 

.97781 

26 

35 

.02227 

. 14758 

.97773 

25 

36 

.02236 

. 14785 

.97764 

24 

37 

.02245 

.14813 

.97755 

23 

38 

.02253 

.14841 

.97747 

22 

39 

.02262 

. 14869 

.97738 

21 

40 

.02271 

. 14897 

.97729 

20 

il 

. 02279 

. 14924 

.97721 

19 

42 

.02288 

. 14952 

.97712 

18 

43 

.02297 

. 14980 

. 97703 

17 

44 

.02305 

.15008 

.97695 

16 

45 

.02314 

.15035 

.97686 

15 

46 

. 02323 

.15063 

.97677 

14 

47 

.02332 

.15091 

.97668 

13 

48 

.02340 

.15118 

.97660 

12 

49 

. 02349 

.15146 

.97651 

11 

50 

.02358 

.15174 

.97642 

10 

51 

.02367 

. 15202 

.97633 

9 

52 

.02376 

.15229 

.97624 

8 

53 

.02385 

.15257 

.97615 

7 

54 

.02394 

.15285 

.97606 

6 

55 

. 02402 

.15312 

.97598 

5 

56 

.02411 

.15340 

. 97589 

4 

57 

. 02420 

.15368 

.97580 

3 

58 

. 02429 

.15396 

.97571 

2 

59 

.02438 

.15423 

.97562 

1 

60 

. 02447 

.15451 

.97553 

0 

Cos2 

Sin  •  Cos 

Sin2 

Sin  x  Cos  x 

9°  (189°) 


(350°)  170° 


0 

Sin2 

Sin  •  Cos 

Cos2 

60 

.02447 

.15451 

.97553 

1 

.02456 

. 15479 

.97544 

59 

2 

.02465 

.15506 

.97535 

58 

3 

.02474 

.15534 

.97526 

57 

4 

.02483 

.15561 

.97517 

56 

5 

.02492 

.15589 

.97508 

55 

6 

.02501 

.15617 

.97499 

54 

7 

.02510 

.15644 

.97490 

53 

8 

. 02520 

.15672 

.97480 

52 

9 

.02529 

.15700 

.97471 

51 

10 

.02538 

.15727 

.97462 

50 

LI 

.02547 

. 15755 

.97453 

49 

12 

.02556 

. 15782 

.97444 

48 

13 

.02565 

.15810 

.97435 

47 

14 

.02575 

.15838 

.97425 

46 

15 

.02584 

.15865 

.97416 

45 

16 

.02593 

. 15893 

.97407 

44 

17 

.02602 

.15920 

.97398 

43 

18 

.02612 

.15948 

.97388 

42 

19 

.02621 

.15976 

.97379 

41 

20 

.02630 

. 16003 

.97370 

40 

21 

.02639 

.16031 

.97361 

39 

22 

. 02649 

.16058 

.97351 

38 

23 

.02658 

.16086 

.97342 

37 

24 

.02668 

.16113 

.97332 

36 

25 

.02677 

.16141 

.97323 

35 

26 

. 02686 

.16168 

.97314 

34 

27 

.02696 

.16196 

.97304 

33 

28 

.02705 

.16223 

.97295 

32 

29 

.02715 

.16251 

.97285 

31 

30 

.02724 

.16278 

.97276 

30 

31 

.02734 

. 16306 

.97266 

29 

32 

. 02743 

. 16333 

.97257 

28 

33 

.02753 

.16361 

.97247 

27 

34 

. 02762 

.16388 

.97238 

26 

35 

. 02772 

.16416 

.97228 

25 

36 

.02781 

. 16443 

.97219 

24 

37 

.02791 

.16471 

. 97209 

23 

38 

. 02800 

. 16498 

. 97200 

22 

39 

.02810 

.16526 

.97190 

21 

40 

. 02820 

.16553 

.97180 

20 

41 

.02829 

.16581 

.97171 

19 

42 

. 02839 

.16608 

.97161 

18 

43 

. 02849 

.16635 

.97151 

17 

44 

.02858 

.16663 

.97142 

16 

45 

.02868 

. 16690 

.97132 

15 

46 

. 02878 

.16718 

.97122 

14 

47 

. 02887 

. 16745 

.97113 

13 

48 

.02897 

. 16773 

.97103 

12 

49 

.02907 

. 16800 

.97093 

11 

50 

.02917 

. 16827 

.97083 

10 

51 

.02926 

.16855 

.97074 

9 

52 

.02936 

.16882 

.97064 

8 

53 

. 02946 

.16910 

.97054 

7 

54 

.02956 

. 16937 

.97044 

6 

55 

.02966 

.16964 

.97034 

5 

56 

.02976 

. 16992 

.97024 

4 

57 

. 02986 

.17019 

.97014 

3 

58 

.02996 

. 17046 

.97004 

2 

59 

. 03005 

. 17074 

.96995 

1 

60 

.03015 

.17101 

.96985 

_0 

"^" 

Cos2 

Sin  •  Cos 

Sin2 

98°  (278°) 


(261°)  81c 


99°  (279°) 


(260°)  80c 
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Sin2  x       Cos2  x       Sin  x  Cos  x 


10° 

(190°) 

349°)  169° 

/ 

Sin" 

Sin  •  Cos 

CoS2 

/ 

"o 

.03015 

.17101 

.96985 

60 

1 

.03025 

. 17128 

.96975 

59 

2 

.03035 

. 17156 

.96965 

58 

3 

. 03045 

.17183 

.96955 

57 

4 

.03055 

. 17210 

.  96945 

56 

5 

.03065 

. 17238 

.96935 

55 

6 

,03075 

. 17265 

.96925 

54 

7 

. 03085 

.17292 

.96915! 

53 

8 

.03095 

. 17319 

.96905 

52 

9 

.03106 

. 17347 

.96894 

51 

10 

.03116 

.17374 

.96884 

50 

11 

.03126 

. 17401 

.96874 

49 

12 

.03136 

.17429 

.96864 

48 

13 

.03146 

. 17456 

.96854 

47 

14 

.03156 

.17483 

.96844 

46 

15 

.03166 

. 17510 

.96834 

45 

16 

.03177 

. 17538 

.96823 

44 

17 

.03187 

.17565 

.96813 

43 

18 

.03197 

. 17592 

.96803 

42 

19 

.03207 

.17619 

. 96793 

41 

20 

.03218 

. 17647 

.96782 

40 

21 

.03228 

. 17674 

. 96772 

39 

22 

.03238 

. 17701 

.96762 

38 

23 

.03248 

. 17728 

.96752 

37 

24 

.03259 

.17755 

.96741 

36 

25 

.03269 

.17783 

.96731 

35 

26 

.03279 

. 17810 

.96721 

34 

27 

. 03290 

.17837 

.96710 

33 

28 

.03300 

.17864 

. 96700 

32 

29 

.03311 

.17891 

.96689 

31 

30 

.03321 

.17918 

.96679 

m 

31 

. 03331 

. 17946 

.96669 

29 

32 

.03342 

. 17973 

.96658 

28 

33 

.03352 

.18000 

.96648 

27 

34 

,03363 

.18027 

. 96637 

26 

35 

. 03373 

. 1 8054 

.96627 

m 

36 

.03384 

.18081 

.96616 

24 

37 

.03394 

.18108 

.96606 

23 

38 

. 03405 

. 18135 

.96595 

22 

39 

.03415 

. 18163 

.96585 

21 

40 

.03426 

.18190 

.96574 

20 

41 

.03437 

.18217 

.96563 

19 

42 

.03447 

.18244 

.96553 

18 

43 

.03458 

.18271 

.96542 

17 

44 

.03468 

. 18298 

.96532 

16 

45 

. 03479 

. 18325 

.96521 

15 

46 

.03490 

. 18352 

.96510 

14 

47 

.03500 

. 18379 

.96500 

13 

48 

.03511 

. 18406 

.96489 

12 

49 

.03522 

. 18433 

.96478 

11 

50 

.03533 

. 18460 

.96467 

10 

51 

.03543 

. 18487 

.96457 

9 

52 

.03554 

.18514 

.96446 

8 

53 

.03565 

. 18541 

.96435 

7 

54 

.03576 

. 18568 

.96424 

6 

55 

.03587 

. 18595 

.96413 

5 

56 

.03597 

. 18622 

.96403 

4 

57 

.03608 

. 18649 

.96392 

3 

58 

.03619 

. 18676 

.96381 

2 

59 

. 03630 

. 18703 

.96370 

1 

60 

.03641 

. 18730 

.96359 

0 

CoS2 

Sin  •  Cos 

Sin2 

/ 

11° 

(191°) 

(348°)  168° 

Sin  2 

Sin  •  Cos 

Cos2 

0 

.03641 

. 18730 

.96359 

60 

1 

.03652 

. 18757 

.96348 

59 

2 

.03663 

. 18784 

.96337 

58 

3 

. 03674 

.18811 

.96326 

57 

4 

.03685 

.18838 

.96315 

56 

5 

.03695 

. 18865 

.96305 

55 

6 

.03706 

. 18892 

.96294 

5-4 

7 

.03717 

.18919 

.96283 

53 

8 

.03728 

. 18946 

.96272 

52 

9 

.03740 

.18973 

.96260 

51 

10 

.03751 

.19000 

.96249 

50 

11 

.03762 

. 19027 

. 96238 

49 

12 

.03773 

.19054 

. 96227 

48 

13 

.03784 

.19080 

.96216 

47 

14 

.03795 

.19107 

.96205 

46 

15 

.03806 

.19134 

.96194 

45 

16 

.03817 

.19161 

.96183 

44 

17 

.03828 

.19188 

.96172 

43 

18 

.03839 

.19215 

.96161 

42 

19 

. 03851 

.19242 

.96149 

41 

20 

.03862 

.19268 

.96138 

40 

21 

. 03873 

.19295 

.9(5127 

39 

22 

. 03884 

. 19322 

.96116 

38 

23 

.03896 

. 19349 

.96104 

37 

24 

. 03907 

. 19376 

. 96093 

36 

25 

.03918 

.19403 

.96082 

35 

26 

. 03929 

.19429 

.96071 

34 

27 

.03941 

.19456 

. 96059 

33 

28 

.03952 

.19483 

.9C)()-18 

32 

29 

. 03963 

.19510 

.96037 

31 

30 

.03975 

.19537 

.96025 

30 

31 

. 03986 

. 19563 

.96014 

29 

32 

.03998 

. 19590 

. 96002 

28 

33 

. 04009 

.19617 

.95991 

27 

34 

.04020 

. 19644 

.95980 

26 

35 

. 04032 

. 19670 

.95968 

25 

36 

.04043 

. 19697 

.95957 

24 

37 

. 04055 

. 19724 

. 95945 

23 

38 

. 04066 

.  19751 

. 95834 

22 

39 

.04078 

. 19777 

. 95922 

21 

40 

. 04089 

. 19804 

.95911 

20 

41 

.04101 

.19831 

.95899 

19 

42 

.04112 

. 19857 

. 95888 

18 

43 

.04124 

. 19884 

. 95876 

17 

44 

.04135 

.19911 

. 95865 

16 

45 

.04147 

. 19937 

.95853 

15 

46 

.04159 

. 19964 

.95841 

14 

47 

.  04170 

. 19991 

.95830 

13 

48 

.04182 

.20017 

.95818 

12 

49 

.04194 

.20044 

.95806 

11 

50 

.04205 

.20071 

.95795 

10 

51 

.04217 

. 20097 

.95783 

9 

52 

. 04229 

.20124 

.95771 

8 

53 

.04240 

.20151 

.95760 

7 

54 

. 04252 

.20177 

.95748 

6 

55 

. 04264 

. 20204 

.95736 

5 

56 

.04276 

.20230 

.95724 

4 

57 

.04287 

.20257 

.95713 

3 

58 

. 04299 

.20284 

.95701 

2 

59 

.04311 

.20310 

.95689 

1 

60 

.04323 

. 20337 

.95677 

J 

CoS2 

Sin  •  Cos 

Sin  2 

i 

100°  (280°) 


(259°)  79c 


101°  (281°) 


(258°)  78c 
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Sin2  x      Cos2  x      Sin  x  Cos  x 


13°  <1 92°) 

(347*°)  16T 

.Sin2 

iSin  •  Cos 

Cos2 

i 

0 

.04323 

.20337 

.95677 

60 

1 

.04335 

.20363 

.■95665 

59 

2 

.04346 

.20390 

.-95654 

58 
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30 
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33 
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.49645 

. 55949 
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37 
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40 
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41 
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19 

42 
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. 49669 
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44 
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45 
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46 
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47 
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13 

48 
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12 

49 
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11 

50 
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10 

51 
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9 

52 
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8 

53 
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.49704 
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7 

54 
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6 

55 

.44629 

.49711 

.55371 

5 

56 
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4 
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1 

. 44803 

.49729 
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59 

1 
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59 

2 

.44831 

.49732 

.55169 

58 

2 

.46570 

.49882 

. 53430 

58 

3 

. 44860 

.49735 

.55140 

57 

3 

.46599 

.49884 

.53401 

57 

4 

. 44889 

.49738 

.55111 

56 

4 

.46628 

.49886 

.53372 

56 

5 

.44918 

.49741 

. 55082 

55 

5 

.46657 

.49888 
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55 

6 

.44947 

.49744 

. 55053 

54 

6 

.46686 

. 49890 

.53314 

54 

7 

. 44976 

.49747 

. 55024 

53 

7 

.46715 

.49892 

. 53285 

53 

8 

.45005 

.49750 

.54995 

52 

8 

.46744 

.49894 

. 53256 

52 

9 

.45034 

.49753 

. 54966 

51 

9 

.46773 

.49896 

.53227 

51 

10 

.45063 

.49756 

.54937 

50 

10 

. 46802 

.49898 

.53198 

50 

11 

.45092 

.49759 

. 54908 

49 

11 

.46831 

.49900 

.53169 

49 

12 

.45121 

.49761 

. 54879 

48 

12 

.46860 

.49901 

.53140 

48 

13 

.45150 

.49764 

. 54850 

47 

13 

. 46890 

. 49903 

.53110 

47 

14 

.45179 

.49767 
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46 

14 

.46919 

.49905 

.53081 

46 

15 

.45208 

.49770 
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45 

15 
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45 

16 

.45237 

.49773 
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44 

10 

.46977 
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44 

17 

.45266 

.49775 
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43 

17 
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.49910 
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43 

18 
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.49778 
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42 

18 

.47035 

.49912 
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42 

19 

.45324 

.49781 
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41 

19 

. 47064 

.49914 
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41 

20 

.45353 

.49784 
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40 

20 

.47093 
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40 

21 

.45381 
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21 
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39 

22 
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38 

22 
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38 

23 

.45439 
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23 
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37 

24 
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24 
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25 
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35 

25 
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35 

26 
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26 
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27 
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27 
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33 

28 

.45584 
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.54416 

52 

28 

.47325 
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32 

29 

.45613 

.49807 
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31 

29 
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.49930 

.52646 

31 

30 

.45642 
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30 
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31 
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31 
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35 
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36 
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.49940 
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24 

37 

.45845 

.49827 
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23 

37 

.47587 

. 49942 

.52413 

23 

38 
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.49829 
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22 

38 
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39 
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39 
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.49944 

.52355 
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40 
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.46280 

.49861 

. 53720 
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52 

.48022 

.49961 

.51978 
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NATURAL  OR  NAPERIAN  LOGARITHMS 

0.000-0.499 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.00 

00 

-6f 

-6 

-5 

—5 

—5 

-5 

-4 

-4 

-4 

.90776 

.21461 

.80914 
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.88240 
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.84731 
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.74887 
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.23493 
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.19823 
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.14558 

.13707 
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.91732 
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.88387 

.87732 
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.84516 

.83885 
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.83258 

.82635 

.82016 

.81401 

.80789 

.80181 

.79577 

.78976 

.78379 

.77786 

.17 

.77196 

.76609 

.76026 

.75446 

.74870 

.74297 

.73727 
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.72597 

.72037 
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.71480 

.70926 
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.62964 
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.58475 
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.21 
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.55590 

.55117 

.54646 
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.52786 
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.22 
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.48281 

.47841 
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.23 

.46968 

.46534 
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.45672 

.45243 

.44817 

.44392 
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.24 
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.41059 

.40650 

.40242 

.39837 

.39433 

.39030 

.25 

.38629 

.38230 

.37833 

.37437 

.37042 

.36649 

.36258 

.35868 

.35480 

.35093 

.26 

.34707 

.34323 

.33941 

.33560 

.33181 

.32803 

.32426 

.32051 

.31677 

.31304 

.27 

.30933 

.30564 

.30195 

.29828 

.29463 

.29098 

.28735 

.28374 

.28013 

.27654 

.28 

.27297 

.26940 

.26585 

.26231 

.25878 

.25527 

.25176 

.24827 

.24479 

.24133 

.29 

.23787 

.23443 

.23100 

.22758 

.22418 

.22078 

.21740 

.21402 

.21066 

.20731 

0.30 

-1.20397 

.20065 

.19733 

.19402 

.19073 

.18744 

.18417 

.18091 

.17766 

.17441 

.31 

.17118 

.16796 

.16475 

.16155 

.15836 

.15518 

.15201 

.14885 

.14570 

.14256 

.32 

.13943 

.13631 

.13320 

.13010 

.12701 

.12393 

.12086 

.11780 

.11474 

.11170 

.33 

.10866 

.10564 

.10262 

.09961 

.09661 

.09362 

.09064 

.08767 

.08471 

.08176 

.34 

.07881 

.07587 

.07294 

.07002 

.06711 

.06421 

.06132 

.05843 

.05555 

.05268 

.35 

-1.04982 

.04697 

.04412 

.04129 

.03846 

.03564 

.03282 

.03002 

.02722 

.02443 

.36 

.02165 

.01888 

.01611 

.01335 

.01060 

.00786 

.00512 

.00239 

\99967 

".99696 

.37 

-0.99425 

.99155 

.98886 

.98618 

.98350 

.98083 

.97817 

.97551 

.97286 

.97022 

.38 

.96758 

.96496 

.96233 

.95972 

.95711 

.95451 

.95192 

.94933 

.94675 

.94418 

.39 

.94161 

.93905 

.93649 

.93395 

.93140 

.92887 

.92634 

.92382 

.92130 

.91879 

0.40 

-0.91629 

.91379 

.91130 

.90882 

.90634 

.90387 

.90140 

.89894 

.89649 

.89404 

.41 

.89160 

.88916 

.88673 

.88431 

.88189 

.87948 

.87707 

.87467 

.87227 

.86988 

.42 

.86750 

.86512 

.86275 

.86038 

.85802 

.85567 

.85332 

.85097 

.84863 

.84630 

.43 

.84397 

.84165 

.83933 

.83702 

.83471 

.83241 

.83011 

.82782 

.82554 

.82326 

.44 

.82098 

.81871 

.81645 

.81419 

.81193 

.80968 

.80744 

.80520 

.80296 

.80073 

.45 

.79851 

.79629 

.79407 

.79186 

.78966 

.78746 

.78526 

.78307 

.78089 

.77871 

.46 

.77653 

.77436 

.77219 

.77003 

.76787 

.76572 

.76357 

.76143 

.75929 

.75715 

.47 

.75502 

.75290 

.75078 

.74866 

.74655 

.74444 

.74234 

.74024 

.73814 

.73605 

.48 

.73397 

.73189 

.72981 

.72774 

.72567 

.72361 

.72155 

.71949 

.71744 

.71539 

.49 

.71335 

.71131 

.70928 

.70725 

.70522 

.70320 

.70118 

.69917 

.69716 

.69515 

t  Note  that  the  characteristics  are  given  above  the  mantissa  for  the  first  line, 
second  and  following  lines  they  are  given  at  the  left. 
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NATURAL  OR  NAPERIAN  LOGARITHMS  (Continued) 

0.500-0.999 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.50 

-0.69315 

.69115 

.68916 

.68717 

.68518 

.68320 

.68122 

.67924 

.67727 

.67531 

.51 

^67334 

.67139 

.66943 

.66748 

.66553 

.66359 

.66165 

.65971 

.65778 

.65585 

.52 

.65393 

.65201 

.65009 

.64817 

.64626 

.64436 

.64245 

.64055 

.63866 

.63677 

.53 

.63488 

.63299 

.63111 

.62923 

.62736 

.62549 

.62362 

.62176 

.61990 

.61804 

.54 

.61619 

.61434 

.61249 

.61065 

.60881 

.60697 

.60514 

.60331 

.60148 

.59966 

.55 

.59784 

.59602 

.59421 

.59240 

.59059 

.58879 

.58699 

.58519 

.58340 

.58161 

.56 

.57982 

.57803 

.57625 

.57448 

.57270 

.57093 

.56916 

.56740 

.56563 

.56387 

.57 

.56212 

.56037 

.55862 

.55687 

.55513 

.55339 

.55165 

.54991 

.54818 

.54645 

.58 

.54473 

.54300 

.54128 

.53957 

.53785 

.53614 

.53444 

.53273 

.53103 

.52933 

.59 

.52763 

.52594 

.52425 

.52256 

.52088 

.51919 

.51751 

.51584 

.51416 

.51249 

0.00 

-0.51083 

.50916 

.50750 

.50584 

.50418 

.50253 

.50088 

.49923 

.49758 

.49594 

.61 

.49430 

.49266 

.49102 

.48939 

.48776 

.48613 

.48451 

.48289 

.48127 

.47965 

.62 

.47804 

.47642 

.47482 

.47321 

.47160 

.47000 

.46840 

.46681 

.46522 

.46362 

.63 

.46204 

.46045 

.45887 

.45728 

.45571 

.45413 

.45256 

.45099 

.44942 

.44785 

.64 

.44629 

.44473 

.44317 

.44161 

.44006 

.43850 

.43696 

.43541 

.43386 

.43232 

.65 

.43078 

.42925 

.42771 

.42618 

.42465 

.42312 

.42159 

.42007 

.41855 

.41703 

.66 

.41552 

.41400 

.41249 

.41098 

.40947 

.40797 

.40647 

.40497 

.40347 

.40197 

.67 

.40048 

.39899 

.39750 

.39601 

.39453 

.39304 

.39156 

.39008 

.38861 

.38713 

.68 

.38566 

.38419 

.38273 

.38126 

.37980 

.37834 

.37688 

.37542 

.37397 

.37251 

.69 

.37106 

.36962 

.36817 

.36673 

.36528 

.36384 

.36241 

.36097 

.35954 

.35810 

0.70 

-0.35667 

.35525 

.35382 

.35240 

.35098 

.34956 

.34814 

.34672 

.34531 

.34390 

.71 

.34249 

.34108 

.33968 

.33827 

.33687 

.33547 

.33408 

.33268 

.33129 

.32989 

.72 

.32850 

.32712 

.32573 

.32435 

.32296 

.32158 

.32021 

.31883 

.31745 

.31608 

.73 

.31471 

.31334 

.31197 

.31061 

.30925 

.30788 

.30653 

.30517 

.30381 

.30246 

.74 

.30111 

.29975 

.29841 

.29706 

.29571 

.29437 

.29303 

.29169 

.29035 

.28902 

.75 

.28768 

.28635 

.28502 

.28369 

.28236 

.28104 

.27971 

.27839 

.27707 

.27575 

.76 

.27444 

.27312 

.27181 

.27050 

.26919 

.26788 

.26657 

.26527 

.26397 

.26266 

.77 

.26136 

.26007 

.25877 

.25748 

.25618 

.25489 

.25360 

.25231 

.25103 

.24974 

.78 

.24846 

.24718 

.24590 

.24462 

.24335 

.24207 

.24080 

.23953 

.23826 

.23699 

.79 

.23572 

.23446 

.23319 

.23193 

.23067 

.22941 

.22816 

.22690 

.22565 

.22439 

0.80 

-0.22314 

.22189 

.22065 

.21940 

.21816 

.21691 

.21567 

.21443 

.21319 

.21196 

.81 

.21072 

.20949 

.20825 

.20702 

.20579 

.20457 

.20334 

.20212 

.20089 

.19967 

.82 

.19845 

.19723 

.19601 

.19480 

.19358 

.19237 

.19116 

.18995 

.18874 

.18754 

.83 

.18633 

.18513 

.18392 

.18272 

.18152 

.18032 

.17913 

.17793 

.17674 

.17554 

.84 

.17435 

.17316 

.17198 

.17079 

.16960 

.16842 

.16724 

.16605 

.16487 

.16370 

.85 

-0.16252 

.16134 

.16017 

.15900 

.15782 

.15665 

.15548 

.15432 

.15315 

.15199 

.86 

.15032 

.14966 

.14850 

.14734 

.14618 

.14503 

.14387 

.14272 

.14156 

.14041 

.87 

.13926 

.13811 

.13697 

.13582 

.13467 

.13353 

.13239 

.13125 

.13011 

.12897 

.88 

.12783 

.12670 

.12556 

.12443 

.12330 

.12217 

.12104 

.11991 

.11878 

.11766 

.89 

.11653 

.11541 

.11429 

.11317 

.11205 

.11093 

.10981 

.10870 

.10759 

.10647 

0.90 

-0.10536 

.10425 

.10314 

.10203 

.10093 

.09982 

.09872 

.09761 

.09651 

.09541 

.91 

.09431 

.09321 

.09212 

.09102 

.08992 

.08883 

.08774 

.08665 

.08556 

.08447 

.92 

.08338 

.08230 

.08121 

.08013 

.07904 

.07796 

.07688 

.07580 

.07472 

.07365 

.93 

.07257 

.07150 

.07042 

.06935 

.06828 

.06721 

.06614 

.06507 

.06401 

.06294 

.94 

.06188 

.06081 

.05975 

.05869 

.05763 

.05657 

.05551 

.05446 

.05340 

.05235 

.95 

.05129 

.05024 

.04919 

.04814 

.04709 

.04604 

.04500 

.04395 

.04291 

.04186 

.96 

.04082 

.03978 

.03874 

.03770 

.03666 

.03563 

.03459 

.03356 

.03252 

.03149 

.97 

.03046 

.02943 

.02840 

.02737 

.02634 

.02532 

.02429 

.02327 

.02225 

.02122 

.98 

.02020 

.01918 

.01816 

.01715 

.01613 

.01511 

.01410 

.01309 

.01207 

.01106 

.99 

.01005 

.00904 

.00803 

.00702 

.00602 

.00501 

.00401 

.00300 

.00200 

.00100 
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NATURAL  OR  NAPERIAN  LOGARITHMS  (Continued) 

To  find  the  natural  logarithm  of  a  number  which  is  i^,  i&0,  toVo.  etc.  of  a  number 
whose  logarithm  is  given,  subtract  from  the  given  logarithm  log*  10,  2  loge  10,  3  loge  10,  etc. 

To  find  the  natural  logarithm  of  a  number  which  is  10,  100,  1000,  etc.  "times  a  number 
whose  logarithm  is  given,  add  to  the  given  logarithm  loge  10,  2  loge  10,  3  loge  10,  etc. 
loge  10  =    2.30258  50930  6  loge  10  =  13.81551  05580 

2  loge  10  =    4.60517  01860  7  loge  10  =  16.11809  56510 

3  loge  10  =    6.90775  52790  8  loge  10  =  18.42068  0744t) 

4  loge  10  =    9.21034  03720  9  loge  10  =  20.72326  58869 

5  loge  10  =  1151298  54650  10  loge  10  =  23.02585  09299 
See  preceding  table  for  logarithms  for  numbers  between  0.000  and  0.999. 


1.00-4.99 

N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1.0 

0.00000 

.00995 

.01980 

.02956 

.03922 

.04879 

.05827 

.06766 

.07696 

.08618 

.1 

.09531 

.10436 

.11333 

.12222 

.13103 

.13976 

.14842 

.15700 

.16551 

.17395 

.2 

.18232 

.19062 

.19885 

.20701 

.21511 

.22314 

.23111 

.23902 

.24686 

.25464 

.3 

.26236 

.27003 

.27763 

.28518 

.29267 

.30010 

.30748 

.31481 

.32208 

.32930 

.4 

.33647 

.34359 

.35066 

.35767 

.36464 

.37156 

.37844 

.38526 

.39204 

.39878 

.5 

.40547 

.41211 

.41871 

.42527 

.43178 

.43825 

.44469 

.45108 

.45742 

.46373 

.6 

.47000 

,47623 

.48243 

.48858 

.49470 

.50078 

.50682 

.51282 

.51879 

.52473 

.7 

.53063 

,53649 

.54232 

.54812 

.55389 

.55962 

.56531 

.57098 

.57661 

.58222 

.8 

.58779 

.59333 

.59884 

.60432 

.60977 

.61519 

.62058 

.62594 

.63127 

.63658 

.9 

.64185 

.64710 

.65233 

.65752 

.66269 

.66783 

.67294 

.67803 

.68310 

.68813 

2.0 

0.69315 

.69813 

.70310 

.70804 

.71295 

.71784 

.72271 

.72755 

.73237 

.73716 

.1 

.74194 

.74669 

.75142 

.75612 

.76081 

.76547 

.77011 

.77473 

.77932 

.78390 

.2 

.78846 

.79299 

.79751 

.80200 

.80648 

.81093 

.81536 

.81978 

.82418 

.82855 

.3 

.83291 

.83725 

.84157 

.84587 

.85015 

.85442 

.85866 

.86289 

.86710 

.87129 

.4 

.87547 

.87963 

.88377 

.88789 

.89200 

.89609 

.90016 

.90422 

.90826 

.91228 

.5 

.91629 

.92028 

.92426 

.92822 

.93216 

.93609 

.94001 

.94391 

.94779 

.95166 

.6 

.95551 

.35935 

.96317 

.96698 

.97078 

.97456 

.97833 

.98208 

.98582 

.98954 

.7 

.99325 

.99695  " 

'.O0Q63 

'.00430 

\ 00796 

♦.01160  ' 

'.01523 

".01885 

'.02245 

'.02604 

.8 

1.02962 

.03318 

.03674 

.04028 

.04380 

.04732 

.05082 

.05431 

.05779 

.06126 

.9 

.06471 

.06815 

.07158 

.07500 

.07841 

.08181 

.08519 

.0885o 

.09192 

.09527 

3.0 

1.09861 

.10194 

.10526 

.10856 

.11186 

.11514 

.11841 

.12168 

.12493 

.12817 

.1 

.13140 

.13462 

.13783 

.14103 

.14422 

.14740 

.15057 

.15373 

.15688 

.16002 

.2 

.16315 

.16627 

.16938 

.17248 

.17557 

.17865 

.18173 

.18479 

.18784 

.19089 

.3 

.19392 

.13695 

.19996 

.20297 

.20597 

.20896 

.21194 

.21491 

.21788 

.22083 

.4 

.22378 

.22671 

.22964 

.23256 

.23547 

.23837 

.24127 

.24415 

.24703 

.24990 

.5 

.25276 

.25562 

.25846 

.26130 

.26413 

.26695 

.26976 

.27257 

.27536 

.27815 

.6 

.28093 

.28371 

.28647 

.28923 

.29198 

.29473 

.29746 

.30019 

.30291 

.30563 

.7 

.30833 

.31103 

.31372 

.31641 

.31909 

.32176 

.32442 

.32708 

.32972 

.33237 

.8 

.33500 

.33763 

.34025 

.34286 

.34547 

.34807 

.35067 

.35325 

.35584 

.35841 

.9 

.36098 

.36354 

.36609 

.36864 

.37118 

.37372 

.37624 

.37877 

.38128 

.38379 

4.0 

1.38629 

.38879 

.39128 

.39377 

.39624 

.39872 

.40118 

.40364 

.40610 

.40854 

.1 

.41099 

.41342 

.41585 

.41828 

.42070 

.42311 

.42552 

.42792 

.43031 

.43270 

.2 

.43508 

.43746 

.43984 

.44220 

.44456 

.44692 

.44927 

.45161 

.45395 

.45629 

.3 

.45862 

.46094 

.46326 

.46557 

.46787 

.47018 

.47247 

.47476 

.47705 

.47933 

A 

.48160 

.48387 

.48614 

.48840 

.49065 

.49290 

.49515 

.49739 

.49962 

.50185 

.5 

.50408 

.50630 

.50851 

.51072 

.51293 

.51513 

.51732 

.51951 

.52170 

.52388 

.6 

.52606 

.52823 

.53039 

,53256 

.53471 

.53687 

.53902 

.54116 

.54330 

.54543 

.7 

.54756 

.54969 

.55181 

.55393 

.55604 

.55814 

.56025 

.56235 

.56444 

.56653 

.8 

.56862 

.57070 

.57277 

.57485 

.57691 

.57898 

.58104 

.58309 

.58515 

.58719 

.9 

.58924 

.59127 

.59331 

.59534 

.59737 

.59939 

.00141 

.60342 

.60543 

.60744 

1«>8 


NATURAL  OR  NAPERIAN  LOGARITHMS  (Continued) 

5.00-9.99 


N 

0 

1 

2 

3 

4 

i 
5 

6 

7 

8 

9 

5.0 

1.60944 

.61144 

.61343 

.61542 

.61741 

.61939 

.62137 

.62334 

.62531 

.62728 

.1 

.62924 

.63120 

.63315 

.63511 

.63705 

.63900 

.64094 

.64287 

.64481 

.64673 

J2, 

.£4866 

..65058 

.65250 

.65441 

.65632 

.65823 

.66013 

.66203 

.66393 

.66582 

.3 

.66771 

.66959 

.67147 

.67335 

.67523 

.67710 

.67896 

.68083 

.68269 

.68455 

.4 

.(68640 

.68825 

.69010 

.69194 

.69378 

.69562 

.69745 

.69928 

.70111 

.70293 

.5 

.70475 

.70656 

.70838 

.71019 

.71199 

.71380 

.71560 

.71740 

.71919 

.72098 

A 

.72277 

.72455 

.72633 

.72811 

.72988 

.73166 

.73342 

.73519 

.73695 

.73871 

..7 

.74047 

.74222 

.74397 

.74572 

.74746 

.74920 

.75094 

.75267 

.75440 

.75613 

.8 

.75786 

.75358 

.76130 

.76302 

.76473 

.76644 

.76815 

.76985 

.77156 

.77326 

J 

.77495 

.77665 

.77834 

.78002 

.78171 

.78339 

.78507 

.78675 

.78842 

.79009 

0.0 

1.79176 

.79342 

.79509 

.79675 

.79840 

.80006 

.80171 

.80336 

.80500 

.80665 

.1 

.80829 

,80993 

.81156 

.81319 

.81482 

.81645 

.81808 

.81970 

.82132 

.82294 

-2  i 

.82455 

.82616 

.82777 

.82938 

.83098 

.83258 

.83418 

,83578 

.83737 

.83896 

5  , 

.84055 

.84214 

.84372 

.84530 

.84688 

.84845 

.85003 

.85160 

.85317 

.85473 

.4  , 

.85630 

.85736 

.85942 

.86097 

.86253 

.86408 

.86563 

.86718 

.86872 

.87026 

.5 

.87180 

.87334 

.87487 

.87641 

.87794 

.87947 

.88099 

.88251 

.88403 

.88555 

.6  , 

.88707 

.88858 

.89010 

.89160 

.89311 

.89462 

.89612 

.89762 

.89912 

.90061 

.7  , 

.90211 

.90360 

.90509 

.90658 

.90806 

.90954 

.91102 

.91250 

.91398 

.91545 

.8  , 

.91692 

.91839 

.91986 

.92132 

.92279 

.92425 

.92571 

.92716 

.92862 

.93007 

.9  , 

.93152 

.93197 

.93442 

.93586 

.93730 

.93874 

.94018 

.94162 

.94305 

.94448 

7.0 

1.94591 

.94734 

.94876 

.95019 

.95161 

.95303 

.95445 

.95586 

.95727 

.95869 

.1 

.96009 

.96150 

.96291 

.96431 

.96571 

.96711 

.96851 

.96991 

.97130 

.97269 

.2 

.9740S 

.97547 

.97685 

.97824 

.97962 

.98100 

.98238 

.98376 

.98533 

.98650 

.3 

.98787 

.98924 

.99061 

.99198 

.99334 

.99470 

.99606 

.99742 

.99877 

".00013 

A 

2.00148 

.00283 

.00418 

.00553 

.00687 

.00821 

.00956 

.01089 

.01223 

.01357 

.5 

.01490 

.01624 

.01757 

.01890 

.02022 

.02155 

.02287 

.02419 

.02551 

.02683 

.6 

.02815 

.02946 

.03078 

.03209 

.03340 

.03471 

.03601 

.03732 

.03862 

.03992 

.7 

.04122 

.04252 

.04381 

.04511 

.04640 

.04769 

.04898 

.05027 

.05156 

.05284 

.8 

.05412 

.05540 

.05668 

.05796 

.05924 

.06051 

.06179 

.06306 

.06433 

.06560 

.9 

.06686 

.06813 

.06939 

.07065 

.07191 

.07317 

.07443 

.07568 

-07094 

.07819 

8.0 

2.07944 

.08069 

.08194 

.08318 

.08443 

.08567 

.08691 

.08815 

.08939 

.09063 

.1 

.09186 

.09310 

.09433 

.09556 

.09679 

.09802 

.09924 

.10047 

.10169 

.10291 

.2 

.10413 

.10535 

.10657 

.10779 

.10900 

.11021 

.11142 

.11263 

.11384 

.11505 

.3 

.11626 

.11746 

.11866 

.11986 

.12106 

.12226 

.12346 

.12465 

.12585 

.12704 

.4 

.12823 

.12942 

.13061 

.13180 

.13298 

.13417 

.13535 

.13653 

.13771 

.13889 

.5 

.14007 

.14124 

.14242 

.14359 

.14476 

.14593 

.14710 

.14827 

.14943 

.15060 

.6 

.15176 

.15292 

.15409 

.15524 

.15640 

.15756 

.15871 

.15987 

.16102 

.16217 

.7 

.16332 

.16447 

.16562 

.16677 

.16791 

.16905 

.17020 

.17134 

.17248 

.17361 

£ 

.17475 

.17589 

.17702 

.17816 

.17929 

.18042 

.18155 

.18267 

.18380 

.18493 

.9 

.18605 

.18717 

.18830 

.18942 

.19054 

.19165 

.19277 

.19389 

.19500 

.19611 

9.0 

2.19722 

.19834 

.19944 

.20055 

.20166 

.20276 

.20387 

.20497 

.20607 

.20717 

.1 

.20827 

.20937 

.21047 

.21157 

.21266 

.21375 

.21485 

.21594 

.21703 

.21812 

J 

.21920 

.22029 

.22138 

.22246 

.22X54 

.22462 

.22570 

.22678 

.22786 

.22894 

J 

.23001 

.23109 

.23216 

.23324 

.23431 

.23538 

.23645 

.23751 

.23858 

.23965 

.4 

.24071 

.24177 

.24284 

.24390 

.24496 

.24601 

.24707 

.24813 

,24918 

.25024 

.5 

.25129 

.25234 

.25339 

.25444 

.25549 

.25654 

.25759 

.25863 

.25968 

.26072 

.6 

.26176 

.26280 

.26384 

.26488 

.26592' 

.26696 

.26799 

.26903 

.27006 

.27109 

.7 

.27213 

.27316 

.27419 

.27521 

.27624 

.27727 

.27829 

.27932 

.28034 

.28136 

.8 

.28238 

.28340 

.28442 

.28544 

.28646 

.28747 

.28849 

.28950 

.29051 

.29152 

.9 

.29253 

.29354 

.29455 

.29556 

.29657 

.29757 

.29858 

.29958 

.30058 

.30158 
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loge  10  =    2.30258  50930 

2  loge  10  =    4.60517  01860 

3  loge  10  =    6.90775  52790 

4  loge  10  =    9.21034  03720 
51ogc:10  =  11.51292  54650 


Constants 


10.0-49.9 


6  loge  10  =  13.81551  05580 

7  loge  10  =  16.11809  56510 

8  loge  10  =  18.42068  07440 

9  loge  10  =  20.72326  58369 
10  loge  10  =  23.02585  09299 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10. 

2.30259 

.31254 

.32239 

.33214 

.34181 

.35138 

.36085 

.37024 

.37955 

.38876 

11. 

.39790 

.40695 

.41591 

.42480 

.43361 

.44235 

.45101 

.45959 

.46810 

.47654 

12. 

.48491 

.49321 

.50144 

.50960 

.51770 

.52573 

.53370 

.54160 

.54945 

.55723 

13. 

.56495 

.57261 

.58022 

.58776 

.59525 

.60269 

.61007 

.61740 

.62467 

.63189 

14. 

.63906 

.64617 

.65324 

.66026 

.66723 

.67415 

.68102 

.68785 

.69463 

.70136 

15. 

.70805 

.71469 

.72130 

.72785 

.73437 

.74084 

.74727 

.75366 

.76001 

.76632 

16. 

.77259 

.77882 

.78501 

.79117 

.79728 

.80336 

.80940 

.81541 

.82138 

.82731 

17. 

.83321 

.83908 

.84491 

.85071 

.85647 

.86220 

.86790 

.87356 

.87920 

.88480 

18. 

.89037 

.89591 

.90142 

.90690 

.91235 

.91777 

.92316 

.92852 

.93386 

.93916 

19. 

.94444 

.94969 

.95491 

.96011 

.96527 

.97041 

.97553 

.98062 

.98568 

.99072 

20. 

2.99573 

*.00072 

*.00568 

*.01062 

\01553 

*.02042 

".02529 

*.03013 

*.03495 

*.03975 

21. 

3.04452 

.04927 

.05400 

.05871 

.06339 

.06805 

.07269 

.07731 

.08191 

.08649 

22. 

.09104 

.09558 

.10009 

.10459 

.10906 

.11352 

.11795 

.12236 

.12676 

.13114 

23. 

.13549 

.13983 

.14415 

.14845 

.15274 

.15700 

.16125 

.16548 

.16969 

.17388 

24. 

.17805 

.18221 

.18635 

.19048 

.19458 

.19867 

.20275 

.20680 

.21084 

.21487 

25. 

.21888 

.22287 

.22684 

.23080 

.23475 

.23868 

.24259 

.24649 

.25037 

.25424 

26. 

.25810 

.26194 

.26576 

.26957 

.27336 

.27714 

.28091 

.28466 

.28840 

.29213 

27. 

.29584 

.29953 

.30322 

.30689 

.31054 

.31419 

.31782 

.32143 

.32504 

.32863 

28. 

.33220 

.33577 

.33932 

.34286 

.34639 

.34990 

.35341 

.35690 

.36038 

.36384 

29. 

.36730 

.37074 

.37417 

.37759 

.38099 

.38439 

.38777 

.39115 

.39451 

.39786 

30. 

3.40120 

.40453 

.40784 

.41115 

.41444 

.41773 

.42100 

.42426 

.42751 

.43076 

31. 

.43399 

.43721 

.44042 

.44362 

.44681 

.44999 

.45316 

.45632 

.45947 

.46261 

32. 

.46574 

.46886 

.47197 

.47507 

.47816 

.48124 

.48431 

.48738 

.49043 

.49347 

33. 

.49651 

.49953 

.50255 

.50556 

.50856 

.51155 

.51453 

.51750 

.52046 

.52342 

34. 

.52636 

.52930 

.53223 

.53515 

.53806 

.54096 

.54385 

.54674 

.54962 

.55249 

35. 

.55535 

.55820 

.56105 

.56388 

.56671 

.56953 

.57235 

.57515 

.57795 

.58074 

36. 

.58352 

.58629 

.58906 

.59182 

.59457 

.59731 

.60005 

.60278 

.60550 

.60821 

37. 

.61092 

.61362 

.61631 

.61899 

.62167 

.62434 

.62700 

.62966 

.63231 

.63495 

38. 

.63759 

.64021 

.64284 

.64545 

.64806 

.65066 

.65325 

.65584 

.65842 

.66099 

39. 

.66356 

.66612 

.66868 

.67122 

.67377 

.67630 

.67883 

.68135 

.68387 

.68638 

40. 

3.68888 

.69138 

.69387 

.69635 

.69883 

.70130 

.70377 

.70623 

.70868 

.71113 

41. 

.71357 

.71601 

.71844 

.72086 

.72328 

.72569 

.72810 

.73050 

.73290 

.73529 

42. 

.73767 

.74005 

.74242 

.74479 

.74715 

.74950 

.75185 

.75420 

.75654 

.75887 

43. 

.76120 

.76352 

.76584 

.76815 

.77046 

.77276 

.77506 

.77735 

.77963 

.78191 

44. 

.78419 

.78646 

.78872 

.79098 

.79324 

.79549 

.79773 

.79997 

.80221 

.80444 

45. 

.80666 

.80888 

.81110 

.81331 

.81551 

.81771 

.81991 

.82210 

.82428 

.82647 

46. 

.82864 

.83081 

.83298 

.83514 

.83730! 

.83945 

.84180 

.84374 

.84588 

.84802 

47. 

.85015 

.85227 

.85439 

.85651 

.85862 

.86073 

.86283 

.86493 

.86703 

.86912 

48. 

.87120 

.87328 

.87536 

.87743 

.87950 

.88156 

.88362 

.88568 

.88773 

.88978 

49. 

.89182 

.89386 

.89589 

.89792 

.89995 

.90197 

.90399 

.90600 

.90801 

.91002 
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50.0-99.9 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50. 

3.91202 

.91402 

.91602 

.91801 

.91999 

.92197 

.92395 

.92593 

.92790 

.92986 

51. 

.93183 

.93378 

.93574 

.93769 

.93964 

.94158 

.94352 

.94546 

.94739 

.94932 

52. 

.95124 

.95316 

.95508 

.95700 

.95891 

.96081 

.96272 

.96462 

.96651 

.96840 

53. 

.97029 

.97218 

.97406 

.97594 

.97781 

.97968 

.98155 

.98341 

.98527 

.98713 

54. 

.98898 

.99083 

.99268 

.99452 

.99636 

.99820 

*.00003 

♦.00186 

*.00369 

*.00551 

55. 

4.00733  * 

.00915 

.01096 

.01277 

.01458 

.01638 

.01818 

.01998 

.02177 

.02356 

56. 

.02535 

.02714 

.02892 

.03069 

.032^ 

.03424 

.03601 

.03777 

.03954 

.04130 

57. 

.04305 

.04480 

.04655 

.04830 

.0^004 

.05178 

.05352 

.05526 

.05699 

.05872 

58. 

.06044 

.06217 

.06389 

.06560 

.06792 

.06903 

.07073 

.07244 

.07414 

.07584 

59. 

.07754 

.07923 

.08092 

.08261 

.08429 

.08598 

.08766 

.08933 

.09101 

.09268 

60. 

4.09434 

.09601 

.09767 

.09933 

.10099 

.10264 

.10429 

;  10594 

.10759 

.10923 

61. 

.11087 

.11251 

.11415 

.11578 

.11741 

.11904 

.12066 

.12228 

.12390 

.12552 

62. 

.12713 

.12875 

.13036 

.13196 

.13357 

.13517 

.13677 

.13836 

.13996 

.14155 

63. 

.14313 

.14472 

.14630 

.14789 

.14946 

.15104 

.15261 

.15418 

.15575 

.15732 

64. 

.15888 

.16044 

.16200 

.16356 

.16511 

.16667 

.16821 

.16976 

.17131 

.17285 

65. 

.17439 

.17592 

.17746 

.17899 

.18052 

.18205 

.18358 

.18510 

.18662 

.18814 

66. 

.18965 

.19117 

.19268 

.19419 

.19570 

.19720 

.19870 

.20020 

.20170 

.20320 

67. 

.20469 

.20618 

.20767 

.20916 

.21065 

.21213 

.21361 

.21509 

.21656 

21804 

68. 

.21951 

.22098 

.22244 

.22391 

.22537 

.22683 

.22829 

.22975 

.23120 

.23266 

69. 

.23411 

.23555 

.23700 

.23844 

.23989 

.24133 

.24276 

.24420 

.24563 

.24707 

70. 

4.24850 

.24992 

.25135 

.25277 

:25419 

.25561 

.25703 

.25845 

.25986 

.26127 

71. 

.26268 

.26409 

.26549 

.26690 

.26830 

.26970 

.27110 

.27249 

.27388 

.27528 

72. 

.27667 

.27805 

.27944 

.28082 

.28221 

.28359 

.28496 

.28634 

.28772 

.28909 

73. 

.29046 

.29183 

.29320 

.29456 

.29592 

.29729 

.29865 

.30000 

.30136 

.30271 

74. 

.30407 

.30542 

.30676 

.30811 

.30946 

.31080 

.31214 

.31348 

,.31482 

.31615 

75. 

.31749 

.31882 

.32015 

.32149 

.32281 

.32413 

.32546 

.32678 

.32810 

.32942 

76. 

.33073 

.33205 

.33336 

.33467 

.33598 

.33729 

.33860 

.33990 

.34120 

.34251 

77. 

.34381 

.34510 

.34640 

.34769 

.34899 

.35028 

.35157 

.35286 

.35414 

.35543 

78. 

.35671 

.35800 

.35927 

.36055 

.36182 

.36310 

.36437 

.36564 

.36691 

.36818 

79. 

.36945 

.37071 

.37198 

.37324 

.37450 

.37576 

.37701 

.37827 

.37952 

.38078 

80. 

4.38203 

.38328 

.38452 

.38577 

.38701 

.38826 

.38950 

.39074 

.39198 

.39321 

81. 

.39445 

.39568 

.39692 

.39815 

.39938 

.40060 

.40183 

.40305 

.40428 

.40550 

82. 

.40672 

.40794 

.40916 

.41037 

.41159 

.41280 

.41401 

.41522 

.41643 

41764 

83. 

.41884 

.42004 

.42125 

.42245 

.42365 

.42485 

.42604 

.42724 

.42843 

.42963 

84. 

.43082 

.43201 

.43319 

.43438 

.43557 

.43675 

.43793 

.43912 

.44030 

.44147 

85. 

.44265 

.44383 

.44500 

.44617 

.44735 

.44852 

.44969 

.45085 

.45202 

.45318 

86. 

.45435 

.45551 

.45667 

.45783 

.45899 

.46014 

.46130 

.46245 

.46361 

.46476 

87. 

.46591 

.46706 

.46820 

.46935 

.47050 

.47164 

.47278 

.47392 

.47506 

.47620 

88. 

.47734 

.47847 

.47961 

.48074 

.48187 

.48300 

.48413 

.48526 

.48639 

.48751 

89. 

.48864 

.48976 

.49088 

.49200 

.49312 

.49424 

.49536 

.49647 

.49758 

.49870 

90. 

4.49981 

.50092 

.50203 

.50314 

.50424 

.50535 

.50645 

.50756 

.50866 

.50976 

91. 

.51086 

.51196 

,51305 

.51415 

.51525 

.51634 

.51743 

.51852 

.51961 

.52070 

92. 

.52-179 

.52287 

.52396 

.52504 

.52613 

.52721 

.52829 

.52937 

.53045 

.53152 

93. 

.53260 

.53367 

.53475 

.53582 

.53689 

.53796 

.53903 

.54010 

.54116 

.54223 

94. 

.54329 

.54436 

.54542 

.54648 

.54754 

.54860 

.54966 

.55071 

.55177 

.55282 

95. 

.55388 

.55493 

.55598 

.55703 

.55808 

.55913 

.56017 

.56122 

.56226 

.56331 

96. 

.56435 

.56539 

.56643 

.56747 

.56851 

.56954 

.57058 

.57161 

.57265 

.57368 

97. 

.57471 

.57574 

.57677 

.57780 

.57883 

.57985 

.58088 

.58190 

.58292 

.58395 

98. 

.58497 

.58599 

.58701 

.58802 

.589041 

.59006 

.59107 

.59208 

.59310 

.59411 

99. 

.59512 

.59613 

.59714 

.59815 

.59915 

.60016 

.60116 

.60217 

.60317 

.60417 

171 


NATURAL  OR  NAPERIAN  LOGARITHMS  (Continued) 

0-499 


N 

0 

1 

2 

3 

4 

5 

6 

4 

8 

9 

0 

oc 

3.00000  0.69315  1.09861 

.38629 

.60944 

.79176 

.94591 

*mm 

M9722' 

1 

2.30259 

.39790 

.48491 

.56495 

.63906 

.70805 

.77259 

.83321 

.89037 

.94444 

2 

.99573 

*.04452 

*.09104 

M3549 

M7805 

*.21888 

*.25810 

*.29584 

*.33220 

♦.36730 

3 

3.40120 

.43399 

.46574 

.49651 

.52636 

.55535 

.58352 

.61092 

.63759 

.66356 

4 

.68888 

.71357 

.73767 

.76120 

.78419 

.80666 

.82864 

.85015 

.87120 

.89182 

5 

.91202 

.93183 

.95124 

.97029 

.98898 

*.0O733 

♦,02535 

*.04305 

*.06044 

♦.07754 

6 

4.09434 

.11087 

.12713 

.14313 

.15888 

.17439 

.18965 

.20469 

.21951 

.23411 

7 

.24850 

.26268 

.27667 

.29046 

.30407 

.31749 

.33073 

.34381 

.35671 

.36945 

8 

.38203 

.39445 

.40672 

.41884 

.43082 

.44265 

.45435 

.46591 

.47734 

.48864 

9 

.49981 

.51086 

.52179 

.53260 

.54329 

,55388 

.56435 

.57471 

.58497 

.59512 

19 

4.60517 

.61512 

.62497 

.63473 

.64439 

.65396 

.66344 

.67283 

.68213 

.69135 

11 

.70048 

.70953 

.71850 

.72739 

.73620 

.74493 

.75359 

.76217 

.77068 

.77912 

12 

.78749 

.79579 

.80402 

.81218 

.82028 

.82831 

.83628 

.84419 

.85203 

.85981 

13 

.86753 

.87520 

.88280 

.89035 

.89784 

.90527 

.91265 

.91998 

.92725 

.93447 

14 

.94164 

.94876 

.95583 

.96284 

.96981 

.97673 

.98361 

.99043 

.99721 

*.0Q395 

15 

5.01064 

.01728 

.02388 

.03044 

.03695 

.04343 

.04986 

.05625 

.06260 

.06890 

16 

.07517 

.08140 

.08760 

.09375 

.09987 

.10595 

.11199 

.11799 

.12396 

.12990 

17 

.13580 

.14166 

.14749 

.15329 

.15906 

.16479 

.17048 

.17615 

.18178 

.18739 

18 

.19296 

.19850 

.20401 

.20949 

.21494 

.22036 

.22575 

.23111 

.23644 

.24175 

19 

.24702 

.25227 

.25750 

.26269 

.26786 

.27300 

.27811 

.28320 

.28827 

.29330 

20 

5.29832 

.30330 

.30827 

.31321 

.31812 

.32301 

.32788 

.33272 

.33754 

.34233 

21 

.34711 

.35186 

.35659 

.36129 

.36598 

.37064 

.37528 

.37990 

.38450 

.38907 

22 

.39363 

.39816 

.40268 

.40717 

.41165 

.41610 

.42053 

.42495 

.42935 

.43372 

23 

.43808 

.44242 

.44674 

.45104 

.45532 

.45959 

.46383 

.46806 

.47227 

.47646 

24 

.48064 

.48480 

.48894 

.49306 

.49717 

.50126 

.50533 

.50939 

.51343 

.51745 

25 

.52146 

.52545 

.52943 

.53339 

.53733 

.54126 

.54518 

.54908 

.55296 

.55683 

26 

.56068 

.56452 

.56834 

.57215 

.57595 

.57973 

.58350 

.58725 

.59099 

.59471 

27 

.59842 

.60212 

.60580 

.60947 

.61313 

.61677 

.62040 

.62402 

.62762 

.63121 

28 

.63479 

.63835 

.64191 

.64545 

.64897 

.65249 

.65599 

.65948 

.66296 

.66643 

29 

.66988 

.67332 

.67675 

.68017 

.68358 

.68698 

.69036 

.69373 

.69709 

.70044 

30 

5.70378 

.70711 

.71043 

.71373 

.71703 

.72031 

.72359 

.72685 

.73010 

.73334 

31 

.73657 

.73979 

.74300 

.74620 

.74939 

.75257 

.75574 

.75890 

.76205 

.76519 

32 

.76832 

.77144 

.77455 

.77765 

.78074 

.78383 

.78690 

.78996 

.79301 

.79606 

33 

.79909 

.80212 

.80513 

.80814 

.81114 

.81413 

.81711 

.82008 

.82305 

.82600 

34 

.82895 

.83188 

.83481 

.83773 

.84064 

.84354 

.84644 

.84932 

.85220 

.85507 

35 

.85793 

.86079 

.86363 

.86647 

.86930 

.87212 

.87493 

.87774 

.88053 

.88332 

36 

.88610 

.88888 

.89164 

.89440 

.89715 

.89990 

.90263 

.90536 

.90808 

.91080 

37 

.91350 

.91620 

.91889 

.92158 

.92426 

.92693 

.92959 

.93225 

.93489 

.93754 

38 

.94017 

.94280 

.94542 

.94803 

.95064 

.95324 

.95584 

.95842 

.96101 

.96358 

39 

.96615 

.96871 

.97126 

.97381 

.97635 

.97889 

.98141 

.98394 

.98645 

.98896 

40 

5.99146 

.99396 

.99645 

.99894  : 

".00141 

*.00389 

".00635  ■ 

".00881  *.01127  ' 

".01372 

41 

6.01616 

.01859 

.02102 

.02345 

.02587 

.02828 

.03069 

.03309 

.03548 

.03787 

42 

.04025 

.04263 

.04501 

.04737 

.04973 

.05209 

.05444 

.05678 

.05912 

.06146 

43 

.06379 

.06611 

.06843 

.07074 

.07304 

.07535 

.07764 

.07993 

.08222 

.08450' 

44 

.08677 

.08904 

.09131 

.09357 

.09582 

.09807 

.10032 

.10256 

.10479 

.10702 

45 

.10925 

.11147 

.11368 

.11589 

.11810 

.12030 

.12249 

.12468 

.12687 

.12905 

46 

.13123 

.13340 

.13556 

.13773 

.13988 

.14204 

.14419 

.14633 

.14847 

.15060 

47 

.15273 

.15486 

.15698 

.15910 

.16121 

.16331 

.16542 

.16752 

.16961 

.17170 

48 

.17379 

.17587 

.17794 

.18002 

18208 

.18415 

.18621 

.18826 

.19032 

.19236 

49 

.19441 

.19644 

.19848 

.20051 

.20254 
i 

.20456 

.20658 

.20859 

.21060 

.21261 
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NATURAL  OB  NAPERIAN  LOGARITHMS  (Continued) 

500-999 


N 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

50 

6.21461 

.21661 

.21860 

.22059 

.22258 

.22450 

.22654 

.22851 

.23048 

.23245 

51 

.23441 

.23637 

.23832 

.24028 

.24222 

.24417 

.24611 

.24804 

.24998 

.25190 

5-2 

.25383 

.25575 

.25767 

.25958 

.26149 

.20340 

.26530 

.26720 

.26910 

.27699 

53 

.27288 

.27476 

.27664 

.27852 

.28040 

.28227 

.28413 

.28600 

.28786 

.28972 

54 

.2&157 

.29342 

.29527 

.29711 

.29895 

.30079 

.30202 

.30445 

.30628 

.30810 

55 

.30992 

.31173 

.31355 

.31536 

.31716 

.31897 

.32077 

.32257 

.32436 

.32615 

56 

.32794 

.32972 

.33150 

.3332$ 

.335051 

.33683 

.33859 

.34036 

.34212 

.34388 

57 

.34564 

.34739 

.34914 

.35089 

.35263 

.35437 

.35611 

.35784 

.35957 

.36130 

58 

.36303 

.36475 

.36647 

.36819 

.36990 

.37161 

.37332 

.37502 

.37673 

.37843 

59 

.38012 

.38182 

.38351 

.38519 

.38688 

.38856 

.39024 

.39192 

.39359 

.39526 

<;o 

6.39693 

.39859 

.40026 

.40192 

.40857 

.40523 

.40688 

.40853 

.41017 

.41182 

01 

.41346 

.41510 

.41673 

.41836 

.41999 

.42162 

.42325 

.42487 

.42649 

.42811 

62 

.42972 

.43133 

.43294 

.43455- 

.43615 

.43775 

.43935 

.44095 

.44254 

.44413 

63 

.44572 

.44731 

.44889 

.45047 

.45205 

.45362 

.45520 

.45077 

.45834 

.45990 

64 

.45147 

.46303 

.46459 

.46614 

.46770 

.46925 

.47080 

.47235 

.47389 

.47543 

6& 

.47697 

.47851 

.48004 

.48158 

.48311 

.48464 

.48616 

.48708 

.48920 

.49072 

66 

.49224 

.49375 

.49527 

.49677 

.49828 

.49979 

.50129 

.50279 

.50429 

.50578 

67 

.50728 

.50877 

.51026 

.51175 

.51323 

.51471 

.51619 

.51707 

.51915 

.52062 

68 

.522(99 

.52356 

.52503 

.52649 

.52796 

.52942 

.53088 

.53233 

.53379 

.53524 

69 

.53669 

.53814 

.53960 

.54103 

.54247 

.54391 

.54535 

.54079 

.54822 

.54965 

70 

6.55108 

.55251 

.55393 

.55536 

.55678 

.55820 

.55962 

.50103 

.56244 

.56386 

71 

.56526 

.56667 

.56808 

.56948 

.57088 

.57228 

.57368 

.57508 

.57647 

.57780 

72 

.57925 

.58064 

.58203 

.58341 

.58479 

.58617 

.58755 

.58893 

.59030 

.59167 

73 

.59304 

.59441 

.59578 

.59715 

.59851 

.59987 

.60123 

.60259 

.60394 

.00530 

74 

.60665 

.60800 

.60935 

.61070 

.61204 

.01338 

.61473 

.01607 

.61740 

.61874 

75 

.62007 

.62141 

.62274 

.62407 

.62539 

.62672 

.62804 

.02936 

.63008 

.63200 

76 

.63332 

.63463 

.63595 

.63726 

.63857 

.63988 

.64118 

.04249 

.64379 

.64509 

77 

.64639 

.64769 

.64898 

6502$ 

.65157 

.65236 

.65415 

.05544 

.05673 

.65801 

78 

.65929 

.66058 

.66185 

.66313 

.66441 

.66568 

.66690 

.00823 

.66950 

.67077 

79 

.67203 

.67330 

.67456 

.67582 

.67708 

.67834 

.67960 

.08085 

.68211 

.68336 

8a 

6.68461 

.68586 

.68711 

.63835 

.68960 

.69084 

.69208 

.09332 

.09450 

.69580 

81 

.69703 

.69827 

.69950 

.70073 

.70196 

.70319 

.70441 

.70504 

.70686 

.70808 

82 

.70930 

.71052 

.71174 

.71296 

.71417 

.71538 

.71659 

.71780 

.71901 

.72022 

83 

.72143 

.72263 

.72383 

.72503 

.72623 

.72743 

.72863 

.72982 

.73102 

.73221 

84 

.73340- 

.73459 

.73578 

.73697 

.73815 

.73934 

.74052 

.74170 

.74288 

.74400 

85 

.74524 

.74641 

.74759 

.74876 

.74993 

.75110 

.75227 

.75344 

.75460 

.75577 

86 

.75693 

.75809 

.75926 

.76041 

.76157 

.76273 

.76388 

.70504 

.70019 

.70734 

87 

.76849 

.76964 

.77079 

.77194 

.77308 

.77422 

.77537 

.77051 

.77765 

.77878 

88 

.77992 

.78106 

.78219 

.78333 

.78446 

.78559 

.78672 

.78784 

.78897 

.79010 

89 

.79122 

.79234 

.79347 

.7945$ 

.79571 

.79682 

.79794 

.79906 

.80017 

.80128 

90 

6.80239 

.80351 

.80461 

.80572 

.80683 

.80793 

.80904 

.81014 

.81124 

.81235 

91 

.81344 

.81454 

.81564 

.81674 

.81783 

.81892 

.82002 

.82111 

.82220 

.82329 

92 

.82437 

.82546 

.82655 

.82763 

.82871 

.82979 

.83087 

.83195 

.83303 

.83411 

93 

.83518 

.83626 

.83733 

.83841 

.83948 

.84055 

.84162 

.84268 

.84375 

.84482 

94 

.84588 

.84694 

.84801 

.84907 

.85013 

.85118 

.85224 

.85330 

.85435 

.85541 

95 

.85646 

.85751 

.85857 

.85961 

.86066 

.86171 

.86276 

.86380 

.86485 

.80589 

96 

.86693 

.86797 

.86901 

.87005 

.87109 

.87213 

.87316 

.87420 

.87523 

.87620 

97 

.87730 

.87833 

.87936 

.88038 

.88141 

.88244 

.88346 

.88449 

.88551 

.88653 

98 

.88755 

.88857 

.88959 

.89061 

.89163 

.89264 

.89366 

.89467 

.89568 

.89669 

9$ 

.86770 

.89871 

.89972 

.90073 

.90174 

.90274 

.90375 

.90475 

.90575 

.90675 
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EXPONENTIAL  FUNCTIONS 


X 

ex      LogioCe*) 

„-. 

X 

ex       Logio(ex) 

e~* 

0.00 

1.0000  0 

. 00000 

1.000000 

0.50 

1.6487  0 

.21715 

0.606531 

0.01 

1.0101 

. 00434 

0.990050 

0.51 

1.6653 

.22149 

. 600496 

0.02 

1.0202 

.00869 

.980199 

0.52 

1  6820 

22583 

.594521 

0.03 

1.0305 

.01303 

.970446 

0.53 

1.6989 

.23018 

. 588605 

0.04 

1 .  0408 

.01737 

.960789 

0.54 

1.7160 

.23452 

.582748 

0.05 

1.0513  0 

.02171 

0.951229 

0.55 

1.7333  0 

. 23886 

0.576950 

0.06 

1.0618 

.02606 

.941765 

0.56 

1.7507 

. 24320 

.571209 

0.07 

1.0725 

.03040 

.932394 

0.57 

1.7683 

.24755 

. 565525 

0.08 

1  0833 

.03474 

.923116 

0.58 

1.7860 

.25189 

.559898 

0.09 

1 . 0942 

.03909 

.913931 

0.59 

1.8040 

.25623 

. 554327 

0.10 

1.1052  0 

.04343 

0.904837 

0.60 

1.8221  0 

.26058 

0.548812 

0.11 

1.1163 

.04777 

.895834 

0.61 

1 . 8404 

.26492 

.543351 

0.12 

1.1275 

.05212 

.886920 

0.62 

1.8589 

.26926 

.537944 

0.13 

1.1388 

.05646 

.878095 

0.63 

1.8776 

.27361 

. 532592 

0.14 

1 . 1503 

.06080 

.869358 

0.64 

1.8965 

.27795 

.527292 

0.15 

1.1618  0 

.06514 

0.860708 

0.65 

1.9155  0 

.28229 

0.522046 

0.16 

1.1735 

.06949 

.852144 

0.66 

1.9348 

.28663 

.516851 

0.17 

1.1853 

.07383 

.843665 

0.67 

1.9542 

.29098 

.511709 

0.18 

1.1972 

.07817 

.835270 

0.68 

1.9739 

.29532 

.506617 

0.19 

1.2092 

.08252 

.826959 

0.69 

1.9937 

.29966 

.501576 

0.20 

1.2214  0 

.08686 

0.818731 

0.70 

2  0138  0 

.30401 

0.496585 

0.21 

1.2337 

.09120 

.810584 

0.71 

2.0340 

.30835 

.491644 

0.22 

1  2461 

.09554 

.802519 

0.72 

2.0544 

.31269 

.486752 

0.23 

1.2586 

. 09989 

.794534 

0.73 

2.0751 

.31703 

.481909 

0.24 

1.2712 

. 10423 

.786628 

0.74 

2.0959 

.32138 

.477114 

0.25 

1.2840  0 

. 10857 

0.778801 

0.75 

2  1170  0 

.32572 

0.472367 

0.26 

1  2969 

.11292 

.771052 

0  76 

2.1383 

.33006 

.467666 

0.27 

1  3100 

.11726 

.763379 

0.77 

2.1598 

.33441 

.463013 

0.28 

1  3231 

.12160 

.755784 

0.78 

2.1815 

.33875 

. 458406 

0.29 

1.3364 

. 12595 

.748264 

0.79 

2.2034 

.34309 

.453845 

0.30 

1  3499  0 

.13029 

0.740818 

0.80 

2.2255  0 

.34744 

0.449329 

0.31 

1.3634 

.13463 

.733447 

0.81 

2 . 2479 

.35178 

.444858 

0.32 

1.3771 

. 13897 

.726149 

0.82 

2.2705 

.35612 

. 440432 

0.33 

1  3910 

. 14332 

.718924 

0.83 

2.2933 

.36046 

.436049 

0.34 

1.4049 

. 14766 

.711770 

0.84 

2.3164 

.36481 

.431711 

0.35 

1.4191  0 

.15200 

0.704688 

0.85 

2.3396  0 

.36915 

0.427415 

0.36 

1  4333 

.15635 

.697676 

0.86 

2.3632 

.37349 

.423162 

0.37 

1.4477 

. 16069 

.690734 

0.87 

2.3869 

.37784 

.418952 

0.38 

1  4623 

.16503 

.683861 

0.88 

2.4109 

.38218 

.414783 

0.39 

1.4770 

.16937 

.677057 

0.89 

2.4351 

.38652 

.410656 

0.40 

1.4918  0 

. 17372 

0 . 670320 

0.90 

2.4596  0 

.39087 

0.406570 

0.41 

1 . 5068 

.17806 

.663650 

0.91 

2 . 4843 

.39521 

.402524 

0.42 

1.5220 

. 18240 

. 657047 

0.92 

2 . 5093 

.39955 

.398519 

0.43 

1.5373 

. 18675 

. 650509 

0.93 

2.5345 

. 40389 

.394554 

0.44 

1.5527 

.19109 

. 644036 

0.94 

2.5600 

. 40824 

.390628 

0.45 

1.5683  0 

. 19543 

0.637628 

0.95 

2.5857  0 

.41258 

0.386741 

0.46 

1.5841 

.19978 

.631284 

0.96 

2.6117 

.41692 

. 382893 

0.47 

1 . 6000 

.20412 

.625002 

0.97 

2.6379 

.42127 

. 379083 

0.48 

1.6161 

.20846 

.618783 

0.98 

2.6645 

.42561 

.375311 

0.49 

1 . 6323 

.21280 

.612626 

0.99 

2.6912 

.42995 

.371577 

0.50 

1.6487  0 

.21715 

0.606531 

1.00 

2.7183  0 

.43429 

0.367879 
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EXPONENTIAL  FUNCTIONS  (Continued) 


X 

ex       Logio(ex) 

e~x 

X 

ex       LogioCe2) 

e~x 

1.00 

2.7183 

0.43429 

0.367879 

1.50 

4.4817  0 

65144 

0.223130 

1.01 

2 . 7456 

.43864 

.364219 

1.51 

4.5267 

.65578 

.220910 

1.02 

2.7732 

.44298 

.360595 

1.52 

4.5722 

.66013 

.218712 

1.03 

2.8011 

.44732 

. 357007 

1.53 

4.6182 

. 66447 

.216536 

1.04 

2.8292 

.45167 

.353455 

1.54 

4.6646 

. 66881 

.214381 

1.05 

2.8577 

0.45601 

0.349938 

1.55 

4.7115  0 

.67316 

0.212248 

1.06 

2 . 8864 

.46035 

. 346456 

1.56 

4.7588 

. 67750 

.210136 

1.07 

2.9154 

.46470 

. 343009 

1.57 

4 . 8066 

.68184 

. 208045 

1.08 

2 . 9447 

.46904 

.339596 

1.58 

4 . 8550 

.68619 

. 205975 

1.09 

2 . 9743 

.47338 

.336216 

1.59 

4.9037 

. 69053 

.203926 

1.10 

3 . 0042 

0.47772 

0.332871 

1.60 

4.9530  0 

. 69487 

0.201897 

1.11 

3.0344 

.48207 

.329559 

1.61 

5.0028 

.69921 

. 199888 

1.12 

3.0649 

.48641 

.326280 

1.62 

5.0531 

. 70356 

. 197899 

1.13 

3 . 0957 

.49075 

. 323033 

1.63 

5.1039 

.70790 

. 195930 

1.14 

3.1268 

.49510 

.319819 

1.64 

5.1552 

.71224 

. 193980 

1.15 

3.1582 

0.49944 

0.316637 

1.65 

5.2070  0 

.71659 

0.192050 

1.16 

3.1899 

. 50378 

.313486 

1.66 

5.2593 

. 72093 

.190139 

1.17 

3.2220 

.50812 

.310367 

1.67 

5.3122 

.72527 

. 188247 

1.18 

3.2544 

.51247 

.307279 

1.68 

5.3656 

. 72961 

. 186374 

1.19 

3.2871 

.51681 

.304221 

1.69 

5.4195 

. 73396 

. 184520 

1.20 

3.3201 

0.52115 

0.301194 

1.70 

5.4739  0 

. 73830 

0.182684 

1.21 

3.3535 

.52550 

.298197 

1.71 

5.5290 

. 74264 

. 180866 

1.22 

3.3872 

. 52984 

.295230 

1.72 

5.5845 

. 74699 

.179066 

1.23 

3.4212 

.53418 

. 292293 

1.73 

5 . 6407 

.75133 

. 177284 

1.24 

3.4556 

.53853 

. 289384 

1.74 

5.6973 

. 75567 

.175520 

1.25 

3 . 4903 

0.54287 

0.286505 

1.75 

5.7546  0 

. 76002 

0.173774 

1.26 

3 . 5254 

.54721 

.283654 

1.76 

5.8124 

.76436 

. 172045 

1.27 

3 . 5609 

.55155 

.280832 

1.77 

5 . 8709 

. 76870 

.170333 

1.28 

3.5966 

. 55590 

.278037 

1.78 

5.9299 

. 77304 

. 168638 

1.29 

3.6328 

.56024 

.275271 

1.79 

5.9895 

. 77739 

.166960 

1.30 

3.6693 

0.56458 

0.272532 

1.80 

6.0496  0 

.78173 

0.165299 

1.31 

3 . 7062 

. 56893 

.269820 

1.81 

6.1104 

. 78607 

. 163654 

1.32 

3.7434 

.57327 

.267135 

1.82 

6.1719 

. 79042 

.162026 

1.33 

3.7810 

.57761 

. 264477 

1.83 

6.2339 

. 79476 

.160414 

1.34 

3.8190 

.58195 

.261846 

1.84 

6.2965 

.79910 

.158817 

1.35 

3.8574 

0.58630 

0.259240 

1.85 

6.3598  0 

. 80344 

0.157237 

1.36 

3.8962 

.59064 

.256661 

1.86 

6.4237 

.80779 

. 155673 

1.37 

3 . 9354 

. 59498 

.254107 

1.87 

6.4883 

.81213 

.154124 

1.38 

3.9749 

. 59933 

.251579 

1.88 

6.5535 

.81647 

.152590 

1.39 

4.0149 

. 60367 

.249075 

1.89 

6.6194 

.82082 

.151072 

1.40 

4.0552 

0.60801 

0.246597 

1.90 

6.6859  0 

.82516 

0.149569 

1.41 

4.0960 

.61236 

.244143 

1.91 

6.7531 

. 82950 

. 148080 

1.42 

i  4.1371 

.61670 

.241714 

1.92 

6.8210 

.83385 

. 146607 

1.43 

4.1787 

.62104 

.239309 

1.93 

6.8895 

.83819 

. 145148 

1.44 

4.2207 

.62538 

.236928 

1.94 

6.9588 

.84253 

. 143704 

1.45 

4.2631 

0.62973 

0.234570 

1.95 

7.0287  0 

. 84687 

0.142274 

1.46 

4 . 3060 

.63407 

.232236 

1.96 

7.0993 

.85122 

. 140858 

1.47 

4 . 3492 

.63841 

. 229925 

1.97 

7.1707 

. 85556 

. 139457 

1.48 

4.3929 

.64276 

. 227638 

1.98 

7.2427 

.85990 

. 138069 

1.49 

4.4371 

.64710 

.225373 

1.99 

7.3155 

.86425 

. 136695 

1.50 

4.4817 

0.65144 

0.223130 

2.00 

7.3891  0 

. 86859 

0.135335 
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EXPONENTIAL  FUNCTIONS  (Continued) 


Logio(e*) 


ex       LogioCe*) 


3.00 

2.01 
2.02 
2.03 
2.04 

2.05 

2.00 
2.07 
2.08 
2.09 

2.10 

2.11 
2.12 
2.13 
2.14 

2.15 

2.16 
2.17 
2.18 
2.19 

2.20 

2.21 
2.22 
2.23 
2.24 

2.25 

2.26 
2.27 
2.28 
2.29 

2.30 

2.31 
2.32 
2.33 
2.34 

2.35 

2.36 
2.37 
2.38 
2.39 

2.40 

2.41 
2.42 
2.43 
2.44 

2.45 

2.46 
2.47 
2.48 
2.49 

2.50 


7.3891  0.86859 
7.4633  .87293 
7.5383  .87727 
7.6141  .88162 
7.6906   .88596 

7.7679  0.89030 
7.8460  .89465 
7.9248  .89899 
8.0045  .90333 
8.0849   .90768 

8.1662  0.91202 
8.2482  .91636 
8.3311  .92070 
8.4149  .92505 
8.4994   .92939 

8.5849  0.93373 
8.6711  .93808 
8.7583  .94242 
8.8463  .94676 
8.9352   .95110 

9.0250  0.95545 
9.1157  .95979 
9.2073  .96413 
9.2999  .96848 
9.3933   .97282 

9.4877  0.97716 
9.5831  .98151 
9 . 6794  . 98585 
9.7767  .99019 
9.8749   .99453 

9.9742  0.99888 
10.074  1.00322 
10.176  1.00756 
10.278  1.01191 
10.381  1.01625 


10.486 
10.591 
10.697 
10 . 805 
10.913 

11.023 
11.134 
11.246 
11.359 
11.473 

11.588 
11.705 
11.822 
11.941 
12.061 


1 . 02059 
1.02493 
1.02928 
1 . 03362 
1.03796 

1.04231 
1.04665 
1.05099 
1 . 05534 
1.05968 

1.06402 
1 . 06836 
1.07271 
1.07705 
1.08139 


12.182  1.08574 


0 

.135335 

2.50 

. 133989 

2.51 

. 132655 

2.52 

.131336 

2.53 

. 130029 

2.54 

0 

. 128735 

2.55 

. 127454 

2.56 

.126186 

2.57 

.124930 

2.58 

.123687 

2.59 

0 

. 122456 

2.60 

.121238 

2.61 

. 120032 

2.62 

.118837 

2.63 

.117655 

2.64 

0 

.116484 

2.65 

.115325 

2.66 

.114178 

2.67 

.113042 

2.68 

.111917 

2.69 

0 

.110803 

2.70 

. 109701 

2.71 

. 108609 

2.72 

. 107528 

2.73 

. 106459 

2.74 

0 

. 105399 

2.75 

. 104350 

2.76 

.103312 

2.77 

. 102284 

2.78 

.101266 

2.79 

0 

. 100259 

2.80 

.099261 

2.81 

.098274 

2.82 

. 097296 

2.83 

.096328 

2.84 

0 

.095369 

2.85 

. 094420 

2.86 

.093481 

2.87 

.092551 

2.88 

.091630 

2.89 

0 

.090718 

2.90 

.089815 

2.91 

. 088922 

2.92 

.088037 

2.93 

.087161 

2.94 

0 

.086294 

2.95 

. 085435 

2.96 

. 084585 

2.97 

.083743 

2.98 

.082910 

2.99 

0 

. 082085 

3.00 

12.182 
12.305 
12.429 
12.554 
12.680 


15.643 
15.800 
15.959 
16.119 
16.281 


19.106 
19.298 
19.492 


12.807  1 
12.936  1 
13.066  1 
13.197  1 
13.330  1 


13.464  1 
13.599  1 
13.736  1 
13.874  1 
14.013  1 

14.154  1 
14.296  1 
14.440  1 
14.585  1 
14.732  1 

14.880  1 
15.029  1 
15.180  1 
15.333  1 
15.487  1 


16.445  1 
16.610  1 
16.777  1 
16.945  1 
17.116  1 


17.288  1 
17.462  1 
17.637  1 
17.814  1 
17.993  1 


18.174  1 
18.357  1 
18.541  1 
18.728  1 
18.916  1 


19.688  1 
19.886  1 


08574 
09008 
09442 
09877 
10311 

10745 
11179 
11614 
12048 
12482 

12917 
13351 
13785 
14219 
14654 

15088 
15522 
15957 
16391 
16825 

17260 
17694 
18128 
18562 
18997 

19431 
19865 
20300 
20734 
21168 

21602 
22037 
22471 
22905 
23340 

23774 
24208 
24643 
25077 
25511 

25945 
26380 
26814 
27248 
27683 

28117 
28551 

28985 
29420 

29854 


20.086  1.30288 


0.082085 
.081268 
. 080460 
. 079659 
.078866 

0.078082 
.077305 
.076536 
.075774 
.075020 

0.074274 
.073535 
. 072803 
. 072078 
.071361 

0.070651 
. 069948 
. 069252 
. 068563 
.067881 

0.067206 
.066537 
. 065875 
.065219 
. 064570 

0.063928 
.063292 
.062662 
.062039 
.061421 

0.060810 
.060205 
.059606 
.059013 
. 058426 

0.057844 
. 057269 
.056699 
.056135 
.055576 

0.055023 
. 054476 
. 053934 
.053397 
. 052866 

0.052340 
.051819 
.051303 
. 050793 
. 050287 

0.049787 
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EXPONENTIAL  FUNCTIONS  (Continued) 


X 

ex       LogioCe*) 

e~x 

X 

ex 

Logio(ex) 

e~z 

3.00 

20.086  1.30288 

0.049787 

3.50 

33.115 

1 . 52003 

0.030197 

3.01 

20.287  1.30723 

.049292 

3.51 

33.448 

1 . 52437 

.029897 

3.02 

20.491  1.31157 

.048801 

3.52 

33 . 784 

1 . 52872 

.029599 

3.03 

20.697  1.31591 

.048316 

3.53 

34.124 

1 . 53306 

.029305 

3.04 

20.905  1.32026 

.047835 

3.54 

34.467 

1.53740 

.029013 

3.05 

21.115  1.32460 

0.047359 

3.55 

34.813 

1.54175 

0.028725 

3.06 

21.328  1.32894 

.046888 

3.56 

35.163 

1 . 54609 

.028439 

3.07 

21.542  1.33328 

.046421 

3.57 

35.517 

1 . 55043 

.028156 

3.08 

21.758  1.33763 

.045959 

3.58 

35.874 

1 . 55477 

. 027876 

3.09 

21.977  1.34197 

. 045502 

3.59 

36.234 

1.55912 

.027598 

3.10 

22.198  1.34631 

0.045049 

3.60 

36.598 

1 . 56346 

0.027324 

3.11 

22.421  1.35066 

.044601 

3.61 

36.966 

1 . 56780 

. 027052 

3.12 

22.646  1.35500 

.044157 

3.62 

37.338 

1.57215 

. 026783 

3.13 

22.874  1.35934 

.043718 

3.63 

37.713 

1 . 57649 

.026516 

3.14 

23.104  1.36368 

. 043283 

3.64 

38.092 

1 . 58083 

.026252 

3.15 

23.336  1.36803 

0.042852 

3.65 

38.475 

1.58517 

0.025991 

3.16 

23.571  1.37237 

.042426 

3.66 

38.861 

1 . 58952 

.025733 

3.17 

23.807  1.37671 

. 042004 

3.67 

39.252 

1.59386 

. 025476 

3.18 

24.047  1.38106 

.041586 

3.68 

39.646 

1 . 59820 

. 025223 

3.19 

24.288  1.38540 

.041172 

3.69 

40 . 045 

1 . 60255 

. 024972 

3.20 

24.533  1.38974 

0  040762 

3.70 

40.447 

1 . 60689 

0.024724 

3.21 

24.779  1.39409 

. 040357 

3.71 

40.854 

1.61123 

. 024478 

3.22 

25.028  1.39843 

.039955 

3.72 

41.264 

1.61558 

. 024234 

3.23 

25.280  1.40277 

.039557 

3.73 

41.679 

1.61992 

.023993 

3.24 

25.534  1.40711 

.039164 

3.74 

42 . 098 

1 . 62426 

.023754 

3.25 

25.790  1.41146 

0.038774 

3.75 

42.521 

1 . 62860 

0.023518 

3.26 

26.050  1.41580 

. 038388 

3.76 

42 . 948 

1 . 63295 

. 023284 

3.27 

26.311  1.42014 

.038006 

3.77 

43.380 

1 . 63729 

. 023052 

3.28 

26.576  1.42449 

.037628 

3.78 

43.816 

1.64163 

.022823 

3.29 

26.843  1.42883 

.037254 

3.79 

44.256 

1 . 64598 

.022596 

3.30 

27.113  1.43317 

0.036883 

3.80 

44.701 

1 . 65032 

0.022371 

3.31 

27.385  1.43751 

.036516 

3.81 

45.150 

1 . 65466 

.022148 

3.32 

27.660  1.44186 

.036153 

3.82 

45.604 

1 . 65900 

.021928 

3.33 

27.938  1.44620 

. 035793 

3.83 

46.063 

1 . 66335 

.021710 

3.34 

28.219  1.45054 

.035437 

3.84 

46.525 

1 . 66769 

.021494 

3.35 

28.503  1.45489 

0.035084 

3.85 

46.993 

1 . 67203 

0.021280 

3.36 

28.789  1.45923 

.034735 

3.86 

47.465 

1 . 67638 

.021068 

3.37 

29.079  1.46357 

.034390 

3.87 

47.942 

1 . 68072 

.020858 

3.38 

29.371  1.46792 

. 034047 

3.88 

48.424 

1 . 68506 

.020651 

3.39 

29.666  1.47226 

.033709 

3.89 

48.911 

1.68941 

. 020445 

3.40 

29.964  1.47660 

0.033373 

3.90 

49.402 

1 . 69375 

0.020242 

3.41 

30.265  1.48094 

.033041 

3.91 

49.899 

1 . 69809 

.020041 

3.42 

30.569  1.48529 

.032712 

3.92 

50.400 

1 . 70243 

.019841 

3.43 

30.877  1.48963 

.032387 

3.93 

50.907 

1 . 70678 

.019644 

3.44 

31.187  1.49397 

.032065 

3.94 

51.419 

1.71112 

.019448 

3.45 

31.500  1.49832 

0.031746 

3.95 

51.935 

1.71546 

0.019255 

3.46 

31.817  1.50266 

.031430 

3.96 

52.457 

1.71981 

.019063 

3.47 

32.137  1.50700 

.031117 

3.97 

52 . 985 

1.72415 

.018873 

3.48 

32.460  1.51134 

.030807 

3.98 

53.517 

1 . 72849 

.018686 

3.49 

32.786  1.51569 

.030501 

3.99 

54.055 

1 . 73283 

.018500 

3.50 

33.115  1.52003 

0.030197 

4.00 

54.598 

1.73718 

0.018316 

177 


EXPONENTIAL  FUNCTIONS  (Continued) 


ex       Logio(ex) 


ex       LogioOx) 


1.00 

4.01 
4.02 
4.03 
4.04 

4.05 

4.06 
4.07 
4.08 
4.09 

4.10 

4.11 
4.12 
4.13 
4.14 

4.15 

4.16 
4.17 
4.18 
4.19 

4.20 

4.21 
4.22 
4.23 
4.24 

4.25 

4.26 
4.27 

4.28 
4.29 

4.30 

4.31 
4.32 
4.33 
4.34 

4.35 

4.36 
4.37 

4.38 
4.39 

4.40 

4.41 
4.42 
4.43 
4.44 

4.45 

4.46 
4.47 
4.48 
4.49 

4.50 


54.598  1.73718 
55.147  1.74152 


55.701 
56.261 


1 . 74586 
1.75021 


56.826  1.75455 

57.397  1.75889 
57.974  1.76324 
58.557  1.76758 
59.145  1.77192 
59.740  1.77626 

60.340  1.78061 
60.947  1.78495 
61.559  1.78929 
62.178  1.79364 
62.803  1.79798 

63.434  1.80232 
64.072  1.80667 
64.715  1.81101 
65.366  1.81535 
66.023  1.81969 

66.686  1.82404 
67.357  1.82838 
68.033  1.83272 
68.717  1.83707 
69.408  1.84141 

70.105  1.84575 
70.810  1.85009 


71.522 
72.240 


1 . 85444 

1 . 85878 


72.966  1.86312 


73.700 
74 . 440 
75.189 
75.944 
76 . 708 

77.478 
78.257 
79.044 
79 . 838 
80.640 

81.451 
82.269 
83 . 096 
83.931 

84.775 

85 . 627 
86.488 
87.357 
88.235 
89.121 


1.86747 
1.87181 
1.87615 
1.88050 

1 . 88484 

1.88918 
1 . 89352 
1 . 89787 
1.90221 
1 . 90655 

1.91090 
1.91524 
1.91958 
1 . 92392 
1.92827 

1.93261 
1 . 93695 
1.94130 
1 . 94564 
1.94998 


90.017  1.95433 


0 

.018316 

4.50 

.018133 

4.51 

.017953 

4.52 

.017774 

4.53 

.017597 

4.54 

0 

.017422 

4.55 

.017249 

4.56 

.017077 

4.57 

.016907 

4.58 

.016739 

4.59 

0 

.016573 

4.60 

.016408 

4.61 

.016245 

4.62 

.016083 

4.63 

.015923 

4.64 

0 

.015764 

4.65 

.015608 

4.66 

.015452 

4.67 

.015299 

4.68 

.015146 

4.69 

0 

.014996 

4.70 

.014846 

4.71 

.014699 

4.72 

.014552 

4.73 

.014408 

4.74 

0 

.014264 

4.75 

.014122 

4.76 

.013982 

4.77 

.013843 

4.78 

.013705 

4.79 

0 

.013569 

4.80 

.013434 

4.81 

.013300 

4.82 

.013168 

4.83 

.013037 

4.84 

0 

.012907 

4.85 

.012778 

4.86 

.012651 

4.87 

.012525 

4.88 

.012401 

4  89 

0 

.012277 

4.90 

.012155 

4.91 

.012034 

4.92 

.011914 

4.93 

.011796 

4.94 

0 

.011679 

4.95 

.011562 

4.96 

.011447 

4.97 

.011333 

4.98 

.011221 

4.99 

0 

.011109 

5.00 

90.017  1.95433 
90.922  1.95867 
91.836  1.96301 
92.759  1.96735 
93.691  1.97170 

94.632  1.97604 
95.583  1.98038 
96.544  1.98473 
97.514  1.98907 
98.494  1.99341 


99.484 
100.48 
101.49 
102.51 
103.54 


1.99775 
2.00210 
2 . 00644 
2.01078 
2.01513 


104.58  2.01947 
105.64  2.02381 
106.70  2.02816 
107.77  2.03250 
108.85  2.03684 

109.95  2.04118 
111.05  2.04553 
112.17  2.04987 
113.30  2.05421 
114.43  2.05856 

115.58  2.06290 
116.75  2.06724 
117.92  2.07158 
119.10  2.07593 
120.30  2.08027 

121.51  2.08461 
122.73  2.08896 
123.97  2.09330 
125.21  2.09764 
126.47  2.10199 


127.74  2. 
129.02  2. 
130.32  2. 

131.63  2. 
132.95  2. 

134.29  2. 

135.64  2. 
137.00  2. 
138.38  2. 
139.77  2. 


141.17 
142.59 
144.03 
145.47 
146.94 


10633 
11067 
11501 
11936 
12370 

12804 
13239 
13673 
14107 
14541 

14976 
15410 
15844 
16279 
16713 


148.41  2.17147 


0.011109 
.010998 
. 010889 
.010781 
.010673 

0.010567 
.010462 
.010358 
.010255 
.010153 

0.010052 
. 009952 
.009853 
.009755 
.009658 

0.009562 
. 009466 
.009372 
.009279 
.009187 

0.009095 
.009005 
.008915 
. 008826 
.008739 

0.008652 
. 008566 
.008480 
.008396 
.008312 

0.008230 
. 008148 
. 008067 
.007987 
.007907 

0.007828 
. 007750 
. 007673 
.007597 
.007521 

0.007447 
. 007372 
.007299 
.007227 
.007155 

0.007083 
.007013 
. 006943 
.006874 
.006806 

0.006738 
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EXPONENTIAL  FUNCTIONS  (Continued) 


X 

ex 

Logi0(ex) 

e~x 

X 

ex 

Logio(ex) 

e~z 

5.00 

148.41 

2.17147 

0.006738 

5.0 

148.41 

2.17147 

0.006738 

5.01 

149.90 

2.17582 

.006671 

5.1 

164.02 

2.21490 

.006097 

5.02 

151.41 

2.18016 

. 006605 

5.2 

181.27 

2.25833 

.005517 

5.03 

152.93 

2.18450 

.006539 

5.3 

200.34 

2.30176 

.004992 

5.04 

154.47 

2.18884 

.006474 

5.4 

221.41 

2.34519 

.004517 

5.05 

156.02 

2.19319 

0.006409 

5.5 

244.69 

2.38862 

0.004087 

5.06 

157.59 

2.19753 

. 006346 

5.6 

270.43 

2.43205 

.003698 

5.07 

159.17 

2.20187 

. 006282 

5.7 

298.87 

2 . 47548 

. 003346 

5.08 

160.77 

2.20622 

. 006220 

5.8 

330.30 

2.51891 

. 003028 

5.09 

162.39 

2.21056 

.006158 

5.9 

365.04 

2.56234 

.002739 

5.10 

164.02 

2.21490 

0.006097 

6.0 

403.43 

2.60577 

0.002479 

5.11 

165.67 

2.21924 

. 006036 

6.1 

445.86 

2.64920 

. 002243 

5.12 

167.34 

2.22359 

.005976 

6.2 

492.75 

2.69263 

. 002029 

5.13 

169.02 

2.22793 

.005917 

6.3 

544.57 

2.73606 

.001836 

5.14 

170.72 

2.23227 

.005858 

6.4 

601.85 

2.77948 

.001662 

5.15 

172.43 

2.23662 

0.005799 

6.5 

665.14 

2.82291 

0.001503 

5.16 

174.16 

2 . 24096 

. 005742 

6.6 

735.10 

2 . 86634 

.001360 

5.17 

175.91 

2.24530 

. 005685 

6.7 

812.41 

2 . 90977 

.001231 

5.18 

177.68 

2.24965 

. 005628 

6.8 

897.85 

2.95320 

.001114 

5.19 

179.47 

2.25399 

. 005572 

6.9 

992.27 

2.99663 

.001008 

5.20 

181.27 

2 . 25833 

0.005517 

7.0 

1096.6 

3 . 04006 

0.000912 

5.21 

183.09 

2.26267 

. 005462 

7.1 

1212.0 

3 . 08349 

. 000825 

5.22 

184.93 

2.26702 

. 005407 

7.2 

1339.4 

3.12692 

. 000747 

5.23 

186.79 

2.27136 

.005354 

7.3 

1480.3 

3.17035 

. 000676 

5.24 

188.67 

2.27570 

. 005300 

7.4 

1636.0 

3.21378 

.000611 

5.25 

190:57 

2 . 28005 

0.005248 

7.5 

1808.0 

3.25721 

0 . 000553 

5.26 

192.48 

2 . 28439 

.005195 

7.6 

1998.2 

3.30064 

. 000500 

5.27 

194.42 

2.28873 

.005144 

7.7 

2208.3 

3.34407 

. 000453 

5.28 

196.37 

2.29307 

.005092 

7.8 

2440.6 

3.38750 

.000410 

5.29 

198.34 

2.29742 

. 005042 

7.9 

2697.3 

3.43093 

.000371 

5.30 

200.34 

2.30176 

0 . 004992 

8.0 

2981.0 

3.47436 

0.000335 

5.31 

202.35 

2.30610 

. 004942 

8.1 

3294.5 

3.51779 

. 000304 

5.32 

204.38 

2.31045 

. 004893 

8.2 

3641.0 

3.56121 

. 000275 

5.33 

206.44 

2.31479 

. 004844 

8.3 

4023.9 

3 . 60464 

. 000249 

5  34 

208.51 

2.31913 

. 004796 

8.4 

4447.1 

3.64807 

. 000225 

5.35 

210.61 

2.32348 

0.004748 

8.5 

4914.8 

3.69150 

0.000203 

5.3ft 

212.72 

2.32782 

.004701 

8.6 

5431.7 

3.73493 

.000184 

5.3" 

214.86 

2.33216 

.004654 

8.7 

6002 . 9 

3.77836 

.000167 

5.38 

217.02 

2.33650 

004608 

8.8 

6634 . 2 

3.82179 

.000151 

5.39 

219.20 

2.34085 

. 004562 

8.9 

7332.0 

3.86522 

. 000136 

5.40 

221.41 

2.34519 

0.004517 

9.0 

8103.1 

3.90865 

0 . 000123 

5.41 

223 . 63 

2 . 34953 

004472 

9.1 

8955.3 

3.95208 

.000112 

5.42 

225  88 

2.35388 

. 004427 

9.2 

9897.1 

3.99551 

.000101 

5.43 

228.15 

2.35822 

.004383 

9.3 

10938 

4.03894 

.000091 

5.44 

230.44 

2.36256 

.004339 

9.4 

12088 

4.08237 

.000083 

5.45 

232.76 

2.36690 

0.004296 

9.5 

13360 

4.12580 

0.000075 

5.46 

235  10 

2.37125 

.004254 

9.6 

14765 

4.16923 

.000068 

5.47 

237.46 

2.37559 

.004211 

9.7 

16318 

4.21266 

.000061 

5.48 

239.85 

2.37993 

.004169 

9.8 

18034 

4.25609 

.000055 

5.49 

242.26 

2.38428 

.004128 

9.9 

19930 

4.29952 

.000050 

5.50 

244.69 

2.38862 

0.004087 

10.0 

22026 

4.34294 

0.000045 
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HYPERBOLIC  FUNCTIONS 

The  logarithms  given  below  show  the  mantissa  only.    The  proper  charac- 
teristic must  be  added. 


Sinh 

X 

Cosh 

X 

Tanh  x 

Coth 

X 

X 

Value 

logio 

Value 

logio 

Value 

logio 

Value 

logio 

0.00 

0.00000 

—  oo 

1.00000 

. 00000 

0.00000 

00 

00 

00 

0.01 

.01000 

.00001 

1.00005 

.00002 

.01000 

.99999 

100.003 

.00001 

0.02 

.02000 

.30106 

1.00020 

.00009 

.02000 

.30097 

50.007 

. 69903 

0.03 

.03000 

.47719 

1.00045 

.00020 

.02999 

.47699 

33.343 

. 52301 

0.04 

.04001 

.60218 

1 . 00080 

.00035 

.03998 

. 60183 

25.013 

.39817 

0.05 

0.05002 

.69915 

1.00125 

.00054 

0.04995 

.69861 

20.017 

.30139 

0.06 

.06004 

.77841 

1.00180 

. 00078 

.05993 

.77763 

16.687 

.22237 

0.07 

.07006 

.84545 

1 . 00245 

.00106 

.06989 

. 84439 

14.309 

. 15561 

0.08 

.08009 

.90355 

1 . 00320 

.00139 

.07983 

.90216 

12.527 

.09784 

0.09 

.09012 

.95483 

1.00405 

.00176 

.08976 

.95307 

11.141 

.04693 

0.10 

0.10017 

.00072 

1.00500 

.00217 

0.09967 

.99856 

10.0333 

.00144 

0.11 

.11022 

. 04227 

1 . 00606 

. 00262 

. 10956 

.03965 

9.1275 

.96035 

0.12 

. 12029 

.08022 

1.00721 

.00312 

.11943 

.07710 

8.3733 

. 92290 

0.13 

. 13037 

.11517 

1.00846 

.00366 

.12927 

.11151 

7.7356 

.88849 

0.14 

. 14046 

. 14755 

1.00932 

. 00424 

. 13909 

. 14330 

7.1895 

.85670 

0.15 

0.15056 

.17772 

1.01127 

.00487 

0.14889 

. 17285 

6.7166 

.82715 

0.16 

. 16068 

.20597 

1.01283 

.00554 

.15865 

. 20044 

6.3032 

. 79956 

0.17 

. 17082 

.23254 

1.01448 

.00625 

. 16838 

. 22629 

5.9389 

. 77371 

0.18 

. 18097 

.25762 

1.01624 

. 00700 

. 17808 

.25062 

5.6154 

. 74938 

0  19 

.19115 

.28136 

1.01810 

.00779 

. 18775 

.27357 

5.3263 

. 72643 

0.20 

0.20134 

.30392 

1.02007 

.00863 

0.19738 

. 29529 

5.0665 

.70471 

0.21 

.21155 

.32541 

1.02213 

.00951 

.20697 

.31590 

4.8317 

.68410 

0.22 

.22178 

.34592 

1.02430 

.01043 

.21652 

.33549 

4.6186 

.66451 

0.23 

. 23203 

.36555 

1.02657 

.01139 

.22603 

.35416 

4.4242 

. 64584 

0.24 

.24231 

.38437 

1.02894 

.01239 

.23550 

.37198 

4.2464 

. 62802 

0.25 

0.25261 

.40245 

1.03141 

.01343 

0.24492 

.38902 

•  4.0830 

.61098 

0.26 

.26294 

.41986 

1.03399 

.01452 

.25430 

.40534 

3.9324 

. 59466 

0.27 

.27329 

. 43663 

1.03667 

.01564 

.26362 

.42099 

3 . 7933 

. 57901 

0.28 

.28367 

.45282 

1.03946 

.01681 

.27291 

.43601 

3.6643 

. 56399 

0.29 

.29408 

.46847 

1.04235 

.01801 

.28213 

.45046 

3.5444 

. 54954 

0.30 

0.30452 

.48362 

1.04534 

.01926 

0.29131 

.46436 

3.4327 

. 53564 

0.31 

.31499 

.49830 

1.04844 

. 02054 

.30044 

.47775 

3.3285 

. 52225 

0.32 

.32549 

.51254 

1.05164 

.02187 

.30951 

.49067 

3.2309 

. 50933 

0.33 

.33602 

. 52637 

1 . 05495 

.02323 

.31852 

.50314 

3.1395 

. 49686 

0.34 

.34659 

.53981 

1.05836 

.02463 

.32748 

.51518 

3.0536 

. 48482 

0.35 

0.35719 

. 55290 

1.06188 

.02607 

0.33638 

. 52682 

2.9729 

.47318 

0.36 

.36783 

. 56564 

1.06550 

.02755 

.34521 

.53809 

2.8968 

.46191 

0.37 

.37850 

.57807 

1.06923 

.02907 

.35399 

. 54899 

2.8249 

.45101 

0.38 

.38921 

.59019 

1.07307 

.03063 

.36271 

. 55956 

2.7570 

. 44044 

0.39 

.39996 

.60202 

1.07702 

.03222 

.37136 

. 56980 

2.6928 

.43020 

0.40 

0.41075 

.61358 

1.08107 

.03385 

0.37995 

. 57973 

2.6319 

.42027 

0.41 

.42158 

. 62488 

1.08523 

.03552 

.38847 

.58936 

2.5742 

.41064 

0.42 

.43246 

. 63594 

1.08950 

.03723 

.39693 

.59871 

2.5193 

.40129 

0.43 

.44337 

.64677 

1 . 09388 

.03897 

.40532 

. 60780 

2.4672 

.39220 

0.44 

.45434 

.65738 

1.09837 

.04075 

.41364 

.61663 

2.4175 

.38337 

0.45 

0.46534 

. 66777 

1.10297 

.04256 

0.42190 

.62521 

2.3702 

.37479 

0.46 

.47640 

. 67797 

1.10768 

.04441 

.43008 

.63355 

2.3251 

.36645 

0.47 

.48750 

. 68797 

1.11250 

.04630 

.43820 

.64167 

2.2821 

.35833 

0.48 

.49865 

. 69779 

1.11743 

. 04822 

.44624 

. 64957 

2 . 2409 

.35043 

0.49 

. 50984 

. 70744 

1.12247 

.05018 

.45422 

.65726 

2.2016 

34274 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.     The  proper  char- 
acteristic must  be  added. 


Sinh  x 
Value        logio 


Cosh  x 
Value        log  10 


Tanh  x 

Value       logio 


Coth  x 
Value         iogio 


0.50 

0.52110 

.71692 

1.12763 

.05217 

0.46212 

. 66475 

2.1640 

.33525 

0.51 

.53240 

. 72624 

1 . 13289 

.05419 

46995 

. 67205 

2.1279 

. 32795 

0.52 

. 54375 

.73540 

1.13827 

.05625 

.47770 

.67916 

2 . 0934 

.32084 

0.53 

.55516 

. 74442 

1.14377 

. 05834 

.48538 

. 68608 

2.0602 

.31392 

0.54 

. 56663 

. 75330 

1.14938 

. 06046 

.49299 

. 69284 

2.0284 

.30716 

€.55 

0.57815 

. 76204 

1.15510 

.06262 

0.50052 

. 69942 

1.9979 

.30058 

0  56 

.58973 

. 77065 

1.16094 

.06481 

. 50798 

.70584 

1.9686 

.29416 

0.57 

.60137 

.77914 

1.16690 

.06703 

.51536 

.71211 

1.9404 

. 28789 

0.58 

.61307 

.78751 

1.17297 

.06929 

.52267 

.71822 

1.9133 

.28178 

0.59 

.62483 

. 79576 

1.17916 

.07157 

. 52990 

.72419 

1.8872 

.2758 J 

O.60 

0.63665 

.80390 

1.18547 

.07389 

0.53705 

. 73001 

1 . 8620 

. 26999 

0.61 

.64854 

.81194 

1.19189 

.07624 

.54413 

. 73570 

1.8378 

. 26430 

0.62 

.66049 

.81987 

1 . 19844 

.07861 

.55113 

.74125 

1.8145 

.25875 

0.63 

.67251 

. 82770 

1.20510 

.08102 

. 55805 

. 74667 

1.7919 

. 25333 

0  64 

.68459 

.83543 

1.21189 

.08346 

.56490 

.75197 

1 . 7702 

. 24803 

0.65 

0.69675 

. 84308 

1.21879 

. 08593 

0.57167 

.75715 

1 . 7493 

. 24285 

0.66 

.70897 

. 85063 

1 . 22582 

.08843 

. 57836 

. 76220 

1.7290 

. 23780 

0.67 

.72126 

.85809 

1.23297 

.09095 

.58498 

.76714 

1.7095 

. 23286 

0.68 

.73363 

.86548 

1.24025 

.09351 

.59152 

.77197 

1 . 6906 

. 22803 

0.69 

. 74607 

.87278 

1.24765 

.09609 

.59798 

.77669 

1.6723 

.22331 

0.70 

0.75858 

.88000 

1.25517 

.09870 

0.60437 

.78130 

1 . 6546 

.21870 

0.71 

.77117 

.88715 

1 . 26282 

.10134 

.61068 

.78581 

1.6375 

.21419 

0.72 

.78384 

. 89423 

1.27059 

. 10401 

.61691 

. 79022 

1.6210 

.20978 

0.73 

.79659 

.90123 

1.27849 

. 10670 

. 62307 

. 79453 

1.6050 

.20547 

0.74 

.80941 

.90817 

1.28652 

. 10942 

.62915 

.79875 

1.5895 

.20125 

0.75 

0.82232 

.91504 

1.29468 

.11216 

0.63515 

.80288 

1.5744 

.19712 

0.76 

. 83530 

.92185 

1.30297 

.11493 

.64108 

. 80691 

1.5599 

. 19309 

0.77 

.84838 

. 92859 

1.31139 

.11773 

. 64693 

.81086 

1 . 5458 

. 18914 

0.78 

.86153 

.93527 

1.31994 

.12055 

.65271 

.81472 

1.5321 

. 18528 

0.79 

.87478 

.94190 

1.32862 

. 12340 

.65841 

. 81850 

1.5188 

.18150 

0.80 

0.88811 

.94846 

1.33743 

.12627 

0.66404 

.82219 

1.5059 

.17781 

0.81 

.90152 

.95498 

1.34638 

.12917 

. 66959 

.82581 

1.4935 

.17419 

0.82 

.91503 

.96144 

1.35547 

. 13209 

. 67507 

.82935 

1.4813 

. 17065 

0.83 

.92863 

.96784 

1.36468 

. 13503 

. 68048 

.83281 

1.4696 

.16719 

0.84 

.94233 

.97420 

1.37404 

. 13800 

.68581 

.83620 

1.4581 

. 16380 

0.85 

0.95612 

.98051 

1.38353 

. 14099 

0.69107 

. 83952 

1.4470 

. 16048 

0.86 

.97000 

.98677 

1.39316 

. 14400 

. 69626 

. 84277 

1.4362 

. 15723 

0.87 

.98398 

. 99299 

1.40293 

. 14704 

.70137 

. 84595 

1.4258 

. 15405 

0.88 

.99806 

.99916 

1.41284 

.15009 

. 70642 

. 84906 

1.4156 

. 15094 

0.89 

1.01224 

.00528 

1.42289 

.15317 

.71139 

.85211 

1.4057 

. 14789 

0.90 

1.02652 

.01137 

1.43309 

.15627 

0.71630 

. 85509 

1.3961 

. 14491 

0.91 

1.04090 

.01741 

1.44342 

. 15939 

.72113 

. 85801 

1.3867 

. 14199 

0.92 

1.05539 

.02341 

1.45390 

. 16254 

. 72590 

. 86088 

1.3776 

.13912 

0.93 

1.06998 

.02937 

1.46453 

. 16570 

. 73059 

.86368 

1.3687 

. 13632 

0.94 

1.08468 

.03530 

1.47530 

. 16888 

. 73522 

. 86642 

1.3601 

. 13358 

0.95 

1.09948 

.04119 

1.48623 

.17208 

0.73978 

.86910 

1.3517 

. 13090 

0.96 

1.11440 

. 04704 

1.49729 

.17531 

. 74428 

.87173 

1.3436 

. 12827 

0.97 

1.12943 

.05286 

1.50851 

. 17855 

. 74870 

.87431 

1.3356 

. 12569 

0.98 

1.14457 

. 05864 

1.51988 

.18181 

. 75307 

.87683 

1.3279 

.12317 

0.99 

1.15983 

. 06439 

1.53141 

. 18509 

. 75736 

. 87930 

1.3204 

. 12070 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.     The  proper  char* 
acteristic  must  be  added. 


1.00 

1.01 
1.02 
1.03 
1.04 

1.05 

1.06 
1.07 
1.08 
1.09 

1.10 

1.11 
1.12 
1.13 
1.14 

1.15 

l.lfl 
1.17 
1.18 
1.19 

1.20 

1.21 
1.22 
1.23 
1.24 

1.25 

1.26 
1.27 

1.28 
1.29 

1.30 

1.31 
1.32 
1.33 
1.34 

1.35 

1.36 
1.37 
1.38 
1.39 

1.40 

1.41 
1.42 
1.43 
1.44 

1.45 

1.46 
1.47 
1.48 
1.49 


Sinh  x 
Value       logio 


1 . 17520 
1 . 19069 
1.20630 
1.22203 
1.23788 

1.25386 
1 . 26996 
1.28619 
1.30254 
1.31903 

1.33565 
1.35240 
1.36929 
1.38631 
1.40347 

1.42078 
1.43822 
1.45581 
1.47355 
1.49143 


1 . 50946 
1.52764 
1 . 54598 
1 . 56447 
1.583U 


1.60192 


1.62088 
1 . 64001 
1.65930 
1.67876 


1.69838 
1.71818 
1.73814 
1.75828 
1.77860 

1.79909 
1.81977 
1 . 84062 
1.86166 
1.88289 

1.90430 
1.92591 
1.94770 
1.96970 
1.99188 

2.01427 
2  03686 
2.05965 
2.08265 
2.10586 


07011 
,07580 
08146 
08708 
09268 

09825 
10379 
10930 
11479 
12025 

.12569 
.13111 
. 13649 
.14186 
,  14720 

.15253 
. 15783 
.16311 
. 16836 
. 17360 

. 17882 
. 18402 
. 18920 
.  19437 
.19951 

. 20464 
.20975 
.21485 
.21993 
.22499 

. 23004 
.23507 
. 24009 
. 24509 
.25008 

.25505 
. 26002 
.26496 
.26990 
.27482 

.27974 
.28464 
.28952 
.29440 
.29926 

.30412 
.30896 
.31379 
.31862 
.32343 


Cosh  x 
Value       logio 


1.54308 
1.55491 
1 . 56689 
1 . 57904 
1.59134 

1 . 60379 
1.61641 
1.62919 
1.64214 
1.65525 

1.66852 
1.68196 
1.69557 
1.70934 
1.72329 

1.73741 
1.75171 
1.76618 
1.78083 
1.79565 

1.81066 
1.82584 
1.84121 
1.85676 
1.87250 

1.88842 
1.90454 
1.92084 
1.93734 
1.95403 

1.97091 
1.98800 
2.00528 
2.02276 
2 . 04044 

2.05833 
2 . 07643 
2.09473 
2.11324 
2.13196 

2.15090 
2.17005 
2.18942 
2.20900 
2.22881 

2 . 24884 
2.26910 
2.28958 
2.31029 
2.33123 


, 18839 

,19171 

19504 

19839 

20176 

20515 
20855 
21197 
21541 
21886 

22233 
,22582 
22931 
23283 
23636 

.23990 
,24346 
.24703 
,25062 
.25422 

. 25784 
.26146 
.26510 
.26876 
.27242 

.27610 
.27979 
.28349 
.28721 
.29093 

.29467 
.29842 
.30217 
.30594 
.30972 

.31352 
.31732 
.32113 
.32495 

.32878 

.33262 
.33647 
.34033 
.34420 
.34807 

.35196 
.35585 
.35976 
.36367 
.36759 


Tanh  x 
Value       logio 


0  76159 
.76576 
.76987 
.77391 
.77789 

0.78181 
.78566 
.78946 
.79320 
.79688 

0.80050 
.80406 
.80757 
.81102 
.81441 

0.81775 
.82104 
.82427 
.82745 
.83058 

0.83365 
.83668 
.83965 

.84258 
.84546 

0.84828 
.85106 
.85380 
.85648 
.85913 

0.86172 
.86428 
.86678 
.86925 
.87167 

0.87405 
.87639 
. 87869 
.88095 
.88317 

0.88535 
.88749 
.88960 
.89167 
.89370 

0.89569 
.89765 
.89958 
.90147 
.90332 


88172 
,88409 
88642 
88869 
89092 

89310 
89524 
89733 
89938 
90139 

90336 
90529 
90718 
90903 
91085 

,91262 
,91436 
,91607 
.91774 
.91938 

,92099 
.92256 
.92410 
.92561 
.92709 

.92854 
.92996 
.93135 
.93272 
.93406 

.93537 
.93665 
.93791 
.93914 
.94035 

.94154 
.94270 
94384 
.94495 
.94604 

.94712 
.94817 
.94919 
.95020 
.95119 

.95216 
.95311 
.95404 
.95495 
.95584 


Coth  x 
Value      logio 


1.3130 
1.3059 
1.2989 
1.2921 
1.2855 

1.2791 
1.2728 
1 . 2667 
1 . 2607 
1 . 2549 

1.2492 
1.2437 
1.2383 
1.2330 
1.2279 

1.2229 
1.2180 
1.2132 
1.2085 
1 . 2040 

1.1995 
1.1952 


1910 
1868 
1828 


1.1789 
1.1750 
1.1712 
1.1676 
1  1640 

1.1605 
1.1570 
1.1537 
1.1504 
1.1472 

1.1441 
1  1410 
1.1381 
1.1351 
1.1323 

1.1295 
1.1268 
1.1241 
1.1215 
1.1189 

1.1165 
1.1140 
1.1116 
1 . 1093 
1 . 1070 


11828 
11591 
11358 
11131 
10908 

10690 
10476 
10267 
10062 
09861 

09664 
09471 
09282 
09097 
08915 

08738 
,08564 
08393 
08226 
08062 

07901 
07744 
07590 
07439 
07291 

07146 
, 07004 
06865 
06728 
06594 

,06463 
,06335 
,06209 
,06086 
05965 

,05846 
,05730 
,05616 
, 05505 
,05396 

.05288 
,05183 
05081 
04980 
04881 

04784 
04689 
04596 
04505 
04416 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.     The  proper  char- 
actenstic  must  be  added. 


Sinh 

X 

Cosh 

X 

Tanh  x 

Coth 

X 

X 

Value 

logio 

Value 

logio 

Value 

logio 

Value 

logio 

1.50 

2.12928 

.32823 

2  35241 

.37151 

0.90515 

.95672 

1 . 1048 

.04328 

1.51 

2.15291 

. 33303 

2.37382 

.37545 

.90694 

.95758 

1 . 1026 

. 04242 

1.52 

2.17676 

.33781 

2.39547 

.37939 

.90870 

. 95842 

1.1005 

.04158 

1.53 

2.20082 

.34258 

2.41736 

.38334 

.91042 

. 95924 

1.0984 

.04076 

1.54 

2.22510 

.34735 

2.43949 

.38730 

.91212 

. 96005 

1.0963 

.03995 

1.55 

2.24961 

.35211 

2.46186 

.39126 

0.91379 

.96084 

1 . 0943 

.03916 

1.56 

2.27434 

. 35686 

2.48448 

.39524 

.91542 

.96162 

1.0924 

. 03838 

1.57 

2.29930 

.36160 

2.50735 

.39921 

.91703 

. 96238 

1.0905 

. 03762 

1.58 

2.32449 

.36633 

2.53047 

. 40320 

.91860 

.96313 

1 . 0886 

. 03687 

1.59 

2.34991 

.37105 

2.55384 

.40719 

.92015 

.96386 

1.0868 

.03614 

1.60 

2.37557 

.37577 

2.57746 

.41119 

0.92167 

.96457 

1.0850 

. 03543 

1.61 

2.40146 

.38048 

2.60135 

.41520 

.92316 

. 96528 

1 . 0832 

. 03472 

1.62 

2.42760 

.38518 

2 . 62549 

.41921 

. 92462 

. 96597 

1.0815 

. 03403 

1.63 

2.45397 

.38987 

2.64990 

. 42323 

.92606 

.96664 

1 . 0798 

. 03336 

1.64 

2 . 48059 

.39456 

2.67457 

.42725 

.92747 

.96730 

1 . 0782 

. 03270 

1.65 

2.50746 

.39923 

2.69951 

.43129 

0.92886 

.96795 

1.0766 

.03205 

1.66 

2.53459 

.40391 

2.72472 

.43532 

. 93022 

. 96858 

1 . 0750 

.03142 

1.67 

2.56196 

.40857 

2.75021 

.43937 

.93155 

.96921 

1 . 0735 

.03079 

1.68 

2.58959 

.41323 

2 . 77596 

.44341 

.93286 

. 96982 

1 . 0720 

.03018 

1.69 

2.61748 

.41788 

2.80200 

.44747 

.93415 

.97042 

1.0705 

.02958 

1.70 

2 . 64563 

.42253 

2 . 82832 

.45153 

.93541 

.97100 

1.0691 

.02900 

1.71 

2.67405 

.42717 

2 . 85491 

.45559 

. 93665 

.97158 

1.0676 

. 02842 

1.72 

2.70273 

.43180 

2.88180 

.45966 

.93786 

.97214 

1 . 0663 

.02786 

1.73 

2.73168 

.43643 

2 . 90897 

.40374 

.93906 

. 97269 

1 . 0649 

.02731 

1.74 

2.76091 

.44105 

2.93643 

.407S2 

. 94023 

. 97323 

1 . 0636 

.02677 

1.75 

2.79041 

.44567 

2.96419 

.47191 

0.94138 

.97376 

1.0623 

. 02624 

1.76 

2.82020 

.45028 

2.99224 

.47600 

. 94250 

.97428 

1.0610 

. 02572 

1.77 

2.85026 

.45488 

3.02059 

.48009 

. 94361 

.97479 

1 . 0598 

.02521 

1.78 

2.88061 

. 45948 

3 . 04925 

.48419 

. 94470 

.97529 

1 . 0585 

.02471 

1.79 

2.91125 

. 46408 

3  07821 

. 48830 

.94576 

.97578 

1.0574 

.02422 

1.80 

2.94217 

.46867 

3.10747 

.49241 

0.94681 

. 97626 

1.0562 

.02374 

1.81 

2.97340 

.47325 

3  13705 

.49652 

, 94783 

. 97673 

1.0550 

.02327 

1.82 

3.00492 

.47783 

3.16694 

. 50064 

.94884 

.97719 

1.0539 

. 02281 

1.83 

3.03674 

. 48241 

3  19715 

. 50476 

. 94983 

. 97764 

1.0528 

.02236 

1.84 

3.06886 

.48698 

3.22768 

. 50889 

.95080 

.97809 

1.0518 

.02191 

1.85 

3.10129 

.49154 

3 . 25853 

.51302 

0.95175 

. 97852 

1.0507 

.02148 

1.86 

3.13403 

.49610 

3 . 28970 

.51716 

. 95268 

.97895 

1.0497 

.02105 

1.87 

3.16709 

.50066 

3.32121 

.52130 

. 95359 

.97936 

1.0487 

.02064 

1.88 

3.20046 

.50521 

3.35305 

. 52544 

. 95449 

.97977 

1.0477 

.02023 

1.89 

3.23415 

.50976 

3.38522 

. 52959 

.95537 

.98017 

1.0467 

.01983 

1.90 

3.26816 

.51430 

3.41773 

.53374 

0.95624 

.98057 

1.0458 

.01943 

1.91 

3 . 30250 

.51884 

3 . 45058 

. 53789 

.95709 

. 98095 

1.0448 

.01905 

1.92 

3.33718 

52338 

3.48378 

. 54205 

.95792 

.98133 

1.0439 

.01867 

1.93 

3.37218 

.52791 

3.51733 

.54621 

.95873 

.98170 

1.0430 

.01830 

1.94 

3.40752 

. 53244 

3.55123 

. 55038 

.95953 

. 98206 

1.0422 

.01794 

1.95 

3.44321 

.53696 

3.58548 

. 55455 

0.96032 

.98242 

1.0413 

.01758 

1.96 

3.47923 

.54148 

3.62009 

. 55872 

.96109 

.98276 

1.0405 

.01724 

1.97 

3.51561 

. 5460G 

3 . 65507 

. 56290 

.96185 

.98311 

1.0397 

.01689 

1.98 

3.55234 

.55051 

3.69041 

. 56707 

. 96259 

.98344 

1.0389 

.01656 

1.99 

3.58942 

. 55502 

3.72611 

.57126 

.96331 

.98377 

1.0381 

.01623 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.      The  proper  char 
acteristic  must  be  added. 


Sinh 

X 

Cosh 

X 

Tanh 

X 

Coth 

X 

X 

Value 

logio 

Value 

logio 

Value 

logio 

Value 
1.0373 

logio 

2.00 

3.62686 

.55953 

3.76220 

. 57544 

0.96403 

. 98409 

.01591 

2.01 

3.66466 

. 56403 

3.79865 

.57963 

.96473 

.98440 

1 . 0366 

.01560 

2.02 

3.70283 

.56853 

3 . 83549 

.58382 

.96541 

.98471 

1 . 0358 

.01529 

2.03 

3.74138 

. 57303 

3.87271 

. 58802 

.96609 

.98502 

1.0351 

.01498 

2.04 

3.78029 

. 57753 

3.91032 

.59221 

.96675 

.98531 

1 . 0344 

.01469 

2.05 

3.81958 

. 58202 

3 . 94832 

.59641 

0.96740 

.98560 

1.0337 

.01440 

2.06 

3.85'  26 

. 58650 

3.98671 

.60061 

.96803 

.98589 

1.0330 

.01411 

2.07 

3 . 89932 

. 59099 

4.02550 

.60482 

.96865 

.98617 

1.0324 

.01383 

2.08 

3.93977 

.59547 

4 . 06470 

.60903 

.96926 

.98644 

1.0317 

.01356 

2.09 

3.98061 

.59995 

4.10430 

.61324 

.96986 

.98671 

1.0311 

.01329 

2.10 

4.02186 

. 60443 

4.14431 

.61745 

0.97045 

.98697 

1.0304 

.01303 

2.11 

4.06350 

.60890 

4.18474 

.62167 

.97103 

.98723 

1.0298 

.01277 

2.12 

4.10555 

.61337 

4.22558 

.62589 

.97159 

.98748 

1.0292 

.01252 

2.13 

4.14801 

.61784 

4.26685 

.63011 

.97215 

.98773 

1 . 0286 

.01227 

2.14 

4.19089 

.62231 

4 . 30855 

.63433 

.97269 

.98798 

1.0281 

.01202 

2.15 

4.23419 

. 62677 

4.35067 

.63856 

0.97323 

.98821 

1.0275 

.01179 

2.16 

4.27791 

.63123 

4.39323 

.64278 

.97375 

.98845 

1.0270 

.01155 

2.17 

4 . 32205 

.63569 

4.43623 

.64701 

.97426 

.98868 

1.0264 

.01132 

2.18 

4.36663 

.64015 

4.479G7 

.65125 

.97477 

. 98890 

1.0259 

.01110 

2.19 

4.41165 

. 64460 

4.52356 

.65548 

.97526 

.98912 

1.0254 

.01088 

2.20 

4.45711 

.64905 

4.56791 

.65972 

0.97574 

.98934 

1 . 0249 

.01066 

2.21 

4.50301 

.65350 

4.61271 

.66396 

.97622 

.98955 

1.0244 

.01045 

2.22 

4 . 54936 

.65795 

4.65797 

.66820 

.97668 

.98975 

1.0239 

.01025 

2.23 

4.59617 

.66240 

4.70370 

.67244 

.97714 

.98996 

1.0234 

.01004 

2.24 

4.64344 

.66684 

4.74989 

.67668 

.97759 

.99016 

1.0229 

.00984 

2.25 

4.69117 

.67128 

4.79657 

.68093 

0.97803 

.99035 

1.0225 

.00965 

2.26 

4.73937 

.67572 

4.84372 

.68518 

.97846 

.99054 

1.0220 

.00946 

2.27 

4.78804 

.68016 

4.89136 

.68943 

.97888 

.99073 

1.0216 

.00927 

2.28 

4.83720 

.68459 

4.93948 

.69368 

.97929 

.99091 

1.0211 

. 00909 

2.29 

4 . 88684 

.68903 

4.98810 

.69794 

.97970 

.99109 

1.0207 

.00891 

2.30 

4.93696 

.69346 

5.03722 

.70219 

0.98010 

.99127 

1 . 0203 

.00873 

2.31 

4.98758 

.69789 

5 . 08684 

.70645 

.98049 

.99144 

1.0199 

. 00856 

2.32 

5.03870 

.70232 

5.13697 

.71071 

.98087 

.99161 

1.0195 

. 00839 

2.33 

5.09032 

.70675 

5.18762 

.71497 

.98124 

.99178 

1.0191 

. 00822 

2.34 

5.14245 

.71117 

5.23878 

.71923 

.98161 

.99194 

1.0187 

. 00806 

2.35 

5.19510 

.71559 

5 . 29047 

.72349 

0.98197 

.99210 

1.0184 

. 00790 

2.36 

5 . 24827 

.72002 

5 . 34269 

.72776 

.98233 

.99226 

1.0180 

. 00774 

2.37 

5.30196 

.72444 

5 . 39544 

.73203 

.98267 

.99241 

1.0176 

.00759 

2.38 

5.35618 

.72885 

5.44873 

.73630 

.98301 

.99256 

1.0173 

.00744 

2.39 

5.41093 

.73327 

5.50256 

.74056 

.98335 

.99271 

1.0169 

.00729 

2.40 

5.46623 

.73769 

5.55695 

.74484 

0.98367 

.99285 

1.0166 

.00715 

2.41 

5.52207 

.74210 

5.61189 

.74911 

.98400 

.99299 

1.0163 

.00701 

2.42 

5.57847 

.74652 

5.66739 

.75338 

.98431 

.99313 

1.0159 

. 00687 

2.43 

5.63542 

.75093 

5.72346 

. 75766 

.98462 

.99327 

1.0156 

.00673 

2.44 

5.69294 

.75534 

5.78010 

.76194 

.98492 

.99340 

1.0153 

.00660 

2.45 

5.75103 

.75975 

5.83732 

.76621 

0.98522 

.99353 

1.0150 

.00647 

2.46 

5 . 80969 

.76415 

5.89512 

.77049 

.98551 

.99366 

1.0147 

. 00634 

2.47 

5 . 86893 

. 76856 

5 . 95352 

.77477 

.98579 

.99379 

1.0144 

.00621 

2.48 

5.92876 

.77296 

6.01250 

.77906 

. 98607 

.99391 

1.0141 

. 00609 

2.49 

5.98918 

.77737 

6.07209 

.78334 

.98635 

.99403 

1.0138 

. 00597 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.     The  proper  char- 
acteristic must  be  added. 


Sinh  x 
Value        logio 


Cosh  x 
Value        log  10 


Tanh  x 

Value       logio 


Cothrc 
Value        logio 


6.05020 
6.11183 
6.17407 
6.23692 
6 . 30040 


2.55 

6.36451 

2.56 

6.42926 

2.57 

6.49464 

2.58 

6.56068 

2.59 

6.62738 

2.60 

6.69473 

2.61 

6.76276 

2.62 

6.83146 

2.63 

6.90085 

2.64 

6.97092 

2.65 

7.04169 

2.66 

7.11317 

2.67 

7.18536 

2.68 

7.25827 

2.69 

7.33190 

2.70 

7.40626 

2.71 

7.48137 

2.72 

7.55722 

2.73 

7.63383 

2.74 

7.71121 

2.75 

7.78935 

2.76 

7.86828 

2.77 

7.94799 

2.78 

8.02849 

2.79 

8.10980 

2.80 

8.19192 

2.81 

8.27486 

2.82 

8.35862 

2.83 

8.44322 

2.84 

8.52867 

2.85 

8.61497 

2.86 

8.70213 

2.87 

8.79016 

2.88 

8.87907 

2.89 

8.96887 

2.90 

9.05956 

2.91 

9  15116 

2.92 

9.24368 

2.93 

9.33712 

2.94 

9.43149 

2.95 

9.52681 

2.96 

9.62308 

2.97 

9.72031 

2.98 

9.81851 

2.99 

9.91770 

3.00 

10.01787 

.78177 
.78617 
. 79057 
. 79497 
.79937 

.80377 
.80816 
.81256 
.81695 
.82134 


6.13229 
6.19310 
6.25453 
6.31658 
6.37927 

6.44259 
6 . 50656 
6.57118 
6.63646 
6.70240 


82573  6.76901 
83012  6.83629 


.83451 
. 83890 
. 84329 

. 84768 
. 85206 
. 85645 
. 86083 
.86522 

.86960 
.87398 
.87836 

.88274 
.88712 

.89150 
. 89588 
.90026 
.90463 
.90901 

.91339 
.91776 
.92213 
.92651 
,  93088 

,93525 
,93963 
, 94400 
94837 
95274 

95711 
96148 
96584 
97021 
97458 

97895 
98331 
98768 
99205 
99641 

00078 


6 . 90426 
6.97292 
7.04228 

7.11234 
7.18312 
7.25461 
7.32683 
7.39978 

7.4734V 
7.54791 
7.62310 
7.69905 

7.77578 

7.85328 
7.93157 
8.01065 
8.09053 
8.17122 

8.25273 
8.33506 
8.41823 
8.50224 
8.58710 

8.67281 
8.75940 
8.84686 
8.93520 
9 . 02444 

9.11458 
9.20564 
9.29761 
9.39051 
9.48436 

9.57915 
9.67490 
9.77161 
9.86930 
9.96798 


. 78762 
.79191 
.79619 
. 80048 

. 80477 

. 80906 
.81335 
.81764 
.82194 
. 82623 

. 83052 
. 83482 
.83912 
.84341 
.84771 

.85201 
85631 
.86061 
. 86492 
.86922 

.87352 

. 87783 
.88213 
. 88644 
.89074 

. 89505 
. 89936 
.90367 
. 90798 
.91229 

.91660 
.92091 
.92522 
.92953 
.93385 

.93816 
. 94247 
.94679 
.95110 
.95542 

.95974 
. 96405 
.96837 
.97269 
.97701 

.98133 
.98565 
.98997 
, 99429 
.99861 


0.98661  .99415 
.98688  .99426 
.98714  .99438 
.98739  .99449 
.98764  .99460 


0.98788 
.98812 
. 98835 
.98858 
.98881 

0.98903 
. 98924 
. 98946 
.98966 
.98987 

0.99007 
. 99026 
. 99045 
. 99064 
.99083 

0.99101 
.99118 
.99136 
.99153 
.99170 

0.99186 
.99202 
.99218 
.99233 
.99248 

0.99263 
.99278 
.99292 
.99306 
.99320 

0.99333 
.99346 
.99359 
.99372 
.99384 

0.99396 
.99408 
.99420 
.99431 
. 99443 

0.99454 
99464 
99475 
99485 
99496 


10.06766  .00293 


.99470 
.99481 
.99491 
.99501 
.99511 

.99521 
. 99530 
. 99540 
. 99549 
.99558 

. 99566 
.99575 
. 99583 
.99592 
. 99600 

.99608 
.99615 
.99623 
.99631 
. 99638 

.99645 
.99652 
.99659 
.99666 
.99672 

.99679 
,99685 
,99691 
,99698 
,99704 

99709 
99715 
99721 
99726 
99732 

99737 
99742 
99747 
99752 
99757 

99762 
99767 
99771 
99776 
99780 


1.0136 
1.0133 
1.0130 


.00585 
.00574 
. 00562 


0.99505  .99785 


1.0128  .00551 
1.0125  .00540 


1.0123 
1.0120 
1.0118 
1.0115 
1.0113 

1.0111 
1.0109 
1.0107 
1.0104 
1.0102 

1.0100 
1 . 0098 
1 . 0096 
1 . 0094 
1 . 0093 

1.0091 
1 . 0089 
1.0087 
1.0085 
1.0084 

1.0082 
1 . 0080 
1 . 0079 
1 . 0077 
1.0076 

1.0074 
1 . 0073 
1.0071 
1.0070 
1.0069 

1.0067 
l.(J066 
1.0(f65 
1.0063 
1 . 0062 

1.0061 
1.0060 
1.0058 
1.0057 
1.0056 

1.0055 
1.0054 
1.0053 
1.0052 
1.0051 


.00530 
.00519 
.00509 
.00499 
.00489 

. 00479 
. 00470 
. 00460 
.00451 
. 00442 

. 00434 
. 00425 
.00417 
. 00408 
. 00400 

. 00392 
.00385 
.00377 
.00369 
.00362 

.00355 
. 00348 
.00341 
.00334 
.00328 

.00321 
.00315 
.00309 
.00302 
.00296 

.00291 
,00285 
,00279 
,00274 
,00268 

,00263 
00258 
00253 
00248 
00243 

00238 
00233 
00229 
00224 
00220 


1.0050  .00215 
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HYPERBOLIC  FUNCTIONS  (Continued) 

The  logarithms  given  below  show  the  mantissa  only.      The  proper  char- 
acteristic must  be  added. 


Sinh  x 
Value        logio 


Cosh  x 
Value        logio 


Tanh  x 
Value       logio 


Coth  x 
Value        logio 


3.0 

3.1 
3.2 
3.3 
3.4 

3.5 

3.6 
3.7 
3.8 
3.9 

4.0 

4.1 
4.2 
4.3 
4.4 

4.5 

4.6 

4.7 
4.8 
4.9 

5.0 


10.0179 
11.0765 
12.2459 
13.5379 
14.9654 

16.5426 
18.2855 
20.2113 
22.3394 
24.6911 

27.2899 
30.1619 
33.3357 
36.8431 
40.7193 

45.0030 
49.7371 
54.9690 
60.7511 
67.1412 


. 00078 
. 04440 
. 08799 
.13155 
.17509 

.21860 
26211 
30559 
34907 
39254 

43600 
47946 
52291 
56636 
60980 

65324 

69668 
74012 
78355 
82699 


74.2032   .87042 


10.0677 
11.1215 

12.2866 
13.5748 
14.9987 

16.5728 
18.3128 
20.2360 
22.3618 
24.7113 

27.3082 
30.1784 
33.3507 
36.8567 
40.7316 

45.0141 
49.7472 
54.9781 
60.7593 
67.1486 


. 00293 
.04616 
. 08943 
. 13273 
. 17605 

.21940 
.26275 
.30612 
,34951 
39290 

43629 
47970 
52310 
56652 
60993 

65335 

69677 
74019 
78361 
82704 


74.2099  .87046 


0.99505 
. 99595 
.99668 
. 99728 
.99777 

0.99818 
.99851 
.99878 
. 99900 
.99918 

0.99933 
. 99945 
.99955 
.99963 
.99970 

0.99975 
.99980 
. 99983 
.99986 
.99989 


.99785 
. 99824 
.99856 
. 99882 
.99903 

.99921 
.99935 
.99947 
,99957 
,99964 

,99971 
99976 
99980 
99984 
99987 

99989 
99991 
99993 
99994 
99995 


0.99991  .99996 


1.0050 
1.0041 
1.0033 
1 . 0027 
1.0022 

1.0018 
1.0015 
1.0012 
1.0010 
1.0008 

1.0007 
1.0005 
1 . 0004 
1.0004 
1.0003 

1 . 0002 
1 . 0002 
1 . 0002 
1.0001 
1.0001 


.00215 
.00176 
.00144 
.001 IS 
.00097 

, 00079 
. 00065 
.00053 
.00043 
,00036 

, 00029 
, 00024 
00020 
00016 
00013 

0001 1 
00009 
00007 
00006 
00005 


1.0001  .00004 


FACTORIALS,   EXACT   VALUES   AND    RECIPROCALS 


n 

n! 

n 

n! 

n 

1/n! 

n 

1  /n ! 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

1 

2 

6 

24 

120 

720 

5040 

40320 

362880; 

36288qp 

11 
12 
13 
14 
15 

16 

17 
18 
19 
20 

39916800 

479001600 

6227020800 

87178291200 

1307674368000 

20922789888000 

355687428096000 

6402373705728000 

121645100408832000 

2432902008176640000 

1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

1. 

0.5 
. 16667 

.41667  X  10-i 
.83333  X  10-2 

.13889  X  10-2 
.19841  X  10-3 
.24802  X  10-4 
.27557  X  10-6 
.27557  X  10-6 

11 
12 

13 
14 
15 

16 

17 
j8 
19 
20 

.25052  X  10~7 
.20877  X  10~» 
. 16059  X  10-° 
.11471  X  lO-io 
.76472  X  10-i» 

.47795  X  10-13 
.28115  X  10"" 
.15619  X  IO-15 
.82206  X  10"11 
.41103  X  10-i& 

DEGREES— RADIANS 

1  radian  =  57°  17'  44".80625 


1  radian  =  57.29577  95131  degrees 
1  radian  =  3437.74677  07849  minutes 
1  radian  =  206264.80625  seconds 

1  degree  =  0.01745  32925  19943  radians 
1  minute  =  0.00029  08882  08666  radians 
1  second  =  0.00000  48481  36811  radians 


log 
1.75812  26324 
3.53627  38828 
5.31442  51332 

8.24187  73676-10 
6.46372  61172-10 
4.68557  48668-10 
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DEGREES— RADIANS 

The  table  gives  in  radians  the  angle  which  is  expressed  in  degrees  and 
minutes  at  the  side  and  top.  Angles  expressed  to  the  nearest  minuoe  and 
second  can  readily  be  converted  to  radians  by  adding  to  the  equivalent  of 
the  whole  number  of  degrees  the  equivalents  of  the  minutes  and  seconds 
found  on  the  third  page  of  this  table. 


00' 


10 


!0 


30 


40 


50 


0 

0.00000 

0.00291 

0.00582 

0.00873 

0.01164 

0.01454 

1 

0.01745 

0 . 02036 

0.02327 

0.02618 

0.02909 

0.03200 

2 

0.03491 

0.03782 

0.04072 

0.04363 

0 . 04654 

0.04945 

3 

0.05236 

0.05527 

0.05818 

0.06109 

0.06400 

0 . 06690 

4 

0.06981 

0.07272 

0.07563 

0.07854 

0.08145 

0 . 08436 

5 

0.08727 

0.09018 

0.09308 

0.09599 

0.09890 

0.10181 

6 

0.10472 

0 . 10763 

0.11054 

0.11345 

0.11636 

0.11926 

7 

0.12217 

0.12508 

0.12799 

0.13090 

0.13381 

0.13672 

8 

0.13963 

0.14254 

0.14544 

0.14835 

0.15126 

0.15417 

9 

0.15708 

0.15999 

0.16290 

0.16581 

0.16872 

0.17162 

10 

0.17453 

0.17744 

0.18035 

0.18326 

0.18617 

0.18908 

11 

0.19199 

0.19490 

0.19780 

0.20071 

0.20362 

0.20653 

12 

0.20944 

0.21235 

0.21526 

0.21817 

0.22108 

0.22398 

13 

0.22689 

0.22980 

0.23271 

0.23562 

0.23853 

0.24144 

14 

0.24435 

0.24725 

0.25016 

0.25307 

0.25598 

0 . 25889 

15 

0.26180 

0.26471 

0.26762 

0.27053 

0.27343 

0.27634 

16 

0.27925 

0.28216 

0.28507 

0.28798 

0.29089 

0.29380 

17 

0.29671 

0.29961 

0.30252 

0 . 30543 

0.30834 

0.31125 

18 

0.31416 

0.31707 

0.31998 

0.32289 

0.32579 

0.32870 

19 

0.33161 

0.33452 

0.33743 

0.34034 

0.34325 

0.34616 

20 

0.34907 

0.35197 

0.35488 

0.35779 

0 . 36070 

0.36361 

21 

0.36652 

0.36943 

0 . 37234 

0.37525 

0.37815 

0.38106 

22 

0.38397 

0.38688 

0 . 38979 

0.39270 

0.39561 

0.39852 

23 

0.40143 

0 . 40433 

0.40724 

0.41015 

0.41306 

0.41597 

24 

0.41888 

0.42179 

0.42470 

0.42761 

0.43051 

0 . 43342 

25 

0.43633 

0.43924 

0.44215 

0.44506 

0.44797 

0 . 45088 

26 

0.45379 

0 . 45669 

0.45960 

0.46251 

0 . 46542 

0.46833 

27 

0.47124 

0.47415 

0.47706 

0 . 47997 

0.48287 

0.48578 

28 

0.48869 

0.49160 

0.49451 

0.49742 

0.50033 

0 . 50324 

29 

0.50615 

0.50905 

0.51196 

0.51487 

0.51778 

0.52069 

30 

0.52360 

0.52651 

0.52942 

0.53233 

0.53523 

0.53814 

31 

0.54105 

0.54396 

0.54687 

0 . 54978 

0.55269 

0.55560 

32 

0.55851 

0.56141 

0.56432 

0.56723 

0.57014 

0.57305 

33 

0.57596 

0.57887 

0.58178 

0.58469 

0.58759 

0.59050 

34 

0.59341 

0.59632 

0.59923 

0.60214 

0.60505 

0.60796 

35 

0.61087 

0.61377 

0.61668 

0.61959 

0.62250 

0.62541 

36 

0 . 62832 

0.63123 

0.63414 

0.63705 

0.63995 

0.64286 

37 

0.64577 

0.64868 

0.65159 

0 . 65450 

0.65741 

0.66032 

38 

0.66323 

0.66613 

0 . 66904 

0.67195 

0.67486 

0.67777 

39 

0.68068 

0.68359 

0.68650 

0.68941 

0.69231 

0.69522 

40 

0.69813 

0.70104 

0.70395 

0.70686 

0.70977 

0.71268 

41 

0.71558 

0.71849 

0.72140 

0.72431 

0.72722 

0.73013 

42 

0 .  73304 

0.73595 

0 . 73886 

0.74176 

0.74467 

0.74758 

43 

0 . 75049 

0.75340 

0.75631 

0.75922 

0.76213 

0.76504 

44 

0.76794 

0.77085 

0.77376 

0.77667 

0.77958 

0.78249 

45 

0.78540 

0.78831 

0.79122 

0.79412 

0.79703 

0.79994 

46 

0.80285 

0.80576 

0.80867 

0.81158 

0.81449 

0.81740 

47 

0.82030 

0.82321 

0.82612 

0.82903 

0.83194 

0.83485 

48 

0.83776 

0.84067 

0.84358 

0.84648 

0.84939 

0.85230 

49 

0.85521 

0.85812 

0.86103 

0.86394 

0.86685 

0.86976 

50 

0.87266 

0.87557 

0.87848 

0.88139 

0.88430 

0.88721 
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DEGREES— RADIANS  (Continued) 


o 

00' 

10 

20 

|    30 

|    40 

|    50 

50 

0.87266 

0.87557 

0.87848 

0.88139 

0 . 88430 

0.88721 

51 

0.89012 

0.89303 

0.89594 

0.89884 

0.90175 

0.90466 

52 

0.90757 

0.91048 

0.91339 

0.91630 

0.91921 

0.92212 

53 

0 . 92502 

0.92793 

0.93084 

0.93375 

0.93666 

0.93957 

54 

0.94248 

0.94539 

0 . 94830 

0.95120 

0.95411 

0 . 95702 

55 

0.95993 

0.96284 

0.96575 

0 . 96866 

0.97157 

0 . 97448 

56 

0.97738 

0.98029 

0 . 98320 

0.98611 

0.98902 

0.99193 

57 

0.99484 

0.99775 

1 . 00066 

1.00356 

1 . 00647 

1.00938 

58 

1.01229 

1.01520 

1.01811 

1.02102 

1.02393 

1.02684 

59 

1.02974 

1.03265 

1.03556 

1 . 03847 

1.04138 

1.04429 

60 

1.04720 

1.05011 

1.05302 

1 . 05592 

1 . 05883 

1.06174 

61 

1.06465 

1 . 06756 

1.07047 

1.07338 

1.07629 

1.07920 

62 

1.08210 

1.08501 

1.08792 

1 . 09083 

1.09374 

1.09665 

63 

1.09956 

1 . 10247 

1.10538 

1 . 10828 

1.11119 

1.11410 

64 

1.11701 

1.11992 

1.12283 

1.12574 

1.12865 

1.13156 

65 

1 . 13446 

1.13737 

1.14028 

1.14319 

1.14610 

1 . 14901 

66 

1.15192 

1 . 15483 

1.15774 

1 . 16064 

1.16355 

1 . 16646 

67 

1.16937 

1.17228 

1.17519 

1.17810 

1.18101 

1 . 18392 

68 

1 . 18682 

1.18973 

1.19264 

1.19555 

1.19846 

1.20137 

69 

1.20428 

1.20719 

1.21009 

1.21300 

1.21591 

1.21882 

70 

1.22173 

1.22464 

1.22755 

1 . 23046 

1 . 23337 

1.23627 

71 

1.23918 

1.24209 

1 . 24500 

1.24791 

1 . 25082 

1 . 25373 

72 

1 . 25664 

1 . 25955 

1 . 26245 

1.26536 

1.26827 

1.27118 

73 

1 . 27409 

1 . 27700 

1.27991 

1.28282 

1 . 28573 

1.28863 

74 

1.29154 

1.29445 

1.29736 

1 . 30027 

1.30318 

1 . 30609 

75 

1 . 30900 

1.31191 

1.31481 

1.31772 

1 . 32063 

1 . 32354 

76 

1 . 32645 

1 . 32936 

1.33227 

1.33518 

1 . 33809 

1 . 34099 

77 

1 . 34390 

1.34681 

1.34972 

1.35263 

1 . 35554 

1 . 35845 

78 

1.36136 

1 . 36427 

1.36717 

1 . 37008 

1 . 37299 

1 . 37590 

79 

1.37881 

1.38172 

1 . 38463 

1 . 38754 

1 . 39045 

i . 39335 

80 

1.39626 

1.39917 

1.40208 

1 . 40499 

1.40790 

1.41081 

81 

1.41372 

1.41663 

1.41953 

1 . 42244 

1.42535 

1 . 42826 

82 

1.43117 

1 . 43408 

1 . 43699 

1 . 43990 

1.44281 

1.44571 

83 

1.44862 

1.45153 

1 . 45444 

1.45735 

1 . 46026 

1.46317 

84 

1.46608 

1 . 46899 

1.47189 

1.47480 

1.47771 

1.48062 

85 

1.48353 

1.48644 

1.48935 

1.49226 

1.49517 

1.49807 

86 

1 . 50098 

1 . 50389 

1 . 50680 

1.50971 

1.51262 

1.51553 

87 

1.51844 

1.52135 

1.52425 

1.52716 

1 . 53007 

1 . 53298 

88 

1.53589 

1 . 53880 

1.54171 

1 . 54462 

1 . 54753 

1 . 55043 

89 

1 . 55334 

1 . 55625 

1.55916 

1 . 56207 

1 . 56498 

1 . 56789 

90 

1.57080 

1.57371 

1.57661 

1 . 57952 

1 . 58243 

1 . 58534 

91 

1 . 58825 

1.59116 

1 . 59407 

1 . 59698 

1 . 59989 

1 . 60279 

92 

1 . 60570 

1 . 60861 

1.61152 

1.61443 

1.61734 

1 . 62025 

93 

1.62316 

1 . 62607 

1 . 62897 

1.63188 

1.63479 

1 . 63770 

94 

1.64061 

1 . 64352 

1 . 64643 

1 . 64934 

1 . 65225 

1.65515 

95 

1 . 65806 

1 . 66097 

1 . 66388 

1 . 66679 

1 . 66970 

1.67261 

96 

1 . 67552 

1 . 67842 

1.68133 

1 . 68424 

1.68715 

1 . 69006 

97 

1 . 69297 

1 . 69588 

1 . 69879 

1.70170 

1 . 70460 

1 . 70751 

98 

1.71042 

1.71333 

1.71624 

1.71915 

1 . 72206 

1 . 72497 

99 

1.72788 

1 . 73078 

1.73369 

1 . 73660 

1.73951 

1 . 74242 

100 

1.74533 

1 . 74824 

1.75115 

1 . 75406 

1.75696 

1.75987 

101 

1.76278 

1.76569 

1 . 76860 

1.77151 

1 . 77442 

1 . 77733 

102 

1 . 78024 

1.78314 

1 . 78605 

1 . 78896 

1.79187 

1 . 79478 

103 

1.79769 

1 . 80060 

1.80351 

1 . 80642 

1.80932 

1.81223 

104 

1.81514 

1.81805 

1 . 82096 

1 . 82387 

1 . 82678 

1 . 82969 

105 

1 . 83260 

1.83550 

1.83841 

1.84132 

1 . 84423 

1.84714 

106 

1 . 85004 

1.85296 

1 . 85587 

1 . 85878 

1.86168 

1 . 86459 

107 

1.86750 

1.87041 

1 . 87332 

1 . 87623 

1.87914 

1 . 88205 

108 

1 . 88496 

1 . 88786 

1 . 89077 

1 . 89368 

1 . 89659 

1 . 89950 

109 

1.90241 

1 . 90532 

1.90823 

1.91114 

1.91404 

1.91695 

110 

1.91986 

1 . 92277 

1 . 92568 

1 . 92859 

1.93150 

1.93441 
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DEGREES— RADIANS 

(Concluded) 

Deg. 

Radians 

Deg. 

Radians 

Min. 

Radians 

Sec. 

Radians 

90 

1 . 57080 

150 

2.61799 

0 

0 . 00000 

0 

0.00000 

91 

1 . 58825 

151 

2.63545 

1 

0 . 00029 

1 

0.00000 

92 

1.60570 

152 

2.65290 

2 

0.00058 

2 

0.00001 

93 

1.62316 

153 

2.67035 

3 

0.00087 

3 

0.00001 

94 

1.64061 

154 

2.68781 

4 

0.00116 

4 

0.00002 

95 

1.65806 

155 

2.70526 

5 

0.00145 

5 

0 . 00002 

96 

1.67552 

156 

2.72271 

6 

0.00175 

6 

0.00003 

97 

1.69297 

157 

2.74017 

7 

0.00204 

7 

0.00003 

98 

1.71042 

158 

2.75762 

8 

0.00233 

8 

0 . 00004 

99 

1.72788 

159 

2.77507 

9 

0.00262 

9 

0.00004 

100 

1.74533 

160 

2.79253 

10 

0.00291 

10 

0.00005 

101 

1.76278 

161 

2.80998 

11 

0.00320 

11 

0.00005 

102 

1.78024 

162 

2.82743 

12 

0.00349 

12 

0 . 00006 

103 

1.79769 

163 

2 . 84489 

13 

0.00378 

13 

0.00006 

104 

1.81514 

164 

2.86234 

14 

0.00407 

14 

0.00007 

105 

1.83260 

165 

2.87979 

15 

0.00436 

15 

0 . 00007 

106 

1 . 85005 

166 

2.89725 

16 

0.00465 

16 

0.00008 

107 

1.86750 

167 

2.91470 

17 

0.00495 

17 

0.00008 

108 

1 . 88496 

168 

2.93215 

18 

0.00524 

18 

0.00009 

109 

1.90241 

169 

2.94961 

19 

0.00553 

19 

0 . 00009 

110 

1.91986 

170 

2.96706 

20 

0.00582 

20 

0.00010 

111 

1.93732 

171 

2.98451 

21 

0.00611 

21 

0.00010 

112 

1.95477 

172 

3.00197 

22 

0.00640 

22 

0.00011 

113 

1.97222 

173 

3.01942 

23 

0  00669 

23 

0.00011 

114 

1.98968 

174 

3.03687 

24 

0 . 00698 

24 

0.00012 

115 

2.00713 

175 

3.05433 

25 

0.00727 

25 

0.00012 

116 

2.02458 

176 

3.07178 

26 

0.00756 

26 

0.00013 

117 

2.04204 

177 

3.08923 

27 

0.00785 

27 

0.00013 

118 

2.05949 

178 

3.10669 

28 

0.00814 

28 

0.00014 

119 

2.07694 

179 

3.12414 

29 

0 . 00844 

29 

0.00014 

120 

2.09440 

180 

3.14159 

30 

0.00873 

30 

0.00015 

121 

2.11185 

190 

3.31613 

31 

0.00902 

31 

0.00015 

122 

2.12930 

200 

3.49066 

32 

0.00931 

32 

0.00016 

123 

2.14676 

210 

3.66519 

33 

0 . 00960 

33 

0.00016 

124 

2.16421 

220 

3.83972 

34 

0.00989 

34 

0.00016 

125 

2.18166 

230 

4.01426 

35 

0.01018 

35 

0.00017 

126 

2.19911 

240 

4  18879 

36 

0.01047 

36 

0.00017 

127 

2.21657 

250 

4.36332 

37 

0.01070 

37 

0.00018 

128 

2 . 23402 

260 

4.53786 

38 

0.01105 

38 

0.00018 

129 

2.25147 

270 

4.71239 

39 

0.01134 

39 

0.00019 

130 

2.26893 

280 

4.88692 

40 

0.01164 

40 

0.00019 

131 

2.28638 

290 

5.06145 

41 

0.01193 

41 

0.00020 

132 

2.30383 

300 

5.23599 

42 

0.01222 

42 

0.00020 

133 

2.32129 

310 

5.41052 

43 

0.01251 

43 

0.00021 

134 

2.33874 

320 

5 . 58505 

44 

0.01280 

44 

0.00021 

135 

2.35619 

330 

5.75959 

45 

0.01309 

45 

0.00022 

136 

2.37365 

340 

5.93412 

46 

0.01338 

46 

0.00022 

137 

2.39110 

350 

6.10865 

47 

0.01367 

47 

0.00023 

138 

2.40855 

360 

6.28319 

48 

0.01396 

48 

0.00023 

139 

2.42601 

370 

6.45772 

49 

0.01425 

49 

0.00024 

140 

2.44346 

380 

6.63225 

50 

0.01454 

50 

0.00024 

141 

2.46091 

390 

6.80678 

51 

0.01484 

51 

0 . 00025 

142 

2.47837 

400 

6.98132 

52 

0.01513 

52 

0.00025 

143 

2.49582 

410 

7.15585 

53 

0.01542 

53 

0.00026 

144 

2.51327 

420 

7.33038 

54 

0.01571 

54 

0.00026 

145 

2.53073 

430 

7.50492 

55 

0.01600 

55 

0.00027 

146 

2.54818 

440 

7.67945 

56 

0.01629 

56 

0 . 00027 

147 

2.56563 

450 

7.85398 

57 

0.01658 

57 

0.00028 

148 

2.58309 

460 

8.02851 

58 

0.01687 

58 

0 . 00028 

149 

2.60054 

470 

8.20305 

59 

0.01716 

59 

0 . 00029 

150 

2.61799 

480 

8.37758 

60 

0.01745 

60 

0 . 00029 
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DEGREES  AND  DECIMAL  FRACTIONS 
TO  RADIANS 

The  table  below  facilitates  conversion  of  an  angle  expressed  in  degrees  and 
decimal  fractions  into  radians.  To  convert  25.78  into  radians,  find  the 
equivalents,  successively,  of  20°,  5°,  0°.7,  0°.08  and  add. 


Deg. 

Radians 

Deg. 

Radians 

Deg. 

Radians 

Deg. 

Radians 

Deg. 

Radians 

10 

0.174533 

1 

0.017453 

0.1 

0.001745 

0.01 

0.000175 

0.001 

0.000017 

20 

0.349066 

2 

.034907 

.2 

.003491 

.02 

.000349 

.002 

.000035 

30 

0.523599 

3 

.052360 

.3 

.005236 

.03 

.000524 

.003 

.000052 

40 

0.698132 

4 

.069813 

.4 

.006981 

.04 

.000698 

.004 

.000070 

50 

0.872665 

5 

.087266 

.o 

.008727 

.05 

.000873 

.005 

.000087 

60 

1.047198 

6 

.104720 

.6 

.010472 

.06 

.001047 

.006 

.000105 

70 

1.221730 

7 

.122173 

.7 

.012217 

.07 

.001222 

.007 

.000122 

80 

1.396263 

8 

.139626 

.8 

.013963 

.08 

.001396 

.008 

.000140 

90 

1.570796 

9 

.157080 

.9 

.015708 

.09 

.001571 

.009 

.000157 

RADIANS— DEGREES 


Radians 

Degrees 

Radians 

Degrees 

Radians 

Degrees* 

Radians 

Degrees 

1 

57.2958 

0.1 

5.7296 

0.01 

0.5730 

0.001 

0.0573 

2 

114.5916 

.2 

11.4592 

.02 

1.1459 

.002 

.1146 

3 

171.8873 

.3 

17.1887 

.03 

1.7189 

.003 

.1719 

4 

229.1831 

.4 

22.9183 

.04 

2.2918 

.004 

.2292 

5 

286 . 4789 

.5 

28.6479 

.05 

2.8648 

.005 

.2865 

6 

343.7747 

.6 

34.3775 

.06 

3.4377 

.006 

.3438 

7 

401.0705 

.7 

40.1070 

.07 

4.0107 

.007 

.4011 

8 

458.3662 

.8 

45.8366 

.08 

4.5837 

.008 

.4584 

9 

515.6620 

.9 

51.5662 

.09 

5.1566 

.009 

.5157 

10 

572.9578 

1.0 

57.2958 

.10 

5 . 7296 

.010 

.5730 

RADIANS— DEGREES 

Multiples  and  Fractions  of  ir  Radians 


Radians 

Radians 

Deg. 
180 

Radians 

Radians 
1.5708 

Deg. 
§6~ 

Radians 

Radians 

Deg. 

7T 

3.1416 

tt/2 

2tt/3 

2.0944 

120 

2tt 

6 . 2832 

360 

7T/3 

1 . 0472 

60 

3tt/4 

2.3562 

135 

3tt 

9.4248 

540 

x/4 

0 . 7854 

45 

5tt/6 

2.6180 

150 

4tt 

12.5664 

720 

7r/5 

0.6283 

36 

7tt/6 

3.6652 

210 

57T 

15.7080 

900 

7T/6 

0.5236 

30 

5tt/4 

3.9270 

225 

6tt 

18.8496 

1080 

tt/7 

0 . 4488 

25.714 

4tt/3 

4.1888 

240 

7tt 

21.9911 

1260 

7T/8 

0.3927 

22.5 

3tt/2 

4.7124 

270 

8x 

25.1327 

1440 

7r/9 

0.3491 

20 

5tt/3 

5.2360 

300 

9tt 

28.2743 

1620 

tt/10 

0.3142 

18 

7tt/4 

5.4978 

315 

IOtt 

31.4159 

1800 

i     tt/12 

0.2618 

15 

11tt/6 

5.7596 

330 

CONVERSION  OF  ANGLES  FROM  ARC  TO  TIME 


Arc 

Time 

Arc 

Time 

Arc 

Time 

Arc 

Time 

o 

h    m 

o 

h    m 

// 

s 

it 

s 

1 

m   s 

/ 

111    s 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0  00 
0  04 
0  08 
0   12 
0   16 
0  20 
0  24 
0  28 
0  32 
0  36 
0  40 

20 

30 

40 

50 

60 

70 

80 

90 

100 

200 

300 

1  20 

2  00 

2  40 

3  20 

4  00 

4  40 

5  20 

6  00 
6  40 

13  20 
20  00 

0 
1 
2 
3 
4 
5 
6 
7 

0.00 
0.07 
0.13 
0.20 
0.27 
0.33 
0.40 
0.47 

8 
9 
10 
20 
30 
40 
50 
60 

0.53 
0.60 
0.67 
1.33 
2.00 
2.67 
3.33 
4.00 
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MINUTES  AND  SECONDS  TO  DECIMAL  PARTS  OF  A 

DEGREE 


MINUTES  AND  SECONDS  TO 

DECIMAL  PA  RTS  OF  A  DEGREE  TO 

DECIMAL  PARTS  OF  A  DEG. 

MINUTES  AND  SECONDS 

Min 

.  Degrees 

Sec. 

Degrees 

Deg. 

/ 

// 

Deg. 

/ 

u 

0 

0.00000 

0 

0.00000 

0.00 

0 

00 

0.60 

36 

1 

.01667 

1 

.00028 

.01 

0 

36 

.61 

36 

36 

2 

.03333 

2 

.00056 

.02 

1 

12 

.62 

37 

12 

3 

.05 

3 

.00083 

.03 

1 

48 

.63 

37 

48 

4 

.06667 

4 

.00111 

.04 

2 

24 

.64 

38 

24 

5 

.08333 

5 

.00139 

.05 

3 

.65 

39 

6 

.10 

6 

.00167 

.06 

3 

36 

.66 

39 

36 

7 

.11667 

7 

.00194 

.07 

4 

12 

.67 

40 

12 

8 

.13333 

8 

.00222 

.08 

4 

48 

.68 

40 

48 

9 

.15 

9 

.0025 

.09 

5 

24 

.69 

41 

24 

10 

0.16667 

10 

0.00278 

0.10 

6 

0.70 

42 

11 

.18333 

11 

.00306 

.11 

6 

36 

.71 

42 

36 

12 

.20 

12 

.00333 

.12 

7 

12 

.72 

43 

12 

13 

.21667 

13 

.00361 

.13 

7 

48 

.73 

43 

48 

14 

.23333 

14 

.00389 

.14 

8 

24 

.74 

44 

24 

15 

.25 

15 

.00417 

.15 

9 

.75 

45 

16 

.26667 

16 

.00444 

.16 

9 

36 

.76 

45 

36 

17 

.28333 

17 

.00472 

.17 

10 

12 

.77 

46 

12 

18 

.30 

18 

.005 

.18 

10 

48 

.78 

46 

48 

19 

.31667 

19 

.00528 

.19 

11 

24 

.79 

47 

24 

20 

0.33333 

20 

0.00556 

0.20 

12 

0.80 

48 

21 

.35 

21 

.00583 

.21 

12 

36 

.81 

48 

36 

22 

.36667 

22 

.00611 

.22 

13 

12 

.82 

49 

12 

23 

.38333 

23 

.00639 

.23 

13 

48 

.83 

49 

48 

24 

.40 

24 

.00667 

.24 

14 

24 

.84 

50 

24 

25 

.41667 

25 

.00694 

.25 

15 

.85 

51 

26 

.43333 

26 

.00722 

.26 

15 

36 

.86 

51 

36 

27 

.45 

27 

.0075 

.27 

16 

12 

.87 

52 

12 

28 

.46667 

28 

.00778 

.28 

16 

48 

.88 

52 

48 

29 

.48333 

29 

.00806 

.29 

17 

24 

.89 

53 

24 

30 

0.50 

30 

0.00833 

0.30 

18 

0.90 

54 

31 

.51667 

31 

.00861 

.31 

18 

36 

.91 

54 

36 

32 

.53333 

32 

.00889 

.32 

19 

12 

.92 

55 

12 

33 

.55 

33 

.00917 

.33 

19 

48 

.93 

55 

48 

34 

.56667 

34 

.00944 

.34 

20 

24 

.94 

56 

24 

35 

.58333 

35 

.00972 

.35 

21 

.95 

57 

36 

.60 

36 

.01 

.36 

21 

36 

.96 

57 

36 

37 

.61667 

37 

.01028 

.37 

22 

12 

.97 

58 

12 

38 

.63333 

38 

.01056 

.38 

22 

48 

.98 

58 

48 

39 

.65 

39 

.01083 

.39 

23 

24 

.99 

59 

24 

40 

0.66667 

40 

0.01111 

0.40 

24 

1.00 

60 

41 

.68333 

41 

.01139 

.41 

24 

36 

42 

70 

42 

.01167 

42 

25 

12 

43 

.71667 

43 

[01194 

!43 

25 

48 

44 

.73333 

44 

.01222 

.44 

26 

24 

45 

.75 

45 

.0125 

.45 

27 

Deg. 

Sec. 

46 

.76667 

46 

.01278 

.46 

27 

36 

0.000 

0.0 

47 

.78333 

47 

.01306 

.47 

28 

12 

.001 

3.6 

48 

.80 

48 

.01333 

.48 

28 

48 

.002 

7.2 

49 

.81667 

49 

.01361 

.49 

29 

24 

.003 

10.8 

50 

0.83333 

50 

0.01389 

0.50 

30 

.004 

14.4 

51 

.85 

51 

.01417 

.51 

30 

36 

.005 

18. 

52 

.86667 

52 

.01444 

.52 

31 

12 

.006 

21.6 

53 

.88333 

53 

.01472 

.53 

31 

48 

.007 

25.2 

54 

.90 

54 

.015 

.54 

32 

24 

.008 

28.8 

55 

.91667 

55 

.01528 

.55 

33 

.009 

32.4 

56 

.93333 

56 

.01556 

.56 

33 

36 

0.010 

36. 

57 

.95 

57 

.01583 

.57 

34 

12 

58 

.96667 

58 

.01611 

.58 

34 

48 

59 

.98333 

59 

.01639 

.59 

35 

24 

60 

1.00 

60 

0.01667 

0.60 

36 
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NUMERICAL  TABLES 

Reciprocals,  Circumference  and  Area  of  Circles 

As  a  matter  of  convenience,  the  values  of  1000  X  (1/n)  are  given  in  the  table.  To 
obtain  the  actual  value  of  the  reciprocal,  shift  the  decimal  point  three  places  to  the 
left. 

Circumferences  and  areas  of  circles  are  given  for  the  values  of  n  as  the  diameter. 


0 

1 
2 
3 
4 

5 
6 

7 
8 
9 

10 

11 
12 
13 

14 

15 
16 
17 
18 
19 

20 

21 
22 
23 
24 

25 
26 
27 
28 
29 


31 
32 
33 
34 

35 
36 
37 
38 
39 

40 

41 
42 
43 
44 

45 
46 

47 
48 
49 

50 


1 

1000- 

n 


1000.000 
500.0000 
333.3333 
250.0000 

200.0000 
166.6667 
142.8571 
125.0000 
111.1111 

100.0000 
90.90909 
83.33333 
76.92308 
71.42857 

66.66667 
62.50000 
58.82353 
55.55556 
52.63158 

50.00000 
47.61905 
45.45455 
43.47826 
41.66667 

40.00000 
38.46154 
37.03704 
35.71429 
34.48276 

33.33333 
32.25$06 
31.25000 
30.30303 
29.41176 

28.57143 
27.77778 
27.02703 
26.31579 
25.64103 

25.00000 
24.39024 
23.80952 
23.25581 
22.72727 

22.22222 
21.73913 
21.27660 
20.83333 
20.40816 

20.00000 


Circum- 
ference 


0.000000 
3.141593 
6.283185 
9.424778 
12.56637 

15.70796 
18.84956 
21.99115 
25.13274 
28.27433 

31.41593 
34.55752 
37.69911 
40.84070 
43.98230 

47.12389 
50.26548 
53.40708 
56 . 54867 
59.69026 

62.83185 
65.97345 
69.11504 
72.25663 
75.39822 

78.53982 
81.68141 
84 . 82300 
87.96459 
91.10619 

94.24778 
97.38937 
100.5310 
103.6726 
106.8142 

109.9557 
113.0973 
116.2389 
119.3805 
122.5221 

125.6637 
128.8053 
131.9469 
135.0885 
138.2301 

141.3717 
144.5133 
147.6549 
150.7964 
153.9380 

157.0796 


Area 
4 


.0000000 
.7853982 
3.141593 
7.068583 
12.56637 

19.63495 
28.27433 
38.48451 
50.26548 
63.61725 

78.53982 
95.03318 

113.0973 

132.7323 

153.9380 

176.7146 
201.0619 
226.9801 
254.4690 
283.5287 

314.1593 
346.3606 
380.1327 
415.4756 
452.3893 

490.8739 
530.9292 
572.5553 
615.7522 
660.5199 

706.8583 
754.7676 
804.2477 
855.2986 
907.9203 

962.1128 
1017.876 
1075.210 
1134.115 
1194.591 

1256.637 
1320.254 
1385.442 
1452.201 
1520.531 

1590.431 
1661.903 
1734.945 
1809.557 
1885.741 


1963.495 


50 

51 
52 
53 
54 

55 

56 
57 
58 
59 

60 

61 
62 
63 
64 

65 

66 
67 
68 
69 

70 

71 
72 
73 
74 

75 

76 
77 
78 
79 

80 

81 
82 
83 
84 

85 

86 
87 
88 
89 

00 

91 
92 
93 
94 

95 

96 
97 
98 
99 

100 


1 

1000- 

n 


20.00000 
19.60784 
19.23077 
18.86792 
18.51852 

18.18182 
17.85714 
17.54386 
17.24138 
16.94915 

16.66667 
16.39344 
16.12903 
15.87302 
15.62500 

15.38462 
15.15152 
14.92537 
14.70588 
14.49275 

14.28571 
14.08451 
13.88889 
13.69863 
13.51351 

13.33333 

13.15789 
12.98701 
12.82051 
12.65823 

12.50000 
12.34568 
12.19512 
12.04819 
11.90476 

11.76471 
11.62791 
11.49425 
11.36364 
11.23596 

11.11111 
10.98901 
10.86957 
10.75269 
10.63830 

10.52632 
10.41667 
10.30928 
10.20408 
10.10101 

10.00000 


Circum- 
ference 
irn 


157.0796 
160.2212 
163.3628 
166.5044 
169.6460 

172.7876 
175.9292 
179.0708 
182.2124 
185.3540 

188.4956 
191.6372 
194.7787 
197.9203 
201.0619 

204.2035 
207.3451 
210.4867 
213.6283 
216.7699 

219.9115 
223.0531 
226.1947 
229.3363 
232.4779 

235.6194 
238.7610 
241.9026 
245.0442 
248.1858 

251.3274 
254.4690 
257.6106 
260.7522 
263.8938 

267.0354 
270.1770 
273.3186 
276.4602 
279.6017 

282.7433 
285.8849 
289.0265 
292.1681 
295.3097 

298.4513 
301.5929 
304.7345 
307.8761 
311.0177 

314.1593 
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1 

1000- 


10.00000 
9.900  990 
9.803  922 

9.708  738 
9.615  885 

9.523  810 
9.433  902 
9.345  794 
9.259  259 
9.174  312 

9.090  909 

9.009  009 

8.928  571 

8.849  558 

8.771  930 

8.695  652 
8.620  690 
8.547  009 
8.474  576 
8.403  361 

8.333  333 
8.264  463 
8.196  721 
8.130  081 
8.064  516 

8.000  000 
7.936  508 
7.874  016 
7.812  500 
7.751  938 

7.692  308 
7.633  588 
7.575  758 
7.518  797 
7.462  687 

7.407  407 
7.352  941 
7.299  270 
7.246  377 
7.194  245 

7.142  857 
7.092  199 
7.042  254 
6.993  007 
6.944  444 

6.896  552 
6.849  315 
6.802  721 
6.756  757 
6.711  409 

6.666  667 


Circum- 
ference 


314.1593 
317.3009 
320.4425 
323.5840 
326.7256 

329.8672 
333.0088 
336.1504 
339.2920 
342.4336 

345.5752 
348.7168 
351.8584 
355.0000 
358.1416 

361.2832 
364.4247 
367 . 5663 
370.7079 
373.8495 

376.9911 
380.1327 
383.2743 
386.4159 
389.5575 

392.6991 
395.8407 
398.9823 
402.1239 
405.2655 

408.4070 
411.5486 
414.6902 
417.8318 
420.9734 

424.1150 
427.2566 
430.3982 
433.5398 
436.6814 

439.8230 
442.9646 
446.1062 
449 . 2477 
452.3893 

455.5309 
458.6725 
461.8141 
464.9557 
468.0973 

471.2389 


Area 

7rn2 
4 


7853.982 
8011.847 
8171.282 
8332.289 
8494.867 

8659.015 
8824.734 
8992.024 
9160.884 
9331.316 

9503.318 
9676.891 
9852.035 
10028.75 
10207.03 

10386.89 
10568.32 
10751.32 
10935.88 
11122.02 

11309.73 
11499.01 
11689.87 
11882.29 
12076.28 

12271.85 
12468.98 
12667.69 
12867.96 
13069.81 

13273.23 
13478.22 
13684.78 
13892.91 
14102.61 

14313.88 
14526.72 
14741.14 
14957.12 
15174.68 

15393.80 
15614.50 
15836.77 
16060.61 
16286.02 

16513.00 
16741.55 
16971.67 
17203.36 
17436.62 


17671.46 


150 

151 
152 
153 
154 

155 
156 
157 
158 
159 

160 

161 
162 
163 
164 

165 
166 
167 
168 
169 

170 

171 
172 
173 
174 

175 
176 
177 
178 
179 

180 

181 
182 
183 
184 

185 
186 
187 
188 
189 

190 

191 
192 
193 
194 

195 
196 
197 
198 
199 

200 


1000- 


6.666  667 
6.622  517 
6.578  947 
6.535  948 

6.493  506 

6.451  613 
6.410  256 
6.369  427 
6.329  114 
6.289  308 

6.250  000 
6.211  180 
6.172  840 
6.134  969 
6.097  561 

6.060  606 

6.024  096 
5.988  024 
5.952  381 
5.917  160 

5.882  353 
5.847  953 
5.813  953 
5.780  347 
5.747  126 

5.714  286 
5.681  818 
5.649  718 
5.617  978 
5.586  592 

5.555  556 
5.524  862 

5.494  505 
5.464  481 
5,434  783 

5.405  405 
5.376  344 
5.347  594 
5.319  149 
5.291  005 

5.263  158 
5.235  602 
5.208  333 
5.181  347 
5.154  639 

5.128  205 
5.102  041 
5.076  142 
5.050  505 

5.025  126 

5.000  000 


Circum- 
ference 


471.2389 
474.3805 
477.5221 
480.6637 
483.8053 

486.9469 
490.0885 
493.2300 
496.3716 
499.5132 

502.6548 
505.7964 
508.9380 
512.0796 
515.2212 

518.3628 
521.5044 
524.6460 
527.7876 
530.9292 

534.0708 
537.2123 
540.3539 
543.4955 
546.6371 

549.7787 
552.9203 
556.0619 
559.2035 
562.3451 

565.4867 
568.6283 
571.7699 
574.9115 
578.0530 

581.1946 
584.3362 
587.4778 
590.6194 
593.7610 

596.9026 
600.0442 
603.1858 
606.3274 
609.4690 

612.6106 
615.7522 
618.8938 
622.0353 
625.1769 

628.3185 


Area 

yn2 

4 


17671.46 
17907.86 
18145.84 
18385.39 
18626.50 

18869.19 
19113.45 
19359.28 
19606.68 
19855.65 

20106.19 
20358.31 
20611.99 
20867 . 24 
21124.07 

21382.46 
21642.43 
21903.97 
22167.08 
22431.76 

22698.01 
22965.83 
23235.22 
23506.18 
23778.71 

24052.82 
24328.49 
24605.74 
24884 . 56 
25164.94 

25446.90 
25730.43 
26015.53 
26302.20 
26590.44 

26880.25 
27171.63 
27464.59 
27759.11 
28055.21 

28352.87 
28652.11 
28952.92 
29255.30 
29559.25 

29864.77 
30171.86 
30480.52 
30790.75 
31102.55 

31415.93 
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l 

1000- 
n 


5.000  000 
4.975  124 
4.950  495 
4.926  108 
4.901  961 

4.878  049 
4.854  369 
4.830  918 
4.807  692 

4.734  689 

4.761  905 
4.739  336 
4.716  981 
4.694  836 
4.672  897 

4.651  163 
4.629  630 
4.608  295 
4.587  156 
4.566  210 

4.545  455 
4.524  887 
4.504  505 
4.484  305 
4.464  286 

4.444  444 
4.424  779 
4.405  286 
4.385  965 
4.366  812 

4.347  826 
4.329  004 
4.310  345 
4.291  845 
4.273  504 

4.255  319 
4.237  288 
4.219  409 
4.201  681 
4.184  100 

4.166  667 
4.149  378 
4.132  231 
4.115  226 
4.098  361 

4.081  633 
4.065  041 
4.048  583 
4.032  258 
4.016  064 

4.000  000 


Circum- 
ference 
irn 


628.3185 
631.4601 
634.6017 
637.7433 
640.8849 

644.0265 
647.1681 
650.3097 
653.4513 
656.5929 

659.7345 
662.8760 
666.0176 
669.1592 
672.3008 

675.4424 
678.5840 
681.7256 
684.8672 
688.0088 

691.1504 
694.2920 
697.4336 
700.5752 
703.7168 

706.8583 
709.9999 
713.1415 
716.2831 
719.4247 

722.5663 
725.7079 
728.8495 
731.9911 
735.1327 

738.2743 
741.4159 
744.5575 
747.6991 
750.8406 

753.9822 
757.1238 
760.2654 
763.4070 
766.5486 

769.6902 
772.8318 
775.9734 
779.1150 
782 . 2566 

785.3982 


Area 

irn2 
4 


31415.93 
31730.87 
32047.39 
32365.47 
32685.13 

33006.36 
33329.16 
33653.53 
33979.47 
34306.98 

34636.06 
34966.71 
35298.94 
35632.73 
35968.09 

36305.03 
36643.54 
36983.61 
37325.26 
37668.48 

38013.27 
38359.63 
38707 . 56 
39057 . 07 
39408.14 

39760.78 
40115.00 
40470.78 
40828.14 
41187.07 

41547.56 
41909.63 
42273.27 
42638.48 
43005.26 

43373.61 
43743 . 54 
44115.03 
44488.09 
44862.73 

45238.93 
45616.71 
45996.06 
*6376.98 
46759.47 

47i43.52 
47529.16 
47916.36 
48305.13 
48695.47 

49087.39 


250 

251 
252 
253 
254 

255 

256 
257 

258 
259 

260 

261 
262 
263 
264 

265 
266 
267 
268 
269 

270 

271 
272 
273 
274 

275 
276 

277 
278 
279 

280 

281 
282 
283 
284 

285 
286 
287 
288 
289 

290 

291 
292 
293 
294 

295 
296 
297 
298 
299 

300 


1 

1000- 

n 


4.000  000 
3.984  064 
3.968  254 
3.952  569 
3.937  008 

3.921  569 
3.906  250 
3.891  051 
3.875  969 
3.861  004 

3.846  154 
3.831  418 
3.816  794 
3.802  281 
3.787  879 

3.773  585 
3.759  398 
3.745  318 
3.731  343 
3.717  472 

3.703  704 
3.690  037 
3.676  471 
3.663  004 
3.649  635 

3.636  364 
3.623  188 
3.610  108 
3.597  122 
3.584  229 

3.571  429 
3.558  719 
3.546  099 
3.533  569 
3.521  127 

3.508  772 
3.496  503 
3.484  321 
3.472  222 
3.460  208 

3.448  276 
3.436  426 
3.424  658 
3.412  969 
3.401  361 

3.389  831 
3.378  378 
3.367  003 
3.355  705 
3.344  482 

3.333  333 


Circum- 
ference 
irn 


785.3982 
788.5398 
791.6813 
794.8229 
797.9645 

801.1061 
804.2477 
807.3893 
810.5309 
813.6725 

816.8141 
819.9557 
823.0973 
826 . 2389 
829.3805 

832.5221 
835.6636 
838.8052 
841.9468 
845.0884 

848.2300 
851.3716 
854.5132 
857.6548 
860.7964 

863.9380 
867.0796 
870.2212 
873.3628 
876.5044 

879.6459 

882.7875 
885.9291 
889.0707 
892.2123 

895.3539 
898.4955 
901.6371 
904.7787 
907.9203 

911.0619 
914.2035 
917.3451 
920.4866 
923.6282 

926.7698 
929.9114 
933.0530 
936.1946 
939.3362 

942.4778 


Area 

7T7?2 

~4~ 


49087.39 
49480.87 
49875.92 
50272.55 
50670.75 

51070.52 
51471.85 
51874.76 
52279.24 
52685.29 

53092.92 
53502.11 
53912.87 
54325.21 
54739.11 

55154.59 
55571.63 
55990.25 
56410.44 
56832.20 

57255.53 
57680.43 
58106.90 
58534.94 
58964.55 

59395.74 
59828.49 
60262.82 
60698.71 
61136.18 

61576.22 
62015.82 
62458.00 
62901.75 
63347.07 

63793.97 
64242.43 
64692.46 
65144.07 
65597.24 

66051.99 
66508.30 
66966.19 
67425.65 
67886.68 

68349.28 
68813.45 
69279.19 
69746 . 50 
70215.38 

70685.83 
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i 

Circum- 

Area 

i 

Circum- 

Area 

n 

1000-^ 

ference 

irn2 

n 

1000- 

ference 

irn2 

n 

TTTl 

4 

n 

irn 

4 

300 

3.333  333 

942.4778 

70685.83 

350 

2.857  143 

1099.557 

96211.28 

301 

3.322  259 

945.6194 

71157.86 

351 

2.849  003 

1102.699 

96761.84 

302 

3.311  258 

948.7610 

71631.45 

352 

2.840  909 

1105.841 

97313.97 

303 

3.300  330 

951.9026 

72106.62 

353 

2.832  861 

1108.982 

97867.68 

304 

3.289  474 

955.0442 

72583.36 

354 

2.824  859 

1112.124 

98422.96 

305 

3.278  689 

958.1858 

73061.66 

355 

2.816  901 

1115.265 

98979.80 

306 

3.267  974 

961.3274 

73541.54 

356 

2.808  98.9 

1118.407 

99538.22 

307 

3.257  329 

964 . 4689 

74022.99 

357 

2.801  120 

1121.549 

100  098.2 

308 

3  246  753 

967.6105 

74506.01 

358 

2.793  296 

1124.690 

100  659.8 

309 

3.236  246 

970.7521 

74990.60 

359 

2.785  515 

1127.832 

101  222.9 

310 

3.225  806 

973.8937 

75476.76 

360 

2.777  778 

1130.973 

101  787.6 

311 

3.215  434 

977.0353 

75964.50 

361 

2.770  083 

1134.115 

102  353.9 

312 

3.205  128 

980.1769 

76453 . 80 

362 

2.762  431 

1137.257 

102  921.7 

313 

3.194  888 

983.3185 

76944.67 

363 

2.754  821 

1140.398 

103  491.1 

314 

3.184  713 

986.4601 

77437.12 

364 

2.747  253 

1143.540 

104  062.1 

315 

3.174  603 

989.6017 

77931.13 

365 

2.739  726 

1146.681 

104  634.7 

316 

3.164  557 

992.7433 

78426.72 

366 

2.732  240 

1149.823 

105  208.8 

317 

3.154  574 

995.8849 

78923.88 

367 

2.724  796 

1152.965 

105  784.5 

318 

3.144  654 

999.0265 

79422.60 

368 

2.717  391 

1156.106 

106  361.8 

319 

3.134  796 

1002.168 

79922.90 

369 

2.710  027 

1159.248 

106  940.6 

320 

3.125  000 

1005.310 

80424.77 

370 

2.702  703 

1162.389 

107  521.0 

321 

3.115  265 

1008.451 

80928.21 

371 

2.695  418 

1165.531 

108  103.0 

322 

3.105  590 

1011.593 

81433.22 

372 

2.688  172 

1168.672 

108  686.5 

323 

3.095  975 

1014.734 

81939.80 

373 

2.680  965 

1171.814 

109  271.7 

324 

3.086  420 

1017.876 

82**7.96 

374 

2.673  797 

1174.956 

109  858.4 

325 

3.076  923 

1021.018 

82957.68 

375 

2.666  667 

1178.097 

110  446.6 

326 

3.067  485 

1024.159 

83468.98 

376 

2.659  574 

1181.239 

111  036.5 

327 

3.058  104 

1027.301 

83981.84 

377 

2.652  520 

1184.380 

111  627.9 

328 

3.048.780 

1030.442 

84496 . 28 

378 

2.645  503 

1187.522 

112  220.8 

329 

3.039  514 

1033.584 

85012.28 

379 

2.638  522 

1190.664 

112  815.4 

330 

3.030  303 

1036.726 

85529.86 

380 

2.631  579 

1193.805 

113  411.5 

331 

3.021  148 

1039.867 

86049.01 

381 

2.624  672 

1196.947 

114  009.2 

332 

3.012  048 

1043.009 

86569.73 

382 

2.617  801 

1200.088 

114  608.4 

333 

3.003  003 

1046.150 

87092.02 

383 

2.610  966 

1203 . 230 

115  209.3 

334 

2.994  012 

1049 . 292 

87615.88 

384 

2.604  167 

1206.372 

115  811.7 

335 

2.985  075 

1052.434 

88141.31 

385 

2.597  403 

1209.513 

116  415.6 

336 

2.976  190 

1055.575 

88668.31 

386 

2.590  674 

1212  655 

117  021.2 

337 

2.967  359 

1058.717 

89196.88 

387 

2.583  979 

1215.796 

117  628.3 

338 

2.958  580 

1061.858 

89727.03 

388 

2.577.320 

1218.938 

118  237.0 

339 

2.949  853 

1065.000 

90258.74 

389 

2.570  694 

1222.080 

118  847.2 

340 

2.941  176 

1068.142 

90792.03 

390 

2.564  103 

1225.221 

119  459.1 

341 

2.932  551 

1071.283 

91326.88 

391 

2.557  545 

1228.363 

120  072.5 

342 

2.923  977 

1074.425 

91863.31 

392 

2.551  020 

1231.504 

120  687.4 

343 

2.915  452 

1077.566 

92401.31 

393 

2.544  529 

1234.646 

121  304.0 

344 

2.906  977 

1080.708 

92940.88 

394 

2.538.071 

1237.788 

121  922.1 

345 

2.898  551 

1083.849 

93482.02 

395 

2.531  646 

1240.929 

122  541.7 

346 

2.890  173 

1086.991 

94024.73 

396 

2.525.253 

1244.071 

123  163.0 

347 

2.881  844 

1090.133 

94569.01 

397 

2.518.892 

1247.212 

123  785.8 

348 

2.873  563 

1093.274 

95114.86 

398 

2.512  563 

1250.354 

124  410.2 

349 

2.865  330 

1096.416 

95662.28 

399 

2.506  266 

1253.495 

125  036.2 

350 

2.857  143 

1099.557 

96211.28 

400 

2.500  000 

1256.637 

125  663.7 
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1 

Circum- 

Area 

1 

Circum- 

Area 

n 

1000- 

ference 

irn2 

1000- 

ference 

irn2 

n 

irn 

4 

n 

irn 

~4~ 

400 

2.500  000 

1256.637 

125  663.7 

450 

2.222  222 

1413.717 

159  043.1 

401 

2.493  766 

1259.779 

126  292.8 

451 

2.217  295 

1416.858 

159  750.8 

402 

2.487  562 

1262.920 

126  923.5 

452 

2.212  389 

1420.000 

160  460.0 

403 

2.481  390 

1266.062 

127  555.7 

453 

2.207  506 

1423.141 

161  170.8 

404 

2.475  248 

1269.203 

128  189.5 

454 

2.202  643 

1426.283 

161  883.1 

405 

2.469  136 

1272.345 

128  824.9 

455 

2.197  802 

1429.425 

162  597.1 

406 

2.463  054 

1275.487 

129  461.9 

456 

2.192  982 

1432.566 

163  312.6 

407 

2.457  002 

1278.628 

130  100.4 

457 

2.188  184 

1435.708 

164  029.6 

408 

2.450  980 

1281.770 

130  740.5 

458 

2.183  406 

1438.849 

164  748.3 

409 

2.444  988 

1284.911 

131  382.2 

459 

2.178  649 

1441.991 

165  468.5 

410 

2.439  024 

1288.053 

132  025.4 

460 

2.173  913 

1445.133 

166  190.3 

411 

2.433  090 

1291.195 

132  670.2 

461 

2.169  197 

1448.274 

166  913.6 

412 

2.427  184 

1294.336 

133  316.6 

462 

2.164  502 

1451.416 

167  638.5 

413 

2.421  308 

1297.478 

133  964.6 

463 

2.159  827 

1454.557 

168  365.0 

414 

2.415  459 

1300.619 

134  614.1 

464 

2.155  172 

1457.699 

169  093.1 

415 

2.409  639 

1303.761 

135  265.2 

465 

2.150  538 

1460.841 

169  822.7 

416 

2.403  846 

1306.903 

135  917.9 

466 

2.145  923 

1463.982 

170  553.9 

417 

2.398  082 

1310.044 

136  572.1 

467 

2.141  328 

1467.124 

171  286.7 

418 

2.392  344 

1313.186 

137  227.9 

468 

2.136  752 

1470.265 

172  021.0 

419 

2.386  635 

1316.327 

137  885.3 

469 

2.132  196 

1473.407 

172  767.0 

420 

2.380  952 

1319.469 

138  544.2 

470 

2.127  660 

1476.549 

173  494.5 

421 

2.375  297 

1322.611 

139  204.8 

471 

2.123  142 

1479.690 

174  233.5 

422 

2.369  668 

1325.752 

139  866.8 

472 

2.118  644 

1482.832 

174  974.1 

423 

2.364  066 

1328.894 

140  530.5 

473 

2.114  165 

1485.973 

175  716.3 

424 

2.358  491 

1332.035 

141  195.7 

474 

2.109  705 

1489.115 

176  460.1 

425 

2.352  941 

1335.177 

141  862.5 

475 

2.105  263 

1492.257 

177  205.5 

426 

2.347  418 

1338.318 

142  530.9 

476 

2.100  840 

1495.398 

177  952.4 

427 

2.341  920 

1341.460 

143  200.9 

477 

2.096  436 

1498.540 

178  700.9 

428 

2.336  449 

1344.602 

143  872.4 

478 

2.092  050 

1501.681 

179  450.9 

429 

2.331  002 

1347.743 

144  545.5 

479 

2.087  683 

1504.823 

180  202.5 

430 

2.325  581 

1350.885 

145  220.1 

480 

2.083  333 

1507.964 

180  955.7 

431 

2.320  186 

1354.026 

145  896.3 

481 

2.079  002 

1511.106 

181  710.5 

432 

2.314  815 

1357.168 

146  574.1 

482 

2.074  689 

1514.248 

182  466.8 

433 

2.309  469 

1360.310 

147  253.5 

483 

2.070  393 

1517.389 

183  224.8 

434 

2.304  147 

1363.451 

147  934.5 

484 

2.066  116 

1520.531 

183  984.2 

435 

2.298  851 

1366.593 

148  617.0 

485 

2.061  856 

1523.672 

184  745.3 

436 

2.293  578 

1369.734 

149  301.0 

486 

2.057  613 

1526.814 

185  507.9 

437 

2.288  330 

1372.876 

149  986.7 

487 

2.053  388 

1529.956 

186  272.1 

438 

2.283  105 

1376.018 

150  673.9 

488 

2.049  180 

1533.097 

187  037.9 

439 

2.277  904 

1379.159 

151  362.7 

489 

2.044  990 

1536.239 

187  805.2 

440 

2.272  727 

1382.301 

152  053.1 

490 

2.040  816 

1539.380 

188  574.1 

441 

2.267  574 

1385.442 

152  745.0 

491 

2.036  660 

1542.522 

189  344.6 

442 

2.262  443 

1388.584 

153  438.5 

492 

2.032  520 

1545.664 

190  116.6 

443 

2.257  336 

1391.726 

154  133.6 

493 

2.028  398 

1548.805 

190  890.2 

444  2.252  252 

1394.867 

154  830.3 

494 

2.024  291 

1551.947 

191  665.4 

445 

2.247  191 

1398.009 

155  528.5 

495 

2.020  202 

1555.088 

192  442.2 

446 

2.242  152 

1401.150 

156  228.3 

496 

2.016  129 

1558.230 

193  220.5 

447 

2.237  136 

1404.292 

156  929.6 

497 

2.012  072 

1561.372 

194  000.4 

448 

2.232  143 

1407.434 

157  632.6 

498 

2.008  032 

1564.513 

194  781.9 

±49 

2.227  171 

1410.575 

158  337.1 

499 

2.004  008 

1567.655 

195  564.9 

450 

2.222  222 

1413.717 

159  043.1 

500 

2.000  000 

1570.796 

196  349.5 

196 


RECIPROCALS,  CIRCUMFERENCE  AND  AREA  OF  CIRCLES 

(Continued) 


1 

1000- 
n 


2.000  000 
1.996  008 
1.992  Oi 
1.988  072 
1.984  127 


1.980  198 
1.976  285 
1.972  387 
1.968  504 
1.964  637 

1.960  784 
1.956  947 
1.953  125 
1.949  318 
1.945  525 

1.941  748 
1.937  984 
1.934  236 
1.930  502 
1.926  782 

1.923  077 
1.919  386 
1.915  709 
1.912  046 
1.908  397 

1.904  762 
1.901  141 
1.897  533 
1.893  939 
1.890  359 

1.886  792 
1.883  239 
1.879  699 
1.876  173 
1.872  659 

1.869  159 
1.865  672 
1.862  197 
1.858  736 
1.855  288 

1.851  852 
1.848  429 
1.845  018 
1.841  621 
1.838  235 

1.834  862 
1.831  502 
1.828  154 
1.824  818 
1.821  494 

1.818  182 


Circum- 
ference 


1570.796 
1573.938 
1577.080 
1580.221 
1583.363 

1586.504 
1589.646 
1592.787 
1595.929 
1599.071 

1602.212 
1605.354 
1608.495 
1611.637 
1614.779 

1617.920 
1621.062 
1624.203 
1627.345 
1630.487 

1633.628 
1636.770 
1639.911 
1643.053 
1646.195 

1649.336 
1652.478 
1655.619 
1658.761 
1661.903 

1665.044 
1668.186 
1671.327 
1674.469 
1677.610 

1680.752 
1683.894 
1687.035 
1690.177 
1693.318 

1696.460 
1699.602 
1702.743 
1705.885 
1709.026 

1712.168 
1715.310 
1718.451 
1721.593 
1724.734 

1727.876 


Area 

7rn* 

4 


196  349.5 

197  135.7 

197  923.5 

198  712.8 

199  503.7 

200  296.2 

201  090.2 

201  885.8 

202  683.0 

203  481.7 

204  282.1 

205  084.0 

205  887.4 

206  692.4 

207  499.1 

208  307.2 

209  117.0 

209  928.3 

210  741.2 

211  555.6 

212  371.7 

213  189.3 

214  008.4 

214  829.2 

215  651.5 

216  475.4 

217  300.8 

218  127.8 

218  956.4 

219  786.6 

220  618.3 

221  451.7 

222  286.5 

223  123.0 

223  961.0 

224  800.6 

225  641.8 

226  484.5 

227  328.8 

228  174.7 

229  022.1 

229  871.1 

230  721.7 

231  573.9 

232  427.6 

233  282.9 

234  139.8 
234  998.2 
235.858.2 
236  719.8 

237.582.9 


550 

551 
552 
553 
554 

555 
556 
557 
558 
559 

560 

561 
562 
563 
564 

565 
566 
567 
568 
569 

570 

571 
572 
573 
574 

575 

576 
577 

578 
579 

580 

581 
582 
583 
584 

585 
586 

587 
588 
589 

590 

591 
592 
593 
594 

595 
596 
597 
598 
599 

600 


1 

1000- 

n 


1.818  182 
1.814  882 
1.811  594 
1.808  318 
1.805  054 

1.801  802 
1.798  561 
1.795  332 
1.792  115 
1.788  909 

1.785  714 
1.782  531 
1.779  359 
1.776  199 
1.773  050 

1.769  912 
1.766  784 
1.763  668 
1.760  563 
1.757  469 

1.754  386 
1.751  313 
1.748  252 
1.745  201 
1.742  160 

1.739  130 
1.736  111 
1.733  102 
1.730  104 
1.727  116 

1.724  138 
1.721  170 
1.718  213 
1.715  266 
1.712  329 

1.709  402 
1.706  485 
1.703  578 
1.700  680 
1.697  793 

1.694  915 
1.692  047 
1.689  189 
1.686  341 
1.683  502 

1.680  672 
1.677  852 
1.675  042 
1.672  241 
1.669  449 

1.666  667 


Circum- 
ference 


1727.876 
1731.018 
1734.159 
1737.301 
1740.442 

1743.584 
1746.726 
1749.867 
1753.009 
1756.150 

1759.292 
1762.433 
1765.575 
1768.717 
1771.858 

1775.000 
1778.141 
1781.283 
1784.425 
1787.566 

1790.708 
1793.849 
1796.991 
1800.133 
1803.274 

1806.416 
1809.557 
1812.699 
1815.841 
1818.982 

1822.124 
1825.265 
1828.407 
1831.549 
1834.690 

1837.832 
1840.973 
1844.115 
1847.256 
1850.398 

1853.540 
1856.681 
1859 . 823 
1862.964 
1866.106 

1869.248 
1872.389 
1875.531 
1878.672 
1881.814 

1884.956 


Area 
4 


237  582.9 

238  447.7 

239  314.0 

240  181.8 

241  051.3 

241  922.3 

242  794.8 

243  669.0 

244  544.7 

245  422.0 

246  300.9 

247  181.3 

248  063.3 

248  946.9 

249  832.0 

250  718.7 

251  607.0 

252  496.9 

253  388.3 

254  281.3 

255  175.9 

256  072.0 

256  969.7 

257  869.0 

258  769.8 

259  672.3 

260  576.3 

261  481.8 

262  389.0 

263  297.7 

264  207.9 

265  119.8 

266  033.2 

266  948.2 

267  864.8 

268  782.9 

269  702.6 

270  623.9 

271  546.7 

272  471.1 

273  397.1 

274  324.7 

275  253.8 

276  184.5 

277  116.7 

278  050.6 

278  986.0 

279  923.0 

280  861.5 

281  801.6 

282  743.3 


197; 


RECIPROCALS,  CIRCUMFERENCE  AND  AREA  OF  CIRCLES 

(Continued) 


1 

Circum- 

Area 

1 

Circum- 

 _. 

Area 

n 

1000- 

ference 

irn2 

n 

1000- 

ference 

xn2 

n 

irn 

4 

n 

irn 

4 

600 

1.666 

667 

1884.956 

282 

743.3 

650 

1.538  462 

2042.035 

331 

830.7 

601 

1.663 

894 

1888.097 

283 

686.6 

651 

1.536  098 

2045.177 

332 

852.5 

602 

1.661 

130 

1891.239 

284 

631.4 

652 

1.533  742 

2048.318 

333 

875.9 

603 

1.658 

375 

1894.380 

285 

577.8 

653 

1.531  394 

2051.460 

334 

900.8 

604 

1.655 

629 

1897.522 

286 

525.8 

654 

1.529  052 

2054.602 

335  927.4 

605 

1.652 

893 

1900.664 

287 

475.4 

655 

1.526  718 

2057.743 

336 

955.4 

606 

1.650 

165 

1903.805 

288 

426.5 

656 

1.524  390 

2060.885 

337 

985.1 

607 

1.647 

446 

1906.947 

289 

379.2 

657 

1.522  070 

2064 . 026 

339 

016.3 

608 

1.644 

737 

1910.088 

290 

333.4 

658 

1.519  757 

2067.168 

340 

049.1 

609 

1.642 

036 

1913.230 

291 

289.3 

659 

1.517  451 

2070.310 

341 

083. ft 

610 

1.639 

344 

1916.372 

292 

246.7 

660 

1.515  152 

2073.451 

342 

119.4 

611 

1.636 

661 

1919.513 

293 

205.6 

661 

1.512  859 

2076.593 

343 

157.0 

S12 

1.633 

987 

1922.655 

294 

166.2 

662 

1.510  574 

2079.734 

344 

196.0 

613 

1.631 

321 

1925.796 

295 

128.3 

663 

1.508  296 

2082 . 876 

345 

236.7 

ei4 

1.628 

664 

1928.938 

296 

092.0 

664 

1.506  024 

2086.018 

346  278.9 

315 

1.626 

016 

1932.079 

297 

057.2 

665 

1.503  759 

2089.159 

347 

322.7 

616 

1.623 

377 

1935.221 

298 

024.0 

666 

1.501  502 

2092.301 

348 

368.1 

617 

1.620  746 

1938.363 

298 

992.4 

667 

1.499  250 

2095 . 442 

349 

415.0 

618 

1.618 

123 

1941.504 

299 

962.4 

668 

1.497  006 

2098.584 

350 

463.5 

619 

1.615 

509 

1944 . 646 

300 

933.9 

669 

1.494  768 

2101.725 

351 

513.6 

620 

1.612 

903 

1947.787 

301 

907.1 

670 

1.492  537 

2104.867 

352 

565.2 

621 

1.610 

306 

1950.929 

302 

881.7 

671 

1.490  313 

2108.009 

353 

618.5 

622 

1.607 

717 

1954.071 

303 

858.0 

672 

1.488  095 

2111.150 

354 

673.2 

623 

1.605 

136 

1957.212 

304 

835.8 

673 

1.485  884 

2114.292 

355 

729.6 

(324 

1.602 

564 

1960.354 

305 

815.2 

674 

1.483  680 

2117.433 

356 

787.5 

625 

1.600 

000 

1963.495 

306 

796.2 

675 

1.481  481 

2120.575 

357 

847.0 

626 

1.597 

444 

1966.637 

307 

778.7 

676 

1.479  290 

2123.717 

358 

908.1 ; 

627 

1.594 

896 

1969.779 

308 

762.8 

677 

1.477  105 

2126.858 

359 

970.8 

628 

1.592 

357 

1972.920 

309 

748.5 

678 

1.474  926 

2130.000 

361 

035.0 

629 

1.589 

825 

1976.062 

310  735.7 

679 

1.472  754 

2133.141 

362 

100.8 

630 

1.587 

302 

1979.203 

311 

724.5 

680 

1.470  588 

2136.283 

363 

168.1 

631 

1.584 

786 

1982.345 

312 

714.9 

681 

1.468  429 

2139.425 

364 

237.0 

632 

1.582 

278 

1985.437 

313 

706.9 

682 

1.466  276 

2142.566 

365 

307.5 

633 

1.579 

779 

1988.628 

314 

700.4 

683 

1.464  129 

2145.708 

366 

379.6 

634 

1.577 

287 

1991.770 

315 

695.5 

684 

1.461  988 

2148.849 

367 

453.2, 

635 

1.574 

803 

1994.911 

316 

692.2 

685 

1.459  854 

2151.991 

368 

528.5, 

636 

1.572 

327 

1998.053 

317 

690.4 

686 

1.457  726 

2155.133 

369 

605.2 

637 

1.569 

859 

2001.195 

318 

690.2 

687 

1.455  604 

2158.274 

370 

683.6 

638 

1.567 

398 

2004.336 

319 

691.6 

688 

1.453  488 

2161.416 

371 

763.5 

639 

1.564 

945 

2007.478 

320 

694.6 

689 

1.451  379 

2164.557 

372 

845.0 

640 

1.562 

500 

2010.619 

321 

699.1 

690 

1.449  275 

2167.699 

373 

928. li 

641 

1.560 

062 

2013.761 

322 

705.2 

691 

1.447  178 

2170.841 

375 

012.7 

642 

1.557 

632 

2016.902 

323 

712.8 

692 

1.445  087 

2173.982 

376 

098.9 

643 

1.555 

210 

2020.044 

324 

722.1 

693 

1.443  001 

2177.124 

377 

186.7 

644 

1.552  795 

2023.186 

325 

732.9 

694 

1.440  922 

2180.265 

378 

276.01 

645 

1.550  388 

2026.327 

326 

745.3 

695 

1.438  849 

2183.407 

379 

366.91 

646 

1.547 

988 

2029 . 469 

327 

759.2 

696 

1.436  782 

2186.548 

380 

459.4, 

647 

1.545 

595 

2032.610 

328 

774.7 

697 

1.434  720 

2189.690 

381 

553.5 

648 

1.543 

210 

2035.752 

329 

791.8 

698 

1.432  665 

2192.832 

382 

649.1 

549 

1.540 

832 

2038.894 

330 

810.5 

699 

1.430  615 

2195.973 

383 

746,3 

650 

1.538 

462 

2042.035 

331 

830.7 

700 

1.428  571 

2199.115 

384 

845.1 

191 
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(Continued) 


1 

1000- 


1.428  571 
1.426  534 
1.424  501 
1.422  475 
1.420  455 


418  440 
416  431 
414  427 
412  429 
410  437 


1.408  451 
1.406  470 
1.404  494 
1.402  525 
1.400  560 

1.398  601 
1.396  648 
1.394  700 
1.392  758 
1.390  821 

1.388  889 
1.386  963 
1.385  042 
1.383  126 
1.381  215 

1.379  310 
1.377  410 
1.375  516 
1.373  626 
1.371  742 

1.369  863 
1.367  989 
1.366  120 
1.364  256 
1.362  398 

1.360  544 
1.358  696 
1.356  852 
1.355  014 
1.353  180 

1.351  351 
1.349  528 
1.347  709 
1.345  895 
1.344  086 

1.342  282 
1.340  483 
1.338  688 
1.336  898 
1.335 


113 


1.333  333 


Circum- 
ference 


2199.115 
2202.256 
2205.398 
2208.540 
2211.681 

2214.823 
2217.964 
2221.106 
2224.248 
2227.389 

2230.531 
2233.672 
2236.814 
2239.956 
2243.097 

2246 . 239 
2249.380 
2252.522 
2255.664 
2258.805 

2261.947 
2265.088 
2268.230 
2271.371 
2274.513 

2277.655 
2280.796 
2283.938 
2287.079 
2290.221 

2293.363 
2296.504 
2299.646 
2302.787 
2305.929 

2309.071 
2312.212 
2315.354 
2318.495 
2321.637 

2324.779 
2327.920 
2331.062 
2334.203 
2337.345 

2340.487 
2343.628 
2346.770 
2349.911 
2353.053 

2356.194 


Area 

xn2 
4 


384  845.1 

385  945.4 

387  047.4 

388  150.8 

389  255.9 

390  362.5 

391  470.7 

392  580.5 

393  691.8 

394  804.7 

395  919.2 

397  035.3 

398  152.9 

399  272.1 

400  392.8 

401  515.2 

402  639.1 

403  764.6 

404  891.6 

406  020.2 

407  150.4 

408  282.2 

409  415.5 

410  550.4 

411  686.9 

412  824.9 

413  964.5 

415  105.7 

416  248. 5 

417  392.8 

418  538.7 

419  686.1 

420  835.2 

421  985.8 

423  138.0 

424  291.7 

425  447.0 

426  603.9 

427  762.4 

428  922.4 

430  084.0 

431  247.2 

432  412.0 

433  578.3 

434  746.2 

435  915.6 

437  086.6 

438  259.2 

439  433.4 

440  609.2 

441  786.5 


750 

751 
752 
753 
754 

755 
756 

757 
758 
759 

760 

761 
762 
763 
764 

765 

766 
767 
768 
769 

770 

771 
772 
773 

774 

775 
776 
777 
778 
779 

780 

781 
782 
783 
784 

785 
786 
787 
788 
789 

790 

791 
792 
793 
794 

795 
796 
797 
798 
799 

800 


1 

1000- 

n 


1.333  333 
1.331  558 
1.329  787 
1.328  021 
1.326  260 

1.324  503 
1.322  751 
1.321  004 
1.319  261 
1.317  523 

1.315  789 
1.314  060 
1.312  336 
1.310  616 
1.308  901 

1.307  190 
1.305  483 
1.303  781 
1.302  083 
1.300  390 

1.298  701 
1.297  017 
1.295  337 
1.293  661 
1.291  990 

1.290  323 
1.288  660 
1.287  001 
1.285  347 
1.283  697 

1.282  051 
1.280  410 
1.278  772 
1.277  139 
1.275  510 


273  885 
272  265 
270  648 
269  036 
267  427 


1.265  823 
1.264  223 
1.262  626 
1.261  034 
1.259  446 

1.257  862 
1.256  281 
1.254  705 
1.253  133 
1.251  564 

1.250  000 


Circum- 
ference 


2356.194 
2359.336 
2362.478 
2365.619 
2368.761 

2371.902 
2375.044 
2378.186 
2381.327 
2384.469 

2387.610 
2390.752 
2393 . 894 
2397.035 
2400.177 

2403.318 
2406.460 
2409 . 602 
2412.743 
2415.885 

2419.026 
2422.168 
2425.310 
2428.451 
2431.593 

2434.734 
2437 . 876 
2441.017 
2444.159 
2447.301 

2450.442 
2453.584 
2456.725 
2459.867 
2463.009 

2466.150 
2469.292 
2472.433 
2475.575 
2478.717 

2481.858 
2485.000 
2488.141 
2491.283 
2494.425 

2497.566 
2500.708 
2503.849 
2506.991 
2510.133 

2513.274 


Area 

•rrn2 

4 


441  786.5 

442  965.3 

444  145.8 

445  327.8 

446  511.4 

447  696.6 

448  883.3 

450  071.6 

451  261.5 

452  453.0 

453  646.0 

454  840.6 

456  036.7 

457  234.5 

458  433.8 

459  634.6 

460  837.1 

462  041.1 

463  246.7 

464  453.8 

465.662.6 
466  872.9 

468  084. 'J 

469  298.2 

470  513.2 

471  729.8 

472  947.9 

474  167.6 

475  388.9 

476  611.8 

477.836.2 

479  062.2 

480  289.8 

481  519.0 

482  749.7 

483  982.0 

485  215.8 

486  451.3 

487  688.3 

488  926.9 

490  167.0 

491  408.7 

492  652.0 

493  896.8 

495  143.3 

496  391.3 

497  640.8 

498  892.0 

500  144.7 

501  399.0 

502  654.8 
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RECIPROCALS,  CIRCUMFERENCE  AND  AREA  OF  CIRCLES 

(Continued) 


, 


1 

Circum- 

Area 

1 

Circum- 

Area 

n 

1000- 

ference 

irn2 

n 

1000- 

ference 

7T712 

n 

ten 

4 

n 

7Ttt 

4 

800 

1.250  000 

2513.274 

502  654.8 

850 

1.176  471 

2670.354 

567  450.2 

801 

1.248  439 

2516.416 

503  912.2 

851 

1.175  088 

2673.495 

568  786.1 

802 

1.246  883 

2519.557 

505  171.2 

852 

1.173  709 

2676.637 

570  123.7 

803 

1.245  330 

2522.699 

506  431.8 

853 

1.172  333 

2679.779 

571  462.8 

804 

1.243  781 

2525.840 

507  693.9 

854 

1.170  960 

2682.920 

572  803.4 

805 

1.242  236 

2528.982 

508  957.6 

855 

1.169  591 

2686.062 

574  145.7 

806 

1.240  695 

2532.124 

510  222.9 

856 

1.168  224 

2689.203 

575  489.5 

807 

1.239  157 

2535.265 

511  489.8 

857 

1.166  861 

2692.345 

576  834.9 

808 

1.237  624 

2538.407 

512  758.2 

858 

1.165  501 

2695.486 

578  181.9 

809 

1.236  094 

2541.548 

514  028.2 

859 

1.164  144 

2698.628 

579  530.4 

810 

1.234  568 

2544.690 

515  299.7 

860 

1.162  791 

2701.770 

580  880.5 

811 

1.233  046 

2547.832 

516  572.9 

861 

1.161  440 

2704.911 

582  232.2 

812 

1.231  527 

2550.973 

517  847.6 

862 

1.160  093 

2708.053 

583  585.4 

818 

1.230  012 

2554.115 

519  123.8 

863 

1.158  749 

2711.194 

584  940.2 

814 

1.228  501 

2557.256 

520  401.7 

864 

1.157  407 

2714.336 

586  296.6 

815 

1.226  994 

2560.398 

521  681.1 

865 

1.156  069 

2717.478 

587  654.5 

816 

1.225  490 

2563 . 540 

522  962.1 

866 

1.154  734 

2720.619 

589  014.1 

817 

1.223  990 

2566.681 

524  244.6 

867 

1.153  403 

2723.761 

590  375.2 

818 

1.222  494 

2569.823 

525  528.8 

868 

1.152  074 

2726.902 

591  737.8 

819 

1.221  001 

2572.964 

526  814.5 

869 

1.150  748 

2730.044 

593  102.1 

820 

1.219  512 

2576.106 

528  101.7 

870 

1.149  425 

2733.186 

594  467.9 

821 

1.218  027 

2579.248 

529  390.6 

871 

1.148  106 

2736.327 

595  835.2 

822 

1.216  545 

2582.389 

530  681.0 

872 

1.146  789 

2739.469 

597  204.2 

823 

1.215  067 

2585.531 

531  973.0 

873 

1.145  475 

2742.610 

598  574.7 

824 

1.213  592 

2588.672 

533  266.5 

874 

1.144  165 

2745.752 

599  946.8 

825 

1.212  121 

2591.814 

534  561.6 

875 

1.142  857 

2748.894 

601  320.5 

826 

1.210  654 

2594.956 

535  858.3 

876 

1.141  553 

2752.035 

602  695.7 

827 

1.209  190 

2598.097 

537  156.6 

877 

1.140  251 

2755.177 

604  072. 1 

828 

1.207  729 

2601.239 

538  456.4 

878 

1.138  952 

2758.318 

605  450.9 

829 

1.206  273 

2604.380 

539  757.8 

879 

1.137  656 

2761.460 

606  830.8 

830 

1.204  819 

2607 . 522 

541.060.8 

880 

1.136  364 

2764.602 

608  212.3 

831 

1.203  369 

2610.663 

542  365.3 

881 

1.135  074 

2767.743 

609  595.4 

832 

1.201  923 

2613.805 

543  671.5 

882 

1.133  787 

2770.885 

610  980.1 

833 

1.200  480 

2616.947 

544  979.1 

883 

1.132  503 

2774.026 

612  366.3 

834 

1.199  041 

2620.088 

546  288.4 

884 

1.131  222 

2777.168 

613  754.1 

835 

1.197  605 

2623.230 

547  599.2 

885 

1.129  944 

2780.309 

615  143.5 

836 

1.196  172 

2626.371 

548  911.6 

886 

1.128  668 

2783.451 

616  534.4 

837 

1.194  743 

2629.513 

550  225.6 

887 

1.127  396 

2786.593 

617  926.9 

838 

1.193  317 

2632.655 

551  541.1 

888 

1.126  126 

2789.734 

619  321.0 

839 

1.191  895 

2635.796 

552  858.3 

889 

1.124  859 

2792.876 

620  716.7 

840 

1.190  476 

2638.938 

554  176.9 

890 

1.123  596 

2796.017 

622  113.9 

841 

1.189  061 

2642.079 

555  497.2 

891 

1.122  334 

2799.159 

623  512.7 

842 

1.187  648 

2645.221 

556  819.0 

892 

1.121  076 

2802.301 

624  913.0 

843 

1.186  240 

2648.363 

558  142.4 

893 

1.119  821 

2805.442 

626  315.0 

844 

1.184  834 

2651.504 

559  467.4 

894 

1.118  568 

2808.584 

627  718.5 

845 

1.183  432 

2654.646 

560  793.9 

895 

1.117  318 

2811.725 

629  123.6 

846 

1.182  033 

2657.787 

562  122.0 

896 

1.116  071 

2814.867 

630  530.2 

847 

1.180  638 

2660.929 

563  451.7 

897 

1.114  827 

2818.009 

631  938.4 

848 

1.179  245 

2664.071 

564  783.0 

898 

1.113  586 

2821.150 

633  348.2 

849 

1.177  856 

2667.212 

566  115.8 

899 

1.112  347 

2824.292 

634  759.6 

650 

1.176  471 

2670.354 

567  450.2 

900 

1.111  111 

2827.433 

636  172.5 
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(Continued) 


1 

1000- 
n 


1.111  111 
1.109  878 
1.108  647 
1.107  420 
1.106  195 

1.104  972 
1.103  753 
1.102  536 
1.101  322 
1.100  110 

1.098  901 
1.097  695 
1.096  491 
1.095  290 
1.094  092 

1.092  896 
1.091  703 
1.090  513 
1.089  325 
1.088  139 

1.086  957 
1.085  776 
1.084  599 
1.083  424 
1.082  251 

1.081  081 
1.079  914 
1.078  749 
1.077  586 
1.076  426 

1.075  269 
1.074  114 
1.072  961 
1.071  811 
1.070  664 

1.069  519 
1.068  376 
1.067  236 
1.066  098 
1.064  963 

1.063  830 
1.062  699 
1.061  571 
1.060  445 
1.059  322 

1.058  201 
1.057  082 
1.055  966 
1.054  852 
1.053  741 

1.052  632 


Circum- 
ference 
icn 


2827.433 
2830.575 
2833.717 
2836.858 
2840.000 

2843.141 
2846.283 
2849.425 
2852.566 
2855.708 

2858.849 
2861.991 
2865.133 
2868.274 
2871.416 

2874.557 
2877.699 
2880.840 
2883.982 
2887.124 

2890.265 
2893.407 
2896.548 
2899.690 
2902.832 

2905.973 
2909.115 
2912.256 
2915.398 
2918.540 

2921.681 
2924.823 
2927.964 
2931.106 
2934.248 

2937.389 
2940.531 
2943.672 
2946.814 
2949.956 

2953 . 097 
2956.239 
2959.380 
2962.522 
2965.663 

2968.805 
2971.947 
2975.088 
2978.230 
2981.371 

2984.513 


Area 

Trn2 

4 


636  172.5 

637  587.0 

639  003.1 

640  420.7 

641  839.9 

643  260.7 

644  683.1 

646  107.0 

647  532.5 

648  959.6 

650  388.2 

651  818.4 

653  250.2 

654  683.6 

656  118.5 

657  555.0 

658  993.0 

660  432.7 

661  873.9 

663  316.7 

664  761.0 

666  206.9 

667  654.4 

669  103.5 

670  554.1 

672  006.3 

673  460.1 

674  915.4 

676  372.3 

677  830.8 

679  290.9 

680  752.5 

682  215.7 

683  680.5 

685  146.8 

686  614.7 

688  084.2 

689  555.2 

691  027.9 

692  502.1 

693  977.8 

695  455.2 

696  934.1 

698  414.5 

699  896.6 

701  380.2 

702  865.4 

704  352.1 

705  840.5 

707  330.4 

708  82 ».8 


950 

951 
952 
953 
954 

955 
956 
957 
958 
959 

960 

961 
962 
963 
964 

965 
966 
967 
968 
969 

970 

971 
972 
973 
974 

975 

976 
977 
978 
979 

980 

981 
982 
983 

984 

985 
986 
987 
988 
989 

990 

991 
992 
993 
994 

995 
996 
997 
998 
999 

1000 


1 

1000- 


1.052  632 
1.051  525 
1.050  420 
1.049  318 
1.048  218 

1.047  120 
1.046  025 
1.044  932 
1.043  841 
1.042  753 

1.041  667 
1.040  583 
1.039  501 
1.038  422 
1.037  344 

1.036  269 
1.035  197 
1.034  126 
1.033  058 
1.031  992 

1.030  928 
1.029  866 
1.028  807 
1.027  749 
1.026  694 

1.025  641 
1.024  590 
1.023  541 
1.022  495 
1.021  450 

1.020  408 
1.019  368 
1.018  330 
1.017  294 
1.016  260 

1.015  228 
1.014  199 
1.013  171 
1.012  146 
1.011  122 

1.010  101 
1.009  082 
1.008  065 
1.007  049 
1.006  036 

1.005  025 
1.004  016 
1.003  009 
1.002  004 
1.001  001 

1.000  000 


Ciioum- 
ference 


2984.513 
2987.655 
2990.796 
2993.938 
2997.079 

3000.221 
3003.363 
3006 . 504 
3009 . 646 
3012.787 

3015.929 
3019.071 
3022.212 
3025.354 
3028.495 

3031.637 
3034.779 
3037.920 
3041.062 
3044.203 

3047.345 
3050.486 
3053.628 
3056.770 
3059.911 

3063.053 
3066.194 
3069.336 
3072.478 
3075.619 

3078.761 
3081.902 
3085.044 
3088.186 
3091.327 

3094.469 
3097.610 
3100.752 
3103.894 
3107.035 

3110.177 
3113.318 
3116.460 
3119.602 
3122.743 

3125.885 
3129.026 
3132.168 
3135.309 
3138.451 

3141.593 


Area 

7rn2 
4 


708  821.8 

710  314.9 

711  809.5 

713  305.7 

714  803.4 

716  302.8 

717  803.7 

719  306.1 

720  810.2 

722  315.8 

723  822.9 

725  331.7 

726  842.0 

728  353.9 

729  867.4 

731  382.4 

732  899.0 

734  417.2 

735  936.9 

737  458.2 

738  981.1 
740  505.6 

742  031.6 

743  559.2 

745  088.4 

746  619.1 

748  151.4 

749  685.3 

751  220.8 

752  757.8 

754  296.4 

755  836.6 

757  378.3 

758  921.6 
760  466.5 

762  012.9 

763  561.0 

765  110.5 

766  661.7 

768  214.4 

769  768.7 

771  324.6 

772  882.1 
774  441.1 

776  001.7 

777  563.8 

779  127.5 

780  692.8 

782  259.7 

783  828.2 

785  398.2 
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Squares,  Cubes  and  Boots 

Roots  of  numbers  other  than  those  given  directly  may  be  found  by  the  following  relational' 
Vl00n=  lQVn;       V  lOOOn  =  10  V  lOn;       Af  I?1  =  ToVlOn;       A/lO^'loVTl 
\  1000n  =  100  V  10n;      V  lOOOn  =  10  V  n;      V  10,000n  =  10  V  lOn;      V  lOO.OOOn 


"   A3/i    -  1    3/ <\3/J_    _  1    3/ VY 1  1     3/— 

l;     \lOn      lOVlOOn;      \100n  "  10 V  lOn;      \1000n  "  10 Vn. 


n 

n* 

V7 

VlOn 

n» 

<r-n 

V  lOn 

F=1 

V  lOOn 

1 

1 

1.000  000 

3.162  278 

1 

1.000  000 

2.154  435 

4.641  5$ 

2 

4 

1.414  214 

4.472  136 

8 

1.259  921 

2.714  418 

5.848  03ft 

3 

9 

1.732  051 

5.477  226 

27 

1.442  250 

3.107  233 

6.694  33(! 

4 

16 

2.000  000 

6.324  555 

64 

1.587  401 

3.419  952 

7.368  0& 

5 

25 

2.236  068 

7.071  068 

125 

1.709  976 

3.684  031 

7.937  00,J 
8.434  32; 

6 

36 

2.449  490 

7.745  967 

216 

1.817  121 

3.914  868 

7 

49 

2.645  751 

8.366  600 

343 

1.912  931 

4.121  285 

8.879  04t 

8 

64 

2.828  427 

8.944  272 

512 

2.000  000 

4.308  869 

9.283  17! 

p 

81 

3.000  000 

9.486  833 

729 

2.080  084 

4.481  405 

9.654  89^ 

10 

100 

3.162  278 

10.00000 

1  000 

2.154  435 

4.641  589 

10.00000  j 

11 

121 

3.316  625 

10.48809 

1  331 

2.223  980 

4.791  420 

10.32280  I 
10.62659 
10.91393  | 
11.18689  | 

12 

144 

3.464  102 

10.95445 

1  728 

2.289  428 

4.932  424 

13 

169 

3.605  551 

11.40175 

2  197 

2.351  335 

5.065  797 

14 

196 

3.741  657 

11.83216 

2  744 

2.410  142 

5.192  494 

15 

225 

3.872  983 

12.24745 

3  375 

2.466  212 

5.313  293 

11.44714 

16 

256 

4.000  000 

12.64911 

4  096 

2.519  842 

5.428  835 

11.69607  (1 

17 

289 

4.123  106 

13.03840 

4  913 

2.571  282 

5.539  658 

11.93483  II 

18 

324 

4.242  641 

13.41641 

5  832 

2.620  741 

5.646  216 

12.16440  !! 

19 

361 

4.358  899 

13.78405 

6  859 

2.668  402 

5.748  897 

12.38562  1 

20 

400 

4.472  136 

14.14214 

8  000 

2.714  418 

5.848  035 

12.59921  i! 

21 

441 

4.582  576 

14.49138 

9  261 

2.758  924 

5.943  922 

12.80579  , 
13.00591 

22 

484 

4.690  416 

14.83240 

10  648 

2.802  039 

6.036  811 

23 

529 

4.795  832 

15.16575 

12  167 

2.843  867 

6.126  926 

13.20006  ; 

24 

576 

4.898  979 

15.49193 

13  824 

2.884  499 

6.214  465 

13.38866  : 

13.57209 

13.75069 

25 

625 

5.000  000 

15.81139 

15  625 

2.924  018 

6.299  605 

26 

676 

5.099  020 

16.12452 

17  576 

2.962  496 

6.382  504 

27 

729 

5.196  152 

16.43168 

19  683 

3.000  000 

6.463  304 

13.92477  | 
14.09460 

28 

784 

5.291  503 

16.73320 

21  952 

3.036  589 

6.542  133 

29 

841 

5.385  165 

17.02939 

24  389 

3.072  317 

6.619  106 

14.26043  \ 

30 

900 

5.477  226 

17.32051 

27  000 

3.107  233 

6.694  330 

14.42250  1 

31 

961 

5.567  764 

17.60682 

29  791 

3.141  381 

6.767  899 

14.58100  i 

32 

1  024 

5.656  854 

17.88854 

32  768 

3.174  802 

6.839  904 

11.73613 

33 

1  089 

5.744  563 

18.16590 

35  937 

3.207  534 

6.910  423 

14.88806 

34 

1  156 

5.830  952 

18.43909 

39  304 

3.239  612 

6.979  532 

15.03695  i 

35 

1  225 

5.916  080 

18.70829 

42  875 

3.271  066 

7.047  299 

15.18294 

36 

1  296 

6.000  000 

18.97367 

46  656 

3.301  927 

7.113  787 

15.32619 

37 

1  369 

6.082  763 

19.23538 

50  653 

3.332  222 

7.179  054 

15.46680 

38 

1  444 

6.164  414 

19.49359 

54  872 

3.361  975 

7.243  156 

15.60491  i 

39 

1  521 

6.244  998 

19.74842 

59  319 

3.391  211 

7.306  144 

15.74061 

40 

1  600 

6.324  555 

20.00000 

64  000 

3.419  952 

7.368  063 

15.87401 

41 

1  681 

6.403  124 

20.24846 

68  921 

3.448  217 

7.428  959 

16.00521 

42 

1  764 

6.480  741 

20.49390 

74  088 

3.476  027 

7.488  872 

16.13429 
16.26133 

43 

1  849 

6.557  439 

20.73644 

79  507 

3.503  398 

7.547  842 

44 

1  936 

6.633  250 

20.97618 

85  184 

3.530  348 

7.605  905 

16.38643  j 

45 

2  025 

6.708  204 

21.21320 

91  125 

3.556  893 

7.663  094 

16.50964 

46 

2  116 

6.782  330 

21.44761 

97  336 

3.583  048 

7.719  443 

16.63103 

47 

2  209 

6.855  655 

21.67948 

103  823 

3.608  826 

7.774  980 

16.75069 

48 

2  304 

6.928  203 

21.90890 

110  592 

3.634  241 

7.829  735 

16.86865  i 

49 

2  401 

7.000  000 

22.13594 

117  649 

3.659  306 

7.883  735 

16.98499 
17.09976 

50 

2  500 

7.071  068 

22.36068 

125  000 

3.684  031 

7.937  005 
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n* 

V~n 

\/rWn, 

n3 

<Tn 

VlOn 

3/ 

V  lOOn 

0 

1 

2 
3 
4 

2  500 
2  601 
2  704 
2  809 
2  916 

7.071  068 
7.141  428 
7.211  103 
7.280  110 
7.348  469 

22.36068 
22.58318 
22.80351 
23.02173 
23.23790 

125  000 
132  651 
140  608 
148  877 
157  464 

3.684  031 
3.708  430 
3.732  511 
3.756  286 
3.779  763 

7.937  005 
7.989  570 
8.041  452 
8.092  672 
8.143  253 

17.09976 
17.21301 
17.32478 
17.43513 
17.54411 

5 
5 
7 
3 
9 

3  025 
3  136 
3  249 
3  364 
3  481 

7.416  198 
7.483  315 
7.549  834 
7.615  773 
7.681  146 

23.45208 
23.66432 
23.87467 
24.08319 
24.28992 

166  375 
175  616 
185  193 
195  112 
205  379 

3.802  952 
3.825  862 
3.848  501 
3.870  877 
3.892  996 

8.193  213 
8.242  571 
8.291  344 
8.339  551 
8.387  207 

17.65174 
17.75808 
17.86316 
17.96702 
18.06969 

9 

I 
2 

1 

3  600 
3  721 
3  844 

3  969 

4  096 

7.745  967 
7.810  250 
7.874  008 
7.937  254 
8.000  000 

24.49490 
24.69818 
24.89980 
25.09980 
25.29822 

216  000 
226  981 
238  328 
250  047 
262  144 

3.914  868 
3.936  497 
3.957  892 
3.979  057 
4.000  000 

8.434  327 
8.480  926 
8.527  019 
8.572  619 
8.617  739 

18.17121 
18.27160 
18.37091 
18.46915 
18.56636 

3 
3 

7 

4  225 
4  356 
4  489 
4  624 
4  761 

8.062  258 
8.124  038 
8.185  353 
8.246  211 
8.306  624 

25.49510 
25.69047 
25.88436 
26.07681 
26.26785 

274  625 
287  496 
300  763 
314  432 
328  509 

4.020  726 
4.041  240 
4.061  548 
4.081  655 
4.101  566 

8.662  391 
8.706  588 
8.750  340 
8.793  659 
8.836  556 

18.66256 
18.75777 
18.85204 
18.94536 
19.03778 

) 
I 

I 
\ 

4  900 

5  041 
5  184 
5  329 
5  476 

8.366  600 
8.426  150 
8.485  281 
8.544  004 
8.602  325 

26.45751 
26.64583 
26.83282 
27.01851 
27.20294 

343  000 
357  911 
373  248 
389  017 
405  224 

4.121  285 
4.140  818 
4.160  168 
4.179  339 
4.198  336 

8.879  040 
8.921  121 
8.962  809 
9.004  113 
9.045  042 

19.12931 
19.21997 
19.30979 
19.39877 
19.48695 

) 

f 

5  625 
5  776 

5  929 

6  084 
6  241 

8.660  254 
8.717  798 
8.774  964 
8.831  761 
8.888  194 

27.38613 
27.56810 
27.74887 
27.92848 
28.10694 

421  875 
438  976 
456  533 
474  552 
493  039 

4.217  163 
4.235  824 
4.254  321 
4.272  659 
4.290  840 

9.085  603 
9.125  805 
9.165  656 
9.205  164 
9.244  335 

19.57434 
19.66095 
19.74681 
19.83192 
19.91632 

) 

t 
> 

6  400 
6  561 
6  724 

6  889 

7  056 

8.944  272 
9  000  000 
9.055  385 
9.110  434 
9.165  151 

28.28427 
28.46050 
28.63564 
28.80972 
28.98275 

512  000 
531  441 
551  368 
571  787 
592  704 

4.308  869 
4.326  749 
4.344  481 
4.362  071 
4.379  519 

9.283  178 
9.321  698 
9.359  902 
9.397  796 
9.435  388 

20.00000 
20.08299 
20.16530 
20.24694 
20.32793 

1 

7  225 
7  396 
7  569 
7  744 
7  921 

9.219  544 
9.273  618 
9.327  379 
9.380  832 
9.433  981 

29.15476 
29.32576 
29.49576 
29.66479 
29.83287 

614  125 
636  056 
658  503 

681  472 
704  969 

4.396  830 
4.414  005 
4.431  048 
4.447  960 
4.464  745 

9.472  682 
9.509  685 
9.546  403 
9.582  840 
9.619  002 

20.40828 
20.48800 
20.56710 
20.64560 
20.72351 

t 

8  100 
8  281 
8  464 
8  649 
8  836 

9.486  833 
9.539  392 
9.591  663 
9.643  651 
9.695  360 

30.00000 
30.16621 
30.33150 
30.49590 
30.65942 

729  000 
753  571 
778  688 
804  357 
830  584 

4.481  405 
4.497  941 
4.514  357 
4.530  655 
4.546  836 

9.654  894 
9.690  521 
9.725  888 
9.761  000 
9.795  861 

20.80084 
20.87759 
20.9537° 
21.02944 
21.10454 

» 

i 

9  025 
9  216 
9  409 
9  604 
9  801 

9.746  794 
9.797  959 
9.848  858 
9.899  495 
9.949  874 

30.82207 
30.98387 
31 .  14482 
31.30495 
31.46427 

857  375 
884  736 
912  673 
941  192 
970  299 

4.562  903 
4.578  857 
4.594  701 
4.610  436 
4.626  065 

9.830  476 
9.864  848 
9.898  983 
9.932  884 
9.966  555 

21.17912 
21.25317 
21.32671 
21.39975 
21.47229 

> 

10  000 

10.00000 

31.62278 

1  000  000 

4.641  589 

10.00000 

21.54435 

* 
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n 

n* 

V7 

VlOn 

n» 

^7 

VlOn 

VlOOn 

100 

10  000 

10.00000 

31.62278 

1  000  000 

4.641  589 

10.00000 

- 
21.54435 

101 

10  201 

10.04988 

31.78050 

1  030  301 

4.657  010 

10.03322 

21.61592 

102 

10  404 

10.09950 

31.93744 

1  061  208 

4.672  329 

10.06623 

21.68703 

103 

10  609 

10.14889 

32.09361 

1  092  727 

4.687  548 

10.09902 

21.75767 

104 

10  816 

10.19804 

32.24903 

1  124  864 

4.702  669 

10.13159 

21.82786 

105 

11  025 

10.24695 

32.40370 

1  157  625 

4.717  694 

10.16396 

21.89760 

106 

11  236 

10.29563 

32.55764 

1  191  016 

4.732  623 

10.19613 

21.96689 

107 

11  449 

10.34408 

32.71085 

1  225  043 

4.747  459 

10.22809 

22.03575 

108 

11  664 

10.39230 

32.86335 

1  259  712 

4.762  203 

10.25986 

22.10419 

109 

11  881 

10.44031 

33.01515 

1  295  029 

4.776  856 

10.29142 

22.17220 

110 

12  100 

10.48a09 

33.16625 

1  331  000- 

4.791  420 

10.32280 

22.23980 

111 

12  321 

10.53565 

33.31666 

1  367  631 

4.805  896 

10.35399 

22.30699 

112 

12  544 

10.58301 

33.46640 

1  404  928 

4.820  285 

10.38499 

22.37378 

113 

12  769 

10.63015 

33.61547 

1  442  897 

4.834  588 

10.41580 

22.44017 

114 

12  996 

10.67708 

33.76389 

1  481  544 

4.848  808 

10.44644 

22.50617 

115 

13  225 

10.72381 

33.91165 

1  520  875 

4.862  944 

10.47690 

22.57179 

116 

13  456 

10.77033 

34.05877 

1  560  896 

4.876  999 

10.50718 

22.63702 

117 

13  689 

10.81665 

34.20526 

1  601  613 

4.890  973 

10.53728 

22.70189 

118 

13  924 

10.86278 

34.35113 

1  643  032 

4.904  868 

10.56722 

22.76638 

119 

14  161 

10.90871 

34.49638 

1  685  159 

4.918  685 

10.59699 

22.8305.1 

120 

14  400 

10.95445 

34.64102 

1  728  000 

4.932  424 

10.62659 

22.89428 

121 

14  641 

11.00000 

34.78505 

1  771  561 

4.946  087 

10.65602 

22.95770 

122 

14  884 

11.04536 

34.92850 

1  815  848 

4.959  676 

10.68530 

23.02078; 

123 

15  129 

11.09054 

35.07136 

1  860  867 

4.973  190 

10.71441 

23.0835C 

124 

15  376 

11.13553 

35.21363 

1  906  624 

4.986  631 

10.74337 

23.14589 

125 

15  625 

11.18034 

35.35534 

1  953  125 

5.000  000 

10.77217 

23.20794 

126 

15  876 

11.22497 

35.49648 

2  000  376 

5.013  298 

10.80082 

23.26967 

127 

16  129 

11.26943 

35.63706 

2  048  383 

5.026  526 

10.82932 

23.33107 

128 

16  384 

11.31371 

35.77709 

2  097  152 

5.039  684 

10.85767 

23.39214 

129 

16  641 

11.35782 

35.91657 

2  146  689 

5.052  774 

10.88587 

23.4529C 

130 

16  900 

11.40175 

36.05551 

2  197  000 

5.065  797 

10.91393 

23.51335 

131 

17  161 

11.44552 

36.19392 

2  248  091 

5.078  753 

10.94184 

23.573** 

132 

17  424 

11.48913 

36.33180 

2  299  968 

5.091  643 

10.96961 

23.63335 

133 

17  689 

11.53256 

36.46917 

2  352  637 

5.104  469 

10.99724 

23.6928? 

134 

17  956 

11.57584 

36.60601 

2  406  104 

5.117  230 

11.02474 

23.7520* 

135 

18  225 

11.61895 

36.74235 

2  460  375 

5.129  928 

11.05209 

23.81105 

136 

18  496 

11.66190 

36.87818 

2  515  456 

5.142  563 

11.07932 

23.8696( 

137 

18  769 

11.70470 

37.01351 

2  571  353 

5.155  137 

11.10641 

23.9280c 

138 

19  044 

11.74734 

37.14835 

2  628  072 

5.167  649 

11.13336 

23.986K 

139 

19  321 

11.78983 

37.28270 

2  685  619 

5.180  101 

11.16019 

24.0439( 

140 

19  600 

11.83216 

37.41657 

2  744  000 

5.192  494 

11.18689 

24.10145 

141 

19  881 

11.87434 

37.54997 

2  803  221 

5.204  828 

11.21346 

24.1586^ 

142 

20  164 

11.91638 

37.68289 

2  863  288 

5.217  103 

11.23991 

24.2156.' 

143 

20  449 

11.95826 

37.81534 

2  924  207 

5.229  322 

11.26623 

24.27231 

144 

20  736 

12.00000 

37.94733 

2  985  984 

5.241  483 

11.29243 

24.3288: 

145 

21  025 

12.04159 

38.07887 

3  048  625 

5.253  588 

11.31851 

24.38491 

146 

21  316 

12.08305 

38.20995 

3  112  136 

5.265  637 

11.34*47 

24.4409! 

147 

21  609 

12.12436 

38.34058 

3  176  523 

5.277  632 

11.37031 

24.49661 

148 

21  904 

12.16553 

38.47077 

3  241  792 

5.289  572 

11.39604 

24.5520! 

149 

22  201 

12.20656 

38.60052 

3  307  949 

5.301  459 

11.42165 

24.6071! 

150 

22  500 

12.24745 

38.72983 

3  375  000 

5.313  293 

11.44714 

24.6621! 
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n 

n* 

V~n 

VlOn 

n* 

<rn 

VlOn 

VlOOn 

150 

22  500 

12.24745 

38.72983 

3  375  000 

5.313  293 

11.44714 

24.66212 

151 

22  801 

12.28821 

38.85872 

3  442  951 

5.325  074 

11.47252 

24.71680 

152 

23  104 

12.32883 

38.98718 

3  511  808 

5.336  803 

11.49779 

24.77125 

153 

23  409 

12.36932 

39.11521 

3  581  577 

5.348  481 

11.52295 

24.82545 

154 

23  716 

12.40967 

39.24283 

3  652  264 

5.360  108 

11.54800 

24.87942 

155 

24  025 

12.44990 

39.37004 

3  723  875 

5.371  685 

11  57295 

24.93315 

156 

24  336 

12.49000 

39.49684 

3  796  416 

5.383  213 

11.59778 

24.98666 

157 

24  649 

12.52996 

39.62323 

3  869  893 

5.394  691 

11.62251 

25.03994 

158 

24  964 

12.56981 

39.74921 

3  944  312 

5.406  120 

11.64713 

25.09299 

159 

25  281 

12.60952 

39.87480 

4  019  679 

5.417  502 

11.67165 

25.14581 

160 

25  600 

12.64911 

40.00000 

4  096  000 

5.428  835 

11.69607 

25.19842 

161 

25  921 

12.68858 

40.12481 

4  173  281 

5.440  122 

11.72039 

25.25081 

162 

26  244 

12.72792 

40.24922 

4  251  528 

5.451  362 

11.74460 

25.30298 

163 

26  569 

12.76715 

40.37326 

4  330  747 

5.462  556 

11.76872 

25.35494 

164 

26  896 

12.80625 

40.49691 

4  410  944 

5.473  704 

11.79274 

25.40668 

165 

27  225 

12.84523 

40.62019 

4  492  125 

5.484  807 

11.81666 

25.45822 

166 

27  556 

12.88410 

40.74310 

4  574  296 

5.495  865 

11.84048 

25.50954 

167 

27  889 

12.92285 

40.86563 

4  657  463 

5.506  878 

11.86421 

25.56067 

168 

28  224 

12.96148 

40.98780 

4  741  632 

5.517  848 

11.88784 

25.61158 

169 

28  561 

13.00000 

41.10961 

4  826  809 

5.528  775 

11.91138 

25.66230 

170 

28  900 

13.03840 

41.23106 

4  913  000 

5.539  658 

11.93483 

25.71282 

171 

29  241 

13.07670 

41.35215 

5  000  211 

5.550  499 

11.95819 

25.76313 

172 

29  584 

13.11488 

41.47288 

5  088  448 

5.561  298 

11.98145 

25.81326 

173 

29  929 

13.15295 

41.59327 

5  177  717 

5.572  055 

12.00463 

25.86319 

174 

30  276 

13.19091 

41.71331 

5  268  024 

5.582  770 

12.02771 

25.91292 

175 

30  625 

13.22876 

41.83300 

5  359  375 

5.593  445 

12.05071 

25.96247 

176 

30  976 

13.26650 

41.95235 

5  451  776 

5.604  079 

12.07362 

26.01183 

177 

31  329 

13.30413 

42.07137 

5  545  233 

5.614  672 

12.09645 

26.06100 

178 

31  684 

13.34166 

42.19005 

5  639  752 

5.625  226 

12.11918 

26.10999 

179 

32  041 

13.37909 

42.30839 

5  735  339 

5.635  741 

12.14184 

26.15879 

180 

32  400 

13.41641 

42.42641 

5  832  000 

5.646  216 

12.16440 

26.20741 

181 

32  761 

13.45362 

42.54409 

5  929  741 

5.656  653 

12.18689 

26.25586 

182 

33  124 

13.49074 

42.66146 

6  028  568 

5.667  051 

12.20929 

26.30412 

183 

33  489 

13.52775 

42.77850 

6  128  487 

5.677  411 

12.23161 

26.35221 

184 

33  856 

13.56466 

42.89522 

6  229  504 

5.687  734 

12.25385 

26.40012 

185 

34  225 

13.60147 

43.01163 

6  331  625 

5.698  019 

12.27601 

26.44786 

186 

34  596 

13.63818 

43.12772 

6  434  856 

5.708  267 

12.29809 

26.49543 

187 

34  969 

13.67479 

43.24350 

6  539  203 

5.718  479 

12.32009 

26.54283 

188 

35  344 

13.71131 

43.35897 

6  644  672 

5.728  654 

12.34201 

26.59006 

189 

35  721 

13.74773 

43.47413 

6  751  269 

5.738  794 

12.36386 

26.63712 

190 

36  100 

13.78405 

43.58899 

6  859  000 

5.748  897 

12.38562 

26.68402 

191 

36  481 

13.82027 

43.70355 

6  967  871 

5.758  965 

12.40731 

26.73075 

192 

36  864 

13.85641 

43.81780 

7  077  888 

5.768  998 

12.42893 

26.77732 

193 

37  249 

13.89244 

43.93177 

7  189  057 

5.778  997 

12.45047 

26.82373 

194 

37  636 

13.92839 

44.04543 

7  301  384 

5.788  960 

12.47194 

26.86997 

195 

38  025 

13.96424 

44.15880 

7  414  875 

5.798  890 

12.49333 

26.91606 

196 

38  416 

14.00000 

44.27189 

7  529  536 

5.808  786 

12.51465 

26.96199 

197 

38  809 

14.03567 

44.38468 

7  645  373 

5.818  648 

12.53590 

27.00777 

198 

39  204 

14.07125 

44.49719 

7  762  392 

5.828  477 

12.55707 

27.05339 

199 

39  601 

14.10674 

44.60942 

7  880  599 

5.838  272 

12.57818 

27.09886 

200 

40  000 

14.14214 

44.72136 

8  000  000 

5.848  035 

12.59921 

27.14418 
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200 

40  000 

14.14214 

44.72136 

8  000  000 

5.848  035 

12.59921 

27.14418 

201 

40  401 

14.17745 

44.83302 

8  120  601 

5.857  766 

12.62017 

27.18934 

202 

40  804 

14.21267 

44.94441 

8  242  408 

5.867  464 

12.64107 

27.23436 

203 

41  209 

14.24781 

45.05552 

8  365  427 

5.877  131 

12.66189 

27.27922 

204 

41  616 

14.28286 

45.16636 

8  489  664 

5.886  765 

12.68265 

27.32394 

205 

42  025 

14.31782 

45.27693 

8  615  125 

5.896  369 

12.70334 

27.36852 

206 

42  436 

14.35270 

45.38722 

8  741  816 

5.905  941 

12.72396 

27.41295 

207 

42  849 

14.38749 

45.49725 

8  869  743 

5.915  482 

12.74452 

27.45723 

208 

43  264 

14.42221 

45.60702 

8  998  912 

5.924  992 

12.76501 

27.50138 

209 

43  681 

14.45683 

45.71652 

9  129  329 

5.934  472 

12.78543 

27.54538 

210 

44  100 

14.49138 

45.82576 

9  261  000 

5.943  922 

12.80579 

27.58924 

211 

44  521 

14.52584 

45.93474 

9  393  931 

5.953  342 

12.82609 

27.63296 

212 

44  944 

14.56022 

46.04346 

9  528  128 

5.962  732 

12.84632 

27.67655 

213 

45  369 

14.59452 

46.15192 

9  663  597 

5.972  093 

12.86648 

27.72000 

214 

45  796 

14.62874 

46.26013 

9  800  344 

5.981  424 

12.88659 

27.76331 

215 

46  225 

14.66288 

46.36809 

9  938  375 

5.990  726 

12.90663 

27.80649 

216 

46  656 

14.69694 

46.47580 

10  077  696 

6.000  000 

12.92661 

27.84953 

217 

47  089 

14.73092 

46.58326 

10  218  313 

6.009  245 

12.94653 

27  89244 

218 

47  524 

14.76482 

46.69047 

10  360  232 

6.018  462 

12.96638 

27.93522 

219 

47  961 

14.79865 

46.79744 

10  503  459 

6.027  650 

12.98618 

27.97787 

220 

48  400 

14.83240 

46.90416 

10  648  000 

6.036  811 

13.00591 

28.02039 

221 

48  841 

14.86607 

47.01064 

10  793  861 

6.045  944 

13.02559 

28.06278 

222 

49  284 

14.89966 

47.11688 

10  941  048 

6.055  049 

13.04521 

28.10505 

223 

49  729 

14.93318 

47.22288 

11  089  567 

6.064  127 

13.06477 

28.14718 

224 

50  176 

14.96663 

47.32864 

11  239  424 

6.073  178 

13.08427 

28.18919 

225 

50  625 

15.00000 

47.43416 

11  390  625 

6.082  202 

13.10371 

28.23108 

226 

51  076 

15.03330 

47.53946 

11  543  176 

6.091  199 

13.12309 

28.27284 

227 

51  529 

15.06652 

47.64452 

11  697  083 

6.100  170 

13.14242 

28.31448 

228 

51  984 

15.09967 

47.74935 

11  852  352 

6.109  115 

13.16169 

28.35600 

229 

52  441 

15.13275 

47.85394 

12  008  989 

6.118  033 

13.18090 

28.39739 

230 

52  900 

15.16575 

47.95832 

12  167  000 

6.126  926 

13.20006 

28.43867 

231 

53  361 

15.19868 

48.06246 

12  326  391 

6.135  792 

13.21916 

28.47983 

222 

53  824 

15.23155 

48.16638 

12  487  168 

6.144  634 

13.23821 

28.52086 

233 

54  289 

15.26434 

48.27007 

12  649  337 

6.153  449 

13.25721 

28.56178 

234 

54  756 

15.29706 

48.37355 

12  812  904 

6.162  240 

13.27614 

28.60259 

235 

55  225 

15.32971 

48.47680 

12  977  875 

6.171  006 

13.29503 

28.64327 

236 

55  696 

15.36229 

48.57983 

13  144  256 

6.179  747 

13.31386 

28.68384 

237 

56  169 

15.39480 

48.68265 

13  312  C53 

6.188  463 

13.33264 

28.72430 

238 

56  644 

15.42725 

48.78524 

13  481  272 

6.197  154 

13.35136 

28.76464 

239 

57  121 

15.45962 

48.88763 

13  651  919 

6.205  822 

13.37004 

28.80487 

240 

57  600 

15.49193 

48.98979 

13  824  000 

6.214  465 

13.38866 

28.84499 

241 

58  081 

15.52417 

49.09175 

13  997  521 

6.223  084 

13.40723 

28.88500 

242 

58  564 

15.55635 

49.19350 

14  172  488 

6.231  680 

13.42575 

28.92489 

243 

59  049 

15.58846 

49.29503 

14  348  907 

6.240  251 

13.44421 

28.96468 

244 

59  536 

15.62050 

49.39636 

14  526  784 

6.248  800 

13.46263 

29.00436 

245 

60  025 

15.65248 

49.49747 

14  706  125 

6.257  325 

13.48100 

29.04393 

246 

60  516 

15.68439 

49.59839 

14  886  936 

6.265  827 

13.49931 

29.08339 

247 

61  009 

15.71623 

49.69909 

15  069  223 

6.274  305 

13.51758 

29.12275 

248 

61  504 

15.74802 

49.79960 

15  252  992 

6.282  761 

13.53580 

29.16199 

249 

62  001 

15.77973 

49.89990 

15  438  249 

6.291  195 

13.55397 

29.20114 

250 

62  500 

15.81139 

50.00000 

15  625  000 

6.299  605 

13.57209 

29.24018 
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250 

62  500 

15.81139 

50.00000 

15  625  000 

6.299  605 

13.57209 

29.24018 

251 

63  001 

15.84298 

50.09990 

15  813  251 

6.307  994 

13.59016 

29.27911 

252 

63  504 

15.87451 

50.19960 

16  003  008 

6.316  360 

13.60818 

29.31794 

253 

64  009 

15.90597 

50.29911 

16  194  277 

6.324  704 

13.62616 

29.35667 

254 

64  516 

15.93738 

50.39841 

16  387  064 

6.333  026 

13.64409 

29.39530 

255 

65  025 

15.96872 

50.49752 

16  581  375 

6.341  326 

13.66197 

29.43383 

256 

65  536 

16.00000 

50.59644 

16  777  216 

6.349  604 

13.67981 

29.47225 

257 

66  049 

16.03122 

50.69517 

16  974  593 

6.357  861 

13.69760 

29.51058 

258 

66  564 

16.06238 

50.79370 

17  173  512 

6.366  097 

13.71534 

29.54880 

259 

67  081 

16.09348 

50.89204 

17  373  979 

6.374  311 

13.73304 

29.58693 

260 

67  600 

16.12452 

50.99020 

17  576  000 

6.382  504 

13.75069 

29.62496 

261 

68  121 

16.15549 

51.08816 

17  779  581 

6.390  677 

13.76830 

29.66289 

262 

68  644 

16.18641 

51.18594 

17  984  728 

6.398  828 

13.78586 

29.70073 

263 

69  169 

16.21727 

51.28353 

18  191  447 

6.406  959 

13.80337 

29.73847 

264 

69  696 

16.24808 

51.38093 

18  399  744 

6.415  069 

13.82085 

29.77611 

265 

70  225 

16.27882 

51.47815 

18  609  625 

6.423  158 

13.83828 

29.81366 

266 

70  756 

16.30951 

51.57519 

18  821  096 

6.431  228 

13.85566 

29.85111 

267 

71  289 

16  34013 

51.67204 

19  034  163 

6.439  277 

13.87300 

29.88847 

268 

71  824 

16.37071 

51.76872 

19  248  832 

6.447  306 

13.89030 

29.92574 

269 

72  361 

16.40122 

51.86521 

19  465  109 

6.455  315 

13.90755 

29.96292 

270 

72  900 

16.43168 

51.96152 

19  683  000 

6.463  304 

13.92477 

30.00000 

271 

73  441 

16.46208 

52.05766 

19  902  511 

6.471  274 

13.94194 

30.03699 

272 

73  984 

16.49242 

52.15362 

20  123  648 

6.479  224 

13.95906 

30.07389 

273 

74  529 

16.52271 

52.24940 

20  346  417 

6.487  154 

13.97615 

30.11070 

274 

75  076 

16.55295 

52.34501 

20  570  824 

6.495  065 

13.99319 

30.14742 

275 

75  625 

16.58312 

52.44044 

20  796  875 

6.502  957 

14.01020 

30.18405 

276 

76  176 

16.61325 

52.53570 

21  024  576 

6.510  830 

14.02716 

30.22060 

277 

76  729 

16.64332 

52.63079 

21  253  933 

6.518  684 

14.04408 

30.25705 

278 

77  284 

16.67333 

52.72571 

21  484  952 

6.526  519 

14.06096 

30.29342 

279 

77  841 

16.70329 

52.82045 

21  717  639 

6.534  335 

14.07780 

30.32970 

280 

78  400 

16.73320 

52.91503 

21  952  000 

6.542  133 

14.09460 

30.36589 

281 

78  961 

16.76305 

53.00943 

22  188  041 

6.549  912 

14.11136 

30.40200 

282 

79  524 

16.79286 

53.10367 

22  425  768 

6.557  672 

14.12808 

30.43802 

283 

80  089 

16.82260 

53.19774 

22  665  187 

6.565  414 

14.14476 

30.47395 

284 

80  656 

16.85230 

53.29165 

22  906  304 

6.573  138 

14.16140 

30.50981 

285 

81  225 

16.88194 

53.38539 

23  149  125 

6.580  844 

14.17800 

30.54557 

286 

81  796 

16.91153 

53.47897 

23  393  656 

6.588  532 

14.19456 

30.58126 

287 

82  369 

16.94107 

53.57238 

23  639  903 

6.596  202 

14.21109 

30.61686 

288 

82  944 

16.97056 

53.66563 

23  887  872 

6.603  854 

14.22757 

30.65238 

289 

83  521 

17.00000 

53.75872 

24  137  569 

6.611  489 

14.24402 

30.68781 

290 

84  100 

17  02939 

53.85165 

24  389  000 

6.619  106 

14.26043 

30.72317 

291 

84  681 

17.05872 

53.94442 

24  642  171 

6.526  705 

14.27680 

30.75844 

292 

85  264 

17.08801 

54.03702 

24  897  088 

6.634  287 

14.29314 

30.79363 

293 

85  849 

17.11724 

54.12947 

25  153  757 

6.641  852 

14.30944 

30.82875 

294 

86  436 

17.14643 

54.22177 

25  412  184 

6.649  400 

14.32570 

30.86378 

295 

87  025 

17.17556 

54.31390 

25  672  375 

6.656  930 

14.34192 

30.89873 

296 

87  616 

17.20465 

54.40588 

25  934  336 

6.664  444 

14.35811 

30.93361 

297 

88  209 

17.23369 

54.49771 

26  198  073 

6.671  940 

14.37426 

30.96840 

298 

88  804 

17.26268 

54.58938 

26  463  592 

6.679  420 

14.39037 

31.00312 

299 

89  401 

17.29162 

54.68089 

26  730  899 

6.686  883 

14.40645 

31.03776 

800 

90  000 

17.32051 

54.77226 

27  000  000 

6.694  330 

14.42250 

31.07233 
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300 

17.32051 

54.77226 

27  000  000 

6.694  330 

14.42250 

31.07233 

301 

90  601 

17.34935 

54.86347 

27  270  901 

6.701  759 

14.43850 

31.10681 

302 

91  204 

17.37815 

54.95453 

27  543  608 

6.709  173 

14.45447 

31.14122 

303 

91  809 

17.40690 

55.04544 

27  818  127 

6.716  570 

14.47041 

31.17556 

304 

92  416 

17.43560 

55.13620 

28  094  464 

6.723  951 

14.48631 

31.20982 

305 

93  025 

17.46425 

55.22681 

28  372  625 

6.731  315 

14.50218 

31.24400 

306 

93  636 

17.49286 

55.31727 

28  652  616 

6.738  664 

14.51801 

31.27811 

307 

94  249 

17.52142 

55.40758 

28  934  443 

6.745  997 

14.53381 

31.31214 

308 

94  864 

17.54993 

55.49775 

29  218  112 

6.753  313 

14.54957 

31.34610 

309 

95  481 

17.57840 

55.58777 

29  503  629 

6.760  614 

14.56530 

31.37999 

310 

96  100 

17.60682 

55.67764 

29  791  000 

6.767  899 

14.58100 

31.41381 

311 

96  721 

17.63519 

55.76737 

30  080  231 

6.775  169 

14.59666 

31.44755 

312 

97  344 

17.66352 

55.85696 

30  371  328 

6.782  423 

14.61229 

31.48122 

313 

97  969 

17.69181 

55.94640 

30  664  297 

6.789  661 

14.62788 

31.51482 

314 

98  596 

17.72005 

56.03570 

30  959  144 

6.796  884 

14.64344 

31.54834 

315 

99  225 

17.74824 

56.12486 

31  255  875 

6.804  092 

14.65897 

31.58180 

316 

99  856 

17.77639 

56.21388 

31  554  496 

6.811  285 

14.67447 

31.61518 

317 

100  489 

17.80449 

56.30275 

31  855  013 

6.818  462 

14.68993 

31.64850 

318 

101  124 

17.83255 

56.39149 

32  157  432 

6.825  624 

14.70536 

31.68174 

319 

101  761 

17.86057 

56.48008 

32  461  759 

6.832  771 

14.72076 

81.71492 

320 

102  400 

17.88854 

56.56854 

32  768  000 

6.839  904 

14.73613 

31.74802 

321 

103  041 

17.91647 

56.65686 

33  076  161 

6.847  021 

14.75146 

31.78106 

322 

103  684 

17.94436 

56.74504 

33  386  248 

6.854  124 

14.76676 

31.81403 

323 

104  329 

17.97220 

56.83309 

33  698  267 

6.861  212 

14.78203 

31.84693 

324 

104  976 

18.00000 

56.92100 

34  012  224 

6.868  285 

14.79727 

31.87976 

325 

105  625 

18.02776 

57.00877 

34  328  125 

6.875  344 

14.81248 

31.91252 

326 

106  276 

18.05547 

57.09641 

34  645  976 

6.882  389 

14.82766 

31.94522 

327 

106  929 

18.08314 

57.18391 

34  965  783 

6.889  419 

14.84280 

31.97785 

328 

107  584 

18.11077 

57.27128 

35  287  552 

6.896  434 

14.85792 

32.01041 

329 

108  241 

18.13836 

57.35852 

35  611  289 

6.903  436 

14.87300 

32.04291. 

32,0 

108  900 

18.16590 

57.44563 

35  937  000 

6.910  423 

14.88806 

32.07534 

331 

109  561 

18.19341 

57.53260 

36  264  691 

6.917  396 

14.90308 

32.10771 

332 

110  224 

18.22087 

57.61944 

36  594  368 

6.924  356 

14.91807 

32 . 14001 

333 

110  889 

18.24829 

57.70615 

36  926  037 

6.931  301 

14.93303 

32.17225 

334 

111  556 

18.27567 

57.79273 

37  259  704 

6.938  232 

14.94797 

32.20442 

335 

112  225 

18.30301 

57.87918 

37  595  375 

6.945  150 

14.96287 

32.23653 

336 

112  896 

18.33030 

57.96551 

37  933  056 

6.952  053 

14.97774 

32.26857 

337 

113  569 

18.35756 

58.05170 

38  272  753 

6.958  943 

14.99259 

32.30055 

338 

114  244 

18.38478 

58.13777 

38  614  472 

6.965  820 

15.00740 

32  33247 

339 

114  921 

18.41195 

58.22371 

38  958  219 

6.972  683 

15.02219 

32.36433 

340 

115  600 

18.43909 

58.30952 

39  304  000 

6.979  532 

15.03695 

32.39612 

341 

116  281 

18.46619 

58.39521 

39  651  821 

6.986  368 

15.05167 

32.42785 

342 

116  964 

18.49324 

58.48077 

40  001  688 

6.993  191 

15.06637 

32.45952 

343 

117  649 

18.52026 

58.56620 

40  353  607 

7.000  000 

15.08104 

32.49112 

344 

118  336 

18.54724 

58.65151 

40  707  584 

7.006  796 

15.09568 

32.52267 

345 

119  025 

18.57418 

58.73670 

41  063  625 

7.013  579 

15.11030 

32.55415 

346 

119  716 

18.60108 

58.82176 

41  421  736 

7.020  349 

15.12488 

3^.  58557 

347 

120  409 

18.62794 

58.90671 

41  781  923 

7.027  106 

15.13944 

32.61694 

348 

121  104 

18.65476 

58.99152 

42  144  192 

7.033  850 

15.15397 

32.64824 

349 

121  801 

18.68154 

59.07622 

42  508  549 

7.040  581 

15.16847 

32.67948 

350 

122  500 

18.70829 

59.16080 

42  875  000 

7.047  299 

15  18294 

32.71066 
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350 

122  500 

18.70829 

59.16080 

42  875  000 

7.047  299 

15.18294 

32.71066 

351 

123  201 

18.73499 

59.24525 

43  243  551 

7.054  004 

15.19739 

32.74179 

352 

123  904 

18.76166 

59.32959 

43  614  208 

7.060  697 

15.21181 

32.77285 

353 

124  609 

18.78829 

59.41380 

43  986  977 

7.067  377 

15.22620 

32.80386 

354 

125  316 

18.81489 

59.49790 

44  361  864 

7.074  044 

15.24057 

32.83480 

355 

126  025 

18.84144 

59.58188 

44  738  875 

7.080  699 

15.25490 

32.86569 

356 

126  736 

18.86796 

59.66574 

45  118  016 

7.087  341 

15.26921 

32.89652 

357 

127  449 

18.89444 

59.74948 

45  499  293 

7.093  971 

15.28350 

32.92730 

358 

128  164 

18.92089 

59.83310 

45  882  712 

7.100  588 

15.29775 

32.95801 

359 

128  881 

18.94730 

59.91661 

46  268  279 

7.107  194 

15.31198 

32.98867 

360 

129  600 

18.97367 

60.00000 

46  656  000 

7.113  787 

15.32619 

33.01927 

361 

130  321 

19.00000 

60.08328 

47  045  881 

7.120  367 

15.34037 

33.04982 

362 

131  044 

19.02630 

60.16644 

47  437  928 

7.126  936 

15.35452 

33.08031 

363 

131  769 

19.05256 

60.24948 

47  832  147 

7.133  492 

15.36864 

33.11074 

364 

132  496 

19.07878 

60.33241 

48  228  544 

7.140  037 

15.38274 

33.14112 

365 

133  225 

19.10497 

60  41523 

48  627  125 

7.146  569 

15.39682 

33.17144 

366 

133  956 

19.13113 

60.49793 

49  027  896 

7.153  090 

15.41087 

33.20170 

367 

134  689 

19.15724 

60.58052 

49  430  863 

7.159  599 

15.42489 

33.23191 

368 

135  424 

19.18333 

60.66300 

49  836  032 

7.166  096 

15.43889 

33.26207 

369 

136  161 

19.20937 

60.74537 

50  243  409 

7.172  581 

15.45286 

33.29217 

370 

136  900 

19.23538 

60.82763 

50  653  000 

7.179  054 

15.46680 

33.32222 

371 

137  641 

19.26136 

60.90977 

51  064  811 

7.185  516 

15.48073 

33.35221 

372 

138  384 

19.28730 

60.99180 

51  478  848 

7.191  966 

15.49462 

33.38215 

373 

139  129 

19.31321 

61.07373 

51  895  117 

7.198  405 

15.50849 

33.41204 

374 

139  876 

19.33908 

61 . 15554 

52  313  624 

7.204  832 

15.52234 

33.44187 

375 

140  625 

19.36492 

61.23724 

52  734  375 

7.211  248 

15.53616 

33.47165 

376 

141  376 

19.39072 

61.31884 

53  157  376 

7.217  652 

15.54996 

33.50137 

377 

142  129 

19.41649 

61.40033 

53  582  633 

7.224  045 

15.56373 

33.53105 

378 

142  884 

19.44222 

61.48170 

54  010  152 

7.230  427 

15.57748 

33.56067 

379 

143  641 

19.46792 

61.56298 

54  439  939 

7.236  797 

15.59121 

33.59024 

380 

144  400 

19.49359 

61.64414 

54  872  000 

7.243  156 

15.60491 

33.61975 

381 

145  161 

19.51922 

61.72520 

55  306  341 

7.249  505 

15.61858 

33.64922 

382 

145  924 

19.54482 

61.80615 

55  742  968 

7.255  842 

15.63224 

33.67863 

383 

146  689 

19.57039 

61 . 88699 

56  181  887 

7.262  167 

15.64587 

33.70800 

384 

147  456 

19.59592 

61.96773 

56  623  104 

7.268  482 

15.65947 

33.73731 

385 

148  225 

19.62142 

62.04837 

57  066  625 

7.274  786 

15.67305 

33.76657 

386 

148  996 

19.64688 

62.12890 

57  512  456 

7.281  079 

15.68661 

33.79578 

387 

149  769 

19.67232 

62.20932 

57  960  603 

7.287  362 

15.70014 

33.82494 

388 

150  544 

19.69772 

62.28965 

58  411  072 

7.293  633 

15.71366 

33.85405 

389 

151  321 

19.72308 

62.36986 

58  863  869 

7.299  894 

15.72714 

33.88310 

390 

152  100 

19.74842 

62.44998 

59  319  000 

7.306  144 

15.74061 

33.91211 

391 

152  881 

19.77372 

62.52999 

59  776  471 

7.312  383 

15.75405 

33.94107 

392 

153  664 

19.79899 

62.60990 

60  236  288 

7.318  611 

15.76747 

33.96999 

393 

154  449 

19.82423 

62.68971 

60  698  457 

7.324  829 

15.78087 

33.99885 

394 

155  236 

19.84943 

62.76942 

61  162  984 

7.331  037 

15.79424 

34.02766 

395 

156  025 

19.87461 

62.84903 

61  629  875 

7.337  234 

15.80759 

34.05642 

396 

156  816 

19.89975 

62.92853 

62  099  136 

7.343  420 

15.82092 

34.08514 

397 

157  609 

19.92486 

63.00794 

62  570  773 

7.349  597 

15.83423 

34.11381 

398 

158  404 

19.94994 

63.08724 

63  044  792 

7.355  762 

15.84751 

34.14242 

399 

159  201 

19.97498 

63.16645 

63  521  199 

7.361  918 

15.86077 

34.17100 

400 

160  000 

20.00000 

63.24555 

64  000  000 

7.368  063 

15.87401 

34.19952 
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400 

160  000 

20.00000 

63.24555 

64  000  000 

7.368  063 

15.87401 

34.19952 

401 

160  801 

20.02498 

63.32456 

64  481  201 

7.374  198 

15.88723 

34 . 22799 

402 

161  604 

20.04994 

63.40347 

64  964  808 

7.380  323 

15.90042 

34.25642 

403 

162  409 

20.07486 

63.48228 

65  450  827 

7.386  437 

15.91360 

34.28480 

404 

163  216 

20.09975 

63.56099 

65  939  264 

7.392  542 

15.92675 

34.31314 

405 

164  025 

20.12461 

63.63961 

66  430  125 

7.398  636 

15.93988 

34.34143 

406 

164  836 

20.14944 

63.71813 

66  923  416 

7.404  721 

15.95299 

34.36967 

407 

165  649 

20.17424 

63 . 79655 

67  419  143 

7.410  795 

15.96607 

34.39786 

408 

166  464 

20.19901 

63 . 87488 

67  917  312 

7.416  860 

15.97914 

34.42601 

409 

167  281 

20.22375 

63.95311 

68  417  929 

7.422  914 

15.99218 

34  45412. 

410 

168  100 

20.24846 

64.03124 

68  921  000 

7.428  959 

16.00521 

34.48217 

411 

168  921 

20.27313 

64.10928 

69  426  531 

7.434  994 

16.01821 

34.51018 

412 

169  744 

20.29778 

64.18723 

69  934  528 

7.441  019 

16.03119 

34.53815 

413 

170  569 

20.32240 

64.26508 

70  444  997 

7.447  034 

16.04415 

34.56607 

414 

171  396 

20.34699 

64.34283 

70  957  944 

7.453  040 

16.05709 

34.59395 

415 

172  225 

20.37155 

64.42049 

71  473  375 

7.459  036 

16.07001 

34  62178 

416 

173  056 

20.39608 

64.49806 

71  991  296 

7.465  022 

16.08290 

34 . 64956 

417 

173  889 

20.42058 

64.57554 

72  511  713 

7.470  999 

16.09578 

34.67731 

418 

174  724 

20  44505 

64.65292 

73  034  632 

7.476  966 

16.10864 

34.70500 

419 

175  561 

20.46949 

64.73021 

73  560  059 

7.482  924 

16.12147 

34.73266 

420 

176  400 

20.49390 

64.80741 

74  088  000 

7.488  872 

16.13429 

34.76027 

421 

177  241 

20.51828 

64.88451 

74  618  461 

7.494  811 

16.14708 

34.78783 

422 

178  084 

20.54264 

64.96153 

75  151  448 

7.500  741 

16.15986 

34.81535 

423 

178  929 

20.56696 

65.03845 

75  686  967 

7.506  661 

16.17261 

34.84283 

424 

179  776 

20.59126 

65.11528 

76  225  024 

7.512  572 

16.18534 

34.87027 

425 

180  625 

20.61553 

65.19202 

76  765  625 

7.518  473 

16.19806 

34.89766 

426 

181  476 

20.63977 

65.26868 

77  308  776 

7.524  365 

16.21075 

34.92501 

427 

182  329 

20.66398 

65.34524 

77  854  483 

7.530  248 

16.22343 

34.95232 

428 

183  184 

20.68816 

65.42171 

78  402  752 

7.536  122 

16.23608 

34.97958 

429 

184  041 

20.71232 

65.49809 

78  953  589 

7.541  987 

16.24872 

35.00680 

430 

184  900 

20.73644 

65.57439 

79  507  000 

7.547  842 

16.26133 

35.03398 

431 

185  761 

20.76054 

65.65059 

80  062  991 

7.553  689 

16.27393 

35.06112 

432 

186  624 

20.78461 

65.72671 

80  621  568 

7.559  526 

16.28651 

35.08821 

433 

187  489 

20.80865 

65.80274 

81  182  737 

7.565  355 

16.29906 

35.11527 

434 

188  356 

20.83267 

65.87868 

81  746  504 

7.571  174 

16.31160 

35.14228 

435 

189  225 

20.85665 

65.95453 

82  312  875 

7.576  985 

16.32412 

35.16925 

436 

190  096 

20.88061 

66.03030 

82  881  856 

7.582  787 

16.33662 

35.19618 

437 

190  969 

20.90454 

66.10598 

83  453  453 

7.588  579 

16.34910 

35  22307 

438 

191  844 

20.92845 

66.18157 

84  027  672 

7.594  363 

16.36156 

35.24991 

439 

192  721 

20.95233 

66.25708 

84  604  519 

7.600  139 

16.37400 

35.27672 

440 

193  600 

20.97618 

66.33250 

85  184  000 

7.605  905 

16.38643 

35.30348 

441 

194  481 

21.00000 

66.40783 

85  766  121 

7.611  663 

16.39883 

35.33021 

442 

195  364 

21.02380 

66.48308 

86  350  888 

7.617  412 

16.41122 

35.35689 

443 

196  249 

21.04757 

66.55825 

86  938  307 

7.623  152 

16.42358 

35.38354 

444 

197  136 

21.07131 

66.63332 

87  528  384 

7.628  884 

16.43593 

35.41014 

445 

198  025 

21.09502 

66.70832 

88  121  125 

7.634  607 

16.44826 

35.43671 

446 

198  916 

21.11871 

66.78323 

88  716  536 

7.640  321 

1*6.46057 

35.46323 

447 

199  809 

21.14237 

66.85806 

89  314  623 

7.646  027 

16.47287 

35.48971 

448 

200  704 

21.16601 

66.93280 

89  915  392 

7.651  725 

16.48514 

35.51616 

449 

201  601 

21.18962 

67.00746 

90  518  849 

7.657  414 

16.49740 

35.54257 

450 

202  500 

21.21320 

67.08204 

91  125  000 

7.663  094 

16.50964 

35.56893 
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450 

202  500 

21.21320 

67.08204 

91  125  000 

7.663  094 

16.50964 

35.56893 

451 

203  401 

21.23676 

67.15653 

91  733  851 

7.668  766 

16.52186 

35.59526 

452 

204  304 

21.26029 

67.23095 

92  345  408 

7.674  430 

16.53406 

35.62155 

453 

205  209 

21.28380 

67.30527 

92  959  677 

7.680  086 

16.54624 

35.64780 

454 

206  116 

21.30728 

67.37952 

93  576  664 

7.685  733 

16.55841 

35.67401 

455 

207  025 

21.33073 

67.45369 

94  196  375 

7.691  372 

16.57056 

35.70018 

456 

207  936 

21.35416 

67.52777 

94  818  816 

7.697  002 

16.58269 

35.72632 

457 

208  849 

21.37756 

67.60178 

95  443  993 

7.702  625 

16.59480 

35.75242 

458 

209  764 

21.40093 

67.67570 

96  071  912 

7.708  239 

16.60690 

35.77848 

459 

210  681 

21.42429 

67.74954 

96  702  579 

7.713  845 

16.61897 

35.80450 

460 

211  600 

21.44761 

67.82330 

97  336  000 

7.719  443 

16.63103 

35.83048 

461 

212  521 

21.47091 

67.89698 

97  972  181 

7.725  032 

16.64308 

35.85642 

462 

213  444 

21.49419 

67.97058 

98  611  128 

7.730  614 

16.65510 

35.88233 

463 

214  369 

21.51743 

68.04410 

99  252  847 

7.736  188 

16.66711 

35.90820 

464 

215  296 

21.54066 

68.11755 

99  897  344 

7.741  753 

16.67910 

35.93404 

465 

216  225 

21.56386 

68.19091 

100  544  625 

7.747  311 

16.69108 

35.95983 

466 

217  156 

21.58703 

68.26419 

101  194  696 

7.752  861 

16.70303 

35.98559 

467 

218  089 

21.61018 

68.33740 

101  847  563 

7.758  402 

16.71497 

36.01131 

468 

219  024 

21.63331 

68.41053 

102  503  232 

7.763  936 

16.72689 

36.03700 

469 

219  961 

21.65641 

68.48357 

103  161  709 

7.769  462 

16.73880 

36.06265 

470 

220  900 

21.67948 

68.55655 

103  823  000 

7.774  980 

16.75069 

36.08826 

471 

221  841 

21.70253 

68.62944 

104  487  111 

7.780  490 

16.76256 

36.11384 

472 

222  784 

21.72556 

68.70226 

105  154  048 

7.785  993 

16.77441 

36.13938 

473 

223  729 

21.74856 

68.77500 

105  823  817 

7.791  488 

16.78625 

36.16488 

474 

224  676 

21.77154 

68.84766 

106  496  424 

7.796  975 

16.79807 

36.19035 

475 

225  625 

21.79449 

68.92024 

107  171  875 

7.802  454 

16.80988 

36.21578 

476 

226  576 

21.81742 

68.99275 

107  850  176 

7.807  925 

16.82167 

36.24118 

477 

227  529 

21.84033 

69.06519 

108  531  333 

7.813  389 

16.83344 

36.26654 

478 

228  484 

21.86321 

69.13754 

109  215  352 

7.818  846 

16.84519 

36.29187 

479 

229  441 

21.88607 

69.20983 

109  902  239 

7.824  294 

16.85693 

36.31716 

480 

230  400 

21.90890 

69.28203 

110  592  000 

7.829  735 

16.86865 

36.34241 

481 

231  361 

21.93171 

69.35416 

111  284  641 

7.835  169 

16.88036 

36.36763 

482 

232  324 

21.95450 

69.42622 

111  980  168 

7.840  595 

16.89205 

36.39282 

483 

233  289 

21.97726 

69.49820 

112  678  587 

7.846  013 

16.90372 

36.41797 

484 

234  256 

22.00000 

69.57011 

113  379  904 

7.851  424 

16.91538 

36.44308 

485 

235  225 

22.02272 

69.64194 

114.084  125 

7.856  828 

16.92702 

36.46817 

486 

236  196 

22.04541 

69.71370 

114  791  256 

7.862  224 

16.93865 

36.49321 

487 

237  169 

22.06808 

69.78539 

115  501  303 

7.867  613 

16.95026 

36.51822 

488 

238  144 

22.09072 

69.85700 

116  214  272 

7.872  994 

16.96185 

36.54320 

489 

239  121 

22.11334 

69.92853 

116  930  169 

7.878  368 

16.97343 

36.56815 

490 

240  100 

22.13594 

70.00000 

117  649  000 

7.883  735 

16.98499 

36.59306 

491 

241  081 

22.15852 

70.07139 

118  370  771 

7.889  095 

16.99654 

36.61793 

492 

242  064 

22.18107 

70.14271 

119  095  488 

7.894  447 

17.00807 

36.64278 

493 

243  049 

22.20360 

70.21396 

119  823  157 

7.899  792 

17.01959 

36.66758 

494 

244  036 

22.22611 

70.28513 

120  553  784 

7.905  129 

17.03108 

36.69236 

495 

245  025 

22.24860 

70.35624 

121  287  375 

7.910  460 

17.04257 

36.71710 

496 

246  016 

22.27106 

70.42727 

122  023  936 

7.915  783 

17.05404 

36.74181 

497 

247  009 

22.29350 

70.49823 

122  763  473 

7.921  099 

17.06549 

36.76649 

498 

248  004 

22.31591 

70.56912 

123  505  992 

7.926  408 

17.07693 

36.79113 

499 

249  001 

22.33831 

70.63993 

124  251  499 

7.931  710 

17.08835 

36.81574 

500 

250  000 

22.36068 

70.71068 

125  000  000 

7.937  005 

17.09976 

36.84031 
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500 

250  000 

22.36068 

70.71068 

125  000  000 

7.937  005 

17.09976 

36.84031 

501 

251  001 

22.38303 

70.78135 

125  751  501 

7.942  293 

17.11115 

36.86486 

502 

252  004 

22.40536 

70.85196 

126  506  008 

7.947  574 

17.12253 

36.88937 

503 

253  009 

22.42766 

70.92249 

127  263  527 

7.952  848 

17.13389 

36.91385 

504 

254  016 

22.44994 

70.99296 

128  024  064 

7.958  114 

17.14524 

36.93830 

505 

255  025 

22.47221 

71.06335 

128  787  625 

7.963  374 

17.15657 

36.96271 

506 

256  036 

22.49444 

71.13368 

129  554  216 

7.968  627 

17.16789 

36.98709 

507 

257  049 

22.51666 

71.20393 

130  323  843 

7.973  873 

17.17919 

37.01144 

508 

258  064 

22.53886 

71.27412 

131  096  512 

7.979  112 

17.19048 

37.03576 

509 

259  081 

22.56103 

71.34424 

131  872  229 

7.984  344 

17.20175 

37.06004 

510 

260  100 

22.58318 

71.41428 

132  651  000 

7.989  570 

17.21301 

37.08430 

511 

261  121 

22.60531 

71.48426 

133  432  831 

7.994  788 

17.22425 

37.10852 

512 

262  144 

22.62742 

71.55418 

134  217  728 

8.000  000 

17.23548 

37.13271 

513 

263  169 

22.64950 

71.62402 

135  005  697 

8.005  205 

17.24669 

37.15687 

514 

264  196 

22.67157 

71.69379 

135  796  744 

8.010  403 

17.25789 

37.18100 

515 

265  225 

22.69361 

71.76350 

136  590  875 

8.015  595 

17.26908 

37.20509 

516 

266  256 

22.71563 

71.83314 

137  388  096 

8.020  779 

17.28025 

37.22916 

517 

267  289 

22.73763 

71.90271 

138  188  413 

8.025  957 

17.29140 

37.25319 

518 

268  324 

22.75961 

71.97222 

138  991  832 

8.031  129 

17.30254 

37.27720 

519 

269  361 

22.78157 

72.04165 

139  798  359 

8.036  293 

17.31367 

37.30117 

520 

270  400 

22.80351 

72.11103 

140  608  000 

8.041  452 

17.32478 

37.32511 

521 

271  441 

22.82542 

72.18033 

141  420  761 

8.046  603 

17.33588 

37.34902 

522 

272  484 

22.84732 

72.24957 

142  236  648 

8.051  748 

17.34696 

37.37290 

523 

273  529 

22.86919 

72.31874 

143  055  667 

8.056  886 

17.35804 

37.39675 

524 

274  576 

22.89105 

72.38784 

143  877  824 

8.062  018 

17.36909 

37.42057 

525 

275  625 

22.91288 

72.45688 

144  703  125 

8.067  143 

17.38013 

37.44436 

526 

276  676 

22.93469 

72.52586 

145  531  576 

8.072  262 

17.39116 

37.46812 

527 

277  729 

22.95648 

72.59477 

146  363  183 

8.077  374 

17.40218 

37.49185 

528 

278  784 

22.97825 

72.66361 

147  197  952 

8.082  480 

17.41318 

37.51555 

529 

279  841 

23.00000 

72.73239 

148  035  889 

8.087  579 

17.42416 

37.53922 

530 

280  900 

23.02173 

72.80110 

148  877  000 

8.092  672 

17.43513 

37.56286 

531 

281  961 

23.04344 

72.86975 

149  721  291 

8.097  759 

17.44609 

37.58647 

532 

283  024 

23.06513 

72.93833 

150  568  768 

8.102  839 

17.45704 

37.61005 

533 

284  089 

23.08679 

73.00685 

151  419  437 

8.107  913 

17.46797 

37.63360 

534 

285  156 

23.10844 

73.07530 

152  273  304 

8.112  980 

17.47889 

37.6571? 

535 

286  225 

23.13007 

73.14369 

153  130  375 

8.118  041 

17.48979 

37.68061 

536 

287  296 

23.15167 

73.21202 

153  990  656 

8.123  096 

17.50068 

37.70407 

537 

288  369 

23.17326 

73.28028 

154  854  153 

8.128  145 

17.51156 

37.72751 

538 

289  444 

23.19483 

73.34848 

155  720  872 

8.133  187 

17.52242 

37.75091 

539 

290  521 

23.21637 

73.41662 

156  590  819 

8.138  223 

17.53327 

37.77429 

540 

291  600 

23.23790 

73.48469 

157  464  000 

8.143  253 

17.54411 

37.79763 

541 

292  681 

23.25941 

73.55270 

158  340  421 

8.148  276 

17.55493 

37.82095 

542 

293  764 

23.28089 

73.62065 

159  220  088 

8.153  294 

17.56574 

37.84424 

543 

294  849 

23.30236 

73.68853 

160  103  007 

8.158  305 

17.57654 

37.86750 

544 

295  936 

23.32381 

73.75636 

160  989  184 

8.163  310 

17.58732 

37.89073 

545 

297  025 

23.34524 

73.82412 

161  878  625 

8.168  309 

17.59809 

37.91393 

546 

298  116 

23.36664 

73.89181 

162  771  336 

8.173  302 

17.60885 

37.93711 

547 

299  209 

23.38803 

73.95945 

163  667  323 

8.178  289 

17.61959 

37.96025 

548 

300  304 

23.40940 

74.02702 

164  566  592 

8.183  269 

17.63032 

37.98337 

549 

301  401 

23.43075 

74.09453 

165  469  149 

8.188  244 

17.64104 

38.00646 

550 

302  500 

23.45208 

74.16198 

166  375  000 

8.193  213 

17.65174 

38.02962 

212 
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n 

n* 

V~n 

VlOn 

n» 

<rn 

V  lOn 

3/ 

VlOOn 

550 

302  500 

23.45208 

74.16198 

166  375  000 

8.193  213 

17.65174 

38.02952 

551 

303  601 

23.47339 

74.22937 

167  284  151 

8.198  175 

17.66243 

38.05256 

552 

304  704 

23.49468 

74.29670 

168  196  608 

8.203  132 

17.67311 

38.07557 

553 

305  809 

23.51595 

74.36397 

169  112  377 

8.208  082 

17.68378 

38.09854 

554 

306  916 

23.53720 

74.43118 

170  031  464 

8.213  027 

17.69443 

38.12149 

555 

308  025 

23.55844 

74.49832 

170  953  875 

8.217  966 

17.70507 

38.14442 

556 

309  136 

23.57965 

74.56541 

171  879  616 

8.222  899 

17.71570 

38.16731 

557 

310  249 

23.60085 

74.63243 

172  808  693 

8.227  825 

17.72631 

38.19018 

558 

311  364 

23.62202 

74.69940 

173  741  112 

8.232  746 

17.73691 

38.21302 

559 

312  481 

23.64318 

74.76630 

174  676  879 

8.237  661 

17.74750 

38.23584 

560 

313  600 

23.66432 

74.83315 

175  616  000 

8.242  571 

17.75808 

38.25862 

561 

314  721 

23.68544 

74.89993 

176  558  481 

8.247  474 

17.76864 

38.28138 

562 

315  844 

23.70654 

74.96666 

177  504  328 

8.252  372 

17.77920 

38.30412 

563 

316  969 

23.72762 

75.03333 

178  453  547 

8.257  263 

17.78973 

38.32682 

564 

318  096 

23.74868 

75.09993 

179  406  144 

8.262  149 

17.80026 

38.34950 

565 

319  225 

23.76973 

75.16648 

180  362  125 

8.267  029 

17.81077 

38.37215 

566 

320  356 

23.79075 

75.23297 

181  321  496 

8.271  904 

17.82128 

38.39478 

567 

321  489 

23.81176 

75.29940 

182  284  263 

8.276  773 

17.83177 

38.41737 

568 

322  624 

23.83275 

75.36577 

183  250  432 

8.281  635 

17.84224 

38.43995 

569 

323  761 

23.85372 

75.43209 

184  220  009 

8.286  493 

17.85271 

38.46249 

570 

324  900 

23.87467 

75.49834 

185  193  000 

8.291  344 

17.86316 

38.48501 

571 

326  041 

23.89561 

75.56454 

186  169  411 

8.296  190 

17.87360 

38.50750 

572 

327  184 

23.91652 

75.63068 

187  149  248 

8.301  031 

17.88403 

38.5299? 

573 

328  329 

23.93742 

75.69676 

188  132  517 

8.305  865 

17.89444 

38.55241 

574 

329  476 

23.95830 

75.76279 

189  119  224 

8.310  694 

17.90485 

38.57482 

575 

330  625 

23.97916 

75.82875 

190  109  375 

8.315  517 

17.91524 

38.59721 

576 

331  776 

24.00000 

75.89466 

191  102  976 

8.320  335 

17.92562 

38.61958 

577 

332  929 

24.02082 

75.96052 

192  100  033 

8.325  148 

17.93599 

38.64191 

578 

334  084 

24.04163 

76.02631 

193  100  552 

8.329  954 

17.94634 

38.66422 

579 

335  241 

24.06242 

76.09205 

194  104  539 

8.334  755 

17.95669 

38.68651 

580 

336  400 

24.08319 

76.15773 

195  112  000 

8.339  551 

17.96702 

38.70877 

581 

337  561 

24.10394 

76.22336 

196  122  941 

8.344  341 

17.97734 

38.73100 

582 

338  724 

24.12468 

76.28892 

197  137  368 

8.349  126 

17.98765 

38.75321 

583 

339  889 

24.14539 

76.35444 

198  155  287 

8.353  905 

17.99794 

38.77539 

584 

341  056 

24.16W9 

76.41989 

199  176  704 

8.358  678 

18.00823 

38.79755 

585 

342  225 

24.18677 

76.48529 

200  201  625 

8.363  447 

18.01850 

38.81968 

586 

343  396 

24.20744 

76.55064 

201  230  056 

8.368  209 

18.02876 

38.84179 

587 

344  569 

24.22808 

76.61593 

202  262  003 

8.372  967 

18.03901 

38.86387 

588 

345  744 

24.24871 

76.68116 

203  297  472 

8.377  719 

18.04925 

38.88593 

689 

346  921 

24.26932 

76.74634 

204  336  469 

8.382  465 

18.05947 

38.90796 

590 

348  100 

24.28992 

76.81146 

205  379  000 

8.387  207 

18.06969 

38.92996 

591 

349  281 

24.31049 

76.87652 

206  425  071 

8.391  942 

18.07989 

38.95195 

592 

350  464 

24.33105 

76.94154 

207  474  688 

8.396  673 

18.09008 

38.97390 

593 

351  649 

24.35159 

77.00649 

208  527  857 

8.401  398 

18.10026 

38.99584 

594 

352  836 

24.37212 

77.07140 

209  584  584 

8.406  118 

18.11043 

39.01774 

595 

354  025 

24.39262 

77.13624 

210  644  875 

8.410  833 

18.12059 

39.03963 

596 

355  216 

24.41311 

77.20104 

211  708  736 

8.415  542 

18.13074 

39.06149 

597 

356  409 

24.43358 

77.26578 

212  776  173 

8.420  246 

18.14087 

39.08332 

598 

357  604 

24.45404 

77.33046 

213  847  192 

8.424  945 

18.15099 

39.10513 

599 

358  801 

24.47448 

77.39509 

214  921  799 

8.429  638 

18  16111 

39.12692 

600 

360  000 

24.49490 

77.45967 

216  000  000 

8.434  327 

18.17121 

39.14868 

213 
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n* 

V7 

VlOn 

n* 

^7 

VlOn 
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600 

360  000 

24.49490 

77.45967 

216  000  000 

8.434  327 

18.17121 

39.14868 

601 

361  201 

24.51530 

77.52419 

217  081  801 

8.439  010 

18.18130 

39.17041 

602 

362  404 

24.53569 

77.58866 

218  167  208 

8.443  688 

18.19137 

39.19213 

603 

363  609 

24.55606 

77.65307 

219  256  227 

8.448  361 

18.20144 

39.21382 

604 

364  816 

24.57641 

77.71744 

220  348  864 

8.453  028 

18.21150 

39.23548 

605 

366  025 

24.59675 

77.78175 

221  445  125 

8.457  691 

18.22154 

39.25712 

606 

367  236 

24.61707 

77.84600 

222  545  016 

8.462  348 

18.23158 

39.27874 

607 

368  449 

24.63737 

77.91020 

223  648  543 

8.467  000 

18.24160 

39.30033 

608 

369  664 

24.65766 

77.97435 

224  755  712 

8.471  647 

18.25161 

39.32190 

609 

370  881 

24.67793 

78.03845 

225  866  529 

8.476  289 

18.26161 

39.34345 

610 

372  100 

24.69818 

78.10250 

226  981  000 

8.480  926 

18.27160 

39.36497 

611 

373  321 

24.71841 

78.16649 

228  099  131 

8.485  558 

18.28158 

39.38647 

612 

374  544 

24.73863 

78.23043 

229  220  928 

8.490  185 

18.29155 

39.40795 

613 

375  769 

24.75884 

78.29432 

230  346  397 

8.494  807 

18.30151 

39.42940 

614 

376  996 

24.77902 

78.35815 

231  475  544 

8.499  423 

18.31145 

39.45083 

615 

378  225 

24.79919 

78.42194 

232  608  375 

8.504  035 

18.32139 

39.47223 

616 

379  456 

24.81935 

78.48567 

233  744  896 

8.508  642 

18.33131 

39.49362 

617 

380  689 

24.83948 

78.54935 

234  885  113 

8.513  243 

18.34123 

39.51498 

618 

381  924 

2*.  85961 

78.61298 

236  029  032 

8.517  840 

18.35113 

39.53631 

619 

383  161 

24.87971 

78.67655 

237  176  659 

8.522  432 

18.36102 

39.55763 

620 

384  400 

24.89980 

78.74008 

238  328  000 

8.527  019 

18.37091 

39.57892 

621 

385  641 

24.91987 

78.80355 

239  483  061 

8.531  601 

18.38078 

39.60018 

622 

386  884 

24.93993 

78.86698 

240  641  848 

8.536  178 

18.39064 

39.62143 

623 

388  129 

24.95997 

78.93035 

241  804  367 

8.540  750 

18.40049 

39.64265 

624 

389  376 

24.97999 

78.99367 

242  970  624 

8.545  317 

18.41033 

39.66385 

625 

390  625 

25.00000 

79.05694 

244  140  625 

8.549  880 

18.42016 

39.68503 

626 

391  876 

25.01999 

79.12016 

245  314  376 

8.554  437 

18.42998 

39.70618 

627 

393  129 

25.03997 

79.18333 

246  491  883 

8.558  990 

18.43978 

39.72731 

628 

394  384 

25.05993 

79.24645 

247  673  152 

8.563  538 

18.44958 

39.74842 

629 

395  641 

25.07987 

79.30952 

248  858  189 

8.568  081 

18.45937 

39.76951 

630 

396  900 

25.09980 

79.37254 

250  047  000 

8.572  619 

18.46915 

39.79057 

631 

398  161 

25.11971 

79.43551 

251  239  591 

8.577  152 

18.47891 

39.81161 

632 

399  424 

25.13961 

79.49843 

252  435  968 

8.581  681 

18.48867 

39.83263 

633 

400  689 

25.15949 

79.56130 

253  636  137 

8.586  205 

18.49842 

39.85363 

634 

401  956 

25.17936 

79.62412 

254  840  104 

8.590  724 

18.50815 

39.87461 

635 

403  225 

25.19921 

79.68689 

256  047  875 

8.595  238 

18.51788 

39.89556 

636 

404  496 

25.21904 

79.74961 

257  259  456 

8.599  748 

18.52759 

39.91649 

637 

405  769 

25.23886 

79.81228 

258  474  853 

8.604  252 

18.53730 

39.93740 

638 

407  044 

25.25866 

79.87490 

259  694  072 

8.608  753 

18.54700 

39.95829 

639 

408  321 

25.27845 

79.93748 

260  917  119 

8.613  248 

18.55668 

39.97916 

640 

409  600 

25.29822 

80.00000 

262  144  000 

8.617  739 

18.56636 

40.00000 

641 

410  881 

25.31798 

80.06248 

263  374  721 

8.622  225 

18.57602 

40.02082 

642 

412  164 

25.33772 

80.12490 

264  609  288 

8.626  706 

18.58568 

40.04162 

643 

413  449 

25.35744 

80.18728 

265  847  707 

8.631  183 

18.59532 

40.06240 

644 

414  736 

25.37716 

80.24961 

267  089  984 

8.635  655 

18.60495 

40.08316 

645 

416  025 

25.39685 

80.31189 

268  336  125 

8.640  123 

18.61458 

40.10390 

646 

417  316 

25.41653 

80.37413 

269  586  136 

8.644  585 

18.62419 

40.12461 

647 

418  609 

25.43619 

80.43631 

270  840  023 

8.649  044 

18.63380 

40.14530 

648 

419  904 

25.45584 

80.49845 

272  097  792 

8.653  497 

18.64340 

40.16598 

649 

421  201 

25.47548 

80.56054 

273  359  449 

8.657  947 

18.65298 

40.18663 

650 

422  500 

25.49510 

80.62258 

274  625  000 

8.662  391 

18.66256 

40.20726 

214 
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650 

422  500 

25.49510 

80.62258 

274  625  000 

8.662  391 

18.66256 

40.20726 

651 

423  801 

25.51470 

80.68457 

275  894  451 

8.666  831 

18.67212 

40.22787 

652 

425  104 

25.53429 

80.74652 

277  167  808 

8.671  266 

18.68168 

40.24845 

653 

426  409 

25.55386 

80.80842 

278  445  077 

8.675  697 

18.69122 

40.26902 

654 

427  716 

25.57342 

80.87027 

279  726  264 

8.680  124 

18.70076 

40.28957 

655 

429  025 

25.59297 

80.93207 

281  Oil  375 

8.684  546 

18.71029 

40.31009 

656 

43C  336 

25.61250 

80.99383 

282  300  416 

8.688  963 

18.71980 

40.33059 

657 

431  649 

25.63201 

81.05554 

283  593  393 

8.693  376 

18.72931 

40.35108 

658 

432  964 

25.65151 

81.11720 

284  890  312 

8.697  784 

18.73881 

40.37154 

659 

434  281 

25.67100 

81.17881 

286  191  179 

8.702  188 

18.7483C 

40.39198 

660 

435  600 

25.69047 

81.24038 

287  496  000 

8.706  588 

18.75777 

40.41240 

661 

436  921 

25.70992 

81.30191 

288  804  781 

8.710  983 

18.76724 

40.43280 

662 

438  244 

25.72936 

81.36338 

290  117  528 

8.715  373 

18.77670 

40.45318 

663 

439  569 

25.74879 

81.42481 

291  434  247 

8.719  760 

18.78615 

40.47354 

664 

440  896 

25.76820 

81.48620 

292  754  944 

8.724  141 

18.79559 

40.49388 

665 

442  225 

25.78759 

81.54753 

294  079  625 

8.728  519 

18.80502 

40.51420 

666 

443  556 

25.80G98 

81.60882 

295  408  296 

8.732  892 

18.81444 

40.53449 

667 

444  889 

25.82634 

81.67007 

296  740  963 

8.737  260 

13.82386 

40.55477 

668 

446  224 

25.84570 

81.73127 

298  077  632 

8.741  625 

18.83326 

40.57503 

669 

447  561 

25.86503 

81.79242 

299  418  309 

8.745  985 

18.84265 

40.59526 

670 

448  900 

25.88436 

81.85353 

300  763  000 

8.750  340 

18.85204 

40.61548 

671 

450  241 

25.90367 

81.91459 

302  111  711 

8.754  691 

18.86141 

40.63568 

672 

451  584 

25.92296 

81.97561 

303  464  448 

8.759  038 

18.87078 

40.65585 

673 

452  929 

25.94224 

82.03658 

304  821  217 

8.763  381 

18.88013 

40.67601 

674 

454  276 

25.96151 

82.09750 

306  182  024 

8.767  719 

18.88948 

40.69615 

675 

455  625 

25.98076 

82.15838 

307  546  875 

8.772  053 

18.89882 

40.71626 

676 

456  976 

26.00000 

82.21922 

308  915  776 

8.776  383 

18.90814 

40.73636 

677 

458  329 

26.01922 

82.28001 

310  288  733 

8.780  708 

18.91746 

40.75644 

678 

459  684 

26.03843 

82.34076 

311  665  752 

8.785  030 

18.92677 

40.77650 

679 

461  041 

26.05763 

82.40146 

313  046  839 

8.789  347 

18.93607 

40.79653 

680 

462  400 

26.07681 

82.46211 

314  432  000 

8.793  659 

18.94536 

40.81655 

681 

463  761 

26.09598 

82.52272 

315  821  241 

8.797  968 

18.95465 

40.83655 

682 

465  124 

26.11513 

82.58329 

317  214  568 

8.802  272 

18.96392 

40.85653 

683 

466  489 

26.13427 

82.64381 

318  611  987 

8.806  572 

18.97318 

40.87649 

684 

467  856 

26.15339 

82.70429 

320  013  504 

8.810  868 

18.98244 

40.89643 

685 

469  225 

26.17250 

82.76473 

321  419  125 

8.815  160 

18.99169 

40.91635 

686 

470  596 

26.19160 

82.82512 

322  828  856 

8.819  447 

19.00092 

40.93625 

687 

471  969 

26.21068 

82.88546 

324  242  703 

8.823  731 

19.01015 

40.95613 

688 

473  344 

26.22975 

82.94577 

325  660  672 

8.828  010 

19.01937 

40.97599 

689 

474  721 

26.24881 

83.00602 

327  082  769 

8.832  285 

19.02858 

40.99584 

690 

476  100 

26.26785 

83.06624 

328  509  000 

8.836  556 

19.03778 

41.01566 

691 

477  481 

26.28688 

83.12641 

329  939  371 

8.840  823 

19.04698 

41.03546 

692 

478  864 

26.30589 

83.18654 

331  373  888 

8.845  085 

19.05616 

41.05525 

693 

480  249 

26.32489 

83.24662 

332  812  557 

8.849  344 

19.06533 

41.07502 

694 

481  636 

26.34388 

83.30666 

334  255  384 

8.853  599 

19.07450 

41.09476 

695 

483  025 

26.36285 

83.36666 

335  702  375 

8.857  849 

19.08366 

41.11449 

696 

484  416 

26.38181 

83.42661 

337  153  536 

8.862  095 

19.09281 

41.13420 

697 

485  809 

26.40076 

83.48653 

338  608  873 

8.866  338 

19.10195 

41.15389 

698 

487  204 

26.41969 

83.54639 

340  068  392 

8.870  576 

19.11108 

41.17357 

699 

488  601 

26.43861 

83.60622 

341  532  099 

8.874  810 

19.12020 

41.19322 

700 

490  000 

26.45751 

83.66600 

343  000  000 

8.879  040 

19.12931 

41.21285 
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SQUARES, 

CUBES  AND  ROOTS  (Continued) 

n 

n* 

V7 

VXOn 

n* 

<rn 

j 

3/ 

V  lOn 

VlOOn 

700 

490  000 

26.45751 

83.66600 

343  000  000 

8.879  040 

19.12931 

41  21285 

701 

491  401 

26.47640 

83.72574 

344  472  101 

8.883  266 

19.13842 

41.23247 

702 

492  804 

26.49528 

83.78544 

345  948  408 

8.887  488 

19.14751 

41.25207 

703 

494  209 

26.51415 

83.84510 

347  428  927 

8.891  706 

19.15660 

41.27164 

704 

495  616 

26.53300 

83.90471 

348  913  664 

8.895  920 

19.16568 

41.29120 

705 

497  025 

26.55184 

83.96428 

350  402  625 

8.900  130 

19.17475 

41.31075 

706 

498  436 

26.57066 

84.02381 

351  895  816 

8.904  337 

19.18381 

41.33027 

707 

499  849 

26.58947 

84.08329 

353  393  243 

8.908  539 

19.19286 

41.34977 

708 

501  264 

26.60827 

84.14274 

354  894  912 

8.912  737 

19.20191 

41.36926 

709 

502  681 

26.62705 

84.20214 

356  400  829 

8.916  931 

19.21095 

41.38873 

710 

504  100 

26.64583 

84.26150 

357  911  000 

8.921  121 

19.21997 

41.40818 

711 

505  521 

26.66458 

84.32082 

359  425  431 

8.925  308 

19.22899 

41.42761 

712 

506  944 

26.68333 

84.38009 

360  944  128 

8.929  490 

19.23800 

41.44702 

713 

508  369 

26.70206 

84.43933 

362  467  097 

8.933  669 

19.24701 

41.46642 

714 

509  796 

26.72078 

84.49852 

363  994  344 

8.937  843 

19.25600 

41.48579 

715 

511  225 

26.73948 

84.55767 

365  525  875 

8.942  014 

19.26499 

41.50515 

716 

512  656 

26.75818 

84.61678 

367  061  696 

8.946  181 

19.27396 

41.52449 

717 

514  089 

26.77686 

84.67585 

368  601  813 

8.950  344 

19.28293 

41.54382 

718 

515  524 

26.79552 

84.73488 

370  146  232 

8.954  503 

19.29189 

41.56312 

719 

516  961 

26.81418 

84.79387 

371  694  959 

8.958  658 

19.30084 

41.58241 

720 

518  400 

26.83282 

84.85281 

373  248  000 

8.962  809 

19.30979 

41.60168 

721 

519  841 

26.85144 

84.91172 

374  805  361 

8.966  957 

19.31872 

41.62093 

722 

521  284 

26.87006 

84.97058 

376  367  048 

8.971  101 

19.32765 

41.64016 

723 

522  729 

26.88866 

85.02941 

377  933  067 

8.975  241 

19.33657 

41 . 65938 

724 

524  176 

26.90725 

85.08819 

379  503  424 

8.979  377 

19.34548 

41.67857 

725 

525  625 

26.92582 

85.14693 

381  078  125 

8.983  509 

19.35438 

41.69775 

726 

527  076 

26.94439 

85.20563 

382  657  176 

8.987  637 

19.36328 

41.71692 

727 

528  529 

26.96294 

85.26429 

384  240  583 

8.991  762 

19.37216 

41.73606 

728 

529  984 

26.98148 

85.32292 

385  828  352 

8.995  883 

19.38104 

41.75519 

729 

531  441 

27.00000 

85.38150 

387  420  489 

9.000  000 

19.38991 

41.77430 

730 

532  900 

27.01851 

85.44004 

389  017  000 

9.004  113 

19.39877 

41.79339 

731 

534  361 

27.03701 

85.49854 

390  617  891 

9.008  223 

19.40763 

41.81247 

732 

535  824 

27.05550 

85.55700 

392  223  168 

9.012  329 

19.41647 

41.83152 

733 

537  289 

27.07397 

85.61542 

393  832  837 

9.016  431 

19.42531 

41.85056 

734 

538  756 

27.09243 

85.67380 

395  446  904 

9.020  529 

19.43414 

41.86959 

735 

540  225 

27.11088 

85.73214 

397  065  375 

9.024  624 

19.44296 

41.88859 

736 

541  696 

27.12932 

85.79044 

398  688  256 

9.028  715 

19.45178 

41.90758 

737 

543  169 

27.14774 

85.84870 

400  315  553 

9.032  802 

19.46058 

41.92655 

738 

544  644 

27.16616 

85.90693 

401  947  272 

9.036  886 

19.46938 

41.94551 

739 

546  121 

27.18455 

85.96511 

403  583  419 

9.040  966 

19.47817 

41.96444 

740 

547  600 

27.20294 

86.02325 

405  224  000 

9.045  042 

19.48695 

41.98336 

741 

549  081 

27.22132 

86.08136 

406  869  021 

9.049  114 

19.49573 

42.00227 

742 

550  564 

27.23968 

86.13942 

408  518  488 

9.053  183 

19.50449 

42.02115 

743 

552  049 

27.25803 

86.19745 

410  172  407 

9.057  248 

19.51325 

42.04002 

744 

553  536 

27.27636 

86.25543 

411  830  784 

9.061  310 

19.52200 

42.05887 

745 

555  025 

27.29469 

86.31338 

413  493  625 

9.065  368 

19.53074 

42.07771 

746 

556  516 

27.31300 

86.37129 

415  160  936 

9.069  422 

19.53948 

42.09653 

747 

558  009 

27.33130 

86.42916 

416  832  723 

9.073  473 

19.54820 

42.11533 

748 

559  504 

27.34959 

86.48699 

418  508  992 

9.077  520 

19.55692 

42.13411 

749 

561  001 

27.36786 

86.54479 

420  189  749 

9.081  563 

19.56563 

42.15288 

750 

562  500 

27.38613 

86.60254 

421  875  000 

9.085  603 

19.57434 

42.17163 
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n 

n> 

V7 

V  lOn 

n* 

<rn 

VlOn 

VlOO/l 

750 

562  500 

27.38613 

86.60254 

421  875  000 

9.085  603 

19.57434J 

42.17163 

751 

564  001 

27.40438 

86.66026 

423  564  751 

9.089  639 

19.58303 

42.19037 

752 

565  504 

27.42262 

86.71793 

425  259  008 

9.093  672 

19.59172 

42.20909 

753 

567  009 

27.44085 

86.77557 

426  957  777 

9.097  701 

19.60040 

42.22779 

754 

568  516 

27.45906 

86.83317 

428  661  064 

9.101  727 

19.60908 

42.24647 

755 

570  025 

27.47726 

86.89074 

430  368  875 

9.105  748 

19.61774 

42.26514 

756 

571  536 

27.49545 

86.94826 

432  081  216 

9.109  767 

19.62640 

42.28379 

757 

573  049 

27.51363 

87.00575 

433  798  093 

9.113  782 

19.63505 

42.30243 

758 

574  564 

27.53180 

87.06320 

435  519  512 

9.117  793 

19.64369 

42.32105 

759 

576  081 

27.54995 

87.12061 

437  245  479 

9.121  801 

19.65232 

42.33965 

760 

577  600 

27.56810 

87.17798 

438  976  000 

9.125  805 

19.66095 

42.35824 

761 

579  121 

27.58623 

87.23531 

440  711  081 

9.129  806 

19.66957 

42.37681 

762 

580  644 

27.60435 

87.29261 

442  450  728 

9.133  803 

19.67818 

42.39536 

763 

582  169 

27.62245 

87.34987 

444  194  947 

9.137  797 

19.68679 

42.41390 

764 

583  696 

27.64055 

87.40709 

445  943  744 

9.141  787 

19.69538 

42.43242 

765 

585  225 

27.65863 

87.46428 

447  697  125 

9.145  774 

19.70397 

42.45092 

766 

586  756 

27.67671 

87.52143 

449  455  096 

9.149  758 

19.71256 

42.46941 

767 

588  289 

27.69476 

87.57854 

451  217  663 

9.153  738 

19.72113 

42.48789 

768 

589  824 

27.71281 

87.63561 

452  984  832 

9.157  714 

19.72970 

42.50634 

769 

591  361 

27.73085 

87.69265 

454  756  609 

9.161  687 

19.73826 

42.52478 

770 

592  900 

27.74887 

87.74964 

456  533  000 

9.165  656 

19.74681 

42.54321 

771 

594  441 

27.76689 

87.80661 

458  314  Oil 

9.169  623 

19.75535 

42.56162 

772 

595  984 

27.78489 

87.86353 

460  099  648 

9.173  585 

19.76389 

42.58001 

773 

597  529 

27.80288 

87.92042 

461  889  917 

9.177  544 

19.77242 

42.59839 

774 

599  076 

27.82086 

87.97727 

463  684  824 

9.181  500 

19.78094 

42.61675 

775 

600  625 

27.83882 

88.03408 

465  484  375 

9.185  453 

19.78946 

42.63509 

776 

602  176 

27.85678 

88.09086 

467  288  576 

9.189  402 

19.79797 

42.65342 

777 

603  729 

27.87472 

88.14760 

469  097  433 

9.193  347 

19.80647 

42.67174 

778 

605  284 

27.89265 

88.20431 

470  910  952 

9.197  290 

19.81496 

42.69004 

779 

606  841 

27.91057 

88.26098 

472  729  139 

9.201  229 

19.82345 

42.70832 

780 

608  400 

27.92848 

88.31761 

474  552  000 

9.205  164 

19.83192 

42.72650 

781 

609  961 

27.94638 

88.37420 

476  379  541 

9.209  096 

19.84040 

42.74484 

782 

611  524 

27.96426 

88.43076 

478  211  768 

9.213  025 

19.84886 

42.76307 

783 

613  089 

27.98214 

88.48729 

480  048  687 

9.216  950 

19.85732 

42.78129 

784 

614  656 

28.00000 

88.54377 

481  890  304 

9.220  873 

19.86577 

42.79950 

785 

616  225 

28.01785 

88.60023 

483  736  625 

9.224  791 

19.87421 

42.81769 

786 

617  796 

28.03569 

88.65664 

485  587  656 

9.228  707 

19.88265 

42.83586 

787 

619  369 

28.05352 

88.71302 

487  443  403 

9.232  619 

19.89107 

42.85402 

788 

620  944 

28.07134 

88.76936 

489  303  872 

9.236  528 

19.89950 

42.87216 

789 

622  521 

28.08914 

88.82567 

491  169  069 

9.240  433 

19.90791 

42.89029 

790 

624  100 

28.10694 

88.88194 

493  039  000 

9.244  335 

19.91632 

42.90840 

791 

625  681 

28.12472 

88.93818 

494  913  671 

9.248  234 

19.92472 

42.92650 

792 

627  264 

28.14249 

88.99438 

496  793  088 

9.252  130 

19.93311 

42.94458 

793 

628  849 

28.16026 

89.05055 

498  677  257 

9.256  022 

19.94150 

42.96265 

794 

630  436 

28.17801 

89.10668 

500  566  184 

9.259  911 

19.94987 

42.98070 

795 

632  025 

28.19574 

89.16277 

502  459  875 

9.263  797 

19.95825 

42.99874 

796 

633  616 

28.21347 

89.21883 

504  358  336 

9.267  680 

19.96661 

43.01676 

797 

635  209 

28.23119 

89.27486 

506  261  573 

9.271  559 

19.97497 

43.03477 

798 

636  804 

28.24889 

89.33085 

508  169  592 

9.275  435 

19.98332 

43.05276 

799 

638  401 

28.26659 

89.38680 

510  082  399 

9.279  308 

19.99166 

43.07073 

800 

640  000 

28.28427 

89.44272 

512  000  000 

9.283  178 

20.00000 

43.08869 
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n 

n2 

V~n 

VlOn 

n* 

<Tn 

VlOn 

3/ 

VlOOn 

800 

640  000 

28.28427 

89.44272 

512  000  000 

9.283  178 

20.00000 

43.08869 

801 

641  601 

28.30194 

89.49860 

513  922  401 

9.287  044 

20.00833 

43.10664 

802 

643  204 

28.31960 

89.55445 

515  849  608 

9.290  907 

20.01665 

43.12457 

803 

644  809 

28.33725 

89.61027 

517  781  627 

9.294  767 

20.02497 

43.14249 

804 

646  416 

28.35489 

89.66605 

519  718  464 

9.298  624 

20.03328 

43.16039 

805 

648  025 

28.37252 

89.72179 

521  660  125 

9.302  477 

20.04158 

43.17828 

806 

649  636 

28.39014 

89.77750 

523  606  616 

9.306  328 

20.04938 

43.19615 

807 

651  249 

28.40775 

89.83318 

525  557  943 

9.310  175 

20.05816 

43.21400 

808 

652  864 

28.42534 

89.88882 

527  514  112 

9.314  019 

20.06645 

43.23185 

809 

654  481 

28.44293 

89.94443 

529  475  129 

9.317  860 

20.07472 

43.24967 

810 

656  100 

28.46050 

90.00000 

531  441  000 

9.321  698 

20.08299 

43.26749 

811 

657  721 

28.47806 

90.05554 

533  411  731 

9.325  532 

20.09125 

43.28529 

812 

659  344 

28.49561 

90.11104 

535  387  328 

9.329  363 

20.09950 

43.30307 

813 

660  969 

28.51315 

90.16651 

537  367  797 

9.333  192 

20.10775 

43.32084 

814 

662  596 

28.53069 

90.22195 

539  353  144 

9.337  017 

20.11599 

43. 3385& 

815 

664  225 

28.54820 

90.27735 

541  343  375 

9.340  839 

20.12423 

43.35633 

816 

665  856 

28.56571 

90.33272 

543  338  496 

9.344  657 

20.13245 

43.37406 

817 

667  489 

28.58321 

90.38805 

545  338  513 

9.348  473 

20.14067 

43.39177 

818 

669  124 

28.60070 

90.44335 

547  343  432 

9.352  286 

20.14889 

43.40947 

819 

670  761 

28.61818 

90.49862 

549  353  259 

9.356  095 

20.15710 

43.42715 

820 

672  400 

28.63564 

90.55385 

551  368  000 

9.359  902 

20.16530 

43.44481 

821 

674  041 

28.65310 

90.60905 

553  387  661 

9.363  705 

20.17349 

43.46247 

822 

675  684 

28.67054 

90.66422 

555  412  248 

9.367  505 

20.18168 

43.48011 

823 

677  329 

28.68798 

90.71935 

557  441  767 

9.371  302 

20.18986 

43.49773 

824 

678  976 

28.70540 

90.77445 

559  476  224 

9.375  096 

20.19803 

43.51534 

825 

680  625 

28.72281 

90.82951 

561  515  625 

9.378  887 

20.20620 

43.53294 

S26 

682  276 

28.74022 

90.88454 

563  559  976 

9.382  675 

20.21436 

43.55052 

827 

683  929 

28.75761 

90.93954 

565  609  283 

9.386  460 

20.22252 

43.56809 

828 

685  584 

28.77499 

90.99451 

567  663  552 

9.390  242 

20.23066 

43.58564 

829 

687  241 

28.79236 

91.04944 

569  722  789 

9.394  021 

20.23880 

43.60318 

830 

688  900 

28.80972 

91.10434 

571  787  000 

9.397  796 

20.24694 

43.62071 

831 

690  561 

28.82707 

91.15920 

573  856  191 

9.401  569 

20.25507 

43.63822 

832 

692  224 

28.84441 

91.21403 

575  930  368 

9.405  339 

20.26319 

43.65572 

833 

693  889 

28.86174 

91.26883 

578  009  537 

9.409  105 

20.27130 

43.67320 

834 

695  556 

28.87906 

91.32360 

580  093  704 

9.412  869 

20.27941 

43-69067 

835 

697  225 

28.89637 

91.37833 

582  182  875 

9.416  630 

20.28751 

43.70812 

836 

698  896 

28.91366 

91.43304 

584  277  056 

9.420  387 

20.29561 

43.72556 

837 

700  569 

28.93095 

91.48770 

586  376  253 

9.424  142 

20.30370 

43.74299 

838 

702  244 

28.94823 

91.54234 

588  480  472 

9.427  894 

20.31178 

43.76041 

839 

703  921 

28.96550 

91.59694 

590  589  719 

9.431  642 

20.31986 

43.77781 

840 

705  600 

28.98275 

91.65151 

592  704  000 

9.435  388 

20.32793 

43.79519 

841 

707  281 

29.00000 

91.70605 

594  823  321 

9.439  131 

20.33599 

43.81256 

842 

708  964 

29.01724 

91.76056 

596  947  688 

9.442  870 

20.34405 

43.82992 

843 

710  649 

29.03446 

91.81503 

599  077  107 

9.446  607 

20.35210 

43.84727 

844 

712  336 

29.05168 

91.86947 

601  211  584 

9.450  341 

20.36014 

43.86460 

845 

714  025 

29.06888 

91.92388 

603  351  125 

9.454  072 

20.36818 

43.88191 

846 

715  716 

29.08608 

91.97826 

605  495  736 

9.457  800 

20.37621 

43.89922 

847 

717  409 

29.10326 

92.03260 

607  645  423 

9.461  525 

20.38424 

43.91651 

848 

719  104 

29.12044 

92.08692 

609  800  192 

9.465  247 

20.39226 

43.93378 

849 

720  801 

29.13760 

92.14120 

611  960  049 

9.468  966 

20.40027 

43.95105 

850 

722  500 

29.15476 

92.19544 

614  125  000 

9.472  682 

20.40828 

43.96830 
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850 

722  500 

29.15476 

92.19544 

614  125  000 

9.472  682 

20.40828 

43.96830 

851 

724  201 

29.17190 

92.24966 

616  295  051 

9.476  396 

20.41628 

43.98553 

852 

725  904 

29.18904 

92.30385 

618  470  208 

9.480  106 

20.42427 

44.00275 

853 

727  609 

29.20616 

92.35800 

620  650  477 

9.483  814 

20.43226 

44.01996 

854 

729  316 

29.22328 

92.41212 

622  835  864 

9.487  518 

20.44024 

44.03716 

855 

731  025 

29.24038 

92.46621 

625  026  375 

9.491  220 

20.44821 

44.05434 

856 

732  736 

29.25748 

92.52027 

627  222  016 

9.494  919 

20.45618 

44.07151 

857 

734  449 

29.27456 

92.57429 

629  422  793 

9.498  615 

20.46415 

44.08866 

858 

736  164 

29.29164 

92.62829 

631  628  712 

9.502  308 

20.47210 

44.10581 

859 

737  881 

29.30870 

92.68225 

633  839  779 

9.505  998 

20.48005 

44.12293 

860 

739  600 

29.32576 

92.73618 

636  056  000 

9.509  685 

20.48800 

44.14005 

861 

741  321 

29.34280 

92.79009 

638  277  381 

9.513  370 

20.49593 

44.15715 

862 

743  044 

29.35984 

92.84396 

640  503  928 

9.517  052 

20.50387 

44.17424 

863 

744  769 

29.37686 

92.89779 

642  735  647 

9.520  730 

20.51179 

44.19132 

864 

746  496 

29.39388 

92.95160 

644  972  544 

9.524  406 

20.51971 

44.20838 

865 

748  225 

29.41088 

93.00538 

647  214  625 

9.528  079 

20.52762 

44.22543 

866 

749  956 

29.42788 

93.05912 

649  461  896 

9.531  750 

20.53553 

44.24246 

867 

751  689 

29.44486 

93.11283 

651  714  363 

9.535  417 

20.54343 

44.25949 

868 

753  424 

29.46184 

93.16652 

653  972  032 

9.539  082 

20.55133 

44.27650 

869 

755  161 

29.47881 

93.22017 

656  234  909 

9.542  744 

20.55922 

44.29349 

870 

756  900 

29.49576 

93.27379 

658  503  000 

9.546  403 

20.56710 

44.31048 

871 

758  641 

29.51271 

93.32738 

660  776  311 

9.550  059 

20.57498 

44.32745 

872 

760  384 

29.52965 

93.38094 

663  054  848 

9.553  712 

20.58285 

44.34440 

873 

762  129 

29.54657 

93.43447 

665  338  617 

9.557  363 

20.59071 

44.36135 

874 

763  876 

29.56349 

93.48797 

667  627  624 

9.561  Oil 

20.59857 

44.37828 

875 

765  625 

29.58040 

93.54143 

669  921  875 

9.564  656 

20.60643 

44.39520 

876 

767  376 

29.59730 

93.59487 

672  221  376 

9.568  298 

20.61427 

44.41211 

877 

769  129 

29.61419 

93.64828 

674  526  133 

9.571  938 

20.62211 

44.42900 

878 

770  884 

29.63106 

93.70165 

676  836  152 

9.575  574 

20.62995 

44.44588 

879 

772  641 

29.64793 

93.75500 

679  151  439 

9.579  208 

20.63778 

44.46275 

880 

774  400 

29.66479 

93.80832 

681  472  000 

9.582  840 

20.64560 

44.47960 

881 

776  161 

29.68164 

93.86160 

683  797  841 

9.586  468 

20.65342 

44.49644 

882 

777  924 

29.69848 

93.91486 

686  128  968 

9.590  094 

20.66123 

44.51327 

883 

779  689 

29.71532 

93.96808 

688  465  387 

9.593  717 

20.66904 

44.53009 

884 

781  456 

29.73214 

94.02127 

690  807  104 

9.597  337 

20.67684 

44.54689 

885 

783  225 

29.74895 

94.07444 

693  154  125 

9.600  955 

20.68463 

44.56368 

886 

784  996 

29.76575 

94.12757 

695  506  456 

9.604  570 

20.69242 

44.58046 

887 

786  769 

29.78255 

94.18068 

697  864  103 

9.608  182 

20.70020 

44.59723 

888 

788  544 

29.79933 

94.23375 

700  227  072 

9.611  791 

20.70798 

44.61398 

889 

790  321 

29.81610 

94.28680 

702  595  369 

9.615  398 

20.71575 

44.63072 

890 

792  100 

29.83287 

94.33981 

704  969  000 

9.619  002 

20.72351 

44.64745 

891 

793  881 

29.84962 

94.39280 

707  347  971 

9.622  603 

20.73127 

44.66417 

892 

795  664 

29.86637 

94.44575 

709  732  288 

9.626  202 

20.73902 

44.68087 

893 

797  449 

29.88311 

94.49868 

712  121  957 

9.629  797 

20.74677 

44.69756 

894 

799  236 

29.89983 

94.55157 

714  516  984 

9.633  391 

20.75451 

44.71424 

895 

801  025 

29.91655 

94.60444 

716  917  375 

9.636  981 

20.76225 

44.73090 

896 

802  816 

29.93326 

94.65728 

719  323  136 

9.640  569 

20.76998 

44.74750 

897 

804  609 

29.94996 

94.71008 

721  734  273 

9.644  154 

20.77770 

44.76420 

898 

806  404 

29.96665 

94.76286 

724  150  792 

9.647  737 

20.78542 

44.78083 

899 

808  201 

29.98333 

94.81561 

726  572  699 

9.651  317 

20.79313 

44.79744 

900 

810  000 

30.00000 

94.86833 

729  000  000 

9.654  894 

20.80084 

44.81405 
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900 

810  000 

30.00000 

94.86833 

729  000  000 

9.654  894 

20.80084 

44.81405 

901 

811  801 

30.01666 

94.92102 

731  432  701 

9.658  468 

20.80854 

44.83064 

902 

813  604 

30.03331 

94.97368 

733  870  808 

9.662  040 

20.81623 

44.84722 

903 

815  409 

30.04996 

95.02631 

736  314  327 

9.665  610 

20.82392 

44.86379 

904 

817  216 

30.06659 

95.07891 

738  763  264 

9.669  176 

20.83161 

44.88034 

906 

819  025 

30.08322 

95.13149 

741  217  625 

9.672  740 

20.83929 

44.89688 

906 

820  836 

30.09983 

95.18403 

743  677  416 

9.676  302 

20.84696 

44.91341 

907 

822  649 

30.11644 

95.23655 

746  142  643 

9.679  860 

20.85463 

44.92993 

908 

824  464 

30.13304 

95.28903 

748  613  312 

9.683  417 

20.86229 

44.94644 

909 

826  281 

30.14963 

95.34149 

751  089  429 

9.686  970 

20.86994 

44.96293 

910 

828  100 

30.16621 

95.39392 

753  571  000 

9.690  521 

20.87759 

44.97941 

911 

829  921 

30.18278 

95.44632 

756  058  031 

9.694  069 

20.88524 

44.99588 

912 

831  744 

30.19934 

95.49869 

758  550  528 

9.697  615 

20.89288 

45.01234 

913 

833  569 

30.21589 

95.55103 

761  048  497 

9.701  158 

20.90051 

45.02879 

914 

835  396 

30.23243 

95.60335 

763  551  944 

9.704  699 

20.90814 

45.04522 

915 

837  225 

30.24897 

95.65563 

766  060  875 

9.708  237 

20.91576 

45.06164 

916 

839  056 

30.26549 

95.70789 

768  575  296 

9.711  772 

20.92338 

45.07805 

917 

840  889 

30.28201 

95.76012 

771  095  213 

9.715  305 

20.93099 

45.09445 

918 

842  724 

30.29851 

95.81232 

773  620  632 

9.718  835 

20.93860 

45  11084 

919 

844  561 

30.31501 

95.86449 

776  151  559 

9.722  363 

20.94620 

45.12721 

920 

846  400 

30.33150 

95.91663 

778  688  000 

9.725  888 

20.95379 

45.14357 

921 

848  241 

30.34798 

95.96874 

781  229  961 

9.729  411 

20.96138 

45.15992 

922 

850  084 

30.36445 

96.02083 

783  777  448 

6.732  931 

20.96896 

45.17626 

923 

851  929 

30.38092 

96.07289 

786  330  467 

9.736  448 

20.97654 

45.19259 

924 

853  776 

30.39737 

96.12492 

788  889  024 

9.739  963 

20.98411 

45.20891 

925 

855  625 

30.41381 

96.17692 

791  453  125 

9.743  476 

20.99168 

45.22521 

926 

857  476 

30.43025 

96.22889 

794  022  776 

9.746  986 

20.99924 

45.24150 

927 

859  329 

30.44667 

96.28084 

796  597  983 

9.750  493 

21.00680 

45.25778 

928 

861  184 

30.46309 

96.33276 

799  178  752 

9.753  998 

21.01435 

45.27405 

929 

863  041 

30.47950 

96.38465 

801  765  089 

9.7o7  500 

21.02190 

45.29030 

930 

864  900 

30.49590 

96.43651 

804  357  000 

9.761  000 

21.02944 

45.30655 

931 

866  761 

30.51229 

96.48834 

806  954  491 

9.764  497 

21.03697 

45.32278 

932 

868  624 

30.52868 

96.54015 

809  557  568 

9.767  992 

21.04450 

45.33900 

933 

870  489 

30.54505 

96.59193 

812  166  237 

9.771  485 

21.05203 

45.35521 

934 

872  356 

30.56141 

96.64368 

814  780  504 

9.774  974 

21.05954 

45.37141 

935 

874  225 

30.57777 

96.69540 

817  400  375 

9.778  462 

21.06706 

45.38760 

936 

876  096 

30.59412 

96.74709 

820  025  856 

9.781  946 

21.07456 

45.40377 

937 

877  969 

30.61046 

96.79876 

822  656  953 

9.785  429 

21.08207 

45.41994 

938 

879  844 

30.62679 

96.85040 

825  293  672 

9.788  909 

21.08956 

45.43609 

939 

881  721 

30.64311 

96.90201 

827  936  019 

9.792  386 

21.09706 

45.45223 

940 

883  600 

30.65942 

96.95360 

830  584  000 

9.795  861 

21.10454 

45.46836 

941 

885  481 

30.67572 

97.00515 

833  237  621 

9.799  334 

21.11202 

45.48448 

942 

887  364 

30.69202 

97.05668 

835  896  888 

9.802  804 

21.11950 

45.50058 

943 

889  249 

30.70831 

97.10819 

838  561  807 

9.806  271 

21.12697 

45.51668 

944 

891  136 

30.72458 

97.15966 

841  232  384 

9.809  736 

21.13444 

45.53276 

945 

893  025 

30.74085 

97.21111 

843  908  625 

9.813  199 

21.14190 

45.54883 

946 

894  916 

30.75711 

97  26253 

846  590  536 

9.816  659 

21.14935 

45.56490 

947 

896  809 

30.77337 

97.31393 

849  278  123 

9.820  117 

21.15680 

45.58095 

948 

898  704 

30.78961 

97.36529 

851  971  392 

9.823  572 

21.16424 

45.59698 

949 

900  601 

30.80584 

9741663 

854  670  349 

9.827  025 

21.17168 

45.61301 

950 

902  500 

30.82207 

97.46794 

857  375  000 

9.830  476 

21.17912 

45.62903 
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950 

902  500 

30.82207 

97.46794 

857  375  000 

9.830  476 

21.17912 

45.62903 

951 

904  401 

30.83829 

97.51923 

860  085  351 

9.833  924 

21.18655 

45.64503 

952 

906  304 

30.85450 

97.57049 

862  801  408 

9.837  369 

21.19397 

45.66102 

953 

908  209 

30.87070 

97.62172 

865  523  177 

9.840  813 

21.20139 

45.67701 

954 

910  116 

30.88689 

97.67292 

868  250  664 

9.844  254 

21.20880 

45.69298 

955 

912  025 

30.90307 

97.72410 

870  983  875 

9.847  692 

21.21621 

45.70894 

956 

913  936 

30.91925 

97.77525 

873  722  816 

9.851  128 

21.22361 

45.72489 

957 

)   915  849 
917  764 

30.93542 

97.82638 

876  467  493 

9.854  562 

21.23101 

45.74082 

958 

30.95158 

97.87747 

879  217  912 

9.857  993 

21.23840 

45.75675 

959 

919  681 

30.96773 

97.92855 

881  974  079 

9.861  422 

21.24579 

45.77267 

960 

921  600 

30.98387 

97.97959 

884.736  000 

9.864  848 

21.25317 

45.78857 

961 

923  521 

31.00000 

98.03061 

887  503  681 

9.868  272 

21.26055 

45.80446 

962 

925  444 

31.01612 

98.08160 

890  277  128 

9.871  694 

21.26792 

45.82035 

963 

927  369 

31.03224 

98.13256 

893  056  347 

9.875  113 

21.27529 

45.83622 

964 

929  296 

31.04835 

98.18350 

895  841  344 

9.878  530 

21.28265 

45.85208 

965 

931  225 

31.06445 

98.23441 

898  632  125 

9.881  945 

21.29001 

45.86793 

966 

933  156 

31.08054 

98.28530 

901  428  696 

9.885  357 

21.29736 

45.88376 

967 

935  089 

31.09662 

98.33616 

904  231  063 

9.888  767 

21.30470 

45.89959 

968 

937  024 

31.11270 

98.38699 

907  039  232 

9.892  175 

21.31204 

45.91541 

969 

938  961 

31.12876 

98.43780 

909  853  209 

9.895  580 

21.31938 

45.93121 

970 

940  900 

31 . 14482 

98.48858 

912  673  000 

9.898  983 

21.32671 

45.94701 

971 

942  841 

31.16087 

98.53933 

915  498  611 

9.902  384 

21.33404 

45.96279 

972 

944  784 

31.17691 

98.59006 

918  330  048 

9.905  782 

21.34136 

45.97857 

973 

946  729 

31.19295 

98.64076 

921  167  317 

9.909  178 

21.34868 

45.99433 

974 

948  676 

31.20897 

98.69144 

924  010  424 

9.912  571 

21.35599 

46.01008 

975 

950  625 

31.22499 

98.74209 

926  859  375 

9.915  962 

21.36329 

46.02582 

976 

952  576 

31.24100 

98.79271 

929  714  176 

9.919  351 

21.37059 

46.04155 

977 

954  529 

31.25700 

98.84331 

932  574  833 

9.922  738 

21.37789 

46.05727 

978 

956  484 

31.27299 

98.89388 

935  441  352 

9.926  122 

21.38518 

46.07298 

979 

958  441 

31.28898 

98.94443 

938  313  739 

9.929  504 

21.39247 

46.08868 

980 

960  400 

31.30495 

98.99495 

941  192  000 

9.932  884 

21.39975 

46.10436 

981 

962  361 

31.32092 

99.04544 

944  076  141 

9.936  261 

21.40703 

46.12004 

982 

964  324 

31.33688 

99.09591 

946  966  168 

9.939  636 

21.41430 

46.13571 

983 

966  289 

31.35283 

99.14636 

949  862  087 

9.943  009 

21.42156 

46.15136 

984 

968  256 

31.36877 

99.19677 

952  763  904 

9.946  380 

21.42883 

46.16700 

985 

970  225 

31.38471 

99.24717 

955  671  625 

9.949  748 

21.43608 

46.18264 

986 

972  196 

31.40064 

99.29753 

958  585  256 

9.953  114 

21.44333 

46.19826 

987 

974  169 

31.41656 

99.34787 

961  504  803 

9.956  478 

21.45058 

46.21387 

988 

976  144 

31.43247 

99.39819 

964  430  272 

9.959  839 

21.45782 

46.22948 

989 

978  121 

31.44837 

99.44848 

967  361  669 

9.963  198 

21.46506 

46.24507 

990 

980  100 

31.46427 

99.49874 

970  299  000 

9.966  555 

21.47229 

46.26065 

991 

982  081 

31.48015 

99.54898 

973  242  271 

9.969  910 

21.47952 

46.27622 

992 

984  064 

31.49603 

99.59920 

976  191  488 

9.973  262 

21.48674 

46.29178 

993 

986  049 

31.51190 

99.64939 

979  146  657 

9.976  612 

21.49396 

46.30733 

994 

988  036 

31.52777 

99.69955 

982  107  784 

9.979  960 

21.50117 

46.32287 

995 

990  025 

31.54362 

99.74969 

985  074  875 

9.983  305 

21.50838 

46.33840 

996 

992  016 

31.55947 

99.79980 

988  047  936 

9.986  649 

21.51558 

46.35392 

997 

994  009 

31.57531 

99.84989 

991  026  973 

9.989  990 

21.52278 

46.36943 

998 

996  004 

31.59114 

99.89995 

994  Oil  992 

9.993  329 

21.52997 

46.38492 

999 

998  001 

31.60696 

99.94999 

997  002  999 

9.996  666 

21.53716 

46.40041 

1000 

1  000  000 

31.62278 

100.00000 

1  000  000  000 

10.000  000 

21.54435 

46.41589 
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POWERS  OF  NUMBERS 


n 

n4 

nb 

71 6 

n* 

n8 

1 

1 

1 

1 

1 

1 

2 

16 

32 

64 

128 

256 

3 

81 

243 

729 

2187 

6561 

4 

256 

1024 

4096 

16384 

65536 

5 

625 

3125 

15625 

78125 

390625 

6 

1296 

7776 

46656 

279936 

1679616 

7 

2401 

16807 

117649 

823543 

5764801 

8 

4096 

32768 

262144 

2097152 

16777216 

9 

6561 

59049 

531441 

4782969 

43046721 
X108 

10 

10000 

100000 

1000000 

10000000 

1 . 000000 

11 

14641 

161051 

1771561 

19487171 

2 . 143589 

12 

20736 

248832 

2985984 

35831808 

4.299817 

13 

28561 

371293 

4826809 

62748517 

8.157307 

14 

38416 

537824 

7529536 

105413504 

14.757891 

15 

50625 

759375 

11390625 

170859375 

25 . 628906 

16 

65536 

1048576 

16777216 

268435456 

42 . 949673 

17 

83521 

1419857 

24137569 

410338673 

69.757574 

18 

104976 

1889568 

34012224 

612220032 

110.199606 

19 

130321 

2476099 

47045881 

893871739 
X10» 

169 . 835630 
X1010 

20 

160000 

3200000 

64000000 

1 . 280000 

2 . 560000 

21 

194481 

4084101 

85766121 

1.801089 

3.782286 

22 

234256 

5153632 

113379904 

2 . 494358 

5 . 487587 

23 

279841 

6436343 

148035889 

3.404825 

7.831099 

24 

331776 

7962624 

191102976 

4.586471 

11.007531 

25 

390625 

9765625 

244140625 

6.103516 

15.258789 

26 

456976 

11881376 

308915776 

8.031810 

20.882706 

27 

531441 

14348907 

387420489 

10.460353 

28 . 242954 

28 

614656 

17210368 

481890304 

13.492929 

37.780200 

29 

707281 

20511149 

594823321 

17.249876 

50.024641 

X108 

XlOio 

X10" 

30 

810000 

24300000 

7.290000 

2.187000 

6.561000 

31 

923521 

28629151 

8.875037 

2.751261 

8.528910 

32 

1048576 

33554432 

10.737418 

3.435974 

10.995116 

33 

1185921 

39135393 

12.914680 

4.261844 

14 . 064086 

34 

1336336 

45435424 

15.448044 

5.252335 

17.857939 

35 

1500625 

52521875 

18.382656 

6.433930 

22.518754 

36 

1679616 

60466176 

21.767823 

7.836416 

28.211099 

37 

1874161 

69343957 

25.657264 

9.493188 

35.124795 

38 

2085136 

79235168 

30.109364 

11.441558 

43.477921 

39 

2313441 

90224199 

35.187438 

13.723101 

53 . 520093 

X10* 

X1010 

XIO^ 

40 

2560000 

102400000 

4 . 096000 

16.384000  ; 

6 . 553600 

41 

2825761 

115856201 

4.750104 

19.475427 

7.984925 

42 

3111696 

130691232 

5.489032 

23.053933 

9 . 682652 

43 

3418801 

147008443 

6.321363 

27.181861 

11.688200 

44 

3748096 

164916224 

7.256314 

31.927781 

14.048224 

45 

4100625 

184528125 

8.303766 

37.366945 

16.815125 

46 

4477456 

205962976 

9.474297 

43.581766 

20.047612 

47 

4879681 

229345007 

10.779215 

50.662312 

23.811287 

48 

5308416 

254803968 

12.230590 

58 . 706834 

28.179280 

49 

5764801 

282475249 

13.841287 

67.822307 

33.232931 

50 

6250000 

312500000 

15.625000 

78.125000 

39 . 062500 
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POWERS  OF  NUMBERS 

n\                                     ~>5                                     »6 

^Continued) 

n7                         ,,s 

Tl 

X109 

XIO" 

l 

XlOis 

50 

6250000 

312500000 

15.625000 

7.812500 

3 . 906250 

51 

6765201 

345025251 

17.596288 

8.974107 

4 . 576794 

52 

7311616 

380204032 

19.770610 

10.280717 

5.345973 

53 

7890481 

418195493 

22.164361 

11.747111 

6 . 225969 

54 

8503056 

459165024 

24.794911 

13.389252 

7.230196 

55 

9150625 

503284375 

27.680641 

15.224352 

8.373394 

56 

9834496 

550731776 

30.840979 

17.270948 

9.671731 

57 

10556001 

601692057 

34.296447 

19.548975 

11.142916 

58 

11316496 

656356768 

38 . 068693 

22 . 079842 

12.806308 

59 

12117361 

714924299 

42.180534 

24.886515 

14.683044 

X108 

X1010 

X101* 

X  1013 

60 

12960000 

7.776000 

4.665600 

27.993600 

16.796160 

61 

13845841 

8.445963 

5.152037 

31.427428 

19.170731 

62 

14776336 

9.161328 

5 . 680024 

35.216146 

21.834011 

63 

15752961 

9.924365 

6.252350 

39.389806 

24.815578 

64 

16777216 

10.737418 

6.871948 

43.980465 

28.147498 

65 

17850625 

11.602906 

7.541889 

49.022279 

31.864481 

66 

18974736 

12.523326 

8.265395 

54.551607 

36.004061 

67 

20151121 

13.501251 

9.045838 

60.607116 

40.606768 

68 

21381376 

14.539336 

9.886748 

67.229888 

45.716324 

69 

22667121 

15.640313 

10.791816 

74 . 463533 

51.379837 

X10s 

X1010 

X1012 

X.10»« 

70 

24010000 

16.807000 

11.764900 

8.235430 

5.764801 

71 

25411681 

18.042294 

12.810028 

9.095120 

6.457535 

72 

26873856 

19.349176 

13.931407 

10.030613 

7.222041 

73 

28398241 

20.730716 

15.133423 

11.047399 

8.064601 

74 

29986576 

22.190066 

16.420649 

12.151280 

8.991947 

75 

31640625 

23.730469 

17.797852 

13.348389 

10.011292 

76 

33362176 

25.355254 

19.269993 

14.645195 

11.130348 

77 

35153041 

27.067842 

20.842238 

16.048523 

12.357363 

78 

37015056 

28.871744 

22.519960 

17.565569 

13.701144 

79 

38950081 

30.770564 

24.308746 

19.203909 

15.171088 

X10« 

X1010 

XIO12 

X1014 

80 

40960000 

32 . 768000 

26.214400 

20.971520 

16.777216 

81 

43046721 

34.867844 

28.242954 

22.876792 

18.530202 

82 

45212176 

37.073984 

30.400667 

24 . 928547 

20.441409 

83 

47458321 

39.390406 

32.694037 

27.136051 

22.522922 

84 

49787136 

41.821194 

35.129803 

29.509035 

24.787589 

85 

52200625 

44.370531 

37.714952 

32.057709 

27.249053 

86 

54700816 

47.042702 

40.456724 

34.792782 

29.921793 

87 

57289761 

49.842092 

43 . 362620 

37.725479 

32.821167 

88 

59969536 

52.773192 

46.440409 

40.867560 

35.963452 

89 

62742241 

55.840594 

49.698129 

44.231335 

39.365888 

X109 

X10" 

X1013 

X10« 

90 

65610000 

5.904900 

5.314410 

4.782969 

4 . 304672 

91 

68574961 

6.240321 

5.678693 

5.167610 

4.702525 

92 

71639296 

6.590815 

6.063550 

5.578466 

5.132189 

93 

74805201 

6.956884 

6.469902 

6.017009 

5.595818 

94 

78074896 

7.339040 

6.898698 

6.484776 

6.095689 

95 

81450625 

7.737809 

7.350919 

6.983373 

6.634204 

96 

84934656 

8.153727 

7.827578 

7.514475 

7.213896 

97 

88529281 

8.587340 

8.329720 

8.079828 

7.837434 

98 

92236816 

9 . 039208 

8.858424 

8.681255 

8.507630 

99 

96059601 

9 . 509900 

9.414801 

9.320653 

9.227447 

100 

100000000 

10.000000 

10.000000 

10.000000 

10.000000 
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FACTORIALS  AND  THEIR  LOGARITHMS 


n 

n! 

log  n! 

n 

n! 

log  n! 

50 

3.0414X1064 

64 . 48307 

1 

1 . 0000 

0.00000 

51 

1.5511X1066 

66.19065 

2 

2 . 0000 

0.30103 

52 

8.0658X1067 

67 . 90665 

3 

6.0000 

0.77815 

53 

4 .  2749  X  1069 

69 . 63092 

4 

2.4000X10 

1.38021 

54 

2.3084X107i 

71.36332 

5 

1.2000X102 

2.07918 

55 

1.2696X1073 

73.10368 

6 

7.2000X102 

2 . 85733 

56 

7.1100X1074 

74.85187 

7 

5.0400X103 

3 . 70243 

57 

4.0527X10™ 

76.60774 

8 

4.0320X104 

4.60552 

58 

2.3506X107s 

78.37117 

9 

3.6288X105 

5.55976 

59 

1.3868X1080 

80.14202 

10 

3.6288X106 

6.55976 

60 

8.3210X1081 

81.92017 

11 

3.9917X107 

7.60116 

61 

5.0758X1083 

83 . 70550 

12 

4.7900X108 

8.68034 

62 

8. 1470X10*5 

85.49790 

13 

6.2270X109 

9 . 79428 

63 

1.9826X1087 

87 . 29724 

14 

8.7178X10" 

10.94041 

64 

1.2689X10*9 

89.10342 

15 

1.3077X10" 

12.11650 

65 

8.  2477  XI 09" 

90.91633 

16 

2.0923X10" 

13.32062 

66 

5.4435X1092 

92 . 73587 

17 

3.5569X1014 

14.55107 

67 

3.6471  X1094 

94.56195 

18 

6.4024X10" 

15.80634 

68 

2.4800X1096 

06 . 39446 

19 

1.2165X10" 

17.08509 

69 

1.7112X1098 

98.23331 

20 

2.4329X1018 

18.38612 

70 

1.1979X10100 

100.07841 

21 

5.1091X1019 

19.70834 

71 

8.5048X10101 

101.92966 

22 

1.1240X1021 

21.05077 

72 

6.1234X10'03 

103.78700 

23 

2.5852X1022 

22.41249 

73 

4.4701X10™5 

105.65032 

24 

6.2045X1023 

23.79271 

74 

3.3079X10lo7 

107.51955 

25 

1.5511X1026 

25.19065 

75 

2.4809X101o9 

109  39461 

26 

4.0329X102« 

26 . 60562 

76 

1.8855X10"1 

111. 27543 

27 

1.0889X1028 

28.03698 

77 

1.4518X101" 

113.16192 

28 

3.0489X1029 

29.48414 

78 

1.1324X101" 

115.05401 

29 

8.8418X1030 

30.94654 

79 

8.9462X101" 

116.95164 

30 

2.6525X1032 

32.42366 

80 

7.1569X10118 

118.85473 

31 

8.2228X1033 

33.91502 

81 

5.7971  X10"o 

120.76321 

32 

2.6313X1035 

35.42017 

82 

4.7536X10"2 

122.67703 

33 

8.6833X1036 

36.93869 

83 

3.9455X10"4 

124.59610 

34 

2.9523X1038 

38.47016 

84 

3.3142X10"6 

126.52038 

35 

1.0333X1040 

40.01423 

85 

2.8171X10"8 

128.44980 

36 

3.7199X10" 

41.57054 

86 

2.4227X10130 

130.38430 

37 

1.3764X10" 

43.13874 

87 

2.1078X10132 

132.32382 

38 

5.2302X10" 

44.71852 

88 

1.8548X10"4 

134.26830 

39 

2.0398X10" 

46 . 30959 

89 

1.6508X10136 

136.21769 

40 

8.1592X10" 

47.91165 

90 

1.4857X10"8 

138.17194 

41 

3 .  3453  X  1049 

49.52443 

91 

1.3520X10140 

140.13098 

42 

1.4050X1051 

51.14768 

92 

1.2438X10"2 

142 . 09477 

43 

6.0415X1052 

52.78115 

93 

1.1568X10"4 

144 . 06325 

44 

2.6583X1054 

54 . 42460 

94 

1.0874X101" 

146.03638 

46 

1.1962X1056 

56.07781 

95 

1.0330X10"8 

148.01410 

46 

5.5026X1057 

57.74057 

96 

9.9168X10"9 

149.99637 

47 

2 .  5862  X  1059 

59.41267 

97 

9.6193X10"! 

151.98314 

48 

1.2414X1061 

61.09391 

98 

9.4269X10"3 

153.97437 

49 

6.0828X1062 

62.78410 

99 

9.3326X10155 

155.97000 

50 

3.0414X106* 

64.48307 

100 

9.3326X10"7 

157.97000 
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FACTORS 

FOR  COMPUTING  PROBABLE  ERRORS 

1 

l 

.6745 

.6745 

.8453 

.8453 

H 

Vn(n   -  1) 

V'L    ~    1 

y/n{n  -   1) 

h\/ji   —  1 

V«(n  -  1) 

2 

.707107 

.707107 

.6745 

.4769 

.4227 

.5978 

3 

. 577350 

.408248 

.4769 

.2754 

.1993 

.3451 

4 

. 500000 

.288675 

.  3894 

.1947 

.1220 

.2440 

5 

.447214 

. 223607 

.3372 

.1508 

.0845 

.1890 

6 

. 408248 

. 182574 

.3016 

.1231 

.0630 

.1543 

7 

. 377964 

. 154303 

.2754 

.1041 

.0493 

.1304 

8 

. 353553 

.  133631 

.2549 

.0901 

.  0399 

.1130 

9 

. 333333 

.117851 

.2385 

.0795 

.  0332 

.0996 

10 

.316228 

. 105409 

.2248 

.0711 

.  0282 

.0891 

11 

.301511 

. 095346 

.2133 

.0643 

.0243 

.0806 

12 

. 288675 

. 087039 

.2034 

.0587 

.0212 

.0736 

13 

. 277350 

. 080064 

.1947 

.0540 

.0188 

.0677 

14 

.267261 

.074125 

.1871 

.0500 

.0167 

.0627 

13 

.258199 

. 069007 

.1803 

.0465 

.0151 

.  0583 

16 

. 250000 

.064550 

.  1742 

.  0435 

.0136 

.0546 

17 

. 242536 

.060634 

.1686 

.0409 

.0124 

.0513 

18 

. 235702 

.057166 

.  1636 

.  0386 

.0114 

.0483 

19 

.229416 

. 054074 

.1590 

.  0365 

.0105 

.0457 

20 

. 223607 

.051299 

.1547 

.  0346 

.0097 

.0434 

21 

.218218 

. 048795 

.1508 

.  0329 

.0090 

.0412 

22 

.213201 

. 046524 

.  1472 

.0314 

.0084 

.0393 

23 

.208514 

.044455 

.  1438 

.  0300 

.0078 

0376 

24 

.204124 

.042563 

.1406 

.  0287 

.  0073 

.  0360 

25 

.200000 

. 040825 

.1377 

.0275 

.0069 

.0345 

26 

.196116 

.03922.-! 

.1349 

.  0265 

.0065 

.0332 

27 

. 192450 

.037743 

.1323 

.0255 

.0061 

.0319 

28 

. 188982 

.036370 

.1298 

.  0245 

.0058 

.0307 

29 

. 185695 

. 035093 

.1275 

.0237 

.  0055 

.0297 

30 

. 182574 

. 033903 

.1252 

.0229 

0052 

.0287 

31 

.179605 

.032791 

.1231 

.0221 

.0050 

.0277 

32 

. 176777 

.031750 

.1211 

.0214 

0047 

.0268 

33 

. 174078 

.030773 

.1192 

.0208 

.  0045 

.0260 

34 

.171499 

. 029854 

.1174 

.0201 

.0043 

.0252 

35 

.169031 

.028989 

.1157 

.0196 

.0041 

.0245 

36 

. 166667 

.028172 

.1140 

.0190 

.0040 

.0238 

37 

. 164399 

. 027400 

.1124 

.0185 

.0038 

.0232 

38 

. 162221 

. 026669 

.1109 

.0180 

.0037 

.0225 

39 

.160128 

.025976 

.1094 

.0175 

.0035 

.0220 

40 

.158114 

.025318 

.1080 

.0171 

.0034 

.0214 

41 

.156174 

. 024693 

.1066 

.0167 

.0033 

.0209 

42 

. 154303 

. 024098 

.1053 

.0163 

.0031 

.0204 

43 

. 152499 

.023531 

.1041 

.0159 

.0030 

.0199 

44 

. 150756 

. 022990 

.1029 

.0155 

.0029 

.0194 

45 

.149071 

.022473 

.1017 

.0152 

.0028 

.0190 

46 

. 147442 

.021979 

.1005 

.0148 

.0027 

.0186 

47 

. 145865 

.021507 

.0994 

.0145 

.0027 

.0182 

48 

. 144338 

.021054 

.0984 

.0142 

.0026 

.0178 

49 

. 142857 

. 020620 

.0974 

.0139 

.0025 

.0174 

50 

.141421 

. 020203 

.0964 

.0136 

.0024 

.0171 
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FACTORS  FOR  COMPUTING  PROBABLE  ERRORS 

(Continued) 


1 

Vn 

1 

.6745 

.6745 

.8453 

.  845.-; 

11 

Vn(n  -   1) 

y/n  -   1 

Vn(n  -  1) 

n\Ai  —   1 

\/n{i7~-^~l 

50 

.141421 

.020203 

.0964 

.0136 

.0024 

.0171 

51 

.140028 

.019803 

.0954 

.0134 

.0023 

.0167 

52 

. 138675 

.019418 

.0945 

.0131 

.0023 

.0164 

53 

.137361 

.019048 

.0935 

.0129 

.0022 

.0161 

54 

. 136083 

.018692 

.0927 

.0126 

.0022 

.0158 

55 

. 134840 

.018349 

.0918 

.0124 

.0021 

.0155 

56 

.133631 

.018019 

.0910 

.0122 

.0020 

.0152 

57 

. 132453 

.017700 

.0901 

.0119 

.0020 

.0150 

58 

.131306 

.017392 

.0893 

.0117 

.0019 

.0147 

59 

. 130189 

.017095 

.0886 

.0115 

.0019 

.0145 

60 

. 129099 

.016807 

.0878 

.0113 

.0018 

.0142 

61 

. 128037 

.016529 

.0871 

.0112 

.0018 

.0140 

62 

. 127000 

.016261 

.0864 

.0110 

.0018 

.0138 

63 

. 125988 

.016001 

.  0857 

.0108 

.0017 

.0135 

64 

. 125000 

.015749 

.0850 

.0106 

.0017 

.0133 

65 

. 124035 

.015504 

.  0843 

.0105 

.0016 

.0131 

66 

.123091 

.015268 

.  0837 

.0103 

.0016 

.0129 

67 

.122169 

.015038 

.  0830 

.0101 

.0016 

.0127 

68 

.121268 

.014815 

.0824 

.0100 

.0015 

.0125 

69 

. 120386 

.014599 

.0818 

.0099 

.0015 

.0123 

70 

.119523 

.014389 

.0812 

.0097 

.0015 

.0122 

71 

.118678 

.014185 

.0806 

.0096 

.0014 

.0120 

72 

.117851 

.013986 

.0801 

.0094 

.0014 

.0118 

73 

.117041 

.013793 

.0795 

.0093 

.0014 

.0117 

74 

.116248 

.013606 

.0789 

.0092 

.0013 

.0115 

75 

.115470 

.013423 

.0784 

.0091 

.0013 

.0113 

76 

.114708 

.013245 

.0779 

.0089 

.0013 

.0112 

77 

.113961 

.013072 

.0773 

.0088 

.0013 

.0111 

78 

.113228 

.012904 

.0769 

.0087 

.0012 

.0109 

79 

.112509 

.012739 

.0764 

.0086 

.C012 

.0108 

80 

.111803 

.012579 

.  0759 

.0085 

.0012 

.0106 

81 

.111111 

. 012423 

.  0754 

.0084 

.0012 

.0105 

82 

.110432 

.012270 

.0749 

.0083 

.0012 

.0104 

83 

. 109764 

.012121 

.0745 

.0082 

.0011 

.0103 

84 

.109109 

.011976 

.0740 

.0081 

.0011 

.0101 

85 

. 108465 

.011835 

.  0736 

.0080 

.0011 

.0100 

86 

. 107833 

.011696 

.0732 

.0079 

.0011 

.0099 

87 

.107211 

.011561 

.0727 

.0078 

.0011 

.0098 

88 

. 106600 

.011429 

.0723 

.0077 

.0010 

.0097 

89 

. 106000 

.011300 

.0719 

.0076 

.0010 

.0096 

90 

. 105409 

.011173 

.0715 

.0075 

.0010 

.0094 

91 

. 104828 

.011050 

.0711 

.0075 

.0010 

.0093 

92 

. 104257 

.010929 

.0707 

.0074 

.0010 

.0092 

93 

. 103695 

.010811 

.0703 

.0073 

.0010 

.0091 

94 

.103142 

.010695 

.0699 

.0072 

.0009 

.0090 

95 

. 102598 

.010582 

.0696 

.0071 

.0009 

.0089 

96 

. 102062 

.010471 

.0692 

.0071 

.0009 

.0089 

97 

.101535 

.010363 

.0688 

.0070 

.0009 

.0088 

98 

.101015 

.010257 

.068:5 

.0069 

.0009 

.0087 

99 

. 100504 

.010152 

.0681 

.0069 

.0009 

.0086 

100 

. 100000 

.010050 

.0678 

.0068 

.0008 

.0085 
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PROBABILITY  OF  OCCURRENCE  OF  DEVIATIONS 

Valid  for  thirty  or  more  samples. 

Probability  of  occurrence,  expressed  as  per  cent,  and  odds  against  a 
deviation  as  great  or  greater  than  that  designated  is  given  for  various  ratios 
of  the  deviation  to  the  probable  error  and  to  the  standard  deviation. 

(From  Pearl,  Medical  Biometry  and  Statistics,  W.  B.  Saunders  Company, 
publishers,  by  permission.) 


Ratio  dev. 
to  P.E. 

Probable 

Odds 

Ratio  dev. 

Probable 

Odds 

occurrence 

against, 

to  std. 

occurrence 

against, 

% 

to  1 

dev. 

% 

to  1 

1.0 

50.00 

1.00 

0.67449 

50.00 

1.00 

1.1 

45.81 

1.18 

0.7 

48.39 

1.07 

1.2 

41.83 

1.39 

0.8 

42.37 

1.36 

1.3 

38.06 

1.63 

0.9 

36.81 

1.72 

1.4 

34.50 

1.90 

1.0 

31.73 

2.15 

1.5 

31.17 

2.21 

1.1 

27.13 

2.69 

1.6 

28.05 

2.57 

1.2 

23.01 

3.35 

1.7 

25.15 

2.98 

1.3 

19.36 

4.17 

1.8 

22.47 

3.45 

1.4 

16.15 

5.19 

1.9 

20.00 

4.00 

1.5 

13.36 

6.4* 

2.0 

17.73 

4.64 

1.6 

10.96 

8.12 

2.1 

15.67 

5.38 

1.7 

8.91 

10.22 

2.2 

13.78 

6.25 

1.8 

7.19 

12.92 

2.3 

12.08 

7.28 

1.9 

5.74 

16.41 

2.4 

10.55 

8.48 

2.0 

4.55 

20.98 

2.5 

9.18 

9.90 

2.1 

3.57 

26.99 

2.6 

7.95 

11.58 

2.2 

2.78 

34.96 

2.7 

6.86 

13.58 

2 .  3 

2.14 

45.62 

2.8 

5.89 

15.96 

2.4 

1.64 

5tf.y9 

2.9 

5.05 

18.82 

2.5 

1.24 

79.52 

3.0 

4.30 

22.24 

2.6 

.932 

106.3 

3.1 

3.65 

26.37 

2.7 

.693 

143.2 

3.2 

3.09 

31.36 

2.8 

.511 

194.7 

3.3 

2.60 

37.42 

2.9 

373 

267.0 

3.4 

2.18 

44.80 

3.0 

.270 

369.4 

3.5 

1.82 

53.82 

3.1 

.194 

515.7 

3.6 

1.52 

64.89 

3.2 

.137 

726.7 

3.7 

1.26 

78.53 

3.3 

.0967 

1,033. 

3.8 

1.04 

95.38 

3.4 

.0674 

1,483. 

3.9 

.853 

116.3 

3.5 

.0465 

2,149. 

4.0 

.698 

142.3 

3.6 

.0318 

3,142. 

4.1 

.569 

174.9 

3.7 

.0216 

4,637. 

4.2 

.461 

215.8 

3.8 

.0145 

6,915. 

4.3 

.373 

267.2 

3.9 

. 00962 

10,394. 

4.4 

.300 

332.4 

4.0 

.00634 

15,772. 

4.5 

.240 

415.0 

5.0 

5.73X10-5 

1.744X10* 

4.6 

.192 

520.4 

6.0 

2.0X10"7 

5.0X10" 

4.7 

.152 

655.3 

7.0 

2.6X10-10 

3.9X10" 

4.8 

.121 

828.3 

4.9 

.0950 

1,052. 

5.0 

.0745 

1,341. 

6.0 

.0052 

19,300. 

7.0 

. 00023 

4.27X105 

8.0 

6.8X10-6 

1.47X107 

9.0 

1.3X10"7 

7.30X108 

10.0 

1.5X10"* 

6.5X1010 
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AREAS,  ORDINATES  AND  DERIVATIVES  OF  THE 
NORMAL  CURVE  OF  ERROR 


The  following  table  gives  values  of  the  area  under  the  curve  from  the  ordi- 
nate at  t  =  0  to  the  ordinate  for  the  values  of  t  given  in  the  column  at  the 
left.  Values  of  the  ordinate  and  of  the  second,  third  and  fourth  derivatives 
are  also  given. 


Ordi- 
nate 

Second 

Third 

Fourth 

Ordi- 
nate 

Second 

Third 

1  Fourth 

t 

Area 

deriva- 

deriva- 

deriva- 

/ 

Area 

deriva- 

deriva- 

deriva- 

tive 

tive 

tive 

tive 

tive 

tive 

.00 

.0000 

.3989 

-.3989 

.0000 

1.1968 

.50 

.1915 

.3521 

-.2641 

.4841 

.5501 

.01 

.0040 

.3989 

-.3989 

.0120 

1 . 1965 

.51 

.1950 

.3503 

-.2592 

.4895 

.5279 

.02 

.0080 

.3989 

-.3987 

.0239 

1 . 1956 

.52 

.1985 

.3485 

-.2543 

.4947 

.5056 

.03 

.0120 

.3988 

-.3984 

.0359 

1.1941 

.53 

.2019 

.3467 

-.2493 

.4996 

.4831 

.04 

.0160 

.3986 

-.3980 

.0478 

1 . 1920 

.54 

.2054 

.3448 

-.2443 

.5043 

.4605 

.05 

.0199 

.3984 

-.3975 

.0597 

1 . 1894 

.55 

.2088 

.3429 

-.2392 

.5088 

.4378 

.06 

.0239 

.3982 

-.3968 

.0716 

1.1861 

.56 

.2123 

.3411 

-.2341 

.5131 

.4150 

.07 

.0279 

.3980 

-.3960 

.0834 

1 . 1822 

.57 

.2157 

.3391 

-.2289 

.5171 

.3921 

.08 

.0319 

.3977 

-.3951 

.0952 

1.1778 

.58 

.2190 

.3372 

-.2238 

.5209 

.3691 

.09 

.0359 

.3973 

-.3941 

.1070 

1.1727 

.59 

.2224 

.3352 

-.2185 

.5245 

.3461 

.10 

.0398 

.3970 

-.3930 

.1187 

1.1671 

.60 

.2258 

.3332 

-.2133 

.5278 

.3231 

.11 

.0438 

.3965 

-.3917 

.  1303 

1.1609 

.61 

.2291 

.3312 

-.2080 

.5309 

.3000 

.12 

.0478 

.3961 

-.3904 

.1419 

1.1541 

.62 

.2324 

.3292 

-.2027 

.5338 

.2770 

.13 

.0517 

.3956 

-.3889 

.1534 

1 . 1468 

.63 

.2357 

.3271 

-.1973 

.5365 

.2539 

.14 

.0557 

.3951 

-.3873 

.1648 

1 . 1389 

.64 

.2389 

.3251 

-.1919 

.5389 

.2309 

.15 

.0596 

.3945 

-.3856 

.1762 

1.1304 

.65 

.2422 

.3230 

- . 1865 

.5411 

.2078 

.16 

.0636 

.3939 

-.3838 

.1874 

1.1214 

.66 

.2454 

.3209 

-.1811 

.5431 

.1849 

.17 

.0675 

.3932 

-.3819 

.1986 

1.1118 

.67 

.2486 

.3187 

- . 1757 

.5448 

.1620 

.18 

.0714 

.3925 

-.3798 

.2097 

1.1017 

.68 

.2518 

.3166 

- . 1702 

.5463 

.1391 

.19 

.0754 

.3918 

-.3777 

.2206 

1.0911 

.69 

.2549 

.3144 

-.1647 

.5476 

.1164 

.20 

.0793 

.3910 

-.3754 

.2315 

1.0799 

.70 

.2580 

.3123 

- . 1593 

.5486 

.0937 

.21 

.0832 

.3902 

-.3730 

.2422 

1.0682 

.71 

.2612 

.3101 

- . 1538 

.5495 

.0712 

.22 

.0871 

.3894 

-.3706 

.2529 

1.0560 

.72 

.2642 

.3079 

-.1483 

.5501 

.0487 

.23 

.0910 

.3885 

-.3680 

.2634 

1.0434 

.73 

.2673 

.3056 

- . 1428 

.5504 

.0265 

.24 

.0948 

.3876 

-.3653 

.2737 

1.0302 

.74 

.2704 

.3034 

- . 1373 

.5506 

.0043 

.25 

.0987 

.3867 

-.3625 

.2840 

1.0165 

.75 

.2734 

.3011 

-.1318 

.5505 

-.0176 

.26 

.1026 

.3857 

-.3596 

.2941 

1.0024 

.76 

.2764 

.2989 

- . 1262 

.5502 

-.0394 

.27 

.1064 

.3847 

-.3o66 

.3040 

0.9878 

.77 

.2794 

.2966 

- . 1207 

.5497 

-.0611 

.28 

.1103 

.3836 

-.3535 

.3138 

0.9727 

.78 

.2823 

.2943 

-.1153 

5490 

-.0825 

.29 

.1141 

.3825 

-.3504 

.3235 

0.9572 

.79 

.2852 

.2920 

- . 1098 

.5481 

- . 1037 

.30 

.1179 

.3814 

-.3471 

.3330 

0.9413 

.80 

.2881 

.2897 

-.1043 

.5469 

- . 1247 

.31 

.1217 

.3802 

-.3437 

.3423 

0.9250 

.81 

.2910 

.2874 

-.0988 

.5456 

-.1455 

.32 

.1255 

.3790 

-.3402 

.3515 

0.9082 

.82 

.2939 

.2850 

-.0934 

.5440 

- . 1660 

.33 

.1293 

.3778 

-.3367 

.3605 

0.8910 

.83 

.2967 

.2827 

-.0880 

.5423 

- . 1862 

.34 

.1331 

.3765 

-.3330 

.3693 

0.8735 

.84 

.2996 

.2803 

-  .0825 

.5403 

-.2063 

.35 

.1368 

.3752 

-.3293 

.3779 

0.8556 

.85 

.3023 

.2780 

-.0771 

.5381 

-.2260 

.36 

.1406 

.3739 

-.3255 

.3864 

0.8373 

.86 

.3051 

.2756 

-.0718 

.5358 

-.2455 

.37 

.1443 

.3726 

-.3216 

.3947 

0.8186 

.87 

.3079 

.2732 

-.0664 

.5332 

-.2646 

.38 

.1480 

.3712 

-.3176 

.4028 

0.7996 

.88 

.3106 

.2709 

-.0611 

.5305 

-.2835 

.39 

.1517 

.3697 

-.3135 

.4107 

0.7803 

.89 

.3133 

.2685 

-.0558 

.5276 

-.3021 

.40 

.1554 

.3683 

-.3094 

.4184 

0.7607 

.90 

.3159 

.2661 

-.0506 

.5245 

-.3203 

.41 

.1591 

.3668 

-.3051 

.4259 

0.7408 

.91 

.3186 

.2637 

-.0453 

.5212 

-.3383 

42 

.1628 

.3653 

-.3008 

.4332 

0.7206 

.92 

.3212 

.2613 

-.0401 

.5177 

-.3559 

.43 

.1664 

.3637 

-.2965 

.4403 

0.7001 

.93 

.3238 

.2589 

-.0350 

.5140 

-.3731 

.44 

.1700 

.3621 

-.2920 

.4472 

0.6793 

.94 

.3264 

.2565 

-.0299 

.5102 

-.3901 

.45 

.1736 

.3605 

-.2875 

.4539 

0.6583 

.95 

.3289 

.2541 

-.0248 

.5062 

-.4066 

.46 

.1772 

.3589 

-.2830 

.4603 

0.6371 

.96 

.3315 

.2516 

-.0197 

.5021 

-.4228 

.47 

.1808 

.3572 

-.2783 

.4666 

0.6156 

.97 

.3340 

.2492 

-.0147 

.4978 

-.4387 

.48 

.1844 

.3555 

-.2736 

.4727 

0.5940 

.98 

.3365 

.2468 

-.0098 

.4933 

-.4541 

.49 

.1879 

.3538 

-.2689 

.4785 

0.5721 

.99 

.3389 

.2444 

-.0049 

.4887 

-.4692 

•50 

.1915 

.3521 

-.2641 

.4841 

0.5501 

1.00 

.3413 

.2420 

.0000 

.4839 

-.4839 
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AREAS    ORDINATES  AND  DERIVATIVES  OF  THE 
NORMAL  CURVE  OF  ERROR  (Continued) 


Ordi- 
nate 

Second 

Third 

Fourth 

Ordi- 
nate 

Second 

Third 

Fourth 

t 

Area 

deriva- 

deriva- 

deriva- 

/ 

Area 

deriva- 

deriva- 

deriva- 

tive 

tive 

tive 

tive 

tive 

tive 

1.00 

.3413 

.2420 

.0000 

.4839 

-.4839 

1.50 

.4332 

.1295 

.1619 

.1457 

-.7043 

1.01 

.3438 

.2396 

.0048 

.4790 

-.4983 

1.51 

.4345 

.1276 

.1633 

.  1387 

-  6994 

1.02 

.3461 

.2371 

.0096 

.4740 

-.5122 

1.52 

.4357 

.1257 

.1647 

.1317 

- . 6942 

1.03 

.3485 

.2347 

.0143 

.4688 

-.5257 

1.53 

.4370 

.1238 

.1660 

.1248 

-.6888 

1.04 

.3508 

.2323 

.0190 

.4635 

-.5389 

1.54 

.4382 

.1219 

.1672 

.1180 

-.6831 

1.05 

.3531 

.2299 

.0236 

.4580 

—  .5516 

1.55 

.4394 

.1200 

.1683 

.1111 

-.6772 

1.06 

.3554 

.2275 

.0281 

.4524 

-.5639 

1.56 

.4406 

.1182 

.1694 

.1044 

-.6710 

1.07 

.3577 

.2251 

.0326 

.4467 

-.5758 

1.57 

.4418 

.1163 

.1704 

.0977 

-.6646 

1.08 

.3599 

.2227 

.0371 

.4409 

-.5873 

1.58 

.4430 

.1145 

.1714 

.0911 

-.6580 

1.09 

.3621 

.2203 

.0414 

.4350 

-.59.84 

1.59 

.4441 

.1127 

.1722 

.0846 

-.6511 

1.10 

.3643 

.2179 

.0458 

.4290 

-.6091 

1.60 

.4452 

.1109 

.1730 

.0781 

-.6441 

1  11 

.3665 

.2155 

.0500 

.4228 

-.6193 

1.61 

.4463 

.1092 

.1738 

.0717 

-.6368 

1.12 

.3686 

.2131 

.0542 

.4166 

-.6292 

1.62 

.4474 

.1074 

.1745 

.0654 

-.6293 

1.13 

.3708 

.2107 

.0583 

.4102 

- . 63S6 

1.63 

.4485 

1057 

.  1751 

.0591 

-.6216 

1.14 

.3729 

.2083 

.0624 

.4038 

-.6476 

1.64 

.4495 

.1040 

.1757 

.0529 

-.6138 

1.15 

.3749 

.2059 

.0664 

.3973 

-.6561 

1.65 

.4505 

.1023 

.1762 

.0468 

-.6057 

1.16 

.3770 

.2036 

.0704 

.3907 

-.6643 

1.66 

.4515 

.1006 

.1766 

.0408 

-.5975 

1.17 

.3790 

.2012 

.0742 

.3840 

-  .  6720 

1.67 

.4525 

.0989 

.1770 

.0349 

-.5891 

1.18 

.3810 

.1989 

.0780 

.3772 

-.6792 

1.68 

.4535 

.0973 

.1773 

.0290 

-.5806 

1.19 

.3830 

.1965 

.0818 

.3704 

-.6861 

1.69 

.4545 

.0957 

.1776 

.0233 

-.5720 

1.20 

.3849 

.1942 

.0854 

.3635 

-.6926 

1.70 

.4554 

.0941 

.1778 

.0176 

-.5632 

1.21 

.3869 

.1919 

.0890 

.3566 

-  . 69S6 

1.71 

.4564 

.0925 

.1779 

.0120 

-.5.542 

1.22 

.3888 

.1895 

.0926 

.3496 

-.7042 

1.72 

.4573 

.0909 

.1780 

.0065 

-.5452 

1.23 

.3907 

.1872 

.0960 

.3425 

-  . 7094 

1.73 

.4582 

.0893 

.1780 

.0011 

-.5360 

1.24 

.3925 

.1849 

.0994 

.3354 

-.7141 

1.74 

.4591 

.0878 

.1780 

-.0042 

-.5267 

1.25 

.3944 

.  1827 

.1027 

.3282 

-.7185 

1.75 

.4599 

.0863 

.1780 

-.0094 

-.5173 

1.26 

.3962 

.1804 

.1060 

.3210 

-.7224 

1.76 

.4608 

.0848 

.1778 

-.0146 

-.5079 

1.27 

.3980 

.1781 

.1092 

.3138 

-.7259 

1.77 

.4616 

.0833 

.1777 

-.0196 

-.4983 

1.28 

.3997 

.1759 

.1123 

.3065 

-.7291 

1.78 

.4625 

.0818 

.1774 

-.0245 

-.4887 

1.29 

.4015 

.1736 

.1153 

.2992 

-.7318 

1.79 

.4633 

.0804 

.1772 

-.0294 

-.4789 

1.30 

.4032 

.1714 

.1182 

.2918 

-.7341 

1.80 

.4641 

.0790 

.1769 

-.0341 

-.4692 

1.31 

.4049 

.1692 

.1211 

.2845 

-.7361 

1.81 

.4649 

0775 

.1765 

-.0388 

-.4593 

1.32 

.4066 

.1669 

.1239 

.2771 

-.7376 

1.82 

.4656 

.0761 

.1761 

-.0433 

-.4494 

1.33 

.4082 

.1647 

.1267 

.2697 

-.7388 

1.83 

.4664 

.0748 

.1756 

-.0477 

-.4395 

1.34 

.4099 

.1626 

.1293 

.2624 

-.7395 

1.84 

.4671 

.0734 

.1751 

-.0521 

-.4295 

1.35 

4115 

.1604 
.1582 

.1319 

.2550 

-.7399 

1.85 

.4678 

.0721 

.1746 

-.0563 

-.4195 

1.36 

.4131 

.1344 

.2476 

-.7400 

1.86 

.4686 

.0707 

.1740 

-.0605 

-.4095 

1.37 

.4147 

.1561 

.1369 

.2402 

-.7396 

1.87 

.4693 

.0694 

.1734 

-.0645 

-.3995 

1.38 

.4162 

.1540 

.1392 

.2328 

-.7389 

1.88, 

.4700 

.0681 

.1727 

-.0685 

-.3894 

1.39 

.4177 

.1518 

.1415 

.2254 

-.7378 

1.89 

.4706 

.0669 

.1720 

-.0723 

-.3793 

1.40 

.4192 

.1497 

.  143? 

.2180 

-.7364 

1.90 

.4713 

.0656 

.1713 

-.0761 

-.3693 

1.41 

.4207 

.1476 

.1459 

.2107 

-.7347 

1.91 

.4719 

.0644 

.1705 

-.0797 

-.3592 

1.42 

.4222 

.1456 

.1480 

.2033 

-.7326 

1.92 

.4726 

.0632 

.1637 

-.0832 

-.3492 

1.43 

.4236 

.1435 

.1500 

.1960 

-.7301 

1.93 

.4732 

.0620 

.1688 

-.0867 

- . 3392 

1.44 

.4251 

.1415 

.1519 

.1887 

-.7274 

1.94 

.4738 

.0608 

.1679 

-.0900 

-.3292 

1.45 

.4265 

.1394 

.1537 

.1815 

-.7243 

1.95 

.4744 

.0596 

.1670 

-.0933 

-.3192 

1.46 

.4279 

.1374 

.1555 

.1742 

-.7209 

1.96 

.4750 

.0584 

.1661 

-.0964 

-.3093 

i.47 

.4292 

.1354 

.1572 

.1670 

-  .7172 

1.97 

.4756 

.0573 

.1651 

-.0994 

-.2994 

1.48 

.4306 

.1334 

.1588 

.1399 

-  7132 

1.98 

.4762 

.0562 

.1641 

- . 1024 

-.2895 

1.49 

.4319 

.1315 

.1604 

.1528 

- . 7089 

1.99 

.4767 

.0551 

.1630 

- . 1052 

-.2797 

1.50 

.4332 

.1295 

.1619 

.1457 

-.7043 

2.00 

.4773 

.0540 

.1620 

-.1080 

-.2700 
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AREAS,  ORDINATES  AND  DERIVATIVES  OF  THE 
NORMAL  CURVE  OF  ERROR  (Continued) 


Ordi- 
nate 

Second 

Third 

Fourth 

Ordi- 
nate 

Second 

Third 

Fourth 

t 

Area 

deriva- 

deriva- 

deriva- 

t 

Area 

deriva- 

deriva- 

deriva- 

tive 

tive 

tive 

tive 

tive 

tive 

2.00 

.4773 

.0540 

.1620 

-.1080 

-.2700 

2.50 

.4938 

.0175 

.0920 

- . 1424 

.0800 

2.01 

.4778 

.0529 

.1609 

-.1106 

I-.2603 

2.51 

.4940 

.0171 

.0906 

-.1416 

.0836 

2.02 

.4783 

.0519 

.1598 

-.1132 

-.2506 

2.52 

.4941 

.0167 

.0892 

- . 1408 

.0871 

2.03 

.4788 

.0508 

.1586 

-.1157 

-.2411 

2.53 

.4943 

.0163 

.0878 

-.1399 

.0905 

2.04 

.4793 

.0498 

.1575 

-.1180 

-.2316 

2.54 

.4945 

.0159 

.0864 

- . 13S9 

.0937 

2.05 

.4798 

.0488 

.1563 

- . 1203 

-.2222 

2.55 

.4946 

.0155 

.0850 

- . 1380 

.0968 

2.06 

.4803 

.0478 

.1550 

-.1225 

-.2129 

2.56 

.4948 

.0151 

.0836 

-.1370 

.0998 

2.07 

.4808 

.0468 

.1538 

-.1245 

-.2036 

2.57 

.4949 

.0147 

.0823 

- . 1360 

.1027 

2.08 

.4812 

.0459 

.1526 

-.1265 

- . 1945 

2.58 

.4951 

.0143  .0809 

- . 1350 

.1054 

2.09 

.4817 

.0449 

.1513 

-.1284 

-.1854 

2.59 

.4952 

.0139 

.0796 

- . 1339 

.1080 

2.10 

.4821 

.0440 

.1500 

- . 1302 

-.1765 

2.60 

.4953 

.0136 

.0782 

-.1328 

.1105 

2.11 

.4826 

.0431 

.1487 

- . 1320 

-.1676 

2.61 

.4955 

.0132 

.0769 

-.1317 

.1129 

2.12 

.4830 

.0422 

.1474 

-.1336 

-.1588 

2.62 

.4956 

.0129 

.0756 

-.1305 

.1152 

2.13 

.4834 

.0413 

.1460 

-.1351 

- . 1502 

2.63 

.4957 

.0126 

.0743 

- . 1294 

.1173 

2.14 

.4838 

.0404 

.1446 

- . 1366 

-.1416 

2.64 

.4959 

.0122 

.0730 

-.1282 

.1194 

2.15 

.4842 

.0396 

.1433 

-.1380 

-.1332 

2.65 

.4960 

.0119 

.0717 

- . 1270 

.1213 

2.16 

.4846 

.0387 

.1419 

-.1393 

-.1249 

2.66 

.4961 

.0116 

.0705 

-.1258 

.1231 

2.17 

.4850 

.0379 

.1405 

- . 1405 

-.1167 

2.67 

.4962 

.0113 

.0692 

- . 1245 

.1248 

2.18 

.4854 

.0371 

.1391 

-.1416 

- . 1086 

2.68 

.4963 

.0110 

.0680 

- . 1233 

.1264 

2.19 

.4857 

.0363 

.1377 

- . 1426 

- . 1006 

2.69 

.4964 

.0107 

.0668 

- . 1220 

.1279 

2.20 

.4861 

.0355 

.  1362 

-.1436 

-.0927 

2.70 

.4965 

.0104 

.0656 

- . 1207 

.1293 

2.21 

.4865 

.0347 

.1348 

- . 1445 

-.0850 

2.71 

.4966 

.0101 

.0644 

-.1194 

.1306 

2.22 

.4868 

.0339 

.1333 

- . 1453 

-.0774 

2.72 

.4967 

.0099 

.0632 

-.1181 

1317 

2.23 

.4871 

.0332 

.1319 

- . 1460 

-.0700 

2.73 

.4968 

.0096 

.0620 

-.1168 

.1328 

2.24 

.4875 

.0325 

.1304 

-.1467 

-.0626 

2.74 

.4969 

.0094 

.0608 

-.1154 

.1338 

2.25 

.4878 

.0317 

.1289 

- . 1473 

-.0554 

2.75 

.4970 

.0091 

.0597 

-.1141 

.1347 

2.26 

.4881 

.0310 

.1275 

- . 1478 

-.0484 

2.76 

.4971 

.0089 

.0585 

-.1127 

.1356 

2.27 

.4884 

.0303 

.1260 

-.1483 

-.0414 

2.77 

.4972 

.0086 

.0574 

-.1114 

.  1363 

2.28 

.4887 

.0297 

.1245 

-.1486 

-.0346 

2.78 

.4973 

.0084 

.0563 

-.1100 

.1369 

2.29 

.4890 

.0290 

.1230 

-.1490 

-.0279 

2.79 

.4974 

.0081 

.0552 

-.1087 

.1375 

2.30 

.4893 

.0283 

.1215 

-.1492 

-.0214 

2.80 

.4974 

.0079 

.0541 

- . 1073 

.1379 

2.31 

.4896 

.0277 

.1200 

- . 1494 

-.0150 

2.81 

.4975 

.0077 

.0531 

- . 1059 

.1383 

2.32 

.4898 

.0271 

.1185 

- . 1495 

-.0088 

2.82 

.4976 

.0075 

.0520 

- . 1045 

.1386 

2.33 

.4901 

.0264 

.1170 

-.1496 

-.0027 

2.83 

.4977 

.0073 

.0510 

-.1031 

.1389 

2.34 

.4904 

.0258 

.1155 

- . 1496 

.0033 

2.84 

.4977 

.0071 

.0500 

-.1017 

.1390 

2.35 

.4906 

.0252 

.1141 

-.1495 

.0092 

2.85 

.4978 

.0069 

.0490 

- . 1003 

.  1391 

2.36 

.4909 

.0246 

.1126 

- . 1494 

.0149 

2.86 

.4979 

.0067 

.0480 

-.0990 

.1391 

2.37 

.4911 

.0241 

.1111 

-.1492 

.0204 

2.87 

.4980 

.-0065 

.0470 

-.0976 

.1391 

2.38 

.4913 

.0235 

.1096 

- . 1490 

,  .0258 

2.88 

.4980 

.0063 

.0460 

-.0962 

.1389 

2.39 

.4916 

.0229 

.1081 

-.1487 

.0311 

2.89 

.4981 

.0061 

.0451 

-.0948 

.1388 

2.40 

.4918 

.0224 

.1066 

- . 1483 

.0362 

2.90 

.4981 

.0060 

.0441 

-.0934 

.1385 

2.41 

.4920 

.0219 

.1051 

-.1480 

.0412 

2.91 

.4982 

.0058 

.0432 

-.0920 

.1382 

2.42 

.4922 

.0213 

.1036 

-.1475 

.0461 

2.92 

.4983 

.0056 

.0423 

-.0906 

.1378 

2.43 

.4925 

.0208 

.1022 

- . 1470 

.0508 

2.93 

.4983 

.0055 

.0414 

-.0893 

.1374 

2.44 

.4927 

.0203 

.1007 

-.1465 

.0554 

2.94 

.4984 

.0053 

.0405 

-.0879 

.1369 

2.45 

.4929 

.0198 

.0992 

-.1459 

.0598 

2.95 

.4984 

.0051 

.0396 

-.0865 

.1364 

2.46 

.4931 

.0194 

.0978 

- . 1453 

.0641 

2.96 

.4985 

.0050 

.0388 

-.0852 

.1358 

2.47 

.4932 

.0189 

.0963 

-.1446 

.0683 

2.97 

.4985 

.0049 

.0379 

-.0838 

.1352 

2.48 

.4934 

.0184 

.0949 

-  1439 

.0723 

2.98 

.4986 

.0047 

.0371 

-.0825 

.1345 

2.49 

.4936 

.0180 

.0935 

- . 1432 

.0762 

2.99 

.4986 

.0046 

.0363 

-.0811 

.1337 

2.50 

.4938 

.0175 

.0920 

- . 1424 

.0800 

3.00 

.4987 

.0044 

.0355 

-  0798 

.1330 
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AREAS,  ORDINATES  AND  DERIVATIVES  OF  THE 
NORMAL  CURVE  OF  ERROR  (Continued) 


Area 

Ordi- 
nate 

Second 
deriva- 
tive 

Third 
deriva- 
tive 

Fourth 
deriva- 
tive 

I 

Area 

Ordi- 
nate 

Second 
deriva- 
tive 

Third 
deriva- 
tive 

Fourth 
deriva- 
tive 


3.00 

.4987 

.0044 

.0355 

I-.0798 

.1330 

3.50 

.4998 

i.0009 

.0098 

-.0283 

.0694 

3.01 

.4987 

.0043 

.0347 

-.0785 

.1321 

3.51 

.49981.0008 

j  .0095 

-.0276 

.0681 

3.02 

.4987 

.0042 

.0339 

-.0771 

.1313 

3.52 

.49981.0008 

.0093 

-.0269 

.0669 

3.03 

.4988 

.0041 

.0331 

-.0758 

.1304 

3.53 

.49981.0008 

.0090 

-.0262 

.0656 

3.04 

.4988 

.0039 

.0324 

-.0745 

.1294 

3.54 

.4998  .0008 

.0087 

-.0256 

.0643 

3.05 

.4989 

.0038 

.0316 

-.0732 

.1285 

3.55 

.4998 [.0007 

.0085 

-.0249 

.0631 

3.06 

.4989 

.0037 

.0309 

-.0720 

.1275 

3.56 

.4998  .0007 

.0082 

-.0243 

.0618 

3.07 

.4989 

.0036 

.0302 

-.0707 

.1264 

3.57 

.4998  .0007 

.0080 

-.0237 

.0606 

3.08 

.4990 

.0035 

.0295 

-.0694 

.1254 

3.58 

.4998  .0007 

.0078 

-.0231 

.0594 

3.09 

.4990 

.0034 

.0288 

-.0682 

.1243 

3.59 

.4998  .0006 

.0075 

-.0225 

.0582 

3.10 

.4990 

.0033 

.0281 

-.0669 

.1231 

3.60 

.4998 

.0006 

.0073 

-.0219 

.0570 

3.11 

.4991 

.0032 

.0275 

-.0657 

.1220 

3.61 

.4999 

.0006 

.0071 

-.0214 

.0559 

3.12 

.4991 

.0031 

.0268 

-.0645 

.1208 

3.62 

.4999 

.0006 

.0069 

-.0208 

.0547 

3.13 

.4991 

.0030 

.0262 

-.0633 

.1196 

3.63 

.4999 

.0006 

.0067 

-.0203 

.0536 

3.14 

.4992 

.0029 

.0256 

-.0621 

.1184 

3.64 

.4999 

.0005 

.0065 

-.0198 

.0524 

3.15 

.4992 

.0028 

.0249 

-.0609 

.1171 

3.65 

.4999 

.0005 

.0063 

-.0192 

.0513 

3.16 

.4992 

.0027 

.0243 

-.0598 

.1159 

3.66 

.4999 

.0005 

.0061 

-.0187 

.0502 

3.17 

.4992 

.0026 

.0237 

-.0586 

.1146 

3.67 

.4999 

.0005 

.0059 

-.0182 

.0*92 

3.18 

.4993 

.0025 

.0232 

-.0575 

.1133 

3.68 

.4999 

.0005 

.0057 

-.0177 

.0481 

3.19 

.4993 

.0025 

.0226 

-.0564 

.1120 

3.69 

.4999 

.0004 

.0056 

-.0173 

.0470 

3.20 

.4993 

.0024 

.0220 

-.0552 

.1107 

3.70 

.4999 

.0004 

.0054 

-.0168 

.0460 

3.21 

.4993 

.0023 

.0215 

-.0541 

.1093 

3.71 

.4999 

.0004 

.0052 

-.0164 

.0450 

3.22 

.4994 

.0022 

.0210 

-.0531 

.1080 

3.72 

.4999 

.0004 

.0051 

-.0159 

.0440 

3.23 

.4994 

.0022 

.0204 

-.0520 

.1066 

3.73 

.4999 

.0004 

.0049 

-.0155 

.0430 

3.24 

.4994 

.0021 

.0199 

-.0509 

.1053 

3.74 

.4999 

.0004 

.0048 

-.0150 

.0420 

3.25 

.4994 

.0020 

.0194 

-.0499 

.1039 

3.75 

.4999 

.0004 

.0046 

-.0146 

.0410 

3.26 

.4994 

.0020 

.0189 

-.0488 

.1025 

3.76 

.4999 

.0003 

.0045 

-.0142 

.0401 

3.27 

.4995 

.0019 

.0184 

-.0478 

.1011 

3.77 

.4999 

.0003 

.0043 

-.0138 

.0392 

3.28 

.4995 

.0018 

.0180 

-.0468 

.0997 

3.78 

.4999 

.0003 

.0042 

-.0134 

.0382 

3.29 

.4995 

.0018 

.0175 

-.0458 

.0983 

3.79 

.4999 

.0003 

.0041 

-.0131 

.0373 

3.30 

.4995 

.0017 

.0170 

-.0449 

.0969 

3.80 

.4999 

.0003 

.0039 

-.0127 

.0365 

3.31 

.4995 

.0017 

.0166 

-.0439 

.0955 

3.81 

.4999 

.0003 

.0038 

-.0123 

.0356 

3.32 

.4996 

.0016 

.0162 

-.0429 

.0941 

3.82 

.4999 

.0003 

.0037 

-.0120 

.0347 

3.33 

.4996 

.0016 

.0157 

-.0420 

.0927 

3.83 

.4999 

.0003 

.0036 

-.0116 

.0339 

3.34 

.4996 

.0015 

.0153 

-.0411 

.0913 

3.84 

.4999 

.0003 

.0034 

-.0113 

.0331 

3.35 

.4996 

.0015 

.0149 

-.0402 

.0899 

3.85 

.4999 

.0002 

.0033 

-.0110 

.0323 

3.36 

.4996 

.0014 

.0145 

-.0393 

.0885 

3.86 

.4999 

.0002 

.0032 

-.0107 

.0315 

3.37 

.4996 

.0014 

.0141 

-.0384 

.0871 

3.87 

.5000 

.0002 

.0031 

-.0104 

.0307 

3.38 

.4996 

.0013 

.0138 

-.0376 

.0857 

3.88 

.5000 

.0002 

.0030 

-.0100 

.0299 

3.39 

.4997 

.0013 

.0134 

-.0367 

.0843 

3.89 

.5000 

.0002 

.0029 

-.0098 

.0292 

3.40 

.4997 

.0012 

.0130 

-.0359 

.0829 

3.90 

.5000 

.0002 

.0028 

-.0095 

.0284 

3.41 

.4997 

.0012 

.0127 

-.0350 

.0815 

3.91 

.5000 

.0002 

.0027 

-.0092 

.0277 

3.42 

.4997 

.0012 

.0123 

-.0342 

.0801 

3.92 

.5000 

.0002 

.0026 

-.0089 

.0270, 

3.43 

.4997 

.0011 

.0120 

-.0334 

.0788 

3.93 

.5000 

.0002 

.0026 

-.0086 

.0263* 

3.44 

.4997 

.0011 

.0116 

-.0327 

.0774 

3.94 

.5000 

.0002 

.0025 

-.0084 

.0256 

3.45 

.4997 

.0010 

.0113 

-.0319 

.0761 

3.95 

.5000 

.0002 

.0024 

-.0081 

.0250 

3.46 

.4997 

.0010 

.0110 

-.0311 

.0747 

3.96 

.5000 

.0002 

.0023 

-.0079 

.0243 

3.47 

.4997 

.0010 

.0107 

-.0304 

.0734 

3.97 

.5000 

.0002 

.0022 

-.0076 

.0237 

3.48 

.4998 

.0009 

.0104 

-.0297 

.0721 

3.98 

.5000 

.0001 

.0022 

-.0074 

.0230 

3.49 

.4998 

.0009 

.0101 

-.0290 

.0707 

3.99 

.5000 

.0001 

.0021 

-.0072 

.0224 

3.50 

.49981 

.0009 

.0098 

-.0283 

.0694 

4.00 

.5000 

.0001 

.0020 

-.0070 

.0218 
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AREAS,  ORDINATES  AND  DERIVATIVES  OF  THE 
NORMAL  CURVE  OF  ERROR  (Continued) 


Ordi- 
nate 

Second 

Third 

Fourth 

Ordi- 
nate 

Second 

Third 

Fourth 

t 

Area 

deriva- 

deriva- 

deriva- 

t     Area 

deriva- 

deriva- 

deriva- 

tive 

tive 

tive 

tive 

tive 

tive 

4.00 

.5000 

.0001 

.0020 

-.0070 

.0218 

4.50 

.5000 

.0000 

.0003 

-.0012 

.0047 

4.01 

.5000 

.0001 

.0019 

-.0067 

.0212 

4.51 

.5000 

.0000 

.0003 

-.0012 

.0045 

4.02 

.5000 

.0001 

.0019 

-.0065 

.0207 

4.52 

5000 

.0000 

.0003 

-.0012 

.0044 

4.03 

.5000 

.0001 

.0018 

-.0063 

.0201 

4.53 

.5000 

.0000 

.0003 

-.0011 

.0042 

4.04 

.5000 

.0001 

.0018 

-.0061 

.0195 

4.54 

.5000 

.0000 

.0003 

-.0011 

.0041 

4.05 

.5000 

.0001 

.0017 

-.0059 

.0190 

4.55 

.5000 

.0000 

.0003 

-.0010 

.0039 

4.06 

.5000 

.0001 

.0016 

-.0058 

.0185 

4.56 

.5000 

.0000 

.0002 

-.0010 

.0038 

4.07 

.5000 

.0001 

.0016 

-.0056 

.0180 

4.57 

.5000 

.0000 

.0002 

-.0010 

.0037 

4.08 

.5000 

.0001 

.0015 

-.0054 

.0175 

4.58 

.5000 

.0000 

.0002 

-.0009 

.0035 

4.09 

.5000 

.0001 

.0015 

-.0052 

.0170 

4.59 

.5000 

.0000 

.0002 

-.0009 

.0034 

4.10 

.5000 

.0001 

.0014 

-.0051 

.0165 

4.60 

.5000 

.0000 

.0002 

-.0009 

.0033 

4.11 

.5000 

.0001 

.0014 

-.0049 

.0160 

4.61 

.5000 

.0000 

.0002 

-.0008 

.0032 

4.12 

.5000 

.0001 

.0013 

-.0047 

.0156 

4.62 

.5000 

.0000 

.0002 

-.0008 

.0031 

4.13 

.5000 

.0001 

.0013 

-.0046 

.0151 

4.63 

.5000 

.0000 

.0002 

-.0008 

.0030 

4.14 

.5000 

.0001 

.0012 

-.0044 

.0147 

4.64 

.5000 

.0000 

.0002 

-.0007 

.0028 

4.15 

.5000 

.0001 

.0012 

-.0043 

.0143 

4.65 

.5000 

.0000 

.0002 

-.0007 

.0027 

4.16 

.5000 

.0001 

.0011 

-.0042 

.0138 

4.66 

.5000 

.0000 

.0002 

-.0007 

.0026 

4.17 

.5000 

.0001 

.0011 

-.0040 

.0134 

4.67 

.5000 

.0000 

.0002 

-.0006 

.0026 

4.18 

.5000 

.0001 

.0011 

-.0039 

.0130 

4.68 

.5000 

.0000 

.0002 

-.0006 

.0025 

4.19 

.5000 

.0001 

.0010 

-.0038 

.0127 

4.69 

.5000 

.0000 

.0001 

-.0006 

.0024 

4.20 

.5000 

.0001 

.0010 

-.0036 

.0123 

4.70 

.5000 

.0000 

.0001 

-.0006 

.0023 

4.21 

.5000 

.0001 

.0009 

-.0035 

.0119 

4.71 

.5000 

.0000 

.0001 

-.0006 

.0022 

4.22 

.5000 

.0001 

.0009 

-.0034 

.0116 

4.72 

.5000 

.0000 

.0001 

-.0005 

.0021 

4.23 

.5000 

.0001 

.0009 

-.0033 

.0112 

4.73 

.5000 

.0000 

.0001 

-.0005 

.0020 

4.24 

.5000 

.0001 

.0009 

-.0032 

.0109 

4.74 

.5000 

.0000 

.0001 

-  0005 

.0020 

4.25 

.5000 

.0001 

.0008 

-.0031 

.0105 

4.75 

.5000 

.0000 

.0001 

-  0005 

.0019 

4.26 

.5000 

.0001 

.0008 

-.0030 

.0102 

4.76 

.5000 

.0000 

.0001 

-.0005 

.0018 

4.27 

.5000 

.0000 

.0008 

-.0029 

.0099 

4.77 

.5000 

.0000 

.0001 

-.0004 

.0018 

4.28 

.5000 

.0000 

.0007 

-.0028 

.0096 

4.78 

.5000 

.0000 

.0001 

-.0004 

.0017 

4.29 

.5000 

.0000 

.0007 

-.0027 

.0093 

4.79 

.5000 

.0000 

.0001 

-.0004 

.0016 

4.30 

.5000 

.0000 

.0007 

-.0026 

.0090 

4.80 

.5000 

.0000 

.0001 

-.0004 

.0016 

4.31 

.5000 

.0000 

.0007 

-.0025 

.0087 

4.81 

.5000 

.0000 

.0001 

-.0004 

.0015 

4.32 

.5000 

.0000 

.0006 

-.0024 

.0085 

4.82 

.5000 

.0000 

.0001 

-.0004 

.0015 

4.33 

.5000 

.0000 

.0006 

-.0023 

.0082 

4.83 

.5000 

.0000 

.0001 

-.0003 

.0014 

4.34 

.5000 

.0000 

.0006 

-.0022 

.0079 

4.84 

.5000 

.0000 

.0001 

-.0003 

.0013 

4.35 

.5000 

.0000 

.0006 

-.0022 

.0077 

4.85 

.5000 

.0000 

.0001 

-.0003 

.0013 

4.36 

.5000 

.0000 

.0005 

-.0021 

.0074 

4.86 

.5000 

.0000 

.0001 

-.0003 

.0012 

4.37 

.5000 

.0000 

.0005 

-.0020 

.0072 

4.87 

.5000 

.0000 

.0001 

-.0003 

.0012 

4.38 

.5000 

.0000 

.0005 

-.0019 

.0070 

4.88 

.5000 

.0000 

.0001 

-.0003 

.0012 

4.39 

.5000 

.0000 

.0005 

-.0019 

.0067 

4.89 

.5000 

.0000 

.0001 

-.0003 

.0011 

4.40 

.5000 

0000 

.0005 

-.0018 

.0065 

4.90 

.5000 

.0000 

0001 

-0003 

.0011 

4.41 

.5000 

.0000 

.0004 

-.0017 

.0063 

4.91 

.5000 

.0000 

.0001 

-.0002 

.0010 

4.42 

.5000 

.0000 

.0004 

-.0017 

.0061 

4.92 

.5000 

.0000 

.0001 

-0002 

.0010 

4.43 

.5000 

.0000 

.0004 

-.0016 

.0059 

4.93 

.5000 

.0000 

.0001 

-  0002 

.0009 

4.44 

.5000 

.0000 

.0004 

-.0016 

.0057 

4.94 

.5000 

.0000 

0001 

-.0002 

.0009 

4.45 

.5000 

.0000 

.0004 

-.0015 

.0055 

4.95 

.5000 

.0000 

.0000 

-.0002 

.0009 

4.46 

.5000 

.0000 

.0004 

-.0014 

.0053 

4.96 

.5000 

.0000 

.0000 

-.0002 

.0008 

4.47 

.5000 

.0000 

.0004 

-.0014 

.0052 

4.97 

.5000 

.0000 

.0000 

-.0002 

.0008 

4.48 

.5000 

.0000 

.0003 

-.0013 

.0050 

4.98 

.5000 

.0000 

.0000 

-.0002 

.0008 

4.49 

.5000 

.0000 

.0003 

-  .0013 

.0048 

4.99 

.5000 

.0000 

.0000 

-.0002 

.0007 

4.50 

5000 

.0000 

.0003 

-.0012 

.0047 

1 
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COMPLETE  ELLIPTIC  INTEGRALS 


r 


/2 


d<f> 


\/l  -  k2  sin2  <t> 


E 


X-'Vr 


k2  sin2  <f>  •  dij>. 


sin-1  & 

K 

log* 

sin-1  k 

K 

logX 

0° 

1 . 5708 

0.196120 

40° 

1.7868 

0.252068 

1 

1 . 5709 

0.196153 

41 

1.7992 

0.255085 

2 

1.5713 

0.196252 

42 

1.8122 

0.258197 

3 

1.5719 

0.196418 

43 

1.8256 

0.261406 

4 

1.5727 

0.196649 

44 

1.8396 

0.264716 

5 

1.5738 

0.196947 

45 

1.8541 

0.268127 

6 

1.5751 

0.197312 

46 

1.8691 

0.271644 

7 

1.5767 

0.197743 

47 

1.8848 

0.275267 

8 

1 . 5785 

0.198241 

48 

1.9011 

0.279001 

9 

1 . 5805 

0.198806 

49 

1.9180 

0.282848 

10 

1 . 5828 

0.199438 

50 

1 . 9356 

0.286811 

11 

1 . 5854 

0.200137 

51 

1.9539 

0.290895 

12 

1.5882 

0.200904 

52 

1.9729 

0.295102 

13 

1.5913 

0.201740 

53 

1.9927 

0.299435 

14 

1 . 5946 

0.202643 

54 

2.0133 

0.303901 

15 

1.5981 

0.203615 

55 

2.0347 

0 . 308504 

16 

1.6020 

0 . 204657 

56 

2.0571 

0.313247 

17 

1 . 606 1 

0 . 205768 

57 

2 . 0804 

0.318138 

18 

1.6105 

0.206948 

58 

2.1047 

0.323182 

19 

1.6151 

0 . 208200 

59 

2.1300 

0.328384 

30 

1 . 6200 

0 . 209522 

60 

2.1565 

0.333753 

21 

1 . 6252 

0.210916 

61 

2.1842 

0 . 339295 

22 

1.6307 

0.212382 

62 

2.2132 

0.345020 

23 

1 . 6365 

0.213921 

63 

2.2435 

0.350936 

24 

1.6426 

0.215533 

64 

2.2754 

0 . 357053 

25 

1.6490 

0.217219 

65 

2.3088 

0.363384 

26 

1.6557 

0.218981 

66 

2.3439 

0.369940 

27 

1 . 6627 

0.220818 

67 

2.3809 

0.376736 

28 

1.6701 

0.222732 

68 

2.4198 

0.383787 

29 

1.6777 

0.224723 

69 

2.4610 

0.391112 

30 

1.6858 

0.226793 

70 

2 . 5046 

0.398730 

31 

1.6941 

0.228943 

71 

2.5507 

0 . 406665 

32 

1.7028 

0.231173 

72 

2.5998 

0.414943 

33 

1.7119 

0.233485 

73 

2.6521 

0.423596 

34 

1.7214 

0.235880 

74 

2.7081 

0.432660 

35 

1.7312 

0.238359 

75 

2.7681 

0.442176 

36 

1.7415 

0 . 240923 

76 

2 . 8327 

0.452196 

37 

1.7522 

0.243575 

77 

2.9026 

0 . 462782 

38 

1.7633 

0.246315 

78 

2.9786 

0.474008 

39 

1.7748 

0.249146 

79 

3.0617 

0.485967 

40 

1.7868 

0.252068 

80 

3.1534 

0.498777 
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COMPLETE  ELLIPTIC  INTEGRALS  (Continued) 


sin-1  k 

A' 

log  A 

sin   1  k 

A 

log* 

80° 

81 

82 

83 

84 

85 

3.1534 
3.2553 
3.3699 
3 . 5004 
3.6519 

3.8317 

0.498777 
0.512591 
0.527613 
0.544120 
0.562514 

0.583396 

85° 

86 

87 

88 

89 

90 

3.8317 
4.0528 
4.3387 
4.7427 
5.4349 

00 

0.583396 
0.607751 
0 . 637355 
0 . 676027 
0.735192 

00 

Values  of  A'  for  sin"1  k  =  85°  to  89°  by  0.1°  and  89°  to  90°  by  minutes. 


sin   *  k 


85.0° 

85.1 
85.2 
85.3 
85.4 

85.5 

85.6 
85.7 
85.8 
85.9 

86.0 

86.1 
86.2 
86.3 
86.4 

86.5 

86.6 
86.7 
86.8 
86.9 

87.0 

87.1 
87.2 
87.3 
87.4 

87.5 
87.6 
87.7 
87.8 
87.9 

88.0 

88.1 
88.2 
88.3 
88.4 


88.5 
88.6 
88.7 
88.8 
88.9 


89.0 


K 


3.832 
3.852 
3.872 
3.893 
3.914 

3.936 
3.958 
3.981 
4.004 
4.028 

4.053 
4.078 
4.104 
4.130 
4.157 

4.185 
4.214 
4.244 
4.274 
4.306 


339 
372 
407 
444 

481 


4.520 
4.562 
4.603 
4.648 
4.694 

4.743 

4.794 
4.848 
4.905 
4.965 

5.030 
5.099 
5.173 
5.253 
5.340 

5.435 


log  A' 


0.58343 
0.58569 
0.58794 
0.59028 
0.59262 

0.59506 
0.59748 
0.59999 
0.60249 
0.60509 

0.60778 
0.61045 
0.61321 
0.61595 
0.61878 


0.62170 
0.62469 
0.62778 
0 . 63083 
0.63407 

0.63739 
0.64068 
0.64414 
0.64777 
0.65137 

0.65514 
0.65916 
0.66304 
0.66727 
0.67154 

0.67605 
0 . 68070 
0.68556 
0 . 69064 
0.69592 

0.70157 
0.70749 
0.71374 
0.72041 
0.72754 

0.73520 


sin  l  k 


89° 

89 

89 

89 

89 


89  10 

89  12 

89  14 

89  16 

89  18 

89  20 

89  22 

89  24 

89  26 

89  28 

89  30 

89  32 

89  34 

89  36 

89  38 

89  40 

89  41 

89  42 

89  43 

89  44 

89  45 

89  46 

89  47 

89  48 

89  49 

89  50 

89  51 

89  52 

89  53 

89  54 

89  55 

89  56 

89  57 

89  58 

89  59 

90  0 


A 


5.435 
5.469 
5.504 
5.540 
5.578 

5.617 
5.658 
5.700 
5.745 

5.791 

5.840 
5.891 
5.946 
6.003 
6.063 

6.128 
6.197 
6.271 
6.351 
6.438 

6.533 
6.584 
6.639 
6.696 
6.756 

6.821 
6.890 
6.964 
7.044 
7.131 


226 
332 
449 
583 
737 


7.919 
8.143 
8.430 
8.836 
9.529 


log  A 


0.73520 
0.73791 
0.74068 
0.74351 
0.74648 

0.74950 

0.75266 
0.75587 
0.75929 
0.76275 

0.76641 
0.77019 
0.77422 
0.77837 
0.78269 

0.78732 
0.79218 
0.79734 
0.80284 
0.80875 

0.81511 
0.81849 
0.82210 
0.82582 
0.82969 

0.83385 
0.83822 
0.84286 
0 . 84782 
0.85315 

0.85890 
0.86522 
0.87210 
0.87984 
0.88857 


0.89867 
0.91078 
0.92583 
0.94626 
0.97905 
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COMPLETE  ELLIPTIC  INTEGRALS  (Continued) 


sin  1  k 

E 

log  E 

sin-1  k 

E 

■  

log# 

0° 

1.5708 

0.196120 

45° 

1.3506 

0.130541 

1 

1.5707 

0.196087 

46 

1.3418 

0.127690 

2 

1 . 5703 

0.195988 

47 

1.3329 

0.124788 

3 

1 . 5697 

0.195822 

48 

1.3238 

0.121836 

4 

1 . 5689 

0.195591 

49 

1.3147 

0.118836 

5 

1.5678 

0.195293 

50 

1.3055 

0.115790 

6 

1 . 5665 

0.194930 

51 

1.2963 

0.112698 

7 

1 . 5649 

0.194500 

52 

1.2870 

0 . 109563 

8 

1 . 5632 

0.194004 

53 

1.2776 

0.106386 

9 

1.5611 

0.193442 

54 

1.2681 

0.103169 

10 

1 . 5589 

0.192815 

55 

1.2587 

0.099915 

11 

1 . 5564 

0.192121 

56 

1.2492 

0.096626 

12 

1.5537 

0.191362 

57 

1.2397 

0 . 093303 

13 

1 . 5507 

0.190537 

58 

1.2301 

0.089950 

14 

1.5476 

0.189646 

59 

1.2206 

0.086569 

15 

1.5442 

0.188690 

60 

1.2111 

0.083164 

16 

1.5405 

0.187668 

61 

1.2015 

0.079738 

17 

1.5367 

0.186581 

62 

1.1920 

0.076293 

18 

1 . 5326 

0.185428 

63 

1.1826 

0.072834 

19 

1 . 5283 

0.184210 

64 

1.1732 

0.069364 

20 

1.5238 

0.182928 

65 

1.1638 

0 . 065889 

21 

1.5191 

0.181580 

66 

1.1545 

0.062412 

22 

1.5141 

0.180168 

67 

1 . 1453 

0.058937 

23 

1 . 5090 

0.178691 

68 

1.1362 

0.055472 

24 

1 . 5037 

0.177150 

69 

1.1272 

0.052020 

25 

1.4981 

0.175545 

70 

1.1184 

0 . 048589 

26 

1.4924 

0.173876 

71 

1.1096 

0.045183 

27 

1.4864 

0.172144 

72 

1.1011 

0.041812 

28 

1 . 4803 

0.170348 

73 

1.0927 

0.038481 

29 

1.4740 

0.168489 

74 

1 . 0844 

0.035200 

30 

1.4675 

0.166567 

75 

1.0764 

0.031976 

31 

1 . 4608 

0.164583 

76 

1.0686 

0.028819 

32 

1.4539 

0.162537 

77 

1.0611 

0.025740 

33 

1.4469 

0.160429 

78 

1.0538 

0.022749 

34 

1.4397 

0.158261 

79 

1.0468 

0.019858 

35 

1.4323 

0.156031 

80 

1.0401 

0.017081 

36 

1.4248 

0.153742 

81 

1.0338 

0.014432 

37 

i  1.4171 

0.151393 

82 

1.0278 

0.011927 

38 

1.4092 

0.148985 

83 

1.0223 

0.009584 

39 

1.4013 

0.146519 

84 

1.0172 

0.007422 

40 

1.3931 

0.143995 

85 

1.0127 

0.005465 

41 

1.3849 

0.141414 

86 

1.0086 

0.003740 

42 

1.3765 

0.138778 

87 

1.0053 

0.002278 

43 

1.3680 

0.136086 

88 

1.0026 

0.001121 

44 

1.3594 

0.133340 

89 

1.0008 

0.000326 

45 

1.3506 

0.130541 

90 

1.0000 

0.000000 
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FACTORS  AND  PRIMES 

If  n  is  prime  the  mantissa  of  its  logarithm  is  given. 


n 

0 

1 

1       ^ 

3 

4 

0 

0000000 
0413927 

3010300 

22-3 

4771213 
1139434 

22 

1 

2-  5 

2-7 

2 

22-  5 

3-7 

2-  11 

3617278 

23-3 

3 

2-3-5 

4913617 

25 

3-  11 

2-  17 

4 

23-5 

6127839 

2-3-7 

6334685 

22-  11 

5 

2  -52 

3-  17 

22-  13 

7242759 

2-33 

6 

22  •  3  •  5 

7853298 

2-31 

32-7 

2« 

7 

2-5-7 

8512583 

23-  32 

8633229 

2-37 

8 

24-5 

34 

2  -41 

9190781 

22  •  3  •  7 

9 

2-32-5 

7-  13 

22-23 

3-31 

2-47 

10 

2*  •  52 

0043214 

2-317 

0128372 

23-  13 

11 

2-5-11 

3-37 

24-7 

0530784 

2-3-19 

12 

23  •  3  •  5 

H2 

2-61 

3-41 

22-31 

13 

2-5-13 

1172713 

22-3-11 

7-  19 

2-67 

14 

22-5-7 

3-47 

2-71 

11  •  13 

24 -32 

15 

2  •  3  •  52 

1789769 

23-  19 

32-  17 

2-7-11 

16 

2s-  5 

7-23 

2  -34 

2121876 

22-41 

17 

2-5-17 

32  •  19 

22-43 

2380461 

2-3-29 

18 

22  -32-5 

2576786 

2-7-13 

3-  61 

23-23 

19 

2-5-19 

2810334 

26-3 

2855573 

2-97 

20 

2a  .  52 

3-  67 

2  •  101 

7-29 

22-3-17 

21 

2-3-5-7 

3242825 

22-53 

3-71 

2-  107 

22 

22-5-  11 

13-  17 

2-3-37 

3483049 

25-7 

23 

2-5-23 

3-7-11 

23-29 

3673559 

2-32-13 

24 

2*  •  3  •  5 

3820170 

2  •  ll2 

35 

22-61 

25 

2  •  5* 

3996737 

22  .  32  .  7 

11  -23 

2  •  127 

26 

22  •  5  •  13 

32-29 

2  •  131 

4199557 

23-3-11 

27 

2-33-5 

4329693 

24.  17 

3-7-13 

2  •  137 

28 

23  •  5  •  7 

4487063 

2-3-47 

4517864 

22-71 

29 

2-5-29 

3-97 

22-73 

4668676 

2  •  3  •  72 

30 

22  •  3  •  52 

7-43 

2  •  151 

3-  101 

24-  19 

31 

2-5-31 

4927604 

23-3-13 

4955443 

2  •  157 

32 

26  •  5 

3-  107 

2-7-23 

17-  19 

22.34 

33 

2-3-5-11 

5198280 

22-83 

32-37 

2  •  167 

34 

22-5-17 

11  -31 

2-32-19 

73 

23-43 

35 

2-52-7 

33-  13 

25-  11 

5477747 

2-3-59 

36 

2'  -32-5 

192 

2-  181 

3-  ll2 

22-7-13 

37 

.2-5-37 

7-53 

22-3-31 

5717088 

2-  11  -  17 

38 

22-5-19 

3-  127 

2-  191 

5831988 

27-  3 

39 

2 • 3  •  5  •  13 

17-23 

23.  72 

3-  131 

2  •  197 

40 

24  .  52 

6031444 

2-3-67 

13  •  31 

22  •  101 

41 

2-5-41 

3-  137 

22  •  103 

7-  59 

2-32-23 

42 

22-3-5-7 

6242821 

2  -211 

32-47 

23-  53 

43 

2-5-43 

6344773 

24  -33 

6364879 

2-7-31 

44 

23  •  o-  11 

32  .  72 

2-13-17 

6464037 

22-3-37 

45 

2-32-52 

11  -41 

22- 113 

3-  151 

2-227 

46 

22-5-23 

6637009 

2-3-7-11 

6655810 

24-29 

47 

2-5-47 

3  •  157 

23-59 

11  -43 

2-3-79 

48 

25-3-5 

13-  37 

2-241 

3-7-23 

22  •  ll2 

49 

2-5-72 

6910815 

22-3-41 

17-29 

2-13-19 

50 

22  •  53 

3-  167 

2-251 

7015680 

23  .  32  .  7 
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FACTORS  AND  PRIMES  (Continued) 

If  n  is  not  prime  its  prime  factors  are  given. 


n 

5 

6 

7 

8 

9 

0 

6989700 

2-3 

8450980 

23 

32 

1 

3-5 

24 

2304489 

2  -3* 

2787536 

2 

52 

2-  13 

33 

22-7 

4623980 

3 

5-7 

22  •  32 

5682017 

2-  19 

3-  13 

4 

32-5 

2-23 

6720979 

24-3 

72 

5 

5-  11 

2»-7 

3-  19 

2-29 

7708520 

6 

5-  13 

2-3-11 

8260748 

22-  17 

3-23 

7 

3-52 

22-  19 

7-  11 

2-3-13 

8976271 

8 

5-  17 

2  -43 

3-29 

23-  11 

1   9493900 

9 

5-  19 

2^-3 

9867717 

2-72 

32-  11 

10 

3-5-7 

2-53 

0293838 

22  •  3:J 

0374265 

11 

5-23 

22-29 

32-  13 

2  •  59 

7  ■  17 

12 

5* 

2-32-7 

1038037 

27 

3-43 

13 

33-5 

2*-  17 

1367206 

2-3-23 

1430148 

14 

5-29 

2-73 

3-72 

2-  •  37 

1731863 

15 

5-31 

22-3-13 

1958997 

2  -79 

3-53 

16 

3-5-11 

2-83 

2227165 

2*  -3-7 

1   132 

17 

52-7 

24-  11 

3-  59 

2  -89 

2528530 

18 

5-37 

2-3-31 

11  •  17 

22-47 

33-7 

19 

3-5-13 

22  •  72 

2944662 

2  •  32  •  11 

2988531 

20 

5-41 

2-  103 

32-  23 

24-  lb 

11  •  19 

21 

5-43 

23  •  33 

7  •  31 

2  •  109 

3-73 

22 

32  •  52 

2  •  113 

3560259 

22  •  3  •  19 

3598355 

23 

5-47 

22-  59 

3  •  79 

2  -7-  17 

3783979 

24 

5-  72 

2-3-41 

13-  19 

23  •  31 

3-83 

25 

3-5-17 

28 

4099331 

2-3-43 

7-37 

26 

5-53 

2-7-19 

3-  89 

22  •  67 

4297523 

27 

52-  11 

22-3-23 

4424798 

2  •  139 

32-31 

28 

3-5-19 

2-11-13 

7-41 

25-32 

I72 

29 

5-59 

23-37 

33-  11 

2-  149 

13-23 

30 

5-  61 

2-32-17 

4871384 

22-7-11 

3-  103 

31 

32-5-7 

22-79 

5010593 

2-3-53 

11  -29 

32 

52-  13 

2  •  163 

3-  109 

23-41 

7-47 

33 

5-67 

24-3-7 

5276299 

2-  132 

3-  113 

34 

3-5-23 

2-  173 

5403295 

22-3-29 

5428254 

35 

5-71 

22-89 

3-7-17 

2-  179 

5550944 

36 

5-73 

2-3-61 

5646661 

24-23 

32-41 

37 

3-  53 

23-  47 

13-29 

2-33-7 

5786392 

38 

5-7-11 

2  •  193 

32-43 

22-97 

5899496 

39 

5-79 

22-32-  11 

5987905 

2-  199 

3-7-19 

40 

34.5 

2-7-29 

11  -37 

23-3-17 

6117233 

41 

5-83 

25-  13 

3-  139 

2-11-19 

6222140 

42 

52-  17 

2-3-71 

7-61 

22  -  107 

3-11-13 

43 

3-5-29 

22  •  109 

19-23 

2-3-73 

6424645 

44 

5-89 

2  -223 

3  •  149 

2«-7 

6522463 

45 

5-7-13 

23-3-19 

6599162 

2  -229 

33-  17 

46 

3-5-31 

2  •  233 

6693169 

22  •  32  •  13 

7-67 

47 

52-  19 

22-7-17 

32-  53 

2-239 

6803355 

48 

5-97 

2  •  35 

6875290 

23-61 

3-  163 

49 

32-5-11 

24-  31 

7-  71 

2-3-83 

6981005 

50 

5-  101 

2-11-23 

3  •  132 

22 • 127 

7067178 
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FACTORS  AND  PRIMES  (Continued) 


n 

0 

1 

2 

3 

4 

50 

22-  53 

3-  167 

2  -251 

7015680 

23-32-7 

51 

2  •  3  •  5  •  17 

7-73 

29 

33-  19 

2  -257 

52 

23-5-13 

7168377 

2  •  32  •  29 

7185017 

22  •  131 

53 

2-5-53 

32-  59 

22  •  7  •  19 

13-41 

2-3-89 

54 

22  -  33  •  5 

7331973 

2-271 

3-  181 

25-  17 

55 

2-51-11 

19  -29 

23-3-23 

7-79 

2-277 

56 

24-5-7 

3-11-17 

2-281 

7505084 

22-3-47 

57 

2-3-5-19 

7566361 

22  -11-13 

3-  191 

2-7-41 

58 

22-5-29 

7-83 

2-3-97 

11  -53 

23-73 

59 

2-5-59 

3-  197 

24-37 

7730547 

2-33-11 

60 

23  •  3  •  52 

7788745 

2-7-43 

32-  67 

22  •  151 

61 

2-5-61 

13-47 

22  -32-17 

7874605 

2  -307 

62 

22  •  5  •  31 

33  •  23 

2  •  311 

7-89 

24-3-13 

63 

2  •  32  •  5  •  7 

8000294 

23-  79 

3-211 

2  -317 

64 

27-  5 

8068580 

2  •  3 •  107 

8082110 

22-7-23 

65 

2  •  52  •  13 

3-7-31 

22  •  163 

8149132 

2-3-109 

66 

22-3-5-11 

8202015 

2  •  331 

3-13-17 

23-  83 

67 

2-5-67 

11  •  61 

25-3-7 

8280151 

2-337 

68 

23-5-17 

3-227 

2-11-31 

8344207 

22  •  32  •  19 

69 

2-3-5-23 

8394780 

22  •  173 

32-7-11 

2  •  347 

70 

22  -  52  •  7 

8457180 

2  •  O3  .  13 

19-37 

26-  11 

71 

2-5-71 

32  •  79 

23  ■  89 

23-31 

2-3-7-17 

72 

24-32-5 

7  •  103 

2-  192 

3-241 

22- 181 

73 

2-5-73 

17  •  43 

22-3-61 

8651040 

2  •  367 

74 

22  •  5  •  37 

3-13-19 

2-7-53 

8709888 

23  •  3  •  31 

75 

2-3-53 

8756399 

24-47 

3-251 

2-13-29 

76 

23-5-19 

8813847 

2  -3-  127 

7-  109 

22- 191 

77 

2-5-7-11 

3  •  257 

22  •  193 

8881795 

2-32-43 

78 

22-3-5-13 

11  -71 

2-17-23 

33-29 

24.  72 

79 

2-5-79 

7-  113 

23-32-  11 

13-61 

2-397 

80 

25-  52 

32  •  89 

2-401 

11-73 

2*  •  3  •  67 

81 

2-34-5 

9090209 

22-7-29 

3-271 

2-11-37 

82 

22-5-41 

9143432 

2-3-137 

9153998 

23  •  103 

83 

2-5-83 

3-  277 

2«-  13 

72.  17 

2-3-139 

84 

23-3-5-7 

292 

2-421 

3-281 

22-211 

85 

2-52-17 

23  •  37 

22  •  3  •  71 

9309490 

2-7-61 

86 

22-5-43 

3-7-41 

2  -431 

9360108 

25  •  33 

87 

2-3-5-29 

13  •  67 

23  •  109 

32-97 

2-19-23 

88 

24-5-11 

9449759 

2-32-72 

9459607 

22  •  13  •  17 

89 

2-5-89 

34-  11 

22 • 223 

19-47 

2-3-149 

90 

22  •  32  •  52 

17  •  53 

2-11-41 

3-7-43 

23- 113 

91 

2  •  5-  7  •  13 

9595184 

24-3-19 

11  -83 

2-457 

92 

23-5-23 

3-307 

2  -461 

13-71 

22-3-7-11 

93 

2-3-5-31 

72  •  19 

22  •  233 

3-  311 

2  -467 

94 

22-5-47 

9735896 

2-3-157 

23-41 

24-59 

95 

2-52-19 

3-317 

23  •  7  •  17 

9790929 

2-32-53 

96 

26-3-5 

312 

2-13-37 

32  •  107 

22 • 241 

97 

2-5-97 

9872192 

22 -35 

7-  139 

2-487 

98 

22-5-72 

32  •  109 

2  •  491 

9925535 

23-3-41 

99 

2  •  32  •  5  •  11 

9960737 

25-  31 

3-  331 

2-7-71 

100 

23  •  53 

7  ■  11  •  13 

2-3-167 

17-  59 

22  •  251 
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FACTORS  AND  PRIMES  (Continued) 


J) 

5 

6 

7 

8 

!    9 

50 

5-  101 

2-11-23 

3-  132 

22  •  127 

7067178 

51 

5-  103 

22-3-43 

11  -47 

2-7-37 

3-  173 

52 

3-52-7 

2  -263 

17-31 

24-3-  11 

232 

53 

5-  107 

23-  67 

3-  179 

2  -269 

72-  11 

54 

5-  109 

2-3-7-13 

7379873 

22  •  137 

32-61 

55 

3-5-37 

22  -  139 

7458553 

2-32-31 

13  -43 

56 

5-  113 

2-283 

34-  7 

23-  71 

7551123 

57 

52-23 

26.32 

7611758 

2  •  172 

3  •  193 

58 

32-5-13 

2-293 

7686381 

22-3-72 

19  -31 

59 

5-7-17 

22  •  149 

3-  199 

2-13-23 

7774268 

60 

5-  112 

2-3-101 

7831887 

25-  19 

3-7-29 

61 

3-5-41 

23-7-  11 

7902852 

2-3-103 

7916906 

62 

54 

2-313 

3-11-19 

22 • 157 

17-37 

63 

5-  127 

22  •  3  •  53 

72-  13 

2-11-29 

32-71 

64 

3-5-43 

2-17-19 

8109043 

23-  34 

11  -59 

65 

5-  131 

24-41 

32  •  73 

2-7-47 

8188854 

66 

5-7-19 

2  •  32  •  37 

23-29 

22 • 167 

3  -223 

67 

33  •  52 

22  •  132 

8305887 

2-3-113 

7  -97 

68 

5-  137 

2-73 

3-  229 

24-43 

13  -53 

69 

5  •  139 

23-3-29 

17-41 

2  •  349 

3  -233 

70 

3-5-47 

2-353 

7-101 

22-3-59 

8506462 

71 

5-11-13 

22  •  179 

3-239 

2  -359 

8567289 

72 

52-29 

2-3-112 

8615344 

23-7-13 

36 

73 

3-5-7- 

25-23 

11-67 

2-32-41 

8686444 

74 

5-  149 

2-373 

32-83 

22 • 11  •  17 

7  •  107 

75 

5-  151 

22-33-7 

8790959 

2-379 

3-11-23 

76 

32-5-17 

2-383 

13-  59 

28-3 

8859263 

77 

52  •  31 

23-97 

3-7-37 

2-389 

19  -41 

78 

5-  157 

2-3-131 

8959747 

22  •  197 

3-263 

79 

3-5-53 

22  -  199 

9014583 

2-3-7-19 

17-47 

80 

5-7-23 

2-13-31 

3-269 

23  •  101 

9079485 

81 

5-  163 

24-3-17 

19-43 

2-409 

32-7-13 

82 

3-52-11 

2-7-59 

9175055 

22  •  32  •  23 

9185545 

83 

5-  167 

22- 11  •  19 

33-31 

2-419 

9237620 

84 

5-  132 

2-32-47 

7-  112 

24-53 

3-283 

85 

32-5-19 

23  •  107 

9329808 

2-3-11-13 

9339932 

86 

5-  173 

2-433 

3-  172 

22-7-31 

11  -79 

87 

53-7 

22-3-73 

9429996 

2-439 

3-293 

88 

3-5-59 

2-443 

9479236 

23-3-37 

7-  127 

89 

5-  179 

27-7 

3-13-23 

2-449 

29-31 

90 

5-  181 

2-3-151 

9576073 

22  •  227 

32  •  101 

91 

3-5-61 

2*  •  229 

7-  131 

2-33-17 

9633155 

92 

52.37 

2-463 

32  •  103 

2^-29 

9680157 

93 

5-11-17 

23  •  32  •  13 

9717396 

2-7-67 

3-313 

94 

33  -  5  •  7 

2-11-43 

9763500 

22-3-79 

13-73 

95 

5-  191 

22  •  239 

3-11-29 

2-479 

7-  137 

96 

5  •  193 

2-3-7-23 

9854265 

23  •  112 

3-17-19 

97 

3-52-13 

24-61 

9898946 

2-3-163 

11  -89 

98 

5-  197 

2-17-29 

3-7-47 

22  •  13  •  19 

23-43 

99 

5-  199 

22-3-83 

9986952 

2-499 

33-37 

100 

3-5-67 

2-503 

19-53 

24-32-7 

0038912 
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FACTORS  AND  PRIMES  (Continued) 


100 

2- 

101 

2- 

102 

22. 

103 

2  • 

104 

2»« 

105 

2- 

106 

22. 

107 

2- 

108 

23. 

109 

2' 

110 

02  . 

111 

2- 

112 

2§ . 

113 

2  ■ 

114 

22. 

115 

2- 

116 

23. 

117 

2" 

118 

22. 

119 

2  • 

120 

94. 

121 

2  • 

122 

22' 

123 

2- 

124 

28. 

125 

2- 

126 

92. 

127 

2- 

128 

28. 

129 

2  • 

130 

22- 

131 

2  • 

132 

93. 

133 

2- 

134 

22  • 

135 

2- 

136 

24- 

137 

2  ■ 

138 

92  • 

139 

2- 

140 

23. 

141 

2- 

142 

22  . 

143 

2- 

144 

25- 

145 

2  • 

146 

22- 

147 

2- 

148 

23- 

149 

2" 

150 

92. 

5:* 
5-  101 

3-5-17 
5-  103 

5-  13 

3-52-7 

5-  53 
5-  107 

33  •  5 
5-  109 

52-  11 
3-5-37 

5-  7 
5-  113 

3-5-19 

52-23 

5-  29 
32-5-13 

5-  59 
5-7-17 

3-  52 
5-  ll2 

5  •  61 
3-5-41 

5-31 


32-5-7 
5-  127 

5 
3-5-43 

52  •  13 
5-  131 

3-5-11 
5-7-19 

5-67 

33  •  5- 

5-  17 
5-  137 

3  •  5  •  23 
5-  139 

52-7 
3-5-47 

5-71 
5-11-13 

32-5 

52-29 

5-73 
3-5-72 

5  37 
5-  149 


3-  53 


7-11-13 
3-  337 
0090257 
0132587 

3-  347 

0216027 
0257154 

32-7-17 

23-47 

0378248 

3-  367 
11  •  101 
19  •  59 
3-13-29 

7-  163 

0610753 

33-43 

0685569 

0722499 

3-  397 

0795430 

7-  173 
3-11-37 
0902581 
17  -73 

32  •  139 
13-97 

31  -41 
3-7-61 
1109262 

1142773 

3-19-23 
1209028 

IP 

32  •  149 

7-  193 
1338581 

3  •  457 
1401937 

13  •  107 

3-467 
17-83 
72  •  29 
33-53 
11  -  131 

1616674 
3-487 
1676127 
1705551 

3-7-71 

19-79 


2-3-167 
22-11-23 
2-7-73 
23  •  3  •  43 
2-521 

22 • 263 
2-32-59 
24-  67 
2  •  541 
22-3-7-13 

2-19-29 
23  •  139 
2-3-11-17 

22  •  283 
2-571 

27 -32 
2-7-83 
22 • 293 
2-3-197 

23  •  149 

2-  601 
22  •  3  •  101 
2-13-47 
24-7-11 
2  •  33  •  23 

22  •  313 
2  •  631 

23  •  3  •  53 
2  •  641 

22  •  17  •  19 

2-3-7-31 
25-41 
2-  661 

22  •  32  •  37 
2-11-61 

23  •  132 
2-3-227 

22.73 

2 -.691 
24-3-29 

2-701 

22  •  353 
2-32-79 

23  •  179 
2-7-103 

22.  3  .  112 
2-17-43 
26-23 

2-3-13-19 
22  •  373 

2-751 


17  •  59 
0056094 
3-11-31 
0141003 

7  •  149 

34  •  13 
0265333 

29  •  37 
3  •  192 
0386202 

0425755 

3  •  7  •  53 
0503798 

11  •  103 

32  •  127 

0618293 
0655797 

3  •  17  •  23 
7-  132 
0766404 

3  •  401 

08S8G98 

0874265 

3«  •  137 
11  •  113 

7-  179 
3-421 
19  •  67 
1082267 
3  •  431 

1149444 

13  •  101 

33  .72 

31  -43 
17-79 

3  11  -41 
29  -47 
1376705 

3-461 
7-  199 

23-61 

32  •  157 
1532049 
1562462 
3-13-37 

1622656 

7-11-19 
3*491 
1711412 
1740598 

3«  •  167 


22-251 
2  •  3  •  132 

2io 

2-11-47 
22-32-29 

2-17-31 
28-7-19 
2-3-179 
22  •  271 
2-547 

24-3-23 
2  -557 
22  •  281 
2  •  34  •  7 
23-  11  •  13 

2  •  577 
22-3-97 
2-  587 
25-37 
2-3-199 

22  •  7  •  43 
2  •  607 
2>  •  3- • 17 
2  ■  617 
2'  •  311 

2-3-    11-19 

24-79 

2  •  72  •  13 

22  •  3  •  107 
2  •  647 

23  •  163 
2-32-73 

22  •  331 
2-23-29 
2«  •  3  •  7 

2-677 
22-  11-31 
2-3-229 

23  •  173 
2-17-41 

22  •  33  •  13 
2-7-101 
24-89 
2-3-239 
22  •  192 

2-727 
23-3-61 
2-11-67 
22-7-53 
2  •  32  •  83 

25  •  47 
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FACTORS  AND  PRIMES  (Continued) 


n                5 

6 

7 

8 

9 

100 

3-5-67 

2  •  503 

19  •  53 

24-32-7 

0038912 

101 

5  •  7    29 

23  •  127 

32-  113 

2  •  509 

0081742 

102 

52  •  41 

2  •  33  •  19 

13  •  79 

2-  -257  , 

3-73 

103 

&  -5-23 

22  •  7  •  37 

17  •  61 

2  •  3  • 173 

0166155 

104 

5 •  11  •  19 

2  -523 

3  •  349 

23-  131 

0207755 

105 

5  •  211 

25-3-11 

7-  151 

2  •  232 

3-353 

106 

3-571 

2-13-41 

11  •  97 

22  -3-89 

0289777 

107 

5*  •  43 

22 • 269 

3  •  359 

2  •  72-  11 

13-83 

108 

5-7-31 

2-3-181 

0362295 

2fl  •  17 

32-  IP 

109 

3  •  5  •  73 

23  •  137 

0402060 

2  •  3-'  •  61 

7-  157 

110 

5  •  13  •  17 

2-7-79 

33  •  41 

2-  •  277 

0449315 

111 

5  •  223 

22  •  32  •  31 

0480532 

2 •  13  •  43 

3-373 

112 

3-  •  5s 

2  •  563 

72-23 

2«  -3-47 

0526939 

113 

5  •  227 

24  •  71 

3  -379 

2  •  569 

17-67 

114 

5-229 

2  •  3 •  191 

31  •  37 

2-  •  7  •  41 

3-383 

115 

3-  5  •  7  •  11 

22  .  17s 

13  •  89 

2 • 3  •  193 

19-  61 

116 

5-233 

2  •  11  •  53 

3  •  389 

24  •  73 

7-  167 

117 

52-47 

23  •  3  •  72 

11  •  107 

2 •  19  •  31 

32  •  131 

118 

3  •  5  •  79 

2  •  593 

0744507 

22  -33-11 

29-41 

119 

5  •  239 

22 •  13  •  23 

32-7-19 

2  •  599 

11  •  109 

120 

5-241 

2-32-67 

17-  71 

2:'  -151 

3-13-31 

121 

3-'  •  5 

2«-  19 

0852006 

2-3-7-29 

23-  53 

122 

52  .  72 

2-  613 

3-  409 

22  •  307 

0895519 

123 

5-13-19 

22  •  3  •  103 

0923697 

2  •  619 

3-7-59 

124 

3-5-83 

2-7-89 

29-43 

25  •  3  •  13 

0965624 

125 

5-251 

2»  •  157 

3-419 

2  •  17  •  37 

1000257 

126 

5-11-23 

2-3-211 

7-  181 

22  •  317 

33-47 

127 

3-52-17 

22 •  11  •  29 

1061909 

2  •  3-  •  71 

1068705 

128 

5  •  257 

2  •  643 

32-  11  •  13 

23  •  7  •  23 

1102529 

129 

5-7-37 

2*-  34 

1129400 

2  •  11  •  59 

3-433 

130 

32 • 5  •  29 

2-653 

1162756 

22 • 3  •  109 

7-11-17 

131 

5  •  263 

22-7-47 

3  -439 

2  •  659 

1202448 

132 

5«  •  53 

2-3-13-17 

1228709 

24-83 

3-443 

133 

3-5-89 

23  •  167 

7  •  191 

2  •  3  •  223 

13-  103 

134 

5-269 

2  •  673 

3-449 

22  •  337 

19-71 

135 

5-271 

22-3-  113 

23-59 

2-7-97 

32  •  151 

136 

3  •  5  •  7 • 13 

2-683 

1357685 

23  •  32  •  19 

372 

137 

53-  11 

25-43 

34-  17 

2-13-53 

7-  197 

138 

5-277 

2-  32-  7-  11 

19-73 

22  •  347 

3-463 

139 

32-5-31 

22  •  349 

11- 127 

2-3-233 

1458177 

140 

5-  281 

2-19-37 

3-7-67 

27-11 

1489110 

141 

5-283 

23-3-59 

13  •  109 

2-709 

3-11-43 

142 

3-52-19 

2-23-31 

1544240 

22-3-7-17 

1550322 

143 

5-7-41 

22  •  359 

3-479 

2-719 

1580608 

144 

5-  172 

2-3-241 

1604685 

23  •  181 

32-7-23 

145 

3-5-97 

24-7-13 

31  -47 

2-3° 

1640553 

146 

5-293 

2-733 

32 • 163 

22  •  367 

13-  113 

147 

52-59 

22  •  32  •  41 

7-211 

2-739 

3-17-29 

148 

33-5-11 

2-743 

1723110 

24-3-31 

1728947 

149 

5-13-23 

23-  11  •  17 

3-499 

2-7-107 

1758016 

150 

5-7-43 

2-3-251 

11  •  137 

22  -13-29 

3-503 
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FACTORS  AND  PRIMES  (Continued) 


n 

0 

1 

2 

3 

4 

150 

22  •  3  •  53 

19-  79 

2  •  751 

32  •  167 

25-47 

151 

2-5-151 

1792645 

23  -33-7 

17-  89 

2  -757 

152 

24-5-19 

32  •  132 

2  •  761 

1826999 

22 • 3  •  127 

153 

2  •  32  •  5  •  17 

1849752 

22  •  383 

3-7-73 

2-13-59 

154 

22- 5  •  7  •  11 

23-  67 

2-3-257 

1883659 

23  •  193 

155 

2-52-31 

3-11-47 

24-97 

1911715 

2-3-7-37 

156 

23-3-5-13 

7-223 

2-11-71 

3-  521 

22 •  17  •  23 

157 

2-5-157 

1961762 

22  •  3  •  131 

112-  13 

2  -787 

158 

22 •  5  •  79 

3-17-31 

2-7-113 

1994809 

24-32-  11 

159 

2-3-5-53 

37-43 

23 • 199 

33-59 

2  •  797 

160 

26-  52 

2043913 

2-32-89 

7-229 

22  •  401 

161 

2-5-7-23 

32  •  179 

22-  13  •  31 

2076344 

2  •  3 • 269 

162 

22-34-5 

2097830 

2  •  811 

3-  541 

23-7-29 

163 

2  • 5  •  163 

7  -233 

2"  -3-17 

23-71 

2-19-43 

164 

2:<  •  5  •  41 

3-  547 

2  •  821 

31  •  53 

22 • 3  •  137 

165 

2  •  3  -  *  *  •  1 1 

13  •  127 

22 •  7  •  59 

3-19-29 

2-827 

166 

22 • 5  •  83 

11  •  151 

2-3-277 

2208922 

27-  13 

167 

2 • 5  •  1*7 

3-557 

23-  11  •  19 

7-239 

2-33-31 

168 

24-3-5-7 

412 

2  •  292 

32-  11  •  17 

22 • 421 

169 

2-5-132 

19  •  89 

22  .  32 .  47 

2286570 

2  •  7-  ll2 

170 

22  -  52  •  17 

35-7 

2  •  23  •  37 

13-  131 

23-3-71 

171 

2-32-5-19 

29-59 

24  •  107 

3-  571 

2-857 

172 

23-5-43 

2357809 

2 • 3  •  7 • 41 

2362853 

22 • 431 

173 

2  • 5  •  173 

3-577 

22  •  433 

2387986 

2-3-172 

174 

22-3-5-29 

2407988 

2  •  13  •  67 

3-7-83 

24  •  109 

175 

2-53-7 

17  •  103 

23-3-73 

2437819 

2-877 

176 

25-5-11 

3-587 

2  •  881 

41  -43 

22  •  32  •  72 

177 

2-3-5-59 

7-11-23 

22  •  443 

32  •  197 

2-887 

178 

22  •  5  •  89 

13  •  137 

2-34-11 

2511513 

23  -  223 

179 

2-5-179 

32  •  199 

28-7 

11  •  163 

2-3-13-23 

180 

23  •  32  •  52 

2555137 

2-17-53 

3-  601 

22-  11     41 

181 

2 • 5  •  181 

2579185 

22  •  3  •  151 

72-  37 

2-907 

182 

22-5-7-13 

3-  607 

2  -911 

2607867 

25-3-19 

183 

2-3-5-61 

2626883 

23  •  229 

3-13-47 

2-7-131 

184 

24  •  5  •  23 

7-263 

2-3-307 

19-97 

22-461 

185 

2-52-37 

3-617 

22  •  463 

17  ♦  109 

2  •  32  •  103 

186 

22-3-5-31 

2697464 

2-72-19 

34-  23 

23  •  233 

187 

2  -5  •  11  •  17 

2720738 

24  •  32  •  13 

2725378 

2-937 

188 

23-5-47 

32- 11  •  19 

2-941 

7-269 

22  • 3  •  157 

189 

2-33-5-7 

31  -61 

22-  11  -43 

3-631 

2-947 

190 

22  •  52  •  19 

2789821 

2-3-317 

11  •  173 

24-7-17 

191 

2-5-191 

3-72-13 

23 • 239 

2817150 

2-3-11-29 

192 

27-3-5 

17-  113 

2-312 

3-  641 

22  •  13  •  37 

193 

2-5-193 

2857823 

22-3-7-23 

2862319 

2  -967 

194 

22-5-97 

3-647 

2-971 

29-67 

23-35 

195 

2-3-52-13 

2902573 

25  •  61 

32-7-31 

2  -977 

196 

2*  •  5  •  72 

37-53 

2  •  32  •  109 

13-  151 

22  •  491 

197 

2-5-197 

33-73 

22  •  17  •  29 

2951271 

2-3-7-47 

198 

22-32-5-11 

7-283 

2  -991 

3  -661 

2s-  31 

199 

2-5-199 

11  •  181 

23  •  3  •  83 

2995073 

2  •  997 

200 

24-53 

3-23-29 

2-7-11-13 

3016809 

22 • 3  •  167 
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FACTORS  AND  PRIMES  (Continued) 


n                5 

6 

7 

8 

1 

9 

150 

5-7-43 

2  •  3  •  251 

11  •  137 

22  -13-29 

3  -503 

151 

3  • 5  •  101 

22  •  370 

37  •  41 

2-3-11-23 

72-31 

152 

5-'  •  61 

2  •  7  •  109 

3  •  509 

23  •  191 

11  •  139 

153 

5  -307 

29  •  3 

29  •  53 

2  •  769 

34-  19 

154 

3-5-103 

2  •  773 

7  •  13  •  17 

22  •  32  •  43 

1900514 

155 

5-  311 

22  •  389 

32  •  173 

2-19-41 

1928461 

156 

5-313 

2  •  33  •  29 

1950090 

26 .  72 

3-  523 

157 

32  •  5*  •  7 

23-  197 

19  •  83 

2  •  3  •  268 

1983821 

158 

5  •  317 

2  •  13  •  61 

3  •  232 

22  •  397 

7  •  227 

159 

5-11-29 

2a  •  3  •  7  •  19 

2033049 

2-17-47 

3-13-41 

100 

3  •  5  •  107 

2  •  1 1  •  73 

2060159 

23  •  3  •  67 

2065560 

161 

5-17-19 

24  •  101 

3  •  72  •  1 1 

2  •  809 

2092468 

162 

53  •  13 

2  •  3  •  271 

2113870 

2 ' •  1 1  •  37 

32  •  181 

163 

3 • 5  •  109 

2-'  •  409 

2140487 

2  •  32  -7-13 

11  •  149 

164 

5-7-47 

2  •  823 

33  •  61 

24  •  103 

17  -97 

105 

5  •  331 

23  •  32  •  2:5 

2193225 

2  •  829 

3-7-79 

166 

3-'  -5-37 

2-72-17 

2219356 

22  •  3  •  139 

2224563 

167 

5-  •  67 

22  •  419 

3  •  13  •  43 

2  •  839 

23-73 

168 

5  •  337 

2  ■  3  •  281 

7  •  241 

2:i •  211 

3  •  563 

169 

3  •  5 •  113 

2*  ■  53 

2296818 

2  •  3  •  283 

2301934 

170 

5     11-31 

2  •  853 

3  •  569 

22  -7-61 

2327421 

171 

5-73 

22-3-  11  •  13 

17  •  101 

2  •  859 

32 • 191 

172 

3  •  52  •  23 

2  •  863 

11  •  157 

26  •  3» 

7  •  13  •  19 

173 

5  •  34? 

23-7-31 

32  •  193 

2     11-79 

37  -47 

174 

5  •  349 

2  •  32  •  97 

2422929 

2-  •  19  •  23 

3-  11-53 

175 

33-5-13 

22  •  439 

7  •  251 

2  •  3  • 293 

2452658 

176 

5-  353 

2-  883 

3  •  19  •  31 

23  -13-17 

29  •  61 

177 

5-'  •  71 

24  •  3  •  37 

2496874 

2-7-127 

3-  593 

178 

3-5-7-17 

2-19-47 

2521246 

2- •  3  •  149 

2526103 

179 

5-359 

22  •  449 

3  •  599 

2  •  29  •  31 

7-257 

180 

5-  192 

2-3-7-43 

13  •  139 

2'  •  113 

33-  67 

181 

3-5-  112 

23 • 227 

23  •  79 

2  •  32  •  101 

17  •  107 

182 

52  •  73 

2 •  1 1  •  83 

32-7-29 

22  •  457 

31  -59 

183 

5  •  367 

22  •  33  •  17 

11  •  167 

2  •  919 

3-  613 

184 

32-5-41 

2 •  13  •  71 

2664669 

23-3-7-11 

432 

185 

5-7-53 

26-  29 

3  •  619 

2  •  929 

11  •  132 

186 

5-373 

2-3-311 

2711443 

22  •  467 

3-7-89 

187 

3-5* 

22-7-67 

2734643 

2  •  939 

2739268 

188 

5-13-29 

2-23-41 

3  •  17  •  37 

28  •  59 

2762320 

189 

5-  379 

23-3-79 

7-271 

2  •  13  •  73 

32  •  211 

190 

3-5-127 

2  -953 

2803507 

22  -32-53 

23-83 

191 

5-383 

22  •  479 

33  •  71 

2-7-137 

19  •  101 

192 

52-7-11 

2  •  32  •  107 

41  -47 

23  •  241 

3-   643 

193 

32-5-43 

24-  112 

13  •  149 

2-3-17-19 

7-277 

194 

5-389 

2-7-139 

3-  11  -59 

2'-'  •  487 

2898118 

195 

5-17-23 

22  • 3  •  163 

19  •  103 

2-11-89 

3-653 

196 

3-5-131 

2  •  983 

7  -281 

24-3-41 

11  •  179 

197 

52-  79 

23  •  13  •  19 

3-  659 

2-23-43 

2964458 

198 

5-397 

2  •  3 • 331 

2981979 

22-7-71 

32  •  13  •  17 

199 

3-5-7-19 

22  •  499 

3003781 

2-33-37 

3008128 

200 

5-401 

2-17-59 

32  •  2L3 

23  •  251 

72.41 
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d]ax  =■  adx 

d(u  +  v)  =  du  +  dv 

d  uv  =  udv  +  vdu 

m       vdu  —  udv 
dv= ? 

d  xn  =  n  xn-1dx 


CALCULUS 

Differentials 

dex  =  ex  dx 

de?x  =  a  e?xdx 
d  ax  =  ax  loge  a  dx 

d  loge  x  =  x~ldx 


d  loga  x  =  x'1  logo  e  dx 
dxv  =  yxv~xdx  +  xv  log*  x  dy       d  xx  =  xx  (1  +  log*  x)  dx 


d  sin  x  —  cos  x  dx 
dcos  x  =  —sin  x  dx 
d  tan  a;  =  sec2  x  dx 
d  cot  x  =  —esc2  a:  dx 
d  sec  x  =  tan  x  sec  x  dx 
d  esc  x  =  —cot  x  •  esc  x  dx 
d  vers  x  =  sin  x  dx 
d  sin_1x  =  (1  —  x2)~\dx 
d  cos-1x  =  —  (1  —  x2)~~*dx 
d  tan-1x  =  (1  +  x2)-1dx 
dcot-1x  =  -(1  +  x2)-1dx 
dsec"1i«;  =  x--1(x2  —  l)"*dx 
dcsc1x^  —  x-1(x2  —  l)-idx 


d  vers-1  x  =  (2x  —  x2)~*  dx 
d  sinh  x  =  cosh  x  dx 
d  cosh  x  =  sinh  x  dx 
d  tanh  x  =  sech2  x  dx 
d  coth  x  =  —  csch2  x  dx 
d  sech  x  =  —sech  x  tanh  x  dx 
d  csch  x  =  —csch  x  coth  x  dx 
d  sinh-1  x  =  (x2  +  l)~£dx 
d  cosh-1  x  =  (x2  —  l)-£dx 
d  tanh-1  x  =  (1  -  x2)~Hx 
dcoth-1x  =  -(x2  -  1)-Jdx 
d  sech-1  x  =  — x-1  ( 1  —  x-)-*dx 
d  csch-1  a;  =  — x-1  ( x2  +  1 )  ~\  dx 
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INTEGRALS 

Elementary  Forms 
1.   f  a  dx  =  ax. 

%•  f  a  -  f(x)dx  =  a  f  f(x)dx. 

3.  f  <t>(y)dx  =  f  — ;     dy,  where  y'  =  dy/dx. 

4.  f  (u  +  v)  dx  =  f  u  dx  +  f  v  dx,  where  u  and  v  are  any 
functions  of  x. 

5.  X  u  dv  =  uv  ~  J  v  du. 

a       r      dv  du    , 

f>.   f  u  -T-  dx  —  uv  —  J  v-j-  dx. 

xn~ ' ' 
7.   f  xn  dx  = :    r?  except  n   =    —  1. 

8-  f^$J*  =  los/(*>,  [<*/(*)  -  jTW  *»). 

9.   f  —   =  log  ./\  or  log  i  —x). 

io.  r{(a^  =  v7F>.  w/(x)  -r<*)<fc]- 

ii.  y  ^T  ^  =  <-r. 

12.  y  e0*  r/.r  =  e°Va. 

13.  fb«*dx  =  ■ 

a  Log  /> 

14.  y  log  x  dx  =  x  Log  .r  —  x. 

15.  y  ax  log;  a  r/a-  =  ax. 

J    a2  +  x2       a  \(i/  a  \aj 

17.   y-i 2  --teahr1     -    <  or—  log  --J— • 

a2  —  x2       a  \a/         2  a         a  —  z 

1fl      r      dx                 1      .,    .  (x\          1    .      x  -  a 
18-  y  -5 r,  = coth   x  (  -  Y  or  --  tog  — : 

x2  —  a1  a  \a  /         2u         x  +  a 

19.  y         rf*  =  sin-i  (*Y  or  -  cos"1  f-Y 

V«2  -  .?2  W  W 

20.  y      .  =  log  (x  +  v'^+T2). 

V.t2  ±  a2 


m       r  dx  1         _,  /a\ 

21.  y .  ~  -  cos  L  (  - )  • 

x  aA2  -  a2       a  W 

22.  y       *! -  -  iiog  ((l±^1±^2) 

x  \/a2  ±  x2  a         \  x  ) 
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<»q     r          dx                    2       +     -i  i  fa  +  bx 
23.  j   .  =      .         tan  *  a/ »  or 

a;  v  a  +  &x       v   —  a  ""  a 

—  tann"'  J?L±^. 


V  a  *       a 


Forms  Containing  (a  +  for) 

24.  f  (a  +  &£)nda;  =  •  ,      .   ^^  '  except  n  =  -  1. 

25.  /  a:  (a  +  fcr)»da;  =  b2{n\  2)  (a  +  6*)n+2 

(a  +  &#)n+1,  except  n  =  —1  or  —2. 


b2(n  +  1) 

lf(a  +  bx)n+3       o    (a  +  &c)n+2 


26.  /^(a+to)^-^^M^-2a      w  +  2 

,a(o  +  6^)^H 


-fa5 


n  + 


27.  y^  xm  (a  +  &c)w  dx  =  p p-^-  + 


m  -h  w  +  1  m+n  +  1 

7*  3™  (a  -f  fcx)""1  <fo. 


29.  f        dx  X 


(a  +  bx)2  b  (a  +  fcr) 

dx  1 


30*  ^(a  +  bx)3  2  b  (a  +  fcr)2 

31-  •/*  ^Tbx  =  P[a  +  6*  ~  a  log  (a  +  bz^' 

33-^(^fb  =  p[log(a  +  6a;)+^TFx} 

««     r__xdx__        JT        _1_  a         1 

J   (a  +  bxY       62L      a  +  bx  "*"  2 (a  +  te)2_T 

2  a  (a  +  bx)  +  a2  log  (a  +  bx)  | 

35'  r  (^fI?  =  p[a  +  te  "  2alog  (a  +  bx)  ~  JTs] 

_.      -      a2  (fa  1  f.      ,  2a  a2         "J 

*6'  ^  (^+M!  =  bV°*  (a  +  6X)  +  IT+Tx  ~  2(a  +  top  I 
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«~      r        dx  1  ,      a  +  bx 

38    r - = - Lwa  +  6a;. 

°      J  x(a  +  bx)2       a(a  +  6x)       a2     5       x 

«iq     /*         ^  J_       _&  i      «  +  to 

7  x2(a  +  6aT)  ==  ax  +  a2     g       x 

j  0     r           ^  q  +  2  foe          26 ,      a_+_6a: 

^  x2  (a  +  bx)2  ==  a2x  (a  +  bx)  +  a3   °g       a; 

Forms  Containing  c2  +  x2,  a;2  —  c2 

,..      •>      dx  1  ,      _.  x        1    .   _,  x 

41.   7  -5—1 — 9  =  -  tan  x  ->  or  -  sin 


C2   +  X2  C  C  C  ^2  _|_  X2 

«.  y  _^_  =    1  1^  «±*  or  I  tanh-.  (*Y 

c2  —  x2       2c        c    -  x        c  \c/ 

Mm      r      dx  1    .      x  —  c  1      ,.  _.  /x\ 

«•  /  ^^,  =  2c  l0g  r+7  °r  -  e  C°th      \c)- 

Forms  Containing  a  +  bx  and  a'  +  b'x 

..      r  dx 1_  /a'  +  b'x\ 

7   (a  +  bx)(a'  +  b'x)   ""  ab'  -  a'b  '  °g  \a  +  bx  J 

(a  +  ox) (a'  +  b'x)        ab    —  a  b  lb 

-•£'log(a'+Mr)l 

^    (a  +  6x)2(a'  +  b'x)  "  ab'  -  a'b  \a  +  bx  ^  ab'  -  a' 

,      a'  +  b'x\ 


& 


47.  y* 


(a  +  bx)2(a'  +  &'*)       b(abf  -  a'b)  (a  +  &x) 

a'  ,      a'  +  b'x 

(a6'-a'6)2     g  a  +  bx  ' 

48      r x2dx  =  a? 

^    (a  +  bx)2(a'  +  b'x)   '    b2(ab'  -  a'b) (a  +  bx)    i~ 


1           l~a'2i       /  /    .   k/  \    1   a(ab' —  2 a'b),       .         .    . 
>'  -  a/b)2L"o7      g  (      +       )  + P g  (a  +  6x) 

49.   / 


dx  1 


(a  +  bx)n(a'  +  o'x)-        (m  -  l)(ab'  -  a'b) 
((a  +  &*)»-*(«'  +  6^)^  "  (m  +  W  "  2)& 


J   (a  +  ox)w(a'  +  Vx)™'1) 
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Forms    Containing    y/a  +  bx    and    y/a!  +  b'x     u  =  a  +  bx 
v  =  a'  +  b'x     k  =  ah'  -  a'b 

50.  y  Vuv  dx  =  TTsr  Vuv  -  ww  y  -^. 

M      r    dx  1      ,      6'V^  -  y/W  2 

ol.   J   — ■=.  =  — =  log 


pV«       Vkb'        &'V^  +  y/kV       V-  kV 


tan 


V  -  kb' 
dx  2  2 

52  s  v^v ~  vw log  ( V66'"  +  6  ^  =  v^  tan2_ 

or  -L  tanh-  ^  -        *        sin-  2Wx  +  f  +  q6'. 
r    seta:         \/^'       &&'  +  a'b    r     dx 

54.   y     ^_  =       2Vu 

55.  y  — -p-  =  rV«»  -  gft  /  -/=■ 

56.   y  r»  v^«k  =  fo     ]_  ^-/2t>^  VS  +  */  ^V 
(2w  +  3)6  V  -v/M/ 

Forms  Containing  (a  +  6xn) 

58.  y  — ^-2  =  4- tan_1  ^^* 

a  +  6z2       y^fc  a 

-^      ~      dx  1        .      a  +  xy/  —  ab 

59-   / — T^T^  =   — 1 lQg — ! /  >or 

*  a  +  bx*       2V-  ab        a  -  xy/ -  ab 

1        4.     u-i  xy/  —  ab 
.  tanh  1  — 

^       ~    £2cfc  a:       a    r       dx 


a  -\-bx2       b       b  *    a  +  bx2 
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INTEGRALS  (Continued) 

o>     r       dx        =         x         4-  -1  r     dx 


(a  +  6a;2)2       2a(a  +  frx2)    '    2a  *    a  +  b& 

a*    r        dx'        -  -A-        - 

J   (a  +  6x2)™+1       2ma(a+  6x2)™ 


(a  +  bx2)m+1       2  ^    (a  +  6z)™+1> 
65.  /         XHX 


+ 

2m 
2 

-  1 

ma 

l> 

JCa 

dx 

+  bx2)m 

[z  =  a:2]. 

+  ; 

1 

,Snr 

1_  k~2\m 

(a  +  fa*)"*1       2  ra&(a  +  &x2)™    '   2mb  "   (a  +  &x2)™ 


<tt     r  dx  I    r  dx  b 

J  x2(a  +  bx2)m+1       a  J  x*(a  +  bx2)™       a 

dx 


(a  +  bx2)m+l 

A7     r        dx         =  —  1  x2 

J  x(a  +  bx2)  ~~    2a     6a+  bx2' 


x2(a  +  6x2)  ax       a       a  +  6x2 

«*     r      dx  /c  f  1 .  (Ha;)2       ,       /ox     -1 

»*     /.         cte  1  ,  xn 


x(a  +  bxn)       an        a  +  bxn 
~2     r  dx  _  1   r         dx b    r  xndx 


(a  +  bxn)m+1       a  "    (a  +  fcx71)7*       a  "    (a  +  bxn)m+1 
7*     r  -     gm<fa  -  -   r     xm~ndx      _  a   r       xm~ndx 


(a  +  bxn)p+1       b  *    (a  +  &xn)p       6  ^    (a  +  bxn)»+l 
-.      ^, ax —  1  '/•  ^x  ^ 


xm(a  +  bxn)p+1       a  *   xm(a  +  6xn)^       a 

dx 


s 

75.  f  xm(a  +  bxn)*dx  = 


xm"n(a  +  fexn)p+l 
m~w+1(a  +  6xn)p+1 


b{np  +  w  +  1) 
o(m  —  w  +  1) 


6(np  +  m  +  1) 

249 


y*  xm-n(a  +  bxn)p  dx. 


INTEGRALS  (Continued) 

76.  f  x»>(a  +  bx*)*  dx  -  Xm+1{<*  +  hf]P  + 

np  +  rn  +  1 

rap  +  w*  +  1 

77.  /  a^-Kfl  +  bxn)p  <to  =  r? ; r[sw-*(a  +  bx")**1  - 

(m  —  n)  a  f  xm~n^1(a  +  bxn)pdx]~ 

78.  /  xm~l(a  +  bxny  dx  =  ; [sm(a  +  bxn)*  + 

m  +  np 

npa  J*  xm~l(a  +  bxn)p~1  dx]. 

79.  f  xm'x{a  +  bxn)p  dx  =  —  [:rm(a  +  6xn)p+1  -  (m  + 

ma 

np  +  n)b  f  xm+n~1(a  +  bxn)p  dx], 

80.  fxp-ifa  +  bxn)p  dx  =  [-xm(a  +  bxn)p+1  -f 

&n{p  -\-  L) 

(m  +np  +n)  f  xm~1(a  +  bxn)*+l  dx]. 
Forms  Containing  (a  +  bx  +  ex2) 
X  —  a  +  bx  +  ex2  and  q  =  4  ac  —  bz 

81.  yf  =    2    tan_12c£  +  6. 

A       v  -  g  V  -  g 

83.   X  xF  =      / log T==  • 

A        V  —  g        2  ex  +  b  -\-  V  —  q 

fti.     r  ^?  —  ^  cx  ^~  J!    ■   2  c    /»  ^^ 
**•  ^  X2  "       gX       +  a    J  X" 

r  dx  _  2  cx  +  6/    1  3_c\       6c2    .da; 

**  J  X3  "  "      g       V2  X2  +  gXy  "■"   g2    J  X " 
Aft     r    <**         2cs  +6       2(2n  -  l)c   r  dx 
7  X«+1  ==     nqXn      ^  qn  J  X" 

efi     r  xdx  6x  +  2a       b   rdx 

r  xds  2  a  +  bx  _  6  (2  n  —  1)    >,  jte 

^      ~  x2  ,        x        b    ,       v   .    62  -  2  oc   r  dx 

A1      r  x2   ,         (b2  -  2  ac)x  +  ab    .   2  a    r  dx 
91.  fT2dx=  ^ +TfX" 
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92.   f 


INTEGRALS  (Continued) 

xm  dx  _         xm~l n  —  m  +  1      6 

Xn+1   '  (2  n  -  m  +  l)cX»    "  2n-m  +  l  '  c 

a;7""1  c?x  m  —  1  a   ^  a;m~2  da; 

7     Xn+1    ^  2n  -  m  +  l'c  J  ""Z^^" 


M      ~  dx         1    ,      x2         b      „dx 

93-  ^iz  =  2^logx-2^^r 


.   ^  6  X        1         /  62         c\    r^ 

•*"   7  z2X  ~  2  a2  i0g  a;2  ~  Hk  +  \2T2  ~~  a)  J  X' 

qc       /»  _f?iL   =  ]: A.    r  —  -4-  -    /*      ^X 


96.  y 


a;X*       2a(n  -  lJX*"1       2  a  ^   Xn       a  '   xXn~l 
dx  1  _  n  +  m  —  1    6 

xmXn+1  '      "  (m  —  l)axm~l  Xn  '        m  —  1      '  a 
r  _     ^  _  2  n  +  m  —  1     c^,         da: 


a;w_1  Xn+1  ra  —  1  a  ^   xm"2  Xn+1 

Forms  Containing  Va~+~6a; 
$7.   y  Va  +  bx  dx  =  ^\/(a  +  6a;)3. 

98.  y  ,'VT+B  dx  -  -  2(2a-8fa)V^Tg?. 

99.  y  a:2  Va  +  for  da:  = 

2(8  a2  -  12  abx  +  15  62a;2)  V(a  +  6a:)3 
105  63 

m  fV^+Txdx  =  2  ^/-^  +  fl  ^ 


ioi.  y 


x  xVa  +  6a; 

dx  2  \/a  +  6a; 


va  +  6a; 


*/*«»      /-        xdx  2  (2  a  —  bx)     , — — t~ 

102.  y      .  = ^-oTa va  +  bx- 

Va  +  6a;  3  &2 

,A9      ^       a;2da;  2  (8  a2  -  4  a6a;  +  3  62a;2)    , — — r- 

103.  y      .  =  — ^^ Va  +  6a;. 

Va  +  6a;  15  b» 

+  *a      n      xmdx  2xnl\/a  +  6a;  2raa         n     xm"1dx 

104.  j    ,  =    /0_  ,  .w —  /0_  ,  ,w  y 


Va  +  6a;         (2m  +  *)&         (2m  +  *)6       Va  +  6a; 

4AC      ~         rfa;  1    ,      /  V«  +  6a;  —  Va\ 

105.   y  —  =  -— :  log  [  7=  1 

xVa  +  6a;       Va        \\/a  +  6a;  +  yay 


inh-i  yjl±^. 


dx -2 

a;V«  +  6a;       V« 
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1ft„      r  dx  y/a  +  bx         b     r dx 

xu«.   j  j.  —  —        —  —      j        j— ......  — * 

x2  Va  +  bx  az  L  a       reVa  +  bx 

108      r  cfa  __  Va  +  bx  (2n  —  3)6 

rrn  Va  +  bx  '      '  (n  ~  ^arc""1    "  (2n  -  2)a 


109.   f  (a  +  &s)*«/*&  = 


re""1  Va  +  &re 

2±n 

2  (a  +  frc)  2 

6  (2  ±  n) 


in     r        ^y         --  _  r         ^x  ^  r        dx 


re(a  +  for)™/2       a  ^  'iLzi       a  ^    (a  +  brc)w/2 

re  (a  +  bx)   2 

119      /»  (a  +  &e)n/2dre  vT^-i      i 

112.   ,/    =  o  J   (a  +  bx)  -    arc  +  a 

re 


M-2 


y  (tt  + hx)  '  dr. 


Forms  Containing  Vre2  ±  a2 


113. 

S  vrr2  ±  a2  dre  =  J[re  Vre2  ±  a2  ±  a2  log 

(re  +  Vre2  ±  a2)]. 

114. 

f                         -  lop  (r.  +  V*2  +  "2) 

115. 

Vre2  ±  a2 

^          dre                1          .  /a\         1          .  /re\ 
j    — =   -  o.os    i  [  _  j ,  or  -  sec    1  (  -  J  • 

~    ^Vre2  -  a2       a            W         a            W 

116. 

r          dx                    1  .       /a  +  Vre2  +  a2\ 

re\/re2  +  a2            «      '  V             *             / 

A  /'r2      1.   n9-                           ,                                                   / n      \      a/t2     .1-  n*\ 

117, 

f^X     '    a   dx  =  V*2  +  a*       a  log  (a    !    i  X     '   °  V 

118. 

j  dre  =  Vre2  —  a1  —  a  cos  *■  — 

re                                                         re 

119.  f       *dx       =  Vre2  ±  a2. 

Vre2  ±  a2 

120.  y  re  Vre2  ±  a2dre  =  f  V(re2  ±  a2)3. 
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m.   f  V(x2  ±  a2)3  cZa;  =  ^Ta:  V(x2  ±  a2)3  ±  ?-^ 

•\A2  ±  a2  +  ^  log  (x  +  vV  ±  a8)]. 


122.   f 


V(x2  ±  a2)3       aWx2  ±  a2 

123.  y       X(ia:       =     - 1     . 

VV  ±  a2)3       Vx2  ±  a2 

124.  f  x  V(x2  ±  a2)3  dx  =  J-  a/(x2  ±  a2)5. 

125.  /  x2  Vx2  ±  a2  dx  =  |  W  ±  a2)3  +  °?x  Vx2  ±  a2  - 

j  log  (x  +  Vx2  ±  a2), 

126.  y  -  =  f  Vx^TV2  +  ~  log  (x  +  V/7+7), 

127.  / 

128.  fH  -y/x2         2). 


Vx2  ±  a2 

2 

V   ►< 

+ 

>       _L    W       ■+ 

dx 

Vx2  ± 

a2x 

a2 

x2Vx2  ± 

a2 
dx 

Vx2  ±  a2 
x2 
x2  dx 

Vx2  ± 

X 

—  X 

a2 

129.   /      .  =       .  +  log  (x  +  Vx2  ±  a2) 

V(x2  ±  a2)3       Vx2  ±  a2 


Forms  Containing  v  a2  —  x2 

130.  /  Va2  -  x2  dx  =  IJx  Va2  -  x2  +  a2  sin"-1  (-)  1. 

131.  f      ,  dx         =  sin-i  (A    or  _  cos-i  /*V 

13*.   /         j^_  =  -  I  log  (a  +  V*=i*). 

a;  y^  _  £2  a         \  x  / 

iQQ      ^  Va2  -  x2  /— r  /a  +  Va2  -  x2\ 

133.  f dx  =  va2  —  x2  —  a  log  I — ! J- 

x  \  x  * 

134.  f       xdx        =  -  Va2  -  x2. 

Va2  -  x2 

135.  f  x  Va2  -  x2  dx  =  -  iV(a2  -  x2)3. 

136.  /  V(a2  -  x2)3  dx  =  ^lx  V(a2  -  x2)3  +  —^ 

Va2  -  x2  +  ?£  sin"*  -  I 
2  a  J 
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137.   f 


INTEGRALS  (Continued) 

dx  x 


V(a2  -  x2Y        a2\/o2 


138.   f 


V(a2  -  x2)3        \/a2  -  x2 

139.  f  x  V(a2  -  x*j*  dx  =  -  i\/(a2  -  x2)K 

140.  f  xWa2  -  x2  dx  =  -  fvV  -  x2)3  +  ^ 

4  8 

(x  \/a2  -  x2  +  a2  sin-1  -  J 

141.  f     fdx       =  -  %^TZr&  +  £  Sin-i  ?. 

Va2  -  x2  2  2  a 

dx  y/a2  —  x2 


142.  y 


Va2  -  x2  a*x 


u*      r  Va2  -  x2  Va2  -  x2         .     .  x 

143.  y  = dx  = sin  l  — 

x2  x  a 

4*    m    m  /%  X        UX  *C  ,     X 

144.  f  =  =  -  sin  l  — 

V(a2  -  x2)3        \/a2  -  x2  a 

Forms  Containing  \/a  +  bx  +  ex2 
X  =  a  -f-  bx  -f  ex2,  5  =  4  ac  —  b2.  and  A;  = 

145.  /-%  =  -!__  log  (VX  +  x  Vc  +  -^V 

146.  f  — —  =  — ■ p  smh"1  (  ^         ),  if  c  >  0. 

VX        Vc  \\/±ac-b2/ 

+  Mm      ~    dx  1  .      ./—2cx  —  b\ 

147.  y  — =  =       . sin"1  (  ),  if  c  <  0. 

VX       V  -  c  \Vb2  -  4ac/ 

11fi      r      dx  2(2cx  +  b) 

US'fTV^=        aVX      ' 

149     r      **    .,  J2(2cs+6)/l  \ 

14d-  ^x2Vx"  3«vx  U  +  2M 

1*0      /■       ^  2  (2  ex  +6)VX       2fe  (n  -  1) 

^  X-  V^  "       (2n-  1)$X»     +     2n  -  1 
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INTEGRALS  (Continued) 
152.  SXVXd*  =  (2CX+8c6)V*(*+A)  + 


3      r    dx 

O     7.9    J 


153.   /  X>VX  dx  =  (2cx+6)VX/xa  +  ||  + 


15  \  5  _dx_ 

8  k2)  +  16  A;3  J   Wx 


154.   fX»VXdx  =  4(n  +  1}  c + 


2  n  -  Xndx 


2(n  +  1)  i'     A/X 


155.   /^=VA'-r?/A. 
VX  c  2  c        ^/x 

r    a;^  2  (6s  +  2a) 

i5t>.  y  — =  = — — 

x  Vx  q  Vx 

157    f     xdx      =  -  VX  _  A    r      dx 

Xn  VX  "  (2  n  -  1)  eXn       2  c       Xn  y/X 


dx 


iro  nx2dx        (x  3b\     /T7    .    3  b2  —  4  ac    „ 

158.  y  ~  =  (^  -  ^)Vx  +  -  -g^—  y  ^_ 

-«rA  />    ^2^         (2  b2  -  4ac)x  +2ab    s    \    r    dx 

i55f.  y  —  = — — = -r  -  J 


Xy/X  ™Ly/X  c        y/x 

iftft      r     x*dx  (2  b2  -  4:  ac)x  +  2  ab 

J  X«VX"  (2  n  -  1)  eg  X»- VX  + 

4  ac  +  (2  n  -  3)b2  dx 


(2  n  -\)cq        J    X«-i  VX 

tfti  r^3^    f*2    5bx +  562   2a>u/^ 


/3a6       ^63\ 
\4c2        16  c3)  J 


dx 


163.  y  xVf  dx  =  -^^^  -  —fVXdx. 

6  e  Ac 

163.   fxX  VX  dx  =  X2r^X  -£-  fX  VXdx, 

o  c  z  c 

xXn  dx         X"VX         _6_   ^X^ 
J     y/X         (2n  +  l)c       2c7    VX* 
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5  b\  X  VX 


165.  f  x2  VXdx  =  (X-P)  ^^  + 

\  DC/  4  C 


5  b2  —  4  ac    r     /t?   , 


166.  y 


dx  1    ,      /Vx  +  Va    ,       b 


= log  ( H -*.  ) ,     if  a  >  0. 

Va        V  s  2  Va/ 


167.   y —  =       .         sm  *  I  ,.  :  ),  if  a  <  0- 

x  VX       V-  a  \x  Vb2  -  4  ac/ 

1fft      ^     dx  2  Vx 

Its.     /  —  =  —  — i »  it  a  =  0. 

x  VX  k* 


dx 


169.  y-         ..-^       »  /    * 

x2  Vx  ax      2a     x  Vx 

170.  fVK^  =  vx+ly^  +  ay-^- 

z  2        VX  x  VX 

.„.       «  vXdx  VX    .    b    r     dx  dx 

Miscellaneous  Algebraic  Forms 
172.   y  V2~as  -  x2  dx  =  \  [  (x  -  a)  V42  ax  -x2  + 


173.   y  Vaa?2  4  c  da:  =  ^  Vax2  4  c  H —  log  (x  Va  4 

^  2Va 


a2  sin   x  (x  —  a)  /a]. 

-  log  (x  Va  4 
a 

Vax2  +  c),     [a  >  0]. 


2 


Vax2  +  c  + C-=  sin"1  (x  V— -V     [a  <  0] 

2  V—  a  V  c    / 


.„.      ^  dx  _.  /a  —  x\ 

174.  y  — — =  =  cos  x  ( J 

V2  ax  -  x2  V     a     / 

175.  y  ^      =       _g_  tan-i 

Va  +  bx  •  Va'  +  Vx       V~  66' 


A/-  &'  (a  +  6x) 


b  (a'  4-  6'  3$ 

176.  y  \r^|  ^  =  sin~1  *  ~  Vi  -  z2. 

177'   ^  Va±26x  +  cx2  *  ^**<±  »  +  «  + 

Vc  Va  ±  26x  4-  ex9) 
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**o      r  dx  1      .      ,     cx  +  b 

178.   f  -.  =  —7=  sin  l 


\/a  ±  2bx  —  cx2       \/c  \/b2  +  ac 

n9.   y  ****      =  I  Va  ±  2bx  +  c*2  - 

•\/a  ±  26a;  +  cx2       c 

—7=  log  ( ±  &  -f-  c£  +  Vc  \/«  ±  2bx  -f-  ca;2). 

180.   /  gCte      =  -  -  Va  ±  2bx  -  cx2  =fc 

Vo  ±  2bx  —  cx2  c 

b       .      .     cx  +  b 
sin 


■\/c~z  \/b2  +  ac 

Trigonometric  Forms 

181.  f  sin  x  dx  =  —  cos  x,  or  versin  x. 

182.  y  cos  x  dx  =  sin  a:,  or  —  coversin  a;. 

183.  f  tan  x  dx  ^  —  log  cos  a:,  or  log  sec  a;. 

184.  y*  cot  x  dx  =  log  sin  £. 

185.  f  sec  z  do;  =  log  tan  (  t  +  o  )* 

186.  f  esc  x  dx  =  log  tan  \  x. 

187.  y*  sin2  x  dx  =  —  \  cos  x  sin  x  -\-  \  x  =  \x  —  J  sin  2  a:. 

188.  f  sin3  x  dx  =   —  §  cos  rr  (sin2  a;  +  2). 

-.o^      />    •  j  sin71-1  a;  cos  x    ,    n  —  1    „    . 

189.  /  sin'1  x  dx  = f  sin""2  x  dx. 

n  n 

190.  f  cos2  x  dx  =  I  sin  a;  cos  x  +  \x  =  \x  +  \  sin  2  x. 

191.  y  cos3  x  dx  =  J  sin  a:  (cos2  a;  +  2). 

1  n  —  1 

192.  y*  cosn  x  dx  =  —  cosn-1  a;  sin  a;  H f  cosn"2  x  dx. 

n  n 

x  x 

193.  f  sin  -  dx  =  —a  cos  — 

a  a 

194.  f  cos  -  cfcr  =  a  sin  — 

a  a 

195.  y*  sin  (a  +  bx)  dx  =  —  =-  cos  (a  +  foe). 

196.  f  cos  (a  +  6x)  dx  =  =-  sin  (a  +  &#)• 

1ft,      -    rfa:  1  .      1  +  cos  a;       .  x 

197.  f  -. — -  =  -  ^  log =  log  tan  -• 

sinx  2     °  1  —  cos  x  2 

198.  r 


cos  a; 


i      4.      (*    \  x\       li      /I  +  sina;\ 
logtan^+-2)=2loHr^In-J 


199.   f  -^-  =  tan  x. 

cos2  a; 
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20ft      C     ^x  1  sin  x  n  —  2    r       dx 


cos"  a;       n  —  1     cosn  x  x       n  —  1       cosn~2  a* 

201.  /-t-   =  +  tanftT|Y 

1   +  sin  x  \4       2/ 

202.  f  ,    ,  ^         =  tan  §. 

1  +  cos  a:  2 

203.  y  t     ^      -  =  -  cot  % 

1  —  cos  x  2 

on        -  da*  2  _   a  tan  Jo;  +  6 

204.  y  — — t— r —  =      .  tan  x  , 

a  +  6  sin  z       Va2  _  52  .yV  _  52 

1  ,      a  tan  |  a  +  6  -  Vb2  —  a2 


=,log 


a/62  -  a2        a  tan  \  x  +  6  +  V&2  -  a2 

OA.      ^  dx  2  .  Va2  —  &2  tan  |  a* 

205.   f  — —r =  —, tan  *  — T , 

a  -\-  b  cos  x       y/a2  _  52  a  +  b 

1  ,       /\/&2  -  a2  tan  J  a;  +  «  +  &\ 

=     ; lOg    (    )• 

\/b2  -  a2         \  Vo2  -  a2  tan  J  a*  -  a  -  6/ 
sin  (//i  —  n)  x       sin  (m  -J-  n)  x 
2(m  —  n)  2(*w  +  n) 

[m2  ^  n2]. 
x  sin  2a*       cos  2a* 


206.    y  sin  ma*  sin  ?za*  da*  = 
207..  y  a*  sin2  a*  da*  =  * 


4  4  8 

«wvo  n       o      •      a  7  #3  /^2  1\       •        o  X  COS  2X 

208.  y  a:2  sin2  x  dx  =  -  -  f  -j  -  g  J  sin  2a* 

209.  y  x  sin3  x  da*  =■  — — =r= 7  a*  cos  a*  +  7  sin  a*. 

47  12  3b  4  4 

_._       -    .  ,         3a*       sin  2a*       sin  4a* 

210.  y  sin4  xdx  =  -g j h  ~ij2~ " 

_,.     •  ,         sin  (m  —  n)x    .   sin  (m  +  n)a* 

211.  /  cos  mx  cos  nx  dx  =  — ^7 : ^7 ; 7-  • 

2(m  —  n)  2(ra  +  n) 

[m2  5*  n2]. 

0<0      r  ,      ,         x2       a;  sin  2a*       cos  2a; 

212.  y  a*  cos2  a*  da*  =  -r  -\ -. 1 ~ — ■• 

4  4  o 

010      r    2       2     ^         z3    .    A2       *\    •    o      t   z  cos  2a* 

213.  y  a*2  cos2  a:  da*  =  —  +  (  -7  —  ~  J  sin  2a*  H j 

rt< .      ^  ,      ,         a*  sin  3a*    .    cos  3a*    ,    3       .  .3 

214.  y  a*  cos3  x  dx  =  — r-r 1 ^—  +  -  a*  sm  a*  +  7  cos  a*. 

12  oc 14  4 

«...  _      ,,  ,         3a*    ,   sin  2a*    .   sin  4a* 

215.  y  cos4  xdx  =  g   H 7—  +  -y^-- 
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2l«      ^sin  x  dx  sin  x  1        r  cos  x  dx 

xm~~  "  (m  —  1)  xm_1       ?w  —  1  xm_1 

r  cos  x  dx  _  cos  x  1         r  sin  a:  dx 

'   J        x~n~      ''  ~  (in  -  \)x">-1  ~  m  -  1  ^      a:"1"1    ' 

218.  f  tan3  x  dx  =  2  tan2 .?:  +  lop;  cos  x. 

219.  f  tan4  x  dx  =  3  tan3  x  —  tan  x  -f  £• 

220.  y*  cot3  x  dx  =   —  2  cot2  x  —  log  sin  x. 

221.  f  cot4  x  dx  =   —  \  cot3  x  +  cot  a:  +  x. 

cot'1-*  r 

222.  f  cotn  a:  da:  =   -  —_~f  ~  f  cot""2  x  dx,  [n  ^  1]. 

223.  y*  sin  a:  cos  x  dx  =  -2  sin2  x 

cos  (m  —  n)x       cos  (m  +  n)x 


224.  X  sin  ?nx  cos  nx  dx  = 

225.  y  sin2  x  cos2  a:  dx  =   - 

226.  y  sin  a;  cosmx  dx  =   — 


2(-w  -  n)  2(m  +  n) 

225.    y  sin2  x  cos2  a:  da!  =   —  J(i  sin  4.r  —  x). 

cosm+1x 


m  +  1 

«.™      /•       «  j         sinw+1.T 

227.  y  sinwx  cos  x  dx  =  — -  • 

m  +  1 

rtrt0      ~  .  ,         cosw_1x  sinw+13    . 

228.  y  cos"'  x  sinn  a:  da:  =  , h 


m  —  1     _  .  , 

: —  y  cosw~2x  smn  x  ax, 

m,  -\-  n 

m71"1  xcosm+1  x 


229.   y  cos'"  x  sin71  x  dx  = ; -f 


n  —  1     n  , 

; —   y  cosw  x  sin71  "'  x  dx. 

ra  +  71 


y 


230. 

r  cos"1  x  dx 
sinn  x 

= 

— 

cosw+1 X 

(n  —  1)  sin71-1  x 

m  —  n  +  2 

71-1 

231. 

~  cosw  x  dx 
sinn  x 

= 

(m 

COS"1"1  X               , 

—  7i)  sin71-1  x 

m  —  1 

sin 


n-2 


^  cos™"2  x  dx 


232.  r!i£!l£^=  _r 

COS71  X 


m  —  n  sinn  x 

COS™ 


(i  ~  *Ml  ~ x) 

sinn  (  ^  —  xj 


MO      ,,  sm  x  dx  1 

233.   y —  =  =  sec  x. 

cos2  x        cos  x 
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„  sin2  x  dx  .  /V       a;\ 

834    ^     cos  r-  =  -  Sln  X  +  lo*  tan  (4  +  2> 

oor      ,.  cos  a;  da;        —  1 

235.  f  — — r —  =  - —  =  —  cosec  x. 

sin2  a;         sm  x 

236.  y  -r— — =  log;  tan  x. 

sin  x  cos  :c 

237.  y  , ^-^   =  —  +  log  tan  ?. 

sin  a;  cos2  a:       cos  a;  2 

238.  y   >     **      _  =  7- *    __,_  +  > 


sin  x  oos"  a;       («  —  1)  cos"-1  x  sin  a;  cos"-2  x 

[n  *  1]. 

239.  /  ^-2— =  -  J-  +  log  tanfj  +  |Y 

sin2  sr  cos  a:  sin  *  e        \4       2/ 

240.  y   .  .  ***    „     =  -  2  cot  2x. 

sin2  £  cos2  a; 

341.  y ^ -  = L_  •  - l- + 

sin^  x  cosn  x  m  —  1    sinm_1  a;  •  cos77-1  a; 

m  +  n  —  2    r  dx 


m  —  1  sinw~2  a;  •  cosn  a: 

94.2      r     ^  1  cos  x         m  —  2    „      dx 

sinm  a;  m  —  1    sin™"1  x       m  —  1       sinm~2  a; 

243.   y  ^-  =  -  cot  x. 

sin2  a; 


244.  y  tan-  a*  da?  =  tan  x  —  x. 

245.  /*  tan*  x  dx  =  — -=-  —  y  tann"2  a;  dx. 

246.  y  cot2  x  dx  =  —  cot  a;  —  a:. 

eotw—1  a; 

247.  y  cot"  3  r/.x  =   -   '     _        -  f  cot*"2  X  dx. 

248.  y  sec2  y  ds  -  tan  x. 

dx 

249.  y  sec-  x  dx  =  f  - 

^  cos71  a; 

250.  y  esc2  x  da;  =  —  cot  x. 

251.  fc&cnxdx  =  y-7^— 

sinna; 


252.  y  a;  sin  a;  da;  =  sin  x  —  x  cos  a;. 

253.  y  x2  sin  a;  da;  =  2  a;  sin  a;  —  (x2  —  2)  cos  a;. 

254.  y  a;3  sin  a;  dx  =  (3  a;2  —  6)  sin  a;  —  (x3  —  6  a;)  cos  x. 

255.  y  a;m  sin  x  dx  =  —  xm  cos  x  -{•  m  f  xm~l  cos  x  dx. 
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256.  f  x  cos  x  dx  =  cos  x  +  x  sin  a\ 

257.  y  z2  cos  a:  dx  =  2  a;  cos  x  +  (z2  —  2)  sin  #• 

258.  y  a:3  cos  x  dx  =  (3  x2  -  6)  cos  a;  +  (x3  -  6  x)  sin  a, 

259.  y  xm  cos  x  dx  =  xm  sin  #  —  m  y  zm-1  sin  a;  do;. 

«>aa  r sinx  a  x*     j_     ^5  xl     _j_     g9 

4bU*  y  ~x~  33!  f5-5!       T-TI^O^!*" 

0_  -  cos  a*  .  a;2      ,      z4  &6      ,      a;8 

*61'  f~x~dx=  l0g  *  "  2^2 !  +  4^4!  "  6^6!  +  8^8! 


262.   y  sin"1  x  dx  =  x  sin"1  x  +  \A 


263.  y  cos-1  x  da;  =  x  cos"1  »  —  \/l  —  x2. 

264.  y  tan"1  x  dx  =  .r  tan"1  x  -  \  log  (1  +  x2). 

265.  y  cot"1  x  dx  =  x  cot"1  x  -f  J  log  (1  +  z2). 

266.  y  sec"-1  a;  r/a*  =  a:  sec-1  x  —  log  (a;  +  \/x2  —  1). 

267.  y  esc-1  .r  r/.r  =  a:  esc-1  x  +  log  (re  +  y/x2  —  1). 

268.  y  vers-1  ;r  cfo  =  (a?  —  1)  vers-1  x  +  y/2x  —  x2. 

269.  y  sin-1  -  dx  =  x  sin-1  -  +  Va2  -  x2. 

a  a 

270.  y  cos-1  -  dx  =  x  cos-1  -  -  y/a*  -  x2. 

a  a 

271.  y  tan"1  -  dx  «=  z  tan-1  -  -  £  log  (a2  +  z2). 

4  a       2 

272.  y  cot-1  -  da  =  a:  cot"1  -  +  %  log  (a2  +  x2). 

273.  y  (sin-1  rr)2  <te  -  a-fain"1  a:)2  -  2.r  +  2\A  -  £2  (sin"1  a;). 

274.  y  (cos-1  a;)2  da;  =  a;(cos-1a;)2  -  2x  -  2\/l  -  x2  (cos-1  a;). 

275.  y  jr  •  sin-1  x  dx  =  \  [(2  a;2  -  1)  sin-1  x  +  x  y/l  -  x2]. 

^a        /•«'-!       -1  .T^sin-^  1  r     X^dx 

276.  y  a;rt  sm-1  x  dx  =  — : —^  y     A  ' 

n  +  1  n  +  lvl—  ^2 

rn+i  POS-i  r  i  a;n+1  da; 

277.  y  tf*  cos"1  .r  dx  =  — = —  f      ,  ' 

n  +  1  w  +  1        v  1  —  # 

*»*e      r    *  ±     -i     ^         zw+1  tan-1  a;  1        ^  xn+1  da; 

278.  y  sw  tan  l  x  dx  =  — - — — -  f  -—. — -• 

n  +  1  n  +  1        1  +  a;2 

^^^      ^  sin-1  x  dx       ,       /l  —  v  1  —  x2\        sin-1  a; 

«?»•  y  -^^^  =  log  ( — - — )  -  -j— 

280.  f  tan"1f  da:  =  log  x  -  i  log  (1  +  z2)  -  *25Li£. 

a;-4  a; 
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Logarithmic  Forms 

281.  f  log  x  dx  =  x  log  x  —  x. 

282.  f  x  log  x  dx  =  —  log  x  —  — • 

283.  f  x2  log  xdx  =j  log  x  -  — 

284.  y  *»  log  (ox)  dx  -  ^-pj  log  (ax)  -        +  1)2  [p  *  -  11 

285.  y  (log  x)2  dx  =  x  (log  x)2  -  2x  log  x  +  2x. 

286.  y  (log  x)n  dx  =  x  (log  x)n  -  n   C  (log  x)'1"1  dx, 

[n  *  -  1J. 

287.  y  (i^l-n  <fc  =  _L_   (log  z)n+1. 

288.  /   *L  -  log  (log ,)  +  log  ,  +  Q&*  +  Mf  +  •  •  - 

290.  y  x 


x  (log  x)n  (w  -1)  (log  a;)"-1 

J  (log  x)n  "  -    (n  -  1)  (log  *)»-i  +  n"=l  J  (log  &)»-« 

292.  f  x™  log  a:  dx  =  x^  \  *£MJL  _  *       ,1- 

293.  y  x"  (log  x)»  dx  =  xm+l  (1°g  :c)w !L-  y  *»  (log  »)»-t 

m  -f  1  m  +  1 

dx,  [my  n  9^  —  If* 

294.  y  sin  log  a;  dx  =  \x  sin  log  x  —  |rc  cos  log  x. 

295.  y  cos  log  x  dx  —  \x  sin  log  x  -\-  \x  cos  log  x. 

Exponential  Forms 

296.  f  ex  dx  =  e*. 

297.  y  e~*  dx  =  -  e~x. 

pax 

298.  fe«*dx  =—- 

a 

299.  f  xeax  dx  =  ^  (ax  -  1). 

a2 

2»/n  gas;  .^ 

300.  y  xOT  eax  dx  =  ■ y  a?™""1  ea*  dx. 

a  a 

o/k-i       /> eax  dx       ,  .    ax    .     a2x2     .     a3x3      , 

301-   S~T    =l0g:C  +  lT+2T2T+3T3T+  '  *  * 


e°-x   ,  eox  *  .        a        ^   e< 

x7 
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303.  f  &*  log  x  dx  =  eGX  lQg  x  -  1  f  —  dx. 

a  ax 

•J  A  J  r      ar  J  e'1X    (a   HlU    l)X    ~"    V    C°S    PX) 

304.  j  ea£  •  sin  px  dx  = £— ; — £ -— . 

a2  -+-  p2 

«»A(t      /»    nT  j         e°*  (a  C()S  />•£  ~f  />  sin  p#) 

305.  y  ea*  •  cos  px  dx  = 1       '  t — • 

a2  +  p2 

306.  f  -^  =  x  -  log  (1  +  e*)  =  log  f-f^ 

_„-       -  T         eax  (a  cos  px  +  /;  sin  pa:) 

310.  f  eax  cos  wa;  dx  = ,    ,      , — • 

a2  +  p1 

311.  /*  eax  sin'1  6a;  dx  =  -r— r — ^,(  (a  sin  6.t  —  nb  cos  for) 

aJ  +  n2b2\ 

eax  sm«-i  ^  -f  /t  (^  —  l)62  y  eax  sin'1-2  bx  •  dx  J 

312.  C  eax  cosn  bx  dx  =  ---— — tt-A  («  cos  6x  +  r&6  sin  6.c) 

a2  +  n2b2\ 

eax  COSn-l   frr    _j_   n    {n    _    1)^2    y^  eax  C0Sn-2   ^  J^  \ 

313.  f  sinh  x  dx  =  cosh  £. 

314.  y  cosh  x  dx  =  sinh  £. 

315.  y  tanh  a:  dx  =  log  cosh  x\ 

316.  y  coth  £  da;  =  log  sinh  x. 

317.  y  sech  x  dx  =  2  tan"1  («*). 


318. 


y  csch  x  dx  =  log  tanh  (  =  J 


319.  y  x  sinh  a;  dx  =  a;  cosh  x  —  sinh  z. 

330.  y  x  cosh  x  drr  =  x  sinh  a:  —  cosh  x. 

321.  y  sech  x  tanh  x  dx  =   —  sech  £. 

222.  y  csch  x  coth  £  cto  =  —  csch  x. 

DEFINITE  INTEGRALS 

323.  f  °°  xn'1  e~x  dx  =    f  Ylog  -V  *  cte  =  r  (n). 

324.  T  (n),  the  gamma  function  is  finite  if  n  >  0. 

325.  r  (n  +  1)  =  nT  (n). 
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326. 

327. 
328. 

329. 
330. 
331. 
332. 
333. 
334. 

335. 

336. 
337. 


r  (n)  •  r  (1  -  n)  =  ~ — 
sin  nir 

r  (n)  =f(»  —  l)!if  n  =  integer  >  0. 

r  (I)  =  V*. 

(See  values  of  r  (n)  at  end  of  integral  table.) 

00    a;"1-1  dx  r(m)  r(w) 


f    a;™-1  (1  -  x)'l~l  dx  =    i 

J*«>  dx  1 

l     xm       m  —  1* 

J'*00         dx 
-TZ ; = =    7T  CSC    p-IT. 
o     (1  +  x)x»  H  ' 

J*  °°          dx 
— r—   =    —  ir  cot  pir, 
o     (1  —  x)x*> 

J<*  °°  xp~l  d 
o    TT^ 

J*°°  x 
o     1 


00    a^"1  G^C  7T 

v        sin  /;7r 
00  £**""*  dx  ir 


x 

o     a 

J  Tic/2 
0 


+  xn  .     m-jr 

n  sin  — 
n 

dx 


(1  +  x)m+n        T(m  +  n) 

[m  >  1]. 

I?  <  1]. 

Ip  <  U- 

[0  <  p  <  1]. 

[0  <  m  <  rcj. 


(1  +i)Va 


00     a  ete 


7T     ., 


+  Z! 


-  =«  if  a  >  0;  0,  if  a  =  0;  -7.,  if  a  <  0 


sin"  a;  da;  = 


/; 


cos"  x  dx 


1  -  3  •  5  -  •  •  (n  -  1)    7T 

*2' 


2  •  4  •  6  •  •  •  (n) 


2  •  4  •  6  •  •  •  (n  -  1) 


.^m 


-r2Vr, 


il  -  0 


[n  an  even  integer), 
[n  an  odd  integer  J, 


[n  >  -1]. 


338. 
339. 
340. 


00  sin  mx  dx       -w   .c  ^    _    ~    .,.  n        x    .r 
=  -j  if  w  >  0;  0,  if  m  =  0;  —  ~>  if  m  <  0 

a;  ^  -<s 

00  cos  .t  da; 


Jf  °°  cos  a 
0  x 


00  tan  x  dx  _  it 
x  2 
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DEFINITE  INTEGRALS  (Continued) 

341.  I     sin  kx  •  sin  n\x  dx  =    I     cos  kx  •  cos  mx  dx  =  0, 

Jo  Jo 

[/c  7*  rn;  m,  k  =  integers]. 

«j«      r  "  sin  x  cos  /hx  dx  1 

342.  I       =  0,  m  <  —  1  or  hi  >  1, 

JO  a; 

=  j»  if  m  =  ±1;  =  ~>  if  ra2  <  1. 


344 
345 


sin2  mx  dx  =    I     cos2  ma;  do:  =  s- 
o  Jo  2 

J'*  °°  sin2  x  dx  _  k 
0  ~~x*~  =  2 
r  °°  cos  mx  ,         n-   _ti  .      ^    _ . 

•J0  nn^^6  •  [m>0]> 


-  ^c'»,  [ra  <  0]. 


346 
347 
348 


J       cos  (x2)  dx  =    I       sin  (a:2)  dx  =  =  'y'g 

J*  °°  sin  x  dx         /*  °°  cos  x  dx  jw 

o      ~VaT    =  Jo        ^Jx~         \2 
J^/2  (/#  cos-1  a  r 

o       1  +  a  cos  x        y/i  _  a2 

3t».   f2'       ** =  -*=,  [«■  <  n. 

Jo      1  +  a  cos  a;       ^/i  _  rt2 

350.  f  °°  e-**dz  =  -•  [a  >  0|. 

Jo  a 

C  °°  T(n  4-  1) 

351.  I      a;»e-«(te  =     v  ./T     .  [n  >  -1,  a  >  0], 

Jo  a*  hl  ' 

ny 
=  ^>  [n  pos.  integ.,  a  >  0]. 

SK.  J[  "  «-« <(x  -  1  V.  -  i  r(l).  [,  >  oi. 

Jo 


2<r*2  dx  =  ^ 


Jo  2w+1a«  *  a 


/•  oo 

Jo 


356.     I       ei-**-*W  dx 


■2a 


yfr 


e   ^  \/ir 
~~2~ 
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DEFINITE  INTEGRALS  (Continued) 
357.  fce-o'Vidx-^yll- 

358-Jo     V^dx  =  ^n 

359.  f  °°  e'ax  cos  mx  dx  =  "Tip-^'  [a  >  0]' 

360.  f  °°  e~ax  sin  mx  dx  =  fl2  +  m2>  la  >  °1- 


361.  6- 


f1  (logx)"  dx  =  (-!)*•  n! 


362 

JO 


^X'O08!)**- 


-«2*2  cos  &x  dx  =  ---'tv i  l«  >  °J- 


365.  f1  (log  -  V  dx  =  n!. 

/•l  3 

366.  I     x  log  (1  -  x)  c?x  =  -  y 

XI  1 

x  log  (1  +  x)  c?x  =  J- 

-■  X'  Ffi*  -  -  S 

J*l      log   X        ,  7T2 

372.  £  ^J  =  -  1  log  2. 


n  +  1  >  0- 


»-jrl=«?ft-,,,(^),b+,>*,+i>* 

.75.    f  -=%=  -  VS. 

*■  V>°*  G) 
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DEFINITE  INTEGRALS  (Continued) 

Jr»7T  7t2 

x  •  log  sin  x  dx  =   —  -^  log  2. 
0  A 

Xtt/2  /*7r/2  7T 

log  sin  x  dx  =■-    \         log  cos  #  efc  =   —  «  •  log  2. 

.     I         sin  x  log  sin  x  dx  =  log  2  —  1. 

I         log  tan  x  dx  =  0. 

.     f*  log  (a  ±  6  cos  a;)  tfz  =  tt  log  (°  +  Vg>  ""  6>Y  [a  ^  6], 


379 
380 
381 


GAMMA  FUNCTION 


Values  of  r  ( 


-/; 


■*dx 


n 

r  (n) 

n 

r  {n) 

n 

r  (n; 

n 

r  (») 

1.00 

1 . 00000 

1.25 

. 90640 

1.50 

. 88623 

1.75 

.91906 

1.01 

.99433 

1  .26 

. 90440 

1.51 

. 88659 

1.76 

.92137 

1.02 

. 98884 

1.27 

.90250 

1.52 

. 88704 

1.77 

.92376 

1.03 

.98355 

1.28 

.90072 

1.53 

.88757 

1.78 

.92623 

1.04 

.97844 

1.29 

.89904 

1.54 

.88818 

1.79 

.92877 

1.05 

.97350 

1.30 

.89747 

1.55 

. 88887 

1.80 

.93138 

1.06 

.96874 

1.31 

.89600 

1.56 

.88964 

1.81 

.93408 

1.07 

.96415 

1.32 

. 89464 

1.57 

. 89049 

1.82 

.93685 

1.08 

.95973 

1.33 

.89338 

1.58 

.89142 

1.83 

.93969 

1.09 

.95546 

1.34 

.89222 

1.59 

.89243 

1.84 

.94261 

1.10 

.95135 

1.35 

.89115 

1.60 

. 89352 

1.85 

.94561 

1.11 

.94739 

1.36 

.89018 

1.61 

.89468 

1.86 

.94869 

1.12 

.94359 

1.37 

.88931 

1.62 

. 89592 

1.87 

.95184 

1.13 

. 93993 

1.38 

.88854 

1.63 

.89724 

1.88 

.95507 

1.14 

.93642 

1.39 

.88785 

1.64 

. 89864 

1.89 

.95838 

1.15 

.93304 

1.40 

.88726 

1.65 

.90012 

1.90 

.96177 

1.16 

.92980 

1.41 

. 88676 

1.66 

.90167 

1.91 

.96523 

1.17 

.92670 

1.42 

.88636 

1.67 

.90330 

1.92 

.96878 

1.18 

.92373 

1.43 

.88604 

1.68 

.90500 

1.93 

.97240 

1.19 

.92088 

1.44 

.88580 

1.69 

.90678 

1.94 

.97610 

1.20 

.91817 

1.45 

.88565 

1.70 

.90864 

1.95 

.97988 

1.21 

.91558 

1.46 

. 88560 

1.71 

.91057 

1.96 

.98374 

1.22 

.91311 

1.47 

. 88563 

1.72 

.91258 

1.97 

.98768 

1.23 

.91075 

1.48 

. 88575 

1.73 

.91466 

1.98 

.99171 

1.24 

.90852 

1.49 

. 88595 

1.74 

.91683 

1.99 
2.00 

.99581 
1.00000 
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ALGEBRA 

Factors  and  Expansions 

(a  ±  b)2  =  a2  ±  2ab  +  b2. 

(a  ±  6)3  =  a3  ±  3a26  +  Sab2  ±  63. 

(a  ±  6)4  =  a4  ±  4a36  +  6a262  ±  lab*  +  6*. 

a2  -b2  =  (a-6)(a  +  6). 

a2  +  &2  =  (a  +  bV-  l)  (a  -  6V-  l). 
a3-63  =  (a-6)(a2  +  a6  +  62). 
a3  +  63  =  (a  +  b)(a2  -  a&  +  62). 

a4  +  ¥  =  (a2  +  a&V2  +  b2)  (a2  -  ab\/2 - 

an 

an 


bn  =  (a  -  b)  (a71-1  +  an~2b  +  . 
&»  =  (a  -f  &)  (an_1  -  an~2&  +  • 


62). 


an  +  6n  =  (a  +  6)  (an_1 


,n-2 


&  + 


for  even  values  of  n. 
for  odd  values  of  n» 


i*  4.  a262  +  64  =  (a2  +  a&  +  62)(a2  -  ab  +  62). 
(a  +  b  +  c)2  =  a2  +  b2  +  c2  +  2a&  +  2ac  +  ?6c. 
(a  +  6  +  c)3  =  a3  +  63  +  c3  +  3a2(6  +  c)  +  362(a  +  c)  + 

3c2  fa  +  6)  +  6aoe 
(a  +  6  +  c  +  d  +  .  .  .  )2  =  a2  +  b2  +  c2  +  d2  -f  .  .  .  + 

2a(6  +  c  +  d  +  .  .  .  )  +  2b(c  +  d  +  .  .  .  )  +  2c(d  +  ...)  +  .., 
See  also  under  Series 


a'  x  a*  =  a(x+*). 


=  a(x~v). 


If 


Powers  and  Roots 

a0  =  1  [if  a  9*  0}.  (ab)*  =  a*b*. 

1 


°  _  c 
b      a 
a -b _ c-d 
b     ~~~d~* 


a  x= 

i 
a*  = 

X 


Va*. 


Proportion 
then 
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fay  _  a* 
\b)    ~b* 


■\/ab  m  -y/a  \/b» 


V  b~t 


<fb 


a  +b _  c +d 

b      ~     d    ' 

a  - b     c-d 

— — —  —  * 


ALGEBRA— (Continued) 
SUMS  OF  NUMBERS 

The  sum  of  the  first  n  numbers, — 
ZOO  =1+2+3+4+5  .  .  .  .+n=r^n-±^ 

The  sum  of  the  squares  of  the  first  n  numbers, 
S(n*)=l*+2s+3*+4»+5°  .  .  .  +*'=  W(W  +  I)6(2W  +  1> 

The  sum  of  the  cubes  of  the  first  n  numbers, 
2(rt3)=P-f23+33+43-}-53  ....   +n*=      K  ±     ' 

ARITHMETICAL  PROGRESSION 

If  a  is  the  first  term;  I,  the  last  term;  d,  the  common  differ- 
ence; n,  the  number  of  terms  and  s,  the  sum  of  n  terms, — 

I  =  a  +  (n  -  l}d         s  =  "(a  +  I) 

tf-2-{  2a+<n-l)d  ) 

GEOMETRICAL  PROGRESSION 

If  a  is  the  first  term;  I,  the  last  term;  r,  the  common  ratio; 
n.  the  number  of  terms  and  s,  the  sum  of  ?i  terms, — 


^ar*-1  s=a 


1-r 


(rn-l)  Zr-a 

s  =  a —  s  = — 

:  —   1  r  —  1 

If  n  is  infinity  and  r2  less  than  unity, — 

a 

FACTORIALS 

In  =  n\  =  e~nnn\/2irnf  approximately. 

PERMUTATIONS 

If  M  denote  the  number  of  permutations  of  n  things  taken  p 
at  a  time, — 

M=n(n-l)(n-2)  ....  (w-p  +  1) 

COMBINATIONS 

If  M  denote  the  number  of  combinations  of  n  things  taken  p 
at  a  time, — 

M=n(w-l)(w-2) (n-g+1) 

pi 
n! 


M 


p!(n—p)! 
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ALGEBRA  (Continued) 
Quadratic  Equations 

Any  quadratic  equation  may  be  reduced  to  the  form,  — 

ax2  +  bx  +  c  =0 


™                   -b  ±  Vo2  -  4ac 
Then     x  = = • 

2a 

If  b2  -  4ac  is  positive  the  roots  are  real  and  unequal. 
If  b2  -  4:<ic  is  zero  the  roots  are  real  and  equal. 
If  b2  -  ±ac  is  negative  the  roots  are  imaginary  and  unequal. 
If  b2  -  4:dc  is  a  perfect  square  the  roots  are  rational  and  un- 
equal. 

Cubic  Equations 

A  cubic  equation,  yz  •+-  py2  -f  qy  +  r  =  0  may  be  reduced  to 
the  form,  — 

xz  +ax  +b  =  0 

by  substituting  for  y  the  value,  Ix  -  §  ).     Here 

a  =  }(3g  -  v2)  and  b  =  aV(2p8  -  9pq  -v  27r). 
For  solution  let,  — 

then  the  values  of  z  will  be  given  by, 

A  +  B      A  -  B    , A  +  B      A  -  B     ,— 

x=A+B, Z_+_g_y'-Z3; X_ _ -v/_3 

T-  62       a3      n  there  will  be  one  real  root  and  two  conjugate 
4  ^27  imaginary  roots. 

Tf  b2       a3  _  n  there  will  be  three  real  roots  of  which  two 
¥  ~*~  27  ~  a^  least  are  equal 

o2       a3 
If  -r  +  h»  <  0,  there  will  be  three  real  and  unequal  roots. 

In  the  last  case  a  trigonometric  solution  is  useful.     Compute 
the  value  of  the  angle  $  in  the  expression,  — 


cos 


then  x  will  have  the  following  values: — 

2\/-!ooS(f  +  24<r). 
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APPROXIMATIONS 

If  a  and  b  are  small  quantities,  the  following  relations  are 
approximately  true, — 

(l±a)m  =  l±raa, 

(l±a)m(l±b)n  =l±ma±nb. 

If  n  is  nearly  equal  to  ra, 

V  ran  = — - —  ,  approximately. 

J* 

If  0  is  a  very  small  angle  expressed  in  radians, — ■ 

sin  d       .        ,    tan  6  .      .  , 

— - — =  1  and    — - — =  1,  approximately. 
0  u 

SERIES 

The  expression  in  parentheses  following  certain  of  the  series 
indicates  the  region  of  convergence.  If  not  otherwise  indicated 
it  is  to  be  understood  that  the  series  converges  for  all  finite 
values  of  x. 

Binomial 

(x+y)»  =  xn  +nxn~*y  +  n(v^1^  xn~2y2  + 

(l±*)"  =  l±n*+*^^  . 

(l±x)-1  =  l:=Px+x2^xi+zA=Fx"0  +  .  .  . 
(l±xh2  =  1^2x+3x2^4x3+5x4T6x5  +  .  .  . 

Taylor's  Series 

/(x+/i)=/(x)+y'(x)+^r(x)+J-jr(x)+.. 
=f(h)+xfr(h)+£r  '(fe)+|! /'"(*)+ . . . 

Maclaurin's  Series 

/(x)=/(o)W(o)+y!/'/(°)+^/,'>)+  ••• 

Exponential 

e  =  l+T+2-!+31+ri+... 

/>«2  /y«3  or»4 

^=l+x+2T+3T+n+... 
a^  _!.+» log  a  +  ^fL+  (£i2^£l3  + 
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(x2<l) 

.  etc. 

(x2<l) 
(x2<l) 
(x2<l) 

SERIES  (Continued) 

Logarithmic 
.  x-i  .  i  /x-iy .  i  /*-iy  , 

(x>i) 

log.x  =  (x-i)-Mx-i)2+Mx-i)3-  .  .  . 

(2>x>0) 

'-■-K-:+i(s-o,+i(S),+-J 

(z>0) 

Iog«(l+x)=x-§x2+§x3-|x4  +  .  .  .  (-1<x<1) 

Iog.(W+l)-log.(W-l)=2  [£+£+£  +    •  •  •] 

(a>0,  -a<x<  +  oo  ) 
Trigonometric 

2*3  Or»5  /V»7 

sin    x  =  x  -  3-J  +  -5T— ,+  •  •  • 


X2     ,     X4  X6 

cos  x  =  1  -yj+xr -6"!+  •  •  • 

x3       2x5       17X7        62x9 
tanx-x  +  g-  +  T^-+  ^-  +  2335   + 


("<?) 


,    x3  ,     1     3     x5  ,     1     3     5     r*  /  ,^,n 

tan"Jx  =   x  -  Jx3  +  {x5-^x7  +  .  .  .  (x2<l) 

—5-  -+A-A  +  •  •  •  (*2>D 
2       x     3x3     5x5 

log.  sin  x  =  log.  a:  -  J-^-^-   .  .  .  (*2<7r2) 

x2      x4       x6        17x8  /  ,     tt2\ 

log.  cos  x  =   -T-_-_-^^-...  ^2<j-j 

log.  tan  x  =  log*  +  _+_+_+  .  .  .  ^<-J 


x2       3X4       8x5       3xJ       5^7 
4!  5!        6!   +   7! 


ln  *  -  1  +  x '+  '    j         f  f        fi»    +    71    +•  • 


ecos,  =  e^__+___+...  j 

tanT        ,    .         ,    x2    ,    3x3    ,    9x4    ,   37x5    ,         /  2     *2\ 
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ALGEBRA  (Continued) 

MISCELLANEOUS 

The  Sum  (2,  =  Sigma)  and  Product  (n,  =  Pi)  Notations 

2  denotes  the  sum,  and  II,  the  product  of  all  quantities  of  a 
given  collection.     In  particular, 

y  Xi  means  xm  +  xm+\  +  .  .  .  +  xm+ny  (n  -f  1  terms  in  all), 

m-\-n 

I  Xi  means  xmxm+i  .  .  .  xm+nj  (n  +  1  factors  in  all). 

For  indicated  range,  R,  (such  as  m  Z  i  Z  m  +  n),  one  may 
write  ^xt-,  IT^i,  respectively.     Where  the  range  is  clear  from 

R  R 

the  context  one  writes  2xi,  Uxi,  or  even  2x,  IIx,  respectively. 
For  c  a  constant  and  for  x»  and  y*  with  common  range  (say  of 
n  elements), 

Xcxt  =  c2x;,   2(x;  +  2/t)  =  XXi  +  St/t-,   2(x»  +  c)  =  nc  +  2x». 

Special  Numerical  Relations 

(i)  For  range,  i  =  1,  2,  .  .  .  ,  n,  with  x»  =  t. 

Sx»  =  n{n  +  l)/2,  2(2x;  -  1)  =  n2, 

Sx»2  =  n(n  +  l)(2n  +  l)/6. 

Sxi3  =  (Sx*)2,  Sxi^  =  (2a**)[6(2a*)  -  l]/5. 

n(c  +  1  -  xO  =  c(n),  nxi  =  n^  =  n!  ("factorial  n"). 

Hence  w!  =  n  .  (n  —  1) !     0!  is  defined  to  be  1. 

Stirling's  formula  (used  for  n  large), 

\/2^(n/e)n  <n\  <  V2^(n/e)n(l  +  ^^l)' 
(tt  =  3.14159  .  .  .  ,  e  =  2.71828  .  .  .)• 
n\/{n—m)\  gives  the  number  of  permutations  of  n  distinct  things 
taken  m  at  a  time. 

(ii)  For  range,  i  =  ^(~^~-\  "\Y/  +"1*  •  •  •  « 

x»  =  i  (whether  n  is  odd  or  even), 

^         ^    3      n  ^    2      n(n*  -  *)   V^  4      3n2  -  7^„ , 
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ALGEBRA  (Continued) 

(mil)  The  Binomial  Coefficients,  (*  ). 

(m)  =  n\/[(n  -  m)\ml]y  for  integers  m,  n,  0  Z  m  Z  n.     (j)  = 

C)  - 1. 

(a?  +  c)n  =  ]x(rr)^n"rcr,     (0  Z  r  z  n),    the    binomial    expan- 

r 

sion,       (m)  gives  also  the  number  of  combinations  of  n  distinct 
things  taken  m  at  a  time. 

(m)  +  (m+i)  =  (m+\)  i  recursion  relation  for  binomial   coeffi- 
cients. 

r  r  s  =  m 

Table  of  Binomial  Coefficients 


n 

(?) 

(?) 

("0 

CD 

(:) 

(1) 

(?) 

(?) 

(?) 

(?) 

U) 

0 
1 
2 

1 
2 

1 

3 

3 

3 

1 

4 

4 

6 

4 

1 

5 

5 

10 

10 

5 

1 

6 

6 

15 

20 

15 

6 

1 

7 

7 

21 

35 

35 

21 

7 

1 

8 

8 

28 

56 

70 

56 

28 

8 

1 

9 

9 

36 

84 

126 

126 

84 

36 

9 

1 

10 

10 

45 

120 

210 

252 

210 

120 

45 

10 

1 

11 

11 

55 

165 

330 

462 

462 

330 

165 

55 

11 

12 

12 

66 

220 

495 

792 

924 

792 

495 

220 

66 

13 

13 

78 

286 

715 

1287 

1716 

1716 

1287 

715 

286 

14 

14 

91 

364 

1001 

2002 

3003 

3432 

3003 

2002 

1001 

15 

15 

105 

455 

1365 

3003 

5005 

6435 

6435 

5005 

3003 

16 

16 

120 

560 

1820 

4368 

8008 

11440 

12870 

11440 

8008 

17 

17 

136 

680 

2380 

6188 

12376 

19448 

24310 

24310 

19448 

18 

18 

153 

816 

3060 

8568 

18564 

31824 

43758 

48620 

43758 

19 

19 

171 

969 

3876 

11628 

27132 

50388 

75582 

92378 

92378 

20 

20 

190 

1140 

4845 

15504 

38760 

77520 

125970 

167960 

184756 

NOTE:  (»)  - 


n(n  —  1)(»  —  2)  .  .  .  (n  -  m  +  1) 


=  (?)   =  1«  (?) 


m(m  -  l)(m  -  2)  .  .  .  3.2.1 
For  coefficients  missing  from  the  above  table,  use  the  relation 

t)  ~L2m).  •*  (g)  -(V)-  16796°- 
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ALGEBRA  (Continued) 
Finite  Differences 

For  equi-spaced  arguments  Xi,  and  associated  yt9  the  successive 
advancing  ^-differences  are,  A°yi  =  yif  Ayi  =  */t+i  —  y*,  A22/<  = 
Ayi+1  -  Ayi  =  yi+2  -   2yi+1  +  yi9  .  .  .  ,       A™?/*  =  A"-^-^  - 

Am~1yi  =  y(  —  l)r(^)yt+m-r»     With    arbitrary    origin    A    and 

r 

class-interval  length,  a?»+1  —  £*  =  fe,  using  u;  =  (£;  —  A)/h, 
write  2/(w»)  for  2/t.  Then  if  for  some  fixed  m,  for  the  portion  of 
the  table  considered,  the  values  of  Am+1?/t  be  zero  (or  approxi- 
mately, if  these  be  regarded  as  negligible)  Newton's  formula 
gives 

vM  -  X7TAr2/(0)  =  y(f))  +  uAy(0)  +  ^i^W) 


+ 


+ 


12 

u(u  —  1)  .  .  .  (u  —  m  +  1) 
m! 


A«y(0). 


This  formula  reduces  to  an  identity  for  a  =  u0,  Mi,  .  .  .  ,  un> 
(ui  =  £),  and  may  be  used  to  interpolate  for  intermediate  values. 
Example.     Given 


X 

-4, 

-2,  0,  2,   4,   6,   8,  .  .  . 

y 

10, 

14,  30,  64,  122,  210,  334,  .  .  . 

to  find  a  value  for  y  when  x  =  10,  and  vhen  x  =  1.  Suppose 
for  some  reason  A  has  been  taken  at  a?  =  2.  The  work  may 
be  arranged  as  follows: 

A  A2  A3  A4 


u 


V 


-3 

-4 

10 

4 

-2 

-2 

14 

16 

12 

6 

-1 

0 

30 

34 

18 

6 

0 

0 

2 

64 

58 

24 

6 

0 

1 

4 

122 

88 

30 

6 

0 

2 

6 

210 

124 

36 

— 

3 

8 

334 

— 

— 

— 

— 

— 

— 

y(u)   =  64  +  58u  +  30^^  +  6-m(m  "    1)(M  "  2) 


1*2  1-2-3 

=  64  +  58w  +  lbu(u  -  1)  +  m(w  -  l)(w  -  2). 
At  z  =  10,  u  =  4t.     Substituting  u  =  4,  one  has  2/|*-io  =  500. 
At  x  =  X,t*  =  —  J.     Substituting  w  =  —  J,  onehas?/|x-i  =  44$. 
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Central  Measures 

Here  the  range  of  i  is  from  1  to  n.  With  each  value  xi  is 
associated  a  weighting  factor  /»•  >  0  (such  as  the  frequency, 
the  probability,  the  mass,  the  reliability,  or  other  multiplier). 

N,  the  total  weight,  =  S/<. 

£,  the  arithmetic  mean,  =  XfiXi/N  =  2/»a*/2/i. 

GM,  the  geometric  mean  (available  when  each  x»  is  positive), 

=  y/TLxifi.     Log  GM  =  Xfi  log  Xi/N. 

Mo,  the  mode,  =  value  among  (xi,  .  .  .  ,xn)  having  maximum 
associated  ft  (usually  obtained  by  interpolating  after  the  data 
are  graduated).  For  unweighted  items,  Xi,  a  mode  is  a  value 
about  which  the  values  of  x%  cluster  most  densely. 

RMS,  the  root-mean-square,  =  \/2fiXi2/N. 

Md,  the  median  (see  below).  For  unweighted  items,  the 
median  is  the  value,  equaled  or  exceeded  by  exactly  half  of 
the  values  x%  in  the  given  list.  In  case  of  a  central  pair,  the 
median  is  usually  taken  as  the  arithmetic  mean  of  this  pair. 

Mm,  the  mid-mean  (see  below).  For  unweighted  items, 
the  mid-mean  is  the  arithmetic  mean  of  the  half-list  obtained 
upon  dropping  out  the  highest  quarter  and  lowest  quarter  of 
the  items. 

Cum  f\xf  the  value  of  "  cumulative  /"  at  X,  =   ^  /»•  (inter- 
sex 

polation  being  used  for  X  if  necessary). 

The  M-Tiles 
For  ungrouped  data,  X  is  called  the  rth  m-tile  (or  rth  m-tile 
mark)  (r  =  0,  1,  .  .  .  ,  m)  if  simultaneously,   J)  f*/N  ^  r/m> 

xi<X 
and    ^  fi/N  ^  {m  —  r)/m.     In  particular  the  zeroth  m-tile 

xi>X 
is  min,  the  minimal  value  among  the  list  (xi,  .  .  .  ,  xn),  and  the 
mth  m-tile  is  max,  the  maximal  value  among  the  list. 
For  grouped  data,  the  rt.h  m-tile  mark,  X,  is  such  that 
Cum/|x  =  Nr/m,  (r  =  0,  1,  2,  .  .  .  ,  m). 

Cum/lmin    =   0,  Cum/lniax    =    N. 

In  particular,  certain  intermediate  (0  <  r  <  m)  m-tile  marks 
are  named  as  follows: 
m   r  =  1  2  3 


2 
3 

4 

10 

100 


Md  (median) 
Ti  (lower  tertile)       T2  (upper  tertile) 
Qi  (lower  quartile)    Md  Q3  (upper  quartile) 

Di  (first  decile)  D2  Ds  etc. 

PCi  (first  percentile)  PC2  PC9  etc. 
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STATISTICS  (Continued) 

The  term  "rth  m-tile"  (r  =  1,  .  .  .  ,  m)  is  also  used  to  denote 
the  class  interval  extending  from  the  (r  —  l)st  to  rfch  w-tile 
mark  as  defined  above. 
Mm,  the  mid-mean,  = 

2    J}     fiXi/N  =      ^     fiXi/     ]£     U 

Q!<xi<Q3  Qx<xi<Qz  Qi<xi<Q3 

When  each  Xi  is  positive,  and  not  all  are  equal,  one  alwavs 
has  0  <  min  <  GM  <  x  <  RMS  <  max. 

For  moderately-skewed  distributions,  one  has  approximately 
Mo  -  x  =  3(Md  -  x),  or  SMd  =  Mo  +  25. 

Measures  of  Dispersion  and  Skewness 

Here  A  is  an  arbitrary  reference  value,  usually  a  convenient 
integral  measure  near  x. 

vk,  &th  moment  about  A,  =  Efifa  —  A)k/N,  (k  =  0,  1,  .  .  .). 

vq  =  1,  v\  =  £  —  A,  V2  as  function  of  A  is  minimum  foi 
A  =x. 

A'*,  fcth  moment  about  x,  =  2/t(xt  —  x)k/N,  (k  =  0,  1,  .  .  .). 

Mo   =  1, 
Mi   =  0, 

M2  =  ^2  —  *>i2  (m2  =  variance), 

M3    =   ^3   —  3*>iJ>2  +  2^i3, 

M4    =    *>4    —    4*>i*>3    +   6*>l2J>2    —   3vi4. 

01    =    M32/M23,    j32    =    M4/M22. 

cr,  standard  deviation,  =  a/mI- 
0:3/2,  momental  skewness;  «3  =  \/^i  =  M3A3. 
(«4  —  3)/2,  kurtosis;  a4  =  £2. 

MD,    mean    deviation    (from  the  mean),  =  2fi\xi  ~  x\/N 

(This  latter  form  is  convenient 
/"•  for  computation.) 


=  2 


5  X-^ "  x^** 


_     X»<X  Xt<X 

s,  quartile  deviation,  =  |Q3  —  Qi|/2. 
P.2?.,  probable  error,  =  0.6745<r. 
V,  coefficient  of  variation,  =  100<r/x  %. 
Pearson's  measure   of  skewness  =  (£  —  Mo) /a.     (Usually 
approximately  a3/2.) 

Bowley's  measure  of  skewness  =  (Q3  —  2Afd  +  Qi)/(2s). 
(Bowley's  measure  of  skewness  lies  between  —1  and  +1.) 
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The  Class  Interval 

Axi  =  Xi+i  —  x%. 

For  equi-spaced  arguments,  Axt-  =  h,  the  length  of  the  class 
interval,  Xi  is  the  mid-value  or  class  mark.  The  interval  from 
Zi  —  {h/2)  to  Xi  +  Qi/2)  is  the  class  interval  with  these  as  given 
initial  and  terminal  end  values. 

Ui  =  (xi  —  A)/h. 

u  =  S/iWi/iV,  x  =  hu  +  A. 

Wx  =  hk(»k)u,  (k  =  0,  1,  .  .  .)• 

*J  =  [S/.-UiViV]  -  ?Z2,  <rx  =  h*». 

(jhh  -   (0i)«,  O82).   =   (ft)u. 

Sheppard's  corrections  (to  correct  approximately  for  the 
error  due  to  treating  all  elements  in  a  given  class  interval  of 
length  h  as  though  concentrated  at  the  class  mark). 

For  mo,  mi,  M3,  no  corrections. 

In  x-units, 
corrected  (m2)x  =  uncorrected  0*2)*  —  h2/12f 
corrected  (m4)x  =  uncorrected  (am)*  —  h2  uncorrected  (m2)*/2  + 

7*4/240. 

In  u-units,  replace  h  by  1  in  the  formulae  given  above. 

Least  Squares 

The  normal  equations  for  finding  coefficients,  a0,  Oi,  .  .  . ,  am, 

in  fitting  a  curve  of  the  form  y  =  a0  +  a>\X  +  .  .  .  +  a>mXm  to 
data  (X;,  F»),  i  =  1,  .  .  .  ,  n,  (n  >  m),  are  m  -j-  1  in  number  a* 
follows : 

SFi  =  a0n  +  oi2X»-  +  a22Xt-2  +  .  .  .  +  am2ll« 
SZiFt-  =  a0SZt-  +  a^Xi2  +  a22X;3  +  .  .  .  +  awSZ»m+1, 

XXi^Yi  =  oiiz<»"+ol2Z<»+1  +  a2SX<™+2'+ .  '.  .'+amix'i2m. 
Deviation  from  fitted  curve, 

di  =  F»  —  (oo  +  aiXi  +  .  .  .  +  OmX»m). 

Zdi2  =  SFi2  -  (a0SFi  +  a^XiYi  +...'+  QmZXfYi). 
For  z  =  a6x,  use  y  =  log  z,  a0  =  log  a,  ai  =  log  b. 
For  2  =  a£p,  use  y  =  log  2,  a0  =  log  a,  ai  =  p,  x  =  log  £. 

$1,,  standard  error  of  estimate,  =  root-mean-square  of  the 
^-deviations  about  a  fitted  curve  =  \/zdi2/n. 

Simple  Correlation 
Product  Moment  Method 

Given  n  equi-spaced  measurements  Xi,  i  =  1,  2,  .  .  .  ,  n,  with 
h  =  Xi+i  —  Xi,  Xi  =  Xi  —  X;  and  m  equi-spaced  measure- 
ments Yj-yj  =  1,  2. .  .  .  ,  m,  with  k  ==  Yj+i  —  Yj,  yj  =  F/  —  F; 
and  a  weight  (frequency,  probability,  etc.)  e»/  (^0),  asso- 
ciated with  (Xt,  Fy).     Here  e»,-  is  an  entry  in  the  table. 
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j  i 

N  =  jj*,  =  %f<  =  ^g,.     (Check) 

v  *  ;' 

t  =  ^euXi/N  =  ^fiXi/N;  y  =  ^^//^  =   X9iYj/N' 


i] 


v 


Let  A  and  £  be  arbitrary  reference  values,  usually  convenient 
integral  measures  near  X  and  F,  respectively. 

m  =  (X;  -  A)A,  Vi  =  (Fy  -  £)//c; 

u  =  XfiUi/N,  X  =  hu  +  Ay  v  =  llgjVj/Ny  Y  =  kv  +  B. 
<rj  =  (m2)u  =  (%fiUi2/N)  —  u2y  <rz  =  /i<ru.  j  Apply  Sheppard's 
<rv2  =  {ni)v  =  (2gjVj2/N)  —  v2y  <jy  =  k<rv.)     corrections. 

Ui  =  Z^eauiy  Vi  =  2*ifify  P  =  ^.UiVi  =  2jVjU],     (Check) 

t  j 

Puv  =  £,eij(ui  —  u)(vj  —  v)/N 

=  (P/N)  -  uv. 
PxV  =  hkpuv. 

r  =  Puv/(<7u0v)  =  Pxyl{?xVv)  (product-moment)  coefficient  of 
correlation.     In  every  case  —  1  <  r  <  1. 

Y  —  F  =  r—{X  —  X)y  or  y  =  r--z,  regression  line  of  y  on  x. 

<Jx  &x 

X  —  X  =  r—(Y  —  F),  or  x  =  r— y,  regression  line  of  x  on  y 

av  Cy 

Example  of  Computation  for  Product-Moment  Coefficient  of 

Correlation 


Ui 

-3     -2-10    12 

0  j 

0#tj 

0/0;2 

( 

Ui 

t»/^i 

., 

~\*< 

2//^ 

12       16    20  24  28  32 

2 

1 

0 

-1 

-2 

21 
18 
15 
12 
9 

1 

5 

7 
5 

1 

Us 

13 
13 

19 

19 

1 
2 

28 

56 

8 

16 
4 
0 

1 

3 
3 

1 

7 
4 

1 

Tr 

0 
0 

~0 

18 
10 

18 
0 

18 

4 

2 

0 

2 

3 

1 

"3 

6 

12 

4 
~8 

5 

-5 

5 
12 

-7 

7 

3 

-6 

-8 

16 

fi 

fiUi 
fiUi* 

2 

7 

8 

-8 

8 

50 

35 

91 

43 

-6 
18 

-14 

28 

-9 
79 

^3 

A  =  24,  B 
h  =  4,  &  = 

iv  =  s/t  = 

S/iUt  =  -9 
S/iUi2  =  79 
P  =  2uiT» 

=  15, 
3, 

20/  =  50, 
,  "LgjVj  =  35, 
S^uy2  =  91, 
=  SvjUj  =  43. 

-4 
12 

-4 

8 

4 
-4 

w  =  -9£o  =   -.18         v  =  8^0  =  .70 
<rn2  =  (7%o)  -  (-.18)2  -  .083  =  1.46, 
ffv2  =  (»^0)  -  (-70)2  _,083  =»  1.247. 
Puv  =  (4%0)  -  (-.18) (.70)   =  +0.986 

r  -   +0.986/(1.21  X  1.117)  =  +.730 

<ru  -   1.21 
av  =   1.117 

Ans.  r  = 

+.730 
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Rank  Difference  Method 

Given  n  corresponding  pairs  of  measured  items  (X*,  F»), 
(i  =  1,  .  .  .  ,  n).  Let  (w;,  !>»•)  be  the  corresponding  rank  num- 
bers. Here  Ui  =  1  for  the  largest  Xi,  2  for  the  next  largest 
Xiy  etc.,  and  similarly  Vi  =  1  for  the  largest  Yiy  2  for  the  next 

6X(ui  -  v{)2 


largest     Ft,    etc.     p  =  1  — 


(rank     difference) 


n(n2  -  1) 

coefficient  of  correlation.     In  every  case  —1  <>  p  <>  1.     Check: 
S(u»  -  Vi)  =  0. 

Example  of  Computation   for   Rank-Difference  Coefficient  of 

Correlation 


Xi    Yi 

Ui 

Vi 

Ui    —  Vi 

(Ui   -  Vi)2 

76 

52 

3 

1 

+2 

4 

Check:  2(u<  -  v{)  =  0. 

66 

34 

8 

9 

-1 

1 

63 

32 

10 

10 

0 

0 

74 

45 

4 

4 

0 

0 

6  X62 

79 

50 

1 

2 

-1 

1 

P               10(102  -  1) 

69 

37 

7 

V 

0 

0 

77 

35 

2 

8 

-6 

36 

=  +0.63 

65 

42 

9 

5 

+4 

16 

71 

40 

6 

6 

0 

0 

Ans.  P  =   -f  .63 

73 

48 

5 

3 

+2 

4 

N  =  10 

0 

62 

Probability 
If  among  a  +  6  equi-probable  and  mutually  exclusive  events, 
a  are  regarded  as  favorable  and  b  unfavorable,  then  for  a  single 
trial 

pf  probability  of  favorable  outcome,  =  — -r—r, 

g,  probability  of  unfavorable  outcome,  =  1  —  p  = 


a  +  6' 

The  successive  terms  in  the  binomial  expansion  (p  +  q)n  = 
]/j(r)Pn~r<7r  &ive  the  respective  probabilities  that  in  n  trials,  the 

r 

event  will  be  favorable  exactly  n  —  r  times,  r  =  0,  .  .  .  ,  n. 

The  mean  number  of  favorable  events  is  np,  of  unfavorable, 
nq;  the  standard  deviation  is  a-  =  \/npqy  a3  =  (p  —  <?)/o- 
(the  positive  direction  being  that  of  increasing  unfavorability). 

Normal  curve  (x  measured  in  <r-units  from  the  mean,  and 
with  area  =  1): 

1 

y  = 


V^r" 


€-xi/2  =  o.3989e-**/2. 
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MD  (mean  deviation  from  the  mean)  =  o-\/2/ir  =  0.7979a. 
s  (quartile  deviation  from  the  mean)  =  0.6745o-  =  0.845  MD. 
Percentage  areas,  under  normal  curve,  for  successive  class 
intervals  measured  from  the  mean : 

Multiples  of  a:  34  %,  14  %,  2  %. 
Multiples  of  s:  25  %,  16  %,  7  %,  2  %. 
Normal  surface  (x  measured  in  crx-units  y  in  <7y-units  from  their 
means), 


1 


z  = 


.e-(x2-2rxi/+y2)/[2(l-r2)]( 


27T\/l    -   T2 

Goodness  of  Fit.  For  a  universe  of  objects  falling  into  n 
mutually  exclusive  classes  with  class  marks,  Xi (i  =1,2,  ...  ,n), 
let  pi  be  the  probability  for  the  ith  class.  Given  a  sample  of 
N  items,  with  /»  items  in  the  tth  class  (2/i  =  N),  the  proba- 
bility that  a  random  sample  of  N  items  gives  no  better  fit, 
■expressed  in  terms  of  n  and  x2  ("Chi  square"),  =  S(/»  — 
Npi)2/(Npi),  is  given  by  a  table,  portions  of  which  are  as  follows: 
Probability  that  a  Random  Sample  Gives  no  Better  Fit 


\ 
\x2 

1 

2 

3 

4 

6 

8 

10 

15     20 

i  ■ 
3 

.607 

.368 

.223 

.135 

.050 

.018 

.007 

.001   .000 

4 

.801 

.572 

.392 

.261 

.112 

.046 

.019 

.002  .000 

5 

.910 

.736 

.558 

.406 

.199 

.092 

.040 

.005   .000 

6 

.963 

.849 

.700 

.549 

.306 

.156 

.075 

.010   .001 

7 

.986 

.920 

.809 

.677 

.423 

.238 

.125 

.020   .003 

8 

.995 

.960 

.885 

.780 

.540 

.333 

.189 

.036   .006 

9 

.998 

.981 

.934 

.857 

.647 

.433 

,265 

.059   .010 

10 

.999 

.991 

.964 

.911 

.740 

.534 

.350 

.091   .018 

11 

1.000 

.996 

.981 

.947 

.815 

.629 

.440 

.132   .029 

12 

1.000 

.998 

.991 

.970 

.873 

.713 

.530 

.182   .045 

/\x2 
j      n\ 

8 

10 

12 

14 

16 

18 

20 

25       30 

10 

.534 

.350 

.213 

.122 

.067 

.035 

.018 

.003   .000 

n 

.629 

.440 

.285 

.173 

.100 

.055 

.029 

.005   .001 

12 

.713 

.530 

.363 

.233 

.141 

.082 

.045 

.009   .002 

13 

.785 

.616 

.446 

.301 

.191 

.116 

.067 

.015   .003 

14 

.844 

.694 

.528 

.374 

.249 

.158 

.095 

.023   .005 

15 

.889 

.762 

.606 

.450 

.313 

.207 

.130 

.035   .008 

16 

.924 

.820 

.679 

.526 

.382 

.263 

.172 

.050   .012 

17 

.949 

.867 

.744 

.599 

.453 

.324 

.220 

.070  .018 

18 

.967 

.904 

.800 

.667 

.524 

.389 

.274 

.095   .026 

19 

.979 

.932 

.847 

.729 

.593 

.456 

.333 

.125  .037 

20 

.987 

.953 

.886 

.784 

.657 

.522 

.395 

.161   .052 
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MENSURATION  FORMULAE 
Plane  Figures  Bounded  by  Straight  Lines 
The  area  of  a  triangle  whose  base  is  b  and  altitude  h 

2* 

The  area  of  a  triangle  with  angles  A,  £,  and  C  and  sides 
opposite  a,  bf  and  c,  respectively 

=  hab  sin  C. 


or  =  \/s(s  -  a)(s  -  b)(s  -  c), 

where  s  =  %{a  +b  +  c). 

A  rectangle  with  sides  a  and  b  has  an  area  =  ab. 

The  area  of  a  parallelogram  with  side  &  and  the  perpendicular 
distance  to  the  parallel  side  h 

=  bh. 

The  area  of  a  parallelogram  with  sides  a  and  b  and  the 
included  angle  6 

=  a&  sin  0. 

The  area  of  a  rhombus  with  diagonals  c  and  d, 

=  \cd. 

The  area  of  a  trapezoid  whose  parallel  sides  are  a  and  b  and 
altitude  h 

=  J  («  +  &)^- 

The  area  of  any  quadrilateral  with  diagonals  a  and  b  and  the 
angle  between  them  6 

=  \ab  sin  0. 

The  area  of  a  regular  polygon  with  n  sides,  each  of  length  I, 

=  \nl2  cot 

n 

For  a  regular  polygon  of  n  sides,  each  side  of  length  Z,  the 
radius  of  the  inscribed  circle, 

1  180 
=  -cot 

2  n 

The  radius  of  the  circumscribed  circle, 

I  180 

=  -cosec 

2  n 
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MENSURATION  FORMULAE  (Continued) 


Area,  Radius  of  Inscribed  and  Circumscribed  Circles  for 

Regular  Polygons 

I  =  length  of  one  side. 


Name, 


Number 
of  sides. 


Triangle,  equila- 
teral    3 

Square 4 

Pentagon 5 

Hexagon 6 

Heptagon 7 

Octagon 8 

Nonagon 9 

Decagon 10 

Undecagon 11 

Dodecagon 12 


Area. 


Radius  of 

inscribed 

circle. 


0.43301/2 
1.00000/2 
1.72048/2 
2.59808/2 
3.63391/2 
4.82843/2 
6.18182/2 
7.69421/2 
9.36564Z2 
11.19615/2 


0.28867/ 

0 .  50000/ 

0.68819/ 

0.86602/ 

1.0383/ 

1.2071/ 

1.3737/ 

1.5388/ 

1.7028/ 

1.8660/ 


Radius  of 

circumscribed 

circle. 


0.57735/ 

0.70710/ 

0.85065/ 

1.0000/ 

1.1523/ 

1.3065/ 

1.4619/ 

1.6180/ 

1.7747/ 

1.9318/ 


Radius  of  circle  inscribed  in  any  triangle,  whose  sides  are 

a,  b7  and  c,  where  s  =  J  (a  +  b  +  c) 

^/s(s  —  a)(s  —  b)(s  —  c) 


The  radius  of  the  circumscribed  circle 

abc 


4  \/s(s  —  a)(s  —  b)(s  —  c) 


The  perimeter  of  a  polygon  inscribed  in  a  circle  of  radius 
r,  where  n  is  the  number  of  sides, 


=  2nr  sin  — 
n 


(tt  radians  =  180°) 


The  area  of  the  inscribed  polygon, 


.     2tt 

=  hnr2  sin 

2  n 

The  perimeter  of  a  polygon  circumscribed  about  a 
circle  of  radius  r,  number  of  sides  n 


=  2nr  tan  -  • 
n 

The  area  of  the  circumscribed  polygon 

7T 


nr-  tan 


n 
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MENSURATION  FORMULAE  (Continued) 

Plane  Figures  Bounded  by  Curved  Lines 

The  circumference  of  a  circle  whose  radius  is  r  and  diam- 
eter d(d  =  2r) 

=  2irr  =  ttgL  (tt  =  3.14159) 

The  area  of  a  circle 

=  tt/-2  =  \ir(P  =  .785-W2. 
The  length  of  an  arc  of  a  circle  for  an  arc  of  0  degrees 

irrd 

~  180" 

Note. — In  this  and  following  similar  formula)  r  denotes  the 
radius  of  the  circle,  (OC,  Fig.  1). 
For  an  arc  of  0  radians  the  length 

=  rd. 


The  length  of  a  chord  subtending  an  angle  6. 

=  2r  sin  §0. 

The  area  of  a  sector  where  6  is  the  angle  between  the  radii 
in  degrees 

nr2d 
"  360' 

If  s  is  the  length  of  the  arc,  the  area  of  the  sector 

sr 
~  2  ' 

The  area  of  a  segment  where  0  is  the  angle  between  the  two 
radii  in  degrees 

irr2d       r2  sin  6 
""360  2 
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MENSURATION  FORMULAE  (Continued) 

If  0  is  in  radians  the  area  =  \r2{6  —  sin  0). 

The  area  of  the  segment  of  a  circle 

=  ^y  —  \  x  y/T%  —  x2  +  r2  sin-1  f  -  ) 

where  r  is  the  radius  of  the  circle  and  x  the  perpendicular  dis- 
tance of  the  chord  from  the  center.  The  angle  must  be  ex- 
pressed in  radians. 

The  area  of  the  ring  between  two  circles  of  radius  r\  and  r>y 
one  of  which  encloses  the  other, 

=  ttOi  -f  r2)  (ri  -  r2). 

The  two  circles  arc  not  necessarily  concentric. 

Area  of  the  sector  of  an  annulus.  (Fig.  2.) — If  angle 
GOH  =  0  and  the  lines  GO  and  JO  =  n  and  r2  respectively,  the 
aresiGHIJ      =  \6  (rj  +  r2)  (n  -  /••_>). 


]•  IG.   2 

If  Si  =  the  length  of  the  arc  GH  and  $•_>  =  the  arc  J I  and  // 
=  HI  =  r\  —  r2,  the  Sire&GHIJ      =  %h(si  -\-  s2). 
The  circumference  of  an  ellipse  whose  semiaxes  are  a  and  b 

V2      .  See  tables  of  elliptic  integrals 

^-  (approx.)  =  4a£  exactly.  for  ^  _  V/SEH 

The  area  of  an  ellipse  =  nab. 

The  length  of  the  arc  of  a  parabola,  as  arc  SPQ  in  Fig.  3r 
where  x  =  P#,  and  y  =  QP 


-2\ 


4^2  

i/2  +  -Sri  approx.  or  v  4z2  +  2/2  + 


y2  .       2x  +  V4x2  +  ?/2 
2x  y 

The  area  of  the  section  of  the  parabola  PQRS,  =  \xy. 

285 


MENSURATION  FORMULAE  (Continued) 

Solids  Bounded  by  Planes 

The  lateral  area  of  a  regular  prism  =  perimeter  of  a  right 
section  X  the  length. 

The  volume  of  a  regular  prism  =  area  of  base  X  the 
altitude. 

The  lateral  area  of  a  regular  pyramid,  slant  height  /, 
length  of  one  side  of  base  a,  and  a  number  of  sides  n, 


The  volume  of  a  pyramid  =  \  area  of  base  X  altitude. 

Q 


Fig.  3. 

Surface  and  Volume  of  Regular  Polyhedra 

Surface  and  volume  of  regular  polyhedra  in  terms  of  the 
length  of  one  edge  I. 


Name. 


Tetrahedron.  .  . 
Hexahedron  or 

cube 

Octahedron 
Dodecahedron  . 
Icosahedron .  .  . 


Nature  of  surface. 


4  equilateral  triangles 

6  squares 

8  equilateral  triangles 

12  pentagons 

20  equilateral  triangles 


Surface. 


1 .  73205Z2 


6.00000Z2 

3.46410Z2 

20 .  64573Z2 

8.66025Z2 


Voli 


0.11785/* 

1.00000/3 
0.47140/3 
7.66312/3 
2.18170P 


Solids  Bounded  by  Curved  Surfaces 
The  surface  of  a  sphere  of  radius  r  and  diameter  d(  =  2r) 

=  47rr2  =  ird2  =  12.57r2. 
The  volume  of  a  sphere 

=  |*r»  =  lTd3  =  4.189r3. 
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MENSURATION  FORMULAE  (Continued) 

The  area  of  a  lune  on  the  surface  of  a  sphere  of  radius  r,  in- 
cluded between  two  great  circles  whose  inclination  is  6  radians. 

=  2r20. 

The  area  of  a  spherical  triangle  whose  angles  are  A,  B,  and 
C  (radians)  on  a  sphere  of  radius  r 

=  (A  +B  +C  -  iv)r\ 

The  area  of  a  spherical  polygon  of  n  sides  where  0  is  the 
sum  of  its  angles  in  radians 

=  [6  -  (n  -  2)7r]r2. 

The  area  of  the  curved  surface  of  a  spherical  segment  of 
height  h,  radius  of  sphere  r 

=  2tt  rh. 
The  volume  of  a  spherical  segment,  data  as  above 

=  \*h2  (3r  -  h). 
If  a  =  radius  of  the  base  of  the  segment,  the  volume 

=  l*h(h2  +  3a2). 

The  curved  surface  of  a  right  cylinder  where  r  =  the 

radius  of  the  base  and  h,  the  altitude, 

=  2irrh. 
The  volume  of  a  cylinder,  data  as  above, 

=  7rr'2/l. 

The  curved  surface  of  a  right  cone  whose  altitude  is  h  and 
radius  of  base  r 


=  irr  \/r2  +  h2. 
The  volume  of  a  cone,  data  as  above, 

==  ^r%  =  1.047  r2h. 
o 

The  curved   surface  of  the  frustum  of  a  right  cone, 

radius  of  base  n,  of  top  r2  and  altitude  h, 

=  7r(n  +  n)  Vh2  +  (n  -  r2)2. 
The  volume  of  the  frustum  of  a  cone,  data  as  above, 

=  7T  g  (ri2  +  rir2  +  r22). 

The  oblate  spheroid  is  formed  by  the  rotation  of  an  ellipse 
about  its  minor  axis.  If  a  and  b  are  the  major  and  minor  semi- 
axes  respectively,  and  e  the  eccentricity,  the  surface 

h2  \  4-  p 

=  27ra2  -f  tt  -  log,  f±A 

e  \  —  e 

and  volume  =  ^ira2b. 
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MENSURATION   FORMULAE    (Continued) 

The  prolate  spheroid  is  formed  by  the  rotation  of  an  ellipse 
about  its  major  axis  (2a),  data  as  above. 

Surface  =2vrb*+2ir  ^sin  -% 

volume  =±<7Tab2. 

3 


SIMPSON'S  RULE   FOR  IRREGULAR  AREAS 

Divide  the  area  into  an  even  number  (2m)  of  panels  by 
means  of  2m .+  1  parallel  lines,  drawn  at  constant  distance  h 
apart;  and  denote  the  lengths  of  the  intercepted  segments  by 

yo,yi y2m-i,y2m.    The  first  and  last  of  these  may  be  zero. 

The  area  will  then  be 

A=jh[(y0+y2m)+4(y1+y34:... 

+y2m-i)+2(y2+y4+...+y2m-2)] 

While  the  formula  is  exact  in  many  simple  cases,  ordinarily 
the  formula  provides  only  an  approximation,  for  which  the 
accuracy  increases  with  an  increase  in  the  number  of  divi- 
sions. Simpson's  Rule  may  be  applied  to  finding  volumes, 
if  the  measures  yo>yi* ...,y2m  be  interpreted  as  the  areas  of 
parallel  plane  sections  at  constant  distance  h  apart. 


PRISMOIDAL  FORMULA 

As  a  special  case  where  ms=l,  and  H,  (  =  2h)  is  the  distance 
between  two  limiting  parallel  planes,  one  has  for  the  volume 
of  a  solid  figure, 

V=JH(S0+4S1  +  S2). 

Here  So  and  S2  are  the  cross-sectional  areas  in  these  limiting 
planes  (lower  and  upper  bases,  respectively),  and  Sj  is  the 
cross  section  of  the  mid-section.  The  formula  is  exact  for  the 
cone,  sphere,  ellipsoid,  and  prismoid. 
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TRIGONOMETRIC  FORMULAE 


TRIGONOMETRIC  FUNCTIONS  IN  A  RIGHT-ANGLED 

TRIANGLE 


If  A,  B,  and  C  are  the  vertices  (C  the  right  angle),  and  a,  b, 
and  h  the  sides  opposite  respectively, 


a 


sine  A  =  sin  A  =  T 


h 


cosine  A  =  cos  A  —  -p 
h 


tangent  A  =  tan  A   =  r> 
secant  A  =  sec  A  ■»  r> 


cotangent  A   =  cot  .1    =  ctn  A    —  -•> 


cosecant  A   =  esc  A   =  — 

a 


exsecant  A  =  exsec  A  = 

sec  A  —  1 

B       versine  A   =  vers  A   = 

1  —  cos  A 

\s^ 

coversine  A  =  covers  A  = 

a                                       1  —  sin  A 

haversine  A  —  hav  A  = 

§  vers  A 

C 

b 

Fig.  4. 

SIGNS  AND  LIMITS  OF  VALUE  ASSUMED  BY 
THE  FUNCTIONS 


Quadrant  I. 

Quadrant  II. 

Quadrant  III. 

Quadrant  IV. 

Function. 

Sign. 
+ 

Value. 

Sign. 

Value. 

Sign. 

Value. 

Sign. 

Value. 

sin 

Oto  1 

+ 

1  toO 

Oto  1 

1  to  0 

cos 

+ 

ltoO 

Oto  1 

— 

1  toO 

+ 

Oto  1 

tan 

+ 

0  to    oo 

— 

oo   to  0 

+ 

OtO    oo 

— 

oo   to  0 

cot 

+ 

oo  toO 

— 

Oto    oo 

+ 

oo  tO  0 

— 

OtO    oo 

sec 

+ 

1  to    oo 

— 

oo  to  1 

1  to    oo 

+ 

oo  to   1 

cosec . .  . 

+ 

oo   to  1 

+ 

1  to    oo 

—— 

oo  to  1 

~"— 

1  tO    oo 
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TRIGONOMETRIC  FORMULAE  (Continued) 


VALUE   OF  THE   FUNCTIONS   OF  VARIOUS 

ANGLES 

0°       30°       45° 

sin 0  \     JV2 

£OS 1      \y/Z      \y/2 

tan 0     iV3  1 

cot co       V3  1 


60° 

90° 

180° 

270  c 

JV3 

1 

0 

-1 

1 

2 

0 

-1 

0 

V3" 

oo 

0 

00 

W3 

0 

00 

0 

RELATIONS  OF  THE  FUNCTIONS 


sin  x 

cosec  x 

cos  X 

1 

~~secx 

tan  x 

1         sin  x 
cot  x      cos  x 

cot  X 

1         cosx 

~"  tan  x      sin  x 

sin  x   =  VI  —cos2  x. 


tan  x  =  Vsec2  x  —  1 . 


cosec  x   = 

sin  x 

1 

sec  x       = 

cos  X 

• 

sin2  a;  +cos2  x 

=  1 

1  +tan2  x 

=  sec2  x 

1+cot2  X 

= cosec2 

X 

cos  x      =  VI  — 

sin2  x. 

sec  x      =  Vtan 

2x  -fl. 

cosec  x  =  Vc°t2  a?  +  1. 


cot  x  =  Vcosec2  x  —  1 . 
sin  x   =cos  (90— x)=sin    (180— x). 
cos  x  =  sin   (90— x)  =  —  cos   (180— x). 
tana;  =cot  (90-x)  =  -tan  (180-x). 
cot  x  =tan  (90-x)  =  -cot   (180-x). 
eosec  x  =  cot  ~  —  cot  x. 

FUNCTIONS  OF  SUMS  OF  ANGLES 
sin  (x+y)  =sin  x  cos  i/+cos  x  sin  y. 
sin  (x—y)  =sin  x  cos  2/  — cos  x  sin  2/. 
cos  (x-fi/)  =cos  x  cos  1/— sin  x  sin  y. 
cos  (x— 2/)  =cos  x  cos  i/+sin  x  sin  y. 
tan  x+tan  2/ 


tan  (x+y) 


1  —tan  x  tan  y 


.        ,         N        tan  x— tan  1/ 

tan  (x-i/)=  — — t — —  • 

1  +tan  x  tan  y 


290 


TRIGONOMETRIC  FORMULAE  (Continued) 

FUNCTIONS  OF  MULTIPLE  ANGLES 

sin  2x  =  2  sin  x  cos  x. 

cos  2x  =  cos2  x—  sin2  x  =  2  cos2  x  —  1  =1—  2  sin2  x. 
sin  3x  =3  sin  x  —  4  sin3  x. 
cos  3x=4  cos3  x— 3  cos  x. 
sin  4x  =8  cos3  x  sin  x  —  4  cos  x  sin  x. 
cos  4x=8  cos4  x  — 8  cos2  x  +  1. 
sin  5x  =  5  sin  x  — 20  sin3  x  +  16  sin5  x. 
cos  5x  =  16  cos5  x  — 20  cos3  x+5  cos  x. 
sin  6x  =  32  cos5  x  sin  x  — 32  cos3  x  sin  x+6  cos  x  sin  x. 
cos  6x=32  cos6  x  — 48  cos4  x  +  18  cos2  x  — 1. 
2  tan  x 


tan  2x  = 
cot  2x  = 
tan  3x  — 


1  -  tan2  x 
cot2  x  - 1 
2  cot  x 
3  tan  x  — tan3  x 
l-3tan2x 


sin 


cos 


tan 


^x  =  ±  y~ 


cosx 


—  cos  x     1  —  cos  x       sin  x 


+cosx        sin  x        1-fcosx 


MISCELLANEOUS  RELATIONS 

sin  x  ±  sin  y  =  2  sin  \  (x±#).cos  £  (x^py). 
cos  x  +  cos  y  =  2  cos  ^  (x+y). cos  J  (x  — #). 
cos  x  —  cos  1/  =   —  2  sin  £  (x+2/).sin  J  (x—y). 

sin  (x±2/)  ±  sin  (x  db#) 

tan  x  ±  tan  y  = —  •    cot  x  dh  cot  1/  = 


cos  x .cos  i/  "       sin  x  •  sm  y 

1  +  tan  x  ,A  K  ,     N  cot  x  +  1  , .  r       x 

i         =  tan  (4t>+x)  —r L— :   =  cot  (45 -x) 

1  -  tan  x  cot  x  —  1  v  ' 

sin  x  ±  sin  i/  i  /    ,     s 

i =  tan  \  (x±y). 

cos  x  +  cos  y 

sin  x  db  sin  y  t  ,         x 

=  —cot  \  (x+v). 

cos  x  -  cos  y  2  K*^HJ 

sin  x  +  sin  y    _  tan  J  (x+#) 

sin  x  —  sin  2/  ""  tan  §  (x  —  y) 

sin2  x  —  sin2  y  =  sin  (x+2/).sin  (x—y). 

cos2  x  —  cos2  #  =  —sin  (x+y)  sin  (x  —  y). 

cos2  x  —  sin2  2/  =  cos  (x+y)  cos  (x— y). 
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RELATIONS   BETWEEN   SIDES  AND   ANGLES   OP 
ANY  PLANE  TRIANGLE 

In  a  triangle  with  angles  A,  B,  and  C  and  sides  opposite  a.  b. 
and  c  respectively, 

- — r  =  - — „=—. — ~=diameter  of  the  circumscribed  circle, 
sin  A     sin  B     sin  C 

a2  =  b2  +  c2-2bc  cos  A. 

a  =b  cos  C  +  c  cos  B. 

52    +    C2_    a2 

COS  A  = ;-r 

26c 

A  -  B      a  -  b        C 

tan - — = j— r-cot  -  • 

2  a  +  b         2 

2      

Sm  A==b~c^  s(s-«)  (s~*>)  (•-«). 


where      s  =  A(a-r-&  +  c)  and  r=  -J 


(s—a)  (s  —  b)  (s  —  c) 


.     A        /(s-6)  (s-c) 

sln-2  =  Vl^r 

A        ls(s—a) 
C0ST  =  V-^^- 


#-v 


(s  — 6)  (s  —  c)         r 


tan  „ 

s(s—a)  s—a 

a  +  b    sin  A  +  sin  B     tan£(A+E)  cot  J  C 


a  —  b    sin  A  —  sin  B    tan§(A—  B)     tan  %    (A—B) 


h=d 


sin  a:  sin  /3 
sin  (a+0) 


cot  a + cot  /3 

Similarly 

,      _.  sin  a  sin  /3' 
!      ft=dsin  08'  -a)  " 

I  cot  a  — cot  0' 

1 

1 


— -^  — 


Fig    fi. 
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TRIGONOMETRIC  FORMULAE  (Continued) 

RELATIONS   IN   ANY   SPHERICAL  TRIANGLE 

If  A,  B  and  C  be  the  three  angles  and  a,b,  and  c  the  opposite 
sides, 

sin  A  _sin  B  _sin  C 

sin   a     sin    b     sin  c 

,  •     t    •  4     cos  6  cos  ( c  ±  6 ) 

cos  a  =  cos  o  cos  c  +sin  o  sin  c  cos  A  = ■ • 

cos  6 

where     tan  0=tan  b  cos  A. 

cos  A  =  —  cos  B  cos  C+sin  B  sin  C  cos  a. 


v 


sin  (s  — 6)  sin  (s  —  c 


sin  £  . 

sin  o  sin  c 

where  s  =  i  (a  +  &  +  c )  • 


cosXA^Jsinssi".(s-a) 
l        sin  b  sin  c 

tan  h  A=^ 


sin  (s— a) 


,  sin  (s—a)  sin  (s  — 6)  sin  (s  —  c) 


v- 


sin  s 


/cos  (S-B)  cos  (S-C) 

COS   f  0=  <%/ : ~ — : ^ 

yj  sin  B  sin  C 

where  S  =  h(A  +  B  +  C). 

cos  S  cos  (S  —  A) 


sin  \  a  =  <J 


sin  B  sin  C 
tan  \  a  =  #  cos  (S  —  A ) 

Vcos  (S-A)  cos  (S-B)  cos    (S-C) 
a  +  b 


-cos  S 
where  R 


tan 


tan    -| 

a  —  b 

tan— r — 


A  -  B 

tUs 

2 

A+B 

LUa 

9 

A  -  B 

sin 

2 

sin 

A+B 

+  B 

£ 

,c 

cot  f 

-  B 

tan  ■      2 

c 


COS 

a 

-  b 

2 

COS 

sin 

a 

+  b 

a 

2 

-  b 

2 

sin 

a 

+  b 

c 

tan    —  sin  — ^ cot  2 

hav  a  =  hav  (6  ^  c)  +  sin  6  sin  c  hav  A 

\/hav  [a  +  (6  ^  c)]  hav  [a  — ■  (6  ^  c)] 


hav  A 


sin  b  sin  c 
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ANALYTICAL  GEOMETRY 

The  distance  between  two  points  xx  yh  and  x2y  y2j  — rec- 
tangular coordinates: 

d  -  ±  V(x2  -  xxy  +  (2/2  -  yi) 2 

For  polar  coordinates  and  points  /1,  0i,  and  r2,  02: 

d  =   ±  Vri2  +  r22  -  2ri/-,  cos  (0i  -  02) 

The  area  of  a  triangle  whose  vertices  are  xi,  y\\  x2,  2/2,  and 

x,,  v/3: 

A  =  h(xiy->  —  x2yi  +  £22/3  —  x*y2  +  z3?/i  —  xiy3) 
For  polar  coordinates  and  vertices,  ri,  0i;  r2,  02,  and  r3,  0s: 
,4   =  i{  (nr2  sin  (0,  -  0i)  +  r2r3  sin  (03  -  02 )  +  r3ri  sin  (0X  -  03)  | 

The  equation  of  a  straight  line  where  m  is  the  tangent  of 
the  angle  of  inclination  and  c,  the  distance  of  intersection  with 
the  Y  axis  from  the  origin: 

y  =  mx  -f-  r 

If  a  line  of  slope  m  passes  through  the  point  Xi,  y\  its 
equation  is: 

y  —  in  =  rn{x  -  xx) 
The  equation  of  a  line  through  the  points  xi,  2/1,  and  x2j  y2  is: 

y  -  Hi  ==    x  -  xi 
2/2  -  2/1       x2  —  xi 

If  the  intercepts  on  the  X  and  Y  axes  are  a  and  b  respectively, 
the  equation  is: 

a       0 

If  the  length  of  the  perpendicular  from  the  origin  is  p  and  its 
angle  of  inclination  0  the  equation  is: 

x  cos  0  +  ?/  sin  0  —  p 

General  equation  of  the  straight  line: 

Ax  +  By  +  C  =  0 

The  equation  of  a  circle  whose  center  is  at  a,  6,  and  whose 
radius  is  c: 

(x  -  a)2  +  (2/  -  b)2  =  c2 
If  the  origin  is  at  the  center: 

x2  +  2/2  =  c2 

The  polar  equation  of  a  circle  with  the  origin  on  the  circum- 
ference and  its  center  at  point  c,  a: 

r  —  2c  cos  (0  —  a). 

If  the  origin  is  not  on  the  circumference,  the  radius  a  and  the 
center  at  a  point,  I,  a,  the  equation  becomes: 

a2  =  r2  +  I2  -  2rl  cos  (0  -  a) 
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ANALYTICAL  GEOMETRY  (Continued) 

The  equation  of  a  parabola  with  the  origin  at  the  vertex, 
where  /  is  the  distance  from  the  focus  to  the  vertex: 

y2  =  ±fx 

If  p  is  the  semi-latus  rectum  (  =2/)  the  equation  is: 

y2=2px 

The  polar  equation  where  the  pole  is  at  the  focus  and  p  the 
semi-latus  rectum  is: 

V 
r  = 


1  —  cos  0 

If  the  pole  is  at  the  vertex  and  p  as  above: 

2p  cos  Q 


r  = 


sin2  Q 


The  equation  of  the  ellipse  with  the  origin  at  the  center  and 
semi-axes  a  and  b: 

a2^b2 

Polar  equation  where  the  pole  is  at  the  center: 

r,__  a*b* 

a2  sin2  d  +  b2  cos'2  6 

The  equation  of  the  hyperbola  with  the  origin  at  the  center, 
semi-axes  a  and  b: 

a2     b2 
Polar  equation,  pole  at  center: 

^2 


a2  sin2  6-b2  cos2  0 
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HYPERBOLIC  FUNCTIONS 


Definitions 

An  hyperbolic  function 
represents  a  relation  be- 
tween the  coordinates  of  a 
given  portion  on  the  arc 
of  a  rectangular  hyperbola. 

If  O  is  the  center,  A  the 
vertex,  and  P  any  point  of 
the  hyperbola  APB, 

OM  =  x, 

MP  =y, 


OA  =  a. 

The  function  u  may  be 
denned  by  the  following 
relation, 

2  X  Area  OAP 

U= OA* 

The  hyperbolic  sine  of  u  —  sinh  u  —  y/a. 
The  hyperbolic  cosine  of  u  =  cosh  u  =  x/a. 


sinh  u  =  ~(eu 


e^  =  "  +  31  +  M  + 


w 


u* 


cosh  u  =  =  (e"  +  «-")  -  1  +  o-j  +  T1  + 


tr 


2w5 


tanh  u  =  u  —  ■—■  +  , 
o  15 


2 

\7v? 


sinh-1  u 


+ 


("2  <  r2) 


1       ^3  ^3      ^5  I.3.5      ^7 

W       2  '  3    +  2  -4  '  5        2-4-6*74~ 


sinh-i  u  =  log  2u  +  i  .  JL  -  ~  .—  + 


cosh""1  w  —  log  2w 


1  1_ 

2  '2u2 


2-4    4u< 
1 -3-5    J_ 
2  •  4  •  6  '  6w6 

1  -3     J_ 

2  •  4  '  4u4 
1-3-5    J_ 
2  •  4  •  6  '  6u6 


U^  U'*  V? 

tanh-1  v,  =  tt+-g+g-+y  + 


(u2  <  1). 
(u2  >  1). 

(w2  >  1). 
(u2  <  1). 


tanh  u  = 


sinh  tt 
cosh  u 


sech  u  = 


cosh  u 
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HYPERBOLIC  FUNCTIONS  (Continued) 

coth  u  =  - — ; csch  u 


tanh  u  sinh  u 

Relations  of  the  Functions 

sinh  x  =   —sinh  (—x).  sech  x  =  sech  (—x). 

cosh  x  =  cosh  (—  x).  csch  x  =   —csch  (—x). 

tanh  x  =   —tanh  (—a:).  coth  x  =   —  coth(— x). 

2  tanh  \x  tanh  x 


sinh  x  =  t—  ,-i-r-  = 

cosh  z  = 


1  -  tanh2  \x       y/i  _  tanh2  x 
1  +  tanh2  |a;  1 


1  -  tanh2  \x       y !  _  tanh2  x 
cosh2  x  —  sinh2  a:  =  1. 

tanh  x  —  \/l  —  sech2  x.         sech  x  =  \/\  —  tanh2  x. 
coth  x  =  \/csch2  x  +  1.         csch  x  =  v'coth2  x  —  1. 

sinh  (Jx)  ==  \/£(cosh  x  —  1). 

cosh  {\x)  =  x/^cosh  x  -f  1). 

tanh  {\x)  =  (cosh  x  —  1)  -4-  sinh  x  =  sinh  x  4-  (cosh  x  +  1). 

sinh  (2x)  =  2  sinh  x  cosh  x. 

cosh  (2x)  =  cosh2  x  +  sinh2  x  =  2  cosh2  x  —  1  =1+2  sinh2  x 

tanh  (2x)  =  2  tanh  x  -5-  (1  +  tanh2  x). 

sinh  3x  =  3  sinh  x  +  4  sinh3  x. 

cosh  3x  =  4  cosh3  x  —  3  cosh  x. 

tanh  3x  =  (3  tanh  x  +  tanh3  x)  -*■  (1  +  3  tanh2  x). 

sinh  (x  ±  z/)  =  sinh  x  •  cosh  y  ±  cosh  x  •  sinh  y. 

cosh  (x  ±  y)  =  cosh  x  •  cosh  y  ±  sinh  x  •  sinh  ?/. 

tanh  (x  ±  y)  =  (tanh  x  ±  tanh  y)  -?-  (1  ±  tanh  x  •  tanh  y). 

sinh  x  -f-  sinh  y  =  2  sinh  J(x  +  ?/)  •  cosh  \{x  —  y). 

sinh  x  —  sinh  y  =  2  cosh  |(s  +  2/)  *  sinh  \{x  —  y). 

cosh  x  -+-  cosh  y  =  2  cosh  J(x  +  */)  ■  cosh  J(x  —  y). 

cosh  x  —  cosh  y  =  2  sinh  £(x  +  2/)  ■  sinh  ^(x  —  y). 

.  ,        .         .  1  +  tanh  Jx 

sinh  x  +  cosh  x  =  z — -, — r- 

1  —  tanh  ix 

,         ,  i  sinh  (x  ±  y) 

tanh  x  ±  tanh  y  =  r r^-  • 

cosh  x  cosh  t/ 

i.v       _i_      xi.  .    sinh  (x  ±  ?/) 

coth  x  ±  coth  !/  =   ±  -r-^- •   i      • 

sinh  x  sinh  y 

Inverse  Functions 

dx 


sinh"1  x  =  log  (x  +  \/z2  +  1)  =    f 


Vz2  +  1  _ 

cosh"1  y/x2 
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HYPERBOLIC  FUNCTIONS  (Continued) 

dx 


cosh-1  x  =  log  (x  +  \/x2  —  1)  =    I 


V*2  -  i  

sinh"1  \/x2  —  1. 


tanh"1  x  =  ^  log  (1  +  x)  -  ^  log  (1  -  x)  =  J1  _*g2- 
coth-1  x  =  i  log  (1  +  x)  -  i  log  (x  -  1)  =  Jj-^5- 
sech-1  x  =  log  f-  +  \/A  -  l)  -  -  f— 7^ 

csch-1  x  =  log  f  i  +  a/1  +  i)  =   -  f,      &        . 
&  \x        \  x2         y  J  a-^i  +  ! 

Relations  to  Circular  Functions 


sinh  x  =  —i  sin  zx. 

sinh  ix  =  i  sin  x. 

cosh  x  =  cos  ix. 

cosh  ix  =  cos  x. 

tanh  x  =  —i  tan  tx. 

tanh  ix  =  i  tan  x 

If  x  =  log  tan  (  t  +  9  )   =  l°g  (sec  0  +  tan  0), 

0  =  the  gudermannian  of  x  =  gd  x. 

sinh  x  =  tan  gd  x.  tanh  x  =  sin  gd  x. 

cosh  x  =  sec  gd  x.  tanh  J  x  =  tan  \  gd  x. 

d  gd  x  . 

— ^ —  =  sech  x. 
ax 

Differentials 

d  sinh  x  =  cosh  x  •  dx.  d  coth  x  =   —  csch2  x  •  dx. 

d  cosh  x  =  sinh  x  •  dx.  d  sech  x  =   —sech  x  •  tanh  x  •  dx. 

d  tanh  x  =  sech2  x  •  dx.         d  csch  x  =   —csch  x  •  coth  x  •  dx. 

d  sinh-1  x  =  — .  d  coth-1  x  = 


Vl  + 


x2  -  1 


d  cosh-1  x  =  —  •         d  sech-1  x  = 


-\/x2  —  1  x\/l  —  X 

d  tanh-1  x  =  z =•  d  csch-1  x  = 


1    -   X2  Xy/X2    +   I 

Integrals  involving  the  hyperbolic  functions  will  be  found  in 
the  table  of  integrals. 
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ELLIPTIC  FUNCTIONS 

u  =  F(k,  <j>)  =    f  *    ,       d<i>    =>  (k2  <  1), 

JO  y/\  -  k*  sin2  j> 

=  elliptic  integral  of  the  first  kind. 

—  —  >       where  x  =  sin  <t>. 

o  V(l  -  x2)(l  -  &2z2) 

<>  is  called  the  amplitude  of  u  or  am  u. 
k  is  called  the  modulus. 

k'  =  \/l  —  k2  =  the  complementary  modulus. 

x 


sin  <f>  =  sn  u  =  x.         tan  <f>  =  in  u 


vr 


cos  </>  =  en  u  =  \/l  —  #2.  A<£  =  dn  u  =  \/l  —  k2x2. 

am  0  =  0.  sn  0  =  0. 

cnO  =  1.  dnO  =  1. 

am(-w)  =   —  am  u.  sn  (  —  u)  =   -snu. 

en  (  —  u)  =  en  u.  dn  (  —  u)  =  dn  u. 

tn  (  —  u)  =   —  tn  u. 
sn2  u  +  en2  u  =  1. 
dn2  u  +  /c2  sn2  m  =  1. 
dn2  m  -  fc2  en2  w  =  1  -  k2  =  fc'2. 


E(<f>,  k)  =    f  *\/l  -  &2  sin2  tf> 


d<£ 


=/. 


Vl  -  &2*2  ,  , 

=-  ax  where  x  =  sin  <f>. 


fo     Vl  - 
=  the  elliptic  integral  of  the  second  kind. 

Complete  Elliptic  Integrals 

V/2  d<f> 


*-Jt 


\/l  -  k2  sin  2  <£ 

/•tt/2        , 

E  =    I       VI  -  ^2  sin2  <£  d</>. 
See  tables  of  values,  page  233-235. 
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ATOMIC   WEIGHTS 

Values  in  parentheses  are  approximate  only  and  have  not  been  adopted  by 


the  Committee  on  Atomic  Weights. 

Name 

Symbol 

At. 
No. 

International 
atomic  weight 

Valence 

1925 

1942 

Actinium 

Ac 

Ab 

Al 

Sb 

A 

As 

Ba 

Be 

Bi 

B 

Br 

Cd 

Ca 

C 

Ce  " 

Cs 

CI 

Cr 

Co 

Cb 

Cu 

Dy 

Er 

Eu 

F 

Gd 

Ga 

Ge 

Au 

Hf 

He 

Ho 

H 

11 

In 

I 

Ir 

Fe 

Kr 

89 
85 
13 
51 
18 
33 
56 

4 
83 

5 
35 
48 
20 

6 

'  58  ' 
55 
17 
24 
27 
41 
29 
66 
68 
63 

9 
64 
31 
32 
79 
72 

2 
67 

1 
61 
49 
53 
77 
26 
36 

'26^97' 

121.77 
39.91 
74.96 

137.37 
9.02 

209 . 00 
10.82 
79.916 

112.41 
40.07 
12.000 

140*25  ' 

132.81 
35.457 
52.01 
58.94 
93.1 
63.57 

162.52 

167.7 

152.0 
19.00 

157.26 
69.72 
72.60 

197.2 

"4!66* 
163.4 
1.008 

iii*8  ' 

126.932 
193.1 

55.84 

82.9 

(227) 
(221) 
26.97 

121.76 
39.944 
74.91 

137.36 
9.02 

209.00 
10.82 
79.916 

112.41 
40.08 

12.01 

I 

140*.  i3* 

132.91 
35.457 
52.01 
58.94 
92.91 
63.57 

162.46 

167.2 

152.0 
19.000 

156.9 
69.72 
72.60 

197.2 

178.6 
4.003 

164.94 
1.0080 
(146) 

114.76 

126.92 

193.1 
55.85 
83.7 

Alabamine  (?) 

1,  3,  5,  7 

Aluminum 

3 

Antimony,  stibium 

Argon 

3,  5 
0 

Arsenic 

3,  5 

Barium 

2 

Beryllium,  glucinum 

Bismuth    .          

2 
3,  5 

Boron 

3 

Bromine 

1,3,  5,  7 

Cadmium. .          

2 

Calcium 

2 

Carbon 

2.  4 

Cassiopeium,  see  Lutecium. 
Cerium 

'   3,  4* 

Cesium 

1 

Chlorine 

1,3,5,7 

Chromium           

2,  3,  6 

Cobalt 

2,  3 

Columbium,  niobium 

Copper         

3,  5 
1,  2 

Dysprosium 

3 

Erbium 

3 

2,  3 

Fluorine           

1 

Gadolinium.        

3 

Gallium              

2,  3 

Germanium 

Gold,  aurum 

4 
1,  3 

Hafnium,  celtium 

Helium .        

4 
0 

Holmium 

3 

Hydrogen 

1 

Illinium  ,  * 

(3) 
3 

Iodine . .        

1,3,5,  7 

Iridium 

3,  4 

Iron,  ferrum 

2,  3 

Krypton . .        

0 
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ATOMIC  WEIGHTS  (Continued) 


Name 


Symbol 


At. 
No. 


International 
atomic  weight 


1925 


1942 


Valence 


Lanthanum 

Lead,  plumbum 

Lithium 

Lutecium 

Magnesium 

Manganese 

Masurium 

Mercury,  hydrargyrum. 

Molybdenum 

Neodymium 

Neon 

Nickel 

Niton,  see  Radon 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Polonium 

Potassium,  kalium 

Praseodymium 

Protoactinium 

Radium 

Radon,  niton 

Rhenium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver,  argentum 

Sodium,  natrium 

Strontium 

Sulfur 

Tantalum 

Tellurium 

Terbium. 

Thallium 

Thorium 

Thulium 

Tin,  stannum 

Titanium 

Tungsten,  wolframium. 

Uranium 

Vanadium 

Virginium  (?) 

Xenon 

Ytterbium 

Yttrium 

Zinc 

Zirconium 


La 

Pb 

Li 

Lu 

Mg 

Mn 

Ma 

Hg 

Mo 

Nd 

Ne 

Ni 


N 

Os 

O 

Pd 

P 

Pt 

Po 

K 

Pr 

Pa 

Ra 

Rn 

Re 

Rh 

Rb 

Ru 

Sm, 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tb 

Tl 

Th 

Tm 

Sn 

Ti 

W 

U 

V 

Vi 

Xe 

Yb 

Y 

Zn 

Zr 


Sa 


57 
82 
3 
71 
12 
25 
43 
80 
42 
60 
10 
28 

76 
8 
46 
15 
78 
84 
19 
59 
91 
88 
86 
75 
45 
37 
44 
62 
21 
34 
14 
47 
11 
38 
16 
73 
52 
65 
81 
90 
69 
50 
22 
74 
92 
23 
87 
54 
70 
39 
30 
40 


138.90 
207 . 20 

6.940 
175.0 
24.32 
54.93 

200 !ei" 
96.0 

144.27 
20.2 
58.69 

iiioos 

190.8 

16.000 
106.7 

31.027 
195.23 

' 39 ! 096 
140.92 

225;95* 
222 

i02!9i' 
85.44 
101.7 
150.43 
45.10 
79.2 
28.06 
107.880 
22.997 
87.63 
32.064 
181.5 
127.5 
159.2 
204 . 39 
232.15 
169.4 
118.70 
48.1 
184.0 
238.17 
50.96 

i36!2" 

173.6 
88.9 
65 .  38 
91 


13-8.92 
207.21 

6.940 
174.99 
24.32 
54.93 

200 '.  61 
95.95 

144.27 
20.183 
58.69 

i4!6o8 

190.2 
16.000 

106.7 
30.98 

195.23 
(210) 
39.096 

140.92 

231 

226.05 

222 

186.31 

102.91 
85.48 

101.7 

150.43 
45.10 
78.96 
28.06 

107 . 880 
22.997 
87.63 
32.06 

180.88 


61 
2 


127 

159 

204 . 39 

232.12 

169.4 

118.70 

47.90 

183.92 

238.07 

50.95 

(224) 

131.3 

173.04 

88.92 

65.38 

91.22 


3 
2,  4 
1 
3 
2 
2. 3,  4, 6, 7 

3,  4,  6 

3 

0 

2,  3 


3,  5 

2,  3,4,8 

2 

2,  4 

3,  5 
2,  4 


3 

1 
3,4,6,8 

3 

3 
2,4,6 

4 

1 

1 

2 
2,  4,  6 

5 
2,  4,  6 

3 

1,  3 
4 
3 

2,  4 

3,  4 
6 

4,  6 
3,  5 
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Revised  by  Harrison  Hale 

The  most  striking  fact  about  the  elements  is  their  unequal 
distribution  and  occurrence.  In  the  earth's  crust,  including  the 
ocean  and  the  atmosphere,  F.  W.  Clarke  reported  after  careful 
calculation  that  oxygen  makes  up  50%  and  silicon  25%,  the  two 
elements  being  three-fourths  of  all  matter.  Further  he  con- 
cludes that  twelve  elements  form  99  %  of  all  this  material,  leav- 
ing only  1%  for  the  other  eighty  elements.  Fully  half  of  the 
elements  are  of  minor  commercial  importance  at  present.  No 
one  knows  when  an  element  may  become  of  unusual  commercial 
importance.  Several  theories  have  been  suggested  to  explain 
this  wide  difference  in  occurrence,  but  none  of  these  is  generally 
accepted.  Of  the  twelve  most  common  elements  only  one  has 
an  atomic  weight  of  more  than  40,  iron  with  56.  The  lightness 
of  these  common  elements  is  emphasized  by  the  heaviness  of 
twelve  or  more  other  elements  with  atomic  weights  above  200. 
And  yet  by  no  means  are  all  the  light  elements  common. 

Actinium  (Gr.  aktis,  aktinos,  beam  or  ray),  Ac;  at.  wt.  227 
(approx.);  at.  no.  89.  Discovered  in  1899  by  Andre  Debierne 
and  independently  by  F.  Giesel  in  1902.  Radioactive,  decom- 
posing into  other  elements  of  smaller  atomic  weight  at  certain 
intervals  of  time.      (See  Radioactive  Elements.) 

*Alabamine  (State  of  Alabama),  Ab;  at.  wt.  221;  at.  no.  85; 
valence  1,  3,  5  or  7.  Discovered  in  1931  by  Dr.  Fred  Allison  and 
co-workers  at  Alabama  Polytechnic  Institute,  by  the  magneto- 
optic  method  of  analysis.  Minima  for  HAb,  HAbO,  HAb03 
and  HAbC>4.  were  measured.  Ab  can  be  oxidized  in  alkaline 
solution  but  more  readily  in  acid  solution.  The  peralabamates 
are  the  most  stable  compounds.     (Existence  questioned  Ed.) 

Aluminum  (L.  alumen,  alum),  Al,  at.  wt.  26.97;  at.  no.  13; 
imp.  659.7°C;  b.p.  1800°C;  sp.  gr.  2.699  (20°C);  valence  3. 
Wohler  is  generally  accredited  with  obtaining  the  metal  in  1827, 
though  an  impure  form  was  prepared  by  Oersted  two  years 
earlier.  The  method  of  obtaining  the  metal  by  electrolysis  of 
pure  alumina  dissolved  in  cryolite  was  patented  independently 
by  Hall  in  the  United  States  and  Heroult  in  France,  soon  after 
its  discovery  in  1886.  Although  aluminum  occurs  in  larger 
quantities  than  any  other  metal,  ranking  third  among  all  ele- 
ments, it  does  not  appear  free.  It  is  found  as  the  silicate  in 
clays,  feldspars,  etc.,  while  the  commercial  ore  at  present  is 
bauxite,  an  impure  hydrated  oxide.  Its  production  from  clay  is 
possible.  The  metal  is  white  and  strongly  resists  the  action  of 
the  air,  becoming  covered  with  a  white  oxide  coating  in  time;  it 
was  selected  as  the  cap  for  Washington's  monument,  and  is 
widely  used  for  outside  building  decoration.  It  stands  second 
among  metals  in  the  scale  of  malleability,  sixth  in  ductility. 
The  electrical  conductivity  is  about  60  %  that  of  copper  per  area 
of  cross-section,  but  aluminum  is  much  lighter,  giving  it  use  for 
transmission  lines.  It  is  but  slightly  magnetic  and  is  strongly 
electro-positive,  so  that  in  contact  with  many  other  metals  it 
corrodes  rapidly.  Its  many  alloys  have  strength  and  lightness, 
finding  increasing  use.  The  compounds  of  greatest  importance 
are  its  oxide,  its  sulfate,  and  its  double  sulfate  with  potassium 

*  See  element  85  at  end  of  list. 

305 


THE  ELEMENTS  (Continued) 

(alum).  The  oxide,  alumina,  occurs  naturally  as  ruby,  sapphire, 
corundum  and  emery,  and  is  very  hard,  ranking  next  to  the 
diamond.  War's  necessit}'  has  increased  greatly  the  aluminum 
produced  and  this  will  widely  extend  its  use  in  time  of  peace. 
In  1856  the  price  was  about  $90  a  pound;  thirty  years  later  just 
before  Hall's  discovery  about  $5.  Then  the  price  dropped 
rapidly  to  30  £  and  has  gone  as  low  as  15^. 
*  Antimony  (L.  antimonium),  Sb  (L.  stibium,  mark);  at.  wt. 
121.76;  at.  no.  51;  m.p.  630.5°C;  b.p.  1380°C;  sp.  gr.  6.691 
(20°C);  valence  3  or  5.  Recognized  in  compounds  by  the 
ancients ;  known  as  a  metal  at  the  beginning  of  the  seventeenth 
century  and  possibly  before  that  date.  Antimony  is  a  metallic 
element,  common,  but  neither  abundant  nor  widely  diffused; 
sometimes  found  native,  but  more  frequently  as  the  sulfide. 
stibnite  (Sb2S3) ;  also  as  antimonides  and  sulfantimonides  of  the 
heavy  metals,  and  as  oxides.  It  is  extracted  from  the  sulfide  by 
roasting  to  the  oxide,  which  is  reduced  by  salt  and  scrap  iron; 
from  its  oxides  it  is  also  prepared  by  reduction  with  carbon. 
Antimony  is  an  extremely  brittle  metal  of  a  flaky,  crystalline 
texture,  blue-white  color  and  metallic  luster;  hardness,  3  to  3.5; 
not  acted  on  by  air  at  room  temperature,  but  burns  brilliantly 
when  heated  with  formation  of  white  fumes  of  oxide  Sb203.  It  is 
a  poor  conductor  of  heat  and  electricity.  Important  alloys 
include  type  metal  and  friction  reducing  metals.  The  prin- 
cipal compounds  are  the  sulfides,  chlorides,  and  tartar  emetic 
(hydrated  potassium  antimonyl  tartrate). 

Argon  (Gr.  argon,  inactive),  A;  at.  wt.  39.944;  at.  no.  18; 
m.p.  -189.2°C;  b.p.  -185.7°C;  density  1.78394  g/1;  valence  0 
(does  not  combine  with  any  other  element).  Its  presence  in  air 
was  suspected  by  Cavendish  in  1785;  discovered  by  Lord 
Rayleigh  and  Sir  William  Ramsay  in  1894.  The  gas  is  prepared 
by  fractionation  of  liquid  air,  the  atmosphere  containing  0.94% 
argon.  It  is  2 \  times  as  soluble  in  water  as  nitrogen,  having 
about  the  same  solubility  as  oxygen;  best  recognized  by  the 
characteristic  lines  in  the  red  end  of  the  spectrum.  It  is  used  in 
electric  light  bulbs  and  in  fluorescent  tubes  at  a  pressure  of  about 
3  mm. 

Arsenic  (L.  arsenicum,  Gr.  arsenikon,  yellow  orpiment — 
identified  with  arsenikos,  male,  from  the  belief  that  metals  were 
of  different  sexes — Arab,  az-zernikh,  the  orpiment  from  Persian 
zerni-zar.  gold-),  As;  at.  wt.  74.91;  at.  no.  33;  m.p.  sublimes 
(500°C  m.p.  under  pressure);  b.p.  615°C;  sp.  gr.  5.73;  valence 
3  or  5.  The  amorphous  form  of  arsenic  has  a  sp.  gr.  of  3.70.  It 
is  believed  that  Albertus  Magnus  obtained  the  element  in  1250. 
In  1649  Schroeder  published  two  methods  of  preparing  it. 
Found  native,  in  sulfides,  realgar  and  orpiment,  as  arsenides  and 
sulfarsenides  of  heavy  metals  and  as  oxide,  and  arsenate. 
Mispickel  or  arsenopyrite  (FeSAs)  is  the  most  common  mineral, 
from  which  on  heating  the  arsenic  sublimes  leaving  ferrous 
sulfide.  The  element  is  a  steel  gray,  very  brittle,  crystalline, 
semi-metallic  solid,  which  sublimes  on  heating,  being  deposited 
partly  as  crystals  and  partly  as  a  black,  amorphous  solid;  it 
tarnishes  in  air  and  when  heated  is  rapidly  oxidized  to  arsenous 

*  Americium,  see  end  of  li^t. 
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oxide  (AS2O3)  with  the  odor  of  garlic.  Though  the  free  ele- 
ment is  not  considered  poisonous,  many  of  its  compounds  are 
extreme^  so,  being  used  as  insecticides.  Arsenic  is  also  used  in 
bronzing  pyrotechny,  and  for  hardening  and  improving  the 
sphericity  of  shot.  The  most  important  compounds  are  white 
arsenic  (AS2O3),  the  sulfide,  Paris  green  (CuHAs03),  calcium 
arsenate  and  lead  arsenate,  the  last  three  being  used  in  agricul- 
tural poisons.  Marsh's  test  makes  use  of  the  formation  and 
ready  decomposition  of  arsine  (AsH3).  Important  war  gases  as 
Adamsite  and  Lewisite,  are  compounds  of  arsenic. 

Barium  (Gr.  barys,  heavy),  Ba;  at.  wt.  137.36;  at.  no.  56; 
m.p.  850°C;  b.p.  1140°C;  sp.  gr.  3.5  (20°C) ;  valence  2.  Baryta 
was  distinguished  from  lime  by  Scheele  in  1774;  the  element  was 
discovered  by  Sir  Humphry  Davy  in  1808.  It  is  found  only  in 
combination  with  other  elements  chiefly  in  barite  or  heavy  spar 
(sulfate)  and  witherite  (carbonate)  and  is  prepared  by  electroly- 
sis of  the  chloride.  Barium  is  a  metallic  element,  soft  and 
silvery  white  like  lead;  it  belongs  to  the  alkaline  earth  group, 
resembling  calcium  chemically.  The  most  important  com- 
pounds are  the  peroxide  (Ba02),  chloride,  sulfate,  carbonate, 
nitrate  and  chlorate.  The  sulfate,  as  permanent  white  or  blanc 
fixe,  is  used  in  paint,  the  carbonate  as  a  rat  poison,  while  the 
nitrate  and  chlorate  give  green  colors  in  pyrotechny.  The 
sulfide  phosphoresces  after  exposure  to  the  light.  The  com- 
pounds are  not  expensive  and  the  metal  is  not  in  great  demand. 

Beryllium  (L.  fr.  beryl;  also  called  Glucinum,  Gr.  glykys, 
sweet),  Be;  at.  wt.  9.02;  at.  no.  4;  m.p.  1350°C;  b.p.  1500°C 
(5  mm.)  sp.  gr.  1.8  (20°C);  valence  2.  Discovered  as  the  oxide 
by  Vauquelin  in  beryl  and  in  emerald  in  1798;  the  metal  was 
isolated  in  1828  by  Wohler  and  by  Bussy  independently. 
Beryllium  aluminum  silicates  are  the  chief  sources  of  the  metal 
today.  It  is  prepared  by  electrolysis  of  the  double  fluoride, 
K2BeF4.  Hard  enough  to  scratch  glass,  the  metal  resembles 
magnesium  in  appearance  and  chemical  properties.  Its  soluble 
compounds  are  sweet.  Its  alloys  are  strong,  light  and  resistant 
to  corrosion.  The  metal  is  widely  found,  but  in  only  small 
quantities  of  ore.  The  use  in  light  alloys  is  increasing  with  the 
decrease  in  price  of  the  metal.  Addition  of  small  amounts 
brings  to  the  alloy  much  higher  fatigue  endurance. 

Bismuth  (Ger.  Weisse  Masse,  white  mass;  later  Wismuth). 
Bi;  at.  wt.  209.00;  at.  no.  83;  m.p.  271.3°C;  b.  p.  1450°C;  sp.  gr, 
9.78  (20°C) ;  valence  3  or  5.  In  early  times  bismuth  was  con- 
fused with  tin  and  lead.  Claude  GeofTroy  showed  it  to  be 
distinct  from  lead  in  1753.  It  is  a  white,  crystalline,  brittle 
metal  with  a  pinkish  tinge.  It  occurs  native,  but  the  common 
ore  is  the  sulfide,  bismuthinite;  from  this  it  is  extracted  by  melt- 
ing out  the  free  metal,  the  oxides  and  sulfides  being  decomposed 
by  the  addition  of  carbon  and  iron.  It  is  also  recovered  as  a 
by-product  in  lead  smelting.  Bismuth  is  a  poor  conductor  of 
electricity,  is  very  diamagnetic,  solidifies  with  expansion,  heated 
in  air  it  burns  with  a  blue  flame  forming  yellow  fumes  of  the 
oxide.  It  forms  many  alloys  with  metals,  which  are  often  used 
for  their  property  of  low  melting  (fusible  metals)  and  because  of 
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their  expansion  on  cooling,  making  them  particularly  suited  for 
sharp  castings  of  objects  subject  to  damage  by  high  tempera- 
tures. Its  soluble  salts  are  characterized  by  forming  insoluble 
basic  salts  on  the  addition  of  water — a  property  sometimes  used 
in  detection.  The  important  compounds  are  the  trioxides  and 
the  subnitrates  of  medicinal  use,  (pearl  white,  pearl  powder, 
blanc  de  fard  and  blanc  d'Espagne) . 

Boron  (Ar.  biiraq,  Pers.  burah),  B;  at.  wt.  10.82;  at.  no.  5; 
m.p.  2300°C;  b.p.  sublimes  2550°C;  sp.  gr.  of  crystals  2.54,  of 
amorphous  variety  2.45;  valence  3.  Discovered  in  1808  by  Sir 
Humphry  Davy  and  by  Gay-Lussac  and  Thenard.  The"  ele- 
ment is  not  found  free  in  nature,  but  occurs  as  orthoboric  acid 
usually  in  certain  volcanic  spring  waters  and  as  borates  in  borax 
and  colemanite.  Boron  is  obtained  by  heating  the  trioxide  with 
magnesium  powder,  and  has  little  or  no  commercial  value.  The 
most  important  compounds  are  boric,  or  boracic,  acid  widely 
used  as  a  mild  antiseptic,  and  borax  (Na2  B4  O7.10H2O),  which 
serves  as  a  cleansing  flux  in  welding  and  as  a  water  softener  in 
washing  powders. 

Bromine  (Gr.  bromos,  stench),  Br;  at.  wt.  79.916;  at.  no.  35; 
m.p.  -7.2°C;  b.p.  58.78°C;  density  of  gas  7.59  g/1,  liquid  3.12 
(20°C);  valence  1,  3,  5,  or  7.  Discovered  by  Balard  in  1826, 
but  not  prepared  in  quantity  until  1860.  A  member  of  the 
halogen  group  of  elements,  it  is  obtained  from  natural  brines 
from  wells  in  Michigan  and  West  Virginia  and  from  sea  water  by 
displacement  with  chlorine;  electrolysis  might  be  used.  Bro- 
mine is  the  only  liquid  non-metallic  element.  It  is  a  heavy, 
mobile,  reddish-brown  liquid,  volatilizing  readily  at  room  tem- 
perature to  a  red  vapor  with  a  strong  disagreeable  odor,  resem- 
bling chlorine,  and  having  a  very  irritating  effect  on  the  eyes  and 
throat;  it  is  readily  soluble  in  water  or  carbon  disulfide,  forming 
a  red  solution;  it  is  less  active  than  chlorine  but  more  so  than 
iodine ;  it  unites  readily  with  many  elements  and  has  a  bleaching 
action;  when  spilled  on  the  skin  it  produces  painful  sores.  It  is 
chiefly  employed  for  the  preparation  of  its  compounds,  which  are 
useful  in  photography,  medicine,  coal  tar  derivatives,  and  as 
ethylene  bromide  in  anti-knock  gasoline.  Organic  compounds 
are  important. 

Cadmium  (Gr.  kadmia,  earth),  Cd;  at.  wt.  112.41;  at.  no.  48; 
m.p.  320.9°C;  b.p.  767°C;  sp.  gr.  8.65  (20°C) ;  valence  2.  Dis- 
covered by  Stromeyer  in  1817  from  an  impurity  in  zinc  carbon- 
ate. Cadmium  occurs  in  small  quantities  associated  with  zinc. 
It  comes  off  before  zinc  in  the  preparation  of  the  metal,  condens- 
ing as  the  brown  oxide,  which  is  then  reduced  with  carbon.  It 
tarnishes  in  air  and  burns  when  heated,  forming  the  oxide.  It  is 
a  soft,  bluish-white  metal,  used  in  standard  cells  for  the  accurate 
determination  of  E.M.F.  The  use  of  the  metal  industrially  has 
increased  greatly ;  it  is  a  component  of  one  of  the  lowest  melting- 
alloys;  it  is  extensively  used  in  bearing  alloys  with  low  coeffi- 
cients of  friction  and  great  resistance  to  fatigue;  it  is  used  in 
electroplating.  It  forms  a  number  of  salts  of  which  the  sulfate 
is  the  most  common;  the  sulfide  is  used  as  a  yellow  pigment. 
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Calcium  (L.  calx,  lime),  Ca;  at.  wt.  40.08;  at.  no.  20;  m.p. 
810°C;  b.p.  1170°C;  sp.  gr.  1.55  (20°C);  valence  2.  Though 
lime  was  prepared  by  the  Romans  in  the  first  century  under  the 
name  calx,  not  until  1808  was  the  metal  discovered  by  Davy  and 
by  Berzelius  and  Pontin  independently  by  preparation  of  an 
amalgam  electrolytically  and  removal  of  the  mercury  by  dis- 
tillation. Calcium  is  a  metallic  element,  fifth  in  abundance  in 
the  earth's  crust,  of  which  it  forms  more  than  three  per  cent;  an 
essential  constituent  of  leaves,  bones,  teeth  and  shells.  Never 
found  in  nature  uncombined,  it  occurs  abundantly  as  limestone 
(CaC03),  gypsum  (CaS04.2H20)  and  fluorite  (CaF2);  apatite  is 
the  fluophosphate  or  chlorophosphate  of  calcium.  It  is  pre- 
pared by  electrolysis  of  the  fused  chloride ;  chemically  it  is  one  of 
the  alkaline  earth  elements;  it  readily  forms  a  white  coating  of 
oxide  in  the  air,  reacts  with  water,  burns  with  a  yellow  red  flame 
to  the  oxide.  Its  natural  and  prepared  compounds  are  widely 
used.  Quick  lime  (CaO)  made  by  heating  limestone  and 
changed  into  slaked  lime  by  the  careful  addition  of  water  is  the 
great  cheap  base  of  chemical  industry  with  countless  uses. 
Mixed  with  sand  it  hardens  as  mortar  and  plaster  by  taking  up 
carbon  dioxide  from  the  air.  The  solubility  of  the  carbonate  in 
water  containing  carbon  dioxide  causes  the  formation  of  caves 
with  stalactites  and  stalagmites  and  hardness  in  water.  Other 
important  compounds  are  the  carbide  (CaC2),  chloride  (CaCl2), 
cyanamide  CaCN2)  hypochlorite  (Ca(OCl)2),  nitrate  Ca(N03)2, 
and  sulfide  (CaS). 

Carbon  (L.  carbo,  charcoal),  C;  at.  wt.  12.010;  at.  no.  6;  m.p. 
sublimes  above  3500°C;  b.p.  4200°C;  sp.  gr.  amorphous  1.88, 
graphite  2.25,  diamond  3.51;  valence  2,  3  or  4.  Carbon,  an 
element  of  prehistoric  discovery  and  characteristic  of  organic 
matter,  is  very  widely  distributed  in  nature,  occurring  free  as 
diamond  and  graphite.  In  combination  it  is  found  as  carbon 
dioxide  in  the  atmosphere  and  dissolved  in  all  natural  waters,  as 
great  rock  masses  composed  of  carbonates  of  calcium,  magne- 
sium and  iron,  as  hydrocarbons  in  supplies  of  petroleum  and 
natural  gas.  Coal  consists  chiefly  of  carbon  compounds.  It 
appears  in  three  allotropic  forms,  diamond,  graphite  and 
amorphous,  all  solids,  insoluble  in  any  common  solvent  but 
dissolving  in  melted  metals  from  which  it  crystallizes  on  cooling 
in  the  form  of  graphite;  when  the  cooling  takes  place  under 
pressure  some  of  the  carbon  is  obtained  as  diamond.  Carbon  is 
unique  is  forming  an  almost  infinite  number  of  compounds,  often 
linking  carbon  atom  to  carbon  atom,  there  being  at  present  half 
a  million  known  compounds.  Some  of  the  most  important  com- 
pounds are  carbon  dioxide,  carbon  monoxide,  carbon  disulfide, 
chloroform  (CHCI3),  carbon  tetrachloride  (CCI4),  methane 
(CH4), ethylene  (C2H 4),  acetylene  (C2H2),  benzene  (C6He),  ethyl 
alcohol  (C2H5OH),  acetic  acid  (CH3COOH)  and  countless 
derivatives. 

Cerium  (named  for  the  planetoid  Ceres,  which  was  discovered 
in  1801  only  two  years  before  the  element),  Ce;  at.  wt.  140.13; 
at.  no.  58;  m.p.  640°C;  b.p.  1400°C;  sp.  gr.  6.90  (20°C) ;  valence 
3  or  4.     Discovered  in  1803  by  Klaproth  and  by  Berzelius  and 
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Hisinger;  metal  prepared  by  Hillebrand  and  Norton  in  1875. 
Cerium  is  the  most  abundant  of  the  metals  from  the  so-called 
rare  earths ;  it  is  found  in  a  number  of  minerals  including  orthite, 
cerite  and  samarskite  of  North  Carolina.  Prepared  by  the  elec- 
trolysis of  the  chloride  it  is  a  steel-gray  lustrous  metal;  used  as  a 
pyrophoric  alloy  with  iron,  it  gives  off  showers  of  sparks  when 
struck.  As  the  oxide  it  is  an  important  constituent  of  incan- 
descent gas  mantles;  as  eerie  sulfate  it  finds  extensive  use  as  a 
volumetric  oxidizing  agent  in  quantitative  analysis. 

Cesium  (L.  caesius,  sky  blue),  Cs;  at.  wt.  132.91;  at.  no.  55; 
m.p.  28.5°C;  b.p  670°C;  sp.  gr.  1.873  (20°C) ;  valence  1.  The 
first  metal  discovered  by  Bunsen  and  Kirchhoff  with  the  spectro- 
scope. This  was  in  1860,  the  source  being  a  mineral  water  from 
Durkheim.  Cesium  is  an  alkali  metal  occurring  in  lepidolite, 
pollucite  (a  hydrated  silicate  of  aluminum  and  cesium)  and  in  the 
water  from  certain  mineral  springs;  it  is  isolated  by  electrolysis 
of  the  fused  cyanide.  The  metal  is  characterized  by  a  spectrum 
containing  two  bright  lines  in  the  blue  along  with  several  others 
in  the  red,  yellow  and  green.  Because  of  its  great  affinity  for 
oxygen  the  metal  is  used  as  a  ''getter"  in  radio  tubes.  It  is  also 
used  in  photo-electric  cells,  as  well  as  for  a  catalyst  in  the 
hydrogenation  of  certain  organic  compounds.  Its  chief  com- 
pounds are  the  chloride  and  the  nitrate. 

Chlorine  (Gr.  chloros,  greenish-yellow),  CI;  at.  wt.  35.457;  at. 
no.  17;  m.p.  -101.6°C;  b.p.  -34.6°C;  density  3.214  g/1;  sp.  gr. 
1.56  (-33.6°C);  valence  1,  3,  5  or  7.  Discovered  in  1774  by 
Scheele,  who  thought  it  contained  oxygen;  named  in  1810  by 
Davy,  who  insisted  it  was  an  element.  In  nature  it  is  found  in 
the  combined  state  only,  chiefly  with  sodium  as  common  salt 
(NaCl),  carnallite  (KMgCl3.6H20),  and  sylvite  (KC1).  A  mem- 
ber of  the  halogen  (salt  forming)  group  of  elements  it  is  obtained 
from  chlorides  by  the  action  of  oxidizing  agents  and  more  often 
by  electrolysis ;  it  is  a  greenish-yellow  gas,  with  an  irritating  and 
suffocating  odor,  attacking  the  respiratory  tract;  combines 
directly  with  nearly  all  elements.  At  10°C  one  volume  of  water 
dissolves  3.10  volumes  of  chlorine,  at  30°  only  1.77  volumes. 
Being  a  heavy  gas,  it  was  first  used  as  a  war  gas  by  the  Germans 
in  1915;  most  war  gases  contain  chlorine.  Berthollet  suggested 
its  use  for  bleaching,  a  most  important  reagent  for  vegetable 
fibers  to-day.  Around  the  globe  it  is  used  as  a  germicide  in 
drinking  water;  further  use  is  in  the  manufacture  of  bleaching 
powder,  hypochlorites  and  chlorates,  chloroform,  carbon  tetra- 
chloride and  in  the  extraction  of  bromine.  Organic  chemistry 
demands  much  both  as  an  oxidizing  agent  and  in  substitution, 
since  it  often  brings  desired  properties  in  an  organic  compound 
when  substituted  for  hydrogen,  as  in  one  form  of  synthetic 
rubber. 

Chromium  (Gr.  chroma,  color),  Cr;  at.  wt.  52  01;  at.  no.  24; 
m.p.  1615°C;  b.p.  2200°C;  sp  gr  7.1  (20°C) ;  valence  2,  3,  or  6. 
Discovered  in  1797  by  Vauquelin,  who  prepared  the  metal  the 
next  year.  Chromium  is  a  metallic  element,  resembling  iron, 
occurring  chiefly  in  chrome  iron  ore  (FeO.Cr203);  prepared  by 
the  reduction  of  the  oxide  with  aluminum ;  it  is  a  very  infusible, 
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hard  gray  metal,  used  to  harden  steel,  to  manufacture  stainless 
steel  and  in  many  very  useful  alloys.  Much  is  used  in  plating, 
giving  a  hard,  beautiful  surface.  All  compounds  of  chromium 
are  colored ;  the  most  important  are  the  chromates  of  sodium  and 
potassium  (K^CrO-O  and  the  dichromates  (K2Cr207)  and  the 
potassium  and  ammonium  chrome  alums  KCr(S04)2.12H20. 
The  dichromates  are  used  as  oxidizing  agents  in  quantitative 
analysis,  also  in  tanning  leather.  Other  compounds  are  of 
industrial  value;  lead  chromate  is  chrome  yellow,  a  valued 
pigment. 

Cobalt  (kobold,  from  the  Greek,  goblin  or  evil  spirit),  Co;  at. 
wt.  58.94;  at.  no.  27;  m.p.  1480°C;  b.p.  3000°C;  sp.  gr.  8.9 
(20°C) ;  valence  2  or  3.  Discovered  by  Brandt  in  1736.  Cobalt 
is  a  metal  occurring  in  ores  sparingly  distributed,  usually  sulfide 
or  arsenide.  It  is  prepared  by  reducing  the  oxide  with  alumi- 
num; it  is  brittle,  hard,  very  magnetic,  and  of  a  gray  color  with 
a  reddish  tinge.  Its  alloys  are  important,  as  stainless  steel,  it  is 
used  in  electroplating  because  of  its  appearance,  hardness  and 
resistance.  The  salts  have  been  used  for  centuries  for  the  pro- 
duction of  brilliant  and  permanent  blue  colors  in  porcelain, 
glass,  pottery,  tiles  and  enamels,  being  the  principal  ingredient 
in  Sevres  blue  and  Thenard's  blue.  As  little  as  0.1  %  of  the  metal 
gives  an  intense  blue  color.  A  solution  of  the  chloride  (CoCl2.- 
6H20)  is  used  as  sympathetic  ink,  the  solution  being  pink  and 
practically  colorless  when  spread  on  paper,  turns  blue  on  heating 
which  removes  the  water  of  crystallization.  The  cobalt 
ammines  are  of  interest;  the  oxide  and  the  nitrate  are  important. 

Columbium  (Columbia,  also  called  Niobium),  Cb  (or  Nb); 
at.  wt.  92.91;  at.  no.  41;  m.p.  1950°C;  b.p.  2900°C;  sp.  gr.  8.4 
(20°C) ;  valence  3  or  5.  Discovered  in  1801  by  Hatchett  in  an 
ore  sent  to  England  more  than  a  century  before  by  John 
Winthrop,  first  governor  of  Connecticut.  Metal  prepared  by 
Blomstrand,  who  reduced  the  chloride  by  heating  in  hydrogen 
in  1864.  Columbium  is  a  rare  metallic  element,  found  as  colum- 
bite  in  pegmatite  veins,  volcanic  intrusions  through  the  earth's 
crust.  Added  to  stainless  steel  this  metal  by  combining  with 
carbon  preserves  the  corrosion  resistance  even  when  heated. 
This  use  has  greatly  increased  the  demand  for  the  metal  now 
obtained  from  an  African  ore.  After  removing  tin  from  this  ore, 
the  residue  is  reduced  with  silicon  or  aluminum  in  an  electric 
furnace,  giving  ferro-columbium,  suited  to  steel  making.  The 
metal  is  gray ;  it  forms  an  acid  oxide,  Cb2C>5,  from  which  salts  are 
derived. 

Copper  (L.  cuprum,  from  the  island  of  Cyprus),  Cu;  at.  wt. 
63.57;  at.  no.  29;  m.p.  1083CC;  b.p.  2300°C;  sp.  gr.  8.93r8.95; 
valence  1  or  2.  The  discovery  of  copper  dates  from  prehistoric 
times;  it  is  said  to  have  been  mined  for  more  than  5000  years. 
Copper  is  a  metallic  element,  reddish  colored,  bright,  metallic 
luster,  malleable,  ductile,  a  good  conductor  of  heat  and  elec- 
tricity (second  only  to  silver  in  electrical  conductivity).  It 
occurs  native  and  in  many  minerals ;  the  most  important  of  these 
compounds  are  sulfides,  oxides  and  carbonates.  From  these  it  is 
obtained  by  smelting,  leaching  or  electrolysis.     Its  alloys,  brass 
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and  bronze,  long  used  are  still  most  important;  all  American 
coins  are  copper  alloys;  monel  and  gun  metals  also  contain 
copper.  The  most  important  compounds  are  the  oxide  and  the 
sulfate,  blue  vitriol;  the  latter  has  wide  use  as  an  agricultural 
poison  and  as  an  algicide  in  water  purification.  Copper  com- 
pounds are  widely  used  in  analytical  chemistry,  as  Fehling's 
solution  in  tests  for  sugar. 
*  Deuterium,  an  isotope  of  hydrogen — see  Hydrogen. 

Dysprosium  (Gr.  dysprositoSj  hard  to  get  at),  Dy;  at.  wt. 

162.46;  at.  no.  66;  m.p ;  b.p.  .  .  .   ;  sp.  gr.  .  .  .   ; 

valence  3.  Discovered  in  1886  by  Lecoq  de  Boisbaudran.  The 
so-called  rare  earths  may  be  divided  into  two  groups,  the  cerium 
and  the  yttrium.  Dysprosium  is  in  the  latter  group,  a  member 
of  the  erbium  family,  closely  related  to  holmium.  It  occurs  in 
the  minerals  usually  found  in  granite  or  in  pegmatite  veins,  such 
as  xenotime,  fergusonite,  gadolinibe,  euxonite,  polycrase  and 
blomstrandine.  The  free  element  has  never  been  isolated;  its 
salts  are  highly  colored. 

Erbium  (Ytterby,  a  town  in  Sweden),  Er;  at.  wt.  167.2;  at. 

no.  68;  m.p ;b.p ;sp.  gr.  4.77  (?);  valence  3. 

Discovered  in  1843  by  Mosander.  Erbium  is  in  the  yttrium 
group  of  rare  earth  metals  with  atomic  numbers  of  64  to  71  in 
addition  to  yttrium,  39.  In  order  of  increasing  basicity  are 
included  thulium,  erbium,  holmium  and  dysprosium,  with 
decreasing  atomic  weights.  Erbium  occurs  in  the  minerals  men- 
tioned under  dysprosium  above.  It  forms  an  oxide  Er203  and 
highly  colored  salts. 

Europium  (Europe),  Eu;  at.  wt.  152.0;  at.  no.  63;  m.p. 
.  .  .  .  ;  b.p ;  sp.  gr ;  valence  2  or  3.  Dis- 
covered in  1901  by  Demarcay.  Europium  is  in  the  cerium 
group  with  atomic  numbers  from  57  to  63  and  related  in  order  of 
discovery.  It  is  very  sparsely  distributed  and  of  slight  import 
tance  at  present.  Salts  of  the  type  EuX3  and  EuX2,  where  X  is 
a  univalent  atom  or  radical,  are  known. 

Fluorine  (L.  fluo,  flow),  F;  at.  wt.  19.000;  at.  no.  9;  m.p. 
-223°C;b.p.  -187°C;  density  1.69  g/1  (15°C);sp.  gr.  of  liquid 
1.11  (-187°C);  valence  1.  Discovered  by  Scheele  in  1771,  but 
not  isolated  until  1886,  by  Moissan.  It  occurs  chiefly  in  fiuor 
spar  (CaF2)  and  cryolite  (Na3AlF6),  but  seems  rather  widely 
distributed.  Fluorine,  a  member  of  the  halogen  family  of 
elements,  is  obtained  by  electrolyzing  a  solution  of  potassium 
hydrogen  fluoride  in  anhydrous  hydrogen  fluoride  in  a  vessel  of 
metal  or  transparent  fluorspar.  It  is  a  pale  yellow  gas,  uniting 
directly  with  silicon,  carbon,  hydrogen  and  nearly  all  other 
elements  in  the  dark ;  decomposes  almost  all  compounds  to  form 
fluorides.  The  most  important  compounds  are  hydrogen  fluo- 
ride, which  is  used  in  etching  glass,  and  calcium  fluoride.  Freeon, 
used  in  air  conditioning,  is  difluoro  di  chloro  methane.  Both 
the  element  and  hydrofluoric  acid  are  dangerous  poisons.  The 
presence  of  fluorides  in  drinking  water  to  the  extent  of  two  parts 
per  million,  or  less,  causes  mottled  enamel  in  teeth,  when  used  by 
children  acquiring  permanent  teeth.  Organic  compounds  of 
fluorine  are  now  receiving  attention. 

*  Curium,  see  end  of  list. 
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Gadolinium   (gadolinitej  name  for  Gadolin,  a  chemist  of 

Finland),  Gd;  at.  wt.  156.9;  at.  no.  64;  m.p.  .  .  .   ;b.p ; 

sp.gr ;  valence  3.     Separated  by  Marignac  in  1880 

and  by  Lecoq  de  Boisbaudran  in  1886.  In  order  of  discovery 
gadolinium  belongs  in  the  yttrium  group,  being  a  member  of  the 
terbium  family.  It  is  named  for  the  mineral  from  which  the 
earth  was  obtained.  The  free  element  has  never  been  isolated; 
the  element  forms  oxides  of  the  type  R2O3,  and  its  salts  are  usu- 
ally more  soluble  than  the  corresponding  terbium  salts ;  its  com- 
pounds are  more  plentiful  than  those  of  terbium  or  of  europium. 
These  elements  decrease  in  order  of  basicity,  Eu,  Gd,  Tb. 

Gallium  (L.  Gallia,  France),  Ga;  at.  wt.  69.72;  at.  no.  31; 
m.p.  29.75°C;  b.p.  1600°C;  sp.  gr.  5.91  (20°C) ;  valence  2  or  3. 
Discovered  spectroscopically  by  Lecoq  de  Boisbaudran  in  1875, 
who  in  the  same  year  obtained  the  free  metal  by  electrolysis  of  a 
solution  of  the  hydroxide  in  potassium  hydroxide.  A  very 
rare  metal,  whose  salts  resemble  those  of  aluminum;  found  in 
traces  in  many  zinc  blendes  and  nearly  always  in  bauxite. 
Gallium  was  discovered  in  zinc  blende  from  a  mine  in  Hautes- 
Pyrenees;  had  been  predicted  and  described  as  eka-aluminum 
by  Mendeleeff.  Besides  mercury,  cesium  and  rubidium, 
gallium  is  the  only  metal  which  can  be  liquid  at  near  room 
temperatures;  this  makes  possible  its  use  in  high  temperature 
thermometers;  the  solid  is  hard  and  grayish-white.  The  metal 
forms  two  sets  of  oxides  and  salts  in  which  it  has  a  valence  of 
two  or  of  three. 

Germanium  (L.  Germania,  Germany),  Ge;  at.  wt.  72.60; 
at.  no.  32;  m.p.  958.5°C;  b.p.  volatilizes  at  2700°C;  sp.  gr.  5.36 
(20°C);  valence  4.  Discovered  by  Winkler  in  1886;  had  been 
predicted  and  described  as  eka-silicon  by  Mendeleeff.  The 
metal  is  prepared  by  reducing  the  oxide  with  carbon  or  with 
hydrogen.  The  oxide  was  first  obtained  from  argyrodite,  a 
sulfide  of  germanium  and  silver;  in  1916  the  mineral,  germanite, 
containing  8%  of  germanium  was  discovered.  Being  in  the 
silicon  group,  the  metal  lies  between  silicon  and  tin  in  physical 
and  chemical  properties;  it  is  a  gray-white,  brittle,  crystalline 
metal,  retaining  its  luster  in  air  at  room  temperatures.  The 
most  important  compounds  are  the  oxide  Ge02,  and  the  halides, 
as  GeCh,  which  is  volatile. 

Glucinum — see  Beryllium. 

Gold  (Sanskrit  Jval;  Anglo-Saxon  gold),  Au  (L.  aurum, 
shining  dawn);  at.  wt.  197  2;  at.  no.  79;  m.p.  1063°C;  b.p. 
2600°C;  sp.  gr.  19.32  (17.5C);  valence  1  or  3.  Known  and 
highly  valued  from  earliest  times.  Gold  is  found  in  nature  as 
the  free  metal  and  in  tellurides;  very  widely  distributed  but 
almost  always  associated  with  quartz  or  pyrite;  occurs  in  veins 
and  in  alluvial  deposits.  The  metal  is  obtained  from  its  ores 
by  cyanidation,  amalgamation  and  smelting.  Refining  is 
frequently  done  by  electrolysis.  It  has  been  estimated  that  all 
the  gold  in  the  world  could  be  placed  in  a  single  cube,  forty 
feet  on  the  side.  As  with  most  metals,  recent  production  has 
greatly  increased.  Gold  is  a  metallic  element,  having  a  yellow 
color  when  in  mass,  but  when  finely  divided  it  may  be  black, 

313 


THE  ELEMENTS  (Continued) 

ruby  or  purple;  colloidal  gold  has  been  used  to  color  ruby 
cathedral  glass  windows.  It  is  the  most  malleable  and  ductile, 
and  also  one  of  the  softest  of  the  metals ;  it  is  a  good  conductor 
of  heat  and  electricity  and  is  not  affected  by  air  and  most 
reagents.  Its  chief  use  is  in  coinage  and  jewelry,  when  it  is 
alloyed  with  other  metals,  pure  gold  being  expressed  as  24 
carat.  When  used  as  a  standard  of  value  by  the  United  States, 
one  Troy  ounce  was  worth  $20.67  plus;  since  1934  this  value 
has  been  fixed  by  law  and  the  President's  order  at  $35.00  per 
ounce.  The  commonest  compounds  are  auric  chloride  (AuCl3) 
and  chlorauric  acid  (HAuCh),  the  latter  being  used  in  photog- 
raphy for  toning  the  silver  image.  A  mixture  of  one  part  of 
nitric  acid  with  three  of  hydrochloric  acid  is  called  aqua  regiar 
because  it  dissolves  Gold,  the  King  of  Metals. 

Hafnium  (Hafnia,  Copenhagen),  Hf;  at.  wt.  178.6;  at.  no. 
72;  m.p.  1700°C;  b.p.  above  3200°C;  sp.  gr.  13.3;  valence  4. 
Discovered  in  1923  by  D.  Coster  and  G.  von  Hevesy  in  a  zircon 
from  Norway  by  means  of  Rontgen  spectroscopic  analysis.  On 
the  basis  of  the  Bohr  theory  the  new  element  was  expected  to  be 
associated  with  zirconium.  On  treatment  of  the  mineral  with 
potassium  bifluoride  and  separation  K2ZrFe,  the  mother  liquors 
became  richer  in  the  new  element.  All  the  zirconium  minerals 
examined  except  one  contained  hafnium.  It  has  been  separated 
from  zirconia  by  repeated  recrystallization  of  the  double 
ammonium  or  potassium  fluorides.  Metallic  hafnium  was 
prepared  by  passing  the  vapor  of  the  tetraiodide  over  a  heated 
tungsten  filament;  this  was  done  by  van  Arkel  and  deBoer;  it 
has  the  same  crystalline  structure  as  zirconium.  Hafnium  also 
resembles  zirconium  in  chemical  properties.  There  is  an  oxide 
(Hf02),  a  white  powder,  with  corresponding  hydroxide  and  salts. 

Helium  (Gr.  helios,  the  sun),  He;  at.  wt.  4.003;  at.  no.  2; 
m.p.  below  -272.2°C  (26  atm.);  b.p.  -268.9°C;  density  0.177 
g/1;  valence  0.  Evidence  of  the  existence  of  helium  was  first 
obtained  by  Janssen  during  the  eclipse  of  1868,  when  he  detected 
a  new  line  in  the  solar  spectrum;  Lockyer  and  Frankland  sug- 
gested the  name  for  the  new  element;  in  1895  Ramsay  isolated 
helium  from  uraninite.  Helium  is  a  gas,  inert  chemically y 
obtained  by  compression  and  fractionation  of  the  gas  from 
certain  wells  and  from  many  radioactive  minerals.  Onnes  has 
cooled  the  element  to  the  lowest  temperature  ever  obtained, 
—  272.918°C,  and  expressed  the  opinion  that  helium  may  remain 
a  liquid  even  at  absolute  zero  under  normal  pressure.  In 
1926  Keesom  solidified  it  under  a  pressure  of  26  atmospheres. 
Approximately  twice  as  heavy  as  hydrogen  it  is  used  for  inflat- 
ing balloons  because  it  will  not  burn.  A  mixture  of  80  %  helium 
and  20%  oxygen  is  used  as  an  artificial  atmosphere  for  divers 
and  others  working  under  pressure ;  since  helium  is  less  soluble 
in  the  blood  than  nitrogen  it  does  not  produce  the  "  bends. " 

Holmium  (L.  Holmia,  for  Stockholm),  Ho;  at.  wt.  164.94; 
at.  no.  67;  m.p ;  b.p ;  sp.  gr.  .  .  .  .  .  ;  va- 
lence 3.  Discovered  by  Cleve  while  working  on  erbia  earth  in 
1879;  pure  holmia  earth  was  isolated  by  Homberg  in  1911. 
Holmium  is  in  the  yttrium  group  of  rare  earth  metals  in  order  of 
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discovery;  it  is  a  member  of  the  erbium  family,  which  includes 
thulium,  erbium,  holmium,  dysprosium  in  the  order  of  increas- 
ing basicity.  It  occurs  in  gadolinite  and  similar  minerals.  The 
element  has  not  been  isolated,  but  the  oxide  (Ho203),  a  grajdsh- 
white  powder,  and  corresponding  salts  have  been  prepared. 

Hydrogen  (Gr  hydro,  water,  and  genes,  forming),  H;  at.  wt. 
1.0080;  at.  no.  1;  m.p.  -259.14CC;  b.p. -252. 7  °C,  density 
0.08988  g/1;  sp.  gr.  liquid  0.070  (-252°C);  valence  1  First 
recognized  as  a  distinct  substance  by  Cavendish  in  1766;  named 
by  Lavoisier  Hydrogen  occurs  chiefly  in  combination  with 
oxygen  as  water;  also  in  acids,  bases  and  alcohols  as  well  as  in 
carbohydrates,  in  petroleum  and  other  hydrocarbons.  It  is 
usually  a  constituent  of  organic  compounds,  especially  those 
used  as  fuels  and  as  food.  It  is  the  lightest  of  all  gases,  insoluble 
in  water,  uniting  with  many  elements  to  form  compounds;  it  is 
used  as  a  reducing  agent,  as  a  means  of  obtaining  high  tempera- 
ture flames,  in  atomic  hydrogen  welding  and  for  inflating 
balloons.  Great  quantities  are  required  commercially  for  the 
fixation  of  nitrogen  from  the  air  in  the  Haber  ammonia  process 
and  for  the  hydrogenation  of  fats  and  oils.  It  is  prepared  b}r 
action  of  steam  on  heated  carbon,  by  the  electrolysis  of  water,  or 
by  the  displacement  from  acids  by  certain  metals.  In  1932 
Urey  announced  the  preparation  of  the  isotope  with  an  atomic 
weight  of  2,  commonly  called  deuterium ;  tritium  with  an  atomic 
weight  of  3  was  discovered  two  years  later.  One  part  of 
deuterium  is  found  to  about  5000  ordinary  hydrogen  atoms; 
with  tritium  the  ratio  is  only  one  to  a  billion. 

*  Illinium    (University   and   State   of    Illinois),    II;   at.    wt. 

estimated    146;    at.    no.    61;    m.p ;    b.p , 

sp.  gr ;  valence  doubtless  3.     The  discovery  of 

illinium  was  announced  in  1926  by  Hopkins,  Yntema  and  Harris 
on  the  basis  of  absorption,  arc,  and  X-ray  emission  spectra. 
Later  in  the  same  year  Rolla  and  Fernandez  in  Italy  claimed 
prior  discovery  and  proposed  the  name  florentium.  The  late 
Charles  James  at  the  University  of  New  Hampshire  concen- 
trated considerable  illinium  and  other  investigators  have  since 
confirmed  the  existence  of  the  element  in  this  material.  Hop- 
kins used  material  obtained  from  monazite  sand.  Illinium  is  a 
member  of  the  cerium  group  of  rare  earth  metals  which  includes 
lanthanum,  cerium,  praseodymium,  neodymium,  illinium  and 
samamrium  in  order  of  decreasing  basicity.  Neither  the  metal 
nor  its  salts  have  been  prepared  in  an  entirely  pure  state. 

Indium  (from  its  indigo  blue  spectrum),  In;  at.  wt.  114.76; 
at.  no.  49;  m.p.  155°C;  b.p.  1450°C;  sp  gr.  7.28  (20°C) ;  valence 
1  or  3.  Discovered  in  1863  by  the  use  of  the  spectroscope  by 
Reich  and  Richter,  who  later  isolated  the  metal.  Indium  is  a 
rare  metallic  element,  occurring  usually  in  zinc  blendes,  some- 
times with  pyrites  and  sidente.  The  metal  is  obtained  by 
electrolysis  from  baths  of  complex  cyanide,  chloride  and  sulfate. 
It  belongs  to  the  aluminum  group  in  properties,  being  a  very 
soft,  silvery  metal,  not  acted  on  by  water  or  air,  burning  to 
the  oxide  (ln203).     Electroplates  of  indium  increase  the  resist- 

*  See  element  61  at  end  of  list. 
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ance  of  certain  bearing  alloys  to  organic  acid  corrosion.     The 
metal  finds  use  in  alloys  for  jewelry  and  in  dental  alloys. 

Iodine  (Gr.  iodes,  violet),  I;  at.  wt.  126.92;  at.  no.  53;  m.p. 
113.5°C;  b.p.  184.35°;  density  of  the  gas  11.27  g/1;  sp  gr.  solid 
4.93  (20°C);  valence  1,  3,  5,  or  7.  Discovered  by  Courtois  in 
181 1.  Iodine,  a  halogen,  occurs  sparingly  in  the  form  of  iodides 
in  sea  water  from  which  it  is  assimilated  by  seaweeds,  in  Chile 
saltpeter,  in  brines  from  old  sea  deposits  and  in  caliche  (as 
sodium  iodate) ;  from  iodides  it  is  obtained  on  treatment  with 
sulfuric  acid  and  some  oxidizing  agent  (Mn02)  and  from  the 
iodates  by  heating  with  sodium  bisulfite ;  for  about  ten  years  it 
has  been  obtained  from  brines  from  salt  wells  by  a  new  process 
using  finely  divided  silver,  which  has  so  increased  production 
that  the  price  has  been  reduced  to  about  one-third.  It  is  a 
grayish-black,  lustrous  solid,  volatilizing  at  ordinary  tempera- 
tures into  a  blue-violet  gas  with  an  irritating  odor;  it  forms 
compounds  with  many  elements,  but  is  less  active  than  the  other 
halogens,  which  displace  it  from  iodides.  It  dissolves  slightly  in 
water,  readily  in  chloroform,  carbon  tetrachloride  or  carbon 
disulfide  to  beautiful  purple  solutions.  Iodine  compounds  are 
important  in  organic  chemistry.  The  most  common  com- 
pounds are  the  iodides  of  sodium  and  potassium  (KI)  and  the 
iodates  (KI03).  Lack  of  iodine  is  the  cause  of  goiter.  The 
iodide  and  thyroxin,  which  contains  iodine,  are  used  internally 
in  medicine,  and  a  solution  of  iodine  in  alcohol  for  external 
wounds.  Potassium  iodide  finds  some  use  in  photography. 
The  deep  blue  color  with  starch  solution  is  characteristic  of  the 
free  element. 

Iridium  (L.  iris,  rainbow),  Ir;  at.  wt.  193.1;  at.  no.  77; 
m.p.  2350°C;  b.p.  above  4800°C;  sp.  gr.  22.42  (17°C) ;  valence 
3  or  4.  Discovered  in  1803  by  Tennant  in  the  residue  left  when 
crude  platinum  is  dissolved  by  aqua  regia.  The  name  shows  the 
colors  of  its  salts — green,  red,  violet.  Iridium,  a  metal  of  the 
platinum  family,  is  white,  very  hard  and  brittle.  It  occurs 
uncombined  with  platinum  and  other  metals  of  this  family  in 
alluvial  deposits.  It  is  used  in  apparatus  for  high  temperatures ; 
alloyed  with  platinum  for  standard  weights  and  measures; 
alloyed  with  osmium  in  tipping  pens  and  compass  bearings. 
Iridium  black,  prepared  by  exposing  alcoholic  solutions  of  the 
sulfate  to  light,  is  used  as  a  catalytic  agent.  The  most  impor- 
tant salt  is  IrCl4. 

Iron  (Anglo-Saxon,  iron),  Fe  (L.  ferrum);  at.  wt.  55  85; 
at.  no.  26;  m.p.  1535°C;  b.p.  3000°C;  sp.  gr.  7.85-7.88  (20°'C); 
valence  2,  3,  or  6.  Iron  implements  are  said  to  have  been  made 
by  the  Egyptians  3000  B.C.  The  most  common  ore  is  hematite 
(Fe203),  from  which  the  metal  is  obtained  by  reduction  with 
carbon.  Iron  is  the  most  abundantly  produced  of  the  metals, 
though  aluminum  occurs  in  larger  percentage  in  the  earth's 
crust  than  iron.  The  pure  metal,  which  is  practically  unknown 
in  industry  (although  some  grades  of  soft  steel  have  a  very  high 
percentage  of  iron),  is  silver-white,  very  ductile  and  magnetic; 
the  pure  metal  may  be  prepared  by  electrolytic  deposition  from 
ferrous  sulfate,  or  by  reduction  of  the  pure  oxide  with  hydrogen 
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or  aluminum.  Pig  iron  is  hard,  brittle  and  fairly  fusible,  con- 
taining about  3  %  carbon  and  varying  amounts  of  sulfur,  silicon, 
manganese  and  phosphorus;  wrought  iron  is  tough,  grayish- 
white  and  malleable,  having  usually  a  fibrous  structure,  very 
infusible,  with  only  a  few  tenths  per  cent  or  less  of  carbon;  steel 
is  a  solid  solution  of  iron  carbide  in  iron  with  a  carbon  content 
usually  below  2%.  Iron  is  the  cheapest  metal  known,  pig  iron 
usually  costing  less  than  a  cent  a  pound  and  steel  about  twice  as 
much.  Alloying  with  other  metals  has  greatly  improved  the 
properties  and  widened  the  use  of  steel. 

Krypton  (Gr.  kryptos,  hidden),  Kr;  at.  wt.  83.7;  at.  no.  36; 
m.p.  -157°C;  b.p.  -152.9°C;  density  3.708  g/1  (0°C) ;  valence 
0.  Discovered  in  1898  by  Ramsay  and  Travers  in  the  residue 
left  after  liquid  air  had  nearly  boiled  away.  There  is  one  part 
of  krypton  in  a  million  parts  of  air;  it  is  an  inert,  rare,  gaseous 
element,  and  is  characterized  by  brilliant  green  and  yellow  lines 
in  its  spectrum. 

Lanthanum  (Gr.  lanthano,  to  conceal),  La;  at.  wt.  138.92; 
at.  no.  57;  m.p.  826°C;  b.p.  1800°C;  sp.  gr.  6.155;  valence  3. 
Occurs  in  the  cerium  group  of  the  rare  earth  metals,  lanthana 
being  separated  from  ceria  by  Mosander  in  1839.  It  is  found 
in  ores  cerite,  orthite  and  monazite.  The  metal  is  prepared  from 
the  chloride  by  treatment  with  sodium,  or  by  electrolysis  of  a 
fused  bath  of  lanthanum  and  potassium  chlorides  and  calcium 
fluoride.  Lanthanum  resembles  iron  in  its  physical  properties, 
burning  brilliantly  in  the  air  to  form  La2C>3. 

Lead  (Anglo-Saxon  lead),  Pb  (L.  plumbum))  at.  wt.  207.21; 
at.  no.  82;  m.p.  327.4°C;  b.p.  1620°C;  sp.  gr.  11.35  (20°C); 
valence  2  or  4.  Long  known;  mentioned  in  Exodus.  Lead  is 
obtained  chiefly  from  galena  (PbS)  by  a  roasting  process.  It  is 
a  bluish-white  metal  of  bright  luster,  very  soft,  highly  malleable; 
has  slight  tenacity,  is  ductile  and  a  poor  conductor  of  electricity ; 
lasts  very  long,  since  lead  pipes  bearing  the  insignia  of  Roman 
emperors,  used  as  drains  from  the  baths,  are  still  in  service.  It 
is  also  used  as  containers  for  corrosive  liquids,  as  in  sulfuric 
acid  chambers ;  it  may  be  toughened  by  the  addition  of  a  small 
percentage  of  antimony  or  other  metal.  Its  alloys  include 
solder,  type  metal  and  various  antifriction  metals.  Great 
weights  of  lead  both  as  the  metal  and  as  the  dioxide  are  used  in 
storage  batteries.  White  lead,  the  basic  lead  carbonate,  sub- 
limed white  lead  (PbSC^),  chrome  yellow  (PbCrCX),  red  lead 
(Pb304)  and  other  lead  compounds  are  extensively  used  in 
paints.  The  nitrate  and  the  acetate  are  soluble  salts.  Lead 
salts  are  used  in  medicine,  as  antiseptics  and  astringents.  Care 
must  be  used  in  both  medicine  and  industry  as  lead  is  a  cumu- 
lative poison. 

Lithium  (Gr.  lithos,  stone),  Li;  at.  wt.  6.940;  at.  no.  3; 
m.p.  186°C;  b.p.  above  1220°C;  sp.  gr.  0.534  (20°C) ;  valence  1. 
Discovered  by  Arfvedson  in  1817.  Lithium  is  the  lightest 
alkali  metal;  never  found  free  in  nature,  traces  of  it  occur  in 
nearly  all  igneous  rocks  and  in  the  waters  of  many  mineral 
springs.  Lepidolite,  spodumene,  petalite  and  amblygonite  are 
the  more  important  minerals  containing  it.     The  metal  is  pro- 
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duced  from  the  fused  chloride  electrolytically.  It  is  the  lightest 
metal  known,  soft  and  white;  burned  in  air  it  forms  Li20;  its 
salts  are  analogous  to  those  of  sodium  and  potassium.  The 
carbonate  and  citrate  are  used  in  medicine  to  remove  uric  acid 
from  the  body,  since  lithium  urate  is  soluble.  To  a  limited 
extent  the  metal  is  used  industrially  in  various  alloys  increasing 
tensile  strength  and  resistance  to  corrosion.  In  the  flame  test 
for  lithium  a  brilliant  crimson  is  given. 

Lutecium  (Lutetia,  ancient  name  of  Paris — sometimes  called 
cassiopeium  by  the  Germans),  Lu;  at.  wt.  174.99;  at.  no.  71; 

m.p ;  b.p ;  sp.   gr ;  valence  3 

or  4.  In  1907  Urbain  and  in  1908  von  Welsbach  described  a 
process  by  which  Marignac's  ytterbium  (1879)  could  be  sep- 
arated into  the  two  elements,  ytterbium  (neoytterbium)  and 
lutecium.  Both  elements  occur  in  very  small  amounts  in  nearly 
all  minerals  containing  yttrium.  Charles  James  of  New 
Hampshire  prepared  lutecia  independently.  This  rare  earth 
has  little  practical  use.  The  oxide,  chloride  and  sulfate  have 
been  prepared. 

Magnesium  (Magnesia,  district  in  Thessaly),  Mg;  at.  wt. 
24.32;  at.  no.  12;  m.p.  651°C;  b.p.  1110°C;  sp.  gr.  1.74  (20°C); 
valence  2.  Compounds  long  known,  recognized  by  Black  as  an 
element  in  1755,  isolated  by  Davy  in  1808,  prepared  in  coherent 
form  by  Bussy  in  1831.  Magnesium  is  one  of  the  most  abun- 
dant metals  and  the  eighth  element  in  estimated  amount  in  the 
earth's  crust.  It  does  not  occur  uncombined  but  many  car- 
bonates and  silicates  contain  considerable  percentages,  while 
soluble  sulfate  and  chloride  are  found  in  mineral  springs  and  in 
the  ocean.  It  has  been  obtained  by  the  electrolysis  of  the  fused 
chloride ;  this  method  has  been  used  for  commercial  production 
in  the  U.S.  since  1916,  using  brines  from  wells  and  recently  sea 
water  from  the  Gulf  of  Mexico  also.  Electrothermic  methods 
have  also  been  proposed,  being  difficult  because  the  metal 
combines  when  heated  both  with  oxygen  and  with  nitrogen. 
Recognition  of  its  importance  in  war  caused  the  one  producing 
company  in  the  U.S.  in  1939  to  expand  its  productive  capacity 
six  fold.  By  government  direction  this  was  expected  to  be 
increased  ten  times,  raising  an  annual  production  of  six  to 
400  million  tons.  It  is  a  light,  white  and  fairly  tough  metal; 
tarnishes  slightly  in  air,  and  as  ribbon,  wire  or  powder  ignites 
on  heating,  burning  with  a  dazzling  white  flame.  It  is  useful 
in  flash-light  photography,  flares  and  for  pyrotechnics,  including 
incendiary  bombs.  It  is  one-third  lighter  than  aluminum  and 
in  its  alloys  is  essential  for  airplane  construction.  The  first 
metallic  magnesium  produced  commercially  sold  for  $10  a 
pound;  the  price  is  now  less  than  30^.  Important  compounds 
are  the  oxide,  chloride,  sulfate  and  citrate,  which  find  use  in 
medicine.  In  Grignard's  reaction,  organic  magnesium  com- 
pounds are  useful. 

Manganese  (L.  magnes,  magnet),  Mn;  at.  wt.  54.93;  at.  no. 
25;  m.p.  1260°C;  b.p.  1900°C;  sp.  gr.  7.2  (20°C) ;  valence  2,  3,  4, 
6,  or  7.  Recognized  by  Bergman,  Scheele  and  others,  dis- 
covered by  Gahn  in  1774  by  reduction  of  dioxide  with  carbon. 
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Manganese  minerals  are  widely  distributed,  oxides,  silicates  and 
carbonates  being  most  common.  Pyrolusite  (Mn02)  and  psilo- 
melane  are  common  ores.  The  metal  is  obtained  by  reduction 
of  the  oxide  with  sodium,  magnesium,  aluminum,  or  by  elec- 
trolysis. It  is  gray-white,  resembling  iron,  but  is  harder  and 
very  brittle.  Its  alloys  with  iron,  copper  and  nickel  are  impor- 
tant. The  mineral,  pyrolusite,  has  been  used  since  very  early 
times  to  give  color  to  glass;  a  smaller  amount  gives  a  weaker 
amethyst  color  which  removes  the  greenish  color  due  to  iron 
and  other  impurities  and  makes  colorless  glass.  Other  com- 
pounds are  the  chloride,  sulfate  and  permanganate,  which  is 
used  as  an  antiseptic  and  in  quantitative  analysis  because  of  its 
oxidizing  power. 

*Masurium   (Masurenland,  in  East  Prussia),   Ma;  at.  wt. 

98,    estimated;   at.   no.   43;*  m. p.    2300 °'C;   b.p ;  sp. 

gr ;  valence  2,  3,  4  or  6.     Masurium  is  one  of  the 

eka-manganeses  discovered  by  Noddack,  Tacke  (now  Frau 
Noddack)  and  Berg  in  1925  and  occurs  in  the  minerals  colum- 
bite,  sperrylite,  gadolinite  and  fergusonite.  These  minerals  were 
examined  in  a  search  for  elements  43  and  75,  the  detection  being 
made  with  the  aid  of  the  Rontgen  spectrum.  The  quantity  of 
masurium  in  these  minerals  and  in  the  earth's  crust,  seems  to 
be  relatively  very  small. 

Mercury  (Planet  Mercury),  Hg  (hydrargyrum,  liquid  silver); 
at.  wt.  200.61;  at.  no.  80;  m.p.  -38.87°C;  b.p.  356.9°C;  sp.  gr. 
13.546  (20°C);  valence  1  or  2.  Known  to  ancient  Cninese 
and  Hindus;  found  in  Egyptian  tombs  of  1500  B.C.  Mercury, 
the  only  common  metal  liquid  at  ordinary  temperatures,  occurs 
free  in  nature,  but  the  chief  source  is  the  sulfide  (cinnabar,  HgS), 
from  which  it  may  be  obtained  by  heating  in  a  current  of  air. 
It  is  a  heavy  silver-white,  shining  metal,  a  fair  conductor  of 
heat  and  electricity,  having  a  regular  coefficient  of  expansion. 
These  properties  make  it  generally  useful  in  the  laboratory 
for  thermometers,  barometers  and  many  other  instruments. 
It  tarnishes  but  slightly  in  the  air  except  when  heated  to  near 
the  boiling  point,  where  it  is  slowly  converted  to  the  oxide 
(HgO),  from  which  the  oxygen  is  set  free  again  at  higher  tem- 
peratures. Mercury  forms  alloys,  called  amalgams,  with 
many  metals.  The  most  important  salts  are  mercuric  chlo- 
ride (HgCl2,  violent  poison  and  antiseptic),  mercurous  chloride 
(HgCl,  calomel  laxative  of  medicine),  mercury  fulminate 
(Hg(ONC)2,  a  detonator  widely  used  in  explosives),  and 
mercuric  sulfide  (HgS,  vermilion,  a  high  grade  red  paint). 
Organic  mercury  compounds  are  likewise  important. 

Molybdenum  (Gr.  molybdos,  lead),  Mo;  at.  wt.  95.95;  at.  no. 
42;  m.p.  2620°C;  b.p.  3700°C;  sp.  gr.  10.2;  valence  2,  3,  4,  5,  or 
6.  Recognized  by  Scheele;  prepared  in  an  impure  form  in 
1782  by  Hjelm.  Molybdenum  does  not  occur  native,  being 
obtained  from  molybdenite  (M0S2)  and  from  widfenite(FbMoO *) . 
The  metal  is  prepared  by  the  reduction  of  the  oxide  with 
carbon,  usually  in  the  electric  furnace.  It  is  a  very  hard  silver- 
white  metal;  it  is  widely  used  in  the  manufacture  of  certain 
grades  of  tool  steel,  boiler  plate,  rifle  barrels  and  large  cranks,  as 

*  See  element  43  at  end  of  list. 
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it  increases  toughness  and  tensile  strength.  Being  softer  and 
more  ductile  than  tungsten  it  is  invaluable  for  the  filaments, 
grids  and  screens  for  radios. 

Neodymium  (Gr.  neos,  new  and  didymos,  twin),  Nd;  at.  wt. 

144.27;  at.  no.  60;  m.p.  840°C;  b.p ;  sp.  gr.  6.95; 

valence  3.  In  1843  reported  the  supposed  element  didymium 
obtained  from  cerite.  In  1885  von  Welsbach  separated  didym- 
ium into  two  new  elements,  neodymium  and  praseodymium  by 
repeated  fractionation  of  ammonium  didymium  nitrate.  Neo- 
dymium is  a  metallic  element,  belonging  to  the  rare  earths, 
forming  a  series  of  pink  salts  with  a  characteristic  absorption 
spectrum. 
*Neon  (Gr.  neos,  new),  Ne;  at.  wt.  20.183;  at.  no.  10;  m.p. 
-248.67°C;  b.p.  -245.9°C;  density  0.8990  g/1  (0°C) ;  valence  0. 
Discovered  by  Ramsay  and  Travers  in  1898.  Neon  is  a  gaseous 
element  present  in  the  atmosphere  to  the  extent  of  18  parts  per 
million.  It  is  obtained  by  liquefaction  of  air  and  separated 
from  the  other  elements  by  fractional  distillation.  It  is  an  inert 
element  forming  no  compounds.  Neon  glows  red-orange  in  a 
vacuum  tube  and  is  therefore  widely  used  in  electric  signs  and 
beacons.  Its  spectrum  is  marked  by  pronounced  red  and  green 
lines. 

Nickel  (Sw.  abbr.  of  kopparnickel,  false  copper),  Ni;  at.  wt. 
58.69;  at.  no.  28;  m.p.  1455°C;  b.p.  2900°C;  sp.  gr.  8.90  (20°C); 
valence  2  or  3.  Discovered  by  Cronstedt  in  1751.  Nickel  is 
obtained  chiefly  from  the  nickel  bearing  pyrrhotite  of  Ontario 
and  the  garnierite  (hydrated  silicate  of  nickel,  iron  and  mag- 
nesium found  in  New  Caledonia)  by  roasting  to  the  oxide,  which 
is  then  reduced  with  carbon  or  carbon  monoxide,  volatile  nickel 
carbonyl  being  formed  and  then  decomposed  by  heat.  The 
metal  is  hard,  malleable,  ductile  and  tenacious,  of  a  white 
color,  somewhat  magnetic,  a  fair  conductor  of  heat  and  elec- 
tricity; it  belongs  to  the  iron-cobalt  group  of  metals.  Nickel 
is  chiefly  valuable  for  the  alloys  it  forms ;  coinage  with  75  %  of 
copper,  Monel  metal  with  copper  and  iron,  nickel  steel  for  armor 
plates  and  burglar  proof  safes,  invar,  constantan,  permalloy, 
nichrome,  platinite  and  others.  Nickel  plate  by  electrodeposi- 
tion  is  used  as  a  protective  coating  for  metals,  and  finely  divided 
nickel  as  a  catalyst  in  the  hydrogenation  of  vegetable  oils.  The 
sulfate  and  the  oxides,  NiO  and  Ni2C>3,  are  important  compounds. 

Niobium,  see  Columbiwn. 

Nitrogen  (L.  niter  forming),  N;  at.  wt.  14.008;  at.  no.  7; 
m.p.  -209.86°C;  b.p.  -195.8°C;  density  1.2506  g/1;  sp.  gr. 
liquid  0.808  (-195.8°C)  solid  1.026  (-252°C)  valence  3  or  5. 
Discovered  by  Daniel  Rutherford  in  1772.  Nitrogen  makes  up 
78  %  of  the  air  by  volume,  the  estimated  amount  in  the  atmos- 
phere being  more  than  4000  billion  tons ;  from  this  inexhaustible 
source  it  can  be  obtained  by  liquefaction  and  fractional  dis- 
tillation. The  element  is  so  inert  that  Lavoisier  named  it 
azote,  without  life,  yet  its  compounds  are  so  active  as  to  be  most 
important  in  foods,  poisons,  fertilizers  and  explosives.  It  is 
also  prepared  easily  by  heating  a  water  solution  of  ammonium 
nitrite  (made  from  ammonium  chloride  and  sodium  nitrite)* 

*  Neptunium,  see  end  of  list. 
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Nitrogen  is  colorless,  odorless  and  generally  inert  element. 
When  heated  it  will  combine  directly  with  magnesium,  lithium 
or  calcium;  when  mixed  with  oxygen  and  subjected  to  electric 
sparks  it  forms  first  nitric  oxide  (NO)  and  then  the  peroxide 
(NO2) ;  when  heated  under  pressure  with  a  catalyst  with  hydro- 
gen ammonia  is  formed  (Haber  process).  The  ammonia  thus 
formed  is  of  the  utmost  importance,  and  may  be  oxidized  to 
nitric  acid  (Ostwald  process).  Sodium  and  potassium  nitrates 
are  formed  by  the  decomposition  of  organic  matter  with  com- 
pounds of  the  metals  present;  in  certain  dry  areas  these  salt- 
peters are  found  in  quantity.  The  chief  compounds  are 
ammonia,  nitric  acid,  the  nitrates,  the  five  oxides  (N20,  NO, 
N2O3,  N02,  and  N2O5)  as  well  as  very  many  organic  substances. 

Osmium  (Gr.  osme,  odor)  Os;  at.  wt.  190.2;  at.  no.  76;  m.p. 
2700°C;  b.p.  above  5300°C;  sp.  gr.  22.48  (20°C) ;  valence  2,  3,  4, 
or  8.  Discovered  in  1803  by  Tennant  in  the  residue  left  when 
crude  platinum  is  dissolved  by  aqua  regia.  Osmium  occurs  in 
iridosime  and  in  platinum  bearing  river  sands  of  the  Urals, 
North  America  and  South  America.  The  metal  is  bluish-white, 
hard  and  crystalline,  belonging  to  the  platinum  family.  It  is 
the  heaviest  known  form  of  matter  and  is  very  infusible.  When 
heated  in  air  it  is  oxidized  to  Os04  with  a  pungent,  irritating  and 
poisonous  vapor,  which  is  easily  reduced  by  organic  matter. 
The  oxide  gives  the  element  its  name,  and  is  useful  in  making 
microscopic  slides.  The  metal  has  been  used  in  making  lamp 
filaments  and  with  iridium  forms  the  alloy  osmiridium,  which  is 
ver}'  hard,  suggesting  its  use  for  tipping  gold  pen  points  and  for 
fine  machine  bearings. 

Oxygen  (Gr.  oxys,  acid,  and  genes,  forming,  acid  former),  O; 
at.  wt.  16.0000;  at.  no.  8;  m.p.  -218.4°C;  b.p.  -183.0°C; 
density  1.429  g/1  (0°C);  sp.  gr.  liquid  1.14  (-183°C);  valence 
2.  Discovered  in  1774  by  Priestley,  who  obtained  it  by  heating 
mercuric  oxide,  using  the  sun's  rays  with  a  burning  glass; 
independently  by  Scheele  from  other  sources.  Oxygen  as  a 
gaseous  element  forms  21  %  of  the  atmosphere  by  volume,  from 
which  it  can  be  obtained  by  liquefaction  and  fractional  dis- 
tillation. Free  and  in  compounds  it  makes  up  approximately 
one  half  of  the  total  material  on  the  surface  of  the  earth,  forming 
by  weight  more  than  one  fifth  of  the  air,  about  two-thirds  of  the 
human  body  and  eight-ninths  of  the  water,  with  a  very  high 
percentage  in  the  minerals  of  the  earth's  crust.  In  the  labora- 
tory it  is  usually  prepared  by  the  electrolysis  of  water,  or  by 
heating  potassium  chlorate  with  manganese  dioxide  as  a 
catalyst.  The  critical  temperature  and  pressure  are  —  118°C 
and  50  atmospheres.  The  gas  is  colorless,  odorless,  and  taste- 
less; the  liquid  and  solid  forms  are  a  pale  blue  color  and  are 
magnetic,  but  much  less  so  than  iron.  Oxygen  is  very  reactive, 
capable  of  combining  with  all  the  other  elements  except  the 
inert  gases  in  Group  O  and  bromine.  Its  atomic  weight  is 
the  standard  of  comparison  for  the  atomic  weight  of  each  of  the 
other  elements.  It  is  used  with  combustible  gases  in  the  oxy- 
hydrogen  and  oxy-acetylene  flames.     It  is  essential  for  respira- 
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tion  of  all  animals  and  for  practically  all  combustion ;  in  medicine 
it  is  used  to  aid  respiration. 

Palladium  (Planetoid  Pallas),  Pd;  at.  wt.  106.7;  at.  no.  46; 
m.p.  1553°C;  b.p.  2200°C;  sp.  gr.  12.16  (20°C) ;  valence  2  or  4. 
Discovered  in  1803  by  Wollaston.  Palladium  occurs  with 
platinum  and  is  obtained  by  ignition  of  the  precipitated  cyanide. 
It  is  a  steel-white  metal  of  the  platinum  family ;  does  not  tarnish 
in  air  and  has  the  property  of  taking  up  large  volumes  of  hydro- 
gen with  the  formation  of  the  hydride.  It  is  used  in  the  con- 
struction of  non-magnetic  watches  and  parts  of  delicate  balances 
and  in  surgical  instruments.  The  most  important  compound 
is  the  chloride,  PdCl2. 

Phosphorus  (Gr.  phosphoros,  light  bearing),  P;  at.  wt.  30.98; 
at.  no.  15;  m.p.  44.1°C;  b.p.  280°C;  sp.  gr.  yellow  1.82,  red 
2.20;  valence  3  or  5.  Discovered  in  1669  by  Brand,  who  pre- 
pared it  from  urine.  Phosphorus  may  be  prepared  in  three 
allotropic  forms;  white  or  yellow,  red,  black.  Never  found 
free  in  nature,  it  is  widely  distributed  in  combination  in  miner- 
als, the  most  important  being  the  apatites  (3Ca3(P04)2.CaF2  and 
3Ca3(P04)2.CaCl2),  which  are  the  chief  ingredients  of  commercial 
phosphates  derived  from  South  Carolina,  Florida,  Canada  and 
Spain;  it  is  an  essential  ingredient  of  all  cell  protoplasm,  nervous 
tissue  and  bones.  It  may  be  obtained  from  phosphates  by 
treatment  with  dilute  sulfuric  acid  to  form  o-phosphoric  acid, 
the  concentrated  solution  of  which  is  mixed  with  crushed  char- 
coal or  coke  and  dried;  on  heating  this  mixture  in  retorts,  the 
phosphorus  distils  and  is  condensed.  It  is  also  prepared  by 
heating  crude  phosphate  with  sand  and  coke  in  the  electric 
furnace,  the  phosphorus  distilling  off.  Ordinary  phosphorus 
is  a  waxy  solid,  which  is  colorless  when  very  pure,  insoluble  in 
water  but  soluble  in  carbon  disulfide.  It  takes  fire  spontane- 
ously in  air,  burning  to  the  pentoxide;  it  is  very  poisonous. 
When  heated  in  its  own  vapor  to  250°C  it  is  converted  into  the 
red  variety,  which  does  not  glow  in  the  air,  does  not  ignite 
spontaneously,  and  is  not  poisonous.  The  production  of 
phosphorus  and  its  compounds  has  increased  very  rapidly  in 
recent  years;  phosphoric  acid  is  replacing  sulfuric  acid  in  the 
treatment  of  natural  phosphates  to  make  them  soluble  for  use 
as  fertilizers,  since  this  causes  a  great  increase  in  the  percentage 
of  P2O5  present  and  available.  Organic  compounds  are 
increasing  in  number  and  in  importance.  Di-  and  tri-sodium 
phosphates  are  used  as  detergents  in  large  quantities,  while 
hexa-metaphosphate  is  in  frequent  use  for  the  prevention  of 
boiler  scale  and  of  corrosion  in  pipes  and  boiler  tubes.  Other 
important  compounds  are  the  phosphoric  anhydride,  used  as  a 
toxic  smoke  in  warfare  and  made  from  burning  phosphorus,  and 
the  chlorides,  PC13  and  PC16. 

Platinum  (Sp.  platina,  little  silver),  Pt;  at.  wt.  195.23;  at.  no. 
78;  m.p.  1773.5°C;  b.p.  4300°C;  sp.  gr.  21.37  (20°C) ;  valence  2 
or  4.  Discovered  in  South  America  by  Ulloa  in  1735  and  by 
Wood  in  1744.  Platinum  usually  occurs  native,  accompanied 
by  small  quantities  of  iridium,  osmium,  ruthenium,  rhodium 
and  palladium,   all  belonging  to  the  same  group  of  metals. 
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These  are  usually  found  in  alluvial  deposits  in  the  Ural  moun- 
tains, in  Colombia  and  in  certain  western  American  states. 
Sperrylite  (PtAs2)  occurring  with  nickel  bearing  deposits  in 
Canada  is  the  source  of  a  considerable  weight  of  the  platinum 
metals,  which  are  recovered  as  by-products  in  refining  the  nickel. 
The  heavy  nickel  production  offsets  the  fact  that  there  is  only 
one  part  of  the  platinum  metals  in  two  million  parts  of  ore. 
Platinum  is  a  tin-white  metal  of  metallic  luster,  tenacious, 
malleable  and  ductile ;  it  is  welded  at  a  red  heat ;  has  a  coefficient 
of  expansion  approximately  equal  to  that  of  glass.  The  metal 
does  not  oxidize  in  air  at  any  temperature,  but  is  corroded  by 
halogens,  cyanide,  sulfur  and  caustic  alkalies;  it  is  insoluble  in 
hydrochloric  or  nitric  acids,  but  dissolves  when  they  are  mixed 
as  aqua  regia,  forming  chloroplatinic  acid  (H2PtCle),  a  very 
important  compound.  The  metal  is  extensively  used  in 
jewelry,  in  wire  and  vessels  for  laboratory  use,  as  well  as  many 
valuable  instruments;  in  finely  divided  state  it  is  an  excellent 
catalyst,  having  long  been  used  in  the  contact  process  for 
sulfuric  acid,  of  which  it  does  not  now  have  a  monopoly.  The 
price  of  platinum  has  varied  widely,  being  used  a  century  or 
more  ago  to  adulterate  South  American  gold;  in  1920  it  was 
nearly  eight  times  as  valuable  as  gold  at  its  price  then,  while 
it  now  practically  equals  the  new  value  assigned  to  gold. 

*Polonium  (Poland,  native  country  of  Mme.  Marie  Curie), 
Po;  at.  wt.  approximately  210;  at.  no.  84.  First  element  dis- 
covered by  Mme.  Curie  (1898)  in  seeking  cause  of  radioactivity 
of  pitchblende  from  Joachimisthal,  Bohemia.  The  electro- 
scope, claimed  to  be  500,000  times  more  sensitive  than  the 
spectroscope,  showed  it  separating  with  the  bismuth.  Polonium 
is  also  called  Radium  F.     (See  Radioactive  Elements.) 

Potassium  (English  potash),  K  (L.  kalium);  at.  wt.  39.096; 
at.  no.  19;  m.p.  62.3°C;  b.p.  760°C;  sp.  gr.  0.87  (20°C) ;  valence 
1.  Discovered  in  1807  by  Davy,  who  obtained  it  from  caustic 
potash  (KOH);  this  was  the  first  metal  isolated  by  the  aid  of 
the  electric  current.  The  metal  occurs  abundantly,  being  the 
eighth  element  in  the  earth's  crust,  of  which  it  makes  more  than 
2% ;  most  of  its  minerals  are  insoluble  and  the  metal  is  obtained 
from  them  with  great  difficulty.  Under  certain  conditions  the 
salts  of  potassium  have  been  concentrated  from  ancient  ocean 
beds;  before  World  War  I  the  principal  source  of  potassium 
was  the  mines  of  Stassfurt  in  Prussian  Saxony  from  such  beds. 
During  this  war  the  United  States  suffered  a  severe  shortage  of 
potassium  salts,  which  form  an  essential  constituent  of  fertiliz- 
ers. Before  World  War  II  began  the  American  production  was 
sufficient  to  meet  all  needs;  this  supply  came  from  mines  in 
New  Mexico,  ancient  lake  beds  in  California  and  Utah,  as  a 
by-product  from  cement  plant  dust  and  from  distillery  waste. 
Potassium  is  never  found  free  but  is  obtained  by  the  electrolysis 
of  the  hydroxide.  On  exposure  to  moist  air  it  becomes  coated 
with  a  film  of  the  oxide,  and  so  is  preserved  by  immersion  in 
kerosene  or  naphtha.  It  is  a  soft,  bright,  silvery  metal  belong- 
ing to  the  alkali  group ;  dropped  on  water  it  evolves  hydrogen 
which  takes  fire  spontaneously,  the  flame  being  colored  violet 

*  Plutonium,  see  end  of  list. 
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by  the  potassium.  In  some  cases  its  compounds  are  more 
readily  purified  by  crystallization  than  those  of  sodium ;  impor- 
tant are  the  hydroxide,  carbonate,  nitrate,  chloride,  chlorate, 
bromide,  iodide,  cyanide,  sulfate,  chromate,  dichromate  and 
silicate. 

Praseodymium  (Gr.  prasious,  green,  and  didymos,  twin),  Pr; 

at.  wt.  140.92;  at.  no.  59;  m.p.  940°C;b.p ;  sp.  gr.  6.5 

(20°C) ;  valence  3,  4  or  5.  In  1843  Mosander  reported  the  rare 
earth  didymia  obtained  from  lanthana;  in  1879  Lecoq  de  Bois- 
baudran  isolated  a  new  earth  from  didymia  extracted  from 
samarskite  and  called  it  samaria.  Six  years  later  Von  Welsbach 
separated  it  into  two  earths  which  gave  salts  of  different  colors. 
Praseodymium  is  a  metallic  element  from  the  cerium  group  of 
rare  earths.  It  forms  green  salts  with  a  characteristic  absorp- 
tion spectrum.  The  metal  has  been  prepared  by  the  electrolysis 
of  the  chloride. 

Protoactinium  (Gr.  protos,  first),  Pa;  at.  wt.  231;  at.  no.  91. 
The  first  element  of  the  actinium  series  of  radioactive  elements 
was  discovered  by  Soddy  and  Cranston  and  independently  by 
Hahn  and  Meitner,  both  in  1917.  Later  Grosse  prepared  the 
pure  pentoxide  and  from  this  in  1934  the  metal.  Protoactinium 
has  been  called  the  " mother  substance"  or  the  " parent"  of 
actinium,  which  it  forms  by  the  loss  of  an  alpha  particle,  and  the 
"patriarch"  of  the  series;  known  also  as  ekatantalum  and 
uranium  X2.      (See  Radioactive  Elements.) 

Radium  (L.  radius,  ray)  Ra;  at.  wt.  226.05;  at.  no.  88;  m.p. 
960°C;  b.p.  1140°C;  sp.  gr.  5  (?) ;  valence  2.  In  the  form  of  a  salt 
(RaBr2)  it  was  first  separated  by  M.  and  Mme.  Curie  in  1898 
from  the  pitchblende  in  North  Bohemia,  in  which  it  occurs  in 
about  one  part  in  three  million.  Isolated  in  1911  by  Mme. 
Curie  and  Debierne  by  the  electrolysis  of  a  solution  of  pure 
radium  chloride,  employing  a  mercury  cathode;  on  distillation  in 
an  atmosphere  of  hydrogen  this  amalgam  yielded  the  pure 
metal.  The  carnotite  sands  of  Colorado  furnished  some  radium, 
but  richer  ores  were  found  in  the  Belgian  Congo  and  later  in  the 
Great  Bear  Lake  region  of  Canada,  which  is  now  the  principal 
source.  Radium  is  obtained  commercially  as  the  bromide  or 
chloride.  The  metal  is  brilliant  white,  shows  luminescence, 
alters  very  rapidly  in  contact  with  the  air,  decomposes  water, 
and  is  somewhat  more  volatile  than  barium.  The  primary  uses 
of  the  compounds  are  in  producing  self-luminous  paints  and  in 
the  treatment  of  certain  types  of  cancer  and  skin  affections. 
One  gram  of  radium  produces  about  0.1  cubic  millimeter  of 
emanation  per  day;  this  is  pumped  from  the  radium  and  sealed 
in  minute  tubes,  which  are  then  applied  to  the  diseased  parts. 
Radium  loses  about  1  %  of  its  activity  in  25  years,  being  trans- 
formed into  elements  of  lower  atomic  weights.  Study  of  radium 
and  its  activity  has  decidedly  changed  our  ideas  of  the  structure 
of  the  atom.     (See  Radioactive  Elements.) 

Radon  (from  radium,  called  niton  at  first,  L.  nitens,  shining), 
Rn;  at.  wt.  222;  at.  no.  86;  valence  0;  m.p.  -110°C;  b.p. 
-61.8°C;  sp.  gr.  9.73  g/1.  Discovered  in  1900  by  Dorn  and 
called  radium  emanation;  isolated  in  1908  by  Ramsay  and  Gray, 
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who  named  it  niton.  They  determined  its  density,  finding  it  to 
be  the  heaviest  gas  known.  It  occupies  the  last  place  in  the 
zero  group  of  gases  in  the  Periodic  Table.  Since  1923  it  has 
been  called  radon  to  show  its  origin  from  radium.  Thoron  and 
actinon  are  isotopes.     (See  Radioactive  Elements.) 

Rhenium  (L.  Rhenus,  Rhine),  Re;  at.  wt.  186.31;  at.  no.  75; 

m.p.  3000°C;  b.p jsp.gr.  20.53  (20°C);  valence  4, 

5,  6,  7,  8.  One  of  the  eka-manganeses  (dwi-manganese)  dis- 
covered in  1925  by  Noddack,  Tacke  and  Berg  in  the  minerals 
columbite,  tantalite  and  wolframite.  Rhenium  was  detected  with 
the  aid  of  the  Rontgen  spectrum;  its  arc  spectrum  has  been 
carefully  studied  by  Meggers.  The  metal  can  be  hot  forged  or 
rolled;  dissolved  readily  in  nitric  acid,  slowly  in  sulfuric,  hardly 
at  all  in  hydrochloric. "  The  price  of  $10,000  per  gram  in  1928 
dropped  to  $3  in  1930,  the  production  increasing  a  thousand  fold. 
This  has  made  possible  the  use  of  the  element  as  a  catalyst  for 
dehydrogenation  and  in  connection  with  other  metals. 

Rhodium  (Gr.  rhodon,  rose),  Rh;  at.  wt.  102.91;  at.  no.  45; 
m.p.  1985°C;  b.p.  above  2500°C;  sp.  gr.  12.5  (20°C) ;  valence  3. 
Discovered  in  1803  by  Wollaston.  Rhodium  is  a  silver-white 
metal  of  the  platinum  family,  occurring  native  with  other 
members  of  this  family  in  river  sands  in  the  Urals  and  in  North 
and  South  America.  The  salts  form  red  solutions.  An  alloy 
with  platinum  is  used  in  connection  with  pure  platinum  to  make 
thermo junctions  in  some  forms  of  pyrometers.  In  electroplat- 
ing it  gives  a  surface  unaffected  by  exposure  to  air  or  to  strong 
acids  or  alkalies. 

Rubidium  (L.  rubidius,  dark  red),  Rb;  at.  wt.  85.48;  at.  no. 
37;  m.p.  38.5°C;  b.p.  700°C;  sp.  gr.  1.53  (20°C);  valence  1. 
Discovered  in  1861  by  Bunsen  and  Kirchhoff  by  the  use  of  the 
spectroscope  in  the  mineral  lepidolite.  Rubidium  occurs  in 
small  quantities,  also,  in  some  mineral  springs  and  in  the  rare 
minerals,  castor  and  pollux,  found  in  Elba.  It  is  prepared  by  the 
electrolysis  of  the  cyanide.  Rubidium  is  a  soft,  white,  rare, 
metallic  element  of  the  alkali  group;  it  forms  salts  similar  to 
those  of  potassium  and  colors  the  flame  dark  red,  when  held  in  a 
burner. 

Ruthenium  (Ruthenia,  Ukraine),  Ru;  at.  wt.  101.7;  at.  no. 
44;  m.p.  2450°C;  b.p.  above  2700°C;  sp.  gr.  12.2  (20°C) ;  valence 
3,  4,  6  or  8.  Discovered  in  1844  by  Klaus  more  than  a  century 
after  the  discovery  of  platinum.  Ruthenium,  belonging  to  the 
platinum  group,  occurs  native  with  the  other  members  of  this 
group.  The  metal  is  hard,  gray,  and  brittle;  it  forms  red  or 
brown  salts;  ruthenous  chloride  (RuCl3)  gives  a  characterstic 
fine  black  precipitate  with  water. 

Samarium  (Samarski,  a  Russian),  Sm;  at.  wt.  150.43;  at.  no. 

62;  m.p.  above  1300°C;  b.p ;  sp.  gr.  7.7-7.8;  valence 

2  or  3.  Discovered  in  1879  by  Lecoq  de  Boisbaudran  in  the 
mineral  samarskite,  named  in  honor  of  a  Russian  mine  official. 
Samarium  is  a  metallic  element  belonging  to  the  cerium  group  of 
the  rare  earths,  occurring  in  very  minute  quantities  in  samar- 
skite, cerite  and  certain  Scandinavian  minerals. 

325 


THE  ELEMENTS  (Continued) 

Scandium  (Scandinavia),  Sc.  at.  wt.  45.10:  at.  no.  21;  m.p. 
1200°C;  b.p.  2400°C,  calculated;  sp.  gr.  3.02  (10°C)  -  ?;  valence 
3.  Predicted  by  Mendeleeff  on  the  basis  of  the  Periodic  Law; 
discovered  by  Nilson  in  1879.  By  some  scandium  is  placed  in 
the  rare  earth  group.  The  metal  has  not  been  isolated ;  it  forms 
colorless  salts  derived  from  the  oxide  SC2O3. 

Selenium  (Gr.  Selene,  moon),  Se;  wt.  wt.  78.96;  at.  no.  34; 
m.p.  of  gray  form  220°C;  b.p.  688°C;  sp.  gr.  gray  4.8  (20°C); 
valence  2,  4  or  6.  Discovered  in  1817  by  Berzelius  associated 
with  tellurium,  named  for  the  earth,  hence  the  name  chosen. 
The  principal  source  of  selenium  is  the  flue  dust  obtained  in 
burning  pyrites  in  the  manufacture  of  sulfuric  acid.  It  is  pre- 
pared in  red  amorphous  form  by  reduction  of  selenic  acid,  and 
this  on  melting  and  keeping  somewhat  below  the  melting  point 
becomes  gray  and  crystalline.  It  is  in  the  sulfur  family,  which 
it  resembles  both  in  the  various  forms  of  the  element  and  in  its 
compounds.  The  conductivity  of  electricity  of  the  gray  form 
increases  with  the  brightness  of  the  light  with  which  it  is  illumi- 
nated. For  this  reason  it  can  be  used  in  photo-electric  cells ;  its 
chief  use  is  in  the  glass  and  ceramic  industries.  Red  glass  may 
contain  colloidal  selenium.  It  occurs  in  some  soils  in  amounts 
sufficient  to  produce  serious  effects  on  animals  feeding  on  plants 
grown  in  such  soils. 

Silicon  (L.  silex,  flint),  Si;  at.  wt.  28.06;  at.  110.  14;  m.p. 
1420°C;  b.p.  2600°C;  sp.  gr.  2.42  (20°C);  valence  4.  First 
prepared  by  Berzelius  in  1823.  Next  to  oxygen,  the  most 
abundant  element;  characteristic  of  all  abundant  and  important 
rocks  except  carbonates.  It  makes  up  about  one-fourth  of  the 
crust  of  the  earth.  Silicon  is  not  found  free,  it  occurs  chiefly  as 
the  oxide,  silica  (Si02)  (sand,  quartz,  rock  crystal,  amethyst, 
agate,  flint,  jasper,  opal,  etc.)  both  free  and  in  combination  with 
the  metallic  oxides  as  silicates  (granite,  hornblende,  asbestos, 
feldspar,  clay,  mica,  etc).  It  is  obtained  as  an  amorphous 
brown  powder  on  fusion  of  potassium  fluosilicate  with  sodium  or 
potassium;  the  crystalline  form  is  obtained  by  passing  silicon 
tetrachloride  over  melted  aluminum  in  an  atmosphere  of 
hydrogen,  or  by  heating  potassium  fluosilicate  with  zinc  and 
sodium  at  a  temperature  just  below  the  boiling  point  of  zinc. 
Silicon  is  a  non-metallic  element  resembling  carbon  in  having 
several  allotropic  forms  and  in  compounds  formed.  It  is  not 
attacked  by  acids  except  by  a  mixture  of  nitric  and  hydrofluoric 
acids;  it  is  soluble  in  hot  caustic  potash  or  soda,  evolving  hydro- 
gen and  forming  the  corresponding  silicate  (K2Si03  or  Na2Si03). 
Sodium  silicate  is  of  wide  industrial  importance.  Glass,  cement 
and  clay  working  are  called  the  silicate  industries.  An  alloy  of 
iron  containing  14  %  of  silicon  is  brittle,  but  extremely  resistant 
to  the  action  of  acids,  making  it  widely  useful  in  the  equipment 
of  acid  plants  and  in  laboratory  drains. 

Silver  (Anglo-Saxon,  soelfor),  Ag  (L.  argentum);  at.  wt. 
107.880;  at.  no.  47;  m.p.  960.5°C;  b.p.  1950°C;  sp.  gr.  10.50 
(20°C);  valence  1.  Known  to  ancients.  Silver  occurs  native 
and  in  ores  in  combination  with  many  non-metallic  elements,  as 
argentite  (Ag2S)  and  horn  silver  (AgCl);  lead  and  copper  ores 

326 


THE  ELEMENTS  (Continued) 

yield  considerable  silver.  It  is  obtained  from  its  ores  by  smelt- 
ing with  lead  or  copper,  by  cyanidation,  or  by  amalgation  with 
mercury.  The  metal  is  pure  white  having  a  brilliant  luster,  a 
little  harder  than  gold  and  excelled  only  by  that  metal  in  malle- 
ability and  ductility ;  it  excels  all  other  metals  as  a  conductor  of 
heat  and  electricity ;  it  undergoes  no  change  in  water  or  pure  air, 
but  absorbs  22  times  its  volume  of  oxygen  when  melted,  which  is 
again  expelled  on  cooling;  it  tarnishes  in  the  vapors  of  sulfur 
compounds  forming  the  black  sulfide  (Ag2S).  The  most  impor- 
tant compounds  of  silver  are  the  nitrate  (AgN03),  or  lunar 
caustic,  the  oxide  (Ag20),  and  the  halides  (AgCl,  AgBr),  which 
darken  on  exposure  to  light,  which  is  the  basis  of  photography. 
A  dilute  solution  of  silver  nitrate  is  used  in  medicine  as  an 
antiseptic.  The  metal  is  extensively  used  for  coins,  in  jewelry 
and  in  tableware. 

Sodium  (English,  soda),  Na  (L.  natrium))  at.  wt.  22.997;  at. 
no.  11;  m.p.  97.5°C;  b.p.  880°C;  sp.  gr.  0.971  (20°C) ;  valence  1. 
Long  recognized  in  compounds;  first  isolated  by  Davy  in  1807 
by  electrolysis.  Sodium  is  the  most  abundant  of  the  alkali 
metals,  being  the  seventh  element  in  amount  in  the  crust  of  the 
earth.  Sodium  chloride  is  the  most  common  compound,  but  it 
occurs  in  many  others.  Never  found  free,  it  is  obtained  by  the 
electrolysis  of  the  chloride  or  hydroxide;  it  is  a  soft,  bright, 
silvery  metal.  On  exposure  to  moist  air  it  becomes  coated  with 
a  film  of  the  oxide  or  hydroxide,  and  is  preserved  by  immersing 
in  kerosene  or  naphtha.  It  decomposes  water  with  the  forma- 
tion of  hydrogen  and  sodium  hydroxide ;  it  burns  in  air  with  the 
formation  of  the  peroxide  (Na202) ;  it  is  used  for  the  reduction  of 
organic  compounds,  in  the  preparation  of  the  peroxide  and 
cyanide,  and  for  keeping  mercury  clean  and  active  in  gold 
extraction.  Soap  is  generally  a  sodium  salt  of  certain  fatty  acids. 
Its  compounds  are  of  the  widest  industrial  importance,  being 
manufactured  in  hundreds  of  thousands  of  tons  annually. 
Some  of  these  are  common  salt  (NaCl),  soda  ash  (Na2C03), 
baking  soda  (NaHC03),  caustic  soda  (NaOH),  Chile  saltpeter 
(NaN03),  di-  and  tri-sodium  phosphates,  sodium  thiosulfate 
(hypo,  Na2S203.5H20),  borate  (borax,  Na2B4O7.10H2O). 

Strontium  (Strontian,  town  in  Scotland),  Sr;  at.  wt.  87.63; 
at.  no.  38;  m.p.  800°C;b.p.  1150°C;sp.  gr.  2.54  (20°C) ;  valence 
2.  Discovered  by  Crawford,  a  Scotchman  in  1790;  metal 
isolated  by  Davy  by  electrolysis  in  1808.  Strontium  is  found 
chiefly  in  celestite  (SrS04)  and  strontianite  (SrC03).  Prepared 
by  the  electrolysis  of  the  fused  chloride,  it  resembles  metallic 
calcium  in  its  properties;  it  is  a  hard  silver-white  metal.  The 
salts  are  generally  soluble  in  water  with  the  exception  of  the 
sulfate,  phosphate  and  carbonate ;  they  impart  a  brilliant,  blood- 
red  color  to  the  flame,  and  are  used  in  pyrotechny  for  red  fire. 
Strontium  salts  are  also  used  in  beet  sugar  refining. 

Sulfur  (L.  sulfur),  S;  at.  wt.  32.06;  at.  no.  16;  m.p.  rhombic 
112.8°C,  monoclinic  119.0°C;  b.p.  444.6°C;  sp.  gr.  rhombic  2.07, 
monoclinic  1.957  (20°C);  valence  2,  4,  or  6.  Known  to  the 
ancients.  Formerly  obtained  from  the  vicinity  of  volcanoes, 
active  or  extinct,  since  the  beginning  of  this  century  the  chief 
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supply  has  come  from  wells  sunk  into  the  salt  domes  along  the 
Gulf  coast.  The  Frasch  process  of  concentric  pipes  with  great 
quantities  of  superheated  water  has  been  used  to  melt  and  raise 
the  sulfur,  giving  a  product  of  very  high  purity.  Sulfur  is 
widely  distributed  in  nature  in  free  form;  in  sulfides,  as  iron 
(pyrites),  lead  (galena),  zinc  (blende),  mercury  (cinnabar)  and 
antimony  (stibnite) ;  in  sulfates,  as  calcium  (gypsum),  magnesium 
(Epsom  salt),  strontium  (celestite)  and  barium  (barite  or  heavy 
spar).  Sulfur  is  a  pale  yellow,  odorless,  brittle  solid,  which  is 
insoluble  in  water,  soluble  in  carbon  disulfide.  It  occurs  in  two 
crystalline  forms  and  an  allotropic  form  known  as  plastic  sulfur, 
which  reverts  to  the  crystalline  form  on  standing;  a  finely 
divided  form  known  as  flowers  of  sulfur  is  obtained  by  sub- 
limation. It  readily  forms  compounds  known  as  sulfides  with 
many  elements.  Sulfur  is  a  component  of  black  gunpowder,  is 
widely  used  in  the  vulcanization  of  rubber  and  as  a  fungicide.  A 
tremendous  tonnage  is  used  after  burning  to  form  sulfur  dioxide 
in  the  manufacture  of  sulfuric  acid,  the  most  important  manu- 
factured chemical,  and  in  the  processes  for  making  wood  pulp 
for  paper;  sulfur  dioxide  is  also  used  in  fumigation  and  in  the 
bleaching  of  dried  fruits.  The  element  is  a  good  electrical 
insulating  agent,  and  organic  compounds  containing  sulfur  are 
very  important. 

Tantalum  (Gr.  Tantalos,  mythological  character)  Ta;  at.  wt. 
180.88;  at.  no.  73;  m.p.  2996°C;  b.p.  above  4100°C;  sp.  gr.  16.6; 
valence  3  or  5.  Discovered  in  1802  by  Ekeberg.  Tantalum 
occurs  principally  in  the  mineral  tantalite  (FeTa206),  very  similar 
to  columbite,  and  is  prepared  by  the  reduction  of  K2TaF7  with 
hydrogen  followed  by  fusion  in  a  vacuum.  It  can  be  drawn  into 
a  wire  with  a  very  high  point  of  fusion  and  great  tenacity,  which 
has  been  used  in  the  construction  of  filaments  for  incandescent 
lamps ;  it  has  been  generally  replaced  by  tungsten,  but  tantalum 
is  still  used  when  lamps  have  to  resist  more  than  ordinary  vibra- 
tion. It  is  also  used  to  alloy  with  other  metals.  It  is  soluble  in 
fused  alkalies,  insoluble  in  acids ;  especially  suited  for  plant  work 
with  halogens,  hydrochloric  acid  and  aqua  regia.  The  common 
oxide  is  Ta205. 

Tellurium  (L.  tellus,  earth),  Te;  at.  wt.  127.61;  at.  no.  52; 
m.p.  452°C;  b.p.  1390°C;  sp.  gr.  6.24  (20°C) ;  valence  2,  4,  or  6. 
Discovered  by  Muller  von  Richenstein  in  1782;  named  by 
Klaproth  in  1798.  Tellurium  is  found  native  and  as  the 
telluride  of  gold  and  other  metals.  It  is  obtained  by  reduction 
of  telluric  oxide  and  forms  a  powder  of  grayish-white,  metallic 
appearance.  It  is  a  semi-metallic  element  of  the  sulfur  group 
and  forms  tellurides  with  hydrogen  and  metals  similar  to  the 
sulfides;  the  compounds  H2Te03  and  H2Te04  are  only  slightly 
acidic.  The  inhalation  of  the  vapors  of  tellurium  produces  the 
very  offensive  " tellurium  breath."  It  is  used  as  a  coloring 
agent  in  glass,  giving  a  blue  to  brown  color.  Certain  alloys  give 
high  electrical  resistance.  Addition  of  less  than  a  tenth  of  one 
per  cent  to  lead  greatly  increases  its  strength  and  hardness. 

Terbium  (Ytterby,  village  in  Sweden),  Tb;  at.  wt.  159.2;  at. 
no.  65;  m.p ;  b.p ;  sp.  gr ;  valence  3. 
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Discovered  by  Mosander  in  1843  from  gadolinite.  Terbium  is  a 
metal  of  the  rare  earths;  in  order  of  discovery  it  falls  in  the 
Yttria  group ;  the  metal  has  not  been  isolated.  It  yields  a  white 
oxide  Tb203,  and  forms  trivalent  salts.  Its  name  together  with 
the  names  yttrium,  ytterbium,  and  erbium,  are  all  derived  from 
the  little  Swedish  town,  Ytterby,  where  the  rare  earth  minerals 
were  first  found. 

Thallium  (Gr.  thallos,  budding  twig),  Tl;  at.  wt.  204.39;  at. 
no.  81;  m.p.  303.5°C;  b.p.  1650°C;  sp.  gr.  11.85  (20°C);  valence 
1  or  3.  Discovered  by  the  use  of  the  spectroscope  in  1861  by 
Crookes,  who  isolated  the  metal  in  1862.  Lamy  also  isolated 
the  metal  in  1862.  Thallium  occurs  in  pyrites  and  is  prepared 
from  the  flue  dust  of  sulfuric  acid  works.  The  metal  is  obtained 
by  heating  thallium  iodide  with  metallic  sodium;  it  resembles 
lead,  having  a  hardness  of  1.2  compared  with  1.5  for  lead;  the 
malleability  is  high  and  the  tenacity  is  low;  there  are  two  allo- 
tropic  forms  with  a  transition  temperature  of  226 °C;  it  is  a  poor 
conductor  of  electricity,  tarnishes  in  air  forming  the  oxide  T120, 
or  the  hydroxide  TIOH  in  the  presence  of  water.  The  element 
is  displaced  from  solutions  of  its  salts  by  zinc.  Because  of  its 
resemblance  to  both  the  alkali  metals  and  to  the  metals  of 
Group  III,  thallium  has  been  called  the  " paradoxical  metal" 
and  the  " bird-beast  metal."  Its  salts  are  poisonous,  and  are 
used  in  the  control  of  rodents  such  as  squirrels. 

Thorium  (Thor,  Scandinavian  god  of  war),  Th;  at.  wt. 
232.12;  at.  no.  90;  m.p.  1845°C;  b.p.  above  3000°C;  sp.  gr.  11.3 
(20°C) ;  valence  4.  Discovered  by  Berzelius  in  1828.  Thorium 
occurs  chiefly  in  thorite  (ThSi04)  and  other  rare  minerals.  In 
the  U.  S.  it  is  obtained  chiefly  from  monazite,  which  contains 
from  3  to  9  %  of  TI1O2.  The  free  element  has  been  prepared  by 
heating  the  double  chloride  or  fluoride  of  thorium  and  potassium 
with  metallic  sodium  or  potassium ;  it  is  a  heavy,  gray,  difficulty 
fusible  metal,  belonging  to  the  titanium  group.  It  burns 
brightly  in  oxygen  to  form  Th02,  which  is  also  obtained  on 
heating  the  nitrate,  a  reaction  of  which  use  is  made  in  the 
manufacture  of  incandescent  gas  mantles.  Thorium  emits 
radiations  similar  to  but  not  identical  with  those  of  radium. 
(See  Radioactive  Elements.) 

Thulium  (Thule,  Northland),  Tm;  at.  wt.  169.4;  at.  no.  69; 

m.p ;   b.p ;   sp.    gr ;   valence   3. 

Discovered  in  1879  by  Cleve;  pure  thulia  was  prepared  in  1911 
by  James.  Thulium  is  in  the  yttrium  group  of  the  rare  earth 
metals  in  order  of  discovery  and  belongs  to  the  erbium  family, 
which  includes  dysprosium,  holmium  and  erbium  also.  They 
are  obtained  from  certain  rare  minerals  occurring  in  granite  or 
pegmatite  veins.  These  elements  are  characterized  by  their 
absorption  spectra  and  the  formation  of  highly  colored  salts; 
they  form  basic  oxides  of  the  type  M2O3  with  the  following  order 
of  increasing  basicity;  thulium,  erbium,  holmium  and  dys- 
prosium.    The  free  elements  have  not  been  isolated. 

Tin  (Anglo-Saxon  tin),  Sn  (L.  stannum);  at.  wt.  118.70;  at.  no. 
50;  m.p.  231.89°C;  b.p.  2260°C;  sp.  gr.  gray  5.75,  rhombic  6.55, 
tetragonal  7.31  (20°C) ;  valence  2  or  4.     Known  to  the  ancients. 
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Tin  is  found  chiefly  in  the  mineral  cassiterite  (Sn02),  found  in 
association  with  granitic  rocks,  almost  none  found  in  the  U.  S. 
It  is  obtained  by  roasting  to  remove  sulfur  and  arsenic  and 
smelting  with  powdered  anthracite  in  a  reverberatory  furnace. 
Tin  is  found  in  several  varieties ;  as  ordinarily  used  it  is  a  silver 
white  metal,  malleable  and  somewhat  ductile  with  a  low  tenacity 
and  highly  crystalline  structure.  Due  to  a  breaking  of  these 
crystals,  the  "  tin  cry  "  is  heard  when  a  bar  is  bent.  Crystalline 
tin  changes  to  gray  tin  at  low  temperatures,  the  speed  of  change 
reaching  a  maximum  at  —  50°C.  Ordinarily  it  takes  a  high 
polish  and  is  used  to  coat  other  metals  to  prevent  corrosion  or 
other  chemical  action.  Such  tin  plate  over  steel  is  used  in  the 
so  called  tin  can  for  preserving  food ;  enough  is  used  in  America 
each  year  to  make  a  100  foot  wide  belt  around  the  earth  at  the 
equator.  When  heated  in  air,  tin  forms  Sn02,  which  is  feebly 
acid,  forming  stannate  salts  with  basic  oxides.  The  most 
important  salt  is  the  chloride  (SnCl2.2H20),  which  is  used  as  a 
reducing  agent  and  as  a  mordant  in  calico-printing.  Alloys  of 
the  metal  are  very  important,  including  solder,  type  metal, 
fusible  metal,  pewter,  bronze  and  bell  metal. 

Titanium  (L.  Titans,  the  first  sons  of  the  Earth,  myth.),  Ti; 
at.  wt.  47.90;  at.  no.  22;  m.p.  1800°C;  b.p.  above  3000°C;  sp.  gr. 
4.5  (20°C);  valence  3  or  4.  Discovered  by  Gregor  in  1791; 
named  by  Klaproth  in  1795;  pure  metal  prepared  in  1910  by 
Hunter  by  heating  TiCl4  with  sodium  in  a  steel  bomb.  Titan- 
ium is  almost  invariably  present  in  igneous  rocks  and  the  sedi- 
mentary material  derived  from  them,  occurring  as  the  oxide 
(Ti02),  in  titanates  and  with  many  iron  ores.  The  metal  is 
prepared  by  heating  the  oxide  with  aluminum  or  by  electrolysis 
of  the  oxide  dissolved  in  fused  calcium  chloride.  It  is  a  lustrous 
white  metal  in  the  same  group  with  tin ;  it  burns  in  air  and  is  the 
only  element  which  burns  in  nitrogen.  The  most  important 
compounds  are  the  oxide  (Ti02),  which  is  feebly  acidic  and  from 
which  the  titanates  are  derived ;  the  halides  (TiX4),  some  of  which 
are  volatile;  and  the  nitrides  (Ti2N2,Ti3N4),  metallic  in  appear- 
ance. The  oxide  is  used  in  high  grade  white  pigments  of  great 
opacity  and  covering  power.  The  metal  is  used  in  steel  alloys 
to  increase  strength. 

Tungsten  (Sw.  heavy  stone),  W  (G.  Wolfram);  at.  wt. 
183.92;  at.  no.  74;  m.p.  3370°C;  b.p.  5900°C;  sp.  gr.  19.3  (20°C) ; 
valence  2,  4,  5  or  6.  Discovered  by  d'Elhujar  brothers  in  1783. 
Tungsten  occurs  in  tungstates  as  wolframite  (FeW04),  sckeelite 
(CaW04),  hubnerite  (MnWOJ.  The  metal  is  obtained  by 
reduction  of  the  oxide  (W03)  with  hydrogen,  carbon  or  alumi- 
num. It  is  hard,  brittle,  nonmagnetic  and  forms  the  oxide  when 
heated  in  the  air.  The  only  solvent  for  tungsten  is  a  mixture  of 
nitric  and  hydrofluoric  acids.  Because  its  melting  point  is 
higher  than  that  of  any  other  known  element,  its  vapor  pressure 
is  extremely  low.  Thus  it  is  useful  for  heating  elements  pro- 
tected from  air,  targets  of  X-ray  tubes,  contacts,  arcing  points; 
its  higher  electrical  efficiency  causes  its  almost  exclusive  use 
in  light  filaments.  About  90%  of  the  world's  production  is 
used  in  steel  manufacture,  its  various  steel  alloys  being  used 
in  armor  plate,  projectiles  and  high  speed  cutting  tools. 
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Uranium  (Planet  Uranus),  U;  at.  wt.  238.07;  at.  no.  92;  m.p. 

about  1150°C;  b.p ;  sp.  gr.  18.68  (20°C) ;  valence  3, 

4  or  6.  Discovered  by  Klaproth  in  pitchblende  in  1789;  metal 
first  prepared  in  1841  by  Peligot  by  reducing  the  chloride  with 
metallic  potassium.  This  method  is  still  used.  The  chief  ore 
is  uraninite,  or  pitchblende,  uranous  uranate,  U(U04)2;  the  metal 
is  hard,  white,  heavy.  Uranium  is  used  chiefly  in  compounds 
which  give  a  canary-yellow  fluorescent  glass  and  a  black  pigment 
for  china  painting;  its  compounds  are  used  in  photography. 
Of  the  generally  recognized  elements  it  has  the  highest  atomic 
weight  and  is  the  last  in  the  Periodic  Table.  Uranium  com- 
pounds are  radioactive.      (See  Radioactive  Elements.) 

Vanadium  (Scandinavian  goddess,  Vanadis)f  V;  at.  wt. 
50.95;  at.  no.  23;  m.p.  1710°C;  b.p.  3000°C;  sp.gr.  5.96  (20°C); 
valence  2,  3,  4  or  5.  Discovered  by  Sefstrom  in  1830;  isolated 
by  Roscoe  in  1869.  Though  relatively  rare,  vanadium  is  found 
in  a  variety  of  minerals;  prominent  among  these  are  vanadinite 
(3Pb3(V04)2.PbCl2)  and  patronite  (possibly  VS4)  occurring  in 
Peru.  Vanadium  is  obtained  by  reduction  of  the  chloride  in 
hydrogen,  forming  a  gray  and  very  infusible  metal.  The 
vanadates  are  employed  in  the  preparation  of  aniline  black  and 
for  coloring  glass.  Most  of  it  is  produced  as  ferro-vanadium 
and  used  in  the  manufacture  of  steel  alloys,  greatly  increasing 
toughness,  elasticity  and  tensile  strength.  V2O5  masses  are 
used  in  the  contact  process  for  manufacture  of  sulfuric  acid. 

*Virginium  (State  of  Virginia),  Vi;  at.  wt.  about  224;  at.  no. 
87;  valence  1.  Discovered  in  1929  by  Dr.  Fred  Allison  and 
co-workers  of  Alabama  Polytechnic  Institute  by  the  magneto 
optic  method  of  analysis  of  pollucite  and  lepidolite.  It  has  been 
found  also  in  sea  water,  lake  brine,  Stassfurt  deposits  and 
certain  other  minerals.  Virginium  has  the  highest  equivalent 
weight  of  any  element.  Named  in  honor  of  Virginia,  where  the 
discoverer  was  born.     (Existence  questioned  Ed.) 

Xenon  (Gr.  xenon,  stranger),  Xe;  at.  wt.  131.3;  at.  no.  54; 
m.p.  -112°C;  b.p.  -107.1°C;  density  5.85  g/1,  sp.  gr.  liquid 
3.52  (  — 109°C);  valence  O.  Discovered  by  Ramsay  and 
Travers  in  1898  in  the  residue  left  on  evaporating  liquid  air.  It 
is  the  rarest  and  heaviest  of  the  gases  of  the  argon  family  from 
the  atmosphere,  in  which  it  is  present  to  the  extent  of  about  one 
part  in  twenty  million.  It  is  inert  and  forms  no  compounds 
with  other  elements.  Vacuum  tubes  containing  it  show  a 
beautiful  blue  glow. 

Ytterbium  (Ytterby,  village  in  Sweden),  Yb;  at.  wt.  173.04; 

at.  no.  70;  m.p.  1800°C;  b.p ;  sp.  gr ; 

valence  3.  Separated  by  Marignac  in  1878.  In  1907  Urbain 
and  in  1908  von  Welsbach  described  a  process  by  which  this 
earth  containing  the  metal,  could  be  resolved  into  earths  of  two 
other  metals — neo-ytterbium,  or  simply  ytterbium,  and 
lutecium.  These  elements  occur  in  nearly  all  minerals  which 
contain  yttrium,  but  in  very  small  amounts.  The  best  sources 
are  probably  gadolinite,  xenotime,  poly  erase  and  blomstrandine. 
The  oxide,  chloride  and  sulfate  have  been  prepared. 

*  See  element  87  at  end  of  list. 
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Yttrium  (Ytterby,  village  in  Sweden),  Y;at.  wt.  88.92;  at.  no. 
39;  m.p.  1490°C;  b.p.  2500°C;  sp.  gr.  5.51;  valence  3.  The  rare 
earth  yttria,  which  contained  a  new  element,  was  discovered  by 
Gadolin  in  1794;  in  1843  Mosander  showed  that  yttria  could  be 
resolved  into  the  earths  of  three  other  elements,  the  name  yttria 
being  reserved  for  the  most  basic  one,  the  others  being  named 
erbia  and  terbia.  Yttrium  occurs  in  nearly  all  of  the  rare  earths 
minerals.  Wohler  obtained  the  free  element  by  reduction  of  the 
chloride  with  potassium ;  it  has  also  been  obtained  by  the  elec- 
trolysis of  a  mixture  of  the  chloride  and  sodium  chloride.  The 
metal  forms  small  scales  with  a  metallic  luster  and  an  iron-gray 
color;  it  is  readily  oxidized  in  air  and  is  converted  to  the 
hvdroxide  by  boiling  water. 

Zinc  (G.  Zink),  Zn;  at.  wt.  65.38;  at.  no.  30;  m.p.  419.5°C; 
b.p.  907°C;  sp.  gr.  7.14  (20°C);  valence  2.  Its  ores  were  used 
for  making  brass  for  centuries  before  it  was  recognized  as  a 
separate  metal  in  1746  by  Marggraf ,  who  obtained  it  by  heating 
calamide  with  charcoal.  The  principal  ores  are  sphalerite  or 
blende  (sulfide),  smithsonite  (carbonate)  and  calamine  (silicate). 
The  old  method  of  heating  the  roasted  ore  with  carbon  in  a 
retort  is  still  used,  being  replaced  to  some  extent  by  the  elec- 
trolytic process.  Zinc  is  a  bluish-white  metal,  brittle  at  ordi- 
nary temperatures  but  malleable  at  100°C,  a  fair  conductor  of 
electricity;  it  burns  in  air  at  high  red  heat  with  evolution  of 
white  clouds  of  the  oxide;  it  is  used  to  form  numerous  alloys 
with  other  metals,  as  brass  with  copper.  Galvanizing  is  coating 
other  metals,  especially  iron,  with  zinc  to  prevent  corrosion;  the 
coating  is  sometimes  applied  by  dipping  in  molten  zinc.  It  is 
used  as  the  negative  electrode  in  various  types  of  electric  bat- 
teries. Compounds  are  widely  used  in  paints,  the  oxide  being 
an  important  white  pigment;  its  compounds  have  antiseptic 
properties  and  are  used  in  medicine.  Nearly  a  century  ago 
Frankland  showed  the  use  of  zinc  in  preparing  organic  com- 
pounds. 

Zirconium  (Arabic  zargun,  gold  color),  Zr;  at.  wt.  91.22;  at. 
no.  40;  m.p.  1900°C;  b.p.  above  2900°C;  sp.gr.  6.4  (20°C); 
valence  4.  Discovered  in  zircon  by  Klaproth  in  1789;  isolated 
by  Berzelius  in  1824.  Rather  widely  diffused  in  igneous  rocks, 
zirconium  usually  occurs  in  the  silicate,  ZrSi04.  The  element  is 
in  the  titanium  family,  its  oxide  being  either  base  or  acid  form- 
ing. Prepared  from  the  tetrachloride  by  heating  with  sodium 
in  a  bomb,  the  metal  can  be  pressed  into  rods,  drawn  into  wire, 
or  burnished  to  a  bright  surface.  A  number  of  alloys  have  been 
made.  Ferro-zirconium,  made  by  aluminum  reduction  in  an 
electric  furnace,  is  used  for  desulfurizing  and  deoxidizing  steel. 
Zircon,  the  silicate,  is  sometimes  a  gem.  The  oxide  has  been 
used  in  gas  mantles,  in  paints  as  an  opacifier,  in  lacquers  in 
insulators  and  as  an  abrasive. 
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Americium  (The  Americas),  Am;  at.  no.  95.  This  name  has  been  sug- 
gested for  element  number  95  by  Seaborg,  its  co-discoverer,  in  1945.  It 
appears  to  belong  to  a  series  of  elements  of  which  actinium  is  the  first  member. 

Astatine,  At;  at.  no.  85.  An  isotope  of  atomic  mass  211  was  made  by 
bombarding  bismuth  with  high  energy  alpha  particles.  Its  general  behavior 
is  that  of  a  metal.  Its  properties  were  investigated  by  Corson,  Mackenzie 
and  Segr6. 

Curium  (Pierre  and  Marie  Curie),  Cm;  at.  no.  96.  Name  suggested  by 
Seaborg  for  element  number  96,  isotopes  of  which  were  identified  in  1945. 
The  element  appears  to  belong  to  the  "actinide"  series. 

Francium.  Fa;  at.  no.  87.  A  radioactive  form  called  actinium  K  has 
been  discovered  by  Perey.  It  has  a  mass  number  of  223  and  behaves  like  a 
heavy  alkali  metal.  It  disintegrates  rapidly  with  negative  beta  particle 
emission. 

Neptunium  (Planet  Neptune),  Np;  at.  wt.  237;  at.  no.  93;  three  isotopes 
of  mass  numbers  237,  238  and  239  are  known. 

The  two  isotopes  Np-238  and  Np-239  were  isolated  in  1940  by  McMillan 
and  Abelson,  both  produced  from  uranium,  the  first  by  bombardment  with 
deuterons.  When  uranium  is  bombarded  with  neutrons,  an  isotope  of 
uranium  of  mass  number  239  is  first  produced  which  by  emission  of  a  beta 
particle  becomes  Np-239.  Both  of  these  isotopes  disintegrate  to  form 
plutonium. 

Np-237  was  discovered  by  Wahl  and  Seaborg  in  1942  as  a  decay  product 
of  U-237.     This  isotope  is  relatively  stable. 

Plutonium  (Planet  Pluto),  Pu;  at.  no.  94;  valence  3,  4,  5,  or  6;  an  arti- 
ficially produced  radioactive  element  having  properties  somewhat  similar 
to  uranium. 

The  element  was  discovered  by  Seaborg,  McMillan,  Wahl,  and  Kennedy 
in  1940.  The  isotope  isolated  was  Pu-238  formed  by  deuteron  bombard- 
ment of  uranium  which  first  produced  Np-238.  This  decays  to  produce 
the  plutonium  isotope. 

The  isotope  of  mass  number  239  is  formed  as  a  result  of  neutron  capture 
by  uranium-238  followed  by  two  successive  beta  transformations.  Botli 
isotopes  disintegrate  slowly;  Pu-239  has  a  half  life  of  about  24,000  years, 
thus  being  essentially  a  stable  element.  This  latter  isotope  is  of  tremendous 
importance  because  of  being  fissionable  with  slow  neutrons,  and  has  been 
used  in  the  production  of  atomic  bombs. 

Prometheum,  Pm;  at.  no.  61.  Radioactive  forms  were  produced  by 
Kurbatov  and  Pool  and  independent^  by  Wu  and  Segre.  The  element 
belongs  to  the  class  of  rare  earths. 

Technetium,  TC;  at.  no.  43.  Radioactive  isotopes  were  produced  by 
the  bombardment  of  molybdenum  with  deuterons.  Perrier  and  Segre 
showed  that  the  chemical  properties  resemble  those  of  rhenium. 
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Magnesium 
Mg  =24.32 
No.  12 

Aluminum 
Al  =26.97 
No.  13 

Silicon 
Si  =28.06 
No.  14 

4 

3 

Argon 

A  =39.944 

No.  18 

Potassium 
K=39.10 
No.  19 

Calcium 
Ca  =40.08 
No.  20 

Scandium 
Sc=45.10 
No.  21 

Titanium 
Ti  =47.90 
No.  22 

5 

Copper 
Cu  =63.57 
No.  29 

Zinc 

Zn  =65.38 

No.  30 

Gallium 
Ga  =69.72 
No.  31 

Germanium 
Ge  =72.60 
No.  32 

6 

4 

Krypton 

Kr  =82.9 

No.  36 

Rubidium 
Rb  =85.44 
No.  37 

Strontium 
Sr  =87 .  63 
No.  38 

Yttrium 
Y  =88.92 
No.  39 

Zirconium 
Zr  =91.22 
No.  40 

7 

Silver 
Ag  =107.  880 
No.  47 

Cadmium 
Cd  =112.41 

No.  48 

Indium 
In  =114.8 
No.  49 

Tin 

Sn  =118.70 

No.  50 

8 

5 

Xenon 
Xe  =130.2 
No.  54 

Caesium 
Cs  =132.81 
No.  55 

Barium 
Ba  =137.36 
No.  56 

Lanthanum 
La  =138. 90 
No.  57 

Cerium 
Ce=140.13 
No.  58 

9 

10 

6 

7 

Hafnium 
Hf  =178.6 

No.  72 

11 

Gold 

Au  =197.2 

No.  79 

Mercury 
Hg  =200.61 

No.  80 

Thallium 
Tl  =204.39 

No.  81 

Lead 

Pb  =207.22 

No.  82 

12 

Radon 
Rn  =222 
No.  86 

No.  87 

Radium 
Ra  =225.97 

No.  88 

No.  89 

Thorium 
Th=232.12 
No.  90 

Elements  not  classified  in  the  table  above: 

Praseodymium      Neodymium        Illinium  Samarium         Europium 

Pr  =140.92            Nd  =144.27        II  =146(?)  Sm  =150.43     Eu  =152.0 

No.  59                    No.  60  No.  61  No.  62               No.  63 

Gadolinium  Terbium  Dysprosium 

Gd  =157.3  Tb  =159.2  Dy  =162.46 

No.  64  No.  65  No.  66 
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GROUP  V 

RH3        R2O0 

GROUP  VI 

RH2          RO; 

GROUP  VII 

RH          R2O7 

GROUP  VIII 

Nitrogen 
N  =14.008 
No.  7 

Oxygen 
O  =16.000 

No.  8 

Fluorine 
F  =19.00 
No.  9 

Phosphorus 
P  =31.02 
No.  15 

Sulfur 
S  =32 . 06 
No.  16 

Chlorine 
CI  =35.457 
No.  17 

Vanadium 
V=50  95 
No.  23 

Chromium 
Cr  =52.01 
No.  24 

Manganese 
Mn  =54.93 
No.  25 

Iron                Cobalt            Nickel 
Fe  =55.84    Co  =58.94    Ni  =58.69 
No.  26           No.  27           No.  28 

Arsenic 
As  =74.93 
No.  33 

Selenium 
Se=79.2 
No.  34 

Bromine 
Br  =79.916 
No.  35 

Columbium 
Cb=93.3 
No.  41 

Molybdenum 
Mo  =96.0 
No.  42 

Masurium 
Ma=? 
No.  43 

Ruthenium  Rhodium        Palladium 
Ru  =101.7  Rh  =102.91  Pd  =106.7 
No.  44          No.  45            No.  46 

Antimony 
Sb  =121.76 
No.  51 

Tellurium 
Te  =127.5 
No.  52 

Iodine 

1  =126.932 

No.  53 

Tantalum 
Ta  =181.4 
No.  73 

Tungsten 
W  =184.0 
No.  74 

Rhenium 
Re  =186.31 
No.  75 

Osmium        Iridium        Platinum 
Os  =190.8    Ir  =193.1    Pt  =195.23 

No.  76           No.  77         No.  78 

Bismuth 
Bi  =209.00 
No.  83 

No.  84 

No.  91 

Uranium 
U  =238. 14 
No.  92 

No.  93 

Holmium 
Ho  =163.5 
No.  67 


Erbium 
Er  =167.64 

No.  68 


Thulium 
Tm  =169.4 
No.  69 


Ytterbium 
Yb  =173.5 
No.  70 


Lutecium 
Lu  =175.0 
No.  71 
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ISOTOPES 

Artificial  and  Natural  Radioactive  Isotopes 
and  Stable  Isotopes 

The  following  table  is  taken  from  a  comprehensive  table  of 
isotopes  compiled  by  Glenn  T.  Seaborg,  Department  of  Chem- 
istry, University  of  California,  and  published  in  Reviews  of 
Modern  Physics,  January  1944.  All  isotopes  given  in  the 
original  table  are  listed  and  all  data  included  except  information 
as  to  the  nuclear  reaction  by  which  the  isotope  was  produced. 
For  this  the  reader  is  referred  to  the  original  publication. 
Information  may  usually  be  obtained  from  the  literature  cited 
in  connection  with  data  for  the  isotope. 

The  atomic  number,  Z,  is  given  in  the  first  column  followed 
by  the  symbol  of  the  isotope  and  the  mass  number  A.  The 
degree  of  certainty  is  shown  in  the  third  column  by  letters  with 
the  following  significance: 

A  =  isotope  certain  (mass  number  and  element  certain) 

B  =  isotope  probable,  element  certain 

C  =  one  of  few  isotopes,  element  certain 

D  =  element  certain 

E  —  element  probable 

F  —  insufficient  evidence 

G  =  probably  in  error  (e.g.,  impurity  or  inadequate  half -life 
determination) 

The  percent  abundance  of  the  stable  isotopes  is  listed  in  the 
fourth,  and  the  type  of  radiation  in  the  fifth  column.  The 
half-life  of  radioactive  isotopes  and  the  energy  of  radiation  in 
mega-electron  volts  complete  the  table.  Symbols  in  paren- 
thesis throughout  the  table  refer  to  the  table  of  references  at 
the  end. 

Table  of  Abbreviations 

a.  =  alpha-particles 

/3~  =  negative  beta-particles 

/3+  =  positive  beta-particles  (positrons) 

7  =  gamma-rays 

e~  —  internal-conversion  electrons 

Be-7-n  reaction  =  measurement  of  neutron  energy  from 
Be-7-n  reaction 

D-7-n  reaction  =  measurement  of  neutron  energy  from 
D-7-Ti  reaction 

abs.  =  absorption 

calor.  =  calorimetric  measurements 

cl.  ch.  =  cloud  chamber  (with  magnetic  field  in  case  of  beta- 
particles) 

cl.  ch.  pair  =  positron-electron  pairs  in  cloud  chamber  with 
magnetic  field 

cl.  ch.  recoil  =  secondary  electrons  in  cloud  chamber  with 
magnetic  field 

coincid.  =  beta-  and  gamma-coincidence  counters  (Particles 
column) 

coincid.  =  gamma-gamma-coincidence  counters  (7-rays  col- 
umn) 
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ISOTOPES  (Continued) 

coincid.  abs.  =.  beta-  and  gamma-coincidence  counters  with 
absorbers  (Particles  column) 

coincid.  abs.  =  secondary  electrons  with  coincidence  counters 
and  absorbers  (7-rays  column) 

d  ==  deuteron 

ion.  ch.  =  measurement  of  pulse  sizes  in  ionization  chamber 

I.T.  =  isomeric  transition  (transition  from  upper  to  lower 
isomeric  state) 

K  =  if-electron  capture 

K.U.  =  Konopinski-Uhlenbeck  extrapolated  value  reported 

n  =  neutron 

p  =  proton 

spect.  =  magnetic  deflection  (Particles  column) 

spect.  =  secondary  electrons  with  magnetic  spectrograph 
(7^-rays  column) 

spect.  conv.  =  internal-conversion  electrons  with  magnetic 
spectrograph 

In  the  few  cases  where  it  is  certain  that  no  gamma-rays  are 
emitted,  this  fact  is  expressed  explicitly  by  the  symbol  "no  7." 
Annihilation  gamma-rays  are  not  listed. 
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ISOTOPES  (Continued) 
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Names  and  Symbols  of  Radioactive  Elements 

For  convenience,  the  names,  symbols,  atomic  numbers  and  mass  numbers 
of  radioactive  elements  and  isotopes  are  arranged  in  alphabetical  order.  See 
also  table  of  isotopes. 


Name 


Actinium  A 

Actinium  B 

Actinium  C 

Actinium  C 

Actinium  C" 

Actinium  K 

Actinium  U 

Actinium  X 

Actinon     (Actinium 

emanation) 

Ionium 

Mesothorium  1 

Mesothorium  2 

Radioactinium 

Radiothorium 

Radium  A 

Radium  B 

Radium  C 

Radium  C 

Radium  C" 


Sym- 
bol 

Atom- 
ic 

Num- 
ber 

Mass 
Num- 
ber 

AcA 

84 

215 

AcB 

82 

211 

AcC 

83 

211 

AcC 

84 

211 

AcC" 

81 

207 

AcK 

87 

223 

AcU 

92 

235 

AcX 

88 

223 

An 

86 

219 

Io 

90 

230 

MsThi 

88 

228 

MsTh2 

89 

228 

RdAc 

90 

227 

RdTh 

90 

228 

RaA 

84 

218 

RaB 

82 

214 

RaC 

83 

214 

RaC 

84 

214 

RaC" 

81 

210 

Radium    D    (Radio- 
lead) 

Radium  E 

Radon  (Radium  ema- 
nation, Niton) 

Thorium  A 

Thorium  B 

Thorium  C 

Thorium  C 

Thorium  C" 

Thorium  X 

Thoron   (Thorium 
emanation) 

Uranium  I 

Uranium    II    (Bre- 
vium) 

Uranium  Xi 

Uranium  X2 

Uranium  Y 

Uranium  Z 


Atom- 

Sym- 

ic 

bol 

Num- 

ber 

RaD 

82 

RaE 

83 

Rn 

86 

ThA 

84 

ThB 

82 

ThC 

83 

ThC 

84 

ThC" 

81 

ThX 

88 

Tn 

86 

Ui 

92 

Ull 

92 

UXi 

90 

UX2 

91 

UY 

9C 

uz 

91 

210 
210 

222 
216 
212 
212 
212 
208 
224 

220 

238 

234 
234 
234 
231 
234 
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ISOTOPIC  MASSES 

The  table  below  gives  the  masses  of  various  isotopes,  arranged  according 
to  the  atomic  and  mass  numbers,  in  atomic  mass  units  (sO16  =  16.000000). 
Extensive  data  concerning  isotopes  and  nuclear  reactions,  with  complete 
references,  will  be  found  in  Livingstone  and  Bethe;  Review  of  Modern 
Physics  9,  245,  1937;  and  Mattauch  Nuclear  Physics  Tables  1942. 


Atom- 

Mass 
Num- 
ber 

Atom- 

Mass 

Num- 
ber 

ic 

Isotopic 

ic 

Isotopic 

Element 

Num- 
ber 

Mass 

Element 

Num- 
ber 

Mass 

Z 

0 

a.  m.  u. 

Z 

0 

a.  m.  u. 

n 

0 

1 

1.008941 

Si 

14 

27 

26.99711 

1.008945(1) 

Si 

14 

28 

27.9866 

(neutron) 

1.00893(2) 

Si 

14 

29 

28.98635 

H 

1 

1 

1.008130 

Si 

14 

30 

29.98399 

H 

1 

2 

2.014708 

Si 

14 

31 

30.9866 

H 

1 

3 

3.01700 

P 

15 

29 

28.99151 

He 

2 

3 

3.01699 

P 

15 

30 

29.9885 

He 

2 

4 

4.00390 

P 

15 

31 

30.98441 

He 

2 

5 

5.01543 

P 

15 

32 

31.98437 

He 

2 

6 

6.0209 

s 

16 

31 

30.98965 

Li 

3 

6 

6.01692 

s 

16 

32 

31.98252 

Li 

3 

7 

7.01816 

s 

16 

33 

32.98200 

Li 

3 

8 

8.02497 

s 

16 

34 

33.97981 

Be 

4 

7 

7.01909 

CI 

17 

33 

32 . 9875 

Be 

4 

8 

8.00781 

CI 

17 

34 

33.981 

Be 

4 

9 

9.01496 

CI 

17 

35 

34.97867 

Be 

4 

10 

10.01662 

CI 

17 

36 

35.9799 

B 

5 

9 

9.01610 

CI 

17 

37 

36.97770 

B 

5 

10 

10.01617 

CI 

17 

38 

37.97999 

B 

5 

11 

11.01290 

A 

18 

35 

34.9865 

B 

5 

12 

12.0168 

A 

18 

36 

35.9792 

C 

6 

10 

10.02086 

A 

18 

38 

37.97473 

C 

6 

11 

11.01502 

A 

18 

40 

39 . 97549 

C 

6 

12 

12.00388 

A 

18 

41 

40.97740 

C 

6 

13 

13.007581 

K 

19 

39 

38.976 

C 

6 

14 

14.00774 

K 

19 

41 

40.9731 

N 

7 

13 

13.00990 

Ca 

20 

40 

39.9753 

N 

7 

14 

14.00753 

Ca 

20 

42 

41.9711 

N 

7 

15 

15.004934 

Ca 

20 

43 

42.9723 

N 

7 

il6 

16.00645 

Ca 

20 

45 

44.97075 

O 

8 

15 

15.0078 

Sc 

21 

45 

44.96977 

O 

8 

16 

16.000000 

Sc 

21 

46 

45.96909 

0 

8 

17 

17.00450 

Ti 

22 

46 

45.9661 

0 

8 

18 

18.00485 

Ti 

22 

47 

46.9647 

F 

9 

17 

17.00758 

Ti 

22 

48 

47.96580 

F 

9 

18 

18.00670 

Ti 

22 

49 

48.9646 

F 

9 

19 

19.00454 

Ti 

22 

50 

49.9621 

F 

9 

20 

20.00654 

V 

23 

51 

50.96035 

Ne 

10 

19 

19.00798 

V 

23 

52 

51.95857 

Ne 

10 

20 

19.99890 

Cr 

24 

52 

51.959 

Ne 

10 

21 

21.00002 

Cr 

24 

53 

52.956 

Ne 

10 

22 

21.99858 

Mn 

25 

55 

54.957 

Na 

11 

22 

22.00032 

Fe 

26 

54 

53.961 

Na 

11 

23 

22.99644 

Fe 

26 

56 

55.9571 

Na 

11 

24 

23.99774 

Fe 

26 

57 

56.957 

Mg 

12 

23 

23.00055 

Ni 

28 

58 

57.95971 

Mg 

12 

24 

23 . 99300 

Ni 

28 

60 

59.94981 

Mg 

12 

25 

24.99462 

Ni 

28 

61 

60.9540 

Mg 

12 

26 

25.99012 

Ni 

28 

62 

61.94959 

Mg 

12 

27 

26.99256 

Ni 

28 

64 

63.94744 

Al 

13 

26 

25.99446 

Cu 

29 

63 

62.957 

Al 

13 

27 

26.99009 

Cu 

29 

65 

64.955 

Al 

13 

28 

27.99077 

Zn 

30 

64 

63.957 

Al 

13 

29 

28.9890 
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ISOTOPIC  MASSES  (Continued) 


Atom- 

Mass 

Element 

ic 

Num- 
ber 

Num- 
ber 

Z 

0 

Zn 

30 

66 

Zn 

30 

68 

Zn 

30 

70 

Ga 

31 

69 

Ga 

31 

71 

As 

33 

75 

Se 

34 

80 

Br 

35 

79 

Br 

35 

81 

Kr 

36 

78 

Kr 

36 

80 

Kr 

36 

82 

Kr 

36 

83 

Kr 

36 

84 

Kr 

36 

86 

Cb 

41 

93 

Mo 

42 

94 

Mo 

42 

95 

Mo 

42 

96 

Mo 

42 

97 

Mo 

42 

98 

Mo 

42 

100 

Ru 

44 

96 

Ru 

44 

99 

Rh 

45 

103 

Pd 

46 

106 

Pd 

46 

110 

Ag 

47 

107 

Ag 

47 

109 

Sn 

50 

116 

Sn 

50 

118 

Sn 

50 

119 

Sn 

50 

120 

Sn 

50 

122 

Sn 

50 

124 

Isotopic 

Mass 

a. 

m.  u. 

65.953 

67 

955 

69 

954 

68.956 

70.954 

74.934 

79.941 

78.929(3) 

80 

926(3) 

77 

945 

79 

926(3) 

81 

938 

82.927(3) 

83 

939 

85.939 

92 

926(3) 

93 

945 

94 

945 

95 

946 

96.945 

97 

944 

99 

939 

95 

945 

98 

944 

102 

949 

105 

946 

109 

944 

106 

950 

108.949 

115 

943 

117 

940 

118.938 

119 

930 

121 

946 

123 

945 

Atom- 

Mass 

ic 

Num- 

Kum- 

Element 

i  .  _ 

ber 

her 

Z 

0 

Te 

52 

126 

Te 

52 

128 

I 

53 

127 

Xe 

54 

129 

Xe 

54 

132 

Xe 

54 

134 

Cs 

55 

133 

Ba 

56 

138 

Nd 

60 

146 

Nd 

60 

148 

Nd 

60 

150 

Gd 

64 

155 

Gd 

64 

156 

Gd 

64 

157 

Gd 

64 

158 

Gd 

64 

160 

Ta 

73 

181 

W 

74 

184 

Re 

75 

187 

Os 

76 

190 

Os 

76 

192 

Ir 

77 

191 

Ir 

77 

193 

Pt 

78 

194 

Pt 

78 

195 

Pt 

78 

196 

Pt 

78 

198 

An 

79 

197 

Hg 

80 

200 

Tl 

81 

203 

Tl 

81 

205 

Pb 

82 

206 

Pb 

82 

208 

Bi 

83 

209 

Isotopic 

Mass 


a.  m.  u. 

125.937(3) 

127.936(3) 

126.932(3) 

128.946 

131.946 

133.929(3) 

132.933(3) 

137.916(3) 

145.964 

147.964 

149.970 

154.977 

155.977 

156.976 

157.976 

159.976 

180.927(3) 

184.00(3) 

186.981(3) 

190.038 

191.981(3) 

191.038 

193.039 

194.039 

195.039 

196.039 

198.044 

197.039 

200.016(3) 

203.059 

205.059 

206.061 

208.060 

209.056 


(1)  Mattauch:  Nuclear  Physics  Tables. 

(2)  Semat:  Introduction  to  Atomic  Physics. 

(3)  Aston. 
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EXPLANATION  OF  TABLE 

The  table  presents  data  for  about  four  thousand  compounds.  The  first 
section  includes  inorganic  compounds  and  the  metallic  salts  of  organic  acids, 
and  the  second  metal-organic  compounds. 

It  is  intended  that  the  substances  listed  include  the  more  important 
definite  compounds  for  which  data  are  available.  Some  are  listed  because 
of  their  theoretical  importance,  even  when  no  constants  can  be  given. 

Nomenclature  and  Arrangement. — The  names  used  for  the  compounds 
conform  to  the  best  current  usage  insofar  as  this  could  be  ascertained,  the 
Rules  for  Naming  Inorganic  Compounds  adopted  January  28-29,  1938,  by 
the  Committee  for  the  Reform  of  Inorganic  Chemical  Nomenclature  of  the 
International  Union  for  Chemistry  being  used  as  a  guide  to  some  extent. 
The  compounds  are  listed  under  the  names  of  the  elements  in  alphabetical 
order,  except  that  acids  and  a  few  other  compounds  (e.g.  hydrazine,  hydroxyl- 
amine,  and  sulfuryl,  thionyl  and  uranyl  compounds)  have  their  own  headings. 
Ferrous  and  ferric  compounds  are  entered  under  iron,  stannous  and  stannic, 
under  tin,  cuprous  and  cupric,  under  copper  and  aurous  and  auric,  under 
gold.  Acid  salts  (including  hydrosulfides)  and  many  basic  salts  are  placed 
immediately  after  the  normal  salts.  Names  like  bicarbonate  and  bisulfate 
have  not  been  used  for  acid  salts,  but  names  like  antimony  oxychloride  and 
uranyl  nitrate  have  been  used  for  some  basic  salts.  Prefixes  such  as  di-, 
tri-,  ortho-,  meta-,  pyro-,  hypo-,  and  per-  are  not  alphabetized.  Iso-,  how- 
ever, and  prefixes  like  chloro-  in  chloroplatinic  acid  are  alphabetized.  For 
the  naming  of  binary  compounds  of  nonmetallic  elements  the  order  of 
decreasing  electropositivity  given  in  the  Report  of  the  German  Commission 
for  Nomenclature  (Meyer,  Helvetica  Chimica  Acta  20,  159-75  (1937)) 
has  been  followed:  Sb,  As,  B,  Si,  C,  P,  Te,  Se,  S,  I,  Br,  CI,  N,  O,  F, 
except  in  the  case  of  fluorine  oxides,  nitrogen  chlorides,  nitrogen  iodides, 
etc.  Binary  compounds  of  hydrogen  (except  ammonia  and  water)  are  listed 
under  arsenic  hydride  (instead  of  arsine),  hydrogen  chloride,  hydrogen  phos- 
phide (instead  of  phosphine) ,  hydrogen  sulfide  and  like  names.  Most  ammino 
compounds  are  grouped  under  headings  like  Cobalt  complexes  following  the 
other  compounds  of  the  element  in  question,  while  complexes  that  have 
reasonably  well-established  names  like  chloroplatinate,  cobaltinitrite,  cyano- 
platinite  and  fluoborate  are  listed  under  these  names  just  like  simpler  salts. 
Double  salts  (including  alums)  are  entered  only  once:  (1)  those  with  two 
cations  are  given  with  the  more  electropositive  cation  first  in  the  order  of 
the  electromotive  force  series:  Li,  Rb,  K,  Na,  NHi,  Sr,  Ba,  Ca,  Mg,  Al,  U, 
Mn,  Zn,  Cr,  Ga,  Fe++,  Cd,  In,  Tl,  Co,  Ni,  Sn,  Pb,  Fe+++,  Sb,  Bi,  As,  Cu,  Ag, 
Hg,  Pd,  Pt,  Au  (e.g.  sodium  aluminum  sulfate,  ammonium  magnesium 
phosphate) ;  (2)  those  with  two  anions  are  given  with  the  anions  in  alphabetical 
order  (e.g.,  strontium  chloride  fluoride).  The  finding  of  compounds  known 
also  under  names  about  as  common  as  those  listed  is  facilitated  by  a  Syno- 
nym Index,  which  precedes  the  table.  Organic  names  conform  to  those 
used  in  the  Table  of  Physical  Constants  of  Organic  Compounds. 

Molecular  weights  have  been  computed  to  the  nearest  hundredth,  based 
on  the  International  Atomic  Weights  of  193S. 

The  Crystalline  form  and  color  are  stated  in  easily  interpreted  abbrevia- 
tions. Other  important  characteristics  are  often  added.  Indices  of 
refraction  are  given  in  the  same  column.  For  crystals  with  two  or  three 
indices,  they  are  invariably  given  in  the  order  o>,  e  or  a,  /3,  y.  All  indices  are 
for  sodium  light  (X  =  .5893m)  unless  otherwise  stated.  The  temperature 
is  assumed  to  be  normal  room  temperature  unless  otherwise  indicated  by  a 
superior  figure  following  the  index.  1.53625  (Li)  would  be  interpreted  as 
giving  the  value  for  the  index  of  refraction  of  a  substance  for  the  red  line  of 
lithium  at  25°C. 

Specific  gravity  at  20°C,  referred  to  water  at  4°C,  is  normally  given. 
Other  temperatures  are  indicated  by  superior  and  inferior  figures.  For 
example:  2.64?§  indicates  a  specific  gravity  of  2.64  at  25°C,  referred  to  water 
at  15°C.  It  should  be  noted  that  values  of  specific  gravity  referred  to  water 
at  4°C  are  numerically  equivalent  to  density  in  grams  per  milliliter.  The 
density  of  gases  is  given  in  grams  per  liter,  indicated  g/1. 

Melting  and  boiling  points  are  given  in  °C.  The  boiling  point  is  stated 
at  normal  atmospheric  pressure  (7G0  mm  of  Hg)  unless  otherwise  indicated 
by  a  superscript  which  is  to  be  interpreted  as  the  pressure  in  mm  of  Hg  under 
which  the  compound  boils  at  the  temperature  given.  For  example:  250732 
indicates  a  boiling  point  of  250°C  under  a  pressure  of  732  mm  Hg;  4262  atm- 
indicates  a  boiling  point  of  426°C  under  a  pressure  of  2  atmospheres.  De- 
composition on  heating  is  indicated  by  the  abbreviation  d.  in  melting  or 
boiling  point  column.  If  decomposition  occurs  without  change  of  state, 
the  form  d.  120  is  used  indicating  the  occurrence  of  decomposition  at  120°C. 
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EXPLANATION  OF  TABLE 

The  form  120  d.  would  indicate  a  melting  or  boiling  point  of  120°C  with  de- 
composition. Loss  of  water  of  crystallization  or  oxygen  is  indicated  by  the 
form  —  2H2O  or  —  O.  The  figures  —  5H2O,  350  indicate  the  loss  of  five  mole- 
cules of  water  of  crystallization  at  350°C. 

Solubilities  are  stated  for  normal  room  temperatures,  20*0,  unless  other- 
wise indicated  by  a  superior  figure.  6.826  indicates  a  solubility^  of  6.8  grams 
of  substance  in  100  ml  of  the  solvent  at  25°C.  The  term  insoluble  (i.) 
must  be  usually  understood  to  mean  that  a  negligible  quantity  of  the  com- 
pound dissolves.  A  large  proportion  of  salts  commonly  regarded  as  insoluble 
really  dissolve  to  a  very  slight  extent.  The  form  s.d.  indicates  solubility 
with  more  or  less  decomposition^  <  The  abbreviation  d.  alone  in  the  solubility 
column  indicates  that  decomposition  is  the  primary  action  occurring.  Solu- 
bility in  acids  and  alkalies  is  usually  understood  to  be  accompanied  by 
decomposition. 
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ABBREVIATIONS 


ac.  a 

acet 

act 

al 

alk 

amm 

amor 

anh 

appr 

aq 

aq.  reg.... 

asym 

atm 

bipyr 

bl 

blk 

boil 

brM  brn 

brnsh 

bz 

c 

calc 

carb 

caust 

chl 

choc 

cifc.  a 

col 

coll 

com'l 

comp 

compl 

cone 

const 

cont 

corros 

cr 

cub 

d.,  dec. . .    . 

deliq 

deriv 

dibas 

di-H 

dil 

dimorph . . . 

disg 

dk 

doubt 

duct 

em 

em 

eth 

ev 

evln 

ex 

exist 

exp 

extr 

f.,  fr 

f  eath 

n 

floe 

fluo,  fluores 

form 

fum... 


acid 

absolute 

acetic  acid 

acetone 

active 

alcohol 

alkali 

ammonium 

amorphous 

anhydrous 

approximately 

aqua,  water 

aqua  regia 

asymmetrical 

atmospheres 

bipyramidal 

blue 

black 

boiling 

brown 

brownish 

benzene 

cold 

calculated 

carbon 

caustic 

chloroform 

chocolate 

citric  acid 

colorless 

colloidal 

commercial 

compounds 

completely 

concentrated 

constant 

contains 

corrosion 

crystalline 

cubic 

decomposes 

deliquescent 

derivative 

dibasic 

dihydrogen 

dilute 

dimorphous 

disagreeable 

dark 

doubtful 

ductile 

efflorescent 

emerald 

ether 

evolves 

evolution 

excess 

existence 

explodes 

extreme(ly) 

from 

feathery 

flakes 

floculent 

fluorescent 

formic 

fuming 


fus 

fxd 

gel.,  gelat 

gl 

glac 

glit 

glob 

glyc 

gran 

greas 

grn 

h 

hex 

ht 

hyd 

hydx 

hyg 


1 

ign 

ind 

indef 

infl.,  inflam. 

infus 

irid 

leaf 

lem 

Ing 

Jq-  liq 

It 

lum 

lust 

me.,  meth.. 
met 


micr 

min 

misc 

mixt 

mod. . .  . 
monbas . 
mon-H . 
monocl. 
near 

need 

nit 

oct 

odorl . . . 

offen 

olv 

opt 


or. .. 
ord. 
org., 
oxal. 


pa 

pet 

Pi ■ 

pois 

polymorph . 

powd 

PPt 

Pr 


prob. 


fused 

fixed 

gelatinous 

glass 

glacial 

glittering 

globular 

glycerin 

granular 

greasy 

green 

hot 

hexagonal 

heat 

hydrolyzed 

hydroxides 

hygroscopic 

insoluble 

ignites 

indigo 

indefinite 

inflammable 

infusible 

iridescent 

leaflets 

lemon 

ligroin 

long 

liquid 

light 

luminous 

lustrous 

methyl 

metal  or  metal- 
lic 

microscopic 

mineral 

miscible 

mixture 

modifications 

monobasic 

monohydrogen 

monoclinic 

nearly 

needles 

nitrate 

octahedral 

odorless 

offensive 

olive 

optical  or 
optically 

orange 

ordinary 

organic 

oxalate  or 
oxalic 

pale 

petroleum 

plates 

poisonous 

polymorphous 

powder 

precipitate 

prisms 

pressure 

probably 


prop... 
purp... 
pyr.... 
quad., 
quest . . 
rect. . . 
redsh . . 

reg 

rhbdr . . 
rhomb. 


satd 

sld 

sensit . . . 

sc 

sec 

silv 

si 

sly 

sm 

sod 

soln 

solv 

spont . . . 

st 

stab 

subl 

suffoc. . . 
sulfd.... 

sulf 

sym 

tabl 

tart.  a. . 

tetr 

tetrah . . . 

tol 

trac 

trans . . . 
translu. . 
tri.,  trig, 
tribas . . . 
tricl .... 

trim 

tr.  pt... 

turp 

unpleas . 

unst 

v 

vac 

var 

viol 


vise 

vitr 

vlt 

volt.,  volat. 

wh 

wh.lt 

yel 

yelsh 


properties 
purple 
pyridine 
quadrilateral 
questioned 
rectangular 
reddish 
regular 
rhombohedral 
rhombic,  ortho- 
rhombic 
soluble 
saturated 
solid 
sensitive 
scales 
secondary 
silver 
slightly 
slowly 
small 
sodium 
solution 
solvents 
spontaneous 
steel 
stable 
sublimes 
suffocating 
sulfides 
sulfur 

symmetrical 
tablets 
tartaric  acid 
tetragonal 
tetrahedral 
toluene 
trace,  traces 
transparent 
translucent 
trigonal 
tribasic 
triclinic 
trimetric 
transition  point 
turpentine 
unpleasant 
unstable 
very 
vacuum 
various 
violent, 
violence 
viscous 
vitreous 
violet 
volatizes 
white 
white  light 
yellow 
yellowish 
soluble    in    all 
proportions 
above 
below 
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Compound  sought 

Listed 

Compound  sought 

Listed 

Acanthite 

Silver  sulfide 

Sodium  d-glutamate 

Manganese  sulfide 
(ous) 

Lead  metosilicate 

Sodium  aluminum 
silicate 

Ammonium  alumi- 
num sulfate 

Cesium  aluminum 
sulfate 

Ammonium  chro- 
mium sulfate 

Ammonium  gallium 
sulfate 

Ammonium  vana- 
dium sulfate 

Ammonium  iron  sul- 
fate 

Potassium  iron  sul- 
fate 

Potassium  manga- 
nese sulfate 

Pot  assium  aluminum 
sulfate 

Potassium  chro- 
mium sulfate 

Rubidium  aluminum 
sulfate 

Sodium  aluminum 
sulfate 

Aluminum  thallium 
sulfate 

Aluminum  oxide 

Aluminum  hydrox- 
ide, mono- 
Aluminum  sulfate 

Phosphoryl  amide 
Sulfamic  acid 
Titanium  oxide,  di- 
Lead  sulfate 
Calcium  sulfate 
Calcium  sulfate 
Calcium      alumino- 
silicate 

under  Cobalt  com- 
plexes 

Calcium  carbonate 
Potassium  sulfate 
Silver  sulfide 
Iron  arsenide,  di- 
Arsenic  oxide,  tri- 
Arsenic  hydride,  tri- 
Magnesium     carbo- 
nate, basic 
Magnesium  pyrobor- 
ate 

Copper   oxychloride 
(ic) 
Cyanoaurate 
under  Gold 
Cyanoaurite 
under  Gold 

Avogadrite 

Potassium  fluoborate 

"Ajinomoto" 

Azoimide 

Hydrazoic  acid 

Alabandite 

Azurite 

Copper     carbonate, 

Alamosite 

Baddeleyite 

basic  (ic) 
Zirconium  oxide,  di- 

Albite 

Baking  soda 

Sodium     carbonate, 

Allirn,  ammonium.  .  .  . 

Barite 

acid 
Barium  sulfate 

Baryta 

Barium  oxide 

Alum,  cesium 

Benzylate 

Benzyloxide 

Berlin  green 

Iron  ferricyanide  (ic) 

Alum,       ammonium 

Bertrandite 

Beryllium    orthosili- 

chrome 

Beryl 

cate 

Alum,  ammonium  gal- 

Beryllium aluminum 

lium 

Bieberite 

silicate 

Alum,       ammonium 

Cobalt  sulfate  (ous) 

vanadium 

Binoxalate 

Oxalate,  acid 

Alum,  iron  ammonium 
Alum,  iron  potassium . 

Bischofite 

Bismite 

Bismuthic  acid,  meta-. 
Bismuthine 

Magnesium  chloride 
Bismuth  oxide,  tri- 
Bismuthoxide.penta- 
Bismuth  hydride 

Alum,  manganese  po- 
tassium   

Bismuthinite 

Bismuthyl 

Bismuth  sulfide,  tri- 
Bismuth  oxy- 

Alum,  potassium 

Alum,  potassium 
chrome 

Bisulfate,  -ite 

Bleaching  powder .... 

Bloedite 

Sulfate,  -ite,  acid 
Calcium        chloride 
hypochlorite 
Sodium   magnesium 

Alum,  rubidium 

Alum,  sodium 

Blue  verdigris 

Blue  vitriol 

sulfate 

Copper  acetate,  basic 
Copper  sulfate  (ic) 

Bobierrite 

Magnesium      ortho- 

Alum,  thallium 

Boracic  acid 

phosphate 
Boric  acid 

Alumina 

Sodium  tetraborate 

Aluminic  acid,  meta-. . 
Alunogenite 

Boric  anhydride 

Borobutane 

Boron  oxide 
Boron  hydride 
Boron  hydride 

Amidophosphoric  acid, 
tri- 

Borofluoric  acid 

Borofluoride 

Fluoboric  acid 
Fluoborate 

Amidosulfonic  acid . . . 
Anatase 

Bossingaultite 

Ammonium  magne- 
sium sulfate 

Anglesite 

Beryllium  oxide 

Anhydrite 

Bromoazide 

Bromyrite 

Bromine  azide 

Anhydrite,  soluble — 

Silver  bromide 

Anorthite 

Brookite 

Brucite 

Titanium  oxide,  di- 

Magnesium  hydrox- 

Aquopentammineco- 
balt  (III)  chloride 

Bunsenite 

ide 
Nickel  oxide,  mono- 

Aragonite 

Butter  of  antimony . . . 
Butylate 

Antimony    chloride, 

Arcanite 

tri- 

Argentite 

Butoxide 

Arsenoferrite .... 

Calamine 

Zinc  silicate 

Arsenolite 

Calcite 

Calcium  carbonate 

Arsine 

Calomel 

Carbon  oxybromide .  . 
Carbon  oxychloride. .  . 
Carbon  oxysulfide .... 

Carnallite 

Mercury     chloride 

Artinite 

(ous) 

Ascharite 

Carbonyl  bromide 
Carbonyl  chloride 

Atacamite 

Carbonyl  sulfide 

Potassium     magne- 

Auricyanide  

Caro's  acid 

Cassel  yellow 

sium  chloride 

Auric  salts 

Sulfuric  acid,  peroxy- 

Aurocyanide 

mono- 

Aurous  salts 

Lead  oxychloride 
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Cassiopeum 

Cassiterite.  . 

Celestite 

Cerargyrite. . . 

Lutecium 
Tin  oxide  (ic) 
Strontium  sulfate 
Silver  chloride 
Lead  carbonate 
Antimony        oxide, 
tetra- 

Copper  sulfate  (ic) 
Copper  sulfide  (ous) 
Nitrosylsulfuric  acid 
Copper     carbonate, 
basic  (ic) 

Chloride  (ic)  aquo- 
basic  ammonobasic 
Calcium        chloride 
hypochlorite 
under  Cobalt  com- 
plexes 

Chlorine  azide 

Potassium  calcium 
chloride 

Potassium  manga- 
nese chloride  (ous) 

under  Chromium 
complexes 

under  Cobalt  com- 
plexes 

Lead  chromate,  basic 
Lead  chromate 
Chromium  oxide,  tri- 
Bery Ilium  aluminate 
Mercury  sulfide  (ic) 

(«")         .,        . 
Arsemc  oxide,  tri- 

Lead  selenide 
Magnesium  silicate 
Columbium     oxide, 
pent- 

Columbium     oxide, 
pent- 
Sodium  chloride 
Iron  sulfate  (ic) 
Aluminum  oxide 
Lead  chloride 
Copper  sulfide  (ic) 
Potassium    borotar- 
trate 

Silicon  oxide,  di- 
Lead  chromate 
Sodium     aluminum 
fluoride 
Lithium  sodium  alu- 
minum fluoride 
under  Copper  com- 
plexes 

Copper  oxide  (ous) 
Boron  hydride 
Bismuth        gallate, 
basic 
Ammonia-c?3 
under  Copper  com- 
plexes 

Diamminepalladium 
(II)  hydroxide 

Diaquotetrammine- 
nickel  (II)  nitrate 

Diborane 

under        Palladium 
complexes 

under   Nickel   com- 
plexes 

Boron  hydride 

Cerussite 

Cervantite 

Chalcanthite 

Dichlorodiammine- 
palladium  (II)  trans. 
Digermane 

under        Palladium 
complexes 
Germanium  hydride 

Chalcocite 

Chamber  crystals .... 
Chessylite 

Dihydropentaborane . 
Dihydrotetraborane .  . 
Disilicane 

Borane  hydride 
Boron  hydride 
Silicon  hydride 

Chloride  of  Millon's 

Disilicoethane 

Disiloxane 

Silicon  hydride 
Silicyl  oxide 

base 

Domeykite 

Copper  (tri)  arsenide 

Chlorinated  lime 

Dysprosia 

Dyprosium  oxide 

Epsom  salt 

Magnesium  sulfate 

<m-Chloroaquotetram- 

Erbia 

Erbium  oxide 

mine  cobalt  (III) 

Erythrite 

Cobalt  or^oarsenate 

chloride 

Chlor(o)azide 

Chlorocalcite 

Erythrosiderite 

Ethylate 

(ous) 

Potassium  iron  chlo- 
ride 

Ethoxide 

Chloromanganokalite . 

Ethylxanthate 

Euclase 

Xanthate 
Beryllium  aluminum 

Chloropentammine 
chromium       (III) 

Eunatrol 

silicate 
Sodium  oleate 

chloride 

Europia 

Europium  oxide 

Chloropentaminine- 

Ferric  salts 

under  Iron 

cobalt  (III)  chloride 
•Chrome  red 

Ferrous  salts 

Fischer's  salt 

FluelUte 

under  Iron 

Potassium  cnhaltini- 

Chrome  yellow 

Chromic  anhydride. . . 

Chrysoberyl 

Cinnabar 

trite 
Aluminum  fluoride 

Fluorite 

Calcium  fluoride 

Gadolinia 

Gadolinium  oxide 

Gahnite 

Zinc  aluminate 

Claudetite. .        

Galena. 

Lead  sulfide 

Clausthalite 

Germane 

Germanium  l^dride, 

Clinoenstatite 

Columbic  acid 

Germanium    bromo- 
form 

tetra- 

Germane,  tribromo- 
Germane,  trichloro- 

Columbium  hydroxide 

Germanium     chloro- 
form  

Common  salt 

Gibbsite 

Aluminum    h37drox- 

Coquimbite 

Glauber's  salt 

Glucinum 

Goslarite 

Greenockite 

Guanajuatite 

Guanite 

ide,  tri- 

Corundum 

Cotunnite 

Sodium  sulfate 
Beryllium 

Covellite 

Cream  of  tartar,  solu- 
ble 

Cristobalite 

Crocoite 

Zinc  sulfate 
Cadmium  sulfide 
Bismuth       selenide 
tri- 
Ammonium  magne- 

Cryolite  

Gypsum 

sium  phosphate 

Calcium  sulfate 

Cryolithionite 

Cuprammonium 

Hafnia 

Halite 

Hambergite 

Hafnium  oxide 
Sodium  chloride 
Beryllium    orthobov- 

"Cuprite 

Hauerite 

ate,  basic 

Manganese     sulfide 
(ic) 

Decaborane 

Hausmannite 

Heavy  hydrogen 

Heavy  water 

Hematite 

Dermatol 

Manganese       oxide 

Deuterioammonia,  tri- 
Diamminecopper   (II) 
acetate 

(ous,  ic) 
Deuterium 
Deuterium  oxide 
Iron  oxide  (ic) 
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Hessite 

Silver  telluride 
under       Chromium 
complexes 
under  Cobalt  com- 
plexes 
under  Cobalt  com- 
plexes 
under  Yttrium  com- 
plexes 
under  Yttrium  com- 
plexes 

Boron  hydride 
Silicon  (di-)  bromide, 
hexa- 

Carbon  bromide,  tri- 
Silicon  (di-)  chloride 
hexa- 

Carbon  chloride,  tri- 
Silicon  (di-)  iodide, 

hexa- 
under       Chromium 
complexes 

under       Chromium 
complexes 

Potassium     fluosili- 
cate 

Magnesium      ortho- 
arsenate 

Zinc  ort/iophosphate 
Zinc  ori/iophosphate 
Zinc  or^osilicate 
Hydrogen  iodide 
Hydrogen  bromide 
Lead         carbonate, 
basic 
Hydrogen  chloride 
Hydrogen  cyanide 
Copper  sulfate  (ic) 
Fluosilicic  acid 
Magnesium   carbon- 
ate, basic 
Hyposulfite 
Platinum  oxide,  di- 
(ic) 
Thiosulfate 
Iodide  (ic)  aquobasic 
ammonobasic 
lodous  acid,  hypo- 
Iodine  azide 
Silver  iodide 
Cobalt  sulfide,  mono- 
Potassium     magne- 
sium chloride  sul- 
fate 

Potassium      alumi- 
num sulfate 
Potassium     calcium 
sulfate 

Magnesium  sulfate 
Zinc  orMoarsenate 
Potassium  iron  sul- 
fate (ic) 
Potassium     calcium 
magnesium  sulfate 

Lanarkite 

Lead  sulfate,  basic 

Hexamminechromium 

Langbeinite 

Potassium     magne- 
sium sulfate 
Magnesium  carbon- 

(III) chloride 
Hexamminecobalt 

Lansfordite 

(III)  chloride 
Hexamminecobalt 

Lanthana 

ate 
Lanthanum  oxide 

(III)  perrhenate 

Laurionite 

Lead  oxychloride 

Hexaantipyrineyttrium 
perchlorate 

Laurite 

Lautarite 

Ruthenium  sulfide 
Calcium  iodate 

Hexaantipyrineyttrium 

Lawrencite 

Iron  chloride  (ous) 

iodide 
Hexaborane 

Lechatelierite 

Silicon  oxide,  di- 
Potassium     magne- 
sium sulfate 
Sodium  7ne£aantimo- 

Hexabromodisilico- 
ethane 

Leukonin 

Hexabromoethane 

Hexachlorodisilico- 
ethane 

Lime 

Litharge 

nate 
Calcium  oxide 
Lead  oxide,  mono- 

Hexachloroethane 

Luminal 

Sodium  phenobar- 
bital 

Magnesium  oxide 

Magnesium  carbon- 
ate 

Iron  oxide,  ferroso- 

Hexaiododisilicoethane 

Magnesia 

Hexaureachromium 

(III)  fluosilicate 
Hexaureachromium 

Magnetite 

(III)  perrhenate 
Hieratite 

ferric 

Copper  carbonate, 
basic  (ic) 

Manganese  hydrox- 
ide (ic) 

Potassium  manga- 
nese sulfate  (ic) 

Manganese  oxide, 
mon-(uso) 

Iron  sulfide,  di- 

Copper  iodide  (ous) 

Ammonium  sulfate 

Hoernesite 

Manganite 

Manganolangbeinite. . 

Manganosite 

Marcasite 

Marshite 

Hopeite,  a- 

Hopeite,  /3- 

Hyacinth 

Hydriodic  acid 

Hydrobromic  acid 

Hydrocerussite 

Mascagnite 

Hydrochloric  acid. . . . 

Massicot 

Lead  oxide,  mono- 

Hydrocyanic  acid .... 

Matlockite 

Lead  oxychloride 

Hydrocyanite 

Medinal 

Sodium  barbital 

Hydrofluosilicic  acid. . 

Melanterite 

Iron  sulfate  (ous) 

Hydromagnesite 

Mendipite 

Lead  oxychloride 

Hydrosulfite 

Mercallite 

Mercuric      bromide, 
ammonobasic 

Mercuric      bromide, 
diammine 

Mercuric      chloride, 
ammonobasic 

Mercuric       chloride, 
aquobasic  ammono- 
basic 

Mercuric      chloride, 
diammine 

Mercuric  iodide,  am- 
monobasic 

Mercuric  iodide,  aquo- 
basic ammonobasic 

Mercuric  iodide,  di- 
ammine 

Metabisulfite 

Metacinnabarite 

Metazirconic  acid 

Methylate 

Potassium     sulfate, 
acid 

Hydroxyplatinic  acid 
Hyposulfite 

under     Mercury-ni- 
trogen compounds 

Iodide  of  Millon's  base 

Iodine  hydroxide 

Iod(o)azide 

trogen  compounds 
under     Mercury-ni- 
trogen compounds 
under     Mercury-ni- 

Iodyrite  

trogen  compounds 

Jaipurite 

Kainite 

under     Mercury-ni- 

Kalinite  

trogen  compounds 

under     Mercury-nir 

trogen  compounds 

Kaluszite 

under     Mercury-ni- 
trogen compounds 

Kieserite 

under     Mercury-ni- 
trogen compounds 

Kottigite 

Pyrosulfite 

Krausite 

Mercury  sulfide  (ic) 

Krugite 

(0-) 
Zirconyl  hydroxide 

Methoxide 
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Millerite 

Nickel  sulfide,  mono- 
Lead  oxide,  red 
Sodium  sulfate 
Potassium     sulfate, 
acid 

Molybdenum  sul- 
fide, di- 

Molybdenum  oxide, 
pent- 
Molybdenum  oxide, 
tri- 

Molybdenum  oxide, 
tri- 

Iron  chloride  (ic) 
Cerium      orthophos- 
phate 
Aluminum    hydrox- 
ide 

Bismuth  tellurate 
Mercury  oxide  (ic) 
Nickel  sulfate 
Tin  sulfide  (ic) 
Aluminum  silicate 
Copper         chloride 
(ous) 

Sodium      pentobar- 
bital 

Neodymium  oxide 
Magnesium  carbon- 
ate 

Copper  acetate  (ic) 
Magnesium      ortho- 
phosphate 
Nickel  arsenide 
Columbium 
Radon 

Nitrogen  oxide,  pent- 
Barium  nitrate 
Sulfur  nitride 
Nitroprusside 
Nitrogen  (di-)  oxide, 
tri- 
Nitryl 

Titanium  oxide,  di- 
Calcium  sulfide 
Silicon  oxide,  di- 
Arsenic  sulfide,  tri- 
Zinc  or/Aophosphate 
Lead  oxychloride 
Copper  oxide  (ic) 
Copper  acetate  ar- 
senite  (ic) 

Potassium      chlorc  - 
chromate 
Boron  hydride 
Magnesium  oxide 
Sulfuric  acid,  perox- 
ymono- 

Calcium  titanate 
Sulfuric  acid,  perox- 
ydi- 

Beryllium    orthosili- 
cate 
Phenoxide 

Phosgene 

Carbonyl  chloride 

Minium 

Phosphine 

Hydrogen  phosphide 

Mirabilite 

Phosphoric  anhydride 

Phosphorus  sulfobro- 
mide    or    thiobro- 
mide,  etc 

Phosphoryl  bromide, 
etc. 

Picromerite 

Phosphorus       oxide 

Misenite 

pent- 

Molybdenite 

Thiophosphoryl  bro- 
mide, etc. 

Molybdenum  blue 

Molybdic  anhydride. . 

Phosphorus  oxybro- 
mide,  etc. 
Potassium     magne- 

Molybdite  

Pinnoite 

sium  sulfate 
Magnesium  fnetaho- 

Molysite 

Platini  chloride 

Platinic  hydroxide. . . . 

Platinochloride 

Platinocyanide 

Platinonitrite 

Plattnerite 

rate 
Chloroplatinate 

Monazite 

Monodiaspore 

Montanite 

(ic) 
Chloroplatinite 
Cyanoplatinite 
Nitroplatinite 

Montroydite 

Morenosite 

under  Lead 

Mosaic  gold 

Mullite 

Polydymite 

Polyhalite 

Nickel  sulfide  (ous, 

Nantokite 

Potassium     calcium 

Nembutal 

Potassamide 

Potassium  diboranide . 
Potassium  pentabora- 

nide 
Praseodymia 

magnesium  sulfate 
Potassium  amide 

Neodymia 

Nesquehonite 

Neutral  verdigris 

Potassium       penta- 
borane 
Praseodymium     ox- 

Newberyite  

Propylate 

ide,  sequi- 
Propoxide 

Niccolite 

Silver  thioarsenite 

Niobium 

Prussian  blue 

Prussian  green 

Prussiate     of    soda, 

yellow 
Pseudocotunnite 

Pseudowallastonite. . . 

Iron       ferrocyanide 

(ic) 
Iron       ferricyanide 

Niton 

Nitric  anhydride 

Nitrobarite 

Nitrogen  sulfide 

Nitrosoferri cyanide. . . 
Nitrous  anhydride — 

Nitroxyl 

Sodium  ferrocyanide 

Potassium  lead  chlo- 
ride 

Octahedrite 

(a) 

Oldhamite 

Silver  thioantimonit© 

Opal 

Pyrite 

Iron  suLide  (di-) 

Orpiment 

Tetraborate 

Parahopeite 

Manganese  hydrox- 
ide (oUS) 

Silicon  oxide,  di- 

Paralaurionite 

Paramelaconite 

Quartz 

Paris  green 

a7-Tartrate 

Peligot's  salt 

Radium  emanation. . . 
Raspite 

Radon 

Lead  tungstate 

Realgar 

Arsenic  sulfide,  di- 

Pentaborane 

Reddingite 

Manganese       orthch 

Periclase 

Rhodanate,  rhodanide 
Rhodochrosite 

Rhodonite 

phosphate 
Thiocyanate 
Manganese    carbom 

ate  (ous) 

Permonosulfuric  acid . 
Perovskite 

Per  (di)  sulfuric  acid  . 

Manganese  metasili-* 

Phenacite 

Rinneite 

cate  (ous) 
Potassium  iron  chlo- 

Phenolate  

Rochelle  salt 

ride 
Potassium     sodium 

tartrate 
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Koesslerite 

Magnesium  ortho&r- 
senate 

Titanium  oxide,  di- 
Ammonium  chloride 
Potassium  nitrate 
Samarium  oxide 
Manganese  chloride, 
di- 

Scandium  oxide 
Copper       orthoarse- 
nite,  acid  (?)  (ic) 
Calcium  tungstate 
Sodium  thioantimo- 
nate 

Potassium     magne- 
sium sulfate 
Iron  orMoarsenate 
Potassium     sodium 
tartrate 

Magnesium  fluoride 
Antimony  oxide,  tri- 
Iron  carbonate  (ous) 
Silicon  hydrides 
Silicon  oxide 
Silicon  hydride 
Silicane,  tribromo- 
Silicane,  trichloro- 
Fluosilicate 
Silicane,  trifluoro- 
Silicane,  triiodo- 
Zinc  carbonate 
Sodium  amide 
Sodium  nitrate 
Sodium  enanthate 
Sodium  phenoxide 
Platinum  arsenide 
Zinc  sulfide  (/S-) 
Cobalt       carbonate 
(ous) 
Magnesium     alumi- 
nate 

Tin  hydride 
Sodium    ammonium 
phosphate 
Antimony  hydride 
Antimony      sulfide, 
tri- 

Lead  tungstate 
Ammonium  magne- 
sium phosphate 
Phenolsulfonate 
Chloride  sulfide 
Thiocyanate 

Sulfuryl,  pyro-,  chlo- 
ride, sulfuryl  chlo- 
ride, thionyl  chlo- 
ride 

Sulfamide 

Potassium  chloride 

Potassium  calcium 
sulfate 

Manganese  sulfate 
(ous) 

Tantalic  acid,  meta- .  . 
Tarapacaite 

Tantalum  hydroxide 
Potassium  chromate 

Rutile 

Tartar  emetic 

Tenorite . . . 

Potassium  antimony 

tartrate 

Copper  oxide  (ic) 
Manganese  orthosWi- 

cate  (ous) 
Terbium  oxide 

Sal  ammoniac 

Saltpeter 

Samaria 

Tephroite . 

Scacchite 

Terbia 

Scandia 

Tetrabromoethylene . . 
Tetrabromomethane . . 

Tetrabromosilicane. . . 

Tetrachlorodiammine- 
platinum  (IV),  cis- 

Tetrachlorodiammine- 
platinum  (IV),  trans- 

Tetrachloroethylene . . 

Tetrachloromethane . . 

Tetradymite 

Carbon  bromide,  di- 
Carbon       bromide, 
tetra- 

Scheele's  green 

Scheelite 

Schlippe's  salt 

Schonite 

tetra- 
under         Platinum 

complexes 
under         Platinum 

complexes 
Carbon  chloride,  di- 
Carbon        chloride, 

Scorodite 

Seignette  salt 

Sellaite 

Senarmontite 

Bismuth      telluride, 

Siderite 

Tetrafluoromethane .  . 
Tetrafluorosilicane .  .  . 

Tetraiododisilico- 

ethylene 

Tetraiodomethane 

Tetraiodosilicane 

Tetramminecopper 

(II)  sulfate 
Tetramminepalladium 

(II)  chloride 
Tetrammine  platinum 

(II)  chloride 
Tetrammine  platinum 

(II)  chloroplatinite 
Tetramminezinc  per- 

rhenate 
Tetrapyridinecopper 

(II)  fluosilicate  (ic) 
Tetrapyridinecopper 

perrhenate 
Tetrapyridinenickel 

(II)  fluosilicate 
Tetrapyridinezinc 

fluosilicate 

Tetrasilicane 

Tetrasilicobutane .... 

Thenard's  blue 

Thenardite 

tri- 

Silanes 

Silica 

Silicane 

Silicon          fluoride, 
tetra- 

Silicon  (di-)  iodide, 
tetra- 
Carbon  iodide,  tetra- 
Silicon  iodide,  tetra- 
under  Copper  com- 
plexes 
under        Palladium 

Silicobromoform 

Silicochloroform 

Silicofluoride 

Silicofluoroform 

Silicoiodoform 

Smithsonite 

Sodamide 

Soda  niter 

Sodium  heptoate. .... 
Sodium  phenolate .... 
Sperrylite 

complexes 
under         Platinum 
complexes 

Sphalerite 

under         Platinum 

Spherocobaltite 

Spinel 

complexes 
under     Zinc     com- 
plexes 

Stannane 

under  Copper  com- 
plexes 

Stercorite 

under  Copper  com- 

Stibine  

plexes 
under   Nickel   com- 

Stibnite  

plexes 

Stolzite 

under     Zinc     com- 
plexes 

Struvite 

Silicon  hydride 

Sulfocarbolate 

Sulfochloride 

Silicon  hydride 
Cobalt  aluminate 
Sodium  sulfate 

Sulfocyanate,    sulfo- 

cyanide 
Sulfur  oxychlorides . . . 

Thermonatrite 

Thiophosgene 

Thoria 

Sodium  carbonate 
Thiocarbonyl    chlo- 
ride 
Thorium  oxide,  di- 

Thorite 

Thorium  orf/iosilicate 

Thulia 

Thulium  oxide 

Sulfuryl  amide 

Sylvite 

Tiemannite 

Triamidophosphoric 
acid 

Mercury  selenide  (ic) 

Syngenite 

Phosphoryl  amide 

Tridymite 

Silicon  oxide,  di- 

Szmikite 

Irigermane 

Trisilicane 

Germanium  hydride 

Silicon  hydride 
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Trisilicopropane 

Silicon  hydride 
Iron  sulfide  (ous) 
Uranyl  nitrate 
Uranium  oxide,  tri- 
Antimony  oxide,  tri- 
Vanadium     oxybro- 

mide,  etc. 
Copper  acetate 
Mercury  sulfide  (ic) 

(a) 
Sodium  fluoride 
Copper  sulfate  (ic) 
Iron  or^ophosphate 

(ous) 
Calcium  metasilicate 

03) 

Sodium  carbonate 

Water  glass 

Sodium  tetrasWic&te 

Troilite 

White  lead 

Lead         carbonate, 

Uranium  nitrate 

Uranyl  oxide 

Valentinite 

Willemite 

Witherite 

basic 

Zinc  or^osilicate 
Barium  carbonate 

Vanadyl  bromide,  etc. 

Wulfenite 

Wurzite 

Lead  molybdate 
Zinc  sulfide  (a) 

Verdigris 

Xanthogenate 

Ytterbia 

Xanthate 

Vermilion 

Ytterbium  oxide 

Yttria 

Yttrium  oxide 

Villiaumite 

Zaratite 

Nickel       carbonate, 

Vitriol  blue 

Zincite 

Zinkosite 

Zircon 

basic 

Vivianite 

Wallastonite 

Zinc  oxide 
Zinc  sulfate 
Zirconium 

Zirconia 

orMosilicate  _ 
Zirconium  oxide,  di- 

Washing  soda 

Zirconic  acid 

Zirconium  hydroxide 
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PHYSICAL  CONSTANTS  OF 

Including  Metallic  Salts 


Name 


Aluminum 


acetate 

acetate,  basic. 


or/Aoarsenate. 
benzoate .... 
benzyloxide. . 

bromate 

bromide 


butoxide. 
carbide. . 


chlorate, 
chloride. 


di'ethyl  malonate  deriv. 

ethoxide 

a-ethy  1  acetoacetate  deriv 
ferrocyanide 


fluoride. 


(fluellite) 


fluosilicate 

hydroxide,  mono- 

(diaspore) 
hydroxide,  di-. . . . 


tri-(gibbsite) 


iodide. 


isopropoxide . 

lactate 

nitrate 


nitride, 
oleate. 


oxalate 

oxide 

"     (corundum) 

palmitate 

2.4-pentanedione  deriv. 

(acetylacetonate) 
1-phenol -4  sulfonate. . . 

phenoxide 

ortfiophosphate 

propoxide 


Formula 


Al 


A1(C2H302)3 

Al(OH)(C2H302)- 
*H20 
AlAs04-8H20... 

A1(C7H502)3 

A1(C7H70)3 

Al(Br03)3-9H20.. 
AlBr3 


AlBr3-6H>0.. 
AlBr3-15H20. 

[A1(C4H90)3]4. 

AUCs 


A1(C103)3-6H>0. 
A1CU 


A1C13-6H20. 


A1(CtHh04)3.. 

[A1(C2H50)3],. 

Al(C(iH903)3... 
Al4[Fe(CN)6]3- 
17H20 

A1F3 

A1F3-H20 

A1F3-3^H20. . . 

Al2(SiF6)3 

A1203H20... 


( 
Al20(OH)4  (or 

A1203-2H20) 
A1(0H)3  (or  A1203- 

3H20)  ( 

Alls 

A1I3-6H20 


[A1(C3H70)3]4... 

A1(C3H503)3.... 
A1(N03)3-9H20. 

A1N 


Al(Ci*H3302); 


A12(C204)3-4H20... 

AI2O3 

A1203 

Al(Ci6H3i02)3-H20. 
A1(C5H702)3 


Al(C6H504S)3. 
A1(C6H50)3.. 
AIPO4 


[A1(C3H70); 


Mol. 
wt. 


26.97 
204.10 


310.01 
390.30 
348.50 

572.86 
265.72 

374.82 
536.96 

985.23 

143.91 

385.44 
133.34 


241.44 

504.45 

648.61 

414.37 
1050.00 

83.97 
101.99 
147.03 
480.12 
59.98 
119.96) 
137.97 

77.99 

155.99) 

407.73 

515.83 

816.92 

294.18 
375.14 

40.98 

871.31 

390.06 
101.94 
101.94 
811.22 
324.29 

546.45 
306.27 
121.99 

816.92 


Crystalline  form,  color  and  index 
of  refraction 


cub.  silv.  wh.  duct,  met 

known  only  in  soln 

wh.  powd 

wh.  powd 

wh.  cr.  powd 

wh.  cr.  hyg 

col.  rhomb,  deliq.  pi 

col.-yelsh  need.,  deliq 

need.,  col 

wh.  cr 

hex.,  yel-grn 

rhbdr.  col.,  deliq 

hex.,  wh.-col.;  odor  HC1;  v.  deliq 

col.  rhomb.,  deliq.;  near,  odorl.  1.6. 

wh.  cr 

wh.  cr 

br.  powd 

col.  trans,  tricl 

rhomb.,  1.473,  1.490,  1.511 

wh.  cr.  powd 

wh.  powd 

col.  rhomb.,  1.702,  1.722,  1.750 

amor 

monocl.  or  amor,  gelat.  ppt.,  wh., 
1.566,  1.566,  1.587 

wh.-br.  pi.,  cont.  free  I2,  deliq 

wh.-yel.  cr 

wh.  cr 

wh.-yelsh.  powd 

rhomb,  col.  deliq 

rhomb,  yel 

wh.  powd*;  exist,  doubted  except  as  1 
basic  salt 

wh.  powd 

hex.  col.,  1.765 

trig,  wh.,  1.773 

gran.  yel.  mass 

monocl.  pr 

redsh.  wh.  powd 

grayish  wh.  cr.  mass 

rhomb,  pi.,  1.546,  1.556,  1.578 

wh.  cr 
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INORGANIC 

of  Organic  Aci  ds 


COMPOUNDS 


No. 

~! 

2 
3 

4 
5 

6 

7 
8 

9 
10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

20 
21 
22 
23 
24 

25 

26 

27 

28 

29 

30 
31 

32 

33 

34 
35 
36 
37 
38 

39 
40 
41 

42 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

Cold 
water 

i. 

s. 
i. 

i. 

v.  si.  s. 

s. 

s.  with 
viol. 

s. 

s. 

d. 

d.  to  CH4 

v.s. 
69.915;  s. 

with 

viol. 

s. 

i. 
d. 

d. 

si.  s. 

s. 

si.  s. 

i. 

i. 

0.0000120 

i. 

O.OOOI520 

s.  d. 

V.  s. 

d. 

v.  s. 
63.725 

d.  ev. 
NH3 
d. 

i. 

.00009829 

.00009829 

i. 

sl.  s. 

s. 
d. 
i. 

d. 

Hot 

water 

Alcohol,  acids,  etc 

2.702 

659.7 

d. 
d. 

-H20 

1800 

i. 

d. 

s. 

i. 

s. 
d. 

d. 

s. 

d. 

d. 

v.s. 
s.d. 

v.s.,  ev. 
HC1 

s. 

sl.  s. 
s. 
sl.  s. 

i. 

s. 
v.  s. 

v.  s.  d. 

d. 

d. 

i. 
i. 
i. 

i. 
d. 

s.   alk.,   HC1,   H2SO4;   i. 
HNOs,  ac.  a. 

s.  a.;  i.  NH4  salts 

3.011 

sl.  s.  a. 

59-60 

62.3 

97.5 

93 
-7.5 

101.5-102 

stab,  to  1400 

d. 

1902.6  atm. 

283-495 
d.  100 
263.3™ 

d.>100 
d.  7 

284.51° 

d.  at  high 
temp. 

182.7752;' 

subl.  177.8 
d. 

sl.  s.  a. 

3.0125 

2.54 

s.  al.,  CS2,  acet. 

s.  al.,  amyl.  al.  sl.  s.  CS2 
s.  al. 

1.0251? 
2.36 

s.  al. 

d.  dil.  a.;  i.  acet. 

s.  dil.  HC1 

2.4425;  lq.  1.31200 

2.398-.440 

1.084100 

1.142? 

1.10180 

10012-s  abs.  al.,  072*  chl.; 
s.  CCl4,eth.;sl.  s.  bz. 

s.  eth.,  50  abs.  al. 

98 
134 

78-9 

s.  org.  solv. 

205w 
190-200H 

v.  sl.  s.  al.,  eth. 

s.  lgr. 
s.  dil.  a. 

3.07 
2.17 

1040 

i.  a.,  al.,  alk.,  acet. 

-2H2O,  100 

-3H20,  250 

3.3-3.5 

d.  360 

v.  sl.  s.  a.,  alk. 

i.  a.,  alk. 

2.423 

3.9825 
2.63 

1.0346™ 

-2H>0,  300 

191 
185  d. 

118.5 

s.  a.,  alk.;  i.  al. 

360  (382) 
d. 

140.58 

s.  al.,  eth.,  CS2 
s.  al.,  CS2 

s.  bz. 

70 

22004  atm- 

d.  150 
d.>2200 

100  al.;  s.  alk.,  acet., 

3.05 

HNOs 
d.  a.,  al. 

v.  sl.  s.  bz.;  i.  al. 

s.  a.;  i.  al. 

3.5-.9 
4.00 

2050 
2050 

2250 
2250 

v.  sl.  s.  a.,  alk. 
v.  sl.  s.  a.,  alk. 
s.  alk.,  pet.,  oil  turp. 

1.007195 

194 

314-50 

s.  al.,  eth.,  bz. 
s.  al.,  glyc. 

1.23 
2.566 

1.0578? 

265  d. 
>1500 

106 

s.  al.,  chl.,  eth. 
s.  a.,  alk.;  i.  al. 

248i* 

s.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Aluminum 

salicylate 

silicate  (mullite) 

stearate 

sulfate 

ii 

"      (alunogenite) .... 

sulfide 

thallium  sulfate 

Ammonia 

Ammonium 

acetate  

aluminum  chloride 

"         sulfate 

aniinosu'famate. 

mefaantimonate 

antimony  fluoride 

orMoarsenate 

ori/ioarsenate,  mono-H . . 

orr^oarsenate,  di-H 

mefaarsenite 

azide 

benzenesulfonate 

benzoate 

perborate 

te  fraborate 

penfaborate  (decaborate) 
pe/itaborate  (decaborate) 

Mraborate,  acid 

bromate 

bromide. .-. 

bromoplatinate 

bromoselenate 

bromostannate 

calcium  arsenate 

"       phosphate 

carbamate 

carbamate  acid  carbonate 

carbonate 

carbonate,   acid   (bicar- 
bonate) 
carbonate,  sesqui- 

cerium  nitrate  (ous) .... 
"      (ic) 


Formula 


Mol. 
wt. 


A1(C7H603)3.. 

3Al203-2Si02 . 

AKCisHssO-ib. 


A12(S04)3 

A1-.(S04)3-9H20.. 

A12(S04)3-18H20. . 

A12S3 

A1T1(S04)2-12H20. 
NH.3 


NH4C2H3O,. 

NH4C1-A1C1;,. 

NH4A1(S04)2 
NH4AKS04)2- 
I2H2O 


438.30 
425.94 
877.36 

342.12 

504.27 

666.41 
150.12 

639 . 67 
17.03 


77.08 
186.84 
237.13 
453.32 


NH.NHoSO.i 114.12 

NH4Sb03-2H20....    223.83 

2NH4F-SbF3 I  252.84 

(NH4)3As04-3H20..    247.08 
(NH4)2HAs04...      !   176.00 

NH4H0ASO4 '   158.97 

NH4As02 j  124.95 

NH4N3 I     60.06 


NH4CH5O3S 

NH4C7H.SO0 

NH4B03(or  NH4- 

B03-|H20) 
fNH4)2B407-4H20. 
NH4B50s-4H20. 
(NH4)2Bi0Oi,;- 

5H20 
NH4HB407-3H20. 

NH4Br03 

NH4Br 

(NH4)2PtBro 


(NH4)2SeBr6 

(NH4)2SnBr6 

NH4CaAs04-6H20 
NH4CaP04-7H20. 
NH4C02NH2 


NH4CO2NH0. 
NH4HCO3 
(NH4)2C03-H20 
NH4HCO3 


(NH4)4H2(C03)3- 

H20 
2NH4N03- 

Ce(N03)3-4H20 
2NH4NO.V 

Ce(N03)4 


175.20 
139.15 

76.86 
(85.87) 
263.43 
271.21 
490.36 

228.38 

145.96 

97.96 

710.81 

594.54 
634.28 
305.13 
279.25 
78.07 

157.13 

114.11 
79.06 

272.22 

558.32 

548.26 


Crystalline  form,  color  and  index 
of  refraction 


redsh.-wh.  powd 

col.  rhomb 

wh.-yelsh.     powd.,     exist, 
except  as  basic  salt 
wh.  powd 


doubted 


monocl.  wh.,  1.459 


monocl.  col.,  1.474,  1.476,  1.483. 
hex.  vol.,  odor  H2S,  d.  moist  air. 

cub.  oct.  col.,  1.4976 

col.  gas.,  1.325i6-5lq 

wh.  cr.  hyg 

wh.  cr 

hex.  col 

cub.  col.,  1.459 


deiiq 

wh.  cr 

rhomb,  col 

rhomb,  cr 

monocl.  col.,  odor  NH3. 

tetr.  col 

rhomb,  pr.,  col 

col.  pi 


rhomb. . .  . 
rhomb,  col 
wh.  cr. .  . . 


monocl 


col.  cr.,  effl.,  -NH3 

hex.  col 

cub.  col.;  si.  hyg.;  1.71225. 
cub.  red-br 


red  oct.  cr. . 
cub.  col. . . . 
monocl.  col. 
monocl.  col. 
rhomb,  col . 

wh.  cr 


cub.  col 

rhomb,  or  monocl.  col.,  1.423,  1.536, 

1.555 
rhomb,  pr 

monocl 

monocl.  yel.-red 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

i. 

v.  si.  s. 

i. 

31.3" 

s. 
s. 

d. 

10-" 

89.9"; 

52.0 

148^ 

s. 
s. 
15-" 

s. 

108 

s. 

33.74 
v.  s. 

20.16/100 
ce  soln. 

98 

19.6>4> 
1.5517  ••> 

7.27is 
7.03'* 
9.6 

s. 

V.  s. 

59.8" 

0.40"; 

0.5920 

d. 

v.  s. 

0.02 

i. 

v.  s. 

2515" 

10015 

11.9° 
20i5 
31820 
142.625 



98.1'"" 

s. 

s. 

65.19611 
7.4'"" 

d. 

00 

d.' 

122.4*' 
d. 
27.074"/ 

100  cc 

soln. 
320 
83.3'"" 
d. 

v.  s. 

145.61"" 

0.361"" 

d. 

s. 
d. 
d. 

57600 

d. 

d. 

d. 

817.465 
232. 9° 

s.  dil.  alk.;  i.  al. 

?, 

3.15 

d.  1810 

d.  770 

d. 

d.  86.5 

1100 

91 

-77.7 

114 
304 

3 

s.    oil.    turp.,    pet.,    alk.; 
si.  s.  al. 
s.  dil.  a.;  si.  s.  al. 

4 

2.71 

1.705? 

1.6917 
2.021- 

2.32 

7710"g/];]q. 
0.817-"9 

1.073 

5 

s.  a.,  alk. 

6 

i.  al. 

7 
8 

subl.;1550(No) 

s.  a.;  i.  acet. 

9 

10 
11 

-33.35 
d. 

13.22"al.;s.  eth.,  org.  solv. 
s.  al.;  si.  s.  acet. 

1? 

2.039 
1.64 

s.  glyc;  i.  al. 

13 
14 

93.5 

-IOH2O, 

120 
-I2H2O, 

200 

s.  dil.  a.;  i.  al. 
i.  al. 

15 

d. 

subl.,  d. 
d-loses  NH3 
d. 

d.,  -NH33"0 

i.  al. 

10 

17 

18 

1.989 
2.3  IP 

19 

?0 

si.  s.  NH4OH;  i.  al.,  acet. 

21 

22 
23 
24 

25 

26 

27 

28 
29 
30 
31 

32 
33 
34 
35 
36 

37 

38 
39 

40 

41 

42 

1.346 

1.342 

1.260 

160 

271-5  d. 
198  d. 
d. 

subl.  134; 
exp. 

1.06  al.;  s.  NH3;  i.  eth. 
19  cold  al;  1.  eth.,  bz. 

subl.  160 

1.6325  al.;  i.  eth. 

2.38-.95 

exp. 

subl.  542 
d.  145 

si.  s.  al. 

2.429 
4.26524 

3.326 
3.50 
1.905'5 
1.56118 

235  vac- 

s.  al.,  acet.,  eth.,  NH3 

si.  s.  eth. 

d. 

d.  140 
d. 
subl.  60 

subl. 

d.  58 
107.5, 
(d.  36-60) 
d. 

74 

s.  NH4CI;  i.  NH4O.U 

s.  a. 

v.  s.   NH4OH;  si.  s.   al.; 

i.  acet. 



i.  al.,  CS2,  NHo 

1.58 

subl. 

i.  al.,  acet. 
si.  s.  al. 

si.  s.  HNOs;  s.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Ammonium 

cerium  sulfate  (ous) 


chlorate 

perchlorate 

chloride  (sal  ammoniac) 
chloroaurate 

chlorogallate 

chloroiridate 

chloroiridite 

chloropalladate 

chloropalladite 

chloroplatinate 

chloroplatinite 

chloroplumbate 

chlorostannate 

chromate 

bichromate 

perchromate 

chromium  sulfate  (ic) . . 

citrate,  tri-  (tert.) 

"     ,  di-  (sec.) 

cobalt  chloride  (ous) . . . 
cobalt  orf/wphosphate 

(ous) 
cobalt  sulfate  (ous) 

copper  chloride  (ic) 

"      iodide  (ous) 

cyanate 

cyanide 

cyanoaurate 

cyanoaurite 

cyanoplatinite 

ethyl  sulfate 

ferricyanide 

ferrocyanide 

fluoborate 

fluogallate 

fluogermanate 

fluometaphosphate 

,  di-. 
fluoride 

fluoride,  acid 

fluosilicate  (crypto- 
halite) 

fluotitanate 

fluozirconate 

formate 


Formula 


(NH4)2S04- 
Ce2(S04)3-8H20 

NH4CIO3 

NH4CIO4 

NH4CI 

NH4AUCI4 

(NH4AuCl4)4-5H20 

NH4GaCLi 

(NH4)2IrCl6 

(NH4)3IrCl6-HH20 

(NH4)2PdCl6 

(NH4)2PdCl4 

(NH4)2PtCl6 

(NH4)2PtCh 

(NH4)2PbCl6 

(NH4)2SnCli; 

(NH4)2Cr04 

(NH4)2Cr20v 

(NH4)3CrOs 

(NH4)Cr(S04)2- 
12H20 

(NH4)3CbH507 

(NH4)2HC6Hsa... 
NH4ClCoCl2-6H20 
NH4C0PO4H0O.. 

(NH4)2S04-CoS04- 

6H2O 
2NH4Cl-CuCl2- 

2H20 
NH4ICuIH20... 

NH4CNO 

NH4CN 

NH4Au(CN)4-H20 

NH4Au(CN)2 

(NH4)2Pt(CN)4- 

H20 

NH4C2H5S04 

(NH4)3Fe(CN)6. . . 
(NH4)4Fe(CN)6- 

3H20 

NH4BF4 

(NH4)sGaF6 

(NH4)2GeF6 

NH4PF6 

NH4P02F2 

NH4F 

NH4HF2 

(NH4)2SiF6 

(NH4)2TiF6 

(NH4)2ZrF6 

(NH4)3ZrF7 

NH4CH02 


Mol. 
wt. 


844.71 


101.50 

117.50 
53.50 
357.07 
1518.35 
229.59 
441.92 

486.99 
355.52 
284.61 
444.05 
373 . 14 
456.03 
367.52 
152.09 
252.10 
234.13 
478.36 


243 . 22 
226.19 
291.45 
190.02 

395.24 

277.51 

353.47 
60.06 
44.06 
337.33 
267.28 
353.40 

143.16 
266.07 
338.16 

104.86 
237.84 

222.14 

163.06 

119.06 

37.04 

57.05 

178.14 

197.98 

241.30 

278.34 

6306 


Crystalline  form,  color  and  index 
of  refraction 


monocl 

monocl.  need,  col 

rhomb,  col.,  1.482. 

cub.  col.  1.642 

rhomb,  or  monocl.  yel 

monocl.  yel 

wh.  cr 

cub.  red-blk 

grn.-br 

cub.  red-br 

tetr.  olive  grn 

cub.  yel 

rhomb,  red  (tetr.) 

cub.  yel 

cub.  wh 

monocl.  yel 

monocl.  or 

cub.  red-br 

cub.  grn.  or  vlt.,  1.4842 

wh.  cr..  deliq 

wh.  gran,  or  powd 

red.,  deliq 

vlt.  cr.  powd 

monocl.  ruby-red,  1.490,  1.495,  1.503 

tetr.  blue,  1.744,  1.724 

rhomb,  pi 

wh.  cr 

cub.  col 

col.  pi 

cub.  col 

yel.  cr 

col.  to  si.  yelsh.  hyg.  cr 

red.  cr 

monocl.  yel.,  turns  bl.  in  air 

rhomb,  pr 

wh.  oct.  cr 

col.  hex.  pr.  and  bipyr.;  1.428,  1.425. 

col.  pi 

col.,  rhomb 

hex.  col.,  deliq.,  1.315* 

rhomb,  or  tetr.,  deliq 

cub.  or  hex.,  col.,  1.370 

hex.  pr 

rhomb.,  hex 

col.  cub.,  1.433 

monocl.  wh.,  deliq 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

2.523 

-6H2O,  100; 
-8H2O,  150 

exp.  102 

d. 

subl.  335 

anh. 

5.3322; 

3.2940 
v.  s. 
10.74° 
29.70 
s. 
s. 

V.  s. 
.556°; 

.6914 
s. 

si.  s. 
s. 

.29°;  6720 
s. 
si.  s. 

33145 

40.530 
30.8i5 
si.  s. 

21.225 

v.  s. 
V.  s. 
V.  s. 
i. 

20.520 
33.8° 

d. 

v.  s. 
V.  s. 
v.  s. 
v.  s. 
s. 

s. 

V.  s. 
s. 

2516 
si.  s. 

s. 

s. 
s. 
v.  s. 

V.  s. 

18.617 

s. 

si.'  s.'  ' '      1 
1020 

1.0590 

v.  s. 

42.5485 

75.8ioo 

V.  s. 

4.3880 

3.3710° 

s. 

d. 

V.  s. 

d. 

8930 

d. 

32.840; 

grn.  at 

70 
d. 

v.  s. 

45.4^0 

99.3^ 

d. 
d. 
d. 

V.  s. 

d.' 
95100 

s. 
s. 

d. 

V.  s. 
55.510° 

s. 

.  . .  , 

5318o 

?, 

si.  s.  al. 

s.  acet.;  si.  s.  al. 

0.6i9al.;s.  NH3 

si.  s.  al. 

s.  al. 

s.  al.;  i.  pet.  eth. 

s.  HC1;  i.  al. 

3 

1.95 
1.527 

4 

5 

6 

-5H2O,  100 
275 

d. 

7 

8 

2.856 

9 

10 

2.418 

2.17 

3.065 

2.936 

2.925 

2.4 

1.9112 

2.15« 

d. 
d. 
d. 
d. 

d.  120 
d. 
d. 
d. 

d.  40 

94;-9H>0, 
100 

d. 

11 

.005al.;i.  eth.,  c.  HCi 

i.al. 

s.  a. 

1? 

13 

14 

15 

16 

si.  s.  NH3,  acet.;  i.  al. 
s.  al.;  i.  acet. 
si.  s.  NH3;  i.  al.,  eth. 
s.  al.,  dil.  a. 

i.  al.,  eth.,  acet. 
si.  s.  al. 

17 

18 

exp.  50 

19 

1.72 

ai 

B7I 

?3 

s.  a. 

i.al. 

s.  a.,  al.;  si.  s.  HHs 

s.  NH,I 

si.  s.  al.;  i.  etL. 

v.  s.  al. 

v.  s.  al. ;  i  eth, 

s.  al.4  i.  eth. 

24 

1.902 
1.993 

* 

d.  110 

26 

27 

d.  60 
d.  36 
d.  200 
d.  100 

28 
29 

1.02100  g/1 

subl.  40 

30 

31 

32 

99 
d. 
d. 

subl. 

33 

34 

d.>250- 
GaF3 

i.  al. 
s.  al. 

35 
36 

1.85117 

37 

2.564| 
2.18018 

i.  al.,  meth.  aL 

s.  al.,  acet. 
s.  aL.,  acet. 
s.  al.;  i.  NH3 

sL  s.  al. 

si.  s.  al.;  i.  acet. 

i,  al.,  eth. 

38 

d. 

213 

subl. 

subl. 

subl. 

d. 

39 

40 

1.315 
2.01 

41 

42 

43 

44 

1.154 

45 

d.  180 

46 

1.266 

116 

s.  al.,  NH3 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Ammonium 

gallium  sulfate. 

hydroxide 

iodate 

wetoperiodate. . 
iodide 


iridium  sulfate. . . 

iron  oxalate  (ic) . . 

"    sulfate  (ous) 

"        "      (ic).. 


lactate 

laurate,  acid. 


magnesium  arsenate 

carbonate . . . 

chloride 

chromate .  . . 

phosphate 
(guanite,  struvite) 
magnesium  sulfate 
(boussingaultite) 

/-malate,  acid 

permanganate 

manganese  phosphate(ic) 
sulfate  (ous) . 

molybdate 

molybdate  (com'l) 

molybdenum  oxychloride 
molybdotellurate 


myristate,  acid. 

nickel  chloride . 
nickel  sulfate .  . 


nitrate . 


nitrite 

oleate,  acid. 


oxalate . 


oxalate,  acid  (binoxalate) 
palmitate,  acid 


Aj/pophosphate 

orMophosphate,  mono-H 

,di-H.... 


Formula 


NH4Ga(S04). 
I2H2O 
NH4OH 

NHJO3 

NHJO4 

NHJ 


NMKSCU)- 

I2H2O 
(NH4)3Fe(C204);!- 

xH20 
(NH4)2Fe(S04)2- 

6H2O 
NH4Fe(S04)2- 

12H20 

NH4C3H603 

NH4Ci2H2302-Ci>- 

H2402 

NH4MgAs04-6H20 
(NHOaCOa-MgCOs- 

4H2O 
NH4Cl-MgCl2-6H20 
(NH4)2Cr04-Mg- 

Cr(V6H20 
NH4MgP04-6H20.. 

(NH^SCfc-MgSOv 

6H2O 

NH4HC4H4O6 

NH4Mn04 

NH4MnP04-H,>0 ... 
(NH4)2S04-MnS04- 

6H20 

(NH4)2Mo04 

variable 

(NH4)2MoOCLs. ... 
3(NH4)20-Te0.r 

6Mo03-7H20 
3(NH4)20-2Te0.r 

6MoO3-10H2O 
NH4Ci4H2702-Ci4- 

H2s02 

NEUCl-NiCh-eHaO 
(NH4)2S04-NiS04- 

6H20 
NH4NO3 


NH4NO2 

NH4Cl8H3302  -ClS- 

H3402 
(NH4)2C204-H20. 

NH4HC204H20. 
NH4Ci6H3i02- 

Cl6H3202 

(NH4)2H2P2a. . . 
(NH4)2HP04.... 


NH4H2P04. 


Mol. 
wt. 


496.07 

35.05 
192.96 
208.96 
144.96 

619.46 


392.14 

482.19 

107.11 
417.66 

289.37 
252.49 

256.83 
400.52 

245.48 

360.62 

151.12 
136.97 
186.01 
391.23 

196.03 


325.32 
1321.67 

1551.32 

473.77 

291.20 
394.99 

80.05 

64.05 
581.94 

142.12 

125.08 

529.87 

196.14 
132.11 

115.08 


Crystalline  form,  color  and  index 
of  refraction 


cub.  oct.  col.,  1.4684 

in  soln.  only  at  ord.  temp 

rhomb,  or  monocl 

tetr.  col 

cub.  col.  hyg.,  1.70125 

yel.  red 

monocl.  grn 

monocl.  grn.,  1.487,  1.492,  1.499.  . .  . 

cub.  oct.,  vlt.;  effl.,  1.4854  

col.-yelsh.  syrupy  liq 

wh.  sld 

tetr.  col.,  1.608 

wh 

rhomb.,  doub.  pyram.  deliq .... 
monocl.  yel.,  1.636,  1.637,  1.653 

rhomb,    col.,    1.495,    1.496,    1.504; 

NH3  on  exposure 
monocl.  col.,  1.472,  1.473,  1.479 

rhomb,  col 

rhomb 

wh.  cr 

monocl.  pa.  red,  1.480,  1.484,  1.491. . 

monocl.  pr.  col 

monocl.  col.-yelsh 

rhomb,  br.-red 

col.  rhomb 

col.  monocl 

wh.  sld 

monocl.  grn.,  deliq 

monocl.    dk.    bl.-grn,    1.495,    1.501 

1.508 
rhomb,  col.  (monocl.  >  32.1°) 

wh.-yelsh.  cr 

wh.  powd 

rhomb,  col.,  1.439,  1.546,  1.594 

rhomb,  col 

yelsh.  soapy  mass  or  yel.  powd 

monocl.  col 

tetr.  col.,  1.525,  1.479 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

1.777 

30.925 

s. 

2.6i5 

2.716 

154.2" 

s. 

42.7° 

26.920 

124*-> 

» 
s. 

0.038-'° 

s. 

10.7 
v.  s. 

0.0231°; 
0.0522° 

17.08° 

32.2'5.7 
7.915 
0.0031 
51.3» 

s.  (d.) 
40 
s.  d. 
s. 

s. 

si.  s. 

V.  s. 

10.42° 

118.3° 

V.  s. 

s. 

2.54°; 

4,016.8 

s. 
si.  s. 

42.9°;' 
57.510 
22.7° 

14.5100"  ' 

250.31°°' 

345100 
73.08° 

400100 

s. 

0.0248° 
v.  s. 

V.  s. 
0.0195s° 

130.58'°° 

d. "" 
0.05 
v.  s. 

d. 

d. 

s. 

s. 

s. 

V.  s. 
308° 

£71100 

d. 

s. 

11.8s0; 

34.8 

s. 

106.070  ' 

173.2100 

.00864  70%  al. 

? 

-77 
d.  150 
exp. 
subl.  551 

106 

d.  165 

d. 

230 

3 

3.309-'' 
3.0501<J 
2.514 

4 

5 

0 

220  vac. 

v.  s.  al.,  acet.,   NHa;  si. 
s.  eth. 

7 

1.78 
1.864 
1.71 
1.19-.21'-' 

8 

i.  al. 

9 
10 

-12H20, 
230 

s.  dil.  a.;  i.  al. 
00  al. 

11 

75 
d. 

d. 

4.8"  al.;  si.  s.  eth.,  acet. 

12 

1.93215 

s.  a.;  i.  al. 

13 

s.  a.;  i.  al. 

14 

1.450 
1.84 

1.711.715 

1.723 

1.5 
2.208 

d. 
d. 

d. 

>120 

101 
exp. 

15 

10 

v.  s.  dil.  a.;  s.  a.;  i.  al. 

17 

18 

d. 

19 

20 

i.  al.,  NH4  salts 

V 

1.83 

2.27 

2.498 
2.17511* 

2.78 

22 

d. 
d. 

s.  a.;  i.  al.,  NH3,  SO2,  acet. 

23 

s.  a.,  alk. 

24 

25 

550  d. 
550  d. 
75-90 

d. 
d. 
d. 

26 

27 

s.  al.;  i.  c.  eth. 

28 

1.045 
1.923 

1.72525 

1.09 

29 

s.  (NH4)2S04;  i.  al. 

30 
31 

109.6 

d. 

78  d. 

d. 

d. 
>100° 

170 
d. 

d.  210 

3.8-°  al.,    17.12°  meth.  al.; 
s.  acet.,  NH:t 
s.  al.;  i.  eth. 

32 

31°,    8050,    4710  al.,    13.3>"> 

33 
34 

1.50 
1.550 

eth. 
i.  NH3 

i.  eth.,  bz. 

35 

d. 

5.0°,  8.8050  al.;  0.2313  eth. 

30 

37 

38 

1.619 
1.803" 

d. 

i.  al.,  acet. 
i.  acet. 
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PHYSICAL  CONSTANTS  O* 


No. 


Name 


Formula 


Ammonium 

^t/pophosphite. . . 

or^ophosphite,  di-H.  . . . 
phosph  omoly  bdate 

(molybdiphosphate) 
phosphotungstate 

picramate 

picrate 

praseodymium  sulfate . . . 

propionate 

d-siccharxte,  acid 

salicylate 

selenate 

selenide 

stearate,  acid 

succinate 

sulfate  (mascagnite) . .  .  . 

peroxydisulfate 

sulfate,  acid  (bisulfate) . . 

sulfide,  mono- 

sulfide,  hydro- 

sulfite 

sulfite,  acid  (bisulfite)..  . 

dZ-tartrate 

eW-tartrate,  acid 

tellurate 

tellurite 

thallium  chloride 

thioantimonate 

thiocarbonate 

thiocyanate 

dithionate 

thiosulfate 

titanium  oxalate,  basic . . 

uranyl  carbonate 

valerate 

mefavanadate 

vanadium  sulfate 

zinc  sulfate 

Antimonic  acid,ortho- 

'    ,  pyro- 

"    ,  meta- 

Anti- 

monious  acid,  ortho- 

"      ,  meta- 

Antimony 

bromide,  tri- 

chloride,  tri-   (butter  of 
Sb) 

chloride,  penta- 

fluoride,  tri- 

"      ,  penta- 


NH4H2P02 

NH4H2P03 

(NH4)3[P(Mo3- 

O10)4] 
(NH4)3PWi2O40- 

5H20 

NH4C6H4N305 

NH4C3H2N3O7 

(NH4)2S04-Pr2- 

(S04)3-8H20 

NH4C3H602 

NH4HC6H«Os 

NH4C7H503 

(NH4)2Se04 

(NH4)2Se 

NH4Ci8H3502-Cis 

H3602 

(NH4)2C4H404 

(NH4)2S04 

(NH4)2S20s 

NH4HS04 

(NH4)2S 

NH4HS 

(NH4)2S03-H20.  .. 

NH4HS03 

(NH4)2C4H40« 

NH4HC4H40r, 

(NH4)2Te04 

(NH4)2Te03 

3NH4C1-T1C13- 

2H20 
(NH4)3SbS4-4H20.. 

(NH4)2CS3 

NH4SCN 

(NH4)2S2CHH20. . 

(NH4)2S->03 

(NH4)2TiO(C204)2- 

H20 
2(NH4)2C03U02- 

C03-2H20 

NH4C5H902 

NH4V03 

NH4V(S04)2-12H20 
(NH4)2S04-ZnS04- 

6H20 

H3Sb04 

H4Sb207 

HSb03 

H3Sb03 

HSbO> 

Sb 

SbBr3 

SbCl3 

SbCU 

SbF3 

SbF6 


402 


Mol. 
wt. 


83.08 

99.08 

1876. 5( 

3022.26 

216.16 
246.14 
846.29 

91.11 

227.17 
155.15 
179.04 
115.04 

585.98 

152.15 

132.14 

228.20 

115. 

68.14 

51.11 

134.16 

99.11 

184.15 

167.12 

227.69 

211.69 

507.29 

376.19 

144.27 

76.12 

205.21 
148.20 
294.04 

558.29 

119.16 

116.99 
477.30 

401.68 

188.78 
359.55 
170.77 

172.78 
154.77 
121.76 
361.51 

228.13 

299.05 
178.76 
216.76 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  tabl 

monocl.  col.  pr 

yel.  powd 

white 

redsh.-br.  cr.  powd 

rhomb,  red  or  yel 

cr 

pr.  deliq 

need,  or  monocl.  pr 

monocl.  col 

monocl.  col.,  1.561,  1.563,  1.585 

br 

wh.  cr 

col.  cr 

rhomb,  col.,  1.521,  1.523,  1.533 

monocl.  col.,  1.498,  1.502,  1.587 

rhomb 

col.-yel.  cr.,  hyg 

rhomb,  wh 

monocl.  col 

hex.  pr 

monocl.  col.;  d,  a  1.55,  /3  1.581 

monocl.  pr.  col.,  1.519,  1.561,  1.591. . 

wh.  powd 

need,  in  clusters 

col 

yel.  pr ' 

yel.  cr ; 

monocl.  col.,  deliq 

monocl J 

monocl.  col 

wh.  cr.  mass | 

monocl.  yel 

col.  or  wh.  cr.;  disg.  odor 

col.  cr.,  wh.-yelsh ' 

red  to  blue ' 

monocl.  wh.,  1.489,  1.493,  1.499 1 

wh.  powd 

powd 

wh.  powd j 

wh.  amor 

hex.  silv.  wh.  met 

rhomb,  col 

rhomb,  col.,  deliq 

liq.  or  monocl.  wh.,  1.60114 

oct 

oily,  col.  liq 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

s. 
1710 

si.  s. 

si.  s. 
s. 

1.1* 

S1.L. 

V.  s. 
1.2215 

11125 

1177 

s. 
v.  s. 

s. 

70.60;  76 
58.20 
100 
v.  s. 
128.1° 
32.4° 
2670 

6.3!5 

I20 
s. 
i. 
s. 

71.20 
V.  s. 
128°; 
165*9 
1350 
V.  s. 
V.  s. 

5.819 

s. 

0.5215 
28.4520 
anh.  7° 

si.  s. 
si.  s. 
si.  s. 

i. 
i. 
i. 
d. 

601.6° 

d. 

384.70 

s. 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2 

2.515 

200 
123 
d. 

d.  240 
d.  145 

s. 

V.  s. 
si.  s. 

si.  s. 
s. 

24.35100' 

V.  s. 

197100 

103.8100' 
v.  s. 
V.  s. 

d. 
d. 

6O.4100  d. 

620«o 

d. 

s. 

s. 

i. 

d. 
d. 

V.  s. 

V.  s. 

d. 

6.95*6  d.' 

anh.  4280 

si.  s. 
si.  s. 
si.  s. 

i. 
i. 
i. 
d. 

00  so 

d. 

563. 630 

s.  al.,  NH3;  i.  acet. 
i.  al. 

3 

s.  alk.;  i.  al.,  HNO3 

4 

5 

s.  al. 

6 

7 

1.719 
2.531165 

1.10825 

d. 

-8H2O,  170 

45 

exp.  423 

si.  s.  al. 

8 

s.  al.,  ac.  a. 

9 

i.  c.  al.;  s.  h.  al. 

10 

subl. 

28.825  al. 

11 

2.194 

d. 

i.  al.,  NH3,  acet. 

12 

d. 

s. 

13 

110  d. 

0.325  ai#?  0.1925  eth.,  0.0825 

14 

acet. 
s.  al. 

15 

1.769 
1.982 

1.78 

d.  100 

d.  120 

146.9 

d. 

118°  d. 

d. 

d. 

d. 

d. 

d. 

i.  al.,  NH3,  acet. 

16 

17 

si.  s.  al.;  i.  acet. 

18 

v.  s.  NH3;  s.  al. 

19 

subl. 
subl.  150 

s.  al. 

20 
21 

1.4125 

si.  s.  al.;  i.  acet. 

22 

1.601 
1.636 
3.0125;  3.02424  * 

2.39 

si.  s.  al. 

23 

s.  a.,  alk.;  i.  al. 

24 

i.  al.;  s.  dil.  a. 

25 

s.  alk.,  acids,  al. 

26 

27 

d. 

subl. 

149.6 

d.  130 
d.  150 

i.  al. 

28 

si.  s.  al.,  eth. 

29 
30 

1.305 
1.704 

d.  170 

s.  al.,  NH3,  acet. 
i.  al. 

31 

si.  s.  acet.;  i.  al. 

32 

33 

2.773 

2.326' ' 

1.687 

1.931 

6.6 

d.  100 

d. 
d. 
49 
d. 

d.  100 
-H2O,  200 
d. 

d. 
d. 
630 
96.6 

73.4 

2.8 
292 
7.0 

s.  (NH4)2C03,  aq.  SO2 

34 

s.  al.,  eth. 

35 

i.  al.,  eth.,  NH4C1 

36 

37 

38 
39 
40 
41 

42 
43 
44 

45 

46 
47 

48 

s.  KOH 

s.  alk. 

6.6 

s.  a.,  KOH;  i.  acet. 

i.  al. 

i.al. 

6.68425 
4.14823 

3.14025 

liq.  2.336 
4.37920-9 
liq.  2.9923 

1380 
280 

223 

140;  9230 

subl. 

149.5 

s.  h.  cone.  H2SO4,  aq.  reg. 
s.  HC1,  HBr,  CS2,  NH3f 

al.,  acet. 
s.  al.,  HC1,  tart,  a.,  CS2 

s.  HCl,  tart.  a. 
i.  NH3 
s.  KF 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Antimony 

hydride  (stibine) 

iodide,  tri- 


"     ,  penta- 

a-mercaptoacetamide 

(thioglycolamide) 
oxide,  tri-  (senarmontite) 

"    ,  tri-(valentinite) . . 

"    ,  tetra-  (cervantite) 

"    ,  penta- 

oxychloride  (ous) 


"  (ous) 

.  (ic) 

selenide,  tri- 

sulfate  (ous) 

sulfide,  tri-  (stibnitc) 


"     ,  penta- 

(/-tartrate 

telluride,  tri- 

Antimonyl  sulfate 
"       "         ,  basic.  . 
Argon 


Formula 


SbH3 
Sbl3. 


Sbl8 

Sb(C2H4NOS)3 


Sb203. 
Sb203. 


Sb204.... 
SbaOe.... 

SbOCl... 


Arsenic  (black  cryst.) 
"        (black  amor.) . 


SD4O5CI2. 
SbOCb.. 

Sb2Se3... 

Sb2(S04)3 

Sb2S3.... 


Sb2So 

Sb2(C4H4a)3-6H20 

Sb2Te3 

(SbO)2S04 

rSbO)2S04-Sb2(OH)i 
A 


AS4. 

Asi. 


(yellow) As4 

Arsenic  acid,  ortho- 
,  pyro- 
"     ,  meta- 
Arsenic 

bromide,  tri- 

chloride,  tri- 


chloride,  penta- 

fluoride,  tri- 

"      ,  penta- 

hydride  (solid) 

"      ,  tri-  (arsine) 

iodide,  di- 

"     ,  tri- 

"     ,  penta- 

oxide,  tri-  (arsenohte) . .  . 

"    ,  tri-  (claudetite) . . . 

"    ,    tri-    (amor,    or 
vitreous) 

oxide,  penta- 

oxychloride  (ous) 

phosphide,  mono- 


selenide,  tri- 

sulfide,  di-  (or  mono-) 
(realgar) 


H3As(MH20. 

H4As20t 

HAsOs 


AsBrs. 
AsCb. 


AsClo. 

AsF3. 

AsF5. 

As2H2. 

AsH3. 

Asl2.. 

Asl3.. 

Asls.. 

AS2O3. 

As203. 

As203 . 


As2Os. 
AsOCl. 
AsP... 


As2Se3 

As2S2  (or  AsS) 


Mol. 
wt. 


124.78 

502.52 

756.36 
392.12 

291.52 

291.52 

307.52 
323.52 
173.22 

637.95 
244.13 
480.40 
531.70 
339 . 70 

403.82 
795.83 
626.35 
371.58 
683 . 13 
39.944 


299.64 
299.64 

299.64 
150.94 
265.85 
123.92 

314.66 

181.28 

252.20 
131.91 
169.91 
151.84 
77.93 
328.75 
455.67 
709.51 
197.82 

197.82 

197.82 

229.82 
126.37 
105.93 

386.70 

213.94 

106.97) 


Crystalline  form,  color  and  index 
of  refraction 
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col.  gas 

trig.;  monocl.  red;  rhomb,  yel 

br 

wh.  cr 

cub.  wh.,  2.087 

rhomb,  col.,  2.18,  2.35,  2.35 

wh.  powd.  WD  =  2.00 

yel.  powd 

monocl .  wh 

col.  mixt.  SbOCl  &  Sb203 

yel.,  exist,  doubtful 

gray  cr 

wh.  powd.,  deliq 

rhomb,    blk.-or.    red,    3.194,    4.046, 
4.303 

or  .-yel.  powd 

wh.  cr.  powd 

gray 

wh 

wh 

col.  inert  gas 

hex.  silv.  gray-blk.  met 

amor,  blk 

cub.  yel 

wh.  translu.  cr.;  hyg 

col.  cr 

wh.  cr 

pr.,  col.-yelsh.;  hyg 

oily  liq.  or  need,  hf  =  1.62114 j 

col.  exist,  quest 

oily  liq 

gas,  col 

brown  powd 

gas,  col 

red  pr 

hex.,  red 

exist,  quest 

col.  cub.  or  fibrous,  1.75a 

monocl.  col.,  1.871,  1.92,  2.01 

amor,  or  vitreous 

amor,  wh 

brownish 

br.  red  powd « 

br.  cr 

monocl.  red-br.,  2.46,  2.59,  2.61 .... 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

Ino. 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 
2 
3 

liq.  2.26-": 

5.30°  g/1 

mon.  4.768*-' 

-88 
167 

-17 
401 

79 

20  cm3 

d. 

200  ' ' 

v.  si.  s. 

v.  si.  s. 

v.  si.  s. 

i. 

v.  si.  s. 

1. 

0.0001751* 

, 

s. 

d. 

i. 

5.6°  cm3 

i. 

i. 

16.7 

Forms  ort 
Forms  ort 

d. 
d. 

hydr. 

d. 

s. 

i. 

20  cm3 

d. 

si.  s.  d. 

1.22;'  ' 

2.04" 
1.22; 

2.04" 

3.720 

15016 

d. 

d. 

i. 
i. 

4  cm3 
d. 

si.  s. 

si.  s. 

i. 
i. 
d. 

d.  ' 

d." 
d. 

i. 

d." 

d. 

3.0150cm3 

i. 
i. 

50  "  ' " " 
loarsenic  a 
loarsenic  a 

d. 
d. 

d. '" 

i. 
si.  s. 

30  d. 

11.46i0'o ' 

11.46*0° 

10.14ioo 

V.  s. 

d. 

d. 

d. 
i. 

1500  cm3  al.,  2500  cm3  CS2 

s.  HI,  HCl,  KI,  al,  acet., 

CS2 

4 

139 

656 

656 

-O,  930 
-O,  380 
170  d. 

si.  s.  al.;  i.  eth. 

5 

6 

7 

5.2 

5.67 

4.07 

3.78 

1550.  subl. 
1550 

s.    HCl,    KOH,    tart,    a., 

ac.  a. 
s.    HCl,    KOH,    tart,    a., 

ac.  a. 
s.  HCl,  HI,  KOH 

8 
q 

-2  0,  930 

s.  HCl,  HI,  KOH 

s.  HCl,  acet.,  CS->;  i.  al., 

10 

5.01 

NH3,  chl. 

11 

d. 
611 
d. 
550 

d. 

s.  al. 

1? 

3.625* 
4.64 

4.120 

18 

s.  a. 

14 

s.  alk.,  NH4HS,  K-S,  HCl; 

15 

i.  ac.  a. 
s.  alk.,  NH4HS,  HCl;  i.  al. 

16 

17 

629 

IS 

4.89 

19 

5.I515  glyc. 

30 

1.7840  g/1;    lq. 

1.40-"»;  cr. 

1.65~233 
5.72714 
4.7 

2.020 
2.0-2.5 

-189.2 
81436  atm. 

-185.7 
subl.  615 

21 
ft? 

s.  HNO3 

s.  HNO3,  aq.  Cb,  aq.  reg., 

9^ 

35.5 

d.  206 
d. 

32.8 

-18 

ca.  -40 
-8.5 
-80 
d.  200 
-113.5 
d.  136 
146 
76 
subl.  193 

315;subl.l93 
d.  315 

h.  alk. 

s.  CS2 

24 

?5 

-H20,  160 

s.  alk.,  al.,  glyc. 
cid 

9fi 

221 

130.2 

(122) 

cid 

27 
28 

99 

3.5425 
liq.  2.163 

s.  HCl,  HBr,  CS2 

s.  HBr,  HCl,  PCl3j  al.,  eth. 

30 
31 
3? 

liq.  2.666 
7.71  g/1 

63752 

-53 

s.  al.,  eth.,  bz.,  NH4OH 
s.  alk.,  al.,  eth.,  bz. 
s.  KOH;  i.  al.,  eth.,  CS2 

33 
34 

3.484  g/1 

-55;  d.  230 

si.  s.  al.,  alk. 

s.  al.,  eth.,  chl.,  CS2 

35 
36 

4.3913 

3.93 

3.865" 

4.15 

3.738 

4.086 

403 

s.  al.,  eth.,  chl.,  bz.,  CS2 

37 
38 

s.  al.,  alk.,  HCl 
s.  al.,  alk.,  HCl 

39 
40 

s.  alk.,  alk.  carb.,  HCl 
s.  al.,  a.,  alk. 

41 

d. 

4? 

subl.  d. 

360 

tr.  267; 
0  307 

s.  H2SO4,  HCl;  si.  s.  CS2; 

43 

4.75 

a  3.50619; 
0  3.25419 

i.  al.,  eth.,  chl. 
s.  alk. 

44 

565 

s.  K2S,  NaHCOs 
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PHYSICAL  CONSTANTS  OF 


Name 


Arsenic 

sulfide,  tri-  (orpiment) 

"     ,  penta- 

Auric  or  Aurous. . . 

Barium 

acetate 

arsenate 

44       ,  acid 

azide 

(i 

benzoate 

boride 

bromate 

bromide 

"       fluoride 

butyrate 

carbide 

carbonate  (witherite) . 

"         («) 

03) 

chlorate 

perchlorate 

chloride 

"       fluoride 

uhloroplatinate 

chloroplatinite 

chromate 

dichromate 

citrate 

cyanide 

cyanoplatinite 

ethylsulfate 

ferrocyanide 

fluoride 

11       iodide 

fluosilicate 

formate 

d-gluconate 

hydride 

hydroxide 

iodate 

iodide 

laurate 

malate 

malonate 

manganate 

permanganate 

methyl  sulfate 

molybdate 


Formula 


•H>0. 


AszSa 

As2S5 

See  Gold.  ... 

Ba 

Ba(C2H302)2' 

Ba3(As04)2 

BaHAs04H20 

Ba(N3)2 

Ba(N3)2-H20 

Ba(C7H502)2-2H20. 

BaBe 

Ba(Br03)2H20. . . . 

BaBr2 

BaBr2-2H20 

BaBr>-BaF> 

Ba(C4H702)2-2H20. 
BaC2 


BaCOs 

BaC03 

BaC03 

Ba(C103)2-H>0 

Ba(C104)2 

BaCb 


BaCl2 

BaCl2-2H20 

BaCl2-BaF2 

BaPtCl6-6H>0 

BaPtCl4-3H20 

BaCr04 

BaCr>07 

BaCr207-2H20 

Ba3(CfiH507)2-7H,>0 

Ba(CN)2 

BaPt(CN)4-4H20.. 

Ba(C2H5S04)2- 
2H20 
Ba2Fe(CN)o-6H20.. 

BaF2 

BaF2-BaI2 

BaSiFe 

Ba(CH02)2 

Ba(C6Hn07)2-3H20 

BaH2 

Ba(OH)2-8H20.. 

Ba(I03)2 

Ba(I03)2-H20... 


BaI2-2H20 

Ba(Ci2H2302)2... 

BaC4H405 

BaC3H204-H20.. 

BaMn04 

Ba(Mn04)2 

Ba(CH3S04)2-2H20 
BaMo04 


Mol. 
wt. 


246.00 
310.12 


137.36 
273.46 
689.90 
295.29 
221.41 
239.42 
415.61 
202.28 
411.21 
297.19 
333.22 
472.55 
347.59 
161.38 

197.37 
197.37 
197.37 
322.29 
336.27 
208.27 

208.27 
244.31 
383 . 63 
653.43 
528.47 
253.37 
353.38 
389.41 
916.39 
189.40 
508.73 

423 . 63 

594.77 
175.36 
566.56 
279.42 
227.40 
581.71 

139.38 
315.51 

487.20 
505.22 

427.23 
535.97 
269.43 
257.42 
256.29 
375.22 
395.58 
297.31 


Crystalline  form,  color  and  index 
of  refraction 


monocl.,  yel  or  red  /3  >  2.72  (Li), 
yellow 


yelsh.-silv.  met 

tricl.  col.,  1.500,  1.517,  1.525... 

blk 

rhomb,  or  monocl.  col 

monocl.  pr 

cr.  tricl.,  av.  1.7 

col.  nacreous  leaf 

cub.  blk 

monocl.  col 

col.  cr 

monocl.  col.,  1.713,  1.727,  1.744. 
Pi 


tetr.  gray 


rhomb,  wh.,  1.529,  1.676,  1.677. 

hex.  wh 

white 

monocl.  col.,  1.562,  1.577,  1.635. 

hex.  col 

monocl.  col 


cub.  col 

rhomb,  col.,  1.635,  1.646,  1.660 

tetr 

rhomb,  orange-yel 


rhomb,  yel 

monocl.  red 

br.  red-yel.  need 

wh.  powd 

wh.  cr.  powd 

(a)  monocl.  yel.,  a  1.6704. 

(b)  rhomb,  grn 

wh.  lust,  leaf 


monocl.  yel. 

cub.  col 

Pi. 


rhomb,  need 

rhomb,  col.,  1.573,  1.597, 
pr.  or  rhomb,  leaf 


1.636. 


gray  cr 

monocl.  col., 


monocl 

monocl.  col. 


1.471,  1.502,  1.50. 


rhomb,  col.,  deliq 

wh.  leaf,  cr 


hex.  gray-grn. 
br.-vlt.  cr.  . .  . 

col.  effl.  cr 

wh.  powd. . .  . 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

a 

3.43 

300 

707 

subl. 

1140 

0.0000518 
i. 

d.  ev.  H2 

76.42<5 

0.055 

si.  s. 

V.  s. 

s. 

0.8 

98° 
15120 
d. 

37.42" 
d.  to 

C2H2 
0.002218 
0.002^ 
0.002218 
27.425 
198.525 
310 

35.7» 

d. 

s. 

s. 

.0003416 

si.  s. 

d. 

0.040618 

8O14 

si.  s. 

s. 

0.1715 
0.171° 
d. 

0.02617 
27.76° 
3.315-5 

d.  to  Ba( 
5.615 

0.022 

v.  si.  s. 

20015 
0.00815-3 
0.8832" 
0.143° 
v.  si.  s. 

62.511 

s. 
0.005823 

si.  s. 
i. 

d. 
74-0 

dV 
v.  s. 

i. 

5.67i°o 

H9100 

204ioo 

d. 

42.1280 

0.0065ioo 

0.006100 

0.00651°° 

III.2100 

v.  s. 

59100 

58.7100' 
d. 

.0004428 

s. 

0.9100 
si.  s. 
d. 

0.09100 
39.7180 

OID2+H2 

94.778 

0.197 
si.  s. 

26910° 

0.01150 

1.04480 
0.32680 

75.425 

s.  al.,  alk.,  alk.  carb. 
s.  alk.,  HNOs,  alk.  sulf. 

3 
4 
5 

3.520 

2.19,  anh.  2.47 

850 
d. 

s.  al.,  a.;  i.  bz. 
si.  s.  al. 

ft 

s.  a.,  NH4CI 

7 

3.9315 
2.936 

-H20,  150 

8 

9 

exp. 
-2H2O,  100 

si.  s.  al.;  i.  eth. 

10 

si.  s.  al. 

11 

4.3615 
3.99i8 

4.78124 

3.5824 

4.96i8 

s.  HNOs 

12 

d.  260 
847 
-H20,  75 

i.  al.,  acet. 

13 

v.  s.  meth.  al. 

14 
15 

-2H2O,  120 

v.  s.  meth.  al.;  s.  al. 

s.  cone.  HC1,  HN03;  i.  al. 

1fi 

17 

18 
19 
20 

3.75 

4.43 
4.43 

tr.  811  to  a 

tr.  982  to  0 
174Q90  atm. 

anh. 414 
505 

tr.  925  to 
cub. 
962 
-2H20,  113 

d.  1450 

d. 

d. 

-H>0,  120 

d.a. 

s.  a.,  NH4CI;  i.  al. 
s.  a.,  NH4CI;  i.  al. 
s.  a.,  NH4CI;  i.  al. 

21 
22 

3  18 

(3H20)  2.74 
3.85624 

sl.  s.  al.,  acet.,  HC1 
v.  s.  al. 

23 
24 

1560 
1560 

sl.  s.  HC1,  HNO3;  i.  al. 

25 

3.09724 
4.511s 

2.868 
2.868 
4.49815 

sl.  s.  HC1,  HNO3;  i.  al. 

26 

s.  cone.  HC1,  HNO3;  i.  al. 

27 

-5H2O,  70 

d.  a.;  i.  eth.,  meth.  al. 

28 

v.  s.  al. 

29 

s.  min.  a. 

30 

s.  h.  cone.  H2SO4 

31 

s.  cone.  soln.  CrOs 

32 

si.  s.  al. 

33 

181470%al. 

34 

(a)  2.076 

(b)  2.085 

-2H2O,  100 

i.  al. 

35 

sl.  s.  al. 

36 

37 

38 

4.83 
5.2118 
4.2921 
3.21 

1280 

2137 

s.  a.,  NH4CI 

s.  cone.  HC1,  HNOs;  i.  al. 

39 
40 

sl.  s.  a.,  NH4CI;  i.  al. 
i.  al.,  eth. 

41 

-3H2O,  100; 
120  d. 
d.  675 

78 

d. 

-H2O,  130 

740  d. 
260 

i.  al. 

42 
43 

44 

4.21» 

2.18i6;  anh.  4.50 

4.998 
5.23 

515;  anh.  4.917 

1400 
-8H2O,780 

d.  a. 
sl.  s.  al. 

s.  HNO3,  HC1 

45 

s.  HC1,  HNOs;  i.  al.,  acet., 

46 
47 

-2H20,  539 

H2SO4 

1.0715  al.;  s.  acet. 
0.00825  al.,  0.00625  eth. 

48 

49 

50 
51 

4.85 

s.  a. 

52 

s.  al. 

53 

sl.  s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Barium 

myristate . 


nitrate  (nitrobarite) 

nitrite 

oxalate 

oxide 

44    ,per- 


palmitate 

Aypophosphate 

orMophosphate,  tri-. 
,di-. 


pyrophosphate . 
%pophosphite. 

propionate 

salicylate. 


mono- . 


Formula 


Ba(Ci4H2-02)2 


selenate BaSe04, 

metasilicate 


Ba(N03)2 

Ba(N02)2-H20. . . . 

BaC204 

BaO 

BaCh 

Ba02-8H20 

Ba(CieH3i02)2.  . .  . 

BaPOs 

Ba3(P04)2 

BaHP04 

BaH4(P04)2 

Ba2P207 

Ba(H2P02)2-H20.. 
Ba(C.3H502)2-H20. 
Ba(C7H503)2-H20. 


stearate . 


succinate 

sulfate  (barite) . 


peroxydisutfate . . 
sulfide,  mono-  . . 

44      ,  tri- 

44      ,  tetra-  . . . 

44      ,  hydro-  . . 

sulfite 

tartrate 

tellurate 


BaSi03 

BaSi0.r6H20... 

Ba(CisH3502)2.. 


BaC4H404. 
BaS04.... 


BaS2(V4H20. . . 

BaS 

BaSs 

BaS4-2H20 

Ba(HS)2-4H20., 

BaSOs 

BaC4H4(VH20. 
BaTe04-3H20.. 


p.vrotellurate,  acid Ba(HTe2a)2H20. 

thiocyanate Ba(SCN)2-2H20. . 

dithionate BaS>(V2H20 


thiosulf  ate . 


thiotellurite 

tungstate 

wetatungstate 

Beryllium  (glucinum) . 

acetate 

basic 


propionate,  basic 

aluminate  (chrysoberyl) . 
aluminum  silicate 
(euclase) 

(beryl), 
benzenesulfonate 


orthohorate,  basic  (ham- 
bergite) 
bromide 


butyrate,  basic . 
carbide 


BaS2Os 

BaS203-H20 

Ba3TeSs 

BaW04 

BaW40i3-9H20... 

Be(Gl) 

Be(C2H302)2 

BeO-3Be(C2H302)2 
BeO3Be(C2H302) 

(C3H502) 

Be(A102)2 

2BeOAl203-2Si02- 

H20 
3BeOAl20.r6Si02. 
Be(C6H503S)2.... 


Be2(OH)B03 
BeBr2 


BeO3Be(C4H702)2. 
Be2C 


Mol. 
wt. 


592.08 


261 
247 
225 
153 
169 
313 
648 
216 
602 
233 
331 
448 
285 
301 
429 
2  SO 
213 
321 
704 


253.43 
233.42 

401.54 
169.42 
233.54 
301.63 
275.56 
217.42 
303.45 
383.02 

891.83 
289.55 
333.51 

249.48 
267.50 
699.99 
385.28 
1243.19 
9.02 
127.11 
406.35 
448.42 

126.96 
290.12 

537.36 
323.34 

93.87 

168.85 

574.66 
30.05 


Crystalline  form,  color  and  index 
of  refraction 


wh.  cr.  powd. 


cub.  col.,  1.572, 
hex.  col.-yelsh. 


cub.  or  hex.,  col.;  wh.-yelsh.  powd. 

wh.-gray  powd 

hex.  col 

wh.  cr.  powd 

need 

cub.  wh 

rhomb,  wh 

tricl 

rhomb,  wh 

monocl.  wh 

rhomb.,  £1.518 

wh.  need 

rhomb 

rhomb,  col.,  1.673,  1.674,  1.678.  .  . 

rhomb.,  1.542,  1.54S,  1.548 

wh.  powd 


rhomb,  wh.  (monocl.),  1.637,   1.638, 
1.649 

monocl.  wh 

cub.  col 

yel.-grn 

rhomb 

rhomb,  yel 

cub.  (hex.)  col 


voluminous  wh 


voluminous  ppt.;  yel.-hot;  wh.-cold. 

need 

rhomb.,  or  monocl.  col.,  1.586,  1.5D5, 
1.607 

rhomb,  wh   

wh.  cr.  powd 

rect.  pr.  pa.  yel 

tetr.  col 

rhomb 

hex.  gray  met 

Pi 

oct 


rhomb.,  1.747,  1.748,  1.757. 
monocl.,  1.652,  1.655,  1.671 


hex.  col.,  transp.,  1.580,  1.574 
monocl 


rhomb.,  1.560,  1.591,1.631 
wh.  need.,  deliq 


hex.  yel 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

0.007- 

8.72,t 

632" 

0.0093 18 

1.5°  d. 

v.  si.  s. 

0.168 

0.0041- 

si.  s. 

i. 

0.01-.02 

d. 

0.01 

30i5 

48° 

s. 

0.0118 

s. 

0.004  is 

0.421° 

.00023 18 

52.2" 
d. 
s. 
41" 

s. 

0.022° 

0.02618 

si.  s. 

s. 

4320 

24.7518 

0.2 

v.  si.  s. 
si.  s. 
si.  s. 
d. 
i. 

si.  d. 

V.  s. 

s. 

d. 

0.0105° 

34.2100 

109.680 

0.0228100 

90. 880 

d. 

d. 

0.00750 

i. 

dV  ' 
si.  s. 

33100 

67.980 

0.01381°° 
d. 

0.0065°  ' 

0.2378° 
.000391°° 

d. 
d. 

s. 
V.  s. 

O.OO^'  ' 
0.05890 

si.  s. 

s. 
s. 
90.9i°° 

si.  s. 
si.  s. 
V.  s. 
si.  s.  d. 

d.' 



v.  s. 

V.  s. 

d. 

0.00925    al.;    0.003-5    eth  ■ 

2 
3 

3.2423 

3.17329 

2.658 

5.72;  hex.  5.32 

4.96 

592 
d.  115 

d. 

0.04615  meth.  al. 
si.  s.  a.;  i.  al. 
v.  s.  HC1;  1.6  al.;  i.  acet 

4 

s.  a.,  NH4CI;  1.  al. 

5 
6 

7 

1923 
450 

-8H2O,  100 
d. 

ca.  2000 
-O,  800 

s.  dil.  a.,  al.;  i.  NH3,  acet. 

s.  dil.  a.;  i.  acet. 

s.  dil.  a.;  i.  al.,  eth     acet 

8 

0.00125eth.;  0.008165al 

9 

s.  al.;  v.  si.  s.  ac.  a. 

10 

4.116 

4.16515 
2.94 
3.920 
2.9017 

s.  a. 

11 

s.  a.,  NH4CI 

1? 

s.  a. 

13 

s.  a.,  NH4  salts 

14 

d. 

300  d. 

i.  al. 

15 

.08  al. 

16 

17 

4.75 

4.399 
2.59 

d. 
1604 

s.  HCl;i.  HNO3 

18 

s.  HC1 

19 

20 

0.005]6  5, 0.00825  al  ;  0  001-5 

21 

eth. 
si.  s.  al. 

22 
23 

4.50 15 

1580 
d. 

tr.  1149- 
monocl. 

.006  3%  HC1;  si.  s.  H2SO1 
i.  al. 

24 

4.2515 

i.  al. 

25 

26 

2.988 

d.  300 
d.  50 

i.  al.,  CS2 

27 

d.' 

i.  al. 

28 

v.  s.  HC1 

29 

2.98020-8 
4.2,  dried  at 
200 

0.03218  ai# 

30 

d.>200 

s.  HC1,  HNO3 

31 

acids 

32 

352°  al. 

33 

4.53613-3 

d. 
d. 

si.  s.  al. 

34 

35 

3.5 

36 

37 

38 

5.04 
4.30 
1.85 

d.  a. 

39 
40 

1350 
d.  300 

284 
127 

15305 

s.  dil.  a.,  alk.;  i.  Hg 
i.  al.,  eth.,  CCU 

41 
42 

1.364 

331 
330 

s.  chl.,  ac.  a.;  si.  s.  al.,  eth. 

43 

3.76 
3.1 

2.66 

2.35 

3.46525 

i.  a. 

44 

45 

1410  ±  100 

i.  a. 

46 
47 

v.  s.  ac.  a.,  al.,  acet.;  i.  CS2, 
eth.,  bz.,  CCU 

48 
49 

490  ±  10 

subl. 

520 

23919 

s.  al.,  eth.;  i.  bz. 

50 

1.90" 

>2100  d. 

s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Beryllium 

carbonate.  . 
chloride 


fluoride .  . , 
hydroxide . 

iodide 

nitrate 

nitride. . . 
oxalate . . . 


oxide  (bromellite) 


2.4-pentanedione  deriv.. 
(acetylacetonate) 

ort/iopnosphate 

propionate,  basic 

selenate 


orMosilicate  (phenacite) . 

(bertrandite) 

sulfate 


Formula 


BeC03-4H20. 
BeCb 


BeCl2-4H20. . . . 

BeF2 

Be(OH)2 

Bel2 

Be(N03)2-3H20. 

Be3N2 

BeC204-3H20. . . 


BeO 

Be(C5H70> 


Be3(P04)2-3H20.. 
BeO3Be(C3H502)« 
BeSe04-4H20 


Be2Si04 

2Be2Si04-H-0. 

BeS04 

BeS04-4H20.. 


sulfide BeS 

Bismuth Bi 


acetate 

orMoarsenate 

benzoate 

bromide,  mono-. 
,  tri- .  . . 


carbonate,  basic  (oxycar- 
bonate,  subcarbonate) . 

chloride,  mono- 

"         ,di- 

"         ,  tri- 


"      ,  tetra-. 

bichromate,  basic 

citrate 

fluoride,  tri- 

gallate,  basic  (dermatol) 

hydride  (bismuthine) .  . . 
hydroxide 


iodate. 


iodide,  tri- 

dMactate 

nitrate 

"      ,    basic     (oxyni- 
trate,  subnitrate) 

oxalate 

oxide,  di- 


Bi(C2H302)3. 

BiAs04 

Bi(C7H502)3. 

BiBr 

BiBr3 


Bi202C03. 


BiCl. 
BiCl2. 
BiCl3 


BiCU 

(BiO)2Cr207.... 

BiCeHsOr 

BiF3 

Bi(OH)2C7H505 
(approx.) 

BiH3 

Bi(OH)3 


Bi(I03): 


Bils 

Bi(C6H906)-7H20. 
Bi(N03)3-5H20... 
BiON03H20 


Bi2(C204)3. 

Bi02 

Bi02-2H20. 


Mol. 
wt. 


141.09 
79.93 


152.00 
47.02 
43.04 

262.86 

187.08 
55.08 

151.09 

25.02 

207.23 

271.15 
490.50 
224.04 

110.10 
238.22 
105.08 
177.14 

41.08 
209.00 

386.13 
347.91 
572.33 
288.92 
448.75 

510.01 

244.46 
279.91 
315.37 

350.83 
666.02 
398.10 
266.00 
412.13 

212.02 
260.02 

733.76 

589.76 
512.25 
485.11 
305.02 

682.06 
241.00 
277.03 


Crystalline  form,  color  and  index 
of  refraction 


col 

col.  need.,  deliq 

monocl.  wh.,  deliq 

amor,  col 

wh.  amor.  powd.  or  cr 

col.  need 

wh.-yelsh.  cr.,  deliq 

cub.,  col 

rhomb.,  £  1.487 

hex.  wh.  or  amor,  powd.,  1.719,  1.733 

monocl.  wh 

monocl 

rhomb.,  1.466,  1.501,  1.503 

tricl.,  1.654,  1.670 

rhomb.,  1.591,  1.605,  1.614 

tetr.'col.,'  1.472,  1.440.7... ...... . . ! 

hex.  silv.  wh.  or  redsh.  met 

wh.  cr 

monocl..  2.14,  2.15,  2.18 

wh.  powd 

yel.  cr.  powd.,  deliq 

wh.  powd 

blk.  need  (exist,  quest.) 

wh.  cr.,  deliq 

col.  cr 

yel.-or.  red 

wh.  cr 

cub.  gray  cr 

yel.  cr 

liq 

wh.  amor,  powd 

wh 

hex.  redsh.  br.-gray  bl 

pr.  need 

tricl.  col.,  si.  hyg 

hex.  pi.  or  wh.  powd 

br.-yel 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  j 

;rams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

-4H20,  100 
440  ±  10 

800' ' ' 

d. 

510  ±  10 

60 

2200  +  100 
-2H>O,100, 
-3H2O,220 

2570 

108 

-H20,  100 
120 

-2H2O,  100; 
-4H>0,  300 

0.3ti° 
v.  s. 

V.  s. 

OO 

i. 
d. 
V.  s. 

d. 

38.2225 
.0000220 

si.  s. 
s. 

i. 
42.525 

d. 
i. 

i. 

i. 

d.  to 
BiOBr 
i. 

d." 
d.  to 
BiOCi 
d. 

i. 

si.  s. 

i. 

i. 

0.00014 
i. 

14.425 

d. 

i. 
i. 
i. 

v.  s.  d. 

V.  s. 

OO 

i. 
d. 
v.  s. 

d. 
d. 

s. 

d.'toBeS 

lOOioo 

d. 
i. 

i. 

d. 
i. 

d. 

i. 

si.  s. 

d. 

d 

d. 

d. 

i. 

i. 

i.  NH3 

2 
3 

1.89925 

1.98625 
1.909  (cr.) 
4.32525 

520 

v.  s.  al.,  eth.,  bz.,  pyr.; 

si.  s.  chl.,  CS2;  i.  acet., 

NH3 
s.  al. 

4 

s.  al.,  H2SO4 

5 

s.  a.,  alk.,  (NH4)2C03 

6 

7 

590 

d.  100-200 
d.  2240 
d.  350 

ca.  3900 

270 

s.  al.,  eth..  CS2 
v.  s.  al. 

8 

d.  a.,  cone,  alk.;  i.  al. 

q 

10 

n 

12 

3.025 

1.1684 

s.  cone.  H2SO4,  fus.  KOH; 
i.  dil.  a.,  alk. 
s.  a.,  al.,  eth. 

s.  ac.  a. 

13 

14 

2.03 

3.0 
2.6 
2.443 
1.713«>-5 

2.36 
9.80 

15 

16 

17 

d.  540 
-2H2O,  100 

O4.4H2O 

18 
19 

-4H2O,  250 

si.  s.  cone.  H2SO4 

20 
21 

271 
d. 

1470  (1420- 
1560) 

s.   HNO3,   h.   H2SO4,    aq. 
reg.;  si.  s.  h.  HC1 
s.  ac.  a. 

22 

7.14 

23 

s.  a.;  i.  eth. 

24 

287 
218 

d. 

320 
163 
230-2 

225 

453 

25 

26 

5.7 

6.86 

4.86 
4.75 

s.  HC1,  HBr,  eth.;  i.  al. 

s.  a. 

27 

28 

d.  300 
447 

29 
30 

s.  a.,  al.,  eth.,  acet. 

31 

s.  a  ;  i.  alk. 

32 
33 
34 

3.458 

8.75 

d. 

d. 

s.  NH4OH;  si.  s.  al. 
s.  a.,  acet.;  i.  al. 
i.  al.,  eth. 

35 

4.36 

22 

-UH20, 
400 

d.  500 

36 
37 

-H2O,  100 
d.  415 

s.  a.;  i.  or  si.  s.  cone.  alk. 
si.  s.  HNOs;  s.  HI,  KI,  3.5 

38 
39 

5.7 

2.83 

4.92815 

439  (408) 

abs.  al. 
s.  HC1,  HI,  KI,  3.5  abs.  al. 

40 
41 

d.  30 
d.  260 

-5H2O,  80 

v.s.  HN03;s.  a.,  4219acet. 
s.  a.;  i.  al. 

42 

s.  a. 

43 

5.6 
5.6 

44 

-H2O,  110 

-2H2O,  180; 
-O,  305 

! 

s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Bismuth 

oxide,  tri- 

"      "  (bismite) 

"    pent- 

oxybromide 

oxychloride 

oxyfluoride 

oxyiodide 

orfAophosphate 

propionate,  basic 

salicylate 

"        ,  basic  (oxy sali- 
cylate) (subsalicylate) 
selenide,   tri-   (guanaju- 
atite) 

sulfate 

sulfide,  mono- 

"      ,  tri-  (bismuthinite) 

tartrate 

tellurate  (montanite) .  .  . 
telluride,  tri-  (tetra- 
dymite) 
Boric  acid,  ortho- 
grade acid) 
"    tetra-  (pyro-) 
Boritietriamine,  tri-. 
Borinoaminoborine 
Boron 

bromide 

(mono-)  hydride, 
penta- 
(mono-)  iodide.di- 

(di-)  iodide 

carbide 

chloride 

chloride  (mono-)  hydride, 
penta- 

fluoride 

hydride  (diborane,  boro- 
cthane) 
hydride/(dihydrotetra- 

borane,  borobutane) 
hydride  (pentaborane, 
stable) 

hydride  (pentaborane, 
unstable;  dihydropenta- 
borane) 
hydride  (hexaborane) .  .  . 
(decaborane) . . . 

iodide 

iodide  (mono-)  hydride, 

penta- 
nitride,  mono- 

"       ,di- 

oxide  (boric  anhydride) . 

phosphide 

selenide,  tri-  .    . 


Formula 


Bi20., 

Bi203 

Bi203 

Bi203-3H20 

Bi2(X 

Bi205H>0  (or 
HBiOs)  ( 

BiOBr 

BiOCl 

BiOF 

BiOI 

BiP04 

BiOCsHsO-- 

Bi(C7H503)-2H20.. 
BKCrHsOaJs-BisOa 

Bi2Se3 

Bi2(S04)3 

BiS 

Bi2S3 

Bi2(C4H4O6).r0H,O 

Bi2Te06-2H>0 

Bi2Te3 

HsBOa 

H2B4O7 

BaNsHr, 

B2H7N 

B 

BBr3 

B2H5Br 

BBrI> 

BBr2I 

B4C 

BCb 

B2H6CI 

BF3 

B2H6 

B4H10 

B5H9 

B5H11 

BeHio 

BioHi4 

BI3 

B2H5I 

BN 

BN2 

B203 

BP 

B2Sea 
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Mol. 
wt. 


466.00 
466.00 
466.00 
520.05 
498.00 
516.02 

258.01) 
304.92 
260.46 
244.00 
351.92 
304.02 
298.07 
382.14 

1086.33 

654.88 

706.18 
241.06 
514.18 
970.31 
677.64 
800.83 

61.84 

157.30 
80.53 
42.70 
10.82 

250.57 
106.60 

344.58 
297.57 

55.29 
117.19 

62.14 

67.82 
27.69 

53.36 

63.17 

65.19 


75.00 
122.31 

391.58 
153.60 

24.83 

38.84 
69.64 
41.84 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  yel 

cub.  gray-blk 

rhomb.,  1.91,  av.,  wh.  It 

rhomb.,  2.01,  1.82 

br.  or  dk.  red 

red 


col.  cr.  or  wh.  powd 

cr.  or  wh.  powd 

wh.  cr.  or  powd 

rhomb,  red  cr 

monocl.  wh 

wh.  powd.;  faint  odor  prop,  acid 

wh.  powd 

wh.  micro,  cr 


rhomb,  blk. 


wh.  need 

gray  (exist,  quest)  . . . 
rhomb,  br.-blk.,  1.315, 

wh.  powd 

biaxial,  /3  2.09 

rhbdr.,  gray 


.900,  1.670. 


tricl.  col.,  1.340,  1.456,  1.459 

vitr.  or  wh.  powd 

col.  liq 

col.  liq 

monocl.    yel.    or    br.    amor.    powd. 

2.5  lq.  (X579m) 

col.  fum.  liq.,  1.5536-3  (F) 

col.  gas 


col.  liq 

col.  liq 

blk.  cr 

col.  fum.  liq.,  1.4285-7  (F) 
col.  gas,  highly  unstable  . 


col.  gas ; 

col.  gas;  sickly  sweet  odor  in  low  cone. 

col.  pois.  gas,  disg.  odor 

col.  liq.,  pois.,  bad  odor,  spont.  infiam. 

col.  liq..  turns  yel.  on  standing 


col.  liq.  turns  yel.  on  standing 
col.  need,  rhomb 


col.  pi.,  hyg.  . 
col.  mobile  liq. 

amor,  wh 


vitr.  col.,  1.464 
maroon  powd . . 
258. 52 '  yel.  gray  powd 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 
2 
3 

8.9 

8.20 

8.5 

4.36 

5.10 

5.75 

8.08 

7.72 

7.5 

7.92 

6.32315 

820 
tr.  704 
860 
d.  415 
O,  150 
-H20,  120 

1890  (?) 

i. 

i. 

i. 
i. 
i. 
i. 
i. 
i. 
d. 
i. 

i. 

d. 

v.  si.  s. 

0.000018'^ 

i. 

1.95": 
5.1521 
s. 
hyd. 

i. 

d. 

hyd.  to  H 

HBr+H2 

d. 

d. 

d.toHCl 
hyd. 

106  cm3 
si.  s.  d. 
toHsBO 
si.  s.,  hyd. 

hyd. 

hyd. 

hyd. 

si.  s. 

d. 

hyd.  to  H 

i. 

d.'i.io' 

i. 

d. 

!• 

1. 

i. 

i. 

i" 

i. 

(!. 
i. 

39.1«» 

s. 
hyd. 

i. 

B62  + 

d. 

d. 

+  HsBOa 

s.  a. 
s.  a. 
si.  s.  a. 

4 

5 

0 

7 

-2  6,  357 
-2  0,  300 

(357) 

s.  a.,  KOH 
s.  a.,  KOH 

s.  a.;  i.  al. 

8 

red  ht. 
d. 
d. 
d. 

s.  a.;  i.  acet.,  tart,  a.,  NHs 

9 

s.  a. 

10 

s.  a.;  i.  al.,  chl.,  KI 

11 

s.  HC1;  i.  dil.  HNOa,  al. 

12 

v.  s.  dil.  HC1;  i.  al. 

13 

135  d. 

:::::::::: 

14 

s.  a.,  alk.;  i.  al.,  eth. 

15 
16 

6.82 

5.08'3 

7.7 

7.39 

2.58586 

3.79 

7.7 

1.435" 

710 

d. 
685 
685  d. 
-3H20,  105 

573 

185  d. 



d. 

i.  alk. 

s.  a. 

17 

18 

s.  HNO.<;i.dil.  a. 

19 
20 

s.  a.,  alk.;  i.  al. 

21 

22 
23 

-l£H,-0, 
300 

2820  glyc,  .0078  eth.,  5.5K 
al.;  si.  s.  acet. 
s.  al. 

24 
25 

0.824";  0.89837 

-58 

-66..r) 

2300 

-46 
-104 

53 

76.2 
2550 

90.1™' 
ca.  10 

180 
125 

>3500 
12.5 

-78i8 

-101 
-92.5 

17.6-18.0 

066 

65 

Q7.2 

IOO19: 156l«2-4; 
213  extrap. 
210 

Q78 

subl. 
12309-4 

s.  in  triborine  triamine 

26 

27 
28 

2.3;  1.73  (am.) 
2.650° 

s.HN03,H2S04;i.al.teth., 

alk. 
s.  al.,  CCU 

29 

30 

31 
32 
33 

2.508-.522 
1.434" 

2350 
-107 

s.  lus.  alk.;  i.  a. 
d.  al. 

34 
35 

36 

37 

2.99  g/I 

lq.  0.447"112; 

sld.  0.577-183 
lq.  0.59-70; 

0.56-35 
0.61° 

-127 
-165.5 

-120 

(-112) 
-46.6 

-123.4 

-65.1 
99.7 

43 
-110 

ca.  2730 

d. 
3  +  H2 

d. 

d. 

BOa  +  HI 

i. 

15.7100'  ' 

i. 

d. 

d.  al.;  s.  cone.  H2SO4 

S.  NH4OH 

d.  al.;  s.  bz. 

38 

39 

40 

41 
42 

43 
44 

0.94;  liq.  0.78100 

3.3550 

liq.  1.8 -w»;  sld. 
2.0 -112 
2.25 

v.  s.  CS_>;  s.  al.,  eth.,  bz. 

d.  al.;  v.  s.  CS2,  CCU,  bz. 
+  H2 

d.  HC1.  HF,  H2SO4 

45 

46 

1.844 

co.  577 

ign.  200 

s.  a.,  al. 
i.  all  solv. 

47 

_ 
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PHYSICAL  CONSTANTS  OF 


Name 


Boron 

(tri-)  silicide 

(hexa-)  silicide 

sulfide,  tri- 

"      ,  penta- 

Borotungstic  acid. . 

Bromic  acid 

Bromine 

azide  (bromoazide) .... 

chloride 

fluoride,  tri- 

"       ,  penta- 

hydrate 

Bromoauric  acid. . . 
Bromoplatinic  acid 
Bromous  acid,  hypo- 
Cadmium 

acetate. 

amide 

benzoate 

borotungstate 

bromate 

bromide 

carbonate 

chlorate 

chloride 

chloroacetate,  tri- 

,di- 

,  mono-. . . 

cinnamate 

cobaltinitrite 

cyanide 

ferrocyanide 

fluoride 

fluosilicate 

formate 

fumarate 

hydroxide 

iodate.. 

iodate 

iodide  (a) 

"       O) 

lactate 

maleate 

permanganate 

nitrate 


Formula 


B3Si 

BeSi 

B2S3 

B2S5 

H6BWi2O40-30H2O. 

HBr03 

Br2 

BrN3 

BrCl 

BrF3 

BrF5 

Br2-10H2O 

HAuBr4-5H>0  .  . .  . 

H2PtBr6-9H20 

HBrO 

Cd 

Cd(C2H302)2-3H20 

Cd(NH2)2 

Cd(C7H602)2- 

2H20 
Cd5(BWi204o)>- 

xH20 

Cd(Br03)2-H20.  .. 
CdBr2 

CdBr2-4H20 

CdCOs 

Cd(C103)2-2H20... 

CdCl2 

CdCl2-2iH20 

Cd(C2Cl302)2- 

1|H20 
Cd(C2HCl202)2- 

H20 
Cd(C2H2C102)2- 

6H20 
Cd(C9H702)2 

Cd3[C0(N02)6]2.... 

Cd(CN)2 

Cd2Fe(CN)6-xH20. 

CdF2 

CdSiF6-6H20 

Cd(CH02;2-2H20.. 

CdC4H204 

Cd(OH)2 

Cd(I03)2 

Ckl(I03)2-H20 

Cdl2 

Cdl2 

Cd(C3H503)2 

CdC4H204-2H20. . . 
Cd(Mn04)2-6H20. . 
Cd(N03)2-4H20.... 
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Mol. 
wt. 


60.52 

92.98 
117.82 
181.94 
3403.39 
128.92 
159  83 

121.94 
115.37 
136  92 

174.92 
339.99 
607.95 
838. 
96.92 
112.41 
284.55 
144.46 
390.66 


386.26 
272.24 

344.31 
172.42 

315.36 
183.32 
228.36 
464.22 

386.31 

407.49 

406.70 

1007.21 

164.45 


150.41 
362.57 
238.48 
226.47 
146.43 
462.25 
480.27 
366.25 

366.25 
290.55 
262  50 
458.37 
308.49 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  blk. 


blk.cr 

wh.  cr.  or  vitr 

wh.  cr.  (exist  quest.) 

tetrag.  col 

known  in  soln.  only,  col.  or  yelsh. 
rhomb,  or  dk.  red  liq.,  1.661 


or.  red  liq 

red-yel.  liq.  or  gas. 
col  .-gray  ycl.  liq.  . 


col.  liq 

oct.  red 

red-br.  cr 

monocl.  red,  deliq 

col.-yel 

hex.  silv.-wh.  malleable  met.,  1.13. 
monocl.  col.;  odor  ac.  a 


yel.  cr.  tricl. 


rhomb,  wh . 
yel.  cr 


sm.  wh.  need.,  effl. 
trig,  wh 


col.  pr.,  deliq 

hex.  col 

monocl.  col.,  1.6513 
rhomb 


need. 


yellow, 
cr 


cub.  wh 
hex.  col. 
monocl . 


trig,  or  amor.  wh. 

wh.  cr 

monocl.,  small  cr. 
hex.  brash 


need. 


prism,  need,  wh.,  hyg. 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc 

1 

2.52 

2.47 
1.55 

1.85 
3.0 

2.92859 ' ' 
3.1220 

i. 

i. 
d. 
d. 

s. 
V.  s. 

4.170; 

3.5820 

s'.d.'  "" 
d.  viol  to 
HF,  HB 

d. 

s. 

V.  s. 
V.  s. 
s. 
i. 
v.  s. 

3.3420 
1250" 

125" 

5710 

121io 
i. 

298° 

14020 

I6820 

0.726 
si.  s. 
1.716 

4.3525 

s. 

V.  s. 
0.930 

0.0002625 
si.  s. 
si.  s. 
79.8°; 
85.218 

10  ' 

0.6630 
v.  s. 
109.70; 
140.43o 

d. 

s'.d. 
3.5250 

02,HOBrf 

r03 

d. 

v.  s. 
s.,d. 
i. 
v.  s. 

v.  s. 
162104 

i. 

48765 
150ioo 
180roo 

v.  s. 
i. 

s 

si.  s. 
127.61°° 

12.5  ' 

v.  s. 

32659-5 

d.    H2SO4,    KOH;    si     s. 

2 
3 

310 

390 
45-51 
d.  100 
-7.3 

ca.  45 

HNO3 

d.H2S04;s.HN03;i.KOH 
d.  al.;  si.  s.  PC13,  SCI2 

4 

d.  al. 

5 

s.  al.,  eth. 

6 

7 
8 

58.78 

exp. 
d.  10 
135 

40.5 

v.  b.  al.,  chl.,  eth.,  CS2 

s.  eth.,  KI;  si.  s.  bz.,  Igr. 
s.  CS2,  eth. 

9 

10 
11 

2.49135 
2.46625 

(-2)  8.8 

-61.3 
d.  6.8 
27 

<100d. 
40  (vac.) 
320.9 

-H2O,  130 
d.  120 

75 

d. 
567 

tr.  36 
d.<500 

80 
568 
tr.  34 

d.  alk. 

n 

13 

s.  al. 

14 

15 

s.  al.,  eth.,  chl. 

16 
17 

8.642 

2.01 

3.0525 

767  ±  2 

s.  a.,  NH4NO3,  h.  H2S04 

v.  s.  al. 

18 

19 

si.  s.  al. 

?0 

?,1 

3.758 
5.19225 

i.  al. 

22 
A3 

963 

26.615    al.;    0.415   eth.;    s. 

HC1 
25  al.;  s.  acet.;  si.  s.  eth. 

?4 

4.258* 

2.2818 
4.04725 
3.327 
2.09325 

2.13225 

1.94225 

s.   a.,   KCN,   NH4   salts: 

?fi 

i.  NH3 

s.  a.,  acet.,  al. 

26 
37 

960 

1.5215  al.;  i.  acet.,  eth. 
2.0515  meth.  al.;  si.  s.  al. 

718 

9,9 

30 

31 

3? 

d.  175 
d.>200 

d.  a.,  alk.,  org.  solv. 

33 

s.  a.,  KCN,  NH4OH 

34 

s.  HC1 

35 
36 

6.64 

1100 

1758 

s.  a.,  HF;  i.  al.,  NH3 
s.  50  %  al. 

37 

2.44 

d. 

38 

39 

4.7915 
6.43 

d.300 

d. 

-H2O,  160 

388 

s.  a.,  NH4  salts;  i.  alk. 

40 

S.  HNO3,  NH4OH 

41 

s.  HNO3,  NH4OH 

42 
43 

5.67030 
5.30530 

713 

s.  a.,  eth.,  al.,   NH4OH; 
si.  s.  NH3,  acet. 

44 

i.  al. 

45 

46 

2.81 
2.45517 

d.95 
100(60) 

47 

132 

s.  al,  NH3;  i.  HNOs  j 
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PHYSICAL  CONSTANTS  OF 


No.! 


17 
18 
19 

20 

21 

221 

23 

24 

25 

26 
27 
28 
29 
30 

31 
32 
33 

34 
35 
36 
37 
38 
39 
40 
41 

42 

43 

44 
45 
46 


Name 


Cadmium 

oxalate 

oxide,  sub- 

orffophosphate 

salicylate 

selenate 

metasilicate 

sulfate 

sulfide  (greenockite) . . 

sulfite 

tartrate 

telluride 

tungstate 

Cadmium  com- 
plexes: 

Tetramminecadmium 
perrhenate 

Tetrapyridinecadmium 
fluosilicate 
Calcium 

acetate 

aluminate 

aluminosilicate 

(anorthite) 
ort  Zioarsenate 

arsenide 

azide 

benzoate 

mefaborate 

tetraborate 

boride 

bromate 

bromide 

butyrate 

cacodylate 

carbide 

carbonate  (aragonite) . . 

(calcite) 

chlorate 

perchlorate 


Formula 


CdC>04-3H20... 

Cd20(?) 

CdO 

CqO 

Cd3(P04)2 

Ca(C7H503)2-H20 

CdSe04-2H20. . . . 

CdSiOs 

CdS04 

CdS04-4H20 

3CdS04-8H20.... 
CdS 

CdS03 

CdC4H4Oo 

CdTe 

CdW04 


[Cd(NH3)4](Re04)2 

[Cd(C&H6N)4]SiFG. 

Ca 

Ca(C2H302)2 

Ca(C2H302)2-H20. 
CaAl204  (or  CaO 

A1203) 
Ca3Al20c,  (or  3CaO- 

A1203) 
CaAl>Si2Os 

Ca3(As04)2 

Ca3(As04)2-3H2().  . 

Ca3As2 

Ca(N3)2 

Ca(C7H502)2-3H>0. 
Ca(B02)2 

Ca(B02)2-2H20. . . . 
Ca(B02)2-6H20... 

CaB407 

CaB6 

Ca(Br03)2-H20.  . . . 

CaBro 

CaBr2-3H20 

CaBr2-6H20 

Ca(C4H702)2-H>0.. 
Ca[(CH3)2As02]>... 
CaC2 

CaCOs 

CaC03 

CaC03-6H20 

Ca(C103)2-2H20... 
Ca(C104)2-2H20... 
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Mol. 
wt. 


254.48 
240.82 
128.41 
128.41 
527.27 
404.05 

291.40 

188.47 
208.47 
280.53 
769.54 
144.47 

192.47 
260.48 
240.02 
360.33 


681 . 16 

570.86 

40.08 

158.17 
176.18 
158.02 

270.18 

278.14 

398.06 

452.11 
270.06 
124.13 
336.35 
125.72 

161.75 
233.82 
195.36 
105.00 
313.93 
199.91 
253.96 
308.01 
232.29 
314.04 
64.10 

100.09 

100.09 

208.19 
243.03 
275.03 


Crystalline  form,  color  and  index 
of  refraction 


wh 

grn.  amor, 
amor.,  br. 
cubic  br .  . 
amor,  col . 
need.  wh. 


rhomb 

col.  rhomb, 
rhomb,  wh. 


monocl.  wh.,  effl  ,  1.565  . 
hex.  yel.-or.,  2.506,  2.529. 


cr 

wh.  cr.  powd 
blk.  cub.  .  . . 
yel.  cr 


tricl.  wh 

cub.  silv.  wh.  soft  met. 


col.,  1.55,  1.56,  1.57 

col.  need 

rhomb,  or  monocl.  col.,  1.643,  1.655, 

1.663 
cub.,  1.710 

tricl 

wh.  amor,  powd 


col.  or  wh.  powd 

red  cr 

rhomb,  col 

rhomb,  col 

col.  long  flat  pi.  rhomb.,  1.540,  1.656, 

1.682 
cub 


col.  hex 

readily  vitrified 

cub.  blk 

monocl 

need.,  deliq 

rhomb 

hex.  col 

col 

wh.  gran.,  almost  odorl.  powd. 
rhomb,  gray 


rhomb,  col.,  1.530,  1.681,  1.685. 
hex.  col.,  1.658,  1.486 


monocl.,  1.460,  1.535,  1.545. 
monocl.  wh.-yelsh.,  deliq. . . 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

0.00!) 

i. 

i. 

s 

6O.810"  ' 
135.51"" 
8710" 
colloidal 

OH),  + 

29.7100 
34.3'"" 

i. 
d. 

8.38"  ' 

0.40^ 

i. 

v.  s. 
312105 

1850s" 
136025 

17.3100 

OH)2  + 

.0019075 

(.08835)* 

.001875 

(.07735)* 

V.  s. 

Alcohol,  acids,  etc. 

1 

anh  3.321* 

8.19218 

6.95 

8.15 

d. 
d. 

>1426 
d.  900 
1500 

-IH2CUOO 

1242 

1000 

0.00337° 

i. 

i. 
i. 
si.  s. 

v.  s. 

v.  si.  s. 

75.50 

140" 

114.20 

0.0001318 

si.  s. 
si.  s. 
i. 
0.05 

d.  to  Ca( 
Hi 
37.40 
43.6° 
d. 

i. 

0.0048; 
.01325 
i. 
d. 

2.67° 

si.  s. 

.31030 
0.2530 

i. 

v.  s. 

125" 

240" 

594" 

22.0" 

v.  s. 

d  to  Ca( 

C2H2 
.0015325 
'(.1469)* 
.001425 

(.13^)* 

177.78 ' 
188.625 

s.  a.,  NHiOH;  i.  al. 

2 
3 
4 

d.' 900-1000 

d.  a.,  alk. 

s.  a.,  NH4  salts;  i.  alk. 

s.  a.,  NH4  salts;  i.  alk. 

5 

s.  a.,  NH4  salts 

6 

3.632 

4.93 

4.691 

3.05 

3.09 

4.82 

s.   a.,    NH4OH,    al,   eth. 
glycerol 

8 

q 

i.  al.,  acet.,  NH3 

10 

i.  al. 

11 

tr.  41.5 

1750100  atm. 

d. 

50  al. 

12 
13 

subl.  in  N2 
980 

v.  sl.s.NH40H;s.a. 

s.  a.,  NH4OH;  i.  al. 

14 

s.  a.,  NH4OH 

15 

6.2015 

1041 

d.  HNOs;  i.  a 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 

28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 

43 

44 
45 

46 

s.  NHiOH 

3.714" 

2.282 
1.55 

0.037  cone.  NH4OH 

810 

d. 
d. 

1600 

1535  d. 
1551 

1240 

s    a.,  si.  s.  al  ;  i.  bz  ,  Liq. 

NHs 
si.  s.  al. 

3.67* ' 

si.  s.  al. 

s.  HC1;  i.  HN03,  H>SO. 
s.  a.;  not  d.  by  KOH  soln. 

2.765 

s.  a. 

3.031-5 

d. 

exp.  144-56 

-3H2O,  110 

1154 

d. 

d.  a.;  s.  hot  HNO3 

.2 11  i«  al.;  i.  eth. 

1.436 

s.  a.,  NH-i  salts;  si  s.  ac.  a 

s.  a..  NH4  salts 

2.3315; '2.320 

3.329 

3.35325 

986 

-H26,  180 
765 
80.5 
38.2 

2300 

d.  825 
I3391025  atm. 

806-812  ' 

s.HN03;sl.s.conc.H2SOi 

s.  a.,  al.,  acet.;  si.  s.  NH:, 
s.  a.,  al.,  acet. 

149-50 

s.  a.,  al,  acet. 

2.22 
2.93 

2.7H25  2 

1.771° 
2.711 

not  d.  by  cone.  H2SO1 
s.  a.,  NH4CI 
s.  a.,  NHiCl 

subl.  898.6 

-H2O,  >100 

* 

Solubility  in  watc 

r  containing  C 

(M?) 

41 

7 

PHYSICAL  CONSTANTS  OF 


Name 


Calcium 

chloride.. 


"       hypochlorite 
(bleaching  powder, 
chlorinated  lime) 

chloride  fluoride  ortho- 
phosphate 

hypochlorite 

chromate 


cinnamate. 
citrate 


cyanamide. 


cyanide 

cyanoplatinite. 
ethylsulfate  . . 


ferricyanide. 


ferrocyanide 

fluoride  (fluorite) 

fiuosilicate 


formate 

fumarate 

d-gluconate 

glycerophosphate . 

hydride 

hydroxide 

iodate  (iautarite) . 


iodide. 


isobutyrate 

lactate 

laurate 

linoleate 

magnesium  or/Aosilicate 
(merwinite) 

dZ-malate 

Z-malate 

malate,  acid 


maleate 

malonate 

permanganate 

a-methylbutyrate 
(ethylmethylacetate) 

molybdate 

nitrate 


Formula 


CaCl2 

CaCl2-H20. 
CaCl2-2H20 
CaCl2-6H20 

CaCl(OCl). 


CaClF-3Ca3(P04)2. 

Ca(C10)2-4H20.... 
CaCr04-2H20 


Ca(C9H702)2-3H20. 
Ca.s(C6H507)2- 
4H20 
CaCN2 


Ca(CN)2 

CaPt(CN)4-5H20.. 
Ca(C2H6S04;2- 

2H20 
Ca3[Fe(CN)6]2- 

12H20 
Ca2Fe(CN)»rl2H:0 
CaF2 


CaSiFe 

CaSiF6-2H20 

Ca(CH02)2 

CaC4H204-3H20  ... 
Ca(C6Hn07)2-H20. 
CaC3H5(OH)2P04.. 

CaH2 

Ca(OH)2 

Ca(I03)2 

Ca(I03)2-6H20.... 

Cal2 

CaI2-6H20 

Ca(C4H702)2-H20.. 
Ca(C3H503)2-5H20 
Ca(Ci2H2302)2-H20 

Ca(Ci8H3i02)2 

Ca3Mg(Si04)2 


CaC4H405-3H20. 
CaC4H405-2H20. 
Ca(HC4H405)2- 
6H20 

CaC4H204-H20. . . 
CaC3H204-4H20. . 
Ca(Mn04)2-5H20. 
Ca(CoH902)2 


CaMo04. . 

Ca(N03)2. 


Ca(N03)2-3H20. 

Ca(N03)2-4H20. 
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Mol. 
wt. 


110.99 
129.01 
147.03 
219.09 

126.99 


1025.38 

215.06 
192.12 

388.42 
570.51 

80.11 

92.12 

429.46 
326.35 

760.33 

508.30 

78.08 


Crystalline  form,  color  and  index 
of  refraction 


cub.  col.,  deliq.,  1.52 

col.,  deliq 

col 

trig,  col.,  deliq.,  1.417,  1393. 


wh.  powd.;  strong  CI  odor;  prob.  a 
mixt. 


col.,  1.634,1.631 


col.  cr.,  deliq. . . 
monocl.  pr.,  yel. 


col.  cr 

need,  wh.,  1.515,  1.530,  1.580. 


hex.  rhbdr.  col. 


rhbdr 

rhomb.,  yel.,  grn.  fluores.,  1.6226. 
wh.  cr 

red,  need.,  deliq 


tricl.  yel.,  1.570,  1.582,1.596... 
cub.  col.,  lum.  with  heat.,  1.434. 


182.14  wh.  cr.  powd.  tetr. 

218.17  tetr.  col 

130.12  rhomb.,  col.,  1.510,  1.514,  1.578. 

208.18  rhomb,  col 

448 .  39  cr.  powd.,  need 

210. 19  wh.  cr.  hyg.  powd 

42 .  10  gray-wh.  cr.  powd 

74 .  10  rhomb,  trig,  col 

389.92  tricl 

498.02  rhomb.,  1.686,  1.644,  1.604 


293.92 
402.02 
232.29 
308.30 
456.71 
598.94 
328.68 

226.20 
208.18 
414.34 

172.15 
214.19 
368.02 
242.33 

200.03 
164.10 

218.14 
236.16 


yelsh.-wh.  pi.,  deliq. 


col 

wh.  powd 

wh.  need.,  effl. 

wh.  amor,  powd 

monocl.  col.  to  pa.  grn.,  1.708,  1.711, 

1.718 

rhomb,  col.,  1.545,  1.555,  1.575 

col 

rhomb,  or  wh.  cr.  powd.,  1.493, 1.507, 

1.545 
rhomb,  col.,  1.495,  1.575,  1.640 


pur  p.,  pr. 


tetr.  col.,  1.967,  1.978. 
cub.  col.,  hyg 


monocl.    col.,    deliq.,    1.465,    1.498, 
1.504 


INORGANIC  COMPOUNDS  (Continued) 


I 

Sp.  gr.  or 
density 

Melting 
point,  CC 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No 

Cold 
water 

Hot 
water 

1 

Alcohol,  acids,  etc. 

2 

2.51225 

772 
260 

>1600 

59.50 
76.8° 
97.7° 
279° 

d.  evln. 
CI 

v.  si.  s. 

V.  s. 
22.4"; 
16.320 
0.222 
.2530 

d.  evln. 
NH3 

s. 
s. 
s. 

v.  s. 

86.824-9 
0.001618 

si.  s. 
si.  s.  d. 
16.20 
2.113o 
3.3*5 

225 

d.  to  Ca( 
0.185° 
0.100 
0.13°; 
3325 
6610 
757° 
28.8° 
3.10 
0.004*5 
i. 

0.3210 
0.812° 
si.  s. 

2.8925 
0.44° 
331*4 
24.24° 

i. 
102.0°; 

34125 

266° 

I59100 
249100 
32660 
5362° 

d. 

18.245 

1.34100 

.21095 

d. 

d. 

V.  s. 

1 15M7 
0.001726 

I8.4IO0'  ' 

less  s. 
OH)2+H2 
0.077100 
0.951°° 

1.22100 

8I100 

168030 
37.6i°o 
7.930 
0.055ioo 

0.45137-5 
1.224"5 

3.2140 

0.72io° 

33825 

25.6570 

376150 
66030 

s.  al.,  ac.  a.,  acet. 
s.  al.;  i.  acet. 

8 

s.  al. 

4 
5 

1.6817 

29.92 
d. 

1270 

d. 

-2H20,  200 

-4H20,  30; 
-6H2O,  200 

s.  al. 
d.  a. 

6 

3.14 

7 

d.  a. 

8 

s.  a.,  al. 

9 

10 

-2H2O,  130 

-4H20,  185 
1190 

0.006518  al. 

11 

1? 

13 

14 

s.  al. 

15 

16 

1.68 
3.180 

2.662i™ 

2.254 

2.015 

d. 
1360 

17 

s.  soln.  NH4  salts;  si.  s.  a.; 

18 
19 

i.  acet. 
s.  HF,  HC1,  al. 
s.  HF,  HC1;  i.  al. 

20 

d. 

i.  al. 

21 

22 

-H20,  120 



v.  si.  s.  al. 

23 

i.  al. 

24 

1.7 

2.343 

4.51915 

814-6 
-H2O,  580 
d. 
d. 

575 

42 

d.  a  ,  no  known  sol  v. 

25 

26 

d. 

s.  NH4CI  soln.,  a.;  i.  al. 
s.  HNOs 

27 

s.  HNOs 

28 
29 

3.956*5 

718 
160 

s.  a.,  al.,  acet. 
s.  a.,  acet.,  al. 

30 

31 

-3H2O,  100 
182-3 

si.  s.  a.;  i.  al.,  eth. 

32 

0.05915  aiM  1.7278  al. 

33 

s.  al.,  eth. 

34 

3.150 

35 

i.  al. 

36 

i.  al. 

37 

38 

39 

40 

2.4 

d. 

S.  NH4OH 

41 

42 

4.35 
2.36 

s.  a.;  i.  al.,  eth. 

43 

561 

51.1 
a42.7;  039.7 

s.  al.,  acet. 

44 

45 

1.82 

d.  132. 

s.  al.,  acet. 
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PHYSICAL  CONSTANTS  OF 


No. 


9 

10 
11 
12 
13 
14 

15 

16 
17 
18 
19 

20 
21 
22 
23 
24 
25 

26 

27 
28 

29 
30 

31 

32 
33 
34 
35 

36 

37 

38 
39 
40 
41 
42 
43 
44 

45 

46 


Name 


Formula 


Calcium 

nitride. . . 
nitrite 


oleate  .   ... 
oxalate . . 
oxide  (lime). 
"     •  per-  . 


palmitate 

l-phenol-4-sulfonate ... 

phenoxide ...    

Aj/pophosphate 

or/Aophosphate,  tri  (tert.) 
,  di-  (sec, 
brushite) 
"  ,  niono- 

(prim.) 


pyrophosphate . 

7tt<?taphosphate . 
phosphide 


Ca3N2 

Ca(N02)2-H20. 


Ca(N02)2-4H20. 

Ca(CisH3302)2.. 

CaC204 

CaO 

CaO> 

Ca02-8H20 


Ca(Ci6H.n02)2  .... 
Ca(CeH504S)2-H20 

Ca(OC«H5)2 

Ca2P206-2H20 

Ca3(P04)2 

CaHP04-2H20 


A.ypopbo.-'phite .  ... 
or/Aophosphite,  di-. 
or^Aoplumbate. 


Ca(H2P04)2-H20.. 


Ca2P20r 

Ca2P2(V5H20. 

Oa(P03)2 

Ca3P2 


Ca(H2P02)2 

2CaHPO.r3H»0... 
Ca2Pb04 


plumbite I  CaPb02 


propionate. 
Z-quinate. . 


salicylate . 
selenate.. 


selenide 

metasilicate  (a)  (pseud  o- 

wollastonite) 
metasilicate  C/3)  (wollas- 

tonite)   

silicide 

stearate 

succinate 

sulfate  (anhydrite) 


(soluble       anhy- 
drite) 
(gypsum) 


sulfide  (oldhamite) . 

"      ,  hydro- 

sulfite 

"      ,  acid 

(/-tartrate 

(//-tartrate 

mesotartrate 


Ca(C3Hs02)rH20.. 
Ca(C7Hn06)2- 

IOH2O 
Ca(C7H503)2-2H20. 
Ca(C7lI503)2-3H20. 
CaSeOi 


CaSe  . 
CaSiOs. 

CaSiOa. 


Mol. 
wt. 


CaSi2 

Ca(CiHH3502)2... 
raC4H404  3H20. 
CaS04 


CaS04 

CaS04-2H20. 


CaS 

Ca(HS)2-6H20.. 
CaS03-2H20   ... 

ra(HS03)2 

raC4H406-4H20. 
CaC4H406-4H20. 
CaC4H406-3H20. 


telluride CaTe... 

tellurite.. !  CaTe03. 


148.26 
150.11 


204. 1( 

602.9/ 

128.10 

56.08 

72.08 

216.21 

550.90 
404.42 
226.28 
274.23 
310.28 
172.14 

252.17 

254.20 
344.28 
198.12 
182.28 

170.15 

294.26 
351.37 
279.29 
204.24 
602.56 

350.33 
368.35 
183.04 

119.04 
116.14 

116.14 

96.20 
607.01 
210.20 
136.14 

136.14 

172.17 

72.14 
214.31 
156.17 
202.22 
280.22 
260.22 
242.20 

167.69 
215.69 
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Crystalline  form,  color  and  index 
of  refraction 


br.  cr 

hex.  col.-yelsh.,  deliq 


col 

wh  wax-like  cr. 

cub.  col  . 

cub.  coL  1838.. 

wh 

tetr.,  pearly. 


wh.  or  yelsh.-wh.  fatty  powd 

wh.  to  pinkish  powd 

redsh.  powd 

gel 

amor.  wh.  powd    .    .  

monocl.  wh.,  1.5576,  1.5457,  1.5392. . 

tricl.    col,    deliq.,     1.5292,    1.5176, 
1.4932 

biaxial,  col ... .  

monocl.,  1.539,  1.545,  1.551 

col   

red  cr 

monocl.  wh.-gray 


red-br.  cr 


col.  monocl.  tabl 
rhomb,  leaf 


oct 

monocl.  wh.;  2H20  oct. . 
col.,  (2H:0,  monocl.). . . 


simple  cub.,  2.274 

monocl.  col.,  1.610,  1.611,  1.664. 

monocl.  col.,  1.616,  1.629,  1.631. 


cr.  powd 

col.,  1.460,  1.540,  1.610 

rhomb,  or  monocl.  col.,  1.569,  1.575, 

1.613 
tricl.  need 

monocl.  col.,  1.521,  1.523,  1.530 


cub.  col.,  2.137 

pr.  col 

hex.  col 

yelsh.  liq.,  strong  S02  odor, 
rhomb.,  1.525,  1.535,  1.550. 

tricl.,  powd.  or  need 

monocl.  or  tricl.  pr 


simple  cub.,  2.51-.58 
wh.  flecks 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point.  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2.63" 

2  2334;  anh. 
2.5330 

1.674? 

2.2* ' 

3.40 

900 
-HoO,  100 

-2H20,  44 

83-4 

d. 

2572 

d,  275 

-8H-.0.  100 

1670 

d.  25 

-H>0,  109 

1230 

975  ' ' 
>1600 

(i 

d. 

d. 

75.5  d. 

45.9° 

74.90 

0  0425 
0.0006713 
.1311°  d. 
si.  s. 
si.  s. 
ev.  O 
0.003*5 
s. 

si.  s. 
i. 
0.002-3 

0.0225; 

0.03 1633 

i. 

i. 

si.  s. 
i. 
d.  ev. 

15.425 

si.  s. 
i. 

si.  s. 
49.00 
16" 

s. 

2.7015 

7.96 

0.609517 

i. 

0.00415 
0.19310; 
0.20930 

0.2410 

.012115  d. 

v.  s. 

0.004318 

s. 

0.02660 

0.00320 

i. 

si.  s 

247  d. 

89.691 

10642 

0.0350 
0.001495 
.0780  d. 

dV  ' 

d. 

0.075100,  d. 

d. 

i. 

12.5ioo 

d. 

d. 

55.810°' ' 

s. 
44.7ioo 

5.467 



d. 

0.898°' 
0.16191°° 

0.2221°° 
.4614100  d. 
O.OOi  iiob 
0.068937'.5 

.007837-5 

0.161°° 

s. 

s.  dil.  a.;  i.  abs-  al. 

2 

si.  s.  al. 

3 

s.  al. 

4 

5 

si.  s.  eth. 
s.  a.;  i.  ac.  a. 

6 

7 
8 

9 
10 

2850 

d.  275,  exp. 

s.  a. 
s.  a. 
s.  a.,  NH4  salts;  i.  al,  eth. 

v.  si.  s.  al.;  0.00825  eth. 
s.  al. 

11 

3.14 

2.30616 

2.22016 

3.09 
2  25 

2.82 
2  23825 

5.71  ' 

si.  s.  al. 

n 

s.  HC1,  H4P2O6,  H«P  06 

13 
14 

15 

16 
17 

18 

d.  203 

s.  a.;  1.  al. 
s.  a.;  i.  al. 

s.  a. 

s.'  a!;  i.  NH4CI 

i.  a. 

19 
20 

s.  a.;  i.  al.,  eth.,  bz. 
i.  al. 

21 

22 

S.  NH4CI 

s.  a. 

23 



24 

2.93;  (2H20) 

2.68 
7.593 
2.905 

2.915 

2.5 

i.  al. 

25 

26 
27 

28 

50;  -IOH2O, 

120 

1540 

tr.  1200 

1 79-80  "  " 
monocl.  1450 

i.al. 

s.  al. 
s.  al. 

29 

30 
31 



s.  HC1 

32 
33 

34 

d.  a.,  bases 
i.  al.,  eth. 

35 
36 

2.96 
2.45 
2.32 

2.181* 

tr.  to  rhomb. 
1193 

s.  a.,  Na2S203,  NEU  salts, 
glyc 

37 

38 

-IIH2O, 

128 

-2H2O,  163 

d. 

s.  a.,  Na2S203,  NH4  salts. 

glyc 
d.  a. 

39 

d.  15^18 
-2H>0,  100 

s.  al. 

40 

s.  H0SO3 

41 

s.  a. 

42 

d. 

-4H20,  200 
-3H2CK 
170 

si.  s.  al. 

43 

s.  HC1;  i.  acet.  a. 

44 

.02818,  .08510°  acet.  a 

45 

7.593 

46 

>960 

s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Calcium 

thiocarbonate 

thiocyanate 

cfc'thionate 

thiosulfate 

metatitanate  (perovskite) 

tungstate  (scheelite) 

mefotungstate 

valerate 

Tnefazirconate 

Carbon  amorphous 

"         graphite 

diamond 

bromide,  di-  (tetrabro- 

moethylene) 
bromide,  tri-  (hexabro- 

moethane) 
bromide,  tetra-  (tetra- 

bromoethane) 
chloride,di-(tetrachloro- 

ethylene) 
chloride,  tri-(hexachloro- 

ethane) 
chloride,   tetra-   (tetra- 

chloromethane) 
fluoride,    tetra-    (tetra- 

fluoromethane) 
iodide,  tetra-  (tetraiodo- 

methane) 
oxide,  sub- 

"      mon- 

"      di- 

selenide  sulfide 

sulfide,  sub- 

"       ,  mono- 

"      ,di- 

telluride 

Carbonic  acid 
Carbonyl  bromide 

(carbon  oxy bromide) 
Carbonyl  chloride 
(phosgene,   carbon   oxy- 

chloride) 
Carbonyl  sulfide 

(carbon  oxysulfide) 
Cerium 

acetate  (ous) 

benzoate  (ous) 

bromate  (ous) 

bromide  (ous) 

carbide 

carbonate  (ous). 

chloride  (ous) 


Formula 


CaCS3 

Ca(SCN)2-3H20.... 

CaS206-4H20 

CaS203-6H20 

CaTi03 

CaW04 

CaW4Oi3'10H2O.... 

Ca(C5H902)2 

CaZrOa 

C 

C 

C 

C2Br4 

CaBre 

CBr4 

C2C14 

C2C16 

CCU 

CF4 

CI4 

C3O2 

CO 

CO2 

CSeS 

C3S2 

CS(or(CS)x) 

CS2 

CSTe 

H2CO3 

COBr2 

COCl2 

COS 

Ce 

Ce(C2H302)3-liH.O 

Ce(C7H502)3-3H20. 
Ce(Br03)3-9H20.... 

CeBr3 

CeBr3-H20 

CeC2 

Ce2(C03)3-5H20.... 
CeCl3 

422 


Mol. 
wt. 


148.27 

210.28 

272.26 

260.30 

135.98 

288.00 

1163.92 

242.33 

179.30 

12.01 

12.01 

12.01 

343.68 

503.52 

331.67 

165.85 

236.76 

153.84 

88.01 

519.69 

68.03 
28.01 

44.01 


123.03 

100.15 

44.07 

76.13 

171.68 
62.03 

187.84 


Crystalline  form,  color  and  index 
of  refraction 


92 


60.07 
140.13 

344.29 

557  51 
686  02 
379.88 
397.89 
164.15 
550.37 
246.50 


yel 

wh.  cr.,  deliq 

trig,  col.,  1.5496 

tricl 

rhomb.,  0  2.34 

tetr.  col.  or  wh.  sc,  1.918, 1.934 
col.  tricl 

monocl 

amor,  blk 

cub.  blk 

cub.  col.,  2.4173 

rhomb,  pr.  1.740, 1.847, 1.863. . 

col.  monocl.  tab 

1.5999899-5  (He) 

col.  liq.,  eth.  odor,  1.5055 

rhomb.,  tricl.  or  cub.,  col 

col.  liq.,  l.mOb* 

col.  gas 

octahdr.  red 

col.  gas  or  liq.,  1.4538° 

col.  odor,  poisonous  gas 

col.  odorl.  gas  or  col.  liq 

yel.  oily  liq 

red  liq 

red  powd 

inflam.  col.  liq.,  1.629501* 

yel.-red 

exists  only  in  solution 

col.  pois.  gas  or  col.  volat.  liq. . . 

gas .: 

cub.  or  hex.  steel  gray  met 

wh.-redsh.  cr.  powd 

wh.  to  redsh.-wh.  powd 

hex.  redsh.  wh 

wh.  cr.  powd.,  deliq 

need.,  deliq 

hex.  red 

micr.  pr.,  wh 

col.  cr.,  deliq 


INORGANIC  COMPOUNDS  (Continued) 


No. 


Sp.  gr.  or 
density 


2.176 
1.872 
4.10 
6.06 


4.78 
1.8-2.1 
2.25 
3.51 


3.823 
3.42 


1.6311^ 


2.091 

1.595 

1.96-184 

4.32 

liq.  1.1140 

1.250°  g/1; 

lq.  0.793 

1.977°  g/1; 

lq.  1.101-37 

s.  1.56-™ 

1.9874 

1.274 

1.66 


1.261 


20 


2.9-bo 


2.44 
1.392 


2.72  g/1; 

lq.  1.24-87 
cub.  6.90; 

hex.  6.7 


5.23 
3.920 


Melting 
point,  °C 


d. 


d. 


Boiling 
point,  °C 


2550 

subl.  3652-97 

subl.  3652-97 

>3500 

57.5 

148  -  9d 

«48.4; 

090.1 

-22.4 

subl.  187 

-23.0 

-184 

171  d. 

-111.3 
-207 

— 56.652atm- 


-85 
-0.5 
d. 

-108.6; 
frz.-lll 
-54 


-104 

-138 

640 

-HH2O, 
115 
-3H20,  100 

49 


d. 


848  (794- 
812) 


42u0  (?) 
42u0(?) 
42u0  (?) 
227 

210 

189.5 

120.8 


76.8 

-128 


7 

-190 
(-192) 
-78.5  subl. 


84.5 
200      ' 
46.3 
d.>-54.0 

64.5 

8.3 

-48 
1400 
d. 


Solubility  in  grams  per  100  ml  of 


Cold 

water 


v.  s. 

16° 

1003 


0.2 

8.280 


0.0243o 

i. 

i. 

v.  al.  5. 


d. 

3.5°  cm3 

171.3° 
cm3; 
.348°g; 
.1452*g 


O.2222 


Hot 

water 


Alcohol,  acids,  etc. 


133«  cm3 

i. 

26.515 


d. 

v.  si.  s. 
100 


V.  s. 
3030 

s.  al. 
v.  s.  al. 

d. 

i.  al. 

7.39 10° 

s.  NH4Cl;i.  a.,al. 
d.  a. 

i. 
i. 
i. 

i.  a.,  alk. 

s.  liq.  Fe;  i.  a.,  alk. 

i.  a.,  alk. 

s.  CS2  v.  si.  s.  al.,  eth. 

s.  al.,  eth.,  chl. 

s.  al.,  eth. 

s.  al.,  eth.,  oils 

s.  al.  bz.,  chl.,  eth. 

d. 

s.  d.  h.  al.,  CS2,  eth. 

2020  cm3 

s.  al.,  CU2CI2,  bz.,  ac.  a. 

90.120 

cm3; 
.0y740  g; 

.05860  g 
i. 

3115  al.  cm3;  s.  acet. 
s.  CS2;  si.  s.  al. 

s.  CS2,  eth;  i.  al 

.0145o 

s.  al.,  eth. 

s.  CS2,  bz. 

40.330 
cm3 
i. 

16.275 

si.  s. 


d.  a.,  al.;  v.  s.  bz.,  tol. 
s.  ac.  a. 


v.  s.  al.,  alk. 
s.  dil.  a.;  i.  al. 

si.  s.  hot  al. 


s.  al. 

si  dil.  a„  (NH4)2COc 
30  al.;  s.  acet. 
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PHYSICAL  CONSTANTS  OF 


Name 


Tor  mul  a 


Cerium 

citrate  (ous) 

cyanoplatinite  (ous) .  .    . 

fluoride  (ous) 

"       (ic). 

hexaantipyrine   perchlo- 
rate  (ous) 
hexaantipyrine  iodide 
(ous) 

hydride  (ous) 

hydroxide  (ous) 

(ic) 

iodate  (ic) 

iodide  (ous) 

nitrate  (ous; 

"      (ic),  basic 


oxalate  (ous) 
oxide  (ous) .  . 


CetCeHsOr) -3.^20 
Ce2[Pt(CN)4]r 
I8H2O 

CeF3 

CeF4H20 

[Ce(CnHi2N20)6]- 

(C104)3 

[Ce(CiiHi2N20)6]l3 

CeHa 

;Ce(0H)3 

'Ce(0H)4 

:re(I03)4 

CeIr9H20 

Ce(N03)3-6H20.... 

Ce(OH)(N03)3- 
3H20 

(V:(C204)3-9H20... 

CenOa 


"      (ic) 

oxy chloride  (ous) 

2,4-pentanedione   deriv. 

(ous)  (acetylaeetonate) 
or/Ztophosphate  (ous) 

(monazite) 
me/aphosphate  (ous) 

salicylate  (ous) 

silicide 

sulfate  (ous) 


Ce02 

CeOCl 

Ce(C5H702)3-3H20. 


CeP04. 


Ce(P03)3... 
Ce(C7H603); 

CeSi2 

Ce2(S04)3. . 


(ic) 


Ce2(S04)3-4H20. . . 
Ce2(S04)3-8H20. . . 
Ce2(S04)3-9H20. . . 
Ce(S04) 


sulfide  (ous) 

Cesium 

acetate 

aluminum  sulfate. 

benzoate 

bromate 

bromide,  mono-. 

tri- 

bromoiodide,  di-. . 
bromorfiiodide .  .  . 

carbonate 

"        ,  acid. . . 

chlorate 

perchlorate 


•4H20. 


Ce(B04)j 

CV2S3 

Cs 

CSC2H3O2 

CsAl(S04)2-12H20. 

CSC7H5O2 

CsBrOs 

CsBr 

CsBrs 

CsIBr2 

CsI2Br 

CS2CO3 

CsHCOs 

CsC103 

CsC104 


Mol. 
wt. 


392.29 
1502.46 

197.13 

234.15 

1567.84 

1650.23 

143.15 
191.15 
208.16 
839.81 
683.04 
434.25 
397.21 

706.47 

328.26 

172.13 
191.59 
491.50 

235.15 

377.19 
551.46 
196.25 

568.44 

640.50 
712.57 

730.59 


chloride CsCl 


chloroaurate . .  .  . 
chlorodibromide. . 
chlorobromide,  di . 
chloroiodide,  di-. . 


332 
404 
376 
132 
191 
568, 
254 
260 
212 
372, 
419. 
466. 
325. 
193. 
216. 
232. 
168. 


CsAuCU. 
CsBroCl. 
CsBrCk. 
CsICb... 


471.94 
328.20 
283.74 
330.74 


Crystalline  form,  color  and  index 
of  refraction 


wh.  powd 

monocl.  yel  bl.  lust 

hex.  wh 

wh.  amor,  powd 

col.  hex.  cr 

large  yel.  cr 

amor,  powd.,  dk.  bl 

wh.  gelat.  ppt 

yelsh.  gelat.  ppt 

col  

redsh.-wh.  cr. 

col.  or  redsh.  (trac.  La,  Di)  cr.,  deliq. 
long  red  need 

yel.-wh.  cr 

gray-grn.  powd 

cub.  wh.-yel.  or  amor 

purp. leaf 

It.  yel.  cr.  Dpt 

monocl.  red  or  rhomb,  yel 

micr.  need 

wh.  to  redsh.-wh.  powd 

monocl.  or  rhomb,  col.;  grn.  powd., 
hyg. 

rhomb,    asbestos   like   need.    (5H20 
monocl.) 
tricl.  or  monocl.  sm.  pink  cr 

asbestos  like  need.  hex.  cr 

deep  yel.  cr 

rhomb,  sulf .  yel 

red  cr.;  br.-dk.  purp.  powd 

hex.  silv.-wh.  duct,  met 

deliq 

cub.  col.,  1.4587 

cub.  col.,  L6984... .... 

rhomb 

rhomb 

col.  cr.,  deliq 

rhomb 

rhomb,  col 

cub.  col.  deliq.,  1.6418 

monocl.,  yel 

yellow 

rhomb,  pa.  or 
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IN 

ORGANIC 

COMPOl 

QNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 

point,  °C 

Solubility  in  grams  per  100  ml  of 

•No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

i. 

i. 
i. 
L.0820 

15.1020 

d. 
d.015-" 

V.  s. 

V.  s. 
s. 

0.053=3 

i. 
i. 
d. 

!. 

i. 

10.1" 

3.9050 

23.8°; 
1220 

11.8715; 

9.4230 

sly.  d.  to 

v.  s.,  d. 

1 

945.1-2-5 

0.340 

294.5° 

4.5330 

124.325 

260.5*1^. 

260.515 
209.315 

0.8° 
161.7°; 
185.720 
0.510 

v.  s. 

i. 

i. 

i. 

4.0660;' 

2.25ioo 

0.51410o 

65U 

form  basic 

d. 

d. 
1345.588-5 

42.54ioo 
398.510° 

V.  s. 
V.  s. 

37.9100 

30100 
270.510° 

27.5100 

s.  dil.  min.  a. 

2 

2.657 
6.16 

3 

1324 
d. 
295-300  d. 

268-70 

ign. 

4 

s.  a. 

5 

fi 

7 

s 

s.  a.,  (NH4)2CO.-i;  i.  alk. 

9 
10 

s.  a.;  si.  s.  alk.  carb.;  i.  alk. 

11 

d.  ev.  I2 
d.  200 

v.  s.  al. 

1? 

-3H20.  150 

50  al.;  s.  acet. 

13 

14 

d. 

ign.  200; 
1692 
1950 

s.  H2SO4,  HC1;  i.  H0C2O4. 

15 

16 
17 

6.9-7.0 
7.3 

' 

al.,  alk.,  eth. 
s.  H2SO4;  i.  HCl 

s.  H2SO4,  HNO3;  i-  dil.  a. 
s.  dil.  a. 

18 

131-2 

v.  s.  al. 

19 

5.22 

3.272 

5.6717 

3.912 

3.22  (5H-.0) 

2.88617 

2.831 

3.9118 

s.  a.;  i.  at. 
i.  a. 

V 

n 

n 

?4 

-SH>0,  630 

' 

715 

*?6 

37 

d.  195 



salt 

38 

s.  dil.  H2SO4 

29 
30 
31 

5.020]l 
1.90 

d. 

28.5 
194 
117 

670 

s.  dil.  a. 
s.  a.,  d.  al. 

32 

33 

1.97 

s.  dil.  a.;  i.  al. 

34 

4.44;  lq.  3.047oo 

35 
36 

636 

180 

248 

195.5 

d.  610 

-iCO-2,  175 

1300 

d.  320 



s.  a. 

37 

38 

s.  al. 

39 



II19  al."  s.  eth. 

40 

3.57 

3.327 
3.97 

s.  al. 

41 

s.  al. 

4? 

d. 
646 

i.  abs.  al. 

43 
44 

1290  subl. 

v.  s  al. 

s.  al. 

45 

191 
205 
230 

46 

47 

3.86 

d.  290 
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PHYSICAL  CONSTANTS  OF 


Name 


Cesium 

chloroplatinate 

chlorostannate  

chromate 

cyanide 

fluogermanate 

fluoride 

fluosilicate 

fluotellurite 

formate 

gallium  selenate 

"         sulfate 

hydride 

hydroxide 

iodate 

metaperiodatc 

iodide,  mono- 

"      ,  tri 

"      ,  penta- 

"      ,  chlorobromo-. . 

permanganate 

mercury  bromide  (ic) . 
mercury  chloride  (ic) . 
nitrate 

"       ,  acid  

<(  it 

nitrite 

oxalate 

oxide,  mon- 

"     ,di- 

"     ,  tri- 

"     ,  tetr- 

phthalate,  acid 

rhodium  sulfate 

salicylate 

silicotungstate 

sulfate 

"       ,  acid 

sulfide 

;;     ,  di- 

"      \ir\- '['.'. '.'.'.'.'.'. 

"      ,  tetra-  

"      ,  penta- 

"      ,  hexa- 

tartrate,  acid 

dihydroxy- .  . 

Chloric  acid 

"        "      per- 

<«        «<      i« 

<<        <<      <« 
Chlorine 

azide  (chlor(o)azide) . . 


Formula 


Cs2PtCl6 

CsoSnCle 

Cs2Cr04 

CsCN 

Cs2GeF6 

CsF 

CsF-Hmb...... 

Cs2SiF6 

CsTeFs 

CsCH02 

CsCH02H20... 

CsGa(Se04)2-12H20 

CsGa(S04)2-12H20 

CsH 

CsOH 

CsIOs 

CsI04 

Csl 

Csl3 

Csl5 

CsIBrCl 

CsMn04 

CsBr-2HgBr2 

CsCl-HgCh 

CsNOa 

CsN03HN03 

CsN03-2HN03.... 

CsN02 

Cs2C204 

Cs>0 

CS2O2 

Cs203 

Cs204 

CsHC8H404 

CsRh(S04)2-12H>0 

CsCvHsOa 

4Cs2OSi02- 

12W03-zH20 
Cs2S04 

CsHS04 

Cs2S-4H20 

Cs2S2 

Cs2S2-H20 

Cs2S3 

Cs2S4 

Cs2S5 

Cs2S6 

CsHC4H406 

Cs2C4H408-2H20. . 
HC103-7H20  (?)... 

HClOa 

HC104-H20 

HC104-2H20 

CI2 

C1N3 

.426 


Mol. 
wt. 


673.79 

597.26 
381.83 
158.93 
452.42 
151.91 
178.93 
407.88 
355.52 
177.93 
195.94 
704.74 
610.94 
133.92 
149.92 
307.83 
323.83 
259.83 
513.67 
767.51 
375.20 
251.84 
933.71 
439.89 
194.92 

257.93 
320  95 

178.92 
353 . 84 
281.82 
297.82 
313.82 
329.82 

298.03 
644.13 
270.02 


361.88 

229.98 
369.94 
329.94 
347.96 
362.00 
394.06 
426.12 
458.18 
281.99 
481.92 
210.58 
100.47 
118.48 
136.50 
70.91 

77.48 


Crystalline  form,  color  and  index 
of  refraction 


cub.  yel. 


cub.  wh 

a  ycl.  pr.;  /3  yel.  rhomb 

col.  cr 

isotropic  cr.,  reg.  octahedra. 
cub.  col 


cub.  wh. . 
col.  need. 


col.  cr 

cub.  col.,  1.46495.. 

wh.  cr 

col.-yelsh.,  v.  deliq. 

monocl.  wh 

rhomb,  wh.  pi 

cub.  col.,  1.7876... 

rhomb,  blk 

tricl.  blk 

rhomb,  yel  .-red 


rhomb 

cub.  or  rhomb,  col.,  1.792. 
col.  hex.  or  cub.,  glit 


oct. . . . 
col.  pi . 
yel.  cr. 


or  .-red  cr.  .  . 
pa.  yel.  need, 
choc.  br.  cr. . 
yel.  cr 


rhomb, 
yel.  oct. 


wh.  cr. 


rhomb,   or  hex.   col.,    1.560,    1.564, 
1.566 

rhomb,  col.  pr 

wh.  cr.,  deliq 

amor.,  dk.  red 

tetr 

yel.  leaf 

yel 


brown-red 

wh.  rhomb,  cr . 


known  only  as  col  soln 

col.  unst.  liq 

need.,  fairly  stable 

stable,  liq 

grnsh.-yel.  gas  or  lq.  or  rhomb,  cr.; 
gas  1.000768,  lq.  1.367 
gas,  exp 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

d. 



.0240; 
.13520 

71.4" 

s. 

si.  s. 
v.  s. 
366.51* 
60" 
d. 

369.91 
4.1425 

1.5125 

d. 

395.515 
2.624 
2.1515 

440 

v.  si.  s. 

0.0971 ' 

0.80717 
1.4417 

9.16°; 
14.9io 

v.  s. 
282.92-5 
v.  s. 
s. 
d. 

d.  to 
CsOH 

si.  s. 

196.2° 

0.00520 

167° 

s. 

V.  s. 
hyg. 
s. 

9.72s 

22.50 
v.  s. 

OO 

V.  s. 
V.  s. 
31010cm3; 

1.46°  g 
si.  s. 

0.377ioo 

95.53° 

v.  s. 

less  s. 
d. 

201295-4 

d.' 
160" 

1.2759' 
196.8100' 

v.  s. 

dV 

d. 
dV 

1522100 
0.5100 

22010° 
v.  s. 

g's'ioo 

V.  s. 
V.  s. 

17733cm3; 
0.5730  g 

i.  ai. 

?! 

3.33 
4.237 

i.  cone.  HC1 

3 

4 

i.  al. 

5 
6 

7 

4.10 
3.586 

3.372" 

2.113 

2.7 

3.675 

4.85 

4.259 

4.510 

684  ' ' 

1250 

si.  s.  a. 
i.  al. 

8 

i.  al. 

Q 

soln.  HF 

10 

265 
-H2O,  41 

11 

1? 

13 

d.  " 
272.3 

621  ' 
207.5 
73 
235 

d. 

.003525  70%  al. 

14 

d.  a. 

15 

s.  al. 

16 

1280 

17 

18 
19 

s.  al. 

?o 

21 

d.  290 

?,?, 

3.597 

23 

si.  s.  al. 

24 

414 

100 
32-36 

d.  ' 

i.  abs.  al. 

25 
26 

3.685;  lq.  2.71*>o 

s.  acet.;  si.  s.  al. 

27 

28 

29 

30 

4.36 
4.25 

4.25° 
3.7719 

2.178 
2.238 

4.243 
3.35216 

d.  360-400 
400 
400 
600 

s.  abs.  al. 

31 
32 

-O2,  650 

s.  a. 
s.  a. 

33 
34 

d. 

s.  a. 

35 

110-111 

36 

37 

si.  s.  NH4OH;  i.  HC1,  al. 

38 
39 

1010 
d. 

tr.  hex.  660 

i.  al..  acet. 

40 

41 

460 

>800 

42 

43 

2.806KS 

1.282"-2 
1  76422 

1.88;lq.  1.77650 
1.65 

3.2140  g/l;lq. 
1.557-34;  s.  1.9 

217 
160  d. 
210 
186 

780 

44 

45 

46 

47 

48 

49 

<-20 

-112 

50 

-17.8 
-102 

d.  40 
3956 

exp.  110 
200 
-33.7 
(-34.6) 

50 

51 

52 
53 

54 

s.  al. 
s.  alk. 

d.  alk. 

427 


PHYSICAL  CONSTANTS  OF 


Name 


Chlorine 

fluoride,  mono-. . 
tri-.. 

hydrate 

oxide,  mon- 

"       di-  (per-) . 


"       tetr-  

oxide,  hept- 

Chloroauric  acid. 
Chloroplatinic  acid 
Chlorostannic  acid 
Chlorosuifonic  acid 

Chromium 

acetate  (ous) 

"         (ic) 

arsenide,  mon- 

boride.  mono- 

bromide  (ous) 

Oc) 

(tri-)  carbide,  di- 

(penta-)  carbide,  di- 

carbonate  (ous) 

chloride  (ous) 

"        (ic) 

fluoride  (ous)      

;;        (ic) 

hydroxide  (ous) 

(ic) 

iodide  (ous) 

nitrate  (ic) 

nitride,  mono- 

oxalate  (ous) 

oxide,  mon-  (ous) 

"       sesqui-  (ic) 

"       di- 

"      tri-  (chromic 

anhydride) 

oxychloride . 

2,4-pentanedione  deriv. 

(acetylacetonate) 
or^ophosphate  (ic) .... 


Formula 


C1F  .         .. 

C1F3 

Cl2-6HoO(?) 
CbO    

CIO2 


CIO4 

CI2O7 

HAuCl4-4H20  . 

H2PtClr,-6H'.0 

H2SnCl6-6H?0.. 

CISO3H 

Cr 

Cr(C2H30>)  >  . .     . 
Cr(C2H302)3-H20. 


CrAs. 
CrB. 
CrBr2. 
CrBrs 


CrBr3-GH20. 


Cr3C2.. 
Cr6C2.. 
CrCO.3. 
CrCl2.. 
CrCls.. 


[Cr(H20)6]Cl:, 

[Cr(H20)5Cl]Cl,>- 

H2O 
[Cr(H20)4Cl2]Cl- 

2H>0 
CrCls-lOHoO..      . 

CrF2 

CrF3     

CrF3-4H20 

CrF3-0H2O    .    .    . 
Cr(OH)2... 
Cr(OH)3  (or  Cr*0; 

zH20) 

Crl2 

Cr(N03)3-7iH20  . 
Cr(N03)3-9H20... 

CrN 

CrCiOi-HoO..       . 

CrO 

O2O3 

Cr02 

CrOs 

Cr02Cl2 

CKCsHyOo).^ 


Cr(P04)-2H>0 
Cr(P04)-4H20 


Mol. 
wt. 


54.46 

92.46 

179.01 

86  91 

67.46 

99.46 
182.91 
412.10 
518.09 
441.56 
116.53 

52.01 
170.10 
247.16 

126.92 

62.83 

211  84 

291.76 

399.86 

180.05 
284.07 
112.02 
122.92 
158.38 

266.48 
266.48 

266.48 

338.54 
90.01 
109.01 
181.07 
271.16 
86.03 
103.03 

305.85 
373.16 
400.18 

66.02 
158.05 

68.01 
152.02 

84.01 
100.01 

154.92 
349.33 


183.06 
219.09 


Crystalline  form,  color  and  indea 
of  refraction 


nearly  col.  gas 

col.  gas 

rhomb.  It.  yel 

yel.-red  gas  or  red-br.  lq. .  .  . 

red-yel.  gas  or  or  .-red  cr.,  exp 


col.  oil 

brt.  yel.  need.,  deliq 

red-br.  pr.,  deliq 

col.  leaf 

col.  fum.  liq.,  1.43714 

cub.  steel  gray  v.  hard  met   

red  cr 

gray-grn.  powd.  or  bluish-grn.,  pasty 
mass 

gray,  hex 

silv.  cr 

wh.  cr 

hex.  olv.  grn 

hex.  pi.,  grn.,  deliq 


gray  cr .  . . . 

silv.  cr 

amor,  gray  bl 

wh.  need.,  deliq 

i.  vlt.  pi.  (or  deliq.  s.  cr.). 


monocl.  vlt 
grn.  cr.  powd. 


rhomb,  grn. 


grn.  cr.  powd 

grn.  cr 

rhomb,  grn 

cub  oct.  grn    

vlt.  bl.  gelat 

yel.  br 

bl.-gray  grn.  gel.  or  vlt.  amor. 


grayish  powd 

monocl.  br. .    . . .  . 

monocl.  purp. 

amor 

yel.  cr.  powd.  .    . 

black 

hex.,  grn 

br.-blk.  powd 

rhomb,  red.,  deliq . 

dk.  red  liq 


violet  cr 
grn.  cr. . 
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IN 

ORGANIC 

COMPOl 

JNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

li62-ioo 

1.7718 
1.23 

3.89°  g/1 

3.0911  g/1 

-154  +  0.5 
-83 
d.9.6 
-20 

-59 

-100.8 
11.3 

3.876«;  exp! 

9.9731;  cxp. 

100 
82;  exp. 

82 

d. 
d. 

v.  s. 
200  cm3 

20004 
cm3 
s.d. 
s.d. 

s. 
v.  s. 

d.  to  H2S 

i. 

si.  s. 
s. 

i. 
i. 

(Y)'200* 
(2)  i. 
200 

i. 

v.  si.  s. 
v.  s. 

(1)  i. 

(2)  233-* 
58J25 

58.536 

v.  s. 
si.  s. 

i. 
s. 
V.  s. 

d. 

i. 

v.  s. 
s. 
s. 
i. 

i. 
i. 
i. 

d. 
i. 

si.  s. 
si.  s. 

d. 
d. 

d.  to" 

HOCl 
d.  HCIO3. 

CI2,  O: 

v.  s. 
v.  s. 

OH-  HCl 
i. 

s. 

i. 
i. 

i. 

v.  s. 
s. 
s. 

s. 

i. 

s. 
s. 

s. 
i. 
i. 

206.7'00' 

d. 

2 

3 
4 

5 

6 

s.  alk. 

exp.    C.    comp.;    s.    alk.. 

H2SO4 
exp.    C.    comp.;    s.   alk., 

H2SO4 
s.  bz. 

-91.5 

d. 

60 

9 

-80 

1615 

s  bz. 

8 

2.431 " 
1.93 
1.7661* 
6.92 

s.  al.,  eth. 

9 

s.  al.,  eth. 

10 

11 
12 
13 
14 

15 
16 
17 
18 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 

44 

45 

46 

47 

158 
2200 

d.  al.,  a.;  i.  CS2 
s.HCl,dil.H2S04;i.HNOc 

si.  s.  al. 

i.  al. 

6.35 Ifi 
5.4i' 
4.356 
4.250 

5.4'7 

6.68 
6.9152- 

i  a. 

s.  fus.  Nai-02 

s.  al. 

subl. 

v.  s.  al.;  d.  alk. 

v.   s.   al.;   s.    fus.    Na20  ; 

1890 
1665 

3800 

i.  eth. 
s.  dil.  HCl 

s.  min.  a.;  i.  eth.,  al. 

2.75 

2.761"' 

2.76 
1.760=5 

2.76 

1300  subl.  ' 

si.  s.  al.;  i.  eth. 
i.  a.,  CS2,  acet.,  al. 
s.  al.;  i.  eth. 

95 

83 

s.  al.;  i.  eth. 
v.  s.  al. 

4.11 

3.8 

3.78 

1100 
>1000 

>1300 
subl. 

s.  h.  HCl;  i.  al. 
si.  s.  a.;  i.  al.,  NH3 
s.  a.;  i.  al.,  NH3 

s.  a.,  HCl,  KOH;  i.  al 



s.  a. 

s.  a.,  alk.;  si.  s.  NH4OH 

5.196 

5.21 
2.70 
1.911 

... 

100 
37 
d.  1500 

d.  125.5 

s.  a.,  al.,  alk.,  acet. 
i.  a.,  alk. 

i.  dil.  HN03 

1990 
-O,  300 
196 

-96.5 
216 

i.  a.,  al.,  alk. 

S.  HNO3 

d. 

117 
340 

s.  eth.,  al.;  H2SO4 

d.  al.;  s.  eth.,  ac.  a. 

s.  org.  solvts.  except  Igr. 

2.4232.5 
2.1032.0 

s.  a.,  alk.;  i.  ac.  a. 

s.  a. 

1   



Several  chromic  salts  exist  in  two  forms,  a  soluble  and  an  insoluble  modification. 
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PHYSICAL  CONSTANTS  OF 


Name 


Chromium 

orMophosphate   (ic) 

phosphide,  mono- 

silicide 

sulfate  (ous) 

;;     (ic) 

sulfide,  mono-  (ous) 

"      ,  sesqui-  (ic) 

(tri-)  sulfide,  tetra- 

Chromium  com- 
plexes:    Chloropen  - 
tamminechromium 
(III)  chloride 
Hexamminechromium 

(III)  chloride 
Hexaureachromium  (III) 
fluosilicate 

Hexaureachromium  (III) 
perrhenate 
Cobalt 

acetate  (ous) 

".     (ic) 

aluminate  (approx. 

Thenard's  blue) 

ort/ioarsenate  (ous), 

(erythritc) 
or^oarsenite,  acid  (ous) . 

benzoate  (ous) 

boride,  mono- 

bromate  (ous) 

bromide  (ous) 

carbonate  (ous)  (sphero- 
cobaltite) 
"        ,  basic  (ous) . .  . 

carbonyl,  tri- 

carbonyl,  tetra- 

chlorate  (ous) 

perchlorate  (ous) 

perchlorate  (ous) 

chloride  (ous) 

chloride  (ous) 

chloride  (ous) 


Formula 


Cr(P04)-6H20.... 

CrP 

Cr3Si2 

CrS04-7H20 

Cr2(S04)3 

Cr2(S04)3-5H20.... 
Cr2(S04)3-15H20... 

Cr2(S04)3-18H20... 

CrS 

Cr2S3 

Cr3S4 

[Cr(NH3)6Cl]Cl2... 


[Cr(NH3)6]Cl3-H20. 

[Cr(CON2H4)6]2- 
[SiFc]3-3H20 

[Cr(CON2H4)6]- 
(Re04)3 

Co 

Co(C2H302)2-4H>0 

Co(C>H302)3 

Co(A102)2 

Co3(As04)2-8H20  . . 

Co3H6(As03)4-H20. 
Co(C7H502)2-4H20. 

CoB 

Co(Br03)>-6H20... 

CoBr2 

CoBr2-6H20 

CoC03 

2CoC03-3Co(OH)>- 

H20 
Co(CO)3  (or  [Co- 

(CO)3]4  ( 

Co(CO)4  (or  [Co- 

(CO)4]2  ( 

Co(C103)2-6H20... 

Co(C104)2 

Co(C104)2-6H20... 

CoCl2 

CoCl2-2H20 

CoCl2-6H20 


Mol. 
wt. 


255.13 

83.03 
212.15 

274.18 
392.20 

482.28 
662.44 

716.49 

84.07 
200.20 
284.27 

243.54 


278.59 
1304.95 

1163.29 

58.94 
249.09 
236.07 
176. 8S 

598.77 

692.52 
373.23 

69 .  76 
422.87 
218.77 
326.87 

118.95 

534.78 

142.97 

571.88) 
170.98 

341.96) 
333.95 
257.85 
365.95 

129.85 


165.89 
237.95 


Crystalline  form,  color  and  index 
of  refraction 


tricl.  vlt 

gray-blk.  cr 

tetr.  pr 

blue  cr 

vlt.  or  red  powd 

green  amor 

violet  amor,  sc 

cub.  oct.,  bl.-vlt 

blk.  powd 

br.  blk.  powd 

gray-blk.  powd 

oct.  red 

yel.  cr 

leaves,  It.  grn 

grn.  need 

cub.  silv.  gray  metal 

monocl.  red-vlt.,  deliq 

oct.,  green 

cub.  blue 

monocl.  vlt.-red,  1.626,  1.661,  1.699. 

rose-red 

gray-red  leaf 

pr 

oct.  red 

grn.  cr.,  deliq 

pr.  red-vlt.,  deliq 

trig.,  red,  1.855,1.60 

vlt.-red  prisms 

blk.  cr 

or.  cr ... 

cub.  red,  deliq 

red  need 

hex.,  red  1.55 

bl.  cr 

monocl.  red 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point.  °C 

Boiling 
point,  °C 

Solubility  in 

grains  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

2.121 

5.71* 
5.5 

-3*HA 

100 

si.  s. 

i. 
i. 

12.350 
i.;  s.* 
s. 
s. 

120* 

.65  g.  at 
16 

s. 

.52220 

1.786 

i. 

s. 

hyd.  read 

i. 

i. 

i. 

v.  s. 
d. 

45.517 
66.7s9 
s.  red 
color 
i. 

i. 

si.  s. 

i. 

558.30 
100° 
5H20: 
1000 
457 

76.70 
(red); 
49.920 

i. 

s'.,'d!67 " 
d. 

A 

i. 
s. 
ily 
i. 

i. 

dV ' 

68.  I97' 
153.297 

i. 

d. 

i. 

v.  s. 
11545 
11545 

10596 
190.7100 

s.  a.,  alk.;  i.  ac.  a. 

2 

3 

s.  HNO3,  HF;  1.  a. 

s.    HC1,    HF;    i.    HN03, 

4 

H2SO4 
si.  s.  al. 

5 
6 

3.012 

s.  al.;  i.  a. 
s.  al.,  H2SO4 

7 

8 

1.867" 

1.722 

4.1 
3.7719 

100 

-12H20, 
100 

-IOH2O, 
100 

i.  al. 
s.  al. 

9 

v.  s.  a. 

10 

d.  al.;  s.  HNO3 

11 

s.  HNOs;  i.  HC1,  dil.  H2SO4 

12 

1.696 
1.585 

i.  HC1 

13 

14 

i.  al. 

15 

2.652^ 

8.9 
1.705" 

.667  al. 

16 
17 

1495  • 

2900 
-4HA  140 

s.  a. 
s.  a.,  al. 

18 

s.  glac.  acet.  a. 
i.  a. 

19 

20 

2.948 

d. 

-H20,  100 
-4H20,  115 

s.  dil.  a.,  NH4OH 

21 

s.  a.,  NH4OH 

22 

23 

7.25^ 

s.  HNO3 

?A 

S.  NH4OH 

25 

4.9092* 
2.46 

4.13 

d. 

47-8; 

-4H20,  100 
d. 

77.12°al.;s.  eth. 

26 
27 

-6H2O,  130 

s.  a.,  eth.,  al.  bl.  color 
s.  a.;  i.  NH3 

28 

s.  a.,  (NH4)2C03 
d.  with  Br 

29 

30 

31 
32 

1.7318 

1.92 
3.327 

51 
61 

d.  52 
d.  100 

s.  al.,  CS2,  eth. 

s.  al. 

s.  al.,  acet. 

33 

143  (5H20) 
subl. 

s.  al.,  acet. 

34 
35 

3.356 

2.477^ 

1049 

54.4   al.;   8.6   acet.;   38.5 
meth.  al. 

36 

86 

-6H2O,  110 

v.   s.    al.    bl.   color;   0.29 
eth.;  s.  acet. 

Several  chromic  salts  exist  in  two  forms,  a  soluble  and  an  insoluble  modification. 
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PHYSICAL  CONSTANTS  OF 


Name 


Cobalt 

chloride  (ous),  diammine 

chloride  (ous),  diammine 

&-) 
chloride  (ous), 

hexammine 

chromate  (ous) 

citrate  (ous) . . , 

cyanide  (ous) 

ti  n 

ferricyanide  (ous) 

ferrocyanide  (ous) 

fluoride  (ous) 

«    (ic).::..".:::::: 

"      ,  acid  (ous)    .  . . . 
"        (ic) 

fluosilicate  (ous) 

formate  (ous) 

hydroxide  (ous) 

"        (ic) 

iodate  (ous) , 

iodide  (ous),  (a-) (stable) 

"     03-) 

<<        t< 

it        (« 

linoleate  (ous) 

nitrate  (ous) 

oleate  (ous) 

oxalate  (ous) 

oxide  (ous) 

"      ("    ,ic) 

"     (ic) 

palmitate 


or*/iophosphate  (ous) 


phosphide 

or^ophosphite,  di-  (ous) 
propionate  (ous) 

perrhenate  (ous) 

selenate  (ous) 

selenide,  mono- 

orthosilic&te  (ous-) 

silicide 

sulfate  (ous) 


Formula 


CoCi2-2NH3 

CoCl2-2NH3 

CoCMNHs 

CoCr04 

C03(C6H507)2-2H20 

Co(CN)2-2H20.... 
Co(CN)2-3H20... 

Co3[Fe(CN)6]2 

Co2Fe(CN)6-7H20.. 

CoF2-2H20 

CoF2-4H20 

Co2F6-7H20 

CoF2-5HF-6H20.   . 
CoF3(orCo2F6).... 

CoSiF6-6H20 

Co(CH02)2-2H20.. 

Co(OH)2 

Co(OH)3 

Co(I03)2 

Co(I03)2-6H20.. 

C0I2 

C0I2 

CoI2-2H20 

CoI2-6H20 

Co(Ci8H3i02)2...    . 
Co(N03)2-6H>0.... 

C0(Cl8H3302)2 

C0C2O4 

CoO 

Co304 

Co203 

C0(Cl6H3l02)2    .... 

Co3(P04)2 

Co3(P04)2-2H20... 
Co3(P04)2-8H20... 

C02P 

CoHP03-2H20 

Co(C3H502)2-3H20 

Co(Re04)2-5H20. . . 

CoSe04-5H20 

CoSe04-7H20 

CoSe 

Co2Si04 

CoSi 

CoSi2 

Co2Si 

CoS04 

CoS04-H20 
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Mol. 
wt. 


163.92 

163.92 

232.05 

174.95 
591.05 
147  01 
165.02 
600.72 
455.94 
132.97 
169.00 
357.99 
305.08 
115.94 

309.10 

185.01 

92.96 

109.96 

408.78 
516.88 

312.78 
312.78 

348.81 
420.88 
617.80 
291.05 

621.83 

146.96 

74.94 

240.82 

165.88 
569.76 


366.86 
402.89 
510.99 
148.90 
175.00 
259.13 

649.64 
291.98 
328.01 
137.90 
209.94 
87.00 
115.06 
145.94 

155.00 

173.02 


Crystalline  form,  color  and  index 
of  refraction 


blue-violet. 


rose-red  oct. 


gray-blk.  cr . , 

rose-red 

buff;  anh.  bl.-vlt.  powd. , 

amor,  red-gray  powd 

red.  need 

gray-grn 

monocl.  rose-red 

a  rhomb,  oct.  red;  0  cr.  powd.  rose. 

grn.  powd 

trig.,  orange-red 

hex.  brown 


trig,  pink,  1.382,  1.387. 

red  cr„ ^ 

rhomb,  rose-red 

blk.-br.  powd 


bl.-vlt.  need, 
red  oct 


hexag.  black 

yel.  need.,  unst. . . 

grn.,  deliq 

hex.  br.-red 

brown  amor 

monocl.  red,  deliq. 


br.  amor,  powd . 

redsh.  wh 

cub.  grn.-br 

cub.  blk 


blk.-gray  powd . 


redsh.  cr 

pink  powd .... 
redsh.  powd. . . 
sm.  need.  gray. 

redsh.  need 

dk.  red.  cr 


dk.  pink 

tricl.  ruby  red . 

monocl 

hex.  yel 

vlt.  cr  

rhomb 

cub.  dk.  bluish, 
gray  cr 


hex.  and  oct.  red  powd. 
red  cr 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

2.097 
2.073 
1.497 

273 

210-»a 

d. 

-2H2O,  150 
-2H20,  280 
-3H20,  250 

i. 
0.8 

i. 
i. 

i. 

i. 

s. 

d.  to 
Co(OH)3 
118.12i-5 
5.0320 
.00032 
0.00032 

0.415 

s. 

1599 

376.246  ' 
s. 
i. 
133.8° 

i. 
i. 
i. 
i. 

i. 

i. 
i. 

si.  s. 
i. 

si.  s. 
anh. 
33.5H 
d. 
v.  s. 

i. 

d. '"' 

s. 

1.33100 

420100 

s. 

s. 

V.  s. 

i. 
i. 

i. 

i. 
i. 

83100 
s. 

3 

form 

3 
4 

s.  NH4OH;  i.  al. 
s.  a.,  NH4OH 

5 

6 

anh.  1.87225 

s.  KCN,  HC1,  NH4OH 

7 

s.  KCN  soln. 

8 

s.  NH4OH;  i.  HC1 

9 

4.46 
2.19225 
2.3142& 
2.045 

3.88 

2.11319 

2.12922 
3.59715 

5.008 L* 
3.68921 

5.68 
5.4525 

s.  KCN;i.  HC1 

10 

s.  HF 

11 

^?l 

13 
14 

15 

-2 

16 

H9O.  140 

anh.  d.  175 

17 

d. 
d. 

s.  a.,  NH4  salts;  i.  alk. 

18 
19 

-1|H20, 
100 

s.  a.;  L  al. 
s.  HC1,  HNO3 

?0 

61  d.; 
-4H20,  135 

21 

v.  s.  al.,  acet. 

Bfl 

A3 

24 
35 

2.90 

-6H2O,  130 

s.  al.,  eth.,  chl. 
s.  al.,  eth.,  acet. 

26 

I 

37 

1.87 

<100 

-3H20,  55 

10012-5  al.;  s.  acet.;  si.  s 
NH3 
s.  al..  eth.,  oils,  bz. 

28 

3.02125 

6.4718 

6.07 

5.18 

s.  a.,  NH4OH 

29 
30 

1935 

s.  a.,  NH4OH;  i.  al. 

s.  H2SO4;  i.  HC1,  HNO3 

31 
3? 

d.  895 
70.5 

aq.  reg. 
s.  a.;  1.  al. 
s.  pyridine,  hot  CS2,  CCU 

33 
34 

2.58725 

si.  s.  eth.,  CS2;  i.  mett 
al.,  acet. 

S.  H3PO4,  NH4OH 
S.  H3PO4 

35 

2.76925 
6.4*5 

-8H2O,  200 

1386 

bl.  at  250 

ca.  250 

d. 
d. 

s.  min.  a.,  H3PO4;  i.  al. 

36 

s.  HNO3 

37 

38 

v.s.  al. 

39 

40 

2.512 

2.135 

7.65 

4.63 

6.3020 

5.3 

7.28 

3.07525 

41 

42 

red  ht. 

43 

s.  dil.  HC1 

44 

1395 
1277 
1327 

989 

36.220 

s. 

45 

46 

d.  a. 

47 

1.0418  meth.  al.;  i.  NH3 

48 

d. 
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PHYSICAL  CONSTANTS  OF 


Name 


Cobalt 

sulfate  (ous) 

"     (bieberite).. 

"     (ic) 

sulfide,  mono-  (jaipurite) 
(tri-)  sulfide,  tetra-  (ous, 
ic) 

sulfide,  sesqui-  (ic) 

"      di- 

sulfite  (ous) 

tartrate  (ous) 

thiocyanate  (ous) 

or^otitanate 

tungstate  (ous) 

Cobalt  complexes: 

Aquopentamminecobalt 
(III)  chloride  (roseo) . . 

ct«-Chloroaquotetram- 
minecobalt  (III)  chlo- 
ride 

Chloropentammineco- 

balt  (III)  chloride  (pur- 

pureo) 
Hexamminecobalt  (III) 

chloride  (luteo) 
Hexamminecobalt  (III) 

perrhenate 
Cobalticyanic  acid.  . 

Cobaltocyanic  acid.  . 

Columbium  (niobium) 

bromide,  penta- 

chloride,  penta- 

fluoride,  penta- 

hydride 

nitride,  mono- 

oxalate,  acid 

oxide,  mon-  (or  di-) 

"       di-  (or  tetr-) 

"      pent- 

"         "       (columbic 
acid,  columbium  hy- 
droxide) 

oxybromide 

oxychloride 

oxysulfide 

Copper .-, 

acetate  (ic)  (neutral 

verdigris) 
acetate,  basic  (blue 

verdigris) 

acetate  arsenite  (ic) 
(Paris  green) 
acetylide  (ous) 


Formula 


CoS04-6H20 

CoS04-7H20 

Co2(SOi)rl8H20... 

CoS 

Co3S4 

Co2S3 

CoS2 

CoS03-5H20 

CoC4H406 

Co(SCN)2-3H20... 

Co2Ti04 

C0WO4 


[Co(NH3)6H20]Cl3.. 

[Co(NH3)4(H20)Cl] 
Cli 


[Co(NH3)6Cl]Cl2 


[Co(NHs)c]Cl3.... 

[Co(NH3)6](Re04)3- 

2H20 
[H3Co(CN)6]2-H20 

(oriH20) 

H4Co(CN)6 

Cb(Nb) 


CbBr6. 
CbCls. 
CbF6.. 
CbH.. 


CbN 

Cb(HC204)5...... 

CbO(orCb202).. 
Cb02(orCb204). 

Cb206 

Cb2(VxH20 


CbOBrs.... 
CbOCls.... 

Cb2OS3(?) 
Cu 


Cu(C2H302)2-H20., 

Cu(C2H302)2-CuO- 

6H20 
Approx.  Cu(C2H3- 

02)2-3CuOAs203 
Cu2C2 


Mol. 
wt. 


263.10 

281.11 

730.35 

91.00 

305.06 

214.06 
123.06 
229.08 
207.01 
229.14 
229.78 
306.86 


268.49 
251.46 

250.47 

267.50 

948. 10 

454.16 

159.03 
92.91 

492.49 

270.20 

187.91 

93.92 

106.92 
583.05 
108.91 
124.91 
265.82 


348.66 

215.28 

298.00 

63.57 

199.67 

369.33 

1013.83 

151.16 


Crystalline  form,  color  and  index 
of  refraction 


monocl 

monocl.  red-pink,  1.477,  1.483,  1.48S 

bl.-green  cr.  powd 

oct.  reddish,  silver-white 

cub.,  dk.  gray 

blk.  cryst 

cub.  blk 

red 

monocl.  redsh 

rhomb,  violet 

cub.  grnsh.  blk 

monocl.,  bl.-grn 

brick-red  cr 

rhomb,  violet 

rhomb,  dk.  red-violet 

monocl.  or 

or.-yel.  doubly  refracting  pr 

col.  need.,  deliq 

col 

rhomb,  steel  gray  lust,  met.,  1.80 ... . 

purp.  red 

yel.-wh.,  deliq 

monocl.  pr.,  col 

gray  powd 

black. .„..., 

monocl.  col 

cubic  blk 

black 

rhomb,  wh 

wh.  amor 

yel.  cryst 

need,  col , 

black 

cub.  redsh.  metal .... 

dk.  grn.  powd.,  1.545,  1.550  

grnsh.-bl.  powd 

em.  grn.  powd 

amor,  red  exp 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

2.019^ 
1.948| 

-7H20,  420 

60.43 

s.d. 
0.0003818 

i. 
i. 
i. 

si.  s. 
s. 

i. 

16.120; 

24.8725 
1.40; 
2.7620 

0.2320; 

0.425 

4.26° 
0.0469 

s. 

s. 
i. 

d. 
d. 
s.d. 

d. 

i. 

i. 
i. 
i. 

d. 

s.d. 
i. 
i. 

7.2 

si.  s. 

i. 

v.  si.  s. 

67"° 

24.87* 
1.031«-« 

12.7446-5 

i. 

d. 

i. 
i. 

i. 

d.'" 

i. 
20 

2 
3 

96.8 

2.53  al.;  s.  meth.  al. 

s.  H2SO4;  i.  pyr. 
s.  a.,  al. 

4 

5.45 

4.86 

4.8 
4.269 

>1116 

fi 

6 

7 

d.  a. 

s.  HNO3,  aq.  reg. 

s.  H2SO3 

8 

q 

s.  dil.  a. 

10 

-3H20, 105 

d.  100 
d. 

d. 

n 

12 
13 

5.07-.12 

8.42 

1.725 

1.847 

Ulflg 

1.702 

3.32925 

s.  cone.  HCl;  si.  s.  dil.  HCl 
s.  hot  cone,  acids;  si.  s. 
cold  dil.  acids 

si.  s.  HC1;  i.  al. 

14 

15 
16 

17 

s.  a.;  i.  al. 

s.  cone.  H2SO4;  i.  al. 
s.conc.HCl;i.al.,NH40H 

18 

d<100 

2500 

150 
194 
75.5 

infus. 

2050  d. 

s.  al.,  HCl,  dil.  HNOs,  dil. 

19 

8.55 

H2SO4 
1.  abs.  al.,  eth.,  chl. 

20 
31 

3700 

270 
240.5 

229 

s.  h.  H2SO4;  si.  s.  HF;  i. 

HCl,  HNO3 
s.  al.,  ethyl  bromide 

22 
23 
24 

2.75 

3.29318 

6.6 

8.4 

s.  HCl,  CCU,  al. 
s.al.;sl.s.CS2,chl.,H2S04 
s.  HF,  cone.  H2SO4;  i.  HCl, 

35 

HNO3,  alk. 
s.  HF+HNO3;  i.  HNO3 

26 

s.  H2C2O4;  d.  al. 

27 

6.27 

s.  a.,  alk.;  i.  al.,  HNO3 

88 

si.  s.  alk.;  i.  a. 

M 

4.47 
4.3  ? 

1520 

s.  H2SO4,  HF,  alk. 

30 

s.     KOH,     HF,     H2SO4; 

31 

sub!, 
subl.  400 

i.  NH3 

s.  a. 

32 
33 

10.19*»°  g/1 

8.92 

1.882 

s.  H2SO4,  al.;  i.  HCl 

s.  H2SO4;  si.  s.  HF;  i.  HCJ 

34 
35 
36 
37 

1083 
115 

exp. 

2310 
240  d. 

s.  HNO3,  h.  H2SO4;  v.  si.  s. 
HCl,  NH4OH 
7.14  al.;  s.  eth. 

s.  dil.  a.,  NH4OH;  si.  s. 

s.  a.,  NH4OH;  i.  al. 

38 

s.  a.,  KCN 
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PHYSICAL  CONSTANTS  OF 


Name 


Copper 

orMoarsenate  (ic) 

,  acid  (ic).. 

(tri-)   arsenide   (domey- 

kite) 

arsenide 

ort'/warsenite,  acid  (?)  (ic) 

(Scheele's  green) 

benzoate  (ic) 

metoborate  (ic) 

boride 

bromate  (ic) 

bromide  (ous) 

"        (ic) 

butyrate  (ic) 

carbonate  (ous) 

"        ,  basic  (ic) 

(malachite) 
"        ,  basic  (ic) 
(azurite,  chessylite) 

chlorate  (ic) 

chloride  (ous)  (nan- 
tokite) 
chloride  (ic) 

<i         it 

chromate,  basic  (ic) 

bichromate  (ic) 

citrate  (ic) 

cyanide  (ous) 

44       (ic) 

ethylacetoacetate  (ic) . . 

ferricyanide  (ous) 

(ic) 

ferrocyanide  (ous) 

(ic) 

fluoride  (ous) 

"       (ic) 

fluosilicate  (ous) 

(ic) 

(ic) 

formate  (ic) 

it         tt 

glycine  deriv.  (ic) 

hydride 

hydroxide  (ous) 

"     .    (ic) 

lodate  (ic) 

tt        tt 

"      ,  basic  (ic) 

paraperiodate  (ic) 

iodide  (ous)  (marshite) . 


Fo 


Mol. 
wt. 


Cu3(As04)2-4H20.  . 
Cu5H2(As04)4- 
2H20 
Cu3As 

CusAs2 

CuHAs03(?)  

Cu(C7H502)2-2H20 

Cu(BO>)2 

CU3B2 

Cu(Br03).-6H.O.. 
CuBr  (or  Cu2Br2) . . 
( 
CuBr> 

Cu(C4H70>)2-2H20. 

CuaCOs 

CuC03-Cu(OH)2... 

2CuCO.rCu(OH), 

Cu(C103)2-6H-0   . 
CuCl(or  CuaCU) 

( 

CuCl2 

CuCl>-2H20 

CuCr04-2CuO 

2H20 
CuCr>Or2H20..     . 
2Cu2C6H407-5H,.0.. 
CuCN  (or  Cu2- 

(CN)2) 
Cu(CN)2 

CU(C6H903)2 

Cu3Fe(CN)6 

Cu3[re(CN)fi]2...    . 

Cu4Fe(CN)6 

Cu2Fe(CN)6-7H20. 
CuF(orCu2F2)..  . 
CuF2-2H20 

Cu2SiF6 

CuSiF6-4H20 

CuSiF6-6H20 

Cu(CH02)> 

Cu(CH02)2-4H20. 
Cu(C2H4N02)2-H20 
CuH(orCu2H2)   .. 

CuOH 

Cu(OH)> 

Cu(I03)2 

Cu(I03)2-H20     .    . 

Cu(OH)I03 

Cu2HI06 

CuI(orCu2I2) 
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540.59 
911.54 

265.62 

467.67 
187.49 

341.82 
149.21 
212.35 
427.50 
143  49 
286.97) 
223.40 

273.80 
187.15 
221.17 

344.75 

338.58 

99.03 

198.05.) 

134.48 

170.52 
374.75 

315.62 

720.56 

89.59 

115.61 

321.84 
402.66 
614.61 
466.23 
465.20 
82.57 
137.60 

269.20 

277.69 

313.73 

153.61 

225.67 

229.71 

64.58 

80.58 

97.59 

413.41 

431.43 

255.50 
351.07 
190.49 


Crystalline  form,  color  and  index 
of  refraction 


bluish-grn 

blue 

hex 

oct.  bl 

green  powd 

lt.-bl.  cr.  powd 

bluish-grn.  cr.  powd 

yellow 

cub.  bl.-grn 

cub.,  tetrah.  wh 

monocl.  blk.,  deliq 

dk.-grn.  cr.;  odor  butyric  a 

yellow  (exist,  quest.) ...         

monocl.  dk.  grn.,  1.655,  1.875,  1.909. 

monocl.  bl..  1.730,  1.758,  1.838 

cub.  green,  deliq 

cub.  wh.,  1.93 

br.  yel.  powd.  hyg 

rhomb,  grn.,  deliq.,  /3  1.685 

yel.-br 

blk.  cryst.,  deliq   

bluish-grn.  powd 

monocl.  wh 

yel.  grn.  powd 

grn.  need 

br.-red 

yel.-grn 

br.-red 

red.-br 

red  cryst 

monocl.  bl 

red  powd 

monocl.  pr 

rhomb,  bl.,  deliq.,  1.409,  1.408. .    . . 

monocl.  bl , 

blue  cr 

bl.  need 

red-br.  (exist,  quest.) 

yellow  (exist,  quest.) 

bl.  gel.  or  amor.  bl.  powd 

monocl.  grn 

tricl.  blue 

rhomb,  grn 

grn.  powd.  cr 

cub.  wh.,  2.346 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

8.0 
7.56 

i. 
i. 

i. 
i. 

si.  s. 
s 

V.  s. 

v.  si.  s. 

V.  s. 

v.  si.  s. 

i. 
i. 

i. 

207° 
0.0062 

70.6° 

110.40 

i. 

v.  s. 

i. 

i. 

i. 

i. 

i. 
i. 
i. 
i 
si.  s. 

42.8' ' 

23217 

12.5 

6.2 

0.5715 

d. 

i. 

i. 

0.136425 
0.3315 

i. 
i. 
0.000818 

1. 

1. 

i. 

d. 

i. 

d. 

d. 

V.  s. 

107.9100 
192.4100 

d. 

i. 

i. 

d. 

d.,  100 

d. " 

i. 
d. 
i. 
0.65100 

i. 

i. 

s.  a.,  NH4OH 

2 
3 

830 

d. 
d. 

-2H20,  110 

s.  a.,  NH4OH 

4 
5 

s.  a.,  NH4OH 
8.  a.,  al.,  NH4OH 

6 

7 

3.859' 
8.116 
2.583 

4.718 

s.  dil.  a.;  si.  s.  al. 

8 

9 
10 

11 

d.  180 
504 

498 

-6HsOt200 

1345 

S.  NH4OH 

s.     HBr,     HC1,     HNO3, 

NH4OH;  i.  acet. 
s.   al.,    acet.,    NH.t,   pyr.; 

i.  bz. 
s.  al.,  eth.,  NH4OH,  dil.  a. 

12 

13 

4.40 
4.0 

3.88 

d. 
d.  200 

d.  220 

65 
422 

498 

-2H20,  110 
-2H>0,  260 

-2H.O,  100 

474.5' 

d. 

192-3 

s.  a.,  NH4OH 

14 

0.026    aq.     CO>;     s.     a., 

15 

NH4OH,  KCN;i.  al. 
s.  NEUOH,  b.  aq.  NaHC03 

16 

d.  100 
1366 

d.  to  CuCl, 

99,;; 
d. 

d. 
subl. 

s.  al.,  acet. 

17 

18 

19 
20 

3.53 

3.054 

2.38 

s.  HC1,  NH4OH 

5315  al.;  6815  meth.  al. 

s.  al.,  NH4CI 

s.  HNO3,  dil.  a.,  NH4OH; 

21 
22 
23 

24 

2.283 
2.92*  ' 

i.al. 
s.  a.,  al.,  NH4OH 
s.  a.,  NH4OH 
s.    HC1,    NH4OH,    KCN, 

si.  s.  NH3 
s.  a.,  alk.,  KCN,  CbHsN, 

25 

pyr. 

v.  s.  al.,  eth.;  1080  bz. 

26 

s.  NH4OH;  1.  HC1 

27 

s.  NH4OH;  i.  HC1 

28 

s.  NH4OH;  i.  NH4CI 

29 

subl.'  1100 
d.->SiF4 

s.  NEUOH;  i.  a.,  NH3 

30 

90S 

s.  HC1,  HF,  HNO3;  i.  al. 

31 

32 
33 

2.93 

2.158 
2.207 
1.831 
1.81 

s.  al.,  HC1,  HNO3,  HF;  i. 
acet.,  NH-j 

34 
35 

O.I620,  92%  al. 
0.25  al. 

36 

37 

-H20,  130 
d.  60 

-£H20,  360 
d.  -H2O 
d. 
-H20,  240 

d.  290 
d.  110 
605 

s.  alk. 

38 

s.  HCl  d. 

39 

3.37 

3.368 
5.24115 

4.872 

4.873 

s.  a.,  NH4OH 

40 
41 

s.  a.,  NH4OH,  KCN 
s.  dil.  HNO3,  H2S04 

42 
43 

d.  290 

s.    NH4OH,    dil.    H2SO4; 
i.  al.,  dil.  HNO3 
s.  dil.  H2SO4 

44 

s.  dil.  HNOs 

15 

5.62 

1290 

s.    KI,    KCN,    NH4OH; 

i.  a.,  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Copper 

lactate  (ic) 

laurate  (ic) 

nitrate  (ic) 

nitride 

nitrite,  basic  (ic) 

nitroprusside  (ic) 

oleate  (ic) 

oxalate  (ic) 

oxide,  sub- 

"       (ous)  (cuprite)  . . 

oxide  (ic)  (paramelac- 
onite) 
"     (tenorite) .  . . 

11     ,  per-... 

oxychloride  (ic) 

(atacamite) 
palmitate  (ic) 

2,4-pentanedione  deriv. 

(acetylacetonate) 
phenolsulfonate 

or/ftophosphate  (ic) .... 

(tri-)  phosphide 

(tri-)  phosphide,  di- 

ori/iophosphite,  di- 
(ic) 

salicylate  (ic) 

selenate  (ic) 

stearate  (ic) 

sulfate  (ous) 

(ic)     (hydrocy- 

anite) 

(ic)  (blue  vitriol 

or  chalcanthite) 

sulfide  (ous)  (chalcocite) 
it  (i 

sulfide  (ic)  (covellite) . . 

sulfite  (ous) 

tartrate  (ic) 

«<         it 

tellurite 

thiocyanate  (ous) 

"        .(ic) 

tungstate  (ic) 


Formula 


Cu(C3H503)2-2H20 

Cu(Cl2H2302)2 

Cu(N03)2-3H20... 

Cu(N03)2-6H20... 

Cu3N 

Cu(N02)2-3Cu- 

(OH)2 
CuFe(CN)5NO 

2H20 

CuCCuHmOO* 

CuC204-|H20 

Cu40 

Cu20 

CuO 

CuO 

Cu02-H20 

CuCl2-2CuO4H,0. 
CuCl2-3CuO3H20. 
Cu(Ci6H3i02)2 

Cu(C6H702)2 

Cu(C6H504S)2- 
6H20 
Cu3(P04)2-3H20... 

CuaP 

CU3P2 

CuHP03-2H20.... 

Cu(C7H503)2-4H20 

CuSe04-5H20 

Cu(CisH3502)2 

CU2SO4 

CuS04 

CuS04-5H20 

Cu2S 

C112S 

CuS 

Cu2S03-H20 

Cu2S03H20 

CUC4H4O6 

CuC4H406-3H20 .. . 

CuTeOs 

CuSCN 

Cu(SCN)2 

CuW04-2H20 
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Mol. 
wt. 


Crystalline  form,  color  and  index 
of  refraction 


277.74  monocl.  dk.  bl. 
462.18  It.  bluepowd.. 
241.63  blue,  deliq 


295.68 

204.72 
448.34 

315.54 

626.46 
160.60 
270.28 
143.14 

79.57 

79.57 
113.59 
365.69 
427.24 
574.39 


261.78 

517.99 

434.80 

221.73 
252.75 
179.63 

409.86 
296.61 
630.50 

223.20 

159.63 

249.71 

159.20 

159.20 

95.63 

225.22 
225.22 
211.64 
265.69 
239.18 
121.65 

179.73 
347.52 


bl.  cr.  deliq. 


dk.  gr.  powd. 
grn.  powd... 


wh.-grnsh.  powd. 


br.  powd.  or  grn.  bl.  mass.  pois. 

bl.  wh 

olive  grn 

oct.,  cub.  red 


tetr.  cub.  blk.  hyg . 


tricl.  black, /3  2.63 

br.  or  brownish-blk.  cr. 

pa.  bl.-grn 

orthorhomb  grn 

grn.-bl.  powd 


bl.cr 

bl.-grn.  cr. 
rhomb,  bl. 


gray  blk 

gray-blk.  met.  powd. 
blue  cr 


bl.-grn.  need 

tricl.  bl 

It.  grn.-bl.  amor.  powd. 


gray  powd 

grn.-wh.  rhomb 

tricl.  blue,  1.514,  1.537,  1.543. 

rhomb,  blk 

cub.  blk 

hex.  or  monocl.  blk 


red  pr 

hex.  wh 

lt.-bl.  powd 

It.  gray  bl.  powd. 
ppt.  siskin  grn . . . 
wh 


black 

oct.  It.  grn , 


INORGANIC  COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

16.7 
sl.s. 
137.8°; 
38140 
243.70 

d. 
si.  s. 

i. 

i. 
.00258* 

i. 
i. 

i. 

i. 
i. 
i. 

i. 

i. 

s. 

i. 

i. 
i. 
i. 

V.  3. 

25.715 
i. 

d. 

14.30 

31.60 

1X10-14 
1X10-14 
0.0000331s 

si.  s. 
v.  si.  s. 
0.0215 
i. 
0.000518 

d. 
O.lis 

45100 
sl.s. 
66680; 
12701°° 

00 

i. 

i. 
i. 
i. 

si.  s. 

i. 
dV ' ' 

75.4ioo 
203.310° 

0.148V 
i. 

d. 

s.NH4OH;sl.s.al. 

? 

111-13 
114.5 

— 3H20, 

26.4 
d.  300 

3 
4 

2.04739 
2.074 

— HNO3,170 

lOOi2  5  al. 
s.  al. 

5 

d.  a. 

6 

7 

..... 

s.     NH4OH;     si.  s.     al.; 
d.  dil.  a. 
s.  alk.;  i.  al. 

8 

s.  eth. 

9 

s.  NH4OH;  i.  ac.  a. 

10 

d. 
1235 

d.  1026 

d.  1026 

d.  a. 

11 

12 

6.0 

6.40 

6.45 

-O,  1800 

s.  HC1,  NH4CI,  NH4OH; 
si.  s.  HNO3;  i.  al. 
s.  a.,  NH4CI,  KCN 

13 

s.  a.,  NH4CI,  KCN 

14 

s.  a.  d.;  i.  al. 

15 

-3H20,  140 

s.  a. 

16 

3.76-3.78 

17 

120 

>230 

s.  h.  bz.,  CS2,CC14;  si.  s. 

18 

subl. 

al.,    eth.,    chl.,    pyr.;    i. 
meth.  al.,  acet. 
si.  s.  al.;  s.  chl. 

19 

s.  al. 

20 

s.    a.,    NEUOH,    H3PO4; 

21 

6.4-6.8 
6.67 

i.  NH3 
s.  HNO3;  i.  HC1 

22 

d. 
d. 

s.  HNO3;  i.  HC1 

23 

24 

v.  s.  al.,  NH4OH 

25 

2.559 

s.  a.,  NH4OH;  i.  al. 

26 

125 

+0,  200 

200 

-4H20,  110 

1100 
1130 
tr.  103 

s.  eth.,  h.  bz.,  chl.,  turp.; 

27 

si.  s.  pyr.;  i.  meth.  al., 
acet.,  c.  bz. 
s.  cone.  HC1,  NH3,  glao. 

28 
29 
30 

3.603 
2.284 

5.6 

5.78 
4.6 

4.4616 
3.8315 

d.  650  to 
CuO 
-5H20,  150 

acet.  a. 
1.0418  meth.  al.;  i.  al. 

15.618  meth.  al.;  i.  al. 

s.  HMOs,  NEUOH;  i.  acet. 

31 

s.  HN03,  NH4OH;  i.  acet. 

32 
33 

d.  220 

s.  HNO3,  KCN,  h.  cone. 
HQ,  H2S04;  i.  al.,  alk. 

34 

d. 

s.  NH4OH,  HCl;i.al.,eth. 

35 

s.  a.,  alk. 

36 

d. 

s.  a.,  alk. 

37 

38 

2.843 

1084 

d.  100 
red  ht. 

s.  NH4OH,  cone,  a.,  eth.; 

39 

i.  al. 
s.  a.,  NH4OH 

40 

3.  NH4OH;  si.  s.  ac.  a.; 

i.  al.;  d.  min.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Copper 

xanthate    (ethylxantho- 
genate) 
Copper  complexes: 

Diamminecopper  (II) 

acetate 
Tetramminecopper  (II) 

sulfate 
Tetrapyridinecopper  (II) 

fluosilicate 
Tetrapyridinecopper  (II) 

perrhenate 

Cyanic  acid 


Cyanoauric  acid 

Cyanogen 

Cyanogen  com- 
pounds 

Dysprosium 

acetate 

bromate 

carbonate 

chloride 

cbromate 


nitrate 

oxalate 

oxide  (dysprosia) 
or^ophosphate. . . 


selenate 

sulfate 

Erbium 

acetate 

chloride 

nitrate 

oxalate 

oxide  (erbia) . 
sulfate 


Europium. . . 

chloride 

oxide  (europia) 


Formula 


Cu(C3H6OS2)2 


Cu(C2H302)2-2NH3 

[Cu(NH3)4]S04-H20 

[Cu(C6HsN)4]SiF6. . 

[Cu(C5H6N)4]- 
(Re04)2 

HOCN 

HAu(CN)4-3H20... 

C2N2 

See  Organic  Tables. . 

Dy 

Dy(C2H302)3-4H20 
Dy(Br03)3-9H20... 
Dy2(C03)3-4H20... 

DyCl3 

Dy2(CrO4)3-10H2O. 

Dy(N03)3-5H20... 
Dy2(C2O4)3-10H2O. 

Dy203 

DyP04-5H20 


Dy2(Se04)3-8H20.. 
Dy2(S04)3-8H20... 

Er 

Er(C2H302)3-4H20. 

ErCl3-6H20 

Er(N03)r5H20.... 
Er2(C2O4)3-10H2O.. 

Er203 

Er2(S04)3 

Er2(S04)3-8H20. . . . 

Eu 

EuCl3 

Eu203 


sulfate Eu2(S04)3-8H20. 

Ferric  or  Ferrous  See  Iron 

Ferricyanic  acid H3Fe(CN)6 

Ferrocyanic  acid i  H4Fe(CN)6 


Fluoboricacid. 
Fluorine. 


oxide 

Fluosilicic  acid 
Gadolinium 

acetate 

bromide 

chloride 

chloride 

cyanoplatinite  . . . 


fluoride . 
nitrate . 


HBF4. 

F2. 


Mol. 
wt. 


305.95 

215.72 
245.77 
522.02 

880.58 

43.03 

356.33 
52.04 


162.46 
411.66 
708.35 
577.01 
268.83 
853.11 

438.57 
769.14 
372.92 
347.56 

897.93 
757.23 
167.20 
416.40 
381.67 
443.31 
778.62 
382.40 
C22.58 
766.71 
152.00 
258.37 
352.00 

736.31 

214.97 

215.98 
87.83 
38.00 


F20 

H2SiF6 

Gd 

Gd(C2H302)3-4H20 

GdBr3-6H20 |  504.75 

GdCl3 1  263.27 

GdCl3-6H20 371.37 

Gd2Pt3(CN)i2-         !  1590. 05 
21H20 

GdF3 

Gd(N03)8-5H20... 
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54.00 
144.08 
156.90 
406.10 


213.90 
433.01 


Crystalline  form,  color  and  index 
of  refraction 


yellow  ppt . 


vlt.-bl.  cr 

rhomb,  bl 

rhomb,  purplish-blue, 
bl.  monocl.  cr 


tab 

col.  gas.  pungent  odor.  v.  pois . 


yel.  need 

yel.  hex.  need 

shining  yel.  pi 

yel.  cr 

yel.  cryst 

Pr 

wh.  powd 

yellowish-white  powd. 


yel.  need 

brill,  yel.  cr 

dk.  gray  powd.. . . 

triclinic 

deliq 

redsh.  cr 

redsh.  micr.  powd. 
rose-red  powd .... 


monocl.  rose-red. 

st.  gray 

fine  yel.  need. . . . 
pa.  rose  powd 


pa.  rose  cr 

grn.-br.  need.,  deliq 

wh.  need.,  bl.  in  moist  air. . . 

col.  liq 

grn.  yel.  gas,  pois.,  1.000195. 


col.  gas  unst 

col.  liq.  fum.  corros. 

tricl 

rhomb,  pi 

monocl.  pr.  eol 

wh.  pr.,  deliq 

rhomb 


wh.  gel  at. 
prisms . . . 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  CC 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

d. 

d.  ca.  175 
d.  150 

i. 

s.,d. 
18.521-5 

.5555 

d. 

s. 
4502°cm3 

s. 

V.  B. 

i. 

LOW* 

s. 
i. 

i. 

V.  B. 

s. 

s. 
s. 

0.0064929 
430 

1620 

i. 

2.56320 

s. 
s. 

00 
d.  to  O3 

+  HF 
si.  s.,  d. 
s. 

11.625 

s. 
s. 
s. 

i. 
v.  s. 

d. 

s. 

6.5340 
i. 

1.9340 

s. 
s 

S- 

d. 

i. 

s. 

s. 
s. 
s. 

V.  s. 

s.   NEUOH;  v.  si.  s    al  • 

? 

i.  CS2 
s<  ac.  a.,  NH4OH;  i.  al. 

S 

1.81 

2.108 

2.338 

1.140? 

i.  al. 

4 

5 

6 

50 
-34.4 

7 

d. 
-20.7 

s.  al.,  eth. 

8 
9 

2.335  g/1;  0.87 

230  cm3  al.;  500  cm3  eth. 

10 

d.i20  """ 

78 

-3H20,  15 
680 

-3|H>0, 
150 
88.6 

-5H>6. 
>200 
-8H?0,  200 
stab.  110 

11 

v.  si.  s.  al. 

12 
13 

-6H2O,  110 

si.  s.  al. 

14 

3.67° 

7.81 27' ' 

47715  (?)    ' 
2.114 

2.64(?V 
8.640 
3.678 
3.217 

15 

d. 

16 

17 

18 

s.  dil.  a. 

s.  a.  grn.  soln. 

19 
20 

s.  dil.  a.,  ac.  a. 

i.al. 

21 

-8H20,  360 

22 

23 

24 

s.  al. 

25 

s.  al.,  eth.,  acet 

26 

d.  575 
infus. 
d.  630 
-8H20,  400 

27 

sly.  s.  min.  a. 

28 

29 

30 

31 

623  ±  2 

3? 

7.42  fr.  oxal.; 
6.55  fr.  nit. 

33 

-8H2O,  375 

d. 
d. 

-223" 

-223.8 

34 

s.  al. 

35 

i-69i5  g/l;  lq- 

1.108-187 

Iq.  1.90"223-8 
1.29-.311* 

1.611 

2.8441* 
4.520 
2.4240 
2.563 

2.40615 

s.  al.;  i.  eth. 

36 

37 

d.  130 

-187 

-144.8 
d. 

00  al. 

38 
39 

si.  s.  a.,  alk. 
si.  s.  alk. 

40 

41 

628 

42 

s.  HBr 

43 

44 

45 

46 

si.  s.  hot  HF 

47 

92 

v.  si.  s.  cone.  HNO3 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Formula 

Mol. 

wt. 

Crystalline  form,  color  and  index 
of  refraction 

1 

Gadolinium 

nitrate 

Gd(N03)3-6H20.... 
Gd2(C2O4)rl0H2O.. 

Gd203 

Gd2rSe04)3-8H20.  . 
Gd2(S04)3 

451.02 
758.02 

361.80 
886.81 
601.98 
746.11 
409.98 
69.72 

1452.37 

309.47 
326.50 

411.66 
140.63 
176.09 

193.12 
278.28 
914.72 
126.72 
180.77 
120.74 

tricl 

7! 

oxalate 

monocl 

3 
4 

5 

oxide  (gadolinia) 

selenate 

sulfate. . , 

wh.  amor,  powd.,  hyg 

monocl.  pearly 

col 

6 

Gd2(S04)3-8H20 .  .  . 
Gd2S3 

monocl 

7 

sulfide 

yel.  hyg.  mass 

8 

Gallium 

Ga 

rhomb,  pseudotetr.  gray-bl. . 

q 

acetate,  basic . . . 

4Ga(C2H302)3- 
2Ga203-5H20 
GaBr3 

micr.  cr.,  wh 

10 

bomide,  tri- .  . 

col.  cr.,  deliq 

11 

tri-,  mon- 

ammine 
"  ,  hexammine 
chloride,  di- . . . 

GaBr3-NH3 

GaBr3-6NH3 

GaCl2 

wh.powd 

n 

wh.  powd 

13 

col.  cr.,  deliq 

14 

"      ,  tri-.  . 

GaCls 

col.  cryst.,  deliq 

15 

",  monammine 
",  hexammine. 
ferrocyanide 

GaCU-NHs 

GaCl3-6NH3 

Ga4[Fe(CN)6]3 

GaF3 

wh.powd 

16 

wh.powd 

17 

gel.wh.  ppt 

18 

fluoride,  tri- 

white  powd 

19 

GaF3-3H20 

Ga(OH)3 

wh.powd 

20 

hydroxide. . . 

amor,  wh 

21 

"         (hydrated  gal- 
lium oxide) 

hydroxyquinoline  deriv. . 
iodide,  tri- 

Ga203-:cH20 

gel.  ppt.,  indef.  composition 

22 

Ga(C9H6NO)3 

Gals 

502.16 
450.48 
467.51 
552.67 

"83."  73 
403.50 
475.56 
155.44 

187.44 

205.46 
979.29 
367.04 

856.58 
964.68 
218.40 
148.68 
376.32 
427.62 
751.91 
171.50 
101.78 
235.62 
197.33 
52237 

155.54 

111.08 
165.06 

grn.-yel.  cr 

23 

col.-lem.  yel.  (need.)  hyg 

24 

,  monammine. 

"  ,  hexammine. . 

nitrate 

GaI3-NH3 

wh.powd 

25 

GaI3-6NH3 

Ga(N03)3-xH20.... 
GaN 

wh.powd 

26 

wh.  cr.,  deliq 

27 

nitride 

dk.  gray  powd.  hex 

28 

oxalate 

Ga2(C204)3 

Ga2(C204)3-4H20... 
Ga20 

white  powder 

29 

micr.  powd.  wh.,  hvg 

30 

oxide,  sub-.  . 

br.-blk.powd 

31 

"     ,  sesqui- 

Ga203 

wh.  powd.  ;a  trig.,  /3  monocl 

32 

Ga203-H20 

6GaOCM4H20. . . . 
Ga(C6H702)3 

Ga2(Se04)3-16H20.. 
Ga2(Se04)3-22H20.. 
Ga2Se 

white  powd 

33 

oxychloride . . . 

oct 

34 
35 

2,4-pentanedione  deriv. 

(acetylacetonate) 
selenate 

a  monocl.  or.  plates,  /3  rhomb,  or. 
pyramids,  y  rhomb,  pyramids 
col.  cr 

36 

«i 

cr.  monocl.  or  tricl.,  col 

37 

selenide,  sub- 

38 

"        mono- 

"       sesqui- 

sulfate 

GaSe 

dk.  red-br.  greas.  leaf 

39 

Ga2Se3 

rdsh.  blk.,  hard,  brittle 

40 

Ga2(S04)s.. 

wh.  powd 

41 

Ga2(S04)3-18H20.  . 
Ga2S 

col.  cr 

42 

sulfide,  sub- 

grn.  cr.  or  blk.  powd 

43 

"     ,  mono- 

GaS 

sublimate,  It.  yel 

44 

"     ,  sesqui-. . 

GaoSs 

vel.  cr.  or  wh.  amor 

45 

telluride,  mono- 

"       ,  sesqui- 

Germane 
bromo- 

GaTe..  . 

soft,  blk.  greasy  leaves 

46 

Ga2Te3 . . . 

hard,  blk.,  brittle  cr 

47 

GeHsBr 

col.  liq 

48 

chloro- 

GeH3Cl 

GeF3Cl 

col.liq 

49 

chlorotrifluoro- 

colorless  gas 
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INORGANIC  COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point.  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2.332 

91 

— 6H20,  110 

-8H26',  130 

v.  s. 
i. 

v.  si.  s. 

s. 

3.98° 

3.28M 

d. 

i. 

s. 

s. 
d. 

d. 

V.  s. 
v.  s. 

d. 
d. 

.002 

i. 

i. 

.00010 

.0001 

d.  ' 
d. 

y.  s. 
i. 

0.4 
i. 

i. 

si.  s. 
i. 

s. 

V.  s. 

57.425 

v.  s. 
V.  s. 

d. 

i. 
d. 

d. 

d. 
d. 

v.  s. 

s. 

2.263*-4 

2.54«> 

i. 

d. 

s. 
d. 

d. 
d. 
v.  s. 

d. 
d. 

s. 

si.  s. 
i. 

.0012 

d. 

d. 

d. 

V.  s. 

i. 

i. 
1. 

s. 

v.  s. 
V.  s. 

v.  s. 
v.  s. 
d. 
d. 
d. 

d. 
d. 

2 

s.  HNO3;  si.  s.  a.;  0.11 

3 
4 

7.40715 
3.309 
4.139"« 
3.01014* 
3  8 

5^0325; 
6.09332-38 

n— H2S04 

s.  a. 

5 

6 

7 

d.  a. 

8 
g 

29.78 

d.>lG0 

121.5  +  0.6 
124 

2000  ±  150 

s.  a.,  alk.;  si.  s.  Hg 
i.  ac.  a. 

10 
11 

3.6925 

3.11225 

278.8 

si.  s.  NH3 
si.  s.  NH3 

1? 

si.  s.  NH3 

13 

164(175) 
77.9  ±  0.2 

124 

535 
201.2 

14 
15 

2.4725;  lq. 
2.18925 

s.  NH3;  si.  s.  pet.  eth. 
s.  NH3 

16 

s.  NH3 

17 

d. 

subl.  ca.  950 

d. 

i.  cone.  HC1 

18 
IP 

4.47 

>1000 
>140 

d.  to  Gas03 
+  H2O 

s.  H2F2;  i.  dil.  HC1 

s.  dil.  HC1;  si.  s.  50%  HF 

?n 

s.  a.,  alk. 

?1 

.0032  4.6%  NH4OH;  s.  a.f 

n 

>150 
212+  1 
140 

subl.  vac. 
345,  subl. 

NaOH 
s.  a.,  alk.;  si.  s.  al. 

?3 

4.1526 

3.63525 

?A 

?5 

26 

d.  110 

->Ga203,  200 
subl.  >  800 
d.  195-C02 
d.>160-H2O 
subl.  >  500 
d.>800 

s.  abs.  al.;  i.  eth. 

?7 

d.  h.  a.,  alk. 

?!8 

?Q 

d.  195 
>660 

1900 

30 
31 

4.77 

«6.44; 

05.88 

s.  a.,  alk. 
s.  h.  a.,  alk. 

3? 

33 

v.  s.  KOH;  i.  dil.  HNO3 

34 
35 

al.42; 
01.41 

194-5 

subl.  140™ 

s.  acet. 

36 

37 

5.02 
5.03 
4.92 

38 

960 

1020 

d.>600 

d.'>800" 
965  ±  10 
1255  ±  10 
824 
790 

-32.0 

-52.0 
-66.2 

39 

40 

d.>520 

s.  al.;  i.  eth. 

41 
42 

4.1825 

3.8625 
3.6525 
5.44 
5.57 

2.34M5 
1.75  52 

s.  60%  al.;  i.  al.,  eth. 
s.  a.,  alk. 

43 

s.  a.,  alk. 

44 

s.  a.,  alk. 

45 

46 

47 

48 
49 

52.0 

28.0 
-20.3 

reacts    like    GeEkB^;    d. 
alk.;  i.  al. 
d.  alk.;  i.  al. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Formula 

Mol. 
wt. 

Crystalline  form,  color  and  index 
of  refraction 

1 

Germane 

dibromo- 

GeH2Br2 

234.45 
145.53 
181.51 
313.36 

179.98 

197.97 

72.60 

232.43 

392.26 

143.51 
214.43 

110.60 

148.60 

202.65 

73.61 

76.63 

151.25 

225.86 

col.  liq 

9, 

dichloro- 

GeH2Cl2 

col.  liq 

3 

dichlorodifluoro- 

tribromo-  (germanium 

bromoform) 
trichloro-  (germanium 

chloroform) 
trichlorofluoro- 

Germanium 

GeCl2F2 

col.  gas 

4 

GeHBrs 

col.  liq 

5 

GeHCla. . 

col.  liq  . . 

6 

GeCl3F 

col.  liq 

7 

Ge 

cub.  gray-wh.  met 

7 

bromide,  di- 

"       ,  tetra- 

chloride,  di- 

GeBr2 

col.  need,  or  pi. . 

q 

GeBr4 

gray-wh.  oct 

10 

GeCl2 

wh.  powd 

11 

"       ,  tetra- 

fluoride,  di- 

"      ,  tetra- .... 

GeCU 

col.  liq.,  1.464 

12 

GeF2 

wh.  cr.,  hyg 

13 

GeF4.. 

col.  gas  or  solid,  not  liq.  at  atm.  press, 
wh.  cr.,  deliq 

14 

GeF4-3H20 

GeH 

GeH4 

15 

hydride,  mono- 

"      ,  tetra-  (germane) 

"         (digermane) .  .  . 

"       (trigermane) 

hydroxide  (ous) 

imidpt.        ... 

br.  powd 

16 

col.  gas 

17 

18 

19 

Ge2Ho 

Ge3Hs 

GeOxH20 

liq 

col.  liq 

yel.  to  red 

20 

Ge(NH)2 

Gel2 

102.63 
326.44 

580.28 

245.82 

273.83 

88.60 

104.60 

104.60 
159.51 
104.66 

136.72 

wh.  amor,  powd 

?] 

iodide,  di- 

"      ,  tetra- 

(tri-)  nitride,  di- 

"     ,  tetra- 

oxide,  mono- 

yel.  hex 

9,9, 

Gel4... 

cub.  yel 

?3 

Ge3N2 

Ge3N4 

GeO 

Ge02 

Ge02 

GeOClo 

GeS 

GeS2 

blk.  cr 

24 
?5 

wh.-lt.  br.  powd 

blk.  cr.  powd 

26 

27 

?8 

"    ,  di- (soluble) 

"       "    (insoluble). . .  . 
oxychloride .   . 

hex.,  col 

tetr 

col.  liq 

29 
30 

sulfide,  mono- 

"    ,di- 

Glucinum 

yel  .-red  amor,  or  rhomb,  bipyram. 
blk. 

wh.  powd.  orthorhombic,  white 

31 

See  Beryllium 

32 

Gold 

Au 

197.20 

277.12 
714.06 
436.95 
232.66 

536.23 

cub.  yel.  duct,  met.,  coll.  bl.  vlt 

33 

bromide  (ous) . . . 

AuBr 

yelsh.-gray  mass  or  cr.  powd 

34 

"        (auroauric) .... 
(ic) 

Au2Br4.  . 

blk.  (exist,  quest.) 

35 

AuBr3  (or  Au2Bre) . 
AuCl 

gray  powd.,  cr.  brown 

36 

chloride  (ous) 

yel.  cr 

37 

"        (auroauric) 

Au2Cl4 

dk.  red  (exist,  quest.) 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  | 

;rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 
2 
3 

2.80° 
1.90~68 

-15.0 
-68.0 
-51.8 
-24.0 

-71.0 

-49.8 
958.5 
122.0 
26.1 

d.  to  Go 
-49.5 

d.>350 
subl. 
d. 

d.  165 
-165.0 

-109 

-105.6 
d. 

d.  150 
subl.,  d. 

144.0 

d.  450 
subl.  710 

1115.0 

1086  ±  5 

-56.0 

530 

ca.  800 

89.0 
69.5 

-2.8 
d. 

75.2 

37.5 

(2700) 

d. 

1S6.5 

+GeCU 

83.1 

subl. 

d. 
d. 
d. 
d. 

d. 

d. 
i. 
d. 
d. 

d. 
d. 

s. 

s.  d.  to  G 

s. 

i. 

i. 

d. 

i. 

d.toNHa 

s. 

s.,  with 
slow  hy- 
drolysis 

i. 
i. 

0.447* 

i. 
d. 

i. 

si.  s.;  d. 
sly. 

i. 

i. 
d. 

si.  s. 
d.,  v.  si. 

s. 

d. 

d. 

d. 

d. 
d. 

i. 
d. 
d. 

d. 
d. 

v.  s. 
e02  +  H2 

s. 
i. 
i. 

H-GeOo 
d. 

d. 

i. 
i. 

1.0i°° 

d. 

i. 

d.  to 
Ge02-r- 
H2S 

i. 

i. 

d." 

d.  alk.;  i.  al. 
d.  alk.;  i.  al. 
s.  abs.  al. 

4 

d.  alk. 

5 
6 

1.93" 

d.  alk. 
s.  abs.  al. 

7 
8 

"■S 

s.  h.  H2SO4,  aq.  reg.;  i.  alk. 
s.  a.,  GeBr4,  al.;  i.  bz. 

9 

10 
11 

12 

3.132| 

s.  abs.  al.,  eth.,  bz.;  i.  cone. 
H2S04 
s.  GeCU;  i.  al.,  chl. 

v.  s.  dil.  HC1;  s.  al.,  eth.; 
i.  cone.  H2S04,  cone.  HC1 

13 

6.65  g/1 

GeF6 

14 

15 

si.  exp. 
-90.0 

(-126) 
29 

110.5 

s.  HNO3,  H20>;  1.  NaOH 

16 
17 

3.43  g/1; 

lq.  1.532"'« 
g.  6.7420  g/1;  lq. 

1.98-109 
2.2 

s.  NaOCl;sI.  s.  h.  HC1 

18 
19 

s.  CCU 

v.  s.  HC1;  si.  s.  NaOH 

20 

21 

s.  dil.  a.,  cone.  HI;  si.  s. 

22 

23 

4.322g 

d. 

subl.  >  650 

chl.,  CCU 

s.   CS2,   CCU,   bz.:   si.  s. 
cone.  HC1,  KOH 

24 

i.  a.,  alk. 

25 

s.  Cl2  water  or  H202  with 

26 

4.70318 
6.239 

NH4OH;  i.  a„  alk. 
s.  a.,  alk.;  one  form  i.  H20, 

27 

HC1,  HF,  NaOH,  NH4OH 
si.  s.  NaOH;  i.  HF,  HC1 

28 

d.>20 
subl.  >  430 

subl.  >  600 

i.  all  solv. 

29 

30 
31 

(am.)  3.31; 
rhomb. 

2.94" 

s.  HC1,  alk.,  or  alk.  sulfd.; 

si.  S.  NH4OH 

s.  alk.,  alk.  sulfd.;  i.  a., 
al.,  eth.,  etc. 

32 
33 

19.3;  lq. 

17.Q1063 

7.9 

1062.4 

d.  115 
d.  115 
-Br2,  160 

d.  to  AuCls, 

170 
d.  250 

2600 

s.     KCN,     aq.     reg.,     h 
H2Se04;  i.  a. 
d.a. 

34 

35 

s.  eth. 

36 
37 

7.4 
5.1 

d.  289.5 

s.  HC1,  HBr 
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PHYSICAL  CONSTANTS  OF 


Name 


Gold 

chloride  (ic) 

«<         «i 
cyanide  (ous) 

"        (ic) 

hydroxide  (ous) 

(ic) 

iodide  (ous) 

"       (ic) 

nitrate,  acid,  (ic) 

oxide  (ous) 

**      (auroauric) 

"      (ic) 

phosphide 

selenide 

sulfate  (ic) 

sulfide  (ous) 

"      (auroauric) . . .  . 

"  .  (ic) 

telluride 

Hafnium 

carbide 

oxide  (hafnia) 

oxychloride 

Helium 

Holmium 

Hydrazine 

azide 

fluogermanate 

fluosilicate . 

formate 

hydrate 

hydrochloride,  mono-. 

.di-.... 

nitrate,  mono- ....... 

"      ,di- 

oxalate 

hypophosph&te 

ort/wphosphate 

ort  Aophosphite ....... 

or^ophosphite 

picrate 

selenate 

sulfate 

it 

Hydrazoic  acid 

(azoimide) 
Hydrogen 

bromide  (hydrobromic 
acid) 


Formula 


AuCh 


AuCV2H20. 
AuCN 


Au(CN)3-6H20  (or 
3H20)  1 

AuOH 

Au(OH)3 


Aul 

Aul3 

AuH(N03)4-3H20. 
Au20 

AU2O2 

AU2O3 

AU2P3 

Au^Ses 

Au203-2S03-H20. . 
Au2S 


AU2S2  (or  AuS) 

AU2S3 

Au2Te 

AuTe2 


Hf 

HfC 

Hf02 

HfOCl2-8H20. 
He 


Ho 

NH2NH2.. 
N2H4HN3, 


2N2H4H2GeF6.... 

N2H4H2SiF6 

N2H42CH2O2.... 

N2H4H2O 

N2H4HCI 

N2H4-2HC1 

N2H4HN03 

N2H42HNO3 

2N2H4H2C2O4.... 

N2H42H2PO3 

N2H4H3PO4 

N2H4H3PO3 

N2H42H3PO3.... 
N2H4HC6H2N3Or 
*H20 

N2H4-H2Se04 

2N2H4H2S04 

N2H4-H2S04 

HN3 


Ho 


HBr. 


Mol. 
wt. 


303.57 

339.60 
223.22 

383.35 

329  30) 

214.21 

248.22 

324.12 
577.96 
500.29 
410.40 

426  40 
442.40 
487.46 
631  28 
620.54 
426.46 

458.52 
490.58 
522.01 
452.42 

178  60 
190.61 
210  60 
409.64 
4.003 

164.94 
32.05 
75.08 

252.71 

176.12 

124.10 

50.06 

68  51 

104.98 

95.06 

158  08 

154  13 

194.12 

130.09 

114.09 

196  14 

270.16 

177.02 

162.17 

130.12 

43.03 

2.0162 

80.92 


Crystalline  form,  color  and  index 
of  refraction 


claret  red,  pr.  cr . 


orange  cr 

It.  yel.  cr.  powd. 


col-  hyg.  pi 


dk.  vlt 

yel.-br.  powd. 


grnsh.-yel.  powd. 

dk.  grn 

tricl.  oct.  yel ... . 
gray-violet 


olive  br.  powd. 
br.-blk.  powd.. 
gray 


yel.  deliq.  (exist,  quest.) 
br.-blk.  powd 


blk 

br.-blk.  powd 

tricl.  (exist,  quest.) 

(1)  rhomb.  (2)  monocl.  (3)  tricl.  yel. 
earthy  to  massive, 
gray 

wh.  monocl 

col 

col.  gas,  inert,  odorl 


salts  yellow 

col.  liq.  or  wh.  cr.,  1.47022 
deliq 


monocl.  pr.,  1.452,  1.460,  1.464 

cryst 

cub 

col.  fum.  liq.  or  cube  cr. 

wh.  need 

cub.  col 

col  dimorph-  need 

col.  cr 

wh  need 


col.  cr.  powd 

col.  cr 

rhomb,  col . . 
col.  liq 


col.  gas,  cub.  solid 

col.  gas  or  pa.  yel.  liq.,  1.325  lq. 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 
? 

3.9 

254  d. 

d. 
d. 

d.50 

-H20,  200 
-HH2O, 
250 
d.  120 

subl.  265 

68 

s. 

v.  si.  s. 

v.  s. 

s. 

5.7X10-H 
at  25 
y.  si.  s. 

i. 
s.d. 

i. 

i. 
i. 

s. 

i.;  fresh 
soln. 
i. 
i. 

i. 

i. 

i. 

s. 

0.94°  cm3; 

0.9425  cm3 

v.  s. 
v.  s. 

s. 

v.  s. 
s. 

00 

V.  s. 
270.423 
v.  s. 
V.  s. 
20035 

s. 

v.  si.  s. 
V.  s. 
3.0532 

00 

2.14°cm3 
1.9125  cms 
2210 

v.  s. 

s. 

d.  v.  s. 

si.  s.  d. 
d. 

i. 

i. 

d. 

ppt.  coll. 

i. 
i. 

1.055u  cm'; 
1.2175cm3 

v.  s. 

00 
v.  s. 

s. 

v.  s. 
v.  s. 

OO 

0.8580  cm» 
l^^cm* 
130100 

s.   al..   eth.;  si.  s.   NH3; 
i.  CS? 
s.  HC1,  al.,  eth.:  si.  s.  NHj 

3 
4 

7.12 

s.  KCN,  NH4OH;  i.  al., 
etb. 
s.  al.,  eth. 

5 

s.  d.  alk. 

6 

s.  HC1,  NaCN,  cone.  HNOi 

7 
8 

8.25 

B.  KI 

s.  iodides 

9 
10 

2.84 
3.6 

72  d. 
-O,  205 

d.  180 
-O,  160 
d. 

B.  HNO3 

8.    HO:   si.   s.   KOH:    i. 

11 

H2SO4,  HNO3.  al. 

12 

-3  O,  250 

s.  HCl 

13 

14 

6.67 
4.6522 

i.  HCl,  dil.  HNO3 

15 

d.240 

d.  140 
d.  197 

s.HCl,  H2SO4 

16 

i.  a.;  s.  KCN,  aq.  reg. 

17 

8.754 

9.04 
8.2-9.3 

13.3 

s.  (NH4>>S;  i.  a. 

18 

s.  Na2S;  i.  a.,  eth. 

19 

20 

472,  d. 

2207(1700?) 

3887 
2812 

21 

>3200 

22 

23 

9.68 

24 

25 
26 

0.1785"  g/1;  lq. 
0.147-270.8 

— 272.22«atm. 

-268.9 

abs.  by  Pt;  i.  al. 

27 

28 

lq.  1.0111* 

1.4 

75.4 

113.5 

s.  a), 
v.  s.  al. 

29 

2.406^ 

30 

d.  186 

128 

<-40 

89 

198 

70.7 

104  d. 

148 

152 

82 

36 

82 

201.3 

si.  s.  al. 

31 

32 
33 

X.0321 

118.5™ 

s.  al.;  i.  eth.,  chl. 
si.  s  al. 

34 

1.42 

si.  s.  al. 

35 

subl.  140 

si.  s.  al. 

% 

37 

.000322al;i.  eth. 

38 

39 

40 

41 

42 

43 

44 

85 

254 

-80 

-259.18 

-88.5 

i.  al. 

45 

1.37 

i.  al. 

46 

37 

-252.8 

-67.0 

s,  al..  alk. 

47 

48 

.0899  g/l;  lq. 

.070 
3.50°  g/l;  lq. 

2.77-67 

6.925°  cm3  al. 
s.  al. 

447 


PHYSICAL  CONSTANTS  OF 


Name 


Hydrogen 

bromide 

"         (const.-boiling 
mixt.) 

bromide 

chloride  (hydrochloric 
acid) 
"  (const.-boiling 

mixt.) 

cyanide  (hydrocyanic 

acid) 
fluoride 

"  (const.-boiling 

mixt.) 
iodide  (hydriodic  acid) . . 

(const.-boiling 
mixt.) 

oxide  (water) 

"      ,per- 

phosphide  (phosphine)  . . . 

selenide 

sulfide 

"      ,di- 

,  tri- 

"      ,  penta- 

tellurite 

Hydroxylamine 

rluogermanate 

fluosilicate 

hydrochloride 

nitrate. 

sulfate 

Illinium 

Indium 

bromide,  mono- 

"     ,di-. 

"     ,  tri- 

perchlorate 

chloride,  mono-   


Formula 


HBrHoO.. 

HBr(47%)+H20 

HBr-2H20 

HC1 

HC1(20.24%)  + 
H20 

HCl-HoO 

HC1-2H20 

HC1-3H20 

HCN 

HF  (or  B.x¥x)       . 

HF(35.35%)  + 
H2O 
HI 

HI(57%)+H20.  . 

HI-2H20 

HI-3H20 

HI-4H20 

H20(or(H20)x).    . 

H202 

H3P 

H4P2 

(H2P4);{ 

H2Se 

H2S 

H2S2 

H0S3 

H2S5 

H2Te 

NH2OH 

2NH2OH-H2GeFG. . 

2NH2OH-H2SiFe- 

2H20 
NH20H-HC1 

NH2OH-HN03.... 
2NH2OH-H2S04... 

II.. 

In 

InBr 

InBr2 

InBr3 

In(C104)3-8H20.... 
InCl 
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Mol. 
wt. 


98.94 


116.96 
36.47 


54.48 
72.50 
90.51 
27.03 

20.01 


127.93 


163.96 
181.98 
199.99 

18.02 


34.02 
34.04 


66.07 

378.29 

80.98 

34.08 

66.14 

98.20 

162.32 

129.63 

33.03 


254.68 
246.17 

69.50 

96.05 
164.14 
146? 
114.76 
194.68 
274.59 
354.51 
557.26 
150.22 


Crystalline  form,  color  and  index 
of  refraction 


col.  liq. 
col.  liq. 


wh.  cr,  col.  liq 

col.  gas  or  col.  pois.  fum.  liq.;  1.256 
lq. 
col.  liq 


col.  liq 

col.  liq 

col.  liq 

col.  liq.  or  gas,  pois.,  1.267510  liq. 

col.  fum.  corros.  liq.  or  gas 

col.  liq 

col.  gas  or  pa.  yel.  liq.,  1.466  liq. 

col.  or  pa.  yel.,  fum.  liq 


col.  liq 

col.  liq 

col.  liq • 

col.  liq.  or  hex.  col.  cr.,  liq.  1.333,  sld. 
1.309,  1.313 

col.  liq.,  1.41422  liq 

col.  pois.  spon.  infl.  gas  or  col.  liq., 
1.317  liq. 

col.  liq 

yel.  solid 

col.  gas 

coK  infl.  gas,  off  en.  odor  1.374  liq  . . . 


yel.  oil,  1.885 

bright  yel.  liq 

clear  yel.  oil 

col.  gas  or  yel.  need. 


wh.  need,  or  col.  liq..  1.44023-5  (lq.), 
deliq 

monocl.  pr.  1.418,  1.438,  1.433 


monocl.  col. 

wh 

monocl.  col. 


tetr.  silv.  wh.  soft  metal . . . 

red-br.  solid 

pa.  yel.  solid 

wh.  to  yel.  need.,  deliq 

col.  deliq.  cr 

(1)  yel.  or  (2)  dk.  red,  deliq 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2 

1.78 
1.49 

2.11-is 

1.6390  g/1;  lq. 
1.194-se 

Stable 
-11 

-11 
-112 

-3.3  to  -15 
126 

.5  bet.  1  a 

s. 

82.30  g 

00 

00 

OO 
00 

00 

42.500'o 
cm3 

00 

00 

00 

00 

2617  cm3 

i. 

3774 

cm3 
437° 

cm3 
d. 

s.  (unst.) 
s. 

s. 
v.  s. 

8317 

V.  s. 
32.9° 

i. 
d. 
d. 

v.  s. 
v.  s. 
d. 

nd  2.5  at 

s. 
56.160  g 

OO 

00 
V.  S. 

V.  s. 

i. 

i. 
i. 
27022.5 

cm3 

18640 
cm3 

d. 

v.  s. 

d. 

68.59° 

i. 

dV ' ' 
d. 

m. 

3 

- 

4 
ft 

-83.7 
110 

327  cm3  al.;  s.  eth.,  bz. 

6 

1.48 

lq.  1.4618-3 

.90i'g/l;'.69920'; 

0.6884  lq. 
.921  g/1;  lq. 

.987 

-15.35 
-17.7 
-24.4 
-14 

-92.3 

s.  al. 

7 
8 
9 

10 

d. 

d. 
26 

19.4 

120 

-35.384atm. 

127774 

s.  al. 
s.  al. 
<»  al.,  s.  eth. 

11 

12 

13 

5.660  g/1;  lq. 
2.85-4-7 
1.7015 

-50.8 

s.  al. 

14 

-43 

-48 
-36.5 

0 

-.89 
-133.5 

<-10 

ign.  160 
-64 

-82.9 

-88 
-52 
d. 
-51 

33.05 

15 

16 

17 

18 
19 

20J 

21 

22 

23 

24 

fl5 

1.000;; 
4 

s.  .9168° 

1.4649^ 

1.529°  g/1,  lq. 
.746-90 

1.012 
1.8319 
3.614  g/1;  lq. 

2.12-« 
1.539°  g/1;  lq. 

96 

1.376 
1.49615 
16716 
5.81  g/1;  lq. 

2.57-2° 
1.204 

2  229g 

100 

152.1 

-87.4 

57.5735 

d. 

-42 

-61.80 

74.5 
d.  90 

s.  al.,  eth.;  i.  pet.  ethi 
s.  al.,  eth.,  Cu>Cl2 

s.  al.,  turp. 

i.  al.;  s.  P,  P2H4 

s.  CS2,  COCI2 

9.542°  cm3  al.;s.CS2 

s.  bz.,  CS2;  i.  al. 

?6 

27 

28 

29 
30 

-4;0 
56.522 

s.  al.,  alk. 

s.  a.,  al.,  meth.  al.;  v.  si.  s 
eth.,  chl.,  bz.,  CS2 

s.  abs.  al. 

i.  al. 

31 

32 
33 

1.6717 

151 

48 
170 

d. 

d.<100 
d. 

1450 

662,  subl. 
632,  subl. 
subl.  easily 
d.  200 
550  (608) 

s.    al.,    meth.    al.,    glyc; 
i.  eth. 
v.  s.  al. 
s.  eth.;  si.  s.  al. 

34 

35 
36 
37 

38 

7.362 
4.9625 
4.2225 
4.7425 

155 
220 
235 

436+  2 
ca.  80 
225+  1 

s.  a.;  v.  si.  s.  NaOH 

s.  a. 
s.  a. 

39 

s.  abs.  al.;  si.  s.  eth. 

40 

4.1925  (yel.); 
4.1825  (red) 

s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Indium 

chloride,  di- 

"      ,  tri- 

cyanide 

fluoride 

hydroxide 

iodate 

iodide,  mono- 

"      ,di- 

"      ,  tri- 

nitrate 

oxide,  sub- 

41    ,  mon- 

"      ,  sesqui- 

selenate 

sulfate 

"   ,* add; ;;;;;;; 

sulfide,  sub- 

"      ,  mono- 

"      ,  sesqui- 

sulfite,  basic 

Iodic  acid 

"     "    ,  metaper-.  . 
"     "    ,  paraper-  . . 

Iodine 

azide  (iod(o)azide). . . 
bromide,  mono- 

"     ,  tri- 

chloride,  mono-a- 

chloride,  mono-/3- 

"     ,  tri- 

cyanide 

fluoride,  penta- 

"     ,  hepta- 

oxide,  di-  (or  tetr-) . . 

"    ,  pent- 

Iodoplatinic  acid 
Iodous  acid,  hypo- 
(iodine  hydroxide) 
Iridium 


Formula 


InCl2 

InCl3 

In(CN)3 

InF3 

InF3-3H20 

InF3-9H20 

In(OH)3 

In(IOi)3 

Inl 

Inl2 

Inl3 

In(N03)3-3H20.  .  . 
In(N03)3-4£H20. . 

In20 

InO 

In203 

In2(SeO4)3-10H2O. 

In2(S04)3 

In2(S04)3-9H20... 
In2(S04)3-H2S04- 
7H20 

In2S 

InS 

In2Sa 

2In203-3S02-8H20 
HI03 

HI04 

HJOe  (or  HI04- 
2H20) 

I2 

IN3 

IBr 

IBr3 

TCI 

IC1 

Ids 

ICN 

IF5 

IF7 

I02  (or  I204) 

I205 

H2PtI6-9H20 

HOI 

Ir 
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Mol. 

wt. 


185.67 

221.13 

192.81 

171.76 
225.81 
333.91 
165.78 

639.52 
241 . 68 
368.60 
495.52 
354.83 
381.86 

245.52 
130.76 

277.52 

838.56 
517.70 
679.85 
741.89 


261.58 
146.82 

325.70 

891.35 
175.93 

191.93 
227.96 

253.84 

168.94 
206.84 
366.67 
162.38 
162.38 
233.29 
152.94 
221.92 
259.92 

158.92 

333.84 

1120.91 
143.93 

193.10 


Crystalline  form,  color  and  index 
of  refraction 


wh.  cr.,  deliq 

wh.  pi.,  deliq 

wh.  ppt 

cr 

wh.  need 

wh.  ppt 

wh.  cr 

br.-red  solid 

yel.  cr.  deliq 

deliq.  pi 

need.,  deliq 

blk.cr 

wh.-gray 

red-br.,  hot;  pa.  yel.,  cold;  amor,  and 
trig. 

deliq.  cr 

wh.-gray  powd.  monocl.  pr.,  hyg. . . 

rhomb 

yel.  to  blk.  need 

dk 

red  cr.  or  yel.  ppt 

cr 

rhomb,  col.  or  pa.  yel.  cr.  powd 

col 

monocl.  wh.,  deliq 

rhomb,  vlt.-blk.,  met.  lust.,  3.34 

yellow,  exp 

dk.  gray  cr 

dk.  br.  liq 

cub.  need.  dk.  red;  oily  red-br.  liq. . 

rhomb.,  6  sided  pi.,  brn.-red 

rhomb,  yel.-br.  red,  deliq 

wh.  cr 

col.  liq 

col.  cr.  or  liq 

lem.  yel.  cr 

trim,  wh 

monocl.  blk.,  deliq 

only  in  soln.,  yel.  to  grnsh 

cub.,  silv.  wh.  met 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

3.65525 
4.  (3.46) 

235 

586;  subl. 
<400 

550-70 
volat.  600 

d. 

v.  s. 
unst. 

86.4'  ' 
si.  s. 
i. 

0.06720 

s.  unst. 
V.  s. 
v.  s. 

i. 
i. 

v.  s. 
s. 
v.  s. 

s. 

i. 

286° 

V.  s. 
V.  s. 

0.02920 

s.d. 

s.d. 

s. 

d.  to  HIO 

d. 

s.d. 

si.  s. 

d. 

v.  s.,  d. 
d.  to  HIO 

187.413 
v.  s.  d. 

i. 

d. 
v.  s. 

d. 

slowly  d. 

s. 

s. 

v.  s. 

4  72»o 

v.  s. 

0.07850 

3  +  ci " ' 
si.  s. 

d. 
d. 

3±    12 

i. 

2 
3 

si.  s.  al.,  eth. 

s.  HCN;  v.  si.  s.  NaOH; 

4 

4.3925  ±  0.01 

1170+  10 
-3H20,  100 
d. 

-H20, 
<150 

351 

212 

210+  2(199) 
-2H2O,  100 
-4*H20, 

100 
subl.  in  vac. 

6.5&-700 

d.850 

>1200 

i.  dil.  a. 

5 

s.  a.;  i.  al.,  eth. 

6 

s.  HC1,  HNO3;  i.  al.,  eth. 

7 

s.  a.;  v.  si.  s.  NaOH;  i. 

8 

9 

10 

5.31 
4.71« 

4.69 

d. 
711-15 

NH4OH 
s.  dil.  H2SO4.  HNO3 
s.  dil.  a.;  i.  al.,  eth.,  chl. 
s.  a. 

11 

12 

d." 
d. 

s.  a.,  chl.,  bz.,  xylene 
s.  al. 

13 

s.  al. 

14 

6.99« 

s.  HC1 

15 

V 

s.  a. 

16 
17 

7.179 

volat. 

amor.  s.  a.;  cr.  i.  a. 

18 

3.438 

d.250 

IP 

?0 

-H2SO4+ 
7H20  ca. 
250 

653  ±  5 

692+  5 

1050 

-3H>0,  100 
110 

?1 

5.8725 
5.1825 

4.90 

22 
23 
?4 

subl.  in  vac. 

850 
subl.  ca.  850 

in  high  vac. 
-8H20,  260 

s.  HC1,  HNOs 

s.  a.;  si.  s.  Na2S 
s.  a. 

?5 

4.629° 

v.  s.  87%  al.;  si.  s.  HN03; 

Vf) 

subl.  110 

i.  abs.  al.,  eth.,  chl. 

V 

d.  140 
114 

s.  al.,  eth. 

28 

4.93 

4.41570 ' 

3.18220 
Iq.  3.2434 
3.1171* 

3.5 
liq.  2.8« 

«£ 

4J992* 

183 

20.5^  al.,   20.6"   eth.;   s. 
chl.,  glyc,  KI,  CS2 
s.  Na2D203 

30 
31 

(42);  subl.  50 

116 

s.  al.,  eth.,  chl.,  CS2 
s.  al. 

32 
33 
34 
35 
36 
37 

38 

27.2 

13.92 

1011'atm. 

-8 

5.5 

d.  sly.  75; 

rap.  130 

d.  300-50 

<100 
2440  ±  15 

97  4 
97.4 
77  d. 

97  "" 
4.5  subl. 

s.  HC1,  al.,  eth.,  CS2 

s.  HC1,  al.,  eth. 

s.  bz.,  CCU,  al.,  eth.,  ac.  a. 

s.  al.,  eth. 

d.  a.,  alk. 

d.  a.,  alk. 

s.  H2SO4;  si.  s.  acet.;  i.  al., 

39 

eth. 
si.  s.  dil.  al.;  i.  abs.  al.v 

40 

eth.,  chl.,  CS2 

41 

42 

22.421 

4400 

amor.  s.   aq.   reg.;   i.   a.t 
aq.  reg. 
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PHYSICAL  CONSTANTS  OF 


Name 


Iridium 

bromide,  tri- 

44      ,  tetra- 

chloride,  di- 

"     ,  tri- 

44     ,  tetra- 

fluoride,  hexa- 

hydroxide 

44       ,  tetra- 

iodide,  tri- 

44    ,  tetra- 

oxide,  sesqui- 

44   ,di- 

sulfate 

sulfide,  mono- 

44     ,  sesqui- 

"     ,di- 

44     ,  hydro-  

Iron,  pure  (See  under 
Alloys) 

acetate  (ous) 

44      ,  basic  (ic) 

or//ioarsenate  (ous) 

(ic)  (scoro- 
dite) 

arsenide 

44      ,  di-  (arsenofer- 
rite) 
orMoarsenite,  basic  (ic) .  . 

P2/roarsenite  (ous) 

benzoate  (ic) 

boride 

bromide  (ous) 

;;    (ic) 

cacodylate  (ic) 

carbide 

carbonate  (ous)  (siderite) 

(ous) 

carbonyl,  tetra- 

44       ,  penta- 

perchlorate  (ous) 

chloride   (ous)    (lawren- 

cite) 
<(         << 

(ferrosoferric) 

44      (ic)  (molysite) . . 

chloroplatinate  (ous) 

dichromate  (ic) 

citrate  (ic) 

ferricyanide  (ous) 

C"     ,  ic).. 

(Prussian  green) 
ferricyanide  (ic)  (Berlin 

green) 


Formula 


IrBr3-4H20 

IrBn 

IrCU 

Irdi 

IrCU 

IrF6 

Ir(OH)3-H20  (or 
Ir203-5H20)  ( 

Ir(OH)4 

Iris 

Irl4 

Ir203 

Ir02 

Ir2(S04)3-J-H20.... 

IrS 

Ir2S3 

IrS2 

Ir(HS).r2H20 

Fe 

Fe(C2H30>)2-4H20. 
FeOH(C2H302)2... 
Fe3(As04)>-6H20 .  . 
FeAs04-2H20 

FeAs 

FeAs2 

2FeAs03Fe20.r 
5H20 

Fe2As205 

Fe(C7H602):{ 

FeB 

FeBr> 

FeBr3 

FeBr3-6H20 

Fe[C2HHAs02]:{ 

Fe3C 

FeC03 

FeC03-H20 

Fe(CO)4 

Fe2(CO)9 

Fe(CO)5 

Fe(C104)2-6H20... 
FeCb 

FeCl2-2H20 

FeQ2-4H20 

FeCl2-2FeCl3- 

18H20 

FeCb 

FeCl3-eH20 

FePtCl6-6H20 

Fe2(Cr20v)3 

FeC6H5(V3H20(?). 

Fe3[Fe(CN)6]2 

Fe'"4Fe'V 

[Fe(CN)6]6 
Fe[Fe(CN)6] 


4^2 


Mol. 
wt. 


504.91 
512.76 
264.01 
299.47 
334.93 
307.10 
262.14 
524.28) 
261.13 
573.86 
700.78 
434.20 
225.10 

225 '.  16 
482.38 
257.22 
328.34 
55.84 

245.99 
190.94 
553.44 
230.78 

130.75 
205.66 

607.26 

341.50 
838.34 
66.66 
215.67 
295.59 
403.69 
466.78 
179.53 
115.85 
133.87 
167.88 
363.77 
195.89 

362.85 
126.75 

162.79 
198.82 
775.47 

162.21 
270.31 
571.91 
759.74 
298.99 
591.42 
1662.57 

267.79 


Crystalline  form,  color  and  index 
of  refraction 


olv.  grn.  cryst 

bl.,  deliq 

blk.-grn.  cryst.  (exist,  quest.) . 

olive  grn 

dk.  brn.-amor.,  hyg 

yel.  glass  or  tetr 

olive-grn 


indigo-bl 

grn 

blk 

bl.-blk.  (exist,  quest.). 

tetr.  blk 

yel.  pr 

bl.  blk 

br.  blk 

br 

choc,  br 

cub.  silv.  metal 


need 

br.-red  powd 

grn.  amor,  powd .  . 
rhomb,  grn.  1.765, 


.774,  1.797. 


wh 

cub.  silv.  gray. 


br.-yel.  powd 


grn.-wh 

br.  powd 

gray  cryst 

hex.  grn.-yel 

dk.  red-br.,  deliq 

red 

yelsh.  amor,  powd 

cub.  gray 

trig,  gray,  1.875,  1.633. 

amor 

dk.  grn.  lust,  cr 

or.  hex.  cryst 

vise.  yel.  liq 


grn 

hex.  grn.  to  yel.,  deliq. 


monocl.  bl.-grn. 
yel.  deliq , 


deliq . 


hex.  blk.-br 

br.-yel.  v.  deliq.,  cr.  mass 

yel.  hex 

red-br.  gran 

red.-br.  scales 

deep  bl 

grn 


cub. 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

i 

-3H20,  100 

d. 

d.  773 

d.  763 

d. 

44.4  (30) 

d. 

-2H20,  350 

v.  s. 
s.d. 

s. 
i. 
s. 
d. 
i. 

i. 

si.  s. 

i. 

i. 

i. 

s. 

i. 

si.  s. 

i. 

i. 

i. 

v.  s. 

v.  si.  s. 
i. 

si.  s. 

109 1° 

s. 

V.  s. 

6.67 

i. 

0.006725 

si.  s. 

i. 

i. 

97.8° 
64.410 

160.11° 

74.40 

91.920 

v.  s. 

s. 

s. 

i. 

i. 

d.' ' 
d. 

i. 
s. 
i. 

i. 

i. 

i. 
i. 

1 70« 

s. 
v.  s. 

i. 

116.160 

105.7100 
415.510°' 

535.7ioo 
V.  s. 
s. 

Lai. 

2 

s.  al. 

3 

i.  a.,  alk. 

4 

5.30 

i.  a.,  alk. 

5 

s.  al.,  dil.  HCl 

6 

6.0 

53 

7 

s.  a.,  alk. 

8 

s.  HCl 

q 

si.  s.  al. 

10 

d.  100 

-O,  400 

d. 

d. 

d. 

d. 

d.  300 

d. 

1535 

d. 

s.  KI;  i.  al. 

n 

s.  H2S04,  h.  HCl;  i.  alk. 

12 

3.15 

i.  a.,  alk. 

13 

14 

s.  K2S;  i.  a. 

15 

8.  HNO3,  K2S 

16 

s.  aq.  reg.;  i.  a. 

S.  HNO3 

17 

18 
19 

7.86 

3000 

s.  a.;  i.  al.,  alk.,  eth. 

20 

s.  a.,  al. 

21 

d. 
d. 

1020 
990 

d. 

s.  dil.  HCl;  si.  s.  NH4OH 

22 

3.18 

7.83 
7.4 

s.  HCl;  i.  HNO3 

23 

24 

si.  s.  HNO3;  i.  HCl 

35 

s.  a.,  alk. 

36 

S.  NH4OH 

27 

28 

7.15w 
4.63625 

s.  h.  eth.,  al. 

s.  HNO3,  h.  cone.  H>S04 

29 

d. 

subl.  d. 
27 

s.  al. 

30 

s.  al.,  eth.;  si.  s.  NH3 

31 

32 

si.  s.  al. 

33 

7.4 
3.8 

1837 

d. 

d. 

d.  140-50 

d.  100 

-21 

d.>100 
670-4 

s.  a. 

34 

s.  CO2  soln. 

35 

s.  a.,  CO2  soln. 

,36 

1.99618 
2.085*8 
lq.  1.457 

s.  org.  solv. 

37 

38 
39 

102.8™ 

s.  cone.  H2SO4,  alk.,  al.. 
eth.,  bz. 
86.520  al.;  s.  HCIO4 

40 
41 

2.358 
1.93 

subl. 

100  al.;  s.  acet.;  i.  eth. 

42 

s.  al. 

43 

d.  50 

282 

37 

d. 

44 
45 

2.804H 

315 

280-5 

v.  s.  al.,  eth.,  6318  acet. 
s.  al.,  eth. 

46 

2.714 

47 

s.  a. 

48 

i.  al. 

49 

d. 
d.  180 

i.  al.,  dil.  a. 

,50 

s.  h.  HCl 

,51 
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PHYSICAL  CONSTANTS  OF 


Name 


Iron 

ferrocyanide  (ous) 

(ic)  (Prus- 
sian blue) 
fluoride  (ous) 

<(        (< 

"  (ic). .:::::::::: 

fluosilicate  (ous) 

"      .  (ic) 

formate  (ic) 

glycerophosphate  (ic) .  . . 

hydroxide  (ous) 

"        (ic) 

iodide  (ous) 

lactate  (ous) 

"      (ic) 

maiate  (ic) 

methanearsonate(ic) 
nitrate  (ous) 

"      (ic) 

nitride 

oleate  (ic) 

oxalate  (ous) 

."       (ic) 

oxide  (ous) 

"      (ferrosoferric) 

(magnetite) 
i«  << 

"      (ic)  (hematite) 

2,4-pentanedione  deriv. 

(ic)  (acetylacetonate) 
or£/wphosphate  (ous) 

(vivianite) 

ort Aophosphate  (ic) 

pyrophosphate  (ic) 

phosphide,  mono- 

(di-)  phosphide 

(tri-)  phosphide 

A^/pophosphite  (ic) 

sulfate  (ous) 

"     '  (melanter- 
ite) 

"        (ic) . 

"         "     (coquimbite) 

sulfide  (ous)  (troilite) . . . 

11      (ferrosoferric) .  . . 

"      Oc) 

"     ,  di-  (marcasite) . . 

"        "  (pyrite) 

sulfite  (ous) 


Formula 


Fe2Fe(CN)6... 
Fe4[Fe(CN)«]3. 


FeF2 

FeF2-4H20 

FeF2-8H20 

FeF3 

FeF3-4£H>0 

FeSiF6-6H20 

Fe2(SiF6)3 

Fe(CH02)3 

Fe2[C3H5(OH)r 

OP03]3 

Fe(OH)2 

Fe(OH)3  (or  Fe203' 

xH20) 

Fel2 

FeI2-4H20 

Fe(C3H503)2-3H20. 

Fe(C3H503)3 

Fe2(C4H405)3 

Fe2(CH3As03)3.... 
Fe(N03)2-6H20.... 

Fe(N03)3-6H20.... 
Fe(N03)3-9H20.... 
Fe2N  (or  Fe4N2) . . . 

Fe4N 

Fe(Ci8H3302)3 

FeC204-2H20 

Fe2(C204)3 

FeO 

Fe304 


Fe304-xH20. 

Fe2Os 

Fe(C5H702)3. 


Fe3(P04)2-8H20. 

FeP04-2H20.... 
Fe4(P207)3-9H20. 

FeP 

Fe2P 


Fe3P 

Fe(H2P02)3. 
FeS04-H20. . 
FeS04-4H20. 
FeS04-7H20. 


Fe2(S04)3 

Fe2(S04)3-9H20. 

FeS 

Fe3S4 

Fe2S3 

FeS2 

FeS2 

FeS03-3H20.... 


Mol. 
wt. 


323.63 
859.20 

93.84 
165.90 
237.97 
112.84 
193.91 
306.00 
537.86 
190.89 
622.00 

89.86 
106.86 

309.68 
381.74 
288.03 
323.05 
509.90 
525.51 
287.95 

349.96 
404.01 
125.69 
237.37 
900.18 
179.89 
375.74 
71.84 
231.52 


159.68 
353.16 

501.69 

186.89 

907.63 

86.86 

142.70 

198.54 
250.95 
169.92 
223.96 
278.01 

399.86 
562.01 
87.90 
295.76 
207.86 
119.96 
119.96 
189.95 


Crystalline  form,  color  and  index 
of  refraction 


amor,  bl.-wh. 
dk.  bl.  cryst. 


1.385. 


grn.-bl. .'...... 

rhomb,  grn 

yel.  cryst 

trig,  col.,  1.364, 

gel.,  flesh  color 

cr.,  red  powd 

yelsh.-grn.  scales  or  powd. 

hex.  pa.  grn.  or  wh.  amor 
red.-br 


hex.  gray 

gray-blk.  cr.,  deliq .  . . 
grn.-wh.  cr.  or  powd. 

br.  amor.,  deliq 

br.  hyg.  scales 

rcdsh.-br.  lust,  scales, 
rhomb,  grn 


cub 

monocl.  col.-pa.  vlt.,  deliq. 
gray 


br.-red  fatty  lumps 

rhomb,  pa.  yel 

amor 

blk 

cub.  blk.;  red-blk.  powd 

blk 


hex.  red  br.  to  blk.,  3.01,  2.94  (Li) . 
deep  red  rhomb 


monocl.  wh.-bl.,  1.579,  1.603,  1.633. 


yel.-wh.,  dimorph. . . 

yel.-wh.  powd 

rhomb 

bl.-gray  cr.  or  powd. 


gray 

wh.  or  gray-wh.  powd 

monocl 

grn.  monocl.  pr 

monocl.  bl.-gm.,  1.471,  1.478, 


1.486. 


rhomb,  yel 

rhomb.r  deliq.,  1.552,  1.558. 

hex.  blk.-br 

hex.,  (exist,  quest.) 

yel.,  grn 

rhomb,  yel 

cub.  yel. 

grnsh.  or  wh.  cr 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

i. 
i. 

si.  s. 

si.  s. 

si.  s. 

si.  s. 

128.2 

s. 

s. 

502» 

0.00067 
i. 

s. 

V.  s. 
2.110 
s. 
s. 
50 

70.9°; 
83.52" 
s. 
s. 
i. 

i. 

0.022 
v.  s. 
i. 
i. 

i. 
i. 
i. 

i. 

v.  si.  s. 

i. 

i. 

i. 
0.0432* 

15.65 

si.  s. 

440 

.0006218 

i. 

v.  sl.s.,  d. 

0.00049 

0.00049 

v.  si.  s. 

i. 

s. 
s. 
s. 

s'.d. 

i. 

d. 

8.5 10" 
v.  s. 

166.761 

s. 

0.026 
v.  s. 

i. 
i. 

i. 

i. 
0.67i°° 

i. 

0.0831°° 

48.650' 

d. 
d. 

toFeS+S 

? 

d. 

>1000(?) 

s.  HC1,  H2SO4;  i.  al.,  eth* 

3 

3.95-4.33 
2.095 

i.  al.,  eth. 

4 

5 

-8H2O,  100 
-3H26',  100 

s.  a.,  HF;  i.  al.,  eth. 

6 

7 

3.18 

d. 

s.  a.;  i.  al.,  eth. 
i.  al. 

8 

1.961 

9 

10 

v.  si.  s.  al. 

11 

i.  al. 

12 

3.4 
3.4-3.9 

5.315 

2.87 

d. 

-HH2O, 
500 
177 
90-8 
d. 

s.  a.,  NH4Cl;i.  alk. 

13 

s.  a.;  i.  al.,  eth. 

14 

15 
16 

s.  al.,  eth. 

s.  alk.  citrate;  v.  si.  s.  al. 

17 

i.  eth. 

18 

s.  al. 

19 

i.  al.,  eth. 

20 

60.5  d. 

35 

47.2 
d.  200 

21 

22 
23 

1.684 
6.35 
6.57  (?) 

d. 

s.  al.,  acet.;  si.  s.  HNO3 
s.  HC1,  H2SO4 

24 

25 

s.  a.,  al.,  eth. 

26 

2.28 

d.  160 
d.  100 
1420 
1538  d. 

d. 

1565 

184 

d. 

s.  a. 

27 

s.  a.;  i.  al. 

28 

5.7 
5.18 

s.  a.;  i.  al.,  alk. 

29 

si.  s.  a.;  i.  al.,  eth. 

30 

s.  a. 

31 

5.24 

s.  HC1 

32 

s.  al.,  bz.,  chl.;  si.  s.  eth. 

33 

34 
35 

2.58 
2.87 

s.  a.;  i.  ac.  a. 

s.  HC1,  H2SO4 
s.  a.,  alk.  citrates 

36 

6.07  (5.220) 
6.56 

6.74 

37 

1290 

1100 
d. 

s.  aq.  reg.,  HNO3  +  HF; 

38 

i.  dil.  a. 

39 

s.  alk.  citrate 

40 

2.99-3.08 

2.23-^9 

1.898 

3.097lf» 

2.1 

4.84 

4.55 

4.3 

4.87 

5.00 

41 

42 
43 

64;  -6H2O, 

100 
d.  480 
d. 
1193 

-7H2O,  300 

i.al. 

i.  H2SO4,  NH3 

44 

s.  abs.  al. 

45 

46 

d. 

s.  a.,  ev.  H2S;  i.  NH3 

s.  a. 

47 

d. 

tr.  450 
1171 
d.  250 

d.  a. 

48 
49 
50 

d. 
d. 

s.  HNO3;  i.  dil.  a, 
s.  HNO3;  i.  dil.  a. 
s.  SO2  soln.;  i.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Iron 

d-tartrate  (ous) .  . 

thiocyanate  (ous) 

(ic).. 


thiosulfate  (ous) . . 

metovanadate  (ic) 

Krypton 


Lanthanum 


acetate . . . 
bromate . . 
bromide. . 
carbide. . . 
carbonate. 


chloride. 


hexaantipyrine   perch\o- 
rate 

hydroxide 

iodate 

iodide 

molybdate 

nitrate 

oxalate 

oxide  (lanthana) 

sulfate 


Formula 


FeC4H406. . .  . 
Fe(SCN)2-3H2 
Fe(SCN)3  (or 
Fe2(SCN)6) 
FeS203-5H20. 

Fe(VOs)3 

Kr 


La 


La(C2H302)3-HH20 
La(Br03)3-9H20.  .. 

LaBr3-7H20 

LaC2 

La2(C03)r3H20... 

LaCla 

LaCl3-7H20 

[La(CnHi2N20)i;]- 
(C104)3 

La(OH)3 

La(I03)3 

Lal3 

La2(Mo04)3 

La(N03).r6H20.. 
La2(C204)3-9H20 ... 

La203 

La2(S04)3 

La2(S04)3-9H20... 


sulfide I  La2 

Lead Pb. 


acetate . 


basic. 


"  ,  tetra-. . . 
or£/ioantimonate . 
pt/roantimonate . 
or^oarsenate 


di-. 


pt/roarsenate. 
metaarsenate. 
metaarsenite . 

azide 

benzoate .... 
metabor&te . . . 

bromate 

bromide 


Pb(C2H302)2-3H20 
Pb(C2H302)2- 

10H2O 
Pb2OH(C2H302)3.  . 
Pb(C2H302)2- 

Pb(Ofl)2-H20 
Pb(C2H302)2- 

2Pb(OH)2 

Pb(C2H302)4 

Pb3(Sb04)2 

Pb2Sb207 

Pb3(As04)2 


PbHAs04. . . 
Pb(H2As04)2 
Pb2As207.... 


Mol. 
wt. 


Pb(As03>2 

Pb(As02)2 

Pb(N3)2 

Pb(C7H502)2-H20. 
Pb(B02)2-H20... 
Pb(Br03)2-H20.  . 
PbBr2 


203.91 
226.04 
230.07 
460.15) 
258.04 
352.69 
83.70 

138.92 

343.08 
684.81 
504.78 
162.94 
511.92 

245.29 

371.40 

1566.63 

189.94 
663.68 
519.68 
757.69 
433.04 
704.05 
325.84 
566.02 
728.17 

374.02 
207.21 


379.35 
505.46 

608.56 
584.54 

807.75 

443.39 
993.15 
769.94 
899.45 

347.13 

489.06 
676.24 
453.03 
421.03 
291.26 
467.45 
310.87 
481.06 
367.04 


Crystalline  form,  color  and  index 
of  refraction 


cr 

rhomb,  grn 

cub.  blk.-red.  deliq 

grn.  cr.  deliq 

grayish-br.  powd 

col.  inert  gas 

lead-gray  met 

hex.  pr 

col.  cr 

yel.  cryst 

trimet.  wh 

wh.  deliq.  cryst 

tricl.  wh.,  hyg 

col.  hex.  cr 

wh.  powd 

col 

'tctr^!  '.'.'.'.'.'.'.'.'..'..'..'..'. 

col.  deliq 

wh 

amor,  or  rhomb,  wh 

wh.  powd.,  hyg 

hex.  col 

red-yel.  cr 

cub.  silv.  bl.-wh.  soft  met. . 

monocl.  wh.,  /8  1.576 

rhomb,  cr 

wh 

monocl.  wh 

wh.  micr.  need 

monocl 

or.-yel.  powd.,  v.  pois 

dk.  yel.  powd 

wh.  cr.;  v.  pois 

monocl.  leaf,  a  1.90,  y  1.97 

tricl.,  1.74,  1.82 

rhomb., /3  2.03 

hex.  tabl 

wh.  powd 

col.  need 

wh.  cr.  powd 

cr.  wh.  powd 

monocl.  col 

rhomb,  wh 


456 


INORGANIC  COMPOUNDS  (Continued 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  j 

grains  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

0.877*6 
v.  s. 

s. 

y.  s. 
i. 
11.0°  cm« 

6.02J»  cm' 
d.  to  La 
(OH)3 
16.88* 
28.5" 
v.  s. 
d. 
i. 

V.  B. 
v.  s. 
1J50* 

i. 
1.7* 

si.  s. 
151.1* 
.0000825 
0.0004* 

3.0 
3.8° 

d. 
i. 

45.61" 

s. 

v.  s. 
V.  s. 

5.55 

d. 
i. 
i. 
v.  si.  s. 

i. 
d. 
i. 
d. 
i. 

0.02318 
0.1620 
i. 

1.38* 
0.4554°; 
0.84412° 

v.  s. 
d. 

4.6750cm3 
d. 

d'.' 
d. 

V.  s. 
V.  s. 

d. 

0.69100 

0.87lon 

d. 
i. 

200100 

18.2 

i. 

si.  s. 

d." 
d. 

0.09™ 

0.3149-5 

i. 
4.71100' 

2 
3 

d. 
d. 

s.  al.,  eth.,  acet. 
s.  al.,  eth. 

4 

v.  s.  al. 

5 

s.  a.;  i.  al 

6 

3.708°  g/!;lq. 
2.155  "I52-* 
6.15 

-157 
826 

-152.9 
1800 

7 

8 

s.  a. 

q 

37.5 

anh.  783  ±3 

-7H^O,  100 

i.  al. 

10 

5.057*5  anh. 
5.02 

3.842*5 

v.  s.  al.;  i.  eth. 

11 

s.  H2SO4;  i.  cone.  HNO.-J 

12 

13 
14 

872(860) 
d.  91 
290-5  d. 

d. 

s.  dil.  a.;  si.  s.  aq.  CO: 

i.  acet. 
v.  s.  al.,  pyr.;  i.  eth.,  bz. 

v.  s.  al. 

15 

10 

s.  a. 

17 

18 

5.0572& 

4.77" 

761+2 
1181 

40 
d. 

2315 
d.  1150 
d. 

2100-2150 
vac. 
327.43 

75,  anh.  280 
22 

19 

d.  126" 

20 

v.  s.  al.;  s.  acet. 

?1 

22 
23 

6.51 

3.6015 

2.821 

4.997®;  4.911  >* 

11.343716 

11.288=5  RaPb 

11.296016  UPb 

2.55 

1.69 

4200 

s.  a.,  NH4CI;  i.  am. 
si.  s.  al.;  i.  acet. 

24 

si.  s.  HCl,  al. 

28 

s.  a. 

26 

27 
28 

1613 

s.  HNO:{,  h.  cone.  H2SO4 

i.  al. 
i.  al. 

29 

si,  s.  al. 

30 

v.  s.  al. 

31 

s.  al. 

32 

33 

2.22817 

175 

'.'.'..'.'.'.'.'.'. 

d.  al.;  s.  chl.,  hot  ac.  a. 

34 

6.72 
7.30 

5.79 

4.4615 

6.85 

6.4215 

5.85 

v.  si.  s.  HCl 

35 

36 
37 

1042;  si.  d. 
1000 
d.>200 
d.  140 
802 

-H2O,  280 

s.  HNO3 

s.  HNO3,  caust.  alk. 
s.  HN03 

38 

s.  HCl,  HNO3;  i.  ac.  a. 

39 



s.  HNOs 

40 

s.  HNO3 

41 

exp.  350 
-H20,  100 

v.  s.  ac.  a.;  i.  NH4OH 

42 

43 

5.598  anh. 

5.53 

6.66 

-H2O,  160 

s.  a.;  i.  alk. 

44 

d.  180 
373 

45 

916 

s.  a.,  KBr;  si.  s.  NH3;  i.  aL 
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PHYSICAL  CONSTANTS  OF 


Name 


Lead 

caprate 

caproate 

caprylate 

carbonate  (cerussite) 

"         ,  basic  (white 
lead,  hydrocerussite) 

cerotate 

chlorate 

perchlorate 

chloride  (cotunnite) 

"       ,  tetra- 

sulfide 

chlorite 

chromate  (crocoite, 
chrome  yellow) 

chromate,  basic 

"        ,     "      (chrome 
red) 

bichromate 

citrate 

cyanate 

cyanide 

enanthate 

ferricyanide 

ferrite 

ferrocyanidc 

fluoride 

fluosilicate 

(i 

formate 

hydroxide 

iodate 

paraperiodate , 

iodide,  mono- 

11    ,di- 

isobutyrate 

laurate 

lignocerate 

melissate 

molybdate  (wulfenite) . . 

myristate 

2-naphthalenesulfonate . 
nitrate 

"     ,  basic 

oleate 

oxalate , 

oxide,  sub- 


Formula 


Pb(CioHi902)2 

PbCOHnOah 

Pb(CsHi50>)2 

PbC03 

2PbC03-Pb(OH)>. 

Pb(C2.)H5l02)2 

Pb(C103)2 

Pb(C103)2-H20.... 
Pb(C104)2-3H.O... 
PbCb 

PbCU 

PbCl2-3PbS 

Pb(C102)2 

PbCrC>4 

Pb2(OH)2Cr04 

PbCrCVPbO 

PbCroOr 

Pb3fCfiH5a)2-3H>0 

Pb(OCN)2 

Pb(CN)2 

Pb(C7Hl302)2 

Pb3[Fe(CN)r,]2- 
5H20(or6H20)    ( 
Pb(Fe02)2 

Pb2Fe(CN)6-xH20. 

PbF2 

PbSiFf,-2H20 

PbSiFc-4H20 

Pb(CH02)2 

Pb(OH)2 

Pb20(OH)2(or 
2PbOH20) 

Pb(I03)2 

PbHIOs 

PbHKVH20 

Pbl 

Pbl2 

Pb(C4H702)2 

Pb(Ci2H2302)2 

Pb(C24H4702)2 

Pb(C.3lH6l02)2 

PbMo04 

Pb(Ci4H2702)2 

Pb(CioH-S03)2 

Pb(N03)2 

Pb(OH)N03 

Pb(CisH3302)2 

PbC204 

Pb20 

458 


Mol. 
wt. 


549 . 72 
437.51 
493.61 

267.22 
775.67 

998.56 
374.12 
392.14 
460.17 
278.12 

349.04 
995.93 
342.12 
323.22 

564.45 
546.43 

423.23 

1053.88 

291.25 

259.25 

465.56 

1135.61 

1153.62 

382.89 


245.21 
385.30 
421.33 
297.25 
241.23 
464.44 

557.05 
415.14 
433.15 
334.13 
461.05 

381.40 
605.82 
942.45 

1138.82 

367.16 

661.93 
621.64 
331.23 

286.23 
770.10 

295.23 
430.42 


Crystalline  form,  color  and  index 
of  refraction 


wh.  leaf 

rhomb,  col.,  1.804,  2.076,  2.078 

wh.  hex.  or  amor,  powd.,  2.09,  1.94. 

wh.  need.  fr.  bz 

monocl.  wh 

monocl.  wh.,  deliq 

rhomb 

rhomb,  wh.,  2.199,  2.217,  2.260 

ycl.  oily  liq 

red 

monocl.  ycl 

monocl.  yel.,  2.31,  2.37  (Li),  2.66. . . . 

red,  amor,  or  cr 

red  cr.  powd 

red  cr 

wh.  cr.  powd 

wh.  need 

yelsh.-wh.  pois.  powd 

wh.  leaf 

blk.-brn.  to  red,  monocl.  pr 

hexag 

yelsh.-wh.  powd 

col 

monocl.  col 

monocl 

rhomb,  wh.  lust.,  1.789,  1.852,  1.877. 

wh.  amor 

cub.  or  wh.  amor,  powd 

wh 

cryst 

amor 

pa.  yel 

hex.  yel.  powd 

wh.  pr 

chalky  white  powd 

wh.  powd 

wh.  powd 

yel.-wh.  powd.  or  pi.,  oct 

wh.  powd 

wh.  cr.  powd.,  pois 

cub.  or  monocl.  col.,  1.782 

rhomb,  cr 

wh.  powd 

heavy,  wh.  powd 

amor,  blk 


INORGANIC 

COMPOUNDS  (C 

ontinued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  | 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

103-4 
73-4 

83.5-84.5 
d.  315 
d.  400 

112.5-3.5 
d. 

d.  110 
d.  100 
501 

-15 

exp.  126 
844 

920 

i. 

i. 

O.OOOII20 

i. 

i. 

v.  s. 
151.318 

499.725 
0.673°; 
0.992° 
d.  cv.  CI. 
i. 

0.09520 
.000005825 

i. 
i. 

d. 

s. 
i. 
sl.  s. 

si.  s. 

0.06420 
s. 

liw  " ' 

0.015520 
.014 

0.00122 
i. 
i. 

.01 

.0440; 
0.06320 
9.116 
0.00935 
i. 

i. 

i. 

0.00535 

37.65°; 
56.520 
19.419-2 
i. 

0.00016* 
i. 

i. 

i. 
d. 
i. 

17180 

3.341°° 

d. 
d. 

0.42'"° 
i. 

i. 

sl.  s. 

s. 

sl.  s. 

s.,  d.  100 

V.  s. 

201°° 
sl.  s. 
sl.  s. 

0.00325 

i. 
i. 

0.411°°  ' 

0.0065° 

l'27'ioo 

s. 
i. 

0.002902°  eth. 

? 

1.0925  eth. 

3 

s.  al.;  0.09382°  eth. 

4 
5 

6.6 
6.14 

s.  a.,  alk.;  i.  al.,  NH3 
sl.  s.  aq.  CO2 

i.  al.,  eth. 

6 

7 

3.89 
4.037 
2.6 
5.85 

3.180 

s.  al. 

8 

s.  al. 

q 

s.  al. 

10 
11 

12 

950 
exp.  105 

sl.  s.  dil.  HC1,  NH3;  i.  al 

s.  cone.  HC1 

d.  a.,  alk.;  i.  dil.  a. 

13 

s.  KOH 

14 
15 

6.3  (6.1215) 

d. 

s.  a.,  alk.;  i.  ac.  a.,  NH3 
1.019  100  ml.  2  N  KOH 

16 

s.  a.,  alk. 

17 

s.  a.,  alk. 

18 

1? 

d. 

20 

s.  KCN 

21 

79-80 
-H2O,  110- 

120,  d. 
1530; 

d.>725 
-H20,  100 
855 
d. 

<100,  d. 
d.  190 
d.  145 
d.  145 

d.  360 
d.  130 
-H2O,  110 
d.  300 

402  (393) 

<100 
104.7 
117 

115-16 

i.  al. 

22 

1.037°  (satd.- 
soln.) 

s.  HNO3,  alk. 

23 

24 

sl.  S.  H2SO4 

25 
26 

8.24 

1290 

s.  HNOs;  i.  acet.,  NH3 

27 

28 

4.63 

i.al. 

29 

s.  a.,  alk.;  i.  acet. 

30 

7.592 

s.  HNO3,  alk.,  ac.  a. 

31 

sl.  s.  HNOs;  i.  NH3 

32 

s.  dil.  HNO3 

33 

si.  s.  dil.  HNO3 

34 

35 
36 

6.16 

954  (900) 

s.  alk.,  KI;  i.  al. 

37 

0.00825  al.;  0.007i4.s  eth. 

38 

v.  s.  boil,  bz.;  sl.  s.  al.; 

39 

i.  eth. 
s.  boil,  tol.,  ac.  a.;  sl.  s.  h. 

40 

bz.,  chl.;  i.  al.,  eth. 
d.conc.H2S04;s.a..KOH; 

41 

107 

i.al. 
0.00425  al.;0.010i4-5  eth. 

42 

s.  al. 

43 

4.5320 
5.93 

5.28 
8.342 

d.  470 
180  d. 

d.  300 
d. 

8.7/22  43  %al.;s.NH3,  alk. 

44 

s.  a. 

45 
46 

6.4620  eth.;   s.   pet.   eth.; 
sl.  s.  al. 
s.  HNO3;  i.  a!. 

47 

s.  a.,  alk. 
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PHYSICAL  CONSTANTS  OF 


Name 


Lead 

oxide,  mono  (litharge) .  . 

"      (massicot) . 
"     ,  red  (minium) .  .  . . 

"    ,  sesqui- 

"     ,  di-  (plattnerite) .  . 

oxychloride  (matlockite) 
"  (laurionite) . 

(paralauri- 

onite) 
(mendipite) . 

(Cassel  yel- 
low) 

palmitate 

orZAophosphate 

ortAophosphate,  di- 


pyrophosphate 

metaphosphate 

ortAophosphite 

picrate 

selenide  (clausthalite) . . 
metasilicate  (alamosite) . 
sulfate  (anglesite) 

"      ,  basic  (lanarkite) 

peroxydisuUatc 

sulfate,  acid 

sulfide  (galena) 

sulfite 

stearate 

tartrate 

thiocyanate 

dithionate 

thiosulfate 

mdatitanate 

tungstate  (raspite) 

"        (stolzite) .... 

me/avanadate 

Lithium 

acetate 

acetylsalicylate 

amide 

ort  Aoarsenate 

benzoate 

metahorate 

tetraborate 

bromide 

carbide 

carbonate 


Formula 


bonate) 


acid   (bicar- 


PbO 

PbO 

Pb304 

Pb203 

Pb02 

PbCl2-PbO 

PbCh-PbOEfeO... 
PbCb-PbO-HoO... 

PbCl2-2PbO 

PbCl2-3PbO 

PbCl2-7PbO 

Pb(Cl6H3l02)2 

Pb3(P04)2 

PbHPO^ 

Pb(H2P04)2 

Pb2P207 

Pb2P207-H20 

Pb(P03)2 

PbHP03 

Pb(CGH2N3a)2-H20 

PbSe 

PbSi03 

PbS04 

PbS04.PbO 

PbS20s-3H20 

Pb(HS04)2-H>0.  .. 

PbS 

PbSOs 

Pb(ClsH3502)2 

PbC4H406 

Pb(SCN)2 

PbS2(V4H20 

PbS203 

PbTi03 

PbW04 

PbW04 

Pb(V03)2 

Li 

LiC2H302-2H20. . . . 

LiC9H704 

LiNh2 

Li3As04 

LiC7H502 

LiB02  

LiBCVgHoO.  ! 

Li2B407-5H20. . . . 

LiBr 

Li2C2 

Li2C03 

LiHCOa 


4t)U 


Mol. 
wt. 


223.21 

223.21 
685.63 
462.42 
239.21 

501.33 
519.35 
519.35 

724.54 

947.75 

1840.59 

718.03 
811.67 
303.24 

401.28 


588.46 
606.48 
365.25 
287.24 
681.43 
286.17 
283.27 
303.27 

526.48 
453.38 
419.36 
239.27 
287.27 
774.14 
355.28 


323 

439 

319 

303 

455 

455 

405 

6 

102 

186 

22 

159 

128 

49 

193 

259 

86 

37 

73 


67.96 


Crystalline  form,  color  and  index 
of  refraction 


tetr.  yel.,  2.665  (Li),  2.535  (Li) 


rhomb,  yel.,  2.51,  2.61  (Li),  2.71 

cr.  sc.  or  red  amor,  powd 

amor,  or  .-yel.  powd 

tetr.  br.,  co  2.3  (Li) 


tetr.  wh.,  2.04,  2.15,  2.15 

rhomb 

monocl.,  pr.,  col.  to  wh.,  2.146. 


rhomb,  yel.,  2.24,  2.27,  2.31. 
yel 


yel.  cr.,  or  powd 


chalky  wh.  powd 

hex.  col.  or  wh.  powd.,  1.970,  1.936. 
rhomb,  monocl.  (?) 


need. 


rhomb,  wh 

rhomb 

ool.  cr 

wh.  powd 

yel.  need 

cub 

monocl.  col.  or  wh 

monocl.  or  rhomb,  wh.,  1.877,  1.882, 
1.894 

monocl.  wh.,  1.93, 1.99,  2.02 

deliq 

cryst 

cub.  bl.  metallic,  3.912 

wh.  powd 

wh.  powd 

wh.  cr.  powd 


monocl.  wh 

trig.,  1.635,  1.653 

wh.  cr 

yel.  rhomb,  pyr 

monocl.  col.,  2.27,  2.27,  2.30. . . . 

tetr.,  2.269,  2.182 

yel.  powd 

cub.  silv.  wh.  soft  met.,  fxe  3.10 

rhomb,  wh.,  a.  1.40,  /S  1.50 

si.  hyg.  powd.;  d.  in  moist  air. . 

cub.  col 

wh.  powd.  rhomb 

wh.  cr.  or  powd 

wh.  powd.,  tricl 

trig  


cub.  wh.,  deliq 

cr.  or  wh.  powd 

monocl.  col.,  1.428,  1.567,  1.572. 


wh. 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

9.53 

8.0 
9.1 

888 

0.0017-'° 

0.0023" 

i. 
i. 
i. 

0.00951* 

i. 

0.00561* 

i. 

0.005*5 
0.000014-'° 

i. 

i. 

v.  si.  s. 

i. 

0.8815 

i. 

i. 

0.00425*5 

0.0044° 
v.  s. 

O.OOOlisd. 
.000086     • 

0.00535 
0.00252° 

0.0520 

115.020-5 

0.03 

0.03 

si.  s. 

d  to  Li 
30015 
100 
d. 
v.  si.  s. 

3325 

si.  s. 

V.  s. 
142.7° 
d. 

1.54°; 
1.332° 
5.513 

i. 
i. 
d. 
i. 

i. 
0.0771 

0.0075° 
1. 

i. 
d. 

i. 

0.00564° 
v.  si.  s. 

i. 

0.0065° 

0.00741°° 

d. 

i. 

OH  +  H2 
v.  s. 

d.' 

40'ioo  ' 

243.682  ' 

d. 

0.72i°° 

s.  HNO3,  alk.,  lead  acet., 

fl 

NH4CI,  CaCl>,  SrCl2 
s.  alk. 

3 

d.  500 
d.370 
d.  290 

d.  524 
d.  142 
d.  150 

693 

s.  ac.  a.,  h.  HC1;  i.  al. 

4 

d.  a.  to  Pb  salts  +  PbO> 

5 

9.375 

7.21 
6.24 
6.05*5 

7.08 

s.  dil.  HC1;  si.  s.  ac.  a  • 

6 

i.  al. 
s.  alk. 

7 

8 

9 

s.  alk. 

10 

11 

12 

5.66116 

112.3 
1014 
d. 

s.  al.,  0.1482°  eth. 

13 

s.  HNO3,  alk.;  i.  ac.  a. 

14 

s.   HNO3,   KOH,   NaOH, 

15 

NH4Cl 
s.  KOH,  NaOH,  dil.  HNO3, 

16 

5.8 

824 

806  anh. 

800  (?) 

d. 

-H2O,  130 

1065 

766 

d.  1000 

977 

d. 
1114 

h.    cone.    HC1;    i.    50% 
acet.  a. 
s.  HNO3,  KOH 

17 

s.  HNO3,  KOH,  Na4P>07 

18 

19 

S.  HNO3 

20 

2.8312° 
8.1015 
6.49 
6.2 

6.92 

expl. 

21 

s.  HNO3 

22 

d.  a. 

23 

s.  NH4  salts;  si.  s    cone. 

24 

H2SO4;  i.  al. 
si.  s.  H2S04 

SIS 

26 

si.  S.  H2SO4 

27 

7.5 

s.  a.,  i.  KOH,  al. 

28 

s.  HNO3 

29 

115.7 

0.005i4-5eth.;i.  al. 

30 
31 

2.5319 

3.82 
3.22 
5.18 
7.52 

s.  HNOs,  KOH;  i.  al.,  ac. 
a.,  amm.  acetate 
s.  KCNS,  HNO3 

3? 

d. 
d. 

33 

s.  a.,  Na2S203 

34 

35 

1123 

d.  a.;  i.  al. 

8fl 

8.23 

s.  KOH;  i.  HNO3 

37 

d  HC1,  s.  dil.  HNO3 

38 
39 

0.534 

186 
70 

1609  +  5 
d. 

d.  al.;  s.  a. 
21.5  al. 

40 

25  al. 

41 

1.178 
3.0715 

373-375 

430 
1265 

42 
43 

s.  dil.  ac;  i.  pyr. 
7.725,  1078  ai. 

44 

840-5 
47 

-2H2O,  200 
547 

45 

1.38"-7 

40 

i.  al. 

47 

48 

3.46425 

1.65!8 
2.11117-5 

s.  al.,  eth. 
s.  a. 

49 
50 

618 

d. 

s.  a.;  i.  acet.3  NH3,  al. 

461 


PHYSICAL  CONSTANTS  OF 


Name 


Lithium 

chlorate 

perchlorate 

(< 

chloride 

chloroplatinatc 

chromate 

dtchromate 

citrate 

fluoride 

fluosilicate 

formate 

metagermanate 

hydride 

hydroxide 

iodate 

iodide 

laurate 

permanganate 

molybdate 

myristate 

nitrate 

nitride 

nitrite 

oxalate 

"      ,  acid 

oxide 

palmitate 

orf  Aophosphate 

potassium  rfZ-tartrate .  .  . 

salicylate 

selenide 

orthosWicate 

meiasilicate 

silicide 

sodium  aluminum  fluo- 
ride (cryolithionite) 
stearate 

sulfate 


Formula 


LiC103 

LiC103-£H20  (or 
J  H20) 

LiC104 

LiC104-3H.O;.  ... 

LiCl 

LiCl-H-iO 

Li2PtClG-6H20. . . 
Li2Cr(V2H20... 
Li2Cr2(V2H20... 
Li3C6H507-4H20. 

LiF 

Li2SiF,r2H20 

LiCH02H20 

Li2Ge03 

LiH 

LiOH 

LiOHH20... 

LilOs 

Lil 

LiI-3H20 

LiCi2H2302 

LiMn04-3H20.  . . 

Li2Mo04 

LiCi4H2702 

LiN03 

LiN03-3H20 

Li3N 

LiN02H20 

Li2C204 

LiHC204-H20... 

L12O 

LiCi6H3i02 

LiaP04 

2Li3P04-H20 

LiKC4H406-H20.. 

LiC;H503 

Li2Se-9H20 

Li4Si04 

Li2Si03 

Lir,Si2 

3LiF-3NaF-2AlF3. 

LiCisH3502 

Li2S04 

Li2S(VH20 

LiHS04 

462 


Mol. 
wt. 


90.40 

99.41 

(96.40) 

106.40 

160.45 

42.40 

60.41 
529.95 
165.92 
265.93 
281.99 

25.94 
191.97 

69.97 

134.48 

7.95 

23.95 

41.96 

181.86 
133.86 
187.91 

206.25 

179.92 
173.83 
234.30 

68.95 
123.00 


34.83 

70.96 
101.90 
113.98 

29.88 
262.35 

115.84 
249 . 70 
212.12 
144.05 
254.99 
119.82 
89.94 

97.76 
371.75 

290.40 

109.94 

127.96 
104.01 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  need 

tetr.,  deliq 

col.  deliq 

hex.  col 

cub.  wh.,  deliq 

hex.  or  red,  deliq 

rhomb,  or.-yel.,  deliq 

blk.-br.,  deliq 

col.  cr.  or  wh.  powd.,  deliq 

cub.  col 

monocl.  wh.,  1.300,  1.296 

rhomb,  col 

monocl.,  1.7 

col 

wh.  cr.  or  powd.  tetr 

monocl.  col 

hex.  wh 

cub.  wh.,  deliq 

hex.  col.-yelsh 

wh.  powd 

cub 

trig 

trig.  col.  deliq.,  1.735,  1.435 

col 

red.-brn.  amor,  or  blk.  to  gray  cub. 

cr 

flat  need 

col.  cr 



cub.  wh.  cr 

wh.  powd 

rhomb,  col 

wh.  cr.  powd 

monocl.,  0  1.523  (red) 

wh.  powd.,  deliq 

rhomb.,  col.  deliq 

rhomb.  colM  a  1.594,  7  1.614 

rhomb,    col.,    lq.    1.54825,    a    1.584, 
T  1.604 

bl.  cr.,  hyg 

cub.  cr.  1.3395 

wh.  cr 

col.  a.  monocl.,  /S  hex.  or  rhomb.  — > 
7  cub.  500°  C;  0  1.465 

monocl.  col.,  1.460,  1.477,  1.488 

pr 


INORGANIC  COMPOUNDS  (Continued) 


No. 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

124-9 
(50)  65 

236 
95 

613 

-H2O,  >98 

d.  270 
-JH2O,  90; 
d.  290 
d.  380 

-2Hl>0,  100; 
-3H20,  150 
1353 

313.5'^ 

313.5'* 

59.725 
s. 

45.4« 

s. 

14118 

151* 

74.0-"- 

0.27'- 

52.6'7 

24.42° 

0.8525 

d.  to  LiO 

12.7° 

22.3io 

125'5 

s. 

151° 

0.154'«  <; 
0.18725 

0.027'6-3; 
0.036-'5 
52.2 
34.8°i 

125° 

819.5 

8i7 

6.67°  d. 
O.Oli8 

0.039 >s 

0.04 

s. 

133.3 

d. 

i. 

i. 

d. 
0.07418 

O.OlOis 

26.1° 

34.620 
d. 

v.  s. 

00 

s. 
127.5I,,° 

s. 
12830 

66.7'00 

57.64"* 

H  *+  hV 

17..V00 
26.880 

s. 
201.260 

0.06250 

66.170-9 

57.48M.6 

45950 

10.02100' 
0.0 1535 

d."  ' 

s.d. 

d. 

23100 
29. 5100 

2 

v.  s.  al. 

3 
4 

5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

21 

22 
23 
24 

25 
26 

27 

28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 

40 
41 

42 

43 

44 
45 

2.429 
1.841 

2.06825 
1.78 

s.  al. 
v.  s.  al. 

3.8020  al.,  43.820  meth.  al.; 
3.942i>  acet.;  s.  eth. 

-6H26,  ISO 
-2H20,  150 
d. 

s.  al.;  i.  eth. 

-2H*0,  130 

d. 

870 

-2HA  100 

d. 

1239 

680 

450 

si.  s.  al.,  eth. 

2.601 

2.3312 

1.46 

3.5321 

0.82 

1.43 

1676 

d. 

s.  a.,  HF;  i.  al.,  acet. 
s.  al.;  i.  eth.,  acet. 
s.  form.  a. 

s.  a. 

d. 

si.  s.  al. 
si.  s.  al. 

4.06125 
3.48 

446 

73;-H-0, 
73 

229.2-. s 

d.  190 

705 

223.6-4.2 

255 

29.88; 

-2iH20, 

29.9 
840-5 

<100 

d. 

d. 

>1700 

224.5 

837 

1190 

-2H2O,  80; 
-3H20,  300 

25125  al.;  v.  s.  NH3 
s.  abs.  al.,  acet. 

0.32225  ai..  o.008'5-8  eth.; 

2.06 

0.24015  acet. 

0.010'58  eth;  0.33115  acet; 

2.38 

0.15520  al. 
s.  al.,  acet. 

-3H20, 

61.1 

1.615° 

2.12117-5 

d. 

v.  s.  abs.  al. 

2.01325.2 

0.34715   acet.,   0.07720  al#t 

2.53717.5 

2.41 

1.610 

0.00515-8  eth. 
s.  a.,  NH4OH;  i.  acet. 

s.  a. 

d. 

50  al. 

2.28 
2.5225 

ca  1.12 

2.774-8 

1256 
1201 

d. 
710 

220.5-1.5 

860 

-H2O,  130 
120 

s.  dil.  HCl 

d.  a.;  i.  NH3,  turp. 

0.01025    al.,    0.04018    eth., 

2.221 

2.06 
2.12313 

0.45715  acet. 
i.  abs.  al.,  acet. 

i.  abs.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Lithium 

sulfide 

"      ,  hydro- 

sulfite 

tartrate 

thallium  ^-tartrate 

thiocyanate 

tungstate 

urate,  acid 

me*  avanadate 

Lutecium  (cassiopeium) 
Magnesium 

acetate 

aluminate  (spinel) 

antimonide 

orMoarsenate  (hoer- 
nesite) 

,     mono-H 
(roesslerite) 

or/Aoarsenite 

benzoate 

or^oborate 

pyroborate  (ascharite) .  . 
me/aborate  (pinnoite) .  .  . 

bromate 

bromide 

bromoplatinate 

carbonate  (magnesite) .  . 
"        (nesque- 
honite) 
"        (lansfordite) . . 
,  basic    (arti- 
nite) 
"    (hydro- 
magnesite) 

chlorate 

perchlorate 

chloride 

"        (bischofite) 

chloropalladate 

chloroplatinate 

chlorostannate 

chromate 

citrate 

ferrite  (magnesioferrite) 

ferrocyanide 

fluoride  (sellaite) 


Formula 


Li2S 

LiHS 

Li2S03H20. 


Li2C4H406H20. 
LiTlC4H4Oo-2H20. 

LiSCN 

Li2W04 

LiHC5H2N403.... 

LiV03-2H20 

Lu 

Mg 


Mg(C2H302)2- 
4H20 
MgAl204 


Mg3Sb2 

Mg3(As04)2-8H»0.. 

Mg3(As04)2-22H>0 
MgHAs04-7H20  .. 

Mg3(As03)2 

Mg(C7H502)2-3H20 


Mg3(B03)2. . . . 
Mg2B2(VH20. 
MgB204-3H20. 
MgB204-8H>0 


Mg(Br03)2-6H20 . 
MgBr2 


MgBr2-6H>0  ... 
MgPtBr6-12H>0 

MgCOs 

MgC03-3H20. . . 


MgC03-5H20 

MgC03-Mg(OH)2- 

3H20 
3MgC03-Mg(OH): 

3H20 
Mg(C103)2-6H20.. 

Mg(C104)2 

Mg(C104)2-6H20.. 

MgCl2 

MgCl2-6H20 

MgPdCl6-6H20. . . 
MgPtCl6-6H20 .  .  . 
MgSnCl6-6H20... 
MgCr04-7H20.... 
Mg3(C6H507)2- 

14H20 
MgFe204 


Mg2Fe(CN)6-12H20 
MgF2 


Mol. 
wt. 


45.94 

40.01 

111.96 

179.97 
395.43 

65.02 
261.80 
174.05 
141.92 
175.00 

24.32 

214.47 

142.26 

316.48 
494.91 

747.14 
290.35 

318.78 
320.59 

190.60 
168.30 
164.01 
254.09 

388.25 
184.15 

292.25 

915.24 

84.33 

138.38 

174.41 
196.71 

365.37 

299.33 
223.23 
331.33 
95.23 
203.33 
451.86 
540.39 
463 . 86 
266.44 
703.39 

200.00 

476.78 
62.32 


Crystalline  form,  color  and  index 
of  refraction 


cub.  wh.-yel 

wh.  powd.  hyg 

need 

wh.  cr.  powd 

tricl 

deliq.,  wh.  cr 

trig,  col 

wh.  powd 

yelsh.  powd 

hex.  silv.  wh.  met 

monocl.  col.,  /3  1.491 

cub.  col.,  1.723 

metallic 

monocl.  wh 

monocl 

wh.  powd 

rhomb,  col 

orthorhomb 

yel.  tetr.  pyram.  1.565,  1J575 

tetr.,  1.565,  1.575 

cub.  col.,  1.514 

lg.  lust.  wh.  cr.,  deliq 

hex.  col.  pr.  &  need.,  fluo.  in  X-Rays. 

trig 

trig,  wh.,  1.717,  1.515 

rhomb,  col.  need.,  1.495,  1.501,  1.526 

monocl.  1.456,  1.468,  1.507 

rhomb.,  1.489,  1.534,  1.557 

rhomb,  wh.,  1.527,  1.530,  1.540 

wh.  cr.  or  powd.  deliq 

wh.  lust.  hex.  cr.,  1.675,  1.59 

monocl.  col.  deliq.,  1.495,  1.507,  1.52S 

hex 

trig 

tri 

rhomb,  yel.,  1.521,  1.550,  1.568 

wh.  gran,  powd 

oct.  blk.,  2.35 

pa.  yel.  cr 

tetr.  col.  faint  vlt.  lumin.,  1.378, 1.390 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

1.66 

v.  s. 
s. 

s. 

s. 

V.  s. 
V.  s. 

.27-"' 
s. 

i. 

36.2°; 
61.1'- 

i. 

i. 
d. 

s. 
ti.ll)1"> 

s. 

i. 

42i8 
47.9°; 
49.1» 
316° 

0.0106 
0.12925 

0.04 

56.51^ 
49.90** 

35.320 

167 

si.  s. 

33 

.007618 

V.  S. 

s. 
s. 

V.  s. 

2.5100 

sl.s.  d.  to 
Mg(OH)2 
66.468 

i. 

v.  s. 
19.6ltK( 

s. 

i.  (v.  si. 
s.) 
V.  s. 
53.28(>; 
54.6i°° 
v.  s. 

d.' 

0.011 

73 .793 
v.  s. 

42.2i°° 
367 

v.  s. 
i. 

v.  s.  al. 

? 

s.  al. 

3 

455  si.  d. 

-H2O, 
180-200 

i.  al. 

4 

5 

3.144 

r> 

s.  methyl  acetate 

742 

d.  a.;  i.  al. 

8 

si.  s.  al. 

9 

10 

11 
1? 

1.74s 
1.454 
3.6 

651 
d. 

2135 
961 

1100-1120 

s.   min.   a.   except   OO3, 
conc.HF.  NH4 salts ;i.alk. 
v.  s.  al. 

13 
14 

v.  si.  s.  dil.  HC1;  i.  dil. 
HNO.{ 

15 

2.60-.61 

1.788 
3.15515 

16 

s.  a.,  NHUCl 

17 

-5H20,  100 

18 

s.  a.,  NH.C1;  i.  NH4OH 

19 

d.  200  (?); 
-3H20,  110 

s.  al. 

20 
21 

2.9921 
2.60-.70 
2.27-.30 
2.30 

2.29 
3.72 

2.00? 
2.802 
3.037 
1.850 

1.69-.73 
2.0220 

2.16 

1.8025 

2.6025 

1.97025 

2.316 

1.56 

2.12 

2.437 

2.08 

1.695 

s.  min.  a.;  i.  ac.  a. 

n 

23 

24 

25 

-6H2O,  200 
700  (695) 

165  d. 

d. 

s.  a. 

i.  al. 

6.9°  al.;  21. 820  meth.  al. 

26 

s.  al.,  acet.;  si.  s.  NH3 

27 

28 
29 

d.  350 
165 

-CO2,  900 

s.  a.,  aq.  CO2;  i.  acet.,  NHs 
s.  a.;  1.4  aq.  CO2 

30 

31 

32 

d. 

35 

251  d. 

147 

708 

d.  116-8 

d. 

d. 

d.  100 

s.  a.,  NH4  salts 

33 

34 

d.  120 

s.  al. 

35 

36 
37 

38 

1412 
d. 

50  al. 
50  al. 

39 

40 

41 

42 

s.  a. 

43 

4.44-60 

1750  ±  25 

d.  ca.  200 
1396 

s.  cone.  HC1;  i.  h.  HN03 

44 

al.,  dil.  a. 

45 

2.9-3.2 

2239 

s.  HNO3;  si.  s.  a.;  i.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Magnesium 

fluosilicate 

formate 

ori/wgermanate 

hydroxide  (brucite) 

iodate 

iodide 

lactate 

laurate 

permanganate 

myristate 

nitrate 

nitride 

oleate 

oxalate 

oxide  (periclase) 

"     ,  per- 

palmitate 

ort  Ziophosphate 

"  (bobier- 

rite) 

,  mono-H 

(newberyite) 

,  mono-H 

pyrophosphate 

At/pophosphite 

orf /wphosphite 

salicylate 

selenate 

silicate  (clinoenstatite) . . 

(di-)  silicide 

(penta-)  silicide,  tri- 
stearate 

sulfate 

"       (kieserite) 

"       (Epsom  salt,  ep- 
somite) 

sulfide 

sulfite 

d-tartrate 

"     ,  acid 

thiosulfate 

thiotellurite . 

tungstate..... . . 

Manganese 

acetate  (ous) 

arsenide,  mono- 


Formula 


MgSiFe 

MgSiF6-6H20 

Mg(CH02)2-2H20. 

Mg>Ge04 

Mg(OH)2 

Mg(I03)2-4H20... 
Mgl2 


MgI2-8H20 

Mg(C3H503)2- 

3H20 
Mg(Ci2H2302)2- 

2H20 

Mg(Mn04)2-6H20. 
Mg(Ci4H2702)2.... 


Mg(N03)2-2H20. 
Mg<N03)2-6H20. 

Mg3N2 

Mg(ClsH3302)2.. 


MgC204-2H20. 
MgO 


Mg02 

Mg(CicH3i02)2... 
Mg3(P04)2-4H20. 
Mg3(P04)2-8H20. 

MgHP04-3H20. . . 

MgHP04-7H20... 
Mg2P20r 


Mg2P207-3H20 

Mg(H2P02)2-6H20. 
MgHP03-3H20. . . . 
Mg(C-H503)2-4H20 

MgSe04-6H20 

MgSi03 

Mg2Si 

MgsSi3 

Mg(Ci8H3502)2 


MgS04 


MgS04-H20.. 
MgS04-7H20. 


MgS 

MgS03-6H20 

MgC4H4(V5H20 .  . 
Mg(HC4H406)2- 
4H20 
MgS203-6H20,.... 

Mg3TeS5 

MgW04 

Mn 

Mn(C2H302)2-4H20 
MnAs 


Mol. 
wt. 


166.38 
274.48 
150.39 
185.24 
58.34 
446.22 
278.16 

422.29 
256.51 

458.97 

370.28 
479.04 

184.37 
256.43 
100.98 
587.21 


148.37 
40.32 

56.32 
535.14 
335.06 
407.13 

174.40 

246.46 
222.68 

276.73 
262.49 
158.40 
370.61 
275.38 
100.38 
76.70 
205.78 
591.25 

120.38 

138.40 
246.49 

56.38 
212.48 
262.47 
394.55 

244.54 
360.87 
272.24 
54.93 
245.08 
129.84 


Crystalline  form,  color  and  index 
of  refraction 


wh.  cr.  or  powd 

trig,  wh 

rhomb,  col 

wh.  ppt 

trig,  col.,  1.559,  1.580 

monocl 

wh.  cr.,  deliq 

wh.  deliq.  powd 

wh.  cr.  powd.;  v.  bitter  taste 

wh.  lumps 

dk.  purp.  need,  deliq 

wh.  powd 

Pr 

monocl.  col.  deliq 

grn.  yel.  cr 

yellow  powd.  or  mass 

wh.  powd 

cub.  col.,  1.736 

wh.  powd 

cr.  need,  or  wh.  lumps 

monocl 

monocl.  pi.,  1.510,  1.520,  1.543 

rhomb,  wh.,  1.514,  1.518,  1.533 

hex 

tabular  monocl.   col.,   1.602,   1.604, 
1.615 

wh.  amor 

wh.  cr 

col.  or  si.  redsh.  effl.  «r.  powd 

monocl.  col.,  1.486,  1.489,  1.491. . . . 

monocl 

oct 

wh.  powd.  or  lumps 

col.  cr 

monocl.  col.  pr.,  1.523,  1.535,  1.586. . 
rhomb,  (monocl.)  col.,  1.433,  1.455, 
1.461 

cub.  pa.  red-redsh.-br.,  phos 

wh.  cr.  powd 

monocl 

rhomb 

■  ■ 

col.  pr 

cr.  mass  pale  yel 

col.  monocl 

cub.  or  tetr.  gray-pink  met 

monocl.  pa.  red 

blk.  hex 
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IN 

ORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

65 

7.7  ' 
0.0016* 

0.000918 

10.220 

100°; 

14818 
8120 

3.3 

0.007-'5 

v.  s. 
0.00615 

0.004  i«>" 
19.3  wo 
164.9110 

90. 380 
I6.7100 

0.04110° 

d. 
0.014*° 

57.8 1*>  ' 
d. 

0.08 10° 

0.008630 
si.  d. 
i. 
0.00950 

0.2 
i. 

si.  s. 

v.  s. 

d." 

d. 

0.00850 

73.8100 

68.4100 

9140 

d. 

0.83 
I.4490 

V.  s. 
s. 

d."  ■-'■ 

i. 

2 

1.788 

3 
4 



i.  al.,  eth. 
s.  a.;  i.  alk. 

5 

2.38-.39 

3.313-5 

4.244 

-H20,  350 
-4H20,  210 
>700d. 

d.  41 

s.  a.,  NH4  salts 

6 

d. 

7 

s.  al.,  eth.,  NH3,  methyl]. 
s.  al.,  eth. 

8 

q 

i.  al.,  eth. 

10 

150.4 

d. 
131.6 

129.0-.5 

95 

d.  1500 

0.41515al.,  0.01225  eth. 

11 

2.18  ? 

s.  ac.  a  ,  meth.  al. 

IB 

0.18925     al.,     0.126"    ak 

13 

2.0256*5 
1.464 

0.00725  eth. 

14 
15 

-5H2O,  330 

42.3318 

i. 

0.024* 

0.07»« 
0.00062 

i. 

0.00825 

0.0205 

si.  s. 

0.3 

i. 

i. 

20 

0.25 

s. 
v.  s. 

i. 
i. 

0.00315; 
0.0042J> 
26° 

7120  "  " 

d. 

1.25 

0.818 

v.  s. 

s. 

i. 

d. 

s. 

i. 

s.  al.,liq.  NH3 
s.  a.;  d.  al. 

16 

6.6420  al.;   s.   linseed    oil 

17 

2.45  (2^H,o) 
3  65-75 

d. 

2500-800 

si.  s.,  eth. 
s.  a.,  alk.  oxal. 

18 

s.  a.,  NH4  salts;  i.  al. 

19 

s.  a. 

20 

121.5 

0.00325  eth.;  0.04725  al. 

21 

1.6415 
2.41 

2.10 

s.  a.;  i.  NH4  salts,  NH3 

22 

s.  NH4  citrate 

23 

s.  a. 

24 

-4H20,  100 
1383 

d.  150 

s.  a.;  i.  al. 

25 

2.559 
2.56 

s.  a.;  i.  al. 

2ft 

s.  a.;  i.  al. 

27 

i.  al.,  eth. 

28 

s.  a. 

29 

s.  al. 

30 

1.928 

3.28 

31 

1557  d. 

1102 

1102 

88.5 

1124  d. 

32 

s.  a.,  NM4CI,  HC1 

33 

s.  a.,  NH4CI 

34 

0.02025  al.,  0.00325  eth. 

35 

2.66 

2.517  (2.57) 
1  636  (1.68) 

2.79-85 
1.725 
1.67 
1.72 

1.81824 

s.    al.,    glyc,    1.1618   eth. 

36 

i.  acet. 

37 

38 

-6H2O,  150 

d. 

-6H2O,  200 

d. 

-3H20, 170 

-7H2O,  200 

s.  al.,  glyc. 
s.  a.,  PCI3 

39 
40 
41 

d. 
d. 

i.  al,  NH3 
i.  al.,  NH3 

42 
43 

d. 

s.  al. 
s  al. 

44 

5.66 

7.20 

1.589 

6.17-.20  (5.55) 

d.  a.;  i.  al. 

45 

46 

1260 

1900 

s.  dil.  a. 
s.  al. 

47 

d.  400 

s.  HC1,  aq.  reg. 
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PHYSICAL  CONSTANTS  OF 


Name 


Manganese 

(di-)  arsenide 

(tri-)  arsenide,  di- 

ort/ioarsenite,  acid  (ous) . 

benzoate  (ous) 

boride,  mono- 

"     ,  di-. 

bromide,  di- 


carbide 

carbonate  (ous)  (rhodo- 
chrosite) 
chloride,  di-  (scacchite) . 


"     ,  tri- 

11     ,  tetra- 

chromite  (ous) 

citrate  (ous) 

ferrocyanide  (ous) 

fluoride,  di- 

"     ,  tri- 

fluosilicate  (ous) 

formate  (ous) 

glycerophosphate  (ous) . 
hydroxide   (ous)    (pyro- 
chroite) 
(ic) 


(mangan- 
ite) 


iodide,  di- 


lactate  (ous) . 
nitrate  (ous) . 
oxalate  (ous) . 


oxide,  mon-  (ous)  (man- 
ganosite) 
"        (ous,   ic),   (haus- 
mannite) 

"     ,  sesqui-  (ic) 

11     ,di- 

"     ,  tri- 

"     ,  hept- 

orJ/iophosphate  (ous) 

(reddingite) 

(ous) 

,  mono-H 
(ous) 
,  di-H  (ous) 
or^Aophosphate  (ic) 


pyrophosphate  (ous) . 


mefophosphate  (ic) 
phosphide,  mono-. . 


Formula 


Mn2As 

Mn3As2 

Mn3He(As03)4-2H20 
Mn(C7H502)2-3H20 

MnB 

MnB2 

MnBr-2 

MnBr2-4H20. . .  . 


Mn3C 
MnCO.3. 


MnCfe 

MnCl2-4H20. 


MnCls 

MnCU 

Mn(Cr02)> 

Mn3(C6H5a)2 

Mn2Fe(CN)6-7H20 

MnF> 

MnF3 

MnSiF6-6H20 

Mn(CH02)2-2HoO. 

MnCaHrOeP 

Mn(OH): 


MnO(OH)  (or 
Mn203-H20) 

MnO(OH)  (or 
Mn203-H20) 

MnO(OH)2.... 

Mnlj 


MnlY4H20 

Mn(C3Hs03)2-3H20 
Mn(N03)2-6H20... 

M11C2O4 

MnC204-2H20 

MnC20r3H20 

MnO 


Mn304 


M112O3 

Mn02 

MnOs 

M112O7 

Mn3(P04)>-3H20 .  . 

Mn3(P04)2-7H20 .  . 
MnHP04-3H20.... 

Mn(H2P04)2-2H20. 
MnP04-H20 


M112P2O7 

Mn2P2a-3H20.. 

Mn2(P03)6-2H20. 
MnP 


Mol. 
wt. 


184.77 
314.61 
698.51 
351.20 
65.75 
76.57 
214.76 
286.83 

176.80 
114.94 

125.84 
197.91 

161.30 
196.76 
222.95 
542.99 
447.92 

92.93 
111.93 
305.09 
181.00 
225.04 

88.95 

87.94 

175.88) 

87.94 

175.88) 

104.95 

308.77 

380.83 
287.12 
287.04 
142.95 
178.98 
197.00 
70.93 

228.79 

157.86 

86.93 

102.93 

221.86 

408.88 

480.94 
205.01 

285.03 
167.97 

283.90 
337.95 

620.01 
85.95 


Crystalline  form,  color  and  index 
of  refraction 


(exist,  quest.) 

magnetic  (exist,  quest.) 

rose-red 

flat  pr 

cr.  powd 

gray-vlt.  cr 

rose-red 

a   stable,   monocl.    rose-red,    deliq, 

/3-  or  labile,  col.,  rhomb. 

tetrah 

rhbdr.  or  trig,  rose  pink  or  amor.  It. 

br.  powd.,  1.817,  1.597 

cub.  pink,  deliq 

monocl.  rose,  deliq 

grnsh.  blk.  solid  or  brn.  cr 

rdsh.-brn.  sld.  (exist,  quest.) 

oct.  gray 

wh.-redsh.  powd 

grnsh-wh.  powd 

red  tetrag.  or  redsh.  powd 

red  cr 

hex.  pr.,  rose  red,  1.357,  1.374 

rhomb 

wh.  or  si.  redsh.  odorl.  powd 

trig,  wh.-pink,  1.723,  1.681 

br 

rhomb,  br.-blk.,  2.24,  2.24  (Li)  2.53. 

blk.-br.  amor,  (exist,  quest.) 

yelsh.-br.  or  pink,  deliq.,  cr.  mass  or 
wh.  powd. 

monocl.  rose-red,  deliq 

monocl.  pa.  red 

monocl.  rose-wh.  or  col 

redsh.-wh.  cr.  powd.,  oct 

prismatic,  pink 

cub.  grn.,  2.16 

tetr.  (rhomb.)    blk.,  2.46  (Li),  2.15 

(Li) 

cub.  (tetr.)  blk 

rhomb,  blk.  or  br.-blk.  powd 

redsh.,  deliq 

dk.  red  oil 

rhomb.,  also  gran.  pa.  rose-pink  or 

ylsh.  wh.,  1.651,  1.656,  1.683 

wh.-redsh.  amor,  powd 

rhomb,  red  or  pink  powd 

pr 

grnsh.-gray  cr.  powd 

monocl.  br.-pink,  1.695,  1.704,  1.710. 
amor.  wh.  powd 

pink 

dk.  gray 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

1400 

i. 
i. 
i. 
6.5515 

dV ' " ' 
127.30 
296.7° 

d. 
.00652^ 

62.210 
1518 

s. 

v.  si.  s. 

i. 

i. 

d. 

14018 

s. 

.0002  '« 

v.  si.  s. 

i. 

v.  si.  s. 

s. 

s. 

s. 

426.4° 

i. 

0.031225 

i. 

i. 

i. 
i. 
s. 
V.  s. 

v.  si.  s. 

si.  s. 

s. 

i. 
i. 

si.  s. 

i. 
i. 

dV ' ' 

22810° 

d. 

123.8ioo 
656100 

s. 

d." 
d. 

v.  s. 
s. 

i. 

v.  s. 
v.  s. 

00 

0.03736 

i. 

i. 

i. 
i. 
d. 
d. 

dV " ' 

s. 
i. 

s.  aq.  reg. 

o 

s.  aq.  reg. 

T 

s.  a. 

4 

<> 

6.215 

6.9 

4.38525 

6.89" 
3.125 

2.97725 
2.01 

6 

s.  a. 

7 

d. 
64.3  d. 

i.  NH3 

S 

d. 

9 

s.  a. 

10 

d. 

650 

58;  -H>0, 

106 
d.sl. 

s.  dil.  a.,  .026  aq.  CO2;  i. 

11 

12 

13 

1190 
-4H20,  198 

NH3,  al. 
s.  al.;  i.  eth.,  NH3 
s.  al.;  i.  eth. 

s.  abs.  al. 

14 

s.  al.,  eth. 

15 

3.87 

16 

17 

s.  soln.  sod.  cit.,  dil.  a. 
s.  HC1;  i.  NH4  salts 

18 

3.98 
3.54 
1.903 
1.953 

856 
d. 
d. 
d. 

s.  a.;  i.  al.,  eth. 

19 

s.  a. 

?0 

s.  al. 

?A 

??, 

s.  a.,  cit.  a.;  i.  al. 

?3 

3.25813 

3.26 

4.2-4.4 

2.58 
5.01 

d. 
d. 
d. 

s.  a.,  NH4  salts;  i.  alk. 

?4 

25 

s.  h.  H2SO4,  HC1 

26 

v.  si.  s.  al. 

27 

d.  ca.  80 

d. 

d. 

25.8 

d. 

-2H2O,  100 

-H2O,  25 

1650 

1705 

-O,  1080 
-O,  535 
d. 
<-20 

?I8 

?9 

s.  al. 

30 
31 

1.82 
2.4321-7 

129.4 

v.  s.  al. 

s.  a.,  NH4CI 

3? 

d. 

33 

34 

5.43-46 

(3.7-3.9) 
4.856 

4.50 
5.026 

s.  a.,  NH4CI 

35 

s.HCl 

36 

s.  a.;  i.  ac.  a. 

37 

s.  HC1;  i.  HNO.3,  acet. 

38 

s.  H2SO4,  alk. 

39 
40 

>1.84 
3.102 

exp.  70 

S.  H2SO4 

41 

42 

s.  a.,  ac.  a.;  i.  al. 

s.  a.;  i.  al. 

43 

-H2O>100 
(1196) 

i.  al. 

44 

3.70725 

s.  boil.  cone.  H2SO4,  cone. 

45 

HC1,  molten  H3PO4 
s.  a. 

46 

s.    aq.K4P207,    H2SO3;   i. 

47 

acet. 

48 

5.3921 

1190 

si.  s.  HNO3 
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PHYSICAL  CONSTANTS  OF 


No. 


10 
11 
12 

13 
14 
15 
16 
17 

IS 
19 

20 

21 

22 
23 
24 
25 

26 

27 
28 
29 
30 
31 
32 

33 

34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 

46 
47 

48 
49 


Name 


Manganese 

(tri-)  phosphide,  di- 

At/pophosphite  (ous) .  . . . 

ortAophosphite  (ous) 

selenate 

44 

selenide  

selenite  (ous) 

orJAosilicate  (ous)  (teph- 
roite) 

met'asilicate  (ous)  (rho- 
donite) 

(di-)  silicide 

silicide,  mono- 

"   ,di- 

sulfate  (ous) 

"       (szmikite) . 

"  "      (common 

form) 

>t  <« 

14  << 

(ic) 

sulfide  (ous)  (alabandite) 

44  44 

"        (ic)  (hauerite) .  .  . 

tartrate  (ous) 

thiocyanate  (ous) 

dithionate  (ous) 

valerate 

Manganic  acid,  per-  . 
Manga  nocyanic  acid 

Masurium 

Mercury..... 

acetate  (ous) 

"       (ic) 

acetylide  (ic) 

or/Aoarsenate  (ous) 

,  mono-H 
(ous) 

(ic) 

azide  (ous) 

benzoate  (ic) 

bromate  (ous) 

"       (ic) 

bromide  (ous) 

"       (ic) .. 

"       iodide  (ic) 

carbonate  (ous) 

"        ,  basic  (ic) 

chlorate  (ous) 

"       (ic) 


Formula 


Mn3P2 

Mn(H2P02)2-H2 
MnHP03-H20.. 
MnSe04-2H20. 
MnSe04-5H20. . 

MnSe 

MnSe03-2H20. . 
Mn2Si04 

MnSiOa 


Mn2Si. 
MnSi. 
MnSi2. 


MnS04 

MnS04-H20. . 
MnS04-2H20. 
MnS04-3H20. 
MnS04-4H20. 

MnS04-5H20. 
MnS04-6H20. 

MnS(V7H20. 

Mn2(S04)3.  .. 


MnS 

3MnS-H20 

MnS2 

MnC4H406 

Mn(SCN)2-3H20. 

MnS>06 

Mn(CsH902)2-2H20 

HMn04 

H4Mn(CN)6 

Ma 

Hg 


HgC2H302... 
Hg(C2H302)2. 
3HgC2H20.. 

Hg3As04 

Hg2HAs04... 


Hg3(As04)2 

HgN3 

Hg(C7H502)2.... 

HgBr03 

Hg(Br03)2-2H20. 

HgBr 

HgBr2 


HgBrI 

Hg2C03 

HgC03-2HgO. 

HgClOs 

Hg(C103)2.... 


Mol. 
wt. 


226.83 
203.02 
152.97 
233.92 
287.97 
133.89 
217.92 
201.92 

130.99 

137.92 

82.99 

111.05 

150.99 
169.01 
187.02 
205.04 
223.05 

241.07 
259.09 

277.10 

398.04 

86.99 
278.99 
119.05 
203.00 
225.13 

215.05 
293.21 
119.94 
215.07 


200.61 

259.65 
318.70 
691.91 
740.74 
541.14 

879.65 
242.63 
442.83 
328.53 
492.47 
280.53 
360.44 


Crystalline  form,  color  and  index 
of  refraction 


dk.  gray 

rose-red  cr.  or  powd. 

redsh 

rhomb 


gray,  cubic 

cr 

rhomb,  flesh-red  to  gray,  1.759, 1.786, 

1.797 
tricl.  red.,  1.733,  1.740,  1.744 


quad.  pr. 
tetrah .  .  . 
gray  oct . 


reddish 

monocl.  pa.  pink,  1.562,  1.595,  1.632 

(exist,  quest.) 

(exist,  quest.) 

monocl.  or  rhomb,  pink  effl 


tricl.  rose.  . . . 
(exist,  quest.) . 


rhomb,  or  monocl.  red. 


grn.  cr.,  deliq. 


cub.  grn.  or  amor,  pink,  2.70  (Li) 

gray-pink 

cub.  blk.,  2.69  (Li) 

wh.  powd 

deliq 


tricl 

br.  powd 

in  soln.  only. 


silv.  liq.,  hex.  met. 

micaceous  scales. . 
wh.  sc.  or  powd. . . 

wh.  powd 

dk.  red 

yel.-red 


407.45 
461.23 
693.84 


yel , 

wh.  cr ., 

wh.  cr.  powd 
cr 


cr... 

tetr.  wh.-yel. 
rhomb,  col . . 


rhomb,  yel . 

yel.-br 

br.-red 

284.07i  rhomb,  wh. 
367.52  need 


470 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Boiling 
point,  °C 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

5.12*8 

1095 

-H2O>150 
-H20,  200 

i. 

12.5 
si.  s. 

s. 

i. 

v.  si.  s. 

i. 

i. 
i. 
i. 

525 

98.47's 

85.27m 

74.225 

105.3° 

1240 
147.4" 

172« 

d. 

.00047'* 

0.0006 

i. 

v.  si.  s. 

s. 

s. 
s. 

v.  s. 
i. 

i. 

0.75" 

25i° 
i. 
i. 
i. 

v.  si.  s. 
0.025 

1.215 

d. 

0.15 

.00000425 

.6125 

.0000045 

i. 

s. 

25 

16.7 

s. 

i. 

v.  si.  s. 

i. 

i. 
i. 
i. 

70"° 

79.8i°° 

106.855 

99.3157 

111.25* 

14254 

134.5** 

118" 
d. 

i. 
i. 

v.  s. 

v.  s. 

d.' 

i. 

100100 
i. 

2.5i°o' 

1.6 

20-25100 

d." 
dV  ' ' 

si.  s.  dil.  HNO3 

?, 

i  al. 

3 

s.  MnCl2,  MnS04 

4 

2.95-3.01 

2.33-.39 

5.5915 

ft 

6 

7 

1300 

1323 

1316 
1280 

700 

stab.  57-117 
stab.  40-57 
stab.  30-40 
stab.  18-30 

stab.  8-18 
stab.  —5  to 
+8 
-7H2O,  280 

d.  160 

d. 
d. 
d. 

-3HA 
160-70 

d.  dil.  a. 

8 

4.04325 

3.7225 

6.20" 
5.9015 
5.24" 

3.25 

2.95 
2.52615 
2.356" 
2.107 

2.103 

9 

i.  HCI 

10 

s.  HCI,  NaOH;  i.  HNO3 

11 

s.  HF;  v.  si.  s.  a. 

12 

13 
14 

d.  850 

s.    HF,    alk.;    i.    HNO3, 

H2SO4 
s.  al.;  i.  eth. 

15 

16 

17 

i.  al. 

18 

19 

20 
21 

2.092 

stab.  -10 
to  -5 

i.al. 

s.  HCI,  dil.  H2SO4;  i.  cone. 

22 

3.99 

H2SO4,  HNO3 
s.  dil.  a.,  al.;  i.  (NH4)2S 

23 

s.  dil.  a.;  i.  (NH4)2S 

24 
25 

3.463 

d.  HCI 

26 

v.  s.  al. 

27 

1.757 

28 

29 

30 

d. 
2300 

-38.89 

d. 

d. 

exp. 

d. 

d. 

^exp.  d.  by  lig 
165 
d. 

d.  130-40 
subl.  345 
236 

229 
d.  130 

v.  s.  al.;  i.  eth. 

31 

32 
33 

13.546 

356.9 

s.  HNO3;  i.  dil.  HCI,  HBr, 
HI 

s.  H2S04,  HNO3 
s.  al.,  ac.  a. 

34 

3.270 
5.3 

35 

i.  al. 

36 

s.  HNO3 ;  i.  ac.  a. 

s.  HN03;i.  NH4OH,ae.  a. 

s  HCI  HNO 

37 

3S 

39 

ht 

40 

s.  al.,  NaCl,  NH4C7H5O2 
si.  s.  HNO* 

s.  HNO3,  HCI,  Hg(NO»)2 
s.  a.;  i.  al.,  acet. 
15°  al.;  s.  meth.  al.;  v.  si. 
s.  eth. 
s.  al.,  eth. 
s.  NH4C1-  i  al 

41 

42 

43 
44 
45 

7.307 

6.10925;  I.  5.12240 

322 

360 

46 

5.07218  g/l 

47 

s.  H2CO3,  NH4CI 

48 

6.409 

4.998 

d.  250 
d. 

49 

_,.  ' 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Mercury 

chloride  (ous)  (calomel). 


chloride    (ic)    (corrosive 
sublimate) 

"      iodide  (ic) 

chromate  (ous) 

(ic) 

citrate  (ous) 

cyanide  (fc) 

fluoride  (ous) 

"        (ic) 

fluosilicate  (ous) 

(ic).... 

"         ,  basic  (ic) .  .  . 

formate  (ous) 

fulminate  (ic) 

hydroxide  (ic) 

iodate  (ous) 

"      (ic) 

iodide  (ous) 

"      (ic) 

<(       (i 

nitrate  (ous) 

"     (ic) 

nitride 

oxalate  (ous) 

"       (ic) 

oxide  (ous) 

"      (ic)  (montroydite) . 

oxybromide  (ic) 

oxychloride  (ic) 

oxycyanide  (ic) 

oxyfluoride  (ic) 

oxyiodide  (ic) 

or^ophosphate  (ous) 

."    .        .Oc) 

selenide  (ic)  (tiemannite) 

sulfate  (ous) 

"      (ic) 

"     ,  basic  (ic) 

sulfide  (ous) 

sulfide  (ic)  (a-)  (cinna- 
bar, vermilion) 


Formula 


Mol. 

wt. 


HgCl 

HgCl- 

HgClI 

Hg2Cr04 

HgCr04 

HgsCeHsO: 

Hg(CN)2 

HgF 

HgF> 

Hg2SiF6-2H20.... 

HgSiF6-6H->0 

HgSiF6-HgO-3H20 

HgCHO-> 

HgC2N202 

Hg(OH)2 

HgIO.3 

Hg(IOa)2 

Hgl 

Hgl2 

Hgl2 

HgN03-H20 

Hg(N03)r|H20.  . 

Hg(N03)2-H20. . . 
Hg3N2 

Hg2C204 

HgC204 

Hg20 

HgO 

HgBr2-3HgO 

HgCV2HgO 

HgCl2-3HgO 

Hg(CN)2-HgO.... 
HgF2-HgO-H20... 

HgI2-3HgO 

Hg3P04 

Hg3(P04),> 

HgSe 

Hg2S04 

HgS04 

HgS04-2HgO 

Hg2S 

HgS 
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Crystalline  form,  color  and  index 
of  refraction 


236.07 


271.52 

362.99 
517.23 
316.62 
790.93 
252.65 

219.61 

238.61 
579.31 
450.77 
613.33 
245.63 
284.65 
234.63 
375.53 
550.45 

327.53 

454 . 45 

454.45 

280.63 
333.63 

342.64 
629.85 

489.24 
288.63 
417.22 


216.61 

1010.27 
704.74 

921.35 

469.26 

473.24 

1104.28 

696.85 

791.87 
279.57 
497.28 
296.67 

729.89 
433.28 
232.67 


tetr.  wh.,  1.973,2.656 

rhomb,  col.  or  wh.  powd.,  pois 

rhomb,  red 

red  need,  or  powd 

rhomb,  red 

wh.  powd 

tetr.  col.  or  wh.  powd.,  pois 

cub.  yel 

cub 

col.  pr 

rhbdr.  col 

yel.  need 

glist.  scales 

cub.  wh 

yelsh 

wh.  amor,  powd 

tetr.  or  amor,  powd.,  yel 

rhomb,  yel.,  cr.  or  powd 

tetr.  red.,  cr.  or  powd 

monocl.  col.  effl 

wh.-yel.  deliq.  powd.  or  tr.  cr 

col.  cr.  or  wh.  deliq.  powd.,  pois .... 
br.  powd 

blk.-brnsh.  powd 

rhomb,  yel.  or  red,  2.37,  2.5,  2.65 .  .  . 

yel.  cr 

hex.  red  or  monocl.  blk 

hex.  yel 

need,  or  wh.  cr.  powd . 

yel.  cr 

yel.  br 

col 

wh.-yelsh.  powd 

gray  plates 

monocl.  col.,  wh.-yelsh.  powd 

rhomb,  col.  or  wh.  powd 

lem.  yel.  powd 

blk 

hex.  red  cr.  or  powd.,  2.854,  3.201. . . 


INORGANIC 

COMPOUNDS  (Continued) 

No. 

1 

2 

3 
4 
5 

6 

7 

8 

9 
10 
11 
12 
13 
14 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  j 

;rams  per  100  mi  of 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

7.150 

5.44025;  L  4.442*> 

302 

276 

153 

d. 
d. 

383.7 

302 
315 

.0002118; 
.00020* 

3.6°;  6.920 

i. 

v.  si.  s. 
si.  s.  d. 
v.  si.  s. 
9.3i4 

s.  d.  to 
HgoO 
d. 

si.  s. 
d.  easily 
d. 

0.417 
si.  s. 
i. 
i. 
i. 

v.  si.  s. 

v.  si.  s. 

.0061025 

d. 
v.  s. 

s. 

d. 

i. 

.010720 

.00513 

.005225 

i. 

i. 

1.25 

d. 

d. 

i. 

i. 
i. 

.0625 

d. 

.00316 

i. 

.00000118 

.001« 

6 1.3 100 

si.  s. 
si.  s. 
d. 

53.9100 

d.' 

s. 
i. 
i. 

si.  s. 

si.  s. 

s.  d. 
d. 

i. 

.0395100 

si.  s. 

d. 

s. 

d." 

si.  s. 

.6910° 

si.  s. 

s.  Hg(N03)2,  aq.  reg.;  si. 

s.  h.  HNO3,  HC1;  i.  al., 

eth. 
3325  al.,  25  eth.;  s.  ac.  a., 

pyr. 
s.  al. 

s.  HNO3,  KCN;i.al.,  acet. 

d.  a.;  s.  NH4CI;  i.  acet. 

3.996 

8.73 

8.9515 

d. 
570 
645  d. 

IO20  al.;  44.119-5  meth.  al.; 

s.  NH3,  glyc;  i.  bz. 

650 

s.  dil.  HNO3,  HF 
i.  HC1 

s.  a. 

d. 

exp. 

-H-.0,  175 
d. 

i.  al. 

4.42 

s.  al.,  NH4OH 

15 

s.  a. 

16 

s.  dil.  HC1;  i.  cold  HNO3 

17 

s.  HC1,  NH4CI,  NaCl,  KI- 

18 
19 
20 
21 

7.70 

6.271;  1.  5.24255 

6.283 

4.794 
4.39 

subl.  140; 
290  d. 
259 

tr.  126-7; 
259 
70 

79 

310  d. 

354 

354 

i.  HNO3 
s.  KI,  NH4OH;  i.  al.,  eth. 

v.  si.  s.  al.;  s.  eth.,  Na2S20.-j, 

KI 
1.825  abs.  al.;  s.  eth.,  acet., 

Na2S203,  alk.  salts 
s.  dil.  HNO3;  i.  NH4OH 

22 
23 

d. 

s.   HNO3,   NH3,   acet.;   i. 
al. 
s.  HNO3;  i.  al. 

24 

exp. 

d.    a.;    s.    NH4OH,    NH4 

25 

salts 
si.  s.  HNO3 

26 

d. 
d.  100 

d.  500 

s.  HCi;  si.  s.  HNO3 

27 

9.8 
11.14 

s.  H2S04,  HNO3,  h.  ac.  a.; 

28 

i.   dil.   HCI,   alk.,    NH,, 
al.,  eth. 
s.    a.;    i.    al.,    eth.,    acet., 

29 

alk.,  NH3 
v.  s.  al. 

30 

red  8.16-.43; 
blk.  8.53 
7.93 
4.43719 

31 

d.  260 

exp. 
d.  100 

32 

33 

s.  dil.  HNO3 

34 

s.HI 

35 

s.  HNO3,  aq.  HgN03;  i. 

36 

H3PO4 
s.  a.,  NH4CI;  i.  al. 

37 

7.1-8.9 

7.56 

6.47 

6.44 

subl. 

d. 

d. 

s.  aq.  reg. 

38 
39 

d. 

S.  H2SO4,  HNO3 

s.  a.,  NaCl;  i.  al.,  acefc., 

40 

volat. 

NH3 
s.  a.;  i.  al. 

41 

d.O 

subl.  583.5 

i.  a.,  (NH4)2S 

42 

S.1G 

s.  Na2S,  aq.  reg.;  i.  HNO3, 

al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Mercury 

sulfide  (ic)   (/S-)   (meta- 
cimaabarite) 

tartrate  (ous) 

ort Aotellurate  (ic) 

mefotellurate  (ic) 

thiocyanate  (ous) 

(ic) 

tungstate  (ous) 

(ic) 

Mercury-nitrogen 

compounds: 
Mercury 
bromide  (ic),    ammono- 

basic 
bromide  (ic),  ammono- 
basic 
"    ,  diammine . 
chloride   (ic),   ammono- 
basic    (infusible    white 
ppt.) 
chloride  (ic),  ammono- 
basic 
"       "   ,  aquobasic 
ammonobasic  (chloride 
of  Millon's  base) 
chloride  (ic),  diammine 

(fusible  white  ppt.) 
iodide  (ic),  ammono- 
basic 
(<         <«  «< 

"         M  ,  aquobasic 
ammonobasic  (iodide  of 
Millon's  base) 
iodide  (ic),  diammine.  .  . 

MiMon's  base 

Molybdenum 

bromide,  di- 

"     ,  tri- 

"     ,  tetra- 

carbide,  mono- 

(di-)  carbide 

carbide,  di- 

carbonyl 

chloride,  di- 

"     ,  tri- 

"     , tetra- 

11     ,  penta- 

fluoride,  hexa- 

hydroxide 


Formula 


HgS. 


Hg2C4H4C>6.  . . . 

Hg3Te06 

HgTe04-2H20. 
HgSCN 

Hg(SCN)2.... 


Hg2W04. 
HgW04. 


Hg(NH2)Br. 
Hg2NBr... 


HgBr.-2NH3, 
Hg(NH2)Cl. 


Hg2NCl 

HOHgNHHgCl 

HgCI2-2NH3.... 
Hg(NH2)I 


Hg2NI 

HOHgNHHgl 


HgI2-2NH3 

Hg2NOH-xH20. 
Mo 


MoBr2  (or  MosBnO 

MoBr3 

MoBr4 

MoC 


Mo2C 

MoC> 

Mo(CO)e 

M0CI2  (or  MosCle) . 


M0CI3. 

MoCU. 
Mods. 


MoFe 

Mo(OH)3  (or 

Mo203-H20) 
MoO(OH)3  (or 

Mo205-3H20)        ( 
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Mol. 
wt. 


232.67 

549.29 
825.44 
428.25 
258.69 
316.77 

649.14 
448.53 


296.55 

495.14 

394.51 
252.09 

450.69 
468.70 

305.59 

343.55 

542.15 
560.16 

488.51 


95.95 


255.78 
335.70 
415.61 
107.96 

203.91 
119.97 
264.01 
166.86 

202.32 


237.78 
273.24 


209.95 
146.97 


Crystalline  form,  color  and  index 
of  refraction 


cub.  blk.  or  amor,  powd 


yelsh.-wh.  cr.  powd 

cubic  dodecahedron  trans,  amber . 
ortho.  rhmb.,  trans.,  floe 


wh.  powd.  pois, 


yel.  amor, 
yel 


wh.  powd. 
yel 


wh.  powd 

wh.  powd.  or  sm.  pr. 


yel 

pa.  yel.  or  wh.  powd 

rhbdr 

dirty  wh.  cr 


yel.  to  br. 


col.  or  pa.  yel.  powd.  or  need. 


cub.  silv.-wh.  met.  or  gray-blk.  powd. 


yel.-red 

dk.  grn.  need 

blk.  need.,  deliq.  . 
dk.  gray  cr.  powd. 


pr.  wh 

wh.  pr 

cr.  diamagnetic. 
amor,  yel 


dk.  red  need,  or  powd 

br.  cr.  or  powd.,  deliq. 
gr.-blk.  cr.,  deliq 


col.  cr. .  . . 
blk.  powd , 


162.97  light  br.  amor. 
325.95)! 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

7.73 

583.5 

i. 

i. 
i. 
slow  d. 

.07* 

i. 
i. 

i.-d. 

i. 

d. 
0.14 

i. 
si.  s. 

i. 

i. 
i. 

d. 
i. 

i. 
i. 

v.  s. 
i. 

i. 
i. 

d. 
d. 

s.d. 

0.2  (coll.) 

i. 
rapid  d. 

s. 

i. 
d. 

d.ioo* 
i. 

d. 

i. 

i. 
i. 

i. 

i. 

d.  sly. 

d. 
d. 

d. 

s.  Na2S,  aq.  reg.   alk.;  i 
HN03,  al. 
i.  a. 

2 

3 

unalt.  at  140 

d.  20 

d. 

d. 

d. 
d. 

d. 
d. 

180 

infus. 

d.  300 
d.>120 

300 

s.  HNO3,  HC1 

4 

5 

s.  HCl,  KCNS 

6 

s.  NH4  salts,  NH3,  HCl 

7 

KCN;sl.  s.  al.,  eth. 
d.  a.;  i.  al. 

8 

d.  a.;  i.  al. 

9 

i.  al.;  si.  s.  NH4OH 

10 

s.  HCl,  KI 

11 

s.  NH4Br,  NH4C1,  NE4 

12 

5.70 

d.  a.;  i.  al. 

13 

s.  a.,  KI 

14 

s.  HCl,  HNO3 

15 

s.  a.,  KI 

16 

i.  eth. 

17 

s.  HCl;d.  KI 

18 

>12S 

exp. 

s.  d.  HCl,  KI  soln. 

1°, 

S.  NH4OH 

20 

4.08318 
10.2 

4.8817-5 

21 

22 
23 

2620  ±  10 

d." 

d. 

2570 

2380 

3700 

s.  h.  cone.  HNO3,  H2SO4; 
i.  HCl,  HF,  dil.  H2SO4, 
NH3 

s.  alk.;  i.  a.,  aq.  reg. 
d.  alk.,  NH3;  i.  a. 

24 

volat. 

d.  alk. 

25 

8.40 

8.9 
8.9 
1.96 
3.71425 

3.57825 

si.  s.  HNOs,  HF,  h.  H2SO4. 

26 

HCl;  i.  alk.  hyd. 

27 

4500 

28 

d.  150 
d. 

d. 

d. 
194 

17 
d. 

29 

s.  HCl,   H2SO4,   NHiOH, 

30 

al.,  eth. 
d.    alk.;   s.   cone.   H2SO4, 

31 

HNO3;  v.  si.  s.  al.,  eth.; 
i.  HCl 
d.  al.,  eth.;  s.  cone.  HNO3, 

32 

33 

34 

2.928 
lq.  2.55 

268 
35 

H2SO4,  HCl 
s.d.  al.,  eth.;s.  CC14,  chl; 

s.  cone.  HCl,  cone.  H2SO4, 

HNOs 
d.  NH3;  s.  NH4OH,  alk. 
si.  s.  H2SO4,  HCl;  s.  30% 

35 

H2O2 
si.  s.  alk.  carb.,  NH3,  HCl, 

H2SO4 
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PHYSICAL  CONSTANTS  OF 


Name 


Molybdenum 

hydroxytefrabromide,  dl 

hydroxyidrachloride,  di- 

iodide,  di- 

oxide,  sesqui- 

44  ,di- 


"     ,  tri-  (molybdic  an- 
hydride, molybdite) 

oxide,  pent- 

"      ("molyb.blue").. 

oxydibromide.  di- 

oxyteJraehloride 

oxydichloride,  di- 

oxypentochloride,  tri-.  .  . 
oxy/iexachloride,  tri-.  . .  . 

oxytefrafluoride 

phosphide 

sulfide,  sesqui- 

"    ,  di-  (molybdenite) 

"     ,tri- 

"    ,tetra- 

thiocyanate,  basic 

Molybdic  acid 

Neodymium 

acetate 

bromate 

bromide 

carbide 

chloride 

hexaantipyrine  per- 
chlorate 

iodide 

molybdate 

nitrate 

nitride 

oxalate 

oxide  (neodymia) 

sulfate 

sulfide 

Neon 

Nickel 

acetate 

or^oarsenate 

arsenide  (niccolite) 

orf/ioarsenite,  acid 

benzenesulfonate 


Formula 


Mo3Br4(OH)2 

Mo3Br4(OH)2-8H20 
Mo3Cl4(OH)2-2H20 
M0I2 

641.53 
785.66 
499.73 
349.79 
239.90 
127.95 

143.95 
271.90 

M02O3 

M0O2 

M0O3 

M02O5 

Mo2(VxMo03 

Mo02Br2 

287.78 
253.78 
198.86 
417.19 
452.64 
187.95 
126.97 
157.99 

288.08 
160.07 

192.13 
224.19 

MoOCU..  .. 

M0O2CI2 

M02O3CI5 

MO'O.-jCl.i 

M0OF4 

MoP(or  M02P2) .... 
M0P2 

M02S3 

M0S2 

M0S3 

M0S4 

Mo(OH)2(SCN)3(?) 
H2M0O4  (or  MoOs- 

H2O) 
H2Mo04-H20  (or 

Mo03-2H20) 

Nd 

Nd(C2H302)3-H20. 
Nd(Br03)3-9H20. . . 

NdBr3 

NdC2 

NdCl3 

NdCl3-6H20 

[Nd(CiiHi2N20)6]. 

(C104)3 

Ndl3 

Nd2(Mo04)3 

Nd(N03)3-6H20... 

NdN 

Nd2(C2O4)3-10H2O. 

Nd203 

Nd2(S04)3-8H20... 

Nd2S3 

Ne 

Ni 

Ni(C2H302)2 

Ni3(As04)2 

NiAs 

Ni3H6(As03)4-H20 . 
Ni(C6H503S)2-6H20 
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Mol. 
wt. 


304.20 
161.97 

179.98 

144.27 
339.42 
690.16 
384.02 

168.29 

250.64 

358.74 

1571.98 

525.03 

768.39 
438.39 
158.28 
732.76 
336.54 
720.85 
384.72 
20.18 

58.69 

176.78 
453 . 89 
133.60 
691.77 
481.11 


Crystalline  form,  color  and  index 
of  refraction 


red  powd 

golden-yel.  cr 

amor.  pa.  yel 

amor,  br 

blk.  opaque 

tetr.  vlt.-red 

rhomb,  wh.-yelsh.  or  col 

violet-bl.  powd 

dk.  blue  coll 

tabl.  yel.-red,  deliq 

grn.  cr.,  deliq 

yelsh.  wh.  scaly  cr 

dk.  br.-blk.  cr.,  deliq 

ruby-red  cr.  or  dp.  vlt 

col.-wh.  deliq 

gray-grn.  cr.  powd 

blk.  powd 

steel  gray  need 

hex.  blk.  luster 

red  dk.-br 

brown  powd 

red  in  aq 

hex.-wh.  or  si.  yelsh 

monocl.  yel 

yelsh.  met 

hex.  red 

grn.  cr 

hex.  leaf,  yel 

rose-vlt.  pr 

rhomb,  red 

rose  hex.  cr 

blk.  cr.  powd 

tetr.,  2.005 

tricl 

blk.  powd 

rose  cr 

It.  bl.  powd.  red  fluores 

monocl.  red,  1.541,  1.551,  1.562 

olive  grn.  powd 

col.,  wholly  inert  gas 

cub.  silvery  metal 

grn.  pr 

yelsh-grn.  powd 

hex 

grn.-wh 

green  monocl 


INORGANIC   COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

i. 

si.  s.  d. 

i. 

i. 

0.1066" 

s. 

s. 
s. 
s. 
s. 
d. 
s. 

i. 

si.  s. 
i. 

s. 
si.  s. 

0.133" 

d. 

26.2 

15125 

si.  s. 
d. 

96.71'' 
24613 
0.992" 





152.923 

d. 

.00007425 

.0001929 

8.20 

i. 

1.23°  cm3; 

1.1625cm3 

i. 

16.6 

i. 

i. 

i. 

14.318 

d. 

i. 
i. 

2.0557° 

s. 
S. 

i. 

s. 
i. 

s. 
si.  s. 

2.0687" 

d." 

14Q10O 

5II100 

5.4*0 

d. 

1.0850  cms 

i. 

i. 

51.582 

s.  alk. 

9 

d. 

d. 

d.  HNO3,  alk.;  s.  HC1 

3 

s.  cone,  a.;  i.  al. 

4 

4.3 

d. 

d.  KOH;  i.  al. 

5 

i.  a.,  alk.,  NH4OH 

6 

4.51619  ■•' 
4.5019"> 

si.  s.   h.  cone.   H>S04;  i. 

7 
8 

795 

subl . 

KHC4H4O6;  i.  alk.,  HC1. 
HF 
s.  a.,  NH4OH,  alk.  sulf. 

s.  h.  H>S04,  HC1 

Q 

s.  a.,  CH3OH;  i.  (CH3)oO, 

10 

chl.,  CeH6,  CS>,  acetone 

11 

3.31  >"" 

subl. 

subl. 

melts  ea  ;. 

d. 

98 

1? 

s.  al.,  eth. 

13 

subl. 

14 

s.  eth. 

15 
16 

3.0 

6.167 

5.35-'' 

5.9113 

4.80" 

180 

s.CCl4,al.,eth.;s.d.H>S04 
s.  h.  HNO3 

17 



s.  HNOs,  h.  cone.  H.SOi, 

18 
19 

<>0 

d.  1100 
11  So 

d. 
d. 

volat.  1200 
d.  in  air 

d. 

aq.  reg.;  i.  cone.  HC1 
i.  cone.  HC1 
s.    h.    H2SO4,    aq.    reg., 

HNO3;  i.  dil.  a.,  c.  H2SO4 
s.  alk.  sulfd.,  cone.  KOH 

?1 

s.    alk.   sulfd.,   h.    H2SO4; 

00 

i.  a. 
s.  eth. 

?3 

3.112 
3.124" 

6.9 

d.  115 
-H2O,  70 
840 

s.    alk.,    NH4OH,    H.SO4; 

24 
25 

d. 

i.  NH3 

s.   alk.  hydx.,  alk.  carb.; 
si.  s.  acids 

?6 

27 

66.7 

-9H2O,  150 

88 

29 

5.15 

4.1342-' 

2.28216- 

d. 

784 
124 
285-9  d. 

775  +  3 
1176 

s.   dil.   a.,  H2SO4;  i.  cone. 

30 
31 
32 

-6H26,  160 

HNO3 
44.5  al.;  i.  eth.,  chl. 
v.  s.  al. 

33 

34 

5.14^ 

35 

s.  al.,  acet. 

36 

• 

37 

38 

7.24 

2.85 
5.17911 
.90020  g/l;lq. 

1.204-245.9 

8.90 

1.798 

4.98 

7.57a 

1.628* 

s.  a. 

39 

40 

d. 

-248.67 

1455 

d. 

s.  dil.  a. 

41 

42 
43 

-245.9 
2900 

s.  liq.  O2 

s.  dil.  HNO3;  si.  s.  HC1, 
H2SO4;  i.  NH3 

i.  al. 

44 

s.  a. 

45 

968 

d. 

-H2O 

s.  aq.  reg. 

46 

s.  a.,  alk. 

47 

d. 

5.9  al.;  4.5  eth. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Nickel 

boride. .. 
bromate . 
bromide. 


carbide . 
carbonate 


hexammine . . . 


.  basic 
tite) . 

basic. . 


(zara- 


carbonyl . 


chlorate. 


,  hexammine. 


perchlorate . 
chloride. . . . 


cyanide , 
cyanide. 


hexammine . . 


dimethylglyoxime  deriv. 
acid 

ferrocyanide 

fluoride 

"       ,  acid 

fluosilicate 

formate 

hydroxide  (ous) 


iodide. 


(ic) 


,  hexammine. 


nitrate. 


oleate . 
oxalate . 


tetrammine . 
,  hexammine. 


oxide,   mon-  (bunsenite) 

"       (ous,  ic) 

"      ,  sesqui- 

oxyiodide 

orMophosphate 


pyrophosphate 

(di-)  phosphide 

(tri-)  phosphide,  di-. 
(penta-)        "        ". 

A?/pophosphite 

selenide 

stearate 


sulfate. 


(morenosite) 


Formula 


NiB 

Ni(Br03)2'6H20. 

NiBr2 

NiBr2-3H20 

NiBr2-6NH3 

Ni3C 

NiC03 

NiC03-2Ni(OH)2- 

4H20(?) 
2NiC03-3Ni(OH): 

4H20 
Ni(CO)4 


Ni(C103)2-6H20. 
Ni(C103)2-6NH3. 

Ni(C104)2-6H20. 

NiCl2 

NiCl2-6H20 

NiCl2-6NH3 

Ni(CN)2 

Ni(CN)2-4H20... 


Ni(HC4H6N202)2 . 

Ni2Fe(CN)6-xH20. 

NiF2 

NiF2-5HF-6H20.. 

NiSiF6-6H20 

Ni(CH02)2-2H20. 

Ni(OH)2 

4Ni(OH)2-H20. . . . 

Ni(OH)3 

Nil2 

NiJV6NH3 

Ni(N03)2-6H20... 
Ni(N03)2-4NH3- 
2H20 

Ni(N03)2-6NH3. . . 
Ni(CisH3302)2.... 
NiC204-2H20 


NiO 

Ni304 

Ni203 

NiI2-9NiO-15H20. 

Ni3(P04)2-8H20.. 

Ni2P2(VxH20.... 

Ni2P 

Ni3P2 

Ni5P2 

Ni(H2P02)2-6H20. 

NiSe 

Ni(CisH3502)2.... 


NiS04 

NiS04-6H20. 

NiS(V7H20. 


wt, 


69.51 
422.62 
218.52 
272.57 
320.72 
188.08 
118.70 
376.18 

587.58 

170.73 

333.70 
327.80 

365.70 
129 . 60 
237.70 
231.80 
110.73 
182.79 

288.92 


Crystalline  form,  color  and  index 
of  refraction 


pr 

monocl 

yel.-br.,  deliq 

yelsh-grn.  need.,  deliq. 
violet  powd 


rhomb.  It.  grn 

cub.  emerald  grn.,  1.56-1.61. 


96.69 
304.83 
308.85 
184.76 

92.71 
388.84 
109.71 
312.53 
414.72 
290.80 
286.87 

284.90 
621.58 
182.74 

74.69 

240.07 

165.38 

1254 . 98 

510.24 


It.  grn.  cr.  or  br.  powd 

col.  volat.  inflam.  liq.  or  need 
dk.  red 


hex.  need,  grn.,  1.55  av. 

yel.  sc.,  deliq 

monocl.  grn.,  deliq 

cub.  bluish 


It.  grn.  pi.  or  powd.,  pois. 
scarlet-red  cr 


148.40 
238.11 
355.49 
296.86 
137.65 
625.62 

154.75 

262.85 

280.86 


grn.-wh 

grn.  quad 

trig,  blue-grn 

trig,  grn.,  1.391,  1.40; 

grn.  cr 

grn.  amor,  or  cr 

It.  grn.  amor,  or  cr.  . . 
blk.  amor.  powd. 

blk.,  deliq 

cub.  pa.  blue 

monocl.  grn.,  deliq. .  . 
octahedra  blue 


oct.  or  cub.  bl 

green  oil , 

It. -grn.  powd . 


cub.  grn.-blk.,  2.18  (red) 

cub.  or  amor,  gray-blk 

gray-blk.  powd 

rdsh.-brn.  powd.  (exist,  quest.) 

apple  grn.  pi.  or  emerald  cr.  granules 


grn 

gray  cr 

dk.  grn.-blk 

need,  or  tabular  cr . 

grn 

cub.  wh.  or  gray.  .  . 
green  powd 


cub.  yel 

a,  tetr.  blue;  /9,  monocl.  grn.,  1.511, 

1.487 
rhomb,  grn.,  1.467,  1.489,  1.492 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

7.3918 
2.575 

4.6428 

d. 
28 

112.8° 
199° 
v.  s. 

0.009325 

i. 

.0189-8 

0.927 
giv. 

Ni(NH3)4 

222.5° 

64.2-'o 

2542° 

s. 

i. 

i. 

i. 

0.02 

s. 

V.  s. 

s. 

0.0013 

i. 

i. 

124.2° 

d. 

238.5° 

v.  s. 

4.46 

i. 

i. 
i. 
i. 
i. 
i. 

i. 
i. 
i. 

s. 
i. 
i. 

29.3° 
62.52° 

75.615-5 

d. 

155.1'°°' 
315.7i°° 
d. 

i. 
d. 

273.745 

87.6100 

599i°° 

d. 

i. 

i. 

i. 

i. 
i. 

188.2'°° 

00 

i. 
i. 
i. 

i. 
i. 

83.7i°° 
340.71°° 

475.81°° 

s.  HNO3,  aq,  reg. 

3 

d. 
d. 
-3H20,  200 

3 

s.  al.,  eth.,  NH4OH 

4 

s.  al.,  eth.,  NH4OH 

5 

1.837 

7.95725 

6 

7 

d. 

s.  a. 

8 

2.6 

s.  h.  dil.  HC1 

9 

d. 

-25 

d.  80 
180 

149 

subl. 

s.  a.,  NH4  salts 

10 
11 

1.3217 

2.07 
1.52 

43 

s.  HNO3,  aq.  reg.,  al.,  eth., 
chl.,  bz.;  i.  dil.  a.,  alk. 

12 

13 

s.  al.,  acet.;  i.  chl 

14 
15 

3.55 

973 

s.  al.,  NH4OH;  i.  NH3 
v.  s.  al. 

16 

1.46825 

s.  NH4OH;  i.  al. 

17 

s.  KCN 

18 

-4H>0,  200 
subl.  250 

d. 

s.    KCN,    NH4OH     alk  • 

19 

si.  s.  dil.  a. 
s.  abs.  al.,  a.;  i.  ac.  a 

20 

1.892  (?) 

4.63 

2.132 

2.134 

2.154 

4.1 

4.36 

NH4OH 
s.  NH4OH,  KCN;  i.  HC1 

21 

i.  a.,  al.,  eth.,  NH3 

22 

s.  dil.  a. 

23 

d. 
d. 

24 

25 

s.  a.,  NH4OH 

26 

d. 

d. 

subl. 

d. 

56.7 

d. 

s.  a.,  NH4OH;  i.  alk. 

37 

s.  a.,  NH4OH,  NH4CI 

28 

5.834 
2.101 
2.05 

s.  al. 

29 

S.  NH4OH 

30 
31 

136.7 

s.  al.,  NH4OH 
si.  s.  dil.  al. 

32 

33 

18-20 

34 

s.  a.,  NH4  salts;  v.  si.  s.  h. 

35 
36 

7.45 

2090 

to  Ni203, 400 

oxal.  a. 
s.  a.,  NH4OH 
s.  a. 

37 

4.83 

-O2,  600 

d. 

d. 

s.  a.,  NH4OH,  KCN 

38 

s.  HNO3;  i.  NH4OH 

39 

s.  a.,  NH4  salts;  i.  methyl 
and  ethyl  acetates 
s.  a.,  NH4OH 

40 

anh.  3.9325 

6.3115 

5.99 

41 

1112 

s.  HNO3  +  HF;  i.  a. 

42 

s.  HNO3;  i.  HC1 

43 

1185 
d.  100 

44 

8.46 

45 

s.  HNOs,  aq.  reg.;  i.  HC1 

46 

100 

-SO3,  840 
tr.  53.3 

-H20, 
31.5;  99 

s.  CCU,  pyr.  si.  s.  acet; 
i.  CH3OH,  eth. 
i.  al.,  eth.,  acet. 

47 

3.68 
2.07 

1.948 

48 
49 

-6H2O,  280 
-6H20, 103 

v.    s.    al.,    NH4OH;    12.5 
meth.  al. 
s.  al. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


10 
11 
12 
13 

14 

15 

16 

17 

18 

19 
20 
21 

22 

23 

24 

25 

26 
27 

28 
29 

30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


Nickel 

sulfide,  sub- 

"  ,  mono-  (millerite) 

"     (ous,  ic)  (polydy- 
mite) 

sulfite 

Nickel  complexes: 
Diaquotetrammine- 
nickel  (II)  nitrate 
Tetrapyridinenickel  (II) 
fluosilicate 

Niobium 

Nitric  acid 

Nitrogen 


chloride,  tri- 

fluoride,  tri- 

iodide,  tri- 

"      "  ,  monoammine 


oxide  (ous) 
"      (ic).. 


Formula 


NiaS. 

NiS. 


Ni3S4 

NiS03-6H20. 


[Ni(NH3)4(H20)2] 
(N03)2 
[Ni(C5H5N)4iSiFe. 


See  Columbium 
HN03 

N2 


(di-)  oxide,  tri-  (nitrous 
anhydride) 
oxide,  di-  or  tetr- 


"    ,  pent-  (nitric  anhy 
dride) 

"    ,  tri-  or  per- 

Nitrosyl  bromide 

chloride 


fluoride 

Ni  trosylsulf  uric  acid 

(chamber  crystals) 
Ni  trosylsulf  uric 

anhydride 

Nitrous  acid 

"    ,  hypo- .  . . 
Nitryl  chloride 


fluoride.  . 
Osmium 


chloride,  di-. 
"     ,  tri- 


'      ,  tetra- . 

fluoride,  tetra- . 

"    ,  hexa- . 

"     ,  octa-. . 

oxide,  mon- .   . . 

"   ,  sesqui- . . 

♦'   ,di- 

"  ,  tetra- . .  . 


NC13.... 

NF3 

NI3 

NI3-NH3. 


N2O 

NO 

N2O3 

N02(orN204). 
N2O5 


N03.. 
NOBr 
NOC1. 


NOF 

S02(OH)ONO. 

(S02ONO)20. . 


HNO2. . 
H2N2O2. 
NO2CI.. 


N02F. 
Os.... 


OsCls 


OsCl3 

OsCl3-3H20 

OsCU 

OsF4 

OsFe 

OsF8 

OsO 

Os203 

Os02 

Os04 


Mol. 
wt. 


149.44 
90.75 

304.31 

246.85 

286.87 

517.14 


Crystalline  form,  color  and  index 
of  refraction 


63.02 
28.02 


120.38 

71.01 

394.77 

411.80 

44.02 

30.01 

76.02 

46.01 

(92.02) 

108.02 

62.01 

109.92 

65.47 

49.01 
127.08 

236.14 

47.02 
62.03 
81.47 

65.01 
190.20 

261.11 

296.57 
350.62 
332.03 
266.20 
304.20 
342.20 
206.20 
428.40 
222.20 
254.20 


yel.  cr 

trig,  or  amor,  blk 


cub.  gray-blk. . 
tetrah.  grn.  .  . . 

grn.  cr 

rhomb,  bl.-grn. 


col.  corros.  pois.  liq.,  1.39716-4 

col.  gas;  col.  liq.  or  cub.  cr.  at  low 
temp. 


yel.  oil  or  rhomb,  cr. 

col.  gas 

blk 

rhomb,  dk.  red 


col.  gas.  or  liq.  or  cub.  cr.,  1.19316  lq. 

col.    gas;    blue    liq.    and    solid,    liq. 

1.330-*° 
red  br.  gas;  bl.  solid  or  liq 

col.  solid  (N204),  yel.  liq.  or  red-br. 
gas 
hex.  (rhomb.)  wh 

bluish  gas  or  sld 

br.  gas  or  dk.  br.  liq 

yel.  gas  or  yel  .-red  liq.  or  cr 


col.  gas.  .  . 
rhomb,  col 


tetr. 


known  only  in  solution  (pa.  blue) . . 

wh.  sld 

pa.  yel.  br.  gas 


col.  gas  and  solid, 
hex.  gray-bl.  met. 

dk.  br.,  deliq 


cub.  br 

dk.  grn.  cr 

red  br.  need 

br.  powd 

grn.  cr 

citron  yel.  cr 

blk 

dk.br 

cub.  or  hex.  red-br 

(a)  monocl.  col . . . 

(b)  yel.  mass 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  | 

?rams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

5.52 
5.3-5.65 

4.7 

.000361* 
s. 

oo 
2.330 

cm3 

i. 

v.  si.  s. 

i. 

i. 

130.0°cm3; 
87.41°  cms 
7.34° 
cm3 

s. 

s.d. 

s. 

id.' 

d. 

s.  d.  to  H 
d. 

d. 

s. 
d. 

d. 

i. 

i. 

v.  s. 
V.  s. 
si.  s.  d. 
d. 
d. 
s.d. 

5.070 

d. 

00 
1.4240cm3; 
1.326o  Cm? 

d. 

dV  " ' 
d. 

56. 725  cms 

2.3760 
cm3 
d. 

d.  to 
HNO3 

d." " " 
d. 

NO2+HF 

i. 
si.  d. 

d. 

d. 
s.d. 

6.2325 

s.  HNO3 

a 

797 

s.  HNO3,  KHS,  aq.  reg.; 
si.  s.  a. 
s.  HNO3 

3 

4 

s.  HC1,  H2SO4 

5 

i.  al. 

6 

2.307 

7 

8 
9 

10 
11 

1.502 

1.25060  g/l;lq. 

0.808-W5.8;  s. 

1.026-252.6 

1.653 

liq.  1.537-129 

-42 
-209.86 

<-40 
-216.6 
exp. 
d.>20 

-102.4 

-163.6 

-102 

-9.3 

30 

d.  sly.  at  ord. 

-55.5 

-64.5 

-134 
73 

217 

86 
-195.8 

<71,exp.95 
-120 
subl.  vac. 
exp. 

-88.49 

-151.8 

3.5  d. 

21.3  d. 

47  d. 

temp. 

-2 

-5.5 

-56 

d.  al.  viol.;  s.  eth. 
si.  s.  al. 

s.  chl.,  bz.,  CCU,  CS2,  PC1;{ 

12 

s.  NaaSaOa,  KCNS 

13 
14 
15 
16 
17 
18 
19 

3.5 

1.977  g/1;  lq. 
1. 226-89 
1.3402  g/1  ;lq. 
I1.269"150-2 
1.4472 

1.491° 

1.64218 

s.    HC1,    KCN,    Na2S>03; 
i.  abs.  al. 
s.  al.,  eth.,  H2SO4 

3.5  cm3  H2SO4,  26.6  cm3 

al.;s.  FeS04,  CS2 
s.  alk.,  a.,  eth. 

s.  alk.,  CS2,  chl. 

s.  chl. 

s.  eth. 

20 
21 

22 
23 

>1.0 

2.99  g/1;  lq. 

1.417-12 
2.176  g/1 

s.  alk. 

s.  fuming  H2SO4 

S.  H2SO4 

24 

360 

S.  H0SO4 

25 

26 

exp. 
<-31 

-139 
2700 

d. 

d.  560-600 

d. 

subl. 

27 

2.57  g/1;  lq. 

1.3214 
2.90  g/1 

22.48 

5 

-63.5 
>5300 

28 
29 

30 

d.  al.,  eth.,  chl. 
si.    s.    HNO3,     aq.     reg.; 
i.  NH3 
s.    al.,  eth.,  HNOs;  si.  3. 

31 

alk. 
s.  a.,  alk.,  al.;  si.  s.  eth. 

32 

s.  al. 

33 

i.  al. 

34 

35 

>50 
34.4 

205 
47.3 

36 

s.  KF  aq. 

37 

i.  a. 

38 

d. 
d.  650 

(a)  39.5 

(b)  41 

i.  a. 

39 

7.9122 

4.90622 

i.  a. 

40 

130 

v.   s.    CCU;    s.    al.,    eth., 
NH4OH,  POCb 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Formula 

Mol. 
wt. 

Crystalline  form,  color  and  index 
of  refraction 

1 

Osmium 

sulfide,  di- 

"  ,  tetra- 

sulfite 

Oxygen 

Ozone  

OsS> 

254.32 

318.44 

270.26 

32.00 

48.00 

106.70 

266.53 
177.61 
213.65 
158.74 
144.70 
163.70 
428.82 
360.54 
230.72 
229.40 
122.70 

cub.  blk 

? 

OsS4 

br.  blk 

3 

4 

5 

OsSOs 

02 

03 

Pd 

bl.  blk 

col.  gas  or  liq.  or  hex.  cr 

col.  gas  or  dk.  bl.  liq 

6 

Palladium 

bromide 

cub.  silv.-wh.  met 

7 

PdBr2 

red-br 

8 

9 

10 

chloride 

cyanide 

fluoride,  di- 

"     ,  tri- 

hydride 

PdCl) 

PdCl2-2H20 

Pd(CN)2.... 

cub.  need.,  dk.  red,  deliq 

br.  prisms,  deliq 

yelsh.-wh 

11 

PdF> 

br 

n 

PdF3 

rhomb,  blk 

13 

Pd2H(orPd4H2)... 
Pdlo 

silv.  metallic  (exist,  quest.)... 

14 

iodide 

nitrate 

oxide,  sub- 

blk.  powd 

15 

16 

Pd(N03)2 

Pd.O. . 

rhomb,  br.-yel.,  deliq 

blk 

17 

18 

"     ,  mon- 

oxide,  mon- 

"  ,di- 

PdO 

PdO-jH20 

blk.-grn.  or  amber  mass  or  blk.  powd 
yel.  to  br 

19 
20 

PdO> 

Pd02-xH>0... 

138.70 

blk 

dull  red 

21 

sulfate 

sulfide,  sub- 

PdS04-2H20 

Pd2S 

PdS 

PdS2 

[Pd(NH3)2(OH)2] .  . 

[Pd(NH3)2Cl2] 

[Pd(NH3)4]Cl2-H20 
PNoH 

238.79 
245.46 
138.76 

170.82 

174.78 

211.68 

263.76 
60.04 

2347.91 
114.97 

70.51 
161.97 
166.16 

98.04 

214.10 
178.07 

80.03 

162.07 

82.04 

red-br.  cr.,  deliq 

22 

grn.-gray 

23 
24 
25 

26 

"     ,  mono- 

"    ,di- 

Palladium  com- 
plexes: Diamminepal- 
ladium  (II)  hydroxide 
Dichlorodiamminepal- 
ladium  (II),  trans-  (or 
a-) 
Tetramminepalladium 
(II)  chloride 

Phospham 

Phosphomolybdic 

acid 

«(                      «« 

Phosphonium  bro- 
mide 
chloride 

br.-blk 

dk.-br 

micr.-cr.  yel 

tetr.  yel 

27 

28 

tetrag.  col 

wh.  amor 

29 

H3PMoi204o-xH20.. 
H3PMoi2O40-29H2O 
PH4Br 

yelsh.  cr 

30 
31 

oct.  yel 

cub.  col 

32 

PH4CI  . .  . 

cub.  col 

33 

iodide 

PH4I 

(PH4)2S04 

H3P04 

2H3P04-H20 

H4P207... 

tetr.  col.  deliq 

34 
35 

36 
37 

sulfate 

Phosphoric  acid, 

ortho-.  .  . 
it          <(         << 

"  ,  pyro-. . . . 

"  ,  meta- 

"  ,  hypo- 

Phosphorous  acid, 

ortho-  . 

cr.  col.  deliq 

col.  liq.  or  rhomb,  cr.,  deliq 

hex.  pointed  pr.  col.,  deliq 

col.  need,  or  liq.,  hyg 

38 
39 

HP03 

H4P2O6 

vitreous  col.,  deliq 

cryst 

40 

H2(HP03) . . 

col  .-yel.,  deliq.  cr 
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INORGANIC  COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

d. 
d. 
d. 
-218.4 

-251 

1549.4 

d. 

5«0d. 

d. 

d. 

volat. 

d. 

d. 

d.  350 

d. 

d. 

d.  750 

d. 

-O,  200 

d.  -H>0, 

-O 
d. 

d.  800 
950  d. 

d. 

>105 

d. 

d.  120 

infus. 

i. 
i. 
i. 

4.89°  cm3: 
3.1625cm* 

49°  cm:t 

i. 

i. 
s. 

v.  s. 
i. 

si.  s. 
d. 

i. 

s.  d. 

i. 

i. 

i. 

v.  si.  s. 

i. 

v.  s. 

i. 

i. 

i. 

v.  s. 

0.3041*' 

V.  s. 

i. 

s. 

d. 

d. 
d. 
d. 

548 

v.  s. 
70923 

d.  to 
H3PO4 

s.;  d.  sly. 

to  H3PO3 

+  HPO3 
309° 

i. 

2.465°cm3; 
2.30i°°  cm? 

i. 
i. 

v.  s. 

i. 

dV 

i. 

i. 
i. 

i. 

d. 
i. 
i. 

i. 

d. 

s.  d. 

d. 

d. 

V.  s. 

d'.'to 
H3PO4 
d. 

d.>30 

6944° 

i.  alk. 

9 

s.  dil.  HNO3;  i.  (NH4)2S 

3 

s.  dil.  HC1,  alk. 

4 

5 

6 
7 

1.429°  g/l;  lq. 
1.14-18a;  s. 

1.426-252.5 

2.144  g/l;  lq. 

1.71-183 

11.97°;  11.4022-5 

-183.0 

-112 
ca.  2540 

2.7825  cm3  al.;  s.  fus.  Ag. 

s.  alk.  solns.,  oils 

s.    aq.     rcg.,     h.     HNO3, 
H'SO.;  si.  s.  HCl 
s.  HBr 

8 

s.  HCl,  acet. 

9 

s.  HCl,  acet. 

10 

s.  KCN,  NH4OH;  i.  dil.  a. 

11 

d.  red  heat 
d. 

s.  HF 

12 
13 

5.06 
10.76 

s.  HF 

14 

s.  KI;  i.  al.,  eth.,  dil.  HCi 

15 

s.  HNO3 

16 

8.31 

i.  a. 

17 

si.  s.  h.  a. 

18 

s.  a.,  NH.3,  NH4CI 

19 

si.  s.  a. 

20 

s.  a.,  alk. 

21 

Tffl 

7.30315 

si.  s.  a.,  aq.  reg. 

23 

s.  HNO3,  aq.  reg.;  i.  HCL 

?4 

(NH.O2S 
s.  aq.  reg.,  (NH4)"S 

MS 

?6 

2.5 
1.9118 

s.  a.  (dec),  NH4OH 

V 

98 

s.  cone.  H9SO4;  i.  a.,  alk. 

?9 

s.  al.,  eth. 

30 

-H2O,  104; 

78 

31 

g.  2.464  g/l 

38.8794;  subl. 
ca.  30 
subl. 
80 

32 

2g46  atm. 
subl.  61.8 

33 
34 

2.86 

s.  d.  a.,  alk. 

35 
36 

1.83418 

42.35 

29.32 
61 

subl. 

55 

73.6 

-iH20,  213 

d. 

s.  al. 

37 

v.  s.  al.,  eth. 

38 

2.2-.5 

s.  al.;  i.  liq.  CO'' 

39 

d.  100 

d.  200 

40 

1.65121-2 

s.  al. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Phosphorous  acid, 

pyro- .  . 

"      meta- . . 

"      hypo-.. 

Phosphorus,  yellow. . . 

,red 

,  violet.... 

,  black... 

bromide,  tri- 

"      ,  penta- 

bromide    (mono-)    chlo- 
ride, tetra- 
bromide    (di-)    chloride, 

tri- 
bromide    (hepta-)    chlo- 
ride, di- 

bromide     (octa-)    chlo- 
ride, tri- 

bromide  (di-)  fluoride, 
tri- 
"      nitride... 

"       sulfide 

chloride,   di- 

"     ,  tri- 

"     ,  penta- 

chloride  (di-)  fluoride,  tri- 
chloride (tri-)  iodide,  di- 
"       (di-)  nitride. .  .  . 


chloride  nitride 

cyanide 

fluoride,  tri- 

"     ,  penta- 

iodide,  di- 

iodide,  tri- 

"       sulfide 

nitride 

oxide,  tri- 

"    ,  tetra- 

,  pent-  (phosphoric 
anhydride) 

oxybromide 

"         chloride,  di- 
oxychloride 

oxycftbromide  chloride . . 

oxyfluoride 

oxyiodide 


Formula 


H4P2O5 

HPO2 

H(H2P02) 

P4 

P4 

P4 

P4 

PBr3 

PBr5 

PBrCU 

PBroCla 

PBr7Cl2 

PBrsCla 

PBroFs 

(PNBr2)3 

P2S3Br4 

PCI2  (or  P2CI4) . . 
PCb 

PCU 

PC12F3 

PCI3I2 

(PNC12)3 

(PNC12)4 

(PNC12)5 

(PNC12)6 

P6N7CI9 

P(CN)3 

PF3 

PF5 

P2I4 

PI3 

P2I2S 

P3N5 

P2O3  (or  P40R) . . . 

P204 

P2O5  (or  P4O10) . . 

POBr3 

POBrCl2 

POCI3 

P2O3CI4 

POBr2Cl 

POF3 

P3Q8l6 
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Mol. 
wt. 


146.07 
64.03 
66.04 

124.08 

124.08 

124.08 
124.08 
270.77 

430.60 

252.76 

297.22 

661.35 

776.72 

247.85 

614.58 
477.88 
101.93 
137.39 

208.31 

158.93 
391.23 
347.83 

463.77 
579.71 


695.65 


603.29 
109.07 
88.02 
126.02 
569 . 72 
411.78 
347.94 
163.10 
110.04 

126.04 

142.04 

286.77 
197.85 
153.39 
251.87 
242.31 
104.02 
982.58 


Crystalline  form,  color  and  index 
of  refraction 


need 

feather  like  cr 

col.  oily  liq.  or  deliq.  cr 

cub.  col.-yelsh.  wax-like  solid,  2.144. 

cub.  redsh.-br.  or  amor,  red  br.  powd. 
(mixt.  of  col.  and  violet?) 

monocl.  vlt 

blk.  incombust 

col.  fum.  liq.,  1.6972*-* 

rhomb,  yel 

yel.  cr 

or.  cr 

pr 

br.  need 

pa.  yel 

rhomb,  col 

yel.  oil 

col 

col.  fum.  liq.,  1.5161* 

tetr.  yelsh.-wh.,  fum 

hex.  red 

rhomb 

tr.  rhomb,  pr 

wh.  need 

col.  gas 

col.  gas 

tricl.  orange 

hex.  red.,  deliq 

or.  sld 

amor,  wh 

monocl.  col.  or  wh.  powd.,  deliq 

rhomb,  col.,  deliq 

monocl.  or  wh.  powd.,  v.  deliq 

col.  pi 

tabl.  or  liq 

col.  fum.  liq.,  1.46025-1 

col.  fuming  liq 

col.  gas 

red  cr 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

So. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

38 

d.  130 

d. 
d. 

.000315 

i.  (v.  si. 
s.) 
i. 

d.  ' 

d. 
d. 

d. 

d. 

d. 

d. 

i. 

d. 
hydr. 

d: 

d. 

dV  ' 
i. 

dV  ' 

d. 
d. 
d. 
d. 

i. 
d.  to 

H3PO3 
v.  s.  to 

H3P03 
d.  to 

H3PO4 
d. 
d. 
d. 
d. 
d. 
d. 
s. 

v.  s. 
si.  s. 

i. 

dV  ' 
d." 

d." 

v.  si.  s.  d. 
d. 

d. 

d. 

dV  ' ' 

?, 

3 
4 

5 

6 

1.49319 
1.82 

2.20 

2.36 
2.70 
2.862" 

26.5 

44.1;  ign.  34 

59043  atm. 
593 

d. 
280 

ign.>200; 
280 

v.  s.  al.,  eth. 

0.3  al.,  880i°  CS2,  s.  bz., 

XH,,  alk.,  eth.,  chl. 
s.abs.  al.;i.  CS2,eth.,  XH^ 

i.  a.,  org.  solv. 

7 

i.  CS2,  c.  H-SOi 

8 

q 

-40 
<100d. 

172.9 
106  d. 

d.  al.;  s.   eth.,  chl.,   CS«, 

CCU 
s.  CS2,  CCU,  bz. 

in 

11 

35d. 

]?, 

s.  PCh,  PCI5 

13 

25 

-20 
190 

14 

d.  15 

subl.  150  vac. 

d. 

180 

75.57« 

subl.  162 

-8;  d.  200 

256.5 

328.5 

224"; 

polymer. 

>250 
26213; 

polymer. 

>250 
251-26113 

d.  glass 

15 

s.  eth.;  si.  s.  CS2,  chl. 

16 

lq.  2.2621? 

s.  CS2,  eth. 

17 

-28 
-91, 

(-111.8) 
166.8  (press) 

sl.d. 

18 
19 
20 

1.57421 

g.  4.6529fi  g/1 

s.  eth.,  bz.,  chl.,  CS2,  CC1 
d.  a.;s.  CCh,  CS2 

21 

S.  CS2 

22 
23 

1.98 

114 

123.5 

41 

90 

237.5 

subl.  130 

-160 

-93.7 

124.5 

61 

75 

s.  al.,  eth.,  chl.,  CS2,  bz., 
ac.  a. 

n 

>5 

26 

27 

v.  s.  eth.;  si.  s.  h.  bz. 

28 
2P 

3.907  g/1 
5.805  g/1 

-95 

-84.5 

d. 

d. 

d. 

d.  800 

173 

subl.  180 

subl.  347 

193 

137.6 
105.3 
212 
165 

-39.8 
d. 

d.  alk.;  s.  al. 

3f) 

s.  CS2 

31 

v.  s.  CS2 

32, 

s.  CS2 

33 

2.51*8 

2.13521 

2.5423 

2.39 

2.822 
lq.  2104" 
1.675 
lq.  1.587 
lq.  2.4550 
4.69  g/1 

i.  any  solv. 

34 
35 

23.8 

>100 

563 

56 

13 

2 

<-50 

30 

-68 

140 

s.  CS2,  eth.,  chl.,  bz. 

36 

37 
38 

s.  H2SO4;  i.  acet.,  NHs 
S.H2SO4,  CS2,eth.,bz.,chi. 

39 
40 

d.  al.,  a. 

41 

42 
43 

d.  al. 

s.  al.,  eth. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Phosphorus 

oxynitride 

oxysulfide 

selenide,  sub- 

"     ,  mono- 

(i 

"     ,'tri-''. ........ 

"     ,  penta- 

sulfide,  tri- 

H  <t 

"     ,  hepta- 

44     ,di- 

"     ,  penta- 

thiocyanate 

Phosphoryl      amide 
(triamidophosphoric 
acid) 
Phosphotungstic 

acid 

Platinum 

arsenide  (sperrylitc) .  .  . 
bromide,  di-  (ous) 

"      ,  tetra-  (ic) .... 
chloride,  di-  (ous) 

"     ,  tri- 

"      ,  tetra-  (ic) .... 

cyanide  (ous) 

fluoride,  di-  (ous) 

"     ,  tetra-  (ic) 

hydroxide  (ous) 

iodide,  di-  (ous) 

"      ,  tetra-  (ic) 

oxide,  mon-  (ous) 

<<         (i         «« 

"     (ous,  ic) 

"  ,  sesqui- , 

"  ,  di-  (ic) 

(«      <«    «« 

(platinic  hydroxide) 
oxide,  di-  (ic) 

(hydroxyplatinic  acid) 
oxide,  tri- 

pyrophosphate 

sulfate 

sulfide,  mono-  (ous) 


Formuh 


PON.. 
P4O6S4. 
P4Se... 
P2Se... 
P4Se3.. 
P2Se3. . 
P2Se5.. 
P4S3. . . 


P4S6(orP2S3).. 

P4S7 

P3S*  (or  PS2) .  . 
P2S5  (or  P4S10) 

P(SCN)3 

PO(NH2)3 


H3PWi2O40-14H2O. 

H3PWi204o-24H20 . 

Pt 

PtAS2 

PtBr2 


PtBr4. 
PtCh. 

PtCl3. 

PtCU. 


PtCl4-5H20. 
Pt(CN)2. . . 

PtF2 

PtF4 


Pt(OH)s 


Pt(OH)2-2H20. 

Ptl2 

Ptl4 


PtO. 


PtO2H20.. 

Pt304 

Pt203-xH20. 

Pt02 

Pt(VH20... 


Pt02-2H20  (or  Pt- 

(OH)4) 

Pt02-3H20 

Pt02-4H20  (or 

H2Pt(OH)c) 
Pt03 


PtP207 

Pt(S04)2-4H20. 
PtS 


Mol. 
wt. 


61.03 
348.32 
203.04 
141.00 
360.96 
298.92 
456.84 
220.26 

316.44 
348.50 
285.42 
222.34 
205.25 
95.09 


3133.31 

3313.47 
195.23 
345.05 
355.06 

514. 
266.14 

301.60 

337.06 

427.14 
247.27 
233.23 
271.23 

229.25 

265.28 
449.07 
702.91 

211.23 

247.26 
649 .  69 


227.23 
245.25 

263.26 

281.28 
299.29 

243.23 

369.27 
459.41 
227.29 


Crystalline  form,  color  and  index 
of  refraction 


amor,  wh 

tetr.,  deliq 

dk.  yel.  liq.  (exist,  quest.). 

red 

or  .-red  cr 

dk.  red 

dk.  rcd-blk.  need 

rhomb,  yel 


gray-yel.  cr 

It.  yel.  cr 

yel.  need 

gray-yel.  cr.  deliq. 

liq 

amor.,  wh 


tricl.  yel.-grn.  cr 


trig 

cub.  silv.  metal . 

cub.  tin  wh 

br 


dk.br... 
olive-grn . 


grnsh.-blk. 
br.-red  cr . 


monocl.  red 

yel.  br.  cr 

yelsh.-grn 

deep  red,  fused  mass  or  yel  .-It.  br. 
cr.,  deliq 
blk 


blk 

amor.  br.  or  blk.  cr. 


vlt.  blk. 


blk. 
br.. 
blk. 
blk. 


yel.-br.-rose . 


ochre 

yel.  need 

rdsh.-brn.  powd . 


grn.-yel . 
yel.  pi. . 
blk 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

red  heat 
102  " 
-12 

242 

i. 
d. 
d. 
d. 

d. 

i. 

d. 

d. 

d. 
i. 

.s. 

s. 
i. 

L  (v.  si. 

s.) 
0.4120 
i.  (v.  si. 

s.) 
si.  s. 

V.  s. 

V.  s. 
i. 
i. 
s.  d. 

i. 

i. 
i. 
s.  d. 

i. 

i. 
i. 
i. 
i. 

1. 

i. 
i. 

v.  si.  s. 

s. 
i. 

i. 

d. 

d.' 

i. 

i. 

i. 

si.  s. 
i. 

s. 

V.  s. 

V.  s. 
i. 
i. 
v.  s. 

i. 

i. 
i. 

i. 

i. 
i. 
i. 

i. 

i. 
i. 

d. 

i. 

i.  a.,  alk. 

2 

295 
ign. 

360-400 

50  CS2 

3 

s.  CS2;  i.  al.,  eth. 

4 

5 

1.31  ' 

v.  s.  CS2;  si.  s.  eth.;  i.  al. 

6 

s.  KOH;  i.  CS> 

7 

d. 
172.5 

290 

310 

298 

276 

ca.  —4 

d. 

s.  CCU;  i.  CS2 

8 

9 

2.03 

407.5 

490 
523 
33710.5 

514 
265 

60CS2;s.bz.,  PCh.HNOs; 
i.  HC1,  H2S04 
s.  al.,  eth.,  alk.;  v.  si.  s.  CS2 

10 

11 

2.19" 

si.  s.  CS2;  i.  most  solv. 
v.  si.  s.  CS2 

12 
13 
14 

2.03 
1.6251* 

0.22  CS2;  s.  alk. 
s.  al.,  eth.,  CS2,  bz. 
s.  al.;  i.  a. 

15 

s.  al.,  eth. 

16 

89 

1773.5 
>800d. 
d.  250 

d.  180 
d.  581 

435 

d.  370 

-H>0,  100 

17 
18 

21.45 

10.602 

6.65 

5.69 

5.87H  (6.05) 

5.25625 

4300 

s.  aq.  reg.,  fus.  alk. 
i. 

19 

s.  HBr,  KBr,  Br  aq. 

20 

v.  s.  al.,  eth.,  HBr 

21 

22 

s.    HC1,    NH4OH;    si.    s. 

NH3;  i.  al.,  eth. 
v.  si.  s.  cone.  HC1;  s.  h. 

23 

HC1 
s.  acet.;  si.  s.  al.,   NH3; 

24 
25 

2.43  (8H2O) 

i.  eth. 
s.  al.,  eth. 
s.  KCN;  i.  a.,  alk.,  al. 

26 

27 

d. 

d. 

-2H2O,  100 
d.  300-350 
d.  370 

d.  550 

s.  a.,  alk. 

28 

s.     HC1,     HBr,     alk.;    i. 

29 

H2SO4,  dil.  HNOs 
s.  cone.  a. 

30 

6.4 
6.06425 

14.91* 

s.  HI;  si.  s.  Na2S03;  i.  a. 

31 
32 

s.  al.,  alk.,  acet.,  HI,  KI, 

NH3 
s.  HC1,  H2SO3;  i.  a.,  aq. 

33 

reg. 
s.  cone.  HC1,  H2SO4,  HNO3 

34 

d. 

i.  a.,  aq.  reg. 

s.  cone.  H>S04,  caust.  alk. 

35 

36 

450 

-2H2O,  100 

d. 

-2H2O,  100; 
-3H2O,  120 

i.  a.,  aq.  reg. 

si.  s.  NaOH;  i.  ac.  a.,  aq. 
reg.,  HC1 
s.  HC1,  aq.  reg.,  KOH 

i.  HC1,  aq.  reg. 
s.  a.,  dil.  caust.  alk. 

37 

38 

39 

40 

41 

s.HCl,H2S03;sl.s.HN03, 
H2S04 

42 

4.85 

d.  600 

43 

s.  a.,  al.,  eth. 

44 

8.847 

d. 

s.  (NH4)2S;  i.  a.,  alk. 
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PHYSICAL  CONSTANTS  OF 


Name 


Platinum 

sulfide,  sesqui- 

"  ,  di-  (ic) 

Platinum  com- 
plexes: 

Tetrammineplatinum 

(II)  chloride 
Tetrammineplatinum 

(II)  chloroplatinite 

(Magnus'  salt) 
Tetrachlorodiammine- 

platinum  (IV),  cis- 
Tetrachlorodiammine- 

platinum  (IV),  trans- 
Plumbous,  Plumbic 
Potassium 

acetate 

"       ,  acid 

acetylsalicylate 

aluminate 

aluminum  borate,  basic, 
sulfate  (kali- 
nite) 

amide  (potassamide) 

ammonium  tartrate 

pyr oantimonate,  di-H. .  . 

metaantimonate 

antimony  tartrate  (tar- 
tar emetic) 

argentocyanide 

ort  Zioarsenate 

,  mono-H . . 

,di-H 

orMoarsenite 

me/aarsenite 

"         ,  acid 

aurate 

azide 

benzoate 

diborane  (diboranide) . . . 
"       ,  dihydroxy- .  .  . 
pe/iiaborane  (penta- 
boranide) 

mefoborate 

tet  raborate 

pentabor&te 

perborate 

borotartrate  (sol.  cream 

of  tartar) 
bromate 

bromide 

bromoaurate 

bromoiodide,  di- 


Formula 


Pt2S3. 

PtS2.. 


[Pt(NH3)4]Cl>-H20. 
[Pt(NH3)4]PtCl4... 


[Pt(NH3)2Cl4] 

[Pt(NH3)2Cl4l 

See  Lead 
K 

KC2H302.... 


KC2H302-HC2H302 
KC9H704-2H20  .  .  . 

KAKVUH2O 

K(A10)2(B02)3.... 
KA1(S04)2-12H20.. 

KNH2 

KNH4C4H4O6 

K2H2Sb207-4H20.. 

KSb03-xH20 

KSbC4H407^H20  . 

KAg(CN)2 

K3As04 

K2HAs04 

KH2As04 

K3As03 

KAs02 

KH(As02)2-H20... 
KAu02-3H20  (or 
2H20) 

KN3 

KC7H502-3H20. . . . 

K2B2H6 

K2B2H602 

K2B5H9 


KB02  (or  K2B204) 

K2B4(V5H20 

KBoOs 

KB03-|H20 


KC4H4Ba(?) 

KBr03 

KBr 


KAuBr4 

KAuBr4-2H20. 
KIBr2 


Mol. 
wt. 


486.64 
259.35 


352.29 
600.42 

371.12 
371.12 


39.10 


98.14 

158.19 
254.28 
125.09 
253.50 
474.38 

55.12 
205.21 
507.79 


333.94 

199.01 
256.20 
218.11 
180.02 
240.20 
146.01 
271.94 
322.34 

81.12 
214.26 
105.88 
137.88 
141.36 

81.92 
323.55 
221.20 
106.92 

213.99 

167.01 

119.01 

555.96 
591.99 
325.85 


Crystalline  form,  color  and  index 
of  refraction 


)lk.-br.  powd. 


tetrag.  col.,  1.672,  1.667 
tetrag.  grn.  or  red 


rhomb,  or  hex.  pi.  or  need,  or.-yel 
oct.  or  quad.  yel.  pi 


cub.  silv.  metal 


lust.  wh.  powd.,  deliq. 


need,  or  pi 


col.  cr 

cub.  wh.,  1.6935 

cub.  or  monocl.  col.,  1.4562; 
1.452,  1.458 

col.-wh.  or  yel.-grn 

wh.  cr.  powd 

gran.,  wh.  cr.  powd 

wh.  powd 

rhomb,  col.,  1.620,  1.636,  1.638 


cub.  col 

col.  deliq.  need 

col.  cr 

tetr.  col.,  1.567,  1.518. 

col.  need 

wh.  powd.,  hyg 


1.430, 


It.  yel.  need , 


col 

wh.  cr.  powd 

wh.  cubical  cr.,  1.493. 

col.  cubical  cr 

wh.  powd 


monocl.  col 

monocl.  or  hex.  pr. 

col 

wh 


wh.  cr.  powd 

trig,  col 

cub.  col.  si.  hyg.,  1.559. 


rhomb,  red-br . 
vlt.  cr.  monocl . 
rhomb 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

5.52 
7.22 

2.737 
<4.1 

d. 

d.  225-250 

250; 

-H20,  100 
d. 

240 
200-216 

i. 
i. 

si.  s. 

i. 
i. 

si.  s. 

slowly  s.  aq.  reg.;  i.  a. 

71 

s.  HC1,  HNOs;  i.  (NH4)oS 

3 

4 

5 

6 

3.3 

7 

8 
9 

0.8620;  0.8362 
1.8 

62.3 

292 

148 
65 

<  1800 

92  (84.5) 

335 

760 

d.  to 
KOH+ 
H2 

25320; 
286.331 
d. 

y.  s.,  d. 

i. 

II.420 

d. 

v.  s. 
2.8220 
i. 
5.26s-7 

2520 

18.87 

18.86" 

196 

V.  s. 

s. 

s. 

s. 

s. 

5225 

d. 

s. 

d. 

7130 

26.730 
.007° 
1.22^; 
2.1515 
v.  s. 

3.P; 

13.34° 
53.48° 

si.  s. 

19.5i-r> 

d. 

d. 

492fi2 

d. 

v.  s.,  d. 
i. 

d. 

s. 

si.  s. 
35.710" 

100 

V.  s. 

s. 

V.  s. 

s. 

d.' 

s. 
II2100 



d.  al.;s.  a.,Hg,NH3 

33  al.;  i.  eth. 

10 

d.  200 

s.  al.,  acet. 

11 

12 
13 

3.415 
1.75 

s.  alk.;  i.  al. 
si.  s.  HC1 

14 
15 

-9H2O, 

64.5 
subl.  400 

s.  dil.  a.;  i.  al. 

d.  al. 

16 



17 

18 

3.  h.  KOH;  i.  al.,  CS2 

19 

2.607 
2.36 

-iH20,  100 

i.  al.;  6.6725  glyc. 

?0 

4,  85%  al.;  i.  a. 

21 

4al. 

?,3 

i.  al. 

23 

2.867 

288 

i.  al. 

?A 

s.  al. 

?5 

si.  s.  al. 

?,6 

si.  s.  al. 

27 

d. 

350 
-3H2O,  110 

s.  al. 

28 
29 

2.04 

d." 
3001  d. 

s.  al.;  i.  eth. 
s.  ai. 

30 

1.18 
1.39 

31 

d.->K 
d.<180 

947-50 

d. 

780 



d. 

v.  s. 
V.  s. 

49.751°° 

102i°o 
20467 

s.  al. 

33 

33 

34 

(anh.)  1.74 

35 

36 

i.  al.,  eth. 

37 
38 

1.832 
3.2717.5 

2.7525 

434;  d.  370 
730 

d. 

i.  al.,  eth.,  chl. 
si.  s.  al.;  i.  acet. 

39 
40 

1380  (1435) 

0.5  al.;  s.  glyc;  si.  s. 

eth. 
s.  al. 

41 

d.  eth.;  si.  al.,  KBr 

42 

60 

d.  180 
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PHYSICAL  CONSTANTS  OF 


Name 


Potassium 

bromoplatinate 

bromoplatinite 

cacodylate 

cadmicyanide 

cadmium  iodide 

calcium  chloride  (chloro- 
calcite) 
"        magnesium  sul- 
fate (krugite) . 
"        magnesium  sul- 
fate (polyhalite) 
"        sulfate    (kalus- 
zite,  syngenite) 
d-camphorate 

carbonate 

« 

carbonate 

carbonate,  acid 

peroxycar  Donate 

carbonyl 

chlorate 

perchlorate 

chloride  (sylvite) 

hypochlorite 

chloroaquoruthenite, 

penta- 

chloroaurate 

«i 

chlorochromate  (Peli- 

got's  salt) 
chlorohydroxyruthenate , 

penta- 

chloroiodite 

chloroiridate 

chloronitrosoruthenate, 

penta- 

chloroosmate 

chloroosmite 

chloropalladate 

chloropalladite 

chloroplatinate 

chloroplatinite 

chlororhodite,  penta- 

,  hexa- .... 

chlororuthenate 

chlorostannate 

chlorotellurate 

chrotnate  (tarapacaite) . . 

bichromate 

perozychromate 

chromicyanide 

chromium  chromate, 

basic 
chromium  sulfate  (ic) . . . 


citrate 

"       .monobasic 

cobalt    carbonate,    acid 

(ous) 


Formula 


K2PtBr6 

K2PtBr4 

K2PtBr4-2H20. . . . 
KAsC2H602-H20. 

K2Cd(CN)4 

2KI-CdI2-2H20... 
KCl-CaCk 

K2Ca4Mg(S04)6- 

2H20 
K2Ca2Mg(S04)4- 

2H20 
K2Ca(S04)2-H20.. 

K2CioHi404-5H20 

K2C03 

K2C03-2H20 

2K2C03-3H20.... 

KHCO3 

K2C206 

(KCO)6 

KCIO3 

KC104 

KC1 

KCIO 

K2Ru(H20)Cl6... 

KAuCU 

KAuCl4-2H20.... 
KClCr03 

K2Ru(OH)Cl5.... 

KIC14 

KoIrCle 

K2Ru(NO)Cl5.... 

K20sCl6 

K30sC1g-3H20.  . . . 

K2PdCl6 

K2PdCl4 

K2PtCl6 

K2PtCl4 

K2RhCl5 

K3RhCl6-3H20... 

K2RuCle 

K2SnCl6 

K2TeCl6 

K2Cr04 

K2Cr207 

K3O08 

K3Cr(CN)6 

K2Cr04-2Cr(OH)- 
Cr04 
KCr(S04)2-12H20 

K3C6H50rH20. . . 

KH2C6H507 

KHC03-CoC03- 
4H20 


Mol. 
wt. 


752.92 
593.09 
629.12 
194.09 
294.67 
734.31 
185.55 

875.22 

602.94 

328.41 

366.49 
138.20 
174.23 
330.45 
100.11 
198.21 
402  64 
122.55 
138.55 

74.55 

90.55 

375.19 

378.12 
414.16 
174.56 

374.19 

307.84 
484.03 

387.19 

481.13 
574.28 
397.63 
326.72 
486.16 
415.25 
358.39 
486.99 
392.63 
439.63 
418.54 
194.20 
294.21 
297.30 
325.41 
564.26 

499.42 

324.40 
230.21 
291.13 


Crystalline  form,  color  and  index 
of  refraction 


cub.  dk.  red-br 

rhomb,  br 

rhomb,  blk 

wh.  cr 

cub.  col 

wh.-yelsh.  cr.  powd.,  deliq 

cub.  0  1.52 

gray 

tri.,  wh.,  1.548,  1.562,  1.567 

monocl.,  1.500,  1.517,  1.518.  . . . 

need,  clusters,  hygr 

monocl.  col.,  hyg 

rhomb 

monocl.  col 

monocl.  col 

bl 

gray-red 

monocl.  col.,  1.409,  1.517,  1.524. 
rhomb,  col 

cub.  col.,  1.490 

in  soln.  only 

rose  prisms 

monocl.  yel 

rhomb,  pi.,  yel 

monocl.  red 

brn.-red  cr 

rhomb,  yel 

cubic,  blk 

rhomb,  dk.  red 

cub.  red 

cr.  dk.  red 

cub.  red 

tetr.  red-br.  (cub.  yel.) 

cub.  yel 

tetr.  red-br 

rhomb,  red 

tricl.  red 

cub.  blk 

cub.  col.,  1 .  657 

pale  yel.  octahedral 

rhomb,  yel.,  )8  1 .  74 

monocl.  or  tricl.  red 

cub.  br.-red 

rhomb,  yel   

vlt.-br.  amor,  powd 

cub.  oct.,  red  or  grn.,  1.4814 

col 

wh.  cr.  powd 

rose  need 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

4.662* 

d.>400 

2.0220 

V.  s. 

V.  s. 

s. 

33 

13715 

s. 

0.25 

260" 

11220 

146.9 

129.4 

22.4 

s. 

exp. 

7.120 

0'.75° 

34.720 
v.  s. 
s. 

6I.820 

s. 

s.d. 

s.d. 

d. 
1.2519 

1225 

si.  s. 
V.  s. 
si.  s.  d. 
s. 

0.4812 
0.9316 
si.  s. 

d. 

s.d. 

s. 

d. 

62.920 
4.90 

si.  s. 

30.920 

i. 

24.3925 

16715 

s. 

d. 

lOioo 

v.  s. 
V.  s. 

100*100 

d. 

156100 
331100 
268.3100 
6060 

57100 
21.810° 

56.71°° 
v.  s. 

s. 

80.260 

s. 

d. 

6.67' 
80«o 

s. 

d. 

V.  s. 
5.22ioo 
5.310° 
d. 

s. 
d. 

79.210° 
IO2100 

50 

199.73i 

i.  al. 

2 

3 

— H2O  vao. 

4 

1.85 

3.359 

si.  s.  al.;  i.  eth. 

5 

si.  s.  al. 

6 

s.  a.,  al.,  eth. 

7 

754 

8 

2.801 
2.775 
2.60 

9 

10 

1004 

-5H2O,  110 
891 

s.  a.;  i.  al. 

11 

s.  al. 

12 
13 

2.42819 

d. 

i.  al.,  acet. 

14 

2.043 
2.17 

i.  cone.  NH4OH,  al. 

15 

d.  100-200 
200-300 
exp. 
368.4 
610  +  10; 
(525-30) 
776 
d. 
-H2O,  200 

d.  357 

i.  al. 

16 

17 

d.  al. 

18 
19 

2.32 
2.52io 

1.984 

d.  400 

0.83  al.;  s.  alk. 
i.  al.,  eth. 

20 

21 

subl.  1500 

si.  s.  al.;  s.  alk.,  eth.,'glyc. 

22 

si.  s.  al. 

23 

s.  a.;  25  al. 

24 

s.  al.,  eth. 

25 

2.497 

d. 

d. 

d. 
d. 
d. 

d. 

-3H2O,  150 

d. 

d.  105 

d.  250 

d. 

d. 

d. 

d. 

s.  a. 

26 

i.  al. 

27 

1.76« 
3.546 

d.  eth. 

28 

i.  al.,  KC1.  NH4OH 

29 

i.  al. 

30 

s.  dil.  HC1;  i.  al. 

31 

s.  al.;  i.  eth. 

32 
33 

2.738 
2.67 
3.49924 
3.30 

si.  s.  HC1;  i.  al. 

s.  KC1,  NH4OH;  i.  al. 

34 

i.  al.,  eth. 

35 

i.  al. 

36 

i.  al. 

37 

3.291 

si.  s.  al.,  KC1 

38 

i.  al. 

39 

2.71 

40 

s.  HC1 

41 

2.73218 
2.69 

968.3 

tr.  2.36;  398 

d.  170 

i.  al. 

42 
43 

d.  500 

Lai. 

i.  al.,  eth. 

44 

1.71 

2.281* 

1.83 
1.98 

i.  al. 

45 

300 

89 

d.230 

i.  al.,  acet.  a. 

46 
47 

-I2H2O, 
400 

s.  dil.  a.;  i.  al. 
s.  glyc;  si.  s.  al. 

48 

49 
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PHYSICAL  CONSTANTS  OF 


Name 


Potassium 

cobalticyanide 

cobaltinitrite    (Fischer' 
salt) 
cobaltinitrite 

cobalt  malonate  (ous) . . 

cobaltocyanide 

cobalt  sulfate  (ous) 

copper  chloride 

cuprocyanide 

cyanate 

cyanide 

cyanoaurate  (auri- 

cyanide) 
cyanoaurite  (auro- 

cyanide) 

cyanoosmite 

cyanoplatinite 

ethylsulfate 

ferricyanide 

ferrocyanide 

fluoberyllate 

fluoborate  (avogadrite) . 
fluocolumbate,  penta- . . 

fluogermanate 

fluomanganite 

fluorescein  deriv 

fluoride 

"     ,  acid 

fluosilicate  (hieratite) . . 

fluostannate 

fluosulfonate 

fluotell urate,  di- 

fluotitanate 

fluozirconate 

formate 

gadolinium  sulfate 

gallium  sulfate 

mefogermanatc 

tfzgermanate 

^ragermanate 

glycerophosphate 

hydride 

hydroxide 

iodate 

iodate,  acid 

metaperiod&te 

iodide . . . . 

"    ,  tri- 

iodoaurate 

iodoiridite 

iodoplatinate 

iron  chloride  (ic)    (ery 
throsiderite) 


Formula 


K3Co(CN)6 

K3Co(N02)6 

K3Co(N02)6-H20 

K3Co(N02)6-liH20 
K2Co(C3H204)2.. 

K4Co(CN)6 

K2S04-CoS04-6H20 

KCl-CuCh 

K3Cu(CN)4 

KOCN 

KCN 

KAu(CN)4-UH20. 

KAu(CN)2 

K40s(CN)6-3H20.  . 
K2Pt(CN)4-3H20.. 

KC0H5O4S 

K3Fe(CN)6 

K4Fe(CN)6-3H20.  . 

K2BcF4 

KBF4 

K2CbOF5-H20 

R2GeF6 

KoMnFe 

K2C2oHio05 

KF 

KF-2H20 

KHF2 

K2SiF6 

K2SnF6-H20 

KFSO3 

K2Te03F2-3H20... 

K2TiF6-H20 

K2ZrF6 

KCH02 

K2S04-Gd2(S04):r 
2H20 
KGa(S04)2-12H>0  . 

K2Ge03 

K2Ge205 

K2Ge<09 

K2C3H7POc; 

KH 

KOH 

KIO3 

KIOs-HIOs 

KI03-2HI03 

KI04 

KI 

KI3 

KAuI4 

K3IrI6 

K2PtI6 

2KCl-FeCl3-H20... 
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Mol. 
wt. 


332.34 

452.28 

470.29 

479.30 
341.22 
371.43 
437.35 
209.04 
284.93 
81.11 
65.11 

367.39 

288.33 

556.74 
431.54 
164.22 
329.24 
422.38 
163.21 
125.92 
300.12 
264.79 
247.12 
408  47 
58.10 
94.13 
78.10 
220.25 

328.91 
138.16 
345.85 
258.11 
283.41 
84.11 
812.26 

517.13 

198.79 

303.39 

512.59 

248.30 

40.10 

56.10 

214.02 

389.94 

565.87 

230.02 

166.02 

419.86 

743.98 

1071.91 

1034.94 

329.33 


Crystalline  form,  color  and  index 
of  refraction 


monocl.  yel 

pr.  yel 

yel.  cr.  powd 

tetr.  yel 

vlt.  need 

monocl.  pr.  red,  1.481,  1.487,  1.500. . 

red  need 

rhbdr.  col 

need,  col 

cub.  col.,  wh.  gran.,  deliq.,  extr.  pois. 

col.  tabl 

col.  rhomb 

monocl.  col.-yel.,  0  1.607 

rhomb,  col.  yel.,  blue  fluores.,  deliq. 

monocl.  wh 

monocl.  red.,  1.566,  1.569,  1.583 

monocl.  lem.  yel.,  /S  1.577 

rhomb,  col 

rhomb,  or  cub.  col 

monocl.  leaf,  col 

hex.  wh 

hex.  tab.,  yel 

yellowish-red  powd 

cub.  col.,  deliq. . 

monocl.  pr.,  deliq 

cub.  col 

hex.  or  cub.  col 

monocl.  pr 

short,  thick  pr 

micros.,  oct.,  monocl 

col.  monocl.  sm.  lust,  leaf 

monocl.  col.,  1.466,  1.455 

rhomb,  col.,  deliq 

cryst 

col.  cr.,  1.46528 

wh.  cryst 

wh.  cryst 

wh.  cryst 

col.  to  si.  yelsh.  mass,  hyg 

wh.  need 

rhomb,  deliq.,  wh 

monocl.  col 

monocl 

col.  tricl 

tetr.  col 

cub.  col.  or  wh.  gran.,  1.677 

monocl.  dk.  bl.,  deliq 

lust.  blk.  cr 

grn.  cr 

blk.  rect 

orthorhomb.  red 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

1.906 

d. 
d.  200 

s. 
si.  s. 

i. 

0.08917 

s. 
25.5° 

v.  s. 
s. 
V.  s. 

s. 

14.3 

si.  s. 
si.  s. 
s. 
33* 

27.8i2 

220 

.4420 

7.69 

.54218 

d. 

s. 

92.3is 

349.318 

41.21 
0.1217-5 

3.718 
6.919 

si.  s 

.556°';  I.320 
.7812 
33118 

s. 

s. 
s. 
s. 
s. 
V.  s. 

d. 

97°;  IO713 
4.74° 
I.3313 
415 

O.6613 
127.50 
v.  s. 
s.,  d. 
v.  s.  (i.) 
s. 

s. 
si.  s. 

s.  d. 

si.  s. 

s. 

108.449 

s. 
V.  s. 

v.  s. 

200 

s. 
V.  s. 

77.5100'  ■ 

90.696-3 
5.26i°° 
6.27i°0 

2.581°°' ' 
d. 

v.  s. 
v.  s. 
V.  s. 

0.95410° 
33.31°° 
si.  s. 

1.2721 
251°° 

6579° 
s. 

v.  s. 
d. 

178io° 
32.3io° 

s. 
208i°° 

s'.d. "" 

Lai. 

2 
3 
4 

Lai. 

s.  min.  a.;  si.  s.  ac.  a.; 

i.  al.,  eth. 
i.  al.,  eth. 

A 

2.234 

6 

i.  al.,  eth. 

7 

2.218 

2.86 

8 

9 

d. 

d.  700-900 
634.5; 
(601-621) 
d.  200 

10 

2.04816;  2.05620 
1.5216 

i.  al. 

11 
12 

s.  glyc,  meth.  al.;  si.  s.  al. 
s.  al. 

13 

3.45 

si.  s.  al.;  i.  eth. 

14 

d. 

d.  400-600 

i.  al.,  eth. 

15 

16 

2.4551" 
1.843 

1.89417 
1.8517 

s.  al.,  eth.,  H2SO4 
s.  al. 

17 

d. 
-3H20,  70 

red  ht. 
530 

s.  acet.;  i.  al. 

18 
19 

d. 

s.  acet.;  i.  al.,  NH3 

20 

2.498 

s.  al.;  si.  s.  eth. 

21 

22 

730 

d. 

ca.  835 

23 

s.  c.  HC1 

24 

25 
26 

2.48 
2.454 

880 
41 
d. 
d. 

1500 

s.  HF,  NH3;  i.  al. 
s.  HF;  i.  al. 

27 

s.  KC2H3O2;  i.  al. 

28 

hex.  3.08;  cub. 
2.66517 
3.053 

s.  HC1;  i.  NH3,  al. 

29 

i.  al.,  NH3 

30 

311 

d. 

-H2O,32;780 

31 

s.  HF 

32 

d. 

s.  min.  a.;  i.  NH3 

33 

3.48 
1.91 
3.503* 

1.895 

3.4021-5 

4.3121.5 

4.1221.5 

i.  NH3 

34 
35 

167.5 

d. 

s.  al.;  i.  eth. 

S.  K2SO4 

36 

37 

823 

>83 

1033 

d. 

360.4  ±    7 
560 

s.  a. 

38 

s.  a. 

39 

s.  a. 

40 

s.  al. 

41 

1.43-.47 
2.044 

3.89 

i.  CS2,  eth.,  bz. 

42 
43 
44 

1320-* 
d.>100 

v.  s.  al.,  eth.;  i.  NH3, 
s.  KI;  i.  al.,  NH3 

45 

46 
47 

48 
49 

3.6181* 
3.13 

3.498 

582 
723 
31  (45) 

d. 

-O,  300 
1420  (1330) 
d.  225 

v.  si.  s.  KOH 

14.3  al.;  s.  NH3;  si.  s.  eth 

s.  al.,  KI 

s.  dil.  soln.  KI 

50 

i.al. 

51 

52 

5.176  (4.96- 
5.03) 
2.320 

i.  al. 
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PHYSICAL  CONSTANTS  OF 


Name 


Potassium 

iron  oxalate  (ous) 
"        "        (ic).. 


sulfate  (ous) 

"     (ic) 

(krausite) 


"    sulfide  (ic). 

lactate 

laurate 

"      ,  acid. . . 


Formula 


lead  chloride  (pseudo- 

cotunnite) 
magnesium  carbonate, 
acid 
chloride 
(carnallite) 
"  chloride  sul- 

fate (kainite) 

magnesium  chromate .  . . 

magnesium  sulfate  > 

(langbeinite) 
"  sulfate 

(leonite) 

(picromerite,  schonite) 

malate 

manganate 

permanganate 


manganese  chloride  (ous) 

(chloromanganokalite) 
manganese  sulfate  (ic) .  . 

(manganolangbeinite) 

manganicyanide 

manganocyanide 

mercuricyanide 

mercury  iodide  (ic) 

"       tartrate  (ous) . . 
methionate  (methane- 

disulfonate) 

methylsulfate 

moly  bdate 


myristate,  acid. 


naphthalene-l,5-disul- 
fonate 

nickelocyanide 

nickel  sulfate 

nitrate  (saltpeter) 


nitride . 
nitrite . 


41       nitroplatinite. 


KoFe(C>04)2-2H20. 
KFe(C204)2-2iH20 
K3Fe(C204)3-3H20. 
K2S04-FeS04-6H20 
K2S04-Fe2(S04)3- 

2H20 
KFe(S04)2-12H20.. 

KFeS2 

KC3H5O3XH2O   .. 

KC12H23O2 

KCi2H2302- 

C12H24O2 
2KCl-PbCl2 


KHCCVMgCOr 
4H-0 
KCl-MgCl2-6H20. . 

K2S04-MgS04- 
MgCl2-6H20   (or 
KMgClS04-3H20) 

K2Cr04-MgCr04- 
2H20 

K2S04-2MgS04.... 

K2S04-MgS04- 
4H20 

K>S04-MgS04- 
6H2O 

K2C4H4O5 

K2M11O4 

KMnCb 


Mol. 
wt. 


4KCl-MnCh 


KMn(S04)2-12H20 
K2S04-2MnS04.... 

K3Mn(CN)6 

K4Mn(CN)6-3H20. 

K2Hg(CN)4 

KI-HgI2 

KHgC4H406 

K2CH206S2 


2KCH304S-H20... 

K2Mo04 

K2Mo04-5H20 

KCi4H2702- 
C14H28O2 
K2CioH606S2-2H20. 

K2Ni(CN)4-H20... 
K2S04-NiS04-6H20 
KNO3 


K3N.. 
KN02. 


346.10 
316.02 
491.24 
434.25 
610.14 

503.25 
159.06 


KoPt(N02)^ 


238.40 
438.72 

427.23 

256.51 

277.88 

497.96 
(248.98 

370.56 

415.01 

366.70 

402.73 

210.26 
197.12 
158.03 

424.06 

502.34 
476.23 

328.33 
421.47 

382.87 
620.47 
387.78 
252.34 

318.40 
238.14 

328.22 
494.82 

400.49 

258.97 
437.10 
101.10 

131.30 
85.10 

457.45 


Crystalline  form,  color  and  index 
of  refraction 


gold  need 

br.  cr 

monocl.  grn 

grn.  monocl.  pr 

monocl.,  pale  yel.  grn 

cub.  oct.  col.  or  vlt.,  1.482 

purp.,  hex 

col.  to  yelsh.  syrupy  liq 

amor 

wh.  wax-like  solid 

yel 

tricl.  or  rhombic  col 

rhomb,  col.,  deliq.,  1.466, 1.475,  1.494 

col.  monocl 

) 

trie 

tetrah.,  1.5329 

col.,  monocl.,  1.483,  1.487,  1.490. . . . 

monocl.  col.,  1.461,  1.463,  1.476 

col.,  viscid  mass 

rhomb,  grn 

rhomb,  purple,  to  1.59 

trig.,  1.59 

cub.  (oct.,)  vlt 

tetrah.,  rose-red,  1.572 

rhomb,  red,  1.553,  1.555  (Li),  1.571. 

tetr.  deep  blue 

col.  cr.  pois 

yel.,  deliq.  pr 

wh.  cr.  powd 

monocl.,  0  1.539 

wh.  cr 

wh.  deliq.  powd 

wh.  deliq.  powd 

wh.  wax-like  solid 

monocl.,  1.485,  1.669,  1.697 

monocl.  cr.  or  powd.,  red-yel 

monocl.  bl..  1.484.  1.492,  1.505 

rhomb,  or  trig,  col.,  1.335,  1.5056, 
1.5064 

grnsh.  blk 

col.  prism,  deliq 

monocl.  col 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

d. 
d. 
-3H20,  100 

s. 

9221 

4.7° 

2012-5 
d. 

s. 

s. 

s.  d.  gives 

64.519  d. 

79.5618 

v.s. 

19.26°; 

2520 
s. 
d. 
2.83"; 

6.3820 
s. 

d; 

S. 

s. 

s. 

d. 

i. 
s. 

s. 
184.625 

s. 

s. 
s. 

70 

13.3°; 
31.62« 
d. 
281°; 

31325 

3.815 

s. 
d. 

II77100 

v.  s. 

MgCOa.3 

d. 

59.8™ 

d. 
256s 

3. 
d." 

v.  s. 

60.8™ 

247100 

413160 

s. 

?, 

Lai. 

3 

d.  230 

s.  acet.;  i.  al.,  NH3 

4 

2.169 
2.840 

1.83 
2.563 

ft 

6 

33 

i.  al. 

7 

8 

s.  al.;  i.  eth. 

q 

4.515  al. 

10 

160 
490 

0.90413-5  al. 

11 

12 

2.98 
1.61 
2.131 

2.59 
2.829 
2.20120 
2.15 

H2O 

13 

265 

d.  al. 

14 

i.  eth.,  al. 

15 

16 

927 

17 

18 

d.  72 

19 

20 

d.  190 
d.<240 

s.  KOH 

21 

22 

2.703 
2.31 

d.  al.;  s.  H2SO4;  v.  s.  meth. 
al.,  acet. 

23 

24 

3.02 

850 

25 

26 

27 

s.  al. 

28 

s.  al.,  eth.,  KI,  ac.  a. 

29 

i.  al. 

30 

2.376 

31 

s.  al. 

32 
33 

lq.  2.342** 

919 

i.  al. 

34 

153 

.45313&  al. 

35 

1.797 

1.87511 

2.124 

2.109'6 

36 

-H20,  100 
d.<100 
tr.-trig.  129 
m.p.  334 
d. 
387(419) 

d. 

d.  a. 

37 

38 
39 

d.400 

i.  al.,  eth. 

40 
41 

1.915 

v.  s.  NH3;  si.  s.  al.;  1. 
94  %  al. 

495 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


Potassium 

m-nitrophenoxide. 
p-nitrophenoxide. 
nitroprusside 


oleate. 


acid. 


osmate . 
oxalate. 


acid 


"     ,  tetr- 

oxide,  mon-. 
"  ,di-... 
"    .  tri-... 


,  per- 

palmitate,  acid. 


l-phenol-2-sulfonate  (o-) 
"        -4-     "         (p-) 

phenyl  sulfate 

ort  Ziophosphate 

,  mono-H 
,di-H... 

pyrophosphate 

metaphosphate 

orMophosphite,  mono-H. 
,di-H... 

/ij/pophosphite 


phthalate,  acid, 
picrate 


piperate 

platinate 

platinum  (tri-)  thio- 
platinate  (ous) 

metaplumbate 

praseodymium  sulfate . 


propionate 

propyl  sulfate 

rhodium  sulfate. . . 

ruthenate 

perruthenate 

<i-saccharate,  acid. 

salicylate 

santoninate 

selenate 

selenide 

selenite 

selenocyanate 

metasi\\ca.te 

{silicate 


Formula 


KOC6H4NO-.-2H20 
KOC6H4NO22H2O 
K2(NO)Fe(CN)5- 
2H20 
KCi8H3302 


KCl8H3302'Cl8H34- 
02 

K20s04-2H20 

K2C204-H20 

KHC2O4 

KHC204iH20. . . . 

KHC2O4H2O 

KHCaOvEfeCoCV 
2H2O 

K>0 

K2O2 

K2O3 : 

KO2 

KCl6H3l02*Cl6H32- 

02 
KC6H5O4S.H2O... 

KC6H504S 

KC6H6S04 

K3PO4 

K2HPO4 

KH2PO4 

K4P20r3H20 

KPO3 

K2HPO3 

KH2PO3 

KH2PO2 


KHC8H404. 
KCCH2N3O7. 


KC12H9O4... 
K2Pt0.r3H20. 

K2Pt3(PtS6).. 


K2Pb03-3H20.... 
3K2S04-Pr2(S04):r 
H2O 
KC3H802H20. . 

KC3H7O4S 

KRh(S04)2-12H20 

K2RUO4H2O 

KRu04 

KHCeHsOs 

KCvHbOs 

KC15H19O4 

K2Se04 

K2Se 

K2Se03 

KSeCN 

KoSiOs 

K2Si206 


Mol. 
wt. 


213.23 
213.23 
330.16 

320.54 

603.00 

368.42 
184.23 
128.12 
137.13 
146.14 
254.19 

94.19 

110.19 

126.19 

71.10 

550.93 


Crystalline  form,  color  and  index 
of  refraction 


flat  or.  need 

yel.  leaf 

monocl.  red  hyg. 


cr.   or  yelsh.   or   brush. 
a.  1.452,  7  1.465 
white  wax -like  solid 


soft 


cub.  vlt.,  hyg 

monocl.  wh.,  1.440,  1.485,  1.550. 

monocl.  col.,  1.415,  1.545 

trim : 

rhomb 

tricl.  col 


cub.  col. -gray. 

wh 

red 

yel.  leaf 

wh.  fatty  solid 


230.27  rhomb.,  1.527,  1.568.  1.647... 
212.26  rhomb.,  1.571,  1.60S,  1.694... 

212.26  rhomb,  leaf 

212.31  rhomb,  col.,  deliq 

174 .  22  amor,  wh.,  deliq 

136.13  tetr.  col.,  deliq.,  1.510,  1.4684 

384.47  col.  deliq 

118.076  col.,  1.458,  1.487 

158.22  wh.  powd.  deliq 

120.13  deliq.  wh 

104.13  hex.  wh.,  deliq 


"       ,  hydrogen KHSi20B 176.22 


204 . 22 
267.20 

256.29 

375.47 

1051.47 

387.45 
1110.79 

130.18 
178.24 
550.32 
261.91 
204.80 
248.23 
176.21 
302.40 
221.15 
157.15 
205.15 
144.07 
154.25 

214.31 


rhomb,  col 

yel.  redsh.  or  grnsh.  rhomb.,  1.52' 

1.903,  1.952 

It. -yel.  cr.  powd 

rhomb,  yel 

bl.  gray  cr 


rhomb,  col. 
cr 


wh.  hyg.  cr.,  leaf.,  deliq 

wh.  cr.  powd 

yel.  cub 

tetr.  blk 

tetr.  blk 

rhomb,  need 

wh.  powd 

wh.  deliq.  cr.  powd 

rhomb,  col.,  1.535,  1.539,  1.545. . . . 
wh.,  cr.  reddens  on  exposure  to  air 

wh.  deliq 

need.,  deliq 

amor,  col 


0,  1.500. 


rhomb. 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 
2 
3 

1.69120 
1.65220 

-2H20,  130 
-2H2O  130 

d. 
d. 

16.31S 

7.513 
lOOie 

25 

s. 
si.  s. 

3316 

2.5 
2.2 

1.8" 

V.  s. 

v.  s.d. 

s. 

1 415 '  ' 

si.  s. 
V.  s. 

332s 

s. 
i. 

v.  s. 
v.  s. 
V.  s. 

1Q25 

0.515 

si.  s. 

s. 

i. 

d. 

si.  s. 

20716 
v.  s. 
s. 

V.  s. 
si.  s. 

1.1* 

s. 
s. 

110.50 

s.d. 

s. 
s. 
s. 

s. 
s. 
s.d. 

16.7io° 

51.5100 

v.  s. 

s. 

v.  s. 
s. 

v.  s. 
i. 

v.  s. 
V.  s. 
V.  s. 

33100 

25100 
V.  s. 

d. 

359 

d. 
s.d. 

s. 

122. 2i°° ' 

s. 

s. 
s. 

s.  al. 

si.  s.  al. 
s.  al. 

s.     4.315135,      10060 

3.5»  eth. 
5.2M-*  ai. 

i.  al.,  eth. 

4 

al ; 

5 

95 

-H20,>  100 

d. 

d. 

d. 

6 

7 

2.12739;  2.08 
2.0 

8 

si.  s.  al. 

9 

10 

2.044 
1.836 

2.320 

11 

d. 

1? 

s.  al.,  eth. 

13 

490 
430 

ca.  400 
138 

400 

>260 

150-60  d. 

1340 

d. 

252.6 

-2H-.0,  180 

807 

d. 

d. 

d. 

14 

15 

d. 

d.  al. 
0.19813  al. 

s.  al. 

16 

17 

1.734 
1.87 

18 

19 

d. 

v.  si.  s.  al. 
i.al. 
v.  s.  al. 
i.al. 
i.al. 
i. 

i.al. 
i.  al. 

ll.l25  chl.;  v.  si.  s.  abs 
NH3;  i.  eth. 

?0 

Di7  =  2.564 

21 

a? 

2.338 

2.33 

2.3932* 

23 
?4 

-3H-.0,  300 

?5 

?fi 

27 

al 

?8 

1.636 

1.852 

W 

exp.  310 

0. 18425  al. 

30 

31 

d. 
d. ign. 

i.al. 
d.  HC1 

s.  KOH 

s.  HNO3,  HC1 

22.2"  95  ^  al. 

3? 

6.4416 

33 

34 

3.27516 

35 

-H20,  120 

36 

37 

2.23 

38 

-H2O,  200 
d.  440 

d.  400vae- 

d.  a.,  al. 

39 

40 

41 

s.  al. 
s.  al. 

42 

43 

3.066 
2.S511* 

44 

45 

si.  s.  al. 
d.  a.;  s.  al. 

i.al. 

46 

2.347 

d.  100 

976 

1015+  10 
515 

47 

48 

2.456^ 

2.417^ 

4 

49 
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PHYSICAL  CONSTANTS  OF 


Name 


Potassium 

t  et  rasilicate 

silicotungstate  (normal) . 

silver  carbonate 

"      nitrate 

sodium    antimony   tar- 
trate 

"       carbonate 

"       cobaltinitrite. . . . 

"       iron  chloride  (ous) 
(rinneite) 

"       sulfate 

sodium  tartrate  (Rochelle 
salt,  Seignette  salt) 

stannate 

stearate 

"       ,  acid 

strontium  chromium 
oxalate  (ic) 

styphnate 

succinate 

"       ,  acid 

<<  <« 

sulfate  (arcanite) 

"     ,  acid  (mercallite, 
misenite) 

pyrosnU  ate 

peroxydisutf&te 

sulfide,  mono- 

"  ,  hydro- 

•|  ,di- 

"  !  tri-.V."*! 

"  ,  tetra- 

»        

"  ,  penta- 

sulfite 

"     ,  acid 

p?/rosulfite     (metabisul- 
fite) 

tantalum  fluoride 

d-tartrate 

^/-tartrate 

d-        "     ,  acid 

dl-      "       "      

tellurate 

telluride 

tellurite. 

thioantimonate 

thioarsenate 


Formula 


K2Si409-H20 

K4SiWi204o- 
I8H2O 

KAgCOa 

KN03-AgN03.... 
KNaSbC4H3a..  . 

KNaC03-6H20... 
K2NaCo(N02y 
H20 
3KCl-NaCl-FeCl2. 


3K2S04-Na2S04. 
KNaC4H40G- 
4H20 

K2Sn03-3H20.. 
KCi8H3s02 


KCi8H3502,CikH3C 

02 
KSrCr(C204)3- 

6H20 

KC6H2N308-H20. 
K2C4H404-3H20. 

KHC4H4O4 

KHC4H404-2H20 
KHC4H404- 

C4H6O4 
K2S04 

KHSO4 

K2S2O7 

K2S2O8 

K2S 

K2S-5H20 

KHS 

K2S2 

K2S2-3H20 

K2S8 

K2S4 

K2S4-2H20 

K2S5 

K2S03-2H20 

KHSOs 

K2S2O5 

K2TaF7 

K2C4H406-|H20. 

K2C4H406 

KHC4H4O6 

KHC4H406 

K2Te04 

K2Te04-5H:0... 

K2Te 

K2Te03... 

2K3SbS4-9H20... 
K3AsS4 
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Mol. 
wt. 


352.45 

3355.78 

206.99 
270.99 
346.92 

230.20 
454.19 

408.87 

664.81 
282.23 

298.94 
322.56 

607.03 

550.89 

301.21 
248.31 
156.18 
192.21 
274.27 

174.25 

136.16 

254.31 
270.31 
110.25 
200.33 
72.16 
142.31 
196.36 
174.37 
206.43 
242.46 
238.49 
^4.28 
120.16 
222.31 

392.07 
235.27 
226.26 

188.18 
188.18 
269.80 
359.88 
205.80 
253.80 
896.72 
320.44 


Crystalline  form,  color  and  index 
of  refraction 


rhomb.,  a  1.495,  0  1.535 

col.  hex 

rect.  pi 

monocl 

wh.  scales  or  powd 

monocl.  hyg.  efflor 

yel.  cr 

rhbdr.,  1.589,  1.590 

rhbdr 

rhomb,  col.,  1.492,  1.493,  1.496 

trig,  col 

wh.  cr.  powd 

wh.  powd 

grnsh.-blk 

yel.  monocl.  pr 

rhomb 

monocl 

rhomb.,  1.417,  1.530,  1.533 

monocl 

rhomb,   or   hex.   col.,    1.494,   1.495, 

1.497 
monocl.  or  rhomb,  col.,  deliq 

col.  need 

tricl.  col.,  1.461,  1.467,  1.566 

yel-br.,  deliq 

rhomb,  col 

rhomb,  yel.  deliq 

red  yel.  cr 

yel 

br.  yel.  cr 

red-br.  cr 

yel 

orange  cr 

monocl.  wh.-yelsh 

col.  cr 

monocl.  pi 

rhomb,  col 

monocl.  col.,  /3  1.526 

monocl.  col 

rhomb,  col 

monocl.  col 

soft,  glutinous  mass 

rhomb,  col.,  deliq 

col 

wh.  deliq.  cr 

yel.  cr 

deliq.  cr 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

2.417;  anh. 
2.33525 

d.  400; 

anh.  770 
-17H20, 

100 
d. 
125 

s. 
33.320 

d. 
V.  s. 

s. 

185.215 
0.0725 

s. 
26° 

8510 

8, 
1.5430 

6.85"; 

12.25 

36.3° 

s. 

1.750 

s. 

s. 

d. 

s. 

V.  s. 

s. 

s. 

s. 

V.  s. 

100 

s. 

si.  s. 

si.  s.,  d. 
15014 

0.37 

.4225 

hydrolyzes 
si.  s. 

s. 

V.  s. 
8. 

s. 
V.  s. 

d. 

V.  s. 

s. 

6626 

110.520 

s. 
s. 

24.1ioo 
121.61°° 

d. 

5.320 
v.  s. 

d.'" 
d. 

v.  s. 

d. 

s. 

V.  s. 
<100 

s. 

278100 
6.ii°° 

s. 
s. 
V.  s. 

i.  al. 

2 

v.  s.  acet.;  s.  meth.  aL; 
si.  s.  al.;  i.  eth.,  bz. 

3 

3.769 
3.219 

4 

ft 

6 

1.61-1.63" 
1.633 

2.3 

2.7 
1.790 

3.197 

-6H2O,  100 
135 

7 

i.  al. 

8 

9 

10 
11 

70-80 

-4H20,  215 

v.  si.  s.  al. 

si.  s.  KOH;  i.  al.,  acet. 

12 

0.14513-5  al.;  i.  eth.,  CS2, 

13 

153 

chl. 
0.09113  5  ai. 

14 

2.15513 

1ft 

-H2O,  120 

expl. 

v.  si.  s.  al. 

16 

1.564 
1.767 
1.616 
1.56 

2.662 

2.24-2.61 

2.27 

2.477 

1.805" 

17 

242  d. 

18 

s.  al. 

19 

162 

tr.  588;  1076 

210 

>300 

d.<100 

471 

60 

455 

470 

20 

i.  al.,  acet.,  CS2 

21 

22 

d. 
d. 

i.  al.,  acet. 

23 

i.  al. 

24 

s.  al.,  glyc;  i.  eth. 

2ft 

-3H26,  150 

s.  al.,  glyc;  i.  eth. 

26 

2.0  (1.68-.70) 

s.  al. 

27 

s.  al. 

28 

s.  al. 

29 

252 
145 

d.*850' 

s.  al. 

30 

s.  al. 

31 

si.  s.  al. 

32 

206 
d. 

d.  190 
d. 

si.  s.  al. 

33 

si.  s.  al.:  i.  NH3 

34 

i.  al. 

35 

36 
37 

2.3 

4.56;  5.24 

1.97 

1.984 

1.956 

1.954 

si.  s.  al.;  i.  eth. 

si.  s.  HF 
si.  s.  al. 

38 

39 
40 
41 

200  d. 

s.  a.,  alk.;  i.  al.,  ac.  a. 
s.  min.  a.;  i.  al. 

42 

si.  s.  KOH;  i.  al. 

43 

2.51 

460^70  d." 

44 

s.  h.  K2CO3,  KOH 

4ft 

i.  al. 

46 

d. 

V.  s. 

i.  al. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Potassium 

thioarsenite 

thiocarbonate 

thiocyanate 

dithionate 

Jrithionate 

/efrathionate 

peniathionate 

thiostannate 

thiosulfate 

thorium  fluoride 

ort  Aotungstate 

paratungstate 

metatungstate 

mefouranate 

peruranate 

uranium  oxalate 

uranyl  acetate 

"       carbonate 

"       sulfate 

urate,  acid 

mefavanadate 

ethylx&nthate 

Praseodymium 

acetate 

bromate 

bromide 

carbide 

carbonate 

chloride 

hexaantipyrine  per- 

chlorate 

oxalate 

oxide,     sesqui-     (prase- 

odymia) 

oxide,  di- 

"   ,tetr- 

2,  4-pentanedione  deriv. 
(acetylacetonate) 
sulfate 

sulfide 

Radium 

bromide 

carbonate 

chloride 

<< 

iodate 

sulfate 

Radon  (niton)  (radium 
emanation) 


Formula 


K3AsS3 

K2CS3 

KSCN 

K2S206 

K2S306 

K2S40e 

2K2S506-3H20. . . . 
K2SnS3-3H20.... 
3K2S203-H20 

3K2S203-5H20.... 
K2ThF6-4H20.... 

K2W(V2H20 

K6W7024-6H20.... 
K2W4013-8H20... 

K2U04 

K2U06-xH20 

K4U(C204)4-5H20. 
KU02(C2H302)3. 

H20 

2K2C03-U02C03.. 
K2S04-U02S04- 

2H20 
KHC5H2N403.... 

KVO3 

KC3H5OS2 

Pr 

Pr(C2H302)3-3H20 
Pr(Br03)3-9H20.. 

PrBrs 

PrC2 

Pr2(C03)3-8H20.. 
PrCl3 

PrCl3-7H20 

[Pr(CnHi2N20)6]- 
(C104)3 
Pr2(C2O4)3-10H2O. 
Pr203 

Pr02 

Pr04 

Pr(C5H702)3 

Pr2(S04)3 

Pr2(S04)3-5H20... 
Pr2(S04)3-8H20... 

Pr2Ss 

Ra 

RaBr2 

RaBr2-2H20 

RaC03 

RaCl2 

RaCl2-2H20 

Ra(I03)2 

RaS04 

Rn.. 


500 


Mol. 
wt. 


288.38 

186.38 

97.17 

238.31 
270.37 
302.43 
723.03 
347  12 
588.95 

661.02 
496.38 

362.14 
2014.11 
1166.00 

380.26 

836.' 62 
504.32 

606.48 
576.41 

206.20 
138.05 
160.29 
140.92 
372.10 
686.81 
380.67 
164.94 
606.00 
247.29 

373.40 
1568.63 

726.06 
329.84 

172.92 
204.92 
438.24 

570.02 

660.10 
714.15 
378.02 
226.05 
385.88 
421.91 
286.06 
296.96 
333.00 
575.89 
322.11 
222.00 


Crystalline  form,  color  and  index 
of  refraction 


yel.-red-br.  cr.,  deliq 

col.  prisms,  deliq 

trig,  col.,  1.455,  1.515 

rhomb.,  1.475,  1.480,  1.487 

monocl 

rhomb,  col 

dk.  br.  oil 

monocl.  deliq 

col.  rhomb 

col 

monocl.  col.,  deliq 

rhomb 

cubic 

or.-yel.,  rhomb 

orange-yel  cr 

monocl.  yel 

tetr 

hex.  yel 

monocl.  yel 

wh.  powd 

col.  cr 

col.-lt.  yel.  pr 

pa.  yel.  met 

grn.  need 

hex.  grn 

grn.  cr.  powd 

yel.  cr 

grn.  silky  pi 

bl.  grn.  need 

tricl.  grn 

grn.  hex.  leaf 

It.  grn.  cr 

yel.-grn.  amor 

br.-bl.  powd 

blk 

cr.  ppt 

It.  grn.  powd 

monocl.  pr 

monocl.  grn.,  1.540,  1.549,  1.561 .... 

br.  powd 

silv.-wh.  met 

monocl.  col.-yelsh 

wh.  or  si.  brnsh 

monocl.  col.-yelsh 

con 

col.  gas.  opaque  cr 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

d. 
d. 
173.2 

d. 

s. 

V.  s. 
177.2° 

6 

V.  s. 
V.  s. 
50 
s. 
96.1° 

150.217-2 
6X10-5 

(25°) 
51.5 
2.15 
s. 
i. 
d. 

s. 

7.4" 

s. 

si.  s. 
si.  s. 
v.  s. 

d. 

V.  s. 

196^ 

si.  s.  d. 

d. 

i. 

103.913 

334 13 

i. 

.00002029 

23.70; 
17.720 

lV.420 

d.  ev. H2 

s. 

i. 
s. 

.01750 
.00000225 
51.0°  cm3; 
22.425  cm3 

s. 
21720 

6610° 
d. 

dV  ' 

31290 ' 

151.5 

6.6 
v.  s. 
i. 
d. 

d. 

s. 
d. 

dV ' 

00  100 
00 100 

1.0295 
1.8585 

si.  s. 
d. 

s. 

s. 

.17010° 

.00000545 

13.050cm3 

i.  al. 

9 

s.  NH3;  si.  s.  al."  i.  eth. 

3 
4 

1.886 

2.278 
2.304 
2.296 
2.112 
1.84718 
2.23;  (anh.) 
2.590 

d.  500 

s.  al.,  20.7522  acet.;  O.I813 
amyl.  al. 
i.  al. 

5 

i.  al. 

6 

i.  al. 

7 

d. 

-3H>0,  100 

-H2O,  180 

d. 

i.  al. 

8 

i.  al. 

9 
10 

d. 

i.  al. 

11 

1? 

3.113 

tr.  388;  921 

d. 

ca.  930 

d.  a.;  i.  al. 

13 

d.  a.;  i.  al. 

14 

d.  a. 

15 

v.  s.  a. 

16 

d.  100 

d.  HC1 

17 

2.563 
2.39615(^H->0) 

18 

-H2O,  275 

-CO>,  300 
-2H2O,  120 

1M 

s.  aq.  K2CO3;  i.  al. 

20 

3.363191 

?1 

Tffl 

si.  s.  KOH;  i.  al. 

?3 

1.558215 

6.5 

d.>200 
940 

20  al.;  i.  eth. 

94 

s.  a. 

?5 

?6 

56.5 

-7H20,  100 

27 

28 

5.10 

d. 

-6H»0,  100 

818 (769-82) 

115 

286-91  d. 

d. 

s.  dil.  a. 

29 

s.  a. 

30 
31 

4.0225 

2.25" 

>1000 

v.  s.  al.;  2.4  pyr.;  i.  eth., 
chl. 
s.  al.,  HCl 

32 

33 

6.88 

s.  a.;  0.098 25  w-H2S04 

34 

S.  a. 

35 

36 

5.978 

37 

146 

s.  CS2 

38 

3.7216 

3.176" 

2.82713-3 
5.042H 
5? 
5.79 

39 

40 

41 

d. 

960 

728 

-2H2O,  100 

s.  dil.  a. 

42 
43 

1140 

d.  a. 

s.  al. 

44 

45 

d.  a. 

46 

4.91 

1000 
-2H2O,  100 

s.  al. 

47 

48 

49 

i.  a. 

,50 

9.73  g/1;  lq. 
4.4-62;  sid.  4 

-71 

-61.8 

501 


PHYSICAL  CONSTANTS  OF 


Name 


Rhenium 

chloride,  tri- 

"     ,  tetra-... 

"  ,  hexa-.  .  . 
fluoride,  tetra-  . . 

"    ,  hexa- . . . 

oxide,  hept- 

"    ,  di- 

oxy  bromide 

oxychloride 

(i 
«( 

oxyfluoride 

<t 

Rhodium 

chloride,  tri- 

fluoride,  tri- 

hydroxide,  tri-.  .  . 
nitrate 

oxide,  mon- 

"  ,  sesqui- .... 

"  ,di- 

",di- 

"  ,  tri- 

sulfate 

«< 

sulfide,  mono- 

"     ,  sesqui-. .  . 
"    ,  hydro- .  . . 

sulfite 

Rubidium 

acetate 

aluminum  sulfate . 

bromate 

bromide 

"     .tri- 

bromochloroiodide 
bromoiodide,  di-. . 
chloro  bromide,  di- 
chlororfibromide. . 
carbonate 

"         ,acid... 

chlorate 

perchlorate 

chloride 

chloroiodide,  di- . . 
chloroplatinate. . . 

chromate 

bichromate 

chromium  sulfate. 


Formula 


Re... 

ReCla. 

ReCU. 

ReCU. 

ReF4. 

ReFe. 


Re207.. 

Re02... 

ReOsBr. 

ReOCli. 

Re02Cl3 

ReOaCl. 

ReOF4.. 


Re02F- 
Rh.... 


RhCb 

RhCb-xHoO 

RhF3 

Rh(OH)3 

Rh(N03)3 

Rh(N03)3-2H20. 

RhO 

Rh203 

Rh02 

Rh02-xH20 

Rh03 

Rh2(S04)3-4H20. 

Rh2(S04)3-12H20, 

Rh2(S04)3-15H20. 

RhS 

Rh2S3 

Rh(HS)3 


Rh2(S03)3-6H20 
Rb 


RbC2H302 

RbAl(S04)2-12H20. 

RbBr03 

RbBr 

RbBr3 

RblBrCl 

RbIBr2 

RbBrCb 

RbBr2Cl 

Rb2C03 

RbHC03 

RbC103 

RbC104 

RbCl 


RbICl2.. 
Rb2PtCl«. 

Rb2Cr04. 
Rb2Cr207. 


RbCr(S04)2-12H20 


502 


Mol. 

wt. 


186.31 
292.68 
328.14 
399.05 
262.31 
300.31 

484.62 
218.31 
314.23 
344.14 
324.68 
269 . 77 
278.31 

256.31 
102.91 

209.28 


Crystalline  form,  color  and  index 
of  refraction 


159.91 
153.93 
288.93 
324.97 
118.91 
253.82 
134.91 


150.91 
566.06 
710.19 
764.24 
134.97 
302.00 
202.11 

554.10 

85.48 

144.52 
520.76 
213.40 
165.40 
325.23 
327.77 
372.23 
236.31 
280.77 
230.97 
146.50 
168.94 
184.94 
120.94 

283.31 
578.93 

286.97 
386.98 

545.80 


hex.  met.  lust 

hex.  dk.  red 

blk.  (exist,  quest.) 

yelsh.  red  (exist,  quest.) 

. 

pa.  yel 

br.-yel.  pi.  or  powd 

blk 

wh 



br.  cryst.  sld 

yel.  liq 

col 

col 

cub.  gray-wh 

br.  red  powd.  deliq 

dk.  red 

rhomb,  red 

yel.  gel 

br.-yel 

red.  deliq 

gray  (exist,  quest.) 

gray  cr.  or  amor 

br.... 

olive-grn 

bl 

red 

It.  yel.  cr 

pa.  yel.  cr 

gray-blk.  cr 

blk 

blk 

yel.  cr 

soft,  silv.-wh.  met 

col.  nacreous  leaf 

cub.  oct.  col.,  1.457,  1.45232,  1.46618 

cub.  col..  L5530 .  .  .! 

rhomb 

rhoreb 

rhomb 

rhomb 

rhomb. 

col.  cr.,  deliq 

rhomb 

trim 

rhomb 

cub.  col.,  1.493 

rhomb 

cub.  yel 

rhomb,  yel 

tricl.  or  monocl 

cub.,  vlt.,  1.482 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

20.53 

3167  ±  60 

s. 

s.d. 

s.d. 

s.d."" 

y.  s. 
i. 

i. 

i. 

v.  s. 

i. 

i. 

v.  s. 

s. 

i. 

i. 

i. 

i. 

i. 

s. 

V.  s. 

y.  s. 

s. 
d. 

s. 

2.5920 
2.9325 
985 

45020'' 
v.  s. 

519 
0.50 

770; 

91.220 

.1840;' 

.14120 

620 

4.961S 

5.42'8 

s. 

s.d. 

s.d. 

s.d.'"" 

v.  s. 
i. 

i. 

i. 

i. 

s. 
s. 
i. 
i. 
i. 

s. 
d. 
d. 
i. 
i. 
d. 

d." 

43.2580  ' 

5.0840 

205.2H3.5 

s. 

62.810° 

18i°o 

138.9ioo 

.63410°' ' 

95.760 
27.360 

28.160 

s.  cone.  HNO3,  H0O2 

?, 

>550 

500 

<40 

s.  a.,  alk. 

3 

s.  HC1 

4 

s.  HCl 

5 

124.5 
25.6 

ca.  220 

6 

lq.  6.1573;  sld. 
4.251 

8.2 

47.6 

450  subl. 

7 
8 

v.  s.  al.;  s.  a.,  alk. 
s.  cone.  HCl,  H2O2 

9 

39.5 

28 

23.9  ±  0.2 

4.5 

39.7 

156 
1966 

d.  450-500 
d. 

163 
223 

10 

3.35935 

11 

12 

131 

62.7 

13 

lq.  5.314;  sld. 
4.032 

14 

15 
16 

12.1 

>2500 
subl.  800 

s.  H2S04  +  HCl,  h.  cone. 
H2SO4;  si.  s.  a.,  aq.  reg. 
i.  a.,  aq.  reg. 

17 

5.38 

s.  al.,  HCl;  i.  eth. 

18 

>600  subl. 

i.  a.,  alk. 

19 

d. 
d. 

s.  a.,  alk. 

?0 

i.  al. 

21 

i.al. 

22 

i.  a. 

23 

d.  1100-1150 

i.  a.,  aq.  reg.,  KOH 

24 

'.  a.,  alk. 

25 

d. 

s.  HCl 

26 

s.  alk.,  HCl 

27 

d. 

28 

i.al. 

29 

d. 
d. 
d. 
d. 

d. 
38.5 

246 

99 

430 

682 

d.  140 

205 

225 

d.  110 

76 

837 

d.  175 

i.  al.,  eth. 

30 

i.  a.,  aq.  reg. 

31 

i.  a.,  aq.  reg.,  aq.  Br 

32 

s.    aq.    reg.,    aq.    Br;    i. 

Na2S 
i.al. 

33 

1.532;  lq! 

1.47538.5 

34 
35 

700 

s.  a.;  d.  al. 

36 

1.8670 

3.68 

3.35;  lq.  2.79730 

37 

38 
39 

1340 

si.  s.  acet.;  i.  al. 

40 

d.  200 
d.  265 

41 

49 

43 

44 

d.  740 

0.7  abs.  al. 

45 

s.  al. 

46 

3.19 

2.9 

2.76;  lq.  2.088™ 

47 

48 

49 

fus. 
715 

180-200 
d. 

d. 
1390 

d.  265 

i.al. 

0.0825  al.;  v.  si.  s.  NH3; 
i.al. 

50 

3.94i7-5 

3.518 
3.02-.13 

1.946 

i.al. 

51 

52 

tricl. 
moncl. 

53 

107 

503 


PHYSICAL  CONSTANTS  OF 


No. 


9 

10 
11 
12 
13 
14 

15 

16 

17 

IS 
19 

20 


Name 


Rubidium 

copper  sulfate 

fluogermanate 

fluoride 

fluosilicate 

fluosulf  onate 

gallium  sulfate 

hydride 

hydroxide 

iodate 

periodate 

iodide 

"     ,  tri- 

"  ,  compd.  with  SO2 
iron  selenate  (ous) 

"       0c) 

"     sulfate  (ous) 

44     Go)" 

permanganate 

neodymium  nitrate 

nitrate 

"      ,  acid 

oxide,  mon- 

1     ,  di-  (per-) 

"    ,  tri-  

"     ,tetr- 

praseodymium  nitrate  . 

sulfate 

"       ,  acid 

sulfide,  mono- .  . 

(t  u 

"  idi-...:;:::::::: 

"    ,  tri- 

"    ,  penta- 

"     ,  hexa- 

dZ-tartrate,  acid 

Ruthenium 

(i 

chloride,  di- 

"     ,  tri- 

"     ,  tetra- 

fluoride,  penta- 

hydroxide. 

oxide,  sesqui- 

u  ,di-.. .."""';;;;; 

"   ,  non-  

"   ,  pent- 

"    ,  tetr- 


Formula 


Rb2S04-CuS04- 

6H2O 

Rb2GeF6 

RbF 

Rb2SiF6 

RbFSOs 

RbGa(S04)2- 

12H20 

RbH 

RbOH 

RbI03 

RbI04 

Rbl 

Rbl3 

RbI-4S02 

RtoSeOrFeSeOr 

6H2O 
RbFe(Se04)2- 

12H20 
Rb2S04-FeS04- 

6H20 
RbFe(S04)2-12H20 

RbMn04 

2(?)RbNO.vNd- 

(N03)3-4H20 
RbNOa 


RbNOa-HNOs. . . . 
RbN03-2HN03. . . 

Rb-aO 

Rb202 

Rb203 

Rb204 

2RbN03-Pr(N03).r 
4H20 

Rb2S04 

RbHS04 

Rb2S 

Rb2S-4H>0 

RD2S2 

RD2S3 

RbiSs 

Rb2S« 

RbHC4H4Otl 

Ru 

Ru 


Mol. 
wt. 


(RuCls)*.... 

RuCl3 

RuCl4-5H20. 

RuF5 

Ru(OH)3. . . . 

RU2O3 

Ru203-xH20. 

Ru02 

Ru02xH20. . 

Ru409 

R112O5 

Ru04 


534.75 

357.56 
104.48 
313.02 
184.54 
563.51 

86.49 
102.49 
260.40 
276.40 
212.40 
466.24 
468.64 
620.82 

643.43 

527.02 

549.63 
204.41 
697.33 

147.49 


210.50 
273.52 
186.96 
202.96 
218.96 
234.96 
693.98 

267.02 
182.55 
203.02 
275.08 
235.08 
267.14 
331.26 
363.32 
234.56 
101.70 
101.70 

172.61* 
208.07 
333.61 
196.70 
152.72 
251.40 


Crystalline  form,  color  and  index 
of  refraction 


133.70 

550^80 
283.40 
165.70 


monocl.,  1.489,  1.491,  1.504 

wh.  cr 

col 

cub.  oct 

need 

col.  cr.,  1.46579 

col.  need 

gray-wh.,  deliq 

monocl.  or  cub 

tetr 

cub.  col.,  1.6474 

rhomb,  blk 

lemon-yel 

bl.-grn.  monocl.  pr 

cub.,  1.50718 

grn.    monocl.    pr.,    1.4815,    1.4874, 
1.4977 

cub.,  1.4823 

cryst 

redsh.  vlt.  pi 

hex.  cub.  rhomb,  or  tricl.  col.,  1.51, 
1.52,  1.524 

tetr ' 

col.  need 

cub.  col.-yel 

cub.  yel 

blk 

yel 

grnsh.  monocl.  need.,  hyg 

rhomb,  hex.  col.,  1.513,  1.513,  1.514. 

rhomb 

col 

cr.,  deliq 

dk.  red 

redsh.  yel 

rhomb,  red,  deliq 

brown-red 

trim,  pr 

blk.  porous 

hex.  gray-wh.  brittle  met 

br.-blk.cr : 

cr.  br.,  deliq 

rdsh.-brn.  cr.  hygro 

dk.-grn.  cr 

blk.  powd 

bl.-blk.  (exist,  quest.) 

yel 

tetr.  dk.  bl 

blk 

blk.  cr.  (exist,  quest.) 

blk.  cr.  (exist,  quest.) 

rhomb,  yel 


504 


IN 

ORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

zrams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2.57 

10.2825 

si.  s. 

130.618 

O.I620 

s. 

d. 
18015 

2.123 

0.65i;< 
152i7 
s. 

0.50 

34.820 

s'.d." 

d.  to  RbO 

s.d. 

d.  to  RbO 

42.4io 

v.  s. 
V.  s. 

d."" 

1.1825 

i. 
i. 

i. 

i. 

s. 

d. 

v.  si.  s. 

i. 

i. 

i. 

i. 

i. 
2.03320 

v.  s. 
I.35100' ' 

d. 

V.  s. 

V.  s. 

4.760 

452100 

s'.d.'*" 
H  +  H2O2 

H  +  H2O2 

81.810° 

v.  s. 
V.  s. 

11.7100 

i. 
i. 

dV ' 

dV ' 

i. 
i. 
i. 
i. 

2.24974' ' 

2 

3 
4 
5 

lq.  2.88820 
3.332 

760 

304 

d.  300 

300 

d. 

1410 

s.  dil.  HF;  i.  al.,  eth.,  NH3 
s.  a.;  i.  al. 

6 

1.962 

2.0 

3.203  " 

4.33i9-r> 

3.91816 

3.55;  lq.  2.87** 

4.03 

7 

d.  a. 

8 

s.  al. 

9 

v.  s.  HCl 

10 

11 
12 

642 
190 
13.5 

45 

1300 

0.67425  acet. 

13 

14 

2.819 

2.13115 

2.516 

1.91-.95 
3.235i0-4 
2.56 

3'JLl;  lq.  &393» 

15 

16 

17 

48-53 

47 

tr.-eub. 

161.4,  m.p. 

130 
62 
45 

d.  400 
600 
<500 
280 
63.5 

1060;  tr.  653 
<red  heat 

18 

19 

-4H20,  60 

tr.-rhomb. 
219 

20 
21 

v.  s.  HNO3;  s.  acet. 

n 

23 

3.72 

3.65° 
3.53 
3.05° 
2.50 

3.613;  lq.  2.53H00 

2.89216 

2.912 

24 

25 

2ft 

+  O2 

27 

-4II2O,  60 

28 

29 

30 

31 

32 

420 

213 

225 

201 

d. 

>1950 

2450 

d.>500 

volat.>850 

33 

34 

2.6I815 

s.  70%  al.;  i.  eth.,  chl. 

35 

36 

2.282 

8.6 

12.063 

3.11 

37 

si.  s.  a.,  aq.  reg.;  i.  al.,  eth. 

38 

39 
40 

4150 

s.  fus.  alk.;  si.  s.  aq.  reg.; 

i.  a. 
s.  dil.  al.  (bl.);  i.  a.,  alk. 
s.  HCl;  si.  s.  al.;  i.  CS2 

41 

s.  al. 

42 

2.96316-5 

101 

270 

43 

s.  a.;  i.  alk. 

44 

i.  a.,  alk. 

45 

d. 

d. 

d. 

-O,  440 

-£0,  360 

25.5 

s.  a.,  alk. 

46 

6.97 

i.  a.;  s.  fus.  alk. 

47 

s.  a.;  i.  alk. 

48 

49 

s.  HCl 

50 

3.292i 

ca.  100  d. 

s.  a.,  alk.,  al. 

505 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


Ruthenium 

silicide 

sulfide  (laurite) 

Samarium 

acetate 

bromate 

bromide 

carbide 

chloride  (ous) 

«< 

hydroxide 

iodide 

nitrate 

oxalate 

oxide  (samaria) 

2,4-pentanedione  deriv. 

(acetylacetonate) 
sulfate 

"     ,  basic 

sulfide 

Scandium 

bromide 

chloride 

hydroxide 

nitrate 

oxalate 

oxide  (scandia) 

2,4-pentanedione   deriv. 

(acetylacetonate) 
sulfate 

Selenicacid 

Selenious  acid 

Selenium 

bromide,  mono- 

"        ,  tetra- 

(mono-)    chlo- 
ride, tri- 
(tri-)  chloride., 
(mono-)  nitride 
di- 
chloride,  mono- 

"      ,  tetra- 


Formula 


RuSi 

RuS2 

Sm(orSa) 

Sm(C2H302)3-3H20 
Sm(Br03)r9H20. . . 

SmBr3-6H20 

SmC2 

SmCl2 

SmCla 

SmCl3-6H20 

Sm(OH)3 

Sml3 

Sm(N03)3-6H20... 
Sm2(C2O4)3-10H2O. 

Sm203 

Sm(C5H702)3 

Sm2(S04)3-8H>0... 

Sm202S04 

Sm2S3 

Sc 

ScBr3 

ScCl3 

Sc(OH)3 

Sc(N03)3 

Sc(N03)3-4H20. . . . 
Sc2(C204)3-5H20... 

Sc203 

Sc(C5H702)3 

Sc2(S04)3 

Sc2(S04)3-5H20. . . . 
Sc2(S04)3-6H20.... 

H2Se04 

H2Se04H20 

H2Se(V4H20 

H2Se03 

Ses 

Ses 

Ses 

Ses 

Ses  <  500  (Se2  at 
900) 

Se:>Br2 

SeBr4 

SeBrCl3 

SeBrsCl 

Se2N2Br 

Se^b 

SeCU 
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Mol. 
wt. 


129.76 

165.82 

150.43 

381.61 

696.32 

498.28 

174.45 

221.34 

256.80 

364.90 

201.45 

531.19 

444.55 

745.08 

348. 

447.75 

733.17 

428.92 
397.04 

45.10 
284.85 
151.47 

96.12 
231.12 
303.19 
444.34 
138.20 
342.42 

378.38 
468.46 

486.48 

144.98 

162.99 

217.04 

128.98 
631.68 

631.68 
631.68 
631.68 
631.68 

317.75 

398.62 
265.25 

354.17 

265.85 

228.83 
220.79 


Crystalline  form,  color  and  index 
of  refraction 


met.  pr 

cub.  gray-blk 

hex.  gray-wh.  met. 


hex.  yel 

yel.  cr.,  deliq 

hex.  yel 

red-br.  cr 

yelsh.-wh.  cr.,  hyg .  . 
tricl.  grn.-yel.,  deliq. 

pa.  yel.  powd 

or  .-yel.  cr 

tricl.  pa.  yel 

cryst 

wh.-yelsh.  powd 


monocl.  It.  yel.,  1.543,  1.552,  1.563. . 


yel.  powd. . 
yelsh.-pink. 
silv 


col.  cr 

col.  amor. 

col 

pr.,  deliq. 

cr 

wh.  powd. 
col.  pi 


col.  cr , 


col.  hex.  pr 

col.  liq.  or  need,  or  rect. 
col.  liq 


hex.  col 

amor,  red  powd . 


colloidal  dk.  red  powd . . 
vitreous,  dk.  brnsh.  blk. 
monocl.  red,  2.9220lq... 
trig,  gray  met 


dk.  red  liq .  .  , 
or.  red-br.  cr . 
yel.  br.  cr. . . . 


orange  cr.,  hyg , 


br  .-red  liq.,  1.596. 


cub.  wh.-yel.,  deliq.,  1.801 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  CC 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

5.404 
6.99 
7.7 
4H20,  1.94 

i. 
i. 

I525" 
II425 

d. 

s.d. 

92.4" 

i. 

v.  s. 

0.000054 

i. 

i. 

2.6720; 
4.425 

i. 

d.  ev.  H2 

y.  s. 
i. 
s, 
V.  s. 

i. 
i. 

10.325 

39.925 
v.  s. 

V.  s. 

V.  s. 

OO 

I6720 
i. 

s. 
i. 
i. 
i. 

d. 
d. 

i. 
d. 
d. 

i. 

d. 

99.95° 

1.9940 
d." 
v.  s. 

i. 

v.  s. 

V.  s. 
V.  s. 

v.  s. 
i. 

i. 
i. 

d. 
d. 

d. 

d. 
d. 

s.  HNOs  4-  HF 

2 
3 

1300-1400  ' 

s.  fus.  alk.;  i.  a. 

4 

5 

75 

-9H2O,  150 

v  si.  s.  al. 

6 

2.97122 

5.86 

3.68722 

4.4618 

2.383 

7 

s.  a.  d. 

R 

740 

678  +  2 
-5H20, 110 

i.  al.,  CS2 

9 

v.  s.  al.;  6.425pyr. 

10 

11 

s.  a.;  i.  alk. 

1? 

816-24 
78-9 

d.  800 

13 

2.375 

14 

S.  H2SO4 

15 

7.43 

v.  s.  a. 

16 

146-7 
-8H2O,  450 

17 

2.930 

18 

d.  1100 
2400 

i.  dil.  H2SO4 

19 
20 

5.729 

2.5 

3.914 

1900 

1200 

subl.  >  1000 

939 

d.  dil.  a. 

21 

22 

subl.  800-50 

i.  abs.  al. 

23 

s.  dil.  a. 

24 

150 

-4H20,  100 
-4H20,  140 

25 

26 

27 

3.86 

s.  h.  a. 

28 

187.5 
d. 

subl.  210-15 

s.  al.,  bz.,  chl. 

29 

2.579 

30 

31 

-4H2O,  100; 

-6H2O,  250 
58;  eas. 

undercools 
25-6;  eas. 

undercools 
—51.7;  eas. 

undercools 
d. 
tr.-vit.  40-50: 

-met.  200 

32 
33 
34 

sld.  2.951";  lq. 

2.60815 
2.627";  lq. 

2.356" 

260  d. 

205 

172*>; 
-H2O 
-H2O 

688 

s.  H2SO4;  i,  NH3;  d.  al.  <fc 

org.  solv. 
d.  org.  solv.,  v.  s.  al.;  i. 

NH3 
d.  org.  solv.;  s.  H2SO4 

35 
36 

37 

3.004" 
4.26 

v.  s.  al.;  i.  NH3 

s.  H2SO4,  CS2,  bz.;  i.  al. 

s.  CS2 

38 
39 
40 

41 

4.28  (4.1422) 
4.462*  (4.50) 
4.79" 

3.604" 

indef. 

170-180 

217 

688 
688 
688 

227  d. 

S.  H2SO4,  HNO3,  CS2 
S.  H2SO4,  HNOs,  CS2 
s.  H2SO4,  HN03;i.  CS2 

d.  al.;  s.  CS2,  chl.,  C2H5Br 

42 

d.  75 
190 

d. 

s.  CS2,  chl.,  C2H5Br,  HC1 

43 

i.  CS2 

44 

v.  si.  s.  CS2 

45 

46 

47 

2.9117;  2.7723 
3.78-.85360 

-85 

305;  subl. 
170-196 

130  d. 

d.  288 

d.  al.,  eth.;  s.  CS2  CC14, 
chl.,  bz. 
d.  a.,  alk.;  s.  POCb;  V.  si. 

s.  CS2 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Selenium 

fluoride,  tetra- . 

"      ,  hexa-. 


iodide,  mono- 

"    ,  tetra- 

nitride 


oxide,  di- 


,  tri-. 


oxybromide. 


oxychloride. . 

oxyfluoride . . 

sulfide,  mono- 

"      di-... 


sulfur  oxide 

sulfur  oxytefrachloride. . . 

vS  Hi  cane,  bromo- 

"     ,  bromotrichloro- . . 

"     ,  chloro- 

"     ,  dibromo- 

"     ,  dibromodichloro- . 

"     ,  dichloro- 

"     ,  tribromo-  (silico- 

bromoform) 
"     ,  tribromochloro-.  . 
"      ,  trichloro-  (silico- 

chloroform) 
"     ,  trichloroiodo- . ..  . 
"     ,  trifluoro-  (silico- 

fluoroform) 
"     ,  triiodo-     (silico- 
iodoform) 
Silicic  acid,  ortho-. . 
"    ,  meta- . . 
Silicon,  adamantine. . 
"         amorphous  .  . 
M         graphitoidal . 
acetate,  tetra- 


(di-)      bromide,     hexa- 
(hexabromodisilico- 
ethane) 

bromide  (di-)  sulfide. . . . 
"     ,   tetra-    (tetra- 
bromosilicane) 

carbide 

(di-)  chIoride,hexa-(hexa- 
chlorodisilicoethane) 

chloride  (di-)  sulfide 

chloride,  tetra- 

(tri-)    sulfide, 
hydro- 
fluoride,    tetra-    (tetra- 
fluorosilicane) 


Formula 


SeF4 

SeF6 

Se2I2 

Sel4 

Se4N4 

Se02 

SeOa 

SeOBr2 

SeOCb 

SeOF2 

SeS 

SeS2 

SeSOs 

SeSOsCU 

SiH3Br 

SiBrCb 

SiHaCl 

SiH2Br2 

SiBrsCla 

SiH2Cl> 

SiHBr3 

SiBr3Cl 

SiHCla 

SiChI 

SiHFa 

SiHI3 

H4Si04 

H2Si03 

Si 

Si 

Si 

Si(C2H302)4 

Si2Br6 

SiSBr2 

SiBr4 

SiC 

Si2Cle 

S1SCI2 

SiCU 

SiCl3HS 

SiF4 
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Mol. 
wt. 


154.96 

192.96 

411.76 
586.64 
371.87 


110.96 

126.96 

254.79 

165.87 
132.96 
111.02 
143.08 

159.02 
300.85 
111.00 
214.35 
66.54 
189.91 
258.81 
100.99 
268.82 

303.27 
135.44 

261.35 
86.07 

409.83 

96.09 
78.08 
28.06 
28.06 
28.06 
264.24 

535.62 


219.95 
347.72 

40.07 

268.86 

131.03 

169.89 
167.50 

104.06 


Crystalline  form,  color  and  index 
of  refraction 


col.  liq.  or  wh.  cr 

gas,  col.,  1.895 

steel  gray  cr.  (exist,  quest.) 

dk.  gray  cr.  (exist,  quest.) 

amor,  or.-yel.  to  brk.  red  hyg 

wh.  monocl.  (tetr.)  col 

amor.  pa.  yel.  hyg 

red-yel.  cr 

col.-yel.  liq.,  1.65120 

col.  liq 

or.  yel.  tabl.  or  powd 

br.  red-yel 

grn.  pr.  or  yel.  powd 

hex.  pr 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  gas 

red  liq 

amor.  col.  (exist,  quest.) 

amor.  col.  (exist,  quest.) 

cub.  steel  gray 

amor,  br 

blk.pl 

hyg.  cr 

rhomb,  wh 

col.  pi 

col.  fum.  liq.,  1.57916  (F) 

hex.  col.  or  blk.,  2.654.  2.697 

col.  liq 

col.  pr 

col.  fum.  liq.,  1.412(C) 

col.  liq 

col.  gas 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

m.p.  -13.5; 

frz.  -90 
-39;subl. 

-46.6 
68-70 
75-80 
exp. 160-200 

340-350 
d.  120 

41.6 

8.5  (10.9) 

4.6 

d.  118-9 

<100 

-S02,  40 

165 

-94 

<-60 

-118.1 

-77 

<-60 

-122 

<-60 

-39 
-134 

<-60 
ca.  -110 

8 

>100  (93) 

-34.5 

d.  100 
-4  I,  100 
d. 

subl.  315-7 

217™  d. 

176.4 
124 

d. 

s.d. 

d. 
d. 

i. 

38.4" 

v.  s.  d. 

d. 

d. 
d. 
i. 
i. 

d. 
d. 

dV  ' 

d." 

dV  *  * 

d. 
d. 

d. 
d. 

d. 

si.  s. 

i. 

i. 

i. 

i. 

d. 

d. 
d. 

i. 

d. 

d. 
d. 
d. 

d. 

d. 

d. 
d. 
i. 

82.565 
v.  s.  d. 

i. 

d." 

d. "  " 

dV  ' ' 

d. 
d. 

d. 

d. 

si.  s. 

i. 

i. 

i. 

i. 

d.  160- 

170 
d. 

d. 
d. 

i. 

d. 

d. 
d. 
d. 

d. 

?, 

3.25-28  g/1 

3 

4 

5 

v.  si.  s.  bz.,  ac.  a.,  CS2; 

6 

7 

8 

9 

10 
11 

3.95^ 

3.6 

lq.  3.3850 

2.4222 

2.67 

3.056° 

i.  al.,  eth. 

6.6714    al.,    4.3515.3    acet.; 

l.ll13-9  ac.  a.;  s.  bz. 
s.  al.,  cone.  H2SO4;  i.  eth., 

bz.,  chl.,  CCU 
s.  CS2,  CCU,  chl.,  H2SO4, 

s.  CS2,  CCU,  chl.,  bz. 
s.  al.,  CCU 
s.  CS2;  i.  eth. 

1? 

d. 

d.    aq.    reg.,    HNO3;    s. 
(NH4)2S 
s.  H2SO4;  i.  SO3 

13 

14 

183 

1.9 

80 

-30.4 

66 

104 

8.3 

109 

140.5 
33 

113.5 

-80.2 

220 

15 

1.72-so;  1.53320 

16 

17 

1.145"113 
2.17« 

18 

19 

20 

1.42-122 
2.717 

2.434 
1.34 

21 

22 

d.  NEb 

23 

24 

s.  CS>,  CCU,  chl.,  bz. 

25 

26 

27 

3.86«  g/1 

3.314 

1.57" 
2.1-.3 
2.4 
2.00 
ca.  2.4 

d.  alk.,  al.,  eth.;  s.  tol. 

s.  CS2,  bz. 

s.  alk.;  i.  NH4CI 

28 
29 
30 

1420 

2600 

2600 
2600 
148 

240 

15018.3 

153 

subl.  >2000 
d.  2210 
139  (145) 

9222.5 

57.57 
96-100 

_65i8i 

s.  alk.;  i.  NH4CI 

s.  HF  +  HNO3;  i.  a.,  HF 

s.  HF,  KOH 

31 

s.  HF  +  HN03;  i.  HF 

32 

110,  subl. 
95 

93 
5 

>2700 

-1 

75 

-70 

d.  al. 

33 

d.  KOH;  s.  CS2 

34 

s.  bz.,  CS2 

35 
30 
37 
38 

2.814 
3.17 

lq.  1.58° 

d.  H2SO4 

d.  fused  KOH;  i.  a. 

d.al. 

s.  CCU,  CS2 

39 
40 

1.483 
1.45     ■ 

4.67  g/1 

d.al. 
d.al. 

41 

-77  (-97) 

s.  abs.  al.,  eth.,  HF 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Silicon 

hydride  (silicane,  silane) . 

"       (disilicoethane, 

disilicane) 
"     (trisilicopropane, 

trisilicane) 
"         (tetrasilicobu- 
_  tane,  tetrasilicane) 
iodide,  tetra-  (tetraiodo- 
silicane) 

(di-)  iodide,  tetra-  (tetra- 
iododisilicocthylene) 
(di)  iodide,  hexa-  (hexa- 
iodod  isilicoe  thane) 
nitride 


oxide,  di-  (cristobalite) . . 

"      "    (lechatelierite) 

"      "    (quartz) 

"      "    (tridymite) .  . . 

"      "   (amor.,  opal).  . 
oxychloride 


sulfide,  mono- 

"    ,  di- 

thiocyanate,  tetra- 

Silicotungstic  acid, 

normal 
Silicotungstic  acid.. 

Silicylamine,  tri- 

Silicyl  oxide  (disiloxane) 
Silver 


acetate. 


acetylide 

ortho&rsen&te. 
ort/ioarsenite. 


27       azide. 


benzoate 

tetraborate 

bromate 

bromide  (.bromyrite) . 


carbonate 

chlorate 

perchlorate 

chloride  (cerargyrite) . 

chromate 

bichromate 

citrate 


cyanate. 
cyanide . 


ferricyanide. 


Formula 


SiH4. 


Si2H6. . 
SiaHs.. 
Si4Hio . 

Sil4... 
Si2l4.. 

Si2I6.., 
Si3N4., 


Si02 

Si02 

Si02 

Si02 

Si02(-hxH20), 
Si2OCl6 


SiS 

SiS2 

Si(SCN)4 

H4SiWi204o- 
24H20 
H4SiWi204o-30H20. 


(SiH3)3N. 
(SiH3)20. 
Ag 


AgC2H302 


Ag2C2 . . . 
Ag3As04. 
Ag3As03. 


AgN3. 


AgC7H602 

Ag2B4(V2H20. 

AgBrOs 

AgBr 


Ag2C03 

AgC103 

AgC104 

AgCl 

Ag2Cr04 

Ag2Cr207 

AgaCeHsO? 512.74 


Mol. 
wt. 


32.09 

62.17 

92.24 

122.32 

535.74 

563.80 

817.64 

140.21 

60.06 
60.06 
60.06 
60.06 


284.86 

60.12 

92.18 

260.37 

3311.52 

3419.62 

107.26 

78.17 
107.88 

166.92 

239.78 
462.55 
446.55 

149.90 

228.99 
407.07 
235.80 
187.80 

275.77 
191  34 
207.34 
143.34 
331.77 
431.78 


Crystalline  form,  color  and  index 
of  refraction 


AgOCN. 
AgCN.. 


Ag3Fe(CN)e 


149.90 
133.90 

535.59 


col.  gas 

col.  gas 

col.  liq 

col.  liq 

cub.  col 

orange-red 

hex.  col 

amor,  grayish-wh.  powd 

cub.  or  tetr.  col.,  1.487,  1.484 

col.,  1.46 

hex.  col.,  1.544,  1553 

rhomb,  col.,  1.469,  1.470,  1.471 

col.  amor.,  1.41-1.46 

col.  liq 

yel.  need,  or  blk.  sld 

wh.  need 

small  trim,  pr 

trig,  col 

col.  or  yelsh.  tetrag 

inflam.  liq 

col.  gas  

cub.  wh.  met.,  0.54 

wh.  pi 

wh.  ppt 

cub  dk.  red 

yel.  powd 

wh.  prisms 

wh.  powd 

white 

tetr.  col.,  1.847,  1.920 

cub.  pa.  yel.,  2.253 

yel.  powd 

tetr.  wh..... 

wh,  cr.,  deliq 

cab.  wh.,  2.071 , 

monocl.  red 

tricl,  red 

wh.  need 

col 

hex.  wh ... 

orange 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 
2 
3 
4 

lq.  0.68"185; 

1.44  g/1 
lq.  0.686"25 

.725;  0.743° 

0.790 

-185 

-132.5 

-117.4 

-93.5 

120.5 

-111.8 

-14.5 

52.9 

80 
290 

i. 

slow  d., 
si.  s. 
d. 

d. 

d. 

d. 

d. 

i. 
i. 
i. 
i. 
d. 

d. 
d. 

v.  s. 

V.  s. 

y.  si.  s. 
i. 

0.720; 

1.0220 
i. 

0.0008520 
0.0011520 

i. 

0.26225 
si.  s. 

.19625 

8.4X10-* 
0.003220 

1015 

52525 

.0000891° 

0.0014° 

0.008315 

0.02818 

si.  s 
.000*02320 

.OOOO6620 

d. 

d. 

i. 
i. 
i. 
i. 
i. 
d. 

d. 
v.  s. 

si.d." 

i. 
2.5280 

i. 
0.011°° 

s. 

1.33W 
.00037ioo 

0.0510° 

5080 

s. 

.0021100 

0.00870 

d. 

s. 

d.  KOH 

s.  bz.,  al.t  CS2 

d.  CCU 

ft 

2.227  CS2 

6 

i.  CS2,  chl.,  bz. 

7 

250 

1900  press.; 
subl. 
1710 

d. 

2230  (2590) 
2230  (2590) 
2230  (2590) 
2230  (2590) 

1919  CS2 

8 

9 
10 

3.44 

2.32 

2.20 

2.653-2.660 

2.28-2.33 

2.1-2.3 

1.85315 

s.HF 

s.  HF;  v.  si.  s.  alk. 
s.  HF;  v.  si.  s.  alk. 

11 
12 
13 

<1470 
1670 
>1600 
-33 

s.  HF;  v.  si.  s.  alk. 
s.  HF;  v.  si.  s.  alk. 
s.  HF,  hot  alk. 

14 
1ft 

137 

subl.  94020 
white  heat 
314.2 

d.  al.;  00  CS2,  CCU,  chlM 
eth. 
d.  alk..  al. 

16 

subl. 
143.8 
-I8H2O, 

100 
-6H2O  ca. 

28.5;  36-53 
-105.6 
-144 
960.5 

d. 

exp. 

d.  al.;  s.  dil.  aik.;  i.  bz. 

17 

s.  bz.;  si.  s.  CS2,  chl. 

18 

v.  s.  al.,  eth. 

19 

s.  al. 

20 

0.895-i°« 
0.881"80 
10.5 

3.25915 

52 

-15.2 

1950 

21 

22 
23 

s.  HNO3,  h.  H2S04,  KCN; 
i.  alk. 

24 

s.  a.;  si.  s.  al. 

2ft 

6.65725 

s.  ac.  a.,  NH4OH 

26 

150  d. 
exp.  252 

s.  ac.  a.,  NH4OH,  HNO3; 

27 

i.  al. 
s.  KCN   dil.  HNOa;  si.  s. 

28 

NH4OH 
.017  al. 

29 

a. 

434 

218  d. 
230 
d.  486 
455 

s.  a. 

30 

5.206 
6.47325 

6.077 

4.430 

2.80625 

5.56 

5.625 

4.770 

4.00 
3.95 

s.  NH4OH;  si.  s.  HNO3 

31 

32 

d.  700 

s.  KCN,  Na2S203;  si.  s. 
NH4OH;  i.  al. 
s.  NH4OH,  Na2S203;  i.  al. 

33 

34 

d.270 

si.  s.  al. 
s.  al.,  tol. 

35 

36 

1550 

s.  NH4OH,  Na2S203,  KCN 
s.  a.,  NH4OH,  KCN 

37 

d. 
d. 

d. 
320  d. 

s.  a.,  NH4OH,  KCN 

38 

s.     a.,     NH4OH,     KCN, 

39 

Na2S203 
s.  HNO3.  NH4OH,  KCN 

40 

s.  HNOs,  NH4OH,  KCN, 

41 

Na2S203 
s.  NH4OH,  h.  (NH4)2C03; 

i.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Silver 

f  errocyanide . 
fluoride,  sub- . 


fluosilicate 

fulminate 

iodate 

iodide  (iodyrite), 


lactate 

laurate 

levulinate 

permanganate. 
mercury  iodide  (ic) 

myristate 

nitrate 


nitrite 

nitroprusside. 

oxalate 

oxide 


.  per-, 
palmitate.. 


ortAophosphate. 

pyrophosphate . 

metaphosphate. 
propionate 


salicylate 

selenide 

stearate 

sulfate 

sulfide  (acanthite). 


sulfite. 


(argentite) 


rf-tartrate 

or^otellurate,  tetra-H. 

telluride  (hessite) 

tellurite 


thioantimonite  (pyrargy- 
rite) 
thioarsenite  (proustite) . . 


thiocyanate 

thiosulfate 

tungstate 

Silver  complex:  Di- 

amminesilver    perrhen- 

ate 
Sodium 

acetate 


aluminate 

aluminum  chloride . 


Formula 


Ag4Fe(CN)<3.. 

Ag2F 

AgF 

Ag2SiF6-4H20 
Ag2C2N202... 

AglOa 

Agl 


AgC3H503-H20. 
AgCi2H2302.... 

AgCsH-Os 

AgMn04 

2AgI-HgI2 

AgCi4H2702.... 
AgN03 


AgNOo 

Ag2Fe(CN)5NO. 

Ag2C204 

Ag20 

Ag202(orAgO). 

AgCi6H3i02.... 


Ag3P04 


Ag4P>07. 


AgPOs 

AgC3H602. 

AgC:H603. 

AgoSe 

AgCisH;i502 
Ag>S04.... 

Ag2S 


Ag2S... 
Ag2S03. 


Ag2C4H406. 
Ag>H4TeOc. 

Ag>Te 

Ag2Te03. . . 


AgsSbSa  (or  3Ag2S- 

Sb2S3) 
AgsAsSs  (or  3Ag.S- 

A.S2S3) 

AgSCN 

Ag2S203 

Ag2W04 

[Ag(NH3)2]Re04.. 


Na 

NaC2H302 

NaC2H302-3H20. 

NaA102 

NaCl-AlCl3 


Mol. 
wt. 


643.47 

234.76 
126.88 
429.88 
299.80 
282.80 
234.80 

214.97 
307.19 
222.99 
226.81 
924.05 
335.24 
169.89 

153.89 
431.70 
303.78 
231.76 

247.76 

363.29 

418.66 

605.56 

186.90 

180.95 

244.99 
294.72 
391.34 
311.82 
247.82 

247.82 
295.82 

363.83 
443.40 
343.37 
391.37 

541.58 

494.73 

165.96 

327.88 
463.68 
392.25 


22.997 
82.04 

136.09 
81.97 

191.80 


Crystalline  form,  color  and  index 
of  refraction 


yel 

hex.  yel 

cub.  yeL,  deliq 

col.  cr.  or  wh.  powd.,  deliq. . 

sm.  need 

rhomb,  col 

hex.  yel.,  2.21,  2.22 

wh.  or  si.  gray  cr.  powd 

wh.  greasy  powd 

leaf 

monocl.  dk.  vlt 

deep-yel.  powd 

rhomb!  col.,  a  1.729,  7  1.78&. 

rhomb,  wh 

It.  pink 

col.  cr 

cub.  br.-blk 

cub.  gray-blk 

wh.  greasy  powd 

cub.  yel 

wh 

wh.  amor 

wh.  leaf,  or  need 

wh.  to  redsh.  wh.  cr 

cub.  thin  gray  pi 

wh.  powd.,  amor 

rhomb,  wh 

rhomb,  gray-blk 

cub.  blk 

wh.  cr 

scales 

rhomb,  bipyr.  straw  yel 

cub.  gray 

yel.  wh.  ppt 

trig.,  3.084,  2.881  (Li) 

trig.,  3.088,  2.792 

col.  cr.  or  wh.  curd 

wh 

pa.-yel.  cr , 

col.  monocl.  cr 

cub.  silv.  met.,  4.22 

wh.-gr.  powd 

monocl.  pr.  col.,  effl.,  /3  1.464. 

amor.  wh.  powd.  hyg. 

wh.-yelsh.  cr.  powd.,  deliq 
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INORGANIC  COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point.  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

i. 

d. 

182l5S 

v.  s. 

0.07513 

0.0031° 

3  X  10-' 

ca.  7.7 

0.67" 

0.55° 

i. 

0.00726 

122» 

0.155° 

i. 

0.0033918 
0.001320 
i. 

0.00122°; 

0.0043* 

.0006519-5 

i. 

i. 

0.8422° 

s. 

i. 

0.00620 

0.57° 

.00002 

.0000142° 
v.  si.  s. 

0.21s 

i. 
i. 

i. 
i. 

.00002125 

si.  s. 

0.0515 

d.  to  NaO 

119° 

76.2° 

s. 

s. 

i. 

205108 

s. 

0.0196" 

3X10"« 

d.*" 

1. 6928.5 

9521°° 
1.3636° 

6.66538'° 

0.0065° 

i. 
2.0380 

l'.4iio°'  ' 

0.20325 
i. 

i. 

i. 

i. 

.000641°° 

H+H2 

170.151°° 

138.85° 
V.  s. 
s. 

s.  NH4OH,  KCN;i.a. 

9 

8.57 
5.85215  s 

90  d. 

435 

<100 

exp. 

>200 

d.  552 

3 

si.  S.  NH4OH 

4 

d. 

5 

v.  s.  NH4OH;  i.  HNO3 

6 

7 

5.525 

5.67 

d. 

s.  NH4OH,  HN03,  KI 
s.   KCN,  Na2S203;  si.  a 

8 

NH4OH 

q 

212.5 

0.00725  al.,  O.OO815  eth. 

10 

11 
12 

d. 

d.al. 

s  KI,  KCN;i.  dil.  a. 

13 

211 
212 

d.  140 

0.00626  al.,  0.00715  eth. 

14 
15 

4.352 19 

4.45326 

5.0294 ' 
7.14316  6 
7.44 

6.37026 

5.3067  & 

6.37 

2.68727 

8.6 

444  d. 

s.  eth.,  glyc;  v.  si.  s.  abs. 
al. 
s.  ac.  a.,  NH4OH;  i.  al. 

16 

s.  NH4OH;  i.  al.,  HNOs 

17 

exp.  140 
d.  300 
d.>100 

209 

849 

585 

ca.  482 

s.  a.,  NH4OH,  KCN 

18 

s.  a.,  NEUOH,  KCN;  i.  al. 

19 

s.    H2SO4,    cone.    HNO3, 

?0 

NH4OH 
0.00715  eth.;  0.00625  al. 

91 

s.   aM   NH4OH,   KCN;   i. 

99 

NH3 
s.   a.,   NH4OH,   KCN;  i. 

?3 

ac.  a. 

S.  HNOs.  NH4OH 

24 

ffi> 

s.  al. 

26 

V 

880 
205 
652 
tr.  175 

825 
d.  100 

d. 

d.>200 
955 

250-bl.;  450- 
pa.  yel. 
>175 

>175 

d. 
d. 

d. 

s.  h.  HN03,  NH4OH 
0.00625  al.;  0.00625  eth. 

28 
29 

30 
31 

5.4529  2 
7.326 

7.317 

d.  1085 
d. 

d. 

s.  a.,  NH4OH;  i.  al. 
s.     HNO3,     KCN,     cone. 
H2SO4 
s.  a.,  KCN 
s.   a.,   NH4OH.   KCN;  i. 

33 

3.43215 
8.5 

HNO3 
s  a.,  NH4OH,  KCN 

33 

s.  NH4OH,  KCN 

34 

s.  HNOs,  KCN 

35 

s.  NH3,  KCN 

36 

5.76 
5.49 

s.  HNO3 

37 

s.  HNOs 

38 

s.  NH4OH;  i.  a. 

39 

s.  NH4OH,  Na2S203 

40 

s.  HNO3,  NH4OH,  KCN 

41 

3.901 

0.97 

1.52S 

1.45 

1.618  cone.  NH4OH 

42 

43 

97.5 
324 
58;  78 
1650 
185 

880 

d.  al.;  i.  bz.,  eth. 
2.118  al. 

44 
45 

123 

2.118  al.;  s.  eth. 
i.  al. 

46 
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PHYSICAL  CONSTANTS  OF 


Name 


Sodium 

aluminum  fluoride  (cryo- 
lite) 

trisilicate  (al- 
bite) 

sulfate 


amide  (sodamide) 


ammonium  phosphate 
(mierocosmic  salt;  ster- 
corite) 

pj/roantimonate,  di-H. . . 

metoantimonate  (Leu- 
konin) 

or^oarsenate 

,mono-H.. 


.  di-H. 


mdaarsenate 

ortAoarsenite,  mono-H. 

auride 

azide 


barbital  (medinal) . 
benzenesulfonate. . 
benzoate 


tetraborane  deriv. 
metaborate 


tetraborate. 


(borax) . 


perborate. 


bromate. 
bromide. 


bromoaurate. . . 
bromoiridite. . . 
bromoplatinate. 
cacodylate 


calcium  sulfate, 
d-camphorate. . 
carbide 


Formula 


3NaF-AlF3 

Na20-Al203-6Si02. . 
NaAl(S04)2-12H20. 


NaNH2 

NaNH4HP04-4H20 


Na2H2Sb20rH20 . 
2NaSb03-7H20. . 

Na3As04-12H20. . 
Na2HAs04-7H20. 

Na2HAs04-12H20 

NaH2As04-H20. . 

NaAsOs 

Na2HAs03 

NaAu2 

NaN3 

NaC8HnN203.  .  . . 

NaC6H503S 

NaC7H502 

Na2B4Hio 

NaB02  (or 

Na2B204) 
NaB02-2H20  (or 

NaH2B03-H20) 

Na2B4a 

Na^Or^IfcO... 

Na2B4O7-10H2O. . 


NaB03-H20  (or 
NaB02-H202) 

NaB03-4H20  (or 
NaB02-H202- 
3H20) 

NaBrOs 

NaBr 

NaBr-2H20 

NaAuBr4-2H20. . . . 
Na3IrBr6-12H20... 
Na2PtBr6-6H20. . . . 
NaAsC2H602-3H20 

Na2Ca(S04)2-2H20 
Na2CioHi404-3H20 
Na2C2 
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Mol. 
wt. 


209.96 
524.29 

458.28 

39.02 
209.13 


421.55 
511.63 

424.10 
312.03 

402.11 

181.94 

145.91 

169.91 

417.40 

65.02 

206.18 
180.16 
144.11 

99.36 
65.82 

101.85 

201.27 
291.36 

381.44 


99.83 
153.88 


150.91 
102.91 

138.95 

575.89 
957.78 
828.82 
214.02 

314.23 

298.26 

70.01 


Crystalline  form,  color  and  index 
of  refraction 


monocl.,  col.,  0  1.364 

tri.  col.,  1.525, 1.529,  1.536 

cub.  oct.  col.,  1.4388 

olive  grn.  fr.  impurities,  or  wh.  con- 
choidal  tract, 
monocl.  col.,  1.439,  1.441,  1.469 

tetr.  col 

cub.  col 

trig,  col.,  1.457,  1.466,  hex.  pr 

monocl.  col.,  1.462,  1.466,  1.478 

monocl.  col.  eff.,  1.445,  1.450,  1.451. 

rhomb,    or    monocl.    col.,    1.5382, 

1.5535,  1.5607 
rhomb,  effl  ,  1.479. 1.502,  1.5265. .. . 

col.  (exist,  quest.) 

cub.  yel 

col.  hex 

wh.  powd 

wh.  cr 

col.  cr.  or  wh.  amor.,  or  gran,  powd . 

wh.  cr.  powd 

hex.  pr.,  col 

monocl.  col 

cub.  or  hex.,  deliq 

monocl.  col.,  1.447,  1.469,  1.472,  effl 

i 



monocl.  col 

cub.  col.,  1.594 

cub.  col 

monocl.  col.  pr 

br.-blk.  cr 

olive  gr.  rhomb,  effl 

tricl.  dk.  red 

wh  amor.  powd.  pois 

monocl.  need 

hygr.  need 

wh.  powd 




INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2.90 
2.61 
1.675 

1000 
1100 
61 

210 
79  d. 

si.  s. 

anh. 
11015 

d. 

16.7 

.0312-3 

0.03112-3 

38.9i5-5 
5.46° 

17.20; 

56i4 
s. 

V.  s. 

40.161°';' 
41.717 

2025 

35.830 
62.8°; 
6620 
d. 

s. 

V.  s. 

1.490 

2265  anh. 

1.30; 

1.61° 

si.  s. 

2.5515 

27.50 
79.50; 

11050 

79.50 

s. 

v.  s. 
20015-20; 

ca.  20325 
d. 

12214 
d. 

anh. 

146.330; 

d>30 
d. 

100 

O.3100 

35.69M;" 

lOOioo 
140.730 

v.  s. 

4O100 

v.  s. 
74.2 1°° 

d. 
V.  s. 

v.  s. 

8.7940 
52.3ioo 
anh. 
2262; 

14.255; 

20110° 
d. 

3.7832 

90.910° 
121100 

11650; 
118.6s0-5 

v.  s. 

d. 

d. 

d.  alk.;  i.  HCi 

a 

3 

s.  dil.  a.;  i.  al. 

4 

400 

d.  hot  al.:  s.  0.1 

fi 

1.554 

g  in  liq.  NH3 
i.  al. 

6 

si.  s.  al. 

7 

-2H20,  200 

86.3 
120-130 

28 

-HaO,  100- 
130 

si.  s.  al.,  NH4  salts;  i.  ac.  a. 

8 

L762-1.804 

1.88 

1.736-59 
2=53;  2.67 

2.301 

1.87 

1.67  al. 

9 

10 
11 

-H2O,  180 

-I2H2O, 
100 
d.  200-280 

si.  s.  al. 

si.  s.  al.;  i.  liq.  CI 

12 

13 
14 

d.*706" 

si.  s.  al. 

15 

1.846 

d.  in  vac. 

0.31416   al.;   s.   liq.   NH3; 
i.  eth. 
si.  s.  al.;  i.  eth. 

16 

V 

18 

.8115,  i.6425f  8.373  ai. 

19 

d.<180^Na 
966 

57 

741 
120,  H2O 

75;-8H20, 

60 

d.  40 
63 

381 

755       « 

-2H2O,  51 

2B4H8 
1434 

-H2O,  120 

1575  d. 

20 

2.464 

21 

22 
23 

2.367 
1.815 

1.73 

i.  al. 

24 
25 

-IOH2O, 
200 

s.  glyc;  v.  si.  s.  al.;  i.  a.  ? 

s.  glyc,  alk. 
s.  a.,  al.,  glyc. 

i.al. 
si.  s.  al. 

si.  s.  al. 

26 

-H20, 
130-150 

1390 

27 

28 

29 

3.33917.5 
3.20325 

2.176 

30 

31 

100 
d.  150 
ca.  60 

-2H2O,  80 
-3H2O,  100 

-H2O,  150 

S.  NH4OH 

32 

3.323 

v.  s.  al. 

33 

ca.  4025  al.;  10015-20  90  %al. 

34 

2.64 

35 

s.  al. 

36 

1.57515 

700 

d.  al.;  s.  a. 
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PHYSICAL  CONSTANTS  OF 


Name 


Sodium 

carbonate 

"        (crystal  carbon- 
ate, thermonatrite) 

carbonate 

(washing  soda) 
"        ,  sesqui- 

"        ,  acid  (baking 
soda) 
cerium  carbonate 

chlorate 

perchlorate 

<< 

chloride  (common  salt, 
halite) 
hypochlorite 

chloroaurate 

chloroiridate 

chloroiridite 

chloroosmate 

chloropalladite 

chloroplatinate 

chloroplatinite 

chlororhodite 

«« 

chromate 

bichromate 

perozychromate 

• '  cinnamate 

citrate 

*  *  Wetacolumbate 

cuprocyanide 

cyanate 

cyanide 

cyanoaurite  (aurocy- 
anide) 

enanthate  (heptoate) .  .  . 
ethylacetoacetate  deriv. 

ethylsulfate 

ferricyanide 

ferrite.... 

ferrocyanide^  (yellow 
prussiate  of  soda) 

fluoantimonate 

fluoberyllate 

fluophosphate 

fluoride  (villiaumite) 

"      ,  acid 

"        orfAophosphate . 

fluosilicate 

formaldehydesulfoxylate 


Formula 


NaoCOs 

Na2C03-H20. 


Na2C03-7H20 

Na2CO3.10H2O.... 
Na2C03-NaHC03- 
2H20 
NaHC03 

Na6Ce(C03)5- 
12H20 

NaC103 

NaC104 

NaC104-H20 

NaCl 

NaCIO 

NaClO2iH20 

NaC10-5H20 

NaAuCU-2H20.... 
Na2IrCV6H20.... 
Na3lrCl6-12H20... 
Na20sCl6-2H20.... 
Na2PdCl4-3H20.... 

Na2PtCl6 

Na2PtCl6-6H20. . . . 
Na2PtCl4-4H20. . . . 

Na3RhCl6 

Na3RhCl6-18H20.  . 

Na2Cr04 

Na2CrO4-10H2O... 

Na2Cr207-2H20.... 

Na3CrOs 

NaC9H702 

Na3C6H607-5  (or  h\) 
H20 
Na2Cb206-7H20... 

NaCu(CN)2 

NaOCN 

NaCN 

NaAu(CN)2 

NaCvHi302 

NaC6H903 

NaC2H5S04-H20... 
Na3Fe(CN)6-H20.. 

Na2Fe204 

Na4Fe(CN)6-10H2O 

NaSbFe 

Na2BeF4 

NaPF6-H20 

NaF 

NaF-HF 

NaF-NasP04-12H20 

Na2SiF6 

NaHS02-CH2O 
2H20 
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Mol. 
wt. 


106.00 
124.02 

232.12 
286.17 
226.05 

84.02 

794.36 

106.45 

122.45 

140.47 

58.45 

74.45 
119.49 
164.54 
398.06 
559.93 
691.03 
484.97 
348.57 
453.97 
562.06 
455.12 
384.64 
708.93 
162.00 
342.17 

298.05 

249.00 
170.14 
348.17 

453.93 

138.60 

65.02 

49.02 

272.23 

152.17 
152.13 
166.13 
298.96 
221.67 
484.10 

258.76 

131.01 

186.03 

42.00 

62.01 
422.20 
188.05 
154.12 


Crystalline  form,  color  and  index 
of  refraction 


wh.  powd.,  hyg 

rhomb,  col.  deliq 

rhomb/bipyr.  effl 

monocl.  wh.,  1.405,  1.425,  1.440 
monocl.  1.5073 

monocl.  wh.  pr 

cub.  or  trig,  col.,  1.513 

rhomb.,  deliq 

rhbdr.  col.,  deliq 

cub.,  col.,  1.5442 

in  solution  only 

col.  hyg 

col 

rhomb,  yel 

tricl.  dull  red-blk 

dk.  grn.  cr 

or.  red  rhomb,  pr 

br.-red  cr.,  deliq 

or.  yel.  powd 

tricl.  yel.-red 

red  pr 

tricl.  red 

oct.  garnet-red  effl 

yel.  rhomb,  bipyr 

monocl.  yel.,  deliq 

monocl.  pr.  red,  deliq.,  1.661,  1.699, 

1.751 

or.  pi 

wh.  cr.  powd 

rhomb,  wh 

pseudo-cub 

col 



cub.  col.,  deliq 

wh.  cr.  powd 

wh.  cr.  powd.  or  leaf 

need 

wh.,  hex.  plates,  deliq 

red,  deliq 

br.  hex.  pi.  or  need 

monocl.  pa.  yel.,  1.519,  1.530,  1.544 

rhomb,  or  monocl.  wh 

tetr.  or  cub.  col.,  1.336 

rhbdr.  col.  or  wh.  cr.  powd 

"hexVcol".,'  i.'312,*i.*309V.'.  Y.'.'.'.'.'.'.'.'.. 
rhomb,  pr.  hygr 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

2.5090 
2.25 

1.51 
1.44"5 
1.777  (2.112) 

2,159-2.22 

1.47 

2.49015 

851 
-H20,  100 

-H2O,  32 

32.5-34.5 

d. 

-CO2,  270 

-H2O,  100 

248-261 
482  d. 
130 
801 

d. 

57.5 

24.5 

d. 

d.  600 

-H2O,  50 

d. 

7.1° 
33 

16.90 
21.520 
13° 

6.90 

d. 

790 

s. 

209lfi 

35.7° 

s. 
V.  s. 

29.30 

150io 
V.  s. 
31.4615 

V.  s. 
V.  s. 
s. 

6615 

s. 

V.  s. 
V.  s. 
87.330 
31.7*; 

50i° 
238°;  anh. 

I8O20 
si.  s. 
9.1 
92.62- 

s. 
s. 
s. 
s. 
s. 

s. 

d. 

16417 
18.9° 
d. 
31.8520 

128.620 
1.4718 
103.20 
4.2218 

s. 

1225 

0.65217 
V.  s. 

45.510° 
33.5610° 

33.9*5 

421104 
42ioo 

16.460 

d. 

23010° 
v.  s. 

28450 
39.12'oo 

d. 

94.22S  ' 
99060 
v.  s. 
307.2685 

V.  s. 
v.  s. 

126100 

50880;  anh. 
43398 

5160  ' ' 
25010° 

s. 
V.  s. 

67100 
156.598* ' 

2.941°° ' ' 

s. 

57.570 

2.4610° 

si.  s.  abs.  al.;  i.  acet. 
1425glyC.;i.  al.,  eth. 

3 

4 
ft 

-H2O,  33.5 

i.  al. 

6 

7 

8 
9 

d.  200 

d. 
d. 

s.  ac.  a.,  Na^COa  soln. 

s.  al.,  glyc. 
s.  al. 

10 

2.02 
2.165 

11 
12 

1413  (1490) 
d. 

s.  glyc;  si.  s.  al.,  liq.  NH3; 
i.HCl 

13 

14 

15 

v.  s.  al.,  eth. 

16 

si.  s.  al. 

17 

18 

s.  al. 

19 

s.  al. 

20 

tr.  150-160 
-6H2O,  100 
100,  d. 
d.>650 
904  d.  effl. 

19.92 

-2H2O,  100; 
anh. 320 
d.  115 

s.  al. 

21 

2.50 

11.9  al.;  s.  aq.  CI;  i.  eth. 
s.  al. 

22 

23 

24 

i.  al. 

25 

26 

2.710-36 
1.483 

2.5213 

s.  meth.  al.;  si.  s.  al. 

27 

28 

d.  400 

i.  al. 

i.  al.,  eth. 

29 

s.  glyc;  0.625  90%  al. 
si.  s.  al. 

30 
31 

1.85723-5 

4.512-59 
1.01320 

-5H20,  150 

-H2O,  100 
d.  100 

d. 

32 

33 

i.  al.,  eth. 

34 

563.7 

1496 

si.  s.  al.;  s.  NH3 

35 

36 

240-350 
d. 

s.  al. 

37 

s.  eth. 

38 

d. 

d.  alk.,  H2SO4;  142  al. 

39 

i.  al. 

40 

v.  s.  dil.  HC1 

41 

1.458 
3.375 

i.  al. 

42 

s.  al.,  acet. 

43 

d. 

44 

2.36919 
2.79;  2.55841 

45 
46 

980-997 
(1040) 

1700 

s.  HF;  v.  si.  s.  al. 

47 

2.2165 
2.679 

48 

d. 
64 

i.  al. 

49 

d. 

d.  a.;  s.  al.,  alk. 
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PHYSICAL  CONSTANTS  OF 


Name 


Sodium 

formate . 


2-furanacrylate . 
metagermanate . 


d-glutamate  ("Ajino- 
moto") 
glycerophosphate 


gold  sulfide .... 
"    thiosulfate, 

hydride 


hydroxide 

iodate 

metapenodntQ . 


iodide. 


iodoplatinate 

iron  oxalate  (ic) . 


isocyanate 

lactate 

magnesium  sulfate 

(bloedite) 
tartrate . . . 


manganate .  . . 
permanganate . 


methanearsonate 
(methyl  arsenate) 

methoxide 

met-hylsulfate 

molybdate 


ch'moly  bdate . 
trimoly  bdate . 


tetramolybdate Na2Mo4Gi3-6H20 . 

paramolybdate NaeMo7024'22H:0. 


Formula 


NaCHO*. 


NaC7H503 

Na2Ge03 

Na2Ge03-7H20. 

NaC5HsN04... 


Na2C3H706P-H2G. 
Na2C3H706P- 
5|H20 
NaAuS-4H20 

Na3Au(S20;>)2- 
2H2O 
NaH 


NaOH 

NalOs 

NaI04 

NaI04-3H2G.... 

Nal 

NaI-2H20 

Na2PtLr6H20... 
Na3Fe(C204)3-5H20 


NaNCO 

NaCsHsOs 

Na2S04-MgS04- 

4H2G 
Na2Mg(C4H4Oo)2- 

IOH2O 
Na2MnO4-10H2O.  . 

NaMn04 

NaMn04-3H20.... 
Na2AsCH303-6H20 

CH3ONa-2CH3OH. 
NaCH3S04-H20... 

Na2Mo04 

Na2Mo04-2H20... 

Na2Mo207 

Na2Mo3Oio-7H20.. 


oct  amolybdate! 

decamoly  bdate 

permoly  bdate 

nitrate  (soda  niter) 

nitride 

hypomtr'ite 


nitrite 

nitroplatinite... . 
p-nitrophenoxide . 


nitroprusside. 


Na2Mo802s-17H20. 
Na2Moio03r21H20 
Na2Mo08-xH20. . . 
NaN03 


Na3N... 
Na2N202 


NaN02 

Na2Pt(N02)4 

NaOC6H4N02- 
4H20 

Na2(NO)Fe(CN)5- 
2H20 


Mol. 
wt. 


68.02 

160.11 
166.59 
292.71 

169.12 

234.12 
315.19 

324.32 
526.46 

24.01 

40.01 

197.92 
213.92 
267.97 
149.92 
185.95 
1110.84 
478.97 

65.02 
112.07 
334.50 

546.62 

345.09 
141.93 
195.9S 
292.04 

118.12 
152.11 
205.94 
241.98 
349.89 
619.96 

745.89 
1589.99 

1519.87 

1879.83 


85.01 

83.00 
106.01 

69.01 
425.26 
233.16 

297.96 


Crystalline  form,  color  and  index 
of  refraction 


monocl.  col.,  deliq.  wh 

It.  br.  powd 

monocl.,  wh.,  deliq.,  1.59 

rhombic  col 

wh.  cr.,  not  deliq 

yelsh.,  viscid  liq.;  wh.  cr.  or  powd. . . 
wh.  odorl.  pi.,  sc,  or  powd 

monocl.  col 

wh.  odorl.  cr 

silv.  need 

wh.,  deliq.,  1.3576 

rhomb,  wh 

tetr 

trig,  effl 

cub.  col 

monocl.  col.  cr 

tri 

monocl.  grn 

col.  need 

col.  or  yelsh.  liq.  very  hyg 

monocl.  col.,  1.486,  1.488,  1.489 

wh.  powd.  or  monocl.  pr 

monocl.  grn 

red 

purp.  deliq.,  cr 

wh.  cr.  powd 

wh.  powd 

col.  hyg.  cr 

opaque  wh 

rhbdr.  wh 

need,  wh 

need,  acicular 

need;  yel.  soln 

monocl.  col.,  effl 

monocl.  cr 

wh.  pr 

red.  br.  cr 

trig,  or  rhbdr.  col.,  1.587,  1.336 

dk.  gray 

rhomb,  col. -yel.  pr.  hyg 

pa.  yel.  rhomb,  or  monocl.  pr.,  effl.. 
yel.  monocl.  pr 

rhomb,  red 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

1.922o 
1.919 

3.3122 

253 

d. 

1083 

83 

d. 

440; 
97.2W 

24.60;  ' 
45.525 
v.  s. 

s. 
v.  s. 

s. 
50 

d. 

420 
2.5° 

s. 

8 

158.7" 

317.90 

s. 

32.5 

s. 
V.  s. 

s. 

s. 

s. 

deliq. 
v.  s. 
ca.  100 

s.d. 
s. 
s. 
56.20 

3.8782o 

39.821 
117.930 

V.  s. 
si.  s. 

730 

d. 
d. 

720; 
81.515 

s. 
5.9725 

40" 

16010° 

s. 
d. 

d. 

347100 
34100 

256.860  ' 
1550100 

182100 

s. 

s. 

d. 

V.  s. 
V.  s. 

84100 
115.51°° 
si.  s. 
13.7100 

V.  s. 

V.  s. 

0.842i°° 

180100 

163100 

s. 

! 

s.  aL;  i.  eth. 

2 
3 
4 

si.  s.  al.;  i.  eth. 
s.  a. 
s.  a. 

■> 

6 

s.  al. 

7 

d.>130 

i.  al. 

8 

d. 

s.  al. 

q 

i.  al. 

10 

11 
12 

0.92 

2.130 

4.27717-5 

3.86516 

3.21918 

3.667 

3.677°;  2.44820-8 

2.5 

1.97317-5 

1.93720 

800  m.p.  d. 

318.4 
d. 

d.  300 
d.  175 
651 
752 

-imo,  100 

1390 

s.  molten  metals;  i.  CS2,. 

CCU,  bz.,  NH3 
v.  s.  al.,  glyc;  i.  acet.  eth. 
s.  ac.  a.;  i.  al. 

13 

s.  H2SO.1,  HNO3,  ac.  a. 

14 

15 

16 

1300 

v.  s.  al.;  s.  glyc. 

V.  S.  NH3 

17 

18 

-  IOH26, 
200 

s.  al. 

19 

20 

17,  d.  140 

s.  al.;  i.  eth. 

?A 

2.23 

?,?, 

23 

17 
d. 

d.  170 
130-140 

d.  -CH3OH 

24 

25 

2.47 

d.  alk.;  s.  NH3 

26 

si.  s.  al.;  i.  bz.,  eth.,  pet. 
eth.,  oils 

S.  CH3OH 

27 

28 

s.  al. 

29 

lq.  2.59 
3.28 

687 
687 
612 

528;  -6H2C, 
100-120 

30 
31 

i.  meth.  acetate 

3? 

33 

34 

700;  -H2O 

120-200 

-H2O,  20 

35 

36 

37 

d. 
306.8 

d.  300 
d.  300 
271 

-H2O,  100 
-2H2O,  36; 
-4H20,  120 

exp.  100 
d.380 

38 
39 

2.261 

v.   s.   NH3;   si.   s.   glyc, 
0.03625;  v.  si.  s.  acet.    . 

40 

2.466*;  1.72825 
2.168 

i.  al. 

41 
42 

d.  320 

.32°  eth.;  4.420  meth.  al.; 
3  abs.  al.;  v.  s.  NH3 

43 

d. 

si.  s.  al. 

44 

1.72 

1 

a.  al 
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PHYSICAL  CONSTANTS  OF 


No. 


10 
11 
12 
13 

14 

15 
16 

17 
18 

19 


20 

21 
22 

23 

24 


25 

26 

27 
28 
29 
30 
31 

32 

33 
34 
35 

36 
37 

38 
39 

40 
41 
42 
43 
44 

45 


Name 


Sodium 

oleate  (Eunatrol) 

oxalate 

"     ,  acid 

oxide,  mon- 

"    ,  di-(per-) 

ii      it      ii 

palmitate 

"       ,  acid 

pentobarbital  (nem- 
butal) 
phenobarbital  (luminal) 
l-phenol-4-sulfonate  (p) 
phenoxide  (phenolate) . 

Ziypophosphate 

,  di-H 

ort/iophosphate 

,  mono-H 


Formula 


di-H. 


pyrophosphate. 


,di-H... 

w^aphosphate  (glass)  .  . 
m^aphosphate  (sol.) .  .  . 
mWaphosphate  (insol)  .  . 
phosphide 

/ij/pophosphite 

orMophosphite,  mono-H 
,  di-H..    . 

phthalate 

picrate 

platinate 

metaplumbate 

propionate 

P2/ro%por  henate 

perrhenate 

perruthenate 

salicylate 

selenate 

ii 

selenide 

selenite : 

metosilicate 

disilicate 

fcirasilicate  (water 

(?) 


NaCi8H3302 

Na2C204 

NaHC204-H20... 

Na20 

Na202 

Na202-8H20 

NaCi6H3i02 

2NaCi6H3i02- 
Ci6H3202 
NaCiiHi7N203..., 

NaCi2HnN203..., 
NaC6H604S-2H20 

NaOC6HB 

Na4P2O6-10H2O.. 
Na2H2P206-6H20. 

Na3PO410H2O... 
Na3P04-12H20... 

Na2HP04-2H20... 
Na2HP04-7H20  . . 
Na2HP04-12H20. 


NaH2P04H20.... 

Na4P207 

Na4P2O7-10H2O... 

Na2H2P20v6H20. 

NaP03 

NaP03 

NaP03 

Na3P 

NaH2P02H20.... 

Na2HP03-5H20... 
NaH2P03-2iH20.. 

Na2C8H404 

NaC6H2N3(VH20. 
Na2Pt03-3H20.... 

Na2Pb03-3H20... 

NaC3H602 

Na4Re207-H20 

NaRe04 

NaRu04-H20 

NaC7H603 

Na2Se04 

Na2SeO4-10H2O..., 

Na2Se 

Na2Se03-5H20...., 

Na2Si03 

Na2Si03-9H20 

Na2Si206 

Na2Si409(?) 

520 


Mol. 
wt. 


304.44 
134.01 
130.04 
61.99 
"77.99 
222.12 
278.41 
813.24 

248.26 

254.22 
232.19 
116.10 
430.19 
314.15 

344.17 
380.21 

178.05 
268.14 
358.22 


138.05 

266.03 
446.19 

330.15 
101.98 
101.98 
101.98 
100.01 

106.05 

216.10 
149.07 
210.11 
269.11 
343.27 

355.25 

96.07 
594.62 
273.31 

206.71 
160.11 
188.95 
369.12 

124.95 
263.04 
122.05 
284.20 
182.11 

302.23 


Crystalline  form,  color  and  index 
of  refraction 


wh.  cr.  or  yel.  amor,  gran 

col.  cr.:  wh.  powd 

monocl.  wh 

wh.-gray,  deliq 

yel.-wh.  powd 

hex 

cr 

wh 

col.  monocl.,  or  gran.,  si.  effl 

wh.  deliq.  cr.  need 

monocl.,  1.477,  1.482,  1.504 

monocl.  col.,  1.486,  1.490,  1.504 

col.  oct 

trig,  col.,  1.446,  1.452 

- 

rhombic-bi-sphenoidal,  1.4629 

monocl.  pr.,  1.4424 

rhomb,    or    monocl.    col.    effl.,    wh. 
powd.,  1.432,  1.436,  1.437 

rhomb,  col.,  1.456,  1.485,  1.487 

wh.  cr.,  1.425 

monocl.  col.,  1.450,  1.453,  1.460 

monocl.  1.460,  1.465,  1.465 

col.,  hyg.,  amor.,  1.485 

col.,  1.474  1.478,  1.480 

col.,  1.498,  1.510,  1.529 

red 

monocl.  col.,  deliq 

rhomb,  wh.,  deliq.,  /3  1.443 

monocl.,  1.419,  1.431,  1.449 

wh.  powd.  pearly  pi 

yel.  need 

hex.  red-br.  or  yel 

It.  yel.-wh.  fused,  hyg.  lumps 

wh.  gran,  powd 

sandy  yel.  cr 

col.  hex.  pi 

blk.  cr.  lamellar 

wh.  cr.  powd 

rhomb,  col 

monocl.  col 

wh.  to  red,  deliq.  cr 

wh.  cr.,  tetrag 

monocl.  col.,  a.  1.518,  tI.527 

effl.  rhomb,  bipyramids 

rhomb,  pearly  luster,   1.500,    1.510, 

1.515 
amor,  col.,  deliq 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

232-5 

10i2 
3.720 
1.715 
d. 

s. 
s. 

i. 

s. 

V.  s. 
23.825 
V.  s. 

1.4920 

2.25 

1.5°;  ' ' 

25.820 
82.560 
63.9*0 
4.15 

59.9°; 

IIO.320 
3.16° 
5.410 

s.d. 
V.  s. 
21 
i. 

d.  ev. 
PH3 
100 

s. 
56° 
v.  s. 
5.5830 

s. 

d.  to 
Pb02 

s. 

.004 

2520 

v.  s. 

11115 

8435 

43.520 
d. 

s. 
s. 
v.  s. 

s. 

s. 

6.33100' 

2iioo 

d. 

d. 

d. 

i. 

s.d. 

125100 

5.4650 
25 

I5770" 
96.680 

87.43* 

427100 

40.2010° 
93.1110° 

d. 

V.  s. 
s. 
i. 

66710° 

v.  s. 
193*2 

d. 

12525 

72.810° 
78.730 

s. 

s.d. 
V.  s. 

s. 

s. 

1032  al;  si.  s.  eth. 

?, 

2.34 

3 

4 
5 
6 

2.27 
2.805 

460  d." 
d.  30 
270 
115-17 

1275  subl. 
d.  657 
d. 

d.al. 

d.  al,  NH3;  s.  dil.  a.;  i.  alk. 

i.  al. 

7 

8 

s.  h.  eth. 

9 

s.  al. 

10 
11 

d." 

s.  al.;  i.  eth.,  chl. 

0.7125,  7.4ioo  al.,  2025  glyc. 

d.  a.;  s.  al.,  acet. 

13 

d. 

250 

100 
73.3-76.7  d. 

-H20,  92.5 
-5H20,  48 
34-41 

-H20,  100; 

d.  204 
880 
880;  -H2O, 

93.8 

-H20,  220 
cr.     300 

627.6 
tr.  500 
d. 

d.  viol. 

53 

42 

13 

1.823 
1.849 

2.53617  5  anh. 
1.645*;  1.622o 

2.06616 
1.6789 
1.52 

2.040 

2.534 
1.815-36 

1.85 

2.48420 

2.476 

14 
15 

-6H2O,  100 

s.    dil.    H2S04,    NH4OH; 
i.  al. 

16 
17 

-I2H2O, 
100 

i.  CS> 

18 

19 

20 
21 

-H20,36.4; 

-12H20. 

100 
-2H::0,  200 

i.  al. 

v.  si.   s.   chl.,   tol.,   eth.; 

i.  al. 

22 

i.  al.,  NH3 

23 

24 

i. 

i. 

i. 

25 

26 

v.  s.  al.;  s.  glyc;  si.  s.  NH3, 
NH4OH 
i.  al.,  NH4OH 

27 

200-250  d. 
-5H>0,  100 

28 

29 

30 

-H20,  150 
-3H20, 
150-70 

expl.  310 
d. 

si.  s.  al. 

31 

si.  s.  HC1;  i.  al. 

32 
33 

d.  acids;  s.  alk.;  hyd.  al. 
s.  al. 

34 

35 

300  in  O2 
d.  440vac- 

s.  al. 

36 

37 

17i5  al.;  25  glyc. 

38 

3.098 
1.603-1.620 

2.625W 

39 

ca  32  trans. 
>875 

40 

i.  NH3 

41 

i.  al. 

42 

2.4 

1088 

40-48 

874 

i.  al.,  Na  and  K  salts 

43 
44 

-6H20,  100 

2918  N/2  NaOH;  i.  al.,  a. 

45 

i.  al.,  Na  and  K  salts 
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PHYSICAL  CONSTANTS  OF 


No. 


1 

2 

3 

4 
5 
6 
7 

8 

9 

10 

11 
12 

13 

14 

15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
20 
27 
2S 
29 

30 
31 
32 
33 

34 
35 

30 
37 
38 
39 

40 

41 
42 
43 

44 


Name 


Sodium 

silicotungstate  (normal) 

silver  thiosulfate 

stannate 

mefastannate 

stearate 

succinate 

"      ,  tetrahydroxy- 
(dihydroxytartrate) 
sulfanilate 

sulfate  (thenardite) 

"       (Glauber's  salt, 
mirabilite) 
sulfate,  acid 

«i         <« 

pyrosulfate 

peroxydisuifate 

sulfide,  mono- 

'*    ,  hydro- 

it  (< 

"     ,  tetra- 

"     ,  penta- 

hyposul'Jte 

sulfite 

<( 

"    ,  acid 

P2/rosulfite     (metabisul- 
fite) 

d  (&  Z)-tartrate 

d-tartrate,  acid 

(^-tartrate,  acid 

tellurate 

tellurite 

thioantimonate 
(Schlippe's  salt) 

thioarsenate 

thiocarbonate 

thiocyanate 

dithionate 

thiosulfate  (hypo) 

intitanate 

tungstate 

« 

paratungstate 


Formula 


Na4SiWi204o- 

20H2O  (?) 
2Na2S203-Ag2S203- 

2H2O 
Na2Sn03-3H20  (or 

Na2Sn(OH)6) 
Na2Sn50ir4H20. . 

NaCi8H3502 

Na2C4H404-6H20. 
Na2C4H40s-3H20. 

NaC6H6N03S- 
2H2O 
Na2S04 

Na2S04 

Na2S04 

Na2S04-7H20 

Na2SO4-10H2O.... 

NaHS04 

NaHS04-H20 

Na2S207 

Na2S208 

Na2S 

Na2S-9H20 

NaHS 

NaHS-2H20 

NaHS-3H20 

Na2S4   

Na2S5 

Na2S204-2H20.... 

Na2S03 

Na2S03-7H20 

NaHSOs 

Na2S205 

Na^C4H406-2H20. 
NaHC4H406-H20. 
NaHC4H406-H20. 
Na2Te04-2H20... 

Na2Te03 

Na3SbS4-9H20. . . . 

Na3AsS4-8H20.... 

Na2CS3-H20 

NaSCN 

Na2S206-2H20. . . . 

Na2S203-5H20.... 

Na2Ti30; 

Na2W04 

Na2W04-2H20.... 

Na^W7024-16H20. 


Mol. 
wt. 


3327.41 

680.14 

266.74 

887.56 
306.46 
270.16 
280  12 

231.21 

142.05 

142.05 

142.05 
268.17 

322.22 

120.07 

138.08 
222.11 
238.11 
78.05 
240.20 
56.07 
92.10 
110.11 
174.23 
206.29 
210.15 
126.05 
252.17 
104.07 
190.11 

230.10 
190.09 
190.09 
273.64 

221.60 
481.14 

416.27 

172.20 

81.08 

242.15 

248.20 

301  69 
293.91 
329.95 

2097.68 


Crystalline  form,  color  and  index 
of  refraction 


col.  tricl 

wh.  to  gray  cr.  powd 

hex.  col.  trig.  wh.  powd.  or  lumps. . . 

wh.  cr.  powd 

wh.  powd.,  fatty  odor 

wh.  gran,  or  powd 

wh.  ppt 

wh.,  lust.  cr.  leaf 

rhomb.,  1.464,  1.474,  1.485 

monocl.  col 

hex.  col.  (>  500) 

rhomb,  or  tetr.  wh 

monocl.  col.  effl.,  1.394,  1.396,  1.398. 

tricl.  col 

monocl.  col.,  deliq 

wh.  transluc.  cr.,  deliq 

wh.  cr.  powd 

amor,  yel.-pink  or  wh.,  deliq 

tetr.  col.,  deliq 

rhomb,  col.  or  wh.  gran,  cr 

col.  need.,  deliq 

col.  lust,  rhomb,  cr 

yel.  cub.  hyg.  cr 

yel.  (exist,  quest.) 

monocl.  (?)  col.  cr.  or  ycl.-wh.  powd. 

hex.  pr.  or  wh.  powd 

monocl.  col.,  efHor 

monocl.  wh.,  yel.  in  soln 

col.  pr.,  wh 

rhomb,  col 

wh.  cr.  powd.,  rhomb 

monocl.  or  tricl 

hex.  pi 

wh.  rhomb,  pr 

cub.  pa.  yel 

monocl.  yel.,  0  1.6802 

yel.  need.,  deliq 

rhomb,  col.  pois.,  deliq 

clear,  rhomb.,  1.482,  1.495,  1.519.... 

monocl.  col.,  effl.,  1.489,  1.508,  1.536 

wh.  need 

wh.  rhomb 

rhomb,  col.,  pi 

col.  tricl 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

-7H20, 100 

d. 

v.  s. 

s. 

61.3i5-5 

si.  s. 
s. 

21.45° 
0.032° 

s. 

4.76° 

48.840 

s. 
19.5° 

11° 

28.625 

ca.  67,  d. 

s. 

s.d. 

15.41° 
47.51° 

V.  s. 

s. 

s. 

s. 

s. 

25.42° 

12.54° 

32.8° 

v.  s. 

."420 

29« 
6.718 
8.919 
0.7718 

20.15°;  33 

v.  s. 

s. 

139.321-3 

6.05°; 
47.616 
79.4° 

i. 

410; ' "  * ' 

82.520 
8 

v.  s. 

50100 

d. 
s. 

86.6375 
d. 

42.7100 
42.5100 

s. 
4420 

92.730 

lOOioo 

v.  s.  d. 

57.29°' 
96.75° 

s. 
s. 

s. 

d. 

28.38° 
19640  - 

v.  s. 

81.71°° 

66« 
9.23° 

2ioo 

s. 
100 

d. 
d. 
v.  s. 

90.91°° 

291.1«; 

301.560 

123.51°'°' 
d. 

s.  a.;  si.  s.  al. 

2 

3 

-3H20, 140 
d.  60 

i.  al.,  acet. 

4 

i.  al.,  alk.,  NaOH 

ft 

s.  h.  al. 

6 

v.  si.  s.  al. 

7 

d. 

d.  min.  a.;  i.  al.,  eth. 

8 

9 

2.698 

884,  tr. 

— mcl.  100 
tr.-hex.  500; 

884 
884 
tr.  to  anh. 

24.4 
d.  32.4 

>315;d. 
240-50 
58.54  ±  .05 
400.9 

s.  glyc;  i.  al. 

10 

d.  HI 

11 

12 

i.  al. 

13 

1.464 
2.43513;  2.742 

i.al. 

14 
1ft 

d.  to 

Na2S207 

d.*460  "" 

d.  al.;  si.  s.  al.;  i.  NH3 
i.al. 

16 
17 

2.65825 

s.  fum.  H2SO4 
i.al. 

18 

1.856^ 
2.471 

ca.  920 
920  d. 
350 
d. 
22 
275 
251.8 
d.  52 

-7H20, 150 

d. 

d.>150 

d.  a.;  si.  s.  al.;  i.  eth. 

19 

d  a.;  si.  s.  al. 

20 

s.  al. 

21 

d.  a.;  s.  al. 

n 

d. 
d. 

s.  al. 

83 

s.  al. 

24 

s.  al. 

2ft 

d.  a.;  s.  alk.;  i.  al. 

26 
27 

28 

2.63315-4 
1.561;  1.53915 
1.48 
1.48 

1.818 

d. 
d. 

si.  s.  al.;  i.  liq.  Cl2,  NHs 
si:  s.  al. 
si.  s.  al. 

29 
30 

i.al. 
i.al. 

31 

-H20,  100 
-H2O,  100 
d. 

d.  234 
d.  219 
d. 

3? 

i.al. 

33 

s.  h.  dil.  HNO3;  i.  NaOH 

34 

soln. 

35 
36 

1.839 

d. 

d. 

d. 

287 

-H2O,  110; 

-S02,  267 
45-50;  d. 

48.0 

i.al. 
i.al. 

37 

s.  al.;  i.  bz.,  eth. 

38 

v.  s.  al. 

39 
40 
41 

2.189 

1.729"  (1.685) 

3.35-3.50 

4.179 

3.23-25 

3.987 

i.  al.,  HC1 
s.  NH3;  i.  al. 
i.  h.  HCl 

42 

698 

-2H2O,  100, 
anh.  698 
-12H20,  100 
-16H20,  300 

43 
44 

si.  s.  NH3;  i.  a.,  al. 
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PHYSICAL  CONSTANTS  OF 


No. 


10 
11 

12 
13 
14 

15 

16 

17 

IS 
11) 

20 
21 
22 
23 
24 
25 

26 
27 

28 

29 
30 

31 

32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Name 


Sodium 

mefouranate 

peruranate 

uranyl  acetate .... 

"  carbonate . . 
urate 

"    ,  acid 

valerate 

or^ovanadate 

p?/rovanadate 

met  avanadate 

xanthate 

zinc  uranyl  acetate 

zirconium  fluoride. 
Stannous  and 

Stannic 
Strontium 

acetate 

or£/ioarsenate,  acid. 

orthoaxsemte 

tetraborate 

boride 

bromate 

bromide 

carbide 

carbonate 

chlorate 

chloride 

tt 
i< 

"     ILuoride  . . . 
chromate 

cyanide 

ferrocyanide 

fluoride 

fluosilicate 

formate 

glycerophosphate . . 
hydroxide 

iodide 

lactate 

permanganate 

molybdate 

nitrate 


Formula 


Na2U04. 


Na4U08-xH20 

NaU02(C2H302)3.  . 
2Na2C03-U02C03. 
Na2C5H2N403-H20 
NaHC6H2N403.... 

NaC5H902 

Na3V04 

Na3VO4-10H2O.... 

Na3V04-16H20... 

Na4V207 

NaVOs 

NaC3H5OS2 

NaZn(U02)3(C2- 
H302)9-9H20 

5NaF-2ZrF4 

See  under  Tin 


Sr 

Sr(C2H302)2-iH20 
SrHAs04-H26.... 


Sr3(As03)2-4H20. 
SrB4O4H20. . .  . 

SrB6 

Sr(Br03)rH20. . . 

SrBr2 

SrBr2-6H20 


SrC2.. 
SrCOa. 


Sr(C103,V 


Sr(C103)2-8H20. 
SrCl2 


SrCl2-2H20. 
SrCl2-6H20. 
SrCl2-SrF2. 
SrCr04.... 


Sr(CN)2-4H20 

Sr2Fe(CN)6-15H20. 

SrF2 

SrSiF6-2H20 

Sr(CH02)2 

Sr(CH02)2-2H20... 

SrCsHyOeP 

Sr(OH)2 

Sr(OH)2-8H20 

Srl2 

SrI2-6H20 

Sr(C3H503)2-3H20  . 
Sr(Mn04)2-3H20... 

SrMo04 

Sr(N03)2 


Mol. 
wt. 


348.06 


470.20 
542.09 
230.11 
190.10 
124.12 
183.94 
364.10 

472.20 
305.89 
121.95 
144.19 
1592.13 

544.43 


Crystalline  form,  color  and  index 
of  refraction 


87.63 
214.73 
245.56 

580.77 
314.97 
152.55 
361.48 
247.46 
355.56 

111.65 
147.64 

254.54 

398.67 
158.54 

194.58 
266.64 
284.17 
203.64 

211.73 
657.45 
125.63 
265.72 
177.67 
213.70 
257.74 
121.65 
265.78 
341.47 
449.57 
319.82 
379.54 
247.58 
211  65 


gr.  yel.  or  red  pi.  or  rhomb,  pr.,  or 

powd. 

yel.  cr.  powd 

tetr.  yel.  cr.,  1.501 

yel.  cr 

hard,  cr.  nodules  or  wh.  gran,  powd . 

wh.  gran,  powd 

col.  cr.  or  wh.  deliq.  mass 

col.  hex.  pr 

wh.  cubic  or  hex.  cr.  1.5305;  co  1.5398, 

€  1.5475 

cr.  col.  need 

hex 

col.  monocl.  pr 

yelsh.  powd 

tab.  monocl.  cr.  a  1.475,  y  1.480. . . . 


monocl.  pr. 


cub.  silv.  wh.-pa.  yel.  met. 

wh.  cr.  pewd 

rhomb,  need 


cr.  or  wh.  powd . 


blk.  cr 

monocl.  col.-yelsh.  hyg. 

wh.  need.,  hyg 

hex.  col.,  hyg 


tetr.  blk 

rhomb,   col.   or 

1.664,1.666 

rhomo.   col.   or  wh 

1.605,1.626 

wh.  need 

cub.  col.,  <1.6 


wh.   powd., 
powd., 


.516, 


1.567, 


transp. leaf 

trig,  col.,  1.536,  1.4S7. 

tetr.  1.651,  1.627 

monocl.  yel 


wh.  rhomb.,  deliq 

monocl.  yel 

cub.  col.  or  wh.  powd 

monocl 

rhomb.,  1.559,  1.574,  1.598.... 
rhomb,  col.,  1.484,  1.521,  1.538 

wh.  powd 

wh.  deliq 

tetr.  col.,  deliq.,  1.499,  1.476. . . 

col.  pi 

hex.  col.-yelsh.,  deliq 

wh.  cr.  or  gran,  powd 

cub.  purp 

tetr 

cub.  col.,  1.567 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

i. 

si.  s. 

si.  s. 

0.083'  " 

s. 

s. 

s. 

V.  s. 
s. 

21:125 

s. 
i. 

.3871* 

d. 
s. 
0.28415-5 

si.  s. 

i. 

33^ 
85.20 
204.2" 

d. 
0.001 118 

174.918 

s. 
43.5° 

106.20 

d. 

0.1215 

V.  s. 

50 

0.011° 

3.215 

s. 

s. 

si.  s. 

0.410 

0.90° 

165.30 

448.9° 

25 

270° 

0.0104" 

40.1° 

i. 
d. 

1.31°° 
0.81°° 

s. 

d. 

s. 
38.875 

1.67io° 

d. 
d." 

77100 
i. 

222.51°°' 

00 

d. 
0.065i°° 

v.  s. 

v.  s. 

100.81°° 

205.8*° 

d. 

3100 

100 
0.0122? 

v.  s. 

s. 
s. 

2Y.83100" 

47.7110° 

383i°° 

00 

200i°° 

29118 

1009° 

s.  dil.  a.,  alk.  carb. 
d.  HC1,  H2SO4,  ac.  a. 

3 

2.56 

4 

d.  400 

Lai. 

ft 

v.  si.  s.  90  %  al. 

6 

7 

140 

850-66 

s.  al. 

8 

i.  al. 

q 

10 

866  (anh.) 

632-54 

630 

i.  al. 

11 

Lai. 

1? 

13 

s.  al. 

14 

15 

16 

17 

18 
19 

2.6 

anh.  2.099 
3.60615;  anh. 
4.035 

752  (800) 
-H20,*125 

1150 

s.  a.,  al.,  liq.  NH3 
si.  s.  al. 
s.  a. 

?0 

s.  a.;  si.  s.  al. 

21 

s.  HNOs,  NH4  salts 

22 

3.3 

3.773 

4.21624 

2.35818 

3.2 
3.70 

3.152 

d.*240' 
d. 

-6H2O, 
>180 

s.  HNO3 

?3 

-H20,  120 

643 

d.20 

24 
25 

26 

s.  al.,  amyl.  al. 
s.  al.;  i.  eth. 

d.  a. 

27 

28 

149760  atm. 

120  d. 

-CO2,  1340 

0.12  aq.  CO2;  s.  a.,  NH4 
salts 
8.  al.;  i.  abs.  al. 

29 

s.  al. 

30 

3.052 

2.671525 

1.93 

4.18 

3.8951* 

873 

v.  si.  s.  abs.  al.,  acet.;  i. 

31 

NH3 

32 
33 

-4H20,  60 
962 

d. 

-6H2O,  100 

3.86  al. 

s.  cone.  HC1,  HNO3;  i.  al. 

34 
35 

s.  ac.  a.,  HC1,  HNO3,  NH4 

salts 

36 

37 

4.24 

2.9917-5  d. 
2.69 
2.695 

1190 
d. 

71.9 
d. 

s.  h.  HC1;  i.  HF 

38 

.06515  50%  al.js.HCl 

39 

40 

41 

Lai. 

42 

3.625 
1.90 
4.54925 
4.415 

375 

-8H2O,  100 
402 

s.  a.,  NH4CI 

43 

s.  a.,  NH4CI;  i.  acet. 

44 
45 
46 

d. 

3.14°,  4.339°  abs.  al. 
s.  al.;  i.  eth. 
si.  s.  al. 

47 

2.75 

4.145 

2.986 

d.  175 

48 

s.  a. 

49 

570 

.012  abs.  al.;  v.  s.  NH3; 

si.  s.  acet. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Strontium 

nitrate 

nitrite 

oxalate 

oxide 

"     ,per- 

or^ophosphate,  di- 

salicylate 

selenate 

me/asilicate 

sulfate  (celestite) 

"      ,  acid 

sulfide,  mono- 

1     ,  hydro- 

"     ,  tetra- 

sulfite 

tartrate 

thiocyanate 

dithionate 

thiosulfate 

tungstate 

Sulfamic  acid  (amido- 

sulfonic  acid) 
Sulf amide  (sulfuryl 

amide) 
Sulfur,  rhombic  (a) 

"  ,  monoclinic  (/S) 

"  ,  amorphous  (7) . 

bromide,  mono- 

chloride,  mono- 

"       ,di- 

,  tetra- 

fluoride,  mono- 

"    ,  tetra- 

"     ,  hexa- 

iodide,  mono- 

"     ,  hexa- 

(penta-)  nitride,  di- 

(tetra-)        "     ,  tetra- . . 

oxide,  sesqui- 

"    ,  di- 

"    ,tri-(«-) 

"         "    (P-) 

"   ,  hept- 

"   ,  tetra-. 

oxy^rachloride,  mono-. 
,   tri-  . . . 

Sulfuric  acid 

<«  << 

<«  <t 

"  "     ,  peroxy- 

mono-  (permono-, 
Caro's  acid) 


Formula 


Sr(N03)2-4H20... 

Sr(N02)2-H20.... 

SrC20rH20 

SrO 

Sr02 

Sr02-8H20 

SrHP04 

Sr(C7H603)2-2H20 

SrSe04 

SrSi03 

SrS04 

Sr(HS04)2 

SrS 

Sr(HS)2 

SrSr6H20 

SrS03 

SrC4H4(V4H20. . . 
Sr(SCN)r3H20. . . 

SrS2(V4H20 

SrS203-5H20 

SrW04 

H2NS03H 

S02(NH2)2 

Ss 

S8 

S8 

S2Br2(orSBr).... 
S2Cl2(orSCl).... 

SC12 

SCU 

S2F* 

SF4 

SF6 

S2I2 

Sle 

S5N2 

S4N4 

S203 

S02 

S03 

(S03)2 

S207 

so4 

S20C14 

S203C14 

H2S04 

H2S04-H20 

H2S04-2H20 

H2S(V4H20 

H2S06 
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Mol. 
wt. 


283.71 

197.66 

193.67 
103.63 
119.63 
263.76 
183.66 
397.88 
230.59 
163.69 
183.69 
2S1.77 
119.69 
153.77 
323.97 
167.69 
307.77 
257.83 
319.81 
289.83 
335.55 
97.09 

96.11 

256.48 

256.48 
256.48 
223.95 
135.03 

102.97 

173.89 
102.12 
108.06 
146.06 

317.96 

793.58 
188.32 
184.27 

112.12 
64.06 
80.06 

160.12 

176.12 
96.06 
221.95 
253.95 
98.08 
116.09 
134.11 
170.14 
114.08 


Crystalline  form,  color  and  index 
of  refraction 


monocl.  wh 

hex 

col 

cub.  gray-wh 

wh.  powd 

col.  cr 

rhomb,  col 

col.  cr 

rhomb 

col.  pr.,  1.618 

rhomb,  col.,  1.622,  1.624,  1.631 

col 

cub.  It.  gray 

cryst  

redsh.  cr 

col.  cr 

monocl 

deliq 

trig.,  1.530,  1.525 

monocl.  need 

tetr 

col.  rhomb 

rhomb,  pi 

rhomb,  yel.,  1.957 

monocl.  pa.  yel.,  2.038 

pa.  yel.  amor 

redliq.,  1.736 

yelsh.  red  liq.,  1.66614 

dk.  red  liq.,  1.557" 

yel.  br.  liq 

col.  gas 

gas  (exist,  quest.) 

col.  gas 

brittle  gray-blk.,  met.  lust,   (exist, 
quest.) 

gray-blk.  cr.  (exist,  quest.) 

red  liq.  or  gray  solid j 

monocl.  or  .-red 

bl.-grn.  cr 

col.  gas  or  liq.,  suffoc.  odor,  1.410  lq.l 

trim.  col.  cr.  or  liq.,  1.4097 

silky,  fibrous  need 

vise.  liq.  or  need,  (exist,  quest.) 

•wh.  solid 1 

dk.  red  liq | 

rhomb,  need,  or  pi.,  wh      

col.  oily  liq.  cr  hex.  cr.,  1.429 J 

col.  liq.  or  monocl.  pr.,  1.438 1 

col.  liq.,  1.405 

wh.  cr I 

I 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 


2.2 
2.408; 


4.7 
4.56 
1.951 
3.5441* 


4.23 
3.65 
3.96 


3.7015 


1.966 


2.373 
2.1717 
6.187 
2.0312 


2.07;  liq.  1.803 

1.96 

1.92;  1.9556° 

2.635 

1.678 

1.621— 


lq.  1.5- 


6.50  g/1;  lq. 
1.91 


1.90118 

2.2215 


2.927  g/1.  lq.  1.434 
2.75;  lq.  1.92513 
lq.  1.97 


1.6560 


1.834 

1.788 
1.650° 


Melting 
point,  °C 


-H2O,  >100 

-H2O,  150 

2430 

d. 

-8H2O,  100 

d." 

1580  ' 
1580  d. 
d. 

d."' 
25 

d. 

-3H  >0,  100 
-4H2O,  78 
-4H20,  100 
d. 
200  d. 

91.5 

112.8;  tr. 
mcl.  95.5 
119.25 
ca.  120 
-40 
-80 

-78 

-30 
-105.5 
-124 
-56 


11 

179  subl. 

d.  70-95 

-72.7 
16.83 
62.2;  32.2398 


0 
0-3  d. 


57  d. 

10.49 

8.62 

-38.9 

-24.5 

45  d. 


Boiling 
point,  °C 


d.  240 


d.  160-70 


d.  250 

444.6 

444.6 
444.6 

540.2 

135.6 

59 

d.  -15 
-99 
-40 
-63.8  subl. 


d. 

exp.  160 


-10.0 

44.8 
44.6; 

(subl.  50) 
subl.  10 

60-1 

330(98!3%)d, 
290 
167 


Solubility  in  grams  per  100  ml  of 


Cold 

water 

Hot 

water 

60.430 

206.51°° 

58.9° 

182ioo 

0.005118 

d.  Sr(OH)2 
O.OO820 
O.OI820 

5100 

dV ' 
d. 

1. 
5.625 

1. 
28.610° 

1. 

1. 

1. 

0.0113° 

d. 

s.d. 
s. 

1. 
0.01143° 

d." 

s. 

0.003317 

0.1120 

0.75585  ' 

v.  s. 
22i6 
25i3 
0.14 
d. 

67100 
57100 

s. 

i. 

i. 

1. 
d. 
d. 

1. 
d. 
d. 

d. 

d. 

d. 
d. 
d. 
v.  si.  s. 

d. 
d. 
d. 

si.  s. 

d. 

1. 

d. 

d. 

22.8° 

d. 

d. 

d. 

0.589° 

d. 

d. 

d. 

s.d. 
d. 
d. 

00  ev.  ht. 

d. 

d." 
d. 

OO 

OO 

00 

OO 

OO 

00 
d. 

00 
d. 

Alcohol,  acids,  etc. 


v.  si.  s.  abs.  al.;  i.  HNO3 

.4220  90%  al. 

s.  HC1,  HNO3 
si.  s.  al.;  i.  eth„  acet. 
v.  s.  al.,  NH4CI;  i.  acet. 
s.  al.,  NH4CI;  i.  NH4OH 
s.  a.,  NH4  salts 
1.525,  9.578  al. 
s.h.HCi;i.  HNO3 

si's!  a.';'i. "dill  H^SOi/al. 

1470  H2SO4 

s.  a.,  al.;  i.  acet. 

s.  al. 

v.  s.  H2SO3;  s.  a. 

v.  s.  al. 
i.  al. 
i.  al. 
d.  a.;  i.  al. 


s.  al. 

23°  CS2;  s.  toL;  si.  s.  al., 
bz.,  eth. 

70  CS2;  s.  al.,  bz. 
i.  CS2 
s.  CS2 
s.  CS2,  bz.,  eth. 

d.  al.,  eth.;  s.  bz.,  CCU 


d.  KOH 


s.  KOH;  si.  s.  al. 

s.  CS2;  si.  s.  glyc. 

s.  CS2 

s.  eth.;  si.  s.  al.,  CS2 

s.    CS2,    chl.,    bz.,    NH3; 

sit  s.  al.,  eth. 
s.  fnm.  H2SO4 
s.  al.,  H2SO4,  ac.  a. 
Forms  fuming  sulfuric  acid 

with  H2SO4 

s.  H2SO4 

d.  dil.  H2SO4 

d.  viol.  al. 

d.al. 

d.  al.;  misc.  org.  sol  v. 

d.al. 

d.  al.,  eth. 

d.  al.,  eth. 

s.  H3PO4 
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PHYSICAL  CONSTANTS  OF 


No. 


7 
8 

9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 

23 
24 

25 

26 

27 

28 
29 

30 

31 
32 
33 

34 
35 
36 

37 
38 
39 

40 

41 

42 
43 
44 


Name 


Formula 


Sulfuric  acid, 

peroxydi-(per(di)  sulfur  - 

ic) 
Sulfuric  acid,  pyro- 
Sulfurous  acid 

"    ,hypo- 
Sulfuryl  chloride. ..... 

"     ,  pyro-,  chloride 


fluoride 

See  also  under  Thio. 
Tantalic  acid,  meta- 
(tantalum  hydroxide) 
Tantalum 


bromide 

carbide 

chloride 

fluoride 

hydroxide 

nitride 

(tri-)  nitride,  di- 

oxide,  tetr- 

"    ,pent- 

sulfide 

Telluric  acid,  ortho-. 


"      "   .alio-. 
Tellurium 


bromide,  di- 


chloride,  di- 
"      ,  tetra-. 


tetra- 

"    ,acid.... 


ethoxide 

fluoride,  tetra- . .  .  . 
"     ,  hexa- 

iodide,  di- 

"     ,  tetra- 

"     ,  acid, 


methoxide. . . 
nitrate,  basic, 
oxide,  mon-. . 


di-  (tellurite) . 
tri- 


sulfate,  basic. 

sulfide 

sulfur  oxide . . 


H2S2O8 . 

H2S2O7. 
H2SO3. 
H2S2O4 
SO2CI2. 
S2O5CI2 


SO2F2 


HTa03 
Ta.... 


TaBr5 

TaC 

TaCU 

TaF6 

Ta(OH)6 

TaN 

Ta3N5 

Ta204  (or  Ta02) . . . 

Ta206 

Ta2S4(orTaS2).... 
H6Te064H20  (or 

H2Te04-6H20) 
HeTeOe  (or  H2Te04 

2H20) 


Te2 

255.22 

Te2 

255.22 

TeBr2 

287.44 

TeBr4 

447.27 

TeBr4-HBr-5H>0.. 
TeCb 

618.28 
198.52 

TeCU 

269.44 

Te(OC2H5)4 

TeF4 

TeFc 

Tel2 

307.85 
203.61 
241.61 
381.45 

Tel4. . . 

635.29 

TeI4-HI-8  (or  9)- 
H2O 

Te(OCH3)4 

Te203(OH)N03.... 
TeO 

907.35 

251.75 
382.24 
143.61 

Te02 

159.61 

Te03 

175.61 

Te203S04 

399.28 

TeS2 

191.73 

TeS03 

207.67 

Mol. 
wt. 


194.14 

178.14 
82.08 
130.14 
134.97 
215.03 


102.06 


Crystalline  form,  color  and  index 
of  refraction 


hyg.  cr 


229.89 

180.88 

580.46 
192.89 
358.17 
275.88 
265.92 
194.89 
612.68 
425.76 
441.76 
490.00 
301 . 72 

229.66 


col.  cr.,  hyg 

in  solution  only, 
in  solution  only, 
col.  liq.,  1.444.  . 
col.  liq.,  1.44919. 


col.  gas. 


col.  cr 

cub.  gray-blk.  met.  or  blk.  powd. 
yel.  cr 


lt.-yel.  cr.  powd. 

tetr.  col 

wh.  amor,  or  cr. 

hex.  blk 

amor,  yel  .-red .  . 
dk.-gray  powd.. 

rhomb,  col 

amor,  or  cr 

hex.  need 


cub.  or  monocl.  col. 


wh.  powd 

rhbdr.  sil.-wh.  met.,  1.0025. 

amor,  br .-blk.,  1.0025 

steel  gray-grn.  need.,  unst. . 


need,  or  .-red 

blk.  cr.  or  amor.,  unst. 

wh.  to  yel.  cr.,  deliq. . , 


cr.  wh 

col.  gas,  unpleas.  odor,  1.0009 
blk.  cr 


gray  cr 

rect.  pr.  met.  luster. 


solid 

rhomb,  col . 
amor.,  blk. 


tetr.  or  rhomb,  wh.,  2.00,  2.18  (Li), 

2.35 

or.  cr 


rhomb,  col 

red-blk.  amor.  powd.  (exist,  quest.), 
amor,  deep  red  solid 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

65  d. 
35 

d. 

d. 

d. 

d. 

s. 

s. 

d. 

d. 

109 

i. 

i. 

d. 
i. 
d. 
s. 
i. 
i. 
i. 
i. 
i. 
i. 
13.92° 

19.7° 

si.  s. 
i. 

i. 

d. 

si.  s.  d. 

d. 
d. 

s.d. 

dV ' ' 
d. 

i. 

si.  s. 
d. 

sl.'d.*" 
i. 

0.00067 

i. 

d. 
i. 
d. 

d. 
d. 

d.  " 
d. 

i. 

d. 

i. 

i. 
i. 

258.5100 

s. 
i. 

i. 

d. 

d. 
d. 

s.d. 

d. 

d. 
i. 
d. 
d. 

d. 

i. 

i. 

rapid  d. 

s.  al.,  eth.,  H2SO4 

2 
3 
4 

1.9 

d.  al. 

s.  al.,  eth.,  ac.  a. 

5 

6 

8 

1.6674 
g.9.6g/l;lq. 

1.818^ 

3.72  g/1 

-54.1 
-39  to  -37 

-120 

69.1 
140 

-52 

s.  ac.  a.,  bz. 
d.  a. 

s.  al.;  si.  s.  alk. 

9 

s. 

10 

11 

1? 

met.  16.6;  powd. 

14.491 
4.67 

2996 

240 

3877 

221 

96.8 

ca.  4100 

320 
5500 
242 
229.5 

s.  HF,  fused  alk.;  i.  a. 

s.  abs.  al.,  eth. 
si.  s.  H2SO4,  HF 

13 
14 
15 

3.68s7 
4.74 

s.  abs.  al.,  H2SO4 

s.  HF 

s.  alk.;  i.  a. 

16 

3360 

ign. 

oxidizes 
1470  d. 
d.>1300 
-4H20,  10 

-2H20,  140 

d.>160 
452 

452 

210  (280) 

380+  6 

20 

209  ±  5(175) 

224  (214) 

20 

subl. 

-36 

subl. 

259 

-55 

17 

s.  HNO3  +  Hf ;  i.  a. 

18 

i.  a. 

19 

8.73681-2 

s.  fus.  KHSO4;  i.  a. 

9,0 

si.  s.  HF  -f-  HNOa;  i.  HCI 

n 

s.  alk.,  dil.  a.;  si.  s.  strong 
a.;  i.  al. 
s.  a.,  alk.;  i.  al. 

n 

cub.  3.05; 
mcl.  5.09 
3.4419.2 

6.25 
6.00 

23 

s.  al.;  si.  s.  KOH 

24 

25 
?6 

1390 
1390 
339 

421 

s.  H2SO4,  HNO3,  aq.  reg., 
KCN,  KOH:  i.  HCI,  CS2- 

s.  H2SO4,  HNO3,  aq.  reg., 
KCN,  KOH;  i.  HCI,  CS* 

d.  NaOH;  si.  s.  min.  a.r 

27 
?8 

4.31^& 

tart.  a. 
s.  min.  a.,  tart,  a.,  NaOH 

29 
30 
»1 

7.05 
3.26;lq.2.559232 

327 
414 
107-107.5^ 

d.  NaOH;  si.  s.  min.  a., 

tart.  a. 
s.     HCI,    bz.,     al.,     chU 

CCU;  i.  CS2 

3? 

33 

34 

3.025"35.5 

-35.5 

d.  a.,  alk. 

35 
36 

8.40315 

d. 

s.  HI,  alk.,  aq.  NH3 

37 

123-4 

d. 

d. 

subl.  450 

38 



-N02,  190 

d. 

dull  red 
d. 
d.  500 

s.  NaOH,  a. 

39 

s.    HCI,    dil.    a.,    H2SO4, 

40 
41 

tetr.  5.6715; 

5.0810-5 

4.7 



NaOH 
s.    HCI,    HNO3,    alk.;    i. 

NH4OH 
d.  cone.  HCI;  s.  h.  KOH; 

42 

i.  a.,  al. 
s.  HCI,  HNO3 

43 

s.  alk.,  sulfides;  i.  a. 

44 

soft.  30  d. 

d. 

S.  H2SO4 
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PHYSICAL  CONSTANTS  OF 


No. 


10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

50 

51 
52 
53 
54 

55 


Name 


Tellurous  acid  .   . 

Terbium 

chloride 

nitrate. 

oxide  (terbia) 

"    ,  per- 

sulfate 

Thallium 

acetate 

azide 

bromate 

bromide,  mono- 

"      ,di- 

"      ,  tri- 

carbonate 

chlorate .   

perchlorate 

chloride,  mono- 

"       ,  sesqui- 

,  tri- 

chloroplatinatc 

chromate 

rffchromate 

cyanide 

ethoxide 

f  errocyanide 

fluoride,  mono- 

"    ,  tri- 

fluosilicate 

hydroxide  (ous) 

,  ortho-  (it) 
"         ,  meta-    " 
iodide,  mono- 

"    ,  sesqui- 

"    ,  tri- 

methoxide 

myristate 

nitrate  (ous)  (a) 

"         "      ifi) 

"          "      (7) 

;;  ,  (ic) 

oleate 

oxalate 

oxide  (ous) 

"      (ic) 

palmitate 

phenoxide 

ortho-phosphate 

,di-H. 
pyrophosphate 


Formula 


H2TeOs 

Tb 

TbCU 

TbCl3-6H20 

Tb(N03)3-6H20.. 

Tb203 

Tb407(?) 

Tb2(S04)3-8H20. 

Tl 

T1C2H302 

T1N3 

TIBrOa 

TIBr 

TlBr2 

TIBr? 

TlBr3-4H20 

TI0CO3 

TICIO3 

TICK)* 

T1C1 

TI2CI3  (or  TUCle) 

TICI3 

T1C13-H20 

T1C13-4H20 

ThPtCle 

Tl2Cr04 

Tl2Cr207 

T1CN 

[T10C2H5l4 

Tl4Fe(CN)6-2H20 

TIF 

T1F3 

Tl2SiF6-2H20.... 
TIOH 

Tl(OH)3 

TIOOH 

Til 

TI2I3 

TII3 

TIOCH3 

TlCi4H2-02 

TINOs 

TINO3 

TINOs 

T1(N03)3 

Ti(N03)3-3H20.  . 

TIC18H33O2 

TI0C2O4 

T120 

TI2O3 

TIC16H31O2 

[T10C6H5]3 

TI.3PO4   

TIH2PO4 

TUP2O7 


Mol. 
wt. 


177.63 

159.20 
265.57 
373.67 
453.32 
366.40 
748.80 
750.71 
204.39 
263.43 
246.41 
332.31 
284.31 
364.22 
444.14 
516.20 
468  79 
287.85 
303.85 
239.85 

515.15 

310.76 
328.78 
382.83 
816.75 
524.79 
624.80 
230.41 
997.80 
1065.54 
223.39 
261.39 
586.87 
221.40 

255.41 
237.40 
331.31 

789.54 
585.15 
235.42 
431.75 
266.40 
266.40 
266.40 
390.41 
444.46 
485.84 
496.80 
424.78 

456.78 

459.80 
892.47 
708.19 
301.43 
991.60 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  or  monocl.  col 



wh.  need 

col.  cr.,  hyg 

monocl.  need,  ccl 

wh.  cr 

dk.  br.  or  blk 

cryst 

tctr.  bl.  wh.  met 

silk  wh.  cr.,  deliq 

yel 

col 

cub.  yelsh.  wh 

yel.  need 

yel.,  deliq.  (exist,  quest.) 

lt.-yel.  need 

monocl.  col 

col 

cub.  col.  or  wh.  powd 

hex.  yel.  or  yel.  powd 

hex.  pi 

col.  need 

pa.  orange  cr 

yel 

red  cr 

tabl 

col.  liq 

tricl.  yel 

cub.  oct.  col 

olive  grn 

hex.  pi 

pa.  yel.  need 

hex.  br 

yel.  cr.  or  red  br.  amor 

cub.  red;  rhomb,  yel 

blk.  need 

br.  need 

wh.  cr.  powd 

wh.  powd 

cubic 

trig 

rhomb.,  «  1.817 

cryst 

rhomb,  col.,  deliq 

wh.  cr.  clusters 

monocl.  pr 

blk.,  deliq 

hex.  blk.,  amor,  br 

cr.  need 

wh.  cr 

col.  need 

monocl 

monocl.  pr 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

d.  40 

0.00067 

s. 

V.  s. 
s. 

3.5612°"  ' 

i. 

v.  s. 

v.  si.  s. 

0.352° 

.0525 

d. 

s. 

V.  s. 

4.0315-5 

2" 

20.5™ 

0.3220 

0.2615 

v.  s. 

V.  s. 

86.217 

0.0064*5 

0.0360 

i. 

16.828-5 

s.d. 

0.371* 

78.615 

d. 

v.  s. 

25.90 

i. 
i. 
.00642° 

i. 

s.d."" 

9.5520' 

3.9  i» 

s. 

d. 

0.0515 

1.4815 
v.  s.,  d.  t 

i. 

0.01*5 

d. 
0.515 

si.  s. 
40 

d. 

2.5140 
i. 

.2568' 
d. 
v.  s. 

27.2100 
57.31100 
IG7100 
1,97100 

1.9100 

d.'" 

d. 

0.05100 

0.2100 

3.93101 
v.  s. 

524°;' 
148ioo 

0.120100' 

413160 
414100 

d. 

0.3S0 

9.02i°° 

oTIOH 

i. 
0.0760 

0.67i°'°  * 
si.  s. 

s.NaOH,a.;sl.s.NH4OH; 

? 

i.  al. 

3 

4.35 

588 

s.  al. 

4 

5 

89.3 

6 

s.  dil.  a. 

7 

s.  min.  a. 

8 

-8H20,  360 

302 

110 

334 

9 

10 
11 

11.85 
3.68 

1457  ±  10 

s.  HNO3,  H2SO4;  si.  s.  HC1 
v.  s.  al. 

13 

13 
14 

7.55717-3 

460 

815 

s.  al.;  i.  HBr,  acet. 

15 

d. 

v.  s.  al. 

16 

s.  al. 

17 

7.11 
5.0479 
4.89 
7.00 

5.9 

273 

i.  abs.  al.,  eth.,  acet. 

IS 

19 
20 

31 

501 
430 

400-500 
25 

-H20,  60 
37 

d. 

720  (806) 

d. 
d. 
d.  100 

sh  s.  HC1;  i.  a.,  NH4OH, 
al. 

33 

33 

34 

s.  al.,  eth. 

35 

5.76" 

36 

si.  s.  a.,  alk.;  i.  ac.  a. 

37 

d.  a. 

38 

d. 
-3 

29 
30 

3.522 
4.641 

d.  80 

9.1125  al.;  s.  bz;  i.  liq.  NHs 

31 

300 

si.  s.  al. 

33 

i.  c.  HC1 

33 

34 

d.  139 

s.  al. 

35 

>340 

-II2O,  115 
440 

v.  s.  dil.  a. 

36 

s.  a.,  NH4  salts,  al.;  i.  alk. 

37 

38 

7.09 

824 

s.  HNO3.  aq.  reg.;  si.  s. 
al.;  i.  KI 

si.  s.  al. 

39 

s.  al.,  eth. 

40 

d.>120 

120-3 

206 

tr.  145  -a. 

tr.  75  -p 

1.7025  CH3OH;  3.1625  bz. 

41 

0.5225  50%al. 

43 

430 

s.  acet.;  i.  al. 

43 

44 

5.55621-4 

s.  acet.;  i.  al. 

45 

46 

d.  100 
131-2 

47 

1.7515,  3.025  al. 

48 

6.31 

49 

300 

717+  5 

115-7 
233-5 

1080600;  -O, 
1865 
-20,  875 

s.  a.,  al. 

50 
51 

amor.  9.6521; 
hex.  10.1922 

s.  a.;  i.  alk. 
0.2015,  1.0445  al. 

53 

s.  h.  bz.,  pyr.;  si.  s.  lgr. 

53 

6.89 
4.723 

6.78620 

s.  NH4  salts;  i.  al. 

54 

ca.  190 
>120 

i.al. 

55 

1   
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PHYSICAL  CONSTANTS  OF 


No. 


2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 

27 

28 

29 
30 

31 
32 

33 
34 
35 
36 

37 

38 

39 

40 
41 
42 
43 
44 
45 

46 


Name 


Thallium 

picrate 

selenate 

selenide 

silver  nitrate 

stearate 

sulfate  (ous) 

"  ,acid 

sulfate  (ic) 

sulfide  (ous) 

"       (ic) 

sulfite 

tellurate 

thiocyanate 

Thio  compounds: 
Thiocarbonyl  chloride 

(thiophosgene) 
Thiocarbonyl  chloride, 
tetra- 

Thiocyanic  acid 

Thionyl  bromide 

"      chloride 

"        chloride 

fluoride 

Thiophosphoric  acid 

Thiophosphoryl  amide . . 
"  bromide 


(mono-)  chloride,  di- 
Thiophosphoryl  bromide 

(di-)  chloride 
Thiophosphoryl  chloride 
fluoride 

Thiosulfuric  acid 

Thorium 

boride,  tetra- 

"    ,  hexa- 

bromide 

carbide 

carbonate 

chloride 

cyanoplatinite 

fluoride 

fluoride 

hydroxide 

iodide 

nitrate 

<< 

«« 
oxalate 


Formula 


T1C6H2N307.... 

Tl2Se04 

Tl2Se 

TINOs-AgNOs.. 

TIC18H35O2 

TI2SO4 

TIHSO4 

T12(S04)3-7H20. 

T12S ■ 

T12S3 

T12S03 

Tl2Te04 

T1SCN 

CSCI2 

CSCU 

HSCN 

SOBr2 

SOBrCl 

SOCb 

SOF2 

PS(OH)3 

PS(NH2)3 

PSBr3 

PSBr3-H20 

PSBrCl2 

PSBr2Cl 

PSCb 

PSF3 

H2S203 

Th 

ThB4 

ThBe 

ThBr4 

ThC2 

Th(C03)2 

ThCU 

Th[Pt(CN)4]2- 
16H20 
ThF4 

ThF4-4H20 

Th(OH)4 

Thl4 

Th(N03)4 

Th(N03)4-4H20. 
Th(N03)4-12H20 
Th(C204)2 

Th(C204)2-6H20. 
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Mol. 
wt. 


432.49 

551.74 

487.74 
436.29 
487.85 
504.84 
301.46 
823.07 
440.84 
504.96 
488.84 
600.39 
262.47 

114.98 


185.90  yel 


Crystalline  form,  color  and  index 
of  refraction 


red  monocl.  or  yel.  tricl. 


rhomb,  need.,  1.949,  1.959,  1.964. 

gray  leaf 

wh.  cr.  powd 

need 

rhomb,  col.,  1.860,  1.867,  1.885.  . 


col.  leaf 

tetr.  bl.-blk... 

blk.  amor 

cryst 

heavy  ppt.  wh. 
tetr.  col 


red-yel.  liq.,  1.5442. 


59.09 
207.89 
163.43 
118.97 

86.06 
114.10 
111.15 
302.83 
320.84 
213.91 

258.37 

169.45 
120.08 


114. 
232. 

275. 

297. 

551. 

256. 
352. 
373. 

1118. 

308. 

380. 

300. 
739. 
480. 
552. 
696. 
408. 


516.26 


col.  gas 

or.-yel.  liq 

yel 

col.  yel.  liq.,  1.527^ . 
col.  gas 


amor,  yel.-wh. 

cub.  yel 

yel.  cr 

yel.  liq 


pale  gr.  fum.  liq.. 
col.  liq.  1.563  (C) 


in  soln.  only 

cub.  gray,  radioactive . 


pr.... 
amor. 


violet . 


col.  cr 

tetrag.  yel 

(exist,  quest.). .... 
rhomb,  wh.,  deliq. 


rhomb,  yel.  grn. 
wh.  powd.,  cub. 

cr 

wh.  gelat 


plates,  deliq. . 

col 

col.  leaf,  deliq. 
wh.  cr 


wh.  amor.  powd. 


INORGANIC  COMPOUNDS  (Continued) 

No. 

Sp.  gr.  or 

density 

Melting 
point,  CC 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

red  3.164"; 
yel.  2.99317 
6.875 

exp.  273-5 

>400 

340 

75 

119 

632 

120  d. 

-6H2O,  220 

443 

soft.  12;  260 

0.135° 

2.13" 

i. 
s. 

0.00515 
4.8720 

d.'"' 

0.02™ 
i. 

3.34" 
si.  s. 
0.31520 

d. 

v.  s. 

d. 
d. 

d. 
d. 

s. 
si.  s. 

d. 
d.'"' 

d. 

d. 

si.  sol., 
sl.d. 
s. 
i. 

i. 
i. 

s. 
d. 
i. 
v.  s. 

si.  s. 

.01725. 

i. 
s. 

V.  s. 
V.  s. 
V.  s. 
i. 

i. 

2.437° 

8.580 

0.09575  ' 
15.57"-7 

si.  s. 
i. 

v.  s. 
si.  s. 
0.72740 

d. 

d." 

dV ' ' 
d. 
d. 
d. 

i. 

i. 
i. 

s. 

d. 

v.  s. 

s. 

i. 
i. 

0.40  CH3OH 

2 

i.  al.,  eth. 

3 

i.  a. 

4 

5 

0.18",  0.6060  al. 

6 

6.77 

d. 

7 

v.  si.  s.  aq.  H2SO4 
s.  dil.  H0SO4 

8 

d. 
d. 
d. 

9 
10 

8.0 

s.  a.;  i.  alk.,  acct. 
s.  h.  H2SO4 

11 

6.427 

5.712;  6.760"« 

i.  al. 

n 

red  heat 

13 

i.  al. 

14 

1.509" 
1.712" 

73.5 
146-7 

d.  al.;  s.  eth. 

15 

16 

>-10d. 
-52  to  -50 

v.  s,  al.,  eth.,  bz. 

17 
18 

2.6818 
lq.  2.31° 
1.655"-4 
2.93 

13  8773;  6840 
115  d. 
78.8746 
-30 

s.  bz.,  chl.,  CS2,  CCU 

19 
20 
21 

-105 
-110 

d.  a.,  al.,  alk.;  s.  bz.,  chl. 
s.  eth.,  bz.,  chl..  acet.,AsCh 
s.  al. 

?? 

1.713 

2.8517 
2.79418 
lq.  2.120 

lq.  2.48° 

lq.  1.635 

d.  200 
38 
35 
-30 

-60 

-35 

3  g7 .6a tin. 

23 
24 

d.  175 

s.  CS2,  eth.,  PCI3 

25 

150  d. 
956° 

125 

d. 

26 

27 
28 

29 

s.  CS2,  CCU,  bz. 
s.  eth.;  i.  CS2,  bz. 

30 
31 

11.2 

7.515 
6.4" 

5.67 
8.96 

4.59 

2.460 

1845 

>3000 

s.  HC1,  H2SO4,  aq.  reg.; 
si.  s.  HNOs 
s.  HNO3,  HC1,  h.  H>S04 

32 

s.  HNOs;  i.  H2SO4,  HC1, 

33 

subl.  610 
5000 

HF,  aq.  alk. 

34 
35 

2773;  ign. 

820VsudL" 
720-50 

v.  si.  s.  cone.  a. 

s.  cone.  Na2C03j  i.  aq.  CO2 

36 
37 

d.  1100 

s.  KC1,  al.,  eth.,  a. 

38 

red  ht. 

-H2O,  100 

d. 

d. 

d.  500 

swells 

d. 

d. 

si.  d.  dil.  H2SO4,  HCl;  L 

39 

-2H2O, 
140-200 

cone.  H2SO4 
i.  HF 

40 

s.  a.;  i.  alk.,  H2C2O4,  HF 

41 

42 

43 

44 

45 

4.637" 

s.    h.    aq.     (NH4)2C204; 

s.S'Naa2C03,     (NH4)2C204 
soln.;  i.  HNO3 

46 
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PHYSICAL  CONSTANTS  OF 


No 


Name 


Thorium 

oxide,  di-  (thoria) 

oxysulfide 

2,4-pentanedione   deriv. 
(acetylacetonate) 

ort/iophosphate 

metaphosphate 

Aypophosphate , 

picrate 


or^osilicate  (thorite) 
sulfate '. 


sulfide 

pyrovanadate . 
Tli ul iu in  . . . 

chloride 

oxalate 

oxide  (thulia). 
Tin  gray  (a-) . , 


,  ordinary  (/?-) .  . 
,  brittle  (T-) . .  . . 

Tin,  acids  of: 

Stannic  acid,  ortho- 

11  ,meta- 

(a-acid) 
"  ,  meta- 
03-acid) 

Tin  acetate  (ous) 

pi/roarsenate  (ous) 

bromide  (ous) 

"      (ic) 

bromide  (tri-)  chloride. . 
bromide  (di-)  chloride,  di- 
bromide  chloride,  tri-. .  . 
bromide  (di-)  iodide,  di- 
chloride  (ous) 


(ic) 


,  basic  (ic) 

,  diammine  (ic) . 
chloride  (di-)  iodide ,  di- 


chromate  (ic) 

ferricyanide  (ous) . 
ferrocyanide  (ous) . 


Formula 


ThO-2 

ThOS 

Th(C5H702)4.... 

Th3(P04)4-4H20. 

Th(P03)4 

ThP2(VllH20... 
T.h(C6H2N307)4- 
10H2O 
ThSi04 

Th(S04)2 

Th(S04)2-4H20. . 

Th(S04)2-6H20. . 

Th(S04)2-8H20. . 
Th(S04)2-9H20. . 

ThS2 

ThV20r6H20.... 

Tm 

TmCl3-7H20 

Tm2(C204)3-6H20 

Tm203 

Sn 

Sn 

Sn 

H4Sn04 

H2Sn03 

HioSnsOis 

Sn(C2H302)2 

Sn2As207 

SnBr2 

SnBr4 

SnBrsCl 

SnBr2Cl2 

SnBrCls 

SnBr2I2 

SnCl2 

SnCl2-2H20 

SnCU 

SnCl4-3H20 

SnCl4-4H20 

SnCl4-5H20 

SnOCh 

SnCl4-2NH3 

SnCl2I2 

Sn(Cr04)2 

Sn3[Fe(CN)672.... 
Sn2Fe(CN)6 
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Mol. 
wt. 


264.12 
280.18 
628.55 

1148.50 
548.20 
588.34 

1324.68 


Crystalline  form,  color  and  index 
of  refraction 


cubic,  white,  2.20  flq.) . 

yel.  cr 

col.  cr 


gelat.  wh j 

col.,  rhomb,  pi 

amor.  wh.  ppt ! 


324.18  col.  tetr 

424.24  wh.,  cryst 

496.30  need,  or  wh.  cr.  powd. 


532.34 

568.37  monocl.  pr. 
586.39  monocl.  wh. 


296.24 

554.12 

169.40 

401. 

710.96 

386.80 

118.70 

118.70 

118.70 


185.73 
168.72 

843.58 

236.79 
499.22 
278.53 
438.36 
393.91 
349.45 
304.99 
532.37 
189.61 

225.65 
260.53 
314.58 
332.59 
350.61 
205.61 
294.59 
443.45 

350.72 
780.00 
449.35 


yel-br.  cryst. 
yellow 


grn.  cr 

grnsh.  wh.  ppt. . 
grnsh.  wh.  powd. 
cubic,  gray 


tetr.  wh.  met. 
rhomb,  wh. . . 


wh.  gel.  (exist,  quest.) 

amor,  or  coll.  ppt.,  wh.  (exist,  quest.) 


amor,  or  gel.  wh.  (exist,  quest.) . 


yelsh.  powd 

flocculent  ppt 

rhomb,  pa.  yel 

rhomb,  pyramids,  col.,  deliq. 
liq 


col.  liq 

or  .-red  hex.  pi 
rhomb,  wh . . . 


wh.  monocl. 

col.  liq 

monocl.  cr . 
opaque .... 
monocl.  cr . 
wh 


cr 

red  mobile  liq . 


br.-yel.  cr.  powd. 

wh 

wh.  gel 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 

density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

9.69 
6.440 

>2800 
d. 

171;subl. 
160i° 

4400 

i. 
i. 

si.  s. 

i. 

i. 
0.305« 

v.  si.  s. 
V.  s. 
9.41'' 

(anh.) 
1.50; 

1.63'5 
1°;  1.85* 
.740; 

1.57» 

!• 
1. 
i. 
v.  s. 

i. 

i. 
i. 



2'.545o 
(anh.) 

3.85*>; 
6.646° 

3.7141 

6.76-c> 

i. 
i. 
i. 

i. 
i. 
i. 

i. 
i. 

i. 

222.5ioo 
d. 

d.'"' 

d.'<80'  ' 

269.815  d. 

=0  d. 
d. 

d'.'diu 

sol 
i. 

s.  h.  H2SO4;  i.  alk.,  dil.  a. 
s.  aq.  reg.;  si.  s.  HNO3 

3 

260-270'" 

v.  s.  al.,  chl.;  s.  eth. 

4 

s.  30%  HCl;  i.  a. 

5 

4.08 l6-4 

6 

i.  a.,  alk. 

7 

8 

5.3 

4.22517 

q 

V.  S.  NH4C3H3O2 

10 

11 

1? 

-4H>0,  42 
-9H>0,  400 

d. 

13 

2.77 
6.80 

s.  HCl,  HNO3      • 

14 

s.  h.  aq.  reg.jsl.s.  a. 
s.  cone.  a. 

15 

:::::::::: 

16 

17 

v.  s.  al. 

18 

s.  soln.  alk.  oxal. 

19 

2270 
2270 
2270 

i. 
i. 
i. 

s. 
i. 

i. 

d. 
i. 

85.20 
s.d. 

d.«" 

s. 
83.9°  d. 

118.7  d. 

s. 
s. 
s. 
s. 
s. 
s. 
s.  cone. 

sol. 
s. 
i. 
i. 

s.  min.  a. 

20 
21 
22 

?3 

5.75 

7.28 
6.52-56 

231.9,  stab. 

<18 
231.9  stab. 

18-170 
231.9  stab. 

>161 

d.  HCl,  H2SO4,  dil.  HNOs 
aq.  reg.,  h.  KOH,  NaOH 

d.  HCl,  H2SO4,  dil.  HNO3. 
aq.  reg.,  h.  KOH,  NaOH 

d.  HCl,  H2SO4,  dil.  HNO3 
aq.  reg.,  h.  KOH,  NaOH 

d.  KOH,  NaOH,  a. 

?4 

d.  KOH,  NaOH;  i.  a. 

95 

d.  KOH,  NaOH;  i.  a. 

?6 

182 

d.  As203  + 

215.5 

31 

1 

-20 

-1 

d.  50 

246.0 

37.7 
-33 
80 

240 

SnO> 

620 

202  -34 

7330 

6530;  d.  191 

5030 

s.  dil.  HCl 

?7 

i.  cone.  ac.  a. 

■48 

5.11717 

Iq.  3.34035 

3.1213 

2.82i3 

2.51i3 

3.63115 

lq.  3.393245 

2.71015-5 
2.232 

29 
30 

s.  acet.,  AsBr3,  PCls 

31 

3? 

33 

34 

35 
36 

37 

G23 

d. 
114.1 

stab.  64-83 
stab.  56-63 
stab.  19-56 

s.  al.,  eth., acet.,  pyr.,ethy 
acetate,  methyl  acetate 
s.  al.,  eth.  acet.,  glac.  ac.  a 
s.  eth. 

38 

39 

40 

1.8 

41 

d.  HCl 

42 

3.28715 

297 

s.  bz.,  CS2,  chl. 

43 

d. 
d. 

44 

d.  HCl 

45 

d.  HCl 
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PHYSICAL  CONSTANTS  OF 


Name 


Tin 

ferrocyanide  (ic) 

fluoride  (ous) 

"     (ic) 

hydride  (stannane) 

hydroxide  (ous) 

iodide  (ous) 

"       (ic) 

nitrate  (ous) 

"     ,  basic  (ous) 

"      (ic) 

oxalate  (ous) 

oxide  (ous) 

"      (ic)  (cassiterite) . . . 

orf Aophosphate  (ous) 

,  mono-H 

(ous) 

,  di-H 

(ous) 

"  ,  basic 

(ic) 
"  ,  basic 

(ic) 
pyrophosphate  (ous) .... 
mefaphosphate  (ous) .... 

phosphide,  mono- 

,  tri- 

(tetra-)  phosphide,  tri-. 
phosphorus  chloride  (ic). 
phosphoryl  chloride  (ic). 
selenide  (ous) 

"      (ic) 

sulfate  (ous) 

"      (ic) 

"     ,  basic  (ic) 

sulfide  (ous) 

"       (ic)  (mosaic  gold) 

sulfur  chloride  (ic) 

tartrate  (ous) 

telluride  (ous) 

"       (ic) 

Titanic  acid,  ortho-. . . 

44  44    ,  meta-.  . . 

Titanium 


Formula 


SnFe(CN)6. 

SnF2 

SnF4 


SnH4 

SnO-xH,.0. 


Snl2. 

Snl4. 


Mol. 
wt. 


Crystalline  form,  color  and  index 
of  refraction 


330.65 
156.70 
194.70 

122.73 


Sn(NO3)2-20H-2O 
SnOSn(N03)2. .  . 

Sn(N03)4 

SnC204 


SnO. 


372.54 
626.38 

603.04 
377.42 
366.73 
206.72 

134.70 


Sn02 

Sn3(P04)2. 
SnHP04.. 


Sn(H2P04)2 

Sn20(P04)2 

Sn2O(PO4)2-10H-O. 


S112P2O7.. 
Sn(P03)2. 

SnP 

SnP.3.... 


SmPs 

SnClrPCU.. 
SnCU-POCls. 

SnSe 


SnSe2. 
SnS04. 


Sn(S04)r2H->0. 


Sn(OH)2S04 

SnS 

S11S2 


SnCl4-2SCl4 

SnC4H40e. . 

SnTe 

SnTe2 


H4Ti04. 
H2Ti03. 
Ti 


150.70 

!  546.14 

214.73 

312.77 

443.44 

623.60 

411.44 

276.74 
149.72 
211.76 

567.86 
468.83 
413.92 
197.66 

276.62 
214.76 

346.85 

248.78 
150.76 

182.82 


608.30 

266.77 
246.31 
373.92 

115.93 

97.92 

47.90 


grnsh.  wh.  gel 

wh.  monocl.  cr 

wh.  cr.  mass,  hyg 

gas 

wh.  powd.  or  yelsh.-br.  cr 

monocl.  yel.-red 

cub.  yel 

col.  leaf 

wh.  cr.  mass 

silky  need 

wh.  cr.  or  heavy  wh.  powd 

tetr.  (cub.)  blk 

tetr.  wh.,  1.997,2.093 

wh.  amor,  solid 

cr 

rhomb,  cr 

oct.  cr '. 

amor,  powd 

amor,  mass 

silv.-wh 

cr 

wh.  cr 

cr 

cr 

steel-gray  cr 

cr 

wh.-yelsh.  cr.  powd 

hex.  pr.,  deliq 

slender  wh.  need 

rhomb,  gray-blk 

hex.  gold-yel 

yel.  cr 

heavy  wh.  powd 

gray  cr 

blk.  floe,  ppt 

wh 

wh.  amor,  powd 

a   hex.,    tr.  -0  cub.  800°  C,  silv. 
gray. 
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INORGANIC 

COMPOUNDS  (C 

ontinued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

i. 
s. 
V.  s. 

1  3220s 
d. 

d. 
d. 
d. 

i. 

i. 

i. 
i. 

i. 
i. 

i. 
i. 

i. 
d. 
d. 
i. 

i. 
33-* 

V.  s. 

s.d. 

.00000218 

0.00002* 

d. 

s. 
i. 
i. 

v.  si.  s.; 
si.  d. 
i. 

i. 

i. 

d.'to 
Sn02 

d.  to  SnO 

3.55s3-5 
d. 

d. 
d. 

i. 

i. 
i. 
i. 

i. 

i. 

i. 
d. 
d. 
i. 

i. 

d. 
d. 

d. 

i. 
i. 

i. 
d. 

d.  h.  HCl 

2 

3 

4.78019 

705 
-52 

4 

-150;  d. 

s.    AgN03,    HgCb,    cone. 
H2SO4,  cone.  alk. 
d.  a.,  alk.;  s.  alk.  carb  * 

ft 

6 

7 

8 

5.2825 
4.696" 

320 
143.5 

-20 

d.<100exp. 
d.  compl.  50 

720 

341; sub.  180 

i.  NH4OH 

d.  KOH,  HCl;  s.  HF,  CS2 
14515  CS2;  s.  al.f  eth.,  chl., 

bz. 
d.  HNO3 

9 

10 

11 

3.5618 

6.446° 

6.95 

3.82317 

3.47615-6 

3.16722-8 

3.98 

d.     HCl;     sl.s.     NH4CL 

12 

d.  700-950 
1127  d. 
stab.  <  100 

(NH4)2C204 
d.  a  ,  fixed  alk.  hydx.;  sl.s. 

NH4CI 
d.  KOH,  NaOH;  i.  aq.  a. 
d.  a.,  alk.  hydx. 

13 

14 
15 

16 

d," 

17 

si.  s.  HNO3 

18 

i.  HNO3 

19 

4.009164 
3.3802-'-8 
6.56 
4.10° 

5.181 

20 

"21 

s.  HCl;  i.  HNO3 

22 

d.<415  to 
SmPs 
d.<480 
subl.  200 

58 
861 

650 

d.<360to 
SO2 

d.  HNO3;  i.  HCl 

23 

d.  HCl,  fixed  alk.  hvdx. 

24 

2ft 

18O 

26 

6.179° 
5.133 

d.  HCl,  HNO3,  aq.  reg., 

alk.  sulfd. 
d.  h.  cone,  a.;  i.  dil.  a. 

-27 

28 

S.  H2SO4 

29 

s.  eth.,  dil.  H>S04;  reacts 

30 

with  HCl 

31 
32 

5.080° 
4.5 

882 
d. 

37 

1230 

d.  HCl,  alk.,  (NH^S* 
d.  alk.  sulf.,  aq.  reg.,  PC1&, 

.33 

d.<40 

SnCl2,  alk.  hydx.;  i.  HCl, 
HNO3 
d.  HNO3;  s.  CS2,  eth.,  bz., 

34 

ethyl  acetate 
v.  s.  dil.  HCl 

3ft 

6.48 

780 
d. 

d.  alk.  sulfd. 

36 

d.    dil.    a.,    alk.    hydx., 

-37 

(NH4)2Sx 
s.  dil.  HCl,  H2SO4 

38 

s.    cone.    H2S04,    alk.;    i. 

39 

4.520 

1800 

>3000 

other  a.,  al. 
s.  dil.  a. 
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PHYSICAL  CONSTANTS  OF 


No. 


9 
10 
11 
12 
13 
14 
15 
18 
17 

18 
19 

20 

21 
22 

23 

24 

25 

26 

27 
28 
29 
30 
31 
32 
33 

34 

35 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

46 


Name 


Titanium 

bromide,  di- 

"      ,  tetra- 

carbide 

chloride,  di- 

"      ,tri- 

"      ,  tetra- 

fluoride,  tri- 

"     ,  tetra-  

iodide,  di- 

"       ,  tetra- 

nitride 

(tri-)  nitride,  tetra- . . . 

oxalate 

oxide,  mon- 

"    ,  sesqui- 

"    ,  di-  (brookite) .  . 

"       "  (octahedrite 
anatase) 
"  (rutile) 

"    .  tri-  (or  per-) . .  . 
sulfate 

"       ,  basic 

sulfide,  mono- 

14     ,  sesqui- 

"     ,di- 

Tungsten 

bromide,  di- 

"     ,  penta- 

"     ,  hexa- 

carbide 

chloride,  di- 

"      ,  tetra- 

"      ,  penta- 

"      ,  hexa- 

fluoride,  hexa- 

iodide,  di- 

"      ,  tetra- 

oxide,  di- 

"     ,tri-... 

oxytetrabromide 

oxyrfibromide,  di- 

oxytefrachloride 

oxydtchloride,  di- 

oxy^e/rafluoride 

phosphide 


Formula 

Mol. 
wt. 

TiBr-2 

TiBr4 

TiC 

207.73 

367.56 

59.91 

TiCl2  .. 

118  81 

TiCb 

TiCU 

TiF3 

154.27 
189.73 
104.90 

TiF4 

123.90 

Til2 

301.74 

Til4 

555.58 

TiN 

61.91 

Ti3N4 

Ti2(C2O4)3-10H2O. . 
TiO 

199.73 

540.02 

63.90 

Ti203 

Ti02 

143.80 
79.90 

Ti02 

Ti02 

Ti03(?) 

79.90 

79.90 
95.90 

Ti2(S04)3 

383.98 

TiOS04 

159.96 

TiS 

79.96 

TioS3            

191.98 

TiS* 

112.02 

W 

183.92 

WBr2 

343.75 

WBrs           

583 . 50 

WBre 

WC. 

663.42 
195.93 

W2C 

379.85 

WC1<>    . 

254.83 

WCl4    . 

325.75 

WCls... 

361.21 

WCle 

396.66 

WF6 

297.92 

WI2 

437.76 

WI4 

691.60 

WO2 

W03 

WOBr4 

215.92 
231.92 
519.58 

\VO2Br2 

WOCU 

WO2CI2 

375.75 
341.75 

286.83 

WOF4 

WP 

275.92 
214.94 

WP2 

245.96 

Crystalline  form,  color  and  index 
of  refraction 


blk.  powd 

or  .-yel.,  deliq 

cubic,  metallic 

It.  brn.-blk.,  deliq 

dk.-vlt.,  deliq 

col.-  It.  yel.  liq.,  1.61 

purp.-red  or  violet 

wh.  powd 

blk.  hyg 

cub.  red 

bronze  red  cr 

br 

yel.  pr 

pr.blk 

trig.,  vlt.  blk 

rhomb.,  2.583,  2.586,  2.741 

br.-blk.,  tetr.,  2.554,  2.493 

tetr.  bl.,  2.616,  2.903 

yel 

cr.  grn.,  deliq 

wh.  or  si.  yelsh.  powd 

redsh.  sld 

grayish  blk.  cr 

1 

yel.  scales 

cub.  gray-blk 

bl.-blk.,  need 

vlt.-br.,  need 

bl.-blk.,  need 

gray 

grn 

gray,  amor 

gray,  deliq 

blk.,  deliq 

cub.dk.bl 

It.  yel.  liq.,  or  col.  gas j 

br.-grn.  amor 

blk.  cr 

cub.  br j 

rhomb,  yel.  or  yel.-or.  powd 

blk.,  deliq | 

red  pr 

red  need | 

It.  yel.  tabl 

col.  pi.,  hyg 

gray  pr j 

blk.  cr 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

d.>500 
39 

3140 

subl.  in  H2 
d.  440 
-30 

s.  ev.  H2 
d. 

i. 
d. 
s. 
s. 

red  s.; 
vlt.  i. 
s.,  d. 

d. 

V.  S. 
i. 
d. 
s. 

i. 
i. 
i. 

i. 

i. 

d. 

i. 

i. 

hyd.  sly. 

i. 

d. 

d. 
i. 
i. 
i. 
d. 
d. 

d.  to 
W2O0 

d. 

i. 
i. 
i. 
i. 
d. 

d. 

s. 
d. 
i. 

i. 

i. 

s. 
d. 

d. '" 

s. 

i. 
i. 
i. 

i. 

i. 

i. 

d.  in 

steam 
i. 

d. 

d.60 

d. 

d. 
d. 
i. 
i. 
d. 

d. 

d. 

i. 

2 
3 
4 

2.6 
4.25 

230 
4300 

s.  abs.  al.,  abs.  eth. 

s.  HNO3,  HNO3  +  HC1 

s.  al.;  i.  eth.,  chl.,  CS2 

5 

v.  s.  al.;  s.  HC1;  i.  eth. 

6 

7 

lq.  1.726 

136.4 

s.  dil.  HC1,  al. 

8 

2.79820-5 
4.320 

284 
>360 

s.     H2SO4,     al.,     C5H5N; 

9 
10 

150 

3220 

d. 

i.  eth. 
d.  alk.;s.  cone.  HF,  HC1 

11 

5.29 

i.  a. 

12 

13 

i.  al.,  eth. 

14 

4.93 
4.6 
4.17 
3.84 

4.26 

1750 
2130;  d. 

s.  dil.  H2S04;i.  HNO3 

15 

s.  H2SO4;  i.  HC1,  HNO3 

16 
17 

s.  H2SO4,  alk.;  i.  a. 
s.  H2SO4,  alk.;  i.  a. 

18 

1640  d. 

s.  H2SO4,  alk.;  i.  a. 

19 

s.  a. 

20 

s.  dil.  a.;  i.  al.,  eth.,  cone. 

21 

H2S04 

22 

s.  cone.  H2SO4;  i.  HC1,  HF, 

23 

dil.  H2SO4 
s.  cone.  H2SO4,  HNO3;  i. 

24 

dil.  HC1,  dil.  H2SO4 
d.    HC1;    s.    dil.    HNOs, 

25 
26 

19.3 

3370 
d.400 

276 

5900 

H2SO4 
s.   h.   cone.   KOH;   si.   s. 
HNO3,  aq.  reg. 

27 

333 

s.  alk.,  abs.  al.,  chl.,  eth. 

28 

6.9 

15.718 

16.06M 

5.436 

4.624 

3.875 

3.52 

g.  12.9  g/1; 
lq.  3.44 
6.9 
5.2^8 
12.11 
7.16 

S.  NH4OH 

29 

2777 
2857  d. 

6000 
6000 

30 
31 

s.  HNO3;  si.  s.  HC1,  H2SO4 

32 

d. 

248 

275 
2.5 

d.' 

d. 
275.6 

346.7 

19.5 

d." 

33 

34 

35 

36 
37 

38 

v.  si.  s.  CS2 

v.  s.   CS2,  POCU;  s.   al., 
eth.,  bz. 
s.  alk. 

s.  KOH,  alk.;  i.  CS2,  al. 
s.  abs.  al.;  i.  eth.,  chl.,  turp 
s.  a.,  KOH 

39 

1473 

277 

d. 

211 

266 

110 

s.  h.  alk.,  HF;  i.  a. 

40 

327 

d. 

227.5 

41 

42 

s.  CS2,  S2CI2,  bz. 

43 

s.  alk.,  NH4OH;  i.  al. 

44 

187.5 

si.  s.  CS2;  i.  CCU 

45 

8.5 
5.8 

s.    HNO3  +  HF;    i.    alk.. 

46 

d. 

HC1 
s.   HNO3  +  HF,  aq.   reg. 

i.  al.,  eth. 
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PHYSICAL  CONSTANTS  OF 


Name 


Tungsten 

phosphide. . 


sulfide,  di- 


44      ,tri- 

Tungstic  acid. 


44  ,  meta-... 
Uranic  acid,  meta- 


Uranium. . 

bromide,  tri- 


44      ,  tetra-. 

carbide 

chloride,  tri-. . . 


"      ,  tetra-. 

"      ,  penta- 

fluoride,  tetra-. 

"      ,  hexa-. 

iodide,  tetra-. . 
nitride 


oxide,  di- 


44    ,  tri-  (uranyl  oxide) . 

44    ,per- 

sulfate  (ous) 


Formula 


W4P2  (or  W2P) .  .  .  . 
WS2 


WS3 

H2WO4 

H2W04-H20. 


H2W40i3-xH20. 
H2U04 


U.... 
UBr3. 

UBr4. 

UC2.. 

UCb. 


UCU. 
UCU 
UF4. 
UF6. 


UI4.. 

U3N4. 


sulfide,  sesqui- . 

"     ,di- 

Uranyl  acetate. 


benzoate . . . 

bromide 

per  chlorate . 
chloride. .  . . 
formate.  . .  . 
iodate 


iodide, 
nitrate. 


oxalate 

phosphate,  mono-H. 


sulfate. 
it 

sulfide . 
sulfite. 


U02 

U308 

UO3 

U04-2H20.... 
U(S04)2-4H20. 
U(S04)2-8H20. 
U2S3 


US2 

U02(C2H302)2- 

2H20 

U02(C7H502)2,.... 

U02Br2(7H20?)... 
U02(C104)2-4H20.. 

UO2CI2 

U02(CH02)2-H20. 

U02(I03)2 

U02(I03)2-H20... 

U02I2 

U02(N03)2-6H20. 

U02C204-3H20  . . . 
UO2HPO44H2O.. 


U02S04-3H20.. 
2U02S04-7HoO. 
UO2S 


U02S03-4H20. 


Mol. 
wt. 


797.72 

248.04 

280.10 
249.94 
267.95 


304.09 

238.07 

477.82 

557.73 
262.09 
344.44 

379.90 

415.36 

314.07 

352.07 

745.75 
770.24 

270.07 
842.21 
286.07 
338.10 
502.25 
574.32 
572.32 

302.19 
424.19 

512.29 
556.02 
509.04 
340.98 
378.12 
619.91 
637.93 

523.91 
502.18 

412.14 
438.16 

420.18 
858.37 
302.13 

422.19 


Crystalline  form,  color  and  index 
of  refraction 


dk.  gray  pr 

dk.  gray  cr 

choc.-br.  powd 

yel 

wh 

cub.  yel 

rhomb,  or  yel.  powd 

cub.  silv.  wh.  or  blk.  radioact 

dk.-br.  need.,  hyg 

br.  leaf.,  deliq 

gray  cr 

need.  dk.  red,  hyg 

cub.  oct.  dk.  grn.-gray,  deliq 

dk.  grn.-gray  need.,  red  by  trans, 
light,  deliq. 
grn    .  amor,  powd 

monocl.  col  .-pa.  yel.,  deliq 

blk.  need 

brn.-blk 

rhomb,  or  cub.,  br.-blk 

olive-grn 

yel , -red  powd 

pa.-yel.  cr.,  hyg 

rhomb,  grn 

monocl.  grn 

gray-blk.  need 

tetr.  gray-blk 

rhomb,  yel 

yel.  powd 

grn.-yel.  need - 

, 

yel.,  deliq 

oct.  yel 

rhomb,  yel 

a.  prismatic,  stable;  /3  pyramidal .... 

red,  deliq 

rhomb,  yel.,  deliq.,  /3  1.4967 

yel.  cr 

tetr.  yel.pl 

yel.-grn.  cr 

yel 

br.-blk.  tetr 

pa.  grn.  cr 
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INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

prams  per  100  ml  of 

No. 

Cold 

water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

5.21 

7.510 

i. 

si.  s. 
i. 
si.  s. 

8. 

S. 

s. 

d. 

V.  s. 
V.  s. 

d. 

i. 

s. 

s. 

d. 

i. 

i. 

i. 

.000620 

d. 

s.d. 

sly.  d. 
7.694« 

si.  s. 
s. 

320»" 

42015 

tt.i04918; 
0.121418 

lVo.30 

0.8" 
i. 

20.515-5 

v.  s. 
si.  s. 

i. 

s. 
si.  s. 

i. 

s. 
d. 
d. 

d. 

s.,  d. 

i. 
i. 

.00890 

d.  ' 

v.  s. 

00  60 

3.3100 
i. 

22.2100 
v.  s. 

s.  fus.  Na2C03  +  NaN03; 

2 

i.  a.,  aq.  reg. 

s.HN03  +  HF,fus,alk.;iJ 
al. 

s.  alk. 

3 

4 

5.5 

-iH20,  100 
H2W2O7  at 
100 

s.  alk.,  HF,  NH3 

5 

s.  alk. 

6 

s.  alk. 

7 

5.926 

18.7 

-H2O,  250- 
300 
ca.  1150 

s.  a.,  alk.  carb.;  i.  alk. 

8 
9 

ign. 
volat. 

volat. 

4100 

s.  a.;  i.  alk.,  al. 

10 

4.84^ 

4 

11. 2818 

5.44^ 

4 

4.725*^ 

4 

s.  acet.;  i.  al.t  eth. 

11 
12 

2260 

s.  a. 

s.  HC1,  NH4CI,  acet.  a. 

13 
14 

subl. 
d.  120 
ca.  1000 
69.22atm- 
500 

2176 

d. 

d. 

d.  115 

-4H20,  300 

d.90 

ign. 

>1100 
-2H2O,  110 

618 

s.  al.,  acet.,  CeHsCOOH, 

ac.  a.,  NH4C1;  i.  eth. 

s.  abs.  al.,  ac.  a.,  acet.,. 

15 

NH4CI;  i.  eth.,  bz. 
s.  cone,  a.,  alk.;  i.  dil.  a.> 

16 
17 

4.6820-7 

5.615 
10.09 

10.9 
7.31 
7.29 

56.2™ -e 

alk 

d.  al.,  eth.;  v.  s.  C2H2CI4; 
s.  CCU,  chl.;  i.  CS2 

18 
19 

s.   HNO3;   i.   cone.   HC1, 

H2SO4 
s.  HNO3,  cone.  H2SO4 

20 

s.  HNO3,  H2SO4 

21 

s.  min.  a.;  i.  K2C4H4O6 

n 

d.  HC1 

23 

s.  dil.  a. 

24 

s.  dil.  a.;  i.  al. 

25 

+0  aq.  reg.,  cone.  HNO3;. 

26 

oxidizes 
d.  275 

i.  dil.  a. 
d.  HNO3;  s.  cone.  HC1 

27 
28 

2.8931* 

v.  s.  al. 
si.  s.  al. 

29 

s.  al.,  eth. 

30 

d.  110 
<red  ht. 
-H2O,  110 
d.  250 

d.  in  air 
60.2  d.  100 

-H20,  110 

31 

d. 

s.  al.,  eth.,  amyl.  al. 

32 

3.69519 
5.2 

a5.220is; 
£5.052»> 

si.  s.  form.  a. 

33 

i.  HNOs 

34 
35 

118 

si.  s.  dil.  HNO3 
s.  al.,  eth.,  bz. 

36 

37 

2.80713 

v.  s.  al.,  eth.,  ac.  a.,  acet.r 
meth.  al. 
s.  min.  a.,  alk.  oxal. 

38 

s.  aq.  Na2C03,  HN03;  L 

39 

3.2816-5 

d.  100 
anh. 300 
d.  40-50 

ac.  a. 
4  al.;  s.  H2SO4 

40 

S.  H2SO4 

41 

s.  dil.  a.,  al.,  (NE^COs; 

42 

i,  abs.  al. 

s.  H2SO3 
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PHYSICAL  CONSTANTS  OF 


Name 


Vanadic  acid,  pyro-. 

"             "      ,  meta- 
Vanadiuni 

bromide,  tri- 

carbide 

chloride,  di- 

"     ,  tri- 

"     ,tetra- 

fluoride,  tri- 

"     ,  tetra- 

"     ,  perta- 

iodide 

nitride 

oxide,  di-  (or  mono-) . . . 
"  ,  sesqui-  (or  tri-).. 
"     ,  tetr-  (or  di-) .... 

"     ,  pent- 

oxybromide 

oxyrfibromide 

oxy  tri  bromide 

oxychloride 

oxye/ichloride 

oxy  trichloride 

oxymonochloride,  di-. . . 

oxydifluoride 

oxyt  rzfluoride 

silicide 

(di-)  silicide 

sulfate  (hypovanadous) 
sulfide,  di-  (or  mono-) . . 

"     ,  sesqui-  (or  tri-). 

"     ,  penta- 

Vanadyl  sulfate 

"      (di-)  sulfate,  tri-. 

Water 


Xenon 

Ytterbium. . . 

acetate 

chloride 

oxalate 

oxide  (ytterbia) 

selenate 

selenite 

sulfate 

Yttrium. 

acetate 

bromate 

bromide 


Formula 


H4V207 

HV03 

V 

VBr3 

vc 

VC12 

VC13 

vcu 

VF3 

VF3-3H20 

VF4 

VF6 

V1V6H20 

VN 

V202(orVO) 

V2O3 

V204(orV02) 

V0O5 

VOBr 

VOBr2 

VOBr3 

VOC1 

VOCla 

VOCla 

V20>C1  (or  (VO)2Cl) 

VOF2 

VOF3 

VSi2 

V2Si 

VS04-7H20 

V2S2  (or  VS) 

V2S3 

V0S5 

VOS04 

(VO)2(S04)3 

H20 


Xe 

Yb 

Yb(C2H302)3- 
4H20 

YbCl3-6H20 

Yb2(C2O4)3-10H2O 

Yb203 

Yb2(Se04)3-8H20. 

Yb2(Se03)3 

Yb2(S04)s 

Yb2(S04)3-8H20.. 

Y 

Y(C2H302)3-4H20. 
Y(Br03)3-9H20... 
YBr3 


Mol. 
wt. 


217.93 
99.96 
50.95 

290.70 
62.96 

121.86 
157.32 
192.78 
107.95 
162.00 
126.95 
145.95 
539.81 
64.96 
133.90 
149.90 
165.90 
181.90 
146.87 

226.78 
306.70 
102.41 
137.86 
173.82 
169.36 
104.95 
123.95 
107.07 
129.96 
273.12 
166.02 

198.08 

262.20 
163.01 
422.08 

18.02 


131.30 


173.04 
422.24 

387.51 
790.30 
394.08 
919.09 
726.96 
634.26 
778.39 
88.92 
338.12 
634.81 
328.67 


Crystalline  form,  color  and  index 
of  refraction 


amor.,  br 

yel.  sc 

cub.  It.  gray  met.,  3.03 

grn.  blk.,  deliq 

gray,  cr.  mass 

hex.  grn.,  deliq 

pink,  deliq.  cr 

red-br.,  liq 

rhomb,  grn 

rhomb 

br.-yel 

grn.  cr.,  deliq 

grn.-br 

lt.-gray  cr 

blk.  cr 

bl.cr 

rhomb,  yel.-red 

oct.,  vlt 

br.,  deliq.,  powd 

red  liq 

yel.-brn.  powd 

grn.,  deliq 

yel.  liq.,  deliq 

yel.-brn.  cr 

yel.  solid 

yel.-wh.,  hyg 

met.,  prisms 

silv.  wh.  pr 

monocl.  vlt 

blk.,  pi 

grn.-blk.  pi.  or  powd 

blk.-grn.  powd 

bl 

red,  deliq 

ccl.  liq.  or  hex.  col.  cr.,  lq.  1.333,  sld 
1.309,  1.313 

col.  inert,  gas 

hex.  pi 

rhomb,  grn.,  deliq 

col.  cr 

col 

hex.  pi 

col 

prisms 

hex.  gray-blk.  met 

col.  tricl 

hex.  pr 

deliq 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

i. 
i. 
i. 

s. 
i. 

s.d. 
s.d. 
s.d. 
i. 

s. 
s. 
s. 

L 

i. 

si.  s. 
i. 

O.820 
v.  si.  s. 

s. 

s. 

i. 

d. 

s.d. 

i. 

i. 
i. 

i. 

v.  s. 
v.  s. 

24.1oCm3; 
11.925cm3 

d.  ev.  H2 

V.  s. 

.00003325 

i. 

s.d. 

i. 

44.20 
35.920 
sl.d. 
9.0325        t 

16825 

v.  s. 

i. 

s.d. 
s.d. 

v.  s.  d. 

i. 

s. 
i. 

i. 
i. 

|  s.  a.,  alk.,  NH4OH 

9, 

s.  a.,  alk.;  i.  NH3 

3 
4 

5.86615 

1720  ±  20 

d. 
2810 

3000 

!  s.  IINO3,  H2SO4,  HF,  aq. 

reg.;  i.  HC1,  alk. 
s.  al.,  eth.;  i.  HBr 

5 

6 

5.4 

3.2318 
3.0018 

1.81630 
3.36319 

3900 

s.   HNO3,   fus.   KNOs;   i. 
,    HC1,  H2SO4 
s.  al.,  eth. 

7 

8 

9 

10 

d. 

-28+  2 
>800 

-3H20, 130 
d.  325 

148.5^" 
subl. 

s.  abs.  al.,  eth. 

s.  abs.  al.,  eth.,  chl.,  ac.  a. 

i.  al.,  chl.,  CS2 

i.  abs.  al. 

11 

2.97523 
2.177* 

s.  acet.;  si.  s.  al.,  chl. 

n 

111.2 

s.  al.,  chl.;  i.  CS2 

13 

s.  al. 

14 

5.63 

5.758^ 

4.8718 

4.339 

3.35718 

4.00i8 

ca.  2320 

ign. 

1970 

1967 

690 

d.  480 

d.  180 
d.  180, 

15 

s.  a. 

16 

s.  HNOs,  HF,  alk. 

17 

s.  a.,  alk. 

18 
19 

20 

d.  1750 

s.  a.,  alk.;  i.  abs.  al. 
s.  acet.  anhyd.,  eth.   ac, 
acet. 

21 

2.93314-5 

2.824;  3.6420 

2.8813 

1.829 

3.64 

3.39619 

2.45919 

4.42 

5.4817 

13Q100 

127 

22 

v.  s.  HNOs 

23 

s.  dil.  HNO3 

24 
25 

-77+  2 

126.7 

s.  al.,  eth.,  ac.  a. 
s.  HNO3 

26 

d. 
300 

d.  in  air 
d. 

d. 

d. 

si.  s.  acet. 

?,7 

480 

28 
29 
30 

s.  HF;  i.  a.,  al.,  eth. 
s.  HF;  i.  a.,  al.,  eth. 

31 
32 

4.20 

4.721 
3.00 



s.  h.  HSO4,  HNO3;  si.  s. 

KSH;  i.  alk.,  HC1 
s.   alk.   sulf.;   si.   s.   alk. 

33 

HC1,  HNO3,  H2SO4 
s.  dil.  HNO3  alk  sulf    alk 

34 

35 

d. 

8.450  cm3; 
7.128oCm3 

v.  s. 
v.  s. 

i. 

s. 

4.7100 

21.140 

d. 

s.  al. 

36 
37 

lq.  1.00044; 

s.  9168° 

5.851  g/1;  iq. 
3.06-109; 

s.  2.7-110 

0 

-112 

1800 
-4H20, 100 

150-5 

100 
-107.1 

»  al. 

38 

39 

2.09 

2.575 
2.644 
9.17 
3.30 

40 
41 

-6H2O,  180 

s.  abs.  al. 
si.  s.  dil.  a. 

42 

s.  h.  dil.  a. 

43 



44 

45 

3.793 
3.286 
5.51 

d.  900 
1490 '^ "'  " 

46 

47 

48 

2500  d. 

v.  s.  dil.  a.,  h.  KOH 

49 

74 

-6H2O,  100 

50 

s.  al.;  i.  eth. 
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PHYSICAL  CONSTANTS  OF 


Name 


U 
35 

36 

37  | 
38 

39  ' 

40  i 

41  j 

42] 
43 
44| 
45  I 
46 

47 

48 


Yttrium 

bromide 

carbide 

carbonate 

chloride 

fluoride 

hydroxide 

iodide 

nitrate 

oxalate 

oxide  (yttria) 

sulfate 

sulfide 

Yttrium  complexes: 

Hexaantipyrineyttrium 
perchlorate 

Hexaantipyrineyttrium 
iodide 

Zinc 

acetate 

aluminate  (gahnite) 

amide 

or^oarsenate  (kottigite) 
benzoate 

borate 

bromate 

bromide 

butyrate 

caproate 

carbonate  (smithsonite) . 

chlorate 

chloride 

"      ,  diammine 

chromate. 

dtchromate 

citrate 

cyanide 

ferrite 

ferrocyanide 

fluoride 

(C 

fluosilicate 

formaldehydesulfoxylate 

,  basic 
formate 


Formula 


YBr3-9H20 

YC2 

Y2(C03)3-3H20.... 

YC13 

YC13-H20 

YC13-6H20 

YF3-*H20 

Y(OH)3 

YIs 

Y(N03)3-4H20 

Y(N03)3-6H20 

Y2(C204)3-9H20... 

Y203 

Y2(S04)3 

Y2(S04)3-8H20.... 

Y2S3 

[Y(CiiHi2N20),;]- 

(C104)3 
IY(CuHi2NtQ>6]Ia,. 

Zn 

Zn(C2H302)2 

Zn(C2H302)2-2H20. 

ZnAl204 

Zn(NH2)2 

Zn3(As04)2-8H>0 .  . 
Zn(C7H602)2 

3ZnO2B203 

Zn(Br03)2-6H20... 
ZnBr2 

Zn(C4H702)2-2H20. 

Zn(C6Hn02)2 

ZnC03 

Zn(C103)2-4H20.... 
ZnCl2 

ZnCl2-2NH3 

ZnCr04 

ZnCr207-3H20 

Zn3(C6H507)2-2H.O 

Zn(CN)2 

ZnFe204 

Zn2Fe(CN)6 

Zn2Fe(CN)6-3H20. 

ZnF2 

ZnF2-4H20 

ZnSiF6-6H20 

Zn(HSOrCH20)2.. 
Zn(OH)HS02- 
CH20 

Zn(CH02)2 

Zn(CH02)2-2H20.. 


Mol. 
wt. 


490.81 
112.94 
411.92 

195.29 
213.31 
303.39 
154.93 
139.94 
469 . 68 
347.01 
383.04 
604.05 
225.84 
466.02 
610.15 

274.02 

1516.63 

1599.02 

65.38 
183.47 
219.50 
183.32 

97.43 
618.09 
307.60 

383.42 

429.31 
225.21 

275.61 
295.68 
125.39 

304.36 
136.29 

170.36 
181.39 
335.45 
610.37 
117.42 
241.06 
342.71 
396.76 

103.38 
175.44 
315.54 
255.57 

177.48 

155.42 
191.45 


Crystalline  form,  color  and  index 
of  refraction 


col.  tabl.,  deliq 

micrc-cr.  yel 

wh.-redsh.  powd 

shin.  wh.  leaf 

col 

rhomb,  redsh.-wh.,  deliq 

gelat 

wh.-yel.,  gelat.  or  powd 

deliq 

redsh.  wh.  pr 

redsh.-col.,  deliq.  cr 

wh.  cr.  powd 

col.-yelsh.  cr.  or  powd 

wh.  powd 

monocl.    col.-redsh.,    1.543,     1.549, 

1.576 
yel.-gray  powd 

col.  hex.  cr 

col.  cr 

hex.  bluish-wh.  met 

monocl 

monocl.  col.  £  1.494 

1.78 

amor.,  wh.  powd 

monocl.  1.662,  1.683,  1.717 

wh.  powd 

wh.  amor,  powd.,  or  tricl.  cr 

cub.  wh 

rhomb,  col.,  hyg 

wh.  pr 

wh.  need.   

trig,  col.,  1.818,  1.618 

cub.  col.-yelsh.,  deliq 

cubic  wh.,  deliq 

col 

lem.  yel.,  pr 

or.-yel.  powd.,  or  redsh.  br.  cr.,  hyg 

wh.  amor,  powd 

rhomb,  col 

oct.  blk 

wh.  powd. 

wh.  powd 

col.,  monocl.  or  tricl 

rhomb 

hex.  pr.,  col 

rhomb,  pr. . .-, .! 

rhomb,  pr 

monocl."  wh.i  l'iii,  L526,' i.'566\*. . '. '. 


544 


INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

v.  s. 

d. 

i. 

78io 
V.  s. 

21720 

i 

i. 

v.  s. 

s. 

134.722-' 

0.0001 

.0001829 

5.38« 

9.76320 

d. 

0.5520 

4.6520 

i. 

30'-'° 

31.120 

i. 
d. 
i. 
2.6116*; 

2.46-"* 
s. 

100 
44720; 
4712., 
10.7" 
1.0324-3 
0.001 1:> 

2622° 
43225 

d. 
i. 

v.  s. 
si.  s. 
0.000520 

i. 

i. 

si.  s. 
1.618 
v.  s. 
V.  s. 
i. 

5.220 

8250 

23350 
i. 

...... 

4.90JO 



44.6100 

66.6100 

i. 

d. 

i. 

1.4460 



V.  s. 
675100 

d- 

V.  s. 

615100 
d. 

d. 

i. 

s. 
s. 

V.  s. 
i. 

3gi6o 

si.  s.  al.;  i.  eth. 

?, 

4.13*8 

3 

si.  s.  aq.  CO2;  s.(NH4)2C03- 

4 

2.818 

680 

-H2O,  160 
-5H20,  100 

dil.  min.  a.;  i.  al.,  eth. 
60.115  al.,  60.615  pyr. 

5 

6 

2.1818 

s.  al.;  i.  eth. 

7 

v.  si.  s.  dil.  a. 

8 

d. 

s.  a.,  NH4CI;  i.  alk. 

9 

s.  al.;  si.  s.  eth. 

10 

2.682 
2.68 

s.  al.,  HNO3 

11 

-3H2O,  100 

d. 

2410 

d.  1000 

-8H2O,  120 

v.  s.  al.,  eth.,  HNO3 

1?, 

si.  s.  HC1 

13 

4.84;  5.046 
2.52 

2.558 

s.  a.;  i.  alk. 

14 

s.  satd.  aq.  K">S04 

15 
16 

d.  700 

s.  cone.  H2SO4;  i.  al.,  alk. 
d.a. 

17 

293-6  d. 

280-2 

419.4 

242 

237 

d.200 
d.  100 

18 

19 
20 
21 

22 
23 

7.14 

1.84 

1.735 

4.58 

2.1323 

3.3091' 

907 

subl.  vac. 
-2H2O,  100 

s.  a.,  alk.,  ac.  a. 

2.825,  166«  al. 

2al. 

si.  s.  alk.;  i.  a. 

i.  eth.,  al. 

24 

s.  HNOs,  H3As04,  alk. 

25 

26 

amor.  3.64; 
cr.  4.22 
2.566 
4.219* 

980 

100 

394 



amor.  s.  HC1;  cr.  i.  HC1 

27 

-6H-.0,  200 
650 

28 
29 

v.  s.  al.,  eth.,  NH4OH 

30 

31 

4.44 

2.15 
2.9125 

-CO2,  300 

d,  60 

262 

210.8 

s.  a.,   alk.,   NH4  salts;   i. 

32 
33 

34 

d. 
732 

d.  271 

d. 
d. 

NH.3,  acet.,  pyr. 
167  al.;  s.  glyc,  eth. 
10012-5  al.;  v.  s.  eth.;  i. 

NH3 

35 

36 
37 

s.  a.;  i.  acet.,  liq.  NH3 
s.  a.;  i.  al.,  eth. 

38 

d.  800 
1590 

s.  alk.    KCN,  NH3-  i.  al. 

39 
40 

5.3320 

s.  cone.  HC1;  i.  alk.,  dil.  a. 

41 

d. 

872 
-4H20,  100 

d.  NaOH-  s.  NH4OH;  v. 

42 
43 
44 

4.8415 

2.53512 

2.104 

si.  s.  NH3;  i.  HCl,  al. 
s.h.a.,NH40H;i.al.,NH3 
s.  NH4OH,  a.,  alk. 

45 

d. 
d. 

d.  a.;  trans,  by  alk.;  i.  al. 
d.  a.;  trans,  by  alk.;  ;.  al. 

46 

47 



2.36 
2.20720 

48 

i.  al. 
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PHYSICAL  CONSTANTS  OF 


No 


1 
2 
3 
4 
5 
6 

7 

S 
9 

10 
11 
12 

13 
14 
15 
1G 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 
30 

31 

32 
33 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

44 

45 

46 


Name 


Zinc 

gailate 

glycerophosphate 

hydroxide 

iodate 

iodide 

^-lactate 

d-lactate 

laurate 

permanganate 

nitrate 

nitride 

oleate 

oxalate 

oxide 

"      (zincite) 

"     ,  per- 

2,4-pentanedione  deriv. 

(acetylacetonate) 
1  -phenol -4-sulfonate  (p-) 

ori/iophosphate 

or/Aophosphate 

(a-hopeite) 
or/Aophosphate 

(/3-hopeite) 
orf/wphosphate 

(parahopeite) 

or/Aophosphate 

,  tetra-H. 

pyrophosphate 

phosphide 

Aypophosphite 

picrate 

salicylate 

selenide 

ori/wsilicate  (willemite) . 

silicate  (calamine) 

metasilicate 

stearate 

sulfate  (zinkosite) 

<< 

"        (goslarite) 

sulfide  (a-)  (wurzite) 

03-)  (sphalerite) . . 

sulfite 

tartrate 

tellurate 

telluride 


Formula 


ZnGa204 

ZnCsH-OeP 

Zn(OH)2 

Zn(I03)2 

Zn(I03)2-2H20 

Znl2 

Zn(C3H503)2-3H20. 
Zn(C3H502)2-3H20. 

Zn(Ci2H2302)2 

Zn(Mn04)2-6H20.. 
Zn(N03)2-3H20. . . . 
Zn(N03)2-6H20. . . . 

Zn3N2 

Zn(Ci8H3302)2 

ZnC204-2H20 

ZnO 

ZnO 

Zn02 

Zn(C5H702)2 

Zn(C6H604S)2- 
8H20 

Zn3(P04)2 

Zn3(P04)2-4H20... 

Zn3(P04)2-4H20 .  .  . 

Zn3(P04)2-4H20... 

Zn3(P04)2-8H20... 
Zn(H2P04)2-2H20.. 

Zn2P207 

Zn3P2 

Zn(H2P02)2-H20... 
Zn(C6H2N307)2- 

8H20 
Zn(C7H503)2-3H20. 

ZnSe 

Zn2Si04  (or  2ZnO 

Si02) 
2ZnOSi02-H20. . . . 

ZnSiOs 

Zn(Ci8H3502)2 

ZnS04 

ZnS04-6H20 

ZnS04-7H20 

ZnS 

ZnS 

ZnS-H20 

ZnS03-2(or2|)H20 

ZnC4H406-H20  (or 
2H20)  ( 

Zn3TeOe 

ZnTe 

546 


Mol. 
wt. 


268.82 
235.49 
99.40 
415.22 
451.25 
319.22 

297.57 
297.57 
463.99 
411.34 
243.44 
297.49 

224.16 

628.27 

189.43 

81.38 

81.38 

97.38 
263.59 

555.83 

386.18 
458.24 

458.24 

458.24 

530.31 
295.48 
304.80 

258.18 

213.47 
665.71 

393.65 
144.34 

222.82 

240.84 
141.44 
632.31 
161.44 
269.54 
287.55 
97.44 
97.44 
115.46 
181.47 

190.48) 
231.47 

249.48) 
419.75 
192.99 


Crystalline  form,  color  and  index 
of  refraction 


fine  wh.  cr.,  1.74 

wh.  amor,  powd 

rhomb,  col 

wh.  cr.  powd 

cub.  col.  or  wh.  powd.,  deliq 

wh.  rhomb,  cr 

wh.  need 

wh.  powd 

vlt.  br.  or  blk.,  deliq 

need 

tetr.  col 

gray. 

wax-like  solid 

wh. powd 

wh.  or  yelsh.,  amor,  powd 

hex.  wh.,  2.008,  2.029 

wh.-yel.  powd 

need 

clear,  col.  cr.  or  fine  wh.  powd.,  effl. . 

rhomb,  col 

rhomb,  col.,  1.572,  1.591,  1.59 

rhomb,  col.,  1.574,  1.582,  1.582 

tricl.  col.,  1.614,  1.625,1.665 

rhomb,  pi 

tricl 

wh.  powd 

cub.  dk.  gray 

col.,  hyg.  cr.  powd 

yel.  cr.  powd.,  exp 

need 

hex.,  2.89 

trig.,  1.694,  1.723 

rhomb.,  1.614,  1.617,  1.636 

hex.  col 

light  powd 

rhomb,  col.,  1.658,  1.669,  1.670 

monocl.  or  tetr.  col 

rhomb,  col.,  effl.,  1.457,  1.480,  1.484. 

hex.  col.,  2.356,  2.378 

cub.  col.,  2.368 

yelsh.-wh.  powd 

wh.  cr.  powd 

wh.  powd 

heavy  granular  ppt.  wh 

cub.  red,  3.56 


INORGANIC 

COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  ic 

?ranis  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

18 

1.32 

51Q10O 

16.7100 
933 

0.019100 

V.  s. 

v.  s.  d. 

25010° 

i. 
i. 

i. 

i. 

i. 

i. 
i. 

80.810° 
117.540 
663.61°° 

d. 

i. 

Alcohol,  acids,  etc. 

1 

6.15  calc. 

3.053 

4.98 

<800 

s. 

.00000026 
si.  s. 
0.877 
4300; 
437.7:<o 
1.6715 
5.715 

0.0115 

V.  s. 
327.340 

184.320 

d. 
i. 

.0007918 
.00016M 

.0001629 

0.0022 

62.5 

i. 
i. 

. 
1. 

i. 

i. 
d. 

i. 
i. 

s. 

s. 

520 

i. 

86.580 

s. 

96.520 

.0006918 

.00006518 

0.16 

0.05530 
i. 

?, 

i.  al.,  eth. 

3 

d.  125 
d. 

s.  a.,  alk. 

4 

s.  HNO3,  alk. 

5 

S.  HNO3,  NH4OH 

6 

7 

4.66614-2 

446 

624 

s.     a.,     al.,     eth.,     NHs. 
(NH4)2C03 
v.  si.  s.  al. 

8 

.104  h.  98%  al. 

9 

128 

-5H20, 100 
45.5 
36.4 

O.OIO15  al. 

10 

2.47 

d.  al.,  a. 

11 

12 
13 

2.06514 

-6H2O, 
105-131 

v.  s.  al. 
s.  HC1 

14 

70 

s.  100 
>1800 

>1800 

si.  s.  acet. 

15 

2.56224-s 
5.47 

5.606 

1.571 

s.  a.,  alk. 

16 

s.    min.    a.,    dil.    ac.    a*. 

17 

18 

subl.  1800 

NEUOH 
s.    a.,    alk..    NH4CI;     i. 

NH3,  al. 
d.a. 

19 

138 

-8H2O,  125 

900 
tr.>105 

tr.>140 

tr.>163 

subl. 

v.  s.  bz.,  acet.;  s.  al. 

*>0 

55.625  ai. 

?,\ 

3.99815 
3.04 

3.03 

3.75 

3.10915 

s.  a.,  NH4OH;  i.  al. 

ffll 

v.    s.    a.,    NH4OH,    NH4 

?,3 

v.    s.    a.,    NH4OH,    NH4 

?4 

v.   s.   a.,    NH4OH,   NHi 

°5 

salts 
s.  alk. 

°6 

100  d. 

?7 

3.7523 
4.5513 

s.  a.,  alk..  NH4OH 

28 
9q 

>420 

1100 

d.  H2SO4  ev.  H3P,  HNG3 
viol.  s.  dil.  a.;  i.  al. 
s.  alk. 

30 

exp. 

31 

s.  al. 

^9 

5.4215 
3.9 

3.45 
3.52 

s.  a. 

33 

1509 

34 

35 

1437 
130 
d.  740 
tr.  70 
tr.  39 
1850i5°atm. 

tr.  1020 
1049 

36 

i.  al.,  eth. 

37 

3.7415;  (3.4) 

2.07215 

1.97 

4.087 

4.10225 

3.98 

si.  s.  al. 

38 

39 
40 
41 

-7H2O,  280 
subl.  1185 

si.  s.  al. 

y.  s.  a.;  i.  ac.  a. 

v.  s.  a. 

42 

s.  a. 

43 

s.  H2S03;i.ai. 

44 

45 

s.  a. 

46 

6.34i5;  5.5413 

1238.5 

s.  a* 
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PHYSICAL  CONSTANTS  OF 


No. 


19 

20 
21 

22 
23 
24 
25 
26 
27 

28 
29 


Name 


Zinc 

thiocyanate . 
valerate 


Zinc  complexes: 

Tetramminezinc  per- 
rhenate 

Tetrapyridinezinc 
fluosilicate 

Zirconium 

acetate,  basic 

bromide,  di- 

"      ,tri- 


*;      ,  tetra- 

carbide 

chloride,  di-.  . 

11      ,  tri-. . 


,  tetra- 


fluoride .  . . 
hydroxide . 
iodide 


oxide,  di-  (baddeleyite) . . 

"        "    (zirconia) 
(Hf02<l%) 

phosphide 

selenate 

or^osilicate  (zircon, 

hyacinth) 

silicide 

sulfate 

sulfide 

Zirconyl  bromide 

chloride 

hydroxide  (metazirconic 

acid) 

iodide 

sulfide 


Formula 


Zn(SCN)2 

Zn(C5H902)2-2H20. 


[Zn(NH,)4](Re04): 
Zn(C5H5N)4SiF6.  . 


Zr 

91.22 

ZrOH(C2H302)3(?). 
ZrBrs 

285.36 
251.05 

ZrBr3 

330.97 

ZrBr4 

410.88 

ZrC 

103.23 

ZrCl2 

162.13 

ZrCb 

197.59 

ZrCU 

ZrF4 

233.05 
167.22 

Zr(OH)4 

159.25 

Zrl4 

598.90 

Zr02 

ZrO 

123.22 
123.22 

ZrP-- 

153.26 

Zr(Se04)2-4H.O.... 
ZrSi04 

ZrSia 

Zr(S04)>-4HoO 

ZrS2 

449.20 

183.28 

147.34 
355.40 
155.34 

ZrOBr2-zH20 

ZrOCl2-8H20 

ZrO(OH)2  (or 
H2Zr03) 

ZrOl2-8H20 

ZrOS 

322.26 
141.24 

505.19 
139.28 

MoL 
wt. 


181.54 
303.66 


634.13 


Crystalline  form,  color  and  index 
of  refraction 


wh.  powd 

wh.  glist.  sc.  or  powd.,  disg.  odor. 

wh.  cub.  cr 


523. S3  rhomb,  wh. 


cub.  silv.  wh.-gray.  . . 

wh.  cr 

blk.  powd.,  ign.  in  air. 

bl.-blk.  powd 

wh.  cr.  powd.,  hyg. . . 

hard  grav  metallic 

blk 

brn 


wh.  lust.  cr. 


hex.  col 

gelat.  or  wh.  amor.  powd. 
wh.  or  yel.  cr 


col.-vel.  or  br.,  monocl.,  2.13,  2.19, 
2.20 


gray 

hex. transp.  cr 

tetr.  col.-red  or  var.  color,  1.92-96, 
1.97-2.02 

steel-gray  rhomb,  lust,  met 

rhomb,  col.  or  wh.  cr.  powd 

steel-gray  cr. 

brill,  need.,  deliq 

tetr.  need,  wh.,  effl.,  1.552,  1.563. . . . 
gelat.  wh 


col.  need.,  hyg. 
yel.  powd 
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INORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

s. 

2.624-25 


i. 

s. 

d.  ev.  H2 

d.  ev.  H2 

d. 

i. 

d.  ev.  Ha 

d.  ev.  H2 

d.  to 
ZrOCl2 
1.39 
0.02 
s.,d. 

i. 

i. 

i. 

s. 

i. 

14639.5" 

s. 
s. 
si.  s. 

v.  s. 


s. 

i. 
....... 





d. 

s" 

i. 



d." 

V.  s. 

s.  al.,  NH4OH 

?, 

ca.  2.5  al.;  v.  si.  s.  eth. 

3 

3.608^6 

4 

2.197 
6.4 

0.1852  cone.  NH4OH 

4 

5 

6 

1900 

>2900 

s.  HF,  aq.  reg.;  si.  s.  a. 

7 

d\>350 

d.350 

volat. 

3532 

d.>350 

d.  350— 

ZrCh 
subl.  300 

subl. 
-2H>0,  550 

2700 
2950-3000 

8 

9 

s.  al.,  eth. 

10 

5100 

s.  a.,  dil.  HF 

11 

12 



13 

2.80 

4.43 
3.25 

5.49 
5.71-3 

4.77? 

s.  al.,  eth.,  cone.  HC1 

14 
15 
16 

17 

AS 

d. 
(4300) 

s.  HF;  i.  a. 
s.  a.;  i.  alk.,  al. 
d.   al.;  s.  a.,   eth.;   si.   s. 
bz.,  CS2 
s.  H2S04,  HF 

s.  H0SO1,  HF 

19 

20 

-3H20,  100 
2550 

-4H>O,130 

si.  s.  al.,  cone.  a. 

21 

4.56 

4.8822 

i.  a.,  aq.  reg.,  alk. 

n 

n 

-3H20,  120 

s.  H2SO4;  i.  al. 

n 

3.87 

2,5 

-H20,  120 
-6H2O,  150 

d. 

ign.  in  air 

s.  h.  cone.  HBr 

?6 

-8H2O,  210 



1 

s.  al.,  eth.;  si.  s.  HCI 

27 
28 

s.  al.;  si.  s.  dil.  HCI,  dil. 

HNO3,  oxal.  a. 
v.  s.  eth.;  s.  al. 

29 

4.87 
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PHYSICAL  CONSTANTS  OF 

Metallic  salts  of  organic  acids  will  be 


Name 


Aluminum: 

Diethyialuminum 
malonate 
Triethylaluminum 

Triethylaluminum 

etherate 

Trimethylaluminum .... 
Triphenylaluminum .... 
Antimony: 
Antimony  ethoxide(ous) 

(triethyl  antimonite) 
Pentamethylantimony .  . 

Triethylantimony 

Trimethylantimony 

Triphenylantimony, 

(triphenylstibine) 
Arsenic : 
Arsanilic  acid  (p)  (p-am- 

inophenylarsinic  acid) . . 
Arsenoacetic  acid 

Arsenobenzene 

Cacodyl  oxide  (dicacodyl 

oxide) 
Cacodyl  sulfide 

(dicacodyl  sulfide) 
Dimethylarsine  (cacodyl 

hydride) 
Dimethylarsinic  acid 

(cacodylic  acid) 
Di  methyl  bromarsine 

(cacodyl  bromide) 
Dimethylchlorarsine 

(cacodyl  chloride) 

Methylarsine 

Phenylarsonic  acid 

(ben/ene  arsonic  acid) 
Tetraethyldiarsine 

(ethyl  cacodyl) 

Tetraethyldiarsyl 

Tetramethyldiarsyl 

Triethylarsine  (arsenic 

triethyl) 
Trimethylarsine  (arsenic 

trimethyl) 
Triphenylarsine  (arsenic 

triphenyl) 
Beryllium: 
Di-n-butyl beryllium .... 

Diethyl  beryllium 

Dimethylberyllium 

Dipropyl  beryllium 

Bismuth : 

Methylbismuthine 

Triethylbismuthine  (bis- 
muth triethyl) 
Trimethylbismuthine 

(bismuth  trimethyl) 


Formula 


Al(C7Hn04)3 
A1(C2H6)3... 


4A1(C2H5)3- 
3(C2H5)20 
A1(CH3)3... 
A1(C6H5)3. . 


Mol. 
wt. 


Sb(C2H60); 

Sb(CH3)5.. 
Sb(C2H5)3. 
Sb(CH3)3.. 
Sb(CcH5)3.. 


H2NC6H4AsO(OH) 
(AsCH2COOH)2.. 
CeHaAsiAsCoHs ... 

[(CH3)2As]20 

[(CH3)2As]2S 

(CH3)2AsH 

As(CH3)20-OH... 

(CH3)2AsBr 

(CH3)2AsCl 


CH3AsH2... 
C6H5As03H2 

[(C2H5)2As]2. 

[As(C2H5)2]2. 
[As(CH3)2]2 . 
As(C2H6)3... 


As(CH3)3 . 
As(C6H6)3. 


Be(C4H9)2. 
Be(C2H5;2. 
Be(CH3)2. 
Be(C3H7)2. 


CH3-BiH>. 

Bi(C2H5)3. 

Bi(CH3)3. 


504.45 
114.15 

678.97 

72.07 

258.27 

256.94 

196.93 
208.94 
166.86 
353.06 

217.04 

267.91 

304.02 

225.96 

242.02 

105.99 

137.99 

184.89 

140.44 

91.96 
202.03 

266.06 

266.06 
209.96 
162.09 

120.01 

306.21 


123.25 
67.14 
39.09 
95.19 

226.05 

296.18 

254.10 


Crystalline  form,  color  and  index 
of  refraction 


wh.  need,  or  pr 

col.  liq.,  ign.  in  air,  1.4808-5 

col.  liq 

col.  liq.,  ign.  in  air,  1.43212 

wh.  need 

col.  liq 

existence  doubtful 

liq 

liq 

col.  tricl.  pi 

wh.  need 

sm.  yel.  need 

wh.  need 

col.  liq 

oil 

col.  liq.,  ign.  in  air 

odorl.,  col.  pr 

yel.  oil 

col.  liq.,  inn 

col.  liq 

col.  pr 

oil 

Uq 

col  .-yel.  oily  liq.,  highly  poisonous.. . 
col.  liq t 

col.  liq 

wh.  need,  or  rhomb,  pi.,  1.613948 

col.  liq 

col.  liq 

wh.  need 

liq 

liq.  (exist,  quest.) 

liq 

liq 
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METAL-ORGANIC  COMPOUNDS 

found  in  the  preceding  section  of  the  table. 


Sp.  gr.  or 
density 


.084  «» 


1.52417 


1.32416 
1.52315 
1.434325 
(1.4998) 


1.48615 


1.21329 


>1 
1.760 


l.-f 
1.15 
1.152 

1.124 

1.222548 


2.3018 
1.82 

2.30011 


Melting 
point,  °C 


98 

<-18 


0 
196-200 


96-100 
<-29 


50, (46-53) 

232 

>260,  d.  205 

212 

-25 


200 

<-45 
158-62  d. 


60-60.5  (57) 

12 

<-17 


Boiling 

point,  °C 


194 

11216 

130 


95] 


159.5 
80.6 
>220i; 
>36076° 


149-51 

211 

35.6717 


130 

106.5-107, 
(109) 
2 


185-90 

186 
170 

14Q736 

70 

>360  (In 
CO2) 

17025 
11015 
subl.  200 
245 

110 
10779 

110 


Solubility  in  grams  per  100  ml  of 


Cold 
water 


1. 

exp.;d.  to 
Al(OH)3 
exp. 

d.toAl(0 
d. 

d. 

i. 

i. 

si.  s. 
i. 


1. 
i. 

si.  s. 
si.  s. 

82.92: 


0.00085 
3.3628 


d. 

d.toC2He 
d.  to  CH4 


Hot 

water 


+C2H6 
H)3+CH4 


1.  s. 


31.6s4 
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Alcohol,  acids  etc. 


s.  org.  solv. 


d.  al;  s.  bz.,  eth. 

s.  eth. 

d.  al.,  chl.,  CCh;  s.  bz. 


s.  org.  liqs. 


s.  al.,  eth. 

s.  eth.;  i.  al. 

s.  org.  solv.;  si.  s.  al. 


s.  eth.,  MeOH;  si.  s.  al., 

acet.;  i.  bz.,  chl. 
s.  pyr.,  alks.,  alk.  carb;  i. 

al.,  eth.,  chl. 
s.  bz.,  chl.,  CS2;  si.  s.  al.; 

i.  eth. 
s.  al.,  eth. 

s.  al.,  eth. 

s.  al.,  eth.,  chl.,  bz.,  CS2 

s.  al.;  i.  eth. 


v.  s.  al.;  i.  eth. 

s.  al.,  eth. 
18.426  95%  al. 

s.  al.,  eth. 

s.  al.,  eth. 
s.  al.,  eth. 


s.  eth. 

v.  s.  eth.,  bz.;  si.  s.  cold.  al. 


s.  al.,  eth. 
s.  al.,  eth. 

3.  al,  eth. 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


10 
11 

12 

13 
14 

15 
16 
17 

18 

19 

20 

21 

22 

23 
24 
25 

26 

27 
28 

29 
30 
31 
-32 

33 
34 

35 

36 


Bismuth: 

Tr  i phenyl  bismuthine 

(bismuth  triphenyl) 
Boron: 
Aminophenyl  boric    acid 

(to) 
Amylboric  acid  (n) . . . . . 
Anisylboric  acids,  o,m,p 

(methoxy  phenyl  boric 

acids) 

Borine  carbonyl 

Butylboric  acid  (n) 

Butylboric  acid  (tert) .  .  . 

Diethoxyboron  chloride . 

D  iisoamyloxy  boron 
chloride 

Dimethoxy  borine 

Dimethoxyboron     chlo- 
ride 

Dimethylboric  acid  (di- 
methylhydroxyborine) 

Dimethylboric  anhydride 

Dimethyl  borine  tri- 
methylammine 

Dimethylboron  bromide 

Dimethyl  boron  iodide. . . 

Dimethyldiborane  (1,1) 
(unsym.) 

Dimethyldiborane  (1,2) 
(sym.) 

Dimethyltriborine     tri- 
amine  (B) 

Dimethyltriborine  tri- 
amine  (N) 

Dimethyltriborine  tri- 
amine  (N-B) 

Diphenyi  boric  acid 
(diphenylhydroxy- 
borine) 

Diphenylboron  bromide. 

Diphenylboron  chloride . 

Di-p-tolyl  boric  anhy- 
dride 

Ethoxyboron  dichloride . 

Ethyl  boric  acid 

Furanylboric  acid  (/S) . . . 

Hexylboric  acid  (n) 

Isobutylboric  acid 

Methoxyboron  dichloride 
Methoxyboron  difluoride 

Methylboric  acid 

Methylborine  trimethyl- 
ammine 
Methyldiborane 

Methyltriborine  tri- 
amine  (B) 


Formula 


Bi(C6H5)3 


(NH2C6H4)B(OH)2 

(C5Hn)B(OH;2... 
CH3OC6H4B(OH)2 


BH3CO 

C4H3B(OH)2 

C4H9B(OH)2 

(C2H50)2BC1 

(C6HiiO)2BCl 

(CH30)2BH 

(CH30)2BC1 

(CH3)2BOH 

(CH3)2BOE(CH3)2 
(CH3)3NBH(CH3)2 

(CH3)2BBr 

(CH3)2BI 

B2H4(CH3)2 

B2H4(CH3)2 

(CH3)2B3N3H4... 

(CH3)2B3N3H4.... 

(CH3)2B3N3H4. . . . 

(C6H5)2BOH 

(CcH5)2BBr 

(Cr,H5)cBCl 

(C7H7)2BOB(C7H7) 

C2H5OBCI2 

(C2H5)B(OH)2.... 
(C4H30)B(OH)2.. 

C6H,3B(OH)2 

C4H9B(OH)2 

CH30BC12 

CH3OBF2 

CH3B(OH)2 

(CH3)3NBH2CH3. 

B2HsCH3 

CH3B3N3H5 
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Mol. 
wt. 


440.30 


136.95 

115.98 
151.96 


41.85 
101.95 


101.95 
136.40 

188.56 

73.90 
108.35 

57.90 

97.78 
101.01 

120.80 

167.81 

55.74 

55.74 

108.59 

108.59 

108.59 

182.03 


244.93 
200.48 
402.15 

126.79 

73.90 

111.90 

130.00 
101.95 
112.77 

79.85 

59.87 
86.98 

41.71 

94.56 


Crystalline  form,  color  and  index 
of  refraction 


monocl 

wh.  hex.  pi 

col.fl 

wh.  cr 

col.  unst.  gas 

col.  cr 

wh.  cr 

col.  liq 

col.  liq 

col.  liq.,  unst 

col.  liq 

col.  liq 

col 

col.  liq 

col.  liq.  or  gas 

col.  liq 

col.  gas 

col.  unst.  gas 

col.  liq 

col.  liq 

col.  liq 

col.  radiating  cr 

col.  vise.  liq.  or  cr 

col.  vise,  liq 

wh.  powd 

col.  liq 

wh.  cr 

wh.  cr 

wh.  cr 

col.  cr 

col.  liq 

col.  liq '. 

wh.  pi 

col.  liq 

col.  very  unst.  gas 

col.  liq 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

^rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

?, 

1.585 

78 

d. 

93-4,  d. 
d. 

-137.0 
92-4 

105  d. 

d. 

d. 
d. 

-63 
d. 

d. 

112.3 

110-1511 

25.9 

74.7 

Q36 

43 
d.  172 

22 
65 
-2.6 

4.9 

107 

108 

124 

2 15-35 17 

150-608 
271 

si.  s. 

s. 
si.  s. 

d. 

s. 

s. 
d. 
d. 

d. 
d. 

v.  s. 

hyd. 
d. 

d. 
d. 
d. 

d. 

hyd. 
hyd. 
hyd. 

i. 

d. 
d. 

i. 

d. 

s. 
s. 

si.  s. 
s. 
d. 
d. 

si.  s. 
d. 

d. 

hyd. 

s. 

d. 

s. 

d. 

d. 

d. 
d. 

hyd. 
d. 

d. 
d. 
d. 

d. 

hyd. 

hyd. 

hyd. 

i. 

d. 
d. 

d. 

s. 

d. 

d. 

d. 

d. 
hyd. 

v.  s.  chl.;  s.  eth.,  acet.;  si. 
s.  al. 

s.  al.;  si.  s.  eth. 

3 

s.  eth.,  dichloroethane 

4 

s.  al.,  eth.,  bz. 

5 

6 

v.  s.  al.,  eth.,  chl.,  acet., 

7 

acet.  a.  and  esters;  si.  s. 
bz.,  CCU,  pet.  eth. 
s.  eth. 

8 

9 

10 

-130.6 

-87.5 

11 

12 

13 

-37.3 
-18.0 

-123.4 
-110.7 
-150.2 

-125 

-48 

14 

s.  eth. 

15 

16 

17 

18 

19 

9,0 

?A 

?,?, 

264-67 
25 

s.  eth.,  al.,  pet.  eth. 

n 

s.  bz. 

24 

s.  bz.,  pet.  eth. 

25 

78 

s.  al.,  eth.,  bz. 

26 

77.9 

27 

subl.  40 
110  d. 

88-90,  d. 
106-12,  d. 
-15 

s.  al.,  eth. 

28 

d. 

d. 
d. 
58.0 

86 

d. 
177 

-8frQ',d. 
appr.  —20 

87 

v.  s.  eth.,  al.,  acet.:  si.  s. 

29 

bz.,  tol. 
s.  eth. 

30 

s.     eth.,     dichloroethane 

31 

32 

1.41735.5; 

1.35476* 

33 

d. 
0.8 

s.  al.,  eth. 

34 

s.  eth. 

35 

36 

-59 
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PHYSICAL  CONSTANTS  OF 


Name 


Boron: 

M  ethyl  triborine  thi- 
amine (Ar) 

Nitrophenylboric  acids 
o,  m,  p 

Phenylboron  dibromide. 

Phenyl  boron  dichloride. . 

Sodium  tri-a-naphthyl 
bonde 

Tetramethoxydiborine.  . 

Tetramethyldiborane 
(1.1,2,2) 

Tetramethyltri  bonne 
tnamine  (N-B-B'B") .  . 

Thiophenyl  boric  acid  (a) 
("thienyl  boric''  acid) 

Tribenzylborine 

Tn-rc-butyl  bonne 

Tri-tert-butyl  borine 

Tri-n-butyltri  borine  tn- 
oxane  (n-butyl  boron 
oxide) 

Tn-/ert-butyl  triborine 
trioxane        (tert-butyl 
boric  oxide) 

Trichloroborine  di- 
methyletherate 

Trichloroborine  tri- 
methylammine 

Tricyclohexylborine 
(boron  tricyclohexyl) 

Tnethyl  borate  (tri- 
ethoxyborine) 

Triethyl boron  (triethyl- 
bonne) 

Tri-n-hexyltnbonne  tri- 
oxane (hexylboric  oxide) 

Triisoamyl  borate  (tri- 
lsoamyloxy  borine) 

Triisoamyl  borine 

Tn-p-anisyl  borine 

Triisobutyl  borate  (tn- 
isobutoxy  borine) 

Triisobutyl  borine 

Tnmethylamminobonne 

Trimethyl  borate  (tn- 
methoxyborine) 

Tnmethylboron  (tri- 
methyl borine) 

Trimethyldiborane  (1,1, 

2) 

Trimethyltri  borine  tri- 
amine  (B) 

Trimethyltri  borine  tri- 
amine  (N) 

Tnmethyltriborine  tri- 
amine  (N-B-B') 

Trimethyl  triborine  tri- 
oxane (methyl  boric  an- 
hydride or  anide) 


Formula 


CH3B3N3H5 

N02C6H4B(OH)2. 

C6HsBBr2 

CeHsBClo 

Na2B(CioH7)3.... 


(CH30)4B2.. 
B2H2(CH3)4. 


(CH3)4B3N3H2.. 
(C4H3S)B(OH)2. 


B(CgH5CH2)3. 
B(C4H9)3 


B(C4H9)3.... 
(C4H9)3B303. 

(C4H9)3B303. 


(CH3)20BC13. 
(CH3)3NBCl3 

B(CeHn)3. . .  . 

B(OC2H5)3... 

B(C2H5)3 

(CCH13)3B303. 
B(OC5Hn)3.. 


B(CaHll)3 

B(CH3OC6H4)3 
B(OC4H9)3.... 


B(C4H9)3 

(CH3)3NBH3. 
B(OCH3)3... 


B(CH3)3 

B2H3(CH3)3... 

(CH3)3B3N3H3 
(CH3)3B3N3H3. 
(CH3)3B3N3H3 
(CH3)3B303... 


Mol 
wt. 


94.56 
166.94 

247.75 

158.83 

438.28 

145.78 
83.79 

136.64 

127.96 

284.20 
182.16 

182.16 

251.80 

251.80 

163.26 

176.30 

260.27 

146.00 

98.00 

335.96 

272.24 

224.24 
332.20 
230.16 

182.16 

72  96 

103  92 

55  92 

69.77 

122.61 

122.61 

122.61 

125.56 


Crystalline  form,  color  and  index 
of  refraction 


col.  liq 

yel.  need,  or  pr. 


col.  cr 

col.  liq 

bl.  cr.  (purple  in  dil.  soln.) 


col.  liq. 
col.  liq. 


col.  liq 

col.  star-formed  need. 


prismatic  need,  or  col.  oily  liq. 
col.  mobile  liq 


col.  mobile  liq. 
col.  liq 


col.  liq. 


col.  cr , 

col.  cr 

col.  interlocking  cr, 

col.  liq.,  1.381 

col.  liq 

col.  liq.,  1.432320... 
liq.,  1.421 


col.  mobile  liq.,  1.4320722-6. 

wh.  need 

liq.,  1.408 


col.,  mobile  liq.,  1.41882228. 
col.  hex.,  columns  or  need. . 
col.  liq 


col.  gas 

col.  liq 

col.  cr.  or  liq. . 

col.  liq. .. 

col.  liq , 

col.  mobile  liq. 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


No. 


Sp.  gr.  or 
density 


0.8746W; 
0.86428-6 
0.696123 

0.8876 

0.8720 

0.76 


0.864° 
0.74 


0.915;  0.920524 

1.9108  g/1, 
0.625-100 


Melting 
point,  °C 


-24 
-72.5 


134 
47 


glass  at  iow 
temp. 


20 

d.  76 

243 

100 

-92.9 


128 

94 

-29 

-161.5 

-123 

31.5 


37 


Boiling 
point,  °C 


84 

d. 

10020 

175 

d. 

d.  93:  21« 
68.6 

158 

d. 

2301* 
90-19; 

108-1020 

7112 

15430 


66-8* 


d. 


19415 
117.4,  (120) 

Q12  5 

178-8224 

255 

119" 

212 

188.  8620 
172 
68.7,  (65) 

-20.2 

45.5 

129 

134 

139 

79 


Solubility  in  grams  per  100  ml  of 


Cold 
water 


hyd. 

si.  s. 

d. 
d. 
d. 

d. 
d. 

hyd. 


1. 
i. 

i. 

hyd. 

hyd. 

d. 


1. 
d. 
i. 
hyd. 


1. 
d. 
d. 

v.  si.  s. 

d. 

hyd. 

hyd. 

hyd. 

hyd. 


Hot 
water 


hyd. 


d. 
d. 

hyd. 


hyd. 


hyd. 


hyd. 


hyd. 
hyd. 
hyd, 
hyd. 


Alcohol,  acids  etc. 


s.  al.,  eth. 


s.  eth.;  si.  s.  lgr. 


s.  eth.,  al.,  acet.,  bz.,  CCU 

v.  s.  al.,  bz.;  si.  s.  eth. 
v.  s-  eth.,  al. 

s.  eth. 

v.  s.  eth. 

s.  eth. 


s.  al. 
s.  eth. 


s„  al.,  eth. 
s.  org.  solv. 


s.  eth. 

s  al.,  eth.,  bz. 


s.  eth. 
s.  eth. 
s.  al.,  eth. 

v.  s.  al.,  eth. 


s.  eth. 
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PHYSICAL  CONSTANTS  OF 


Name 


Boron: 

TrHS-naphthyl  borate.. . 
Tri-of-naphthylborine. .  . 

Triphenyl    borate    (tri- 

phenoxyborine) 
Triphenyl  borine  ammine* 

Triphenyl  boron 

Tripropyl    borate    (tri- 

propoxy  boron) 

Tri-n-propyl  borine 

Tri-sec-propyl  borine.  . . . 


Tri-p-tolylborine . 
Tri-p-xylylborine. 


Cadmium: 

Dibutyl  cadmium 

Diethylcadmium 

Diisoamyl cadmium. .  . 

Diisobutylcadmium. . . 

Dimethylcadmium 

Dipropylcadmium 

Calcium: 

Dianilinecalcium 

Ethylcalcium  iodide .  . 

Glycocollcalcium 

Cobalt: 

Bis-dimethylglyoxime 
cobalto  chloride 


Cobalt(ous)  hexa- 
methylenetetramine 

Cobalt(ous)  hydroxy- 
quinone 
Copper 

diazoaminobenzene(ous) 
Gallium: 

Dimethylgallium  amide . 

Dimethylgallium  chlo- 
ride monammine 

Dimethylgallium  chlo- 
ride diammine 

Methylgallium  dichlo- 
ride 

Methylgallium  dichlo- 
ride  monammine 

Methylgallium  dichloride 
pentammine 

Triethylgallium 

Triethylgallium  monam- 
mine 

Triethylgallium  mono- 
etherate 

Trimethylgallium 

Trimethylgallium  mon- 
ammine 

Trimethylgallium  mono- 
etherate 


Formula 


B(CioH70)3. 

B(CioH7)3.. 


(C6H50)3B. 


(C6H5)3BNH3. 

B(C6H6)3 

B(OC3H7)3... 


B(C3H7)3. 
B(C3H7)3. 


B(CH3C6H.i)3 

BCCHsCeHsCHs).,. 


Cd(C4H9)2. 
Cd(C2H5)2. 
Cd(C5Hn)2 
Cd(C4H9)2. 
Cd(CH3)2. 
Cd(C3H7)2. 


Ca(NHC6H5)2 

C2HoCaI 

(CH2NHCOO)Ca  . . 

HONrCCHsCCHa 

NOHCo 

HON:CCH3CCH3 

NOCl2 
CoCl2C6Hi2N4 


Co(CioH603)s 


CuN3(C6H5)2 


Ga(CH3)2NH2 

Ga(CH3)2Cl-NH3 

Ga(CH3)2Cl-2NH3 . 

Ga(CH3)Cl2 

Ga(CH3)Cl2-NH3.. 

Ga(CH3)Ci2-5NH3 

Ga(C2H5)3 

Ga(C2H5)3-NH3.... 

Ga(C2Hs)3* 
(C2H5)20 

Ga(CH3)3 

Ga(CH3)3-NH3 

Ga(CH3)3-(C2Ho)20 


Mol. 
wt. 


440.29 
392.29 

290.12 

259.15 
242.12 

188.08 

140.08 
140.08 

284.20 
326.28 


226.64 
170.53 
254 . 69 
226.64 
142.48 
198.58 

224.31 
196.06 
113.13 

361.09 


270.04 
405.22 

259.80 

115.81 
152.28 

169.31 

155.67 

172.70 

240.83 

156.90 
173.93 

231.02 

114.82 
131.86 

188.94 


Crystalline  form,  color  and  index 
of  refraction 


col.  leaflets, 
col.  need. . . 


col.  cr 


col.  cr. . . 
hex.  need 
liq 


col.,  mobile  liq.,  1.4135222. 
col.  mobile  liq 


separate  wh.  cr.. 
col.  bushed  need. 


wh.  cr 

amor,  powd 
cr 


It.  grn.  cr. 


ultramarine  blue, 
ruby  red 


wh.  cr. 
wh.  cr. 

wh.  cr. 

wh.  cr. 

wh.  cr. 

wh.  cr. 

col.  liq. 
col.  liq. 

col.  liq. 

col.  liq. 
wh.  cr. 

col.  liq. 


This  compound  is  the  prototype  of  numerous  stable  complex  compounds  formed  from  organic 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

, 

115 
203 

ca.  35 

d.  216 
136 

d. 
i. 

d. 

dV ' 

i. 
i. 

i. 
i. 

d. 
d. 

d. 
d. 
d. 

d. 
d. 

s. 

s. 
s. 

i. 

d.  ' 

d. 

d. 

d. 

d. 

d. 
d. 

d. 

d. 
d. 

d. 

d. 
d. 

d. 
d. 
d. 

d. 
d. 

s.  bz. 

si.  s.  eth.,  al.;  v.  s. 

CCU,  chl.,  CS2 
s.  eth.,  bz. 

s.  al.;  si.  s.  bz. 
d.  al.;  s.  bz. 

2 

d. 

>360 

d. 

20315 

175 

156,  602° 
148-54, 
33-512 
23312 
22112 

103.512- 

64 

121.515 

90.520 

105.5™ 

8421.5 

bz., 

3 

4 

5 

6 

liq.  0.86716 
0.725 

7 

s.  eth. 
s.  eth. 

v.  s.  bz.;  si.  s.  eth. 
v.  s.  bz.,  chl.,   CCU; 
s.  eth. 

8 

9 

175 
147 

-48 

-21 

-115 

-37 

-4.5 

-83 

d. 

10 

sl 

11 

1.3056193 
1. 6564*8  1 
1.221019 
1.2693*8 
1. 9846*7 .9 
1.4201176 

12 

13 

14 

15 

16 

17 

i.  eth.,  bz.,  Igr. 

si.  s. 

18 

19 

20 

s.  al. 

21 

22 

d.  210-15 
d.  270 

23 

s.  bz.;  i.  al.,  Igr. 

24 

subl.  60  vac. 

25 

54 

112 

75 

v.  s.  NH3;  s.  eth. 
v.  s.  NH3;  i.  eth. 
v.  s.  eth. 
i.  eth. 
i.  NH3 
s.  eth. 

26 

27 

28 

29 

d.  >80 
-82.3 

30 
31 

1.057630 

142.6 

32 

s.  eth. 

s.  eth.,  NH3 

s.  eth.,  NH3;  i.  pet.  eth 

s.  NH3,  eth. 

33 

-19 
31 

<-76 

55.7 +  .2762 
subl.  vac. 

99 

34 

35 

amines  and  tri-aryl-borines. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Germanium: 

1  Amyltriphenylger- 
manium  (n) 

2  Benzyltriphenylger- 


Bis-acetylacetone 

germanium  dibromide 
4        Bis-acetylacetone 

germanium  dichloride 
Bis-(5-oxy-2,  8  dithio 

octane)  germanium 
Bis-propionylacetone 

germanium  dichloride 
Bis-tri  benzyl  germanyl 

sulfide 
Bis-tribiphenylyl 

germanyl  sulfide 
Bis-trichlorogermanyl 

methane 
10        Bis-tricyclohexylger- 

manium  disulfide 
Bis-triethylgermanyl 

sulfide 
Bis-triphenylgermanyi 

sulfide 
Bis-tri-tolylgermanyl 

sulfide 

14  Butyltriphenylger- 
manium  (n) 

15  Cyclopentamethylene 
germanium  dichloride 

16  Diethylcyclopenta- 
methyl  enegermanium 
(1,1) 

Diethyldiphenylger- 

manium 
Diethylgermanium 

bromide 
Diethylgermanium 

chloride 

20  Diethylgermanium  imine 

21  Diethylgermanium 
iodide 

22  Diethylgermanium 
oxide(a) 

Diethylgermanium 
oxide(/3) 

24  Diphenylgermanium. . . . 

25  Diphenylgermanium  di- 
bromide 

26  Diphenylgermanium  di- 
chloride 

Diphenylgermanium  di- 
fluoride 

Diphenyl-sec-propyl- 
germanium  bromide 

Di-p-tolyl  germanium  di- 
bromide 


Formula 


Ge(C5Hn)(C6H5)3  . 
Ge(CH2C6H5) 

(C6H5J3 

[CH(CCH30)212 

GeBr2 
[CH(CCH30)2I2 

GeCl2 
[SCH2CH2)20]2Ge.. 

fCHC2(C2H5) 

(CH3)02J2GeCl2 
[(C6H5CH2)3Ge]2S. . 

[(C6H»-C6H4)3Ge]2S 

CH2(GeCl3)2 

[(C6Hii)3Ge]2S2.... 

[(C2H5)3Ge]2S 

[(C6H5)3Ge]2S 

[(C6H4CH3)3Gel2S.. 

Ge(C4H9)(C6H5)3... 

(CH2)5GeCl2 

(CH2)5Ge(C2H5)2... 

Ge(C2H5)2(C6H5)2.. 

(C2H5)2GeBr2 

(C2H5)2GeCl2 

(C2H5)2GeNH 

(C2H5)2GeI2 

[(C2H6)2GeO]x 

r(C2H5)2GeOJ3 

[(C6H5)2Ge]4 

CCeH5)2GeBr2 

(C6H5)2GeCl2 

(C6H5)2GeF2 

(C6H5)2(C3H7)GeBr 

(CH3C6H4)2GeBr2.. 
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Mol. 
wt. 


375.04 
395.03 

430.65 
341.73 
345.05 
369.78 
724.02 
1096.42 
371.97 
708.21 
351.62 
639.86 
724.02 
361.01 

213.65 
200.85 

284.92 

290.55 

201.64 

145.74 
384  56 

146. 72* 

440.16 

907.20 

386.63 

297.72 

264.80 

349.80 

414.69 


Crystalline  form,  color  and  index 
of  refraction 


col.  pi 
col.  pi 


col.  micr.  cr  . 

col.  pr , 

col.  cr 

wh.  cr.  powd . 

col.  cr 

col.  cr 

col.  liq 

col.  cr 

col.  oily  liq.   , 

col.  cr 

col.  cr 

col.  need 


col.  liq 

col.  liq 

col.  hq 

col.  liq 

col.  liq 

col.  liq. 

col.  liq 

stable  wh.  amor,  solid 

unst.  col.  liq 

wh.  cr 

col.  liq 


col.  liq 

col.  liq 

col.  liq 

It.  yel.  liq. 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 

density 


,71 


Melting 
point,  °C 


42-3 
82.5-3.5 

226 

240  d. 

I59.0-.5 

128-9 

124 

238 

87-8 

138 

156-7 

84.5-5.5 


<-33 
-39  to  -37 

-2  to  -f 

175 

18 

294-5 


Boiling 
point,  °C 


llQi 


148-50^2 


55-60^ 

52i3 

316 

202 

175 

100°  oi 
252 


120<>07, 
205-75i2 
22312 

1000007 

215-50*3 
230-33 13 


Solubility  in  grams  per  100  ml  of 


Cold 
water 


hyd. 


1. 

i. 

i. 

hyd. 

hyd. 

hyd. 


hyd. 


Hot 

water 


hyd. 


d. 


hyd. 
hyd. 
hyd. 


hyd. 


Alcohol,  acids,  etc. 


v.  s.  bz.,  pet.  eth.;  si.  s. 

me.  al. 
v.  s.   bz.,  pet.  eth.,  chl.: 

si.    s.    isopropyl    al.;    i. 

me.  al. 
si.  s.  h.  acetyl  acet.;  i.  org. 

solv. 
si.  s.  org.  solv. 

s.  bz.,  abs.  al. 

s.  c.  chl.;  i.  pet.  eth. 

s.  al.,  me.  al.  bz.;  i.  alk. 

s.  org.  solv.;  i.  alk. 

s.  org.  solv. 

s.  abs.  al. 

s.  org.  solv.;  i.  alk. 

s.  org.  solv.;  i.  alk. 

s.  org.  solv.;  i.  alk. 

v.  s.  pet.  eth.,  bz.,  chl., 
eth.;  si.  s.  isopropyl  al.; 
i.  me.  al. 


v.  s.  org.  solv. 

d.  liq.  NH3;  s.  org.  solv. 

d.  liq.  NH3;  s.  org.  solv. 

d.  liq.  NH3;  s.  org.  solv. 

i.  org.  solv.,  liq.  NH3 

s.  org.  solv.;  i.  liq.  NH3 

si.  s.  bz.,  tol.,  chl.;  i.  pet. 
eth. 


s.  org.  solv. 
s.  org.  solv. 
s.  org.  solv. 


s.  org.  solv. 
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PHYSICAL  CONSTANTS  OF 


Name 


Germanium: 

Di-p-tolylphenylger- 

manium  bromide 
Di-tripbenylgermanyl 

methane 
Ethyl-£m-p-biphcnylyl- 

germanium 

Ethylgermanium  oxide. 
Ethylgermanium  tri- 

bromide 

Ethylgermanium  tri- 
chloride 
Ethylgermanium  tri- 

fluoride 
Ethylgermanium  tri- 

iodide 
Ethylphenyldi-p-tolyl- 

germanium 
Ethyl-sec-propyldi- 

phenylgermanium 
Ethyltribenzylger- 

manium 
Ethyltriphenylger- 

manium 
Hexabenzyldigermane . . 
Hexaethyldigermane . . . 
Hexaphenyldigermane. . 

Hexaphenyldigermane 

(tribenzene) 
Hexa-p-tolyldigermane . 
Methyltriphenylger- 

manium 

Octaphenyltrigermane. . 

Phenylethyl-sec-propyl- 
germanium  bromide 

Phenylgermanium  tri- 
bromide 

Phenylgermanium  tri- 
chloride 

Phenylgermanium  tri- 
iodide 

Phenyltri-p-tolylger- 
manium 

Propyltriphenylger- 
manium  (n) 


Tetra-i-amylgermanium 

Tetra-n-amylthioger- 

manium 
Tetraanhydro-tetrakis- 

diphenylgermanediol 

(cyclo) 
Tetrabenzylgermanium. . 
Tetra-p-biphenylylger- 

manium 
Tetra-p-bromophenyl- 

thiogermanium 
Tetra-n-butylgermanium 


Formula 


(CHsCeH^CCoHs) 
GeBr 
[(C6H6)3Go]2CH3... 

Ge(C2Ho)(C6H4- 
Cetkh 

(C2H5GeO)20 

(C2H5)GeBr3 

C2HoGeCl3 

C2H5GeF3 

C2H5Gel3 

Ge(C2H5)(C6E5) 

(CoH4CH3)2 

Ge(C2H5)(C3H7) 

(CGH5)2 

Ge(C2H5)(CH2- 

Ge(C2H5)(CoH5)3... 

(aH5CH2)6Ge2 

[(C2H5)3Ge]2 

[(C6H5)3Ge]2 

[(C6H5)3Ge]2-3C6nli 

(CH3C6H4)6Ge2.... 
Ge(CH3)(CcH5)3.. 

(C6H5)sGe3 

(C6H5)(C2HB)[CH 
(CH3)2lGeBr 
(C6H5)GeBr3 

(C6H5)GeCl3 

C6HsGel3 

GerC6H5)(CGH4 

CH3)3 
Ge(C3H7)(C6H5)3... 

Ge(C5Hiij4 

Ge[S(CH2)4CH3]4.. 

[Ge(C6H5)20]4 

Ge(CH2C6H5)4 

Ge(C6H4C6H5)4... 

Ge(SC6H4Br)4 

Ge(C4Ho)4 
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Mol. 
wt. 


411.87 
G21.83 
561.24 

251.32 

341.41 

238.03 

158.66 

4S2.42 

361.01 

208.95 

375.04 

332.96 

611.96 
319.56 
607.80 

842.13 

691.96 
318.94 

834.60 
301.76 

389.45 

256.07 

530.46 

423.08 

346.99 

357.16 
485.40 

971.20 

437.11 

685.37 

824.87 
301.05 


Crystalline  form,  color  and  index 
of  refraction 


col.  pr 

lg.  col.  pr 

col.  cr 

wh.  powd 

col.  liq 

col.  liq 

col.  liq 

yel.  liq 

wh.  cr 

liq 

col.  cr 

col.  sld 

col.  cr 

col.  liq 

wh.  cr 

col.  cr 

col.  cr 

trans,  col.  cr 

wh.  cr 

col.  oil;  opt.  act.,  d.  &  I.  forms 

col.  liq 

col.  liq...- 

wh.  sol.,  dec.  by  light 

wh.  pr 

col.  need 

col.  oily  liq.,  1.45717-5 

col.  liq.,  1.533625 

monocl.  pr.  &  cubes 

col.  sol 

wh.  need 

col.  cr 

col.  oily  liq 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

119 

132-33 

154-6 

>300 
<-33 

<-33 

-16.5  to 
-15.5 
-2.5  to 
-1.5 
55 

175-90 

56-7 

78.0-5 

183-4 
<-60 
340 

d.  -CeHe 

225-7 
70.5-1.0 

247-8 

i. 

s. 
d. 

d. 

d. 

d. 

i. 

i. 
i. 

i. 

i. 

i. 

hyd. 

hyd. 

hyd. 

i. 

i. 

i. 

s. 
d. 

d. 

d. 

d. 

i. 

i. 
i. 

i. 

i. 

hyd. 

hyd. 

hyd. 

i. 

i. 

i. 

2 

v.  s.  bz.,  eth.,  pet.  eth.„ 

3 

chl;  i.  liq.  NH3,  al. 

4 

d. 
200** 

144762 
H2750 

28 1755, 
d.>350 

s.  HC!,  al.;  i.  pet.  eth. 

5 

d.  liq.  NH3;  s.  bz.,  eth. 

fi 

d.  liq.  NH3;  s.  bz.,  eth. 
d.  liq.  NH3;  s.  bz.,  eth. 
d.  liq.  NH3;  s.  bz.,  eth. 

7 

8 

9 

10 

11 

s.  meth.  al. 

12 

s.  eth.,  pet.  eth.,  bz.,  chl.. 

13 

acet.;  i.  meth.  al. 
s.  glac.  acet.  a. 

14 

2657M 

s.  bz.,  eth. 

15 

si.  s.  h.  bz.,  h.  chl.;  i.  liq. 

In 

NH3,  lgr. 
s.  bz. 

17 

18 

v.  s.  bz.,  eth.,  acet.,  chl. 

19 

130-5" 

120-2" 
105-612 

pet.  eth.;  i.  c.  meth.  al.. 
liq.  NH3 
s.  h.  bz.,  h.  chl. 

20 

21 

d.  liq.  NH3;  s.  org.  solv. 
d.  liq.  NH3;  s.  org.  solv. 
d.  liq.  NH3;  s.  glac.  acet. 

22 
23 

55-6 

191 

86.0-.5 

24 

a.;  org.  solv. 
s.  org.  solv. 

25 

v.  s.  chl.,   bz.,  pet.  eth.; 

26 

1.069725 

163-4 
240-13-1 

si.  s.  isopropyl  al.;  i.  meth. 
al.,  liq.  NH3 

27 

s.  bz.,  abs.  al. 

28 

218 

107-8 
270-2 

196.0-.5 

s.  ethyl  acetate,  pet.  eth., 

29 

eth. 

30 

s.  bz. 

31 

s.  bz.,  abs.  al. 

32 

178-80733? 

5t)i 


PHYSICAL  CONSTANTS  OF 


Name 


Formula 


Germanium: 

Tetra-p-tert-butylphenyl- 
thiogermanium 

Tetra-n-butylthioger- 

manium 
Tetra-sec-butylthio 

germanium 
Tetra-ter<-butylthio- 

germanium 
Tetracetylthioger- 

manium 

Tetracyclohexylthioger- 

manium 
Tetraethoxylgermanium 

(tetraethyl  germanate) 
Tetraethylgermanium , . 


Tetraethylthioger- 

manium 
Tetra-iso-butylthio- 

germanium 
Tetraisopropylthioger- 

manium 

Tetramethylgermanium 
Tetramethylthioger- 

manium 
Tetraphenoxygermanium 
Tetraphenylgermanium 

Tetra(2-phenylethyl)- 

germanium 
Tetraphenylthioger- 

manium 

Tetra-n-propylger- 

manium 
Tetrapropylthioger- 

manium 
Tetra-N-pyrrylger- 

manium 
Tetra-  a-thienylger- 

manium 

Tetra-o-tolylgermanium . 
Tetra-m-tolylgermaniu  m 

Tetra-p-tolylgermanium 

Tetra-p-tolylthioger- 
manium 

Tolylgermanium  tribro- 
mide(p) 

Tolylgermanium  tri- 
chloride (p) 

Tolylgermanium  tn- 
iodide(p) 

Trianhydrotetrakisdi- 
phenylgermanediol 

Tribenzylgermanium 
bromide 


Ge[SC5H4C(CH3); 


Ge[S(CH2)3CH3]4.. 

Ge[SCH(CH3) 

(C2H5)]4 
Ge[SC(CH3)3j4.... 


Ge[SCH2(CH2)i4 
CH3]4 


Ge(SC6Hn)4. 
Ge(OC2H5)4. 
Ge(C2H5)4.. 


Ge(SC2H5). 


Ge[SCH2CH 

(CH3)2]4 
Ge[SCH(CH3)2]4 


Ge(CH3)4. . 
Ge(SCH3)4, 


GefOCeHsh. 

Ge(CoH5)4.. 


Ge(C6HoC2H4)4. . . 
Ge(SC6H6)4 

Ge(C3H7)4 

Ge(SC3H7)4 

Ge(C4H4N)4 

Ge(C4H3S)4 

Ge(C6H4CH3)4.... 
Ge(C6H4CH3)4.... 


Ge(C6H4CH3)4. 
Ge(SC6H4CH3)4 


(CH3C6H4)GeBr3.. 

(CH3C6H4)GeCl3.. 

(CH3C6H4)GeI3... 

[HO-GeCCfiH5)2-0- 
Ge(C6H5)2]20 
(C6H5CH2)3GeBr.. 
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Mol. 
wt. 


733 . 66 

429.29 

429.29 

161.77 

1102.55 

533.44 

252  84 
188.84 

317.08 
429.29 
373.19 

132  74 

260.98 

445.00 
381.00 

493.21 

509.24 

244.95 
373  19 
336.92 
405.10 

437.11 

437.11 

437.11 
565.35 

403.47 

270.10 

544.49 

989.22 

425.90 


Crystalline  form,  color  and  index 
of  refraction 


col.  tetrag 


liq.,  1. 543925  .  . 
liq.,  1.549725.  .. 
tetrag.  columns, 
wh.  cr 


2    cr.    mod     a.    (stab.)    tetrag.;    & 

(metastab  )  monocl. 
col.  liq 

col.  oil,  1.44317-5;  1.554°;  1.43930 


liq.,  1.588625 

liq.,  1.538125 

liq.,  1.553525 


col.  liq 

liq.,  1.637925. 


col.  oil. . 
tetr.,  col . 


col.  cr. 


col.,  rhomb,  cr.,  1.7348,  1.7821   CH 

green) 

col  mob.  liq.,  1.45117-5 

liq.,  1.561225 

It.  yel.  cr. .  

wh.  need.,  doubly  refract 


wh.  hex.  cr. 
wh.  need. . . 


wh.  rhbdr.  tab 

col.,   rhomb,   cr.,    1.726,    1.7716   (H 
green) 
col.  liq 


col.  liq 

col.  cr.,  sensit.  to  light. 


col.  cr. 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  CC 

Solubility  in 

grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

155-6 

i. 
i. 

d. 

i. 

i. 

i. 
i. 
i. 

hyd. 
hyd. 
hyd. 

d. 

i. 

i. 

i. 
i. 
i. 

hyd. 
hyd. 
hyd. 

si.   s.   al.,   glac.   acet.   a.; 

s.  pet.   eth.,  eth.,  acet.; 

v.  s.  chl.,  bz. 
s.  abs.  al. 

2 

1.107225 
1.111925 

222.545 
200.54 

subl.  1704 

3 

s.  bz. 

4 

172-73 
50-1 

84 
88 

-81 

-90 

s.  abs.  al. 

fi 

v.  s.  chl.,  bz.;  s.  pet  ethM 
eth.;  si.  s.  acet.,  al.,  glac. 
acet.  a. 

s.  abs.  al.,  pet.  eth. 

6 

al.27015 
01.25915 

s.  abs.  al  ,pet.  eth. 

7 

185-7 
162.5-3.0 

164.5-5.05 

199-2001-5 

162-644 

43.4 
138-404 

210-2003 
>400 

8 
9 

1.1980 

1.257425 
1.098425 

1.147825 

1.0060 
1.436425 

s.  bz.,  eth.,  HC1 
s.  bz. 

10 

s.  al. 

11 

12 
13 

14 

15 

-88 
-3 

235.7 
56-7 
101.5 

-73 

s.  abs.  al. 

s.     al.,     eth.,     bz. 
s.  al.,  bz. 

s.  bz. 

15 

s.  chl.,  bz.,  tol.;  si.  s.  eth., 

16 

acet.,  lgr. 
s.  eth.,  al. 

17 

0.9539^ 
1.166225 

s.  bz.,  abs.  al.,  meth.  al. 

18 

225™ 
191-925 

19 

s.  abs.  al. 

20 

202 
149-50 

175-6 

146 

227 
110-11 

155-6" 

72 

149 

145 

s.  pet.  eth.,  chl. 

21 

s.    bz.,    tol.,    acet.,    chl., 

?,?, 

CCU;  si.  s.  al.,  meth.  al.; 
i.  pet.  eth. 
s.  CCU,  bz.,  xylene;  si.  s. 

33 

h.  al.;  i.  pet.  eth.,  al. 
s.    bz.,   tol.,   CCU;   si.   s. 

24 

meth.  al. 
s.  bz. 

25 

s.  bz.,  abs.  al. 

26 

115-612 

d.  liq.  NH3;  s.  org.  solv. 

27 

28 

d.  liq.  NH3;  s.  org.  solv. 
d.  liq.  NH3;  s.  org.  solv. 

29 

s.  eth.  acetate 

30 
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PHYSICAL  CONSTANTS  OF 


Name 


Germanium: 

Tribenzylgermanium 

chloride 
Tribenzylgermanium 

fluoride 
Tribenzylgermanium 

iodide 
Tribenzylgermanium 

oxide 
Tri-p-biphenylylger- 

manium  bromide 
Tri-terf-butylthioger- 

manium  chloride 
Tricy  clohexylgermani  am 

bromide 
Tricyclohexylgermanium 

chloride 
Tricyclohexylgermanium 

fluoride 
Tricyclohexylgermanium 

hydroxide 
Tricyclohexylgermanium 

iodide 
Triethylgermanium 

bromide 
Triethylgermanium 

chloride 
Triethylgermanium 

fluoride 
Triethylgermanium 

hydride 
Triethylgermanium 

imine 
Triethylgermanium 

iodide 
Triethylgermanium 

oxide 
Triethylphenylger- 

manium 
Triethyl-p-tolyl-ger- 

manium 
Triethyl-2,2,2,  triphenyl- 

digermane  (1,1,1) 
Trimethylgermanium 

bromide 
Trimethylphenylger- 

manium 
Trimethylstannyl-tri- 

phenylgermanium 
Triphenylanisylger- 

manium 
Triphenyldimethylam- 

inophenylgermanium 
Triphenylgermanium 

amide 
Triphenylgermanium 

bromide 
Triphenylgermanium 

chloride 
Tr  iphenylgermani  um 

fluoride 


Formula 


(C6H6CH2)3GeCl.. 

(C6H5CH2)3GeF.. 

(C6H5CH2)3GeI... 

[(C6H5CH2)3Ge]20 

(C6H5C6H4)3GeBr. 

Ge[SC(CH3)3]3Cl  . 

(CeHn)3GeBr 

(C6Hn)3GeCl 

(C6Hn)3GeF 

(C6Hn)3GeOH  . . . 

(C6Hu)3GeI 

(C2H5)3GeBr 

(C2H5)3GeCl 

(C2H5)3GeF 

(C2H5)3GeH 

[(C2H5)3Ge]2NH.. 

(C2H5)3GeI 

[(C2H5)3Ge]20.... 

Ge(C2H5)3(C6H5).. 

Ge(C2H5)3CH3C6H 

(C2H5)3Ge- 
Ge(C6H5)3 
Ge(CH3)3Br 

Ge(CH3.)3(C6&>).. 

(CH3)3Sn- 

Ge(C6H5)3 
Ge(C6H5)3(CH3 

OC6H4) 
Ge(C6H5)3C6H4N 

(CH3)2 
(CsH5)3GeNH2.... 

(CeH5)3GeBr 

(C6H5)3GeCl 

(C6H5)3GeF 


Mol. 
wt. 


381.44 
364.98 
472.90 
707.96 
612.09 
375.58 
401.96 
357.50 
341.05 
339.06 
448.97 
239.70 
195.24 
178.78 
160.79 
334.58 
286.70 
335.56 
236.88 
250.91 
463.68 

197.62 
194.80 
467.70 
411.03 
424.07 
319.93 
383.82 
339.36 
322.90 


Crystalline  form,  color  and  index 
of  refraction 


col.  cr 

col.  need 

col.  cr 

wh.  cr 

col.  cr 

col.  cr 

col.  cr 

col.  need 

col.  cr 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

rhomb,  cr 

col.  oily  liq.,  1.4705 

col.  liq 

wh.  cr 

wh.  sld 

wh.  need 

wh.  ppt 

hex.  col i 

wh.  cr 

wh.  cr 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


l 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 


Sp.  gr.  or 

density 


.544 


Melting 
point,  °C 


155 

96 

141 

135 

242 

66-7 

110 

102 

92 

176-7 

99-100 

-33 

<-50 


<-50 
<-50 


89.5-90.5 
-25 


88 

158-9 

140-1 

d.  -NH3 

138.7 

117-8 

76.6 


Boiling 
point,  °C 


156-7"  < 


190.9 

175.9 

149.075i 

124.47^ 

10001 

212.3 

253  9 

116-713 

125-612 


113.7 
182-3 


28512 


Solubility  in  grams  per  100  ml  of 


Cold 
water 


hyd. 
hyd. 
hvd. 


hyd. 

hyd. 

hyd. 

hyd. 

i. 

hyd. 

hyd. 


Hot 

water 


hyd. 
hyd. 
hyd. 


hyd. 

hyd. 

hyd. 

hyd. 

i. 

hyd. 

hyd. 

i. 


d. 


d. 

hyd. 
hyd. 
hyd. 


Alcohol,  acids,  etc. 


s.  pet.  eth. 

s.  bz. 

s.  al.,  org.  solv, 

s.  al. 

s.  meth.  al. 

s.  meth.  al 

s  al.,  bz.,  pet.  eth. 

s.  meth.  al. 

s.  bz.,  eth.,  chl.,  CCU 

s.  bz.,  eth.,  chl.,  CCU 

s.  bz.,  eth.,  chl,,  CCU 

s.  bz.,  eth.;  i.  liq.  NH3 

s.    bz.,    eth.,    CCU,    chl.; 

i.  liq.  NH3 
s.    bz.,    eth.,    chl.,    CCU; 

i.  liq.  NH3 
s.  C2H6NH2,  bz.,  eth.,  org. 

solv.;  i.  liq.  NH3 
s.  org.  solv. 

s.  org.  solv. 

v.  s.  bz.,  chl.;  s.  pet.  eth., 
al.;  si.  s.  meth.  al. 

s.  org.  solv. 

s.  org.  solv. 

s.  pet.  eth.,  CCU,  chl.,  bz.; 
si.  s.  al.;  i.  liq.  NHs 
s.  al.,  glac.  acet.  a. 

i.  liq.  NH3 

s.  bz„  chl.;  si  s.  lgr. 

s.  bz.,  eth. 

v.  s.  bz.,  eth.,  lgr.,  chl., 
i.  liq.  NH3 
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PHYSICAL  CONSTANTS  OF 


Name 


Germanium: 

Tripheny  ]  germanium 

hydride 
Triphenylgermanium 

hydroxide 
Triphenylgermanium 

iodide 
Triphenylgermanium 

oxide 
Triphenyl  german  ium 

sodium 
Triphenylgermanium 

sodiumoxide 
Triphenylgermanium 

sodiumtriammine 
Triphenyl-m-tolyl  ger- 
manium 

Triphenyl-p-tolyl  ger- 
manium 
Tri-o-tolylgermanium 

bromide 
Tri-m-tolylgermanium 

bromide 
Tri-p-tolylgermanium 

bromide 
Tri-o-tolylgermanium 

chloride 
Tri-m  -tolylgerman  ium 

chloride 
Tri-p-tolylgermanium 

chloride 
Tri-o-tolylgermanium 

hydroxide 
Tri-m-tolylgermanium 

oxide 
Tri-p-tolylgermanium 

oxide 
Tri-m-tolyl-p-tolyl 

germanium 
Tri-p-tolyl-o-tolyl  ger- 
manium 
Tri-triphenylgermanium 

nitride 
Tris-acetylacetoneger- 

manium  cupribromide 
Tris-acetylacetoneger- 

manium  cuprobromide 
Tris-acetylacetoneger- 

manium  cuprochloride 
Tris-acetylacetoneger- 

manium  dicuprobromide 
Gold: 
Aminopyridinotribromo- 

gold  (2) 
Ethylenediami  nodibutyl- 

gold  bromide 
Ethylenediaminodi- 

propylgold  bromide 
Pyridinotribromogold. . . 
Quinolinotribromogold .  . 
Indium 

trimethyl 


Formula 


Mel. 
wt. 


Crystalline  form,  color  and  index 
of  refraction 


(C6H6)3GeH 

(C6H5)3GeOH 

(C6H5)oGeI 

[(C6H6)3Ge]20 

Ge(C6H5)3Na 

Ge(C6Hr03ONa.... 
Ge(C6H6)3Na-3NH3 

Ge(C6H5)3(C6H4- 

CH3) 
GefC6Ho)3(CGH4- 

CH3) 
(CH3C6H5)3GeBr.. 

(CH3CeH5)3GeBr.. 

(CH3C6H5)3GeEr.. 

(CHaCeHOaGeCl.. 

(CH?CcH5)3GeCl 

(CH3C6H5)3GeCl.. 

(CH3C6H5)3GeOH 

[(CH3C6H5)3Ge]-.0. 

[(CH3C6H5)3Ge]20. 

Ge(C6H4CH3)3- 

(C6H4CH3) 
Ge(C6H4CH3)3- 

(C6H4CH3: 
[(C6H5)3Ge]3N.... 


[(C5H702)3Ge] 

CuBr3 
[(CsHvO^sGe] 

CuBr2 
[(C5H702)3Ge] 

CuCb 
[(C5H702)3Ge] 

Cu2Br3 

H2NC5H4NAuBr3 

(CH2NH2)2Au(C4 

H9)2Br 
(CH2NH2)2Au(C3 

H7)>Br 

C6H5NAuBr3.  . . . 
C9H7NBr3Au.... 


In(CH3)2 


304.91 
320.91 
430.82 
623.80 
326.90 
342.90 
378.00 
395.03 
395.03 
428.92 
428.92 
428.92 
381.44 
384  46 
384.46 
366.01 
714.01 
714.01 
437.11 
437.11 
925.71 
673.24 
593.32 
504.40 
736.81 

531.06 

451.44 

423.39 

528.06 
566.10 

159.86 


wh.  cr.  (two  forms) 

wh.  cr 

wh.  cr 

col.  pi 

lt.yel 

wh.  sld 

yel.  sld 

wh.  anisotropic  need 

wh.  sld 

col.  oil,  (blue  fluores.) 

wh.  need.,  anisotropic 

col.  cr 

col.  oil 

sm.  silky  need.;  opt.  act 

wh.  cr 

amor,  powd 

wh.  cr 

wh.  pr.  anisotropic 

wh.  sld 

wh.  cr 

col.  need 

gr.  -blk.  cr 

col.  rect.  pr 

col.  pr 

col.  pr 

blk.  pr 

col.  need 

col.  cr 

red  need 

deep  red  lust,  pr 

col.  cr 
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METAL-ORGANIC  COMPOUNDS  (Continued 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

o,47,/3,27 

134.2 

157 

183-4 

v.  high 

high 

d. 

136.5-8.5 

123-4 

i. 

i. 

hyd. 

i. 

d. 

d. 

d. 

i. 

i. 
i. 

hyd. 

s. 

s. 

s. 

d. 

i. 

i. 

hyd. 

i. 

d. 

d. 

d. 

i. 

i. 
i. 

hyd. 

v.  s.   bz.,   tol.,   eth.,   chl., 

2 
3 

CCU;  si.  s.  liq.  NH3 
s.  bz.,  chl.;  si.  s.  lgr. 

s.  bz.,  eth. 

4 

s.  bz.,  lgr.,  eth. 

5 

6 
7 
8 
9 
10 

205-101 
222-31 

v.  s.  liq.  NH3;  si.  s.  eth.,  bz. 

i.  liq.  NHs 

v.  s.  liq.  NH3 

s.    bz.,    h.    pet.    eth.;    1. 
meth.  al. 
s.  org.  solv. 

11 

78.0-.9 

128-9 

84-5 
121 

s.  CCU,  bz.,  eth. 

n 

s.  pet.  eth. 

13 

216-221 
221-41 

14 
15 

s.  pet.  eth.,  bz.;  i.  c. 

CH3OH 
s.  pet.  eth. 

16 

212-41 

17 

125.0-.2 

148-50 

98.5-100.5 

164-6 

163-4 

139 

165-6 

147-8 

195  d. 

160  d. 

d.  190 

volat.  130 

d.  150 
d.>200 

89.0-.8 

s.  al.,  bz.,  pet.  eth. 

18 

s.  h.  lgr.,  c.  bz.;  si.  s.  eth. 

19 

al.,  meth.  al. 
s.  meth.  al. 

?0 

?,1 

s.  lgr.,  eth.,  bz. 

n 

i.  chl. 

?3 

s.  chl. 

?4 

s.  chl. 

?5 

s.  h.  acet.  acet.;  i.  chl. 

?6 

s.  chl. 

97 

s.  al. 

?8 

d.  190 

29 

s.  al.,  act. 

30 

l568f9 

s.  chl. 

31 

subl. 

s.  eth. 
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PHYSICAL  CONSTANTS  OF 


Name 


Formula 


Lanthanum 

hexaantipyrine  iodide 
Lead: 

Hexaethyldilead  (tri- 
ethyllead) 
Tetraethyllead 


Tetraisobutyllead . 
Tetraisopropyllead 


Tetramethyllead 

Tetraphenyllead 

Tetra-n-propyllead 

Lithium: 

Ethyllithium 

Mercury: 

Aminophenylmercuric 
acetate  (p) 

Biphenylmercury 

Chloromercuriphenol  (o) 

Di-n-amylmercury 

Di-(d/)-amylmercury 

Dibenzylmercury 


Di-n-butylmercury 

Diethylmercury 

Di-n-hexylmercury 

Diisoamylmercury 

Diisobutylmercury 

Diisopropylmercury 
Dimethylaminophenyl- 

mercuric  acetate  (p) 
Dimethylanilinemercury 

(p) 

Dimethylmercury 

Dinaphthylmercury  (a) . 


Dinaphthylmercury  (/3) .    Kg(CioH7)2. 
Diphenylmercury HgCCeHs^ . 


La(COCi9Hi2N2)6l3 
Pb2(C2H6)6 

Pb(C*H5)4 


Pb[CH2CH(CH3)2]4 
Pb[CH(CH3)2]4.... 


Pb(CH3)4. 
Pb(C6Ho)4. 
Pb(C3H7)4. 

L1C2H5... 


Mol. 
wt. 


C6H4(NH2)HgOi 
C2H3 

HgCCeHsCsHO-.. 
C6H40HHgCl.. 

Hg(C5Hn)2 

Hg(CoHn)2 

Hg(C7H7)2 


Hg(C4H9)2 

Hg(C2H5)2 

Hg(C6Hi3)2 

Hg(C5Hn)2 

Hg(C4H9)2 

Hg(C3H7)2 

C6H4N(CH3)2Hg02 

Hg[C63H4N(CH3)2]2 


Hg(CH3)2.. 
Hg(CioH7)2. 


Dipropylmercury. . . 
Ditolylmercury  (0) . 
Ditolylmercury  (m) 
Ditolylmercury  (p) . 


Ethane  hexamercarbide . 
Ethylmercuric  chloride. . 
Ethylmercuric  hydroxide 

Ethylmercuric  iodide .  .  . 
Mercury  ethylmercap- 

tide  (ic) 
Mercury  phenylmercap- 

tide  (ic) 

Methyl  mercuric  chloride 
Methylmercuric  iodide. . 

Naphthylmercuric  ace- 
tate (a) 

Naphthylmercuric  chlo- 
ride (a) 


Hg(C3H7)2. 
Hg(C7H7)2. 
Hg(C7H7)2. 
Hg(C7H7)2. 


C2HgeOi(OH)2. 

CoHaHgCl 

C2H5HgOH... 


2297.56 

588.78 

323.45 

435.66 
379.56 


Crystalline  form,  color  and  index 
of  refraction 


yel.  cr. 
liQ 


col.    liq.;    or.    flame,    grn.    marg., 
1.51952o 

pi.,  1.5042 

col.  liq.,  dec.  in  air,  1.5223 


267.35  liq.,  1.512020. 

515. 61  j  wh.  need 

379.56 


C2H5HgL... 

Hg(SC2H5)2. 

Hg(SC6H5)2. 


CH3HgCl. 
CH3HgI.. 


CioHrHgCfeCzHs. 
C10H7HgCl 


36.00 

351.77 

507.00 
329.17 
342.89 
342.89 
382.86 

314.84 
258.73 
370.94 
342.89 
314.84 
286.78 
379 . 82 

440.95 

230.68 
454.92 

454.92 
354.81 

286.78 
382.86 
382.86 
382.86 

1293.70 
265.13 
246.68 

356.59 
322.85 

418.93 

251.10 
342.56 

386.81 

363.22 


col.  liq.,  1.5094 
hex.  transp.  pi. 


col.  pr 

sm.  scales. 


1.4998 

1.5014 

long  brittle  col.  need 


1.5057 

col.  liq.  of  hazel  odor. 

1.4973 

1.4989 

col.  liq.,  1.4965 

1.5263 

long.  col.  need 


lust.  need. 


col.  liq.,  sweet  odor, 
rhomb,  wh 


cryst.  from  bz . . 
wh.  glassy  need. 


col.  mobile  liq.,  1.5170. 

wh.  tabl 

col.  or  It.  yel.  need. . .  . 
need 


yelsh.-wh.  powd. 
silv.  irid.  leaf. . . 
silv.  irid.  leaf. . . 


cr.  from  EtOH. 
leaf 


yelsh.  need. 


wh.  cr.,  disg.  odor, 
col.  pearly  leaf 


fine  need 

silk  quad,  tabl . 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

268-9  d. 

41.820 

i. 

i. 

i. 
i. 

d. 
i. 
difficultly 

i. 

v.  si.  s. 
i. 

i. 

i. 
i. 

i. 

i. 
i. 

i. 
i. 
i. 

i. 
i. 

i. 
i. 

i. 
soluble  in 

i. 

i. 

si.  s. 
i. 

i. 
i. 

i. 

i. 

?, 

1.471 

1.6591* 

1.324 
1.4504 

1.995 

d. 

200  d.;  9119 

3 

s.  bz.,  pet.,  al.,  eth. 

4 

-23 
-53.5 

-27.5 
227.7 

5 

6 

7 

12014; 
133-827 
110 

s.  bz.,  pet.  eth. 

s.  bz.,  pet.  eth.,  al. 
s.  bz. 

8 

1.44 

1261* 

s.  bz.,  pet.  eth.;  si.  s.  al. 

d.  eth.;  s.  bz.,  lgr. 

s.  dil.  a.;  si.  s.  chl.,  al.; 

q 

95 
167 

216 

152.5° 

10 

11 

i.  eth. 
common  solv. 

12 

s.  NaOH 

13 

1.6369 
1.6700 

13310 
93^ 

14 

15 

s.  al.,  eth.,  chl.,  CS2,  ac.  a.. 

16 

1.7779 

liq.  2.444 

1.5361 

1.6397 

1.83515;  1.7678 

2.0024 

105"> 
159 
15S10 
125>° 

205-7;  86l° 
63 10 

bz.,  eth.  acet.;  si.  s.  lgr. 

17 

v.  s.  eth.;  si.  s.  al. 

18 

19 

20 
21 

volat.  100 

s.  eth.,  al. 

?,?, 

165 
169 

s.  bz.,  chl.,  al.,  dil.  a. 

23 

s.  chl.;  si.  s.  al.,  eth.,  dil. 

24 

3.069 
1.929 

96 
249 

HC1 
s.  al.,  eth. 

25 

26 

188  (243) 

247-8 
121.8,  subl. 

s.  h.  CS2.,  chl.;  si.  s.  bz., 
eth.;  v.  si.  s.  h.  bz. 
si.  s.  al.,  eth. 

27 

28 

2.318 
2.0208 

20410-5; 

>306  d. 

189-91;  73io 
21914 

s.  chl.,  CS2,  bz.;  si.  s.  eth., 
h.al. 
v.  s.  eth.;  s.  al. 

29 

107 
102 
238 

exp.  230 

193 

37 

186 
76-7 

153  d. 

170 
143 

154 

188-9 

s.  h.  bz. 

30 

s.  bz.,  chl.,  acet.,  eth.  acet. 

31 

s.  h.  bz.,  chl.,  CS2;  si.  s. 

32 

c.  al. 
i. 

33 

3.482 

v.  s.  h.  al.;  si.  s.  eth. 

34 

v.  s.  h.  al.;  s.  eth.;  si.  s. 

35 

c.  al. 
s.  al. 

36 

d. 
d. 
volat.  100 

d.  a. 

37 

si.  s.  h.  al.;  v.  s.  bz.,  pyr. 

38 

4.063 

39 

v.   s.   meth.    al.;  s.  eth., 

40 

al. 
s.    al.,    ac.    a.,    bz.,    CS2, 

41 

fats;  si.  s.  eth. 
si.  s.  bz.,  al. 
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PHYSICAL  CONSTANTS  OF, 


No. 


Name 


10 
11 
12 

13 

14 

15 

16 
17 

18 
19 

20 

21 
22 
23 

24 

25 

26 
27 

28 

29 

30 

31 

32 

33 


Mercury: 

Phenylmercuric  acetate. 
Phenylmercuric  bromide 
Phenylmercuric  chloride 
Phenylmercuric  cyanide . 
Phenylmercuric  iodide. . 

Phenylmercuric  nitrate. . 
Tolylmercuric  bromide 

(p) 
Tolylmercunc  chloride 

(p) 
Neodymium: 
Neodymium  hexaantipy- 

rine  iodide 
Potassium: 
Potassium  saccharate, 

acid  (d) 
Potassium-m-nitrophen- 

oxide 
Potassium-p-nitrophen- 

oxide 
Rhenium: 
Bis-2:2'-dipyridyl  rheni- 

chloride 
Dipyridyl  per-rhenate 

(.2:2'> 

Dipyridyl  rhenichloride 
(2:2') 

Trimethylrhenium 

Tripyridyl  rhenichloride 
(2:2':2") 
Silicon: 

Chloromethylsilicane 

Di-p-aminoazobenzene 
fluosilicate 

Di-p-aminobenzoic  acid 
fluosilicate 

Dianiline  fluosilicate. . .  . 

Dichloromethylsilicane. . 

Didiphenylamine  fluo- 
silicate 

Diethylamide  fluosili- 
cate 

Dimethylaniline  fluosili- 
cate 

Dimethylsilicane 

Di-a-naphthylamine 
fluosilicate 

Di-/S-naphthylamine 
fluosilicate 

Di-m-nitraniline  fluosili- 
cate 

Dinitrosodiphenylamine 
fluosilicate 

Di-o-toluidine  fluosilicate 


Di-m-toluidine 

cate 
Di-p-toluidine 

cate 


fluosili- 
fluosili- 


Formula 


C6H5Hg02C2H3.... 

CeHsHgBr 

CeHaHgCl 

C6H5HgCN 

CeHsHgl 

CGH5HgN03 

C7H7HgBr 

C7H7HgCl 

[Nd(COCi9Hi2N2)6 
la] 

KHCeHsOs 

KOC6H4N02-2H20 

KOC6H4N02-2H20 

(CioH9N2)2ReCl6. 

(C5H4N2)HRe04. 

(C5H5N)2ReCl6.. 

Re(CH3)3 

(C5H4N)3HReCl6. 


SiH2ClCH3 

(NH2C6H4N2C6 

H5)2-H2SiF6 
(NH2C6H4COOH)2- 

H2SiF6 
(C6H5NH2)2-H2SiF6 

SiHCbCH3 

[(C6H5)2NH]2-H2 

SiF6 
(C6H5NHC2H5)2- 

H>SiF6 
(C6H5NHCH3)2- 

H2SiFG 

SiH2(CH3)2 

(C10H7NH2)2- 

HoSiFe 
(CioH7NH2)2- 

HoSiFo 
(C6H4NH2N02)2- 

H2SiF6 
[(C6H5)2N  =  NO]2- 

H2SiF6 
(CeH4NH2CH3)2- 

H2SiF6 
(C6H4NH2CH3)2- 

H2SiF6 
(C6H4NH2CH3)2- 

H2SiF6 
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Mol. 

wt. 


336.75 
357.63 
313.17 
303.73 
404.63 

339.72 
371.65 

327.19 


2302.91 

248.23 
213.23 
213.23 

713.43 

343.42 

557.25 

231.41 
634.33 

80.57 
538.54 

418.35 

330.33 
115.02 
482.51 

386.43 

358.38 

60.14 
430.44 

430.44 

420.33 

540.51 

358.38 

358.38 

358.38 


Crystalline  form,  color  and  index 
of  refraction 


rhomb,  sm.  wh.  lust,  pr 

rhomb,  wh.  lust,  tabl 

wh.  satiny  leaf 

rhomb,  long  pr 

rhomb,  satiny  tabl 

rhomb,  tabl 

thin  lust,  gray  sc 

rhomb,  silky  tabl 

rose  cr 

rhomb,  need 

flat  or.  need 

yel.  leaf 

pa.  grn.  cr 

col.  need 

yel.  need 

col.  oil 

pa.  grn.  cr 

long  cinnamon  br.  need 

pr.  wh.  long,  narrow 

irreg.  pi.  wh 

wh.  rods  forming  rosettes .... 

wh.  pointed  pr 

monocl.  wh.  need 

rosettes  of  wh.  need 

hex.  wh.  pi 

rhomb,  wh.  pi 

butterfly  shaped  indigo  cr. . .  . 

rhomb,  wh 

wh.  rect.  pr.  pi 

wh.  need.,  unst.  irreg.  outline 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

149 
276 
251 
204 
266 

176-86 
228 

233 

270-2 

si.  s. 
i. 

i. 
i. 

i. 

12.72o 

1.16 

16.313 

7.515 

si.  s. 
2.1 
si.  s. 

i. 
v.s. 

si.  s. 
i. 

si.  s. 
si.  s. 
i. 

more  sol. 

s.  glac.  ac.  a.,  bz.,  al. 

9 

s.  al.,  bz.,  pyr. 

si.  s.  h.  al.,  bz.,  pyr.,  eth. 

s.  h.  al.,  bz. 

3 

4 

r, 

s.    chl.,    CS2;    si.    s.    al., 

6 

eth.,  bz. 
s.  h.  al.,  bz. 

7 

s.  chl.,  al.,  bz.;  i.  c.  CS2 

S 

si.  s.  h.  al.,  bz.,  chl.,  acet., 

9 



pyr.;  i.  eth. 

10 

11 
12 

13 

1.69120 
1.6522o 

-2H20,  130 
-2H20,  130 

d. 
d. 

s.  al. 
si.  s.  al. 

14 

15 

16 

60 

17 

IS 

0.935-80 

-134.1 

220  d. 

242 

subl.  230 

-93 

169 

165.3 

7 

19 

.1872595%al. 

20 

0.912595%al. 

21 

s.  h.  al. 

?,?, 

0.930 

33 

2.449225  95%  al. 

24 

.9792595%  al. 

25 

s.  h.  al.;  i.  c.  al. 

26 

0.68-8° 

-150 
218 

236.3 

200 

124.5 

-20.1 

27 

.150425  95%  al. 

28 

.081625;  12483595%  al 

29 

.12125;  .47363595%al. 

30 

.8425  95%  al. 

31 

s.  h.  al.;  i.  c.  al. 

32 

s.  h.  al.;  i.  c.  al. 

33 
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PHYSICAL  CONSTANTS  OF 


Name 


Silicon: 

Ethyl triphenylsilicane.. . 

Hexamethyldisilicane . . . 

Methylsilicane 

Methyl  triphenyl  silicane 
Phenylenediamine  fluo- 

silicate  (m) 
Phenylenediamine  fluo- 

silicate  (p) 
Silico-benzoic  acid 


Tetrabenzylsilicane. 
Tetraethylsilicane.. . 
Tetramethylsilicane . 
TetraphenylsUicane . 


Tolidine  fluosilicate(o) .  . 

Triethylphenylsilicane .  . 
Sodium: 

Sodium  acetamide 

Sodium  acetylide 

(ethinylsodium) 

Sodium  anilide 

Sodium   anthraguinone- 

/3-sulfonate  ("Silver 

salt") 
Sodium  arsanilate 

(atoxyl,  soamim) 

Sodium  benzamide 

Sodium-iV-chloro-p-tol- 

uenesulfonamide 
Sodium  ethoxide  (sodium 

ethylate) 
Sodium,  ethyl- 


Sodium-j3-naphthoxide .  . 

Sodium-p-nitrobenzene 
isodiazotate 

Sodium-p-nitrophen- 
oxide 

Sodium-o-sulfobenzoic 
imide      (soluble     sac- 
charin) 

Triphenyl borylsodium*  . 

Triphenylmethylsodium 
Tellurium: 

Di-n-butyl  telluride 

Diethyl  telluride 

Dimethyl  telluride 


Dimethyl  telluronium  di- 

bromide  (a) 
Dimethyltelluronium  di- 

chloride  (a) 
Dimethyltelluronium  di- 

chloride  (0) 
Dimethyltelluronium  di- 

iodide  (a) 


Formula 


(C2H5)(C6H5)3Si 

Si2(CH3)6 

SiH3CH3 

(CH3)(C6H5)..Si.... 
CeEUCNEfeh-HoSiFc 

C6H4(NH2)2-H2SiF6 

CeHsSiOOH 


SKCeHsCH,)^ 
Si(C2H5)4... 
Si(CH3)4.... 
Si(C6H5)4... 


(CH3NH2C6H3)2- 
H2SiF6 
(C2H5)3(CcH5)Si... 


NaNHCOCH3. 
NaHC2 


NaNHGHs 

NaCi4H706S-H20 


NaCeHvOsNAs- 

6H20 

NaNHCOC6H5.. 
NaC7H702NClS- 

3H20 
NaOC2H5-2C2H5 

OH 
NaC2H5 


NaOCioH7 

NaC6H403N3-2H20 

NaOCeH4N02- 
4H20 
NaC7H403NS-2H20 


NaB(CGH5)3. 
NaC(C6H5)3. 


(C4H9)2Te. 
(C2H5)2Te. 
(CH3)2Te. 


C2H6Br2Te. 
C2H6Cl2Te. 
C2H6Cl2Te. 
C2HeI2Te.  . 


Mol. 
wt. 


288.42 


146.33 

46.12 

274.40 

252.22 

252.22 

138.17 

392.57 
144.30 

88.20 
336.46 

356.36 

192.34 

81.06 
48.03 

115.11 
328.27 

347.13 

143.12 
281.70 

160.19 

52.06 

166.15 
225.15 

233.16 

241.20 


265.12 
266.31 

241.84 
185.73 
157.68 

317.51 

228.59 

228.59 

411.52 


Crystalline  form,  color  and  index 
of  refraction 


rhomboidal  pr. 


choc.  br.  need.-like  pr . 
pink  irreg.  six-sided  pi . 
col.  flaky  resin 


liq.,  1.4246 

col.  liq 

col.  flocc.  amor,  part 

tiny.  micr.  wh.  pr. .  . 


wh.  tabl 
wh.  cr. . 


wh.  cr.,  v.  hygr. 
silvery  leaf 


wh.  cr.  powd.,  monocl 


wh.  powd. 
col.  pr. .  . . 


wh.  powd.  or  need, 
wh.  cr.,  d.  air 


wh.  powd.,  v.  hygr. 
gold.  leaf,  or  need. . 


yel.  moncol.  pr . 
wh.  tabl 


yel  .-or.  silky  need, 
red.  cr 


yel.  oil . 


pa.  yel.  oil;  garlic-like  odor. 

or.  leaf-like  cr 

leaf-like  cr 

leaf-like  cr 

red  cr 


All  of  the  tri-arylborines  form  analogous  addition-salts  of  the  alkali  metals. 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in 

?rams  per  100  ml  of 

No. 

Cold 
water 

Hot 
water 

Alcohol,  acids,  etc. 

1 

76 

12.5-14 
-156.4 
67.3 
243-4 

d. 

40-50 

i. 
i. 

i. 

d. 
d. 

d. 
0.84 

16i-7 

d. 

s. 

d. 
d. 

s. 
V.  s. 

5.9725 

V.  s. 

d. 
d. 

si.  s. 

s. 
i. 

27 

v.s. 
d. 

d. 

s. 

v.  si.  s. 

s.    chl.,    bz.,    eth.    acet.; 

9, 

112.5 
31 

si.  s.  al. 

0.62-*' 

4 

s.  eth.,  chl.,  bz.;  si.  s.  al. 

5 

0.0652595%al. 

6 

0.0142595%al, 

7 

215-6 

127.5 

152.8-3.2 

26.5 

s.  eth.,  bz.,  chl.;  si.  s.  al., 

8 

ac.  a. 
s.  eth.,  chl.,  bz.;  si.  s.  al. 

9 

.762'-* 
.65115 

10 

s.  eth.;  i.  cone.  H2SO4 

11 

s.  acetic  anh.  and  chloro- 

1? 

268-9 

148 

300-50  d. 
d.>210 

d. 
d. 

sulphonic  acid 
.01325,  .0413595%al. 

18 

230 

14 

d.  al.;  si.  s.  bz.,  liq.  NHa 
d.  a.;  s.  liq.  NH3 

d.  a.,  al.;  s.  liq.  NH3 

15 

16 

d. 

17 

v.  si.  s.  al. 

IS 

si.  s.  al.;  s.  CH.3OH 

19 

d. 
expl. 

175-180 
-2C2H5OH, 

200 
d. 

d. 

— H2O  over 

H2S04 
-2H20,  36; 

-4H2O,120 
-H2O 

d.  al.;  i.  eth.,  bz.,  chl. 

20 

*1 

d. 

v.  s.  al.;  i.  NH3 

22 

d.  al.,  eth.;  s.  diethylzinc; 

23 

i.  bz.,  lgr. 
v.  s.  al.,  eth.;  i.  lgr. 

24 

exp. 
d. 

25 

si.  s.  al. 

26 

si.  s.  h.  al. 

27 

d. 

0.0818  eth. 

28 

s.  eth.,  bz.,  liq.  NH3 

29 

1.3344° 

132-5 
137-8 

82,  94770 

30 

31 

sld.  in  liq. 
air 
142  d. 

92 

134 

127  d. 

32 

s.  al.,  eth. 

33 

s.  al.,  eth. 

34 

s.  al.,  eth. 

35 

s.  chl.,  bz. 
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PHYSICAL  CONSTANTS  OF 


Name 


Tellurium: 

Di-p-phenetyl  ditelluride 

Ditelluromethane 

Ethylmethyltellurophe- 
tone 
Thallium 

triethyl 

Tin: 

Amyltetrathioorthostan- 

nate  (n) 
Amyltetrathioorthostan- 

nate  (iert) 
Bromobenzenetetrathio- 

orthostannate  (p) 
Butylbenzenetetrathio- 

orthostannate  (p) 
Butyltetrathioortho- 

stannate  (n) 
Butyltetrathioortho- 

stannate  (sec) 
Carbomethoxyphenyltri  - 

chlorostannane  (o) 
Chlorobenzenetetrathio- 

orthostannate  (p) 
Cyclohexyltetrathio- 

orthostannate 
Di-o-anisyldichloro- 

stannane 
Dibenzyldiethylstannane 

Di  benzylethylpropyl- 
stannane 
Dibenzyltin  acetate. 


Dibenzyltin  dibromide 

Dibenzyltin  dichloride 

Dibenzyltin  diiodide. . 

Dibutyltin  dibromide. 
Dibutyltin  dichloride . 
Dichlorodi-m-tolyl  stan 

nane 
Diethyldibromodipy- 

ridinetin 

Diethyldiisoamyltin .  .  . 
Diethyldiisobutyltin.  . . 
Diethyldiphenyltin .... 
Diethylisoamyltin 

bromide 
Diethylisoamyltin 

chloride 
Diethylisobutyltin 

bromide 
Diethyl-n-propyltin 

bromide 
Diethyl-n-propyltin 

chloride 
Diethyl-n-propyltin 

fluoride 
Diethyltin 


Formula 


(C2H5OC6H4)2Te2. 

CH2Te2 

C2H5CTeCH3 

T1(C2H5)3 

Sn(SC*Hn;4 

[CH3CH2C(CH3)2 

S]4Sn 
Sn(SC6H4Br)4.... 

Sn(SC6H4C4H9)4.. 

Sn(SC4H9)4 

Sn(SC4H9)4 

(CHsOCOCeH*) 

SnCl.3 
Sn(SCfiH4Cl)4 

Sn(SC6Hn)4 

(CH30aH4)2SnCl2 

(C6H5-CH2)2Sn 

(C2H5)2 
(C6H5-CH2)2(C2H5) 

(C3H-)Sn 
(C6H5CH2)2Sn 

(OCOCH3)2 
(C6H5-CH2)2SnBr2 

(C6H5-CH2)2SnCl2. 

(C6H5-CH2)2SnI2.. 

(C4H9)2SnBr2 

(C4H9)2SnCl2 

(CH3C6H4)2SnCl2.. 

(C2H5)2SnBr2- 

(C5H5N)2 

(C2H5)2Sn(C5Hn)2. 
(C2H5)2Sn(C4H9)2.. 
(C2H5)2(C6H5)2Sn. . 
(C2H5)2(C5Hn) 

SnBr 
(C2H5)2(C5Hn) 

SnCl 
(C2H5)2(C4H9)SnBr 

(C2H5)2(C3H7)SnBr 

(C2H5)2(C3H7)SnCl 

(C2H5)2(C3H7)SnF . 

Sn(C2Ho)2 

574. 


Mol. 
wt. 


497.53 
269.25 
183.71 


291.57 

531.50 

531.50 

870.97 

779 . 76 

475.39 

475.39 

360.21 

693.14 

579 . 54 

403.87 

359.0 

373.10 

419.04 

460.79 

371.87 

554.79 

392.76 
303.84 
371.87 

494.85 

319.10 

291.05 
331.02 

327.88 

283.42 
313.85 
299.82 
255.36 
238.91 
176.82 


Crystalline  form,  color  and  index 
of  refraction 


or.  brown  need 

dk.  red  amor,  sld 

dark  yel.  oil,  1.505525. 


yel.  liq. 


Hq 

liq 

col.  need.  f.  al 

col.  need.  f.  pet 

col.  need.  f.  acet.-HCl 

col.  lng.  silky  yel.  need.  f.  pet.  eth. 


sm.  need, 
need 


si.  yel.  oily  liq. 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

? 

1.666 

108 
d.  214 

d.>!08 

i. 

i. 
i. 

s.  lgr. 

i. 

3 

1.8711 

-1 

63-5 

192 

162o.»o4 

4 

-63 

5 

r> 

44 

217 

106 

7 

,8 

9 

13Q.001 

lll-ooi 

10 

11 

164 

189 

53-4 

113 

<20 

>0 

136-7 

130 

163-4 

86-7 

20 
43 
39-40 

140 

12 

13 

14 

15 

16 

1.+ 

223-420 
220-5 15 

s.  org.  solv. 
misc.  all  org.  solv. 

17 

s.  acet.,  chl.,  bz. 

18 

s.    acet.,    al.,    eth.,    chl., 

19 

ecu 

s.    acet.,    al.,    eth.,    chl., 

20 

CCU,  h.  ac.  a. 
s.    acet.,    al.,    eth.,    chl., 

21 

ecu 

22 

23 

24 

25 

1.07251° 
1.1030 

13113.5 

108.213 
154-64 
137.517 

125.513 

12217 

112.216 

10817 

26 

27 

28 

1.488117 
1.299419-9 
1.5108 
1.591021 

1.3848i5-7 

29 

30 

31 

32 

33 

271 
<-12 

6.9331  meth.  al.;  3.783i  al.; 

34 

1.654 

150  d.  ! 

.0531  bz. 
s.  bz.,  eth.,  lgr.,  chl.,  CCU 
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PHYSICAL  CONSTANTS  OF 


Name 


Tin: 

Diethyltin  dibromide . 
Diethyltin  dichloride. . 
Diethyltin  difluoride. . 


Diethyltin  diiodide . 
Diethyltin  oxide... 


Diisoamyltin  dibromide 
Diisoamyltin  dichloride 
Diisoamyltin  diiodide. . 
Diisobutyltin  diiodide.. 
Diisopropyltin  di  bromide 
Diisopropyltin  dichloride 
Diisopropyltin  oxide. . . . 
Dimethyldibromodipy- 

ridinetin 
Dimethyldichlorodipy- 

ridinetin 

Dimethyldiethyltin 

Dimethyldiisobutyltin .  . 

Dimethylethylpropyltin . 

Dimethylethyltin  iodide 

Dimethyltin 

Dimethyltin  dibromide . 
Dimethyltin  dichloride.  . 
Dimethyltin  difluoride.  . 
Dimethyltin  diiodide. . . . 
Dimethyltin  oxide 


Dimethyltin  sulfide. 
Di-a-naphthyltin . . . 
Di  (phenylthiol)  di- 
phenylstannane 
Diphenyltin 


Diphenyltin  dibromide. 
Diphenyltin  dichloride. 
Diphenyltin  difluoride. 
Diphenyltin  diiodide. . . 
Diphenyltin  hydroxy- 

chloride 

Diphenyltin  oxide 

Di-n-propyldibromodi- 

pyridinetin 

Dipropyltin  dibromide 
Dipropyltin  dichloride 
Dipropyltin  difluoride. 
Dipropyltin  diiodide. . 
Di-m-tolylstannane. .  . 
Di-m-tolyl  thiostannan 


Di-p-tolyltin 

Di-o-tolyltin  dichloride. 
Di-p-tolyltin  dichloride 
Ditriphenylstannyl- 

methane 

Di-w-xvlyltin 

Dodecyl  tetrath  ioortho- 

stannate  (n) 


Formula 


(C2H5)2SnBr2 

(C2H6)2SnCl2 

(C2H6)2SnF2 

(C2H5)2SnI2 

(C2H8)2SnO. 

(CoHn)2SnBr2 

(C5Hn)2SnCl2 

(C&Hn)2SnI2 

(C4H9)SnI2 

(C3H7)2SnBr2 

(C3H7)2SnCl2 

(C3H7)2SnO 

(CH3)2SnBr2(C5 

H5N)2 
(CH3)2SnCl2(C5 

H5N)2 

(CH3)2Sn(C2H5)2... 
(CH3)2Sn(C4H9)2... 

(CH3)2C2H5C3H7Sn 

(CH3)2C2H5SnI.... 

[(CH3)2Snlx 

(CH3)2SnBr2 

(CH3)2SnCl2 

(CH3)2SnF2 

(CH3)2SnI2 

(CH3)2SnO 

(CH3)2SnS 

Sn(CioH7)2 

Sn(CcH5)2(SGH5)2. 

Sn(C6H5)2 

(C6H5)2SnBr2 

(C6H5)2SnCl2 

(C6H5)2SnF2 

(C6H5)2SnI2 

(C6H5)2Sn(OH)Cl.. 

(CeH5)2SnO 

(C3H7)2SnBr2(C5 
H5N)2 

(C3H7)2SnBr2 

(C3H7)2SnCl2 

(C3H7)2SnF2 

(C3H7)2SnI2 

(CH3C6H4)2SnO .  .  . 
(CH3C6H4)2SnS.... 

(CH3C6H4)2Sn 

(CH3C6H4)2SnCl2.. 
(CH3C6H4)2SnCl2.. 
[(C6H5)3Sn]2CH2... 

[(CH3)2C6H3]:Sn... 
Sn(SCi2H25)4 


Mol. 

wt. 


336.65 
247.74 
214.82 

430.66 
192.82 

420.81 
331.89 
514.82 
429.65 
364.71 
275.79 
220.87 
466.80 

377.88 

206.89 
262.99 

220.92 

304.75 

(148.77)* 
308.60 
219.68 
186.77 
402.61 
164.77 

180.83 
373.01 
491.22 

272.90 

432.73 
343.82 
310.90 
526.74 
325.37 

288.90 
522.90 

364.71 

275.79 
242.87 
458.71 
316.95 
333.01 

300.95 
371.87 
371.87 
714.03 

329.01 
924.23 


Crystalline  form,  color  and  index 
of  refraction 


col.  need 

wh.  need 

sq.  pi.  or  long  rhomb,  tab.  f.  meth.  al, 

wh.  need 

wh.  powd 

oily  liq 

pale  yel.  hyg.  cr 

col.  transp.  cr 

!!;!;"!;!;!■;!;;;'.'.!".;;;;■.;;;;;; 

col.  liq 

1.5705* 

yel.  sld 

col.  pr 

wh.  fine  pi 

rhomb,  wh 

wh.  powd 



yel.  amor,  powd 

col.  cr 

col.  cr 

col.  cr 

amor.  wh.  powd 

col.  amor,  powd 

col.  need 

col  cr 

leaf..... 

col.  oily  liq 

wh.  amor,  infus 

or  .-yel.  amor,  powd 



wh.  cr.  sld 
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METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

2 

2.06874 

63 

84-5 
229 

44.5-5.0 

infus. 

-25  to  -24 

28 

232-3 
220 

s. 
s. 

v.  si.  s. 
i. 

d. 

s. 
i. 

i. 

i. 

s. 

s. 

4.6630.7 

si.  s. 

i. 

i. 

v.  sl.s.,  d. 

i. 
i. 

i. 

v.  si.  s. 

v.  si.  s. 
0.2232 
i. 
i. 

s. 
s. 

si.  s. 
i. 

dV  " ' 

s. 

i. 

i. 

i. 

s. 

s. 
i. 

i. 

i. 

i. 

i. 

i. 
i. 

s.  eth.,  org.  solv. 
s.  HC1,  org.  solv. 

3 

.4531  al.;  2.6431  meth.  al.; 

4 

240-5  d. 

.04731  bz. 
s.  org.  solv. 

5 

s.  HC1,  dil.  a.,  cone,  alk.; 

fi 

i.  org.  solv. 

7 

8 

202-53 
290-5 

Q 

10 

54 

80-4 

d. 

172 

163 

<-13 

i.  org.  solv. 

11 

s.  al.,  h.  bz.,  glac.  ac.  a. 

1? 

s.  h.  HC1;  i.  org.  solv.,  alk. 

13 

14 

15 
16 

1.231919 

1.1179201 

2.0264| 

144-6 

8516-5 

149-51 

77-811; 

185-7™ 

s.  org.  solv. 

17 

18 

19 

i.  org.  solv. 

20 

74-6 
90  (107) 

208-13 
188-90 
d.<360 

228 
d. 

s.  org.  solv. 
s.  org.  solv. 
.0831  al.,  3331  meth.  al. 

21 

22 

23 
?4 

2.872 

43  (30) 
infus. 

148 
200 
65-65.5 

225.7; 

(126-30) 
38 
42 
360 
71-72 
187 

infus. 
128 

49 
81 
205 
<-15 

12i.5:2 

111.5 
49-50 
49-50 
104.5 

157 
35.5 

s.  org.  solv. 

s.  a.,  NaOH;  i.  org.  solv., 
NH4OH 

25 

26 

d.  255 

27 

28 

s.  chl.,  bz.,  eth.;  i.  abs.  al 

29 

23042 
333-7  d. 

s.  al.,  eth. 

30 

s.  al.,  eth.,  lgr. 

31 

32 

176-822 

s.  org.  solv. 

s.  cone,  a.;  i.  org.  solv. 

s.  cone,  a.;  i.  org.  solv. 

33 

34 

35 

36 

s.  org.  solv. 
s.  org.  solv. 
.9332  al    1  9132  meth  al 

37 

38 

39 

270-3 

s.  org.  solv. 

s.  min.  a.;  i.  org.  solv. 

40 
41 

42 

d.<245 

pyr.,  eth.;  s.  HC1 

43 

44 

45 

d.  240 

v.  s.  bz.,  eth.,  chl.;  s.  h. 
pet.  eth. 

46 

47 
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PHYSICAL  CONSTANTS  OF 


Name 


Tin: 

Ethylchlorostannic  acid . 
Ethyldiisoamyltia 

bromide 
Ethyldiisobutyltin 

bromide 

Ethylmethylpropyltin 
iodide 

Ethyl-n-propyldiiso- 

amyltin 
Ethylpropyltin     dichlo- 

ride 
Ethyl  stannic  acid 

Ethyltetrathioortho- 

stannate 

Ethyltin  tribromide 

Ethyltin  triiodide 

Ethyltri-rc-butyltin 

Ethj'ltri-/? -propyl tin. .  . . 
Hexadecyltetrathio- 

orthostannate  (n) 
Hexaethyl  distannane . . . 

Hexaethylditin 

Hexaphenylditin 

Hexa-p-tolylditin 

Hexa-p-xylylditin 

Isopropylstannic  acid.  .  . 

Isopropyltetrathio- 
orthostannate 
Isopropyltin  tribromide . 

Isopropyltin  trichloride . 

Methylstannic  acid 

Methyl  tetrathioortho- 
stannate 
Methyl  tin  tribromide. . . 

Methyltin  trichloride .  .  . 
Methyltin  triiodide 

Methyltribromodipy- 
ridinetin 

Methyltri-n-butyltin 

Methyl tri-n-propyl tin. . . 
Phenylbenzyltin  dichlo- 

ride 
Phenyltetrathioortho- 

stannate 
Phenyl  tin  tribromide .  .  . 

Phenyltin  trichloride 

Phenyl  tribenzyl  tin 

Propyltetrathioortho- 
stannate  (n) 
Propyltin  triiodide 


Formuli 


HsSnCsHsCU 

(C2H6)(C5Hn)2 

SnBr 
(CaHsKCJfchSnBr 

CH3C2H5C3H7SnI.. 


(C2H5)(C3H7)Sn 
(C5Hn)2 
(C2H5)(C3H7)SnCl2 

C2H5-SnOOH.... 

Sn(SC2H5)4 

C2H5SnBr3 

C2H5SnI3 

C2H5(C4H9)3Sn... 
C2H5(C3H7)3Sn... 
Sn(SCi6H33)4 

[Sn(C2H5)3l2 

l(C2H5)3Sn]2 

[(C6H5)3Sn]2 

[(CoH4CH3)3Sn]>.. 

[((CH3)2C6H3)3Sn]2 
C3H7SnO-OH 

Sn(SC3H7)4 

C3H7SnBr3 

C3H7SnCl3 

(CH3)SnOOH.... 

Sn(SCH3)4 

CH3SnBr3 

CH3SnCl3 

CH3SnI3 

CH3SnBr3(C5H5N) 

CH3(C4H9)3Sn.... 

CH3(C3H7)3Sn 

(C6H5)(C6H5CH2) 
SnCl2 
Sn(SC6H5)4 

CeHsSnBrs 

C6H5SnCl3 

(C6H5)Sn(C6H5 
CH2)3 
Sn(SC3H7)4 

C3H7SnI3 
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Mol. 
wt. 


Crystalline  form,  color  and  index 
of  refraction 


327.06!  col.  dc-liq.  pr. 
369.95! 


341.90 
332.80 

333.13 
261.76 
180.77 
363.18 

387.51 

528.52 

319.10 

277.02 

1148.65 

411.76 
411.76 
700.00 

784.16 

868.32 
194.79 

419.29 

401.53 

268.16 
166.74 
307.08 

373.48 

240.11 
514.49 

531.68 
305.07 


262.99 
357.84 

555.34 

435.55 
302.17 

469.18 

419.29 
542.55 


1 .  51 


need.  f.  It.  pet 

wh.  amor,  gel  or  powd 


col.  feath.  or. 
'1.4732.'..'.'" 


liq. 


flat  tabl.  f.  bz. 


flat  rhomb,  tabl.  f.  bz.-al. 
wh.  amor 


pa.  yel.  deliq..  pr. 


wh.  amor,  powd 


wh.  need. 


col.  cr 

It.  yel.  need 


1.4735 

col.'  need,  f!  dil.  HC1. 


Hq 


METAL-ORGANIC  COMPOUNDS  (Continued) 

No. 

1 
2 

3 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

d. 

d. 

S. 

i. 

s. 

i. 

i. 

s. 

s. 
s. 

s. 

i. 

i. 
s. 

1.3650 

1.4089'95 

— s 

1.065421-9 

154-5^ 
130.613 

108-1111; 

226-30™ 

sl.d. 
141" 

4 

5 

6 

57-8 

d.  below  red 

s.  eth.,  al. 

7 

heat 
105.001 

s.  dil.  min.  a.,  KOH;  i.  al., 

8 

eth.,  chl.,  xylene 

q 

310 

s.  al. 

10 

181-4" 

12910 
10110 

11 

1.0783 

n 

13 

53-54 

14 

16023 

d.  270 
d.<280 

d.  335 

d.  368 

15 

1.4120 

16 

232.5 

143.5 

192.5 
d. 

.029     eth.;      18.08     chl.; 

17 

7.82  bz. 
si.  s.   bz.,  eth.;  v.  si.  s. 

18 

abs.  al. 

2P°-4  bz. 

19 

s.  dil.  min.  a.,   KOH;   i 

20 

92-001 

org.  solv. 

21 

112 

s.  glac.  ac.  a.;  si.  s.  h.  bz., 
chl.;  i.  dry  eth. 

22 

7516 

23 

infus. 
31 

53-5 

43 

86.5 

203 

s.  a.,  alk.;  i.  org.  solv. 

24 

81.001 
210-11™ 

25 

s.  eth.,  al.,  bz.,  lgr.,  hyd. 
by  alk. 
hyd.  by  alk.;  s.  org.  solv. 
s.     eth.,     al.,     bz.,     chl 

26 

27 

28 

meth.  al. 

29 

1.0898?? 
4 

121" 

93i0 
80-100 

30 

31 

83-4 
67 

32 

33 

182-329 
142-325 
2905 

123-001 
d.  20016 

34 

35 

s.     all     ord.     org.     solv. 
except  al. 

36 

37 

. 
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PHYSICAL  CONSTANTS  OF 


Name 


Tin: 

Propyltri-n-amyltin  (n) . 
Stannic  bisacetylacetone 

dibromide 
Stannic  bisacetylacetone 

dichloride 
Stannic  bisbenzoylacet- 

one  dibromide 
Stannic  bisdibenzoyl- 

methane  dibromide. . .  . 
Stannic  bis-3-ethyl- 

acetylacetone  dibromide 

Tetra-atf-amyltin 

Tetra-n-amyltin 

Tetraaquastannic  bis- 
acetylacetone stanni- 

bromide 
Tetrabenzyltin 

Tetra-n-butyltin 

Tetracyclohexyltin 

Tetraethyltin 

Tetra-n-heptyltin 

Tetra-rc-hexyltin 

Tetraisoamyltin 

Tetraisobutyltin 

Tetramethyltin 

Tetra-n-octyltin 

Tetraphenyltin 

Tetrapropyltin 

Tetra-o-tolyltin 

Tetra-m-tolyltin 

Tetra-p-tolyltin 

Tetra-m-xylyltin 

Tetra-p-xylyltin 


Tolylstannonic  acid  (o) . 
Tolylstannonic  acid  (m) 


Tolyltetrathioortho- 

stannate  (p) 
Tolyltin  trichloride  (o) 
Tolyltin  trichloride  (p) 
Tolyltrichlorostannane 

(m) 
Tri-n-amyltin  bromide . 
Tribenzylethyltin 

Tribenzyltin  chloride .  . 

Tribenzyltin  hydroxide 

Tribenzyltin  iodide. . . . 
Tri-n-butyltin  bromide 
Triethyl-n-amyltin 


Formula 


C3H7(C5Hn)3Sn. . 
(CsHy&JaSnBr*.. 

(C5H702)2SnCl2.. 

(CioHifi02)2SnBr2 

(Ci5Hio02)2SnBr2 

(C7Hii02)2SnBr2. 

Sn(C5Hii)4 

Sn(C5Hii)4 

(C5H702)2Sn(OH2)4 
SnBre 


Sn(C6H6CH2)4 

Sn(C4H9)4.... 
Sn(C6Hn)4. . . 


Sn(C2H6)4. 
Sn(C7Hi5)4. 
Sn(C6Hi3)4. 
Sn(C6Hn)4. 
Sn(C4H9)4. 
Sn(CH3)4.. 
Sn(C8Hn)4. 
Sn(C6H5)4. 


Sn(C3H7)4 

Sn(C6H4CH3)4. 
Sn(C6H4CH3)4. 
Sn(C6H4CH3)4. 


[(CH3)2C6H3]4Sn. 
[(CH3)2C6H3]4Sn. 


CH3C6H4Sn02H 
CH3C6H4Sn02H 


Sn(SCH3C6H4)4.... 

CH3C6H4SnCl3 

CH3C6H4SnCl3 

CHsCel^SnCls 

(C5Hn)3SnBr 

(C6H6CH2)3(C2H5) 
Sn 
(CeH6CH2)3SnCl... 

(C6H5CH2)3SnOH 

(C6H5CH2)3SnI.... 

(C4H9)3SnBj 

(CeHs^CsHuSn .  .  . 
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Mol. 
wt. 


375.20 

478.75 

387.83 

614.99 

722.99 

532.85 

403.26 
403.26 
987.17 

483.21 

347.15 
451.30 

234.94 
515.47 
459.36 
403.26 
347.15 
178.84 
571.57 
427.10 

291.05 
483.21 
483.21 
483.21 

539.31 

539.31 


242.83 
242.83 


611.45 

316.20 
316.20 
316.20 

412.03 
421.14 

427.54 

409.09 

519.00 
369.95 
277.02 


Crystalline  form,  color  and  index 
of  refraction 


1.4732 

col.  six  sided  cr 

col.  six  sided  cr 

pa.  yel.  powd 

sulfur  yel.  cr 

col.  six  sided  pr 

1.4730 

col.  stable  liq.,  1.4720 

col.  tab.  pr 

col.  pr.  f.  It.  pet 

col.  stable  liq.,  1.4730 

wh.  micr.  grains 

col.  liq 

1.4698 

1.4706 

liq 

col.  liq 

col.  liq 

1.4691 

tetr.  col.  f.  xylene 

col.  liq 

wh.  cr.  powd 

col.  need 

col.  need 

rhomb,  need.  f.  bz.-al 

wh.  quad,  pr 

amor,  powd 

col.  liq 

1.4963 

col.  tabl.  f.  al.-lt.  pet 

wh.  need 

rhomb.,  col.  tabl 

need,  like  pr.  f.  glac.  ac.  a 

1.5000 


METAL-ORGANIC  COMPOUNDS  (Continued) 


Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

Hot 

water 

Alcohol,  acids,  etc. 

1 

1.0368 

163*0 

187 

202-3 
213-4 

276-8 

I7410 

18110 

s. 
i. 

i. 

i. 

i. 

i 

i. 
i. 

i. 

i. 
i. 

i. 
i. 

i. 

i. 
i. 
i. 

i. 

i. 
i. 

i. 

2 

s.   bz.,   chl.,   acet.;   si.   s. 

3 

eth.,  CC14 
s.  bz.,  acet. 

4 

si.  s.  org.  solv. 
si.  s.  org.  solv. 

<> 

r> 

164-6 

s.  c.  chl.,  bz.;  si.  s.  It.  pet. 

7 

1.0222 
1.0206 

s 

q 

105-7 
42-3 

s.  bz. 

10 

s.  common  org.  solv.;  si.  s, 

11 

1.0572 



14510 

It.  pet. 

12 

263-4 
-112 

6.253°bz.;  .08630al.;  s.  chl- 

13 

14 

1.18723 

0.9748 

0.9959 

1.03519* 

1.05423 

1.3140 

0.9605 

1.4900 

1.1065*>2 



181 

23910 

20910 

18824 

267;  143165 

78 

268'° 

>420 

222-5 

CS2 
s.  org.  solv. 

15 

16 

17 

18 

-13 

s.  org.  solv. 
s.  org.  solv. 

19 

20 
?1 

226 

s.  h.  bz.,  pyr.,  CCU,  chi., 
ac.  a.;  si.  s.  al. 
s.  org.  solv. 

V, 

158-9  (215) 

128.5 

230-3 

219.5 

272-3 

d.  295 
100 

;  ; 

s.  bz.,  eth.;  i.  al. 

93 

s.  bz.,  h.  eth.,  h.  al. 

?4 

i. 
i. 

si."  d.  " " 

i. 

s.    bz.,    chl.,    CS2,    pyr.; 

?5 

d.  360 
d.  360 

si.  s.  al.,  eth. 
.31430     al.;     5.283o     eth.; 

?6 

35.130  bz.;  43.230  chl. 
.01530  al.;  1.7330  bz.;  2.8030 

V 

chl.,     .2930    eth.;    .0173° 
meth.  al. 

28 

d.  295 

s.  c.  meth.  al.,  al.,  eth., 
chl.,  eth.  acet.,  pyr.,  a. 
and  bases;  i.  pet.  eth. 

30 

1.7619 
1.7522 
1.7516 

1.2678 

154-820 
156-723 
150-123 

31 

39 

<-20 

33 

34 

31-2 
142-4 
117-21 
102-3 

d. 

s.  eth.,  bz.,  chl.;  si.  s.  al. 

35 

s.  ac.  a.,  acet.,   bz.,  eth.. 

36 

chl.,  pyr.;  i.  ah 
s.  h.  al.,  CS2,  bz.;  si.  s. 

37 

eth.,  lgr.;  i.  KOH 

38 

1.3365 

39 

102io 
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PHYSICAL  CONSTANTS  OF 


Name 


Tin: 

Triethyl  (p-dimethyl- 
aminophenyl)  stannane 

Triethyl-o-hydroxy- 
phenyl  stannane 

Triethylisoamyltin 

Triethyl  isobuty  It  in 

Triethylphenyltin 

Triethyl-n-propyltin .  .  .  . 

Trietbyltin 

Triethyitin  bromide .... 

Trietbyltin  chloride 

Triethyitin  ethoxide .... 

Triethyitin  hydroxide. . . 

Triethyitin  iodide 

Triisoamyltin  bromide .  . 

Triisoamyltin  chloride.. 

Triisoamyltin  fluoride . . . 

Triisoamyltin  iodide.  .  .  . 

Triisobutylethyltin 

Triisobutylisoamyltin. .  . 
Triisobutyltin  bromide .  . 
Triisobutyltin  chloride .  . 
Triisobutyltin  fluoride.. 

Triisopropyltin  iodide.  . 
Triisopropyltin  bromide. 
Triisopropyltin  iodide. .  . 

Trimethylethyltin 

Trimethyltin 

Trimethyltin  bromide. . . 
Trimethyltin  chloride. .  . 
Trimethyltin  fluoride .  .  . 

Trimethyltin  hydride .  .  . 
Trimethyltin  hydroxide . 

Trimethyltin  iodide 

Trimethyltin  oxide 

Trimethyltin  sulfide .... 
Triphenylbenzyltin 

Triphenylethyltin 

Triphenylmethyltin 

Triphenyl-a-naphthy  1 1  i  n 
Triphenyltin 

Triphenyltin  bromide . .  . 
Triphenyltin  chloride . .  . 

Triphenyltin  fluoride 

Triphenyltin  hydroxide . 

Triphenyltin  iodide 

Triphenyl-p-tolyltin 
Triphenyl-p-xylyitin .... 

Tri-n-propyl-n-butyl  tin . 
Tri-n-propyl  ethyl  tin.  .  .  . 
Tri-n-propylisobutyltin . 
Tripropyltin  chloride . . . 
Tri-n-propyltin  chloride. 


Formula 


C2H5)3(CH3)2 

NCeH4Sn 

C2H5)3OHC6H4Sn 

C2H5)3Sn(C5Hn) . 
C2H5):<Sn(C4H9) . . 
C2H5)3(C6H6)Sn.. 
C2H5)3Sn(C3H7).. 

Sn(C2H5)3 

C2H5)3SnBr 

C2H6)3SnCl 

C2H5)3Sn(OC2Ho) 

C2H5)3SnOH 

C2H5)3SnI 

C5Hn)3SnBr 

C5Hn)3SnCl 

CftHn^SnF 


C5Hii)3SnI 

C4H9)3Sn(C2H6). 
C4H9)3Sn(C5H"n). 

CjHgJsSnBr 

C4Hfl)3SnCl 

C4H9)3SnF 


C4H9)3SnI 

C3H7)3SnBr... 

C3H7)3SnI 

CH3)3(C2H5)Sn. 

Sn(CH3)3 

CH3)3SnBr.... 

CH3)3Sna 

CH3)3SnF 


CH3)3SnH.. 
CH3)3SnOH 


CH3)3SnI 

(CH3)3Sn]20. . . . 
(CHshSn^S.... 
C6H5)3Sn(C6H6 
CH2) 

C6H5)3SnC2H5.. 

C6H6)3SnCH3... 

C6H5)3Sn(CioH7) 

Sn(C6H5)3 


C6H5)3SnBr 

C6H6)3SnCl 

C6H5)3SnF 

C6H5)3SnOH.... 

C6H5)3SnI 

CsH5)3Sn(C7li7). 

CeBWsSnICeila 

(CH3)212 

C3H7)3C4HsSn.. 

C3H7)3Sn(C2H5). 

C3H7)3Sn(C4H9). 

C3H7)3SnCl 

C3H7)3SnCi 


Mol. 
wt. 


326.05 

298.98 

277.02 
262.99 
282.98 
248.97 
205.88 
285.80 
241.34 
250.94 
222.89 
332.80 
412.03 
367.57 
351.12 

459.04 
319.10 
361.18 
369.95 
325.50 
309.04 

416.96 
327.88 
374.88 
192.86 
163.80 
243 . 72 
199.26 
182.80 

164.81 
180.81 

290.72 
343.61 
359.67 
441.13 

379.06 
365.04 
477.16 
350.00 

429.92 
385.46 
369.00 
367.01 
476.92 
441.13 
560.31 

305.07 
277.02 
305.07 
283.42 
283.42 


Crystalline  form,  color  and  index 
of  refraction 


1.561022. 
1.537725. 


col.  liq. 


col.  liq. 
col.  liq. 
col.  liq. 
col.  liq. 
col.  cr. 
col.  liq. 


need. 


fine  long  pr. 
col.  liq 


col.  liq 

col.  liq 

col.  cr.  or  liq 

col.  cr 

wh.  short,  thick  rect.  pr. 


col.  oily  liq. 
col.  pr 


col.  liq 

wh.  amor,  powd 

It.  yel.  oil 

col.  pl.  f.  al 


wh.  pr.  1".  al .  . . 
col.  tetr.  f.  eth. 

col.  pr 

wh.  powd 


col.  cr. 
col.  cr. 
fine  pr. 


4-sided  monocl.  wh 

need.  f.  eth 

col.  lng.  hex.  sheets  f.  al. 


col.  liq 
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METAL-ORGANIC  COMPOUNDS  (Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 

water 

Hot 

water 

Alcohol,  acids,  etc. 

1.2425 

1.322925 

1.120320-1 

1.13920-3 

1.2639 

1.168020-6 

1.3774 

1.630 

1.4288 

1.2634 

172-33 

197-2003 

1H18.6 

96.517 
254 

82i3 

16123 

223-4 

208-10 

190 

271 

225  (231) 

17715 

17413 

i. 

i. 

v.  si.  s. 

i. 

d. 

s. 

v.  si.  s. 

i. 

s. 
s. 

v.  si.  s. 

s. 

v.  si.  s. 

i. 

i. 

i. 

i. 
i. 
si.  s. 

i. 

i. 

i. 

i. 

s. 
s. 

s. 
i. 

i. 

i. 
i. 

2 

3 

4 

5 

s.  al.,  eth.,  org.  solv. 

6 

7 

8 

9 

10 

<-75 
-13.5 
10  (15.5) 

s.  al.,  org.  solve 
s.  org.  solv. 
s.  org.  solv. 
s.  org.  solv. 

11 

43 

-34.5 

21 

-30.2 
288 

-22 

s.  org.  solv. 

12 
13 

1.833 
1.261320.7 

1.129034-2 

s.  org.  solv. 

14 

15 

1.0331  al.;  .96731  bz.;  1.2231 

16 

1.377726.5 

1.077921 

1.035626-8 

1.3523 

1.129034-2 

18213 
125i6 

152.9!6-5 

148i3 
17413 

meth.  al. 

17 

18 

19 

-26.5 
+30.2 
244 

-22 
-49 

20 

21 

.41432  al.;  61432  meth.  al.; 

22 
23 
24 

1.3782«-5 

1.426325-2 
1.437822.2 

284-6 
13312 

15113 

108.2 

182 

165 

.132  bz. 

s.  eth.,  org.  solv. 
s.  org.  solv. 

25 

s.  org.  solv. 

26 

27 

1.57025 

23 

27 
37 
360  seal,  tube 

s.  org.  solv. 
s.  org.  solv. 

28 

s.  org.  solv. 

29 

d.<375 

60 

subl.  >  80 

170 

2.4531  meth.  al.;  1.0831  al.; 

30 

0.0531  bz. 
s.  org.  solv. 

31 

118  d. 

3.4 
d. 
6 
90 

56 
60-1 
125 
232.5 

120.5 

106 

357 

118 

121 

124 

100.5 

s.  a.,  al.,  bz.,  chl.,  CCU, 

32 
33 

2.1432 

alk. 
s.  bz.,  al.,  eth.,  acet. 
s.  a.,  alk.;  i.  org.  solv. 

34 
35 

1.64925 

233.5 
2503 

s.  org.  solv.,  HNO3 
s.  org.  solv.  except  al. 

36 

1.295362 

1.3 11363 -85 

37 

s.  bz.,  chl.,  eth. 

38 

s.  bz.,  chl.,  eth. 

39 

d.  280 

24913.5 
24013.5 

.07930  al.;  7.823o  bz.;  .923° 

40 

eth.;  18.13°chl. 
s.  al.,  eth.,  org.  solv. 

41 

s.  org.  solv. 

42 

si.  s.  c.  al.,  eth. 

43 

44 

25313-5 

s.  org.  solv. 

45 

s.  bz.,  chl.,  eth. 

46 

s.  bz.,  eth.,  chl. 

47 

121io 

117.523-3 

12818 

48 

1.122521-8 
1.084124-1 

1.267828 
1.267828 

49 

50 

-23.5 
-23.5 

s.  org.  solv. 

51 

12313 
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PHYSICAL  CONSTANTS  OF 


No. 


2 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


13 
14 
15 
16 
17 

IS 

19 
20 
21 
22 


Name 


Tin: 

Tri-n-propyltin  fluoride . 

Tri-n-propyltin  iodide . . 
Tri-o-toiyltin  oromide . . 
Tri-p-tolyltin  bromide . 
Tri-o-tolyltin  chloride .  . 
Tri-m-tolyltin  chloride . 
Tri-p-tolyltin  chloride.. 
Tri-p-tolyltin  fluoride . . 
Tri-p-tolyltin  hydroxide 

Tri-o-tolyltin  iodide 

Tri-p-tolyltin  iodide .  . . 
Tritriphenylstannyl- 
methane 

Tri-p-xylyltin  bromide . 
Tri-p-xylyltin  chloride . 
Tri-m-xylyltin  fluoride . 
Tri-p-xylyltin  fluoride . . 
Tri-p-xylyltin  iodide. .  . 
Zinc: 
Di-n-butylzinc 

Diethylzinc 

Dimethylzinc 

Diphenylzinc 

Di-n-propylzinc 

Di-o-to'ylzinc 


Formula 


(C3H7)3SnF. 


(C3H7)3SnI 

(C6H4CH3)3SnBr.. 
(C6H4CH3)3SnBr.. 
(C6H4CH3)3SnCl.. 
(CH3C6H4)3SnCl.. 
(C6H4CH3)3SnCL. 
(C6H4CH3)3SnF... 
(CH3C6H4)3SnOH. 
(CeEUCH^Snl... 
(C6H4CH3)3SnI... 
[(C6H5)3Sn]3CH... 


[(CH3)2C6H3]3SnBr 
[(CH3)2C6H3l3Sna 
[(CH3)2C6H3]3SnF. 
[(CH3)2C6H3]3SnF. 
[(CH3)2C6H3]3SnI. 

Zn(CH2CH2CH, 
CH3)2 

Zn(C2H5)2 

Zn(CH3)2 

Zn(C6H6)2 

Zn(CH2CH2CH3),.. 
Zn(aH4CH3)2.... 


Mol. 
wt. 


206.96 

374.88 
472.00 
472.00 
427.54 
427.54 
427.54 
411.08 
409.09 
519.00 
519.00 
1063.02 


514.07 
469.62 
453.16 
453.16 
561.08 

179.61 

123.50 
95.45 
219.58 
151.55 
247.63 


Crystalline  form,  color  and  index 
of  refraction 


flat  pr 

col.  liq 

rhomb,  tabl.  f.  al 

rhbdr.f.  al 

short,  thick  pr.  f.  al 

rhomb,  pi.  f.  al 

hairlike  felted  need 

rhomb,  cr.  fr.  al.-eth 

rhomb,  pi.  fr.  eth.-al 

wh.  er.  sld 

lng.  hex.  cr.  f.  al 

6-cornered  col.  f.  al 

fine  felted  need 

fine  lng.  need 

hex.  tabl.  f.  al 

liq 

col.  liq.  ign.  in  air  or  CI 

col.  liq 

wh.  cr 

liq 

wh.  cr 
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METAL-ORGANIC  COMPOUNDS 

(Continued) 

Sp.  gr.  or 
density 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Cold 
water 

water            Alcohol,  acids,  etc. 

1 

275 

-53 

99.5 

98.5 

99.5 

108 

97.5 

305 

108-9 

119.5 

120.5 

128 

151 

141.5 

205 

247 

159.5 

i 

4.2631  meth.  al.;  2.7331  al.; 

2 

1.69218 

260-2;  14113 

i. 

0.1183i  bz. 

s.  org.  solv. 

s.  bz.,  eth.;  si.  s.  al. 

4 

s.  bz.,  eth.;  si.  s.  al. 

s.  bz.,  eth.;  si.  s.  al. 

6 

si.  s.  al.,  bz.,  eth. 

8 

s.  al. 

Q 

10 

s.  bz.,  eth.;  si.  s.  al. 

11 

s.  bz.-eth.;  si.  s.  al. 

1? 

v.  s.  bz.,  eth.,  chl.;  s.  h 

13 

d. 

d. 
d. 
d. 
d. 

pet.   eth.;  si,  s.   c.  pet. 
eth.,  al. 
s.  bz.,  chl.,  eth.;  i.  c.  al. 

14 

s.  bz.,  chl.,  eth.;  i.  c.  al. 

15 

s.  bz.,  eth.,  al. 

16 

si.  s.  bz.,  h.  eth.,  al. 

17 

s.  bz.,  chl.,  eth.;  i.  c.  al. 

18 

81-29 

118 

46 

iq 

1.18218 
1.386«»-6 

20 

-42.2 
107 

d.  al.,  a.;  s.  eth. 

s.  xylene 

22 

146;  39-409 

23 

207-10 

s.  xylene;  v.  sL  s.  pet.  eth. 
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PHYSICAL    CONSTANTS    OF    ORGANIC    COM- 
POUNDS 

The  naming  and  arrangement  of  compunds,  the  preparation 
of  the  abridged  form  of  the  International  Union  Rules  for  the 
Naming  of  Organic  Compounds  and  the  Prefix  Names  of 
Organic  Radicals  have  been  in  charge  of 

AUSTIN  M.  PATTERSON 

Professor  Emeritus  of  Chemistry,  Antioch  College 


The  persons  named  below  have  rendered  invaluable  assistance 
in  the  revision  of  this  table.  Their  cooperation  is  gratefully 
acknowledged  by  the  Editor  and  Publishers  of  the  Handbook 
of  Chemistry  and  Physics. 


H.  W.  Adams, 

111.      State      Normal 
Univ. 

P.  M.  Apfelbaum, 

Coll   of  the   City  of 
N.  Y. 

V.  C.  Aungier, 

E.     I.     duPont     de 
Nemours  &  Co. 

P.  R.  Austin, 

E.    I.    Du    Pont    de 
Nemours  &  Co. 

J.  €.  Bailar, 

Univ.  of  111., 

G.  W.  Bennett, 

Grove  City  College 

J.  H.  Billman, 

Indiana  Univ. 

J.  A.  Bradley, 

Newark    Coll.    of 
Engr. 

C.  M.  Brewster, 

State  Coll.  of  Wash. 

C.  W.  Burchard, 

A.  &  M.  Coll.  of  Tex. 

A.  B.  Burg, 

Univ.     of     Southern 
Calif. 

J.  W.  Chittum, 

Coll.  of  Wooster 


G.  H.  Coleman, 

Institute  of  Textile 
Technology 

Graham  Cook, 

Albright  Coll. 

W.  A.  Cook, 

Univ.  of  Akron 

J.  E.  Copenhaver, 

Hartsville,  S.  Car. 

D.  L.  Cottle, 

Standard  Oil  Devel- 
opment Company 
Lenolin,  N.  J. 

H.  I.  Cramer, 

Sharpies  Chemicals, 
Inc. 

E.  F.  Degering, 

Purdue  Univ. 

Clara  deMilt, 

H.  S.  Newcomb 
College 

O.  C.  Dermer, 

Okla.A.andM.Coll. 

H.  L.  Dunlap, 

Ohio  Univ. 

M.  S.  Dunn, 

Univ.  of  Calif,  at  Los 
Angeles 

P.  W.  Evans 

G.  C.  Finger, 

111.  State  Geological 
Survev 


W.  A.  Gilkey, 

University   of    Mon- 
tana 

Henry  Gilman, 

la.     State     Coll.     of 
A.  &  M.  Arts 

R.  C.  Goodwin, 

Tex.  Tech.  Coll. 

R.  I.  Grady, 

Coll.  of  Wooster 

H.  B.  Hass, 

Purdue,  Univ. 

G.  F.  Hennion, 

Univ.  of  Notre  Dame 

W.  B.  Holton, 

American  Univ. 

J.  W.  Howard, 

Mont.  State  Univ. 

C.  D.  Hurd, 

Northwestern  Univ. 

R.  E.  Hussey, 

Va.  Polytechnic  Inst. 

E.  M.  Jones, 

Adrian  Coll. 

R.  J.  Kaufman, 

State  College  Fresno 

Henry  King, 

Fresno  State  Teach- 
ers Coll. 
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C.  R.  Kinney, 

Penn.  State  College 

S.  S.  Kistler, 

Norton  Company 

M.  M.  MacMasters, 

U.  S.  Dept.  of  Agri- 
culture 

C.  S.  Marvel, 

Univ.  of  111. 

J.  P.  Mason, 

Boston  Univ. 

J.  P.  Montgomery, 

Univ.  of  Ala. 

W.  M.  Morgan, 

Mount    Union    Coll. 

Roger  Mulllnex, 

U.  S.  Naval  Reserve 

A.  M.  Pardee, 

Univ.  of  S.  Dak. 

F.  N.  Peters, 

Quaker  Oats  Co. 

C.  B.  Pollard, 

Univ.  of  Fla. 

H.  W.  Post, 

Univ.  of  Buffalo 

W.  M.  Potts, 

A.  &M.  Coll.  of  Tex. 

S.  G.  Powell, 

Univ.  of  Wash. 


H.  J.  Prebluda, 

U.  S.  Ind.  Chem.  Co. 

A.  W.  Ralston, 

Armour  &  Co. 

F.  E.  Ray, 

Univ.  of  Cincinnati 

G.  R.  Robertson, 

Univ.  of  Calif. 

C.  J.  Robinson, 

Pomona  Coll. 

Edward  Rosendahl, 

Glyco  Products  Co. 

E.  R.  Schierz, 

Univ.  of  Wyo. 

W.  H.  Schuyler, 

Bucknell  Univ. 

R.  L.  Shriner, 

State    University   of 
Iowa 

Lawrence  Smith, 

Glendale  Calif. 

J.  G.  Smull, 

Lehigh  Univ. 
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INTERNATIONAL  UNION  RULES 

FOR  THE 

NAMING  OF  ORGANIC  COMPOUNDS 

Editor's  Note. — These  rules  are  taken  from  the  "  Definitive  Report  of  the 
Commission  on  the  Reform  of  the  Nomenclature  of  Organic  Chemistry," 
which  was  unanimously  adopted  by  the  Commission  and  by  the  Council 
of  the  International  Union  of  Chemistry  at  Liege  in  1930.  A  translation 
of  the  report,  with  comments,  appeared  in  the  Journal  of  the  American 
Chemical  Society,  55,  3905-25  (1933),  and  the  reader  is  referred  there  for  the 
full  text  and  more  extended  comments.  The  comments  here  given  in  fine 
type  are  the  editor's.  A.  M.  P. 

I.  General 

1.  As  few  changes  as  possible  will  be  made  in  terminology 
universally  adopted. 

2.  For  the  present,  only  the  nomenclature  of  compounds  of 
known  constitution  will  be  dealt  with;  the  question  of  sub- 
stances of  imperfectly  known  constitution  is  postponed. 

3.  The  precise  form  of  words,  endings,  etc.,  prescribed  in 
the  rules  should  be  adapted  to  the  genius  of  each  language 
by  the  subcommittees. 

II.  Hydrocarbons 

4.  The  ending  arte  is  adopted  for  saturated  hydrocarbons. 
Open-chain  hydrocarbons  will  have  the  generic  name  alkanes. 

5.  The  present  names  of  the  first  four  normal  saturated 
hydrocarbons  (methane,  ethane,  propane,  butane)  are  retained. 
Names  derived  from  the  Greek  or  Latin  numerals  wil)  be  used 
for  those  having  more  than  four  atoms  of  carbon. 

As  the  names  in  this  series  are  also  used  in  forming  names  of  unsaturated 
hydrocarbons,  of  alcohols,  aldehydes,  acids,  etc.  a  list  of  them  is  here  given, 
with  the  numbers  of  carbon  atoms: 

1  Methane  27  Heptacosane 

2  Ethane  28  Octacosane 

3  Propane  29  Nonacosane 

4  Butane  30  Triacontane 

5  Pentane  31   Hentriacontane 

6  Hexane  32  Dotriacontane 

7  Heptane  33  Tritriacontane 

8  Octane  34  Tetratriacontane 

9  Nonane  35  Pentatriacontane 

10  Decane  36  Hexatriacontane 

11  Hendecane  37  Heptatriacontane 

(Undecane)  38  Octatriacontane 

12  Dodecane  39   Nonatriacontane 

13  Tridecane  40  Tetracontane 

14  Tetradecane  41   Hentetracontane 

15  Pentadecane  42   Dotetracontane 

16  Hexadecane  43  Tritetracontane 

17  Heptadecane  44  Tetratetracontane 

18  Octadecane  45  Pentatetracontane 

19  Nonadecane  46  Hexatetracontane 

20  Eicosane  47  Heptatetracontane 

21  Heneicosane  48  Octatetracontane 

22  Docosane  49  Nonatetracontane 

23  Tricosane  60  Pentacontane 

24  Tetracosane  51   Henpentacontane 

25  Pentacosane  52   Dopentacontane 

26  Hexacosane  53  Tripentacontane 
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64  Tetrapentacontane  58  Octapentacontane 

55  Pentapentacontane  59  Nonapentacontane 

56  Hexapentacontane  60  Hexacontane 

57  Heptapentacontane 

6.  Branched-chain  hydrocarbons  are  regarded  as  derivatives 
of  the  normal  hydrocarbons;  their  names  will  be  referred  to 
the  longest  normal  chain  present  in  the  formula  by  adding  to  it 
the  designations  of  the  side  chains.  In  case  of  ambiguity,  or 
if  a  simpler  name  would  result,  that  chain  which  admits  of  the 
maximum  of  substitutions  will  be  selected  as  the  fundamental 
chain. 


A    simple     example     is     2-methylbutane,     CH3CH(CH3)CH2CHs.  ..The 
inciple  of   "ma 
n  the  compound 

CH3CH2CH2CH2CHCH2CH2CH2CH3 

H(CH3)CH(CH3)CH3 


frinciple  of   "maximum  of  substitutions"   may  be  illustrated  as  follows: 
n  the  compound 


the  longest  straight  chain  contains  nine  carbon  atoms,  which  would  lead  to 
the  name  5-(l,  2-dimethylpropyl)nonane;  the  number  of  substitutions 
in  the  main  chain  is  only  one,  but  the  radical  is  a  complicated  one.  By 
selecting  a  chain  of  eight  we  get  three  substitutions  of  simpler  radicals  and 
arrive  at  the  name  4-butyl-2,3-dimethyloctane.  Rules  6  and  7  apply  to 
saturated  hydrocarbons  only. 

7.  In  case  there  are  several  side  chains,  the  order  in  which 
such  chains  are  named  will  correspond  to  the  order  of  their 
complexity.  The  chain  having  the  greatest  number  of  second- 
ary and  tertiary  atoms  will  be  considered  the  most  complex. 
The  alphabetic  order  may  also  be  followed  in  such  cases. 

Two  possible  orders  to  be  followed  in  arranging  the  names  of  substituting 
radicals  in  a  compound  are  here  referred  to.  In  the  "order  of  complexity" 
the  radical  of  lowest  weight  comes  first,  then  that  of  next  lowest  weight,  and 
so  on;  of  those  having  the  same  weight  the  least  branched  comes  first  and 
the  most  branched  last,  thus:  methyl,  ethyl,  propyl,  isopropyl,  butyl, 
isobutyl,  etc.  The  "alphabetic  order"  would  of  course  be:  butyl, 
ethvl,  isobutyl,  isopropyl,  methyl,  propyl  (or  else  butyl,  isobutyl,  ethyl, 
methyl,  propyl,  isopropyl).  (The  alphabetic  order  is  followed  in  the  Organic 
Table  in  this  handbook.) 

8.  In  the  names  of  open-chain  unsaturated  hydrocarbons 
having  one  double  bond  the  ending  arte  of  the  corresponding 
saturated  hydrocarbon  will  be  replaced  by  the  ending  ene;  if 
there  are  two  double  bonds,  the  ending  will  be  diene,  etc. 
These  hydrocarbons  will  bear  the  generic  names  alkenes, 
alkadienes,  alkatrienes,  etc.     Examples:  propene,  hexene,  etc. 

9.  The  names  of  triple-bond  hydrocarbons  will  end  in  yne, 
diyne,  etc.  They  will  bear  the  generic  name  alkynes.  Exam- 
ples: propyne,  heptyne,  etc. 

The  ending  -yne  replaces  -ine  because  the  latter  is  reserved  for  bases  (see 
Rule  33). 

10.  If  there  are  both  double  and  triple  bonds  in  the  funda- 
mental chain  the  endings  enyne,  dienyne,  etc.,  will  be  used. 
The  generic  names  of  these  hydrocarbons  will  be  alkenynes, 
alkadienynes,  etc. 
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The  double  bonds  are  expressed  first  in  the  name  (ene  before  yne)  and 
take  precedence  in  numbering  (cf.  Rule  64).  Example:  CEhiCHCHrCH- 
C:CH,  hexa-l,3-dien-5-yne,  not  hex-l-yne-3,5-diene.  No  provision  is  made 
for  branched  unsaturated  hydrocarbons.  It  seems  best,  for  general  use,  to 
select  as  the  fundamental  straight  chain  the  longest  one  that  contains  the 
maximum  of  double  and  triple  bonds.  Example:  GH2:C(C2H5)CH2CH3, 
2-ethyl-l-butene,  not  3-methylenepentane. 

11.  Saturated  monocyclic  hydrocarbons  will  take  the  names 
of  the  corresponding  open-chain  saturated  hydrocarbons, 
preceded  by  the  prefix  cyclo.  They  will  bear  the  generic  name 
cycloalkanes. 

Examples:  cyclopropane,  cyclobutane,  cycloheptane. 

12.  When  they  are  unsaturated,  rules  8-10  will  be  applied. 
However,  in  the  case  of  partially  saturated  polycyclic  aromatic 
compounds  the  prefix  hydro,  preceded  by  di-,  tetra-,  etc.,  will 
be  used.     Example:  dihydroanthracene. 

Further  examples:  cyclobutadiene,  cyclohexene  (not  tetrahydrobenzene). 

13.  Aromatic  hydrocarbons  will  be  denoted  by  the  ending 
ene  and  will  otherwise  retain  their  customary  names.  How- 
ever, the  name  phene  may  be  used  instead  of  benzene. 

Examples:  benzene,  toluene,  xylene  (not  benzol,  toluol,  xylol). 

III.  Fundamental  Heterocyclic  Compounds 

14.  The  endings  of  customary  names,  endings  which  do  not 
correspond  to  the  function  of  the  substance,  will  undergo  the 
following  modifications,  so  far  as  they  are  in  accord  with  the 
genius  of  each  language:  (a)  The  ending  ol  will  be  changed  to 
ole.  Example:  pyrrole,  (b)  The  ending  arte  will  be  changed  to 
on.     Example:  pyran. 

15.  When  nitrogenous  heterocycles  not  having  the  ending 
ine  give  basic  compounds  on  progressive  hydrogenation,  such 
derivation  will  be  indicated  by  the  successive  endings  ine, 
idine.  Examples:  pyrrole,  pyrroline,  pyrrolidine;  oxazole, 
oxazoline. 

16.  The  ending  a  is  adopted  for  hetero  atoms  occurring 
in  a  ring.  Oxygen  will  accordingly  be  indicated  by  oxa,  sulfur 
by  thia,  nitrogen  by  aza,  etc.  The  letter  a  may  be  elided 
before  a  vowel.  Examples:  thiadiazole,  oxadiazole,  thiazine, 
oxazine. 

While  the  universally  accepted  names  of  heterocyclic  com- 
pounds are  retained,  the  names  of  other  heterocyclic  compounds 
are  derived  from  that  of  the  corresponding  homocyclic  com- 
pound by  adding  to  it  the  names  of  the  hetero  atoms  ending  in  a. 
Example:  2,  7,  9-triazaphenanthrene. 

The  custom  of  naming  complex  heterocyclic  ring  systems  from  the  names 
of  their  component  rings  (as,  anthrapyrrole,  naphthopyridine)  is  so  "uni- 
versally accepted"  that  it  will  no  doubt  continue  to  be  followed.  The  rule 
adds  a  useful  new  device  for  certain  cases. 
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IV.  Simple  Functions 

17.  Substances  of  simple  functions  are  denned  as  those 
containing  a  function  of  one  kind  only,  which  may  be  repeated 
several  times  in  the  same  molecule. 

That  is,  an  alcohol  may  have  one,  two  or  more  OH  groups  and  still  be  a 
substance  of  simple  function,  while  a  hydroxy  aldehyde  or  an  amino  acid  is 
one  of  complex  function. 

18.  When  there  is  only  one  functional  group,  the  fundamental 
chain  will  be  selected  so  as  to  contain  this  group.  When 
there  are  several  functional  groups  the  fundamental  chain 
will  be  selected  so  as  to  contain  the  maximum  number  of  these 
groups. 

Example:  CHsCH2CH(COOH)2,  2-ethylpropanedioic  acid  (ethylmalonic 
acid).  According  to  the  original  Geneva  system  it  was  butanoic-2-methyloic 
acid. 

19.  Halogen  derivatives  will  be  designated  by  the  name 
of  the  hydrocarbon  from  which  they  are  derived,  preceded  by  a 
prefix  indicating  the  nature  and  number  of  the  halogen  atoms. 

Examples:  C2H6CI,  chloroethane;  CEbBrCH^Br,  1,  2-dibromoethane. 

20.  Alcohols  and  phenols  will  be  given  the  name  of  the 
hydrocarbon  from  which  they  are  derived,  followed  by  the  suffix 
ol.  In  accordance  with  rule  1  names  universally  adopted  will 
be  retained,  as:  phenol,  cresol,  naphthol,  etc. 

This  nomenclature  may  also  be  applied  to  heterocycles. 
Example:  quinolinol. 

Further  examples:  CH3CHOHCH3,  2-propanol;  CeHnOH,  cyclohexanol. 

21.  In  naming  polyhydric  alcohols  or  phenols,  one  of  the 
forms  di,  tri,  tetra,  etc.,  will  be  inserted  between  the  name 
of  the  parent  hydrocarbon  and  the  suffix  ol. 

Examples:  CH2OHCH2OH,  1,  2-ethanediol;  p-C6H4(OH)2, 1,  4-benzenediol. 

22.  The  name  mercaptan  as  a  suffix  is  abandoned;  this 
function  will  be  denoted  by  the  suffix  thiol. 

Examples:  CH3SH,  methanethiol;  CH2SHCH2SH,  1,  2-ethanedithiol. 

23.  Ethers  are  considered  as  hydrocarbons  in  which  one  or 
several  hydrogen  atoms  are  replaced  by  alkoxy  groups.  How- 
ever, for  symmetrical  ethers  the  present  nomenclature  may  be 
retained.  Examples:  CH3OC2H5,  methoxy ethane;  CH3OCH3, 
methoxymethane  or  methyl  ether. 

24.  Oxygen  linked,  in  a  chain  of  carbon  atoms,  to  two  of 
these  atoms  will  be  denoted  by  the  prefix  epoxy  in  all  cases 
where  it  would  be  unprofitable  to  name  the  substance  as  a 
cyclic  compound.  Examples:  ethylene  oxide  =  epoxyethane; 
epichlorohydrin  =  3-chloro-l,2-epoxypropane;  tetramethylene 
oxide  =  1,4-epoxybutane. 

25.  Sulfides,  disulfides,  sulfoxides  and  sulfones  will  be  named 
like  the  ethers,  oxy  being  replaced  by  thio,  dithio,  sulfinyl  and 
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svlfonyl,  respectively.  Examples:  CH3SO2C2H5,  methylsul- 
f  onylethane ;  CH3SC3H7,  methy  lthiopropane ;  CH3CH2CH2- 
SOCH2CH2CH2CH3,  l-(propylsulfinyl)butane. 

26.  Aldehydes  are  characterized  by  the  suffix  al  added  to 
the  name  of  the  hydrocarbon  from  which  they  are  derived; 
thioaldehydes,  by  the  suffix  thiol.  Acetals  will  be  named  as 
1 , 1-dialkoxyalkanes . 

Examples:  CH3CHO,  ethanal;  CHOCHO,  ethanedial;  CH3CH2CHS 
propanethial;  CH3C(OC2H5>2,  1,1-diethoxyethane;  CeEbCHO,  benzene- 
carbonal?  (cf.  rule  32,  paragraph  2). 

27.  Ketones  will  receive  the  ending  one.  Diketones,  tri- 
ketones,  thioketones  will  be  designated  by  the  suffixes  dione7 
trione,  thione. 

Examples:  CH3COCH3,  2-propanone;  CH3COCOCH3,  2,  3-butanedione- 
CH8CSCH2CH3,  2-butanethione;  cyclohexanone. 

28.  The  name  ketene  is  retained. 
Example:  (CH3)2C:CO,  dimethylketene. 

29.  For  acids  the  rule  of  the  Geneva  nomenclature  is  retained. 
However,  in  cases  where  the  use  of  that  nomenclature  would 
not  be  convenient  the  carboxyl  group  will  be  considered  as 
a  substituting  group  and  the  name  of  the  acid  will  be  formed  by 
adding  to  the  name  of  the  hydrocarbon  the  suffix  carbonique  or 
carboxyltCy  according  to  the  language. 

Examples:  CH3CH2COOH,  propanoic  acid;  HOOCCH2COOH,  propane- 
diol acid;  HOOCCH2CH(COOH)CH2COOH,  1,  2,  3-propanetricarboxylic 
acid.  In  the  Geneva  system  the  last-named  compound  would  have  been 
called  pentanedioic-3-methyloic  acid. 

30.  Acids  in  which  an  atom  of  sulfur  replaces  an  atom  of 
oxygen  will  be  named  according  to  the  Geneva  nomenclature. 
Example:  ethanethioic,  -thiolic,  -thionic,  -thionothiolic.  If  the 
carboxyl  is  considered  as  a  substituent  the  compounds  will  be 
named  carbothioic  acids.  The  suffix  corbothiolic  will  be  used 
if  it  is  certain  that  the  oxygen  of  the  OH  group  is  replaced  by 
sulfur;  the  suffix  corbothionic  if  it  is  the  oxygen  of  the  CO 
group ;  the  suffix  corbodithioic  will  be  used  if  both  oxygen  atoms 
are  replaced. 

Examples  of  the  two  systems  of  names:  CH3COSH  or  CH3CSOH  (either 
one),  ethanethioic  acid,  methanecarbothioic  acid;  CH3COSH,  ethanethiolic 
acid,  methanecarbothiolic  acid;  CH3CSOH,  ethanethionic  acid,  methane- 
carbothionic  acid;  CH3CSSH,  ethanethionothiolic  acid,  methanecarbodi- 
thioic  acid. 

31.  The  existing  conventions  will  be  retained  for  salts  and 
esters. 

Examples:  Sodium  butanoate  or  sodium  salt  of  butanoic  acid;  diethyl 
1,2-ethanedicarboxylate  or  diethyl  ester  of  1,2-ethanedicarboxylic  acid; 
sodium  acetate;  methyl  succinate. 

32.  Acid  anhydrides  will  retain  their  present  mode  of  designa- 
tion according  to  the  names  of  the  corresponding  acids.  For 
names  formed  in  accordance  with  the  Geneva  nomenclature, 
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the  amides,  amidoximes,  amidines,  imides  and  nitriles  will  be 
named  like  the  acids  by  adding  to  the  name  of  the  corresponding 
hydrocarbon  the  endings  amide,  amidine,  amidoxime,  imide, 
and  nitrile,  respectively,  while  the  halides  will  be  named  by 
combining  chloride,  etc.,  with  the  name  of  the  radical.  Exam- 
ples: C3H7COCI,  butanoyl  chloride;  C3H7CONH2,  butanamide; 
etc. 

If  the  carboxyl  is  considered  as  a  substituent  the  endings 
carbonamide,  carbonamidine,  carbonamidoxime,  carbonimide, 
carbonitrile  will  be  used.  Examples:  C3H7COCI,  propane- 
carbonyl  chloride;  C3H7CONH2,  propanecarbonamide;  etc. 

33.  The  ending  ine  is  reserved  exclusively  for  nitrogenous 
bases.  The  present  nomenclature  of  monoamines  is  retained. 
For  polyamines,  the  name  of  the  hydrocarbon  will  be  followed 
by- the  suffixes  diamine,  triamine,  etc. 

For  aliphatic  compounds  containing  quinquevalent  nitrogen 
the  ending  ine  will  be  changed  to  onium.  For  cyclic  substances 
containing  quinquevalent  nitrogen  in  the  ring  the  ending  ine 
will  be  changed  to  inium;  for  those  with  the  ending  ole,  this 
will  be  changed  to  olium.  Examples:  pyridine,  pyridinium; 
imidazole,  imidazolium. 

Further  examples:  CH3NH2,  methylamine;  (CH3)2NH,  dimethylamine; 
(CH3)3N,  trimethylamine;  NH2CH2CH2NH2,  1,2-ethanediamine;  dextrin 
(not  dextrine);  glycerol  (not  glycerine). 

34.  (revised  1938)  (a)  Derivatives  of  hydrogen  arsenide, 
AsH3,  will  be  named  like  the  amines  and  their  derivatives,  with 
the  ending  arsine.  The  univalent  radical  -AsH2  will  be  desig- 
nated by  the  prefix  arsino. 

Examples:  CH3ASH2,  methvlarsine;  (CHsbAs,  trimethylarsine;  (CH3>2- 
AsCl,  chlorodimethylarsine;  (CHs)3AsO,  trimethylarsine  oxide;  H2ASCH2- 
CH2A.SH2,  1,  2-diarsinoethane  or  ethane-1,  2-diarsine;  (C2Hs)4AsOH, 
tetraethylarsonium  hydroxide;  (CH3)2AsAs(CH3)2,  tetramethylbiarsine. 

(b)  Acids  of  the  types  RHAs(:0)OH  and  RR,As(:0)OH 
will  be  named  arsinic  acids;  those  of  the  type  RAs(:0)COH)2 
will  be  named  ar sonic  acids.  The  radical  >  ASO2H  will  be  desig- 
nated by  the  prefix  arsinico,  the  radical  -ASO3H2  by  the  prefix 
arsono. 

Examples:  (CH3)2As02H,  dimethylarsinic  acid;  C6H5ASO3H2,  benzene- 
arsonic  acid. 

(c)  Rules  a  and  b  are  applicable  to  the  analogous  compounds 
of  phosphorus  and  antimony,  the  syllable  "ars"  being  replaced 
respectively  by  phosph  or  stib. 

(d)  The  following  list  includes  the  prefixes  and  suffixes 
applicable  to  the  most  common  compounds  of  phosphorus, 
arsenic  and  antimony: 
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Radical 

Prefix 

Suffix 

-AsH2 

arsino 

arsine 

-AsO 

arsenoso 

-As02 

arso 

>As(:0)OH 

arsinico 

arsinic 

-As(:0)(OH)2 

arsono 

arsonic 

-As  =  As- 

arseno 

-PH2 

phosphino 

phosphine 

-PO 

phosphoroso 

-P02 

phospho 

>P(:0)OH 

phosphinico 

phosphinic 

-P(:0)(OH)2 

phosphono 

phosphonic 

-P  =  P- 

phosphoro 

-P  =  N- 

phosphazo 

-P  =  As- 

phospharseno 

-SbH2 

stibino 

stibine 

-SbO 

stiboso 

-Sb02 

stibo 

>Sb(:0)OH 

stibinico 

stibinic 

-Sb(:0)(OH)2 

stibono 

stibonic 

-Sb  =  Sb- 

antimono 

-Sb  =  As- 

stibarseno 

(e)  Derivatives  of  bismuthine,  BiH3,  will  be  named  like  the 
arsines. 

(f)  Compounds  of  arsenic,  phosphorus,  antimony  and  bis- 
muth which  cannot  be  named  clearly  by  the  preceding  rules 
will  be  named  as  derivatives  of  arsines,  phosphines,  stibines 
or  bismuthines  or  (if  possible)  as  organometallic  derivatives 
(rule  48). 

Examples:  CHsBiO,  methylbismuth  oxide;  CHaSbCU,  methylantimony 
tetrachloride;  (CeHs^AsC^Hs,  ethoxydiphenylarsine;  (CEhhAsOH,  hy- 
droxydimethylarsine  or  dimethylarsenic  hydroxide;  CHaSbS,  methylanti- 
mony sulfide;  [(CH3)2As]20,  bis  (dimethylarsenic)  oxide  or  cacodyl  oxide. 

35.  Compounds  derived  from  hydroxylamine  by  replacement 
of  the  hydrogen  of  the  hydroxy!  will  be  regarded  as  alkoxy 
derivatives;  those  in  which  an  atom  of  hydrogen  of  the  NH2 
group  is  replaced,  as  alkylhydroxylamines.  Oximes  will  be 
named  by  adding  the  suffix  oxime  to  the  name  of  the  correspond- 
ing aldehyde,  ketone  or  quinone.  Examples:  C2H5ONH2 
ethoxyamine;  C2H5NHOH,  ethylhydroxylamine. 

Further  examples:  CH3CH2CH:NOH,  propanal  oxime;  CH3C(:NOH)CH3, 
propanone  oxime. 

36.  The  generic  term  urea  is  retained;  it  will  be  used  as  a 
suffix  for  the  alkyl  and  acyl  derivatives  of  urea.  Examples: 
butylurea,  C4H9NHCONH2;  butyrylurea,  C3H7CONHCONH2. 
The  bivalent  radical  -NHCONH-  will  be  named  ureylene. 

37.  The  generic  name  guanidine  is  retained. 

38.  The  name  carbylamine  is  retained. 

Example:  C2H5NC,  ethylcarbylamine  (or  ethyl  isocyanide), 
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39.  Isocyanic  and  isothiocyanic  esters  (RNCO,  RNCS)  will 
be  named  isocyanates  and  isothiocyanates. 

40.  The  name  cyanate  is  reserved  for  true  esters  which  on 
saponification  yield  cyanic  acid  or  its  hydration  products. 
The  name  sulfocyanate  will  be  replaced  by  thiocyanate. 

41.  Nitro  derivatives:  no  change  in  the  present  nomenclature. 

Examples:  CeBUNO,  nitrosobenzene;  (NCMaCeEUOH,  trinitrophenol. 

42.  Azo  derivatives:  the  forms  azo,  azoxy  are  retained. 

43.  (a)  Diazonium  compounds,  RN2X,  are  named  by 
addition  of  the  suffix  diazonium  to  the  name  of  the  parent 
substance  (benzenediazonium  chloride). 

(b)  Compounds  having  the  same  empirical  formula  but  con- 
taining trivalent  nitrogen  will  be  named  by  replacing  diazonium 
with  diazo  (benzenediazohydroxide). 

(c)  Substances  of  the  type  RN2OM  will  be  named  diazoates. 

(d)  Compounds  in  which  the  two  nitrogen  atoms  are  united 
to  a  single  carbon  atom  will  be  designated  by  the  prefix  diazo 
(diazomethane,  diazoacetic  acid). 

(e)  The  term  diazoamino  is  retained;  however,  these  com- 
pounds may  also  be  regarded  as  derivatives  of  triazene. 

(f)  Derivatives  of  the  substances  H2NNHNHNH2;  NH:- 
NNHNH2;  NH:NNHN:NH  will  be  named  tetrazanes,  tetrazenes, 
pentazdienes,  etc. 

Examples:  (a)  CgHoN(:N)C1,  benzenediazonium  chloride;  (b)  CcHsN:- 
NOH,  benzenediazohydroxide;  (c)  CrEUlNhNONa,  sodium  benzenediazoate; 
(d)  N2CH2,  diazomethane;  N2CH2COOH,  diazoacetic  acid,  diazoethanoic 
acid  or  diazomethanecarboxylic  acid;  (e)  CeHsN^NNHCeHs,  diazoamino- 
benzene  or  1,3-diphenyltriazene;  (f)  CeHsNHNHNHNHCeHs,  1,4-di- 
phenyltetrazane;  C6HsN:NNHNH2,  1-phenyl-l-tetrazene. 

44.  Hydrazines  are  designated  by  the  name  of  the  alkyl 
radicals  from  which  they  are  derived,  followed  by  the  suffix 
hydrazine.  In  cases  where  the  amino  group  of  carbonamides  is 
replaced  by  the  hydrazino  group,  the  suffix  hydrazide  will  be 
used.  Hydrazo  derivatives  are  regarded  as  derivatives  of 
hydrazine.  Examples:  CH3NHNH2,  methylhydrazine;  C2H5- 
NHNHC3H7,  l-ethyl-2-propylhydrazine;  C3H7CONHNH2,  bu- 
tyrohydrazide  or  propanecarbohydrazide. 

45.  Hydrazones  and  semicarbazones  are  named  like  the 
oximes.     The  term  osazone  is  retained. 

Examples:  CH3CH:NNHC6H5,  ethanal  (or  acetaldehyde)  phenylhydra- 
zone:  (CH3)2C:NNHCONH2,  propane  (or  acetone)  semicarbazone. 

46.  The  name  quinone  is  retained. 

Examples:  p-benzoquinone  or  p-quinone,  1,2-naphthoquinone  or  1,2- 
naphthaquinone,  phenanthrenequinone  or  phenanthraquinone. 

47.  Sulfonic  and  sulfuric  acids  will  be  designated  by  adding 
the  suffixes  sulfonic  and  sulfinic  to  the  name  of  the  hydrocarbon. 

The  analogous  acids  of  selenium  and  tellurium  will  bear  the 
names  alkaneselenonic  and  -seleninic  acids;  alkanetelluronic 
and  -tellurinic  acids. 
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Examples:  C2H5SO3H,  ethanesulfonic  acid;  CioHc(S02H)2,  naphthalenedi- 
sulfinic  acid,  OEhSeChH,  methaneselenonic  acid,  CaHsTeOsH,  benzene- 
tellurinic  acid. 

48.  Organometallic  compounds  will  be  designated  by  the 
names  of  the  organic  radicals  united  to  the  metal  which  they 
contain,  followed  by  the  name  of  the  metal.  Examples: 
dimethylzinc,  tetraethyllead,  methylmagnesium  chloride. 

However,  if  the  metal  is  united  in  a  complex  manner  it  may 
be  considered  as  a  substituent  Example:  ClHgC6H4C02H, 
chloromercuribenzoic  acid. 

49^  (revised  1938) 

I.  Cyclic  hydrocarbons  with  aliphatic  side  chains  are  to  be 
named  according  to  one  of  the  two  following  methods:  (a)  The 
radical  names  denoting  the  side  chains  are  prefixed  to  the  name 
of  the  cyclic  hydrocarbon.  (/3)  The  cyclic  hydrocarbon  residue, 
if  it  can  be  named  as  a  radical,  is  considered  a  substituent  of  the 
aliphatic  chain.  Naming  according  to  (a)  is  in  general  pref- 
erable when  the  side  chain  is  short  or  when  several  side  chains 
are  present.  Naming  according  to  (13)  is  more  convenient 
when  the  side  chain  is  long,  and  particularly  when  the  cyclic 
hydrocarbon  residue  is  not  at  the  end  of  this  chain. 

Examples:  (a)  CCH5C2H3,  ethylbenzene,  CHiCeH^Hs,  methylethyl- 
benzene;  CioH7CH:CH2,  ethenylnaphthalene. 

(0)  CH3CH(C6H5)(CH2)5CH3,  2-phenvloctane;  p-CCHahCHCel^CH- 
(CH3)CH(CH3)  (CH2)  3CH3.  3-methyl-2-(4-isopropylphenyl)heptane. 

For  naming  cyclic  hydrocarbons  with  side  chains  according 

to  («),  it  is  advisable  in  many  cases  to  use  the  common  names 

of  simple  aromatic  hydrocarbons. 

Examples  0-CH3OH4C2H5,  2-ethvltoluene,  (CH3)vC6H4CH:CH2(l,3,2), 
2-ethenyl-m-xylene;  CHsCeHaCCjH.OCHCCHshd^^),  2-ethyl-p-cymene. 

II  When  several  cyclic  hydrocarbon  residues  are  united  by 
an  aliphatic  chain  the  name  of  the  compound  will  be  derived 
from  that  of  the  aliphatic  hydrocarbon,  provided  radical  names 
are  available  for  the  cyclic  hydrocarbon  residues. 

Examples:  CeHsCEhCeHs.  diphenylmethane;  CeHaCHsCHCCeHsKCI^h- 
CH3,  1,2-diphenylpentane. 

If  this  is  not  the  case,  or  if  the  possibility  of  using  a  convenient 
radical  name  makes  it  desirable,  the  name  of  the  compound 
will  be  derived  from  that  of  one  of  the  cyclic  hydrocarbons,  on 
the  principle  of  substitution. 

Examples*  CnHgCHaCeHs^),  2-benzylanthracene  (better  than  phenyl- 
(2-anthryl)  methane);  C16H9CH2CH2C6H5,  (/3-phenylethyl)  pyrene 

49b  (revised  1938).  When  the  cyclic  hydrocarbons  treated 
of  in  rule  49a  carry  functions  which  can  be  expressed  only  by  a 
prefix,  the  same  possibilities  for  names  exist  as  those  indicated 
in  rule  49a. 

Examples:  C6H5CHCICH2CI,  1.2-dichloro-l-phenylethane  or  (a,  0-di- 
chloroethyl)  benzene:  C6H5CH2CHCH3CH2CI,  3-chloro-2-methyl-l-phenyl- 
pronane  or  Oy-chloroisobutyl)  benzene:  P-CIC6H4CH2CH2CI,  4-chloro-l- 
(j8-chloroethyl)  benzene  or  2-chloro-l-  (4-chlorophenyl)  ethane. 

For  naming  derivatives  of  monocyclic  hydrocarbons  which 
have  common  names,  it  will  be  of  advantage  to  employ  these 
names. 
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Examples:  P-CIC6H4CH3,  4-chlorotoluene  (4-chloro-l-methylbenzene); 
P-CIC6H4CH2CI,  4,  u>  dichiorotoluene  (4-chloro-l-(chloromethyl)  benzene, 
4-chlorobenzyl  chloride),  CH3C6H4(N02)CH(CH3)2(1,2,4),  2-nitro-p-cymene 
(2-nitro  1  -methyl-  4-isopropylbenzene) 

50.  If  it  is  necessary  to  avoid  ambiguity,  the  names  of 
complex  radicals  will  be  placed  in  parentheses.  Examples: 
(dimethylphenyl)amine  =  (CHs^CeHgNE^;  dimethylphenyl- 
amine  =  C6H6N(CH3)2. 

V.  Complex  Functions 

51.  For  compounds  of  complex  function,  that  is  to  say, 
for  compounds  possessing  different  functions,  only  one  kind  of 
function  (the  principal  function)  will  be  expressed  by  the 
ending  of  the  name.  The  other  functions  will  be  designated  by 
appropriate  prefixes. 

Example:  2-aminoethanol  (not  ethanolamine) .  By  rule  1  very  commonly 
used  names  like  phenolsulfonic  acid,  naphthylaminesulfonic  acid  might  still 
be  used. 

52.  The  following  prefixes  and  suffixes  will  be  used  for  desig- 
nating the  functions. 


Function 

Prefix 

Suffix 

Acid  and  derivatives 

carboxy 

carboxylic,  carbonyl, 
carbonamide,  etc., 
or  oic,  oyl,  etc. 

Alcohol 

hydroxy 

ol 

Aldehyde 

oxo,     aldo 

(for         al 

aldehyde  0)  or 

formyl 

(for 

CHO) 

Amine 

amino 

amine 

Azo  derivative 

azo 

Azoxy  derivative 

azoxy 

... 

Carbonitrile  (nitrile) 

cyano 

carbonitrile  or  nitrile 

Double  bond 

ene 

Ether 

alkoxy 

Ethylene  oxide,  etc. 

epoxy 

Halide 

halogeno(halo) 

.  .  . 

Hydrazine 

hydrazino 

hydrazine 

Ketone 

oxo  or  keto 

one 

Mercaptan 

mercapto 

thiol 

Nitro  derivative 

nitro 

Nitroso  derivative 

nitroso 

Quinquevalent  nitrogen 

onium,  inium  (olium) 

Sulfide 

alkylthio 

Sulfinic  derivative 

sulfino 

sulfinic 

Sulfone 

sulfonyl 

Sulfdnic  derivative 

sulfo 

sulfonic 

Sulfoxide 

sulfinyl 

Triple  bond 

yne 

Urea 

ureido 

urea 
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The  order  in  which  the  functions  are  here  listed  has  no  significance;  the 
rules  do  not  establish  any  general  order  of  precedence  (cf.  rules  7,  63). 

53.  The  names  of  derivatives  of  fundamental  heterocyclic 
substances  will  be  formed  according  to  the  preceding  rules. 

Example:  Hydroxyquinolinecarbonamide,  not  quinolinolcarbonamide. 

VI.  Radicals 

54.  Univalent  radicals  derived  from  saturated  aliphatic 
hydrocarbons  by  removal  of  one  atom  of  hydrogen  will  be  named 
by  replacing  the  ending  arte  of  the  hydrocarbon  by  the  ending  yl. 

Examples:  methyl,  ethyl,  pentyl  (or  amyl),  etc.  Since  isopropylidene 
is  recognized  (rule  56)  it  was  no  doubt  the  intention  of  the  Committee  to 
recognize  isopropyl  similarly. 

55.  The  names  of  univalent  radicals  derived  from  unsaturated 
aliphatic  hydrocarbons  will  have  the  endings  enyl,  ynyl,  dienyl, 
etc.,  the  positions  of  the  double  or  triple  bonds  being  indicated 
by  numerals  or  letters  where  necessary. 

Examples:  CH2:CH— ,  ethenyl  (or  vinyl);  CH':C— ,  ethvnyl;  CH3— CH:- 
CH— CH2— ,  2-butenyl;  CH2:CH— CH:CH— ,  1,  3-butadienyl. 

56.  Bivalent  or  trivalent  radicals  derived  from  saturated 
hydrocarbons  by  removal  of  2  or  3  hydrogen  atoms  from  the 
same  carbon  atom  will  be  named  by  replacing  the  ending  arte 
of  the  hydrocarbon  by  the  endings  ylidene  or  ylidyne.  For 
radicals  derived  from  unsaturated  hydrocarbons,  these  endings 
will  be  added  to  the  name  of  the  hydrocarbon.  The  names 
isopropylidene  and  methylene  are  retained. 

Examples:  CH2<,  methylene;  CH3CH<,  ethylidene;  CH3CH2CH  <f 
propylidene;  (CH3)2C<,  (1-methylethylidene)  or  isopropylidene;  CHaC:, 
ethylidyne;  CH2:CH— CH2CH  <,  3-butenylidene. 

57.  The  names  of  bivalent  radicals  derived  from  aliphatic 
hydrocarbons  by  removal  of  a  hydrogen  atom  from  each  of  the 
two  terminal  carbon  atoms  of  the  chain  will  be  ethylene,  tri- 
methylene,  tetramethylene,  etc. 

Only  saturated  radicals  are  provided  for:  — CH2CH2 — ,  ethylene;  — CH2- 
CH2CH2 — ,  trimethylene,  etc. 

58.  Radicals  derived  from  acids  by  removal  of  OH  will  be 
named  by  changing  the  ending  carboxylic  to  carbonyl  or,  if  the 
Geneva  nomenclature  is  used,  oic  to  oyl. 

Examples:  CH3CO,  ethanoyl  or  methanecarbonyl  (or  acetyl). 

59.  Univalent  radicals  derived  from  aromatic  hydrocarbon? 
by  removal  of  a  hydrogen  atom  from  the  ring  will  in  principle  be 
named  by  changing  the  ending  ene  to  yl.  However,  the  radicals 
CeHs  and  C6H5CH2  will  continue  provisionally  to  be  named 
phenyl  and  benzyl  respectively.  Moreover,  certain  abbrevia- 
tions sanctioned  by  usage  are  authorized,  as  naphthyl  instead  of 
naphthalyl. 

Examples:  CH3C6H4 — ,  tolyl  (instead  of  toluyl),  anthryl  (instead  of 
anthracyl),  phenanthryl,  fluoryl. 
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60.  Univalent  radicals  derived  from  heterocyclic  compounds 
by  removal  of  hydrogen  from  the  ring  will  be  named  by  changing 
their  endings  to  yl.  In  cases  where  this  would  give  rise  to 
ambiguity,  merely  the  final  e  will  be  changed  to  yl.  Examples: 
pyridine,  pyridyl;  indole,  indolyl;  pyrroline,  pyrrolinyl;  triazole, 
triazolyl;  triazine,  triazinyl. 

61.  Radicals  formed  by  removal  of  a  hydrogen  atom  from  a 
side  chain  of  a  cyclic  compound  will  be  regarded  as  substituted 
aliphatic  radicals. 

Examples:  CeHsd^CHs— ,  (2-phenylethyl) ;  CeHsCHiCHCEb— ,  (3- 
phenyl-2-propenyl) .      (For  CeHsCEb,  see  rule  59.) 

62.  In  general,  special  names  will  not  be  given  to  multi- 
valent radicals  derived  from  cyclic  compounds  by  removal  of 
several  hydrogen  atoms  from  the  ring.  In  this  case  prefixes  or 
suffixes  will  be  used.  Examples:  triaminobenzene  or  ben- 
zenetriamine;  dihydroxypyrrole  or  pyrrolediol. 

Comparison  with  rules  21,  33  and  51  will  show  that  of  the  names  given 
as  examples,  "benzenetriamine"  and  "pyrrolediol"  are  the  ones  ordinarily 
to  be  preferred  (according  to  the  rule  of  expressing  the  principal  function 
in  the  ending  of  the  name  where  there  is  a  suffix  denoting  it). 

63.  The  order  in  which  prefixes  or  radicals  are  stated  (alpha- 
betic order  or  conventional  order)  remains  optional. 

See  the  comments  on  rule  7.  There  is  no  generally  accepted  "  conventional 
order"  for  all  prefixes. 

VII.  Numbering 

64.  In  aliphatic  compounds  the  carbon  atoms  of  the  funda- 
mental chain  will  be  numbered  from  one  end  to  the  other  with 
the  use  of  arabic  numerals.  In  case  of  ambiguity  the  lowest 
numbers  will  be  given  (1)  to  the  principal  function,  (2)  to  double 
bonds,  (3)  to  triple  bonds,  (4)  to  atoms  or  radicals  designated  by 
prefixes.  The  expression  "  lowest  numbers  "  signifies  those  that 
include  the  lowest  individual  number  or  numbers.  Thus, 
1,  3,  5  is  lower  than  2,  4,  6;  1,  5,  5  lower  than  2,  6,  6;  1,  2,  5 
lower  than  1,  4,  5;  1,  1,  3,  4  lower  than  1,  2,  2,  4. 

Examples:  CH2:CHCH2CH3,  1-butene  (not  3-butene);  CH2:CHC:CH, 
l-buten-3-yne  (not  3-buten-l-yne) ;  CH2:CH — CH2OH,  2-propen-l-ol  (not 
l-propen-3-ol;  the  name  allyl  alcohol  may  also  be  used)  ;CHC12 — CH2CH:CH2, 
4,  4-dichloro-l-butene.  The  principle  of  "low  numbers"  also  applies  to 
cyclic  compounds,  with  due  regard  to  their  different  structures  (e.g.,  bridges 
and  hetero  atoms  are  usually  given  preferred  positions).  Examples: 
1,  3-cyclohexadiene;  3-cyclohexen-l-one  or  simply  3-cyclohexenone; 
4,  4-dichlorocyclohexene. 

Position  of  Numbers. — Where  shall  position  numbers  be  placed,  before 
or  after  the  parts  of  the  name  to  which  they  refer?  Usage  varies;  some 
chemists  place  them  before,  some  place  them  after,  some  use  a  combination. 
The  Committee  has  left  full  latitude  on  this  point.  The  examples  in  the 
French  version  usually  show  the  numbers  placed  after;  the  examples  in  these 
comments  follow  the  practice  of  Chemical  Abstracts  in  being  placed  before. 
Each  method  has  certain  advantages.  In  Beilstein  numbers  placed  after  are 
in  parentheses,  those  placed  before  are  not,  e.g.,  "2-methyl-butanol-(4)." 

65.  Positions  in  a  side  chain  will  be  designated  by  numeral? 
or  letters,  starting  from  the  point  of  attachment.  The  numeral.0 
or  letters  will  be  in  parentheses  with  the  name  of  the  chain. 
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Examples:  (CH3)2CH— ,  (1-methylethyl)  or  isopropyl;  CH3CHCICH2— , 
(2-chloropropyl).  The  rule  equally  permits  Greek  letters,  ordinary  letters, 
primed  numbers  (1',  2'),  numbers  with  indices  (41,  42)  or  other  designations. 

66.  In  case  of  ambiguity  in  the  numbering  of  atoms  or  radicals 
designated  by  prefixes,  the  order  will  be  that  chosen  for  the 
prefixes  before  the  name  of  the  fundamental  compound  or  side 
chain  of  which  they  are  substituents. 

Example:  CH2BrCH2CH2Cl,  l-bromo-3-chloropropane  (alphabetic  order), 
or  l-chloro-3-bromopropane  (order  of  increasing  radical  weight).  The 
purpose  of  the  rule  is  to  decide  which  prefixes  shall  have  which  numbers, 
when  the  set  of  numbers  (in  the  above  example  1,  3)  for  the  prefixes  has  been 
determined. 

67.  The  prefixes,  di,  tri,  tetra,  etc.  will  be  used  before  simple 
expressions  (for  example,  diethylbutanetriol)  and  the  prefixes 
bis,  tris,  tetrakis,  etc.,  before  complex  expressions.  Examples: 
bis  (methylamino)  propane,  CH3NH(CH2)3NHCH3;  bis- 
(dimethylamino)ethane,  (CHs^NCI^CI^NCCHa^.  The  pre- 
fix bi  will  be  used  only  to  denote  the  doubling  of  a  radical  or 
compound;  for  example,  biphenyl. 

Additional  example  of  the  use  of  bi:  p-(CeH4C02H)2,  4,  4'-bibenzoic  acid  or 
biphenyl-4,  4/-dicarboxylic  acid. 

68.  A  catalog  of  cyclic  systems,  with  their  numberings 
according  both  to  the  existing  system  and  to  that  of  Mr. 
Patterson,  is  in  preparation  under  the  auspices  of  the  National 
Research  Council  of  the  United  States  and  of  the  American 
Chemical  Society. 

This  catalog  appeared  in  1940  as  American  Chemical  Society  Monograph 
No.  84,  "The  Ring  Index"  by  Austin  M.  Patterson  and  Leonard  T.  Capell. 

In  order  to  avoid  all  confusion  the  Commission  recommends 
placing  a  scheme  of  numbering  at  the  head  of  each  article. 

INDEX 

to 

INTERNATIONAL  UNION  RULES 

(Numbers  refer  to  the  individual  rules) 
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Carbylamines,  38 
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Diazoates,  43c 
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Ethers,  23 
Functions,  complex,  51-53 

simple,  17-50 
Fundamental  chain,  6,  10,  18 
Guanidine  derivatives,  37 
Halogen  derivatives,  19 
Heterocyclic  compounds,  14-16,  53 
Hydrazides,  44 
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Hydrazine  derivatives,  44 
Hydrazo  compounds,  44 
Hydrazones,  45 
Hydrocarbons,  aliphatic  satd.,  4-7 

aliphatic  unsatd.,  8-10 

branched-chain,  6,  7 

cyclic,  11-13 

straight-chain,  5 
Hydroxylamine  derivatives,  35 
Imides,  32 
Isocyanates,  39 
Isocyanides,  38 
Isonitriles,  38 
Isothiocyanates,  39 
Ivetenes,  28 
Ketones,  27 
Mer  cap  tans,  22 
Metal-organic  compounds,  48 
Nitriles,  32 
Nitro  derivatives,  41 
Nitroso  derivatives,  52 
Numbering,  64-66 
Onium  compounds,  33 
Organometallic  compounds,  48 
Osazones,  45 

Oximes,  35;  of  amides,  32 
Pentazdienes,  43f 
Phenols,  20,  21 
Phosphorus  compounds,  34 
Prefixes,  52;  order  of,  7,  63 
Quinones,  46 


Radicals,  acid,  58 

bivalent,  56,  57 

complex,  50 

multivalent  cyclic,  62 

order  of,  7,  63 

side-chain,  61 

triyalent,  56 

univalent  satd.,  54 

unsatd.,  55 
heterocyclic,  60 
"  aromatic,  59 

Salts,  31 

Selenonic  and  seleninic  acids,  47 
Semicarbazones,  45 
Suffixes,  52 
Sulfides,  25 
Sulfinic  acids,  47 
Sulfones,  25 
Sulfonic  acids,  47 
Sulfoxides,  25 

Telluronic  and  tellurinic  acids,  47 
Tetrazanes  and  tetrazenes,  43f 
Thials,  26 
Thio  acids,  30 
Thioaldehydes,  26 
Thiocyanates,  40 
Thioketones,  27 
Thiols,  22 
Thiones,  27 
Triazenes,  43e 
Urea  derivatives,  36 


PREFIX  NAMES  OF  ORGANIC  RADICALS 


This  H?t  is  taken,  by  permission,  from  the  Introduction  to  the  Subject  Index  of  Chemical 
Abstracts,  Volumes  39  and  41,  and  represents  the  latest  practice  of  that  journal. 


acenaphthenvl  C12H9 —  (from  acenaphthene) 
acetamido  CH3CONH— 
acetenyl  =  ethynyl 
acetimido  CH3C(:NH)— 
acetonyl  CH3CCCH2— 
acetonylidene  CH3C0CH= 
acetoxy  CH3COO— 
acetyl  CH3CO— 
acetylene  =CHCH= 
acridyl  C13H8N —  (from  acridine) 
acrylyl  CH2:CHCO— 
adipyl  —  OC(CH<0"CO— 
alanyl  CH3CHNH:C0— 
alkoxy  RO—(R  =  any  aikyl  radical) 
allyl  CH2:CECH2— 
/3-allyl  =  isopropenyl 

amido  H2N —  (properly,  in  acid  groups  only; 
by  some  used  synonymously  with  amino) 
amidoxalyl  =  oxamyl 
amino  H2N — 
amoxy  CHsfCI^O— 
amyl  CH3(CH2)4— 

CH3CH2 

terf-amyl  C — 

(CH3)2 
amylidene  CH3(CH2)3CH=: 
anilino  CeEUNH— 
anisal  =  anisylidene 
anisoyl  p-CHaCCel^CO— 
anisyl  =  methoxyphenyl  or  methoxybenzyl 
anisylidene  p-CH3OC6H4CH= 
anthranoyl  0-H2NC0H4CO— 


anthraquinonyl    Ci4H702^ —  (from    anthra- 

quinone,  2  isomers) 
anthryl  C14H9 —  (from  anthracene,  8  isomers) 
anthrylene  — CuHs —  (from  anthracene,  1% 

isomers) 
antimono  — Sb:Sb — 
antipyroyl  (from  antipyric  acid) 

oi.NCCeHaj.NCCH^.CCCHajticO— 
3  2  1  5  4 

antipyryl  (from  antipyrine) 

OC.N(C6H5).N(CH3).C(CH3):6— 
3  2  1  5  4 

arseno  — As:  As — 
arsenoso  0:As — 

arsinico  (from  arsinic  acid)  (HO)OAs=z 
arsino  H2AS — 
arso  O2AS — 

arsono  (from  arsonic  acid)  (HO)20As — 
arsylene  HAs— 
asaryl  2,4,5-(CH30)3C6H2— 
asparagyl  H2NCOCH2CHNH2CO— 
aspartyl  -COCH2CHNH2CO- 
auro  Au — 
azido  N3 — 
azino  =  NN:=. 
azo  — N:N —  (as  connective) 
azoxy  — N(0)N— 
benzal  =  benzylidene 
benzamido  CgHdCONH— 
benzenyl  =  benzyl.dyne 
benzidino  H2NC6H4C6H4NH—  (from  ben- 
zidine) 
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benziloyl  (C6H5)2C(OH)CO— 
benzimidazolyl     C7H5N2 —     {from     benzi- 

midazole) 
benzimido  C6H5C(:NH)— 
benzofuryl  C8H5O —  (from  benzofuran) 
benzhydryl  (C6H5)2CH—  _ 
benzhydrylidene  (CeEU^C — 
benzopyranyl  C9H7O —  (2-a-,  etc.)   (from 

benzopyran) 
benzoxazolyl  C7H4NO —  (from  benzoxazole) 
benzoxy  CeHsCOO — 
benzoyl  C6H5CO— 
benzoylene  — C6H4CO — 
benzyl  CeHsCHu— 
benzylidene  CeHsCH — 
benzylidyne  CeHoC= 
biphenylene  — C6H4C6H4 — 
biphenylenebisazo  — NrNCeEUCeEUNtN — 
biphenylyl  (2-,  3-  or  4-)  CeHoCelh—  (from 

biphenyl) 
biphenylylcarbonyl  C6H5C0H4CO— 
biphenylyloxy  C6H5C6H4O — 
bornyl  (from  borneol) 


r-C(CH3)s 

CH2.CH.CH2.CH 

I 


1 


(CH3).CH— 

1 


4     5 


boryl  0:B— 
bromo  Br — 

1-butenyl  CH3CH2CH:CH— 
2-butenyl  CH3CH:CECH2— 
3-butenyl  CH2:CH(CH2)2— 
butoxy  CH3(CH2)30— 
butyl  CH3(CH2)3- 
CH3CH2 

sec  -butyl  CH— 

(CH3)2 
tert -butyl  (CH3)3C— 
butylene  (1,4)  =  tetramethylene 
butylidene  CH3(CH2)2CH= 
butyryl  CH3(CH2)2CO— 
camphanyl    CioHn —    (from    camphane,   8 

isomers) 
camphoroyl    CioHi402=z  (from  camphoric 

acid) 
camphoryl  C10H15O —  (from  camphor) 
camphor ylidene  C10H14O—  (from  camphor) 
caproyl  CH3(CH2)4CO— 
capryl  CH3(CH2)8CO— 
caprylyl  CH3(CH2)6CO— 
carbamido  =  ureido 
carbamyl  H2NCO — 
carbanilino  =  phenylcarbamyl 
carbazolyl    C12H8N —    (from    carbazole,    5 

isomers) 
carbethoxy  C2H5OOC— 
carbomethoxy  CH3OOC — 
car  bony  1  OC— 
carbonyldioxy  — OCOO — 
carboxy  HOOC— 
carbyl  — C — 
carvacryl    (4)(CH3)2CH 

C6H3-(2) 

/ 
(1)CH3 


cetyl  =  hexadecyl 

chaulmoogroyl    (C5H7(CH2)i2CO —    (from 

chaulmoogric  acid) 
chaulmoogryl     C5H7(CH2)i2CH2 —     (from 

chaidmoogryl  alcohol) 
chloro  CI— 
chloromercuri  ClHg — 
chrysenyl  CisHn —  (from  chrysene) 
cinnamal  =  cinnamylidene 
cinnamenyl  =  styryl 
cinnamoyl  C6H5CH:CHCO— 
cinnamyl  CeHsCHiCHC^— 
cinnamylidene  CgHoCH:CHCH= 
cresotyl  2,3-HO(CH3)C6H3CO—  (from  cres- 

otic  acid)  (2,3-shown) 
cresoxy  =  toloxy 

cresyl  =  ar  -hydroxytolyl;  =  tolyl 
cresylene  =  tolylene 
crotonyl  CH3CH:CHCO— 
crotyl  =  2-butenyl 
cumal  =  p-cuminylidene 
cumidino  (CH3)2CHC6H4NH— 
cuminal  =  p-cuminylidene 
cuminyl  p-(CH3)2CHC6H4CH2— 
cuminylidene  p-(CH3)2CHCoH4CH  = 
cumoyl  (from  cumic  acid)  p-(CH3)2CHCcH4. 

CO 
cumyl  (CH3)2CHCf,H4— 
cyanato  NCO — 
cyano  NC — 

cyclobutyl  (from  cyclobutane)  C4H7 — 
cyclohexadienyl  (2,4-  shown ) 


CH2.CH:CH.CH:CH.6h— 
6       5     4      3     2      1 

cyclohexadienylidene    (24-    or    2,5-; 
shown) 


2,5- 


CH:CH.CH2.CH:CH.6= 

cyclohexenyl  CeHg —  (from  cyclohexene,   S 

isomers) 
cyclohexenylidene  (2-  shown) 


CH2.CH2.CH2.CH:CH.C= 

cyclohexyl  CcHn —  (from  cyclohexane) 
cyclohexylidene 

CH2.CH2.CH2.CH2.CH2.C- 

1 1 

cyclopentenyl  C5H7 —  (from  cyclopentene) 
cyclopentyl  C5H9 —  (from  cyclopentane) 
cyclopropyl  C3Hs —  (from  cyclopropane) 
cymyl  Ci0Hi3 —  (from  cymene) 
2-p-cymyl  =  carvacryl 
3-p-cymyl  =  thymyl 
decyl  CH3(CH2)9— 
desyl  C6H5COCH(C6H5)— 
diazo  — N:N —  or  N|N= 
diazoamino  — N:NNE[ — 
disilanoxy  H3SiSiH20— 
disilanyl  HsSiSiHo— 
disilanylamino  H3SiSiH2NH — 
disilanylene  — SiH2SiH2 — 
disilazanoxy  H3SiNHSiH20 — 
disilazanyl  H3SiNHSiH2— 
disilazanylamino  H3SiNHSiH2NH— 
disiloxanoxy  H3SiOSiH20 — 
disiloxanyl  H3SiOSiH2 — 
disiloxanylamino  H3SiOSiH2NH — 
dodecyl  CH3(CH2)i0CH2— 
duryl  2,3,5,6-(CH3)4CoH— 
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durylene 


|CH3 
lCH3 


H3C 
H3C 


enanthyl  CH3(CH2)5CO— 

epoxy  — 0 —  (to  different  atoms  already 

united  in  some  other  way) 
ethene  =  ethylene 
ethenyl  =  ethylidyne;  =  vinyl 
ethinyl  =  ethynyl 
ethoxalyl  C2H5OOCCO— 
ethoxy  C2H5O— 
ethyl  CH3CH2— 
ethylene  — CH2CH2— 
ethylenedioxy  — 0(CH2)20— 
ethylidene  CH3CH— 
ethylidyne  CH3C= 
ethynyl  CH':C— 
ethynylene  — CjC — 
fenchyl  C10H17 —  (from  fenchane) 
ftuorenyl  C13H9 —  (from  fluorene,  5  isomers) 
fluorenylidene  Ci3Hh=  (from  fluorene) 
fluoro  F— 

formamido  HCONH- 
formazyl 

CeH^NrN 

V 

CeHsNHN 
formyl  OCH— 
furfural  =  furfurylid(  ne 

furfuryl  O.CH:CH.CH:CCH2— 
furfurylidene 


HC- 


O.CH:CH.CH:CCH= 
2-furoyl  6.CH:CH.CH:CCO— 

3-furoyl  CH:CH.O.CH:CCO— 

furyl  (2  isomers,  2-shown) 

0.iH:CH.CH:t- 
furylidene 
0 

HC  CH2  3(2)—  (also  a  2(3) -form) 

geranyl  C10H17 —  (from  geraniol) 
glutamyl  —  OCCHNH2(CH2)2CO— 
glutaryl  —  OC(CH2)3CO— 
glyceroyl  CH2OHCHOHCO— 

glyceryl  — CH2CHCH2— 
glycolyl  HOCH2CO— 
glycyl  H2NCH2CO— 
glyoxylyl  OCHCO- 
guaiacyl  =  o-methoxyphenyl 
guanidino  H2NC(:NH)NH— 
guanyl  H2NC(:NH)— 
hendecyl  CH3(CH2)i0— 
heptyl  CH3(CH2)6— 
hexadecyl  CHS(CH2)14CH2— 
hexyl  CH3(CH2)5— 
hippuryl  C6H5CONHCH2CO- 
homopiperonyl3,4-(CH202)C6H3CH2CH2— 
hydnocarpoyl      C5H7(CH2)]0CO—      (from 
hydnocarpic  acid) 


hydnocarpyl      C5H7(CH2)i0CH2 —      (from 

hydnocarpylalcohol) 
hydrazi 
NH 

(to  same  atom) 

NH 
hydrazino  H2NNH — 
hydrazo  — HNNH—  (to  different  atoms) 
hydrazono  H2NN= 
hydrocinnamoyl  CGH5CH2CH2CO— 
hydroxamino  HONH — 
hydroximino  =  isonitroso 
hydroxy  (hydroxyl)  HO — 
-idene  added  to  any  radical  usually  means  a 

double  bond  at  point  of  attachment 
imidazolidyl  C3H7N2 —  (from  imidazolidine) 
imidazolyl    C3H3N2 —   (from   imidazole,    4 

isomers) 
imido  NH—  (property,  in  acid  groups  only; 

by  some  used  synonymously  with  iminoj 
imino  NH= 

indanyl  C9H9 —  (from  indan,  4  isomers) 
indenyl  C9H7 —  (from  indene,  7  isomers) 
indolyl  CsHeN —  (from  indole,  7  isomers) 
indolylidene 
NH 


Cr,H,         CH2 


C 

3(2)-,  etc. 
indyl  =  indolyl 
iodo  I — 
iodoso  01 — 
iodoxy  O2I — 
isoallyl  =  propenyl 
isoamoxy  (CH3)2CHCH2CH20— 
isoamyl  (CHshCHCHiCH:- 
isoamylidene  (CH3)2CHCH2CH= 
isobutenyl  =  2-methylpropenyl 
isobutoxy  (CH3)2CHCH20— 
isobutyl  (CH3)2CHCH2— 
isobutyryl  (CH3)2CHCO— 
isocyanato  OCN — 
isocyano  C:N — 
isohexyl  (CH3)2CH(CH2)3— 
isoindolyl    CsHeN —    (from    isoindole,     4 

isomers) 
isoleucyl  CH3CH2CH(CH3)CHNH2CO— 
isonitro  HOON= 
isonitroso  HON — 
1-isopentenyl  =  3-methyl-J-butenyl 
isophthalal  =  isophthalylidene 
isophthaloyl  — OCC6H4CO—  (m) 
isophthalylidene  = HCC6H4CH=  (m) 
isopropenyl  CH2:C(CH3)— 
isopropoxy  (CHs)2CH0 — 
isopropyl  (CH3)2CH—  _ 
isopropylidene  (CHs)2C — 
isoquinolyl  C9H6N —  (from  isoquinoline,  7 

isomers) 
isothiocyano  S:C:N — 
isovaleryl  (CH3)2CHCH2C0— 
isoxazolyl    C3H2NO —    (from    isoxazole,    5 

isomers) 
keto  =  oxo 

lauroyl  (from  lauric  acid)  CH3(CH2)ioCO — 
leucyl  (from  leucine) 

(CH3)2CHCH2CHNH2CO- 
malonyl  — OCCH2CO— 
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menthyl  CHa.-  phenanthryl   C14H9—   {from   phenanthrene 

5  isomers) 
phenanthrylene — CnHg —  (several  isomers) 
phenenyl  C6H3==  (s-,  as-,  v-) 
phenethyl  CeflsCHsCH*- 
phenelidino  C2H5OC6H4NH— 
phenetyl  (0,  m,  or  p)  C2H6OC6H4— 
phencxy  CcHsO — 
phenyl  CcH5— 
phenylacetyl  CeHsCHiCO— 
phenylazo  CeHsNrN — 
phenylcarbamido  =  phenylureido 
phenylene  00114=  (0,  m  or  p) 
phenylenebisazo     — N:NCoH4N:N —     (0, 

m,  p) 
phenylidene  =  cyclohexadienylidene 
phenylsulfamyl  CeHsNHSOc— 
phenylsulfonamido  CeHtSOrNH — 
phenylureido  CeHsNHCONH— 
phospharseno  — P:As — 
phosphazo  — P:N — 

phosphinico  HOOP^  (from  phosphinic  acid) 
phosphino  H2P — 
phospho  O2P — 
phosphono  (HO)2OP— 
phosphoro  — P:P — 
phosphoroso  OP — 
phthalal  =  phthalylidene 


6h.(CH2)2.CH(CH(CHs):).CH2.CH— 
14  3      2 

— (from  menthane;  2-p-  shown) 
mercapto  HS — 
mercuri  — Hg — 
mesityl  2,4,6-(CH3)3CGH2— 
a-medtyl  3,5-(CH3)2C6H3CH2— 
mesyl  —  methylsulfonyl 
methene  =  methylene 
methenyl  =  methyUdyne 
methionyl  CH2(S02)22— 
methoxy  CH3O— 
methyl  CH3—  _ 
methylene  CH2 — 
methylenedioxy  — OCH2O — 
methylidyne  CE= 
methylcl  =  (hydrcxymethyl) 
morphclinyl  (from  morpholine)  = 

C4H8NO— 
myristoyl  (from  myrktic  acid)  CH3(CH2)i2- 

CO— 
naphthal  =  naphthylmethylene 
naphthalimido  (from  naphthalimide) 

C10H6(CO)2N— 
naphthenyl  =  naphthylmethylidyne 
naphthoxy  C10H7O — 
naphthoyl  C10H7CO— 
naphthyl  (1-  or  2-)_Ci0H7— 
naphthylene  CioHc— 
naphthylidene 


phthalidyl  C6H4.CO.O.CH- 

(from  phthalide) 


H2 
1(4)-,  etc. 
uitramino  O2.NNH — 
nitrilo  N= 
nitro  O2N — 
aci-nitro  =  isonitro 
nitroso  ON — 
nonyl  CH3(CH2)8— 

norcamphanyl  C7H11 —  (from  norcamphane) 
octyl  CH3(CH:)7—  m 
oleoyl  (from  oleic  acid)  C17H33CO — 
oxalyl  — OCCO— 
oxamido  H2NCOCONH— 
oxamyl  H2NCOCO— 
oxazolyl  C3H2NO—  (from  oxazole) 
oximido  =  isonitroso 
oxo  0=  (to  same  atom) 
oxy  — 0 —  (used  as  a  connective;  cf.  epoxy 

and  oxo) 
palmitoyl  CH3(CH2)i4C0 —  (from  palmitic 

acid) 
pelargonyl    CH3(CH2)7CO—    (from    pelar- 

gonic  acid) 
pentamethylene  — CH:(CHr)3CH2— 


phthalidylidene  Slcoat 

(from,  phthalide) 
phthalimido  CcH4(CO)2N—  (0) 
phthaloyl  — OCC6H4CO—  (0) 
phthalylidene  =HCC6H4CH=  (0) 
phytyl(CH3)cCH(CH2)3CH(CH3)(CH2)j— 

CH(CH3)(CH2)3C(CH3):CHCH2— 
picryl  2,4,6-  (NO^CeHsj— 
piperidyl    C5H10N —    (from    piperidine,    4 

isomers) 
piperonyl  3,4-(CH202)C6H3CH2— 
pipercnylidene3,4-(CH:02)CeH3CH= 
pivclyl  (CH3)3CC0 —  (from  pivalic  acid) 
prolyl  (from  proline) 


pentazolyl  N=N— N=N— N— 

pentenyl  (like  butenyl)  C5K9 — 

pentyl  =  amyl 

perimidyl  C11H7N2 —  (from  perimidine,  8 

isomers) 
perseleno  Se:Se— 
perthio  (replacing  0  only)  S^S^ 
phenacyl  CeEUCOCHo— 
phenacylidene  CeHaCOCH — 


NH.CH2.CH2.CH2.iH.CO— 

propargyl  =  2-prcpyryl 

prcpenyl  CH3CH:CH—  _ 

prcpenylidene  CH3CH:C — 

prcpiolyl  HCiCCO— 

prcpionyl  CH3CHcCO— 

prcpoxy  CH3CHcCH£0— 

propyl  CHsCHcCHo— 

propylene  — CH(CH3)CH2— 

prcpylldene  CH3CH:CH= 

1-prcpynyl  CH3C-C — 

2-prcpynyl  CHiCCHs— 

pseudoallyl  =  isopropenyl 

as-pseudocumyl  2,3,5-(CH3)3CeH2 — 

s-pseudocumyl  (2,4,5-) 

t-pseudocumyl  (2,3,6-) 

pscudoindolyl  CsHeN —  (from  pseudoindole, 

7  isomers) 
pyranyl  C5H5O—  (2-a,  2-7,  3-a-,  etc.) 
pyrazinyl  C4H3N2 —  (from  pyrazine) > 
pyrazolidyl  C3H7N2 —  (from  pyrazolidine) 
pyrazolyl    C3H3N2—    (from    pyrazole,    4 

isomers) 
pyrenyl  CioHg —  (from  pyrene) 
pyridyl  C5H4N —  (from  pyridine,  S  isomers) 
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pyridylidene 


y 


V 

II 

4(1),  etc. 

pyrimidyl  C4H3N2 —  (from  pyrimidine) 
pyromucyl  =  2-furcyl 
pyrrolidyl  C4H8N —   (from   pyrrolidine,   8 
isomers) 

pyrroyl  (k:CH.CH:CH.N.CO— 
pyrryl  C4H4N —  (from  pyrrole,  8  isomers) 
quinazolyl  C8H5N2 —  (from  quinazcline) 
quinolyl     CgHcN —     (from     quinoline,     7 

isomers) 
quinonyl  C6H3O2 —  (from  quinone) 
quinoxalyl  C8H5N2 — (from  quinoxaline) 
salicyl  =  o-hydroxyphenyl;  =  o-hydroxy- 

benzyl 
salicylidene  HOCgH4CH=  (0) 
salicyloyl  HOC0H4CO—  (0) 
selenino  (HO)OSe— 
seleninyl  OSe — 
seleno  Se— 
selenocyano  NCSe — 
selenono  H03Se — 
selenonyl  — Se02 — 
selenyl  HSe — 

semicarbazido  NH2CONHNH— 
senecioyl  (CH3)2C:CHCO —  (from  senecioic 

acid) 
siloxy  H3SiO— 
silyl  H3S- 
silylamino  HsSiNH — 
l-silyldisilanyJ_(H3Si)2SiH— 
silylene  HrS' — 
silylidene  ESi= 
stannyl  H^Sn — 
stearoyl  CH3(CH?)i6CO— 
stibarseno  — Sb:/  s — 
stibinico  HOOSb= 
stibino  H^Sb — 
stibo  OiSb— 
stibono  (HO)2OSb— 
stiboso  0:Sb — 
stibyl  =  stibino 
stibylene  HSb== 
styrene  — CH(C6H5)CH2— 
styrolene  =  styrene 
styryl  C6H5CH:CH— 
succinamyl  H2NCCCHrCH2CO— 
succinimido  (CH2CO)2N— 
succinyl  —  OCCH:CH2CO— 
sulfamino  HO3SNH— 
sulfamyl  H2NOcS— 
sulfanilamide   P-H2NCCH4SO2NH —   (from 

sulfanilamide) 
sulfanilyl  P-H2NC6H4SO2 —  (from  sidfanilic 

acid) 
sulfhydryl  =  mercapto 
suLIno  HO2S— 
surnyl  OS= 
sulfo  HO3S— 
sulfonamide  — SO2NH — 
sulfonyl  — SO2 — 
sulfuryl  =  sulfonyl 
taury]  H2NCH2CH2S02— 
telluro  Te— 
terephthalal  =  terephthalylidene 


terephthaloyl  — OCCfH4CO— (p) 
terephthalylidene  =HCC:H4CH=  (p) 
tetramethylene  — CH2CH2CH2CH2— 
tetrazclyl  CHN4 —  (from  tetrazole,  2  isomers) 
thenoyl    C4H3SCO —    (from    thiophenecar- 

boxylic  acid,  2  isomers) 
thenyl  (2  isomers)  C4H3SCH2— 
thenylidene  (2  isomers)  C4H3SCH  = 
thiazolidyl  CsHgNS —  (from  thiazolidine) 
thiazolyl  CsH2NS —  (from  thiazole,  3  iso- 
mers) 
thienyl  C4H3S —  (from  thiophene,  2  isomers) 
thio  — S— 

thiocarbamyl  H2NCS — 
thiocarbonyl  SC= 
thiocyano  NCS — 
thiohydroxy  =  mercapto 
thiol  (S  replacing  0  in  OH) 

Used  in  place  of  "thio"  when  required 

for  distinction 
thiono  (S  replacing  0  in  CO) 

Used  in  place  of  "thio"  when  required 

for  distinction) 
thionyl  =  sulCnyl 
thioxo  (S  replacing  2H  in  >CH2) 
thiuram  =  thiocarbamyl 
thujyl  C:oHn —  (from  sabinane,  attached  at 

2-position) 
thymyl  (from  thymol) 

HC:C(CH3).CH:CH.C(CH(CH3)2).6— 

toloxy  (0,  m,  or  p)  CH3C6H4O — 

toluidino  (0,  m  or  p)  CH3C6H4ONH— 

toluyl  (0,  m  or  p)  CH3CeH4CO— 

a-toluyl  =  phenvlacetyl 

tolyl  (0,  m  or  p)  CH3C6H4— 

a-tolyl  =  benzyl 

tolylene  (6  isomers)  CH3CgH^= 

a-tolylene  =  benzylidene 

tosyl  =  tolylsulfcnyl 

triazeno  NH2N:N — 

triazinyl  C3H2N3 —  (from  triazine) 

triazo=azido 

triazclyl  C2H2N3—  (from  triazole) 

trimethylene  — CHlCHlCH^ 

trisilanyl  H3SiSiH-;SiH2— 

trisilanylene  — SiH2SiH2SiH2— 

trityl  =  triphenylmethyl 

tryptophyl  CnHnN20—  (from  tryptophan) 

tyrosyl  p-HOCe^CHj-CHNHiCO—  (from 
tyrosine) 

undecyl  =  hendecyl  (in  sense  C11H2* — ) 

uramino  =  ureido 

ureido  H2NCONH —  (by  some  used  synon- 
ymously with  ureylene) 

ureylene  — HNCONH— 

valeryl  CH3(CH2)3CO— 

valyl  (CH3)2CHCHNH2CO—  (from  valine) 

vanillal  =  vanillylidene 

vanilloyl  3,4-(CH30)(HO)(CcF5CO— 

vanillyl  3,4-(CH30)(HO)CeH£H2— 

vanillylidene  3,4-(CH30)(HO)C6H3CH= 

veratral  =  veratrylidene 

veratrcyl  3,4-(CH30)2CeH3CO— 

veratryl  3,4-(CH30):CcH£CH2— 

veratrylidene  3,4-(CH30)2C6H3CH= 

vinyl  HlC:CH— 

vinylene  — CH:CH— 

vinylidene  HsChC^ 

xanthyl  C13H9O —  (from  xanthene,  6  isomers) 

xenyl  =  biphenylyl 

xyloyl  (CH3)2CgH3C0 —  (from  xylic  acid 
7  isomers) 

xylyl  (CH3)2C6H3- 

xylylene  — H2CC6H4CH2— 
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EXPLANATION  OF  TABLE 

The  table  presents  data  for  over  5000  compounds.  They  have  been 
selected  to  include  those  of  general  or  commercial  importance  as  well  as  those 
commonly  met  with  in  the  laboratory. 

Arrangement.  The  entries  are  arranged  alphabetically  by  parent 
compounds,  substituting  atoms  and  groups  like  bromo-,  _  chloro-,  ethyl-, 
methyl-,  nitro-,  etc.  being  placed  after  the  rest  of  the  name  instead  of  before 
it;  e.g.,  Acetic  acid,  dichloro-  (and  not  Dichloroacetic  acid).  This  practice, 
which  is  followed  in  some  of  the  indexes  to  journals,  makes  it  possible  to 
bring  many  derivatives  of  the  same  parent  together.  Radicals  such  as 
propyl,  butyl  and  amyl,  and  also  compounds  such  as  butyric  acid  and 
valeraldehyde,  are  assumed  to  be  of  normal  structure  unless  otherwise 
stated. 

Nomenclature.  Compounds  are  indexed  under  their  common  names 
wherever  these  are  acceptable,  but  a  large  number  of  synonyms  and  cross 
references  are  included.  In  particular,  many  names  formed  according  to  the 
International  Union  Rules  (see  preceding  pages)  are  given  and  are  distin- 
guished by  the  symbol  (*).    Trade  mark  names  are  in  quotations. 

An  alphabetic  order  of  substituting  radicals  is  employed  in  each 
name;  e.g.,  Ether,  ethyl  methyl  (not  Ether,  methyl  ethyl).  For  a  table  of 
radicals,  see  preceding  pages. 

Acids  are  entered  under  their  "trivial"  names  where  these  exist.  Sys- 
tematic names  are  derived  from  trivial  names  where  this  is  feasible;  as, 
Valeric  acid,  a-bromo-. 

Alcohols.  Important  alcohols  having  common  names,  as  Amyl  alcohol, 
Isoamyl  alcohol,  Propyl  alcohol,  are  so  entered.  For  others  the  Inter- 
national Union  names  are  used;  as,  3-Buten-l-ol. 

Aldehydes  and  amides  are  usually  entered  under  names  derived  from  the 
acid  name;  as,  Propionaldehyde,  Propionamide  (from  propionic  acid). 

Amines  will  be  found  under  their  usual  names;  as,  Ethylamine,  Triethyl- 
amine,  Ethylenediamine. 

Carbylamines  are  entered  as  Ethyl  isocyanide,  Phenyl  isocyanide,  etc. 

Cyanides.    See  Nitriles,  below. 

Esters  of  organic  acids  will  in  general  be  found  under  the  names  of  the 
corresponding  acids,  but  those  of  glycerol  and  glycol  are  under  the  names 
of  the  alcohols.  Esters  of  inorganic  acids  have  independent  entries;  as, 
Ethyl  sulphate,  Ethylsulfuric  acid. 

Ethers.  Simple,  unsubstituted  ethers  occur  under  their  own  names; 
as,  Ethyl  ether,  Phenyl  ether.  Most  other  monoethers  are  under  Ether;  as, 
Ether,  isoamyl  phenyl. 

Halogen  derivatives  of  hydrocarbons,  when  simple,  are  entered  under 
their  common  names  (as,  Propyl  chloride)  or,  when  more  complex,  under 
their  International  Union  names  (as,  1-Pentane,  2-chloro-). 

Hydrazine  derivatives  are  found  under  Hydrazine  or,  if  monoacyl 
derivatives,  under  the  name  of  the  corresponding  acid  (as,  Benzoic  acid, 
hydrazide).  But  hydrazones  are  placed  under  the  corresponding  carbonyl 
compound  (as,  Acetone,  phenylhydrazone). 

Hydrocarbons  of  the  aliphatic  series  are  entered  under  their  Geneva 
(International  Union)  names;  other  hydrocarbons,  under  their  commonly 
accepted  names. 

Isocyanides  (Isonitriles)  are  named  as  Ethyl  isocyanide,  Phenyl  iso- 
cyanide, etc. 

Ketones  having  simple  names  are  so  entered  (e.g.,  Acetone,  Acetophe- 
none);  others  are  given  International  Union  names  if  possible  (as,  2-Buta- 
none).  Those  familiar  with  "ketone"  names  will  find  a  number  of  cross 
references  under  Ketone. 

Mercaptans  are  named,  according  to  the  International  Union  rule,  as 
Ethanethiol  (C2H5SH),  Benzenethiol  (C6H5SH),  etc. 

Metallic  salts  of  organic  acids  will  be  found  in  the  preceding  table, 
"Physical  Constants  of  Inorganic  Compounds." 

Metal-organic  compounds  should  be  looked  for  under  the  name  of 
the  metal;  as,  Lead,  tetraethyl-. 

Nitriles  (cyanides)  are  given  names  derived  from  the  corresponding  acid : 
as,  Acetonitrile. 
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EXPLANATION  OF  TABLE  (Continued) 

Oximes  are  entered  under  the  corresponding  carbonyl  compound;  as, 
Formaldehyde,  oxime. 

Phenols  will  be  found  under  their  usual  names;  as,  Phenol,  Resorcinol. 

Salts  of  bases  are  entered  under  the  names  of  the  bases;  as,  Aniline, 
hydrochloride.  For  metal  salts  of  organic  acids  see  the  preceding  table, 
"Physical  Constants  of  Inorganic  Compounds." 

Semicarbazones  are  placed  under  the  corresponding  carbonyl  com- 
pound; as,  Acetone,  semicarbazone. 

Sulfides,  sulfones  and  sulfoxides  are  treated  like  ethers  (see  Ethers, 
above);  as,  Ethyl  sulfide;  Sulfone,  ethyl  phenyl. 

Sulfonic  acids  are  named  as  Ethanesulfonic  acid,  Naphthalenedisulfonic 
acid,  etc. 

Boldface  type  is  used  to  distinguish  the  parent  compounds  and  their 
substituting  radicals.  When  a  parent  compound  is  followed  by  derivatives 
its  name  is  not  repeated  but  is  replaced  in  each  succeeding  entry  by  a  dash. 

Formulas.  Structural  formulas  have  been  given  in  most  cases,  and  the 
structure  has  been  indicated  as  fully  as  is  feasible  without  taking  undue 
space. 

Numbers  have  been  assigned  to  all  compounds  to  facilitate  identification 
of  data  on  the  right  hand  page  and  for  use  in  connection  with  the  formula, 
melting  point  and  boiling  point  indexes  which  immediately  follow  the  table. 
Since  the  original  numbering,  some  items  have  been  deleted  and  many 
others  added  resulting  in  occasional  breaks  in  the  succession  and  the  oc- 
currence of  letters  in  combination  with  the  numbers. 

Crystalline  form  and  color  are  stated  in  easily  interpreted  abbrevia- 
tions. Other  important  characteristics  are  often  added.  The  index  of 
refraction,  follows.  For  crystals  of  two  or  three  indices  they  are  invari- 
ably given  in  the  order  to,  «  or  a,  /3,  7.  The  specific  rotation,  [a],  is  given 
for  certain  compounds.  Temperature  and  wavelength  are  indicated  by  the 
superior  and  inferior  figures  and  letters  following  the  numerical  value.  When 
not  otherwise  indicated  the  index  of  refraction  and  specific  rotation  are 
understood  to  be  at  20°C.  and  for  sodium  light. 

For  example:  1.52362°  indicates  an  index  of  refraction  of  1.5236  for 
sodium  light  (X  =  589.3  nut)  at  20°C;  '[a]  —  65.6°2o  indicates  a  negative 
specific  rotation  of  65.6°  for  sodium  light  and  a  temperature  of  20°C. 

Density,  is  normally  given  in  grams  per  milliliter,  at  20°C,  numerically 
equivalent  to  the  specific  gravity  at  20°  referred  to  water  at  4°C.  Specific 
gravity  at  other  temperatures  is  shown  with  superior  and  inferior  figures 
indicating,  respectively,  the  temperature  of  the  substance  and  that  of  water 
to  which  it  is  referred.  The  density  of  gases  is  given  in  grams  per  liter  at 
0®C  and  760  mm  Hg  pressure  unless  otherwise  indicated. 

Example:  1.536  indicates  a  density  in  grams  per  milliliter  at  20°C; 
1.634-j  indicates  a  specific  gravity  of  1.634  at  25°C  referred  to  water  at 
4°.  2.143g/l  indicates  the  density  of  a  gas  at  standard  conditions,  0°C 
and  760  mm  pressure,  as  2.143  grams  per  liter. 

Melting  point  and  boiling  point  are  given  in  °C.  Other  effects  of 
temperature  elevation  such  as  dehydration,  sublimation,  decomposition, 
explosion  are  recorded  in  connection  with  the  melting  or  boiling  points. 
Decomposition  on  heating  is  indicated  by  the  abbreviation  d.  If  decom- 
position occurs  at  a  definite  temperature,  the  form  d.  120  is  used,  while 
120  d.  indicates  melting  or  boiling  at  120  °C  with  decomposition.  Loss  of 
water  of  crystallization  is  indicated  by  —  H2O.  The  boiling  point  is  stated 
at  normal  atmospheric  pressure  (760  mm  of  Hg)  unless  otherwise  indicated 
by  a  superior  figure  which  shows  the  pressure  in  millimeters  under  which 
the  compound  boils  at  the  temperature  given. 

Example:  125720  indicates  a  boiling  point  of  125 °C  at  a  pressure  of  720  mm. 

Solubility  is  stated  in  grams  of  substance  dissolving  in  100  ml  of  the 
solvent.  Normal  room  temperatures,  20  °C,  is  assumed  unless  the  tempera- 
ture is  indicated  by  a  superior  figure.  The  term  insoluble  (i.)  must  usually 
be  interpreted  to  mean  that  a  negligible  quantity  of  the  compound  dissolves. 
Many  compounds  commonly  regarded  as  insoluble  really  dissolve  to  a 
slight  extent.     The  terms  very  soluble  (v.s.),  soluble  (s.),  slightly  soluble 
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(sl.s.)  are  used  for  lack  of  definite  figures.  Conflicting  statements  are  very 
common  in  the  literature.  Quantitative  statements  of  solubility  are  like- 
wise subject  to  uncertainty  due  to  inexact  statement  of  conditions.  Values 
may  be  variously  stated  as  parts  by  weight  of  solute  in  parts  by  weight  or 
volume  of  the  solvent  or  of  the  solution,  and  values  are  often  given  and 
quoted  in  the  literature  without  proper  designation.  In  the  large  number 
of  values  given  there  are  many  which  are  uncertain  in  this  respect. 

The  form  s.  d.  indicates  solubility  with  more  or  less  decomposition. 
The  occurrence  of  d.  alone  in  the  statement  of  solubility  indicates  that 
decomposition  is  the  primary  action.  The  statement  of  solubility  in  acids  or 
alkalis  is  usually  understood  to  be  accompanied  by  decomposition. 

The  policy  has  been  followed  of  giving  the  solubility  in  water,  ethyl 
alcohol  and  ethyl  ether  first,  followed  by  statements  in  regard  to  other 
Solvents. 

As  examples: 

23. 420  indicates  a  solubility  of  23.4  grams  of  the  substance  in  100  ml  of 
solvent  at  20  °C. 

250  cm3  al.  indicates  the  solubility  of  a  gas  in  ethyl  alcohol  as  250  cm3 
or  ml  of  the  gas  in  100  ml  of  alcohol. 

oo 3s  indicates  that  the  substance  is  miscible  with  the  solvent  above 
35  °C. 

Molecular  weights  have  been  computed  to  the  nearest  hundredth 
according  to  the  atomic  weights  of  1939. 
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ABBREVIATIONS 


[«]• 


abt 

ac.  a 

acet 

al 

alk 

amor 

anh 

arom 

art 

asym.,  as. 

bi-py 

bl 

blk 

boil 

br 

bz 

brash 

c 

ca 

carb 

caust 

chl 

col 

comp. .    . . 

cone 

cr.,  cryst. 

d 

d 

deliq 

dil 

dist 

dk 

dl 

efflor 

et 

et.  ac... . 

eth 

exp 

f  eath 

fl 

fluores. . . . 

frz 

fum  

gel 

gen 

glac 


specific 
rotation 
acid 

absolute 
about 
acetic  acid 
acetone 
alcohol 
alkali 

amorphous 
anhydrous 
aromatic 
artificial 
asymmetric 
bipyramidal 
blue 
black 
boiling 
brown 
benzene 
brownish 
cold 
about 
carbonates 
caustic 
chloroform 
colorless 
compound 
concentrated 
crystals 
decomposes 
dextrorotatory 
deliquescent 
dilute 
distillable 
dark 
racemic 
efflorescent 
ethyl 

ethyl  acetate 
ether 
explodes 
from 
feathery 
flakes 
fluorescent 
freezes 
fuming 
gelatinous 
generally 
glacial 


glit... 
glyc 
gran . . 
grn... 
grnsh. 

h 

hex . . . 
hyd.. 


hyg.,  hygr. 


i 

i 

ign..  . , 
inflam , 
infus . . 
irid... 
I 


leaf,  or  If. 

lg 

Igr 

P 

Ing 

It 

lust 

lvs 


m 

me.,  meth. 

met 

micr 

min 


mixt 

mod .... 
monocl . . . 
need.,  nd. 

o 

octahdr. . 

or 

ord 

org 

orth.. .  . 


V 

Pa 

pet 

pet.  eth. 

Ph 

PHNO2. 

pl 

pois 


powd. 


glittering 

glycerin 

granular 

green 

greenish 

hot 

hexagonal 

hydrate  or 

hydrolyses 
hygroscopic 
inactive 
insoluble 
ignites 
inflammable 
infuses 
iridescent 
levorotatory 
leaflets 
large 
ligroin 
liquid 
long 
light 
lustrous 
leaves 
meta- 
methyl 
metallic 
microscopic 
mineral 
mixture 
modification 
monoclinic 
needles 
ortho- 
octahedral 
orange 
ordinary 
organic 
orthorombic 
para- 
pale 

petroleum 
petroleum 

ether 
phenyl 
nitrobenzene 
plates 
poison, 

poisonous 
powder 


pr 

purp 

pyr 

pyram.  .  , 
quad ...  . 
rac. ...... 

rect 

redsh 

resin 

rhomb 

rhbdr 

s 

sc 

sec 

sh 

si 

sld 

jslend 

sm 

soft 

sol.,  soln. . 

solv  

st 

stab 

subl 

sym 

tab.,  tabl.. 

tert 

tetr 

tol 

trans . . 

thk 

tricl 

trim 

uns 

unst 

v 

var 

vie 

vise 

volat 


vlt 

w 

wh 

yel 

yelsh.,  ylsh. 

> 

< 


prisms 

purple 

pyridine 

pyramids 

quadrilateral 

racemic 

rectangular 

reddish 

resinous 

rhombic 

rhombohedral 

soluble 


secondary 

short 

slightly 

solid 

slender 

small 

softens 

solutions 

solvents 

steel 

stable 

sublimes 

symmetrical 

tablets 

tertiary 

tetragonal 

toluene 

transparent 

thick 

triclinic 

trimetric 

unsymmetrical 

unstable 

very 

variable 

vicinal 

viscous 

volatile  or 

volatilizes 
violet 
water 
white 
yellow 
yellowish 
above 
below 
soluble    in 

proportions 


al! 


609 


PHYSICAL  CONSTANTS  OF 


No. 


2H 

2M 


4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
13M 

14 


15 

16 

17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 


28 
29 
30 
31 


Name 


Abietic  Acid 

Acenaphthene 

Acenaphthenequinone 

Acenaphthylene 

Acetal 

,  amino-. 

,  dichloro- 

,  diethylamino-. 

,  dimethyl. 

,  dimethylamino-. 

,  trichloro-. 

Acetaldehyde 

,  cyanohydrin. 

,  diethyl  acetal. 

,  dimethyl  acetal. 

,  2,  4-dinitro- 

phenylhydrazone 
,  oxime 

,  phenylhydrazone 

,  semicarbazone 

,  butylethyl-. 

,  dichloro- 

,  methyl-. 

,  phenyl-. 

,  thio-,  trimer. 

,  tribromo-. 

,  trichloro-. 

,  trimethyl-. 

,  a-or  0-trithio-. 

,  7-trithio- 

Acetaldehyde- 
ammonia  . 

Acetaldoxime. 

,  trimethyl-. 

Acetalylamine. 
Acetamide 


Synonyms 


abietinic  acid;  sylvic  acid 


naphthyleneethylene . 


1, 2-acenaphthenedione 


1,    1-diethoxy ethane*;  acet- 
aldehyde    diethyl     acetal ; 
ethylidene  diethyl  ether. 
See  Ethylamine,  0,  fi-diethox 
1,    l-dichloro-2,   2-diethoxy- 
ethane* 
See  Triethylamine,  /9,  (3-dieth 
See  Ethane,  1, 1-dimethoxy-* 
See  Ethylamine,  /3,   0-diethox 
See  Ethane,  1,1,  l-trichloro-2 
ethanal*;    acetic    aldehyde; 
aldehyde. 
See  Lactonitrile. 
See  Acetal. 
See  Ethane,  1, 1-dimethoxy-*. 


ethanal  oxime*;  acetaldoxime 


iV-ethylidene-iV'-phenyl- 
hydrazine 
ethanal  semicarbazone*. . 


See  Caproaldehyde,  a-ethyl-. 
dichloroethanal*;  dichloroal- 
dehyde 
See  Propionaldehyde. 
See  a-Tolualdehyde. 
See  s-Trithiane,  2,  4,  §-trimet 
See  Bromal. 
See  Chloral. 
See  Pivalaldehyde. 
See  s-Trithiane,  2,  4,  Q-trimet 


1-aminoethanol*;     a-amino- 
ethyl  alcohol;  aldehyde- 
ammonia. 

See  Acetaldehyde,  oxime. 

See  Pivalaldehyde,  oxime. 

See  Ethylamine,  /3,  (3-diethox 

ethanamide* 


Formula 


C20H30O2 . 


CioH6(CH2)2. 


CioH6(CO)2. 
CioH6(CH)2. 


CH3CH(OC2H5)2.  • 


CHC12CH(0C2H5) 

oxy-. 

y-N,  N-dimethyl-. 
2-diethoxy-*. 
CH3CHO 


CH3CH:NNHC6- 

H3(N02)2 
CH3CH:NOH... 


CHaCHrNNHCeH: 

CH3CH:NNH- 
CONH2. 


CHCl2CHO. 


hyl-. 


hyl-. 

(CH3CHS)3 

CH3CH(NH2)OH. 


CHsCONH; 


*Name  approved  by  the  International  Union  of  Chemistry, 
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Crystalline 

Solubility  in  grams  per  100  ml  of 

No. 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Water 

Alcohol 

Ether,  etc. 

1 

yel.  am  or. 

137-66 

i. 

v.  s. 

v.   s.    eth.;  s. 

powd.,  1.510, 

(var.) 

glac.  ac.  a., 

1.578,  1.618 

acet.,bz.,CS2, 
me.  al. 

2 

wh.lng.  need., 

1.024^ 

95 

277.5 

i. 

4.220, 

s.h.  eth.;  36.92° 

1.407,  1.468, 

66.7™ 

chl.;  7620, 

1.620;  liq. 

284.66°tol.;s. 

1.604810° 

h.bz. 

2H 

yel.  need 

261 

subl. 

i. 

si.  s. .  .  . 

2M 

rhomb.-yel.pl. 
f.  al. 

0.899^ 

»  o 

92-93 

265-75, 
si.  d. 

i. 

V.  s. 

v.  s.  eth. 

3 

col.  volat.  liq., 
1.38193 

0.8254  y; 

102-4 

4.5825 

OO 

00  eth. 

4 

0.8461  ± 

4 

5 

liq 

1.13814 

184 

6 
7 
8 
9 
10 

,yi 

col.  fum.  infiam. 
liq.,  1.3316 

0.7834  ^-8 

-123.5 

21 

OO 

00 

=0  eth.,  bz. 

11 

12 

13 

13M 

14 

sm.  yel.  sc 

need,   or   col. 

0.9656^-° 

167 
47;frz.l3 

S. 

s. 

00 

s.  eth. 

114-5 

00  eth. 

liq.;  liq. 

1.4256720-4 

15 

col.  need 

98-101  (57) 

236-72o 

s.  pet.  eth. 

16 

need.  f.  w.  or 
al. 

1.0300  4- 

4 

162-3 

317 

S. 

17 

18 

col.  liq 

90.5 

19 

20 

21 

22 

23 

24 

25 

26 

27 

81 

97 (70-80) 

100 
100  si.  d. 

v.  s 

V.  s. 

col.  rhomb 

si.  s.  eth. 

28 
29 
30 

31 

col.   hex.,    or 

1.169  V 

81(69.4) 

222 

97.520, 

25.020, 

si.  s.  eth.;  v.s. 

rhbdr.,  deliq . 

4 

17860 

257.160 

glyc. ;  s.  chl. 

need.  f.  chl.; 

1.54,       1.46 

(stable  mod.), 

1.370,  1.485, 

1.585  (meta- 

stablemod); 

liq.  1.427478-3 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


34 
35 
36 
37 

38 
39 
40 
41 
42 
43 
44 
45 
46 

47 

48 

49 

50 
51 

52 


53 
54 

55 

56 

57 

58 
59 

60 

61 

62 

63 
64 

65 

66 

67 
68 


Name 


Acetamide,    iV-benzyl 
,  iV-bromo- , 


a-chloro- 

cyanonitro- 

a,  a-dichloro-  .  .  . 
N,  iV-diphenyl-. 

TV-ethyl- 

hydroxy-. 
iV-(2-hydroxy-l-n 
iV-(4-hydroxy-l-n 
isopropyl-. 
TV-methyl -TV- 1-na 
iV-naphthyl-. 
N-phenyl-. 
iV-2-thienyl- 


,  thio- 

-,  TV-(thiocarbamyl) 
,  trichloro- 


Acetamidine 

,  N,  iV'-diphenyl- 


Acetanilide 


-,  a-acetyl-. 

-,  o-amino-. 

-,  m-amino- 
-,  p-amino- 

-,  o-bromo-. 

-,  m-bromo- 
-,  p-bromo- 


,  o-chloro- . , 
,  m-chloro-, 
,  p-chloro- . . 


,  2,4  -dimethyl- 
,2,4-dinitro-.. 


,  p-ethoxy-. 
,  o-hydroxy-  . 

,  m -hydroxy - 

,  p-hydroxy- . 


Synonyms 


iV-acetylbenzylamine ;  aceto- 

benzylamide 
acetobromamide 


2-chloroethanamide* 

See  Fulminuric  acid. 

2,  2-dichloroethanamide* 

AT-acetyldiphenylamine ; 
iV-phenylacetanilide 

acetoethylamide 

See  Glycolamide. 
aphthyl)-.   See  2-Naphthol, 
aphthyl)-.   See  1-Naphthol, 

See  I sovaleramide. 
phthyl-.    See  l-Naphthylami 

See  Naphthylamine,  N-acetyl-. 

See  Acetanilide. 

Ar-acetyl-2-thiophenine ; 
2-acetothiophenide 

ethanethionamide*;      aceto- 
thioamide 
-.   See  Urea,  acetyl-thio-. 

2, 2, 2-trichloroethanamide* . 

ethanamidine* 

ethenyldiphenylamidine 


Formula 


C6H5CH2NHCO- 
CH3 
CH3CONHBr.... 


JV-phenylacetamide ; 
antifebrin 


See  Acetoacetanilide. 
JV-acetyl-o-phenylenediamine 

N-  acetyl-m-phenylenediamine 

AT-acetyl-p-phenylenediamine 

N-acetyl-o-bromoaniline 


N-acetyl-p-bromoaniline,  an- 
tisepsin,  asepsin,  bromani- 
lid 

N-acetyl-o-chloroaniline .... 


jV-acetyl-m-chloroaniline . 
iV-acetyl-p-chloroaniline . 
See  2,  i-Acetoxylide. 


See  p-Acetophenetide. 
o-acetamido  phenol;  o-acetyl- 
aminophenol 
m-acetamidophenol 


p-acetamidophenol . 


C1CH2C0NH2.... 

CHC12C0NH2.... 
(C6H5)2NCOCH3.. 

CHsCONHC^s... 

l-acetamido-. 
±-acetamido~. 

tie,  N-acetyl- N-meth 


CH3CONHC4H3S. 
CH3CSNH2 


yU. 


Ca3CONH2. 


CH3C(:NH)NH2. 
CH3C(:NC8H5)- 
NHC6H5 
CHsCONHCeHe., 


CHsCONHCeH*- 

NH2 
CH3CONnC6H4- 

NH2 
CHsCONHCeEU- 

NH2 
BrCeEUNHCOCH 
CH3CONHC6H4Br 
BrC<>H4NHCOCH 


CH3C0NHC6H4C1 
CH3C0NHC6H4C1 
CHsCONHCeEUCl 


CH3CONHC6H3- 

(N02)2 

CH3CONHC6H4- 

OH 
CHsCONHCeEU- 

OH 
CH3CONHC6H4- 

OH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf.  f.  eth 

+  IH2O,  lg.pl. 

monocl.  need.. 

monocl.pr 

ng.  need,  or 
rhomb,  f.  w. 

Hq 


wh.  pi. 


yel.    monocl. 
tab.  f .  eth. 


monocl.  tab.  f. 
w. 

unstable 

need,  f .  al. . . . 


rhomb.,     wh. 
leaf.f.  w. 


sm.  lust.  pi. . . . 
col.  need,  f .  bz. 
col.  need,  f .  w. . 


need,  f .  al 

need,  f .  dil.  al. . 
need,  or  mono 
cl.  pr. 

need.  f.  dil.  ac. 

a. 
need,  f .  dil.  ac. 

a. 
rhomb,    need. 

or  pi. 

need,  f .  al 


col.  leaf,  f .  dil. 
al. 
col.  need,  f .  w. 


col.  monocl.  f. 
al. 


Density 
g/ml 


0.942^ 


1.21 


1.385  " 


1.293  ^ 

4 


Melting 
point,  °C 


61 

+H20, 
70-80; 
anh.  108 

119.5 

98 

103(99- 
100) 


160-1 
108.5 

141 

166-7  d. 
131-2 

114 


132  (145) 

70 

161-2 

99 

87.5 

168  (165-7; 


72.5 

178.4 
(176-7) 

120 

203 
149 
168 


Boiling 
point,  °C 


>300 


225.6 

234.6 
subl. 

205 


239-40 


105 


d.  86.5-7.5 
267 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol       Ether,  eto. 


1. 
s.,d.ioo 

1024 

v.s.h. 
sl.s. 


si.  s. 
v.  s. 

v.  si.  s. 
s.,  d.  h. 


0.56325, 
3.58° 


v.  si. 
h. 

si.  s. 

si.  s. 


si.  s. 


v.sl.s. 


v.  s. 

s. 

si.  s.  c. 
v.  s.  h. 
36.920 


sl.s. 

s. 

s. 

3.28*°; 
4.3720 

v.  s.  h. 


v.  s. 


s.  eth.,  lgr. 
s.  eth. 

v.sl.s.  eth. 

v.  s.  eth. 
si.  s.  eth. 

s.a.;i.dil.alk. 


si.  s.  eth. 
s.  eth. 

v.  s.  eth. 

s.  a. 

v.  s.eth.js.  a. 

s.   eth.,  glyc; 

13.620,  44.9«> 

chl.;  69.520 
me.  al. 

si.  s.  eth. 

si.  s.  eth. 

v.  s.  eth. 

s.  eth. 
s.  eth. 

si.  s.   eth.;  s. 
chl.,  bz. 

v.  s.  eth. ;  s.  bz. 

v.  s.   eth.;  s. 
CS2,  bz. 
s.  eth.,  CSa 

s.  eth. 

s.  eth.,  KOH 

si.  s.  eth.,  chl., 

bz. 
si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


69 

70 

71 

72 
73 

74 
75 

76 

77 

78 

80 
81 
82 
83 

84 

85 


87 
S8 

89 

90 

91 

92 
93 

94 


95 
96 
97 


99 
100 


Name 


Acetanilide, 
o-hydroxy-iV-methyl- 

,  p-hydroxy-iV- 

methyl- 
,p-iodo- 


p-methoxy- 
iV-methyl-. 


,  o-methy!-. 
,  iV-methyl-p- 

nitro- 
,  o-nitro- .... 


m-mtro- 


p-nitro- 


7V-phenyl-. 
a-phenyl-. 
p-phenylazo- 
thio- 


o-Acetaniside . 
p-Acetaniside. 


Acetic  acid. 


esters, 
allyl  ester , 


-,  amyl  ester. . 
-,  benzyl  ester , 
-,  butyl  ester . 


sec-butyi  ester, 
cetyl  ester 


-,  ethyl  ester. 


-,  ethylene  ester. 
-,  furfuryl  ester. 
-,  heptyl  ester .  .  , 


hexyl  ester .  . . 
isoamyl  ester . 

isobutyl  ester . 


Synonyms 


o-(acetylmethylamino) -phenol 


See  p-Acetaniside. 
exalgin 


See  o-Acetololuide. 


See  Acetamide,  N,  N-dipheny! 

See  CL-Toluanilide. 

See  Azobenzene,  p-acetamido-. 


TV-acetyl-o-anisidine ; 

o-acetanisidide 
p-methoxyacetanilide ; 

p-acetamidoanisole ; 

N-acetyl-p-anisidine ; 

methacetin ;  p-acetanisidide 
ethanoic  acid* 


For  esters  other  than  those  list 

allyl  acetate,  2-propenyl 
ethanoate* 

amyl  acetate ;  1-pentanol  ace- 
tate ;  amyl  acetic  ester 

benzyl  acetate ;  benzyl 
ethanoate* 

butyl   acetate;   butyl  etha- 
noate* 


2-butanol  acetate ;  a-methyl- 

propyl ethanoate* 
cetyl  acetate;  hexadecyletha- 

noate*;  n-hexadecylacetate 

ethyl  ethanoate* ;  acetic  ester . 


See  Glycol,  diacetate. 

See  Furfuryl  alcohol,  acetate. 

n-heptyl  acetate 


n-hexyl  acetate . 


isoamyl    acetate ;    3-methyl- 
1-butanol  acetate ;  7-methyl- 
butyl  ethanoate* 

isobutyl  acetate;   /3-methyl- 
propyl  ethanoate* 


Formula 


CH3CON(CH3)C6 

H4OH 
CH3CON(CH3)C6 

H4OH 
CHsCONHCeHJ. 


CH3CON(CH3)- 
C6H5 


CH3CON(CH3)C6- 

H4NO2 
CH3CONHC6H4- 

NO2 
CH3CONHC6H4- 

N02 
CH3CONHC6H4- 

NO2 


CH3CSNHC6H5. 

CH3CONHC6H4- 

OCH3 
CH3CONHC6H4- 

OCH3 


CHsCOOH 


ed  below  see  also  "a 
CH3COOCH2CH: 

CH2 
CH3COO(CH2)4- 

CH3 
CH3COOCH2C6H5. 

CH3COO(CH2)3- 
CH3 


CH3COOCH(CH3)- 

C2H5 
CH3COO(CH2)i5- 

CH3 

CH3COOC2H5.... 


CH3COOC7Hi5.. 

CH3COO(CH2)5- 

CH3 
CH3COO(CH2)2- 

CH(CH3)2 

CH3COOCH2- 
CH(CH3)2 


Mol. 
Wt. 


165.19 
165.19 
261.07 

149.19 

194.19 
180.16 
180.16 
180.16 

151.22 
165.19 
165.19 

60.05 

cetate" 
100.11 

130.18 

150.17 

116.16 

116.16 
284.47 

88.10 

158.24 
144.21 
130.18 

116.16 


*  Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  . 

cr 

monocl. 


col.  rhomb,  pr. 
f.  al.  1.560, 
1.576,  1.647 

leaf,  f .  w 


yel.    monocl. 
leaf, 
col.-yel.  leaf.  . 

yel.  rhomb,  pr. 


need,  f .  w 

pearly,  wh.  cr. 

f.  w. 
wh.  powd.,  pr. 

or  pi.  f.  w. 


col.  liq., 

1.37182 
under  o-Cresol, 
col.  liq., 
1.40448 
col.  liq., 

1.4012 
col.  liq., 

1.5232 
col.  inflam.  liq. 

1.3951 


col.  liq., 

1.386625 
need., 

1.4358s3-9 

col.  inflam.  liq., 
1.3721618-* 


col.  liq., 

1.4153 

col.  liq. . 


col.  liq., 
1.4017017-9 

col.  liq., 
1.391 1417-8 


Density 
g/ml 


1.989- 


0.977- 


1.419- 


1.049^ 

4 

Cyclohexano 
0.928 

0.879^-° 

20 

1.057^ 
0.882^ 

4 

0.9016- 

o 

0.8648- 


0.858 
0.901 


0.90657- 

4 


0.874: 


0.8902- 
0.8699- 


0.8712 


Melting 
point.  °C 


150 
240 
183-4 


101-4 

(97-99) 


152-3 
93  (90-1) 
155  (150.5) 
215 

75 

87-8  (84) 
137-38 

16.6 
I,  etc. 


-51.5 

-76.8 


18.5 
(16-9) 

-83.6 


-78.5 


Boiling 
point,  °C 


254.7 

(253712) 


303-5 


118.1 


103-4 

148737 

(145-7) 
213.5756 

126.5 

(124-6) 


112-3 
200.5*5 

77.15 


191.5 

169.2 

142.5 
(138-40) 

116.5 

(115-7) 


Solubility  in  grams  per  100  ml  ol 


Water     Alcohol       Ether,  etc 


si.  s. 
v.  si.  s. 
s.  h. 

i.(sl.  s.) 


s.  h. 
s.h. 
v.  si. 


1. 

v.  s.  h. 

0.215, 
8.3100 


si.  s. 
0.1820 
v.  si.  s. 
0.525 

i. 
i. 


8.620, 
7.485 


l. 
i. 
0.1625 

0.6325 


v.  s. 
V.  s. 
5.0521 


55.321 
12.721 


v.  si.  s. 


s.  eth. 

s.  eth. 

i.    eth. ;   v. 
ac.  a. 


s.  eth. 

v.  s.  eth., 

KOH 
i.  eth.;  s.  chl. 

KOH 
s.  eth.,  KOE 


i.  eth.;  s.  alk., 

NaOH 
s.    eth.;   v.   s. 

ac.  a. 
si.   s.   eth.;  s. 

chl.,  acet. 


ooeth.;i.  CS2 

oo  eth. 
oo  eth. 
co  eth. 
oo  eth. 

s.  eth. 
v.  s.  eth. 


co  eth.,  chl., 
oils 


s.  eth. 

v.  s.  eth. 

oo  eth.;  s.  amy? 
al. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


101 


102 


103 

104 
105 

106 
107 

108 

109 

109M 

110 

111 

112 

113 

114 

115 

116 


117 

118 

119 

120 
121 
122 
123 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 


Name 


Acetic  acid,  isopropyl 
ester 


,  methylene  diester , 


methyl  ester. 


-,  /S-phenylhydrazide. 
-,  piperazinium  salt. . 


-,  piperidide. 
-,  propyl  ester. 


,  acetamido-. 

,  (p-acetamidoanil 

,  acetyl-. 

,  allyl-. 

,  amino-. 

,  (p-aminoanilino) 

,  anilino-. 

-,  anthrantlido-. 

-,  benzamido-. 

-,  benzoyl- 


,  ethyl  ester . . . 

, ,  methyl  ester. 

,  bromo- 


,  ethyl  ester . 

-,  sec-butyl-. 
-,  butylethyl-. 
-,  chloro- 


-,  butyl  ester.. 
-,  ethyl  ester. . 
-,  methyl  ester. 


p-phenylphenacyl 
ester 


piperazinium 
Bait 


-,  cyano- 

,  ethyl  ester 

,  methyl  ester 

-,  diazo-,  ethyl  ester. 

-,  dibromo- 

,  ethyl  ester 


Synonyms 


isopropyl  acetate, 


methylene  acetate ;  methylene 
diacetate ;  methanediol  diac- 
etate 

methyl  acetate 


See  Hydrazine,  1-acetyU  2-phen 


See  Piperidine,  1 -acetyl-. 
n-propyl  acetate 


See  Aceturic  acid. 
ino)-.    See  Glycine,  N-(p-acet 
See  Acetoacetic  acid. 
See  4-Pentenoic  acid*. 
See  Glycine. 
-.  See  Glycine,  N-(p-aminophe 
See  Glycine,  N-phenylr. 
See  Anthranilic  acid,  N-(carbo 
See  Hippuric  acid. 
/3-ketohydrocinnamic  acid ; 

3-oxo-3-phenylpropanoic 

acid 
ethyl-/3-ketohydrocinnamate ; 

benzoylacetic  ester 


bromoethanoic  acid5 


ethyl  bromoethanoate*. . . 
See  Valeric  acid,  fi-methyl-. 
See  Caproic  acid,  a-ethyl-. 
chloroethanoie  acid* 


butyl  2-chloroethanoate*. . . 

ethyl   chloroacetate;   ethyl 
chloroethanoate* 
methyl  chloroethanoate*. . . . 


cyanoethanoic  acid*;  malonic 
mononitrile 


methyl  cyanoethanoate* 

ethyl  diazoethanoate* 

dibromoethanoic  acid* 

ethyl  di bromoethanoate*. . . 


Formula 


CH3COOCH(CH3)s 


(CH3COO)2CH2 


CH3COOCH3, 


C4HU.N2.2C2H402. 


CH3COOC3H7.... 

amido  phenyl)-. 

nyiy. 

xymethyl)-. 
C6H6COCH2COOH 


CcHbCOCH*. 

COOC2H6 
C6H5COCH2- 

COOCH3 
CH2BrCOOH. 


CH2BrCOOC:H6. 


CH2ClCOOH, 


CH2C1C00C4H9. 
CH2C1C00C2H6. 
CH2C1C00CH3.. 

CH2C1C00CH2 
COC6H4C6H6 

C4H10N,.2CH2- 
C1COOH 

CNCHoCOOH.... 

CH2(CN)COOC2H5 
CNCH2COOCH3. . 
N2CHCOOC2H6... 

CHBr2COOH 

CHBr2COOC2H5.. 


102.13 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

101 

col.  liq 

0.877- ; 

4 

0.8690- 

4 

-73.4 

89 

3.0920 

00 

ooeth. 

102 

col.  liq 

i.i»*-i 

170 

si.  s. 

00 

ooeth. 

103 

col.  liq., 
1.35935 

4 

0.92740- 

4 

-98.1 

57.1 

31.920 

00 

ooeth. 

104 

105 

wh.  cr 

208.5-209 

s. 

s. 

i.   eth.;   s.   h. 

n-butanol 

106 

107 

col.  liq., 
1.38438 

0.887^° 

-92.5 

101.6 

1.8920 

OO 

ooeth. 

108 

109 

109M 

110 

111 

112 

113 

114 

115 

116 

col.  need.  f.  bz. 



103-4  d. 

si.  s. 

S. 

s.   eth.;  sl.  s, 

lgr. 

117 

col.  liq., 
1.53115»« 

1.122** 

4 

<0 

265-70  d. 

v.  v.  si. 

s. 

CO 

ooeth. 

118 

col.-yel.  liq., 

1.158- 

265  d. 

i. 

OO 

ooeth. 

1.5365424.7 

4 

119 

col.  hex.  or 
rhomb. 

1.934- 

4 

50 

208 

deliq. 

oo 

ooeth. 

120 

col.  liq.,  1.451 

1.514- 

159;  57-915 

i. 

oo 

ooeth. 

121 

122 

123 

col.  rhomb., 

^H 

a  63, 

189 

v.  s. 

S. 

s.   eth.,   chl., 

1.429765 

20 

1.103-5- 

4 

1  0 

0  55-6, 
7  50 

CS2,  bz. 

124 

liq 

175 

(181-3) 

mvi* 

125 

col.  liq., 
1.42274 

1.159- 

4 

-26.0 

144.2 

l 

00 

ooeth. 

126 

col.  liq 

1.227- 

4 

-32.7 

131.5 

v.  si.  s. 

CO 

ooeth. 

127 

116 
145-6 

66  (69-70) 

s. 

s. 

s.h. 
s. 

128 

wh.  cr 

i.  eth. 

129 

deliq.  col.  cr; 

10815, 

s.   eth.;  sl.  s. 

1.088 V 

d.  160 

bz.,  chl. 

130 

col.  liq., 

-22.5 

206 

i. 

00 

ooeth. 

1.41 79320-5 

4 

131 

col-  liq 

1. 123*5 

-22.5 

200 

i. 

CO 

ooeth. 

132 

yel.  oil, 
1.458817-6 

1.0852—; 
1.073*2  4 

-22 

140-41720 

si.  s. 

s. 

s.  eth.,  bz., 

133 

col.  deliq.  cr. 

20 

48 

232; 
195-7250 

Sl.  3. 

s. 

s.  eth. 

134 

oil,  1.498 

194 

i. 

OO 

ooeth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


135 

136 

137 

138 

138M 

139 

140 

141 

142 

142M 
143 


144 
145 

146 

147 

148 

149 

149M 

150 

150M 

151 
152 
153 

154 

155 
156 
157 
158 
159 

160 

161 

162 
163 
164 
165 
166 

167 
168 
169 
170 
171 
172 
173 


174 

175 

176 

177 


Name 


Acetic  acid,  dichloro- 


,  ethyl  ester . . . 

diethyl-, 
diethylmethyl- 

difluoro- 

diiodo- 

dimethyl-, 
di-n-octyl-. 
diphenyl- 


diureido- 
ethoxy-. 


,  ethyl-. 

,  (ethylamino)-. 

,  ethyldimethyl-. 

,  ethylene-. 

,  ethylmethyl-. 

,  ethylpropyl-. 

,  fluoro- 

,  2-fural-. 

-,  2-f  uroyl-  ethyl  ester 

,  £uanido-. 
,  hydroxy-. 
-,  iminodi- 


iodo- 

isoamyl-. 
isobutyl-. 
isopropyl-. 
isopropylmethy1 
isothiocyano-. . 


-,  mercapto- 
,  methoxy-. 


methyl-. 

( ct-methylguanid 

methylpropyl-. 

oxydi-. 

phenoxy- 


phenyl-, 
pyromucyl-. 
salicyl-. 
silico-. 

sulf  o- 

2-thienyl-. 
thiol- 


ethyl  ester. 


-,  tolyl-. 
,  tribromo- 

-,  trichloro-. 


Synonyms 


dichloroethanoic  acid1 


ethyl  dichloroethanoate* 

See  Butyric  acid,  a-ethyl-. 
See  Butyric  acid,  ot-ethyUa-met 

difluoroethanoic  acid* 

diiodoethanoic  acid* 

See  Isobutyric  acid. 

See  Capric  acid,  a-octyl-. 

diphenylmethane-a-car- 

boxylic  acid 
See  Allantoic  acid. 
ethoxyethanoic  acid*;  ethylo- 

glycolic  acid;  glycolic  acid 

ethyl  ether 
See  Butyric  acid. 
See  Glycine,  N-ethyl-. 
See  Butyric  acid,  a,  a-dimethy 
See  Cyclopropanecarboxylic  aci 
See  Butyric  acid,  ct-methyl-. 
See  Valeric  acid,  ct-ethylr. 

fluoroethanoic  acid* 

See  2-Furanacrylic  acid. 
ethyl  pyromucylacetate 


See  Glycocyamine. 
See  Glycolic  acid. 
diglycolamidic  acid ;  imino- 
aceticacid  (incorrect) 

iodoethanoic  acid* 

See  Caproic  acid,  8-methyL-. 

See  Isocaproic  acid. 

See  Isovaleric  acid. 

See  Butyric  acid,  a,  fi-dimeihy 

mustard  oil  acetic  acid 


2-mercaptoethanoic  acid*; 

thiogly colic  acid 
methoxyethanoic  acid*; 

methyloglycolic  acid 
See  Propionic  acid. 
o)-  See  Creatine. 
See  Valeric  acid,  ct-methyl-. 
See  Diglycolic  acid. 
glycolic  acid  phenyl  ether. . 

See  a-Toluic  acid. 
See  Acetic  acid,  2-f  uroyl-. 
See  Benzoic  acid,  o-(carboxyme 
See  Methanesiliconic  acid. 

sulfoethanoic  acid* 

See  2-Thiopheneacetic  acid. 
ethanethiolic  acid*;   meth- 

anecarbothiolic  acid;  thio- 

acetic  acid 


See  a-Toluic  acid,  methyl- 
tribromoethanoic  acid*. . 


Formula 


CHCI2COOH 


CHCl2COOC2H5 


hyl-. 
CHF2COOH. 
CHI2COOH. 


(C6H5)2CHCOOH 
C2H5OCH2COOH 


CH2FCOOH. 


C4H3OCOCH2- 
COOC2H5 


NH(CH2COOH)2. 
CH2ICOOH 


1-. 
SCNCH2COOH.. 

HSCH2COOH... 

CH3OCH2COOH. 


CeHsOCI^COOH 

thoxy)-. 
HO3SCH2COOH. 
CH3COSH 

CH3COSC2H5.... 

CBr3COOH 

CCI3COOH 


Mol. 

Wt. 


128.95 
157.00 


96.04 
311.88 


212.24 
104.10 


78.04 
182.17 

133.10 
185.96 


.17.12 
92.11 
90.08 


152.14 


140.11 
76.11 

104.16 

296.78 
163.40 


*  Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


135 

136 

137 

138 

138M 

139 

140 

141 

142 

142M 
143 


144 

145 

146 

147 

148 

149 

149M 

150 

150M 

151 

152 
153 

154 
155 
156 
157 
158 
159 

160 

161 

162 

163 
164 
165 
166 

167 
168 
169 
170 
171 
172 
173 


174 

175 
176 

177 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.465922 
col.  liq.,  1.43860 


col.  liq. 
yel.  cr. 


Density 
g/ml 


col.  need.  f.  w. 
or  If.  f.  al. 


col.  liq. 


col.  sld. 
liq.     . 


col.  rhomb.  . . 
col.  rhomb,  pi. 

rhomb,  pi 

liq 

col.  hyg.  liq. 


col.  pi.  or  need, 
f.  w. 


hyg.  tab.  f.  w. 
col.  liq 


liq. 


col.  monocl. 

tab. 
col.  rhomb. 

deliq. 


1.5634^° 
1.2821?) 


1.535910 


1.102^ 

4 


1.3253 j 
1.1768? 

4 


1.074!* 

4 


0.9739- 


1.6298- 

4 


Melting 
point,  °C 


5-6; 
frz.  11 


0.35 

110  (95-6) 


148 


33 


ca.  225 

82 


125-6 
-16.5 


99 


86 
<-17 


135 
57.5 


Boiling 
point,  °C 


194 
158.2 

134.2™ 

subl. 
206 


165 
H2-310 


subl. 
104-611 

89-9 l7 


285  si.  d. 


ca.  245  d. 

93 

115-16 


245  d. 
197.5 


Solubility  in  grams  per  100  ml  of 


Water 


8.63 
v.  si.  s. 


V.  s. 

si.  s. 


v.  s.  h. 


V.  s. 


2.435 


s.h. 


1.2" 


v.  s. 

12025 


Alcohol 


Ether,  etc. 


s.  eth. 

«>eth. 

s.  eth. 
s.  eth. 

bz. 

v.   s. 
chl. 

eth 

v.  s.  eth. 


s.  eth. 

i.  eth. 
s.  eth. 


s.  eth. 
s.  eth. 


s.  eth.,  ac.  a., 
bz. 


i.  eth. 
00  eth. 

v.  s.  eth. 


v.  s.  eth.;  si. 
s.  c.  lgr. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

178 

Acetic  acid,  trichloro- 

ethyl  ester 
, ,  methyl  ester. 

, ,  piperazinium  salt 

,  trifluoro- 

,  triiodo-. . 

CCI3COOC2H6.... 

CCI3COOCH3 

C4H10N2.2CCI3- 
COOH 

CF3COOH 

CI3COOH 

(CeH^CCOOH. . . 

(CH3CO)20 

etate, under  Glycerol. 
CH3COCH2- 

CONHCeHs 
CHaCOCHBr- 

CONHC6H6 
CH3COCH2COOH. 

CH3COCH2- 
COOC2H* 

CH3COCH2- 

COOCH3 
CH2CICOCH2- 

COOC2H* 
CH3COC(C2H*)2- 

COOC2Hs 
CH3COCH(C3H7)- 

COOC2H5 
CH3COCH(CH3)- 

COOCiH* 

r. 

C2H4O- 
(C2H6N03)2? 
C3H6(OH)02C2H4 . 

CH3COCHOHCH3 

CHaCOCH^OH... 

CH3COC10H7 

CH3COC10H7 

CH3COC10H5- 
BrOH 
CH3COC10H6OH.. 

191  45 

179 

177  43 

180 

412  94 

180M 
181 

trifluoroethanoic  acid* 

triiodoethanoic  acid* 

See  Pivalic  acid. 

114.03 
437  79 

182 
183 

,  trimethyl-. 

,  triphenyl- 

288  33 

184 
185 
186 
187 

,  ureido-. 

,  vinyl-. 

Acetic  aldehyde. 
Acetic  anhydride 

Acetic  ester. 
Acetin. 
Acetoacetanilide 

,  a-bromo- 

Acetoacetic  acid 

,  ethyl  ester 

See  Hydantoic  acid. 

See  S-Butenoic  acid*. 

See  Acetaldehyde. 

ethanoic  anhydride* 

102.09 

188 
189 
190 

191 

191M 

192 

See  Acetic  acid,  ethyl  ester. 

See  diacetate,  monoacetate,  triac 

/3-ketobutyranilide;  a-acetyl- 
acetanilide 

^bromo-S-oxo-N-phenyl- 
butanamide 

acetylacetic  acid;  3-oxobu- 
tanoic  acid* 

ethylacetoacetate ;  aceto- 
acetic ester ;  ethyl  3-oxobu- 
tanoate* 

methyl  acetoacetate 

177.20 

256.11 
102.09 
130.14 

193 

,  methyl  ester 

116  11 

194 
195 
197 
198 

199 
200 
201 
202 
203 
204 

205 

,  7-chloro-,  ethyl 

ester 
,  a,  a-diethyl-, 

ethyl  ester 
,  a-isopropyl-, 

ethyl  ester 
,  a-methyl-,  ethyl 

ester 

Acetoacetic  ester. 

Acetobenzylamide. 

Acetobromamide. 

Acetocinnamone. 

Acetoethylamide. 

Acetoethyl  nitrate .... 

Acetoglyceral 

ethyl  4-chloro-3-oxobutan- 

oate* 
ethyl  2,2-diethyl-3-oxobutan- 

oate* 
ethyl  2-isopropyl-3-oxo- 

butanoate* 
ethyl  2-methyl-3-oxob'itan- 

oate  * ;  methylacetoacetic 

ester 

See  Acetoacetic  acid,  ethyl  este 
See  Acetamide,  N -benzyl-. 
See  Acetamide,  N-bromo-. 
See  Acetone,  benzylidene-. 
See  Acetamide,  N-ethyl-. 

glycerol  ethylidene  ether 

3-hydroxy-2-butanone  * ; 

acetylmethylcarbinol 
l-hydroxy-2-propanone*;  hy- 

droxyacetone ;  acetylcarbinol 
See  Propane.  2, 2-di fluoro-*. 
See  Naphthylamine,  N-acetyl-. 
methyl  1-naphthyl  ketone 

See  Ketone,  benzyl  1-naphthyl. 

methyl  2-naphthyl  ketone 

2-acetyl-4-bromo-l-naphthol. . 

l-hydroxy-2-naphthyl  methyl 
ketone ;  2-acetyl-l-naphthol 

164.59 
186.25 
172.22 
144.17 

226.19 
118.13 

206 

Acetoin 

88.10 

207 

Acetol 

74.08 

207M 
208 

208M 

209 

209M 

210 

211 

,  fluoro-. 

Acetonaphthalide. 
1-Acetonaphthone.  .  . . 

,  a-phenyl-. 

2-Acetonaphthone .... 

,  4-bromo-l-hy- 

droxy- 
,  1 -hydroxy- 

170.20 

170.20 

265.11 

186.20 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.45068 
col 


wh.  cr. 


col.  liq. 
yel.  leaf. 

monocl.  pr. . 


col.  liq., 
1.39038 


leaf 

col.  need. . 
col.  syrup 


col.  liq., 
1.420921*-* 

col.  liq., 

1.41837205 
col.  liq 


wh.-yel.  liq., 

1.4326617-2 

col.  liq 


col.  liq., 
1.4206617-8 


Hq 

liq.  (mixt.?)  . . 
1.419415 


col.  lio., 
1.4295 


cr. 


need.  . . . 
yel.  need. 

yel.  need. 


Density 
g/ml 


1.383- 

4 

1.4868- 


1.535140 


1.08712- 


1.0820- 

4 


1.025: 


1.077 
1.176^ 

4 

0.960" 
0.957^ 
1.019^ 

4 


1.045!; 

1.081-5- 

4 

1.002^ 

1.082^ 


1.1336 


Melting 
point,  °C 


-17.5 

121-1.5 

-15.25 
150  d. 


265 


-73.1 


85 
138  d. 


<-80 


15 

-17 

34 


53  (51.5) 
127 

99-101 
(103) 


Boiling 
point,  °C 


168 
153.8 


72.4 


140.0 


d. 

<100,  d. 
180 

170 
200 

211-6  d. 
205  d. 

186.8 


89  exp. 
184-8 
148  (144) 
146,  d. 

296; 

m-7™ 

300;  172" 
325  d. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol       Ether,  etc 


1. 
d. 
s. 

V.  s. 

s. 

si.  s. 


13.6  c. 
d. 


si.  s. 


14.318-5 

38.0 
v.  si.  s. 
i. 

v.  si.  s. 
v.  si.  s. 


d. 
s.h. 


V.  s. 


»eth. 
s.  eth. 
i.  eth. 


s.  eth. 

si.  s.   eth.; 


«> eth.;  s.  chl., 
bz. 


s.  eth.,  a.,  alk., 

h.  bz. 
s.  eth. 

s.  eth. 

s.  eth.,  bz.,  chl. 

00  eth. 
»  eth. 
°°  eth. 
00  eth. 
s.  eth. 


i.  eth.,  lgr. 
00  eth. 

s.  eth. 

s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

212 

2-Acetonaphthone, 

CHsCOCioHs- 

231.20 

l-hydroxy-4-nitro- 

(N02)OH 

213 

Acetone 

For  derivatives  see  also  2-Pro 

2-propanone*;  dimethyl  ke- 
tone 

panone 

CH3COCH3 

58.08 

215 

,  az  me 

dimethylketazine ; 

(CH3)2C:NN:C- 

112  17 

diisopropylidenehydrazine 

(CH3)2 

216 

,  cyanohydrin. 

See  Isobutyronitrile,  ot-hydrox 

v-> 

217 

,  dichloride. 

See  Propane,  2,2-dichloro-*. 

218 

,  oxime. 

See  Acetoxime. 

219 

,  phenylhydrazone 

2-propanone  phenylhydra- 

(CH3)2C:NNHC6- 
H5 
(CH3)2C:NNHC- 

148.20 

220 

,  semicarbazone. . .    .   .   . 

2-propanone  semicarbazone* . 

115.14 

ONH2 

221 

,  sodium  bisulfite  com- 
pound 

(CH3)2C(OH)- 
S03Na 

162.14 

222 

,  acetonyl-. 

See  2,5-Hexanedione*. 

223 

,  acetyl-. 

See  2,4-Pentanedione*. 

224 

,  allyl-. 

See  h-Hexen-2-one* . 

225 

,  anisal-. 

See  Z-Buten-2-one,  i-p-methox 

y  phenyl-. 

226 

,  benzal-. 

See  Acetone,  benzylidene-. 

227 

,  benzoyl-. 

l-phenyl-l,3-butanedione*; 
a-acetylacetophenone ;  me- 
thyl phenaoyl  ketone;  ace- 
tylbenzoylmethane 

C6H5COCH2- 
COCH3 

162.18 

228 

,  benzyl-. 

See  2-Butanone,  A-phenyl-*. 

229 

,  benzylidene-. .  . . 

benzalacetone;  methyl  styryl 
ketone ;  4-phenyl-3-buten-2- 
one*;  cinnamyl  methyl  ke- 
tone; acetocinnamone 

CeHsCH: 
CHCOCH, 

146.18 

230 

,  dibenzal-. 

See  Styryl  ketone. 

231 

,  sym-diisopropyl- 

•  $eel-Heptanone,2,(j-dimethyl 

_* 

232 

,  dilsopropylidene 

-.  See  Phorone. 

233 

,  sym -dimethyl-. 

See  3-Pentanone*. 

234 

,  diphenyl-. 

See  2-Propanone,  1,3-diphenyl 

_* 

235 

,  ethylidene-. 

See  Z-Penten-2-one*. 

236 

,  unsym-ethylmet 

hyl-.  See  2-Pentanone,  Z-meth 

yl-*. 

237 

,  2-fural-. 

See  Acetone,  furfurylidene-. 

238 

,  furfurylidene-. 

furfural  acetone;  4-(2-furyl)- 
3-butene-2-one* 

C4H3OCH:- 
CHCOCH3 

136.14 

239 

,  hydroxy-. 

See  Acetol. 

240 

,  isonitroso-. 

See  Pyruvaldehyde,  aldoxime. 
See  Mesityl  oxide. 

241 

,  isopropylidene-. 

242 

,  p-methoxybenza 

1-.  See  3-Buten-2-one,  4-p-meth 

oxyphenyl-. 

243 

,  phenacyl-. 

See  Valerophenone,  y-oxo-. 

244 

,  chloride. 

See  Propane,  2,2-dichloro-*. 

245 

Acetone-chloroform. 

See  Chloretone. 

246 

Acetonediacetic  acid.  . 

7-ketopimelic  acid;  4-oxo- 
heptanedioic  acid* 

CO(CH2CH2. 
COOH)2 

174.15 

247 

Acetonedicarboxylic 
acid 

/3-ketoglutaric  acid;  3-oxo- 
pentanedioic  acid* 

CO(CH2COOH)2.. 

146.10 

248 

Acetone  diethylsulfon 

e.  See  Propane,  2,2-bis(ethylsul 

fonyl)-*. 

248M 

,  fluoride. 

See  Propane,  2,  2-difluoro-*. 

249 

Acetonic  acid. 

See  Isobutyric  acid,  ot-hydroxv 

_. 

250 

Acetonitrile 

,  allyl-. 

ethanenitrile*;  methyl  cyanide 
See  4i-Pentenenitrile*. 

CH3CN 

41.05 

251 

252 

,  benzoyl- 

j8-ketohydrocinnamonitrile ; 
3-oxo-3-phenylpropanenit- 
rile;  a-cyanoacetophenone 

C6H5COCH2CN... 

145.15 

253 

,  diethyl-. 

See  Butyronitrile,  a-ethyl-. 

254 

,  ethylmethyl-. 

See  Butyronitrile,  a-methyl-. 

''Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  t>er  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

212 

yel.  need 

col.  inflam.  liq., 

i. 

sl.  s. 

s.  eth. 

213 

0.792^; 

-95 

56.5 

oo 

oo 

oo  eth. ;  s.  chl. 

1.3588619-4 

4 

0.8186- 

4 

215 

col.  liq., 

0.8381- 

131 

s. 

00 

oo  eth. 

1.4510225 

4 

216 

217 

218 

219 

rhomb,  cr.  or 

42  (27) 

163^ 

s. 

S. 

s.     eth.,     dil. 

oil 

min.  a. 

220 

col.  need.  f.  w. 

187-8 

sl.  s. 

S. 

s.  eth. 

221 

wh.  leaf 

d. 

V.  s. 

sl.  s. 

i.  eth. 

222 

223 

224 

225 

226 
227 

col.  pr., 

1.090^ 

61  (57-8) 

261-2 

sl.  s.  c. 

s. 

s.    eth.,    cone. 

1.5677577-8 

4 

(132") 

alk. 

228 
229 

col.  lustr.  pi.  . . 

1.0377- 

15 

42 

260-2 

i. 

v.  s. 

s.  eth.,  chl.,  bz. 

230 

231 

232 

233 

234 

235 

236 

237 

238 

wh.  nd. 

39-40 

229  d. 

i. 

s. 

s.eth. 

239 

240 

241 

242 

243 

244 

245 

t 

246 

rhomb,  f.  w.  . . 

143 

s.  h. 

s. 

sl.  s.  eth.;  i. 
bz. 

247 

need.  f.  eth 

135  d. 

d. 

V.  s. 

s. 

v.  sl.  s.  eth. ;  i. 
bz.,  chl.,  lgr. 

248 

248M 

249 
250 

col.  liq., 
1.3459616-5 

0.7828™ 

-41  to  -44 

82 

00 

OO 

oo  eth. 

251 

252 

leaf 

80-1 

sl.  s.  c. 

s. 

s.    eth.,    chl., 

bz.,  alk., 

KCN 

253 

254 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


255 

256 

257 
258 
259 
260 
261 
262 

263 

264 

265 


266 
267 


268 

269 
270 
271 

272 

273 

274 

274M 

275 

276 

277 

278 

279 

279M 

280 

281 

282 
283 

284 
285 

286 

287 

288 
289 


Acetonitrile,  2-furyl- 
,  iminodi- 


,  isobutyl-. 

,  phenyl-. 

,  trimethyl-. 

,  trinitro- 

,  vinyl-. 

Acetonitrolic  acid 

Acetonylamine. 
o-Acetophenetide . 

p- Acetophenetide , 


,  a-amino-. 

Acetophenone . 


-,  oxime. 


,  a-acetonyl- 
,  a-acetyl-. 
,  o-amino-. . 


,  m-amino- 
-,  p-amino- 

,  benzal-. 

,  o-bromo- 
-,  p-bromo- 

-,  a-bromo- 


,  a-bromo-p- 

methyl- 
-,  a-bromo- 

p-phenyl- 
,4-ter£-butyl-2- 

methyl-3,  6- 

dinitro- 
-,  o-chloro- 


•,  p-chloro- 
,  a-chloro- 


See  2-Furanacetonitrile. 
a,a '-dicyanodimethylamine ; 
iminoacetonitrile  (incorrect) 
See  Isocapronitrile. 
See  a-Tolunitrih. 
See  Promonitrile,  a.  a-dimethy 

trinitroethanenitrile* 

See  Allyl  cyanide. 
ethylnitrolic  acid 


NH(CH2CN)2. 


/-. 


See  2-Propanone,  1-amino-. 
o-ethoxyacetanilide;  Ar-acetyl- 

o-phenetidine 
p-ethoxyacetanilide ;  p-acet- 

phenetidine ;  phenacetin 


See  PhenocoU. 

methyl  phenyl  ketone ;  hyp- 
none;  acetylbenzene 


See  Valerophcnone,  y-oxo-. 
See  Acetone,  benzoyl-. 
o-aminophenyl  methyl  ketone : 
o-acetylaniline 
w-aminophenyl  methyl  ketone 

p-aminophenyl  methyl  ketone. 

See  Chalcone. 


phenacyl  bromide 

p-methylphenacyl  bromide . 
p-phenylphenacyl  bromide 
musk  ketone ;  musk  C 


-,  a-cyano-. 

,  p,  a-dibromo-. .  . 

,  2,4-dihydroxy-. 
,  2,5-dihydroxy-. . . 

,  a-ethoxy-  a-phen 
,  a-hydroxy- 


,    2-hydroxy-4-met 

,   a-hydroxy-p-phe 


methyl  p-chlorophenyl  ketone 


phenacyl  chloride. 


See  Acetonitrile,  benzoyl-. 
p-bromophenacyl  bromide . . . 

See  Resacetophenone. 
2-acetylhydroquinone ;  quin- 
acetophenone 
yl-.   See  Benzoin,  ethyl  ether. 
benzoylcarbinol ;  phenacyl  al- 
cohol; acetophenone  alcohol 
hoxy-.  SeePeonoZ. 
nyl-.  See  also  "p-phenylphena 


(NO->)3CCN 

CH3(NOj)C:NOH. 


CH3CONHC6H4- 

OC2H5 
CH3CONHC6H4- 

OC0H5 


CH3COC6H5 


C6H5C(:NOH)- 
CH.3 


CH3COC6H4NH2. . 
CH3COC6H4NH2. . 
CH3COC6H4NH2. . 

CH3COC6H4Br.... 
BrCr,H4COCH3.... 

BrCH2COC6H5.... 

CH3C6H4COCH2- 

Br 
BrCH2COC6H4- 

CeHs 
CH3COC6H(C4H9)- 

(CH3)(N02)2 

CH3COC6H4CI.... 
CH3COC6H4CI. . . . 
CICH2COC6H5.... 

BrCH2COC6H4Br.. 

CH3COC6H3(OH)o. 

C6H5COCH2OH... 

cyl  ester"  under  Acet 


277.96 
152.14 
136.14 

ic  Acid, 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued; 


No. 


255 

256 

257 

258 
259 
260 
261 
262 

263 
264 

265 


266 
267 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf.  f.  eth. 


waxy 


yel.  rhomb,  f. 
w.  or  eth. 


leaf. 


268 

269 
270 
271 

272 

273 

274 

274M 

275 

276 

277 

278 

279 

279M 

280 

281 

282 
283 

284 

285 

286 
287 

288 
289 


wh.  powd.  or 
monocl.  pr. 
or  leaf. ;  1 .54, 
1.571,  1.59 

col.  liq.  or  pi., 
1.5341819 

col.  need.  f.  w. 


yel.  oil 


yel.  leaf.  f.  dil. 

al. 
yel.  need.  f.  w. 


col.  liq 

wh.  leaf.  f.  al. 


trim,  (rhomb.) 

pr.  f.  al. 
col.    need,    or 

leaf.  f.  al. 
lng.  col.  need. 


col.  oil,  1.68525 

cr 

col.  rho*nb.  .  .  . 


Density 
g/ml 


fine  need 

yel.  need 

hex.  pi 

chloro- ;  Butyric 


.020: 


.647 


1.64 


-.20 


1.1884 

.20 


1.188- 
1.324 


Melting 
point,  °C 


1.013 

acid;  Caproi 


75 

41.5 

88 

79 
137-138 

19.7 
58 


99.5  (96.5) 
100 

50" 

50 

49-51 

125.5 

133 

20  (14-15) 
59 

109.7 

202 

95  (83-84) 

c  acid ;  etc. 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


exp.  220 
d. 


>250 

d. 


202.:; 


252  si.  d. 

290 
295 


117-11812 
255.5; 
129-3013 
14012 


227-8738; 

11318 
232 


247 


119" 


.0055  N 
.11* 


v.  si. 


v.  si.  s. 


i.,  d. 


v.  si.  s. 

i. 

i. 


v.  s.  h. 


s. 
7.45* 


s. 
v.  s. 

d. 

1.3*, 

6.77 


si. 


si.  s.  eth. 

s.  eth. 
s.  eth. 

s.  eth. 

1.5625  eth. 
7.1  chl. 


s.      eth.,     bz. 

chl.,  cone. 

H2S04 
s.  eth. 


s.  eth. 


s.    eth.,    HCI,. 
bz.;  si.  s.  lgr. 

s.  eth. 

s.  eth.,  ac.  a.„ 

bz.,  lgr. 
v.  s.  eth. 

s.  eth. 


s.  eth. 

s.  eth. 
oo  eth. 

s.    eth.;    31.4 

CS2 

s.  eth. 
si.  s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

290 

Acetophenone,  a- 
hydroxy-p-phenyl-, 

acetate 

p-phenylphenacyl  acetate 

CHaCOOCH- 
COC6H4C6H5 

254.27 

291 

— , ,  benzoate 

p-phenylphenacyl  benzoate . . . 

CeHsCOOCH^ 
COC6H4C6H5 

316.34 

292 

— ,     «-hydroxy-«-phe 

nyl-.  See  Benzoin. 

293 

,  5-isopropyl-2- 

carvacrvl  methyl  ketone; 

CH3COC6H»- 

176.25 

methyl- 

2-acety  1-  p-cymene 

(CH3)CH(CH3)2 

294 

,  p-methoxy- 

p-anisyl  methyl  ketone; 
p-acetylanisole 

CH3OC6H4COCH3 

150.17 

295 

,  p-methyl- 

methyl  p-tolyl  ketone 

CH3COC6H4CH3 . . 

134.17 

296 

,  m-nitro- 

CH3COC6H4N02.. 

165.14 

297 

,  ot-phenyl-. 

See  Desoxybenzoin. 

298 

,  2,3,4-trihydroxy-. 

See  Gallacetophenone. 

299 

,  a-triphenyl-. 

See  (3-Benzopinacolin. 

300 

o-Acetophenonecarbox 

ylic  acid.  See  Benzoic  acid,  o 

-acetyl-. 

301 

Acetophenone  pinacol. 

See  2,3-Butane>iiol,  2'6-diphen 

1)1-- 

302 

Acetophenone  pinacoli 

n.  See  2-Birfanone,  3,%-dipheny 

Jr. 

303 

Acetopropionic  acid. 

See  Lendinic  acid. 

304 

a-Acetothienone. 

See  Ketone,  methyl  2-thienyl. 

305 

Acetothioamide. 

See  Acetamide,  thio-. 

306 

2-Acetothiophenide. 

See  Acetamide,  N -2-thienyl-. 

307 

o-Acetotoluide 

o-methylacetanilide ;  Ar-acet- 
yl-o-toluidine;  acct-o-tolu- 

idide 

CH3CONHC6H4- 
CH3 

149.19 

308 

,  iV-methyl- 

Ar-aeetyl-iV-methyl-o-toluidine 

(CH3)(CH3CO)- 
NC6H4CH3 
CH3CONHC6H4- 

163.21 

309 

m-Acetotoluide 

AT-acetvl-m-toluidine;  acet- 

149.19 

w-toluidide 

CH3 

310 

,  iV-methyl- 

fCH3)(CHsCOV 

163.21 

NC6H4CH3 

311 

P-Acetotoluide 

.V-acetyl-p-toluidine ;  acet- 
p-toluidide 

CH3CONHC6H4- 
CH3 

149.19 

312 

,  iV-methyl- 

(CH3)(CH3CO)- 

163.21 

NC6H4CH3 

313 

Acetoxime 

2-propanone  oxime*;  acetone 

(CH3)2C:NOH.... 

73.09 

oxime 

314 

2,4-Acetoxylide 

aceto-a.?-m-xylidide ;  2,4- 
dimethylacctanilide 

CHsCONHCeHs- 

(CH3)2 

163.21 

315 

Acetphenetidine. 

See  Acetonhenetide. 

316 

Acettoluidide. 

See  Acetotoluide. 

317 

Aceturic  acid 

JV-acetylglycine ;  aceta- 
midoacetic  acid 

CH3CONHCH2- 
COOH 

117.10 

318 

,  iV-phenyl- 

iV-acetyl-Ar-phenylglycine 

CcH5N(CH3CO)- 
CH2COOH 
(e.g.,  for  acetylbenzo 

193.20 

Acetyl-.  For  acetyl  derivat 

ives,  see  the  parent  compounds 

ic  acid 

319 

Acetyl  bromide 

cthanoyl  bromide* 

CHsCOBr 

122.96 

320 

,  bromo- 

bromoethanoyl  bromide*.  . 

CH2BrCOBr 

201.87 

321 

Acetyl  chloride 

ethanoyl  chloride* 

CH3COCI 

78.50 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

290 

111 
167 

si.  s. 

i. 

i. 

O.S.i 

0.44  '•' 
0.09 

v.  s. 
v.  si.  s. 

2.1715 

e  names 
d. 
d. 
d. 

s. 
v.  s. 

s. 

8.08 

s. 

s. 

s. 

8.05c, 
v.s.h. 

s. 

V.  s. 

V.  s. 

s. 

of  alcohc 
d. 
d. 
d. 

291 

292 
293 

liq 

0.956™ 
1.0493*-°; 

4 

1.0818- 

4 

0.989l"; 
1.013^ 

4 

240; 

130-13413 
258; 
138-915 

222 
202 

296 

200 
303 

294 
295 
296 

pi.  f.  eth., 
1.5468441-3 

col.    need,    or 
pa.  yel.  liq., 
1.5353317-4 

need. 

col.  monocl., 
1.556,  1.587, 
1.700 

cr 

38-9 

28 

81  (74-76) 

110.4 

56 
65.5 

66  (60-61) 
146-7  .... 

80 
61 
129-30 

206 

172-3.5 

e  also  "aceta 
-96.5 

s.  eth. 
v.  s.  eth. 
v.  s.  eth. 

297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 

308 

1.168i-' 

4 

s.     eth.,     bz.* 
glyc,    v.    s. 
chl.,  glac.  ac. 
a. 

309 
310 

monocl.  f.  w. 
cr 

1.141- 

4 

s.  eth. 

311 
312 

col.  monocl.  or 
tricl.,    1.495, 
1.625,  1.807 

leaf 

1.212^ 

4 

307 

283 
136.3 

s.  h.  eth.,  glac. 

ac.  a.;  si.  s. 

bz.,  glyc. 
s.  h.  Igr. 

v.    s.    eth.,    s 
Igr. 

313 
314 

col.  pr.,  1.4156 
need 

0.97^-° 

20 

315 
316 
317 

need,  f .  w 

.  acetyl-.)   Se 
1.1051^ 

4 

i.    eth.;   sl.  9 

318 

ac.   a.,   acet., 
chl. ;  i.  bz. 

319 
320 

see  Benzoic  acid 
col.  fum.  liq. 
Hq 

col.  inflam. 
liq.,  1.38976 

te"  under  th 
76.7 
147-50 
51-2 

!s  and  phenols 
v.  sl.  s.  eth. 

321 

-112 

00     eth.,     bz., 
chl.,      acet., 
glac.  ac.  a. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


Mol. 
Wt, 


322 

323 
324 
325 
326 
327 

328 


329 

530 

331 

332 

332M 

533 

334 
334M 
335 
336 

336D 
336F 
336H 

336M 

336R 

336T 

337 

338 

338M 

339 

340 

341 

342 

342M 

343 

343  M 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 
356 


357 


Acetyl  chloride, 
chloro- 

,  dichloro-. 

,  phenyl-. 

,  trichloro- . 

Acetyl  cyanide. 
Acetyl  disulfide 


Acetylene. 


chloroethanoyl  chloride* 


dichloroethanoyl  chloride  * 
See  a-Toluyl  chloride. 


,  dibromide. 

,  tetrabromide. 

,  tetrachloride. 

,  amyl-. 

,  amylmethyl-. 

,  bromo- 

,  butyl-. 

,  butylethyl-. 

,  butylmethyl-. 

,  chloro- 

,  decylmethyl-. 

,  di-n-amyl-. 

,  dibromo- 

,  dibutyl-. 

,  diiodo- 

,  diethyl-. 

,  dimethyl-. 

,  diphenyl- 

,  dipropyl-. 

,  divinyl-. 

,  ethyl-. 

,  ethylmethyl-. 

,  ethylphenyl-. 

,  ethylpropyl-. 

,  n-heptyl-. 

,  hexadecyl-. 

,  n-hexyl-. 

,  isopropyl-. 

,  methyl-. 

,  methylphenyl-. 

,  methylpropyl-. 

,  n-octyl-. 

,  phenyl-. 

,  n-propyl-. 

,  vinyl-. 

Acetyienecarboxylic  ac 
Acetylenedicarboxylic 

acid 
Acetylenediurein. 
Acetyl  fluoride 


Acetyl  iodide. 


See  Pyruvonitrile. 
diacetyl  disulfide. 


ethyne*;  ethine. 


CH2C1C0C1 
CHCI2COCI 
CCbCOCl.. 
(CH3CO)2S2 
CH^CH.... 


112.95 
147.40 
181.85 
150.21 
26.04 


See  Ethylene,  \,2-dibromo~. 
See  Ethane,  1,1, 2, 2-tetrabromo- 
See  Ethane,  1,1. 2,2-tetrachloro- 
See  1-Heptyne*. 
See  2-0ctyne*. 
bromoethyne*;  ethynyl 
bromide 
See  1-Hexyne*. 
See  3-0ctyne*. 
See  2-Heptyne*. 
chloroethyne* 

See  2-Dodecyne*. 
See  fi-Dodecyne*. 
dibromoethyne 

See  5-Decyne. 

diiodoethyne 

See  3-Hexyne*. 
See  2-Butyne*. 
diphenylethyne;  tolan 

See  4-Ocfyne*. 
See  h5-Hexadien-S-yne*. 
See  l-Dutyne*. 
See  2-Pentyne*. 
See  Benzene,  l-butynyl-. 
See  o-Heptyne*. 
See  1-Nonyne*. 
See  1-Octadecyne* 
See  1-0  dyne*. 
See  \-Butyne,  Z-methy!~* 
See  Propyne*. 
See  Propyne,  1-phenyl-. 
See  2-Hexyne*. 
See  l-Decyne*. 
See  Benzene,  ethynyl-. 
See  1-Pentyne*. 
See  3-Buten-\-yne*. 
id.  ethyl-.   See  2-Pentynoic 
butynedioic  acid* 

See  Glycoluril. 

ethanoyl  fluoride* 

ethanoyl  iodide* 


CHiCBr. 


CHiCCl 

BrCjCBr 

ICjCI 

CeHsC  •  CCeHs 


104.94 

60.49 

183.85 
277.86 

178.22 


acid*. 
COOHC^CCOOH, 


CH3COF. 


CH3COI 


114.06 

62.04 

169.96 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

322 

col.  liq 

1.495- 

108-10 

d. 

d. 

00  eth. 

4 

(105-106) 

323 

col.  liq 

col.  liq 

108 

d. 

d. 

00  eth. 

324 
325 

1.629 

118 

d. 

d. 

00  eth. 

326 

327 

col.  cr 

20 

d. 

i. 

s. 

v.   s.   eth.;  s. 

CS2 

328 

col.  inflam. 

11(J-           -8  4 

-81.8 

-83.6  subl. 

10018 

60018 

2500  ^  cm8 

gas 

0.6208  -; 
solid       4 

0.73"85; 
gas 

1.173°  g/1 

cm8 

cm5 

acet.;  s.  bz., 
chl. 

329 

330 

331 

332 

332M 

o 

333 

pois.  gas 

4.684rf-g/l 

i  C  0 

_2 

si.  s. 

s.  eth.,  dil. 
HNO3 

334 

334M 

335 

336 

unst.  spon.  in- 
flam. gas 

2 

-32  to  -30 
exp. 

s. 

s. 

336D 

336F 

336H 

liq.  (poison)  .  . 

ca.  2 

explodes  w. 
trace  of  O2 

ca.  76 

i. 

s. 

s.  eth. 

336M 

336R 

col.  rhomb.  . . . 

78-82 

80-100  d. 

si.  s.  sol.  c.  Igr. 

336T 

337 

338 

col.  monocl. 

62.5  (60) 

300 

i. 

v.  s.  h. 

v.  s.  eth. 

leaf.  f.  al. 

338M 

339 

340 

341 

342 

342M 

343 

343M 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

lng.  pr 

179 

v.  s. 

v.  s. 

v.  s.  eth. 

355 

o  n 

356 

col.  liq.  or  gas 

0.993- 

4 

<-60 

20.5 

5,d. 

d. 

ac  eth.;  s.  bz., 
ac.  a.,  chl.; 
v.  si.  s.  CS2 

357 

col.-br.  fum. 
liq. 

2.067 

104-6 

d. 

d 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

358 

358M 
359 

Acetyl    peroxide 

Acetylsalicylic  acid. 
Achroodextrin 

ethanoyl  peroxide*;  diacetyl 
peroxide 
See  Aspirin. 

(CH3C0)2O. 

118.09 

990  80 

3G0 

Aconic  acid 

4,5-dihydro-5-keto-3-fiiran- 
carboxylic    acid ;    formyl- 
succinic  acid  lactone 

OCH:C(COOH)- 
CH2CO 
C26H21NO11 

C3H3(COOH)3.... 
C34H49NO11 

C»4H49NOu.HBr.- 
JH2O 

C34H49O11N.HC!. 
3H20 

C34H19NO11.HNO3. 

5H,>0 
(C34H49NO1O2. 

H2SO4 

C34H47(C.H30)2- 

NOn 

CH 

/    |\ 

C6H4             CeHi 

ne. 
C6H4CH2C6H4NH 

1                                            ! 

128.08 

361 

Aconine 

523.44 

362 
363 
364 

365 

.  acetylbenzoyl-. 

,  benzoyl-. 

Aconitic  acid 

Aconitine 

See  Aconitine. 
See  Benzaconine. 
1,2.3-propenctricarboxylic 
acid* 
acetylbenzoylaconine 

174.11 

647.74 

366 

,  hydrobromide 

737.68 

367 

,  hydrochloride  (Z) 

,  nitrate  (Z) 

738.26 

368 

800  84 

369 

,  sulfate  (Z) 

1393  57 

370 

,  diacetyl- 

aconitine  O-diacetate 

731  82 

371 

Acridine 

179  21 

372 
373 

,  2-amino-5-p-ami 

,  5,  10-dihydro-. . .  . 

,  dihydroketo-. 

,  3-methyl- 

,  5-phenyl- 

ms-Acridone 

nophenyl-.    See  Chrysanili 
ws-dihydroacridine 

181.23 

See  ms-Acridone. 

374 

375 

C13H8N.CH3 

C6H5C13H8N 

CO 
C6H4            C6H4 

\   / 

NH 
CH2:CHCHO 

C4H3OCH:CHCHO 
CH2:C(CH3)CHO. 

193  24 

376 

ws-phenylacridine 

255  30 

377 

dihydroketoacridine ...... 

acrylaldehyde ;  propenal  * ; 
acrylic  aldehyde 

See  Tiglaldehyde. 
-.    See  2-Hexenal,  2-ethyl-. 
3-(2-furyl)  propenal*;  fura- 

crolein 
2-methylpropenal  * ; 

methacrolein 
See  Crotonaldehyde. 
See  Cinnamaldehyde. 
See  Acrolein. 

195  21 

378 

Acrolein 

56  06 

379 
380 
381 

381M 

382 
383 

384 

,  a,  /3-dimethyl-. 

,  a-ethyl-  ^-propyl 

,  /3-2-furyl- 

,  a-methyl- 

,  /3-methyl-. 

,  /3-phenyl-. 

Acrylaldehyde. 

122.12 
70.09 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


358M 

359 

360 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf. 


amor.  wh. . .  . 
rhomb,  f.  w., 

a  1.385, 

7  1.530 

d.  (salts  I.) 
amor.  hyg. 


col.  leaf,  or 
need.  f.  w. 

rhomb,  pr.  f. 
chl., 

a]+  H°233r;a] 


wh.    to    ylsh. 
hex.  tab.  f.  w, 
la]  -30.47  ° 
in  w. 


wh. 


381M 


ylsh.  amor. 

powd. 
cr 

col.  leaf,  or 
need.,  rhomb, 
f.  al. 


col.  cr.  1.  al. 


yel.    need.    f. 

dil.  al. 
yel.  monocl. 

need.  f.  al. 
yei.  need 


col.  inrlam. 
liq.,  unst. 
1.39975 


yel.  cr. 


col.  liq., 
1.419120 


Density 
g/ml 


1005- 


0.841- 


0.830: 


Melting 
point,  °C 


30 


1(34 


132 


194-5 

(191)  d. 
188-97.8 

(204) 


103;  anh. 
176-80 


149 


158 

108; 
subl.  100 


169 

134 
181 
354 


51 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


63" 


± 


346 


subl.; 
d.  300 


404 


52.5 

200 
73.5 


Water 


si.  s. 


1815 


181S 
.03 125 


v.  si.  s. 


Alcohol 


5012 
4.5425 


s.  h. 

V.  s. 
si.  s. 
si.  s. 


Ether,  etc. 


v.   s.   eth.;  d. 
NaOH 

col.  with  I2 
s.  me.  al. 


v.  si.   s.   eth; 
s.  chl. 


si.  s.  eth. 

2.2725eth.; 
14.325  bz.; 
s.  chl. 


s.  eth. 


s.  eth. 


v.   s.    eth.;   s. 
bz.,  CS2 


s.  eth. 

v.  s.  eth.,  bz. 

s.  eth.;  v.  s.  bz. 

si.  s.  eth. ;  s.  h. 
ac.  a.,  KOH; 
i.  bz.,  chl. 

s.  eth. 


s.  eth. 
00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Acrylamide 

Acrylic  acid 

,  benzyl  ester . . . . 

,  butyl  ester 

,  cyclohexyl  ester. 

,  ethyl  ester 

,  methyl  ester 

,  /9-benzoyl-. 


,  a-chloro- 


,  /9-chloro- 

,  a,  /3-dimethyl-. 

,  a,  /3-diphenyl-. 

,  /3-2-furyl-. 

,  /3-hydroxy- 

,  /3-isopropyl-. 

,  a-methyl-. 

,  c/s(?)-/3-methyl 

,    rrans(?)- /3-methyl- 

,  /3-(3,4-methylene 

,  a-phenyl-. 

,  /3-phenyl-. 

,  /3-propyl-. 

,  /3-vinyl-. 

Acrylic  aldehyde. 
Acrylic  amide. 
2-Acrylonaphthone, 
1-hydroxy-  /3-phenyl- . 

Acrylonitrile 


Synonyms 


propenamide*;  acrylic  amide. 

propenoic  acid*;  ethylene- 
carboxylic  acid 
benzyl  acrylate 


n-butyl  acrylate .  . . 
cyclohexyl  acrylate. 


ethyl  acrylate ;  ethyl  prope- 
noate* 
methyl  acrylate 


4-oxo-4-phenyl-2-butenoic 
acid 


2-chloropropenoic  acid' 


Acrylyl  chloride. 
Adalin 


Adenine. 


Adermin. 
Adipaldehyde. 


Adipamic  acid. 

Adipamide. . .  . 
Adipic  acid 

,  dibutyl  ester. 

,  diethyl  ester. 


monoamide. 
piperazinium  salt. 


3-chloropropenoic  acid* 

See  Tiglie  acid. 

See  Cinnamic  acid,  a- phenyl. 

See  2-Furanacrylic  acid. 

3-hydroxypropenoic  acid* 

See  2-Penienoic  acid,  A-mclhyl- 

See  Methacrylic  acid. 

See  Isocrotonic  acid. 
.  See  Cr atonic  acid  (a  or  solid) 
dioxystyryl)-.  See  Piperic  a 

See  A  tropic  acid. 

See  Cinnamic  acid. 

See  2-Hexenoic  acid*. 

See  2,4-Pentadienoic  acid*. 

See  Acrolein. 

See  Acrylamide. 

1-hydroxy-  2-naphthyl  styryl 
ketone;  2-cinnamyl-l-naph- 
thol 

propenenitrile*;  vinyl  cyanide 

propenoyl  chloride* 

uradal;  (a-bromo-a-ethyl- 
butyryl)  urea 
6-aminopurine 


See  Vitamin  Be. 
hexanedial*;  adipic  dialde- 

hyde 
adipic  acid  monoamide 


hexanediamide*;  adipic 

diamide 
hexanedioic  acid*;  1,4-  bu- 

tanedicarboxylic  acid 


ethyl  adipate 

See  Adipamic.  acid. 


Formula 


CH2:CHCONH2.. 

CH2:CHCOOH... 

CHo:CHCOOCH2- 
CcHs 
CH2:CHCOOC4H9 

CH2:CHCOOC6Hn 

CH2:CHCOOC2H5 

CH2:CHCOOCH3 

C6H5COCH:- 
CHCOOH 

CH>:CClCOOH... 

CHChCHCOOH.. 

HOCH:CHCOOH. 


cid. 


CgHsCH:- 
CHCOCioHeOH 

CH2:CHCN 


CH2:CHCOCl.. 
(C>Hft)2CBrCO- 
NHCONH2 
C5H3N4  NH2  . . . 


CHO(CH2)4CHO. 

NH2OC(CH2)4- 
COOH 

(CH2CH2CONH2)j 

COOH(CH2)4- 
COOH 
(CH2CH2COOC4- 

(CH2CH2COOC2- 

H5)2 

C4H10N2.C6H10O4. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


coL 


coL  Hq., 

1.4224 
col.  liq., 

1.5132* 
col.  liq., 

1.418520 
col.  liq., 

1.45b24 
col.  liq., 

1.40520 
col.  iiq., 

1.3984 
leaf.  (+1H20) 


need, 
leaf. 


liq. 


or.  leaf. 


col.  liq., 
1.39320 
col.  liq. 
col.  cr.  . 


+3H20,  need, 
f.  c.  w. 


oil 

need.  f.  w. 

col.  pi.    ... 

col.  monocl. 
pr. 


col.  liq. 
wh.  cr. 


Density 
g/ml 


1.0G2i« 
,20 


1.068- 
0.898 


0.975 


2  0 
0.924^ 

0.953^ 


0.79: 


1.14 


1.366 

0.9652- 

1.009- 


Melting 
point,  °C 


84-5 
12.3 


+  IH0O, 
64,  anh. 
99 

65 


s.3 


126 


115-116 
365 

125-130 

220 
(226-227) 
151-3 

-37.5 

-21 

244-5  d. 


Solubility  in  gram* 

Boiling 

point,  °C 

Water 

Alcohol 

141.9 

00 

00 

113-14'9 

i. 

00 

145-6 

i. 

00 

8820 

i. 

so 

99.8 

v.  si.  s. 

QO 

80.5 

v.  si.  s. 

s. 

s. 

s. 

s. 
s. 

subl.; 

176-81  d. 

s. 

s. 

V.  s. 

V.  s. 

i. 

s. 

s. 

OO 

78-9 

75-76 

d. 

s.  h. 
0.09  c. 

sL  s. 

s. 
si.  s. 

V.  s. 

92-949 

0.44" 
1.515 

v.  s. 
v.  s. 

26510« 

18314 

i. 

OQ 

239-41™ 

0.42320 

S. 

1  & 

v.  si.  s.  • 

h. 

Ether,  etc. 


<»  eth. 
00  eth. 
ao  eth. 
w  eth. 
00  eth. 
s.  eth. 
s.  eth. 

s.  eth. 
s.  eth. 

v.  s.  eth. 


s.  eth. 
«o  eth. 


s.  bz.,  acet. 

i.  eth.,  chl.; 
s.  h.  NH4OH 

v.  s.  eth. ;  s.  bz 


v.  si.  s.  eth. 

0.615  eth.;  s 
HNO3 
00  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  taMe. 
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PHYSICAL  CONSTANTS  OF 


Name 


Adipic  dialdehyde 
Adipic  diamide. 
Adipic  ketone. 
Adipoin 

Adipyl  chloride. . . 

Adonitol,  Adonite 
Adrenaline 


Aesculetin,  Aesculin. 
Alanine,  /3f  £'-dithiodi< 

,  /9-hydroxy-. 

,    /3-p-hydroxy- 

phenyl-. 

,  0-(3-indyl)-. 

,  /3-mercapto-. 

,  /V-methyl- 


dl-  Alanine. 


-,  ethyl  ester  hydro- 
chloride 
-,  N-benzoyl- . . 


,  /S-phenyl- 


d-  Alanine. 


/3-((3,5-diiodo-4-h 
/3-phenyl- 


/-Alanine 

,  /9-phenyl- 


/9- Alanine. 


,  (N-  cx,7-dihydroxy- 


Alantolactone. 
Alcohol. 
Aldehyde. 

Aldehyde-ammonia. 
Aldehydine 


Aldol. . . . 
Alizarin. 


3-methyl- 
3-nitro-. . 
4-nitro- . . 


Synonyms 


See  Adipaldehyde. 
See  Adipamide. 
See  Cyclopentanone*. 
2-hydroxycyclohexanone . 


hexanedioyl  chloride  * 


3,4-dihydroxy-  a-(methyl- 
aminomethyl)  benzyl  alco- 
hol; suprarenino;  epinephrine 

See  Esculelin,  Esculin. 

See  Cystine. 

See  Serine. 

See  Tyrosine. 

See  Tryptophan. 
See  Cysteine. 


tf/-2-aminopropanoic  acid* 
d/-a-aminopropionic  acid 


ethyl  a-aminopropionate 

hydrochloride 
a-benzamidopropionic  acid. 


c/-a-aminopropionic  acid ; 
t/-2-aminopropanoic  acid* 
ydroxy-phenoxy)-3,5-dii 

tf-a-amino-  /3-phenylpro- 
pionic  acid 

/-a-aminopropionic  acid ; 
/-2-aminopropanoic  acid* 
/-a-aminohydrocinnamic  acid 

3-aminopropanoic  acid*; 
/3-aminopropionic  acid 
/3,  /9-dimethylbutyryl)-. 

See  Helenin. 

See  Ethyl  alcohol. 

See  Acetaldehyde. 

See  Acetaldehyde-ammonia. 

5-ethyl-2-methylpyridine 


3-hydroxybutanal  * ; 

/S-hydroxybutyraldehyde 

1.2-dihydroxyanthraquinone. 


alizarin  orange ;  |3-nitro- 
alizarin 
a-nitroalizarin 


Formula 


I    Mol. 
Wt. 


C6H10O2. 


C1C0(CH2)4C0C1 

C0H12O5 

(HO)2C6H3- 

CH(CH2NHCH3) 

OH 


CH3CH(NHCH3)- 

COOH 
CH3CH(NH2)- 

COOH 


CH3CHNH2- 

COOC2H5.HCI 
CH3CH(NHCOC6- 

H6)COOH 
C6H5CH2CH- 

(NH2)COOH 
CH3CH(NH2). 

COOH 
odophenyl]- 
CeHoCH^ 

CH(NH2)COOH 


See 


CH3CH(NH2)- 

COOH 
C6H5CH2CH- 

(NH2)COOH 
NH2CH2CH2COOH 

See  Pantothenic  aci 


^HsXCKyCfiHsN 

CH3CHOHCH2- 
CHO 

C6H4(CO)2C6Ho- 

(OH)2 


C6H4(CO)2C6- 
HCH3(OH)2 

C6H4(CO)2C6- 
H(OH)2N02 

C6H4(CO)2C6H- 
(OH)2N02 


114.14 

183.04 

152.15 
183.20 


103.12 
89.09 

153.61 

193.20- 

165.19- 

89.09' 

d-Thyr 
165.19- 

89.09' 
165.1Qt 

89.09- 


121.18 

88.10 

240.20 

254.23 
285.20 
285.20 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


cr.  f.  al. 
col.  liq. 


pr.  f.  w.  .  . 
wh.-brnsh. 
powd. 


col.  rhomb,  f. 
al. 
need,  or  pr.  f. 

w. 


col.  need 

col.  pi.  or  pr. 

monocl.  f.  w. 
or  leaf.  f.  al. 
rhomb,  f.  w. 


oxine. 

leaf.  f.  w.,  [a] 

+  35.08  °16  in 

w. 


pr.  f.  al 

leaf.,  1.600, 
1.610,  1.675 

rhomb,  pr.  f. 
al. 


Uq 

col.  syrupy  liq. 


or.  or  red  tri- 
cl.  or  rhomb. 


or.  need 

or.  need.  f.  bz. 
yel.  need.  f.  al. 


Density 
g/ml 


0.9184^ 
1.103^ 

4 


Melting  Boiling 

point,  °C       point,  °C 


113  (92) 


102 
216  d. 


200  d. 
29fi 

64-8 
(85-7) 
103-5 

318-20  d. 

297  d. 

283-4  d. 

295  d. 
283  d. 
196  d. 


290 

229 
244  d. 

289  d. 


112-1510 

(si.  d.) 


subl.  292 

si.  d. 

subl.  200 


d. 
d. 

subl. 


subl. 


174 

832« 
430 

subl.  200 
subl.  d. 
subl.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s.  h. 
d.  h. 


s. 
0.02720 


16.625, 
32.275 


v.  s. 

s. 

1.4225, 
3.70*5 
16.6525, 
28.575 

2.8316 


2.2" 
325 

v.  s. 


Alcohol       Ether,  etc. 


0.034100 


si.  s. 
si.  s. 


s.  h. 

d.  h. 

s.  h. 

si.  s. 


v.  si.  s. 

c. 
0.5775 

75%, 

0.08425 
90% 
v.  s. 

si.  s. 

si.  s.  c. 

0.16 


0.2  c. 
80% 
si.  s.  h. 

v.  si.  s. 


i.   eth.,   bz.t 
pet.  eth. 


i.  eth.,  lgr. 
i.     eth.,     chl., 

acet.,  oils;  s. 

a.,  alk. 


i.  eth. 

v.  s.  eth. 
si.  s.  eth. 
v.  v.  si.  s.  eth. 
i.  eth.,  acet. 

i.  eth. 

i.  eth. 
i.  eth. 
i.  eth.,  acet. 


s.  eth.,  H2SO4 
00  eth. 

v.  s.  eth.;  s. 
me.  al,  bz., 
ac.  a.,  CS2, 
alk. 

s.  eth.,  acet. 

s.  chl.,  bz. 

s.  chl.,  bz.,  dil. 
alk.,  H2S04 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


/3- Alizarin  amide. 
Alizarin  bordeaux. 
6    (or    7)-Alizarincar- 
boxylic  acid 


Alizarin  orange. 
Alizarin  yellow  A. 
Alkannin 


Alkargen. 
Alkarsin,  Alkarsine. 

Allantoic  acid 

Allantoin 


Allanturic  acid. 


Allene. 

,  unsym  -  dimethyl 

,  ethyl-. 

,  methyl-. 

Alloc innamic  acid. 
Allocrotonic  acid. 

Allomucic  acid 

Allophanamide. 
Allophanic  acid, 

ethyl  ester 
L-Allose 


Alloxan. 


,  5-oxime. 

Alloxanic  acid 


Alloxantin , 


,  tetramethyl-. 

Allyl.  For  allyl  derivatives 
Allyl  alcohol 


Allyl  alcohol 

,  dibromide. 

,  dichloride. 

,  -y-methyl-. 

,  7-phenyl-. 

Ally  la  mine. . 


-,  TV-methyl- 


Allyl  bromide. 


Allyl   bromide,    a-bro- 

Allyl  chloride 

Allyl  chloride,   a-chlor 


Synonyms 


See  Anthraquinone,  2-amino-l 

See  Quinalizarin. 

5,6  (or  7,8)-dihydroxy-2- 

anthraquinonecarboxylic 

acid 

See  Alizarin,  3-nitro-. 
See  Benzophenone,  2,3,4-trihyd 


See  Cacodylic  acid. 
See  Cacodyl  oxide. 

diureidoacetic  acid 

5-ureidohydantoin ; 

glyoxyldiureide 
5-hydroxy-2.4-imidazoledi- 

one;  glyoxalylurea 
See  Propadiene*. 
*.  See  1, 2- Butadiene,  S-methyl-. 
See  1,2-Pentadiene*. 
See  1, 2- Butadiene*. 
See  atto-Cinnamic  acid. 
See  Isocrotonic  acid. 


See  Biuret. 

ethyl  allophanate ;  ethyl 
ureacarboxylate 


pyrimidinetetrone; 
mesoxalyurea 

See  Violuric  acid. 
tetrahydro-4-hydroxy-2 ,5- 

diketo-4-imidazolecar- 

boxylic  acid 


See  Amalic  acid. 
see  the  parent  compounds  (e.g. 
2-propen-l-ol* 


(For  derivatives  see  also  2-Pro 
See  1-Propanol,  2,3-dibromo-*. 
See  l-Propanol,  2,3-dichloro-*. 
See  2-Buten-l-ol*. 
See  Cinnamic  a'cohol. 
2-propenylamine* 


S-bromopropene* 


mo-.  See  Propene,  2,Z~dibrom 

3-chloropropene* 

o-.    See  Propevc  2,3-dichloro-* 


Formula 


hydroxy-. 

(OH)2C6H2(CO): 
C6H3COOH 


rory-. 
CieHieOs 


aH804N4, 

C4H6N403, 


NHCONHCOCHOH 

1 1 


CsHioOs. 


NH2CONHCOOC2- 
C6H12O6 


NHCONHCOCOCO 

1 1 


NHCONHCOC- 


(OH)COOH 
C8H6N408... 


for  allylaniline  see 
CH2:CH.CH2OH. . 


pen-l-ol.*) 


CH2:CHCH2NH2. 

CH2:CHCH2- 
NHCH3 
CH2:CHCH2Br  . . 


o~*. 
CH2:CHCH2C1. 


Mol. 
Wt. 


284.21 


288.29 


176.14 
158.12 

116. 0* 


210.14 
132.12 
180.16 

142.07 

160.09 

286.16 


Aniline,. 
58.08 


57.09 

71.12 

120.99 

76.53- 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued; 


No. 


446 
447 
448 


449 
450 
451 


452 
453 
453M 
454 

455 

456 

456M 

457 

458 

459 

460 

460M 

461 

462 

462M 


463 


464 
465 


466 
467 
468 

469 
470 
471 
472 
173 
474 

475 

476 

477 

478 
479 


Crystalline 

form,  color 

and  index  of 

refraction 


red.  need. 


br.  red  spears 
f.  bz. 

[«]gj-157° 

(C6Hfi) 


If.  f .  me.  al. . . . 
wh.  monoci.  f 
h.  w 
hyg.  gum 


need.  f.  w. . . . 

need.  f.  w. .  . 

pr.    f.    al. 
[a]  J?™  (H*0) 

initial- 1.90°; 
final  13.88°. 
anh.    dk.   yel. : 
hyd  ,  col. 
rhomb,  pr. 


tricl. 


rhomb,  pr.  f.  w. 
with  2H20 

allyl-).  For  allyl 
col.  mobile  liq. ; 

pungent  odor; 

1.41345 


col.  liq., 

1.4194322 
col.  liq .  .  . 


col.  liq., 
1.46545 

liq.,  1.41538. 


Density 
g/ml 


esters  of  org 

0.8552-^ 
4 


0.761 


1.398^ 

4 


0.938^-° 
4 


Melting 
point,  °C 


305 


148 


173  d. 
235 


166-71d. 
192 

128-9 

170  d. 

d. 
170  d. 


anic  acids  se 
-129 


■119.4 
■136.4 


Boiling 
point,  °C 

Solubility  in  gram 

Water 

Alcohol 

subl. 

v.  si.  s. 

s. 

i. 

si.  s. 

si.  s.  c. 
0.0620 

v.  si.  s. 

d. 

s. 

i. 

8100 
s.  h.,   i. 

si.  s. 
0.521 

d. 

c. 

s. 

si.  s. 

v.  s. 

s. 

V.  s. 
si.  s.  c. 

15.8 
v.  si.  s. 

253-5  d. 

e  the  acids. 
96-97 

SO 

OO 

53.2 

00 

00 

65 

00 

71.3 

i. 

00 

44.6 

i. 

s. 

Ether,  etc. 


si.  s.  eth. 


v.  si.  s.  eth.; 

si.  s.  chl.;  s. 

glac.  ac.    a., 
alk. 


si.  s.  org.  solv. 
i.   eth.;  s. 

NaOH 
d.  h.  alk. 


0 .  120  eth. 


si.  s.  eth. 


v.  si.  s.  eth. 


eth. 


00  eth.;  s.  ch* 


00  eth.;  s.  chl., 
CS2,  ecu 

00  eth. 


For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Synonyms 


Formula 


Allyl  cyanide. 


Allylene. 

,  7-bromo-. 

Allylene  dichloride. 
Allylene  oxide. 
Allyl  ether 


,  thio-. 

Allyl  fluoride. 


3-butenenitrile* ;  vinylaceto- 
nitrile ;  /3-butenonitrile 

See  Propyne*. 

See  Propyne,  3-bromo-*. 

See  Propene,  1,2-dichloro-*. 

See  Propene,  1,2-epoxy-* 

3-(2-propenoxy)propene*; 
diallyl  ether 

See  Allyl  sulfide. 

3-fluoropropene* 


Allyl  iodide. 


3-iodopropene* 


Allyl  isocyanide.  . 
Allyl  mercaptan. 
Allyl  mustard  oil. 
Allyl  sulfide 


CH2:CHCH2CN... 


(CH2:CHCH2)20. 

CH2:CHCH2F... 
CH2:CHCH2I.... 
CH2:CHCH2NC.. 


Allyl  sulfocyanide. 
Allyl  tribromide. 
Allyl  trichloride. 

Allyl  trisufide 

Aloi'n 


See  2-Propene-l-thiol*. 

See  Isothiocyanic  acid,  allyl  est 

3-(2-propenylthio)propene* ; 
thioallyl  ether;  diallyl  sul- 
fide; allyl  thioether;  2-pro- 
penyl  sulfide* 

See  Thiocyanic  acid,  allyl  ester. 

See  Propane,! ,2, 3-tribromo-* . 

See  Propane,  1,2,3-trichloro-*. 

diallyl  trisulfide 


Alstonine. 
Altrose. . . 


chlorogenine 


Aluminum,triethoxy-* 


aluminum  ethoxide. 


triethyl 


aluminum  ethyl . 


-,  trimethyl-*. 


aluminum  methyl. 


Amalic  acid. 
Amanitine. 
Amarine. . .  . 


Amaron. 


Amidine,  benzenylnap 

,  ethenyldiphenyl- 

Amidol. 

Amino-.  See  the  parent  co 

Amino  G  acid 

Ammelide 


Ammeline. 


Ammonium   bromide, 

,  ethyl-*. 

,  tetraethyl-*  

Ammonium  chloride, 
,  tetramethyl-*  .  . . 

Ammonium  hydroxide 


tetramethylalloxantin 

See  Choline. 

4,5-dihydro-2,4,5-triphen- 
ylimidazole 

tetraphenylpyrazine ;  benzoin 
imide ;  ditolan  azotide 
hthyl-.   See  Benzamidine,  N- 
.    See  Acet amidine,  N,N'-diphe 
See  Phenol,  2,4-diamino-,  dihy 
mpounds    (e.g.,  for  aminoaceto 
See  2-Naphthylamine-6.S-disu 
6-amino-s-triazine-2,4-diol ; 
cyanuramide 


4,6-diamino-s-triazin-2-ol ; 
cyanurodiamide 


(/3-acetoxyethyl)  trimet 

See  Ethylamine,  hydrobromide. 


derivatives  of.  See  also  ilhydroc 
,  (carboxymethyl)  trimet 


er(CH2:CHCH2)2S. 


(C3Hs)2S3 

C20H18O9 

CoiH^N^. 
3iH20 
CeHi206 

Al(OC2H6)3 

A1(C2H6)3 

A1(CH3)3 

C8(CH3)4N407.... 

(C6H6)CH(C6H6)CH 

;  \ 

NH(C6H5)C:N 

(C6H5)2(CNC)2- 
(CeH5)2 
\-naphthyU. 
nylr. 

drochloride. 
phenone  see  Acetoph 
Ifonic  acid. 

N:C(OH)N:C- 

(OH)N:C(NH2) 
1 

N:C(OH)N:C- 

(NH2)N:C(NH2) 

hyl-.  See  Choline,  0 

(C2H5)4NBr 

hloriden  under  the  v 
(CH3)4NC1 

hyl-,  anhydride.   S 


enone, 
128.09 


-acetyl-^ 

210.17 
arious 
109.60 

ee 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


480 

481 
482 
483 
484 
485 

486 
487 

488 

489 
490 
491 
492 


493 
494 
495 
496 
497 

498 

498M 

499 

500 

501 

502 
503 
504 

505 

506 
507 
508 

510 
511 


512 


513 
514 
515 
516 
517 

518 


col.  liq., 
1.40602 


liq 


col.  gas 
ypl.  liq . 
liq 


col.  oil  w.  gar- 
lic odor, 

1.487727 


liq 

yel.  need. 


br.  amor 

/3-J,  th.  pointed 
pr.;  [a]  20-28.75° 


col.  liq.,  ign.  in 
air,  1.4806-5 

col.  liq.,  ign.  in 
air,  1.43212 

cr 


Pr 


sm.  need.  f. 
acet. 


amino-). 
wh.  cr.  powd. 


wh.  minute 
need,    dendri- 
tic groups 

bromide. 

cr.  f.  al 

amines. 

col.  cr 


Betair 


Density 
g/ml 


0.8318- 

4 


0.805 


1.848^ 
0.794  V7 


1.08515 


1.1422^ 


1397^ 
1.169^ 


Melting 
point,  °C 


-99.3 


-83 


147.9 

<100;   195 
anh. 
I    107-9.5 
d  103-5 
150-00 

<-lS 

0 

245  d. 
129 

246 


Boiling 
point,  °C 


16-9 


94.3 

-10 
103 . 1 
106 


ca.  138; 
138.6758 
(140-2) 


140 


320 
194 
130 


d.198 
(anh.) 

subl. 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si. 


2.818 
cm8 
i. 

si.  s. 

si.  s. 


1. 

si.  s.  c. 

si.  s. 

s. 

d. 

exp. 
d. 

si.  s.  h. 
i. 

i. 


v.  si.  s. 


0.02128 


Alcohol 


6018 
cm8 
s. 

00 


1. 

si.  S.  C. 


v.  si.  s. 


V.  s. 


Ether,  etc. 


eth. 


eth. 


90  cm8  eth. 
s.  eth.,  chl. 
oo  eth. 


oo  eth.;s.  chl., 
CCU,  CSa 


oo  eth. 

i.  eth.;  s.  acet. 

KOH;i.  chl. 
v.  si.  s.  eth. ;  s 

chl. 
s.  me.  al. 


s.  eth. 
s.  eth. 
s.  KOH 
s.  eth. 


s.  eth.,  chl.,  h 
bz. 


s.    eth.,    alfc., 
min.  a. 


i.eth.;s.KOH, 
alk.,  min.  a. 


s.  chl. 
i.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

519 

Ammonium  hydrox- 
ide, tetraethyl-*. 

,  tetramethyl-*. 

,  trimethylvinyl-. 

Ammonium  purpurate 
Amygdalic  acid 

Amygdalin 

(C2H5)4NOH 

(CH3)4NOH.5H20. 

Ci9H27Oii.COOH 
C20H27NO11 

nds  (e.g.,  for  amylbe 

CH3(CH2)4NH2. 

CH3(CH2)4N(CH3)2 

CH3(CH2)3CH- 
(CH3)NH2 

opylamine,  a-methyl- 
CH3CH2C(CH3)2- 
NH2 
CH3(CH2)3CH2Br. 

* 
CH3(CH2)3CH2CL 

* 

[CH3(CH2)3CH2120 
CH3(CH2)3CH2F.. 

CH3(CH2)3CH2I... 

CH3(CH2)4NC... 

/-*. 

ter. 
CH3(CH2)4N02... 

[CH3(CH2)4]2S04.. 

soamyl-. 
CioHi4N2 

Co,H3203 

147.26 

520 
521 
522 
523 

524 

524M 

525 

526 
527 

528 
529 
530 

530M 

181.23 

See  Neurine. 
.  See  Murexide. 
amygdalinic  acid;  mandelic 

acid  gentiobioside 
mandelonitrile  gentiobioside ; 

amygdaloside 
See  Gentiobiose. 
rivatives  see  the  parent  compou 
See  l-Butanol,  2-methyl-*. 
See  1-Pentanol*. 
See  2-Pentanol*. 
See  2-Butanol,  2-methyl-*. 
See  Valer  aldehyde. 
n-amylamine;  pentylamine*; 

l-aminopentane 

476.43 
457  43 

Amygdalose. 
Amyl.  For  (normal)  amyl  de 
pri-act-Amyl  alcohol. 
pri-n- Amyl  alcohol. 
sec-act- Amyl  alcohol. 
rerr-Amyl  alcohol. 
n-Amyl  aldehyde. 
Amylamine 

nzene 
87  16 

,  N,  iV-dimethyl.  . . 

,  a-methyl- 

,  4-methyl-. 

sec-n-Amylamine. 
rert-Amylamine 

Amyl  bromide 

pri-act-Amyl  bromide. 
Amyl  chloride 

115.22 

531 

2-aminohexane 

101.19 

532 
533 
534 

535 

536 
537 

See  Isohexylamine. 

See  Butylamine,  <x-methyU',  Pr 

(a,  a-dimethylpropyl)  amine; 

dimethylethylcarbinylamine 
1-bromopentane*;  n-amyl 

bromide 

See  Butane,  l-bromo-2-methyl- 
1-chloropentane*;  n-amyl 

chloride 

See  Butane,  l-chloro-2-methyl-* 
See  Butane,  2-chloro-2-methyl- 
See  Capronitrile. 
See  1-Pentene*. 
See  2-Pentene*. 
See  1,2-Pentanediol*. 
See  2,3-Pentanediol*. 
pentyloxypentane*;  di-n- 

amyl  ether 
1-fiuoropentane* 

87.16 
151.06 

106.60 

538 
539 
540 
541 
542 
543 
544 
545 

545  M 

pri-act-Amyl  chloride. 
rert-Amyl  chloride. 
n-Amyl  cyanide. 
a-n-Amylene. 
/3-n-Amylene. 
a-n-Amylene  glycol. 
/3-n-Amylene  glycol. 
Amyl  ether 

Amyl  fluoride  (n) 

Amylin. 

Amyl  iodide 

158.28 
90.14 

546 
547 

See  Dextrin. 
1-iodopentane*;  n-amyl 
iodide 

See  Butane,  l-iodo-2-methyl-*. 
See  Butane, 2-iodo-2-methyl-* :. 
n-amylcarbylamine* 

198.06 

548 
549 
550 

pn'-acr-Amyl  iodide. 
tert-Amyl  iodide. 
Amyl  isocyanide. 
Amyl  mercaptan. 
pri-act-Amyl    mercapt 
rerr-Amyl  mercaptan. 
n-Amyl  mustard  oil. 
Amyl  nitrite  (n) 

Amyl  sulfate 

97.16 

551 
552 
553 
554 
555 

See  1-Pentanethiol*. 
an.  See  1-Butanethiol,  2-methy 
See  2- Butanethiol, 2-methyl-* . 
See  I  sothiocyanic  acid,  amyl  es 
pentyl  nitrite* 

117.15 

556 

di-n-amyl  sulfate;  pentyl 
sulfate 

See  Barbituric  acid,  5-ethyl-5-i 
Z-2-(3-pyridyl)piperidine 

238.34 

557 
558 

Amytal. 

Z-Anabasine   

162.23 

559 

Anacardic  acid 

344.48 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


deliq.  need, 
hyg.  need. . 


col.  cr 

rhomb,  f .  w . . . 

see  Benzene,  a 


col.  liq. 


col.  liq., 
1.408320 


col.  liq , 


col.  liq., 
1.444 


col.  liq., 
1.411918 


ylsh.  liq . 

col.  liq., 
1.35622 

col.  liq., 
1.4955 


liq 


pa.  yel.  liq. 

1.38506 

1.427025... 


col.  liq.,  1.5430 
[a]-82.20°20 


cr. 


Density 
g/ml 


myl-).      For 


0.7614^ 
0.743*-* 


0.767- 


0.7611-J 
1.246|; 
1.218^° 

4 

0.883- 


0.7742-0 


0.7880 


1.517^ 


0.806- 

4 


0.8528- 
1.0265; 

1.0481- 


Melting 
point,  °C 


190  d. 
anh.  63 

118 
214-6 

amyl  esters 


-55 


-19 

-105 
-88.0 

-99 


-69.3 
<-80 

-85.6 
-51.1 


26 


Boiling 
point,  °C 


of  organic  ac 


104 

122-3 

1307-4-' 

78.5 
128-9740 


108.2 
(107'*°) 


190 
62.8 

156 
155.5 


104 
117.02. 

28.09 


Solubility  in  grams  per   100  ml  of 


Water 


deliq. 
8.310, 

oo    100 

ids  see  t 


s. 
si.  s. 


Alcohol 


O.llio, 

978 

he  acids. 


v.  s. 


Ether,  etc. 


i.  eth. 

i.  eth. 
i.  eth. 


eth. 
eth. 


oo  eth, 
oo  eth. 

oo  eth. 


oo  eth. 
v.s.  eth. 

oo  eth. 


oo  eth. 


s.  eth.,  bz. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

641 


PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 

Wt. 

560 
561 

Anaesthesin. 
Anal£en  (1) 

See  Benzocaine. 
5-benzamido-8-ethoxyquino- 

line;     quinalgen;  chinalgen; 

labordin;  benzanalgen 
Formerly,  5-acetamido-8-etho 
See  Antipyrine. 
p-propenylanisole ;  anise 

camphor;  l-methoxy-4- 

propenylbenzene 
m-2-methyl-2-butenoic 

acid*;  a-methylisocrotonic 

acid 

C9H5N(NHCO- 
CgH5)OC2H.s 

xyquinoline. 

CHaCHrCHCeHU- 
OCH3 

CH3CH:C(CH3V 
COOH 

Ci2Hi7N03 

C12H15NO3 

C12H15NO3HCI... 
C9Hi3N02 

292  33 

562 
563 

Analgen  (2). 

Analgesine. 

Anetnole 

148  20 

564 

Angelic  acid 

100  11 

565 

Anhalonidine 

223.27 

566 
567 

Anhalonine 

,  hydrochloride 

<//-Anhydroecgonine.. . 

l,2,3,4-tetrahydro-6-meth- 
oxy-l-methyl-7,8-meth- 
ylene-dioxyisoquinoline 

221  25 

257.71 

568 

ecgonidine 

167.20 

569 

.hydrochloride 

CgHwNOa-HCl. . . . 

203 . 67 

570 
571 

Anhydroformaldehyde 
Aniline 

aniline.   See  s-Triazine,  hexa 
phenylamine;  aminobenzene. . 

hydro-l,3,5-tripheny 
C6lIfiNH2 

93.12 

572 

,  hydrochloride    

C6H5NH2-HCL... 

129.59 

572F 

,  nitrate 

C6H6NH3N03 

(C6H5NH3)2C204.. 
CfiH6NIi30C6H2- 

(N02)3 

156.14 

572M 

,  oxalate 

276.29 

572T 

,  picrate 

322.23 

573 

,  sulfate 

(C6H5NH2)2H2S04 

284.3a 

574 
575 
576 

,  o-acetyl-. 

,  N-acetyl-. 

,  N-allyl- 

See  Acetophenone,  o-amino-. 
See  Acetanilide. 
iV-(2-propenyl)  aniline 

CH2:CHCH2- 
NHC6H6 

v,p'-benzylidenebis-N 
henyl-. 
ideneamino-. 
(C6H5)2CHC6H4- 
NH2 

(C6Hs)2CHC6H4- 
NH2 
no-. 

NH2C6H4CH2C6H5 

133.19 

577 
578 
579 
580 
581 
582 
583 
584 
585 

586 

,  o-amino-. 

,  m-amino-. 

,  p-amino-. 

,  azodi-. 

,  TV-benzal-. 

,  p,p'-benzalbis-iV, 

,  p,p'-benzaldi-. 

,    N-benzal-p-hyd- 

,  m-benzohydryl-. 

,  p-benzohydryl- .  . 

See  o-Phenylenediamine. 

See  m-Phenylenediamine. 

See  p-Phenylenediamine. 

See  Azobenzene,  diamino-. 

See  Aniline,  N-benzylidene-. 
TV-dimethyl-.  See  Aniline, 

See  Methane,  p,p'-diaminotrip 
roxy-.     See  Phenol,  p-benzyl 

m-aminotriphenjdmethane ; 
w-aminotritan 

p-aminotriphenylmethane. . . . 

,iV- 

259.34 
259.34 

587 
588 
589 

,   o,   m,  or  p-ben- 

,  iV-benzoyl-. 

,  m-benzyl- 

zoyl-.   See  Benzophenone,  ami 
See  Benzanilide. 
m-aminodiphenylmethane. . . . 

183.24 

590 

,  p-benzyl- 

p-aminodiphenylmethane .... 

NH2C6H4CH2C6H6 

183.24 

591 

,  iV-benzyl-. 

See  Benzylamine,  N -phenyl-. 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


Melting 
point,  °C 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


560 
561 


562 
563 


564 

565 
566 

567 

568 
569 


570 
571 

572 

572F 
572M 
572T 


573 

574 
575 
576 

577 
578 
579 
580 
581 
582 
583 
584 
585 

586 

587 
588 
589 

590 

591 


col.-yel.  need. 


col.  leaf.  f.  al. 
1.562412 

col.  monocl. 
pr.,  1.443447 
liq. 


0.9936- 

15 


liq-      4  7 
0.983- 

4 


need 


wh.    cr.   powd. 
[«HU.9°17   in 


wh.  cr.  f.  w 

rhomb,  need.  f. 
al.,  [a] 
-61.50  °D 

col.    oily    liq., 

1.586320 
wh.  leaf,  or 

need 

rhomb 

tricl.  pr 

yel.  or  red 

monocl.  pr. 


1.022- 


1.222 


.356 


leaf.  f.  al. 


yel.  oil , 


1.558 


1.377- 

4 


0.982- 


dimethyl-. 

need.  f.  eth. 
pr.  f.  eth. . . 


col.  monocl. 
f.  lgr. 


1.03855 


210 


22.5, 
20-1 

45 


160 

85 

>230  d. 


226-30    d.; 
(I,  235  d.) 
240-1 


-6.2 

198 

d.  >190 
175  d. 
181  d. 


d. 


235.3 
185 


184.4 
245 


217-8756 
(209) 


120 

84 

46 

34-5  (37) 


24812 


300 


v.  si.  s 
si.  s. 


v.  si.  s 


20  96% 


si.  s.  c. 
v.  s.  h 


3.420, 
6.4y° 

1815, 
10725 

v.  s. 

v.  s.  c. 

.374*8 
(c.) 
d.  h. 

6.615 


si.  s. 


v.  si.  s.  eth.;  s. 
a. 


s.     eth.,     chl., 
bz.,  acet.,  CS2 

v.  s.  eth. 


si.   s.   eth.;   s. 

chl. 
s.  eth.,  chl. 


si.  s.  eth.,  chl. 


v.  si.  s.  eth. 


v.  s. 
si.  s. 

8.415 


si.  s. 


00  eth.,  bz. 

i.  eth. 

v.  s.  eth. 
i.  eth. 
0.07820bz. 

i.  eth. 


00  eth. 


s.  eth.,  bz.,  lgr. 

s.  lgr. 

v.  s.  eth.;s.  lgr. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Aniline,  ZV-benzyli- 

dene- 
,p,p'-benzylidene- 

bis-/V,iV-dimethyl-  .  . 

,  o-bromo- 

,  m-bromo- 


,  p-bromo- 

,  p-bromo- iV,/V-di- 

ethyl- 

-,  p-bromo- N,N-di- 


methyl- 
,  iV-butyl- 


p-tert-buty\- 
o-chloro-.  .  . 


-,  m-chloro- 
-,  p-chloro-. 


,  ZV-cyano-. 

,  TV,  TV-diacetyl-. 

,  TV,  /V-dibenzyl-. 

,    2,    4-dibromo-6- 

nitro- 

,    2,    6-dibromo-4- 

nitro- 

,  7V,/V-dibutyl-  . 

,  2,  3-dichloro- 


2,  4-dichloro- 

2,  5-dichloro- 

3,  4-dichloro- 


,  3,  5-dichloro- 

,  7V-(dichlorometh- 

ylene)  - 

,    2,    6-dichloro-4- 

nitro- 
,/V,  ZV-diethyl ...... 


7V\  ZV-diethyl-m- 

nitro- 

,iV,  iV-diethyl-p- 

nitro- 

,2V,  iV-diethyl-p- 

nitroso- 

,  ar-dimethyl-. 

,  ZV,  ZV-dimethyl- 


hydrochloride 


Synonyms 


benzalaniline , 


4,4'-bisdimethylaminotri- 
phenylmethane ;  leucomal- 
achite  green 

l-amino-2-bromobenzene . . 


l-amino-3-bromobenzene . 
l-amino-4-bromobenzene . 


l-amiuo-4-/er/-butylbenzene 
2-chloropbenylamine 


o-chlorophenylamine 
4-chlorophc,nylaraine 


See  CjiatianiUdc. 

See  Diaceiamlidc. 

See  DibeTizylamine,N-pheii]/l- 


A'-phenyldibutylamine . 


phenyliminophosgenc ;  phen- 
ylcarbylamine  chloride 


AT-phenyldiethylamine . 


See  Xylidine. 


Formula 


C6H6CH:NC6H5.. 

C6H5CH[C6H4N- 

(CH3)2]2 

BrC6H4NH2 

BrC6H4NH2 

BrC6H4NH2 

BrC6H4N(C2H5)2. 

BrC6H4N(CH3)2. . 

CcH5NHC4H9... 

(CH3)3CC6H4NH2 

C1C6H4NH2 

C1C6H4NH2 

C1C6H4NH2 


Br2(N02)C6H2NH2 

Br2(N02)C6H2NH2 

aHftN(C4H9)2.... 
C12C6H3NH2 

Cl2C6H3NH2 

C12C6H3NH2 

CI2C6H3NH2 

C12C6H3NH2 

C6H5NCC12 

C12(N02)C6H2NH2 

C6H5N(C2H6)2.... 

N02C6H4N(C2H6)2 
N02C6H4N(C2H5)2 
NOC6H4N(C2H6)2. 

C6H6N(CH3)2 

C6H6N(CH3)2HC1. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  need. 

f.  CS2 
monocl.  need. 

f.  bz. 


cr 

1.6260420-4.  . 

rhomb 

need,  or  pr. . 


col.  liq 

oil 

liq.,  1.5895... 

liq.,  1.5942420. 
rhomb,  pr 


yel.  cr. . . 
yel.  need. 


col.  liq 

need.  f.  lgr. . . . 

need.  f.  dil.  me 
al. 
need.  f.  lgr. . .  . 


need.  f.  lgr. 


need .  . 
col.  oil. 


yel.need.  f .  al. 

col.-yel.  or  brn 
inflam.  oil, 
1.5410522-3 

yel.  oil 


yel.  monocl. 

need.  f.  al. 

grn.  monocl 


yel.  liq., 
1.55819 
hyg.  pi . . 


Density 
g/ml 


1.0750 


.5793^ 

4 

.799 


0.9525y 
1.213** 


1.216 


1 .427—; 

liq.    470 
1.170- 

4 


0.907 


1.567^ 


,93507- 


1.225 
1.2415 


0.9557- 

4 

1.1156—  — 

4 


Melting 
point,  °C 


54  (51-2) 
93;  102 

32,frz.28.7 

18.5;  frz. 
16.7 
66.4 
33 

55 


17 

a.  -14; 
0-3.5; 

mixt.  0 
-10.4 

70-2 


127 
203 

24*" 

63 

50 

71.5 

50.5 


189-90 
(195) 
-38.8 


84 

2.5 

90 


Boiling 
point,  °C 


300 
d. 

229 

251 

d. 
270 

264 

240.9 

240.9 

208.8 


229.8 

(99-10010 
231 


262.8(271) 
252 

245 

251 

272 

260 

209 


215.5 

288-90 

192.5-3.5 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
v.  si. 


s.  h. 


si.  s. 
i. 


si.  s. 
si.  s. 


1.441 


si.  s. 

v.  si. 

s.  c. 


Alcohol 


v.  s. 
v.  s. 


s. 
V.  s. 


v.  s.  h. 

v.  s. 


Ether,  etc. 


s.  eth. 

v.  s.  eth.;  s. 
bz.;  si.  s.  lgr. 

s.  eth. 

s.  eth. 

v.  s.  eth. 
v.  s.  eth. 

v.  s.  eth. 

v.  s.  eth. 

«  eth. 

s.  eth.,  most 
org.  solv.,  a. 

oo  eth.;s.  most 
org.  solv.,  a. 

s.  eth.,  a.,  most 
org.  solv. 


s.  eth. 

v.   si.  s.  eth.; 
si.  s.  bz.,  lgr. 
s.  eth. 

s.     eth.,     bz., 

CS2;  si.  s.  lgr. 

s.   eth.;  si.   s. 

s.  eth. 


v.  s.  eth., 
CHC13 


si.  s.  lgr. 
v.  s.  eth. 


s.  eth.,  most 
ord.  org.  solv. 

i.  eth.;  s.  chl.; 
si.  s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Synonyms 


Formula 


Aniline,  N,  TV-di- 
methyl-o-nitro- 

,  iV\  iV-dimethyl- 

m-nitTO- 

,  N,  iV-dimethyl- 

p-nitro- 

,  N,  iV-dimethyl-p- 


nitroso- 

,  N,  iV-dimethyl-p- 

,  2,  4-dinitro- 


-,  2,  6-dinitro-.  . 

-,  TV,  iV-dipropyl- 

-,  ethoxy-. 
,  ethoxyl-. 
-,  o-ethyl- 


-,  m-ethyl- 


-,  p-ethyl-. 
-,  N-ethyl-. 


,  iV-ethyl-o,    m    or 

,  2V-ethyl-iV- 

methyl- 

,  o-fluoro- 


m-fluoro- 


p-fluoro- 


hexahydro-. 

p,  p'-hydrazodi-. 

hydroxy-. 

zn -hydroxy- N,  N- 

0-hydroxethyl-. 

p,  p'-iminodi-. 

o-iodo- 

zn-iodo- 

p-iodo- 


,  iV-isoamyl- . 
■,  p-isobutyl- . 
-,  iV-isobutyl-. 


p-isopropyl-. 
2-isopropyl-5-me 
5-isopropyl-2-me 
mercapto-. 
methenyltri-. 
methoxy-. 
o.  m  or  p-methyl 
TV-methyl-  .... 


phenylazo-.  See  Azobenzene, 
2,4-dinitrophenylamine 

2,6-dinitrophenylamine 

See  Phenetidine. 

See  Ethanol,  2-anilino-. 

o-aminoethylbenzene 

m-aminoethylbenzene 

p-aminoethylbenzene 

JV-ethylphenylamine 

p-hydroxy-     See  Phenol,  eth 

l-amino-2-fluorobenzene 

l-amino-3-fluorobenzene 

l-amino-4-fluorobenzene 

See  Cyclohexylamine*. 
See  Hydrazobenzene,  4,  A.'-diam 
See  Phenol,  amino-. 
dimethyl-.  See  Phenol,  m-di 
See  Ethanol,  2-anilino-. 
See  Diphenylamine,  4,4'-diawu 

iV-isoamylphenylamine 

AT-phenylisobutylamine 

See  Cumidine. 
thyl-.  See  Thymylamine. 
thyl-.  See  Carvacrylamine. 

See  Phenol,  aminothio-. 

See  Leucaniline. 

See  Anisidine. 
-.   See  Toluidine. 


N02C6H4N(CH3)2 

N02C6H4N(CH3)2 

N02C6H4N(CH3)2 

NOC6H4N(CH3)2. 

p-dimethylamino-. 
(N02)2C6H3NH2.. 

(N02)2C6H3NH2.. 

C6H6N(C3H7)2... 

C2H6C6H4NH2... 
C2H5C6H4NH2... 

C2H5C6H4NH2... 
C6H6NHC2H5.... 


ylamino-. 
C6H6N(CH3)C2H5 


FC6H4NH2, 
FC6H4NH2, 
FC6H4NH2 


mo-. 

methylamino-* 

no-. 

IC6H4NH2.. 
IC6H4NH2.. 
IC6H4NH2.. 


CsHnNHCeHo.. 

C4H9C6H4NH2.. 

C6H5NHCH2CH- 
(CH3)2 


C6H5NHCK3. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


622 

623 

624 

625 

626 
627 

628 

629 

630 
631 
632 

633 


634 

635 

636 
637 

637  K 

637M 

637  P 

638 
639 
640 
641 
642 
643 
644 
645 
646 

647 

647  H 

647M 

648 
649 
650 
651 
652 
653 
654 
655 


Crystalline 

form,  color 

and  index  of 

refraction 


red.  monocl . .  . 

red.  monocl. 

pr.  f.  eth. 
yel.  fluores. 

need.  f.  al. 
grn.  tricl.  leaf. 


yel.  monocl. 

f.  dil.  acet. 

yel.need.  f.al. 


yel.  oil 

liq.... 
col.  liq 


glit.leaf.or  col. 

oil 
col.  liq., 

1.5555820-3 


col.  liq 


pa.  yel.  liq., 
1.540721s 

pa.  yel.  liq., 
1.545281s-5 

pa.  yel.  liq., 
1.53945 


need 

leaf,  or  need, 
need.  f.  w. . . 

liq 

pa.  yel.  liq . . 


yel.  liq., 
1.5702121-2 


Density 
g/ml 


1.179 
1.31317 


615 


0.9104 


0.983- 

4 

0.990-; 

4 

0.9631  — 

4 

0.975- 

4 

0.9631  — 


0.9193- 
1.1437W 
1.15611*-5 
1.1725 


0.928- 


0.940- 


0.986- 


Melting 
point,  °C 


60-1 

66  (59-60) 

163 

85 

170  (1S8) 
3S  (141-2) 


-43 

-64 


-63.5 


-28.95 


-0.82 


56.5 

33  (27) 
62.75 
(67-8) 


-57.0 


Boiling 
point,  °C 


1542* 
285 


245-6 
(238-41) 


215-6 

214-5- 205 I 

210.5 
204 . 72 

201 
175 

186.1 
187.0 


254.5 
235762 

225-7 


195.7 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


si.  s.  h. 

i. 
i. 

si.  s. 
si.  s. 


i.  (v 
si.  I 


v.  si.  s. 


v.  si.  s. 


Alcohol 


0.7" 

0.  40  c. 

s. 


v.  s. 

s. 
s. 


Ether,  etc. 


s.  eth. 

s.  eth. 

s.    cone.    HC1, 
h.  ac.  a. 
s.  eth. 

si.  s.  h.  HC1 

s.  eth.,  h.  bz.; 
i.  lgr. 
s.  eth. 


v.  s.  eth. 
v.  s.  eth. 

v.  s.  eth. 
*  eth. 

«5  eth. 
s.  eth. 
s.  eth. 


v.  s.  eth. 

s.  chl. 

s.  eth.,  chl. 

*  eth. 

oo  eth. 


oo  eth.;  s.  chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


655  M 

656 
657 

658 

659 

660 

661 

662 
663 
664 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 
677 
678 
679 
680 

681 

682 
683 

684 

685 

686 
687 

688 


689 
690 
691 


Name 


Aniline,  iV-methyl-,  .  . 
hydrochloride 

,  p-methylamino-. 

,    N-methyl-o-ni- 

tro- 
,    iV-methyl-m-ni- 

tro- 
,     iV-methyl-p-ni- 

tro- 


-,     iV-methyl-p-ni 

troso- 
,     TV-methyl-iV-ni- 

troso- 
,  iV-methyl-N,  2,  4 
-,  methylene-. 
p,p'-methylene- 
bis-iV,iV-dimethyl 
-i  P,  p'-methylene 

di- 

-,     iV-methyl-7V-ni 

troso- 

-,  o-nitro- 


Synonyms 


See  p-Phenylenediamine,  N-mei 


Formula 


,  m-nitro- 
,  p-nitro- 
,  N-nitro- 


methylphenylnitrosamine .  . 

6-tetranitro-.  See  Tetryl 
See  s-Triazine,  hexahydro-l,o,5 
p.  //-tetramethyldiamino- 
diphenylmethane 
4,4/-diaminodiphenylmetha  ne 

methylphenylnitrosamine .... 

l-amino-2-nitrobenzene 

l-amino-3-nitrobenzene 

l-amino-4-nitrobenzene 


,  p-nitroso- 


,  ar-pentabromo- 
,  ar-pentachloro- . 


,   ar-pentamethyl- 

,  p-phenyl-. 

,  N-phenyl-. 

,  phenylazo-. 

,  iV-(2-propenyl)-. 

,  o-propyl- 


phenylnitraniine ;  nitranilide ; 
diazobenzolic  acid 


C6H5NHCH3-HC1 

hyl-. 
N02C6H4NHCHs. 

N02C6H4NHCH3. 

N02C6H4NHCH3. 

NOC6H4NHCH3. 
C6H6N(CH3)NO.. 


triphenyl-. 
CHo[CcH4N- 

(CH&b 

NH>C„H4CH>- 
C6H4NH2 
C6H6N(CH3)NO. 


N02C6H4NH2. . 
NO2C6H4NH2.. 
NO1C6H4NH2.. 

CeHsNHNOa 
NOCf,H4NH2.. 


-,  p-propyl- 


aminopentamethylbenzene , 
See  Xenylamine. 
I  See  Diphenyiamine*. 
See  Azoberizene,  amino-. 
See  Aniline,  N-allyl-. 
l-amino-2-propylbenzene .  . 

l-amino-4-propylbenzene  . 


,  N- propyl- 

,    2,   3,   4,    5-tetra- 

chloro- 
,    2,    3,    5,    6-tetra- 

chloro- 
,   2,   3,   4,    5-tetra- 

methyl- 
-,    2,    3,   4,    6-tetra- 
-,  p,  p'-thiodi- 


2,  4,  6-tribromo- 


-,  3,  4,  5-tribromo- . 
-,  2,  3,  4-trichioro- . 
-,  2,  4,  5-trichloro- . 


CeBrsNHa. 
CeClsNHo. 


C6(CH.,)BNHS 


CIIaCHaCIfcCeRV 

NH2 
CH3CH2CH2C6H4- 

NH2 

C6H5NHC3H7.... 
C6HCl4NH2 


methyl-.  See  I soduridine. 
4,4'-diaminodiphenyl  sulfide ; 
thioaniline 


C6HCl4NH2 

(CH3)4C6HNH2.. 

S(C6H4NH2)2.... 
Br3C6H2NH2 


BraCsHoNRV 
C13C6H2NH2. 
C13C6H2NH2. 


Moi. 
Wt. 


14::  62 

152.15 
152.15 

152.15 

136.15 

136.15 

254.36 
198  26 
136.15 
138.12 
138.12 
138.12 
138.12 
122.12 

487.66 

265.37 

163.26 


135.20 

135.20 

135.20 
230.92 

230.92 

149.23 

216.29 

329.85 


329.85 
196.47 
196.4V 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


need 


red  need.  f. 

pet.  eth. 
red.-yel.  need. 

f.  al. 
yel.  need.  f.  al. 


bl.  fl 


Density 
g/ml 


yel.  liq., 
1.5760222-7 


leaf,  or  tab. . . 

pearly  leaf, 
f.  bz. 
yel.  oil 

or.  rhomb. 

need.  f.  al. 
yel.  rhomb. 

need.  f.  al. 
yel.  monocl. 

need.  f.  al. 
leaf.  f.  lgr. .  .  . 

steel  bl.  need, 
f.  bz. 

need 

need.  f.  al 

monocl.  f.  al.. 

liq 

liq 

pa.  yel.  oil . . . 
need.  f.  al. . . . 

cr.  f .  lgr 

leaf,  f .  w 


need.  f.  w. . . . 

col.      rhomb. 

bi-pyr.  need. 

f.  bz. 

need 

need.  f.  lgr. . . 
need.  f.  lgr.  . . 


1.201  J'15 


12: 


11247 

1.4422) 
1.43o(° 
1.424 


0.9491{ 


0.949: 


2.352-^ 
20 


Melting 
point,  °C 


121-122 

36-7  (34) 

6G.0 

152 

118 
15 


91-2 

93(77 

12-5 

71.5 

111.8 

147.5 

46 

174 

222 
232 

152 


-84) 


118 

90 

64-6 

108-9  (105) 
119 


118-9 

67.5 

96 


Boiling 
point,  °C 


225  d. 


232  u 
225;  12113 

284.11 
(270  d.) 

286; 306. 35 
(270  d.) 

331.73 
(260  d.) 

exp.  98 


261-2 
278 

222-4 
224-6 

222 

259-60 


300 


291.5 
270 


Solubility  in  grams  per  100  ml  of 


Water 


378. 825 

si.  s.  h. 

i. 

i. 

i.  (si.  s.) 

i. 
si.  s. 

0.12625 

0.08925 

0.0819, 
2.2100 


s.h. 

v.  si.  s. 
i. 

i. 


Alcohol 


v.  s. 


si.  s.  c, 
s.h. 
V.  s. 


15. 815, 
27. 8725 
6.1025 

4.6120 


s. 
v.  s. 


v.  s. 
v.  s. 


s. 
si.  s. 


V.  s. 
v.  s. 


Ether,  etc. 


i.  eth.,  bz.;  v. 
s.  chl. 

s.  eth. 

s.  eth. 

si.   s.   eth.;  s. 
bz.;  v.  si.  s. 

lgr. 

s.  eth. 

v.  s.  eth.,  bz., 
CS2 
v.  s.  eth.;s.  bz. 

s.  eth. 

v.  s.  eth. 

5.6720eth. 

4.3920eth. 

si.  s.  lgr. 

s.  bz. 


v.   s.  eth.;  si. 
s.  lgr. 
s.  eth. 


eth. 


v.  s.  eth. 
v.    s.    eth.;   s. 
bz.,  ac.  a. 
v.  s.  eth. 

v.    s.    eth.;   s. 
pet.  eth. 

s.  eth.,  h.  bz. 

s.  eth.,  chl. 


s.  eth. 
s.  lgr. 

s.    CS2;   si.    s 
lgr- 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

692 

Aniline,     2,     4,     6-tri- 
chloro- 

,  2,  4,  5-trimethyl-. 

,  2,  4,  6-trimethyl-. 

,  2,  4,  6-trinitro-.  . 

p- Anilinesulf  onamide . 
o-Anilinesulfonic  acid. 
m- Anilinesulf onic  acid 
p-Anilinesulfonic  acid. 
Animal  starch. 
Anisalcohol. 
Anisaldeliyde 

sym-trichloroaniline 

CI3C6H2NH2 

(N02)3C6H2NH2... 

CH3OC6H4CHO... 

196.47 

693 
694 
695 

695M 

696 

697 

698 

699 

700 

701 

See  Pseudocumidine. 

See  Mesidine. 

picramide;  "T.N.A." 

See  Sulfanilamide. 

See  Orthanilic  acid. 

.  See  Metanilic  acid. 

See  Sulfanilic  acid. 

See  Glycogen. 

See  Anisyl  alcohol. 

anisic  aldehyde;  p-methoxy- 
benzaldehyde ;   p-anisalde- 
hyde;  aubepine 

228.12 
136  14 

,  3-hydroxy-. 

o-Anisaldehyde. 
Anisamide 

702 
703 
703  M 

See  Isovanillin. 

See  Benzaldehyde,o-methox;;-. 

p-methoxybenzamide 

See  Anethole. 

p-methoxybenzoic  acid; 
p-anisic  acid 

P-CH3OC6H4- 
CONH2 

CHaOCeEUCOOH 

CH3OC6H4COOC2- 

H5 
CH3OC6H4- 

COOCH3 
C4H10N2.2C8H8O3. 

CH3OC6H4NH2... 

CH3OC6H4NH2... 
CH3OC6H4NH2... 

151  16 

704 
705 

Anise  camphor 

Anisic  acid 

152.14 

706 

,  ethyl  ester 

180.20 

707 

,  methyl  ester 

,  piperazinium  salt 

,  2-hydroxy-6-met 

Anisic  aldehyde. 
Anisidine,  iV-acetyl-. 
o-Anisidine 

m-Anisidine 

p- Anisidine 

methyl  anisate 

166.17 

708 

390.43 

709 
710 
711 
712 

hyl-..  See  Everninic  acid. 
See  Anisaldehyde. 
See  Acetaniside. 
o-methoxyaniline 

123.15 

713 

m-methoxyaniline 

123.15 

714 

p-methoxyaniline 

123.15 

714M 

Anisoin 

p,  p'-dimethoxybenzoin 

methoxybenzene*;  methyl 
phenyl  ether 

See  p- Acetaniside. 
See  Acetophenone,  p-methoxy-. 
See  Estragole. 
l-bromo-2-methoxybenzene* ; 

o-bromophenyl  methyl  ether 
l-bromo-4-methoxybenzene* ; 

p-bromophenyl  methyl  ether 
2,4-dinitrophenyl  methyl 

ether 

See  Guaiacol. 
l-methoxy-2-nitrobenzene 

l-methoxy-3-nitrobenzene 

272.29 

715 

Anisole 

C6H5OCH3 

BrC6H4OCH3 

BrC6H4OCH3 

(N02)2C6H3OCH3 

NO2C6H4OCH3.... 
NO2C6H4OCH3.... 

108.13 

716 

717 
718 
719 

720 

721 

722 
723 

,  p-acetami^o-.  . . . 

— — ,  p-acetyl-. 

,  p-allyl-. 

,  o-bromo- 

,  p-bromo- 

,  2,4-dinitro- 

,  o-hydroxy-. 

,  o-nitro- 

187.04 
187.04 
198.13 

153.13 

724 

,  m-nitro- 

153.13 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


692 

693 
694 
695 

695  M 

696 

697 

698 

699 

700 

701 


702 
703 
703M 

704 

705 

706 

707 

708 
709 
710 
711 
712 


713 
714 

714M 
715 

716 

717 
718 
719 

720 

721 


722 
723 

724 


Crystalline 

form,  color 

and  index  of 

refraction 


lng.  need.  f. 
Igr. 


yel.  monocl. 
need.  f.  ac.  a. 


col.  liq., 
1.5704112-7 


col.  need,  or 
tab. 


col.  monocl. 
need,  or  pr. 

col.  sc.  f.  al.. 
wh.  cr 


col.  liq., 
1.5753620 


col.  liq 


rhomb,  pi., 
1.55592" 

Pr 

co).  liq., 
1.5179120 


oil,  1.57245... 

cr.  f.  eth., 

1.5605120 
col.-yel. 

monocl.  need. 

f.  w.  or  al. 

col.  liq., 

1.5618820 
need,  f .  al 


Density 
g/ml 


.702 


1.1232-? 

4 


1.3S5- 

4 

1.102S; 


1.10826; 
1.0923™ 
1.096?/ 
1.071^ 

4 

1.0605" 


0.9988: 

: 

0.9954- 


1.5018^ 

1.4569^ 
1.341^ 

4 


1.2527- 
1.37318 


Melting 
point,  °C 


77.5 


188 


2.5 

166.6—7.5 

184.2 

48 
172-4 

5.2(3-4) 

<-12 

59(57.7) 

113 
-37.3 


11-12 

88-9(95.2) 

9.4(10) 
38 


Boiling 
point,  °C 


202.4 


exp. 


Solubility  in  grams  per  10G  ml  of 


24' 


280 

269; 

134-5-° 

250 


225  (218) 

251 

240  (245) 

155,  42. 810 


221-3 
21 5,  1001* 
subl. 

277  (272) 
258 


Water 

Alcohol 

i. 

v.  s. 

0.106 

0.127 

0.2  c. 

co 

s. 

V.  s. 

0.04's 

S925 

i. 

s. 

i. 

s. 

si.  s. 

s.  h. 

si.  s. 

s. 

si.  s. 

s. 

v.  si.  s. 

v.  s. 

si.  s.  h. 

s.  h. 

i. 

s. 

i. 

V.  s. 

7.1 

V.  s. 

s!.  s.  h. 

1.520 

s.  h. 

i.  c; 

0.1 0930 

CO 

i. 

s. 

Ether,  etc. 


s.    eth.;    v. 
Igr. 

0.121*7  eth., 
ac.  a. 


eth. 


s.  eth.,  chl.,  et. 
ac. 
s.  eth. 

s.  eth. 

i.  eth. 

s.  eth.,  dil. 
min.  a. 
s.  eth. 
v.  s.  eth. 

si.  s.  eth. 
s.  eth. 


v.  s.  eth. 

v.  s.  eth., 
CHCU 
s.  eth. 


eo  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Anisole,  p-nitro- 


,  p-propenyl-. 
,  2,4,6-trinitro- 


,  o-vinyl .  . 
,  m-vinyl- 
-,  p-vinyl- . 


Anisoyl  chloride 
Anisyl  alcohol .  . 


Anisylamine. 
Anisyl  chloride. 
Anol 


Anthracene. 


a-hexahydride. 
,  amino-. 
,  diamino-. 
,  9,10-dibromo- 


,  9,10-dichloro-* 

,  9,10-dihydro-* 

,  9,10-dihydro-9- 
,  dihydroxy-. 
,  9,10-dihydroxy 
,  1,3-dimethyl-* 
,  2,3-dimethyl-* 


,  2,4-dimethyl-*. . 


9-ethyl-* 


,9-ethyl-9,10-di. 

hydro- 
-,  a-hexahydro-  . 
-,  hydroxy-. 
-,  9-hydroxy-. 
-,  1 -methyl- 


Synonyms 


l-methoxy-4-nitrobenzene . 


See  Anethole. 
picric  acid  methyl  ether ; 
methyl  pi  crate 
o-methoxystyrene 


m-methoxystyrene . 
p-methoxystyrene . 


p-methoxybenzoyl  chloride ; 

anisyl  chloride 
p-methoxybenzyl  alcohol ; 

anisalcohol 

See  Benzylamine,  p-methoxy- 
See  Anisoyl  chloride. 
p-propenylphenol 


See  Anthracene,  ct-hexahydro- 
See  Anthrylamine. 
See  Anthradiamine. 


ms-dichloroanthracene . 


anthracene  9, 10-dihydride . 

to-.    See  Anthrone. 
See  Anthracenediol. 
10-diketo-.  See  Anthraquino 


2-methyl- 
9 -methyl-. 


9-nitro- .  . 
9-phenyl- 


Anthracenecarboxylic 
Anthracenediamine.  * 
1,2 -Anthracenediol*. . 

1 ,5-Anthracenediol*. 


anthracene  a-hexahydride . 
See  Anthrol. 
See  Anthranol. 
a-methylanthracene 


i8-methylanthracene . 


acid.   See  Anthroic  acic 
See  Anthradiamine. 
1,2-anthradiol;  1.2-di- 
hydroxyanthracene 
See  Rufol. 


Formula 


N02C6H4OCH3. . . . 

(N02)3C6H2OCH3 . 
CH2:CHC6H4OCH3 
CH2:CHC6H4OCH3 
CH2:CHC6H4OCH3 
CH3OC6H4COCI... 
CH3OC6H4CH2OH 


CH3CH:CHC6- 
H4OH 
C6H4:(CH)2:C6H4 


C6H4(CBr)2C6H4 . 

C6H4(CC1)2C6H4 . 
CgH4:(CH2)2:C6H4 


ne. 

Cl4H8(CH3)2.  . . . 
Cl4Hs(CH3)2.  . . . 

Ci4H8(CH3)2. . . . 

C6H4CHC(C2H6) 

C6H4 
C6H4C2H3(C2Hs) 

C6H4 
C14H16 

C6H4(CH)2C6H3- 

CH3 
C6H4(CH)2- 

C6H3CH3 
C6HiC(CH3)- 

CHC6H4 

Ci4H9N02 

CwHgCeHs 

C6H4(CH)2C6H2- 
(OH)2 


Mol. 
Wt. 


153.13 

243.13 
134.17 
134.17 
134.17 
170.59 
138.16 

134.17 
178.22 


336.04 

247.12 
180.24 


206.27 
206.27 

206.27 

206.27 

208.29 

184.27 

192.25 

192.25 

192.25 

223.22 
254.31 

210.22 


*Name  approved  by  the  International  Union  of  Chemistry. 

652 


ORGANIC  COMPOUNDS  (Continued) 


No. 


726 
727 

728 

729 

730 

731 

732 

732M 
733 
734 

735 


736' 
737 
738 
739 


740 

741 

712 
743 
744 
744  M 
745 

746 

747 

748 

749 
750 
751 
752 

753 

754 

755 

756 
756M 
757 
758 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl. 
pr.  f.  al., 
1.5707260 

col.monocl.pl 

f.  al. 
arom.  liq., 

1.556 
oil 


arom.  liq 
need .... 
need 


col.  leaf.  f.  h. 

w. 
col.  monocl.. . 


yel.    need.    f. 
xylene  or  tol. 

yel.    need.    f. 

ecu 

col.    tricl.    or 
monocl.  f.  al. 


pl 

col.  fluores. 

leaf.  f.  bz. 

need.  f.  al. 


leaf.  f.  al., 

1.676299-2 

oil 


col.  leaf. 


Density 
g/ml 


1.233- 

4 

1.2192- 
1.408^ 


1.0095- 


.0029- 

4 


1.100*-* 

4 


,-27 


0.S976- 

4 


1.041 

1.049 


col.  leaf.  f.  al. 

1.680399-4 
col.  sc 


r-59 


yel.  need.  f.  al. 
leaf.  f.  al 


grnsh. leaf . . . . 


1.047^ 


.066: 


Melting 
point,  °C 


54 


68.4 


27  (22-3) 
25  (19-21) 

93 
217(213) 


221  (226) 

209-10 
108.5 


202-203 
252  (246) 

71 

59 


63 

86 

207 

80 

146 
153 


160-2 
(131  d.) 


Boiling 
point,  °C 


260  (274) 


195-200, 

83-412 

89-90" 

204756: 
~90-li* 
145" 

258.8 


2.50  d. 
354-5 


subl. 


305  (313) 

subl. 


320  si.  d. 

290 

200 
subl. 


>360 
417 


Solubility  in  grams  per  100  ml  of 


Water 


0.00715; 
0.058980 


si.  s.  h. 


Alcohol 


s. 
s. 
s. 
s. 

s.  d. 
v.  s. 


0.07618 
0.8378 


si.  s. 

si.  s. 
v.  s. 


v.  s. 


Ether,  etc. 


v.  s.  eth.;  si.  s. 
c.  pet.  eth. 


s.  eth.,  bz.,  ac. 
a. 
s.  eth. 

s.  eth. 

s.  eth. 

s.  eth.,  acet. 

v.  s.  eth. 


i.     eth.,  alk., 
ord.  org.  solv. 
[.189  eth.; 
1.767  chl.; 
1.500  CS2; 
7.5»°  bz. 


si.   s.    eth.,    c. 

bz.;  s.  chl.,  h. 

bz.,  h.  tol. 
si.   s.   eth.;   s. 

bz. 
v.  s.  eth.;s.  bz. 


v.  s.  eth. 
v.  s.  bz. 

v.  s.  bz. 

s.  eth. 

s.  eth.;  oo  bz. 

v.  s.  eth.,  bz. 


si.   s.   eth.;   s. 

bz.,  CS2 
si.   s.   eth.;   s. 

bz.,  CS2 


v.  s.  bz.,  CS2 
v.s.eth.js.h.bz- 


v.  s.  eth. ;  s.  ac. 
a.,  alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

760 
761 
762 
763 
764 

765 

766 
767 

768 

1 ,8-  Anthracenediol*. 
2,6-Anthracenediol*. 
9,10-Anthracenediol*. 
Anthrachrysazin. 
Anthrachrysone 

9,10-Anthradiamine. . . 

Anthradiol. 
Anthraflavic  acid 

Anthra£allol 

See  Chrysazol. 
See  Flavol. 
See  Oxanthranol. 
See  Anthrachrysone. 
1,3,5,7-tetrahydroxyanthra- 
quinone;  anthrachrysazin 

9, 1 0-anthracenediamine  * ; 
9, 1 0-diaminoanthracene 
See  Anthracenediol. 
2,6-dihydroxyanthraquinone. . 

1,2,3-trihydroxyanthra- 
quinone 

See  Oxanthranol. 
See  Anthrylamine. 

Ci4H402.(OH)4.  .. 

Ci4H8(NH2)2 

HOC6H3(CO)2- 
C6H3OH 

CGH4(CO)2C6H- 
(OH)3 

C7H5NO 

272 . 20 

208.25 
240.20 

256  20 

769 
770 
771 

Anthrahydroquinone. 
Anthramine. 
Anthranil 

119.12 

772 
773 

Anthranilaldehyde. . . . 
Anthranilic  acid 

,  ethyl  ester 

o-aminobenzaldehyde 

o-aminobenzoic  acid 

NH2C6H4CHO.... 
NH2C6H4COOH... 
NH2C6H4COOC?H6 

NH2C6H4COOCH3 

CH3CONHC6H4- 

COOH 
C6H6CONHC6H4- 

COOH 

HOOCCH2NHC5- 

H4COOH 
C2H6NHCeH4- 

COOH 

CH3NHC6H4- 

COOCH3 
N02(NH2)C6H3- 

COOH 
N02(NH2)C6H3- 

COOH 
N02(NH2)C6H3- 

COOH 
N02(NH2)C6H3- 

COOH 
C6H5NHC6H4- 

COOH 
NH2C6H4CN 

C14H9OH 

C6H4CHOHC6H4C- 

H2i 1 

HOC6H3(CO)2- 
C6H2(OH)2 

121.13 
137.13 

774 

ethyl  anthranilate;  ethyl 
o-aminobenzoate 

methyl  anthranilate 

165.19 

775 

,  methyl  ester 

151.16 

776 

777 

778 
779 

780 

,  N-acetyl- 

,  iV-benzoyl- 

,  iV-carboxy-,  anhyd 

,  iV-(carboxy- 

methyl)  - 
,  2V-ethyl- 

o-acetamidobenzoic  acid 

o-benzamidobenzoic  acid 

ride.    See  Isatoic  anhydride. 
phenylglycine-o-carboxylic 

acid ;  anthranilidoacetic  acid 
o-ethy!aminobenzoic  acid; 

2-ethylaminobenzenecar- 

boxylic  acid 

2-amino-3-nitrobenzoic  acid . . 

2-amino-4-nitrobenzoic  acid . . 

2-amino-5-nitrobenzoic  acid . . 

2-amino-6-nitrobenzoic  acid . . 

o-anilinobenzoic  acid 

o-aminobenzonitrile ; 
o-aminophenyl  cyanide 
9-anthrol ;  9-hydroxyanthra- 
cene 
hydroanthranol ... 

179.17 
241.24 

195.17 
165  19 

781 

782 

,  iV-methyl-,  methyl 

ester 
,  3-nitro- 

165.19 
182.13 

783 

,  4-nitro- 

182.13 

784 

,  5-nitro- 

182.13 

785 

,  6-nitro- 

182.13 

786 
787 
788 

,  iV-phenyl- 

Anthranilonitrile 

Anthranol 

213.23 
118.13 
194.22 

789 

,  9,10-dihydro-. . .  . 

Anthranylamine. 
Anthrapurpurin 

196.24 

790 
791 

See  9-Anthrylamine. 
1,2,7-trihydroxyanthra- 
quinone;  isopurpurin 

256.20 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


silky  y  el.  need. 
(+2H20) 


pa.  yel.  leaf . . 
yel.  need.  f.  al 


or.  red  need.  f. 
dil.  ac.  a. 


col.  oil,  1.5861 
silv.  leaf 


col.  trim, 
rhomb,  leaf, 
cr 


col.  liq 

rhomb,  f.  ac.  a 
lng.  need.  f.  al 

need.  f.  me.  al 
pr 


yel.  need.  f.  w 

red  need 

yel.  need 

yel.  leaf.  f.  w 

need.  f.  al... 

col.-ylsh.  pr . 

pa.  yel.  need 

need.    f.    pet. 
eth. 

or.  need.  f.  al 


Density 
g/ml 


187i-5 

4 


1.1174 


168i-5 


558 


Melting 
point,  °C 


>360 

160-6 
330 

310  d. 

<-18 
39-40 
145 
13 

8.2;  24.5 

185 

181 


215 
(218-20) 
152-3 


204 

264(269.5) 

263 

(270-80d.) 
183-4  d. 

181  (182-3) 

50 

170d.(120) 

76 


Boiling 
point,  °C 


-H20,  150, 
subl. 


subl. 


subl.  290 


215 


subl. 


260 

(266-8); 

135-612 
135. 515 


256 


>184d. 
264-6 


462  d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  si.  s. 

si.  s.  h. 
si.  s. 


0.3; 


ii 


v.  si.  s. 


si.  s.  c. 
s.  h. 


i. 
i. 

si.  s.  h. 
s.  h. 
■  h. 


V.  si. 
s.  h. 


l. 

s.  h. 

si.  s.  h. 


1.1017 


s. 

v.  s. 
10.79-* 


V.  s. 
s.  h. 

s. 


s. 

s. 

V.  s. 
v.  s. 
s. 

V.  s. 
v.  s.  h. 
s. 


V.  s. 


v.  si.  s.  eth.;  s. 
ac.  a.,  acet., 
chl.,  CS2,  bz., 
Igr. 


i.  eth.;  s.  cone. 

H2S04;  si.  s. 

ac.  a.;  i.  bz., 

chl. 
s.  eth.,  ac.  a.; 

si.  s.  chl.,  CS2 


s.ord.org.solv. 

v.    s.    eth.;   s. 
chl.,  bz.ji.lgr. 
16. 07  eth. 

s.  eth. 


v.  s.  eth. 

s.  eth.,  bz.,  h. 
ac.  a. 
s.  eth. 


s.  eth.;i.  bz. 
s.  eth. 

s.  eth. 

v.  s.  eth; 

v.   s.   eth.;  s; 
xylene 
s.  eth. 

v.  s.  eth. 


s.  eth. 

v.  s.  h.  bz.;  s. 

alk.,  ac.  a. 
s.  eth. 


si.  s.  eth. ;  s.  h. 
ac.  a.;  v.  si.  s. 
chl.,  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Synonyms 


Formula 


a-Anthraquinoline. 
Anthraquinonazine,  N, 
Anthraquinone 


-,  1 -amino-. 
-,  2-amino-. 


-,  2-amino-l-hy- 
droxy- 

,  1-bromo- 


,  2-bromo- 
,  1-chloro- 

,  2-chloro- 


,  1,  2-diamino- 

,  1,  3-diamino-. 
,  1,  4-diamino-. 

-,  1,  5-diamino-. 

,  1,  6-diamino-. 
-,  1,  7-diamino-. 
,  1,  8-diamino-. 

-,  2,  3-diamino-. 

,  2,  6-diamino-. 

-,  2,  7-diamino-. 

-,  2,  3-dibromo-. 

-,  2,  7-dibromo-. 

-,  1,  2-dihydroxy- 
-,  1,  3-dihydroxy- 
-,  1,  4-dihydroxy- 
-,  1,  5-dihydroxy- 
-,  1,  8-dihydroxy- 
-,  2,  3-dihydroxy- 
-,  2,  6-dihydroxy- 
-,  2,  7-dihydroxy- 
-,  1,  3-dinitro-. 


See  Naphtho-[2,  3-/]  quinoline. 
iV'-dihydro-.      See  Indanthr 
9,10-dihydro-9  10-diket.- 
anthracene 


a-anthraquinonylamine . 
/3-anthraquinonylamine . 
^-alizarin  amide 


/3-dibromoanthraquinone , 


See  Alizarin. 

See  Pwpuroxanthin. 

See  Quinizarin. 

See  Anthrarufin. 

See  Chrysazin. 

See  Hystazarin. 

See  Anthraflaiic  acid. 

See  I soanthraflavic  acid. 


ene. 
C6H4:(CO)2:C6H4. 


C6H4(CO)2C6H3- 

NH2 
NHzCeRVCO)*- 

C6H4 
ChH602.(OH)NH2 

C6H4(CO)2C6H3Br 

C6H4(CO)2C6H3Br 

C6H4(C0)2C6H3C1. 


C6H4(C0)2C6H3C1 


C6H4(CO)2C6H2- 

(NH2)2 

C6H4(CO)2C6H2- 

(NH2)2 
C6H4(CO)2C6H2- 

(NH2)2 

NH2C6H3(CO)2- 
C6H3NH2 

NHzCeHsCCO)- 

C6H3NH2 
NHzCeHaCCO)^ 

C6H3NH2 
NHzCeHaCCO)^ 

C6H3NH2 

C6H4(CO)2C6H2- 

(NH2)2 

NH2C6H3(CO)2- 

C6H3NH2 
N^CeHaCCO)^ 

C6H3NH2 
C6H4(CO)2C6H2Br2 

C6H3Br(CO)2- 
C6H3Br 


C6H4(CO)2C6H2- 

(N02)2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


ylsh.  rhomb.  . 

red  need 

red  need.  f.  al . 

br.  need.  f.  al 

yel.  need.  f.  bz 

yel.    need.    f. 
amyl  al. 
yel.  need 


pa.  yel.  need, 
f.  ac.  a.  or  al. 

vlt.    cr.,    grn. 
cast 

brick  red  cr.  f. 
PhN02 

dk.  vlt,  cr.  f. 
al. 

red    need.    f. 
al.  or  ac.  a. 


red  cr 

red  cr  .... 
red  cr.  f.  al 

red  cr 


redsh.-br.  pr. 
f.  h.  pyr. 
or.  cr.  f.  al.  or 
nitro-bz. 
yel.  need 


yel.  need,  or  pi. 


yel.  need. 


Density 
g/ml 


1.419=^ 


Melting 
point,  °C 


286  subl. 

252  (243) 
302 

226-7 
188 
204-5 
162 

211(203-5) 

303  (242-4) 

290 
268 

319 

292 

290 
262 

>320 

310-20  d. 
>330 

281 

(269-70) 
236.5 


Boiling 
point,  °C 


240 

(246-50) 


379-81 

subl. 
subl. 
subl. 
subl. 
subl. 
subl. 

subl. 


subl. 


subl. 
subl. 
subl. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s.  h. 

v.  si.  s. 


Alcohol 


0.0510; 
2.3™ 


s. 

si.  s. 
si.  s. 


si.  s. 


s.  h. 

si.  s. 

v.  si. 

v.  si. 
h. 


Ether,  etc. 


v.  si.   s.   eth.; 

e^^tol.jsl. 

s.  bz. 
s.     eth.,     chl., 

bz.,  acet. 
si.   s.   eth.;  s. 

chl.,  bz.,  acet. 
s.    eth.;   si.   s. 

NH4OH 
s.  cone. 

H2SO4 
s.  h.  bz. 

i.    eth.;   s.   ac. 

a.,     nitro-bz., 

amyl    al.,    h. 

bz. 
i.    eth.;    s.    h. 

bz.,  nitro-bz., 

cone.  H2SO4 
s.  pyr.,  aniline; 

si.     s.      chl., 

xylene 
s.  h.  PhN02 

s.  bz.,  pyr., 
nitro-bz.,  ani- 
line 

si.  s.  eth.;  s.  h. 
nitro-bz.;  si.  s. 
bz.,  chl.,  acet. 

s.  h.  PhN02 

s.  h.  PhN02 

si.  s.  eth.;s.  ac. 

a.,    nitro-bz., 

pyr. 
s.       nitro-bz., 

pyr.,    H2S04; 

si.  s.  chl. 
i.  chl.,  xylene 

si.   s.   eth.;   s. 

cone.  a. 
s.  chl.,  bz. 

s.  bz.,  h.  ac.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
vvt. 

826 

Anthraquinone,  1,5-. 
dinitro- 

,  1,2,3,5,6,7-hexahy 

,  1  (or  a) -hydroxy-.. 

,  2 (or  0)  -hydroxy-. 

,  2-methyl- 

N02C6H3(CO)2- 
C6H3N02 

C6H4(CO)2C6H3OH 

C6H4(CO)2C6H3OH 

C6H4(CO)2C6H3- 
CH3 

N02C6H3(CO)2- 

C6H4 
N02C6H3(CO)2- 

C6H4 

HOC6H3(CO)2- 
C6H2(OH)2 

HOC6H3(CO)2- 
C6H2(OH)2 

hydroxy-.  See  6  ( 

0-. 

°HOC6H3(CO)2- 

C6H3OH 
droxy-. 
C14H9COOH 

C14H9COOH 

C14H9COOH 

C14H9.OH 

CuHg.OH 

C14H10O 

298.20 

827 
828 

829 

droxy-.   See  Rufigallic  acid 
erythrohydroxyanthraquinone 

224.20 
224.20 

830 

222.23 

831 

,  1-nitro- 

253.20 

832 

,  2-nitro- 

253  20 

833 

834 
835 
836 
837 
838 

839 
840 
841 

,    1,2,5,6-tetrahydr 

,    1,2,5, 8-tetrahydr 

,    1,3,5,7-tetrahydr 

,  1,2,3-trihydroxy-. 

,  1,2,4-trihydroxy-. 

,  1,2,5-trihydroxy-. 

,  1,2,6-trihydroxy-. 

,  1,2,7-trihydroxy-. 

,  1,2,8-trihydroxy-. 

,    1, 3,8- trihy  droxy - 

2-Anthraquinonecarbo 
a-Anthraquinonylami 
/3-Anthraquinonylami 
Anthraruf  in 

oxy-.   See  Rufiopin. 
oxy-.    See  Quinalizarin. 
oxy-.   See  Anthrachrysone. 

See  Anthragallol. 

See  Purpurin. 

2-hydroxyanthrarufin 

See  Flavopurpurin. 
See  Anthrapurpurin. 
2-hydroxychrysazin 

256.20 
256.20 

842 
843 
844 
845 
846 

6-methyl-.   See  Emodin. 
xylic  acid,  5,6  (or  7,8) -di 

ne.  See  Anthraquinone,  1-amin 

ne.  See  Anthraquinone,  2-amin 

1,5-dihydroxyanthraquinone. . 

See  Anthraquinone,  1,2,5-trihy 
1-anthracenecarboxylic  acid* ; 

a-anthroic  acid 
2-anthracenecarboxylic  acid* ; 

/3-anthroic  acid 

9-anthracenecarboxylic  acid*; 
ms-anthroic  acid 
1-hydroxyanthracene 

2-hydroxyanthracene 

See  Anthranol. 

9, 10-dihydro-9-ketoanthra- 

cene 

See  Oxanthranol. 
a-anthramine ;  1-aminoan- 

thracene 
/3-anthramine ;  2-aminoan- 

thracene 
9-aminoanthracene;  meso-an- 

thramine ;  anthranylamine 

See  Acetanilide. 

or  7)- 
240.20 

847 
848 

849 

850 
851 

,  2-hydroxy-. 

1-Anthroic  acid 

2-Anthroic  acid 

9-Anthroic  acid 

1-Anthrol 

222.23 
222.23 

222.23 
194.22 

852 

2-Anthrol 

194.22 

853 
854 

9-Anthrol. 

Anthrone 

194.22 

855 
856 

,  10 -hydroxy-. 

1-Anthrylamine 

2-Anthrylamine 

9-Anthrylamine 

Antifebrin. 
Antimony,  penta- 
methyl-* 

ChHuN 

193.24 

856M 

CuHnN 

193.24 

856T 

857 
858 

C(NH2) 

/       \ 

C6H4           C6H4 

St)(CH3)5 

193.24 
196.93 
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856M 
856T 


Crystalline 

form,  color 

and  index  of 

refraction 


pa.  yel.  need, 
f .  nitro-bz.  or 
xylene 


or.  cr.  f.  al . . . 

yel.    leaf,    or 
need.  f.  al. 

col-ylsh.need. 
f.  al. 

yel.    need.    f. 
ac.  a. 
yel.  need.  f.  al 


red  need. 


or.  need 

Alizarincarboxy 


pa.  yel.  leaf.  f. 
ac.  a. 


yel.  need, 
yel.  leaf . 


pa.  yel.  need. 

f.al. 
br.    need,    or 

leaf.  f.  a. 

brnsh.  need — 
col.  need 


yel.  need, 
yel.  cr. . . 


Density 
g/ml 


lie  acid. 


Melting 
point,  °C 


384-5 

190 
302 
175-7 

230 
181 


273-4 


230 


280 

245 
281 

217  d.  (206) 
d.  150-3 

d.  200 

154-5 

119  (130) 

236-7 

145-50 


Boiling 
point,  °C 


subl. 

subl. 
subl. 
subl. 

2707  subl. 
subl. 


subl. 


subl. 


subl. 

subl. 
subl. 

d. 
200  d. 


96-100 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


i. 

v.  si.  s. 


v.  si.  s. 


si.  s.  h. 


v.  si.  s. 


v.  si.  s. 

si.  s. 
si.  s. 


v.  si.  s. 

si.  s. 
si.  s. 


s. 
V.  s. 

V.  s. 


v.  si.  s.  eth., 
bz.;s.  h.  nitrc- 
bz.,  h.  xylene; 
si.  s.  ac.  a. 

s.  eth. 

s.  eth. 

s.    eth.,    cone. 

H2SO4;   v.    8. 

bz. 
si.  s.  eth. 

si.  s.  eth.;  v.  s. 
chl.;  s.  H2SO4 


s.  eth. 


sl.s.  eth.,  acet.; 
s.  bz.,  alk. 

si.  s.  eth.,  bz., 

chl. 
si.  s.  eth.,  chl.; 

s.    ac.    a.;    i. 

bz.,  CS2 


v.   s.   eth.;   s. 

NaOH,     org. 

solv. 
v.   s.   eth.;  s. 

acet. 

s.  bz.,  h. 
NaOH 


si.  s.  eth. 

s.  eth.,  chl.,  bz. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Synonyms 


Formula 


Mol. 
Wt. 


Antimony,  triethyl-*. 

-,  trimethyl-* 

Antineuritic  vitamin. 
Antipyrine 


,  salicylate. 

Antipyrine  chloral  hyd 

Antiscorbutin. 

Antisepsin. 

Aphrodine. 

Apiole 


Apoatropine 


,  hydrochloride. 

Apocodeine .... 
Apomorphine.  . 


,  hydrochloride, 

Apoquinine.  .  . . 


Aposafranone. 


Arabinose,  diphenylhy- 
drazone 


d/-Arabinose 

a-Arabinose  (d  or  /) 


d-Arabitol 

Arabonic  acid . . 

Arachic  alcohol. 
Arachidic  acid . 


,  ethyl  ester 

,  methyl  ester 

Arbutin 

Arecaidine,  arecaine. 


,  methyl  ester. 

Arecoline 


-,  hydrobromide . 
-,  hydrochloride. 


See  Stibine,  triethyl-. 
See  Stibine,  trimethyl-. 
See  Vitamin  B\. 
l,5-dimethyl-2-phenyl-3- 

pyrazolone ;  analgesine ; 

phenazone 


See  Salipyrine. 
rate.    See  Hypnal. 
See  I- Ascorbic  acid. 
See  Acetanilide,  p-bromo-. 
See  Yohimbine. 
2,5-dimethoxysafrole;  apiol; 
parsley  camphor 


atropamine. 


1 0-phenyl-2  ( 1 0)-phenazi  n- 
one;  benzeneindone 


pectinose , 


arabite;l,2,3,4,5-pentane- 
pentol*  (one  form) 

a,  /3,  7,  5-tetrahydroxy- 
valeric  acid  (one  form) 

See  1-Eicosanol*. 

eicosanoic  acid*;  arachic 
acid:  n-eicosoic  acid 


arbutoside 

1-methylguvacine ;  1,2,5,6- 
tetrahydro-1-methyl- 
nicotinic  acid 

See  Arecoline. 

arecaidine  methyl  ester ;  meth- 
yl 1.2,5,  6-tetrahydro-l- 
methylnicotinate 


N(CH3)N(C6HS)- 

i 

COCH:C(CH3) 

i 


CH2  :CHCH2CeH- 
(OCH3)2(CH202) 

C17H21NO2 

C17H21NO2.HCI.. 

C18H19NO2 

C17H17NO2 


C17H17NO2.HCI... 
C19H22N2O2.2H2O.. 


C6H4(NC6H6)- 

(N)CeH3:0 
C5Hio04NN(C6H6)2 


CsHioOs , 

C5H10O5 

C6H7(OH)6 

CH2OH(CHOH)3- 
COOH 

CH3(CH2)i8COOH 

Ci9H39COOC2H6.. 
Ci9H39COOCH3... 

C12H16O7 

C7H11NO2.H2O. . . . 


C8Hi3N02, 


C8Hi3N02.HBr 
C8H13NO2.HCI. 


188.22 


23 


271.35 

307.81 
281.34 
267.32 


303.78 

346.42 

272.29 
316.35 

150.13 
150.13 

152.15 
166.13 

312.52 

340.58 
326.55 
272.25 
159.18 

155.19 


236.12 
191.66 
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Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

859 

860 

860M 

861 

leaf,  or  sc.  f. 
eth.,    bz.    or 
w.,      1.5697, 
1.6935, 
1.7324 

1.19- 

4 

114  (109) 

319174 

100 

100 

2.6  eth.;  si.  s. 
Igr. 

862 

863 

864 

865 

866 

867 

col.  need., 
1.5380"  liq.; 
al.583, 
01.73  sol. 

1.015- 

4 

29.5 

294 

v.  si.  s. 

s. 

s.  eth. 

868 

wh.  pr 

62 

si.  s. 

V.  s. 

v.   s.   eth  *   s. 

chl.,  CS2,  bz. 

869 

col.  cr 

237-9 

s. 

s. 

s.  eth. 

870 

pi.  f.  al 

wh.  pr.  f.  eth., 
turns  grn.  in 

100-10  d. 

v.  si.  s. 

s. 

s.  eth. 

871 

170  d. 

si.  s. 

s. 

s.  chl.,  si.  s. 

air 

HC1 

872 

monocl.      pr., 
grn.  on  expos. 

200-10  d. 

923 

2  47'-5 

0  053  e2-5    eth  • 

v.  si.  s.  chl. 

to  It. 

873 

need.  f.  eth.. . . 

210  d. 

s.  h. 

s. 

v.    s.    eth.;   s. 

chl.,  bz.,  CS2, 

KOH 

874 

dk.  red  met.  cr. 

242(248-9) 

si.  s. 

s. 

s.  bz.;  i.  alk. 

876 

col.  need.,  [a] 
+  18.5°2°    in 

197-204 

v.  si.  s. 

s.  h. 

pyr. 

877 

col.  rhomb. . .  . 

1.585^ 

164.5 

16. 910 

0.35  h. 

i.  eth. 

878 

rhomb,  pr. ;  I, 

1.585*! 

159.5 

58. 910 

0.5 

i.  eth. 

[a]  +105°2o 

4 

90% 

in  w.         D 

879 

col.  warts  or 

103 

V.  s. 

2.0812 

i.  eth. 

pr. 

90% 

880 

cr.  or  svrup . . . 

89 

d.,  -H20 

V.  v.  s. 

881 

882 

luf t.  sc 

0.824^° 

76.3 

328 

i. 

0.4520 

v.  s.  eth. 

883 

rr 

50 

54.5 

195 

295-7100 
286100 

i. 
i. 
12.5 

s. 
s. 
6.67 

s.  eth. 

884 

cr 

s.  eth. 

885 

col.  silky  need. 

i.  eth.,  chl.,  CSa 

886 

224  d. 

v.  s. 

i. 

i.  eth. 

887 

888 

oily  alk.  liq  .  .  . 
pr.  f .  aJ 

220 

00 

OO 

00  eth.;  s.  chl. 

889 

168 

S. 

s.  h. 

si.  s.  eth.,  chl. 

890 

wh.  cr 

158 

s. 

s. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

891 

cf/-Arginine 

dZ-a-amino-  5-guanidovaleric 
acid;  dZ-A^-guanylornithine 

J-a-amino-  5-guanidovaleric 
acid 

NH2C(:NH)NH- 

(CH2^CH(NH2)- 

COOH 
NH2C(:NH)NH- 

(CH2)3CH(NH2)- 

COOH 
CeHu^CkCieHe- 

N208S 
C6H14N4O2.- 

(C,oH6N208S)2 

C6H14N402C6H3- 

N307-2H20 
NH2C6H4AsO- 
(OH)2 

thyl-. 

CH3AsO. . . 

174.21 

892 

c/-Arj*inine  .          

174  21 

893 

,  flavianate 

,  diflavianate 

488.43 

893M 

802 . 65 

894 

picrate 

439.35 

895 

Arsanilic  acid 

p-aminobenzenarsonic  acid; 
p-aminophenylarsinic  acid 

See  Biarsine,  tetraethyl-. 

Sec  Cacodyl. 

See  Arsine,  triethyl-. 
thyl-.    See  Arsine,  dichlorome 
thyl-.  See  Cacodyl  oxide. 

methvl  arsinoxide 

217  04 

897 
898 
899 
900 
901 
902 

Arsenic,  bisdiethyl-. 

,  dimethyl-. 

,  triethyl-. 

Arsenic  dichloride,  me 
Arsenic  oxide,  bisdime 

,  methyl 

Arsenic  sulfide,  bisdim 
Arsenic  trichloride,  di 
Arsenious  chloride,  dip 
Arsenobenzene,  3,3' -di 
Arsenobenzol. 
Arsine,  chlorodimethy 
,  chlorodiphenyl-*. 

,  dichloromethyl-* 

,  diethyl-* 

105  94 

963 
904 
905 
906 
907 
908 
909 

910 

ethyl-.    See  Cacodyl  sulfide. 
methyl-.    See  Cacodyl  trichlo 
henyl-.   See  Arsine,  chlorodip 
amino-4,4'-dihydroxy-, 

See  Arsphenamine. 
1-*.    See  Cacodyl  chloride. 
diphenylchloroarsine;  di- 
phenylarsenious  chloride ; 
blue  cross;  sneezing  gas 
.  methylarsenic  dichloride; 
methyldichloroarsine 

ride, 
henyl-. 
dihydrochloride.    S 

(C6H6)2AsCl 

CH3AsCl2 

ee 

264.57 
160.86 

910M 

(C2H6)2AsH 

'CH3)2AsH 

C2H5AsH2 

CH3AsH2 

134.04 

911 
912 

,  dimethyl-* 

,  ethyl-* 

,  methyl-* 

cacodyl  hydride 

arsinoethane 

105.99 
105.99 

913 

91.96 

914 
915 

,  methyldichloro-  * 

,  triethyl-* 

,  trimethyl-* 

Arsinic  acid,  p-aminop 

,  dimethyl-. 

,  methyl-. 

Arsinoxide,  methyl  . 
Arsphenamine 

Asaron. 

Asaronic  acid 

/-Ascorbic  acid 

Asepsin. 
Aseptol. 
Asparacemic  acid. 

.  See  Arsine,dichloromethyl-. 
arsenic  triethyl 

(C2H6)3As 

(CH3)3As 

162.09 

916 

120.01 

917 
918 
919 
920 
921 

922 
923 

924 

henyl-.    See  Arsanilic  acid. 

See  Cacodylic  acid. 

See  Methanear sonic  acid. 

See  Arsenic  oxide,  methyl-. 

S.S'-diaminc^^'-dihydroxy- 
arsenobenzene   dihydro- 
chloride;  salvarsan;  ar- 
senobenzol; "606" 

See  Benzene,  l,2,4-trimethoxy-5 

2,4,5-trimethoxybenzoic  acid . 

vitamin  C;  cevitamic  acid; 
antiscorbutin 

See  Acetanilide,  p-bromo-. 
See  l-Phenol-2-sulfonic  acid. 
See  dl-Aspartic  acid. 

C12H12AS2N2O2. 
2HCI.2H2O. 

-propenyU. 
(CH30)3C6H2- 
COOH 

475.02 

212.20 
176.12 

925 
926 
927 
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No. 


891 

892 

893 
893M 
894 
895 


897 
898 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 


910 

910M 

911 

912 
913 

914 

915 

916 
917 
918 
919 
920 
921 


922 
923 


925 
926 
927 


Crystalline 

form,  color 

and  index  of 

refraction 


pr.  f.  w.;  pi.  f 
al. 


or.  pi 

yel.  need, 
yel.  need, 
wh.  need. 


pr.  f.  CS2 


Arsphenaminc. 


rhomb,  pi. 


col.  liq 


liq.,  1.4709, 
ign.  in  air 

col.    liq.,   ign. 
in  air 

col.  liq 

col.  liq.  or  gas 


col.  liq.,  1.467 
col.  liq 


hyg.  yel.  powd 


need,  f .  al 

wh.  cr.  powd., 
[a]*>+21-2°, 


Density 
g/ml 


1.58340 


1.838 


•:o 


1.1338- 

•i 

1.213- 

4 

1.217- 

4 


1.150: 


1.124- 

4 


Melting 
point,  °C 


217-8  d. 


238  d. 


258-60  d. 

soft.  160; 

d.  228 

217-8  d. 

232 


95 


44  (39) 
-59 


144 

190-2 


Boiling 
point,  °C 


333  d. 


133-6 

105 

(96.5-97) 

36 

36 
2 


141  d. 
52.8 


ca.  300 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


1521 

0.0177 
d. 

0.51* 
si.  s. 


0.2 

si.  s. 


0.0001319 
0.0085 


i. 

Sl.  3. 


V.  v.  s. 


sl.  s.  c, 

s.  h. 
33.3 


i. 

0.002 
d. 
i. 
sl.  s. 


20 


s. 
V.  s. 


s. 
s. 

sl.  s. 


2;4 

95% 


i.  e+h. 


i.  eth. 


i.  eth. 


s.  eth.;sl.  s.  ac. 
a.;  i.  bz.,  chl., 
acet. 


s.  bz. 

v.  s.  eth.;s.  bz. 
s.  eth. 


oo     eth.,    chl. 
bz.,  CS2 
s.  eth. 
v.  s.  eth. 


s.  eth. 
oo  eth. 


v.  sl.  s.  eth. 


s.  bz.,  lgr. 

i.  eth.,  chl.,  bz. ; 
1  g.  per   100 

glyc. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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950 

950M 

951 


Name 


7-Asparagine 


d/-Aspartic  acid, 
tf-Aspartic  acid 
/-Aspartic  acid. , 


Asp  id  os  pe  r  m  i  n  e . 


Aspirin 


Atisine 

,  hydrochloride 

d/-Atxolactic  acid 


Atropamine. 
Atropic  acid 


Atropine 

,  chloroaurate. 

,  sulfate 

,  valerate 


Atroscine. 
Aubepine. 

Auramine  (base) 

,  hydrochloride. 

,  iV-methyl- 


Auramine  (dye) 
Aurin,  Aurine. . 


,  hexamethoxy- 


Axerophthol. 
Azelaic  acid. 


diethyl  ester. 


Azete,  tetrahydro- 
Azetidine. 
Azimethylene. 
Azirine,  dihydro-. 
Azoaniline. 
Azobenzene 


p-acetamido- 
o-amino-. .  .  . 


Synonyms 


/-a-aminosuccinamic  acid ; 
/-/3-asparagine 

dJ-aminosuccinic  acid;  as- 

paracemic  acid 
d-aminosuccinic  acid. . . . . 


/-aminosuccinic  acid. 


acetylsalicylic  acid;  salicylic 
acid   acetate ;   o-acetoxy- 
benzoic  acid 


d/-a-phenyllactic  acid; 

d/-a-hydroxyhydratropic 

acid ;  dJ-atrolactinic  acid 
See  Apoatropine. 
a-phenylacrylic  acid;  a- 

methylene-a-toluic  acid 
d^-hyoscyamine ;  dJ-daturine; 

tropic  acid  tropine  ester 


See  i-Scopolamine. 
See  Anisaldehyde. 
bis(p-dimethylaminophenyl)- 
methylenimine 
See  Auramine  (dye). 


auramine  (base)  hydrochloride 
rosolic  acid ;  pararosolic  acid . . 


See  Eupittone. 
See  Vitamin  A. 
nonanedioic  acid*;  1,7- 
heptanedicarboxylic  acid 


ethyl  azelate , 


See  Trimethylenimine. 

See  Trimethylenimine. 

See  Methane,  diazo-*. 

See  Ethylenimine. 

See  Azobenzene,  diamino~. 

diphenyldiimide ;  azobenzide . 


p-phenylazoacetanilide . 

o-phenylazoaniline ; 
2-benzeneazoaniline 


Formula 


NH2COCH2CH- 
(NH2)COOH 

COOHCH2CH- 

(NH2)COOH 
COOHCH2CH- 

(NH2)COOH 
COOHCH2CH- 

(NH2)COOH 

C22H3oN202 

CH3COOC6H4- 
COOH 

C22H3iN02 

C22H31N02.HC1... 
CH3C(C6H6)(OH). 
COOH 

CH2:C(C6H6)- 
COOH 
C17H03NO3 

Ci7H23N03H.AuCl4 

(Ci7H23N03)2. 

H2S04 
Ci7H23N03.C&Hio- 

02.H20 


[(CH3)2NC6H4]2C: 
NH 

[(CHB^NCeHJ*- 

C:NCH3 
[(CH3)2NC6H4]2C: 

NH2C1.H20 
Ci9Hi403 


COOH(CH2)7- 
COOH 

CH2[(CH2)3- 
COOC2H6]2 


C6H6N:NC6H6. 


CH3CONHC6H4- 
NrNCeHi 
NH2C6H4N:NC6H6 
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No. 


928 

929 
930 
931 

932 
933 


934 
935 
936 


937 
938 

939 

940 

941 

942 

943 
944 
945 

946 
947 

948 

949 


950 

950M 

951 


952 

953 
954 
955 

956 
957 
958 


959 
960 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  rhomb., 
1.549,1.583, 
1.625 

monocl.  pr . . 


col.  rhomb. 


need.  f.  al.  or 
pet.  eth. 

col.     need.     f. 
w.,  1.505, 
1.645,  1.655 

col.  varnish  .  .  . 


pr 

rhomb. 


col.  monocl. .  . 

col.  rhomb. 

pr.  or  need, 
leaf,   or  glist. 

powd. 
col.    need,    or 

wh.  cr.  powd. 
wh.  crusts 


yel.  leaf.  f.  al 

yei.  cr.  f .  al .  . 
yel.  fl 


red  rhomb, 
need. 


col.    leaf,    or 
need, 
1.4303110-6 


or.-red 
monocl.  leaf. 


golden  need . 


Density 
g/ml 


1.543^ 

4 


1.663- 


6613- 

12 


1.029^ 

4 


1.203- 


Melting 
point,  °C 


236    d.    cl. 
tube  (226) 

278-80  d. 

251 

269-71 

208 
133-5 


85 
296 
JHjO  90; 

anh.  93 


106-7 

115.5; 
subl. 
135-7 

183-4.5 

anh. 
42 


136 

130-3 


is. 


308-10  d. 


106.5 


68 

144 

123 


Boiling 
point,  °C 


235  d. 


d.  140 


267  d. 


360  d.; 
22b10 

291; 
151-314 


297.4 


Solubility  in  grams  per  100  ml  of 


Water 


2.4625 
86. 6100 

0.8225, 
4.7975 


0.3910, 
0.5425, 
2.71" 

1.725 

0.25 


si.  s. 
v.  s. 
s. 


0.1419 
Oil25 
si.  s. 
260 
V.  s. 


v.  si.  s. 

s. 

0.1225 


0.24» 

2. 2« 


Alcohol 


0.000325 


0.Q32* 

75% 


l. 

2.125 

20  90% 


v.  s. 

V.  s. 


68.5 

27 

si.  s. 

720  96% 

V.  s. 


8.5* 


v.  s. 


Ether,  etc. 


i.  eth.;s.  NH: 


i.  eth.;  s.  dil. 
HC1 

0.9525  eth.;  s. 

chl.,  bz. 
3.57  eth.;  5.9 

chl,  v.  si.  s. 

bz. 
v.s.  eth.;  s.  chl. 
i.  eth. 


s.  eth.,  bz.,  chl., 
CS2,glac.ac.a. 

5.6  eth.;  64 
chl.;3.7glyc. 


0.05  eth.;  0.16 

chl. ;  s.  glyc. 
si.  s.  eth. 


2.3120eth. 


v.  s.  ac.  a. 


s.  eth.,  ac.  a., 
alk.;  si.  s.  chl.; 
i.  bz.,  CSa 


2.7  eth. 
s.  eth. 


s.  eth.;  8.5720 
lgr.;  3.9510 
me.  al. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

961 

Azobenzene,m-amino- 

m-phenylazoaniline ; 
3-benzeneazoaniline 

NH2C6H4N:NC«H6 

197.23 

962 

,  p-amino- 

p-phenylazoaniline ; 

NH2C8H4N:NC«H5 

197.23 

4-benzeneazoaniline 

963 

,  4-amino-2,3'-dim 

ethyl-.   See  m-Toluidine,  4-m 

-tolylazo-. 

964 

,  4-amino-3,4'  -dim 

ethyl-.   See  o-Toluidine,  A-p-t 

olylazo-. 

965 

,  4'-amino-2,  3'-di 

methyl-.   See  o-Toluidine,  4- 

o-tolylazo-. 

966 

,  2,  2'  -diamino-  .  .  . 

2,  2'-azodianiline 

H2NC6H4N:NCe- 
H4NH2 

212.25 

967 

,  2,4-diamino-. 

See  Chrysoidine  (base). 

968 

,  4, 47 -diamino-. .  .  . 

4,4'-azodianiline 

H2NC6H4N2C6H4- 

212.25 

969 

,  diethoxy-. 

See  o-Azophenetole. 

NH-i 

970 

,  dihydroxy-. 

See  Azophenol. 

971 

,  dimethyl. 

See  Azotoluene. 

972 

,  p-dimethyl- 

N,  iV-dimethyl-p-phenylazo- 

(CH3)2NC6H4N:- 

225.29 

ammo- 

aniline 

NC6HS 

973 

,  4,4'-diphenyl-. 

See  p,p'-Azobiphenyl. 

974 

,  o-hydroxy-  .  . 

o-phenylazophenol 

HOC«H4N:NC6H6 

198.22 

975 

,  m-hydroxy- 

m-phenylazophenol 

HOC6H4N:NC«H6 

198.22 

976 

,  p-hydroxy- 

,  p-nitro- 

p-phenylazophenol 

HOC6H4N:NC6H6 

198.22 

977 

N02C6H4N:NC6H5 

-aminophenylazo)-. 

227.22 

978 

,  2,4,3'-triamino-. 

See  m-Phenylenediamine,  4-(3 

979 

Azobenzenedicarboxyli 

c  acid.   See  Azobenzoic  acid. 

980 

Azobenzil. 

See  Oxazele,  triphenyl-. 

981 

o-Azobenzoic  acid 

o,e'-azobenzenedicarboxylic 
acid 

COOHC6H4N:N- 
C6H4COOH 

270.24 

982 

m-Azobenzoic  acid. .  .  . 

m.m'-azobenzenedicarboxylic 
acid 

COOHC6H4- 
N:NC6H4COOH 

270.24 

983 

p-Azobenzoic  acid 

p.p'-azobenaenedicarboxylic 
acid 

COOHC6H4- 
N:NC6H4COOH 

270.24 

984 

p,p'  -  Azobiphenyl 

4,4'-diphenylazobenzene ; 
p-azodiphenyl ;  di-p-xenyl- 
diimide 

CeHsCe^NrNCe- 
H4CeH5 

334.40 

985 

Azodicarbonamide .... 

azoformamide 

NH2CON:- 
NCONH2 

116.08 

986 

p-Azodiphenyl. 

See  p,p'- Azobiphenyl. 

987 

Azoformamide. 

See  Azodicarbonamide. 

988 

Azoimide,  phenyl-. 

See  Benzene,  triazo-. 

989 

Azole. 

See  Pyrrole. 

990 

l,r-Azonaphthalene.  . 

di-1-naphthyldiimide ; 
a,  a'-azonaphthalene 

CioH7N:NCwH7 

282.33 

991 

,  4-amino-. 

See  \-Naphthylamine,   4-(l-na 

phthylazo)-. 

992 

1, 2' -Azo naphthalene.  . 

a-naphthyl-  /3-naphthyldi- 
imide 

CioH7N:NCioH7... 

282.33 

993 

2,2'-Azonaphthalene.  . 

di-/3-naphthyldiimide 

CioH7N:NCioH7... 

282.33 

994 

o-Azophenetole 

o.o'-azodiphenetole ; 
o.o'-diethoxyazobenzene 

(C2HiOC6H4)2N2.. 

270.32 

995 

p-Azophenetole 

p.p'-azodiphenetole; 
p,  p'-diethoxyazobenzene 

(C2H6OC«H4)2N2.. 

270.32 

996 

o-Azophenol 

o,o'-azodiphenol;  2,2'-di- 
hydroxyazobenzene 

HOC6H4- 
N:NC6H4OH 

214.22 

997 

m-Azophenol 

m,w/-aK>diphenol;  Z,Z'-c\i- 
hydroxyazobenzene 

HOCeBV 
N:NC«H4OH 

214.22 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


or.  need .  .  . 
yel.  monocl 


redsh.  pi.  f.  al. 
or  bz. 

yel.  need.  f.  al 


yel.  leaf.  f.  al 


or.  need.  f.  eth. 
yel.  pr.  f.  bz. .  . 
rhomb,  pr.  f. 

al. 
or.    red.    leaf. 

or  need. 


dk.  yel.  need. 

f.al. 
amor.     powd. 

or  yel.  need, 
red.  need .... 


or.-red   pi.   f. 
bz. 

or.-red  cr 


red  need.f.  ac. 


br.  leaf.  f.  ac.  a. 

red.  leaf.  f.  bz. 
or  chl. 
red  pr.  f.  al . .  . 

yel.  leaf 

yel.  leaf.  f.  bz. 
or  al. 

yel.  leaf.  f.  dil. 
al. 


Density 
g/ml 


Melting 
point,  CC 


57 

126(122-3) 

134 
241 

117(11.5) 


82.5-3.0 

114-7 

152(155-6) 

134 


245  d. 
(237) 
340 

ca.  330 

249-50 


180  d. 


190 

136 

208 

131 

160.2 

172 

205 


Boiling 
point,  °C 


>3(i0 


220-3020 
si.  d. 


subl. 


subl. 
240  d. 
d. 
subl. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


si.  s.  h. 


v.  si.  s. 


SI.  s. 

0.08  h. 
0 .  00225 


v.  si.  s. 

si.  s. 
v.  si.  s. 
i. 

s.  h. 


v.  si.  s. 


s. 
s.  h. 


s. 
s. 
V.  s. 

v.  si.  s. 

h. 


0.2478 

88% 

v.  si.  s. 


si.  s. 

s. 

si.  s. 
s. 

s.  h. 
0.33 

s.  h. 


s.  eth.,  bz.,  chl. 

s.     eth.,     bz., 
chl. 


s.  eth.;  v.  s. 
acet. 

s.eth.,  bz.,chl. 
si.  s.  lgr. 


s.    eth.,    cone, 
min.  a. 

s.  eth.,  alk. 
s.  eth. 
v.  s.  eth. 


v.  s.  eth. ;  i.  bz. 
si.  s.  eth. 
v.  si.  s.  eth. 
s.  eth. 


si.  s.  eth.;  d.  h 
HC1 


s.  bz.,  ac.  a.f 
acet. 

s.  bz.,  ac.  a., 
cone.  H2SO4 

si.  s.  eth.,  me. 
al.;  s.  bz.,chl. 

s.  eth.,  HC1 

v.  s.  eth. 

v.  s.  eth.;  1.67 
bz.;  s.  cone, 
alk. 

si.  s.  eth. ;  s.  L 
alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Synonyms 


Formula 


Mol. 
Wt. 


p-Azophenol. 


o- Azotoluene . 
m-Azotoluene 
p- Azotoluene . 


p,p'-azodiphenol;  4,4'-di- 
hydroxyazobenzene 


2,2'-dimethylazobenzene ; 

di-o-tolyldiimide 
3,3'-dimethylazobenzene ; 

di-m-tolyldiimide 
4,4'-dimethylazobenzene ; 

di-p-tolyldiimide 


Azoxy benzene  (ordinary) 


Azoxybenzenedicarbox 
o-Azoxybenzoic  acid  .  . 


m-  Azoxy  benzoic  acid. . 

p-Azoxybenzoic  acid  .  . 

1 , 1'  -Azoxy  naphthalene 
2,2'  -  Azoxynaphthalene 

Baeyer's  acid. 

Baphiin 


azoxybenzide. 


ylic  acid.  See  Azoxybenzoic  a 
o,o'-azoxydibenzoic  acid ; 
azoxybenzene-2,2'-dicarbox- 
ylic  acid 
m.m'-azoxydibenzoic  acid .... 


p,p'-azoxydibenzoic  acid . 


l.l'-azoxydinaphthalene; 

a,  a'-azoxynaphthalene 

/3,  /3'-azoxynaphthalene . . 


See  Croceic  acid. 


Baptitoxine. 
Barbital 


Barbituric  acid 


See  Cytisine. 

5,5-diethylbarbitiiric  acid ; 
veronal ;  barbitone ;  malourea 


malonylurea;  pyrimidine- 
trione 


HOC6H4- 
N:NC6H4OH 


CH3C6H4N:NC6- 

H4CH3 
CH3C6H4- 

N:NC6H4CH3 
CH3C6H4- 

N:NC6H4CH3 

C6H6(NON)C6H5. 


cid. 
C6H4COOH- 

(NON)C6H4- 
COOH 
C6H4COOH- 

(NON)C6H4- 
COOH 
C6H4COOH- 

(NON)C6H4- 
COOH 
CioH7(NON)CioH7 

CioH7(NON)CioH7 


C12H10O4  or  C24- 
H2oOs 


NHCONHCOC- 

1 


(C2H5)2CO 


-,  5-amino-. 
-,  5,5-diallyl- 


See  Uramil. 
dial 


NHCONHCO- 
CH2CO 


NHCONHCOC- 

1 

(C3H6)2CO 


,  5,5-diethyl-. 
,  5,5-dipropyl- 


See  Barbital. 
proponal;  propytal. 


NHCONHCOC- 

1 

(C3H7)2CO 


amyl- 


5-ethyl-5-iso- 


amy  tal 


-,  5-ethyl-5-a- 
methylbutyl- 


-,    5-ethyl-5-phenyl  -.   See  Phenobarbital 


NHCONHCOC- 

1 

(C2H»)(C»Hii)C0 
NHCONHCOC- 

(C2H6)(C5Hii)CO 


214.22 

210.27 
210.27 
210.27 

198.22 

286.24 

286.24 

286.24 

298.33 
298.33 


218.20 
(436.40) 


184.19 


128.09 


208.21 


212.25 


226.27 


226.27 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


cr.  (+lH20)f. 

dil.    al.  ; 

a   anh.    grn. 

p  o  w  d  .  ; 

0    anh.   dk. 

red  powd. 
red  monocl. 

pr.  f.  eth. 
or.  red  rhomb. 

cr. 
or.  yel. 

monocl. 

need.  f.  Igr. 
yei.  rhomb. 

need.  f.  h. 

al.,  1.664426 

pa.  yel.   tricl. 
leaf.  f.  al. 

pa.  yel.  need, 
or  leaf. 


yel.  amor . 


yel.-red 

rhomb,  f.  al. 
yel.  rhomb. 

need.  f.  al. 

leaf 


wh.  cr.  powd . 


wh.  rhomb,  pr. 


col.  sc 


col.  cr 


col. 


col. 


Density 
g/ml 


1.246*-° 

4 


Melting 
point,  °C 


216 

55 

54-5 

144 

36 

250  d. 
345d.(320) 
240  d. 

127 

167-8 

d. 

191 

245 

170 

145 
135 
128.5-130 


Boiling 
point,  °C 


260  d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


si.  s. 


0.692°, 
8.3100 


si.  s. 


si.  s. 


0.06c, 
1 .4100 


si.  s. 


si.  s. 


V.  s. 


v.  s.  eth.;s.  bz. 


614.5 
V.  S. 

147.718.s   eth.; 
s.  bz. 
v.  s.  eth. 

s. 

v.s.  eth.  ;s.  Igr. 

17. 516 

v.  s.  eth.; 
4315  Igr. 

si.  s. 

si.  s.  eth. 

si.  s. 

si.  s.  eth. 

i. 

i.  eth.;  s.  pyr. 

s. 
s.  h. 

si.    s.   eth.;   s. 

cone.  H2SO4 
si.   s.   eth.;   s. 

bz.,  chl. 

s.  eth. 


v.  s.  eth.;  s. 
acet,  alk., 
pet.  eth.,  ac. 
a.;  si.  s.  chl. 

s.  eth. 


s.  eth. 


v.    s.    eth.;   s. 
dil.  alk. 


s.  eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Barbituric  acid,  5-(2- 
f  urf  urylidene)  -2-thio- 


-,  5-hydroxy-. 
-,  5-isonitroso- 


Bassorin. 


Bebeerine. 


,  hydrochloride . 

Behenic  acid. .  . 


,  ethyl  ester  . . 

,  methyl  ester 

Behenolic  acid 


Belladonnine 
Benzaconine. 


Benzal. 
Benzalazine. 
Benzal  bromide. 
Benzal  chloride. 


Benzaldehyde. 

,  azine 


-,  cyanohydrin. 
-,  hydrazone. . . 


,  a-,  trans-,  or  an^i-oxime 

,  /3-,  cis-,  or  syn-oxime . .  . 

,  phenylhydrazone 


,  4-acetoxy-3-met 

,  o-amino-. 

,  m-amino- 

,  p-amino- 


-,  o-chloro-. 
,  m-chloro- 
-,  p-chloro-. 


diacetyl-. 
2,4-dihydroxy-, 
3,4-dihydroxy-, 
2,4-dimethoxy- 


■,  3,4-dimethoxy- 
k,  p-dimethyl- 

amino- 
,  2,4-dinitro-. . .  , 


Synonyms 


f  urfuralmalonylthiourea . 


See  Dialuric  acid. 
See  Violuric  acid. 
tragacanthin 


docosanoic  acid* ;  n-docosoic 
acid 


13-docosynoic  acid'( 


benzoylaconine;  napelline; 
picraconitine 
See  Benzylidene. 
See  Benzaldehyde,  azine. 
See  Benzylidene  bromide. 
See  Benzylidene  chloride. 


benzenecarbonal* 


benzalazine;  benzylidene- 
azine:  dibenzalhydrazine 

See  Mandelonitrile. 

benzalhydrazine;  benzyl- 
idenehydrazine 

frarjs-benzaldoxime 


ds-benzaldoxime. 


benzalphenylhydrazine;  ben- 

zylidenephenylhydrazine 
hoxy-.      See  Vanillin,  acetate. 
Sefc  Anthranilaldehyde. 


2-chlorobenzenecarbonal*. . . 

3-chlorobenzenecarbonal*. . . 

4-chlorobenzenecarbonal*. . . 

See  Benzal  diacetate. 
See  (3-Resorcylaldehyde. 
See  Protocatechualdehyde. 
2,4-dimethoxybenzenecar- 

bonal*;  /3-resorcylaldehyde 

dimethyl  ether 
See  Veratr aldehyde. 
4-dimethylaminobenzene- 

carbonal* 
2 , 4-dini  trobenzenecarbonal  * . 


Formula 


C4H3OCH:- 
CCONHCSNHCO 


Ci6H10O6  (?) 
C18H19NO3.. 


C18H19N03-HC1 . . . 

CH3(CH2)2oCOOH 

C21H43COOC2H5... 
C21H43COOCH3... 
CH3(CH2)7C:- 
C(CH2)nCOOH 

Ci7H2iN02 

C32H43NO10 


C6H5CHO. 


C6H5CH:NN:- 
CHCeHs 

C6H5CH:NNH2. 

C6H5CH:NOH. . 

CeHsCHiNOH. . 

CeHsCH:- 
NNHC6H6 

NH2C6H4CHO 
NH2C6H4CHO 

C1C6H4CH0.. 

C1C6H4CH0.. 

C1C6H4CH0.. 


(CH30)2C6H3CHO 

(CH3)2NC6H4CHO 
(N02)2C6H3CHO.. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


1021 


1022 
1023 
1025 

1026 


1027 

1028 

1029 
1030 
1031 

1032 
1033 

1033M 
1034 
1035 
1036 

1037 

1038 

1039 
1040 

1041 

1042 

1043 

1044 
1045 
1046 
1047 

1048 

1049 

1050 

1051 
1052 
1053 
1054 


1055 
1056 

1057 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  flocks. 


amor.,  a 

mucilage 
mixture  (?), 

pr.  f.  me.  al., 

[a]-298°D 
hyg.  need,  or 

sc. 
col.  need 


need,  f .  al 

cr 

col.  need.  f.  al 


amor,  resin, 
amor 


col.  liq., 

1.5462917-6 
lng.  yel.  lust. 

pr. 

col.  leaf,  or  liq. 

col.  leaf., 

1.563721-4 
col.  rhomb. 

tab.  or  need, 
col.-pink 

monocl.  pr. 


in  solution  only 
pi.  or  leaf.  f.  w. 

liq., 

1.5656421-7 
liq.  or  pr., 

1.5650020-2 
leaf., 

1.5552561 


need.  f.  dil.  al, 

leaf,  f .  w 

pa.  yel.  cr.  f.  al. 


Density 
g/ml 


.0504- 


1.111^ 

4 


1.252- 


1.2497- 

4 


1.196 


61 


Melting 
point,  °C 


214 

259-60 

80.7(84) 

54-4.5 
54-4.5 
57.5 


130 


-26; 
frz.-56 
93 


16 
35 
130 
156 

71 

11  (8-9) 

17-8 

47.5 

69-70 

74 
72 


Boiling 
point,  °C 


30660 

230-15 
224-515 


179.5; 

112.5-13100 

d. 


140" 
200,  13420 


208748 

213-4 

(204) 
214 
( 144-4. 5100) 


16510 
176-7" 

^o^io1*-20 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


si.  s. 
0.016  c. 

s. 

0.10c. 

i. 
i. 
i. 

v.  si.  s. 


0.33 
i. 

d. 

si.  s. 
s.  h. 


v.  si.  s. 
si.  s. 
si.  s. 
si.  s. 


si.  s. 

si.  s. 


1. 
20 


0.10" 


v.  s.  h. 


15. 520, 
53. 670 
s.  h. 


s. 

V.  s. 
v.  s. 
v.  s. 


s.  alk.;  d.  h.  a. 
s.  eth.,  chl.,  a. 

1.92W  eth. 

s.  eth. 
s.  eth. 
v.s.  eth.;  s.  chl. 

v.s.  eth.;s.  chl. 


»  eth.,  fixed 
and  vol.  oils 

v.  s.  eth.;  s. 
chl.,  bz. 

d.  a.,  alk. 

v.  s.  eth.,  bz. 

v.  s.  eth.;  si.  s. 
bz. 
si.  s.  eth.;s.  bz. 


s.  eth; 

v.  s.  eth.;s.  bz. 

v.  s.eth.;s.  bz. 

v.   s.   eth.;  s. 
CS2,  ac.  a.,  bz. 

v.  s.  eth. 


s.  eth.,  ac.  a., 

ord.  org.  solv. 

v.  s.  eth.;s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


Mol. 
Wt. 


1058 


1059 


1060 
1061 

1062 

1063 
1064 
1065 

1066 
1067 
1068 
1069 

1070 

1071 

1072 
1073 
1074 

1075 


1075M 

1076 

1076M 

1077 
1078 


1079 
1080 

1081 
1082 

1083 

1084 

1085 
1086 
1087 
T088 

1089 

1089M 


Benzaldehyde,  2,6- 
dinitro- 


4-ethoxy-3- 
methoxy- 


o-hydroxy-. 
m-hydroxy- 

p-hydroxy- 


2,6-dinitrobenzenecarbonal" 


vanillin  ethyl  ether;  proto- 
catechualdehyde  4-ethyl- 
3-methyl  ether 

See  Salicylaldehyde. 


(N02)2C6H3CHO. 


C2H50(CH30)- 
C6H3CHO 


HOC6H4CHO. 
HOC6H4CHO. 


4-hydroxy-3-met 
p-isopropyl-. 
o-methoxy- 


,  p-methoxy-. 
,  methyl-. 
,  3,4-methylenedio 
,  o-nitro- 


hoxy-.    See  Vanillin. 

See  Cumaldehyde. 

salicylaldehyde  methyl  ether ; 
o-anisaldehyde 

See  Anisaldehyde. 

See  Tolualdehyde. 
xy-.    See  Piperonal. 


,  m-nitro- 
,  p-nitro- 


,  2,4,6-trinitro-  .  .  . 

,  trithio-. 

o-Benzaldehydesulfoni 

Benzal  diacetate 


Benzaldoxime. 
Benzaldoximecarboxyli 
Benzal  fluoride 


Benzalimine.  iV-ethyl-. 
Benzamarone 


Benzamide. 


See  8-Trithiane,  triphenyl-. 
c  acid.  See  Benzenesulfonic  a 

benzylidene  diacetate;  di- 
acetylbenzaldehyde ;  a,  a- 
diacetoxytoluene 

See  Benzaldehyde,  oxime. 
c  anhydride.    See  2,3,1-Ben 

a,a-diiiuorotoluene;  ben- 
zylidene fluoride 

See  Ethylamine,N -Benzylidene. 

1,2,3,4,5-pentaphenyl-l,      5- 
pentanedione  (one  form) ; 
a,  a'-benzalbisdesoxyben- 
zoin 

benzenecarbonamide ;    ben- 
zoic amide 

benzamidoxime ;  benzenyl- 
aminoxide 


CH3OC6H4CHO.. 

N02C6H4CHO... 
N02C6H4CHO... 
N02C6H4CHO... 
(N02)3C6H2CHO. 

cid,o-formyU. 

CeHeCH- 
(OOCCH3)2 


zoxaz-l-one. 
CeHsCHFo, 


C6H5CH[CH- 

(C6H6)COC6H6]2 


,  o-amino-. . 
,  m-amino-. 


,  p-amino- 
■,  o-chloro-. 


-,  m-chloro-.  . 
-,  p-chloro-. .  . 
-,  o-hydroxy-. 
,  m-hydroxy- 


2-chlorobenzenecarbonamide  * 

3-chlorobenzenecarbonamide  * 
4-chlorobenzenecarbonamide  * 
See  Salicylamide. 


,  p-hydroxy- .  . 
,  p-methoxy-. 


C6H6CONH2 

C6H5C(:NOH)NH; 

NH2C6H4CONH2. . 
NH2C6H4CONH2.. 

NH2C6H4CONH2.. 

C1C6H4C0NH2.... 

C1C6H4C0NH2.... 
C1C6H4C0NH2. . . . 

HOC6H4CONH2... 

HOC6H4CONH2... 


See  Anisamide. 


106.12 
180.20 

122.12 
122.12 

136.14 

151.12 
151.12 
151.12 
241.12 

208.21 

128.12 
480.58 

121.13 
136.15 

136.15 
136.15 

136.15 

155.58 

155.58 
155.58 

137.13 

137.13 
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Crystalline 

form,  color 

and  index  of 

refraction 


leaf.  f.  dil.  ac. 


mo  noc!.  pr 


col.  need.  f.  w 
col.  need.  f.  w 

pr.,  1.5597  .  .  . 

yel.  need.  f.  w 

It.  ye!,  need.  f. 
w. 
col.  pr.  f.  w  .  .  . 

pi.  f.  bz 


col.  liq 
col.  cr. 


col.  monocl.. .  . 

monocl.    pr.    f. 
w. 

leaf.  f.  chl 

yel.  need. 

(+IH2O)  f. 

w. 
yel.  cr 


lng.  rhomb, 
need.  f.  w. 

need 

need.  f.  eth.. . 

col.  leaf.  f.  w. 

need.  f.  w 


Density 
g/ml 


1.129- 


1 . 133- 


1.496- 


1.11 


13G961* 


.341  — 


1.34L8 


Melting 
point,  °C 


123 
64-5(73-4) 

100(101-3) 

IK. 


cr40; 

/337.9 
58 

106.5 

119 


44-6 


217-8 

130 (125-6) 
79-80 

109-11.5 

(108) 
113-4  anh.; 

+H20  79 

183  (anh.) 
142  (139) 

134.5 

179  (170) 

170.5 
162  anh. 


Boiling 
point,  °C 


subl. 

240 
subl. 

243 

15615 
16423 
subl. 


220;  154-° 


i:;l 


290 


300  d. 

d.  300; 
-H2O, 
100-20 


-H20,  100 


Solubility  in  grams  per  100  ml  of 


Water 


v.  h. 


si.  s.  h. 


1.3830-5 


0.2325, 
1.53105 

0.1625, 
1.95112 

0.9790 


0.63  h. 


0.5812, 

1.3525 

si.  s.  c. 


s.  h. 
si.  s. 

si.  s. 

si.  s. 

si.  s. 
v.  si.  s. 

si.  s.  c. 
s.  h. 

si.  s. 


Alcohol 


V.  s. 

s. 

v.  s. 
s. 


1725 

v.  s. 
V.  s. 


V.  s. 
V.  s. 


V.  s. 
V.  s. 


Ether,  etc. 


s.  eth.,  bz.,  ac. 

a.,  chl.;  si.  s. 

CS2,  lgr. 
s.  eth. 


s.  eth.;  6.31" 

bz. 
v.  s.  eth.; 

3.6865bz. 


v.  s.  eth. 

v.  s.  eth.;s.  bz. 

v.s.  eth.;  s.chl. 

si.  s.  eth.; 
5.0118bz. 
s.  eth. 

s.  eth. 


612  bz. 


v.  s.  eth. 

v.   s.   eth.;   s. 

chl.,    bz.;    i. 

lgr. 
si.  s.  eth.,  bz. 

s.  eth.;  si.  s.  c. 
chl.,  c.  bz. 

si.  s.  eth. 

v.  s.  eth. 

s.  eth.       i 
v.  s.  eth. 

v.   s.    eth.;    i. 

chl.,  CS2 
si.   s.   eth.;    i. 

chl.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


1090 
1091 

1092 

1093 
1094 
1095 

1096 


1097 
1098 
1099 
1100 

1100M 

1101 

1102 

1103 

1104 

1105 

1106 

1107 
1108 
1109 


1110 
1111 
1112 
1113 


1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 

1123 
1124 

1125 
1126 
1127 


Name 


Benzamide,  o,  m  or  p- 
,  o-nitro- 


,  m-nitro-. 

-,  p-nitro- .  . 
-,  iV-phenyl- 


Benzamidine. 

,  iV-1-naphthyl-. . 


Benzamidoxime. 
Benzamine. 
Benzanalgen. 
Benzanilide 


-,  p-amino-. 
,  o-nitro- .  . 
,  o'-nitro-. 
,  m-nitro- . 
-,  m'-nitro- 
-,  p-nitro- .  . 
-,  p'-nitro-. 


thio- 

-,  3,4,5-trihydroxy- 


Benzaurin 


Benzazide. 
1-Benzazine. 
2-Benzazine. 
Benzene* 


hexabromide. 

hexachloride. 

,  acetyl-. 

,  acetylenyl-. 

,  l-allyl-3,4-methy 

,  amino-. 

,  aminodimethyla 

,  amoxy-. 

,  amyl- 


sec-n-amyl- 
tert-amyl- . 


1  -amyl-2,4-dihyd 

anilino-. 

azimino-. 


Synonyms 


methyl-.  See  Toluamide. 


See  Benzanilide. 
benzenecarbonamidine* ; 
benzenylamidine 
benzenylnaphthylamidine . 


See  Benzamide,  oxime. 
See  f3-Eucaine. 
See  Analgen. 
AZ-phenylbenzamide ; 
JV-benzoylaniline 


See  Gallanilide. 
p,p'-dihydroxytriphenyl- 
carbinol 


See  Benzoyl  azide. 
See  Quinoline. 
See  I soquinoline. 
benzol;  benzole;  phene* 


See  Cyclohexane,  1, 2,3,4,5, 6-A 

See  Cyclohexane,  1,2,3, 4,5, 6-he 

See  Acetophenone. 

See  Benzene,  ethynyl-. 
lenedioxy-.   See  Safrole. 

See  Aniline. 

mino-.    See  Phenylenediamin 
See  Ether,  amyl  phenyl. 

1-phenylpentane 


See  Benzene,  (a-methylbutyl)-. 
2-methyl-2-phenylbutane .... 

roxy-.    See  Resorcinol,  Aramyl 
See  Diphenylamine*. 
See  1,2, 3-  Benzotriazole. 


Formula 


N02C6H4CONH2. 

N02C6H4CONH2. 

N02C6H4CONH2. 

C6H6C(:NH)NH2. 

C6H6C(:NH)- 
NHC10H7 


CeHsCONHCeHs. 

p-H2NC6H4- 

CONHC6H5 
N02C6H4- 

CONHCeHs 
CsHsCONHCeHi- 

N02 
N02C6H4- 

CONHC6H6 
CeHsCONHCeH.- 

N02 
N02C6H4CONHC6 

H5 
CflH5CONHC6H4- 

N02 
CeHeCSNHCeHfi. 

C6H6(C6H4OH)2 

COHor 
C6H5(OHC6H4)- 

C:C6H4:0 


CeH6. 


xabromo-*. 
xachloro-*. 


e,N,  N-dimethyU. 
C6H5(CH2)4CH3... 

C6H5C(CH3)2C2H6 


Mol. 
Wt. 


166.13 
166.13 
166.13 
120.15 
246.30 


197.23 
212.24 
242.23 
242.23 
242.23 
242.23 
242.23 
242.23 
213.29 
292.32 
(274.30) 

78.11 


148.24 


148.24 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  dil.  al. 

yel.  monocl. 
need.  f.  w. 
need.  f.  w 


col.  cr . 
pi.  f.  al 


col.  leaf.  f.  al.  . 

col.  cr 

wh.  need.  f.  al. 
yel.  need.  f.  al. 
leaf.  f.  w.  or  al. 
leaf.  f.  amyl  al. 
leaf,  f .  eth .... 

yel.  need 

yel.  pr.  f.  al . . . 
brick  red  powd. 


col.  rhomb,  pr 
or  inflam. 

Hq.; 

1. 501422° 


col.  liq., 
1.475115 

liq., 
1.4915428 


Density 
g/ml 


462: 


1.321- 

4 


0.879420 


0.860- 

4 


0.873615 


Melting 
point,  °C 


176.6 

142.7 

201.4 

80 

141 


161 

135-6 

155 

94-8 

153-4 

157 

210-11 

199 

100-2 

100 


5.51; 

5.48- 


.49 


-78.25 


Boiling 
point,  °C 


317 
315 


117-9'° 


subl. 


80.093-. 094 


202.1 
189-91 


Solubility  in  grams  per  100  ml  of 


Water 


s.  h. 
s.  h. 
v.  si.  s. 


v.  si.  s. 

v.  si.  s. 

si.  s.  h. 

v.  si.  J 
c. 

v.  si.  s. 

i. 

i. 

v.  si.  s. 


0.08222 


Alcohol 


3.163° 
s. 
V.  s. 


si.  s. 

s. 

si.  s.  h. 

s. 


Ether,  etc. 


s.  eth. 
s.  eth. 
s.  eth. 
si.  s.  eth. 
s.  eth. 


si.  s.  eth. 


si.  s.  eth. 
v.  s.  eth. 
s.  eth.,  bz. 
v.  s.  chl. 
s.  eth. 

v.  s.  eth. 

s.  eth.;  si.  s.  h. 
bz. 


oo  eth.,  ac.  a., 
acet.,  tol.;  s. 
chl. 


eth. 


oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Synonyms 


Formula 


Benzene,  benzoyl-. 

,  benzyl-. 

,  l-benzyl-4-ethyl- 

,  l-benzyloxy-2-me 

,  benzylphenyl-. 


,  bromo-*. 


See  Benzophenone. 
See  Methane,  diphenyU. 

p-ethyldiphenylmethane 

thoxy-4-propenyl-.  See  h 

See  Biphenyl,  benzyl-. 

phenyl  bromide 


-,  l-bromo-4-(4-bro 
-,  l-bromo-3- 

chloro-* 
-,  l-bromo-4- 

chloro-* 
-,  (a-bromoethyl-)  . 

-,  l-bromo-4- 

fluoro-* 
■,  l-bromo-2-iodo-* 

•,  l-bromo-3-iodo-* 

-,  l-bromo-4-iodo-* 


mophenoxy)-.  See  Ether,  bi 
m-bromochlorobenzene 


,  l-bromo-2- 

nitro-* 
,  l-bromo-3- 

nitro-* 
,  l-bromo-4- 

nitro-* 
,  (0-bromovinyl)-. 
,  butoxy-*. 
-,  butyl- 


-,  sec-butyl- 
-,  ter^-butyl 


-,  l-ferf>butyl-3,5- 
dimethyl-2,4,6- 
trinitro- 

-,  butylmethyl-. 

-,  1-butynyl- 


-,  butyryl-. 
-,  chloro-*. 


-,  l-chloro-2,4- 
dinitro-* 

-,  l-chloro-3,5- 

dinitro-* 
-,  2-chloro-l,3- 

dinitro-* 
-,  3-chloro-l,2- 

dinitro-* 
-,  4-chloro-l,2- 

dinitro-* 


l-chloro-4- 

fluoro-* 
1  -chloro-4-iodo-  * 


p-bromochlorobenzene. . 
1-bromo-l-phenylethane 


See  Styrene,  &-bromo-. 
See  Ether,  butyl  phenyl. 
1-phenylbutane 


2-phenylbutane 

2-methyl-2-phenylpropane . 
musk  xylene 


See  Toluene,  butyl-. 
1-phenyl-l-butyne;  ethyl- 
phenylacetylene 
See  Butyrophenone. 
phenyl  chloride 

4-chloro-l,3-dinitrobenzene. 


5-chloro-l  ,3-dinitrobenzene . 


C6H5CH2C6H4C2H6 

oeugenol, benzyl  ether. 

CeHsBr 

s-p-bromophenyl. 
BrC6H4Cl 

BrC6H4Cl 

CHsCHBrCeHs. . . . 

BrC6H4F 

BrCeHJ 

BrCsHJ 

BrC6H4I 

BrCANO* 

BrC6H4N02 

BrC6H4N02 

C6H6CH2CH2CH2- 
CH3 
C&H6CH(CH3)C2H6 

CeH6C(CH3)3 

(N02)3C6C(CH3)3- 
(CH3)2 

C6H6C;CCH2CH3. 

C6H6C1 

(N02)2C6H3C1 

(N02)2C6H3C1 

(N02)2C6H3C1 

(N02)2C6H3C1 

(N02)2C6H3C1 

C1C6H4F 

C1C6H4T 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


Melting 
point,  °C 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


Hq 

col.  oily  liq., 
1.55977 

col.  rhomb,  or 

monocl.  pr. 

Hq 

col.  liq., 

1.531015 
col.  liq 

col.  oily  liq... 

col.  need,  or  pi 

pa.  yel.  cr.  f.  al 

rhomb,  cr., 

1.5979 
col.  rhomb,  pr 


col.  liq., 
1.49415 

col.  liq., 
1.489421 

col.  liq., 
1.496020 


0.98519 


1.4991 
1.6302 


1.3108: 


1.59315 
2.257*-* 


1.6245- 

4 

1.7036- 


1.934- 

4 


0.862 
0.8634- 


0.867 


2  0 


col.  liq., 

1.52479 
yel.  rhomb,  f. 

eth. 

col.  need,  f .  al . 

yel.  need.  f.  al 

pr.  f.  et.  al 

yel.  monocl. 
rhomb,  f.  eth. 


col.  liq., 

1.499015 
col.  leaf.  f.  al 


0.92321 


1.1066^- 
al.69722; 

01.680- 


1.686716-5 


al.697V°; 

4 

/31.6867- 


-30 . 6 

-21.2 
67.4 


-17.4 

2.1 

-9.3 

92 

42  (36-9) 

56 

127 

-81.2 
-82.7 
-58.1 
113 


-45,  frz.-55 

a  53.4 

(51);/343; 
727 
55  (59) 

87 

78  (86.8) 


a36.3 
037. 1 
738.8 
528 
-27.7 


57 


294.5 


155-6 

196 

196.3 

200-10  d.; 

105-730 
151.6 

257™ 

(124-717) 
252754 

251.5754 

261 

256.5 

256 


180(181-3) 

173.5 

168.7 


203 

132 
315 


volat.  in 
steam 
315 


315  d. 

130.1 
226-7 


0.044630 


10 . 4" 


.  si.  s. 


0.048830 


v.  si.  s. 
v.  si.  s. 
si.  s. 
v.  s. 
s. 
1.38  c. 


V.  s. 
si.  s. 


s.  eth.,  chl. 

71. 3  eth.  ;s.  bz. 

v.  s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 

v.  si.  s.  ac.  a. 

v.  si.  s.  ac.  a. 

s.  eth. 

s.  eth.,  bz. 

s.  eth.,  bz. 

s.  eth.,  bz. 

»  eth. 
»  eth. 
v.  s.  eth. 
s.  eth. 

s.  eth. 


w  eth.;  s.  chl., 
CS2,  bz. 
s.  eth. 


s.  eth. 

s.  eth. 

s.  eth. 

v.   s.    eth.;   s. 
bz.,  CS2 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Benzene,  chloromercu 


,  l-chloro-2- 
nitro-* 


-,  l-chloro-3- 
nitro-* 

-,  l-chloro-4- 

nitro-* 
-,  l-chloro-2,4,5- 

trinitro-* 
,  l-chloro-2,4,6-tri 
-,  2-chloro-l,3,5-tri 
,  cyclohexyi-. 
,  1,4-diacetamido-. 
-,  diamino-. 
,  diazoamino-. 
,    1,2-dibromo-* 

,  1,3-dibromo-*.  .  . 

,  1,4-dibromo-*.  .  . 


— •,  1,2-dibutoxy-*.  . 
— ,  1,4-di-ter^-butyl- 
— ,  1,2-dichloro-*. .. 
— ,  1,3-dichloro-*  .  . 
— ,  1,4-dichloro-*  .  .  . 


,  1,3-dicyano-. 
,  1,2-diethoxy-*. 


,  1,3-diethoxy-* 
,  1,4-diethoxy-* 

,  1,2-diethyl-*. . 

,  1,3-diethyl-*.. 

,  1,4-diethyl-*.. 


(diethylamino)  m 

l,3-diethyl-5-met 

dihydro-. 

1,2-dihydroxy-. 

1,3-dihydroxy-. 

1,4-dihydroxy-. 

1,2-diiodo-*.  .  . 


,  1,3-diiodo-* 


,  1,4-diiodo-*.  .  . 
-,  1,3-diisoamoxy- 


Synonyms 


ri-.  See  Mercury  chloride,  phen 
o-chloronitrobenzene 


m-chloronitrobenzene . 


j)-chloronitrobenzene 


nitro-*.    See  Picryl  chloride. 
nitro-*.    See  Picryl  chloride. 

See  Cyclohexane,  phenyl-. 

See  o-Phenylenediamine,  N,  N 

See  Phenylenediamine. 

See  Diazoaminobenzene. 

o-dibromobenzene 


m-dibromobenzene . 
;>-dibromobenzene . 


pyrocatechol  dibutyl  ether . 


o-dichlorobenzene. 


m-dichlorobenzene . 
p-dichlorobenzene . 


See  Isophthalonitrile. 
pyrocatechol  diethyl  ether; 
catechol  diethyl  ether 
resorcinol  diethyl  ether .... 
hydroquinone  diethyl  ether 


o-diethylbenzene 
w-diethylbenzene . 
p-diethylbenzene. . 


ethyl-.    See  Toluidine,  N,  N- 
hyl-*.  See  Toluene,  3,5-diethyl 

See  Cyclohexadiene.* 

See  Pyrocatechol. 

See  Resorcinol. 

See  Hydroquinone. 

0-diiodobenzene 


w-diiodobenzene. 


p-diiodobenzene 

resorcinol  diisoamyl  ether. 


Formula 


C1C6H4N02 

C1C6H4N02 

C1C6H4N02 

(N02)3C6H2C1.... 

-diacetyl-. 

C6H4Br2 

CeH4Br2 

CJS&Bi* 

C6H4[0(CH,>V 
CH312 

C6H4[C(CH3)3]2(p) 

reH4ci2 

C6H4C12 

C6H4CI2 

C6H4(OC2H5)2... 

C6H4(OC2H5)2... 
C6H4(OC2H6)2... 

C6H4(C2Hs)2 

C6H4(C2H6)2 

C6H4(C2H5)2 

diethyl-. 

C6H4I2 

C6H4l2 

CeH4l2 

C6H4[OCH2CH2- 
CH(CH3)o]2 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

1159 

1160 

monocl.  need. . 

2  2 

1.368^; 
1.305^° 

4 

32.5 

245.7 

i. 

s. 

s.  eth.,  bz. 

1161 

pa.  yel. 

1.534*! 

unst.  23.7; 

235-6 

i. 

v.  s.  h. 

s.  eth.,  bz.,  ac. 

rhomb,  pr. 

4 

stab.  44.4 

a.,  chl.,  CS2 

f.al. 

1  8 

(46) 

1162 

monocl.  pr.  .  .  . 

1.520- 

4 

83.5 

242 

i. 

s. 

s.  eth.,  CS2 

1163 

yel.  cr.  f .  al .  .  . 

116 

i. 

v.  s.  h. 

s.  h.  bz. 

1164 

• 

1165 

1166 

1167 

1168 

1169 
1170 

col.  liq., 
1.611717-5 

1.9557^ 

4 

1.8(5.6); 
frz.  6-7 

221  (224) 

s. 

«  eth. 

1171 

col.  liq., 
1.608317-5 

1.9523— 

4 

-6.9 

219.5(217) 

s. 

s.  eth. 

1172 

col.  monocl.  f. 
al.,  1.57425 

2.261  —  ; 

4 

liq.  1.841" 

86.9 

218-19 

1025 

7125  eth.; 

90CS2;s. 
acet.,  Igr. 

1173 

pa.  yel.  liq. .  . 
wh.  cr 

135-812 

1173M 

75 
-17.5 

236.5 
180-3 

i. 
0.014525 

V.  s. 
s. 

s.  eth. 

1174 

col.  liq., 

1.3048^ 

s.  eth. 

1.551822 

1.288^ 

1175 

col.  liq., 

-24.8 

172 

0.012325 

s. 

s.  eth.,  bz. 

1.5457020-9 

4 

1176 

monocl.   If.   f. 

1.4581— 

53 

173.4 

0.007925 

si.  s.  c, 

v.  s.  eth.;  s.  bz., 

al.,  1.521048°-' 

4 

v.  s.  h. 

chl.,  CS2 

1177 

1178 

cr.  f.  pet.   eth. 
pr 

43-5 
12.4 

i. 

s. 

1179 

234-5 

s.  eth. 

1180 

leaf 

71-2 
<-20 

246 
184.0-4.5 

i. 

V.  s. 
s. 

v.  s.  eth.,  chl. 

1181 

col.  liq 

0.8662- 

4 

s.  eth. 

1182 

col.  liq., 
1.495520 

0.8602- 

4 

<-20 

181-2 

i. 

s. 

s.  eth. 

1183 

col.  liq., 
1.497814 

0.8675^; 
.865™ 

-35 

182-3 

i. 

s. 

s.  eth. 

1184 

4 

1185 

1186 

1187 

1188 

1189 

1190 

monocl.  pi.  or 
pr.  f.  Igr. 

27;  frz. 
23.4 

286-7 

v.  si.  s. 

s. 

v.  s.  eth. 

1191 

rhomb,   pi.   f. 
al.-eth. 

40;  frz. 
34.2 

284.8 

i. 

s. 

s.  eth.,  chl. 

1192 

rhomb.  If.  f.  al. 

129.4 

285,  subl. 

i. 

s. 

v.  s.  eth. 

1193 

cr.  f .  w 

47 

For  explanations  and  abbreviations  see  beginning  of  table. 

679 
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No. 


1194 
1195 

1196 

1197 
1198 
1199 
1200 


1201 


1202 

1203 

1204 
1205 

1206 

1207 
1208 
1209 

1210 

1211 

1212 

1213 

1214 
1215 

1216 

1217 

1218 

1219 

1220 

1221 

1222 
1223 

1223H 

1223K 

1223M 
1224 


Name 


Benzene,  1,2-dimethox 
1,3-dimethoxy-* . 


1 ,4-dimethoxy-  * 

1,2-dimethyl-*. 
1,3-dimethyl-*. 
1,4-dimethyl-*. 
1,2-dinitro-* 


1,3-dinitro- 


l,4-dinitro-: 


1,3-dlphenyl- 

1,4-diphenyl-. 
1,2-dipropoxy-* 

1,3-dipropoxy-*. . 

ethenoxy-*. 
ethoxy-*. 
l-ethoxy-2-meth 


ethyl-, 


l-ethyl-4-iso- 

butyl- 
l-ethyl-3-iso- 

propyl- 
l-ethyl-4-iso- 

propyl- 
ethylmethyl-. 
l-ethyl-2-nitro-  . 

l-ethyl-3-nitro-  . 

l-ethyl-4-nitro-  . 

l-ethyl-4-propyl- 

ethylsulf  ony  1-  *. 

ethynyl- 

fluoro-* 


p-fluorobromo-. 
l-fluoro-4-iodo-* 

1  -fluoro-2-nitro-  * 

l-fluoro-3-nitro-* 

l-fluoro-4-nitro-* 
hexabromo-*.  .  . . 


Synonyms 


y-*.  See  Veratrole. 
resorcinol  dimethyl  ether 

hydroquinone  dimethyl  ether , 

See  o-Xylene. 
See  m-Xylene. 
See  p-Xylene. 
o-dinitrobenzene 


i-dinitrobenzene, 


p-dinitrobenzene. 


wi-phenylbiphenyl ; 
m-terphenyl 
See  Ter phenyl. 
pyrocatechol  dipropyl  ethpr . 

resorcinol  dipropyl  ether .... 

See  Ether,  phenyl  vinyl. 
See  Phenetole. 
oxy-4-propenyl-.   See  Isoe 

phenylethane 


See  Toluene,  ethyl-. 


See  Sulfone,  ethyl  phenyl. 

phenylacetylene ;  acetylenyl- 
benzene 
phenyl  fluoride 


See  Benzene,  l-bromo-4-fluoro- 


perbromobenzene . 


Formula 


C6H4(OCH3)2.... 
C6H4(OCH3)2.... 

C6H4(N02)2 

C6H4(N02>> 

C6H4(N02)2 

(C6Hs)2C6H4 

C6H4(OCH2CH2- 
CH3)2 
C6H4(OCH2CH2- 
CH»)j 

uyenol,  ethyl  ether. 
C^HsCeHs 

Ci'HeCcEUCH;!- 

CH(CH3)2 
C2H5CeH4- 

CH(CH3)2 

C2H6CeH4- 

CH(CH3)2 

N02C6H4C2H5... 

N02C6H4C2H5... 

N02C6H4C2H6... 

C2HsC6H4(CH2)2- 
CH3 

CeHfiC-CH 

C6H5F 

FCeHJ 

FC6H4N02 

FC6H4N02 

FC6H4N02 

C6Br6 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

1194 

1195 

col.  liq 

1.0803- 

4 

-52 

216.5-217.7 

v.  si.  s. 

s. 

s.  eth. 

1196 

col.  leaf.  f.  w. 

1.053^ 

55 

56 

212.6: 
10920 

i. 

V.  s. 

v.  s.  eth.;  s.  bz. 

1197 

1198 

1199 

1200 

col.-yel. 

1.565- 

118(116-7) 

319775 

0.01  c, 

3.825 

27.118chl.; 

monocl.  pi. 

0.38100 

5.0*8    bz.;   s. 

f.  al. 

me.  al. 

1201 

col.-yelsh. 

1.571—; 

89.57 

302. 8770 

0.046915, 

2.6020 

6.715eth.; 

rhomb,  need. 

(291) 

0.32100 

34.7]8  bz.;  s. 

or  pi.  f.  al. 

1.5656- 

4 

tol.,  chl., 
ethyl  acet. 

1202 

col.-yel. 

1.625- 

173-4 

299777, 

0.18100 

0.420 

1.82,8chl.; 

monocl. 

4 

subl. 

2.318    bz.;   s. 

need.  f.  al. 

ac.  a. 

1203 

need.  f.  al 

86-7 

363 

i. 

s. 

s.  eth.,  ac.  a-* 
bz. 

1204 

1205 

117-20^ 

251; 

127-8'2 

1206 

liq.,  1.5138s8... 

1.  OSS- 
si 

1207 

1208 

1209 

1210 

col.  liq., 

0.8669- 

-93.9 

136.15 

0.01415 

QO 

»  eth. 

1.4982814-5 

(-92.8) 

(134-6) 

1211 

liq 

209-13 

s.  eth. 

1212 

liq 

<-20 

190-2 

s.  eth. 

1213 

liq 

0.8606- 

4 

<-20 

197-8 

s.  eth. 

1214 

1215 

col.  liq 

1.126^-^ 

-23 

223-4 

V.  s. 

v.  s.  eth. 

1216 

col.  liq 

1.135^ 

242-3 

v.  s. 

v.  s.  eth. 

1217 

col.  liq 

1.124^-5 

4 

-32 

241-2 

v.  s. 

v.  s.  eth. 

1218 

Hq 

0.867- 

4 

202-5765 

s.  eth. 

1219 

1220 

col.  liq., 
1.552412-5 

0.9295- 

4 

-40  to  -48 

(-56) 

143 

i. 

OO 

w  eth. 

1221 

col.  liq., 

1.464622-8 

1.024^ 

4 

-41.9 

84.85 

0.15430 

00 

00  eth. 

1222 

1223 

col.  liq 

-27.2; 
(-19.3) 

183.2 

s. 

s.  eth. 

1223  H 

yel.  liq., 
1.54886 

1.337517-2 

-6 

214.8 

s. 

s.  eth. 

1223  K 

yel.  liq., 
1.5362219 

1.325419 

3.6 

200.15 

s. 

s.  eth. 

1223M 

sld.,  1.53156... 

1.330 

27 

205.3 

s. 

s.  eth. 

1224 

monocl.  need, 
f.  bz. 

306 

1. 

i.  eth.;  si.  s.  bz; 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Benzene,  hexachloro-* 
,  hexaethyl- 


,  hexahydro-. 
,  hexahydroxy-. 
-,  hexaiodo-* 


hexamethyl- 


hexyloxy-. 
hydroxy-, 
iodo-* 


l-iodo-2-nitro-  * 
l-iodo-3-nitro-* 
l-iodo-4-nitro-* 

iodoso- 

iodoxy- 


isoallyl-. 
isoamoxy-. 
isoamyl-. . 


isobutoxy-. 
isobutyl- .  . 


isohexyl- .  .  . 
isopropenyl- 


isopropoxy-*. 
isopropyl-. 
isopropylmethyl- 
methoxy-*. 
1  -methoxy-4-pro 
methyl-, 
(a-methylbutyl)- 

3,4-methylenedio 
( 0-  methylpropox 
methylpropyl-. 
nitro-* 


nitroso-* 


•,  pentaamino-. 
-,  pentabromo-* 

-,  pentachloro-*. 

,  pentaethyl-* .  . 


Synonyms 


perchlorobenzene . 


See  Cyclohexane. 
benzenehexol. . . 
periodobenzene . 


See  Ether,  hexyl  phenyl. 

See  Phenol. 

phenyl  iodide 


See  Benzene,  propenyl-. 
See  Ether,  isoamyl  phenyl. 
3-methyl-l-phenylbutane.  .  . . 

See  Ether,  isobutyl  phenyl. 
2-methyl-l-phenylpropane.  .  . 

4-methyl-l-phenylpentane.  .  . 

2-phenyIpropene;  uns-methyl- 
phenylethylene 

See  Ether,  isopropyl  phenyl. 

See  Cumene. 
.    See  Cymene. 

See  Anisole. 
penyl-.    See  Anethole. 

See  Toluene. 

2-phenylpentane ;  sec-n-amyl- 
benzene 
xy-1 -propenyl-.  See  Isosaf 
y)-*.  See  Ether,  isobutyl  pheny 

See  Toluene,  propyl-. 


See  Benzenepent amine*. 


Formula 


CeCle.... 

Ce(C2H5)6 

C«(OH)6.. 
Cel6 

Ce(CH3)6. 

CeHsI .... 
N02C6H4I 
NOoCeHJ 
NO2C6HJ 
CeHsIO.. 
C6H5IO2.. 


C6Hs(CH2)2- 

CH(CH3)2 

CeHsCH?- 
CH(CH3)2 

C6H5(CH2)3- 

CH(CH3)2 
CH3C(C6H6):CH2. 


C6H6CH(CH3) 
CH2CH2CH3 

role. 
I. 

C6H6N02 

C6H6NO 

CeHBrg 

CeHCU 

(C2H5)5CeH. . . 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  or 
rhomb,  pr. 

col.  monocl. 
f.  al., 
1.480150-4 

need.  f.  HC1.. 
red-br.  need. 

f.  bz. 
col.  rhomb. 

pi.  f.  al., 

1.8012, 

1.745,  1.5032 

(587  m/x) 


col.  liq., 

1.6214518-5 
yel.  rhomb. 

need, 
col.  cr 


col.  need. . 
yel.  powd. 
need.  f.  w. 

col.  liq .  .  . 


col.  liq., 

1.495714-* 
Hq 


col.  liq 


Hq 


yel.  hq., 

1.55291 
col.  rhomb,  or 

monocl.  f. 

eth. 

need,  f .  al 

need,  f .  al 

col.  liq.,  1.516. 


Density 
g/ml 


1. 5692s6; 

2.0442s 

0.8311S0 


1.832- 

i.sioi-6 

4 


1.804 


1.8090-^ 


0.885- 


0.8673- 

4 

0.857 
0.91939- 


0.874- 


1.19867- 

4 


1.8342- 

4 

0.896 


Melting 
point,  °C 


227 (224-6) 
129 


d.  200 
350  d. 

166(159-62) 


-31.4 

19.4 

36 

171.5 

cxp.  abt. 
210 
exp.  236-7 


5.7 

68 

293 

86 

<-20 


Boiling 
point,  °C 


326 

298 


265 


188.6 

290 

280 

288.1 


194(198-9) 

171.4 
214-5 
160.5-1.5 


189.3 
(191-3) 


210.9 
5918 

subl. 

277 

277 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


si.  s. 


0.03430 


0.1928; 
0.880 
i. 


1.  c,  v. 
si.  s.  h. 
s. 


si.  s. 


0.16° 


s. 

°o  eth. ;  s.  chl. 

si.  s. 

si.  s.  eth. 

si.  s. 

si.  s.  eth. 

si.  s. 

si.  s.  eth. 

s. 
i. 

i.  c,  s.  h.  eth. 
s.  h.  chl. 
v.  s.  bz.,  chl. 

s.  h.  ac.  a. 

si.  s. 


v.  s.  c. 


si.  s. 
v.  si.  s. 


v.  si.  s.  eth.; 
h.  bz. 
v.  5.  eth.,  bz. 


si.  s.  eth.,  bz. 
i.  eth. 


v.  s.  bz. 


oo  eth. 

<=o  eth. 
s.  eth. 
s.  eth. 


s.  eth. 


v.    s.    eth.; 

bz.,  oils 
s.  eth.,  chl.; 

s.  lgr. 


si.  s.  eth.;s.  bz. 

v.   s.   eth.;   s. 
bz.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Benzene,  pentaiodo-*. 
,  pentamethyl-*  . . 


perbromo-. 

perchloro-. 

periodo-. 

phenoxy-*. 

phenyl-. 

pheny  ldithio- *. 

phenylsulfonyl-*. 

phenylthio-*. 

(2-propenoxy)-*. 

propenyl- 


propoxy-*. 
propyl-. . . 


1-propynyl-. 
1,2,3,5-tetra- 

bromo-* 
1,2,4,5-tetra- 

bromo-* 
1,2,3,4-tetra- 

chloro-* 
1,2,3,5-tetra- 

chloro-* 
1,2,4,5-tetra- 

chloro-* 
1,2,3,4-tetra- 

ethyl- 

1,2,4,5-tetra- 

ethyl- 
tetrahydro-. 
tetrahydroxy-. 
1,2,3,4-tetraiodo- 

1,2,3,5-tetraiodo- 

1,2,4,5-tetraiodo- 

1 ,2,3,4-tetrameth 
1,2,3,5-tetrameth 
1 ,2,4,5-tetrameth 
triamino-. 
triazo- 


1,2,3-tribromo-*. 

1,2,4-tribromo-*. 

1,3,5-tribromo-*. 
1,2,3-trichloro-* 

1,2,4-trichloro-* 

1,3,5-trichloro-* 
1,3,5-triethoxy-*. 


synonyms 


See  Benzene,  hexabromo-*. 
See  Benzene,  hexachloro-*. 
See  Benzene,  hexaiodo-*. 
See  Phenyl  ether. 
See  Biphenyl. 
See  Phenyl  disulfide. 
See  Phenyl  sulfone. 
See  Phenyl  sulfide. 
See  Ether,  allyl  phenyl. 
1-phenylpropene ;  1-propenyl- 
benzene;  iosallylbenzene 

See  Ether,  phenyl  propyl. 
1-phenylpropane 


See  Propyne,  1-phenyl- 


See  Cyclohexene. 
See  Benzeneteirol. 


yl-.   See  Prehnitene. 
yl-.    See  Isodurene. 
yl-.   See  Durene. 

See  Benzenetriamine. 

diazobenzene  imide;  phenyl 
azoimide 

I'-tribromobenzene 


as-tribromobenzene . 


sym-tribromobenzene . 
i>trichlorobenzene 


as-trichlorobenzene . 


si/m-trichlorobenzene 

phloroglucinol  triethyl  ether , 


Formula 


CeHIs 

(CH3)5C6H. 


CH3CH:CHC6H5. 

C6H5CH2CH2CH3 

CeH-iBri 

CeH^Bn 

C6H2CI4 

C6H2CU 

C6H2CI4 

(C^Hs^CeH* 

(C2H5)  4C6H2 

C6H2l4 

C6H2I4 

C6H2I4 

C6H5N3 

CeHsBrs 

CeH3Br3 

C6H3Br3 

C6H3CI3 

C6H3CI3 

C6H3CI3 

C6H3(OC2H5)3.... 


*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  al...  . 

col.  pr.  f.  dil. 
al., 
1.5048972-8 


col.  liq 


col.  liq., 
1.4954912-2:> 

need.  f.  al. . . . 

monocl.  pr.  f. 
CSs 
need 


need.  f.  al 

monocl.  need, 
f.  eth. 

liq.,  1.5083... 

col.  liq.  or  cr., 
1.5025 


pr.  f.  CSo 

pr.  f.  eth 

need.  f.  eth. . . . 


yel.  oil, 

1.5642122-5 
col.  monocl. 

pr.  f.  al. 
need.  f.  al. . 

need.  f.  al.. 
pi.  f.  al.... 


col.  rhomb. 

1.5671 
lng.  need .  . 
col.  cr 


Density 
g/ml 


liq. 
0.847107 


0.914- 
0.924^ 


0.862^-° 

4 


3.027- 


1.734^; 

4 

1.858^ 
0.887 

0.888- 

4 


1.07822-5 
2.658 


1.574; 


Melting 
point,  °C 


172 
53 


-101.6 

98.5 

178 

47.5 

51 

138 

13 

136 
148 
254 


87.4 

44 

119-21 
52 

17 

63 
43 


Boiling 
point,  °C 


subl. 
230 


175, 

(176-7) 


159 .  45 

(153-7) 


329 


254 
246 

246 

254 
250 

subl. 
subl. 
subl. 


5912;  exp. 


276 

278 
219 

213 

208.5 
17524 


Solubility  in  grams  per  100  ml  of 


Water 


0.00615 


si.  s.  c, 
s.  h. 
i. 


Alcohol 


v.  si. 


v.  si.  s. 
v.  si.  s. 
si.  s. 
v.  si.  s. 
si.  s.  h. 

si.  s. 
V.  s. 

v.  s. 
v.  si.  s. 
v.  si.  s. 


si.  s. 

si.  s.  h. 

si.  s. 

si.  s.  h. 
si.  s. 

si.  s. 

s. 
V.  s. 


Ether,  etc. 


v.  si.  s.  eth.;  s 
chl.,  h.  ac.  a. 


*  eth. 

s.  eth. 

v.  s.  eth.,  bz. 

v.  s.  eth. 

v.  s.  eth.,  CSo 

s.    eth.;   v.    s. 
CS2 
s.  eth.,  bz.,  CS2 

s.  eth. 
v.  s.  eth. 


v.    s.    eth.;    s. 

chl. 
v.  si.  s.  eth.; 

v.  s.  h.  ac.  a. 
v.  si.  s.  eth.; 

V.  s.  CS2 


si.  s.  eth. 

v.  s.  eth. 

s.  eth.,  CS2;  v. 
s.  bz. 
s.  eth.,  bz.,  chl. 
v.  s.  eth. 

v.  s.  eth. 

v.  s.  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

1302 

Benzene,  1,2,4-tri- 

as-triethylbenzene 

162.27 

ethyl- 

1303 

,  1,3,5-triethyl-.  .  . 

sym-triethylbenzene 

162.27 

1304 

,  1,3,5-trihydroxam 

ino-.   See  1,3,5-Cyclohexanetri 

one,  trioxime. 

1305 

,  1,2,3-trihydroxy-. 

See  Pyrogallol. 

1306 

,  1,2,4-trihydroxy-. 

See  1,2,-i-Benzenetriol. 

1307 

,  1,3,5-trihydroxy-. 

See  Phloroglucinol. 

1308 

,  1,2,3-triiodo-*.  .  . 

,  1,2,4-triiodo-*.  .  . 

r-triiodobenzene 

C6H3l3 

455.84 

1309 

as-triiodobenzene 

455.84 

1310 

,  1,3,5-triiodo-*.  . 

si/m-triiodobenzene 

455.84 

1311 

,  1,2,3-tri- 

methoxy-* 

pyrogallol  trimethyl  ether 

C6H3(OCH3)3 

168.19 

1312 

,  1,3,5-tri- 

methoxy-* 

phloroglucinol  trimethyl  ether 

C6H3(OCH3)3 

168.19 

1313 

,  1,2,4-trimeth- 

asaron 

CH3CH:CHC6H2- 

208.25 

oxy-5-propenyl- 

(OCH3)3 

1314 

,  1,2,3-trimethyl-. 

See  Hemimellitene. 

1315 

,  1,2,4-trimethyl-. 

See  Pseudocumene. 

1316 

,  1,3,5-trimethyl-. 

See  Mesitylene. 

1317 

,  1,2,3-trinitro-*  .  . 

ivtrinitrobenzene 

C6H3(N02)3 

213.11 

1318 

,  1,2,4-trinitro- *. . . 

as-trinitrobenzene 

C6H3(N02)3 

213.11 

1319 

,  1,3,5-trinitro-*. . . 

s^m-trinitrobenzene 

CeH3(N02)3 

213.11 

1320 

,  1,3,5-triphenyl-.. 

s^/m-triphenylbenzene 

(C6H6)3C6H3 

306.39 

1321 

,  vinyl-. 

See  Styrene. 

1322 

Benzenearsonic  acid,  p 

-amino-.  See  Arsanilic  acid. 

1323 

Benzene  azimide. 

See  1,2,3-Benzotriazole. 

1324 

Benzeneazoaniline. 

See  Azobenzene,  amino-. 

1325 

Benzeneazoethane .  .  .  . 

ethaneazobenzene;  ethyl- 
phenyldiimide 

C6H6N:NC2H5.... 

134.18 

1326 

Benzeneazomethane .  . 

methaneazobenzene ;  methyl- 
phenyldiimide 

C6H5N:NCH3 

120.15 

1327 

Benzeneazo-  /9-naphth 

ol,  p-nitro-.  See  2-Naphthol. 

l-p-phenylazo-. 

1328 

4-Benzeneazo-a-napht 

hylamine.    See  1-Naphthyla 

mine,  4-phenylazo-. 

1328H 

Benzeneboronic  acid. 

See  Boric  acid,  phenyl-. 

1328R 

Benzeneboronic  acid,  o 

and  m-chloro.  See  Boric  aci 

d,  o  (and  m)  -chlorop 

henyl-. 

1329 

Benzenecarbonal.  * 

See  Benzaldehyde. 

1330 

Benzenecarbonamide. 

See  Benzamide. 

1331 

Benzenecarbonamidin 

e.*   See  Benzamidine. 

1332 

Benzenecarbonitrile.  * 

See  Benzonitrile. 

1333 

Benzenecarbonyl  brom 

ide*,  etc.  See  Benzoyl  bromide, 

etc. 

1334 

Benzenecarbothioic  ac 

id*.    See  Benzoic  acid,  thio-. 

1335 

Benzenecarboxylic  acid 

*.    See  Benzoic  acid. 

1336 

1,2-Benzenediacetoni- 

o-xylylene  cyanide 

C6H4(CH2CN)2... 

156.18 

trile 

1337 

1 ,3-Benzenediacetoni- 

m-xylylene  cyanide 

C6H4(CH2CN)2... 

156.18 

trile 

1338 

1,4-Benzenediacetoni- 
trile 

p-xylylene  cyanide 

C6H4(CH2CN)2... 

156.18 

1339 

Benzenediamine. 

See  Phenylenediamine. 

1340 

Benzenediazoanilide. 

See  Diazoaminobenzene*. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

1302 

arom.  liq., 

0.8819- 

218 

i. 

s. 

s.  eth. 

1.4972 

4 

1303 

col.  liq., 
1.4939 

0.863- 

218 

i. 

V.  s. 

v.  s.  eth. 

4 

1304 

1305 

1306 
1307 
1308 

need.  f.  al 

116 

subl. 

V.  s. 

v.  s.  eth. 

1309 

need.  f.  al 

91  (84) 

subl. 

s. 

s.  eth.,  chl. 

1310 

need.  f.  ac.  a .  . 

1.0987U 

184  (180) 

subl. 

v.  si.  s. 

v.  si.  s.  eth.;  s. 
ac.  a. 

1311 

col.  rhomb. 

47 

241  (235) 

V.  s. 

v.  s.  eth.,  bz. 

need.  f.  dil. 

7  5 

al. 

1312 

col.  pr.  f.  al .  .  . 

54-5  (52) 

255.5 

i. 

v.  s. 

v.  s.  eth.,  bz. 

1313 

monocl.  need, 
f.  w., 
1.571911 

1.165 

67 

296,  subl. 
d. 

si.  s.  h. 

V.  s. 

v.  s.  eth.:  s.  dc. 
a.,  chl.,  CC14 

1314 

1315 

1316 

1317 
1318 
1319 

It.  grn.  pr.  f.  al. 

col.-yel.  cr 

col.-yel. 

127.5 

i. 

10  h. 

1  737 

61.0 

si.  s. 

5.4515 

7.1315eth. 

1.688^ 

61,  121 

d. 

0.04lfi 

1.916 

1.0717-5eth.; 

rhomb,  pi.  f. 

4 

v.  s.  bz. 

bz. 

1320 

rhomb,  tab. 
f.  eth.; 
1.524,   1.867, 
1.873 

1.206- 

4 

170 

si.  s. 

si.  s.  eth.;  s. 
bz. 

1321 

1322 

1323 

1324 

1325 

It.  yel.  oil, 
N«-»  1.53133 

0 .  962821- 9 

175-85  d. 

si.  s. 

V.  s. 

v.  s.  eth. 

1326 
1327 

a. 

yel.  oil 

150 

s. 

s.  eth. 

1328 

1328  H 

1328  R 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 
1337 

col.  cr.  f.  eth . 

59-60 

s. 

s.  eth. 

cr 

28-9 
98 

305-10300 
si.  d. 

i. 

si.  s.  h. 

s. 
s. 

s.  eth.,  chl. 

1338 

lng.  pr.  f.  eth. 
or  need.  f.  w. 

s.  eth.,  chl. 

1339 

1340 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

1341 

Benzenediazonium 
chloride* 

diazobenzene  chloride 

C6H5NCN)C1  .... 

140.57 

1342 

Benzenediazonium 
cyanide* 

diazobenzene  cyanide 

C6H5N(jN)CN  ... 

131.13 

1343 

Benzenediazonium 
nitrate* 

diazobenzene  nitrate 

C6H6N(:N)N03  .. 

167.12 

1344 

Benzenediazonium 
tribromide* 

diazobenzene  perbromide.  .  .  . 

C6H5N(:N)Br3  ... 

344.86 

1345 

Benzenedicarbinol. 

See  Xylylene  glycol. 

1346 

1,2-Benzenedicarbonal 

*.    See  Phthalaldehyde. 

1347 

1 ,3-Benzenedicarbonal 

*.    See  I  sophthalaldehyde. 

1348 

1 ,4-Benzenedicarbonal 

*.    See  Terephthalaldehyde. 

1349 

1 ,3-Benzenedicarbonit 

rile*.    See  Isophthalonitrile. 

1350 

1 ,4-Benzenedicarbonit 

rile*.    See  Terephthalonitrile. 

1351 

1,2-Benzenedicarbonyl 

chloride*.  See  Phthalyl  chlo 

ride. 

1352 

1 ,3-Benzenedicarbony  1 

chloride*.  See  Isophthalyl  ch 

loride. 

1353 

1 ,4-Benzenedicarbonyl 

chloride*.  See  Terephthalyl  c 

hloride. 

1354 

1 ,2-Benzenedicarboxyl 

ic  acid*.   See  Phthalic  acid. 

1355 

1,3-Benzenedicarboxyl 

ic  acid*.  See  7 sophthalic  acid. 

1356 

1,4-Benzenedicarboxy! 

ic  acid*.  See  Terephthalic  aci 

d. 

1357 

1 ,2-Benzenediol*. 

See  Pyrocatechol. 

1358 

1 ,3-Benzenediol*. 

See  Resorcinol. 

1359 

1 ,4-Benzenediol*. 

See  Hydroquinone. 

1360 

1 ,3-Benzenedithiol*. 

See  Resorcinol,  dithio-. 

1361 

1,4-Benzenedithiol*. 

See  Hydroquinone,  dithio- 

1362 

Benzenehexacarboxylic 

acid*.   See  Mellitic  acid. 

1363 

Benzenehexol*. 

See  Benzene,  hexahydroxy-. 

1364 

Benzeneindone. 

See  Aposafranone. 

1365 

Benzenepentacarbo- 

C6H(COOH)6 

298.16 

xylic  acid* 

1366 

Benzenepentamine*  .  . 

pentaaminobenzene 

C6H(NH2)5 

153.19 

1367 

Benzenepropionic  acid 

.    See  Hydrocinnamic  acid. 

1368 

Benzenesiliconic  acid 

silicobenzoic  acid 

C6H6SiOOH 

138.17 

1369 

Benzenesulfanilide. 

See  Benzenesulf  onanilide. 

1370 

Benzene  sulfide. 

See  Phenyl  sulfide. 

1371 

Benzenesulfinic  acid*  . 

ChHsSOoH 

142.17 

1372 

Benzenesulf  onamide .  . 

benzenesulf  onic  amide 

C6H5SO2NH2 

157.18 

1372M 

Benzenesulf  onamide, 

p-amino-.  See  Sulfanilamid 

e. 

1372T 

Benzenesulf  onamide, 

p-amino-iV-2-pyridyl-.  S 

ee.  Sulfa  pyridin  e. 

1373 

Benzenesulf  onanilide 

benzenesulfanilide 

CeHsSCfcNHCeHs. . 

233.28 

1374 

Benzene  sulfone. 

See  Phenyl  sulfone. 

1375 

Benzenesulfone   chlori 

de.  See  Benzenesulfonyl  chlorid 

e* 

1376 

Benzenesulf  onic  acid*. 

CeH&SOsH 

158.17 

1377 

,  sodium  salt 

CeHsSOsNa 

180.16 

1378 

,  o-amino-. 

See  Orthanilic  acid. 

1379 

,  m-amino-. 

See  Metanilic  acid. 

1380 

,  p-amino-. 

See  Sulfanilic  acid. 

1381 

,  p-(4-amino-l- 

naphthylazo)  - 

S03HC6H4N:NCio- 

327.35 

H6NH2 

1382 
1383 
1384 
1385 

,  o-bromo- 

BrCGH4S03H 

BrC6H4S03H 

ClCcfiVSOaH 

It.   See  Methvl  oranq 

237.08 

237.08 

192.62 

,  p-(p-dimethylam 

inophenylazo)  - ,  sodium  sa 

e. 

1386 

,  o-formyl- 

o-benzaldehvdesuifonic  acid.  . 

C6H4(CHO)S03H.. 

186.18 

1387 

,  methyl-. 

See  Toluenesulfonic  acid. 

1388 

,  o-nitro- 

N02C6H4S03H. . . 

203.17 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

1341 

col.  need 

d. 

exp. 

v.  s. 

s. 

i.     eth.,     bz., 
lgr. ;  s.  acet. 

1342 

yel.  pr 

col.  need 

1.37** 

69 

exp.  at  90 

si.  s. 

V.  s. 

s. 

1343 

i.  eth.,  chl.,  bz. 

1344 

or.  yel.  tab.  f. 

4 

63.5  d. 

i. 

si.  s. 

i.  eth. 

al. 

1345 

1346 

1347 

1348 

1349 

1350 

1351 

1352 

1353 

1354 

1355 

1356 

1357 

1358 

1359 

1360 

1361 

1362 

1363 

1364 

1365 

rhomb 

238;-f5HoO 

s. 

s. 

si.   s.   eth.;   i. 

d.  238 

bz. 

1366 

need 

v.  s. 

i. 

i.  eth. 

1367 

1368 

glassy  f.  eth. . . 

92 

i. 

v.   s.   eth.;   s. 

1369 

KOH 

1370 

1371 

pr.  f.  w 

84 

100  d. 

si.  s. 

v.  s. 

v.  s.  eth. 

1372 

monocl.  need. 

156 

0.4316 

v.  s.  h. 

v.  s.  eth. 

f.  w.  or  pi.  f. 

al. 

1372M 

1372  T 

1373 

tetr.  pr., 
1.600,  1.649 

110 

4.316 

v.  s. 

v.  s.  eth. 

1374 

1375 

1376 

col.  leaf,  or 
need. 

+  1.5H20 
43-4;  anh. 
50-1 

d. 

v.  s. 

V.  s. 

i.  eth.;  si.  s.  bz. 

1377 
1378 

need,  f .  w 

450  d. 

47 

si.  s.  h. 

1379 

1380 

1381 

vlt.  need 

i. 

v.  si.  s. 

1382 
1383 
1384 

deliq.  need 

deliq.  need. . . . 
deliq.  need 

v.  s. 

s. 

i02-3 

i5525 

s. 

s. 

68 

147-825 

s. 

s. 

i.  eth.,  bz. 

1385 

1386 

114 

s. 

1387 

1388 

leaf 

70 

d. 

V.  s. 

s. 

i.  eth.;  s.  alk. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1389 
1390 

1391 

Benzenesulfonic   amid 
Benzenesulf  onyl  chlo- 
ride* 

,  p-bromo- 

1,2,3,4-Benzenetetraca 

1,2,3,5-Benzenetetraca 

1,2,4,5-Benzenetetraca 

1,2,3,5-Benzenetetrol* 

1,2,4,5-Benzenetetrol* 

Benzenethiol*. 
1,2,3-Benzenetri- 

amine* 
1 ,2,4-Benzenetri- 

amine* 

1 ,2,3-Benzenetricarbox 
1 ,2,4-Benzenetricarbox 
1 ,3,5-Benzenetricarbox 
1,2,3-Benzenetriol*. 
1,2,4-Benzenetriol*. . .  . 

1 ,3,5-Benzenetriol*. 
1 ,3,5-Benzenetrisul- 
fonic  acid* 
Benzenyl  amidine. 
Benzenyl  aminoxime. 
Benzenylphenyleneam 
Benzhydrol. 
Benzidine 

e.   See  Benzenesulfonamide*. 

benzenesulfonic  chloride; 

benzenesulfone  chloride 

CoHsSOoCl 

BrC6H4S02Cl 

hanic  acid, 
tic  acid 
llitic  acid. 

C6H2(OH)4 

C6H2(OH)4 

C6H3(NH2)3 

CcH3(NH2)3 

arid. 
id. 

C6H3(OH)3 

C6H3(S03H)3 

henyl-. 
NH2C6H4C6H4NH0 

(NH2)2C6H3C6H4- 
NH2 
(CH3CONHC6H4)2 

[C6H4NHC6H5]2... 

NH2C6H4C6H3- 
(OC2H5)NH2 

(NH2)2C12H6- 
(S03H)2 

(NH2C6H3)2S02  . . . 

CeHsCOCOCeHs.. 

(C6H5C:NOH)2... 
1 

(C6H6C:NOH)2... 
1 

(C6H6C:NOH)2... 
1 

176.62 
255  53 

1392 
1393 
1394 
1395 
1396 

rboxylic  acid*.    See  Mellop 

rboxylic  acid*.   See  Prehni 

rboxylic  acid*.  See  Pyrome 

1,2,3, 5-tetrahydroxybenzene. . 

142.11 
142.11 

1397 
1398 

See  Phenol,  thio-. 
ric-triamiiiobenzene 

123.16 

1399 

1400 
1401 
1402 
1403 
1404 

1405 
1406 

as?/w-triaminobenzene 

ylic  acid*.  See  Hemimellitic 
ylic  acid*.  See  Trimellitic  ac 
ylic  acid*.  See  Trimesic  acia 

See  Pyrogallol. 

hydroxyquinol;  hydroxyhy- 
droquinone 

See  Phloroglucinol. 

123.16 

126.11 

318.29 

1407 
1408 
1409 
1410 
1411 

See  Benzamidine. 
See  Benzamide  oxime. 
idine.   See  Benzimidazole,  2-y 
See  Benzohydrol. 
p,p'-bianiline;  4,4'-diami- 
nobiphenyl 

o-amino-p,p'-diaminobi  - 
phenyl 
p  p'-biacetanilide 

184.23 

1412 
1413 

,  2-amino- 

,  iV,iV'-diacetyl-.  .  . 

,  3,3' -dimethyl-. 

,  N,iV-diphenyl-.  . 

,  3-ethoxy- 

2,2'  -Benzidinedisul- 
f  onic  acid 

(NH2=1) 
Benzidine  sulfone 

Benzil 

199  25 

268.31 

1415 
1416 

See  o-Tolidine. 

336.42 

1417 
1418 
1419 
1420 

4,4'-diamino-3-ethoxybi- 
phenyl 

4,4'-diamino-2,2'-biphenyl- 
disulfonic  acid 

dibenzothiophene-2,7-dia- 
mine  9-dioxide;  2,7-diami- 
nobiphenylene  sulfone 

diphenylglyoxal;  bibenzoyl; 
dibenzoyl ;  diphenyl  diketone 

228.29 
344.35 
246.28 
210.22 

1421 

,  tt-dioxime 

,  /3-dioxime . . 

240.25 

1422 

240.25 

1423 

-y-dioxime 

240.25 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS   (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


rhomb,  cr.  or 
col.  oily  liq. 

tricl.  or 
monocl.  f. 
eth. 


need.  f.  w. .  . 
leaf.  f.  ac.  a. 


cr 

leaf.  f.  chl. 


col.  monocl. 
leaf.  f.  w.  or 
eth. 

deliq.  cr. 
+  3H20 


wh.    or   sltly. 

redsh.  cr. 

powd.or  leaf. 

f.  H20 
need 


need.  f.  ac.  a 
leaf.  f.  tol. . . 


glit.  flat  need, 
f.  w. 

monocl.  pr. 
f.  w. 

yel.  pi 


yel.  rhomb. 

need.  f.  al. 

leaf 


need. 
(+C2H60) 
f.  al 

need.  (+al.) 
f.  al. 


Density 
g/ml 


37823 


1.250^ 

4 


1.521 


Melting 
point,  °C 


14.5; 
frz.  0 
75 


165 
220 


10:} 
100 


140.5 


d.  >100 


116.5-117, 
120.5-121, 
125,  129 

134 

331  (314-6) 

242 

134  (139) 

d.  >175 

327-8 
(>350) 

95 

237  d. 

206-7  d. 


-al.  100; 
164-5 


Boiling 
point,  °C 


246-7d. 
15315 


336 

340 


401.7 


subl.  d. 


346-8  d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol 


v.  s. 

v.  s. 


V.  s. 
V.  s. 


0.0412, 
0.94100 


v.  si.  s. 
0.079122 


i. 
i. 

si.  s.  h. 


V.  s. 

d. 


v.  s. 
V.  s. 


V.  s. 
V.  s. 


v.  si.  s. 
si.  s. 
v.  s.  h. 

v.  si.  s. 


V.  s. 
0.0517 

15.2617 

>15.317 


Ether,  etc. 


s.  eth. 
v.  s.  eth. 


i.  chl.,  bz. 
v.  s.  eth.;  si.  s. 
HCl 

v.  s.  eth. 

v.  si.  s.  eth.;  s. 
chl. 


v.  s.  eth.;  si. 
bz. 


2.2  eth. 


v.  si.  s.  eth. 

s.  h.  tol.;  si. 

bz.,  acet. 

v.  si.  s.  eth. 


v.  si.  s.  eth. 


i.  eth.,  h.  bz. 


v.  s.  eth. 

v.  si.  s.  eth.,  ac. 

a.;    s.    cone. 

NaOH 
s.  eth.,  ac.  a., 

NH3,  cone. 

NaOH 
s.  cone,  alk.;  i. 

Igr. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  Oi> 


No. 

Name 

Synonyms 

Formula 

MoL 

Wt. 

1424 

Benzil,  a-mono-oxime .  . 

C6H5COC(:NOH)- 
CeHs 

CgH5COC(:NOH)- 
CeHs 

(CeH^CiNNHCeHfc)- 

(CgHoC:NNHC6H6)o 

I 

(C6H5)2COHCOOH 
C6H4NHCH:N.... 

225.24 

1425 

,  /3-mono-oxime 

,  syn  (or  a)-osazone 

,  anti  (or  /S)-osazone 

Benzilam. 

Benzilic  acid 

225.24 

1426 
1427 

1428 
1429 

benzil  .si/;i-bisphenylhydra- 
zone 
benzil  bisphenylhydrazone . .  . 

See  Oxazole,  triphenyU. 
diphenylglycolic  acid 

benzoglyoxaline 

390.47 
390.47 

228.24 

1430 

Benzimidazole 

,  2-phenyl- 

2(3)  -Benzimidazolone . 
Benzocaine 

118.13 

2-phenylbenzoglyoxaline ; 
benzenylphenyleneamidine 
phenyleneurea 

1431 
1432 

C6H4NHC(C6H5):N 

I                                     : 

C6H4NHCONH... 

1                       1 

194.23 
134.13 

ethyl  p-aminobenzoate ; 
anaesthesin 

See  Quinazoline. 

See  Quinoxaline. 

See  Toluene,  a-chloro-a,  ot-dijl 
de.  See  Toluene,  a,  a-dichloro- 

coumarone;  benzfuran. 
c  acid.   See  Coumarilic  acid. 

See  Benzimidazole. 

See  Benzoic  acid,  hydrazide. 

diphenylcarbinol ;  benzhydrol 

p-aminodiphenylcarbinol 

Michler's  hydrol;  tetra- 
methyl-4,4'-diaminoben- 
zohydrol 
lie  acid.   See  Benzoic  acid,  p- 
See  Benzohydryl  ether. 

1433 

NH2C6H4COOC2- 

H5 

uoro-. 
a-jluoro-. 
C6H4OCH:CH.... 

i                 1 

165.19 

1434 

1435 

1436 

1436M 

1437 

1 ,3-Benzodiazine. 
1 , 4-  Benzod  iazine. 
Benzodifluorochlorid  e . 
Benzofluoride    dichlori 
Benzof  uran 

118.13 

1438 
1439 
1440 
1441 

2-Benzofurancarboxyli 
Benzoglyoxaline. 
Benzohydrazide. 
Benzohydrol 

(C6H6)2CHOH.... 

C6H6CHOHC6H4- 
NH2 

HOCH[C6H4N- 
(CH3)2]2 

<  a-hydroxybenzyl)  - . 

C6H6C(:NOH)OH 

(C6H6)2CHNH2... 

[(C6H5)2CH]20     .. 

C6H5COOH 

CeHsCOOCsH*. . . . 
C6H5COOCH2C6H6 

CCH5COOC4E9.... 
C6H5COOC2H5. . . . 

184.23 

U42 

1443 

1444 
1445 
1446 

,  p-amino- 

,  p,p'-bisdimeth- 

ylamino- 

p-Benzohydrolcarboxy 
Benzohydrol  ether. 
Benzohydroxamic  acid 

Benzohydrylamine. .  .  . 

Benzohydryl  ether.  .  .  . 

Benzoic  acid 

,  allyl  ester .  . . 

199.24 
270.36 

137.13 

1447 
1448 

a-aminodiphenylmethane. . . . 
benzohydrol  ether 

183.24 
350.44 

1449 
1450 

benzenecarboxylic  acid*; 
phenylformic  acid 

allyl  benzoate 

122.12 
162.18 

1451 
1452 

,  anhydride. 

,  benzyl  ester 

See  Benzoic  anhydride. 
benzyl  benzoate ;  benzyl  ben- 
zenecarboxylate 

butyl  benzoate;  butyl  ben- 
zenecar  boxy  late* 
ethyl  benzoate;  ethyl  ben- 
zenecarboxylate* 

See  Glycol,  dibenzoate. 

212.24 

1453 

,  butyl  ester 

178.22 

1454 

,  ethyl  ester 

150.17 

1455 

,  ethylene  ester. 
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ORGANIC  COMPOUNDS  (Continued; 


Crystalline 

form,  color 

and  index  of 

refraction 


lust.  pi.  f.  al. 
need,  f .  bz . . 


yel.  need, 
need 


monocl.  need, 
f.  w. 
rhomb,  pi.  f.  al. 

tab.  f.  ac.  a.; 
need.  f.  w. 
plates 


col.  pr.f.al.or 
rhomb,  f.  eth. 


liq.,  1.5645022- 


silky  need.  f. 

Igr. 
need.  f.  bz.  or 

h.  w. 


col.  tricl.  pr.  f. 
bz. 


rhomb,  lvs . . . . 

hex.  pk  or  liq., 

1.596322 
monocl.  f .  bz . . 

col.  monocl. 
leaf,  or  need., 
1.539741* 


yel.  liq 


col.  oily  liq.,  or 
need,  or  leaf., 
1.568121 

thick  col.  oil.. . 

col.  liq., 
1.50682i7-3 


Density 
g/ml 


1.0776- 


1.0635; 


1.2659- 


1.058- 

15 

1.1 14» 


1.000^ 

4 

1.0509^ 
1.047^ 


Melting 
point,  °C 


137-8 

113-4 

208 
225 

150 

170 

280  (291) 

305 

91-2 

(88-90) 

<-18 

68-69 
121 

96 

131-132 
34 

109-11 
122 

21  (18.5) 

-22.4 
-34.6 


Boiling 
point,  °C 


d.  200 


d.  180 

>3G0 


174  (169) 


298.5 


exp. 

288  (301™) 
315™  d. 
249 


230 

323-4 
(316-7) 

250.3 

212.6 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
si.  s. 


v.  s.  h. 
s. 

si.  s. 
si.  s. 
0.04 


0.05  c. 


2.256 
si.  s. 


0.18S 

0.2718, 

2.27* 

i. 

i. 


l. 

0.0820 


Alcohol 


si.  s.  c. 

si.  s. 


v.  s. 

s. 
20 


v.  s. 
V.  s. 


si.  s. 
47.  I1* 


Ether,  etc. 


v.    s.    eth.;    s. 

chl.,  ac.  a.;  si. 

s.  c.  bz.,  Igr. 
v.    s.    eth.;   » 

most  org. 

solv.;  i.  Igr. 
s.    eth.;    1.7" 

acet. 
sl.s.  eth.;2.419 

acet.;  v.  s.  h. 

chl.,  bz. 

v.    s.    eth.;   s. 
H2SO4 
s.  eth.,  a.,  all* 

si.  s.  bz.,  chl 

si.  s.  bz.;  i.  dil 

a. 
14.3    eth.;    s. 

chl. 


s.  eth.;  i.  alk. 


v.  s.  eth.;s.  ac. 

a.,  chl.,  CCU 
si.  s.  eth.,  pet. 

eth.,    Igr.;    s. 

me.  al.,  acet., 

glac.  ac.  a. 
s.  eth.,  bz. 


si.  s.  eth.;i.  bz. 


si.  s.  eth.;s.  bz. 

401*  eth.;  s. 

chl.,  CCh, 

acet.,  me.  al., 

bz.,  CS2 
00  eth. 

s.  eth.,  chl.;  i. 
glyc. 

00  eth. 

00  eth. ;  s.  chl.% 
pet.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

693 


PHYSICAL  CONSTANTS  OF 


Name 


Benzoic  acid,  hydrazide, 

,  isoamyl  ester 

,  isobutyl  ester 

,  isopropyl  ester 

,  methylene  diester .  .  . . 


-,  methyl  ester. 


,  phenyl  ester .... 

,  phenylhydrazide . 


,  propyl  ester 

,  o-acetamido-. 

,  m-acetamido- 

,  p-acetamido- 


-,  o-acetoxy-. 
-,  o-acetyl-.  . 


p-acetyl- 


o-amino-. 

m-amino- 


p-amino- 


, •,  butyl  ester. 

— — ,  ,  0-diethylaminoet 

■, ,  ethyl  ester. 

, ,  methyl  ester 

,  3-amino-2-nitro- 


-,  3-amino-4-nitro- 

-,  3-amino-5-nitro- 

-,  4-amino-2-nitro- 

-,  4-amino-3-nitro- 

-,  5-amino-2-nitro- 

-,  o-anilino-. 
,  azodi-. 
-,  azoxydi-. 
-,  o-benzamido-. 
,  m-benzamido-  .  . 

-,  p-benzamido- .  .  . 

-,  o-benzohydryl- .  • 


Synonyms 


benz (o) hydrazide ;  benzoyl- 
hydrazine 
3-methyl-l-butanol  benzoate 

isobutyl  benzoate;  jg-methyl- 
propyl  benzeuecarboxylate* 


methylene  dibenzoate;  meth- 
ylene benzoate ;  methanediol 
dibenzoate 

methyl  benzoate;  niobe  oil.. . 


phenyl  benzoate 

l-benzoyl-2-phenylhydrazine 


n-propyl  benzoate 

See  Anthranilic  acid,  N -acetyl- 


See  Aspirin. 

o-acet  ophenonecarboxylic 
acid 


See  Anthranilic  acid. 


See  Butesin. 
hvl  ester,  hydrochloride.  See  P 
See  Benzocaine. 


3-amino-6-nitrobenzoic  acid .  . 

See  Anthranilic  acid,  N -phenyl 

See  Azobenzoic  acid. 

See  Azoxybenzoic  acid. 

See  Anthranilic  acid,  N-benzoy 

m-benzoylaminobenzoic  acid 

p-benzoylaminobenzoic  acid. . 

triphenylmethane-o-carboxyl- 
ic  acid 


Formula 


C6H5CONHNH2. 
CeHsCOOCaHn.. 

C6H6COOCH2- 

CH(CH3)2 
C6H5COOCH- 

(CH3)2 
(C6H5COO)2CH2. 

CeHsCOOCHs... 


CeHsCOOCeHs... 
C6H5CONHNHC6 
CoHfiCOOCaHy... 

CH3CONHC6H4- 

COOH 
CH3CONHC6H4- 

COOH 

CH3COC6H4- 
COOH 
CH3COC6H4COOH 


NH2C6H4COOH. 
NH2C6H4COOH. 

•ocaine  hydrochloride 

NH0C6H4COOCH3 
NH2(N02)C6H3- 

COOH 
NH2(N02)C6H3- 

COOH 
NH2rN02)C6H3- 

COOH 
NH2(N02)C6H3- 

COOH 
NH2(N02)C6H3- 

COOH 
NH2(N02)C6H3- 

COOH 


1-. 
C6H5CONHC6H4- 

COOH 
C6H5CONHC6H4- 

COOH 
(CeHs^CHCeEU- 

COOH 
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ORGANIC  COMPOUNDS   (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


pi.  f.  w 

col.  liq . 
col.  liq . 
col.  liq . 
need .  . 


col.  liq., 
1.518101C 


col.  monocl. 
col.  pi.  f.  al 
col.  liq ...  . 
need.  f.  al. 
need 


cr.  f.  w 

need.  f.  h.  w. 

yel.  need 


yelsh.-red 
monocl. 


col.  leaf, 

yel.  need.  1.  w. 

red  leaf.  f.  al 

yel.  pr.  f .  w .  .  . 

red  need.  f.  w . 

red-yel.  need, 
f.  al. 
yel.  need,  or  pr. 


red.  pr.  f.  al.. . 
sm.  need.  f.  al. 
need,  f .  al 


Density 
g/ml 


992519 
002- 

4 

0162- 


0937  —  : 

4 


235^ 


4 


51 


1.5105- 


Melting 
point,  °C 


.2.5 


97.8 
-12.5 

70 

108 

-51.6 

249-50 

250-2 

114-15 
200 

174(179.5) 
187 


112 
156-7 

298  d. 

208 

239.5  d. 

284 

235  d. 


248  (174) 

278 

161-2 


Boiling 
point,  °C 


267  d. 
262 
237 
218.5 


199.6 


314 


231.2 
subl. 


subl. 
subl. 


195  d. 


subl. 


subl. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


l. 
i. 
i. 
si.  s. 

0.0157™ 

v.  si.  s. 
si.  s.  h. 
v.  si.  s. 
v.  si.  s. 
si.  s. 

s.  h. 

si.  s. 

0.5915 
0.349-e 


v.  s.  h. 

si.  s. 
si.  s. 
s.  h. 
i. 
si.  s.  h. 


si.  s. 
si.  s. 
i. 


s.  h. 

00 

si.  s.  h. 

s. 

si.  s. 

2.210 
11. 39-6 


V.  s. 
s. 

v.  s.  h. 
V.  s. 
si.  s.  h. 
s.  h. 


si.  s.  eth.,  chl 
hi. 

co  eth. 

*  eth. 
s.  eth. 
s.  eth. 

*  eth. 

s.  eth. 
si.  s.  eth. 
co  eth. 
si.  s.  eth. 
si.  s.  eth. 


si.    s.    eth.;    i. 
Igr. 

1.815-6  eth. 
8.215-*eth. 


v.  s.  eth. 
s.  eth. 
s.  ac.  a. 


si.  s.  eth. 


s.  eth. 

s.  eth.,  ac.  a. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1491 

1492 

1493 

1494 
1495 

1496 

1497 

1498 

1499 

1500 

1501 

1502 

1503 

1504 

1505 

1506 

1507 
1508 
1509 
1510 

1511 


1512 
1513 
1514 
1515 

1516 
1517 
1518 

1519 
1520 
1521 

1522 

1523 

1524 
1525 
1526 
1527 


Name 


Benzoic  acid,  o-ben- 
zoyl- 


oxy) 


m-benzoyl- 
p-benzoyl-. 


benzoylamino-. 
o-benzyl- 


zn  -benzyl-, 
p-benzyl-. 
o-bromo-. , 
m-bromo-. 
p-bromo-. 


p,p'  -carbonyldi- 
o-  (carboxy  meth  - 

o-chloro- 

m-chloro- 

p-chloro- 


p-cyano- 


2,3-diamino- 
2,4-diamino- 
2,5-diamino- 
3,4-diamino- 

3,5-diamino- 


2,3-dibromo- . 
2,4-dibromo- . 
2,5-dibromo- . 
2,6-dibromo- . 

3,4-dibromo- . 
2,3-dichloro- . 
2,4-dichloro- . 

2,5-dichloro- . 
2,6-dichloro- . 
3,4-dichloro-. 

3,5-dichloro- . 

2,3-dihydroxy- 

2,4-dihydroxy- 
2,5-dihydroxy- 
2,6-dihydroxy- 
3,4-dihydroxy- 


S>  nonyms 


benzophenone-o-carboxylic 
acid 

benzophenone-m-carboxylic 

acid 
benzophenone-p-carboxylic 

acid 

See  Benzoic  acid,  benzamido-. 
diphenyliuethane-o-carboxyl- 

ic  acid 


p.p'-benzophenonedicarbo- 

xylic  acid 
salicylic-O-acetic   acid ; 

salicylacetic  acid 


terephthalic  mononitrile 


o-pyrocatechuic  acid;  pyro- 
catechol-o-acid 
See  0-Resorcylic  acid. 
See  Gentisic  acid. 
See  y-Resorcylic  acid. 
See  Protocatechuic  acid. 


Formula 


CcHoCOC6H4- 
COOH 

C6H5COC6H4- 

COOH 
C6H5COC6H4- 

COOH 

CeHsCH^CeH-i- 

COOH 
C6H5CH2C6H4- 

COOH 
C6H5CH2C6H4- 

COOH 
BrC6H4COOH. 

BrC6H4COOH. 

BrC6H4COOH. 


CO(C6H4COOH)2 

HOOCCH2OC6H4- 
COOH 
CIC6H4COOH 


ClC6H4COOH 

C1C6H4C00H 

CNC6H4COOH.... 

C6H3(NH2)2COOH 
C6H3(NH2)2COOH 
C6H3(NH2)2COOH 
C6H3(NH2)2COOH 

C6H3(NH2)2COOH 


C6H3Br2COOH.. 
C6H3Br2COOH.. 
C6H3Br2COOH.. 
C6H3Br2COOH.. 

C6H3Br2COOH. . 
ClaCeHsCOOH. . 
Cl2C6H3COOH. . 


Cl2C6H3COOH. . 
Cl2C6H3COOH. . 
CbCeHsCOOH. . 

Cl2C6H3COOH. . . 

(HO)2C6H3COOH 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


tricl.  need. 

(+lH20)f. 

h.  w. 
need.  f.  dil.  al. 

monocl.  leaf, 
f.  w. 

need.  f.  dil.  al 

need,  or  leaf. 

f.  dil.  al. 
need.  f.  w.  or 

leaf.  f.  dil.  al. 
col.  monocl. 

need.  f.  w. 
col.  monocl. 

need, 
col.  monocl. 

need,  or  leaf. 

f.  w. 
gel 

need,  f .  w 

col.  monocl . . 

col.  pr. 

col.  tricl 

leaf,  f .  w 


Ing.  need, 
cr , 


sm.  pr.. 
leaf 


need. 

(+1H20) 

f.  w. 

need.  f.  w 

leaf,  f .  w 

need,  f .  w.  or  al 
need,  f .  w 

need,  f .  w 

need 

need.  f.  w. 

or  bz. 

col.  need,  f .  w . 
col.  need,  f .  al . 
col.  need.  f. 

w.,  al.  or  bz. 
need.  f.  al 

col.  need.  f.  w . 


Density 
g/ml 


1.929- 
1.845- 


1.894 


1.544^-° 

4 

1.496" 
1.641^ 

4 


Melting 
point,  °C 


+H20,  93 
anh. 127 

161-2 

194 

114 

107-8 

157-8 

147-50 

155 

251-3 

subl.  <360 

190 

142 

158  (154-5) 

243  (235) 

213-1(219) 

190-1 
ca.  140 

2i6-i'd." 

(-H20, 

110)  anh. 

228-36 
149-50 
172-3 
153 
146.5 

(151-2) 
232-3 
164  (160) 
164 

(160,  158) 
154.4 
139  (132) 
208-9 

(201-2) 
182-3 

anh.  204 


Boiling 
point,  °C 


subl. 
subl. 

subl. 
subl. 
subl. 
subl. 
280 


subl. 
subl. 
subl. 


d. 


subl. 

209-io1'6' 

subl. 


subl. 

301 

subl. 

subl. 

subl. 

d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


s.  h. 

si.  s. 
si.  s. 

si.  s. 
v.  si.  s. 
si.  s. 
0.1825 
0.0425 
0.005625 

i. 

s. 

0.2125 

0.04° 

0.007725 

v.  si.  s. 

c,  s.  h. 
si.  s. 
s.  h. 
v.  si.  s. 
si.  s.  c, 

s.  h. 

II8 


si.  s.  h. 
si.  s.  h. 
0.084" 
s.  h. 

si.  s.  h. 
si.  s.  h. 
s.  h. 

0.08411 
i. 
si.  s. 

si.  s.  c. 


si.  s. 
s. 

v.  s. 
s. 

V.  s. 
V.  s. 
V.  V. 

s. 
v.  si. 

V.  s. 


v.  s.  eth. 

s.  eth. 

s.  eth.,  ac.  a.; 
si.  s.  chl.,  bz. 

s.  eth.,  chl.,  bz. 

s.  eth.,  chl. 

s.  eth.,  chl.,  bz. 

s.  eth.,  chl. 

s.  eth. 

s.  eth. 


si.  s.  eth.,  bz., 
acet.;  s.  ac.  a. 

s.  eth.,  ac.  a., 
acet. 

v.  s.  eth. 

s.  eth. 

v.  s.  eth. 

v.  s.  eth.;  s.  h. 
ac.  a. 
v.  s.  ac.  a. 
v.  s.  ac.  a. 
v.  si.  s.  eth. 


v.  s.  eth. 


s.  h.  lgr. 
s.  eth. 

s.  eth.,  ac.  a. 
s.  eth.,  chl. 

s.  eth. 
s.  eth. 
s.  eth.,  chl.,  bz. 

s.  eth.,  alk. 
s.  eth.,  bz.,  alk. 
s.  eth.,  alk. 

s.   eth.;  si.   s. 

lgr. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 

1537 


1538 
1539 
1540 

1540M 

1541 

1542 
1543 

1544 
1545 

1546 

1547 
1548 

1549 

1550 

1551 

1552 

1553 
1554 
1555 
1556 
1557 
1558 
1559 

1560 

1561 

1562 
1563 
1564 

1565 


Name 


Benzoic  acid,  3,5-dihy 

,  3,4-dimethoxy-. 

,  2,3-dimethyl-. 

,  2,4-dimethyl-. 

,  2,5-dimethyl-. 

,  2,6-dimethyl-. 

,  3,4-dimethyl-. 

,  3,5-dimethyl-. 

,  2,4-dinitro- 


2,5-dinitro- 


,  2,6-dinitro- 
,  3,4-dinitro- 
,  3,5-dinitro- 


-, ,  isobutyl  ester. 

-,  o-ethoxy- 


,  m-ethoxy- 
,  p-ethoxy- 

-,  o-ethyl-  .  . 


m-ethyl- 


,  p-ethyl- 


,  o-ethylamino-. 
,  m-ethylamino-. 

,  p-ethylamino-. . 

,  o-fluoro- 

,  m-fluoro- 


p-fluoro- 


,  o-formyl-. 
,  m-formyl-. 
,  p-formyl-. 
-,  hexahydro-. 
,  hydrazodi-. 
,  o-hydroxy-. 
,  m-hydroxy- 

,  p-hydroxy- . 


-,  p-(a-hydroxy- 

benzyl)- 
-,   4-hydroxy-3-met 
-,  o-  /9-hydroxy vinyl 
-,  o-iodo- 


m-iodo- 


Synonyms 


droxy-.  See  a-Resorcylic  acid, 
See  Veratric  acid. 
See  Hemellitic  acid. 
See  2,4-Xylic  acid. 
See  Ifoxylic  acid. 
See  2,6-Xylic  acid. 
See  3,4-Zyftc  acid. 
See  Mesitylevic  acid. 


salicylic  acid  ethyl  ether. 


See  Anthranilic  acid,  X-ethyl- 


See  Phthalaldehydic  acid. 
See  I  sophthalaldehydic  acid. 
See  Terephthalaldehydic  acid. 
See  Cyclohexanecarboxylic  acid 
See  Hydrazobenzoic  acid. 
See  Salicylic  acid. 


p-benzohydrolcarboxylic  acid 

hoxy-.   See  Vanillic  acid. 
-,  lactone.  See  Isocoumarin. 


Formula 


(N02)2C6H3COOH 
(N02)2C6H3COOH 

(NO^CeHaCOOH 
(N02)2C6H3COOH 
(NO^CeHaCOOH 

(N02)2C6H3UU*. 
CH2CH(CH:02 
C2H6OC6H4COQH 

CAOCeEkCOOH 
C2H6OC6H4COOH 

C^CflH^COOH.. 
CiHeCeH^OOH.. 
C2H6C6H4COOH.. 

C2H6NHC6H4- 

COOH 
C2H5NHC6H4- 

COOH 
FC6H4COOH 

FC6H4COOH 

FC6H4COOH 


HOC6H4COOH. . 

HOC6H4COOH. . 

C6H5CH(OH)C6- 
H4COOH 


IC6H4COOH. 
IC6H4COOH. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 
form,  color 
No.    I    and  index  of 
refraction 


col.  rhomb. 

pr.  f.  w. 
col.  need,  or 

monocl.  pr. 

f.  w. 
col.  need.  f.  w 

col.  need 

yel.  monocl. 

tab.  f.  w. 
monocl.  pi.  or 

need, 
col.  oil 


col.  need.  f.  w 
col.  need 


col.  need.  f.  h. 

w 

1.51012"-« 
col.  need.  f. 

dil.  al., 

1.5345100 
col.  leaf,  or  pr, 

f.  al. 


pr, 


need.  f.  w. . 

leaf.  f.  w. . . 

monocl.  pr. 
f.  w. 


col.  rhomb,  f. 

w.  or  al. 
col.  monocl. 

f.w. 
need,  f .  w 


col.  need,  f .  w . 
need.  f.  acet. . . 


Density 
g/ml 


1.042100 


1.460- 


1.474^ 
1.479^5 

4 


1.473j 
1.443^ 


2.249- 
2.171^ 


Melting 
point,  °C 


182-3;  frz. 

180.9 
177 


202-3 

163 

204-5 


19. 3-. 5 
(22) 
137 
195 


68 


113 

101 
178 
122 
124 

182  (184-6) 


201.3 

(199-200) 
213 

(214.5-5.5) 
164-5 


162 
185-7 


Boiling 
point,  °C 


subl. 


d. 

165  subl. 

subl. 


d.  ca.  300 

subl. 


259 


subl. 


subl.  76 
d. 


subl.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


1.8525 
si.  s.  h. 


s.  h. 
0.67* 

1 .  9100 


si.  s.  c. 

s.  h. 
si.  s.  h. 
v.  si.  s 

h. 

v.  si.  s. 


v.  si.  s. 
s.  h. 
v.  si.  s. 

0.722*5 
0.15025 
0.1272* 


Alcohol 


s. 

v.  s. 
v.  s. 


0.921* 

0.7915, 
2.675 
s.  h. 


0.09525 
0.011725 


v.  s. 


Ether,  etc. 


0.7l3»bz. 
s.  eth. 


s.  eth. 
v.  s.  eth. 
si.  s.  eth.,  bz.t 
CS2;  s.  ac.  a. 


s.  h. 
39.341* 


si.  s. 
si.  s. 


s.  eth. 

v.  s.  eth. 

v.  s.  eth. 

▼.  s.  eth. 

s.  eth. 
s.  eth. 
v.  s.  eth. 

s.  eth. 


9.7"  eth.; 

O.Opsbz. 
9.4"  eth.; 

0.01llbz. 
s.   eth.;  si. 

chl. 


si.  s.  eth. 
si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
VVt. 

1566 

Benzoic  acid,  p-iodo-. 

,  o-isopropyl- 

,  p-isopropyl-. 

,  o-mercapto- 

,  o-methoxy- 

,  m-methoxy- 

,  p-methoxy-. 

,  methyl-. 

,  3,4-methylenedio 

,  o-nitro- 

, ,  ethyl  ester 

IC6H4COOH 

(CH3)2CHCgH4- 
COOH 

HSC0H4COOH.... 

CH3OC6H4COOH 

CH3OC6H4COOH 

N02C6H4COOH... 

NO2C6H4COOC2H5 
NO2C6H4COOCH3 

N02C6H4COOH... 

NO2C6H4COOC2H5 
NO2C6H4COOCH3 

NO2C6H4COOH... 

NO2C6H4COOC2H6 

NO2C6H4COOCH3 

NOC6H4COOH.    . 

NOC6H4COOH... 
NOC6H4COOH... 

(CH3)5C6COOH... 
C6H5OC6H4COOH 

CeHsCjHUCOOH.. 

C6H5C6H4COOH.. 

ChH5C6H4COOH.. 

(HO)2POC6H4- 
COOH 

C3H7C6H4COOH.. 
C3H7C6H4COOH.. 

NH2O2SC6H4- 

COOH 
NH2O2SC6H4- 

COOH 
NH2O2SC6H4- 

COOH 

248.03 

1567 

164.20 

1568 
1569 

1570 

1571 

See  Cumic  acid. 
thiosalicylic  acid;  o-sulfhy- 
drylbenzoic  acid 
salicylic  acid  methyl  ether.  . .  . 

154.18 
152.14 
152.14 

1572 
1573 
1574 
1575 

See  A?iisic  acid. 
See  Toluic  acid. 
xy-.   See  Piperonylic  acid. 

167  12 

1576 

195  17 

1577 

, ,  methyl  ester 

,  m-nitro- 

,  ■ ,  ethyl  ester 

, ,  methyl  ester 

— — ,  p-nitro- 

181  14 

1578 
1579 

167.12 

195  17 

1580 

181  14 

1581 

167  12 

1582 

— — , ,  ethyl  ester 

, ,  methyl  ester 

,  o-nitroso- 

,  m-nitroso- 

,  p-nitroso- 

,  pentamethyl-  .  .  . 

,  o-phenoxy- 

,  o-phenyl- 

,  m-phenyl- 

,  p-phenyl- 

,  p-phosphono-  .  .  . 

,  o-propyl- 

195  17 

1583 

181  14 

1584 

151  12 

1585 

151.12 

1586 

151  12 

1587 

1588 

1589 
1590 
1591 
1592 
1593 

salicylic  acid  phenyl  ether 

o-biphenylcarboxylic  acid 

w-biphenylcarboxylic  acid 

p-biphenylcarboxylic  acid 

p-benzophosphinic  acid 

192.25 
214.21 

198.21 

198.21 

198.21 

202.11 

164.20 

1594 

,  p-propyl- 

164.20 

1595 
1596 

1597 

,  silico-. 

,  o-sulfamyl- 

,  m-sulfamyl-. .    . . 

See  Benzenesiliconic  acid. 
o-sulfamidobenzoic  acid 

201.19 
201 . 19 

1598 

,  p-sulf amyl- 

201.19 

*Name  approved  by  the  International  Union  of  Chemistry 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


pi.  or  leaf.  . 
col.  pr.  f.  w 


It.  yel.  need.  f. 

al. 
monocl.  tab. 

f.  w. 
col.  need.  f.  w 


tricl.  need, 
f.  w. 


col.  tricl 
yel.  oil . . 


monocl. 
f.  w. 


leaf. 


monocl.  pr. 
col.  need. .. 


monocl. 
f.  w. 


leaf. 


co!.  tricl.  leaf. 

f.  al. 
yel.  monocl. 

leaf. 
col.  f .  al 

col.  cr 

yel.  powd 

need.  f.  w 

rhomb,  leaf.  f. 

dil.  al. 
col.  monocl. 

need.  f.  al. 
col.  leaf.  f.  al. . 

col.  need.  f.  al. 
or  bz. 
need.  f.  w 

leaf.f.  al 

col.  leaf,  f .  w . . 

rhomb,  f .  al . . . 

need,  or  pi.  f.w 

need,  or  pr. 
f.w. 


Density 
g/ml 


2.184 


.180 


1.575- 


1.286^; 

4 

1.284- 

25 

1.494- 


3  *> 

1.550- 

4 


4 


Melting 
point,  °C 


269-70 
51 

101 

98  (100-1) 

107-8 


147.5 
(144-5) 


30 


141.4 


47  (40-1) 

78.5(70) 

242.4 


57 

96 

210  d. 

230  d. 
250  d. 

210.5 
114.5 

114(111) 

160-2 

219  (224) 

>300 

58 
141 

165-7 

238 

280  d. 


Boiling 
point,  °C 


subl.  d. 


subl. 

200 

1 70-2  io 
subl. 


148-5010 
275  (269) 


298;  17125 
279 


subl. 


subl. 
355  d. 

343-4 


subl. 


273 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


0.003525 
s.  h. 

v.  si.  s. 

0.533 

si.  s.  c, 
v.  s.  h. 

0.6820 


0.3120 

i. 
i. 

0.02425 

i. 
i. 


v.  si.  s. 
0.01 

si.  s.  h., 
i.  c. 
i.  (si.  s.) 

v.  si.  s. 

h. 


s. 

si.  s.  h. 

v.  s. 

v.  si.  s. 

v.  v.  si 

s. 


si.  s. 

s. 

V.  s. 
V.  s. 
V.  s. 

28io 


33'° 


v.  s. 

si.  s. 

0.9«> 


s. 
V.  s. 

V.  s. 

V.  s. 

V.  s. 


V.  s. 
V.  s. 

V.  s. 

v.  s. 

V.  s. 


si.  s.  eth. 
s.  eth.,  bz. 

s.  eth.,  ac.  a. 
v.  s.  eth. 
v.  s.  eth. 


21. 611  eth.;  s. 

alk.;  v.  si.  s. 

bz.,  chl.;  i.lgr. 
s.  eth. 

«  eth.;  i.  pet. 
eth. 


25.1H  eth.;  s. 

alk.;  v.  si.  s. 

bz.,  chl.;  i.lgr. 
v.  s.  eth. 
s.    eth.;   si.   s. 

me.  al. 
2.2H  eth.;  s. 

acet.,  alk.;  v. 

si.  s.  c.  bz.f 

chl. ;  i.  lgr. 
s.  eth. 

s.  eth. 

v.  si.  s.  eth., 
bz.;  s.  ac.  a. 

v.  si.  s.eth.,  bz. 

v.  si.  s.  eth., 
bz.;  sl.s.  ac.  a. 

v.    s.    eth.;   s. 

chl.,  glyc. 
v.    s.    bz.;    s. 

ac.  a. 
v.  s.  eth.,  bz.v 

ac.  a.,  lgr. 
v.  s.  eth. 

si.  s.  HC1 

v.  s.  eth. 

v.  s.  eth.;s.  bz. 

v.  s.  eth. 

v.  s.  eth. 

si.  s.  eth.:  v.  si. 
s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1599 
1600 


1801 
1602 

1603 

1604 
1605 

1606 
1607 

1608 
1609 

1609M 

1610 

1611 

1612 

1613 

1614 

1615 

1616 

1617 

1618 
1619 

1620 
1621 
1622 
1623 
1624 
1625 
1626 

1627 
1628 

1629 
1630 


1631 


1632 
1633 


1633M 

1634 

1535 

1636 
1637 
1638 


Name 


Benzoic  acid 
,  o-sulfo- 


o-sulfhy 


— ,  imide. 
m-sulfo- 


p-sulfo- 


2,3,4,5-tetrahydr 
2,3,4,5-tetrahy- 
droxy- 

thio- 

p-(p-toluyl)-.  .  .  . 


2,3,5-triamino-  .  . 
3,4,5-triamino- .  . 

3,4,5-tribromo-.  . 
2,3,4-trichloro-  .  . 
2,4,5-trichloro- .  . 
3,4,5-trichloro- .  . 
2,3,4-trihydroxy- 
2,4,5-trihydroxy- 
2,4,6-trihydroxy- 
3,4,5-trihydroxy-. 
2,3,4-trimethoxy- 

2,4,5-trimethoxy- 
3,4,5-trimethoxy- 

2,3,4-trimethyl-. 
2,3,5-trimethyl-. 
2,3,6-trimethyl-  . 
2,4,5-trimethyl-. 
2,4,6-trimethyl-. 
3,4,5-trimethyl-. 
2,4,6-trinitro-  .  .  . 


Benzoic  amide. 
Benzoic  anhydride 

Benzoic  sulfinide. 
Benzoin 


ethyl  ether , 


-,  imide. 
-,  Z-oxime. 


,  p,p'-dimethoxy- 

Benzol,  Benzole. 
Benzonitrile 


o-amino-. 
m -amino- 
p-amino- 


Synonyms 


dryl-.  See  Benzoic  acid,  o-mer 


See  Saccharin. 


o-.    See  1-Cyclohexenc-l-carbox 
benzenecarbothioic  acid* 


4-pyrogallolcarboxylic  acid. .  . 

4-hydroxygentisic  acid 

phloro^lucinolcarboxylic  acid 
See  Gallic  acid. 


See  Asaronic  acid. 

gallic  acid  trimethyl  ether. 

See  Prehnitylic  acid. 
See  y-  1  sodurylic  acid. 


See  Durylic  acid. 
See  /3-/  sodurylic  acid. 
See  a- 1  sodurylic  acid. 
sym-trinitrobenzoic  acid, 

See  Benzamide. 
benzoic  acid  anhydride . 


See  Saccharin. 
benzoylphenyloarbinol;  a- 

hydroxy-a-phenylacetophe- 

none 
a-ethcxy-a-phenylaceto- 

phenone    2-ethoxy-l,2-di- 

phenyl-1-ethanone 
See  Amaron. 


See  Anisoin. 
See  Benzene*. 
benzenecarbonitrile  * 
cyanide 
See  Anthranilonitrile. 
m-aminophenyl  cyanide 
p-aminophenyl  cyanide . 


phenyl 


Formula 


capto-. 
H03SC6H4COOH- 
3H20 


H03SC6H4COOH- 

2H20 
HO3SC6H4COOH. 

3H20 
ylic  acid*. 
(HO)4C6HCOOH. . 

C6H5COSH 
CH3C6H4COC6H4- 
COOH 

(NH2)3C6H2COOH 
(NH2)3CcH2COOH 

Br3C6H2COOH.... 

CbCeHoCOOH.... 

Cl3C6H2COOH.... 

Cl3CcH2COOH.... 

(HO)3C6H2COOH 

(HO)3C6H2COOH 

(HO)3C6H2COOH 

(CH30)3C6H2- 
COOH 

(CH30)3C6H2- 

COOH 


(CH3)3C6H2COOH 

(N02)3C6H2COOH 
(C6H5CO)20     .... 


CcHsCHOHCOCe- 
H5 

C6H5CH(OC2H6)- 
COC6H5 


C6H5CH(OH)C- 
(:NOH)C6H5 


C6H5CN 

NH2C6H4CN 
NH2C6H4CN 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


rhomb,  need, 
f.  w. 


deliq.  cr.  . 
need.  f.  w. 


yel.  oil  or  cr 
need.  f.  acet 

cr.  f .  w . .  . . 
need.  f.  w. . 

col.  need. . . 
need.  f.  al. . 
sm.  need.  f. 
need,  f .  al . . 
need,  f .  w . . 
need.  f.  w. . 
cr.  f.  w  . . .  . 

cr.  f.  eth. .  . 


monocl.  nerd. 
f.  w. 


need.  f.  w. . 


yel.  rhomb, 
need.  f.  w. 

col.  rhomb, 
pr.,  1.5766515 

col.  hex.  pr. 
f.  al. 

need.  f.  lgr. . . . 


wh.  amor, 
powd.  or  pr. 
f.  bz. 


col.  liq., 
1.52892 

need 

col.  monocl. 
or. 


Density 
g/ml 


1.1989- 


1.310- 


1.0102 


Melting 
point,  °C 


68-9; 
-3H20, 
105; anh. 
141 

98;  anh. 

141 
94;  anh. 

260 

148 

24 

130  (224) 


-HA 
>100 
240 

186-7(129) 
163 
203 
200  d. 
217-8 
100  d. 

97-9 


168 


84;  105-6 


228.7 
(220-3) 

42 


137 


02 


163-4 
(149-51) 


-13 


53-4 
86 


Boiling 
point,  °C 


d. 


subl. 
subl. 
subl. 


225-710 


subl.  d. 

360 

344;  19412 

184-6 


190.7 


288-90 
d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


50 


v.  si.  s. 

v.  s.  h. 
s.  h. 

i. 

si.  s. 
s.  h. 
s.  h. 
0.1312 
v.  s.  h. 
s.  h. 


v.  si.  s. 


2.0528 


0.0323 


si.  s. 
v.  s.  h. 


s. 
V.  s. 


v.sl.s.h 


26. 625 


i.  eth. 


v.  s.  eth.;  i.  bz, 
v.  s.  eth. 


i.  lgr. 

«o  eth. 

v.  s.  acet.;  si.  s. 
bz. 
i.  eth. 
i.  eth. 

s.  h.  bz. 
s.  eth. 
s.  eth. 
v.  s.  eth. 
v.  s.  eth. 

v.  s.  eth.;i.  bz. 

s.  eth. 


v.  s.  eth.,  chl. 

s.  eth. 

14. 72*  eth. 
s.  eth. 
si.  s.  eth. 
s.  eth.;  v.  s.  bz. 

s.  eth.,  acet. 
oo  eth. 


s.  eth. 

v.    s.    eth.;    i. 
HC1 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS   OF 


Name 


Benzonitrile,  p- 

bromo- 

,  p-chloro-. . 


-,  methyl-, 
,  o-nitro- 

-,  m-nitro- 
-,  p-nitro- 


Benzofalphenanthrene. 
Benzo[cfe/]phenanthre 
Benzo[/]phenanthrene. 
Benzo[a]phenazine .... 

Benzofb]phenazine,  5,8 
Benzophenone 


oxime 

phenylhydrazone. 
-,  2-amino- 

,  3-amino- 
-,  4-amino-. . . 


-,  4,4'-bisdimethyl 

amino- 
-,  2,2'-diamino-. . . 

-,  3,3'-diamino-.. . 

-,  4,4'-diamino-. .  . 

-,  2,2' -dihydroxy- . 
-,  2,3' -dihydroxy-. 
-,  2,4-dihydroxy-. . 
-,  2,4' -dihydroxy-. 


-,  2,5-dihydroxy- 
,  3,3' -dihydroxy- 
,  3,4' -dihydroxy - 
,  4,4' -dihydroxy- 


2,4-dihydroxy-6- 
2,6-dihydroxy-4- 
4,4' -dimethyl-.  .  . 


Synonyms 


p-bromophenyl  cyanide. 


4-chlorobenzenecarbonitrile ' 
p-chlorophenyl  cyanide 

See  Tolunitrile. 
2-nitrobenzenecarbonitrile* ; 
o-nitrophenyl  cyanide 


See  Chrysene. 
ne.   See  Pyrene. 
See  Triphenylene. 
a-benzophenazine;  a/3-naph- 
thophenazine 
-dihydro-8-imino-5-phe 
phenyl  ketone ;  diphenyl  ke- 
tone; benzoylbenzene;  a- 
oxodiphenylmethane 


o-aminodiphenylketone ;  o- 
benzoylaniline 

w-aminophenyl  phenyl  ke- 
tone; m-benzoylaniline 

p-aminophenyl  phenyl  ke- 
tone ;  j>-benzoylaniline 

Michler's  ketone ;  tetrameth- 
yl-4,4'-diaminobenzophenone 

bis-o-aminophenyl  ketone .... 

bis-m-aminophenyl  ketone .  .  . 
bis-p-aminophenyl  ketone 

bis-o-hydroxyphenyl  ketone .  . 

m-hydroxyphenyl  o-hydroxy- 

phenyl  ketone 
4-benzoylresorcinol ;   4-ben- 

zoresorcin 
o-hydroxyphenyl  p-hydroxy- 

phenyl  ketone;  p-salicyloyl- 

phenol 
2,5-dihydroxyphenyl  phenyl 

ketone 
bis-m-hydroxyphenyl  ketone . 

m-hydroxyphenyl  p-hydroxy- 

phenyl  ketone 
bis-p-hydroxyphenyl  ketone .  . 


methoxy-.   See  Isocotoin. 
methoxy-.  See  Cotoin. 
di-p-tolyl  ketone 


Formula 


BrC6H4CN 
CIC6H4CN. 


N02C6H4CN. 

NO2C6H4CN. 
NO2C6H4CN. 


CioH6:N2:C6H4.... 

nyl-.  See  Rosinduli 
(C6H5)2CO 


(C6H6)2C:NOH... 

(CeH5)2- 
C:NNHC6H5 
C6H5COC6H4NH2 

C6H6COC6H4NH2 . 

C6H5COC6H4NH2 . 

CO[C6H4N(CH3)2]2 

NH2C6H4COC6- 

H4NH2 
NH2C6H4COC6- 

H4NH2 
NH2C6H4COC6- 

H4NH2 

HOC6H4COC6- 

H4OH 
HOC6H4COC6- 

H4OH 
C6H5COC6H3(OH); 

HOC6H4COC6- 
H4OH 

(HO)2C6H3COC6H{ 

HOC6H4COC6- 

H4OH 
HOC6H4COC6- 

H4OH 
HOC6H4COC6- 

H4OH 


CH3C6H4COC6- 
H4CH3 


Mol. 
Wt. 


182.03 
137.57 

148.12 

148.12 
148.12 

230.26 


ne 
182.21 


197.23 
272.34 
197.23 
197.23 
197.23 
268.35 
212.24 
212.24 
212.24 

214.21 
214.21 
214.21 
214.21 

214.21 
214.21 
214.21 
214.21 


210.26 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  w. 
need.  f.  a! 


silky  need.  f.  w 

need.  f.  w 

yel.  leaf.  f.  al. . 


yel.  need.  f.  bz. 

a(stab.)  col. 
rhomb,  pr.;  0 
col.  monocl.  pr 

need 

need 

pa.  yel.  leaf.  .  . 

yel.  need 

leaf.  f.  dil.  al.. 

glit.  leaf.  f.  al. 

pa.  yel.  leaf.  f. 
dil.  al. 
yel.  need.  f.  al. 

hex.  or 

rhomb,  need. 

f.  dil.  al. 
leaf,  or  pr.  f. 

Igr. 
need.  f.  w 


yel.  pyram.  f. 

bz.  or  pi.  f. 

h.  w. 
vel.  need.  f. 

dil.  al. 
sm.  need.  f.  w . 

need.  f.  w 

yel.  need.  f.  Igr, 


rhomb,  f.  al 


Density 
g/ml 


al.0976^ 

50 

01108- 


Melting 
point,  °C 


113 

92  (93-4) 

109 

118(115-6) 
147 


142.5 

a49;  /3  26; 

745-8; 

5-51 
144 

(141-2.5) 
137  (105) 

108 

86 

124(110-5) 

174 

132-3 

173-4(171) 

244  (237) 

59-60 

126 

144 

150-1 

(147-8) 

125 

170  (162-3) 

206 

(197-200) 
210 


95  (91-2) 


Boiling 
point,  °C 


235-7 
223 


subl. 


>3G0 


306 


>360sl.d. 


28511 


340 


subl. 


333-4725 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


s.  h. 

si.  s. 

s.  h. 

si.  s. 
si.  s.  c. 


v.  si.  s. 


si.  s.  w. 
si.  s. 
0.042' 


s.  h. 

s.  h.,   d. 

by  boil. 


i. 
s.  h. 

s.  h. 
s. 

s.  h. 
v.  s.  h. 


s.  h. 

v.  si.  s. 
13  518 


s. 
s. 
s. 
v.  s. 


s. 
v.  s. 


V 

s.  e 

th. 

s. 

eth. 

bz. 

s. 

eth. 

ac. 

a. 

s. 
s. 

eth. 
chl., 

ac. 

a. 

v.  si.  s.  eth.; 
si.  s.  c.  bz. 

17.513  eth.;  s. 
chl. 

v.s.  eth.,  acet. ; 
s.  alk. 


s.  eth. 
s.  eth. 
s.  eth. 
v.  s.  eth.,  bz. 

s.  eth. 
s.  eth. 

s.  eth.,  chl. 

s.  eth. 

s.  eth. 

v.  s.  eth.;  s. 
bz.,  alk. 

s.  eth.,  bz. 

s.  alk. 

s.  eth. 

v.  s.  eth.;  s. 
me.  al.,  acet.; 
i.     bz.,     chl., 

CS2 


v.    s.    eth.;   s. 
chl.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1671 

Benzophenone,  p-hy- 

droxy- 
,  o-nitro- 

HOC6H4COC6H6.. 

NO2C6H4COC6H5 

NO2C6H4COC6H6 
NO2C6H4COC6H5 

(HO)2C6H3COC6- 
H4OH 
C6H5COC6H2(OH^3 

nzoyU. 

acid,  p,p'-carbonyldi 
acid,  3-benzoyl-. 
alic  acid,  benzoyl-, 
acid,  ^-benzoyl-. 

(C6H6)2COHCOH- 

(CeH6)2 

(C6H6)3CCOC6H6.. 
C13H9N 

198  21 

1672 

o-nitrophenyl  phenyl  ketone 

227  21 

1673 

,  m-nitro- 

227  21 

1674 

,  p-nitro- 

227  21 

1675 
1676 

,  2,4,6,3'  ,4'-pentah 

,  2,2',6-trihydroxy- 

,  2,3,4-trihydroxy- 

Benzophenonecarboxy 
p,p'  -Benzophenonedic 
2,3-Benzophenonedica 
2,5-Benzophenonedica 
3,4-Benzophenonedica 
p-Benzophosphinic  aci 
Benzopinacol 

ydroxy-.   See  Maclurin. 
2-salicylylresorcinol 

230  21 

1677 

1678 
1679 
1680 
1681 
1682 
1683 
1684 

4-benzoylpyrogallol ;  aliza- 
rin yellow  A 

lie  acid.   See  Benzoic  acid,  be 

arboxylic  acid.  See  Benzoic 

rboxylic  acid.  See  Phthalic 

rboxylic  acid.  See  Terephth 

rboxylic  acid.  See  Phthalic 

d.  See  Benzoic  acid,  p-phosphon 

l,l,2,2-tetraphenyl-l,2- 

ethanediol*;  tetraphenyl- 

ethylene  glycol;  benz(o)- 

pinacone 

benzoyltriphenylmethane ; 

phenyl  trityl  ketone 
See  Benzopinacol. 
See  Quinoxaline. 
See  Quinoline. 
See  I soquinoline. 
See  Quinazoline. 
See  Coumarin. 
nzopyrone.   See  Chromone. 
See  I socoumarin. 
See  Indole. 
See  Quinhy drone. 
5,6-benzoquinoline;  /3-naph- 

thoquinoline 
3-methyl-5,6-benzoquinoline ; 

0-naphthoquinaldine 
7,8-benzoquinoline;  a-naph- 

thoquinoline 
2-methyl-7,8-benzoquinoline ; 

a-naphthoqui  naldine 
See  Quinone. 

See  Benzophenone,  2,4-dihydro 
ed  beginning  S=l). 
2-benzothiazyl  2,4-dinitro- 

phenyl  sulfide 

2, 2 '-dibenzothiazyl disulfide.  . 

See  Benzothiazolethiol. 
/x-methylbenzothiazole ;  eth- 
enylaminothiophenol 
benzenylaminothiophenol 

2-mercaptobenzothiazole ;  0- 
thiocarbamidothiophenol 

230.21 
366.44 

1685 

1686 
1687 
1688 
1689 
1690 
1691 
1692 
1693 
1694 
1695 
1696 

/3-Benzopinacolin 

Benzopinacone. 

Benzopyrazine. 

Benzo[6]pyridine. 

Benzo[c]pyridine. 

Benzol  a  Jpyrimidine. 

1,2-Benzopyrone. 

1,4-Benzopyrone,  7-Be 

2, 1-Benzopyrone. 

Benzo[6]pyrrole 

Benzoquinhydrone. 

Benzo[/]quinoline 

,  3-methyl- 

Benzo[h]quinoline 

,  2-methyl- 

p-Benzoquinone. 
4  -  Benzor  esorcin . 
Benzothiazole.  (Number 
Benzothiazole,  2-(2,4- 
dinitrophenylthio)  - 

,  2,2,-dithiobis-.  .. 

,  mercapto-. 

,  2-methyl- 

,  2-phenyl- 

2-Benzothiazolethiol .  . 

,  benzoate 

348.42 
179  21 

1097 
1698 

Ci3H8NCH3 

C13H9N 

193.24 
179  21 

1699 

1700 
1701 

1702 

C13H8NCH3 

xy-. 
C6H4SC- 

193.24 
333.33 

1703 

1704 
1705 

1706 

1707 

1708 

[SC6H3(N02)2l:N 
Ci4H8N2S4 

SC(CH3):NC6H4.. 
C6H4SC(C6H5):N.. 

C6H4SC(SH):N 
C14H9NOS2 

332.46 

149.20 
211.27 
167.24 
271.34 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


rhomb,  leaf.  f. 

dil.  al. 
col.  monocl.  f. 

al. 
col.  need.  f.  al 
col.  leaf.  f.  al. 

yel.  leaf.  f.  al. 

yel.  need.  f. 
dil.  al. 


I»r 


need 


sm.  leaf.  f. 
h.  w. 
need.  f.  dil.  al 

monocl.  f.  eth. 
Hq 


yel.  cr. 


It.  yel.  cr 


Hq 

need.  f.  al. 
wh.-yel.  cr 
yel.  cr 


Density 
g/ml 


1.24 


1.50*-° 

4 


1.42: 


Melting 
point,  °C 


134 

105 

94-5 
138 

133 

140 


180  d. 


182.5 


160-2 


180.0 


115 

179.5 

132 


Boiling 
point,  °C 


23 118 


351 
>300 
351  (22347) 
>300 


238 
360 
d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


s.  h. 


V.  si.  s. 


si.  s.  h. 
si.  s. 


s.  h. 
si.  s. 
v.  si.  s. 


V.  s. 

si.  s. 

s. 
s. 

s.  h. 

s. 


2.02  h. 


v.  si.  s 
c.  s.  h 


si.  s.  c, 
s.  h. 


v.  si.  s. 
h. 


s.  h. 

si.  s.  c, 
s.  h. 


v.  s.  eth. 


si.  s.  bz.,  CS2 

s.  eth.,  bz.,  alk. 

s.  eth.,  alk., 
H2S04;  si.  s. 
bz. 


s.  eth. 


s.    eth.;    v.    s. 
bz.,  chl.,  CSa 


v.  s.  eth.,  bz. 

s.  eth. 

v.  s.  eth.;s.  bz. 


si.  s.  eth. 


v.  si.  s.  chl. 


s.    eth.,    CS2, 

dil.  HC1 
v.  si.  s.  eth.; 

s.  alk. 
si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1709 

2-Benzothiazolethiol, 

mercaptide  with  a,  0- 
diphenylguanidine 
,  6-nitro-,diethylthio 

C20H18N4S2 

C12H13N3O2S3 

378  50 

1710 

lthionocarbamic  ester 

327.43 

1711 
1712 
1713 

Benzothiofuran. 
Benzothiophene. 
o-Benzotoluide 

See  Thionaphthene. 
See  Thionaphthene. 
N-benzoyl-o-toluidine 

CeHeCONHCeH*- 
CH3 

211.25 

1714 
1715 

m-Benzotoluide 

p-Benzotoluide 

JV-benzoyl-m-toluidine ;  m- 
benzotoluidide 
JV-benzoyl-p-toluidine 

C6H5CONHC6H4- 

CH3 
C6H6CONHC6H4- 

CH3 
C6H4NHN:N 

1                  1 

211.25 
211.25 

1716 

1,2,3-Benzotriazole. . .  . 

Benzotrichloride. 
Benzotrifluoride. 
Benzoxazole,  2-meth- 

yi-(o=i) 

2(3)Benzoxazolone 

(0=1) 
2,3,1-Benzoxaz-l-one.  . 

Benzoyl-.  For  benzoyl  deri 

aziminobenzene ;  benzene  azi- 
mide 

See  Toluene,  a-trichloro-. 

See  Toluene,  a-trifluoro-. 

/x-methylbenzoxazole ;  ethe- 
nylaminophenol 

o-hydroxycarbanilic    acid 
lactone 

benzaldoximecarboxylic  an- 
hydride 
vatives  see  the  parent  compoun 

119.12 

1717 
1718 
1719 

1720 

OC(CH3):NC6H4.. 
C6H4OCONH 

133.14 
135.12 

1721 

C6H4COON:CH 

1                   1 

147.13 

ds  (e.g.,  for  benzoyla 

cetic 

1722 

Benzoyl  azide 

benzazide 

C6H6CON3 

147.13 

1723 

Benzoyl  bromide 

benzenecarbonyl  bromide*. .  . 

C6H6COBr 

185.03 

1724 

Benzoyl  chloride 

benzenecarbonyl  chloride*. .  . 

C6H6C0C1 

140.57 

1725 

,  p-bromo- 

BrC6H4COCl 

219.48 

1726 

,  3,5-dinitro- 

(N02)2C6H3C0C1.. 

NO2C6H4COCI. . . . 
NO2C6H4COCI. . . . 
C6H6COCN 

(C6H5CO)2S2 

230.57 

1727 
1728 

,  p-methoxy-. 

,  m-nitro- 

See  Anisoyl  chloride. 

185.57 

1729 

,  p-nitro- 

Benzoyl  cyanide 

Benzoyl  disulfide 

Benzoyl  fluoride 

Benzoyl  hydroperoxide 

Benzoyl  iodide 

Benzoyl  peroxide 

Benzpinacone. 
Benzyl-.  For  benzyl  deri va 

185.57 

1730 
1731 

a-keto-a-tolunitrile ;  2-oxo- 
2-phenylethanenitrile 
dibenzoyl  disulfide 

131.13 
274.34 

1732 
1734 
1735 

benzenecarbonyl  fluoride* 

.    See  Perbenzoic  acid. 

benzenecarbonyl  iodide* 

dibenzoyl  peroxide 

C6H6COF 

CbHbCOI 

124.11 
232.03 

1736 

(C6H6CO)202 

242.22 

1737 

See  Benzopinacol. 
tives  see  the  parent  compounds 

(e.g.,  for  benzylbenz 

oic  acid 

1738 

Benzyl  alcohol 

phenylcarbinol;  a-hydroxy- 
toluene 

C6H6CH20H 

108.13 

1739 
1740 

,  esters. 

,  o-chloro- 

See  "benzyl  ester"  under  the  c 

orresponding  acids. 
CIC6H4CH2OH.... 

See  Adrenaline. 

142.58 

1741 
1742 

,   3,4-dihydroxy-a- 

,  a,a-dimethyl-. 

(methylaminomethyl)  -. 

See  2-Propanol,  2-phenyU. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  cr. 


fine  yel.  cr . . 


rhomb,  need., 

1.621,  1.654, 

1.691 
monocl.  pr.  f. 

dil.  al. 
rhomb,  need. 

f.  al. 
need.  f.  bz  .  .  . 


liq 


col.  need.  f.  h. 
dil.  HC1 
cr.  f.  bz 


acid  see  Acetic  a 
phenols, 
col.  pi.  f.  acet. 

col.  fum.  liq.. . 

col.  fum.  liq., 

1.55369 
col.  need 


yel.  need.  f.  bz 

yel.  pr 

yel.  need.  f.  lgr 
col.  tab 


pr.   f.   h.   al., 
eth.  or  CS2 

col.  fum.  liq. .  . 

need,  or  leaf. . . 

col.  rhomb,  f. 
eth.;  1.545, 
1.546,  1.837 

see  Benzoic  aci 

col.  liq., 
1.53955 


need,  or  leaf, 
f.  dil.  al. 


Density 
g/ml 


1.00 

1.205- 

1    170' 
1.202- 

1.136- 


cid,  benzoyl- 


1.570^ 


1.2187- 


>1 


d,  benzyl-). 
1.050- 

15 


Melting 
point,  °C 


122 


146 
(135-6.5) 

12.5 

158 

100 


141-2(138) 
d.  120 
).     See  also 
32 
O;  frz„  -24 

42 

68-9 

34 
72 
32-3 

133  (128) 


3 

103.5 
(106-8) 


Boiling 
point,  °C 


15.3 


72 


232 
201-4"  mm 


201 


'benzoate" 

exp. 

218-19 

197  (194™) 
245-7  si.  d. 
19612 


Solubility  in  grams  per  100  ml  of 


278 

15415 

206-8 


159  (156) 

13525 
exp. 


205.2;  9310 


230 


Water 

Alcohol 

i. 

s. 

i. 

s.  h. 

si.  s.  h. 

s. 

10. 0215 

i. 

3.318 

i. 

s. 

i. 

s. 

si.  s.  c. 

v.  s. 

under  na 

mes  of  al 

i. 

s. 

d. 

s.  d. 

d. 

s.  d. 

d. 

V.  s. 

d. 

d. 

d. 
d. 

d. 
d. 

l. 

V.  s. 

i. 

si.  s. 

hyd.  h. 

V.  s. 

d. 

si.  s. 

s. 
s. 

417 

66.7 
50%, 
»  abs. 

si.  s. 

s. 

Ether,  etc. 


i.  eth. 


s.  eth.,  bz. 


s.  eth. 


s.  eth. 


oo  eth. 
v.  s.  eth. 


cohols  and 
s.  eth. 
»  eth. 

w  eth.;  s.  bz., 

CS2,  oils 
v.   s.   eth.;   s. 

bz.,  lgr. 

s.  eth. 

s.  eth. 
s.  eth. 
v.  s.  eth. 

si.   s.   eth.:  s. 

CS2;  i. 

NH4OH 
v.  s.  eth. 

00  eth. 

s.  eth.,  bz.r 

olive  oil; 

2.5315CS2 


00  eth.,  chl., 
me.  al.;  s. 
acet. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Benzyl  alcohol,  o-hydr 

,  m-hydroxy-  .  .  . 

,  p-hydroxy- .... 

,  4-hydroxy-3-met 

,  p-isopropyl-. 

,  o-methoxy-. . . . 


p-methoxy-. 

o,  m  or  p-methyl 

a-methyl- 


3,4-methylenedio 

o-nitro- 

m-nitro- 

,  benzoate 


,  p-nitro- 

,  thio-. 

Benzylamine. 


7V-acetyl-. 
iV,7V-diphenyl- 
p-methoxy-. . 


,  a-methyl- 


iV-methyl-TV- 
phenyl- 

iV-nitroso- 

iV-phenyl- 
iV-phenyl-.  .  . 


Benzyl  azide. 
Benzyl  bromide. 

Benzyl  chloride . 


o-bromo- 
p-bromo- 

p-chloro- 


Benzyl  cyanide. 
Benzyl  disulfide. 

Benzyl  ether. .  . . 


Benzyl  fluoride 

Benzyl  hydrosulfide. 
Benzylidene-.  For  benzyl 
Benzylidene  bromide. . 

Benzylidene  chloride. . 


Benzyl  iodide 

Benzyl  mercaptan. 
Benzyl  mustard  oil. 
Benzylnitrosamine,  N- 


Synonyms 


oxy-.  See  Saligenin. 

a,3-toluenediol 

a,4-toluenediol 

hoxy-.   See  Vanillyl  alcohol. 

See  Cumic  alcohol. 

saligenin  2-methyl  ether 


See  Anisyl  alcohol. 
-.    See  Carbinol,  tolyl-. 
methylphenylcarbinol ;  1- 
phenylethanol 

xy-.   See  Piper 07iyl  alcohol. 


m-nitrobenzyl  benzoate. 


See  a-Toluenethiol. 
a-aminotoluene. . . 


See  Acet amide,  N-benzyl-. 
See  Diphenylamine,  \'-benzyl- 
anisylamine,  ace.  to  some. . . 

a-phenylethylamine;  1-ami- 

no-1-phenylethane 
iV-benzyl-A'-methylaniline. . . 


iV-phenylbenzylnitrosamine 
AT-benzylaniline 


See  Toluene,  a-triazo-. 
a-bromotoluene 


«-chlorotoluene . 


o-bromo-a-chlorotohiene . 
p-bromo-a-chlorotoluene . 

a,4-dichlorotoluene 


See  a-Tolunitrile. 

di benzyl  disulfide;  a-(ben- 

zyldithio)  toluene 
dibenzyl  ether 


a-fluorotoluene 

See  a-Toluenethiol. 

dene  derivatives  see  the  parent 

benzal  bromide;  a,  a-dibro- 

motoluene 
benzal  chloride;  a,  cc-di- 

chlorotoluene 

a-iodotohiene 

See  a-Toluenethiol. 
See  I sothiocyanic  acid,  benzyl 
phenyl-.  See  Revzulamine,  N 


Formula 


HOC6H4CH2OH. 
HOC6H4CH2OH. 


CH3OC6H4CH2OH 


CoH5CH(CH3)OH 


NOaCeHjCHaOH. 
NO2C6H4CH2OH. 
C6H5COOCH>- 
C6H4NO2 
NO2C6H4CH2OH 


CcHbCHoNHs 


P-CH3OC6H4CH2- 
NH2 
C6H6CH(CH3)NH: 

C6H6CH2N(CH3)- 
CeHs 

C6H5CH2N(NO)- 

C6H5CH2NHC6H5. 


CeH5CH2Br. 
C6H6CH2C1. 


BrC6H4CH2Cl. 
BrC6H4CH2Cl. 

CIC6H4CH2CI 


(C6H5CH2)2S2. 
(C6H5CH2)20. 
C6H5CH2F... 


compounds  (e.g.  for 
C6H6CHBr2.: 


CeHsCHCh 
C6H5CH2I. . 


ester. 
nitroso-N-phenyU. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


1743 
1744 
1745 
1746 

1747 
1748 

1749 
1750 
1751 


1752 
1753 
1754 
1755 

1756 

1757 
1758 

1759 
1760 
1760M 

1761 

1762 


1763 
1764 


1765 
1766 

1767 

1768 
1769 

1770 

1771 
1772 

1773 

1773M 
1774 

1774H 

1774R 

1775 

1776 
1777 
1778 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  bz .  .  . 
col.  need.  f.  w 


liq.,  1.54917.. 
col.  liq 


need.  f.  w. 
rhomb. . .  . 


Deed.  f.  w. 


col.  liq., 
1.5401 


col.  liq  .  . 
arom.  oil. 
liq 


yel.  need.  f.  al 

col.  monocl. 
pr.  f.  al. 


col.  pois.  liq. 

col.  liq., 
1.541515 


need.  f.  al.  or 
pet.  eth. 
need 


leaf.  f.  al. 
col.  oil. . . 
col.  liq .  . 


Density 
g/ml 


1.0495- 

1  5 


1.013- 


benzylidenemal 
fum.  oily  liq., 

1.541 
col.   oily   liq., 

1.550220 
col.  cr 


1.000: 


0.9820- 

< 

1.05018 


1.0618- 
1.038- 


1.438- 
o 

1.1020- 

4 


.0428- 

4 

.0227825-3 

onic  acid  see 
1.5115 

1.255714 

1.733" 


Melting 
point,  °C 


07 
124(110) 


74 

27 
09.0-.5 


9.2 

57-8 
37-8  (32) 

-4.0 
-43  (-48) 

41 

29 

(1)  71-2; 
(2)  69-70 
4-5 

-35 

Malonic    act 


-16;  frz. 
-17 
24 


Boiling 
point,  °C 


300  d. 
252 


248-50; 
131-2" 


205 

(105-7 


I 


1S512 
185 


230-237; 
122-4" 

187.4 


306 


300-7 

198 

179 

124-620 
230 

222  (214) 
d. 


295-8 
(157-6013) 
139.9 

d.    benzylide 
!4020 

207 

(203. 5756) 
9310 


Solubility  in  grams  per  100  ml  of 


Water 


v.  s.  h. 

s. 


v.  si.  B. 


si.  3.  c 
si.  8. 


sl.  s.  c. 
s.  h. 


s. 
4  2* 

i. 

i. 

i. 

i. 

i.  c, 
d.  h. 
i. 

i. 

i. 

v.  sl.  s. 

i. 

d. 


Alcohol 


V.  3. 

V.  s. 


ft. 

s. 
V.  s. 


v.  s. 
v.  s.  h. 

s.  c,  v 
s.  h. 

s.  h. 

v.  s.  h. 


Ether,  e1c. 


v.  s.  eth. 
v.  s.  eth. 


00  eth. 

*  eth. 

s.  eth. 
v.  s.  eth. 
s.  eth. 

v.  s.  eth. 
»  eth. 

00  eth. 
00  eth. 
v.  s.  eth. 


s.     eth.,     chl., 

Igr. 
s.  eth.,  h.  meth. 

al. 


00  eth. 

00  eth. 

v.  s.  eth. 
v.  s.  eth. 

s.  eth.,  ac.  a., 
CS2,  bz. 

s.  eth.,  bz.f  h. 
me.  al. 
s.  eth. 


«3  eth. 
00  eth. 
s.  eth.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 

711 


PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1779 
1780 

Benzyloxyamine* 

Benzyl  sulfide 

a  (or  0)-benzylhydroxylamine 
dibenzyl  sulfide 

C6H6CH2NHOH . . 

(CeHsCH^S 

(C6H5CH2)2S02... 
(C6H5CH2)2SO.... 
Ci8Hi9N03-2H20.. 

C2oHi7N04-6H20.. 

C2oHi9N06-CHCl3. 

C2oHi9N06-HCl- 
2H20 

C2oHi9N06-HN03.. 
C2oHi9N05-H2S04 

C6H2N(COOH)3- 
HH2O 

COCH2N(CH3)30 
HOC6H4COOC10H7 

123.15 
214.31 

1781 

Benzyl  sulfone 

Benzyl  sulfoxide 

Berbamine 

dibenzyl  sulfone 

246.31 

1782 

dibenzyl  sulfoxide 

230.31 

1783 

333.37 

1784 

Berberine 

,  compd.  with  chloro- 
form 
,  hydrochloride 

443.44 

1785 

472.75 

1786 

425.86 

1787 

,  nitrate 

,  sulfate . . 

416.38 

1788 

451.44 

1789 
1790 

1791 

1792 

,  tetrahydro-. 

Berberonic  acid 

Betacaine. 

Betaine 

See  Canadine;  H ydroberberine. 

2,4,5-pyridinctricarboxylic 
acid* 

See  0-Eucaine. 

lycine;oxyneurine;  trimethyl- 
glycocoll;  (carboxymethyl)- 
trimethylammonium     hy- 
droxide anhydride 

2-naphthyl  salicylate;  /S- 
naphthyl  salicylate 
See  Resorcinol,  2,5-dimethyU. 

238.15 
117.15 

1793 

1794 

Betel  phenol. 

Betol 

264.27 

1795 

1796 

Betorcinol. 
Betulinic  acid  . 

582.80 

1797 

Betulinol 

betulin;  betula  camphor; 
birch  camphor 

See  Benzidine,  NyN'-diacetyl-. 

See  2,3-Butanedione*. 

See  Butadiyne. 

See  \.5-Hexadiene*. 

See  2,4:'-Biphenyldiamine. 

See  Benzidine. 

See  Stilbene,  4,4'-dimethoxy-. 

4,4'-diamino-3,3'-dimethox- 

ybiphenyl 
ethyl  cacodyl;  bis(diethyl- 

arsenic) 
See  Cacodyl. 
See  Diphenic  acid. 
See  Benzil. 
sym-or  1 , 2-diphenylethane ; 

See  a,  a'-Bi-p-toluidine. 

See  Hexane,  3,4-dimethyl-*. 

See  Butane,  2,2,3,3-tetramethyl 
diol.  See  Camphor  pinacol. 

See  Naphthalene,  decahydro-*. 

See  Norcamphane. 
ne,  1,7,7-trimethyl-.  See 

C36H60O3(?) 

[CH30(NH2)C6H3]2 

(C2H6)2AsAs- 
(C2H5)2 

C6H5CH2CH2C6H5 

_* 
Bornylene. 

540.85 

1798 

1799 

1800 

1801 

1802 

1803 

1803M 

1804 

1805 

1806 
1807 
1808 
1809 

p,p'  -Biacetanilide. 

Biacetyl. 

Biacetylene. 

Biallyl. 

o,p'  -Bianiline. 

p,p' -Bianiline. 

Bianisal. 

4,4'-Bi-o-anisidine.  .  .  . 

Biarsine,  tetraethyl- .  . 

,  tetramethyl-. 

o,o' -Bibenzoic  acid. 

Bibenzoyl. 

Bibenzyl 

244.29 
266.06 

182.25 

1810 
1811 
1812 
1813 
1814 
1815 
1816 

,  4,4'-diamino-. 

Bi-sec-butyl. 

Bi-tert-butyl. 

2,2'  -Bicamphane-2,2'  - 

Bicyclo  [4,4,0]  decane. 

Bicyclo  [2,2,1]  heptane. 

Bicyclo-[2,2,l]hept-2-e 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

1779 

oil 

118-980 

s. 
i. 

s.  h. 
i.  c,  s. 

s. 
si.  s. 

s. 

1780 

col.rhomb.pl. 

f.  eth.  or  chl. 
need.  f.  al. 

+bz. 
leaf.  f.  al.  or  w. 

1.0712^ 

50 

49 

151 

134  (130) 

s.  eth. 

1781 

290  si.  d. 
d.  210 

v.  s.  acet.;  s. 

1782 

bz.,  ac.  a. 
s.  eth. 

1783 

leaf.  f.  al., 
W108.6°D5 

anh.  200 

h. 

s. 

s.  eth. 

1784 

yel.  anh.need. 
f.  eth.;  cr. 
(+6H20)  f. 

anh.  145 

2221 

1  c. 

v.  si.  s.   eth.; 

si.  s.  chl.,  bz. 

1785 

tricl.  tab.  f. 

chl. 
or.  need,  or 

yel.  powd. 

yel.  need 

yel.  need 

tricl.  pr 

col.  monocl. 
pr.  or  leaf. 

179 

s. 
si.  s. 

v.  si.  s. 

15719 

s. 

si.  s. 
v.  si.  s. 

8.618 

1786 

1787 

1788 

1789 
1790 

235;  anh. 
243 

293  d. 

i.  eth.,  bz.,  chl.; 

1791 
1792 

s.  dil.  a. 
v.  si.  s.  eth. 

1793 
1794 

cr.  f .  al 

95 

i. 

s. 

s.  h.  eth.,  h.  bz 

1795 
1796 

wh.  powd 

need.  f.  al. 

[«]  + 

19.96°15in 
pyr. 

col.  need,  or 

leaf, 
liq.,  ign.  in 

air,  1.4709 

col.  monocl. 
need.  f.  al. 

195 

258 

si.  s. 
i. 

V.  s. 
0.85  c, 
4  27  h. 

1797 

subl.,  d. 

0.4  c,  3.07  h. 

eth. 

1798 

1799 

1800 

1801 

1802 

1803 

1803M 

1804 

1.1388—  — 

4 

0.995y; 

0.942^-° 

.4 

131.5 

si.  s.  h. 
i. 

i. 

s. 
s. 

s. 

1 
i 

1 

1805 

185-90 
284 

acet.,  chl.,bz. 
s.  eth. 

1806 
1807 
1808 
1809 

1810 
1811 
1812 
1813 
1814 
1815 
1816 

52.5 

v.   s.   eth.;   s. 
CS2 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1817 
1818 
1819 
1820 
1821 

1822 


1823 

1824 
1825 
1826 
1827 
1828 
1829 
1830 


1831 
1832 


1833 

1834 
1835 

1836 

1837 
1838 
1839 

1840 
1841 
1842 
1843 

1844 
1845 

1846 

1847 
1848 

1849 


1850 
1851 
1852 
1853 
1854 


ISame 


Bicyclo[3,l,l]  hept-2-en 

Bicyelo[3,l,0jhexane,  l 

Biethylene. 

Biformyl. 

Biguanide 


a-o-tolyl- 


Bihexyl. 

Biisoamyl. 

Biisobutyl. 

Biisopropenyl. 

Biisopropyl. 

Bikhaconine,  acetylver 

Bikhaconitine 

Bilifuscin 


Bilineurine. 
Bilirubin.  . 


Biliverdin. 


l,l'-Bi-2-naphthol 
4,4'  -Bi-1-naphthol 


l,l'-Binaphthyl* 


,  2,2/-dihydroxy-. 

,  4,4/-dihydroxy-. 

2,2'-Binaphthyl* 


Bindschedler  green,  leu 

Bioctyl. 

Bioxirane. 

o,o'  -Biphenol 


o,p'  -Biphenol.  . 
m,m'  -Biphenol 
p,p' -Biphenol. . 


p,p' -Biphenol,    2,2', 6,6' 
p,p' -Biphenol,  3,3', 

5,5'-tetranitro- 
Biphenyl 


2-amino-. 
3-amino-. 
4-amino-. 
2-amino-4,4'  -dia 
2-benzyl- 


Synonyms 


e,  2,6,6-trimethyi-.    See 
isopropyl-4-methylene 

See  1,3-Butadiene*. 
See  Glyoxal. 
guanylguanidine;  diguanide.  . 


See  Dodecane*. 
See  Octane,  2,1 -dimethyl-*. 
See  Hexane,  2, 5-di methyl-*. 
See  1,3-Butadiene,  2,3-dimethy 
See  Butane,  2,3-dimethyl-*. 
atryl-.  See  Bikhaconitine. 
acetylveratrylbikhaconine. . 


See  Choline. 


0-dinaphthol;  2,2'-dihy- 
droxy- 1 , 1  '-binaphthy  1 

a-dinaphthol ;  4,4'-dihy- 
droxy-1 , 1  '-binaphthyl 


a,  a'-dinaphthyl. 


See  lX-Bi-2-naphthol. 
See  4,4'-Bi-l-naj)hthol. 
/3,  /3'-dinaphthyl 


co  base.  See  Diphenylamine,  p, 
See  Hexadecane*. 
See  i-Erythritol,  anhydride. 
2,2'-dihydroxybiphenyl 


2,4'-dihydroxybiphenyl 

3,3'-dihydroxybiphenyl 

4,4'-dihydroxybiphenyl 

-tetramethoxy-.  See  Hydr 


diphenyl;  phenylbenzene 


See  o-Biphenylamine. 
See  m-Biphenylamine. 
See  Xenylamine. 
mino-.  See  Benzidine,  Z-amin 
l-benzyl-2-phenylbenzene. . . . 


Formula 


Pinene. 

-.   See  Sabinene. 


NH2C(:NH)NHC- 

(:NH)NH2 
C7H7NHC(:NH)- 

NHC(:NH)NH2 

^H20 


CseHsxNOn 

Ci6H2oN204 

C32H36N406 

C32H3GN408 

HOCioHedoHeOH 
HOCioHeCioHeOH 

C10H7C10H7 

C10H7C10H7 

p'-bisdimethylamino- 

HOC6H4C6H4OH  . 

HOC6H4C6H4OH 

HOC6H4C6H4OH. 

HOC6H4C6H4OH 

ocerulignone. 
[C6H2(N02)2OH]2. 

CeHsCeHs 


C6H5CH2C6H4C6H5 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


amor,  or  pr. 
f.  al. 
wh.  cr 


cr 

br.  powd. 


br.  rhomb,  cr. 


grn.-blk.  powd 


need.  f.  al.  or 
tol. 
rhomb,  f.  al... 


col.  rhomb, 
leaf.  f.  al. 


col.  pi. 


pr.  f.  tol.; 

leaf,  (hyd.) 

f.  w. 
monocl.  pr.  or 

need, 
need.  f.  w. . . . 

rhomb,  need, 
or  pi.  f.  al. 


yel.  need. 


col.  monocl., 
al.56841, 
01.59441, 
71.61158; 

1.58822"-! 


monocl.  need 


Density 
g/ml 


1.25- 


1.180-5-; 

4 

0.9919- 

4 


Melting 
point,  °C 


130 

JH,0 

140-4;^ 
anh.  145— (' 


113 

183 


192-2.5 


218 
300 

160.5(156) 
187-8(181) 


hyd.  73-5; 

anh. 

109-10 
162-3 

123-4 

274-5 

(270-2) 

222-5 
69-71 


54 


Boiling 
point,  °C 


subl. 
subl. 


ca.  360; 
240-412 


452 

326 

342 

24718 
subl. 


254-5 


283-7110 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol       Ether,  etc 


s. 
s.  h. 


s.  h. 

si.  s.  h. 
v.  si.  s. 

si.  s. 

i. 
i. 


s.  h. 


si.  s. 


10  c. 


s.  eth. 


s.  eth. 

si.   s.    eth.;   s. 

glac.    ac.    a., 

alk. 

v.  si.  s.  eth.;  s. 

CS2,  chl.,  bz., 

a.,  alk. 
si.   s.   eth.;   s. 

bz.,    alk.;    i. 

chl. 
v.  s.  eth.;  si.  s. 

chl. 
v.   s.    etb.;   s. 

alk.;      si.  s. 

chl.,  bz. 
s.  eth.,  bz.,  CS2 


si.  s.  eth.;  s.  h. 
bz.,  CS2 


s.  eth.,  ac.  a., 
bz.,  alk. 

s.  eth. 

s.     eth.,     chl., 

bz.,  alk. 
s.  eth.;  si.  s.  bz. 


s.  eth.;  6.5719-5 
me.  al. 


s.  eth.;  v.  s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1855 
1856 
1857 
1858 

1859 
1860 

1861 
1862 
1862M 
1863 

1864 

1865 

1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 


1875 

1876 

1877 

1878 
1879 
1880 
1881 

1882 

1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 


1891 
1892 
1893 
1894 


Name 


Biphenyl,  4-benzyl- 
2-brorno-*.  .  .  . 
4-bromo-*. .  .  . 
2-chloro-* 


3-chloro-* 
4-chloro-* 


2,4/-diamino-. 
4,4'-diamino-. 
4,4'  -diamino-  3,3' 
4,4/-dibromo-*. . . 

4,4'-dichloro- ::.  .  . 

4,4'-dichloro- 

2,2,-dinitro-* 
2,2' -dihydroxy-. 
2,4'  -dihydroxy-. 
3,3'-dihydroxy-. 
4,4'  -dihydroxy-. 
2,2' -dimethyl-. 
2,3' -dimethyl-. 
3,3'-dimethyl-. 
4,4' -dimethyl-. 
2,2'-dinitro-*.  .  . 


2,4/-dinitro-*.  . 

3,3'-dinitro-*.  . 

4,4'-dinitro-*.  . 

2-ethoxy-* 

3-ethoxy-* 

1,2,3,4, 5, 6-hexah 
hydroxy-. 
4-iodo-* 


2-methoxy-*. 
4-methoxy-*. 
2-methyl-  . . 
3-methyl- . . . 
4-methyl- .  . . 

2-nitro-* 

3-nitro-* 

4-nitro-* 


3-phenyl-. 
4-phenyl-. 
3,3',5,5'-tetxahyd 
2,2\4,4'-tetra- 
nitro-* 


Synonyms 


l-benzyl-4-pheny  lbenzene . 

2-bromodiphenyl 

4-bromodiphenyl 

o-chlorodiphenyl 


m-chlorodiphenyl . 
p-chlorodiphenyl. 


See  2,i'-Biphenyldiamine. 
See  Benzidine. 

■dimethoxy-.    See  4,i'-Bi-o 
p,p'-dibromodi  phenyl 


4,4'-dichlorodiphenyl . 


See  o,o'-Biphenol. 
See  o,p'-Biphenol. 
See  m,m,'-Biphenol. 
See  p,p'-Biphenol. 
See  o,o'-Bitolyl. 
See  o,m'-Bitolyl. 
See  m,m'-Bitolyl. 
See  p,p'-Bitolyl. 
o,o'-dinitrodiphenyl 


o,p'-dinitrodiphenyl .  . 
m.m'-dinitrodiphenyl . 
p,p'-dinitrodiphenyl. . 


ydro-.    See  Cydohexane,  phen 
See  Phenol,  phenyl-. 


o-phenyltoluene. 
m-phenyltoluene. 
p-phenyltoluene . 


See  Benzene,  l,Z-diphenylr. 
See  Terphenyl. 
roxy-.  See  5,5'-Biresorcinol. 


Formula 


C6H5CH2C6H4C6H5 

C6HsC6H4Br 

CeHsCeH^Br 

CIC6H4C6H5 

CICGH4C6H5 

ClCel^CeHg 


■anisidine. 
BrC6H4CeH4Br. . . . 

CIC6H4C6H4CI .  . .  . 

C1(N02)C6H3C6H3- 
(N02)C1 


N02C6H4C6H4N02 

N02C6H4C6H4N02 

N02C6H4C6H4N02 

N02C6H4C6H4N02 

C6H6CeH40C2H5 .  . 
C6H6C6H4OC2H5 .  . 

C6H6C6H4I 

C6H6C6H4OCH3 . 
C6H5C6H4OCH3 . 
CeHsCeHUCEfo.  . 
C6H5C6H4CH3.  . 
C6H6C6H4CH3.  . 

C6H5C6H4N02.. 
C6H5C6H4N02.. 

C6HbC6H4N02.. 


(N02)2C6H3C6H3- 

(N02)2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf 

Hq 

col.  pi.  f.  al 
monocl .... 


cr 

leaf.  f.  lgr.  or 
al. 


monocl.  pr.  .  . 

monocl.  pr.  or 

need.  f.  tol. 
yd.  need.  f.  al 


yelsh.  monocl. 
need. 

col.  monocl. 
need,  or  pr. 
or.-yel.  need. . 

need.  f.  al. . .  . 


col.  cr.  f.  ac.  a 


pr.  . 
leaf. 


col.  liq 
col.  liq 
col.  liq 


rhomb,  bi-py. 

leaf.  f.  al. 
yel.  leaf.  f.  w. 

+  al. 
col.  rhomb. 

bi-py.  need. 

f.  al. 


yel.  pr.  f.  bz. . 


Density 

g/ml 


1.897y 
1.439™ 


1.45- 


0  0 

1.474- 

4 


.445*-* 


1C107 
1.031-*- 

4 

1.01527 


1.44- 

4 


.328^ 


Melting 
point,  °C 


85 

<-20 
89-90 
32 

89 

77  (66-75) 


164 

148-9 

(130-43) 
138 


124 

1)3  5 

200 

233(237-l.T) 

34 
31 


113-4 

(109-11) 
29 

90  (84-5) 


37  (31-3) 

58.5-61 

113 


154-5 


Boiling 
point,  °C 


285-6100 
296-8 
310 
273-4 

284-5 
291.2745 

(282) 


355-60 
315-9 


276 

305 


320  d. 

274; 
159-6018 


250 

277 
267 
320 


340 


Solubility  in  grams  per  100  ml  of 


Water 


Alcohol 


si.  s.  c, 
s.  h. 


s.  h. 

s.  h. 

si.  s. 

v.  si.  s 
c,  s.  h 
V.  s. 


s.  h. 

s.  h. 

s. 


v.  s. 
V.  s. 
si.  s.  c. 


Ether,  etc. 


s.  eth.;  v.  s.  bz. 
s.  eth. 
s.  eth. 

v.    s.    eth.;    s. 
lgr.,  CC14 
s.  eth. 
s.  eth.,  lgr. 


s.  bz. 


s.  eth.,  h.  he 

a.,  h.  bz.;  si 

s.  lgr. 
s.  eth.,   h.  ac 

a.,  h.  bz. 
si.  s.  eth.;  s.  h 

ac.  a.,  h.  bz. 
v.  s.  eth.;.s.  h 

bz.,  h.  ac.  a. 
v.  s.  eth. 
s.  eth. 


s.  eth.,  bz.,  ac. 


s.  eth. 
s.  eth. 
s.  eth. 
v.  s.  eth. 


v.  s.  ac.  a.;  s. 
lgr. 
s.  eth.;  v.s.  chl. 


si.   s.   eth. 
bz.,  ac.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1895 

o-Biphenylamine 

m-Biphenylamine.  .  . . 

p-Biphenylamine. 
Biphenylcarboxylic  aci 
2,4'  -Biphenyldiamine 

2,2'  -Biphenyldicarbon 
2,2'  -Biphenyldicarboxy 
2,2'  -Biphenyldisulfoni 
Biphenylene  oxide. 
Biphenylene  sulfone,  2 
p-Biphenylyl  mustard 
Bipropargyl. 
Bipropenyl. 
4,4'-Bipyridyl 

2-aminobiphenyl 

NH2C6H4C6H5.... 
NH2C6H4C6H5 .... 

NH2C6H4C6H4NH2 

hloride. 

e  2,2'-Benzidinedisul 

sulfone. 
yl  ester. 

(C6H4N)2 

169  22 

1896 

3-aminnbiphftnyl      

169  22 

1897 
1898 
1899 

1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 

See  Xenylamine. 
d.  See  Benzoic  acid,  phenyl-. 

o,p'-bianiline;    diphenyline ; 

2,4'-diaminobiphenyl 

yl  chloride.  See  Diphenoyl  c 

lie  acid.    See  Diphenic  acid. 

c  acid,    4,4'-diamino-.Se 

See  Dibenzofuran. 
,7-diamino-.   See  Benzidine 
oil.  See  I sothiocyanic  acid,  xen 

See  1,5-Hexadiyne.* 

See  2,4-Hexadiene*. 

4,4'-  or  7, 7'-dipyridyl 

See  Furil. 

2,3'-biquinolyl;  2,3'-diquinolyl 

2,7'-diquinolyl 

184.23 

fonic 

156.18 

1909 
1910 

Bipyromucyl. 
2,3'-Biquinoline 

2,7'-Biquinoline 

6,6'-Biquinoline 

Birch  camphor. 
5,5'-Biresorcinol 

Bismuth,  triethyl-*.  .  . 

,  trimethyl-* 

,  triphenyl-* 

Bismuthine.     For  deriva 
2,2-Bithienyl. 
2,2'-Bithiophene 

,  hexabromo- 

4,4'  -Bi-o-toluidine 
a,a'-Bi-p-toluidine  .  .  . 

o,o' -Bitolyl 

(C9H6N)2 

256.29 

1911 

(C9H6N)2 

256.29 

1912 

6,6'-diquinolyl 

(C9H6N)2 

256.29 

1913 
1914 

1915 

1916 

See  Betulinol. 
3,3',5,5-tetrahydroxybi- 

phenyl 
triethylbismuthine ;  bismuth 

triethyl 
trimethylbismuthine 

triphenylbismuthine 

(HO^CeHaCeHa- 
(OH)2-2H20 

Bi(C2H5)3 

(CH3)3Bi 

254.23 
296.18 
254.10 

1917 

(C6H6)3Bi 

(C4H3S)2 

440.30 

1918 
1919 

tives  see  under  Bismuth. 
See  2,2'-Bithiophene. 
2,2'-bithienyl;  a,  a-dithienyl 

perbromo-a,  a-dithienyl 

(NH2  =  1).   See  o-Tolidine. 
4,4'-diaminobibenzyl;  4,4'- 
diamino-s-diphenylethane 
2,2'-dimethylbiphenyl 

2,3'-dimethylbiphenyl 

3,3'-dimethylbiphenyl;  m,m'- 

ditolyl 
4,4'-dimethylbiphenyl 

allophanamide ;  carbamyl- 
urea;  ureidoformamide 

acetylallophanamide 

See  1,3-  Butadiene*. 
See  1,3-Pentadiene*. 
See  Isoprene. 

See  Arsine,  chlorodiphenyl-. 
benzylboron  dihydroxide ; 
a-tolueneboronic  acid 

166.25 

1920 

(C4Br3S)2 

639.70 

1921 

1922 

H2NC6H4C2H4C6- 
H4NH2 

212.29 

1923 

CH3C6H4C6H4CH3 
CH3C6H4C6H4CH3 
CH3C6H4C6H4CH3 
CH3C6H4C6H4CH3 

NH2CONH2- 
CONH2H2O 

CH3CONHCON- 
HCONH2 

C6H6CH2B(OH)2.. 

182.25 

1924 

o,m' -Bitolyl 

182.25 

1925 

m,m' -Bitolyl 

182.25 

1926 

p,pf  -Bitolyl 

182.25 

1927 

Biuret 

122.11 

1928 

,  acetyl- 

145.12 

1929 
1930 
1931 
1932 
1933 

Bivinyl. 

,  a-methyl-. 

,  /S-methyl-. 

Blue  cross. 

Boric  acid,  benzyl-.  .  .  . 

135.96 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf. . . . 
col.  leaf,  or 
need. 


need.  f.  dil.  al 


acid 


need. 
(+2H20) 
f.  w. 

yel.  pi.  or 
need.  f.  bz. 

monocl.  pi. 
f.al. 

monocl.  leaf, 
f.al. 

pi.,  need,  or 
wh.cr.powd. 
col.  liq 


monocl 


col.  leaf 

need 

lust.  pi.  f.  w. . 

col.  liq.  or  cr. 
f.al. 
col.  liq 

col.  vise.  liq. . 

col.  monocl. 
pr.  f.  eth. 

col.  need. 

(+1H20); 

anh.  f.  al. 
col.  need 


wh.  cr. 


Density 
g/ml 


1.82— 

4 

2.300y 

1.585^° 

4 


0.955^ 

4 


0.9993^ 

1.102^' 

liq.   4 
0.917121 


Melting 
point,  °C 


49.3(45.5) 
30 


45 


2G0 


2H20,  73; 
anh.  114 


17t>-7 

193 

181  (178) 

anh.  310 


77-8 

33 

255 

134-5  (132) 

17.8 

5-7 
121 


190  (193) 
d. 

193 


-H20,  104;    d. 
anh.  140 


Boiling 
point,  °C 


299 
254135 


303 


304.8 

>400 

subl. 

dist. 


10779  exp. 

110 

242" 


subl. 

272;  258788 
270(287.5) 
286-7™ 
273-6  (295) 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


l. 
si.  s. 


v.  si.  s. 


v.  si.  s. 


v.  si.  s. 
h. 

s.  h. 


s.  h. 


1.5415; 
45.51W 


si.  s.  c. 


V.  s. 

v.  s. 
v.  si.  s. 
v.  si.  s. 


si.  s. 

v.  s. 
i. 

v.  s. 
s. 
V.  s. 


V.  s. 


V.  s. 


s.  eth. 


s.  eth. 


v.    s.    eth.;   s. 
chl.,  bz. 


s.  eth.,  h.  chl., 

h.  bz. 
si.   s.   eth.;   s. 

chl.,  h.  bz. 
s.  eth.,  bz. 


s.   eth.;  i.  ac. 
a.,  acet. 
s.  eth. 


s.    eth.;   v.    s. 
chl.,  acet. 


v.  s.  eth.;s.  ac. 
a. 
s.  h.  bz. 


s.  eth.,  bz. 

v.  s.  eth.;s.  bz. 

s.  eth.,  bz. 

s.     eth.,     bz., 
CS2 

v.  si.  s.  eth. 
si.  s.  eth.;s.  bz. 


s.  eth.,  bz. 


For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1934 

1934M 

1935 
1936 

1937 

1938 

1939 

1940 

1940M 

1941 

1942 

1943 

1944 

1945 

1946 

1947 

1948 

1949 

1950 
1951 

1952 
1953 

1954 


1955 


1956 

1957 
1958 
1959 


Name 


Boric  acid,  p-bromo- 

phenyl- 

,  o(and  m)-chloro- 

phenyl- 

,  p-chlorophenyl- 

,  ethyl- 


,  isoamyl- 

,  isobutyl- 

,  phenyl-  . 
,  propyl-. 


— ,  o-(and  m)-tolyl- 
-,  p-tolyl- 


Borine,  difluoro- 

phenyl- 
,  difluoro-p-tolyl- 


triethyl- 

triisoamyl- . 
triisobutyl-. 
trimethyl-. 
triphenyl-.  . 
tripropyl-.  . 


Borneo  camphor, 
cf /-Borneol 


,  acetate. 

d-Borneol. 

,  acetate. 


/-Borneol 


acetate. 


Bornyl  acetate. 
Bornyl  alcohol. 
Bornylamine.  . 


Synonyms 


o-and  m-chlorobenzeneboron- 
ic  acid 


ethaneboronic  acid. 


3-methyl-l-butaneboronic 
acid 


phenylboron  dihydroxide ; 
benzeneboronic  acid 
1-propaneboronic  acid 


o-and  m-tolueneboronic  acid . 

p-tolylboron  dihydroxide 

boron  phenyl  difluoride; 

phenylboron  difluoride 
boron  p-tolyl  difluoride 


triethylboron ;  boron  triethyl 

triisoamylboron 

triisobutylboron 


trimethylboron ;  boron  tri- 
methyl 

boron  triphenyl ;  triphenyl- 
boron 

tripropylboron 


See  d- Borneol. 
<M-e.ro- 2-camphanol ;  dl-bor- 
nyl  alcohol ;  dJ-a-camphol 


<#-bornyl  acetate. 


d-exo-2-camphanol ;  d-bomyl 
alcohol;  Borneo  camphor; 
Malay  camphor;  Sumatra 
camphor;  d-a-camphol 


J-exo-2-camphanol ;   ngai 
camphor 

Z-bornyl  acetate 


See  Borneol,  acetate. 
See  Borneol. 


Formula 


BrC6H4B(OH)2.... 

C1C6H4B(0H)2.... 

C1C6H4B(0H)2.... 
C2H6B(OH)2 

(iso-C6Hn)B(OH)2 

(CH3)2CHCH2B- 

(OH)2 

C6H6B(OH)2 

n-C3H7B(OH)2... 

CH3C6H4B(OH)2.. 
CH3C6H4B(OH)2.. 
C6H6BF2 

CH3C6H4BF2 

(C2Hs)3B 

(C6H1O3B 

(C4H9)3B 

(CH3)3B 

(C6H5)3B 

(C3H7)3B 

C10H17OH 

CioHi7OOCCH3... 
C10H17OH 

CH3COOCioHi7... 

CioHnOH 

CioHi7OOCCH3... 

CioHi7NH2 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need . . 
wh.  cr. 


need,  or  sheafs 
wh.  leaf,  or  pi 


col.  sq.  tab. 
doub. 
refractive 

lng.  pointed 
doubly  re- 
fracting pi. 

wh.  need 


wh.  thick 
rect.  pi. 
wh.  need,  or  pi 

need 

col.  oil 

col.  oil 

col.  fum.  liq. . . 

liq.,  1.43207. . . 

Hq., 

1.4244522-8 
col.  gas 


hex.  columns, 

d.  in  air 
liq., 

1.4235422.5 

col.  hex.  leaf. 

f.  lgr., 

[a]-44.2°D 
col.,  1.4630.... 

col.  hex.  leaf., 
[a]  +  37.44°20 
in  al. 

col.  rhomb., 
1.4663515, 
liq.  («] 
+44.45°2J 

col.  hex.  pi., 
[a]37.74°2« 
in  al.         D 

col., 
1. 46635" 


col.  cr.,  [cr] 
+47  2°so 

in  al.     D 


Density 
g/ml 


0.6961: 
0.7600 


4 

23.4 

4 

25 


0.7380 

4 

1.9108  g/1 


0.7204 


24.7 


1.011 

0.985 


1.0112-? 

4 


liq.      2o 

0.9855- 

4 


1.011 


0.9855- 

4 


Melting 
point,  °C 


266 

indef.    (de- 

hyd.) 
275 
subl.40(?) 

indef. ; 

(d.) 
169  (101) 

d. 

112  (104) 


214-6  (d.) 

107  (74-5) 
d. 

indef.  (d.) 
240 


-161.5 
136 

210.5 

27-8 
208 

29 

208.6 
29 

163 


Boiling 
point,  °C 


70-5 

95-7 

95 

1191* 

188;  8620 

-20 

245-50; 
(20315) 
156  (6020) 

subl. 

H422 

212  subl. 


223-4 

(225-6) 


210?"  subl 
223-4 

200  subl. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol       Ether,  etc. 


s.  c;  v. 
s.  h. 

s. 

si.  s. 
s. 

si.  s. 

d. 
d. 

v.  si.  s. 


v.  si.  s. 


v.  si.  s. 


0.07425 


v.  si.  s. 


0.074025 


v.  si.  s. 


V.  s. 


s.  eth. 

s.  eth.,  bz.,  lgr. 

s.  eth. 
s.  eth. 

s.  eth.,  all  org. 
solv. 

s.  eth. 

s.  eth.,  bz. 

s.  eth.,  dichlo- 
roethane 
s.  eth.,  bz. 
s.  eth. 
s.  eth.,  bz. 

s.  eth.,  bz. 

s.  eth. 

s.  eth. 

s.  eth. 

v.  s.  eth. 

s.  eth.,  bz. 

s.  eth. 


v.  s.  eth.; 
2520  bz. 


s.     eth.,     lgr.; 
22.220  bz. 


s.eth. 


v.  s.  eth.; 
22.220  bz. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


1960 


1961 
1962 


1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 


1971 
1972 
1973 


1974 
1975 
1976 


1977 


1978 
1979 
1980 

1981 


1982 
1983 

1984 
1985 


1986 
1987 

1988 

1989 

1990 

1990M 

1991 


Name 


Bornyl  chloride 


/-Bornylene. 


Bornyl  esters. 

Boron.  (For  other  derivativ 

,  triethoxy-. 

,  trimethoxy-. 

,  tripropoxy-. 

Brasilein. 
Brasilin. 

Brassidic  acid,  Brassic 
acid 


Brassidic  anhydride 

Brazilein 


Brazilin 


British  gum, 
Bromacetol. 
Bromal 


hydrate 


Bromanilid. 
Bromelia. 
Bromine  cyanide. 

Bromo-    See  the  parent  co 
Bromoform 


,  nitro-. 

Bromopicrin. 


Bronner's  acid. 
Brucine 


-,  hydrochloride . 
-,  nitrate 


.sulfate 

Bulbocapnine 

1,2-Butadiene*. 

,  3-methyl- 

1,3-Butadiene*. 


Synonyms 


2-chlorocamphane  (one  form) 
pinene  hydrochloride;  arti- 
ficial camphor 

See  also  Isobornyl  chloride. 

M,7,7-trimethvlbicyclo- 
|2,2,ll-2-heptene 


See  under  Borneol. 
es  see  under  Boric  acid  and  Bori 
See  Ethyl  borate. 
See  Methyl  borate. 
See  Propyl  borate. 
See  Brazilein. 
See  Brazilin. 
trans-  13-docosenoic  acid  * ; 

isoerucic  acid;  frans-erucic 

acid 


brasilein 


Formula 


CioHnCl. 


CioHu, 


ne.) 


CsHnCH  :CHCn- 
H22COOH 


(C2iH4iCO)20. 
C16H12O5 


brasilin C16H14O5I  jH20 


See  Dextrin. 

See  Propane,  2,2-dibromo-*. 

2,2,2-tribromoethanal*;  tri- 

bromoacetaldehyde ;  tribro- 

moaldehyde 
2,2,2-tribromo-l ,  1-ethane- 

diol*;    tribromoethylidene 

glycol 

See  Acetanilide,  p-bromo-. 
See  Ether,  ethyl  2-naphthyl. 
See  Cyanogen  bromide. 
mpounds  (e.g.,  for  bromoacetic 
tribromomethane 


See  Bromopicrin. 
tribromonitromethane  * ;  ni- 
trobromoform 
See  2-JV ' aphthylamine-6-sulfoni 


methylallene 

wnsym-dimethylallene , 


bi vinyl;  erythrene;  pyrrolyl- 
ene;  vinylethylene;  divinyl; 
biethvlene 


CBr3CHO 

CBr3CH(OH)2.. 


acid  see  Acetic  acid,  b 
CHBra 


Mol. 
Wt. 


172.69 


136.23 


N02CBr3. 


i  acid. 

C23H26N204-4H20. 


C23H26N204HC1.. 

C23H26N204- 

HN03-2H20 

(C23H26N204)2- 

H2S04-7H20 
C19H19NO4 


CH2:C:CHCH3.. 
CH2:C:C(CH3)2.. 
CH2:CHCH:CH2. 


338  56 

659.10 
284.26 
313.30 


280.78 
298.79 


romo-.) 
252.77 


297.77 

466.52 

430.92 
493.51 

1013.10 

325.35 

54.09 
68.11 
54.09 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


1990 

1990M 

1991 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  cr, 


col.  cr.  f.  me. 
al..  [a] 
-22.27°g 
in  bz. 


col.  leaf.  f.  al. 
1.4347100 

need 


dk.  red 

rhomb,  leaf, 
wh.  or  pa.  yel. 

rhomb,  need. 

f.  al. 


yel.  liq 


col.  monocl. 
pr. 


col.  liq. or  hex. 
cr.,  1.5980190 


pr.,  1.583113... 


monocl.  pr.  f. 
al.  [a]-119°D 


wh.  need, 
wh.  pr... 


lng.  need 


rhomb,  pr.  f. 
eth.,  [a] 
+  237.  1°d 

col.  liq 


liq. 


Density 
g/ml 


0.8585: 


0.835- 


2.3015 


2.566: 


2.890- 

4 


2.811 


0.683- 

4 

0.650- 

4 


Melting 
point,  °C 


131-2  (128) 


113 


61.5 
64 


250 


53.5 


10 


4H20,  105: 
anh.  178 


anh.  230  d. 


199 


-120 
-113 


Boiling 
point,  °C 


207.4 


146750 


282s« 


174 


149.5 


127118 


19 

40.5-41.5 

-3 


Solubility  in  gram 

Water 

Alcohol 

i. 

26.04 

i. 

s. 

0.7424 

v.  si.  s. 
c. 

i. 

si.  s. 

si.  s.  h. 

s. 

si.  s. 

s. 

d 

s. 

s. 

s. 

0.31980 

OO 

i. 

s. 

0.1  c., 

0.67100 

81. 825 

s. 
s. 

s. 
s. 

s. 

s. 

i. 

s. 

L 

OO 

«■ 

V.  s. 

Ether,  etc. 


s.  eth. 


s.     eth.,     tol. 
me.  al. 


s.  eth. 

s.  eth. 

s.  eth.,  alk. 

s.  eth.,  alk. 


s.  eth. 
s.  eth. 


«  eth.;  s  bz., 
chl.,  pet.  eth. 
and  oils 

s.  eth. 


0.75  eth.; 
13  l25  chl.;  s. 
bz.;  i.  alk. 


s.  eth.,  chl. 
oo  eth. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

1992 

1,  3-Butadiene,  2-chlo 

ro-*.  See  Chloroprene. 

1993 

,  2,3-dimethyl-* 

biisopropenyl 

CH2:C(CH3)- 

82.14 

C(CH3):CH2 

1994 

,  2-methyl-*. 

See  Isoprene. 

1995 

Butadiyne* 

butadiine;  biacetylene 

See  Butyraldehyde. 

ch:cc:ch 

50  06 

1996 

Butanal*. 

1997 

Butanamide*. 

See  Butyramide. 

1998 

Butane 

n-butane;  methylethyl- 
methane 

See  Butylami?ie  (n). 

CH3(CH2)2CH3.... 

58  12 

1999 

,  1-amino-. 

2000 

,  2-amino-. 

See  sec-Butylamine. 

2000H 

,  2-amino-2,3-dim 

ethyl-.  See  Propylamine,  a,  a 

,  P-trimethyl-. 

2000R 

,  l-amino-2-ethyl- 

.   See  Butylamine,  (i-ethyl-. 

2001 

,  l-amino-3-meth 

yl-.    See  I soamylamine. 

2001F 

,  3-amino-2-meth 

yl-.  See  Propylamine,  a,  ($-dim 

ethyl-. 

2002 

,  1-benzyloxy-. 

See  Ether,  benzyl  butyl. 

2003 

,  2,2-bis(ethylsulf 

onyl)-*.   See  Trional. 

2004 

,  1-bromo-*. 

See  Butyl  bromide(n). 

2005 

,  2-bromo-*. 

See  sec-Butyl  bromide. 

2006 

,  l-bromo-2- 

methyl-*  (d) 

d-pri-act-a,my\  bromide 

CH3CH2CH(CH3)- 
CH2Br 

151.06 

2007 

,  l-bromo-3- 

methyl-*. 

See  Isoamyl  bromide. 

2008 

,  1-butoxy-*. 

See  Butyl  ether. 

2009 

,  1-butyldithio-*. 

See  Butyl  disulfide. 

2009H 

,  l-(butylsulfinyl)* 

-.   See  Butyl  sulfoxide. 

2009R 

,  l-(butylsulfonyl) 

-*.   See  Butyl  sulfone. 

2010 

,  butylthio-*. 

See  Butyl  sulfide  (n). 

2011 

,  1-chloro-*. 

See  Butyl  chloride  (n). 

2012 

,  2-chloro-*. 

See  sec-Butyl  chloride. 

2013 

,  l-chloro-2- 

methyl-* 

pri-act-amyl  chloride 

CH3CH2CH(CH3)- 
CH2C1 

106.60 

2014 

,  l-chloro-3-methy 

1-*.    See  Isoamyl  chloride. 

2015 

,  2-chloro-2- 

tert-o,my\  chloride 

CH3CH2CC1(CH3)- 

106.60 

methyl-* 

CH3 

2016 

,  1,2,3,4-diepoxy-. 

See  i-Erythritol,  anhydride. 

2017 

,  1,4-dihydroxy-. 

See  1,4-Butanediol*. 

2018 

,  2,2-dimethyl-*  .  . 

ethyltrimethylmethane;  neo- 
hexane 
isopropyldimethylmethane ; 

(CH3)3CCH2CH3.. 

86.17 

2019 

,  2,3-dimethyl-*  .  . 

(CH3)2CHCH- 

86.17 

biisopropyl 

(CH3)2 

2020 

,  1-ethoxy-*. 

See  Ether,  butyl  ethyl. 

2021 

,  l-ethoxy-3-meth 

yl-*.  See  Ether,  ethyl  isoamyl. 

202 1M 

,  1-fluoro-*. 

See  Butyl  fluoride  (n). 

2022 

,  1-iodo-*. 

See  Butyl  iodide. 

2023 

,  2-iodo-*. 

See  sec-Butyl  iodide. 

2024 

,  l-iodo-2- 

pn-ad-amyl  iodide 

CH3CH2CH(CH3)- 

198.06 

methyl-* 

CH2I 

2025 

,  l-iodo-3-methyl- 

*.    See  Isoamyl  iodide. 

2026 

,  2-iodo-2-methyl- 

,  1-methoxy-*. 

*  tert-amyl  iodide 

CH3CH2CI(CH3)- 

198.06 

2027 

See  Ether,  butyl  methyl. 

CH3 

2028 

,  2-methyl-* 

ethyldimethylmethane ;  iso- 
pentane 

(CH3)2CHCH2CH3 

72.15 

2029 

,  3-methyl-l-(y-m 

ethylbutoxy)-*.  See  Isoam, 

yl  ether. 

2030 

,  2-methyl-l-(/8-m 

ethylbutylthio)-*.  SeeSu 

Ifide,  bis(P-methylbut 

yl). 

2031 

,  3-methyl-l-(7-m 

ethylbutylthio)-*.    See  Is 

oamyl  sulfide. 

2032 

,  3-methyl-l-phen 

oxy-.   See  Ether,  isoamyl  phen 

yl 

2033 

,  2-methyl-2-phen 

yl-.   See  Benzene,  tert-amyU. 

2034 

,  3-methyl-l-phen  yl-.    See  Benzene,  isoamyl-. 

2035 

— ,  3-methyl-l-(2-prlopenoxy)-*.  See  Ether,  allyli 

soamyl. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

1992 

1993 

col.  liq., 
1.^37717 

0.7446-; 

0.727^° 

-65 

69.6 

1994 

20 

1995 

gas 

2.233 

-36.4 

10.3 

460  cm3 

s. 

v.  s.  eth. 

1996 

1997 
1998 

col.  gas  or  hex . 

liq.0.60- 

4 

-135 

-0.6to 
-0.3 

157T2 
cm3 

1813j^„ 

cm3 

2980  -  cm3 

773 

eth. 

1999 

2000 

2000  H 

2000  R 

2001 

2001  F 

2002 

2003 

2004 

2005 

9  n 

2006 

liq 

1.221- 

120-1 

i. 

s. 

s.  eth. 

2007 

4 

2008 

2009 

2009  H 

2009  R 

2010 

2011 

2012 

2013 

liq 

0.881  — 

97-9 

i. 

s. 

s.  eth. 

2014 

4 

0.871^-° 

4 

2015 

liq.,  1.407^ 

-73 

86 

i. 

s. 

s.  eth. 

2016 

2017 

0.6487- 

4 

2018 

liq.,  1.3675.... 

-98.2 

49.7 

i. 

s. 

s.  eth. 

2019 

liq.,  1.3783.... 

0.668- 

4 

-135.1 

58.1 

i. 

s. 

s.  eth. 

2020 

2021 

202 1M 

2022 

2023 

2024 

liq.,  1.498115... 

1.524 

148 

s. 

s.  eth. 

2025 

2026 

liq 

1.49719 

125-8 

OO 

«3  eth. 

2027 

2028 

col.  liq.,  1.355 . 

0.62119 

-160.5 

28  (27-31) 

X 

oo  eth. 

2029 

2030 

2031 

2032 

2033 

2034 

2035 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2036 

Butane,   (a-methylpro 

poxy)-*.      See  sec- Butyl  ethe 

r. 

2037 

,  1-nitro-* 

CH3CH2CH2CH?- 

103.12 

N02 

2038 

,  1-phenyl-. 

See  Benzene,  butyl-. 

2039 

,  2-phenyl-. 

See  Benzene,  sec-butyl-. 

2040 

,  2,2,3, 3-tetxa- 

tert-butyltrimethylmethane ; 

CH3C(CH3)2- 

114.23 

methyl-* 

bi-tert-buty\ ;   hexamethyl- 
ethane 
isopropyltrimethylmethane . . 

C(CH3)2CH3 

2041 

,  2,2,3-trimethyl- * 

CH3C(CH3)2- 

100.20 

CH(CH3)CH3 

2042 

1-Butanearsonic  acid  . 

n-butylarsonic  acid 

CH3(CH2)3- 

182.04 

AsO(OH)2 

2042  M 

1-Butaneboronic  acid, 

3-methyl-.   See  Boric  acid,  i 

soamyl-. 

2043 

Butanedial*. 

See  Succinaldehyde. 

2044 

Butanediamide*. 

See  Succinamide. 

2045 

,  2-hydroxy-*. 

See  Malamide. 

2046 

1,4-Butanediamine*. 

See  Putrescine. 

2047 

1,1-Butanedicarboxyli 

c  acid*.   See  Malonic  acid,  pr 

opyl-. 

2048 

1,2-Butanedicarboxyli 

c  acid.  See  Succinic  acid,  ethy 

I-. 

2049 

1,4-Butanedicarboxyli 

c  acid.    See  Adijric  acid. 

2050 

2,3-Butanedicarboxyli 

c  acid,  2,3-dimethyl-.  Se 

e  Succinic  acid,  tetra 

methyl-. 

2051 

Butanedinitrile*. 

See  Succinonitrile. 

2052 

Butanedioic  acid*. 

See  Succinic  acid. 

2053 

Butanedioic  anhydride 

*.    See  Succinic  anhydride. 

2054 

1,1-Butanediol,  2,2,3- 

trichloro-*.    See  Butyraldeh 

yde,  a,  a,  0-trichloro- 

t 

2055 

1,2-Butanediol* 

a-butylene  glycol;  ethyl- 
ethylene  glycol 

CH3CH2CH(OH)- 
CH2OH 

90.12 

2056 

,  3-methyl-* 

isopropylethylene  glycol; 
a-isoamylene  glycol 

(CH3)2CHCH- 
(OH)CH2OH 

104.15 

2057 

1,3-Butanediol* 

/3-butylene  glycol ;  a-methyl- 
trimethylene  glycol 

CH3CH(OH)CH2- 
CH2OH 

90.12 

2058 

,  3-methyl-* 

1,4-Butanediol* 

7-isoamylene  glycol 

(CH3)oCOHCH2- 

104.15 

2059 

tetramethylene  glycol;  1,4- 

CH2OH 
CH2OH(CH2)2- 

90.12 

dihydroxybutane 

CH2OH 

2060 

2,3-Butanediol* 

pseudobutylene  glycol ;  sym- 
dimethylethylene  glycol 

CH3CH(OH)CH- 
(OH)CH3 

90.12 

2061 

,  2,3-dimethyl-*. 

See  Pinacol. 

2062 

,  2,3-diphenyl-.  .  .  . 

a,  a'-dimethylhydrobenzoin ; 
acetophenone  pinacol 

CH3COH(C6H5)- 
COH(C6H5)CH3 

242.31 

2063 

,  2-methyl-* 

trimethylethylene  glycol ; 
0-isoamylene  glycol 

(CH3)2C(OH)CH- 
(OH)CH3 

104.15 

2064 

1,3-Butanedione,   1-ph 

enyl-*.   See  Acetone,  benzoyl-. 

2065 

2,3-Butanedione* 

dimethylglyoxal ;  biacetyl ; 
dimethyl  diketone ;  diacetyl 

CHaCOCOCHs.... 

86.09 

2066 

,  dioxime*. 

See  Glyoxime,  dimethyl-. 

2067 

,  mono-oxime 

biacetyl  mono-oxime ;  a-iso- 

CH3COC(:NOH)- 

101.10 

nitrosoethyl  methyl  ketone 

CH3 

2068 

Butanedioyl  chloride*. 

See  Succinyl  chloride. 

2069 

Butanenitrile*. 

See  Butyronitrile. 

2070 

,  3-methyl-*. 

See  I sovaleronitrile. 

2071 

1 ,2,3,4-Butanetetrol* 

(anti).   See  i-Erythritol. 

2072 

1-Butanethiol* 

butyl  mercaptan 

CH3(CH2)2CH2SH 

90.18 

2073 

,  2-methyl-* 

pri-ac<-amyl  mercaptan 

CH3CH2CH(CH3)- 
CH2SH 

(CH3)2CH(CH2)2- 

104.21 

2074 

,  3-methyl-* 

isoamyl  mercaptan 

104.21 

2075 

2-Butanethiol,  2- 

tert-&my\  mercaptan 

SH 

CH3CH2C(CH3)2 

104.21 

methyl-* 

?5H 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2036 
2037 

2038 
2039 
2040 


2041 

2042 

2042  M 

2043 

2044 

2045 

2046 

2047 

2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

2059 

2060 

2061 
2062 

2063 

2064 
2065 

2066 
2067 

2068 
20(>9 
2070 
2071 
2072 


2073 
2074 
2075 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 


leaf,  f .  eth  .  .  . 

col.  liq.,  1.300 


hydrate. 
liq... 


Uq 

vise,  liq 

thick  syrup . 
need,  or  oil. 
Hq 


need 
thick  oil 


grnsh.yel.liq., 
1.39331»8 

pr.  f.chl.;leaf. 
f.  w. 


col.  liq 


Uq 


col.  liq., 
1.44118 


Density 
g/ml 


0.6900- 


1.019-5- 

4 

0.9987- 


1.005 

0.9892: 


1.020 
1.048- 


'2  0 


0.9893 
0.9904 


0.858- ; 

4 

0.8365- 

4 

0.8415^3 
0.835^ 

4 


Melting 
point,  °C 


104  (98-9) 


-25.0 
158-9 


16 


21-2; 
116-7 


74-5 


-115.9 


Boiling 
point,  °C 


151-2 

106.8 
80.9 


192 

206 

204 

202-3 

230 

184 


177 

88 

186 

98 

119-21 
119 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si. 


l. 

v.  s. 


si.  s. 


2515 
si.  s. 

si.  s. 


Alcohol 


s. 
s. 
s. 
s. 

v.  s. 

OO 


Ether,  etc. 


oo  eth. 

s.  eth. 

s.  eth. 
s.  eth. 


s.  eth. 
i.  eth. 


si.  s.  eth. 
*  eth. 


v.s.eth.;  si. 
s.  pet.  eth. 
oo  eth. 


oo  eth. 


v.    s.    eth. 
alk. 


v.  s.  eth. 


oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


2076 

2077 

2078 

2079 

2079M 

2080 

2081 

2081M 

2082 

2083 

2084 


2085 
2086 

2086M 

2086R 

2087 

2088 


2089 
2090 


2091 

2092 

2093 
2094 
2095 

2096 
2097 
2098 

2098M 

2099 

2100 

2101 

2102 

2103 

2105 

2106 

2107 

2108 

2109 

2109M 

2110 

2111 


Name 


1,2,3-Butanetricarboxy 
Butanimide*. 
Butanoic  acid*. 

,  3-methyl-*. 

,  3-oxo-*. 

Butanoic  anhydride*. 

1-Butanol*. 

,  2-amino- 


2-ethyl-* 

,  acetate 

2-methyl-*  (d)  . 


-,  3-methyl-*. 
,  3-methyl-l- 

phenyl-* 
,  2-nitro-*  . . . 


,  2-nitro-2-methyl 

2-Butanol*. 

,  2,3-dimethyl-*  .  . 


3,3-dimethyl-*. 
2-methyl-* 


,  3-methyl-* 

-,  2,3,3-trimethyl- 


Butanolide. 
1-Butanone,   3-methyl 
2-Butanone* 


oxime 

,  3,3-dimethyl-*. 
,  3,3-diphenyl- 


1 -hydroxy- 
S-hydroxy-1 
3-methyl-* 


-,  oxime. 


1 -phenyl- 
4-phenyl- 


Butanoyl  bromide*. 
Butanoyl  chloride*. 

,  3-methyl-*. 

2-Butenal*. 

,  2-methyl-*. 

2-Butenamide*. 
1-Butene* 


4-bromo-*. 


Synonyms 


lie  acid,  1, 2,3-dimethyl- 

See  Succinimide. 
See  Butyric  acid. 
See  Isovaleric  acid. 
See  Acetoacetic  acid. 
See  Butyric  anhydride. 
See  Butyl  alcohol  (n). 


Formula 


3-methylolpentane;  pseudo- 
hexyl  alcohol 
/9-ethylbutyl  acetate 


(/-sec-butylcarbinol;  d-pri- 
acf-amyl  alcohol 

See  Isoamyl  alcohol. 
isobutylphenylcarbinol .  .  . 


ol-.   See  1,3-Propanediol,  2-eth 
See  sec-Butyl  alcohol. 
isopropyldimethylcarbinol . 


See  Pinacolyl  alcohol. 
dimethylethylcarbinol : 
amvl  alcohol 


tert- 


methylisopropylcarbinol ; 

sec-isoamyl  alcohol 
fert-butyldimethylcarbinol; 

pentamethylethyl  alcohol 
See  Butyrolactone. 
■1 -phenyl-.    See  Isovaleroph 
ethyl  methyl  ketone 


methyl  ethyl  ketoxime . 
See  Pinacolin. 
acetophenone  pinacolin. 


ethylketol 

See  Acetoin. 

isopropyl  methyl  ketone . 


methyl  isopropyl  ketoxime 


benzyl  ethyl  ketone . 
benzylacetone 


See  Butyryl  bromide. 
See  Butyryl  chloride. 
See  Isovaleryl  chloride. 
See  Crotonaidehyde. 
See  Tiglaldehyde. 
See  Crotonamide. 
a-butylene;  ethylethylene. 

5-bromo-a-butylene;  vinyl- 
ethyl  bromide 


See  l-Camphoroni 


CH3CH2CH(NHo). 
CH2OH 
(C2H5)2CHCH2OH 

(C2H5)2CHCH2- 

OOCCH3 
CH3CH2CH(CH3)- 

CHoOH 


fCH3)2CHCH2- 

CHOHC6H5 
CH3CH2CH(N02)- 

CH2OH 

i/l-2-nitro-*. 

(CH3)2COHCH- 

(CH3)2 


CH3CH2C(CH3)- 
OHCH3 

(CHs)- 
CHCHOHCHg 

(CH-OsCCCCHs)- 
OH 


enone. 
CH3COC2H5. 


CH3C:NOH(C2H6) 

CH3COC(C6H5V 
CH3 
CH3CH>COCH2OH 

CH3COCH(CH3)2 

CH3C:NOHCH- 

(CH3)2 
C2H5COCH2C6H5 

CeHsCHsCH^ 
COCH3 


CH3CH2CH:CH2.. 
CH2BrCH2CH:CH2 


*Name  approved  by  the  International  Union  of  Chemistry. 

728 


ORGANIC  COMPOUNDS  (Continued) 


No. 


2076 
2077 
2078 
2079 
2079  M 
2080 
2081 
208 1M 

2082 

2083 

2084 


2085 
2086 

2086M 

2086  R 

2087 

2088 


2089 
2090 


2091 

2092 

2093 
2094 
2095 

2096 
2097 
2098 

2098M 

2099 

2100 

2101 

2102 

2103 

2105 

2106 

2107 

2108 

2109 

2109M 

2110 

2111 


Crystalline 

form,  color 

and  index  of 

refraction 


1.45320 

col.  liq.,  1.421 

col.  liq.,  1.410 

col.  liq.,  fa] 
-5.90  °g 

thick  oil 


col.  liq.  w. 
odor  of 
camphor 

col.  liq.,  1.4052 


col.  liq 


col.  liq.; 
+  1H20 


need. 


col.  liq., 

1.3807115-9 
col.  liq.,  1.4428 


pr 

1.425021 


col.  liq., 

1.3878816 
col.  liq . . . 


col.  liq 
liq 


Density 
g/ml 


0.944 

0.8328- 
20 


0.879- 
0.816* 


0.9537- 
4 


0.8232 


0.809 


0.819^ 

4 


0.805^-° 
0.923^-° 


1.020- 


0.815- 


1.002- 


0.668-^ 
1.33  — 


Melting 
point,  °C 


-2 


<-100 


-47  to  -48 

-14 

-11.9 

17;frz.  15 

-86.4 
-29.5 
41-1.5 

-92 


130 


Boiling 
point,  °C 


178; 
79-8010 
149.5 

162.4 

128 


235-6746 
105"» 

120-1 

101.8 

114  (112) 
131-2 

79.6 
152 
310-1 
51.512,  489 
93 

157-8 
230.2 
235;  1151S 


165-6  (99) 


Solubility  in  grams  per  100  ml  of 


Water 


0.6324, 
0.4320 
0.06 

si.  s. 


2020 


v.  si.  s. 


1430 


35.3*0 

1990 

10 
i. 


v.  si.  s. 


Alcohol 


Ether,  etc. 


s.  eth. 


00  cth. 


s.  cth. 


s.  c,  v 
s.  h. 


*  cth. 


=c   cth.;  s.  bz., 
chl.,  glyc, 
oils 

00  eth. 

s.  eth. 


s.  eth. 

*  eth. 

v.  s.  eth.,  bz., 
chl. 

<»  eth. 
00  eth. 
00  eth. 
s.  eth. 


v.  s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2112 

1-Butene,  2,3-di- 
methyl-* 

1-isopropyl-l-methylethylene 

CH2:C(CH3)- 
CH(CH3)2 

84.16> 

2113 

,  3,3-dimethyl-*  . . 

tert-butylethylene;  pseudo- 
butylethylene 

CH2:CHC(CH3)3. . 

84.16- 

2114 

,  2-ethyl-* 

3-methylenepentane ;   uns- 
diethylethylene 

CHj:C(6jHi)- 

CH2CH3 

84.16- 

2115 

,  2-ethyl-3- 

1-ethyl-l-isobutylethylene ; 

CH2:C(C2H6)- 

98.18 

methyl-* 

2-methyl-3-methylene-penta 

ne>-    CH(CH3)2 

2116 

,  2-methyl-* 

uns-ethylmethylethylene 

CH2:C(CH3)CH2- 
CH3 

70.13 

2117 

,  3-methyl-* 

isopropylethylene;  a-iso- 
amylene 

(CH3)2CHCH:CH2 

70.13 

2118 

2-Butene* 

s.ym-dimethylethylene;  /3- 
butylene;  pseudobutylene 

CH3CH:CHCH3 

56.101 

2119 

,  2,3-dimethyl-*  .  . 

tetramethylethylene 

(CH3)2C:C(CH3)o 

84.16- 

2120 

,  3-methyl-* 

trimethylethylene;  /3-iso- 
amylene 

(CH3)2C:CHCH3. . 

70.13- 

2121 

3-Butene-l,  1-dicarbox 

ylic  acid.   See  Malonic  acid, 

allyl-. 

2122 

c/s-Butenedioic  acid*. 

See  Maleic  acid. 

2123 

trans-  Butenedioic  acid 

*.    See  Fumaric  acid. 

2123M 

3-Butene-l,2-diol*. 

See  Erythrol. 

2123X 

2-Butenenitrile*. 

See  Crotononitrile. 

2124 

3-Butenenitrile*. 

See  Allyl  cyanide. 

2125 

2-Butenoic  acid,  cis(?) 

-*.    See  Isocrotonic  acid. 

2126 

,  trans(?)-*. 

See  Crotonic  acid. 

2127 

,  2-methyl-*. 

See  Tiglie  acid. 

2128 

,  4-oxo-4-phenyl-. 

See  Acrylic  acid,  ^-benzoyl. 

2129 

3-Butenoic  acid* 

vinylacetic  acid;  /S-butenic 
acid 
benzallactic  acid;  styryl- 

CH2:CHCH2COOH 

86.09' 

2130 

,  2-hydroxy-4- 

C6H5CH:CHCH- 

178.18 

phenyl- 

glvcolic  acid 

OHCOOH 

2131 

,  4-phenyl- 

/3-benzalpropionic  acid 

CeHsCHrCHCH- 
COOH 

162.18 

2132 

2-Buten-l-ol* 

propenylcarbinol;  crotyl  al- 
cohol; crotonyl  alcohol;  7- 

CH3CH:CHCH.>- 
OH 

72.10^ 

methylallyl  alcohol 

2133 

,  acetate 

2-butenyl  ethanoate*;  cfo- 
tyl  acetate ;  crotonyl  acetate 

CH3COOCdH7.... 

114.14 

2134 

3-Buten-l-ol* 

allylcarbinol;  l-buten-4-ol 

methylvinylcarbinol 

CH2:CHCH2CH2- 
OH 

CHo:CHCHOHCH3 

72.10- 

2135 

3-Buten-2-ol* 

72.10- 

2136 

3-Buten-2-one,  4-p- 
anisyl-. 

oee     d-tiuten-z-oue, 
4-p-methoxyphenul- . 

2137 

,  4-(2-furyl)-* 

See  Acetone,  fuifur.ylidene-. 

2137M 

,  4-p-methoxy- 

anisylideneacetone ;  p-meth- 

CH3OC6H4CH: 

176. 2L 

phenyl- 

oxybenzylideneacetone 

CHCOCH3 

2138 

,  4-phenyl-*. 

See  Acetone,  benzylidene-. 

2139 

,  4-(2,6,6-trimethy 

1-1-cyclohexenyl)-.    See  /9 

-lonone. 

2140 

,  4-(2,6,6-trimethy 

1-2-cyclohexenyl)-.  See  a- 

Ionone. 

2141 

,  4-(2,2,6-trimethy 

1-3-cyclohexenyl)-.   See  /3 

-hone. 

2142 

/9-Butenonitrile. 

See  Allyl  cyanide. 

2143 

3-Buten-l-yne* 

vinylacetylene 

CH:CCH:CH2  ... 

52.07' 

2144 

Butesin 

butyl  p-aminobenzoate 

H2NC6H4COO- 
(CH2)3CH3 

193.24 

2145 

picrate 

(H2NC6H4COOC4- 

H9)2C6H2(N02)3- 

615.59' 

OF 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  lie] . 
col.  liq . 
col.  gas. 


liq.,  1.4128. 

col.  inflam. 
liq. 


col.  liq., 
1.425715 
need.  f.  w 

need,  f .  w 

col.  liq.,  1.4240 

col.  liq 


col.  liq., 
1.414617-5 

col.  liq .  .  . 


leaf 


col.  liq 

wh.  cr.  powd . 

yel.  amor, 
powd. 


Density 
g/ml 


0.6803- 
0.6549- 


0.6914- 

4 

0.7186- 


0.648- 
0.635 


0.712- 
0.668- 


1.013 


0.8726- 

4 

0.8.54- 

4 

0.934- 


0.864-^-; 
0.848- 


0.6867- 


Melting 
point,  °C 


-135 


124 


-39 

46 

88  (83-4) 

<-30 


72-4 


55-7 

109-10 


Boiling 
point,  °C 


56.0-6.5 

41.2 

66.2-6.7 

88.7-9.1 

31.0 

25  (21) 

(cm)  1 

(tram) 
2.5 
73 

38.4 


1C3 

98 

302  si.  d. 

118 
(117-20) 

129 
113 

96-7 


5757 

1,72 


Solubility  in  grams  per  100  ml  of 


Water 


1. 

i. 

v.  si.  s 


s. 

s.  h. 
si.  s.  h. 
16.6 

si.  s. 

s. 


0.00014 
0.07 


Alcohol 


Ether,  etc. 


»  eth. 

v.  s.  eth.;  i. 
H2S04 


eth. 


00  eth. 

si.    s.    eth.; 
bz.,  CS2,  lgr 
v.  s.  eth. 

*  eth. 


s.  eth. 
00  eth. 


eth. 


s.  eth.,  bz., 
chl.,  dil.  a. 
s.  eth.,  bz.,  chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2146 

2147 

2148 
2149 


2150 
2151 

2152 
2153 

2153H 

2153R 

2154 

2155 


2156 
2157 


2157M 

2158 

2159 
2160 

2161 

2162 

2163 
2164 
2165 
2166 


2167 

2168 

2169 
2170 
2171 
2172 
2173 
2174 
2175 
2176 
2177 


Name 


Butine. 

Butyl-.  For  butyl  derivativ 

Butyl  acetate,  a,7-dim 

,  0-ethyl-. 

Butyl  alcohol  (n) 


sec-Butyl  alcohol . 
rerr-Butyl  alcohol. 

,  trichloro-. 


Butylamine  (n) 

,  TV-ethyl-. . 

,  /3-ethyl-. . 

,  7V-methyl- 

,  a-methyl- 


,  7-methyl-. 

sec-Butylamine . 


,  iV-ethyl- 

rerr-Butylamine 


n-Butylarsonic  acid. 
Butyl  bromide  (n) . . 


sec-Butyl  bromide . 

rerr-Butyl  bromide 

Butyl  carbitol. 
Butyl  cellosolve. 
Butyl  chloral. 
Butyl  chloride  (n) . . 


sec-Butyl  chloride. . 

rerr-Butyl  chloride. 

Butyl  cyanide  (n). 
sec-Butyl  cyanide. 
tert-Butyl  cyanide. 
Butyl  disulfide  (n) . 
a-Butylene. 
0-Butylene. 
7-Butylene. 
a-Butylene  glycol. 
/3-Butylene  glycol. 


Synonyms 


See  Butyne*. 

es  see  the  parent  compounds  (e 

ethyl-.  See  2-Pentanol,  4-met 

See  1-Butanol,  2-ethyl-*,  acetat 

1-butanol*;  propylcarbinol. 


2-butanol*;  ethylmethyl- 

carbinol 
2-methyl-2-propanol* ;  tri- 

methylcarbinol 


Formula 


See  Chloretone. 
1-arainobutane , 


l-amino-2-ethyl-n-butane 


methylpropylcarbinylamine ; 

sec-n-amylamine;  2-amino- 

pentane 

See  I soamylamine. 
(a-methylpropyl)amine;  2- 

aminobutane 


(a,  a-dimethylethyl)  amine; 
trimethylcarbinylamine 
See  1-Butanear sonic  acid. 
1-bromobutane* 


2-bromobutane*;  methyl- 

ethylbromomethane 
2-bromo-2-methylpropane* ; 

trimethylbromomethane 
See  Diethylene  glycol,  monobuty 
See  Ethanol,  2-butoxy-*. 
See  Butyr aldehyde,  a,  cc,  (3-tric 
1-chlorobutane* 


2-chlorobutane*;  methyl- 

ethylchloromethane 
2-chloro-2-methylpropane* ; . 

trimethylchloromethane 
See  Valeronitrile. 
See  Butyronitrile,  a-methyl-. 
See  Propionitrile,  a,  a-dimethy 

1-butyldithiobutane* 

See  1-Butene*. 

See  2-Butene*. 

See  Propene,  2-methyl-*. 

See  1,  2-Butanediol*. 

See  \,Z-Butanediol*. 


.g.,  for  butylbenzene 
hyl-*,  acetate. 

CH3(CH2)2CH2OH 


CH3CH2CHOH- 
CH3 
(CH3)3COH... 


CH3(CH2)2CH2- 

NH2 
CH3(CH2)3NHC: 

H6 
(C2H5)2CHCH2- 

NH2 
CH3NHC4H9... 


CH(CH3)NH2 


CH3CH(NH2)- 
CH2CH3 


CH3CH2CH(CH3)- 
NHC2H6 
(CH3)3CNH2 


CH3(CH2)2CH2Br, 
C2H5CH(CH3)Br. 
(CH3)3CBr 

I  ether. 

hloro-. 
CH3(CH2)2CH2CL. 

C2H5CH(CH3)C1.. 
(CH3)3CC1 


U. 

[CH3(CH2)3]2S2. . 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

2146 

Benzene,  butyl-) 

.    For  butyl 

esters  of  or 

ganic  acids  s 

ee  the  ac 

ids. 

2147 

2148 

9  n 

2149 

col.  liq., 
1.39931 

0.80978- 

4 
2  0 

-89.2  to 
-89.8 
(-79.9) 

117.71 

7.920 

OO 

00  eth. 

2150 

col.  liq.,  1.397 . 

0.808- 

4 

-89 

99.5-100 

12.520 

OO 

00  eth. 

2151 

col.  liq.  or 
rhomb,  pr. 

0.7887- 

25.5 

82.8 

OO 

OO 

00  eth. 

i 

or  pi., 

1.38779 

2152 

o  n 

2153 

col.  liq.,  1.401 . 

0.7401- 

4 

-50.5 

77.8(76-8) 

30 

s. 

s.  eth. 

2153  H 

108-109 

125 

91 

2153  R 

2154 

col.  liq., 
1.4O180UJ 

0.737^-° 

4 

2155 

col.  liq 

0.73839- 

92 

OO 

OO 

00  eth. 

2156 

0 
o  n 

2157 

col.  liq., 
1.3950116-7 
W  7.4g 

0.724- 

4 

(0.718—) 

4 

-104.5 

63 

OO 

OO 

00  eth. 

2157M 

0.7358- 

0 

0.696- 

97-98741 
46.4(43.8) 

OO 

OO 

2158 

col.  liq., 

-67.5 

00  eth. 

1.37940" 

4 

2159 

1.299- 

4 

2160 

col.  liq.,  1.4398 

-112.4 

101.6 

OO 

00  eth. 

2161 

col.  liq., 
1.434425 

1.2580— 

91.3 

4 

2162 

col.  liq.,  1.428 . 

1.222- 

4 

-20 

73.3 

2163 

2164 

2165 

2166 

col.  liq.,  1.4015 

0.884; 
0.9074- 

4 

-123.1 

78 

0.06612-5 

00 

00  eth. 

2167 

col.  liq., 
1.395325 

0.8707- 

-131.3 

68 

v.  si.  s. 

OO 

00  eth. 

2168 

col.  liq., 
1.38686" 

0.847- 

4 

-28.5 

51-2 

v.  si.  s. 

OO 

00  eth. 

2169 

2170 

2171 

2172 

100-315 

i. 

OO 

00  eth. 

2173 

2174 

2175 

2176 

2177 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2178 

2179 

2179M 

2180 
2181 

2182 

2183 

2184 
2185 
2186 

2186M 

2187 

2187M 

2188 

2189 

2190 

2191 

2192 

2193 

2194 

2195 

2196 

2196H 

2196R 

2197 

2198 

2199 
2200 
2201 

2202 
2203 
2204 

2205 

2206 


Name 


Butyl  ether  («) . . . 

sec-Butyl  ether.  . 
Butyl  fluoride  (n) 


Butyl  hydrogen  sulfate 
Butyl  iodide  (n) 


sec-Butyl  iodide. . 
rerr-Butyl  iodide 


Butyl  isocyanide  (n)  . . 
Butyl  isocyanide,  7-m 
tert-Butyl  isocyanide 

n-Butyl  ketone. 
Butyl  mercaptan  (n). 
n-Butylmercuric  chlor 
Butyl  mustard  oils. 
Butyl  nitrate*  (n) 


sec-Butyl  nitrate. 
Butyl  nitrite*  (n) 
sec-Butyl  nitrite. 
tert-Butyl  nitrite 
Butyl  sulfate  (n) . 
Butyl  sulfide  (n) . 


sec-Butyl  sulfide 


Butyl  sulfone 

Butyl  sulfoxide 

Butylsulf  uric  acid  (n) 
1-Butyne* 


-,  3-methyl-* 


1-Butyne,  1-phenyl-. 
2-Butyne* 


Butynedioic  acid*. 
2-Butynoic  acid*. 
Butyraldehyde 


,  oxime 

-* — ,  phenylhydrazone. 


Synonyms 


1-butoxy butane' 
ether 


di-n-butyl 


2-(-«-methylpropoxy)bu- 

tane* ;  di-sec-butyl  ether 

1-fiuorobutane* 


See  Butylsulfuric  acid. 
1-iodobutane* 


2-iodobutane*;  methylethyl- 

iodomethane 
2-iodo-2-methylpropane* ; 
trimethyliodomethane 

butylcarbylamine* 

ethyl-.   See  1 soamyl  isocyanid 
(a,  a-dimethylethyl)car- 
bylamine* 
See  5-Nonanone*. 
See  \-Butanethiol* '. 
ide.    See  Mercury  chloride,  n-b 
See  the  butyl  esters  under  Iso 


a-methylpropyl  nitrate1 


a-methylpropyl  nitrite*.  .  .  . 
a,  a-dimethylethyl  nitrite*.  . 
di-n-butyl  sulfate 


dibutyl  sulfide;  butylthio- 
butane* 


di-sec-butyl  sulfide;  1-methyl- 

l-(a-methylpropylthio)- 

propane* 
l-(butylsulfonyl)butane* ; 

di-n-butyl  sulfone 
l-(butylsulfinyl)butane* ; 

di-n-butyl  sulfoxide 
butyl  hydrogen  sulfate 


1-butine ;  ethylacetylene . 


isopropylacetylene 

See  Benzene,  1-butynyU. 
2-butine;  dimethylacetylene ; 
crotonylene 

See  Acetylenedicarboxylic  acid. 
See  Tetrolic  acid. 
butanal*;  butyric  aldehyde. . 

butanal  oxime*;  butyral- 

doxime 
N-butylidene-N'-phenylhy- 

drazine 


Formula 


CH3(CH2)3- 
0(CH2)3CH3 


[CH3CH2CH- 

(CH3)]20 
CH3(CH2)3F. , 


CH3(CH2)2CH2I. 
C2H6CH(CH3)I. 
(CH3)3CI 


CH3(CH2)3NC 


(CH3)3CNC. 


utyl-. 

thiocyanic  acid. 
CH3(CH2)3ON02. 

C2H6CH(CH3)- 
ON02 
CH3(CH2)3ONO. 

C2H6CH(CH3)- 
ONO 
(CH3)3CONO.... 


(CH3CH2CH2- 

CH2)2S04 
(CH3CH2CH2- 

CH2)2S 


[C2H6CH(CH3)]2S 

[CH3(CH>)3]2S02. 

[CH3(CH2)3l2SO. 

C4H9OS02OH... 

CHiCCH2CH3  . 

(CH3)2CHC;CH 

CH3CiCCH3... 


CH3(CH2)2CHO. 

CH3(CH2)2- 

CH:NOH 
CH3(CH2)2CH> 

NNHCeHs 


*Narae  approved  by  the  International  Union  of  Chemistry. 
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No. 


2178 

2179 

2179M 

2180 
2181 

2182 

2183 

2184 
2185 

2186 

2186M 

2187 

2187M 

2188 

2189 

2190 

2191 

2192 

2193 

2194 

2195 

2196 

2196H 

2196R 

2197 

2198 

2199 
2200 
2201 

2202 
2203 
2204 

2205 

2206 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 


col.  liq., 
1.341915 

liq.,  1.50006. 

col.  liq 

liq 

Hq 

It.  oil 


liq., 
1.401302'-2 

Hq 


Hq 

Hq 

It.  yel.  liq. 

col.  liq., 

1.421025 
Hq 


liq 


Pi 

need 

syrup 

col.  liq.,  1.3962 

col.  liq 

liq.,  1.389325..  . 


col.  liq., 
1.38433 
col.  liq .  . 


Density 
g/ml 


0.7841 


0.769 
0.756 


0.7761 


1.595^ 

4 


is: 


1.048- 

4 

1.0382  — 

4 

0.9114- 


0.8981- 

4 


0.8941 
1.0591 


0.852- ; 

4 

0.839- 


0.8317- 


0.668- 

4 

0.6854-^ 
0.68825 


°-817T 
0.923^-° 

4 


Melting 
point,  °C 


-95.2  (-98) 


-103.5 
-104.0 
-33.65 


130 


-99.0 
-29.5 


Boiling 
point,  °C 


142 

121 
31.95 

131 

117.5 

(119-22) 
100  d. 

118 

91S7.5 


136 
124 

75  (77-9) 

68 

63 

97.4' 

182 (186-9) 

165 

d. 
d. 

8.6 

29.3 

27.2(28.9) 

75.7 

152715 


Solubility  in  grams  per  100  ml  of 


Water 

Alcohol 

si.  s. 

00 

si.  s. 

00 

i. 

V.  S. 

0.02021™ 

00 

i. 

S. 

i.,  d. 

00 

i. 

00 

S. 

Ether,  etc. 


3.7 
10.8 


eth. 


eth. 


eth 
eth. 
eth. 
eth. 


s.  eth. 

oo  eth. 

»  eth. 

w  eth. 

v.  s.  eth.; 
chl.,  CS2 

v.  s.  eth. 

v.  s.  eth. 

s.  eth. 
s.  eth. 
s.  eth. 
s.  eth. 
*  eth. 
s.  eth. 


oo    eth. 
oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Butyraldehyde,  sodium 
bisulfite  compound 
,  a-ethyl- 


,  /3-hydroxy-. 

,  0-methyl-. 

,  a,a,/3-trichloro- 

, ,  hydrate 


Butyraldoxime. 
Butyramide. . . . 


,  /9-bromo- 7-0x0- 

,  /9-methyl-. 

,  iV-phenyl-. 

Butyranilide 


,  0-keto- 

Butyric  acid 


,  allyl  ester. . 

,  amyl  ester 

,  benzyl  ester. 

,  butyl  ester.  , 

,  ethyl  ester.  . 


,  ethylene  ester. 

,  furfuryl  ester. 

,  geranyl  ester. 

,  glyceryl  ester. 

,  isoamyl  ester. 


isobutyl  ester, 
methyl  ester. . 


a-methylisoamyl  ester, 
p-phenylphenacyl  ester 


propyl  ester. 


piperazinium  salt. 
,  a-amino-. . . . 

,  /3-amino- 

,  7-amino-. . . . 


,  a-amino-  a-meth 
,  a-amino- 7-meth 

,  a-bromo- 


Synonyms 


2-ethylbutanal' 


See  .4  Idol. 

See  Isovaleraldehyde. 

2,  2,  3-trichlorobutanal*; 

butyl  chloral 
2,2,3-trichloro-l,l-butane- 

diol*;  butyl  chloral  hydrate 
See  Butyraldehyde,  oxime. 
butanamide*;  butyric  amide. 

iV-phenyl-.    See  Acetoacetan 
See  Isovaleramide. 
See  Butyranilide. 
iV-phenylbutyramide 


See  Acetoacetanilide. 

butanoic  acid*;  ethylacetic 
acid 

allyl   butyrate;   2-propenyl 
butanoate* 

amyl  butyrate;  pentyl  bu- 
tanoate* 


butyl  butyrate ;  butyl  bu- 
tanoate* 

ethyl  butyrate;  ethyl  bu- 
tanoate* 

See  Glycol,  dibutyrate. 

See  Furfuryl  alcohol,  butyrate. 

See  Geraniol,  butyrate. 

See  Glycerol,  tributyrate. 

7-methylbutyl  butanoate*.  . 


/3-methylpropyl  butanoate*. . 

methyl  n-butyrate 

See  2-Pentanol,  4^methyl-,  buty 


n-propyl  butyrate. 


2-aminobutanoic  acid*. 
3-aminobutanoic  acid*. 


4-aminobutanoic  acid*;  pi- 
peridic  acid 
yl-.   See  Isovaline. 
ylmercapto-.   See  Methioni 

2-bromobutanoic  acid* 


Formula 


CsHvCHOHSOs- 

Na 
CH3CH2CH- 

(C2H5)CHO 


CH3CHC1CC12- 

CHO 
CH3CHCICCI2- 

CH(OH)2 

CH3CH2CH2- 
CONH2 
Hide,  a-bromo-. 


CH3(CH2)2- 
CONHC6H5 

CH3CH2CH2- 

COOH 
C3H7COOCH2- 

CH:CH2 
C3H7COO(CH2)4- 

CH3 
CH3(CH2)2C02- 

CH2C6H5 
CH3CH2CH2- 

COOC4H9 
CH3CH2CH2- 

COOC2H5 


CH3(CH2)2- 
COOC5H11 


CH3(CH2)2COO- 

CH2CH(CH3)2 
CH3CH2CH2- 

COOCH3 
rate. 
CH3(CH2)2COO- 

CH2COC6H4C6H5 
CH3CH2CH2- 

COOC3H7 


C4HioN2-2C3H7- 

COOH 
CH3CH2CH(NH2)- 

COOH 
CH3CH(NH2)CH2- 

COOH 
NH2CH2CH2CH2- 

COOH 


ne. 

CH3CH2CHBr- 
COOH 


Mol. 
Wt. 


176.17 
100.16 

175.45 
193.47 

87.12 

163.21 

88.10 
128.17 
158.24 
178.22 
144.21 
116.16 


158.24 

144.21 
102.13 

282.33 
130.18 

262.35 
103.12 
103.12 
103.12 

167.01 


*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2207 

leaf .  . 

d. 

v.  s. 
si.  s. 

si.  s. 

CO 

i.  eth. 

2208 

col.  liq 

0.814^ 

116-7 

oo  eth. 

2209 
2210 
2211 

col.  oily  liq., 

1.47554 
rhomb,  leaf. 

f.  w. 

rhomb,  f.  bz. . . 

4 

1.3956" 
1.693*°- 

4 

1.032*°- 

4 

164-5750 
d. 

216 

s. 
si.  s. 

16.2815 

S. 
V.  S. 

s. 

s.  eth. 

2212 

2213 
2214 

78 
116(108-10) 

s.  eth. 
si.  s.  eth. 

2215 
2216 
2217 
2218 

monocl.  leaf. .  . 

1.134*-° 

4 

91-2 

189" 

i. 

V.  s. 

v.  s.  eth. 

2219 
2220 

2221 

col.  liq., 
1.39906 
liq 

0.9587- 

4 

-7.9;  frz. 
-19 

163.5757 
143 

5.62-1-1 
i. 

oo 

00 

oo  eth. 
oo  eth. 

2222 

liq.,  1.4110.... 

0.8713- 

4 

-73.2 

185 

0.0545° 

V.  s. 

v.  s.  eth. 

2223 

1.01617-5 
0.87212-^ 

20 

240 
166.4 

i. 
si.  s. 

v.  s. 

oo 

v.  s.  eth. 

2224 

col.  liq.,  1.4049 

-91.5 

«3  eth. 

2225 

2226 

col.  liq., 
1.3930218 

0.879^-° 

4 

-93.3 

121.3 

(119-21) 

0.6825 

s. 

s.  eth. 

2227 

2228 

2230 

col.  liq 

0.882- ; 

4 

0.860- 

4 

-73.2 

159-79 
(184.8) 

0.0545«» 

V.  s. 

v.  s.  eth. 

2231 

col.  liq.,  1.4035 

0.8606- 

156.9 

v.  si.  s. 

oo 

oo  eth. 

2232 

2233 
2234 

col.  liq.,  1.3879 

4 

0.898 

<-95 
97 

102.3 

1.5621 

oo 

oo  eth. 

2235 

col.  liq.,  1.4005 

0.879-; 

4 

0.8710- 

4 

-95.2 

143 

0.16717 

00 

oo  eth. 

2236 

wh.  cr 

col.  leaf 

89.5-90 
d.  285 

s. 
28 

S. 

0.1827s 

i.    eth.;    s.    h. 

2237 

subl. 

dioxane 
i.  eth. 

2238 

need 

184 

193  (183-4, 
202  d.) 

-4 

100 
v.  s. 

6.7  c. 

i. 
i. 

s. 

i.  eth. 

2239 

leaf,  or  need, 
f.  dil.  al. 

col.  oily  liq 

t. 567*5 

20 

i.  eth.,  bz. 

2240 
2241 
2242 

212-7  d.; 

181-2250 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2243 
2244 

2245 
2246 
2247 

2248 

2249 

2250 

2251 

2252 
2253 
2254 
2256 
2257 

2257M 

2257  R 

2258 
2259 
2260 

2261 
2262 

2263 

2264 
2266 

2267 
2268 

2269 

2270 
2271 
2272 
2273 


Name 


Butyric  acid,  a- 

bromo-,  ethyl  ester 
,  a,/3-dibromo- 


,  a,a-dimethyl-. 
,  a,  0-dimethyl-. 
,  a-ethyl- 


a-ethyl-a- 

methyl- 

a-hydroxy- 

0-hydroxy- 

7-hydroxy- 


7-hydroxy-,  lacton 
a-isonitroso-. 
a-keto-. 

7-keto-  7  -phenyl- 
a-methyl- 


Synonyms 


ethyl  2-bromobutanoate*. 
2,3-dibromobutanoic  acid" 


2,2-dimethylbutanoic  acid*; 

ethyldimethylacetic  acid 
2,3-dimethylbutanoic  acid* ; 

isopropylmethylacetic  acid 
2-ethylbutanoic  acid*;  3-pen- 

tane  carboxylic    acid ;    di- 

ethylacetic  acid 


diethylmethylacetic  acid. 
2-hydroxybutanoic  acid* 
3-hydroxybatanoic  acid* 
4-hydroxybutanoic  acid*, 


a-oxo- 


e.  See  Butyrolactone. 
See  Butyric  acid,  a-oxo-,  oxim 
See  Butyric  acid,  a-oxo-. 
.  See  Propionic  acid,  ^-benzoyl-. 
2-methylbutanoic    acid*; 
ethylmethylacetic   acid ; 
active  valeric  acid 
2-oxobutanoic  acid  * ;  a-keto- 

butyric  aciu 
a-isonitrosobutyric  acid 


Butyric  aldehyde. 
Butyric  amide. 
Butyric  anhydride 

Butyrin. 
Butyrolactone .... 


2-Butyronaphthone, 

1-hydroxy- 
Butyrone. 
Butyronitrile 


,  /3,7-epoxy- 
,  a-ethyl-. . 


a-methyl- 


Butyrophenone .  , 
Butyryl  bromide 
Butyryl  chloride . 
C  acid. 


See  Butyraldehyde. 
See  Butyramide. 
butanoic  anhydride1 


See  Glycerol,  tributyrate. 

4-hydroxybutanoic  acid  lac- 
tone*;  7-hydroxybutyric 
acid  lactone ;  butanolide 

l-hydroxy-2-naphthyl  propyl 
ketone;  2-butyryl-l-naphthol 

See  i-Heptanone*. 

butanenitrile*;  n-propyl 
cyanide 

See  Epicyanohydrin. 

3-cyanopentane ;  2-ethyl- 
butanenitrile*;  diethyl- 
acetonitrile 

2-methylbutanenitrile* ; 
sec-butyl  cyanide ;  meth- 
ylethylacetonitrile 

butyrylbenzene ;  phenyl 
propyl  ketone 

butanoyl  bromide* 


butanoyl  chloride' 


See  2-Naphthylamine-A,  S-disu 


Formula 


CH3CH2CHBr- 

COOC2H6 
CHaCHBrCHBr- 

COOH 


CH3CH2C(CH3)2- 

COOH 
CH3CH(CH3)CH- 

(CH3)COOH 
(C2H6)2CHCOOH 


CH3CH2C(C2H6)- 

(CH3)COOH 
CH3CH2CHOH- 

COOH 
CH3CHOHCH2- 

COOH 
CH2OHCH2CK2- 

COOH 


CH3CH2CH(CH3)- 
COOH 

CH3CH2COCOOH 

C2H6C(:NOH)- 
COOH 


(CH3CH2CH2- 
CO)20 

CH2CH2CH2COO 


CH3(CH2)2COCio- 
H6OH 

CH3(CH2)2CN.... 

(C2H6)2CHCN.... 

CH3CH2CH(CH3)- 
CN 

CH3CH2CH2- 
COC6H5 
CH3(CH2)2COBr.. 

CH3(CH2)2C0C1.. 

Ifonic  acid. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2243 
2244 

2245 
2246 
2247 

2248 

2249 

2250 

2251 

2252 
2253 
2254 
2256 
2257 

2257M 

2257R 

2258 
2259 
2260 

2261 
2262 

2263 

2264 
2266 

2267 
2268 

2269 

2270 
2271 
2272 
2273 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 


(1)  long  need, 
f.  eth. 

(2)  sm.  need, 
f.  lgr. 

col.  liq 


liq 


col.  liq., 
1.41788io 


arom.  oil 

col.  hyg.  cr. . 
monocl.;  syrup 
liq 


col.  liq.,  1.4051 

hyg.  pi.  or  oil., 
need.  f.  w 

col.  liq 

oil 

yel-grn.  need.  . 


col.  liq., 
1.381024 


oil 


col.  liq., 

1.520161*-25 
Uq 


col.  liq., 
1.41209 


Density 
g/ml 


1.321- 


0.928- 

4 

0.9195- 

4 

0.9331- 


0.941 
1.200 


0.9946- 

4 


1.1286- 


0.79615 


0.8031- 


0.988^ 

1.4162^ 

1.028^ 

4 


Melting 
point,  °C 


5/ 

59 
-14 


<-15 

<-20 

42  5 
48-50 


<-80 


32 

151 

(169-70) 


-75.0 

(-56.1) 


78 
-112.6 


11 


-89.0 


Boiling 
point,  °C 


179  d. 

(58-6210) 


187 
189-91 

190(195-7) 

203-4 

260  d., 

subl.  uO-70 
13012 

si.  d.  ord. 
temp. 


Solubility  in  grains  per  100  ml  of 


Water 


i. 

si.  s. 
si.  s. 

v.  si. 
s. 
si.  s. 


174 

8521 


198 
206 


118 

144-6 

125 

232.3 

128 

102 
(99-102) 


si.  s. 

V.  s. 
v.  si.  s. 


Alcohol 


V.  s. 
V.  s. 


V.  s. 
v.  s. 


Ether,  etc. 


s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
s.  eth. 
s  eth. 
oc  eth. 


s.  eth. 

v.  s.  eth.;  i.bz. 


oo  eth. 

si.  s.  eth. 
v.  si.  s.  eth. 

»  eth. 
s.  eth. 
s.  eth. 
oo  eth. 
oo  eth. 
s.  eth. 
oo  eth. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


2274 


2275 
2276 

2277 
2278 

2279 

2280 
2281 

2282 

2283 

2284 
2285 

2286 


2287 
2288 
2289 

2290 

2291 

2292 

2293 
2294 
2295 
2296 
2296M 

2296T 

2297 


2298 
2299 
2300 
2301 


2302 


2303 


Cacodyl. 


,  ethyl-. 

Cacodyl  chloride 

Cacodyl  hydride. 
Cacodylic  acid .  . 


Cacodyl  oxide. 


Cacodyl sulfide 

Cacodyl  trichloride  . 


Cadaverine 

Cadmium,  diethyl-* 


,  dimethyl-* 


Caffeic  acid 
Caffeine , 


-,  benzoate 

-,  citrate 

-,  hydriodide  diiodide. 


,  hydrobromide. 

,  hydrochloride. 

,  isovalerate .  . . 


,  mercurichloride 

,  salicylate 

,  sulfate 

Cajeputole. 
Calciferol 


Calcium 
pantothenate 
Camphane 


,  2-chloro-. 

2-Camphanol. 
2-Camphanone. 
d7-Camphene. . 


d  or  i-Camphene 


a-Camphol. 


tetramethylbiarsine ;  diar- 

senic  tetramethyl ;  arsenic 

dimethyl 

See  Biarsine,  tetraethyl-. 
dimethylarsenic  monochlor- 

ide;  chlorodimethylarsine 
See  Arsine,  dimethyl-. 
dimethylarsinic  acid; 

alkargen 
bisdimethylarsenic  oxide ; 

alkarsin,  alkarsine 
bisdimethylarsenic  sulfide. . 
dimethylarsenic  trichloride 

1,5-pentanediamine* ;  pen- 
tamethylenediamine 
cadmium  ethyl 


3,4-dihydroxycinnamic  acid 

1 ,3,7-trimethylxanthine ; 
theine 


See  Cineole. 

vitamin  D2,  irradiated  er- 
gosterol 


1 ,7,7-trimethylnorcamphane 
hy  drocamphene ;  1,7,7-tri- 
methylbicyclo  (2,2,1)  heptane 

See  Bornyl  chloride;  Isobornyl 

See  Borneol. 

See  Camphor. 

dl-2 , 2-dimethyl-3-methylene- 
norcamphane 


(CH3)2AsAs(CH3)5 


(CH3)2AsCl.... 

(CHaMsOOH. 

[(CH3)2As]20.. 

[(CH3)2As]2S. . . 
(CH3)2AsCl3... 

H2N(CH2)6NH2 

(C2H6)2Cd 

(CH3)2Cd 

(HO)2C6H3CH: 
CHCOOH 
C8H10N4O2.... 


C8HioN402-C7H602 
CsHioN^CeHsOy 
C8HioN402-HH2- 

HH20 
C8HioN402  HBr- 

2H20 
C8HioN402HCl- 

2H20 
C8HioN402- 

C6Hio02 

C8HioN402-HgCl2 
C8HioN402  C7H603 
C8Hi0N4O2-H2SO4 

C28H43OH 

[C9Hi6NOB]2Ca 

C10H18 

chloride. 

C10H16 

C10H16 


See  Borneol. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


2274 


2275 
2276 

2277 
2278 

2279 

2280 
2281 

2282 

2283 

2284 
2285 

2286 


2287 
2288 
2289 

2290 

2291 

2292 

2293 
2294 
2295 
2296 
2296M 

2296T 
2297 


2298 
2299 
2300 
2301 


2302 


2303 


col.  oil. 


col.  liq 


col.  tricl 
col.  liq .  . 


oil 

cr.  f.  eth. 


syrupy  fum. 

liq. 
col.  liq ...  . 


col.  liq 

yel.  monocl. 

f.  w. 
wh.  need.  f. 

al.;  cr. 

(+lH20)f.w 


wh.  cr 

monocl 

dk.  grn.  pr. . 

col.  trans,  cr. 

monocl.  col.. 

fatty  glist. 
need. 

col.  need 

cr.  masses... 
wh.  need — 


Density 
g/ml 


>1 


>1 


1.48615 


col.  lng.  pr.  . . 

wh.  odorless 
cryst.  powd. 

hex.  pi.  or  pr. 


feathery 
need., 
1.440280 

d:  featn. 
need.,  [a] 
+  103. 9°£ 
in  eth. 
1:  cr., 
1.45514« 
[a]-52°D 


0.9174-^ 
1.663?* 

4 

1.984617'9 


1.23- 


Melting 
point,  °C 


0.879- 

4 

0.8227s 


-G 


<-45 

200 

-25 

<-40  d. 
d.50 


-21 

-4.5 
195 

anh.  235-7 


182-4 


Boiling 
point,  °C 


170 


106.5 


149-51 
211 

178-80 

6419.5 

105. 575* 
d. 

subl.  180 


246 

115-17 
198-200 

152-4 


50 

51  (48) 

42-52 


Solubility  in  grams  per  100  ml  of 


Water 


160  subl. 

159-60 
160-2; 52" 

158-60 


si.  s. 


l. 

8322 
si.  s. 
si.  s. 

d. 


!.3516 
45 .562 


s.  d. 


Alcohol 


28. 515 
90% 


2.316 

85% 


s.  d. 

s. 

s.  d. 
s.  d. 


s.  d. 


Ether,  etc. 


s.  eth. 

i.  eth. 

i.  eth: 

s.  eth. 

s.  eth. 

s.  eth.,  CS2 

si.  s.  eth. 

oo  eth. 

s.  eth. 
si.  s.  eth. 

0.04416eth.; 
14.2    chl.;  s 
acet.,  bz. 


si.  s.  chl. 


1. 

s. 

14.425 

i.  95% 

i. 

s.  h. 

i. 

v.  s. 

si.  s. 

v.  s.  eth. 


s.  eth.,  et. 
acetate,  h. 
me.  al. 


v.  s.  eth. 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

2304 

cr7-Campholic  acid .... 

d/-l,2,2,3-tetramethylcyclo- 
pentanecarboxylic  acid* 

C6H6(CH3)4COOH 

170.25 

2305 

2306 
2307 
2308 
2309 

Camphor,  3-amino-. . . 

,  artificial. 

,  Borneo. 

,  parsley. 

cr-Camphor 

a-aminocamphor;  3-cam- 
phorylamine 

See  Bornyl  chloride. 

See  d-Borneol. 

See  Apiole. 

d-2-camphanone ;  Japan  cam- 
phor; laurel  camphor;  For- 
mosa   camphor ;    d-2-keto- 
1,7,7-trimethylnorcamphane 

CioHuO-NHa 

167.25 
152.23 

2310 

— — ,  oxime 

CioHieNOH 

167.25 

2311 

,  a-bromo- 

3-bromo-d-camphor  (one 
form) 

CioHuBrO 

231.14 

2312 
2313 

,  a' (or  /3)-bromo- 

,  a-chloro- 

3-bromo-J-camphor  (one 

form) 
3-chloro-d-camphor  (one 

form) 

CioHisBrO 

CioHisClO 

231.14 

186.68 

2314 

,  3-nitro- 

a-nitrocamphor 

CioHi6ON02 

197.23 

2315 

2316 

2317 
2318 
2319 

>320 

a-Camphoramic  acid  . 

/3-Camphoramic  acid . 

Camphoric  acid,   1-mon 

,  3-monoamide. 

d/-Camphoric  acid .... 

<f -Camphoric  acid 

a-camphoramidic   acid ;    3- 
carbamy  1- 1 ,2 , 2-tri  met  hy  1- 
cyclopentanecarboxylic 
acid;  camphoric  acid  3- 
monoamide 

/3-camphoramidic   acid ;    3- 
carbamyl-2,2,3-trimethyl- 
cyclopentanecarboxylic 
acid ;  camphoric  acid  1- 
monoamide 
oamide.  See  (5-Camphoramic  ac 

See  a-Camphoramic  acid. 

dl-cis-l,  2, 2-trimethyl-l,  3- 
cyclopentanedicarboxylic 
acid*;  paracamphoric  acid 

C6H.l(CH3)3- 

(CONH2)COOH 

C6H4(CH3)3- 

(CONH2)COOH 

id. 
C8Hi4(COOH)2.... 

C8Hi4(COOH)2.... 

198.24 
198.24 

200.23 
200.23 

2321 
2322 
2323 

/-Camphoric  acid 

d/-Camphoric  anhy- 
dride 

cf-Camphoric  anhy- 
dride 

l-cis-l  ,2,2-trimethyl-l  ,3- 

cyclopentanedicarboxylic 

acid* 
(#-cis-l,2,2-trimethyl-l,3- 

cyclopentanedicarboxylic 

anhydride* 

C8Hi4(COOH)2... 
C8Ki4(CO)20 

200.23 
182.21 
182.21 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


dl:  col.  tricl.  pr. 
d:[a] 

+49. 80'5 

in  al.      D 
I:  [cc] 

in  al. 
waxy 


col.  trig.,  hex., 

1.532 

(1.5462),   [a] 

44.26  ^ 

in  al.  D 
monocl.  need. 

or  pr.  f.  dil. 

al.,  [a] 

+  42.42« 

inal.  D 
col.  monocl., 

1.5535, 

1.5787, 

1.5912, 

[a]  6461+165° 


(a)  leaf,  [a] 

+  97°2o 

in  al.  D 
monocl.  pr. 

f.  bz. 


col.  monocl. 
need. 

col.  monocl. 
pr.  or 
leaf,  fa] 
47.7°20 
in  al.  D 


rhomb,  f .  al . . 
rhomb,  pr.f.al. 


Density 

g/ml 


.000- 


0.990 
1.01 


o 
IS 

4 

1  16 


1.449- 


1.228- 


1.186^ 

4 


1.194? 


1.19452 

4 


Melting 
point,  °C 


109 
106 


106-7 
110 

176-7 


118(114-6) 


78 


61 
93-4 

100-1 
176-7 

182-3 


202  (208) 
187 

187 

221  (216-7) 

221 


Boiling 
point,  °C 


255 
250 
244 

204  subl. 

249-54  d. 

274  si.  d. 


13010 

244-7  part 
d. 


270 
270  d. 


Solubility  in  grams  per  100  ml  of 


Water 


0.01615 


0.1 


l. 

s.  h. 

i. 
s.  h. 


s.h. 


0.7625, 
lOioo 

0.6212, 
8.3100 


si.  s. 
v.  si.  s. 
v.  si.  s. 


Alcohol 


51.29  c. 


100 


12.  lis, 
130™ 


s.h. 

s. 
s.h. 


112 


O.C3c. 


Ether,  etc. 


s.  eth. 


s.  eth. 


173  eth.;  300 
chl.;  s.  CS2, 
bz.,  me.  al., 
ac.  a.,  acet. 

s.  eth.,  min.  a. 


s.  eth.,  chl., 
CC14,  bz. 


s.  eth. 

s.  eth.,  chl., 
CS2,  bz. 

s.  eth.,  chl.;  v. 

s.  bz. 
s.  eth.,  h.  me. 

al. 


s.    eth.,    acet.; 
si.  s.  bz. 


v.  s.  eth. 


91. 425  eth.;  s. 
acet.;  i.  chl. 


s.  eth.,  me.  al. 


1.00  eth.;  v. 

chl.,  et.  ac; 

bz.,  CS2 
37.55bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

2324 

2325 

2326 
2327 

2328 

/-Camphoronic  acid. . . 

Camphor  pinacol  (J)  . . 

3-Camphorylamine. 
/3-Camphylamine 

Canadine 

Z-2,3-dimethyl-l  ,2,3-butane- 
tricarboxylic  acid*;  l-a,  a, 
/3-trimethyltricarballylic  acid 

J-2,2'-bicamphane-2,2'-diol.  .  . 

See  Camphor,  S-amino-. 
2,3,3-trimethyl-l-cyclo- 
pentene-1-ethylamine 
/-tetrahydroberberine 

See  Sucrose. 
dihydro-o-xylene 

(CH3)2C(COOH)- 
C(CH3)(COOH)- 
CH2COOH 

CgHieCOHCO- 
HC9H16 

CsH  13CH2CH2NH2 

C20H21NO4 

CeH6(CH3)2 

218.20 

306.48 

153.26 
339.38 

2329 
2330 

Cane  sugar. 
Cantharene 

108.18 

2331 

Cantharidin 

2,3-dimethyl-7-oxabicyclo- 
(2,2.1)  heptane-2,3-dicar- 
boxylic  anhydride 

decanal*;  capric  aldehyde; 
caprinaldehyde;  n-decyl 
aldehyde 

decanal  oxime*;  caprinal- 
doxime 

decanamide*;  n-decylic  am- 
ide ;  capric  amide 

decanoic  acid*;   n-capric 
acid ;  n-decoic  acid ;  n-de- 
cylic acid 

ethyl  caprate ;  ethyl  decan- 
oate* 

methyl  decanoate*;  methyl 
caprate 

2-octyldecanoic  acid*;  9-hep- 
tadecanecarboxylic   acid  * ; 
di-n-octylacetic'acid 

See  Capraldehyde. 

See  Capramide. 

decanoic  anhydride*;  n-decyl- 
ic anhydride 

See  Capraldehyde. 

See  Capraldehyde,  oxime. 

decanenitrile*;  capric  nitrile; 
n-nonyl  cyanide 

hexanal*;  n-caproic  alde- 
hyde ;  n-hexoic  aldehyde 

hexanal  oxime* ;  capronal- 
doxime 

2-ethylhexanal*;  butylethyl- 
acetaldehyde 

See  Fucose. 

hexanamide* 

196.20 

2332 

Capraldehyde 

CH3(CH2)8CHO... 

CH3(CH2)8CH: 
NOH 
CH3(CH2)8CONH2 

CH3(CH2)8COOH 

CH3(CH2)8COOC2- 

H6 
CH3(CH2)8- 

COOCH3 
[CH3(CH2)7]2- 

CHCOOH 

[CH3(CH2)8CO]20 

CH3(CH2)8CN.... 

CH3(CH2)4CHO... 

CH3(CH2)4- 
CH:NOH 

C4H9CH(C2H5)- 

CHO 

CH3(CH2)4CONH2 
CH3(CH2)4COOH 

CH3(CH2)4- 
COOC5H11 

156.26 

2333 

,  oxime 

171.28 

2334 

Capramide 

171.28 

2335 

Capric  acid 

172.26 

2336 

,  ethyl  ester 

200.31 

2337 

,  methyl  ester 

186.29 

2338 

,  a-octyl- 

284.47 

2339 
2340 
2341 

2342 
2343 
23^4 

Capric  aldehyde. 

Capric  amide. 

Capric  anhydride 

Caprinaldehyde. 
Caprinaldoxime. 
Caprinitrile 

326.51 
153.26 

2345 
2346 

Caproaldehyde 

,  oxime 

100.16 
115.17 

2347 

,  a-ethyl- 

128. 2i 

2348 
2349 

,  a,  0,  7,5-tetrahy- 

droxy-*. 
Caproamide 

115.17 

2350 
2351 

Caproic  acid  (n) 

,  amyl  ester 

hexanoic  acid*;  n-hexoic  acid 

amyl  caproate ;  pentyl  hexa- 
noate* 

116.16 
186.29 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


hyg.  need.  f. 

w.,  [a] 

-26.9°i9 

in  w. 
rhomb. 

bisphenoidal 

liq.,  1.472841s 
Ja]+6°D 

silky  need,  f . 
al.,  f«] 
-299°Din 
chl. 

col.  oily  liq., 

1.4895 
col.  rhomb,  pi 


liq.,  1.4297715. 


leaf.  f.  dil. 

me.  al. 

cr 


col.  need., 
1.4285540 

col.  liq., 

1.4257520 
col.  liq .  .  . 


need,  or  leaf, 
f.al. 


col.  liq 

col.  liq 

cr 

col.  liq.,  1.416. 


col.  oily  liq., 
1.41635 


col.  liq 


Density 
g/ml 


.8736- 

4 


8521^ 

4 


0.828- 

4 


0.999- 

4 

0.8858- 


0.8650- 


0.8295- 
0.8335^ 


0.823: 


30 

0.999- 
0.945y; 

20 

0.929- 


Melting 
point,  °C 


164-5 
(158) 


157.8 


133-4 


218  (212) 


69 

108  (98) 

31.5 

-19.96 

-18 

38.5 


23.9 


-17.9 


51 
<-100 


101.0 

-1.5  to -2.0 
(-9.5) 


Boiling 
point,  °C 


195-210" 


194-6 


135 

subl.  at  84 


208-9 


268-70 


224.5 

(HO-™) 
224 

270-5100 


243.7 

(236-7) 
131 


163.4 

255 

205  (202) 

222.2 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol       Ether,  etc. 


12.516 


0.0033 


0.0428 

v.  si.  s, 
0.4 


59. 816 


0.02!8 


v.  si. 

V.  s. 
s. 


5.2816eth.; 

42.9   chl.; 

acet.;  v.  si. 

bz.,  CS2 
s.  eth. 


v.  s.  eth.,  chl., 
bz. 


s.  eth. 

0.09  eth.;  s. 

ac.  a.,  cone. 

H2SO4,    alk.; 

si.  s.  chl.,  acet. 
s.  eth. 


s.  eth. 
s.  eth. 
s.  eth. 

00  eth.,  chl. 
v.  s.  eth. 


s.  eth. 

s.  eth. 
v.  s.  eth. 
s.  eth. 


s.  eth., 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Caproic  acid,  butyl  ester 

,  ethyl  ester 

,  isoamyl  ester 

,  methyl  ester 

,  p-phenylphenacyl  ester 

,  piperazinium  salt 


a-amino- 
a-bromo- 


-,  a,«-diamino-. 
-,  a-ethyl- 


-,  a-hydroxy- 

-,  7-hydroxy-, 
tone 

-,  a-methyl-. 

-,  3-methyl-. 


lac- 


Caproic  aldehyde. 
Caproic  anhydride 
Caproic  nitrile. 
Caprokol. 
Capronaldoxime. 
Caprone. 
Capronitrile 


Caprophenone,  2,4- 
dihydroxy- 


Caproyl  chloride 
Caprylaldehyde   . 


Caprylamide 

sec-n-Caprylamine. 
Capryl  chloride 


Caprylene. 
Caprylic  acid 


-,  ethyl  ester 

-,  isoamyl  ester 

-,  methyl  ester 

-,  p-phenylphenacyl  ester 


Synonyms 


butyl  caproate;  butyl  hexa- 

noate* 
ethyl  caproate;  ethyl  hexa- 

noate* 
7-methylbutyl  hexanoate*.  . 


methyl  hexanoate' 
caproate 


methyl 


See  Norleucine. 
2-bromohexanoic  acid" 


See  Lysine. 
butylethylacetic  acid;  3-hep- 

tanecarboxylic  acid;  2-ethyl- 

hexanoic  acid* 
2-hydroxyhexanoic  acid* 


4-hydroxyhexanoic  acid  lac- 
tone* 

2-methylhexanoic  acid*. . .  . 


5-methylhexanoic  acid*;  iso- 
amylacetic  acid ;  isoheptylic 
acid 

See  Caproaldehyde. 

hexanoic  anhydride* 

See  Capronitrile. 

See  Resorcinol,  4-hexyl-. 

See  Caproaldehyde,  oxime. 

See  6-Hendecanone*. 

hexanenitrile*;  caproic  ni- 
trile; n-amyl  cyanide 

4-caproylresorcinol 


hexanoyl  chloride' 


octanal*;  caprylic  aldehyde; 

n-octylaldehyde 
octanal  oxime*;  caprylal- 

doxime 

octanamide* 

See  Heptylamine,  a-methyl-*. 
decanoyl  chloride* 


See  Octylene. 

octanoic  acid*;  n-octoic  acid; 
n-octylic  acid 

ethyl  caprylate;  ethyl  octa- 
noate* 
7-methylbutyl  octanoate* 

methyl  octanoate*;  methyl 
caprylate 


Formula 


CH3(CH2)4- 

COOC4H9 
CH3(CH2)4- 

COOC2H6 
CH3(CH2)4- 

COOCiHn 
CH3(CH2)4- 

COOCH3 
CH3(CH2)4COO- 

CH2COC6H4C6H6 
C4HioN2-2C6Hn- 

COOH 

CH3(CH2)3CHBr- 
COOH 

CH3(CH2)3CH- 
(C2H5)COOH 

CH3(CH2)3- 
CHOHCOOH 
CH3CH2- 

CH(CH2)2COO 

1 1 

CH3(CH2)3CH- 
(CH3)COOH 

(CH3)2CH(CH2)3- 
COOH 


[CH3(CH2)4CO]20 


CH3(CH2)4CN.... 

CH3(CH2)4COC6- 
H3(OH)2 

CH3(CH2)4C0C1.. 

CH3(CH2)6CHO. . . 

CH3(CH2)6CH: 
NOH 
CH3(CH2)6CONH2 

CH3(CE2)8C0C1.. 


CH3(CH2)6COOH 


CH3(CH2)6- 

COOC2H5 
CH3(CH2)6- 

COOC5H11 
CH3(CH2)6- 

COOCH3 
CH3(CH2)6COO- 

CH2COC6H4C6H5 


Mol. 
Wt. 


172.26 
144.21 
186.29 
130.18 
310.38 
318.45 

195.07 

144.21 

132.16 
114.14 

130.18 
130.18 

214.30 

97.16 
208.25 

134.61 
128.21 
143.23 
143.23 
190.71 

144.21 

172.26 
214.34 
158.24 
338.43 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 


col.  to  yelsh. 
liq.,  1 .40727» 
col.  liq 


col.  lirj 


wh.  cr. 
liq.... 
col.  liq 


col.  need 
col.  liq  .  . 


liq  ...  . 
col.  liq 

col.  oil 


col.  liq., 
1.40851"-* 


col.  liq.,  1.4867 
col.  liq.,  1.4217 

cr 

col.  leaf 

col.  liq 


col.  leaf,  or 
oily  liq., 
1.4285 

col.  liq., 
1.417752° 

col.  liq ...  . 


col.  liq 


Density 
g/ml 


0.8843 
0.8710^ 


0.9038 


0.903- 

4 


0.926- 

4 

0.9138- 


0.9279 


0.809: 


0.9704^ 
0.821^ 


0.973- 

4 


0.910- 


0.8667- 

4 


0.887^ 

I    -.4 


Melting 
point,  °C 


-67.5 


65 

ill 


<0 

62 
<-18 


<-25 


-40.6 


-79.4 
56 

-87.3 


58-9 

110  (104) 
-34.5 


16 


-44.8 
H3. 1) 


-41 

67 


Boiling 
point,  °C 


204.3 

168 

94-610 

149.5 


240 
(128-3110) 

223-5 

subl.  100 
220 

209.6 

211.5 

(216.5) 

241-3  si.  d. 


163 

196-87 


153 

163.4 

(8132) 
120-510 

>200d. 

232.3 

(195-6) 

237.5 


208 

13610 

192.9 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 
0.001520 


0.2 


si.  s. 


v.  si.  s. 
i. 

d. 

v.  si.  s. 

0.45100 
d. 

0.2510° 

0.06320 

i. 

i. 


Alcohol 


s. 
V.  s. 


V.  s. 


Ether,  etc. 


oo  eth. 
s.  eth. 


v.  s.  eth. 


i.    eth.;    s.    h. 
acet. 


eth. 


s.  eth. 


ao  eth. 
s.  eth. 

oo  eth. 

s.  eth. 

s.  eth.,  chl., 
acet.,  pet. 
eth.;  v.  s.  bz. 

s.  eth. 

oo  eth. 


>.  eth. 
i.  eth. 


o  eth.;  s.  bz., 
chl.,CS2,glac. 
ac.  a. 
.  eth. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2386 
2387 
2388 


2389 
2390 
2391 


2392 
2393 
2394 

2395 


2396 

2397 

2398 

2400 
2401 


2402 
2403 


2404 
2405 

2405M 
2406 

2407 
2408 
2409 
2410 

2411 

2412 
2413 


Name 


Caprylic  acid,  a- 

amino-,cf/- 
,  a-hydroxy- .  .  . 

Caprylic  anhydride. 

Caprylidene. 
Caprylone. 
Caprylonitrile 


Caprylyl  chloride 

Carbamamidine. 
Carbamic  acid,  benzyl 

ester 
,  ethyl  ester 


-,  isoamyl  ester . 
-,  isobutyl  ester . 
-,  methyl  ester. . 


-,  propyl  ester 

-,  cyclohexylethyl- 
thiolthiono-, 
cyclohexylethyl- 
ammonium  salt 

-,  cyclopentamethy 

-,  dibenzyl- 

dithio,  diben- 
zylammonium  salt 

-, ,  zinc  salt 


,  dibutylthiol- 
thiono-,    zinc  salt 


diethyl- 


diethylthiol- 
thiono-,    benzal 
diester 

,   diethylammo- 

nium  salt 

diethylthiolthion 


-,  zinc  salt . 


•,  dimethylthiol- 
thiono-,  dimethyl- 
ammonium  salt 

, ,  2,4-dinitro- 

phenyl  ester 

,  selenium  tetrasalt 

.zinc  salt 


Synonyms 


di-2-aminooctanoic  acid*, 
2-hydroxyoctanoic  acid*. 

octanoic  anhydride*;  n- 

octoic  anhydride 
See  l-Octyne*. 
See  S-Pentadecanone*. 
octanenitrile  * ;  n-heptyl 

cyanide 


octanoyl  chloride* 

See  Guanidine. 
benzyl  carbamate;  benzyl 
aminomethanoate* 
ethyl  carbamate;  urethan. 


isoamyl  carbamate ;  isoamyl 
urethan 

/3-methylpropyl  amino- 
methanoate* 

methyl  urethan 


n-propyl  carbamate 


lenedithio-,    salts.  See  und 


o-,  6-nitrobenzothiazyl  ester. 


Formula 


CH3(CH2)6CH- 
(NH2)COOH 

CH3(CH2)5- 
CHOHCOOH 

[CH3(CH2)6CO]20 


CH3(CH2)6CN.... 

CH3(CH2)6C0C1.. 
NH2COOCH2C6H5 
NH2COOC2H5.... 

NH2COOC6Hn.... 

NH2COOCH2- 
CH(CH3)2 
NH2COOCH3 


NH2COOC3H7.. 
C6Hn(C2H6)- 

NCSSNH^ 
(C2H6)CeHii 

er  1-Piperidinecarbod 

(C6H5CH2)2NCSS- 
NH2(CH2C6H6)2 

[(C6H6CH2)2- 
NCSS]2Zn 
[(C4H9)2NCSS]2Zn 


(C2H5)2NCOOH... 

[(C2H6)2NCSSl2- 
CHCeHs 

(C2H5)2NCSSN- 
H2(C2H6)2 
See  2-Benzothiazoleth 

[(C2H5)2NCSS]2Zn 

(CH3)2NCSSNH2- 
(CH3)2 


(CH8)2NCSSC«H». 

(N02)2 

[(CH3)2NCSS]4Se. . 
[(CH3)2NCSS]2Zn.. 


Mol. 
Wt. 


159.23 
160.21 
270.40 

125.21 

162.66 

151.16 

89.09 

131.17 

117.15 

75.07 

103.12 
330.58 


ithioic 
470.67 


610.16 
474.11 

117.15 

386.64 

222.40 

iol,6-ni 

361.90 

166.30 

287.31 

559.79 
305.79 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2386 
2387 

waxy  pi 

pi 

263-4 

69.5 

-1 

-45.6 

-6 
86 
50  (48) 

63.5 

55 

52 

60-1  (53) 
95-6 

82.5 

176-7 

108-9 

74  unst. 
>-15 

178-9 

81-2 
c  esier. 
173-4 
129-30 

139 

179-80 
248-50 

d.,  subl. 

0.0100 
v.  si.  s. 

d. 

i. 

d. 
si.  s. 

100+25 

s.  h. 

i. 

21711 

V.  s. 
v.  s. 

s. 

i. 
i. 

v.  s. 
i. 

v.  s. 

i. 
v.  s. 

i. 

i. 

i. 

v.  si.  s. 
V.  s. 
s. 

v.  si.  s. 

d. 

s. 
16625 

s. 

s. 

7315 

V.  s. 
V.  s. 

V.  s. 

i. 
i. 

v.  s. 
s.  h. 

v.  s. 

i. 
v.  s. 

s.  h. 

i. 

i. 

v.  si.  s.  eth. 
v.  s.  eth. 

2388 

liq 

0.9021- 

4 

0.820- ; 

4 

0.8058- 

4 

0.9671- 

4 

285 

205.2 

(194-5) 

195.55 
220  d. 

180 

220 

206-7 

177 

200 

oo  eth. 

2389 
2390 
2391 

2392 

col.  liq 

liq 

s.  eth. 
s.  eth. 

2393 
2394 

leaf 

s.  eth. 

2395 

2396 

2397 

2398 

2400 
2401 

col.  need.  f.  Igr. 

need.  f.  w 

col.  leaf 

col.  pi 

col.  pr 

pa.  yel.  cr 

acid. 
yel.  cr 

cream  colored 

powd. 
cream  colored 

powd. 

need.  f.  eth  . . . 
yel.  cr 

pa.  yel.  pi 

tro-,  diethylthiolt 

wh.  powd 

pa.  yel.  pi 

yel.  cr 

dense  or.  cr . . . 
wh.  powd 

0.9862^; 
1.11*2 

20 

0.944^ 

4 
2  0 

0.943- 

4 

1.136- 

4 

v.  s.  eth.,  bz.; 
s.  chl.,  glyc; 
si.  s.  Igr. 

s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 
s.  eth. 

2402 
2403 

si.  s.  eth. 

2404 

i.   eth.;   si.   s. 

2405 

1.26** 

4 

hionocarbami 
1.24^ 

4 

1.54— 

4 

2.002-^ 

4 

chl. 
si.  s.  eth.,  chl. 

2405M 

2.622eth. 

2406 

2407 

v.  si.  s.  eth. 

2408 
2409 
2410 

i.   eth.;  si.   s. 
chl. 

v.  si.  s.  eth. 

2411 

2412 

i.  eth. ;  si.  s. 

2413 

chl. 
i.  eth.;  si.  s. 

chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

2414 

Carbamic  acid,  di- 

phenyl-,  ethyl  ester 
,  dithio- 

diphenylurethan 

(C6H6)2NCOOC2- 
H5 
NH2CS2H 

C2H6NHCOOC2H6 

CH3CH(NH- 

COOC2H6)2 
(CH3)2CHCH2- 

NHCOOC2H6 
CH3NHCOOC2H6 

N02NHCOOC2H6 

C3H7NHCOOC2H6 

NH2COSC2H6 

NH2CSOC2H6 

H2NC0C1 

(C6H6)2NC0C1.... 
*  C6H6NHCOOC2H6 

C6H5NHCOOCH2- 
CH(CH3)2 
C6H5NHC02C3H7 

C6H6NHCON- 
HCeHs 

co- 

JN(C2H5)(C6H6)]2 
dS(NHC6H4CH3)2 

CS(NHC6H4CH3)2 

C6H5(CH3)- 
NCONHC6H6 

[(N02)2C6H3NH]2- 

co 

(C6H6NH)2CS.... 
(CH3C6H4NH)2CS 

241.28 

2415 

aminodithioformic  acid;  am- 
inomethanethionothiolic 
acid* 

ethylurethan 

93.16 

2416 

,  ethyl-,  ethyl  ester.. . 

,  ethylidenedi-, 

diethyl  ester 
,  isobutyl-,  ethyl 

ester 
,  methyl-,  ethyl 

ester 
,  nitro-,  ethyl  ester. . 

,  phenyl-,  esters.  See 

,  propyl-,  ethyl  ester 

,  thiol-,  ethyl  ester.  . 

,  thiono-,  ethyl 

ester 
Carbamide. 
Carbamide  oxide. 
Carbamonitrile. 
Carbamyl  chloride .... 

,  diphenyl- 

Carbanil. 

Carbanilic  acid,  ethyl 
ester 

,  isobutyl  ester 

117.15 

2417 

ethylidenediurethan 

204.23 

2418 
2419 

ethyl  isobutylcarbamate ;  iso- 
butylurethan 
methylurethan 

145.20 
103.12 

2420 

2421 
2422 

nitrourethan 

under  Carbanilic  acid. 
/i-propylurethan 

134.09 
131.17 

2423 

2424 

2425 
2426 
2427 
2428 

2428M 

2429 

2430 

2431 

aminomethanethiolic  acid 
ethyl  ester ;  thiourethan 
thiourethan ;  xanthogenamide 

See  Urea. 

See  Urea,  hydroxy-. 

See  Cyanamide. 

chloroformamide ;  urea  chlor- 
ide ;  carbamide  chloride 

AT-chloroformyldiphenylamine 

See  Isocyanic  acid,  phenyl  ester 

N-phenylurethan ;  ethyl 
phenylcarbamate 

isobutyl  phenylcarbamate  . . . 

n-propylphenylurethan ;    n- 

propyl  carbanilate 
e.  See2(3)-Benzoxazolone. 
JV,W-diphenylurea;  sym~ 

diphenylurea 

N,N'-&ethy\-N,  iV'-diphenyl- 
urea* 
di-o-tolylthiourea 

105.15 
105.15 

79.49 
231.68 
165.19 

193.24 

243 1M 

,  propyl  ester 

179.21 

2432 
2433 

,  o-hydroxy-,  lacton 

Carbanilide 

212.24 

2434 
2435 

,  N,N' -diethyl-.... 

,  2,2'-dimethyl- 

thio- 
,  4,4'-dimethyl- 

thio- 

,  N,N' -diphenyl-. 

,  N- methyl- 

268.35 
256.36 

2436 

di-p-tolylthiourea 

256.36 

2437 
2438 

See  Urea,  tetraphenyl-. 

226.27 

2439 

,  2,2',4,4'-tetra- 

nitro- 
,  thio- 

392.24 

2440 

A^N'-diphenylthiourea ; 
sj/m-diphenylthiourea 
sj/m-di-o-tolylthiourea 

See  Cyananilide. 
Se§£arbohydrazide. 

228.30 

2441 

2442 
2443 

,  thio-o,o'-di- 

methyl- 
Carbanilonitrile. 
Carbazide. 

256.36 

*Name  approved  by  the  International  Union  of  Chemistry. 

750 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  pr.  f.  Igr. . . 
col.  need 


col.  liq 

need 

col.  liq.,  1.4288 

col.  liq., 

1.420018-9 
col.  leaf.  f.  lgr 

liq 


pi.  or  leaf. 


monocl.  leaf, 
f.  eth. 


col.  liq 

pi.  f.  al 

lgn.  need.  f.  w 


cr 

wh.  need 


col.  rhomb. 

f.  al., 

1.583 
col.  cr.  f.  w.. . 

v.  sm.  col. 

need.  f.  al. 
v.  sm.  rhomb. 

need. 


col.  need, 
yel.  need. 


col.  rhomb. 

leaf.  f.  al. 

need.  f.  al.. 


Density 
g/ml 


0.981 ^ 

4 


0.943- 

4 

1.00919 


0.99215 


1 .  106- ; 
1.079^° 

4 


.239^ 

4 


1.321 


Melting 
point,  °C 


71-2 


125-6 

<-65 


64 


108(102-9) 
41-2 


50 
85 
52 

85.5-86 
50-51 

238-9  (235) 

72-3  (54) 
156-8 

178-9 

(176-7) 

104 
189 
154 
158 


Boiling 
point,  °C 


360 


176 

170-8020  d. 
9617 
170 


191.5- 
2.5™ 

(186) 
subl.  d. 


d. 


til— 2 


238 


216  d. 


260  subl. 


218 


203-5 


d. 
216-18 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


v.  s.  d. 

G3.215-5 
si.  s.  c. 
i. 
94.718.1 

v.  s. 
9.8015-5 


v.  si.  s 
c.  s.  h 

i.  (v.  si 
s.) 


1    si.  s. 
v.  si.  s. 

0.015^ 

s. 

v.  si.  s. 

v.  si.  s. 

i. 

i. 

i.  (v.  si. 
s.) 
i. 


v.  s.  h. 


v.  s. 


V.  s. 
si.  s. 
si.  s. 

si.  s. 
V.  s. 
s. 
s.  h. 


v.  s.  eth. 
s.  eth. 


s.  eth. 


v.  s.  eth.;  si. 
lgr. 


v.  s.  h.  eth. 
s.  eth. 


v.  s.  eth.:  s.  bz. 


v.  s.  eth. 


v.  s.  eth. 


v.  si.  s.  eth.; 

ac.  a.,  bz. 

v.  si.  s.  eth. 


v.  s.  eth.,  bz. 

v.  si.  s  eth. 

s.  eth. 

i.  eth.;s.  ac.  1 
bz. 


PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2444 

Carbazole 

dibenzopyrrole ;  diphenyl- 

C6H4NHC6H4 

167.20 

2i45 

,  iV-acetyl- 

enimine 

CH3CONCi2H8.... 

209.24 

2446 

,  TV-ethyl- 

Ci2H8NC2H6 

195.25 

2447 

Garbinol. 

See  Methanol*. 

2448 

,  acetyl-. 

See  Acetol. 

2449 

,  acetylenyl-. 

See  2-Propyn-l-ol*. 

2450 

,  acetylmethyl-. 

See  Acetoin. 

2451 

,  allyl-. 

See  3-Butcn-l-ol*. 

2452 

,  allyldiethyl-. 

See  5-IIexen-3-ol,  3-ethyl-*. 

2453 

,  allyldimethyl-. 

See  4-Penten-2-ol,  2-methyl-*. 

2454 

,  allylmethyl-. 

See  4-Penten-2-ol*. 

2454M 

,  allylmethylpropy 

1-.  See  l-Hepten-4-ol,  4-methyl- 

*. 

2455 

,  p-aminodiphenyl 

-.   See  Benzohydrol,  p-amino-. 

2458 

,  amyl-. 

See  1-Hexanol*. 

2457 

,  amyldiethyl-. 

See  3-Ocianol,  3-ethyl-*. 

2458 

,  amyldime-thyl-. 

See  '2-Hep!anol,  2-methyl-*. 

2459 

— ,  amylhexyl-. 

See  b-Dodecanol*. 

2460 

— ,  amylmethyl-. 

See  2-Heptanol*. 

2461 

— ,  amylpropyl-. 

See  4-Nonanol*. 

2462 

,  benzoyl-. 

2463 

,  benzoylphenyl-. 

See  Benzoin. 

2464 

— — ,  benzyl-. 

See  Phenethyl  alcohol. 

2465 

,  benzylphenyl-. 

See  Ethanol,  1,2-diphenyl-. 

2466 

,  bis-p-aminophen 

e  Rosaniline. 

2467 

-,  butyl-. 

See  l-Pentanol* 

2468 

— ,  sec-butyl-. 

See  l-Butanol,  2-methyl-*. 

2469 

,  tert-butyl-. 

See  1-Propanol,  2,2-dimethyl-*. 

2470 

,  butyldimethyl-. 

See  2-Hexanol,  2-methyl-*. 

2471 

,  fert-butyldimeth 

yl-.  See2-Butanol,  2,3,3-trimet 

hyl-*. 

2472 

— — ,  butylethylmethy 

1-.  See  3-Heptanol,  S-methyl-*. 

2473 

,  butylmethyl-. 

See  2-IIexanol*. 

2473  M 

,  1-butynyldimeth 

yl-.  See  Z-Hexyn-2-ol,  2-methy 

1-*. 

2474 

,  dibutyl-. 

See  5-Nonanol*. 

2475 

,  diethyl-. 

See  3-Pentanol*. 

2476 

,  diethylisobutyl-. 

See  3-IIexanol,  Z-ethyl-h-methy 

1-*. 

2477 

,  diethylisopropyl- 

.  See  3-Pentanol,  Z-ethyl-2-meth 

yl-*. 

2478 

,  diethylmethyl-. 

See  3-Pentanol,  Z-methyU*. 

2479 

— — ,  diethylpropyl-. 

See  S-Hexanol,  S-ethyl-*. 

2480 

»  p,p' -dihydroxytri 

phenyl-.   See  Benzaurin. 

2481 

,  diisoamyl-. 

See5-Aronar?o/,  2,8-dimethyl-*. 

2482 

,  diisobutyl-. 

See  4-Heptanol,  2,6-dimethyl-*. 

2483 

,  diisopropyl-. 

See  3-Pentanol,  2A-dimethylr*. 

2484 

,  dimethyl-. 

See  Isopropyl  alcohol. 

2485 

,  dimethylethyl-. 

See  2-Bidanol,  2-methyl*. 

2486 

,  dimethylphenyl-. 

See  2-Propanol,  2-phenylr. 

2487 

,  dimethylpropeny 

1-.   See  S-Penten-2-ol*. 

2488 

,  dimethylpropyl-. 

See  2-Pentanol,  2-methyl-*. 

2489 

,  diphenyl-. 

See  Benzohydrol. 

2490 

,  diphenylene-. 

See  9-Flvorenol*. 

2491 

,  dipropyl-. 

See  4-Heptanol*. 

2492 

,  ethyl-. 

See  Propyl  alcohol. 

2493 

,  ethyldipropyl-. 

See  4-Heptanol,  4-ethyl-*. 

2493M 

,  ethylethynylmet 

hyl-.  See  l-Pentyn-3-ol,  3-met 

hyl-* 

2494 

,  ethylhexyl-. 

See  3-Nonanol*. 

2495 

,  ethylisobutyl-. 

See  3-Hexanol,  5-methyl-*. 

2496 

— ,  ethylisopropyl-. 

See  3-Pentanol,  2-methyl-*. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2444 


2445 

2446 

2447 

2448 

2449 

2450 

2451 

2452 

2453 

2454 

245  4  M 

2455 

2456 

2457 

2458 

2459 

2460 

2461 

2462 

2463 

2464 

2465 

2466 

2467 

2468 

2469 

2470 

2471 

2472 

2473 

2473M 

2474 

2475 

2476 

2477 

2478 

2479 

2480 

2481 

2482 

2483 

2484 

2485 

2486 

2487 

2488 

2489 

2490 

2491 

2492 

2493 

2493M 

2494 

2495 

2496 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf. 


need.  f.  w. 


leaf.  f.  eth 


Density 
g/ml 


Melting 
point,  °C 


246  (243-5) 


69 


67- 


Boiling 
point,  °C 


354.8 


>360d. 


Solubility  in  grams  per  100  ml  of 


Water 


i.  c,  si. 
s.  h. 


A-cohol 


0.921-4 


v.  s. 
s.  h. 


Ether,  etc. 


3.130eth.; 

5.350bz., 

3.180  tol.; 

ll.lsoacet.; 

si.   s.   ac.   a., 

chl.,CS2,CCl4 
v.  s.  eth.,  bz. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2497 

Carbinol,  ethylisoprop 

ylmethyl-.  See  3-Pentanol,  2 

,3-dimethylr*. 

2498 

,  ethylmethyl-. 

See  sec-Butyl  alcohol. 

2499 

,  ethylmethylprop 

yl-.  See3rHexanol,3-methyl-*. 

2500 

,  ethylphenyl-. 

See  l-Propanol,  1-phenyl-. 

2501 

,  ethylpropyl-. 

See  3-Hexanol*. 

2502 

,  ethylvinyl-. 

See  1-Penten-S-ol*. 

2503 

,  ethynyl-. 

See  2-Propyn-l-ol*. 

2503H 

,  ethynylisopropyl 

methyl-.  See  l-Pentyn-3-ol,  3 

,4-dimethyl-*. 

2503  R 

,  ethynylmethylpr 

opyl-.  See  l-Hexyn-3-ol,  3-me 

thyl-*. 

2504 

,  a-furyl-. 

See  Furfuryl  alcohol. 

2505 

,  heptyl-. 

See  1-Octanol*. 

2506 

,  heptylmethyl-. 

See  2-Nonanol*. 

2507 

,  hexyldimethyl-. 

See  2-Octanol,  2-methyl-*. 

2508 

,  hexylpropyl-. 

See  4-Decanol*. 

2509 

,  isoamyl-. 

See  l-Pentanol,  4-methyl-*. 

2510 

,  isoamylmethyl-. 

See  2-IIexanol,  5-methyl-*. 

2511 

,  isobutyl-. 

See  Isoamyl  alcohol. 

2512 

,  isobutyldimethyl 

-.  Sec    2-Pentanol,    2,4-dimdhy 

1-*.                           ( 

2513 

,  isobutylmethyl-. 

See  2-Pentanol,  4-methyl-*. 

2514 

,  isohcxy!-. 

See  l-Hexanol,  5-melhylr*. 

2515 

,  isopropyl-. 

See  Isobutyl  alcohol. 

2516 

,  isopropyldimethy 

1-.  See2-Butanol,  2,3, -dimethyl 

-*. 

2517 

,  methyl-. 

See  Ethyl  alcohol. 

2518 

,  methy\-tert-but 

yl-.    See  Pinacolyl  alcohol. 

2519 

,  methyldipropyl-. 

See  4-Heptanol,  4-methyl-*. 

2520 

— -,  methylhexyl-. 

See  2-Octanol*. 

2521 

,  methylisopropyl- 

.  See  2-Butanol,  3-methyl-*. 

2522 

,  methylnonyl-. 

See  2-Hendecanol*. 

2523 

,  methylphenyl-. 

See  Benzyl  alcohol,  a-methyl-. 

2524 

,  methylpropyl-. 

See  2-Pentanol*. 

2525 

,  methylvinyl-. 

See  Z-Buten-2-ol*. 

2526 

-,  1-naphthyldi- 

phenyl- 

diphenyl-a-naphthylcarbinol 

(C6H6)2(CioH7)- 
COH 

310  38 

2527 

,  nonyl-. 

See  1-Decanol*. 

2528 

,  phenyl-. 

See  Benzyl  alcohol. 

2529 

,  propenyl-. 

See  2-Buten-\-ol*. 

2530 

,  propyl-. 

See  Butyl  alcohol  (n). 

2531 

,  styryl-. 

See  Cinnamic  alcohol. 

2532 

,  a-thienyl-. 

See  2-Thiophenecarbinol. 

2533 

,  o-tolyl- 

o-methylbenzyl  alcohol;  o- 
tolubenzyl  alcohol 

CH3C6H4CH2OH. . 

122.16 

2534 

,  m-tolyl- 

m-methylbenzyl  alcohol;  m- 
tolubenzyl  alcohol 

CH3C6H4CH20H. . 

122.16 

2535 

,  p-tolyl- 

p-methylbenzyl  alcohol;  p- 
tolubenzyl  alcohol 
ripheryl-.  See  Pararosaniline 

CH3C6H4CH2OH. . 

122.16 

2536 

,  p,p\p"-triaminot 

2537 

,  triethyl-. 

See  3-Pentanol,  3-ethyU*. 

2538 

,  trimethyl-. 

See  text-  Butyl  alcohol. 

2539 

,  p3-trinitrotriphe 

nyl-.   See  Carbinol,  tris  (p-nilr 

ophenyl)-. 

2540 

.  triphenyl- 

(C6H6)3COH 

260.32 

2541 

,  tripropyl-. 

See  4-Heptanol,  i-propyl-*. 

2542 

,  tris(p-aminophe 

nyl)-.     See  Pararosaniline. 

2543 

,  tris(p-nitro- 

phenyl)- 

P3-trinitrotriphenylcarbinol ; 
^'^"-trinitrotritanol 

(N02C6H4)3COH.. 

395.32 

2544 

Carbinol  o-carboxylic 

anhydride,  triphenyl-. 

See  Phihalide,  3,3-di 

phenyl-. 

2545 

Carbinylamine,  diethy 

1-.  See  Propylamine,  a-ethylr. 

2546 

,  dimethylethyl-. 

See  tert-Amylamine. 

2547 

,  methylisopropyl- 

.    See  Propylamine,  a,  0-dimeth 

yl-. 

2548 

,  methylpropyl-. 

See  Butylamine,  a-methylr. 

2549 

,  trimethyl-. 

See  text- Butylamine. 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


cr.  f.  lgr 


col.  need, 
col.  liq .  . 
col.  need. 


hex.  pr.  f.  bz . 


monocl.  or 
rhomb,  cr. 
f.  bz. 


Density 
g/ml 


1.023^ 

4 

1.036- 

4 


1.188- 


Melting 
point,  °C 


136 


34 
<-20 

59.5 


162.5 
193(171-2) 


Boiling 
point,  °C 


219(223.3) 

217 

217 


>3G0 


Solubility  in  grams  per  100  ml  of 


Water 


l» 


5100 


5  c. 


s.  c. 


Alcohol 


s.  h. 


V.  s. 
s. 
V.  s. 


si.  s.  h. 


Ether,  etc. 


v.  s.  eth.;  s. 
bz.;  si.  s.  h. 
lgr. 


v.  s.  eth. 
s.  eth. 
v.  s'  eth. 


v.  s.  eth.,  bz. 


si.  s.   eth.; 
bz.,  ac.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

2550 
2551 
2552 
2553 
2554 

2555 
2556 

2556M 

2557 

2558 

2559 

2560 
2561 
2562 
2563 

"Carbitol". 

,  butyl. 

,  diethyl. 

,  methyl. 

Carbocinchomeronic 
acid 

/3-Carbocinchomeron 
Carbodiimide,  di- 

phenyl- 
Carbodinicotinic  acid. 
Carbodiphenylimide. 
Carbohydrazide 

,  1,5-diphenyl- 

Carbolic  acid. 
Carbomethene. 
Carbon  bisulfide. 
Carbon  dioxide 

Carbon  disulfethyl. 
Carbon  disulfide 

Carbon  hexachloride. 
Carbon  hexafluoride. 
Carbonic  acid,  dibutyl 

ester 
,  diethyl  ester 

See  Diethylene  glycol,  monoethy 
See  Diethylene  glycol,  monobuty 
See  Ether,  bis(P-ethoxyethyl). 
See  Diethylene  glycol,  monomet 
2,3,4-pyridinetricarboxylic 
acid 

ic  acid.  See  3,4,5-Pyridinetric 
carbodiphenylimide 

See  2,3,5-Pyridinetricarboxylic 
See  Carbodiimide,  diphenyl-. 
carbonic  acid  dihydrazide; 
carbazide 
sj/ra-diphenylcarbazide 

See  Phenol. 
See  Ketene. 
See  Carbon  disulfide. 
carbonic  anhydride;  carbonic 
acid  gas 

See  Carbonic  acid,  dithiol-,  diet 
carbon  bisulfide    

I  ether. 
1  ether. 

hyl  ether. 
C6H2N(COOR> 
HH2O 

arboxylic  acid. 
CeHsNiCiNCeHs.. 

acid. 

CO(NHNH2)2 

(C6H5NHNH)2CO 

CO2 

238.15 

194.23 

90.09 
242.28 

44.01 

2564 
2565 

hyl  ester. 
CS2 

76.13 

2566 

2566M 

2567 

See  Ethane,  hexachloro-*. 
See  Ethane,  hexafluoro-*. 

CO(OCH2CH2- 
CH2CH3)2 
(C2H5)2C03 

CO(OC5Hn)2 

CO- 
[OCH2CH(CH3)2]2 
CO(OCH3)2 

(CCH5)2C03 

CO(OCH2CH2- 
CH3)2 
CH3C2H5C03 

CO(SC2H5)2 

CS(SH)2 

174.24 

2568 

ethvl carbonate      

118.13 

2569 
2570 

,  dihydrazide. 

,  diisoamyl  ester 

,  diisobutyl  ester 

,  dimethyl  ester 

,  diphenyl  ester 

,  dipropyl  ester 

See  Carbohydrazide. 

isoamyl  carbonate 

202.29 

2571 

isobutvl  carbonate 

174.24 

2572 

methyl  carbonate 

90.08 

2573 
2574 

phenyl  carbonate;  diphenyl 
carbonate 

214.21 
146.18 

2575 

,  ethyl  methyl  ester 

,  chloro-,   esters. 

,  dithiol-,  diethyl 

ester 

,  thiolthiono-,  0-et 

,  trithio- 

104.10 

2576 
2577 

2578 
2579 

See  under  Formic  acid,  chloro-. 
ethyldithiolcarbonate;    car- 
bon disulfethyl 
hyl  ester.  See  Xanthogenic  acid. 

150.25 
110.21 

2580 
2581 
2582 

Carbonic  acid  gas. 
Carbonic  anhydride. 
Carbonimide,  esters. 

See  Carbon  dioxide. 
See  Carbon  dioxide. 
See  under  Isocyanic  acid. 

*Name  approved  by  the  International  Union  of  Chemistry. 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


rhomb,  f.  w. 


a:  syrup. 
/3:  cr 


need.  f.  dil.  al 


leaf 


col.  odorl.  gas. 


col.  inflam. 
liq.,  1.G295018 

col.  liq 

col.  inflam. 
liq.,  1.3845620 

liq..... 

liq... ■ 

col.  liq.,  1.3687 

need.  f.  al. . . 

col.  liq 

col.  liq 

yel.  liq 

red  brn.  oil. . 


Density 
g/ml 


1.977  g/1 
liq., 

1.101"37; 
solid 
1.56"79 


2628- 

4 


0.9244- 
0.9751^ 

4 


0.912- 

4 

0.919- 

4 

1.0694- 

4 

1.1215" 

0.9411^ 

4 

1.002- 

4 

1.08519 


>1 


Melting 
point,  °C 


(-H20, 
115-20) 
anh.  250 
d. 


108-70 

152  exp. 

172-3 


-56.6s-2atm. 


-108.6; 
frz.-lll 


-43 


0.5 
78;  81 

-14.5 


d.  20-30 


Boiling 
point,  °C 


330-1 


•78.5  subl 


46.3 

207720 
125.8 

228.7 

190.3 

90-1 

306  (302) 

168.2 

109.2 

196.7 

57  d. 


Solubility  in  grams  per  100  ml  of 


Water 


1  215 


v.  si.  s. 


179.7° 
cm3, 

.::.m'v 

90.  I20 

cm5, 
.097«>g, 
.058*°g 

0.2222 


i. 

v.  si.  s. 

i. 

i. 


i.  d. 


Alcohol 


si.  s. 


d.  h. 
v.  si. 


3116cm! 


Ether,  etc. 


i.  eth.,  bz. 


v.s.bz.;d.HCl 
v.  si.  s.  eth. 


v.  v.  s.  eth.;  i. 
bz.,  chl. 
si.  s.  eth.;s.  bz. 


oc  eth.,  bz. 

s.  eth. 
oo  eth. 


oo  eth. 
s.  eth. 
s.  eth.,  bz., 

ecu 

oo  eth. 
oo  eth. 
s.  eth. 

s.eth.,Na2C03. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2583 


2584 
2585 

2586 


2587 


2587M 
2588 


2589 
2589  M 
2590 


2591 

2592 

2593 

2594 

2595 

2596 


2597 
2599 

2600 


2601 
2602 


2603 


2604 


Name 


Carbon  monoxide, 


Carbon  oxysulfide. 
Carbon  suboxide.  . 


Carbon  tetrabromide 


Carbon  tetrachloride 


Carbon  tetrafluoride 
Carbon  tetraiodide. . 


Carbonyl  chloride. 
Carbonyl  fluoride. 
Carbonyl  sulfide .  . 


Carbostyril.  . 
,  3-ethyL 


-,  4-methyl- 


Carbothialdine 

Carbylamine  chloride, 
Carbylamine  derivativ 
Carminic  acid 


Carnaubyl  alcohol 
a-Carotene 


/3-Carotene 


Carotin. 
d-Carpaine 


-,  hydrochloride. 


Carubinose. 


Synonyms 


See  Carbonyl  sulfide. 
malonic  anhydride  (so-called) ; 
dioxopropadiene* 
tetrabromomethane* 


tetraehloromethane' 


tetrafluqroinethane' 
tetraiodomethane* . 


See  Phosgene. 
fluoroformyl  fluoride, 
carbon  oxysulfide  . . . 


2-quinolinol  or  2(l)-quin- 
olone;   o-aminocinnamic 
acid  lactam 


2(l)-lepidone 


phenyl-.  See  Aniline,  N-(dic 
es.  See  Amyl  isocyanide,  Butyl 


a-carotin 

/3-carotin ;  provitamin  A . 

See  Carotene. 


See  d-Mannose. 


Formula 


CO. 


OC:C:CO. 
CBr4.... 


ecu. 


CF4. 
CI4. 


COF2. 
COS. 


C9H7NO 

CeKUNHCOC- 

1 

(C2Ho)CH 
C10H9NO 


C5H10N2S2.... 
hlorom  ethylene)-, 
isocyanide,  etc. 

C22H20O13 


C24H60O. 
C40H66.  . 


C40H66 . 


C14H25NO2, 


C14H26NO2HCI. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2583 


2584 

2585 

2586 


2587 


2587M 
2588 


2589 

2589M 

2590 


2591 
2592 

2593 

2594 
2595 

2596 


2597 
2599 

2600 


2601 
2602 


2603 


2604 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  odorl. 
pois.  gas 


col.  liq.  or  gas, 

1.454 
col.  monocl. 

tab., 

1.5999899-5 
(He) 
col.  liq., 

1.4630515 


col.  gas. .  .  . 
dk.  red  cub 


col.  gas. 
gas 


pr.  f.  al. 
col.  cr.  . 


col.  need.  f.  w 
cr 


red  monocl. 
pr. 


leaf 

[«] +364<g 
in  bz. 
red-br.  glist. 


monocl.  pr. 
f.  al.  [a] 
+  21°55'd 
in  al. 

lng.  wh. 
rhomb,  or 
monocl. 
need. 


Density 
g/ml 


liq. 
0.814- 


250fg/l 

4 


1.114° 
3.42 


1.595?-°; 

4 

1.03195- 


1  %_,N 
4.32 


1.139-»M 

liq.  1. 24-" ; 
(A) 2. 105: 
2.721  g/1 


Melting 
point,  °C 


-207  (-213) 


-111.3 

(-107) 
a48.4 
090.1 


-22.8;    frz. 

to  tri- 

morph.; 

-28.6; 

-23  8; 

-21  2 
-184* 
171  d. 


-114 
-138 


200 


168 


217.4 


136  d. 

69 
175 

181-2 

121 
225  d. 


Boiling 
point,  °C 


•190  (-192) 


189.5  si.  d 


76- 1 


-128 

subl. 
80-100 

vac. 

-83 
-50.2 

(-47.5) 


subl. 


27017 


Solubility  in  grams  per  100  ml  of 


Water 


0.00410a, 

0.002820 

g, 
0.001080 

g. 
3.5°  cm8 

d. 

0.0243° 


0.0820 


si.  s. 
i.,  d.  h 


d. 

100  cm3 


v.  si.  s. 


v.  si.  s, 
c. 


11.6 


Alcohol 


2020cm3 


s.,  d.  h 


d. 

80022 


v.  s.  h. 

si.  s. 


si.  s. 


11 


Ether,  etc. 


s.  bz.,  ac. 
Cu2  Cl2 


s.  eth. 

s.  eth.,  chl. 

00  eth., chl.,  bz. 


s.  eth. 


4.41*  cm5  pyr.; 

1213  cms  ni- 

trobz.;150022 

cm3  tol. 
v.    s.    eth.;   s. 

dil.  HC1 


v.  si.  s.  eth. 
si.  s.  bz. 
i.  eth.,  s.  a. 


v.  si.  s.  eth.;  s. 
cone.  H2SO4, 
alk.;  i.  bz., 
chl. 


si.  s.  eth.,  me. 
al.,  chl. ;  s. 
CS2,  bz.,  pet. 
eth. 

3  eth.;  s.  chl., 
bz.,  amyl  al., 
CS2 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Carvacrol 

,  hexahydro-. 

Carvacrylamine.  .  . 

Carvene. 
Carvenone 

Carveol,  dihydro- . 
Carvol. 

Carvomenthene. .  . 
Carvomenthol 

Carvone,  dihydro- 

<f/-Carvone,  oxime. . 
c/-Carvone 

d/-Carvoxime. 
Caryophyllin 

d-Catechin. 
Catechol. 
d-Catechol 

Cedrarine. 
Cedrene  (artificial) . . 

Cedriret. 
Cellobiose 

,  octaacetate  (a) .  . 


Cellose. 
"Cellosolve." 

,  benzyl. 

— ,  butyl. 
,  methyl. 


Cellulose. 


M'nonvms 


2-p-cymenol ;  cymophenol . . . 

See  Carvomenthol. 

2-p-cymylamine ;  2-amino-p- 
cymene ;    5-isopropyl-2- 
methylaniline;  cymidine 

See  d-Limonene. 

3-p-menthen-2-one 

p-menth-8(9)-en-2-ol 

See  d-Carvone. 

1-p-menthene 

2-p-menthanol;  hexahydro 
carvacrol 
p-menth-8(9)-en-2-one 

(//-carvoxime 

d-6,8(9)-p-menthadien-2- 
one;  carvol 


See  dl-Canonc,  oxime. 


See  d-Catechol. 

See  also  Pyrocatechol. 

(/-catechin;  3,5,7,3',4'-fiavan- 
pentol   (one  form) ;  2-(3,4- 
dihydroxyphenyl)-3,5,7- 
chromantriol  (one  form) 

See  Quinazoline,  3,4-dihydro-3 


See  Cerulignone. 

cellose ;  glucose  /3-glucoside . . 


octaacetylcellobiose . 


See  Cellobiose. 
See  Ethanol,  2-ethoxy-*. 
See  Ethanol,  2-benzyloxy- 
See  Ethanol,  2-butoxy-. 
See  Ethanol,  2-methoxy-* 


Formula 


CH3(C3H7)C6H3- 

OH 

(CH3)2CH(CH3)- 
C6H3NH2 


C10H16O. 

C10H17OH.. 

C10H18 

CioH19OH.. 

CioHieO. . . . 

CioHu:NOH 
CioHhO.  . . . 

(CioHi60)3. . 

C15H14O6. . . 

■phenyl-. 
C15H24 

C12H22O11 .  . 


C12H14O3- 
(OOCCH3)6 


(CeHioOs): 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  oily  liq., 
1.52295 

oil,  1.54319. 


liq., 

1.4837719 
liq.,  1.48168, 

col.  oily  liq. 
oil,  1.462%.. 

oily  liq., 
1.4717419, 
[«]-19° 
(-16°)D. 

monocl.  cr .  . 


Density 
g/ml 


0.976 


0.9942- 

4 


0.9263- 


0.927 

0.82920 
0.90420 

0.9253- 


col.  liq., 

1.4999418-2, 
M+62.07D 
dice) 
-39.34°'8 
inal.)    D 

silky  need. 
[a]+54.5°D 
in  al. 


wh.  cr.  powd. 
or  need.  f.  w. 


col.  liq., 
1.500119, 
fa] -52.6V 


col.  need., 
[a]+24.4°D. 
in  w. 

col.  silky 
need.,  [a] 
+41.5°D 
in  chl. 


wh.  amor  ph. . . 


0.9608 


1.344- 

4 


0.929 


Melting 
point,  °C 


0.5(1-2) 


-16 


93-4 

(70-71) 


.27-1.61 


310 


175  (217) 


225 


228-9 


Boiling 
point,  °C 


237.9 
241;  11812 

233 

225 

175 

222  (220) 

220-1 


230  (227-8 
225) 


rabL  285 


140-5  d. 


262-3 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


v.  si.  s. 
v.  si.  s. 


v.  si. 


s.  eth.,  alk. 
s.  eth. 


s.  eth. 


oc  eth.;  s.  chl. 


v.  s.  eth.; 
i.  alk. 


0.5§eth.;s.  et. 
ac,  alk. 


v.  v.  si. 


s.  h. 


v.  v.  si.  s.  eth. ; 
i.  acet. 


i.  eth. 


i.  eth.,  all  ord. 
org.   sol  v.;   s. 
Cu(NHs)4 
(OH)o 


For  explanations  and  abbreviations  see  beginning  of  table, 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

2036 

Cellulose,  acetate,  tri- 
,  ethyl  ether 

C6H702(OOCCH3)3 

2,3,  and  6  "OH" 
groups  ethylated 

Ci2Hi4(ON02)604.. 

C12Hi6(ON02)606.. 
C12Hi6(ON02)406.. 

Ci2Hi7(ON02)307. . 

288.25 

2636M 

ethylcellulose ;    triethyl- 
cellulose 

chief  constituent  of  guncotton 

in- 

2637 

,  hexanitrate 

definite 
594.28 

2638 

,  pentanitrate 

549  28 

2639 

tetranitrate 

constituent  of  collodion 

constituent  of  collodion 

See  Cellulose,  ethyl  ether. 
isohexacosane 

504.28 

2640 

,  trinitrate 

459.28 

2640M 
2641 

,  ethyl-. 

Cerane 

366  73 

2642 

Cerotic  acid 

hexacosanoic  acid* 

CH3(CH2)24COOH 

396  68 

2643 
2644 

Cerotin. 

Cerulignone 

See  Ceryl  alcohol. 
3,3',5,5'-tetramethoxydiphe- 

noquinone ;    coerulignone ; 

cedriret 
1-hexacosanol  * ;  cerotin ;  n- 

hexacosyl  alcohol 
See  Hexadecane*. 
1-hexadecanol*;  n-hexadecyl 

alcohol;  ethal 
See  Acetic  acid,  cetyl  ester. 
hexadecylamine*  (n); 

1-aminohexadecane 
See  Margaronitrile. 
See  2-Hexadecyne*. 
1-hexadecyloxyhexadecane  * ; 

hexadecyl    ether ;    dicetyl 

ether 

1-iodohexadecane*;  n-hexa- 
decyl iodide 
hexadecyl  sulfate;  di-n-hexa- 

decyl  sulfate 
See  Veratrine  (crystalline). 
See  I- Ascorbic  acid. 
benzalacetophenone ;  benzyl- 

ideneacetophenone ;  phenyl 

styryl  ketone;  1,3-diphenyl- 

2-propen-l-one 
d-13-(2-cyclopentenyl)  tri- 

decanoic  acid 

5-allylguaiacol ;  betel  phenol . . 

304  29 

2645 

Ceryl  alcohol 

CH3(CH2)24CH2OH 
CH3(CH2)i60H.... 
CH3(CH2)i6NH2... 

(CicEUs^O 

CH3(CH2)i4CH2l. . 
[CH3(CH2)i5l2S04 

C6H6CH:CH- 
COCeHe 

CH=CHCH2CH2C- 

i                          i 

382  70 

2646 

2647 

Cetane. 

Cetyl  alcohol 

242  44 

2648 
2648M 

,  acetate. 

Cetylamine 

241  45 

2649 
2650 
2651 

Cetyl  cyanide. 

Cetylene. 

Cetyl  ether 

466  85 

2652 

Cetyl  iodide 

352  35 

2653 

Cetyl  sulfate 

546  91 

2654 

2654M 

2655 

Cevadine. 
Cevitamic  acid. 
Chalcone 

208  25 

2656 

c/-Chaulmoogric  acid  . 
Chavibetol 

280.44 

2657 

H(CH2)i2COOH 

CH2:CHCH2C6H3- 
(OH)(OCH3) 

164  20 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2636 

2636M 

2637 

2638 
2639 

2640 


2640M 

2641 

2642 

2643 
2644 


2645 

2646 
2647 

2648 
2648M 

2649 
2650 
2651 


2652 

2653 

2654 

2654M 

2655 


2656 


2657 


Crystalline 

form,  color 

and  index  of 

refraction 


ylsh.  amor 


fine  wh.  need,  f 
0.2% 
in  bz. 


wh.  amor 


wh.  amor 
wh.  amor 

wh.  amor 


cr.  f .  eth 

col.  need.  f.  al 


bluish  gr.  need 
col.  rhomb,  pi 


leaf.  f.  al., 
1.428378-9 


Density 
g/ml 


1.66 

ca.  1 . 66 
1.66 

1.66 


0.8367y 


0.8176: 


col.  cr. 


leaf, 


leaf.  f.  al., 
1.4806 


pa.  yel. 
rhomb,  pi. 


col.  leaf.  f. 
al.  [a]+62°D 
in  chl. 

liq.,  1.54132*... 


1.123 


1.071^2 


1.0690- 

1  5 


Melting 
point,  °C 


240-255 


ign.  160-70 


61 

87.7(80-2) 


d. 

79.5-79.8 
49.3 


Boiling 
point,  °C 


2070-7 
d. 


55 

22 
66.2-6.3 

62  (55-7) 

68.5 

8.5 


305M  d. 
19015;  344 


322.5; 
143. 92 


270  d. 
21115 


348 


247-8* 


254-5 


Solubility  in  grams  per  100  ml  of 


Water 


Alcohol 


si.  s.-s. 


v.  si.  s. 


102 


Ether,  etc. 


v.  si.  s. 


i.  eth.,  acet.;  s. 
chl.,  glac.  ac. 
a.,  nitro-bz. 

s.  warm  eth. 


i.  eth.,  bz.;  v. 
v.  si.  s.  eth. 
-f-  al.;s.  nitro- 
bz.  t 

i.  eth.,  bz.;  s. 
eth.  -j-al. 

i.  eth.,  bz.;  s. 
eth.  -4-al.,  me. 
al. 

s.  me.  al.,  h. 
glac.  ac.  a.;  i. 
bz. 

s.  eth. 
2035eth.;s. 
acet.,  bz. 

s.  H2S04,. 

phenol;  i.ord. 

org.  solv. 
s.  eth. 


s.eth.;9724me. 
al.;  s.  bz. 

s.  eth. 

s.  eth. 
s.  eth. 


s.  eth.,  chl., 
bz.,  CS2,  cone. 
H2S04;  v.  si. 
s.  lgr. 

s.  eth.,  chl. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
JA11  nitro  celluloses  are  soluble  in  acet.,  et.  ac.,  amyl  acetate. 
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PHYSICAL  CONSTANTS  OF 


No. 


2658 

2659 
2660 


2661 

2662 

2663 
2664 
2664M 
2665 

2666 


2667 
2668 


2669 
2670 


2671 

2672 
2673 
2674 


2675 
2676 


2677 


2678 
2679 


2680 
2681 
2682 
2683 
2684 
2685 

2686 

2687 


Name 


Chavicol 

,  methyl  ether. 

Chelery  thrine,  alcoholate 

Chelidonine,  hydro- 
chloride 
<f-Chelidonine 

Chick  anlidermatitis  f 
Chinalgen. 
Chitosamine. 
Chloral 

,  alcoholate 

,  diethyl  acetal. 

,  hydrate 

Chloral-antipyrine. 
Chloranil 

Chloranilic  acid 

Chlorbutanol. 
Chlorbutol. 
Chloretone 


Chlorhydrin. 
Chlorine  cyanide. 
Chloro-. 


Chloroacetal, 


Chloroacetol. 
Chloroform.  . 


,  methyl-. 

,  nitro-. 

,  phenyl-. 

Chlorogenine. 
a-Chlorohydrin. 
Chlorophyll  a. .  , 


Chlorophyll  b. 


Chloropicrin. 


Synonyms 


p-allylphenol 

See  Estragolc. 

actor.  See  Pantothenic  acid. 
See  Analgen. 
See  ^-Glucosamine. 
trichloroethanal*;  trichloro- 

acetaldehyde 
2,2,2-trichloro-l-ethoxy- 

ethanol*;  chloral  hydrate 

monoethyl  acetal 
See  Ethane,  l,l,l-trichloro-2,2- 
2,2,2-trichloro-l .  1-ethane- 

diol*;  trichloroethylidene 

glycol 

See  Hypnal. 
tetrachloroquinone;  tetra- 

chloro-p-benzoquinone 

2,5-dichloro-3,6-dihydroxy- 
quinone 

See  Chloretone. 

See  Chloretone. 

1 , 1 ,  l-trichloro-2-methyl-2- 
propanol*;  trichloro-tert-bu- 
tyl  alcohol;  acetone-chloro- 
form; chlorbutol;  chlorbu- 
tanol 

See  1,2-Propanediol,  3-chloro-* 

See  Cyanogen  chloride. 

See  the  parent  compounds  (e. 

2-chloro-l,l-diethoxy- 
ethane*;  chloroacetalde- 
hyde  diethyl  acetal 

See  Propane,  2,2-dichloro-*. 

trichloromethane* 


Formula 


CH2  :CHCH2CeH4- 
OH 

C2iHi9N06-C2H6O. 


CaoHwNCVHCl. 
C2oH19N06-HoO. 


CClaCHO, 


See  Ethane,  1,1, 1-trichloro-*. 

See  Chloropicrin. 

See  Toluene,  a-trichloro-. 

See  Alstonine. 

See  1,2-Propanediol,  3-chloro-1 


trichloronitromethane  * 
nitrochloroform 


CCl3CH(OH)OC2- 
H5 

diethoxy-*. 
CCl3CH(OH)-> . . . . 


CeCUOo. 


Mol. 
Wt. 


C6C12(0H)202 

(CH3)2C(OH)CCl3 

g.,  for  chloroacetic  a 
CH2C1CH(0C2H6> 


CHCls. 


C55H72MgN406- 

§H20 
C66H7oMgN406. 

CC13N02 


134.17 

411.44 

389.83 
371.38 


147.40 
193.47 

165.42 

245.89 
208.99 

177.47 


cid  see 
152.62 

119.39 


902.49 
907.47 
164.39 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2658 

liq.,  1.544118... 

1.033- 

4 

<-25 

237 

s. 

CO 

»  eth.,  chl. 

2659 
2660 

rhbdr.  leaf.; 

sol.  bl. 

fluores. 
wh.  fine  cr 

monocl.  tab. . . 

col.  liq., 
1.45572 
col.  need 

207 

si.  s. 

0.311* 
i. 

s. 
v.  s. 

si.  s. 

si.  s. 
V.  s. 

OO 

s. 

v.    s.    eth.;    s. 

2661 

1.512? 
1.14315 

4 

chl.,  amyl  al., 
bz. 

2662 

135-6 

-57.5 

44-7  (55) 

v.    s.    eth.;    s. 

2663 
2664 
2664M 
2665 

2666 

98 
115 

chl.,  amyl  al. 

oo  eth.;  s.  chl. 
s.  eth. 

2667 
2668 

2669 
2670 

col.  monocl. 
tab.,  1.538, 
1.600,  1.(502 

yel.  monocl. 
pr.  f.  bz. 

red  leaf 

wh.  cr. 
(+1H20) 
f.  w. 

*>  0 

1.9081- 

4 

51.7(61-3) 

290  (in 

sealed 

tube) 
283-4 

+1HiO 

80-1 
(anh.  97) 

96.3™ 

W  d.) 

subl. 

470" 

i. 

v.  si.  s. 

i.  c. 

77--' 
s.  h. 

V.  s. 

66. V*  eth.,   s. 
chl. 

s.  eth.,  bz.;  si. 

2671 

s.  chl.,  CSa 

2672 
2673 
2674 

167 

v.  s.  eth.;  125 

glyc;  s.  chl., 
acet.,  bz., 

glac.  ac.  a. 

2675 
2676 

Acetic  acid,  chlor 

o-). 

2677 

liq 

l.«i! 

4 

156.8 
(62-420) 

si.  s. 

so 

°o  eth. 

2678 
2679 

2680 

col.  liq., 
1.4464318 

1.49845- 

4 

-63.5 

61.26 

(58-61.5) 

1.015 

oo  ; 
const. 

boil. 

mixt. 

7% 

et.  al. 

oo     eth  ;  s.  bz., 
acet.,  CS2 

2681 
2682 
2683 
2684 
2685 

hex.  lancet 
shaped  pi. 
pi 

150-3 

183-5 

-64,  frz. 
-69 

d. 

v.  s. 
v.  s. 

OO 

v.   s.    eth.;   s. 

2686 

pet.  eth. 
v.   s.    eth.;   s 

2687 

col.  liq., 
1.4607523 

1.661'-°; 

4 

1.69225- 

4 

112 

me.  al. 
oo  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Chloroprene 


Cholalic  acid. 
Cholanic  acid,  trihydr 
Cholesterol 


,  benzoate 

Cholestrophan , 


Cholic  acid 


Choline. 


-,  O-acetyl-,  bromide 

-,  O-acetyl- /3- 

methyl-,  chloride 
-, /3-methyl-,  chloride 


3,5,7-Chromantriol. 
Chromone , 


Chromone,  2-phenyl-. 
Chromotropic  acid. .  .  . 


Chry sammic  acid 


Chrysaniline. 
Chrysarobin . 
Chrysazin. . . 


-,  2-hydroxy-. 
-,  3-methyl-. 
,  2,4,5,7-tetranitro 


Chrysazol. 


Chrysene 


Chrysenequinone. 
Chrysin 


Chrysoidine  (base) 


-,  hydrochloride. 


Synonyms 


2-chloro-l  ,3-butadiene  * 

See  Cholic  acid. 
oxy-.  See  Cholic  acid. 
cholesterin 


dimethylparabanic  acid. 


cholalic  acid ;  trihydroxy- 
cholanic  acid ;  colalin 

( /9-hy  droxyethyl)  trimethy  1- 

ammonium  hydroxide;  bili- 

neurine;  sincaline;  amani- 

tine 
(/3-acetoxy  ethyl)  trimethyl- 

ammonium  bromide 
/3-acetoxy  propyl  trimethy  1- 

ammonium  chloride 
0-hydroxypropyltrimethyl- 

ammonium  chloride 
See  d-Catechol. 
1,4-benzopyrone;  7-benzo- 

pyrone 
See  Flavone. 
4,5-dihydroxy-2,7-naphtha- 

lenedisulfonic  acid 
2,4,5, 7-tetranitrochrysazin ; 

chrysamminic  acid;  1,8-di- 

hy  droxy-2 ,4,5, 7-tetranitro- 

anthraquinone 
2-amino-5-j>-aminophenyl- 

acridine 


1 ,8-dihydroxyanthraquinone. . 


See  Anthraquinone,  1,2,8-trihy 
See  Chrysophanic  acid. 
-.    See  Chry  sammic  acid. 
1,8-anthracenediol*;   1,8- 
anthradiol 
benzo  [a]  phenanthrene 


See  Chrysoquinone. 
5,7-dihydroxyflavone . 


2,4-diaminoazobenzene;  4- 
phenylazo-m-phenylene- 
diamine 


Formula 


CH2:CHCC1:CH2 


C27H45OH . 


C6H5COOC27H46... 
N(CH3)CON- 

(CH3)COCO 

1 

C24H40O6H2O 

HOCH2CH2N- 
(CH3)3OH 

CH3COOCH2CH2- 

N(CH3)3Br 
CH3CH(OOCCH3)- 

CH2N(CH3)3C1 
CH3CHOHCH2N- 

(CH3)3C1 

C6H4OCH:CHCO 

1 1 

(HO)2CioH4- 

(S03H)2 
CuH2(N02)4- 
(OH)202 

Ci9Hi6N3-2H20.... 

CmHmOt 

HOC6H3(CO)2- 
C6H3OH 

droxy-. 

HOC6H3(CH)2- 
C6H3OH 
Ci8Hi2 

CisHioO* 

CeHsNrNCcHa- 

(NH2)2 

CeHsNtNCeHs- 
(NH2)2HC1 


Mol. 
Wt. 


.54 


386.64 


490.75 
142.11 


426.58 
121.18 

226.12 
195.69 
153.65 

146.14 

320.28 
420.20 

321.37 

508.59 
240.20 


210.22 
228.28 


254.23 
212.25 
248.71 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.t  1.4583 


monocl.  pearly 

leaf.;  cr. 

+  lH2Of.dil. 

al. 

pl 

pearly  leaf 


rhomb,  cr. 
+  lH2Of.  w. 

col.  vise.  liq. . 


col.  need. 


micro,  need. 

f.  al.,  eth. 
wh.  pr.  cr.  f. 

N.  butanol 

wh.  need.  f. 
pet.  eth. 

need,  or  leaf. 

(+2H20) 
yel.  monocl. 

pr. 


yel.  need, 
yel.  leaf.. 


red  or  yel. 
need,  or 
leaf.  f.  al. 


yel.  need. 

f.  dil.  al. 
col.  rhomb. 

pl.  f.  bz.  or 

ac.  a.  with 

red-vlt. 

fluores. 

pa.  yel.  pl... 


pa.  yel.  cr.  f.  w. 


redsh.-br.  cr. 
or  powd. 


Density 
g/ml 


0.9583- 


1.067- 


Melting 
point,  °C 


anh.  148.5 


150- 
145 


195  (anh.) 


143 

172-3 

165-7 

59 


exp. 


270 

205-10 

(170-8) 
193  (191) 


225  d. 

254  (250) 


275 


117.5 


Boiling 
point,  °C 


59.4 


360  d. 


275-7 


d.  160 


d. 
d. 
d. 

subl. 


448 


subl. 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 


0.2620 


si. 


0.025 


v.  s. 
v.  s. 
v.  s. 


V.  s. 
i. 

v.  si.  s. 
i. 
si.  s. 


1. 

v.  si.  s. 


Alcohol 


1.0817, 
ll78 


4.27 
70% 


v.  s. 
v.  s. 
V.  s. 


0.08  c. 


0.43  c. 


Ether,  etc. 


oo  eth.,  s.  most 
org.  solv. 


18  eth.;  s.  bz., 
chl.,  CS2, 
pyr.,  h.  ac.  a. 


s.  eth. 


1 .  40  c.  eth. ;  s. 

ac.   a.,   acet., 

alk. 
i.  eth. 


s.  eth. 
i.  eth. 
i.  eth. 

s.  eth.,  chl.,  bz. 

i.  eth. 

s.  eth.,  min.  a. 


s.  eth.,  chl.;  si. 

s.  c.  bz.,  CS2 
s.   eth.,   caust. 

alk.,  chl.,  ac. 

a.,  nitro-bz. 


s.  eth.,  alk.,  et. 

ac,  bz. 
v.   si.   s.   eth., 

bz. ;  s.  h.  tol. ; 

si.  s.  CS2 


si.  s.  eth.,  lgr., 
CS2,  bz.,  chl., 
alk. 

s.  eth.;  v.  s. 
chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No' 


2716 

2717 

2718 
2719 

2720 

2721 

2722 

2723 
2724 
2725 
2726 


2727 

2728 

2729 

2730 

2731 
273 1M 

2732 


2733 
2734 


2735 
2736 

2737 

2737M 

2738 
2739 


Name 


Chrysophanic  acid 
Chrysoquinone.  .  . 


Gincha  midine. 
Cinchomeronic  acid 


Cinchonamine . 
Cinchonicine.  . 


Synonyms 


1 ,8-dihydroxy-3-methylan- 
thraquinone ;    3-methyl- 
chrysazin 

chrysenequinone;  1,2-chry- 
senedione 

See  Hydrocinchonidine. 
3,4-pyridinedicarboxylic  acid 


Ginchonidine 


,  bisulfate 

,  hydrochloride . 

,  sulfate 

Cinchonine.  .  .  . 


,  bisulfate 

,  hydrochloride. 

— — ,  nitrate 

— — ,  sulfate 


,  hydroxy-. 

Ginchoninic  acid. 


Cinchotine 


Cinchotoxine. 
Gineole 


1,4-CineoIe   .  . 
/-Cineolic  acid 


Cinnamaldehyde 
Ginnamamide.  .  . 


Ginnamein. 
Cinnamene. 


cinchotoxine. 


See  Cupreine. 
4-quinolinecarboxylic  acid. 


hydrocinchonine;  pseudo- 
cinchonine 

See  Cinchonicine. 
1,8-epoxy-p-menthane;  euca- 
lyptole;  cajeputole 

p-cineole ;  1 ,4-epoxy-p-men- 

thane 
J-tetrahydro-2,6,6-trimethyl- 

1 ,4-pyran-2,5-dicarboxylic 

acid* 
3-phenylpropenal  * ;  0-phenyl- 

acrolein ;  cinnamic  aldehyde 
cinnamic  amide 


See  Cinnamic  acid,  benzyl  ester. 
See  Styrene. 


Formula 


C14H5(OH)2(CH3)- 
CisHioO-i 

C,H3N(C02H)2... 

C19H24N2O 

CuHaaNsO 

C19H22N2O 


Ci9H22N20-H2S04- 

5H20 
Ci9H22N2OHCl- 

H20 
(C,9H22N2OV.. 

H2S04-3H20 
C19H22N2O 


Ci9H22N20-H2S04- 

4H2O 
Ci9H22N2OHCI- 

2H20 
Ci9H22N2OHN03- 

IH2O 
(Ci9H22N20)2- 

H2SO42H2O 

C9HGNCOOH. . . . 
Ci9H24N20 

CloHisO 

CioHisO 

C10H16O5 

C6H5CH:CHCHO 

CeHsCHiCH- 
CONH2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


hex.  or 

monocl.  yel. 

cr.  f .  al. 
redsh.  or. 

need.  f.  ac.  a 


pr.  f.  w.  or 

HC1 
rhomb,  need. 

f.  al. 
need,  [a] 

47.2°£  in 

in  al.  or  chl. 

trim.  pr.  f.  al.; 
1.610,   1.625, 
1.675,  [«1 
-107.91™ 

lng.  monocl. 
pr. 
wh.  cr.  powd .  . 

monocl.  glist. 

need.  effW. 
col.  need., 

col.  monocl. 

f.  al.;  1.570, 

1.685,  1.690; 

[a]  229.6  °'7 

in  al.         D 
wh.  rhomb. 

octah. 
col.  monocl., 

[al +165.5 
col.  monocl. . .  . 

col.  rhomb., 
[a]+170.3°D 

monocl.  pr.  or 
need,  with 
lH2Of.  w. 

Dr.,  [al 
-f- 204.5  0^4 
inet.al. 

col.  liq., 
1.458415 


1.447918 


cr.;  a  1.480, 
y  1.522 

col.  liq., 
1.61949 
need 


Density 
g/ml 


0.92 


0.9239: 


0.899; 


1.1119- 


Melting 
point,  °C 


196 
239.5(235) 

260d.(266) 
194  (185) 
58-60 

210.5(202) 


anh.  242 
anh.  205 
255  (264) 


anh.  217-8 

anh. 198.5 

253-4 

286 

+  1.5 

+  1 
196-7  d. 

-7.5 
147 


Boiling 
point,  °C 


subl. 
subl. 


subl.  220 


176-7 
173.4 


251 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si. 


si.  s. 


0.01911-5 


v.  s. 

520 

1.54 
0 .  02720 


21714 
4.5  c. 
3.7912 
1.5513 

v.  si.  s. 


1.  c; 
h. 


0.2  c. 

0.2  c. 
1.4d. 

v.  si.  s. 
si.  s.  h. 


Alcohol 


0.05015, 
0.44  h. 

s.  h. 


si.  s. 


4.81c. 


v.  s. 
25 .  618-5 
1.37 
0.79520 


11114 

100 

s. 

17n 

v.  si.  s. 
si.  s. 


0.79  h. 


Ether,  etc. 


s.  eth.,  chl., 
bz.,  si.  s.  CS-: 


si 


eth.,  c. 
ac.  a.,  tol.;  s. 
H2SO4,  h.  bz. 


v.  si.  s.  eth.;  i. 
chl. 
s.  eth.,  bz.,  chl. 

s.  eth.,  chl.,  bz. 


0.41  c.  eth.;s. 
chl. 


0.3325  eth.; 

s.  chl. 
0.024  eth., • 

0.1625chl. 
0.2710  eth.; 

chl. 


s.  eth. 

0.18    eth.;    s. 
chl. 


0.043  eth.;  2.1 
chl. 

i.  eth. 

v.  si.  s.  eth. 


00  eth.;  s.  chl., 
glac.  ac.  a., 
oils 

00  eth. 

0.71  eth.;  si.  s. 
chl. 

00  eth. 

s.  eth.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2740 

2741 

2742 

2743 
2744 

2745 

2746 
2747 

2748 

2749 

2750 
2751 

2752 

2753 

2754 

2755 

2756 

2757 
2758 

2759 
2760 

2761 
2762 
2763 
2764 
2765 
2766 
2767 

2768 

2769 

2770 

2771 

2772 


Name 


Cinnamic  acid  (ordinary 
or  trans) 


allyl  ester .  . 
benzyl  ester. 


dibromide. 
ethyl  ester , 


methyl  ester. 


,  7-phenylallyl  ester. 

,  p-phenylphenacyl  ester 


,  a-acetyl-,  ethyl 

ester 
,  o-amino- 


-, ,  lactam. 

-,  m-amino- 


,  p-amino-. 
,  a-bromo- 


,  /3-bromo- 


-,  o-carboxy-. 
-,  p-carboxy- 


bynonyms 


*rans-/S-phenylacrylic    acid ; 
2rans-benzenepropenoic  acid 


allyl  cinnamate. 
cinnamein 


See  H  ydrocinnamic  acid,  a,  /9- 
ethyl  /rans-3-phenylpro- 
penoate 
methyl  cinnamate 


See  Styracin. 


ethyl  a-benzalacetoacetate . 

/S-(o-aminophenyl)  acrylic 
acid 
See  Carbostyril. 


,  2,4-dihydroxy-. 
,  2,5-dihydroxy-. 

,  3,4-dihydroxy-. 
,  a-ethyl- 


,  o-hydroxy-. 

,  m-hydroxy-. 

,  p-hydroxy-. 

,  3-hydroxy-4-met 

,  4-hydroxy-3-met 

•,  /3-ketohydro-. 

-,  a-methyl- 


-,  o-nitro- 

•, ,  ethyl  ester .  . 

-,  m-nitro- 

-, ,  ethyl  ester 

-, ,  methyl  ester. 


2-bromo-3-phenylpropenoic 
acid;  a-bromo-/3-phenyl- 
acrylic  acid 

3-bromo-3-phenylpropenoic 
acid;  0-bromo-/3-phenyl- 
acrylic  acid 

o,  /3-styrenedicarboxylic  acid 

p,  /3-styrenedicarboxylic  acid 

See  UmbeJlic  acid. 
3-  ( 2 , 5-dihy  droxyphenyl)- 
propenoic  acid 
See  Caffeic  acid. 


See  o-Coumaric  acid. 

See  m-Coumaric  acid. 

See  p-Coumaric  acid. 
hoxy-.  See  Isoferulic  acid. 
hoxy-.  See  Ferulic  acid. 

See  Acetic  acid,  benzoyl-. 

a-benzalpropionic  acid 


Formula 


C6H5CH:CH- 
COOH 


C6H5CH:CH- 

COOC3H5 
C6H5CH:CHCO- 

OCH2C6H5 
libromo-. 
C6H5CH:CH- 

COOCjH* 
CeHsCHiCH- 

COOCH3 


C6H6CH:CHCOO- 
CH2COC6H4C6H6 

C6H5CH:C(CO- 
CH3)COOC2H5 

NH2C6H4CH:CH- 
COOH 

NH2C6H4CH:CH- 

COOH 
NH2C6H4CH:CH- 

COOH 
C6H5CH:CBr- 

COOH 


C6H5CBr:CH- 
COOH 


(COOH)C6H4CH: 

CHCOOH 
(COOH)C6H4CH: 

CHCOOH 

(HO)2C6H3CH:- 
CHCOOH 

CeHsCHiC- 
(C2H6)COOH 


CeHsCH:- 

C(CH3)COOH 
N02C6H4CH:- 

CHCOOH 
N02C6H4CH: 

CHCOOC2H6 
N02C6H4CH: 

CHCOOH 
NO2C6H4CH:- 

CHCOOCsHs 
N02C6H4CH:- 

CHCOOCH3 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl.. 

wh.-yel.  cr . , 
col.  pr 


col.  liq., 
1.55982 
col.  cr., 

1.5766121-4 


yel.  need. 


pa.  yel.  need 
pa.  yel.  need. 

(cis)  rhomb. 

f.  w. 
(trans)  need. 

f.  w. 
(as)  monocl. 

f.  al. 
(trans)  need. 

f.  w. 
need.  f.  w. . . 


infus.  powd . 


cr.  f .  w 


need.  f.  w. . 


need,  or  pr. 

f.  bz. 
sc.  or  need. 

f.  al. 
yel.  rhomb. 

need, 
col.  (yel.) 

need.  f.  al. 


pa.  yel.  pr. 
f.  al. 


Density 
g/ml 


.2475- 


052^ 

25 


049 
0911 


042 : 


Melting 
point,  °C 


133 


39 

6.5  (12) 
36 

182.5 

59 
159  d. 

181 

175-6  d. 
120-1 
131-2 
160 
134-5 
175 
358  d. 

207  d. 

104-5  (81) 


74 

240 

44 

193 

(199-200) 
74-76 

123-4 


Boiling 
point,  °C 


300 


286  d. 

24425. 
~195-2005 

271; 141" 

261.9 
(259.6) 


18117 


1110-6 
1210-6 

1110-6 
122"-6 

subl.  >350 


288 
subl. 


Solubility  in  grams  per  100  ml  of 


Water 


O.IM 

0.58898 


si.  s.  c. 
s.h. 

si.  s. 

si.  s. 

s.h. 

v.  si.  s 

h. 

si.  s.  h. 
si.  s.  h. 
si.  s. 


0.0125 


0.12  h. 
i.  c. 


Alcohol 


2320 

V.  s. 
s.h. 


si.  s.  c. 


s. 

0.2125 

V.  s. 

si.  s. 
si.  s. 
v.  si.  s. 


Ether,  etc. 


v.    s.    eth.;    s. 

bz.,  glac.  ac. 

a.,  CS2,  5.915 

chl. 
00  eth. 

s.  eth. 


v.  s.  eth. 
s.  eth. 


s.  eth. 
s.  eth. 

s.  eth. 
s.  eth. 
s.  CS2,  bz. 
00  eth. 

s.  eth.,  chl.,  h. 

bz. 
s.  h.  bz.;  si.  s. 

CS2 
si.    s.    eth.;    i. 

bz. 
s.  h.  ac.  a. 


s.   eth.;  si.   s. 
pet.  eth. 


s.  eth.,CS2,  bz 


v.  s.  eth.,  bz. 


si.  s.  eth. 

v.  si.  s.  eth. ;  v. 
s.  chl.,  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2773 

Cinnamic  acid,  p- 

NO2C6H4CH:- 

193.15 

nitro- 

CHCOOH 

2774 

, ,  ethyl  ester 

N02C6H4CH:- 

221.21 

CHCOOC2H6 

2775 

,  a-phenyl- 

t  rans-a,  /S-diphenylacrylic 
acid 

C6H5CH:- 
C(C6H6)COOH 

224.25 

2776 

a//o-Cinnamic  acid  .  .  . 

czs-cinnamic  acid  (68  °) 

C6H5UH:- 
CHCOOH 

148.15 

2777 

,  a,  /3-dibromo-  .  .  . 

cis-2,3-dibromo-3-phenylpro- 
penoic  acid*;  /3-dibromo- 
cinnamic  acid 

CeHsCBr:- 
CBrCOOH 

305.97 

2778 

Cinnamic  alcohol 

3-phenyl-2-propen-l-ol* ; 
styrylcarbinol ;  7-phenyl- 
allyl  alcohol ;  cinnamyl  al- 
cohol; styrone 

CeHsCH:- 
CHCH2OH 

134.17 

2779 

,  4-hydroxy-3-met 

hoxy-.  See  Coniferyl  alcohol. 

2779M 

Cinnamic  amide. 

See  Cinnamamide. 

2780 

Cinnamic  anhydride .  . 

*rans-/3-phenylacrylic  anhy- 
dride 

(C6HdCH:CHCO)20 

278.29 

2781 

Cinnamone. 

See  Siyryl  ketone. 

2782 

Cinnamoyl  chloride.  .  . 

cinnamyl  chloride;  trans-0- 
phenylacrylyl  chloride ; 
*rans-benzenepropenoyl 
chloride 

CeHsCH:- 
CHCOC1 

166.60 

2783 

Cinnamyl  alcohol. 

See  Cinnamic  alcohol. 

2784 

Cinnamyl  chloride. 

See  Cinnamoyl  chloride. 

2785 

Cinnamyl  chloride. 

See  also  Propene,  3-chloro-l-p 

henyU*. 

2786 

Citraconic  acid 

cis-methylbutenedioic  acid*; 
methylmaleic  acid 

CH3C(COOH):- 
CHCOOH 

130.10 

2787 

Citraconic  anhydride  . 

methylmaleic  anhydride 

OCOC(CH3):CHCO 

1                           1 

112.08 

2788 

Citral  a 

geranial 

152  23 

2789 

Citral  b 

neral 

dZ-2-hydroxy-2-methylbu- 

152  23 

2790 

cM-Citramalic  acid .... 

CH3C(OH)- 

148.11 

tanedioic  acid*;  dZ-a-hy- 

(COOH)CHo- 

droxypyrotartaric  acid ; 

COOH 

(#-a-methylmalic  acid 

2790M 

Citramide 

citric  triamide 

C6H11N3O4 

189  17 

2791 

Citrene. 

See  d-Limonene. 

2792 

Citric  acid 

2-hy  droxy- 1,2, 3-propanetri- 
carboxylic  acid*;  /8-hydroxy- 

(COOH)CH2C- 

192  12 

fOH)(COOH)- 

tricarballylic  acid 

CH2COOH 

2793 

,  p-phenylphenacyl  ester 

C48H38O10 

774.79 

2794 

,  trimethyl  ester 

methyl  citrate 

C3H4(OH)- 

234.20 

(COOCH3)3 

2795 

,  hydroxy-. 

See  Tricarballylic  acid,  a,(3-di 

hydroxy-. 

2795M 

Citric  triamide. 

See  Citramide. 

27% 

d-Citronellal 

ti-rhodinal 

CH2:C(CH3)- 
(CH2)3CH- 

154.25 

(CH3)CH2CHO 

2797 

/-Citronellal 

CioHisO      

154.25 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


2773 
2774 
2775 

2776 

2777 

2778 


2779 

2779M 

2780 

2781 

2782 


2783 

2784 
2785 
2786 

2787 

2788 

2789 

2790 


2790M 

2791 

2792 


2793 
2794 

2795 

2795M 

2796 


2797 


It.  yel.  pr. 

f.  al. 
yel.  tricl. 

need. 
(trans)  wh. 

need.  f.  dil. 

al. 
(cis)  need. . . 


monocl.  pr.  . . . 
yel  pi.  f.  chl. . 

need.,  1.58190 


need.  f.  al. 


cr. 


.6136442- 


monocl 


col.  liq., 
1.48752 
1.4900... 


monocl.  pr.  (d 

M+34.70" 
in  w.) 

cr.  f.  w 

col.  rhomb., 
(cr. +1H20 
f.  w.);  1.493, 
1.498,  1.509 
(hyd.)     , 


Density 

g/ml 


1.284 


1.0440- 

4 


col.  tricl 


col.  liq., 
1.448317-5 


+ 13.09  °™ 


1.4570. 


1.617 
1.25^5 

4 

0.8868- 

■4 

0.888- 


4 


0.855- 

4 


0.8567- 

4 


Melting 
point,  °C 


286 

141  (136-7) 

172 

137-8 

68 

100 

33 

135-6 
36 


91 

7-8 


119  (d  95; 
109) 


210-215  d. 

-H20  70-5 
153 


Boiling 
point,  °C 


146 

79 


subl. 


125i9; 
265  d. 
J240.5 


257.5 


257.5 


Solubility  in  grams  per  100  ml  of 


Water    1  Alcohol  ' 


0.026525 

i. 

si.  s.  h. 

0.93725 
i. 

si.  s. 


213-4 

229 

(224-9)  d. 
10312 


subl. 


d. 


287  d. 


205-8 


205-6 


238  c. 

d. 

i. 


2.718 
133  c. 


si.  s. 


v.  si. 


v.  si. 


si.  s.  h. 
si.  s. 


1. 
11625 


Ether,  etc. 


v.  si.  s.  eth.:  i. 

(  S,,  lgr. 
si.  s.  eth. 

s.  eth. 


v.  s.  eth. 

s.  eth.,  chl., 
ac.  a.,  lgr.;  si. 
s.  pet.  eth. 

v.  s.  eth. 


bz. 


;.  eth.,  pet. 
eth.,  chl. 


si.  s.  eth.,  bz. 
chl.;i.  CS2 
v.  s.  eth. 

00  eth. 


s.   eth.,   acet., 
et.  ac:  i.  bz. 


i.  eth. 
2.26  c.  eth. 


v.  s.  eth. 


eth. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2798 
2799 

2800 

2801 
2802 


2803 
2804 

2805 

2806 
2807 


2808 
2809 
2810 


2811 
2812 
2813 


2814 
2815 

2816 
2817 


Name 


<//-Citronellol . 
cf-Citronellol. 


Civetone. 


Clupanodonic  acid 
/-Cocaine 


chromate 

hydrochloride. 


cinnamoyl-. 


Codamine 
Codeine.  . 


,  hydrochloride . 

,  phosphate . . . 

,  sulfate 


Coerulignone. 
Colalin. 
/-Colchicine.  . 


,  compd.  with  chloro- 
form 
a-Collidine 


/3-Collidine 


7-Collidine 


Synonyms 


dihydrogeraniol. 


9-cycloheptadecen-l-one* 


benzoylmethylecgonine . 


so  called;  ecgonine  cinna- 
mate  methyl  ester 


morphine  methyl  ether . 


See  Cerulignone. 
See  Cholic  acid. 


4-ethyl-2-methylpyridine  * . 
3-ethyl-4-methylpyridine  * . 

2,4,6-trimethylpyridine*. . 


Formula 


C10H20O     

C10H19OH 

CO(CH2)vCH: 

1 , 

CH(CH2)7 

C21H33COOH.. 

C8Hi3N(OOCC6- 
H6)(COOCH3) 


C17H.1NO4- 
H2Cr04H20 
C17H21NO4HCI 


C19H23NO4 


C20H25NO4 

C18H21NO3H2O. 


C18H21NO3- 
HCI2H2O 

C18H21NO3- 
H3P04-2H20 

(Ci8H21N03)2- 
H2S04-5H20 


C22H26NO6 


C22H25N06-CHC13 

CH3C6H3NC2H5.. 
CH3C5H3NC2H6. 

(CH3)3C6H2N 


*Name  approved  by  the  International  Union  of  Chemistry. 

774 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 

g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2798 

0.8488- 

4 

0.8505- 

4 

9910 
222 

342742. 

158-602 
2365 

v.  si.  s. 

i. 

0.1625, 
0.3880 

si.  s. 
25025 

i. 

si.  s. 
0.8325, 
1.780 

3.8415 
44  525 

3.325 

4.54 

d.  h. 

s.  c, 

less.  s. 

h. 
i. 

20. 86, 
3.520 

00 

2025 

38. 425 

s. 

v.  s. 

62. 525 

s. 

0.3825 

0.125 

v.  s. 

v.  s. 
s. 

s. 

2799 

col.  liq., 
1.45659, 
[«]+4°g 

oo  eth. 

2800 

32.5(31) 

<-78 
98 

127 
197 

121 

121 

anh.  155 

anh.  264 
235  d. 
278  d. 

anh.  143-7 

2801 

2802 

pa.  yel.  oil, 
1.505715 

col.  monocl. 
pr.  f.  al., 
liq.   1.50218; 
solid  a  1.49, 
M-15.83°2» 
in  chl.        D 

or.-yel.  leaf 

col.  monocl. 
pr.  f.  al.  (al 
-71.95°Din 
w. 

need.  f.  bz .  . . . 

pr.  . 

0.9410- 

4 

s.  eth. 
26.3  eth.;  s. 

2803 

bz.,  chl. 

2804 

i.  eth.;  8  chl.; 

2805 

s.  glyc. 
s.  eth.,  chl.,  bz. 

2806 

s.  eth. 

2807 

col.  rhomb. 

octahdr. 

(+lH20)f. 

w.;  (anh.) 

1.620,  1.630, 

1.650;  (hyd.) 

1.543,  1.636, 

1.684,  [a] 

-137.75  °d 

in  al. 
col.  need., 

[a]-108.2°22 

in  w. 
col.  need,  or 

efflor.  powd. 

[a]-134°D 
col.  rhomb. 

[a]-101.2o£ 

in  w. 

yel.  varnish; 

yel.  need.  f. 

et.  ac. 
need.  f.  chl 

col.  liq 

col.  liq 

col.  liq 

1.31514 

825  eth.;  s.  chl., 

2808 

bz.,  tol. 

2809 

0.07    eth.;    s. 

2810 

chl. 
i.  eth.,  chl. 

2811 
2812 
2813 

0  638  eth.;  v.  s. 

2814 

0.9268- 

4 

0.966-; 

4 

0.9286^ 
0.917^-° 

4 

chl.;  1  bz. 

2815 

179 
195-6 

172 

v.  s.  eth. ;  s.  bz. 

2816 

s.  eth.,  chl. 

2817 

oo  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 

Wt. 

2819 

Confoydrine 

a-hydroxyconiine;  2-(«-hy- 
droxypropyl)piperidine 
See  /  seudoconhydrine. 

C8H17NO    . 

143.23 

2820 
2821 

i/'-Conhydrine. 
a-Coniceine 

CsHisN 

125.21 

2822 

/3-Coniceine 

2-allylpiperidine 

C8Hi6N 

C8Hi6N 

125.21 

2823 

7-Coniceine 

1,2,3,4-tetrahydro-  6-propyl- 
pyridine 

See  Piperolidine. 
methylconidine 

125.21 

2824 
2825 

S-Coniceine. 
e-Coniceine 

CsHisN 

125.21 

2826 
2827 

Conidine,  methyl-. 

Coniferin 

Ci6H2208-2H-0.... 

(CH30)(OH)C6H3- 
CH:CHCH20H 

C5H10NC3H7 

CsHnNHCl 

C8H17NC6H3N3O7 

C19H24N2O2 

378.37 

2828 

2829 
2830 

Coniferyl  alcohol 

Coniine,  a-hydroxy-. 
c/-Coniine 

3-(4-hydroxy-3-methoxy- 
phenyl)-2-propen-l-ol;  4- 
hydroxy-3-methoxycinnamic 
alcohol ;  7-hydroxyisoeugenol 

See  Conhydrinc. 

tf-2-propylpiperidine 

180.20 

127.23 

2831 

,  hydrochloride 

163.69 

2832 

,  picrate 

356.33 

2833 

Gonquinainine 

Gonquinine. 
Gonylene 

312.40 

2834 
2835 

See  Quinidine. 

octadiene  (one  form) 

2-propylpyridine 

110.19 

2836 

Conyrine 

C3H7C6H4N 

Ci8Hi5N(OH)- 
(OCH3)3 
C23H23NO6 

Ci8Hi6N(OCH3)4.. 

GioHi6N04 

Ci2Hi5N04-HCl... 
2Ci2Hi5N04-C6H4- 

(C00H)2 
C6H2(OH)2- 

(OCH3)COC6H5 

0C0CH:CHC- 

121.18 

2837 
2839 

Goriandrol. 
Corybulbine 

See  d-Linalo'6l. 

355.42 

2840 

Corycavine 

409.42 

2841 

d/-Corydaline 

369.45 

2842 
2843 
2844 

Corynine. 

Cotarnine 

,  hydrochloride 

See  Yohimbine. 
stypticin     

237.25 
273.71 

2845 

,  phthalate 

styptol.  . 

640.63 

2846 

Cotoin 

2,6-dihydroxy-4-methoxy- 

2-oxo-l  ,2-pyran-5-carbox- 
ylic  acid* 

244  24 

2847 

Coumalic  acid 

140.09 

(COOH):CH 
1 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  cr.  f.  eth., 
[er]+10°D 

col.  liq. 

(mixt.  ?) 
col.  need. 

(/)  [«] 

-50.47°« 

col.  liq., 
1.4606818-4 


liq.  (d)  [a] 
+  67.4°» 

(I)  M 
-87.34°" 


(dl) 


glit.  need. 
(+2H,0), 
|a]-66.9°2 
in  w. 

pr 


col.  oily  liq., 
1.45119*-9, 

[a]+ 13.79° 
(+15.7> 

col.  rhomb,  f.  w 

yel.  need, 
f.  h.  w. 

yel.  tetr 


liq 
liq. 


need 


rhomb,  tab. 
f.  al. 
col.  pr.  f.  al. 

(d)  [cc] 
+  295°J5 
in  al. 

col.  need.  f.  bz, 
yel.  cr.  powd . . 
yel.  cr.  or 

powd. 
yelsh.  cr.  f. 

h.  w. 


pr 


Density 
g/ml 


0.893- 

4 

0.8519- 


0.8722^, 

4 

0.8825- 

4 

0.8856- 


0.8024 


0.8830- 


0.845 


<1 


Melting 
point,  °C 


121 

-16 
39-41 

>-50 


anh.  185 


"3-4 


-2.5 


220  (217) 
75 

123 


2 

238 

218-9 

dl   135;  dl- 
meso, 
158-9 


132-3  d. 

142-4 

103 

130-1 


205-10 
part.  d. 


Boiling 
point,  °C 


226 

158 
168-9 

172 

151-4 
143-5 
150-1 


166.5 


1 26738 

165 


218120; 

subl. 
part.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
si.  s. 

si.  s. 


0.51 


si.  s.  h. 


1.1c. 


50 


si.  s. 
i. 
i. 
i. 


si.  s. 
v.  s. 
V.  s. 

si.  s. 


si.  s.  c. 


Alcohol 


si.  s. 


s. 

00 

si.  S. 
i.  c. 
s.  h. 


Ether,  etc. 


s.  eth.,  chl. 


s.  eth. 


eth. 


i.  eth. 


s.  eth.,  alk. 


v.  s.  eth.;  s. 
bz.,chl.,amyl 
al.,  acet. 

i.  eth.;  s.  chl. 
s.  eth. 

v.  s.  eth. 


oo  eth. 

si.  s.  eth.;  s.  c. 
HC1 
i.  alk. 

s.  eth.,  chl. 


s.  eth.,  NH4OH 


s.  eth.,  bz., 

chl.,  CS2, 

acet. 
si.    s.    eth.;   s. 

ac.  a.,  acet.;  i. 

chl.,   bz.,  lgr. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


o-Coumaric  acid 


,  lactone. 

m-Coumaric  acid 

p-Coumaric  acid. 


a,  /S-dihydro- 


Coumarilic  acid. 
Coumarin 


6,7-dihydroxy- 
7,8-dihydroxy- 
7-hydroxy-. 
3-methyl-.  .  . . 


-,  4-methyl- 


Coumarone. 
Creatine 


Creatinine. 


Creosol 


Cresol.    (In  numbering  deri 
Cresol,  hexahydro-. 
o-Cresol 


acetate 

,  3-amino-. . 
,  4-amino-. . 
-,  5-amino-.  . 
,  4,6-dinitro- 


3-nitro- .... 
4-nitro- .... 
5-nitro- .... 
6-nitro- .... 
3,4,5,6-tetra- 

bromo- 
thio- 


m  -Cresol 

,  5-amino- 


Synonyms 


o-hydroxycinnamic  acid;  o 

cumaric  acid 
See  Coumarin. 
m-hydroxycinnamic  acid ; 

ra-cumaric  acid 
p-hydroxycinnamic  acid ; 

p-cumaric  acid 


See  Phloretic  acid. 
2-benzof urancarboxylic  acid ; 
coumarone-2-carboxylic  acid 
1 ,2-benzopyrone ;  o-coumaric 
acid  lactone  ;coumariniclacton 
See  Esculetin. 
See  Daphnetin. 
See  Umbelliferone. 
a-methylcoumarin 


/S-methylcoumarin , 


See  Benzofuran. 
(a-methylguanido)  acetic 
acid;  methylglycocyamine 

1-methylglycocyaraidine .  .  . 


2-methoxy-4-methylphenol ; 

4-methylguaiacol  (OH  =  1) ; 

2-methoxy-p-cresol  (OH  =  lj 
vatives,  (OH  =  l) 
See  Cyclohexanol,  methyl-. 
o-methylpheno! ;  o-hydroxy- 

toluene ;    o-cresyl    alcohol 

(incorrect) 
o-tolyl  acetate;  o-cresyl 

acetate 
3-amino-2-methylphenol;  2- 

amino-6-hydroxytoluene 
4-amino-2-methylphenol ;  5- 

amino-2-hydroxytoluene 
5-amino-2-methylphenol ;  4- 

amino-2-hydroxytohiene 
2-methyl-4,6-dinitrophenol. . . 


2-methyl-4-nitrophenol 
2-methyl-5-nitrophenol , 
2-methyl-6-nitrophenol 


2-toluenethiol* ;  o-tolyl  mer- 

captan 
m-methylphenol ;  m-hydroxy- 

toluene 
5-amino-3-methylphenol ;  3- 

amino-5-hydroxytoluene 


Formula 


HOC6H4CH:CH- 
COOH 

HOC6H4CH:CH- 

COOH 
HOC6H4CH:CH- 

COOH 


C8H5OCOOH.... 
C6H4OCOCH:CH 


C6H4OCOC- 

i 

(CH3):CH 

1 

C6H4OCOCH:C- 

(CH3) 

NH2C(:NH)N- 
(CH3)CH2COOH 

CH3NC(:NH)NH- 


COCH2 

CH3OC6H3(CH3)- 
OH 


CH3C6H4OH. 


CH3COOC6H4CH3 

CH3(NH2)C6H3OH 

CH3(NH2)C6H3OH 

CH3(NH2)C6H3OH 

(N02)2C6H2(CH3)- 
OH 

N02(CH3)C8H3OH 
N02(CH3)C6H3OH 
N02(CH3)C6H3OH 
N02(CH3)C6H3OH 
CH3C6Br4OH 

CH3CeH4SH 

CH3C6H4OH 

CH3(NH2)C6H3OH 


Mol. 
Wt. 


164.15 

164.15 
164.15 

162.14 
146.14 

160.16 

160.16 

131.14 
113.12 

138.16 

108.13 

150.17 

123.15 

123.15 

123.15 

198.13 

153.13 
153.13 
153.13 
153.13 

423.77 

124.19 
108.13 
123.15 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  w. 


col.  pr.  f .  w . 

col.  need. 
(+lH20)f. 
c.  w.,  anh. 
f.  h.  w. 

need.  f.  w. . . 

col.  rhomb, 
f.  eth. 


need 


need.  f.  bz . 


col.  monocl. 

pr.  (+1H20) 

f.  w. 
col.  rhomb. 

pr.  f.  w. 


col.  oil, 
1.535325 


col.  cr.  or 
liq.,  1.5453 


need 


Density 
g/ml 


0.935^ 

4 


1.0919: 


1.0465^ 


need.  f.  bz .  . . . 

col.  pi.  or  need. 

yel.  pr.  f .  al . . . 

It.  yel.  cr.  f.  w. 

need.  f.  w 

yel.  need.  f.  Igr. 

yel.  pr 

yel.  need.f.  chl. 

leaf 

col.  liq., 
1.5398 

1.034^ 

4 

Molting 
point,  °C 


207-8  d. 

191 

210-3  (206) 

192-3 

67-8  (70) 

90 

82 


-H20,  100; 
anh.  295 

260  d. 


5.5 


30 

129 

172-3 

159-61 

85.8 

142-3 

82-5; 79-80 
118 
69.5 
206-7 

15 

11-2 

79 


Boiling 
point,  °C 


310-15 

si.  d. 
301.72 

(290-1) 


221.8, 
113.523 


191.5 


208 
(83-510) 


subl. 
subl. 


d. 

194.3 
202.8 
345 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  s.  h. 
v.  si.  s. 

s.  h. 
0.0125 


1.35W 

8.716 

si.  s. 


3.1<°, 
5.6100 

v.  si.  s. 

si.  s. 

si.  s. 

si.  s.  c. 
s.  h. 

v.  si.  s. 

v.  si.  s. 
v.  si.  s. 
v.  si.  s. 
i. 
i. 

i. 

2.3520; 
5.81W 


v.  s. 


13. 7» 

90% 


0.0063 
c. 

0.981* 


v.  s. 

V.  s. 

10. 8215 

V.  s. 
V.  s. 
V.  s. 
v.  si.  s. 


v.  si.  s.  eth.;  i. 
CS2,  chl. 

v.  s.  eth. ;  s.  bz. 

v.  s.  eth.;  si.  s. 
bz.;  i.  Igr. 


sl.  s.  CS2,  chl. 

v.    s.    eth.;   s. 
chl.,  oils 


s.  bz. 


i.  eth. 


00  eth.,  bz. 


oo>30  eth.;  s. 

chl.,  ord.  org. 

solv. 
v.  s.  eth. 

sl.  s.  eth. 

v.  s.  eth.;  sl.  s. 

bz. 
v.  s.  eth. 

v.   s.    eth.;   s. 
acet.  ;sl.  s.  Igr. 
v.  s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
v.  sl.  s.  eth. 
v.  s.  eth. 

v.  s.  eth. 

00  eth.;  s.  chl., 
ord.  org.  solv. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

2880 

m-Cresol,  6-amino- .  . 

2-amino-5-methylphenol;  4- 
amino-3-hydroxytoluene 

CH3(NH2)C6H3OH 

123.15 

2881 

,  4-nitro- 

3-methyl-4-nitrophenol 

N02(CH3)C6H30H 

153.13 

2882 

,  5-nitro- 

3-methyl-5-nitrophenol 

N02(CH3)C6H3OH 

153.13 

2883 

,  6-nitro- 

3-methyl-6-nitrophenol 

N02(CH3)C6H3OH 

153.13 

288-4 

,  thio- 

3-toluenethiol* ;  m-tolyl  mer- 
captan 

124  19 

2885 

,  2,4,6-trinitro-  .  .  . 

(N02)3C6H(CH3)- 
OH 
CH3C6H4OH 

243.13 

2886 

p-Cresol 

p-methylphenol ;  p-hydroxy- 

108.13 

toluene 

2887 

,  2-amino- 

2-amino-4-methylphenol ;  3- 
amino-4-hydroxytoluene 

CH3(NH2)C6H3OH 

123.15 

2888 

,  3-amino- 

3-amino-4-methylphenol;  2- 
amino-4-hydroxytoluene 

CH3(NH2)C6H3OH 

123.15 

2889 

-,  2,6-dinitro- 

4-methyl-2,6-dinitrophenol. .  . 

(N02)2C6H2(CH3)- 
OH 

198.13 

2890 

,  2-methoxy-. 

See  Creosol. 

2891 

,  2-nitro- 

4-methyl-2-nitrophenol 

N02(CH3)C6- 

153  13 

H3OH 

2892 

,  3-nitro- 

4-methyl-3-nitrophenol 

4-toluenethiol*;  p-tolyl  mer- 

N02(CH3)C6- 

153  13 

2893 

,  thio- 

H3OH 
CH3C6H4SH 

124.19 

captan 

2894 

Cresorcinol 

4-methylresorcinol;  cresor- 
cin ;  2,4-dihydroxytoluene 

CH3C6H3(OH)2.... 

124.13 

2895 

2,3-Cresotic  acid 

2-hydroxy-3-methylbenzoic 
acid;  2-hydroxy-m-toluic 
acid;  o-homosalicylic  acid; 
o-cresotic  acid;  /3-cresotic 
acid 

2-hydroxy-4-methylbenzoic 

CH3C6H3(OH)- 
COOH 

152.14 

2396 

2,4-Cresotic  acid 

CH3C6H3(OH)- 

152.14 

acid;  2-hvdroxy-p-toluic 

COOH 

acid;  a-m-homosalicylic 

acid;  w-cresotic  acid;  y- 

cresotic  acid 

2897 

2,5-Cresotic  acid 

2-hydroxy-5-methylbenzoic 
acid;  6-hydroxy-m-toluic 
acid;  j)-homosalicylic  acid; 
p-cresotic  acid;  a-cresotic 
acid 

CH3C6H3(OH)- 
COOH 

152.14 

2898 

2,6-Cresotic  acid 

2-hydroxy-6-methylbenzoic 
acid;  6-hydroxy-o-toluic 
acid;  /3-m-homosalicylic 
acid 

CH3C6H3(OH)- 
COOH 

152.14 

2899 

3,2-Cresotic  acid 

3-hydroxy-2-methylbenzoic 
acid;  3-hydroxy-o-toluic 
acid 

CH3C6H3(OH)- 
COOH 

152.14 

2900 

3,4-Cresotic  acid 

3-hydroxy-4-methylbenzoic 
acid;  3-hydroxy-p-toluic 
acid 

CH3C6H3(OH)- 
COOH 

152.14 

2901 

3,5-Cresotic  acid 

3-hydroxy-5-methylbenzoic 
acid;  5-hydroxy-m-toluic 

CH3C6H3(OH)- 

152  14 

COOH 

acid 

2902 

3,6-Cresotic  acid 

3-hydroxy-6-methylbenzoic 
acid;  5-hydroxy-o-toluic 
acid 

CH3C6H3(OH)- 
COOH 

152.14 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  103  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2880 

col.  need.  f.  bz. 

need.  f.  w 

It.  yel.  cr 

yel.  monocl. 
need.  f.  eth. 
Hq 

157-9 

129 

90-1 

56 

<-20 

v.  si.  s. 
v.  si.  s. 
si.  s. 

i. 

v.  s. 
V.  s. 

s. 

s. 

2881 

v.  s.  eth. 

2882 

v.  s.  eth. 

2883 

volat. 
195-200 

v.  s.  eth. 

2884 

1.0625— , 

4 

oo  eth. 

1    n-o12 

1.0o2— 

4 

2885 
2886 

2887 

yel.  need.  f.  w . 

col.  pr., 

1.5395 
sc.  f.  eth., 

rhomb,  f.  bz. 
col.  cr.  f.  w. .  .  . 

lng.  yel.  pr. . .  . 

yel.  need, 
f.  dil.  al. 
yel.  pr.  f.  eth. . 

leaf.  f.  eth 

1.0347^ 

4 

106 

36  (32-4) 

135 

144.5 

81 

exp.  150 
202.5 
subl. 
subl. 

0 .  22'-°, 
0.81100 
2  440 

v.  si.  s. 

sl.s. 

si.  s. 

V.  s. 
oo  *  36 
V.  s. 

s. 

v.  s.  eth.,  s.  bz. 

oo  >36    eth.;  s. 

ord.  org.  solv. 

v.    s.    eth.;    s. 

2888 

chl.;  si.  s.  bz. 

2889 

v.  s.  eth. 

2890 
2891 

2892 

1.2399- 

4 

36.5(32) 

77 

125-'- 

v.  si.  s. 

v.  si.  s. 

v.  s. 
V.  s. 

v.  s.  eth. 
v.  s.  eth. 

2893 

42-3 

195 

i. 

s. 

v.  s.  eth. 

2894 

col.  cr.  f.  bz. 

-fpet.  eth. 
lng.  need.  f.  w. 

104-5 

163-4 

267-70 

s. 

0.14*', 
1.16100 

s. 
s. 

s.    eth.;   si.   s. 

2895 

bz.,  lgr. 
s.  eth.,  chl. 

2896 

sm.  need.  f.  w . 

178 

subl. 

4.36100 

v.  s. 

v.s.eth.;  i.chl. 

2897 

lng.  need.  f.  w. 
need.  f.  w 

152.5 

v.  si.  s. 

V.  s. 

s.  eth.;  i.  CS2 

2898 

168 

0.1425 

V.  s. 

v.  s.  eth. 

2899 

glit.  need.  f.  w. 
lng.  need 

145-6 

s. 

v.  s. 

v.  s.  eth. 

2900 

207 

subl. 

v.  si.  s. 

V.  s. 

s.  eth. 

2901 

tab.  f.  w 

208 

subl. 

5.25100 

V.  s. 

v.  s.  eth. 

2902 

need,  f .  w 

-H20  100; 

177-8 
(183-4) 

si.  s. 

V.  s. 

v.s. eth.;  i.  chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

2903 
2904 

2905 

2906 
2907 

2908 

2909 

2909M 
2910 

2911 
2912 
2913 
2914 

2915 


2916 

2916M 

2917 

2917H 
2917R 

2917V 
2918 
2919 
2920 

2921 

2922 

2923 

2924 
2925 

2926 
2927 

2928 


Name 


4,2-Cresotic  acid .  .  . 
4,3-Cresotic  acid .  .  . 


Cresyl  alcohol. 
Cresyl  esters  of  organic  ac 
Cresyl  phosphate. 
Croceic  acid 


Croconic  acid 


Crotonaldehy  de . 


Crotonamide 

Crotonic  acid  (a  or  solid) 


,  methyl  ester . 

,  /3-bromo- 

,  a-chloro- 

,  a-ethyl-. 


,  0-hydroxy- 


/3-Crotonic  acid  (liquid). 
a-Crotonic  amide. 
Crotonic  anhydride .  . 

Crotonic  nitrile. 
Crotononitrile 


Crotonyl  alcohol 

Crotonylene. 

Crotyl  alcohol  (and  aceta 

Cryptopine 


Crystal  violet  (base) 
Cubebin 


Cumaldehyde . 

Cumaric  acid. 
Cumene 


,  hexahydro-. 
-,  a-nitro-. .  .  . 


o-Cumenol. 


fcynonyms 


4-hydroxy-2-methylbenzoic 

acid;  4-hydroxy-o-toluic 

acid 
4-hydroxy-3-methylbenzoic 

acid;  4-hydroxy-m-toluic 

acid 
See  Cresol. 
ids.   See  "tolyl  ester"  under  th 
See  Tolyl  phosphate. 
2-naphthol-8-sulfonic  acid; 

/9-:iapht  hol-a-monosulfonic 

acid;  Baeyer's  acid 
crocic  acid 


2-butenal*;  crotonic  alde- 
hyde ;  /9-methylacrolein ; 
propylene  aldehyde 

a-crotonic  amide ;  2-buten- 
amide* 

frans(?)-2-butenoic  acid*; 
frans(?)-/9-methylacrylic 
acid 


methyl  a-crotonate . 


3-bromo-<rans-2-butenoic 

acid* 
2-chloro-2-butenoic  acid* 

(one  form) 
2-ethyl-<rans(?)-2-butenoic 

acid  * ;  2-pentene-3-carbox- 

ylic  acid* 
3-hydroxy-2-butenoic  acid* ; 

desmotropic  with  aceto- 

acetic  acid 
See  Isocrotonic  acid. 
See  Crotonamide. 
2-butenoic  anhydride* 


See  Crotononitrile. 
crotonic  nitrile;  2-buteneni- 
trile*;  propenyl  cyanide 
See  2-Buten-l-ol. 
See  2-Butyne*. 
te).  See  2-Buten-l-ol*. 


hexamethylpararosaniUne . 


p-isopropylbenzaldehyde ; 

p-cuminic  aldehyde 
See  Coumaric  acid. 
isopropylbenzene;  2-phenyl- 

propane;  cumol 
See  Cyclohexane,  isopropyU. 
2-nitro-2-phenylpropane ; 

(a-nitroisopropyl)  benzene 
See  Phenol,  o-isopropyU. 


Formula 


CH3C6H3(OH). 
COOH 

CH3C6H3(OH). 
COOH 


5  names  of  the  acids 
HOCioHeSOsH... 

C503(OH)2.3H20. 

CH3CH:CHCHO. 


CH3CH:CH- 
CONH2 
CH3CH:CHCOOH 


C3H6COOCH3.... 

CH3CBr:CH- 
COOH 
CH3CH:CClCOOH 

CH3CH:C(C2H6)- 
COOH 

CH3COH:CH- 
COOH 


(CH3CH:CH- 
CO)20 

CH3CH:CHCN 


C2iH23NOs 


f(CH3)2NC6H4]3- 
COH 
C2oH2o06 


C^Ce^CHO... 
C6H6CH(CH3)2... 


C6H5C(N02)- 
(CH3)2 


Mol. 
Wt. 


152.14 
152.14 

224.22 

196.11 

70.09 

85.10 
86.09 

100.11 
165.00 
120.54 
114.14 

102.09 

154.16 
67.09 

369.40 
389.53 
356.36 
148.20 

120.19 

165.19 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


2903 
2904 

2905 

2906 
2907 

2908 

2909 

2909M 
2910 

2911 
2912 
2913 
2914 

2915 


2916 

2916M 

2917 

2917H 
2917R 

2917  V 
2918 
2919 
2920 

2921 

2922 

2923 

2924 
2925 

2926 
2927 

2928 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  f. 
al.  or  w. 

monocl. 
need.  f.  w. 


yel.  leaf . 


col.  inflam. 

liq., 

1.4383817-8 
need 


col.  monocl. 
need.  f.  w. 
or  lgr., 
1.422879-7 

col.  liq 

leaf 

long  need 

col.  monocl.  pr. 

Hq 


col.  liq., 
1.47446 

col.  liq .  . 


pr.  f.  al., 
opt.  i. 
vlt.  cr.  f.  bz. . . 

wh.  need.  f. 
al.  or  bz. 
col.  liq.,  1.5301 


col.  liq., 
1.493020 


Uq 


Density 
g/ml 


0.8575- 


1.018  —  ; 

4 

liq. 
0.96480 

0.981- 


1.0397- 


0.826- 


1.315- 


0.978 
0.864 


1.1025^ 

o 


Melting 
point,  °C 


177.8 
172 


-3H20, 

100;  anh. 

180 
-69;  frz. 

-74 

158 

72 


97  (94-5) 

99 

45 


220-1  (218) 
195 
131-2  (125) 

-96.9 
-35 


Boiling 
point,  °C 


236-7, 
subL 

subl.  si.  d. 


subl. 


:04-5 
(102.4) 


189 

120.7 

212  subl. 
209 

d. 

246-8 
118-119 


not  volat. 
235 

152-3 


d.  224; 
123-812 


Solubility  in  grams  per  100  ml  of 


Water 


94100 
s.  h. 


156  c. 

18 

si.  s. 
8.2815 


si.  s. 
2.12  c. 

si.  s. 


d. 


1. 

i. 

v.  si.  s. 

i. 


1.  c. 


Alcohol 


v.  s. 


14.99  c 


v.  s. 
v.  s. 


d. 


si.  s. 


1.0312 


Ether,  etc. 


s.  eth. 


v.   s.   eth. 
chl. 


eth.,  bz.,  tol. 


v.  si.  s.  eth.; 
si.  s.  bz. 
si.  s.  lgr. 


v.  s.  eth. 

v.    s.    eth.;   s. 
CS2,  bz. 
s.  eth. 

v.  s.  eth. 


eth. 


si.  s.  eth.,  chl.; 
v.  si.  s.  bz. 
s.  eth. 

2.68  eth.;  s. 
chl. 
s.  eth. 


s.  eth.,  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


2929 
2930 

2931 


2932 

2933 

2934 

2935 

2935M 

2936 

2937 

2938 


2939 
2940 


2941 

2942 
2943 


2944 
2945 

2946 


2947 

2948 
2949 
2950 
2951 

2952 

2953 


2954 
2955 
2956 
2957 

2958 


Cumic  acid .  .  . 
Cumic  alcohol 


a-Cumidic  acid 


Cumidine. 


p-isopropylbenzoic  acid;  p- 

cuminic  acid 
p-isopropylbenzyl  alcohol; 

p-cuminic  alcohol;  cuminyl 

alcohol 
4,6-dimethylisophthalic  acid : 

4,6-dimethyl-l,3-benzene- 

dicarboxylicacid* 


p-isopropylaniline. 


p-Cuminic  acid. 
p-Cuminic  alcohol. 
p-Cuminic  aldehyde. 
Cuminyl  alcohol. 
Cumol. 
Cumylic  acid. 
Cupreine 


See  Cumic  acid. 
See  Cumic  alcohol. 
See  Cumaldehyde. 
See  Cumic  alcohol. 
See  Cumene. 
See  Durylic  acid. 
hydroxyeinchonine. 


Curarine. . 
Curcumin 


1,7- bis  (4-hydroxy-3-meth- 
oxyphenyl)-l  .tt-heptadiene- 
3.5-dione* 


Curine 


Cuscohygrine  (anh.) 
Cuscohygrine  (hydrate) 


Cuskhygrine. 
Cusparine.  .  . 


Cyamelide . 


Cyanamide 


See  Cuscohygrine. 
2-homopiperonyl-4-methoxy- 

quinoline 
s-trioxanetriimine;   insoluble 

cyanic  acid 


carbamonitrile. 


,  benzyl-. 

,  diethyl- 

,  phenyl-. 

Cyananilide. . 

Cyanic  acid.  . 

,  ethyl  ester. 


N-cyanodiethylamine 

See  Cyananilide. 
carbanilonitrile ;  phenylcyan- 
amide;  Af-cyanoaniline 


insoluble. 
,  thio-. 


Cyanidine. 

,  trihydroxy-. 

Cyano-.    See  the  parent  co 
Cyanogen  (gas) 


See  Cyamelide. 
See  Thiocyanic  acid. 
See  s-Triazine. 
See  Cyanuric  acid. 
mpounds  (e.g.,  for  cyanoacetic 
ethanedinitrile  * ;  oxaloni- 
trile;  prussite 


(CH3)2CHC6H4- 

COOH 
(CH3)2CHCeH4- 

CH2OH 

(CHs)2C6Hj- 
(COOH)2 


(CH3)2CHC6H4- 
NH2 


Ci9H»N2(OH)j 


C19H26N2OOH... 
[(CH30)(OH)C6- 

H3CH:CHCO]2- 

CH2 
C18H19NO3 


C13H24N20 

Ci3H24N20-3^H20. 


C19H17NO3. 
(HNCO)a.. 


CN-NH2. 


C6H6CH2NHCN 

CNN(C2H6)2.... 


C6H6NHCN 

HOCN 

C2H6OCN.. 


acid  see  Acetic  acid,  c 

n;cc;n 


yano-). 
52.04 


2959        Cyanogen  bromide.  .  .  .    bromine  cyanide CNBr 105 .93 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  tricl.  f.  al. 

col.-yel.  liq. 
(oil),  1.52224 

Ing.  pr.  f.  bz. 
-j-al.  or 
need.  f.  w. 


col.  liq 


concentric 
pr.  f.  eth., 
[a]-175.5°»« 
in  al.  D 

red-br.  leaf. . . 

or.-yel.  need, 
or  powd. 


col.  cr. 

oil.... 
need .  . 


Ing.  coi.  need, 
wh.  amor 


col.  need., 
1.441848 

pi.  f.  al 

liq.,  1.412b48... 

need,  f .  eth — 

col.  gas 

Hq 


col.  pois.  gas 


col.  need. 


Density 

g/ml 


1.163- 

4 

0.978- 


0.957: 


0.9782 


1  127^ 


1.083 
0^854* 


liq.l.HO^ 
1.127^;  4 

4 


0.89 


20 


liq.       y 
0.866j; 

2.335  g/1 

2.0152-^ 


Melting 
point,  °C 


116.5 


266 

(>320), 

subl. 

without 

melting 
-63 


anh.  198 

(202) 


161 

183  (177) 


212 


40-1;  d. 
120-30 


91-2 


44 

43  (33) 

47 


-34.4 


Boiling 
point,  °C 


subl. 
248.4 


21520 


14019  d. 


190;  6810 


d. 
162  d. 


-20.5 


61.6 


Solubility  in  gram"  per  100  ml  ol 


Water     Alcohol        Ether,  etc 


0.01525 

si.  s. 

si.  s. 


0.011 


45020 


V.  S. 


S.  h. 


230020 
cm3 


v.  s.  eth. 
oo  eth. 


s.  eth.,  bz.,  a. 


si.  s.   eth.;  v. 
si.  s.  bz.,  chl. 


si.  s.  eth.,  CS2; 
0.05  bz.;  s. 
alk.;  i.  lgr. 


s.  eth.,  bz. 
with  sep.  of 
H20 

s.  eth. 

i.  eth.,ord.org. 
solv.;  s.  cone. 
H2S04:  si.  s. 
NH4OH 
s.  eth.,  chl.,  bz. 

s.  eth. 
s.  eth. 

s.  eth. 

s.  eth.,  ac.  a. 

00  eth. 


50020  cm8  eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2960 


2961 
2962 

2963 
2964 
2965 


2966 
2967 
2968 


2969 
2970 
2971 

2972 
2973 


2974 


2975 


2976 

2977 
2978 

2979 


2980 
2981 
2982 


2983 
2984 


2985 


Name 


Cyanogen  chloride .  . .  . 


,  trimer. 

Cyanogen  iodide .  . 

Cyanogen  sulfide. 
Cyanuramide. 
Cyanuric  acid  (n) . 

,  tribenzyl  ester . . . 

,  trithio-. 

Cyanuric  chloride 

Cyanurodiamide. 
Cyanurotriamide. 
Cyclobutane* 

,  benzoyl-. 

,  methyl- 

1,2-Cyclobutanedi 
carboxylic  acid* 


1 ,3-Cyclobutanedi- 
carboxylic  acid* 

Cyclobutene* 

9-Cycloheptadecen-l-o 
Cycloheptane* 

Cycloheptanol* 

Cycloheptanone* 

Cycloheptene* 

1,3-Cyclohexadiene*  .  . 


,  5-isopropyl-2-met 

1,4-Cyclohexadiene. . . . 


Synonyms 


chlorine  cyanide 

See  Cyanuric  chloride. 
iodine  cyanide 

See  Thiocyanic  acid,  cyanogen 
See  Ammelide. 
s-triazinetriol ;  trihydroxy- 
cyanidine;  tricyanic  acid 

benzyl  cyanurate 

See  Thiocyanuric  acid. 
trichloro-s-triazine;  tri- 

chlorocyanidine;  tricyano- 

gen  chloride 
See  Ammeline. 
See  Melamine. 
tetramethylene 

See  Ketone,  cyclobutyl  phenyl. 
ethylenesuccinic  acid 


cyclobutylene . 


ne*.   See  Civetone. 
heptamethylene ;  suberane . 

suberyl  alcohol;  suberol; 
hydroxyheptamethylene 


suberone ;  ketoheptamethy- 
lene 
suberene ;  suberylene 


1,2-dihydrobenzene;  A^s-cy- 
clohexadiene 


hyl-.  See  a-Phellandrene. 
,4-dihydrobenzene ;  A^cy- 
clohexadiene 


Formula 


CNC1. 


Cyclohexadiene-l,2-dic  arboxylic  acid*.  SeePhthal 


CNI 

ester. 

N:C(OH)N:C- 
(OH)N:C(OH) 


(C6H5CH20C:N)3, 
C3CI3N3 


CH2CH2CH2CH2 


CH3- 
CHCH>CH2CH2 

1 1 

C4H6(COOH)2... 


C4H6(COOH)2. 


CH:CHCH2CH2. 


CH2(CH2)5CH2... 

1 1 

CH2(CH2)6CHOH 

1 1 


CO(CH2)5CH2.... 

1 1 

CH:CH(CH2)4CHi 
CH:CHCH:CH- 
CH2CH2 


CH:CHCH2- 

CH:CHCH2 

1 

ic  acid,  dihydro-. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

2960 

2961 
2962 

col.  liq.  or 
pois.  gas 

col.  need.  f. 
eth.  or  al. 

col.  monocl. 
(+2H20) 
f.  w.,  efflor. 

1.218—: 

1.186- 

4 

-6 

146.5, 
seal,  tube 

>360 

13.8 
subl. 
d. 

2500 
cm3 

s. 
0.2517 

10,000 
cm8 

s. 
0.3522 

5,000  cm8  eth. 
s.   eth.,   volat. 

2963 
2964 
2965 

1.768-5- 

4 

oils 

v.  si.  s.  eth.;  s. 
cone.  H2SO4 

2966 
2967 
2968 

need.  f.  al 

monocl.  f. 
eth. 

1.82^ 

4 

157 
146 

>320 
190 

i.  c. 
si.  s. 

s. 
V.  s. 

si.  s.  eth. 

s.  h.  eth.,  ac. 
a.;  v.  s.  chl. 

2969 
2970 
2971 

2972 
2973 

liq.  or  gas, 
1.37520 

col.  liq., 
1.383620 

0.703- 

4 

0.693120 

-50 

13 
35-3676» 

i. 
i. 

00 

00    eth.;   v.   s. 
acet. 

00  eth. 

2974 

(cis)  pi.  f.  w. . . 
(trans)  (dl) 

need.  f.  bz. 
(d)  [a] 

+  123.3°30 

in  w. 
(1)  [a] 

r124.3°° 

in  w. 
(cis)  pr.  f.  w..  . 

(trans)  pr. . . 

138 
131 

105 

105 

138-9 
(135-6) 
171 

s. 
s. 

34.5 
3.8 

s. 

V.  s. 
V.  s. 

s.  eth.,  si.  s.  bz. 

2975 

252 
subl. 

v.  si.  s.  eth. 
v.  si.  s.  eth. 

2976 

gas 

0.733- 

2  (-3  to  1) 

s.  acet. 

2977 
2978 

oil,  1.4440.... 

4 

0.8099- 

4 

-12 

118.1 

i. 

v.  s. 

v.  s.  eth. 

2979 

0.9717—; 

0 

0.9565- 

4 

185.2 
(184.5) 

1.1 

v.  s. 

v.  s.  eth. 

2980 

oil,  1.4602721-9. 

0.9508— 

179.5 

si.  s. 

V.  s. 

s.  eth. 

2981 

oil,  1.4552.... 

4 

0.8228- 

115 

i. 

s. 

s.  eth. 

2982 

col.  liq., 
1.4758, 
(1.4744) 

4 

0.8404- 

4 

-98 

80.5(83-4) 

i. 

s. 

v.  s.  eth. 

2983 

2984 

col.  liq., 
1.4680619 

0.8471^-° 

4 

86-7  (81-2) 

i. 

OO 

00  eth. 

2985 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


2986 

2987 
2988 

2989 
2990 

2991 


2992 

2993 

2994 
2995 
2996 

2997 


2998 
2999 

3000 

3001 
3002 


3003 
3004 

3005 

3006 

3007 
3008 


3009 


Name 


1,3-Cyclohexadiene-l 
4-dicarboxylic  acid* 
1,4-Cyclohexadienedio 
Cyclohexane* 

,  amino-. 

,  bromo-* 

,  chloro-* 


,  1,3-dimethyl- 


1,4-dimethyl- 


,  1,2, 3,4,5, 6-hexa- 

bromo-  (a  or  trans) 

, ,  (/S  or  cis) 

,  1,2,3, 4,5, 6-hexa- 

chloro-  (a  or  trans) 

, ,    (fiords) 

! \(h''.'' '■'.'■ '.'.''. 

— ,  isopropyl- 

— ,  4-isopropyl-l-me 
,  methyl- 

,  phenyl- 

,  1,3,5-trimethyl- 

Cyclohexanecarbo- 

xylic  acid* 
,  2-hydroxy- 

,  1,2,4,5-tetrahydr 

1 ,2-Cyclohexanedi- 
carboxylic  acid* 


1 ,4-Cyclohexanedi' 
carboxylic  acid* 


Synonyms 

2,3-dihydroterephthalic  acid. 

ne*.    See  Quinone. 
hexahydrobenzene ;  hexa- 
methylene 

See  Cyclohexylamine*. 
cyclohexyl  bromide 

cyclohexyl  chloride 

hexahydro-m-xylene 

hexahydro-p-xylene 

benzene  tra /js-hexabromide. . 

benzene  0-hexabromide 

benzene  /mns-hexachloride . . 

benzene  m-hexachloride . .  . . 

benzene  -y-hexachloride 

benzene  5-hexachloride 

hexahycirocumene ;  normen- 

thane 
thyl-.    See  p-Menthane. 
hexahydrotolnene ;  cyclo- 

hexylmethane 

cyclohexylbenzene;  1,2,3,4,- 
5,6-hexahydrobiphenyl 
hexahydromesitylene 

hexahydrobenzoic  acid 

hexahydrosalicylic  acid 

oxy-*.    See  Quinic  acid. 
hexahydrophthalic  acid 


hexahydroterephthalic  acid. 


Formula 


C6H6(COOH)2 

C6H12 

CeHuBr 

CeHnCl 

CeHio(CH3)2. . . 

C6H10(CH3)2. . . 

CeHeBre 

CcHeBr6 

CeHcCle 

C«H6Cl6 

CY,Ht;Cl6 

CeHeCle 

C3H7C6H11.  .  .  . 

CH3CGH11 

CeHsCeHn 

CeH9(CH3)3. . . . 

CeHnCOOH.  . . 
HOCeHioCOOH 

C6H10(COOH)2. 


C6Hio(COOH)2... 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


flocks 


col.  liq., 
1.4290015 

col.  liq., 
1.4956415 

col.  liq., 
1.46264 


col.  liq.  (cis) 

1.42G9 
(trans)  1.4254 

col.  liq.,  1.421 


col.  monocl. 
pr. 
cub.  cr.  f .  bz 

col.  monocl. 
pr. 

col.  cr 


need.  f.  al. . . 
Pi 


col.  liq 

col.  liq.,  1.4235 


oil 


(cis)  col.  liq., 
1.4301020e 

(trans) 
1.42740ge 

col.  monocl. 
pr.,  1.45613S- 
cr.  f.  w 


(cis)  tricl. 
pr.  f.  w. 

(trans) 

monocl. 

leaf.  f.  w. 
(cis)  leaflets 

f.  w. 
(trans)  pr.  f.  w. 


Density 
g/ml 


0.7791^-° 

4 


1.3290: 


1.0161 


1.000 j 

0.7735*-° 
4 

0.  /  tl— 


(«*»)        20 

0.7671  —  ; 

(trans)  * 
0.7638- 


!7^-° 
4 


0.7902- 


0.7864-^- 

0.769^-° 

4 

0.9440- 


0.77320 
0.772020 


1.048 


is 


Melting 
point,  °C 


6.5 


-43.9 


-8S 


Mi 


212 

253  d. 
157 

297 


112-3 
129-32 


-126.4 


31 
111 


192;  d. 
-H2O 
>192 

221 


168-9 
300  subl. 


Boiling 
point,  °C 


81.4 

163-5 
142.5 

m 

119756 

120. 5755 
119 

288  d. 

Subl. 


154.7 
100.3 

237.5 

140- 

140. 5752 
138.5- 

139754 

233 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


1.   c. 
h. 


0.201" 
v.  s. 


0.2 


v.  s.  h. 
1.34h. 


si.  s. 
i. 
s.  h. 

si.  s. 


v.  s. 


v.  s. 
V.  s. 


s. 
V.  s. 


00  cth. 

00  eth. 
00  eth.,  bz. 


eth. 


si.   s.    eth.;   s. 

CHCU 
i.  eth.;  si.  s.  bz. 

4.3515  chl.; 

6.518  bz.;  v.  s. 

aniline 
0.13  CHC13,122 

bz.;  0.28916 

ac.  a. 


v.  s.  eth. 
s.  eth. 

v.  s.  eth. 


v.  s.  eth. 

v.  s.  eth.;  si.  s. 
bz. 

s.  acet. 


s.  eth.,  CHCb 

si.    s.    eth.;    s. 
acet.;i.CIiCl3 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3010 


3011 


3012 


3013 
3014 

3015 
3016 


3017 


3018 
3019 


3020 


3021 


3022 


3023 
3024 


3024M 
3025 


3026 


3027 


3028 


Name 


1 ,3-Cyclohexanedi- 
one* 


1 ,4-Cyclohexanedi- 
one* 


1,2,3,4,5,6-Cyclohex- 

anehexacarboxylic 

acid* 
1,2,3,4,5,6-Cyclohexane 
Cyclohexanehexone*, 

hydrate 
Cyclohexanepentol*. 
1 ,3,5-Cyclohexanetri- 

one*,  trioxime 


Cyclohexanol* 


-,  acetate.., 
-,  benzoate. 


,  2-methyl- 


,  3-methyl-(7) 


,  4-methyl- 


Cyclohexanone* 

,  2,5-dimethyl-  (d) 


■,  2-hydroxy- 
,  2-methyl- 


3-methyl- 


-,  4-methyl- 


Cyclohexanone  pinacol 


Synonyms 


3-hydroxy-2-cyclohexen-l- 
one*  (tautomeric  form) ;  di- 
hydroresorcinol;    hydro- 
resorcinol 

tetrahydroquinone;  p-quin- 
one  tetrahydride 


hexahydromellitic  acid. 


hexol*.   See  i-Inositol. 
triquirioyl  hydrate .... 


See  d-Quercitol. 

1 ,3,5-trihydroxaminoben- 
zene;  phloroglucinol  triox- 
ime 

hexahydrophenol ;  "Hexalin' 


cyclohexyl  acetate 

cyclohexyl  benzoate;  cyclo- 
hexyl  benzenecarboxyl- 
ate 

hexahydro-o-cresol 


J-hexahydro-m-cresol 


hexahydro-p-cresol , 


ketohexamethylene;  pimelic 
ketone 


See  Adipoin. 


See  1,2-Ethanediol,  1,2-dicyclo 


Formula 


COCH2COCH2CH2C 

i i 

H2 
CO(CH2)2- 

COCH2CH2 

1 

C6H6(COOH)6... 

C606-8H20 

C6H6(NOH)3 

CsHnOH 

CHaCOOCcHn... 
CeHsCOOCeHn.. 

CH3C6HioOH.... 
CHaCeHioOH.... 
CHsCeHioOH.... 


CO(CH2)4CH2.... 
COCH(CH3)CH2- 

CH2CH(CH3)CH2 

1 

COCH(CH3)CH2- 
CH2CH2CH2 


COCH2CH(CH3) 

CH2CH2CH2 

COCH2CH2CH- 

(CH3)CH2CH2 

1 

hexyU. 


Mol. 
Wt. 


112.12 

112.12 

348.22 

312.19 
171.16 
100.16 


142.19 

204.26 


114.18 
114.18 
114.18 

98.14 
126.19 

112.17 
112.17 
112.17 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


pr.  f.  bz.  or 
ethyl  acetate 


raonocl.  f.  w. 


micr.  need.  f. 
dil.  HNO3 


or.  powd. 


col.  need., 
hyg., 
1.46560*-" 


(cm)  col.  liq., 

1.464020 
(trans)  col. 

liq.,  1.461 120 
(cis)  syrup, 

1.4549721-8 
(trans)  syrup, 

1.4549721-8 
(cis)  aromatic 

liq., 

1.4532721-5 
(trans) 

aromatic  liq., 

1.4530720-7 
col.  liq.,  1.4507 

oil,  1.4480720; 
[a]  20-fll.6 


liq., 
1.4504914-* 


liq.,  (d) 

1.445621; 

[aP+13.38; 

(dl)  1.44302* 
liq., 

1.4432224-4 


Density 
g/ml 


0.9449^; 

0.9624- 

4 


0.93720 

0.923820 

0.9145^ 

0.9145^ 
4 

0.9129 


0.9118 


0.9478^-° 

4 

0.898520 

0.924818 

0.915 

0.9136,. 
0.912  " 


Melting 
point,  °C 


105-6 


78 


95 

exp.  155 
24  (22-25) 


-9.5  to 

-9.2 
-21.2  to 

-20.5 
-47 


frz.  -45 


Boiling 
point,  °C 


subl.  100 


161.5 


177TI71-6) 
L60u 


loo 

166.5 

173-1 

174-5752 

173-4750 

173-4.5745 

156.7(155) 
172-174750 

163 

169 


168 
169 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  s. 

s.  h. 
v.  si.  s. 

5 .  ()7I:> 


v.  si.  s. 
v.  si.  s. 
1.03 

v.  si.  s. 
v.  si.  s. 

2.431 


v.  s. 


v.  si. 


v.  si.  s.  eth., 
CS2,  lgr.;s. 
chl. 

s.  eth. 


v.  s.  eth. 

i.  eth.,  s.  alk. 
s.  chl.,  ac.  a. 


s.  eth.;  00  bz., 
CS2,  turpen- 
tine 

00  eth. 
s.  eth. 


s.  eth. 
s.  eth. 
«  eth. 

s.  eth. 

s.  eth. 

s.  eth. 
s.  eth. 

s.  eth. 
s.  eth 


s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Cyclohexene' 


-,  4-isopropyl-l-me 
-,  3-isopropyl-6-me 
-,  4-methyl- 


■Cyclohexene- 1  -car- 
boxy  lie  acid* 


l-Cyclohexene-l,2-di- 
carboxylic  acid* 
2-Cyclohexen-l-one,  3- 
Cyclohexyl  acetate. 
Cyclohexylamine* 


,  N-butyl- 


,  N-ethyl- 

,  cyclohexylethyltl 

,  iV-methyl 


Cyclohexyl  benzoate. 
Cyclohexyl  bromide. 
Cyclohexyl  chloride. 
1 ,3-Cyclopen  tadiene* 

Cyclopentane* 


bromo-* 


Cyclopentanecarboxyl 

,  3-carbamyl-2,  2, 

,  1,2,2,3-tetrameth 

1,2-Cyclopentanedi- 
carboxylic  acid* 


1 ,3-Cyclopentanedi- 
carboxylic  acid* 


l,2,2-trimethyl-( 
l,2,2-trimethyl-( 


1,3-Cyclopentanedicar 
Cyclopentanol* 


Cyclopentanone; 
Cyclopentene* .  . 


,  2-acetyl-l,3,3,4,4- 

1 -Cyclopentene- 1-eth 
Cyclopentyl  bromide. 


Synonyms 


1 ,2,3,4-tetrahydrobenzene . 


thyl-3-.    See  Menthene. 
thylene-.      See  (J-Phellandre 
1,2,3,6-tetrahydrotoluene.  . 


2,3,4, 5-tetrahydrobenzoic  acid 


AMetrahydrophthalic  acid . 

hydroxy-*.   See  1,3-Cyclohei 
See  Cyclohexanol,  acetate. 
hexahydroaniline;  amino- 
cyclohexane 


olthionocarbamate.  See  under 


See  Cyclohexanol  benzoate. 
See  Cyclohexane,  bromo-*. 
See  Cyclohexane,  chlcro-*. 


pentamethylene 


cyclopentyl  bromide 

ic  acid,  3-carbamyl-l,2,2 
3-trimethyl-.  See  fi-Camph 
yl-*.  See  Campholic  acid. 


cis) .   See  Camphoric  acid, 
trans).   See  Isocamphoric  acid 
boxylic  anhydride*.    See 


ketopentamethylene ;  adipic 
ketone 


pentamethyl-.  See  Desoxy 
ylamine,  2,3,3-trimethy 

See  Cyclopentane,  bromo-*. 


Formula 


CH2CH2CH2CH,.- 
CH:CH 


ne. 
CH:CHCH2CH- 

(CH3)CH2CH2 


CH2(CH2)3CH:C- 

1 1 

COOH 

C6H8(COOH)2... 
incdione*. 
CnHnNHj 


CeHnNH(CH2)3- 
CH3 
CeHiiNHGaHi.... 

Carbamic  acid,  cycloh 
C6HiiNHCH3 


CH:CHCH:CHCH,. 


CH2CH2CH2- 

CH2CH2 

1 

C5H9Br 

-trimethyl-.  See 

oramic  acid. 


C5H8(COOH)2. 


C5H8(COOH)2.. 


Camphoric  anhydride 

CH2CH2CH2CH0C- 

1 1 

HOH 
COCH2CH2CH2CH, 


CH:CHCH2CH2CH 

1 1 

mesityl  oxide. 

1-.   See  (3-Camphyla 


Mol. 
Wt. 


82.14 


96.17 


126.15 


170.16 


99.17 


155.28 

127.23 
exyU 
113.20 


66.10 
70.13 


149.04 
t-Cam- 


158.15 


158.15 


86.13 

84.11 
68.11 

nine. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

3029 

3030 
3031 
3032 

3033 

3034 

3035 
3036 
3037 

3038 

3039 
3040 
3041 
3042 
3043 
3044 
3045 

3046 

3047 
3048 
3049 
3050 
3051 

col.  liq., 
1.4450722 

Hq 

pi.,  1.4903.  .  .. 

monocl.  leaf, 
f.  w. 

col.  liq., 
1.43716 

col.  liq 

col.  liq.  .  .  . .  .  . 

ethylthiolthiono 
col.  liq 

col.  liq., 

1.444b19 
col.  liq.,  1.4031- 

1.487519.  ..... 

phoramic  acid. 

(cis):  need.  f.w. 
(trans):  warts 
f.w. 

(cis)  pr.  f .  w. . . 
(trans)  pr. 

f.  ecu 

oil,  1.41530.. . . 

oil,  1.4366 

liq.,  1.421818... 

0.8102- 

4 
0.841^; 

0.801^ 

4 
20 

1.109—; 

4 

1.072- 

4 

-103.7 

83 

102-3 
243 

i. 

i. 

0.720 
v.  s. 

si.  s. 

si.  s. 
si.  s. 
si.  s. 

i. 

i. 

v.  s. 
v.  s.  h. 

v.  s.  h. 

v.  s.  c. 

si.  s. 

si.  s. 
i. 

s. 
s. 

s. 
V.  s. 

00 

V.  s. 

OO 

00 

s. 
V.  s. 

V.  s. 
s. 

OO 

s. 

v.  s.  eth. 
s.  eth. 

38 

120 

0.8191^ 

4 

(0.8678) 
0.868- 

0 

0. 80475 j 
0.7510?/ 

1.3692- 

15 

134 

200-4 

164 

145-7 

42.5 
49.5 

137-9 

anh.  150-60 

300  d. 

s.  eth. 

v.  s.  eth. 

00  eth. 

00  eth. 

00  eth.,  bz 

-93.3 

«o  eth. 

139 
161 

121 

88 

3052 

v.  si.  s.  eth.;  s. 

et.  ac;  si.  s. 

bz.,  chl. 
v.    s.    eth.',    s. 

chl.,  acet.,  h. 

bz. 

3053 
3054 
3055 
3056 

0.9488- 

4 

0.9480- 

4 

0.7743- 

4 

139-40 

130.6 
45-6  (44) 

3057 

3058 

3059 
3060 
3061 

-5S.2 
-93.3 

*  eth. 
s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Cyclopropane* 


1-dimethyl- 


methyl- 


Cyclopropanecarbo- 

xylic  acid* 
1,1-Cyclopropanedicar 
1 ,2,3-Cyclopropane- 

tricarboxylic  acid* 
o-Cymene 


m-Cymene 


P-Cymene 


2-acetyl-. 
2-amino-. 
2-bromo-. 


hexahydro- 
2-nitro- .  . . 


2-p-Cymenecarboxylic 

2,5-p-Cymenediol. 

2-p-Cymenol. 

3-p-Cymenol. 

Cymidine. 

Cymophenol. 

2-p-Cymylamine. 

3-p-Cymylamine. 

/-Cysteine 


d/-Cystine 
cf-Cystine. 
/-Cystine .  . 


meso-Cystine, 
Cy  tisine 


/3-Cytisolidine. 
Dambose. 
Daphne  tin. . . . 


Daturine. 
<//-Daturine. 


Synonyms 


trimethylene . 


1,1-dimethyltrimethylene , 


ethyleneacetic  acid 

boxy  lie  acid.*  See  Vinaconi 


o-isopropyltoluene;  2-iso- 
propy  1-  1-methylbenzene 

m-isopropyltoluene ;  3-iso- 
propyl-  1-methylbenzene ; 
isocymene 

cy/nene ;  p-isopropyltoluene ; 
4-isopropy  1-  1-methylben- 
zene 

See  Acetophenone,  5-isopropyl- 

See  Carracrylamine. 

2-bromo-4-isopropyl-l-meth- 
ylbenzene 

See  p-Menthane. 

4-isopropy  l-l-methyl-2-ni- 
trobenzene 

acid,  3-hydroxy-.  Seeo-T 

See  Thymohydroquinone. 

See  Carvacrol. 

See  Thymol. 

See  Carvacrylamine. 

See  Carvacrol. 

See  Carvacrylamine. 

See  Thymylamine. 

/-2-amino-3-mercaptopro- 
panoic  acid*;  J-/3-mercap- 
toalanine 


J-3,3'-dithiobis  (2-amino- 
propanoic  acid*) ;  1-0,  /3'- 
dithiodialanine;  dicysteine 


ulexine ;  sophorine ;  baptitox- 
ine 


See  Quinoline,  6,S-dimethyl~*. 
See  i-Inositol. 
7,8-dihydroxycoumarin 


See  Hyoacyamine. 
See  Atropine. 


Formula 


CH2CH2CH2 

1               1 

42.08 

(CH3)2CCH2CH2.. 

1         1 

70.13 

CH3CHCH2CH0... 

1           1 

56.10 

CH2CH2CHCOOH 

1             1 

86.09 

c  acid. 
C3H3(COOH)3.... 

174.11 

CH3C6H4CH- 
(CH3)2 
CH3C6H4CH- 

(CH3)2 

134.21 
134.21 

CH3C6H4CH- 

(CH3)2 

134.21 

2-metkyl-. 

CHaCeHsBrCaH:.. 

213.12 

C10H13NO2 

179  21 

hymotic  acid. 

HSCH2CH(NH2)- 
COOH 

[SCH2CH(NH2)- 

COOHI2 
(SCH2CH(NH2)- 

COOHb 
[SCH2CH(NH2)- 

COOHI2 


[SCH2CH(NH2)- 
COOH}2 
CnHi4NfO 


OCOCH:CHC« 

1 1 

H2(OH)2 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

3062 

col.  gas 

0.720"79 

-126.6 

-34.4 

i. 

v.  s. 

v.  s.  eth. 

3063 

1.366 

0.6604 

21 

i. 

s. 

s.  eth.,  H2SO4 

3064 

col.  gas 

1.4390120 

0.691"29 
1.0885- 

4 

5 

182-4(181) 

si.  s. 
si.  s. 

v.  s. 
s. 

v.  s.  eth. 

3065 

18-19 

s.  eth. 

3066 
3067 

col.  cr 

col.  liq., 

1.5020616-15 
col.  liq., 

1.4938517-05 

0.876^-° 

4 

0.8696- 

4 

220 

-73.5 

<-25 

s. 

i. 

i. 

s. 
s. 
s. 

3068 
3069 

175(175-8) 
175.7 

s.  eth.,  chl. 
s.  eth.,  chl. 

3070 
3071 

col.  liq.,  1SQ 
1.49474 

0.8570- 

4 

-73.5 

(-68.9) 

176 

i. 

v.  s. 

s.  eth.,  chl. 

3072 
3073 

liq 

1.269^ 

4 

1.0774^ 

4 

233-5 
130-515 

i. 
i. 

V.  s. 
v.  s. 

s.  eth. 

3074 
3075 

aromatic  oil, 
1.5309320 

v  s  eth. 

3076 
3077 
3078 
3079 

3080 
3081 
3082 
3083 
3084 

cr.  powd 

v.  s. 

s.  ac.  a., 
NH4OH 

3085 

need . . . .- 

wh.  hex.  pi 

hex.  pi.  f.  dil. 
HCl,  1.700, 
1.640,  [a] 
-206  °2°  in  dil. 
HC1D 

260(225-7) 
247-9 
258-61  d. 

0.00625 
0.01125 

0.01125, 

0.05275 

i. 

i. 

3086 

s.  min.  a.,  alk. 

3087 

i.     eth.,     chl., 

bz.;s.  min.  a., 
caustic  alk., 
NH4OH 

3088 

0.00625 
78lft 

30.  I8 

3089 

col.  lg. 
rhomb,  cr. 
W-H9.1°g 

152-3 

i.  eth.,  CS2, 
CCU;  s.  chl., 
bz. 

3090 

m  w. 

3091 
3092 

pa.  yel.  need.. . 

256 

v.  s.  h. 

s.  h.  dil. 

v.  si.  s.  eth."  '. 

chl.,  bz. 

3093 
3094 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3094M 

3095 
3096 
3097 
3098 
3099 

3100 
3101 
3102 
3103 

3104 
3105 
3106 
3107 

3108 

3109 

3110 
3111 

3112 

3113 

3114 

3115 

3116 
3117 

3118 
3119 
3120 
3121 
3122 
3123 
3124 
3125 

3126 

3127 
3128 
3129 
3130 
3131 
3131H 

3132 


3133 

3134 
3135 


Name 


1,3-Decadiene* 


"Decalin". 

Decamethylene  glycol. 
Decanal*. 
Decanamide*. 
Decane* 


1 -amino- 
1-iodo-*. 


Decanedioic  acid*. 
1,10-Decanediol*.  . 


Decanenitrile*. 
Decanoic  acid*. 
Decanoic  anhydride1 
1-Decanol* 


acetate. 


nitrate. 


-,  nitrite. 
-,  sulfate. 


4-Decanol*.  .  , 
2-Decanone*. 
3-Decanone*. 


4-Decanone*. 


Decanoyl  chloride*. 
1-Decene* 


Decine. 
n-Decoic  acid. 
n-Decyl  alcohol. 
sec-Decyl  alcohol. 
tert-Decyl  alcohol. 
n-Decyl  aldehyde. 
n-Decylamide. 
Decylamine*(n) 

n-Decylene. 
n-Decyl  esters. 
n-Decylic  acid. 
n-Decylic  amide. 
n-Decylic  anhydride. 
prim  -n-Decyl  iodide. 

1  -Decyne* 

5-Decyne* 


Dehydroacetic  acid. 


Dehydromucic  acid 


,  dimethyl  ester   

,  tetrahydro-3,  4-di 


synonyms 


See  Naphthalene,  decahydro-' 
See  1,10-Decanediol*. 
See  Capraldehyde. 
See  Capramide. 
n-decane 


See  Decylamine*. 
prim-n-decyl  iodide .  . 
See  Sebacic  acid. 
decamethylene  glycol. 


See  Caprinitrile. 
See  Capric  acid. 
See  Capric  anhydride. 
n-decyl  alcohol ;  nonylcarbi- 
nol 
tt-decyl  acetate 


n-decyl  nitrate . 
n-decyl  nitrite. 


hexylpropylcarbinol ;  sec- 

decyl  alcohol 

methyl  octyl  ketone. .  . . 


ethyl  heptyl  ketone. 

hexyl  propyl  ketone. 

See  Capryl  chloride. 
/'-decylene 


See  Decyne*. 

See  Capric  acid. 

See  1-Decanol*. 

See  ±-Decanol*. 

See  4-Heptanol,  4-propyl-*;  3- 

See  Capraldehyde. 

See  Capramide. 

1-aminodecane 


See  1-Decene*. 

See  under  1-Decanol. 

See  Capric  acid. 

See  Capramide. 

See  Capric  anhydride. 

See  Decane,  1-iodo-*. 

1-decine;  n-octylacetylene. . 

5-decine;  dibutylacetylene.  . 

3-acetyl-6-methyl-2,4-pyran- 
dione 


2,5-furandicarboxylic  acid. . . 


hydroxy-.  See  I  sosaccharic  a 


Formula 


(CH3)(CH2)5- 
CH:CHCH:CH2 


CH3(CH2)8CH3 


CH3(CH2)9l 


CH2OH(CH2)8- 
CH2OH 


CH3(CH2)8CH2OH 

CH3COO(CH2)9- 
CH3 
CH3(CH2)9ON02.. 

CH3(CH2)9ONO... 
iCH3(CH2)9]2S04.. 

CH3(CH2)2CH- 
OH(CH2)5CH3. 
CH3COC8Hit 


C2H5CO(CH2)6- 

CH3 
CH3(CH2)2CO- 

(CH2)5CH3 

CH2:CH(CH2)7- 
CH3 


Octanol,  3-ethyl-* 
CH3(CH2)9NH2 


CH;C(pH2)7CH3  . 
C4H9C;C-C4H9  . . . 

OCOCH(COCH3)- 

i ' 

COCH:C(CH3) 

CiH20(COOH)2. . . 

C4H20(COOCH3)2 
cid. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/'ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

30")4M 

liq .  . 

0.750-° 

168-70 

3095 

3096 

3097 

3098 

3099 

col.  liq., 
1.41203 

0.73014— 

4 

-30  to  -32 

174 

i. 

M 

*  eth. 

3100 

3101 

liq.,  1.48269..  . 

1.2567— 

132" 

3102 

4 

3103 

71.5 

179" 

v.  si.  s. 

s. 

i.  eth. 

3104 

3105 

3106 

3107 

col.  vise,  liq., 
1. 43682-'° 

0.8292- 

-0 

231 

1. 

s. 

»  eth. 

3108 

col.  liq 

-15.05 

191.5; 

12515 

1. 

s. 

s.  eth.,  bz. 

3109 

liq. 

0.951— 

127-811 

3110 

liq 

105-812 

3111 

37  6-37  8 

311° 

thk.  col.  oil 

0.826-- 

210-1 

3113 

liq.  or  need., 
1.4263" 

4 

0.825 

14(2.5) 

211 

s. 

s.  eth. 

3114 

liq 

211 

s.  eth. 

3115 

col.  liq 

0.824- 

4 

-9 

207 

v.  si.  s. 

X) 

oo  eth. 

3116 

3117 

col.  liq., 
1.4385" 

0.763- 

4 

-87 

172 

1. 

30 

oo  eth. 

3118 

3119 

3120 

3121 

3122 

3123 

3124 

3125 

col.  liq.  or 
leaf. 

0.951- 

4 

17 

220.5 

si.  s. 

s. 

s.  eth. 

3126 

3127 

3128 

3129 

3130 

3131 

col.  liq 

0.791 

-40 

80-232 

1. 

s. 

s.  eth. 

3131H 

col.  liq.,  1.4311 

0.767325 

78. 825; 

1. 

s. 

s.  eth. 

116115 

3132 

rhomb,  need, 
or  pi. 

109 

270 

16 

s.  h. 

s.  eth. 

3133 

pi.  f.  Lai.; 
need.  f.  w. 

>320 

i.  c. 

3134 

need,  f .  w 

109-10 

154-615 

1.  c. 

s. 

s.  eth. 

3135 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

3136 
3137 

3138 

Dehydromucyl  chlorid 
Delphinine 

Derritol 

e  2,5-furandicarbonyl  chloride. 

C4H»0(C0C1)2.... 
C34H47NO9 

CnH2'06 

192.99 
613.73 

370  39 

3139 

Desoxalic  acid 

1 ,2-dihydroxy-l ,  1 ,2-ethane- 
tricarboxylic  acid 

a-phenylacetophenone ;  ben- 
zyl phenyl  ketone 

See  Benzamarone;  Isobenzama 

2-acetyl-l,3,3,4,4-penta- 
methylcyclopentene 

starch  gum;  British  gum; 
amylin;  gommelin 

See  D-Gluconic  acid. 
See  D-Glucose. 
tc.  derivatives  see  the  parent  c 

(COOH)CH(OH)- 

C(OH)(COOH)2 

C6H5CH2COC6H6. . 

rone. 
C12H20O 

194  10 

3140 

3141 
3142 

Desoxybenzoin 

,  a,a'-benzalbis-. 

Desoxymesityl  oxide  .  . 

Dextrin 

196.24 
180.28 

3143 

(C6Hio05)x 

(162- 

3144 
3145 

3146 

Dextronic  acid. 

Dextrose. 

Di-.  For  dibromo,  diethyl,  e 

Diacetamide 

ompounds  (e.g.,  Ace 
(CH3CO)2NH 

(CH3CO)2NC6H5.. 

(CH3CO)2NCGH4- 
OC2H5 

(CH3CO)2CH- 
COOC2H5 

methyl-*. 
ne. 

(CH3COCHCOO- 
C2H6)2 

l: 

(CH2:CHCH2)2NH 
NHCONHCO- 

.14)x 

tic 

101.10 

3147 
3148 

3149 

3150 
3151 

3152 
3153 
3154 

3155 
3156 
3157 
3158 
3159 
3160 
3161 
3162 
3163 

,  iV-phenyl-. 

Diacetanilide 

See  Diacetanilide. 
iV-phenyldiacetamide ;  N,N- 

177  20 

,  p-ethoxy- 

Diacetin. 
Diacetoacetic  acid, 

ethyl  ester 

Diacetone  alcohol. 
Diacetonealkamine,  b 
Diacetosuccinic  acid, 

diethyl  ester 

Diacetyl. 

Diacetyl  dioxime. 

Diacetyl  peroxide. 

Dial. 

Diallyl. 

Diallylamine 

diacetylaniline 
JVVV-diacetyl-p-phenetidine.. . 

See  Glycerol,  diacetate. 
ethyl  2-acetyl-3-oxobutano- 

ate  * ;  ethyl  a-acetylaceto- 

acetate 
See  2-Pentanone,  A-hydroxy-A- 
enzoylvinyl-.    See  P-Eucai 
diethyl  2,3-diacetylbutane- 

dioate*;  ethyl  a,/3-diacetyl- 

succinate 

See  2,3-Butanedione*. 

See  Glyoxime,  dimethyl-. 

See  Acetyl  peroxide. 

See  Barbituric  acid,  5,5-dially 

See  1,5-Hexadiene*. 

di-2-propenylamine* 

See  Allyl  sulfide. 
See  Uramil. 

5-hydroxybarbituric  acid ; 
tartronylurea 

compounds  (e.g.,  for  diaminop 
di-n-amylamine 

221.25 
172.18 

258.27 
97.16 

Diallyl  sulfide. 
Dialuramide. 
Dialuric  acid 

144  09 

Diamino-.  See  the  parent 
Diamylamine 

CHOHCO 

3164 
3165 
3166 
3167 
3168 
3169 
3170 
3171 
3172 

3173 

henol  see  Phenol,  di 

[CH3(CH2)4]2NH.. 

C6H6N:NNHC6H6 
CfiH5N:NNHCr,H5 

amino-  ; 
157.29 

Diamyl  ketone. 
Di-n-amyl  sulfate. 
Diarsenic  tetramethyl. 
1,2-Diazine. 
1,3-Diazine. 
1,4-Diazine. 
Diazoacetic  acid,  ethyl  es 
Diazoaminobenzene*  . 

,  (isomeric  form) 

See  Q-Hendecanone*. 
See  Amyl  sulfate. 
See  Cacodyl. 
See  Pyridazine. 
See  Pyrimidine. 

ter.   See  under  Acetic  acid,  diaz 
1 ,3-diphenyltriazene  * ;  ben- 
zenediazoanilide 

197.23 
197.23 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  pi 

rhomb,  pi . . 

yel.  need.  f. 
me.  al. 
hyg.  cr 


wh.  pi.  f.  al 


liq 


col.  amor., 
fa]  gen. 
>+200°d 


acid,   dibromo- 
col.  need, 
f.  eth. 

col.  pi.  f.  Igr. 

col.  need, 
f.  Igr. 

col.  liq., 
1.4695018-3 


ai  oil.. 
a.2  cr. 
cw  pr. 


on  rhomb. 


liq 

col.  tetr 


for  diaminonaph 
col.  liq 


(1)  golden-yel. 
leaf,  or  pr. 
f.al. 

(2)  yel.  pr. .  . 
yel.  pr 


Density 
g/ml 


1.0384- 


^enzene,  diet 


1.104 
1.089^ 


1.209: 


thalene  see 


Melting 
point,  °C 


80 
191  d. 

161 


60  (55-6) 


<yl-). 


37 


53.5-54 

(55-56) 


20-2 
31-2 

89-90 


214-5  d. 


Naphthalene 


80-1 
80-1 


Boiling 
point,  °C 


ca.  245 


d.  50 
322 

218-20 


223.5 

142^ 
182^ 

211  si.  d. 


111-2 


diamine). 
202-3745 


d.  w.  si. 
exp. 

exp. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  s. 
0.00220 


V.  s. 

si.  s.  h. 

i. 

s. 


0.25 

si.  s. 

v.  si.  s. 


si.  s. 


v.  si.  s. 


V.  s. 
s. 


V.  s. 


v.  s. 


V.  s. 


s.h. 


v.  s.  eth. 
920  eth.;  v.  s. 
chl. 


si.  s.  eth. 
s.  eth. 


i.  eth. 


s.  eth.,  Igr. 

s.  bz.,  Igr.,  tol. 
v.  sl.  s.  eth. 

v.  s.  eth. 


s.  eth.;  10  Igr. 
v.  s.  eth. 
v.  s.  eth. 

20  eth. 


eth. 


s.  eth.,  bz. 
s.  eth.,  bz.,  Igr. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3174 

Diazoa  tninobenzene , 

l,3-6is(p-nitrophenyl)tri- 

N02C6H4NNN- 

287.23 

4,4'-dinitro-* 

azene* 

HC6H4N02 

3175 

,  4-methyl-. 

See  Triazene-l-phenyl-3-p-toly 

/-. 

3176 

1 , 1  '-Diazoaminonaph- 

l,3-di-l-naphthyltriaz€ne*.  .  . 

CioH7N:NNH- 

297.35 

thalene* 

C10H7 

3177 

2,2-Diazoaminonaph- 

l,3-di-2-naphthyltriazene*.  .  . 

Cl0H;N:NNH- 

297.35 

thalene* 

CloH7 

3178 

Diazobenzene  chloride 

,  etc.     See  Benzenediazonium 

chloride*,  etc. 

3179 

Diazobenzene  imide. 

See  Benzene,  triazo-. 

3180 

Diazobenzene  perbrom 

ide.  See  Benzenediazonium  trib 

romide*. 

3181 

Diazobenzolic  acid. 

See  Aniline,  .\-nitro-. 

3182 
3183 

1,2-Diazole. 
Diazomethane. 

See  Pyrnzole. 

See  Methane,  diazo-. 

3184 

Dibenzanthracene .  .  .  . 
Dibenzo-p-dithiin. 

See  Thianthrene. 

CV_.Hn 

278.33 

3185 

3186 

Dibenzofuran 

diphenvleue  oxide;  biphen- 
ylene  oxide 

CeH.OOeH. 

168.18 

3187 

,  3-amino- 

C,.H70-NH2 

CriH-BrO 

183.20 

3188 

,  2-bromo- 

247.0!) 

3189 

,  3-nitro- 

O.NC..H7O 

C..H70-COOH.... 

213.18 

3190 

2-Dibenzofurancarbo- 
xylic  acid 

212.19 

3191 

Dibenzo(a,i)phenanth 

rene.   See  Picene. 

3192 

Dibenzo- 1 ,4-pyran. 

See  Xanthene. 

3193 

Dibenzopyrrole. 

See  Carbazole. 

3194 

Dibenzothiophene-2,7 

-diamine,  9-dioxide.  See  Be 

nzidine  sulfone. 

3195 

Dibenzoyl. 

See  Benzil. 

3196 

Dibenzyl. 

See  Bibenzyl. 

3197 

Dibenzylamine* 

,  dibenzylthiolthionocar 

(C6H6CH2)oNH... 

rid,    dibenzulthiolthio 

197.27 

3198 

bamate.    See  under  Carbamic  a 

no- . 

3199 

,  iV-phenyl- 

.iVjiV-dibenzylaniline 

(C6H6CH2).N- 

273.30 

CgHo 

3200 

Dibenzyl  disulfide. 

See  Benzyl  disulfide. 

Dibromo-.  See  the  parent  co 

mpounds  (e.g.,  for  dibromoben 

zene  see  Benzene,  di 

bromo-). 

3201 

/3-Dibromohydrin. 

See  1-Propanol,  2,'S-dibromo-*. 

3202 

Dibutylamine* 

di-n-butylamine 

(C.H.)2NH 

129.24 

3203 

,  /^-phenyl-. 

See  Aniline,  N,X-dibutyl-. 

3204 

Di-n-butyl  sulfate. 

See  Butyl  sulfate. 

3205 

Dichloramine(T) 

Ar,.V-dichloro-p-toluene- 
sulfonamide 

CH3C6H4S02NCl2 

240.11 

Dichloro-.  See  the  parent 

compounds  (e.g.,  for  dichlorobe 

nzene  see  Benzene,  di 

chloro-). 

3206 

a-Dichlorohydrin. 

See  2-Propanol,  l,d-dichloro-*. 

3207 

/3-Dichlorohydrin. 

See  1-Propanol,  2,3-dichloro-*. 

3208 

Dichloronitrohydrin. 

See  2-Propanol,  1,3-dichloro-, 

nitrate*. 

3209 

Dicyan(o)  diamide. 

See  Guanidine,  \-cyano-. 

3210 

Dicyan(o)diamidine. 

See  Urea,  guanyl-. 

3211 

Dicyclohexylamine*   .  . 

(C6Hii)_NH 

181.31 

321 1M 

Dicyclopentadiene .... 

CioHi2 

132.20 

3212 

Dicysteine. 

See  l-Cystine. 

3213 

Di-n-decyl  sulfate. 

See  1-Decanol,  sulfate. 

3214 

Di-n-dodecyl  sulfate. 

See  Dodecyl  sulfate. 

3215 

Diethanolamine 

diethanol;  /S,/3'-dihydroxy- 
diethylamine ;  iminoethyl 
alcohol  (incorrect) 

HN(CH2CH,OH)2 

105.14 

Diethyl.   For  diethyl  deriv 

atives  see  the  parent  compound 

s  (e.g.,  for  diethylben 

zene  see 

*Name  approved  by  the  International  Union  of  Chemistry. 
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3206 

3207 

3208 

3209 

3210 

3211 

3211M 

3212 

3213 

3214 

3215 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  cr. 


yel.  leaf.  f.  al 

red  need.  f. 
xylene 


or.  tab.  f.  bz. 
or  brnsh. 
need.  f.  ac.  a 

col.  leaf.  f.  al. 
bl.  fluor. 

need 

leaf 

yel.  need . 


col.  liq., 
1.5743222 

need,  or  pr. 
f.  al., 
1.6064780 


col.  liq 


pa.  yelsh.  cr. 
or  powd. 


Density 

g/ml 


col.  liq 
col.  cr. 


1.02o-- 


1.04430 


0. /6<  — 


liq.  or  col.  pr. 
1.477620 


Benzene,  diethyl 


0.970s5 


1.0966- 


Melting 
point,  °C 


233  d. 

(224-6) 

exp. 
156 


267.5 


99-99.5 

110 

181-3 


246- 


26 


(69.5) 


83 


32.9 


•).    For  die 


thyl  esters  o 


Boiling 
point,  °C 


28S 
220« 


300  (268 
-71250) 

>300  d. 


159-61 


254-6743 

170  si.  d. 


268 


f  organic  ac 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol 


v.  si.  s. 


si.  s. 


si.  s. 


ids  see  th 


v.  si.  s. 
h. 


si.  s. 

v.  s.  h. 
s.  h. 
si.  s. 

B.h. 


si.  s. 


v.  s. 

V.  s. 


e  acids. 


Ether,  etc. 


s.  eth. 


i.  eth.,  ac.  a. 
c.  bz. 


v.  s.  eth.;  s.  bz. 

v.  s.  eth. 
s.  eth. 

si.  s.  eth.;  s.  h. 
glac.  ac.  a. 
s.  eth. 


v.  s.  eth. 
s.  eth.,  bz. 

v.  s.  eth. 


s.  eth.,  bz., 
chl.,  CC14,  ac. 
a. 


»  eth. 
v.  s.  eth. 


I.  s.   eth. 


si.  s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  tabh 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

3216 

Diethylamine* 

(C2H6)2NH 

d,  diethylthiolthiono-. 
(C2H6)NH-HC1.... 

methyliminodi-. 

(C2H5)2NCH3 

(C2H5)2NN02 

(C2H6)2NNO 

0(CH2CH2OH)2... 

(C17H33COOC2- 

H4)20 
(C17H35COOC2- 

H4)20 
C4H9OCH2CRV 

OCH2CH2OH 
C4H90(CH2)20- 

(CH2)2OOCCH3 
C2H5OCHaCH20- 

CH2CH2OH 
C2H50(CH2)20- 

(CH2)200CCH3 
C11H23COOC2H4- 

OC2H4OH 
CH3OCH2CH20- 

CH2CH2OH 
rpholinethanol. 
(NH2C2H4)2NH. . . 

PO(OC2H6)2OH... 

(C4H3OCH2)2NH.. 
C14H10O9 

73.14 

3217 
3218 

,  diethylthiolthionocarba 

,  hydrochloride 

mate.    See  under  Carbamic  aci 

diethylammonium  chloride*. . 

See  Cyanamide,  diethyl-. 

See  Diethylenetriamine. 

See  Diethanolamine. 
-methyl-.   See  Ethanol,  2,2'- 

See  Formamide,  N,N -diethyl-. 

See  Ethanol,  2-ethylamino-*. 

109.60 

3219 

3219M 

3220 

3221 

3222 

3223 

3224 

,  iV-cyano-. 

,  2,2'-diamino-. 

,  /S,/9'-dihydroxy-. 

,  /3, /9-dihydroxy-iV 

,  iV-formyl-. 

,  /3-hydroxy-. 

,  iV-methyl- 

,  7V-nitro- 

87.16 

3225 

diethylnitramine;  nitric  di- 
ethylamide 

diethylnitrosamine ;  nitrous 
diethylamide 

See  Aniline,  A' '  ,N -diethyl-. 

See  Piperazine. 

See  p-Dioxane. 

See  p-Dithiane. 

2,2'-oxydiethanol;  2,2'-di- 
hydroxyethyl  ether 

See  Ether,  bis  (fi-ethoxyethyl). 

118.14 

3226 

3227 
3228 
3229 
3230 
3231 

3232 
3233 

,  iV-nitroso- 

,  7V-phenyl-. 

Diethylenediamine. 
Diethylene  dioxide. 
Diethylene  disulfide. 
Diethylene  glycol 

,  diethyl  ether. 

,  dioleate 

102.14 

106.12 

635.00 

3234 

,  distearate 

glycosterin 

639.03 

3235 
3236 

,  monobutyl  ether 

,  monobutyl  ether  ace- 
tate 
,  monoethyl  ether 

,  monoethyl  ether  ace- 
tate 
,  monolaurate 

2- (/9-butoxyethoxy)  ethanol  * ; 
butyl  "Carbitol" 

162.23 
204.26 

3237 
3238 

2-f/S-ethoxyethoxv)ethan- 
ol*;  "Carbitol" 

134.17 
176.21 

3238M 

"Glaurin" 

288.42 

3239 

3240 

3240M 

3241 

3242 

3242H 

3242R 

3243 

3244 
3245 
3246 

3247 

,  monomethyl  ether 

Diethylene  oxide  2-imi 
Diethylenetriamine .  .  . 
Diethylenimide  oxide. 
Diethyl  ether. 
Diethyl  formal. 
Diethylolamine. 
Diethylphosphoric 

acid 
Diethyl  sulfate. 
Diethyl  sulfite. 
Dif  urf  urylamine 

m-Digallic  acid 

Diglycolamidic  acid. 
Digly  colic  acid 

Diglycolide. 
Diglycolyl  diamide. 
Diguanide. 
Di-n-heptyl  sulfate. 
Di-n-hexadecyl  sulfate 
Dihexyl. 

2-(  /3-methoxyethoxy)et  han- 
ol*;  methyl  "Carbitol" 
noethyl  alcohol.  See  i-Mo 
2,2'-diaminodiethylamine. . . . 
See  Morpholine. 
See  Ethyl  ether. 
See  Methane,  diethoxy-. 
See  Diethanolamine. 
diethyl  hydrogen  phosphate. . 

See  Ethyl  sulfate. 
See  Ethyl  sulfite. 
a,a'-di-2-furyldimethyl- 
amine 
gallic  acid  3-monogallate 

See  Acetic  acid,  iminodi-. 
oxydiethanoic  acid*;  oxydi- 
acetic  acid 

See  Glycolide. 

See  Glycine  anhydride. 

See  Heptyl  sulfate. 
.   See  Cetyl  sulfate. 
See  Dodecane*. 

120.15 
103.17 

154.11 

177.20 
322.22 

3249 
3250 

3251 
3252 
3253 
3254 
3255 
3256 

0(CH2COOH)2.... 

134.09 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  inflam.  liq., 
1.3873018 

leaf.  f.  et.  al... 


col.  liq 
liq.... 


yel.  liq., 
1.4386419-9 


col.  liq 


pa.  yel.  liq. . 

wh.  wax-like 
solid 
col.  liq 


col.  liq . 
col.  liq . 
col.  liq , 


straw-colored 

oily  liq. 
col.  liq., 

1.426427 

col.-yel.  liq... 


liq, 


col.  liq , 


need.(+lH20) 
f.  al.  +w. 

rhomb,  or 
monocl.  pr. 
(+lH20)f.w. 


Density 
g/ml 


.7108 
1.048 


0.9422- 

4 


1.1320; 
1.117720 

0.9310  — 


0.9333- 

4 

0.9553y 
0.985^ 

4 

0.9902- 


1.009- 

4 

0.960- 

25 

1.0354- 

4 


0.9586- 


1.175 


_ 


Melting 
point,  °C 


-50  (-39) 
219-20 


-10.45 

(-6.5) 


54-5 


17-18 


268-70  d. 
148 


Boiling 
point,  °C 


55.5 
330 


63-5 
206757 

177 

(175.4) 


244.5 

(245-50) 


231.2 

245 

201.9 

218 

>270 

193.2 

207.1 

203.3 
102-31 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


81.51" 
23225 


v.  s. 

si.  s. 


disper- 
sible 

disper- 
sible 


si.  s.  c. 


l. 
v.  s. 


s.  eth. 
i.  eth. 


s.  eth. 
oo  eth. 


eth. 


s.  eth. 

oo  eth. 
i.  eth. 
v.  s.  eth. 


s.  eth. 


s.  eth. 


i.  eth. 


eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Xarne 

Synonyms 

Formula 

Mol. 
Wi 

3257 

Di-ri-hexyl  sulfate. 

See  Hexyl  sulfate. 

Dihydro-.  See  the  parent  c 

ompounds  (e.g.,  for  dihydronap 

hthalene  see  Naphth 

alene, 

Dihydroxy-.  Seetheparen 

t  compounds  (e.g.,  for  dihydrox 

yanthraquinone,  see 

3258 

Diimide,  dinaphthyl-. 

See  Azonaphthalene. 

3259 

,  diphenyl-. 

See  Azobenzene. 

3260 

,  dixenyl-. 

See  Azobiphenyl. 

3261 

,  ethylphenyl-. 

See  Benzeneazoethane. 

3262 

,  methylphenyl-. 

See  Benzeneazom ethane. 

3263 

,  «-naphthyl-/9-na 

phthyl-.    See  1,2'- A zonaphth 

thalene. 

3264 

Diisoamylamine 

bis  (7-methylbutyl)amine*  . . . 

|(CH3)2CHCH2- 
CH2J2NH 

157.29 

3265 

Diisoamyl  sulfate. 

See  Isoamyl  sulfate. 

3266 

Diisoamyl  sulfide. 

See  Isoamyl  sulfide. 

3267 

Diisobutylamine 

bis(/3-methylpropyl)amine*  . . 

[(CH3)2CHCH2]2- 
NH 
(CH3)2C:CHC- 

129.24 

3268 

Diisobutylene 

112.21 

(CH3)3 

3269 

Diisobutyl  sulfate. 

See  Isobutyl  sulfate. 

3270 

Diisocrotyl. 

See  2,4-Hexadiene,  2,5-dimcthy 

1-*. 

3271 

Diisopropylamine*.  .  .  . 

[(CH3)2CH]2NH... 

101.19 

3272 

,  iV-nitroso- 

diisopropylnitrosamine;   ni- 
trous diisopropylamide 

[(CH3)2CH12NN0 

130.19 

3273 

Diketone,  dimethyl. 

See  2,3-Butanedione*. 

3274 

,  diphenyl. 

See  Benzil. 

3275 

a,7-Dilaurin. 

See  Glycerol,  1 ,3-dilaurate. 

Dimethyl.   For  dimethyl  d 

erivatives  see  the  parent  compo 

unds  (e.g.,  for  dimet 

hyl- 

3276 

Dimethylamine* 

(CH3)2NH 

45.08 

3277 

,  dimethylthiolthionocarb 

annate.   See  under  Carbamic  aci 

d,  dimethylthiolthiono 

3278 

,  hydrochloride 

dimethylammoniura  chloride* 

(CH3)2NH-HC1.  .  . 

'  81.55 

3279 

,  a,«'-dicyano-. 

See  Acefonitrile,  iminodi-. 

3280" 

,  a,a'-di-2-furyl-. 

See  Difurfurylamine. 

3281 

,  iV-nitro- 

dimethylnitramine;  nitric 
dimethylamide 

(CH3)2NN02 

90.08 

3282 

,  iV-nitroso- 

dimethylnitrosamine;  nitrous 
dimethylamide 

(CH3)2NNO 

74.08 

3283 

Dimethylarsenic  mono 

chloride.  See  Cacodyl  chlorid 

e. 

3284 

Dimethylenimine. 

See  Ethylenimine. 

3284M 

a,  a-Dimethylpropyl. 

See  tert-Butyl. 

3285 

Dimethyl  sulfate. 

See  Methyl  sulfate. 

3286 

Dimethyl  sulfite. 

3287 

1,2,7,8-Dinaphthanthr 

acene.  See  Dibenzanthracene. 

3288 

a-Dinaphthol. 

See  4,4'-Bi.-l-naphthol. 

3289 

Dinaphthyl. 

See  Binaphthyl. 

3290 

Di-2-naphthylamine* . 

C10H7NHC10H7 .  .  . 

269.33 

3291 

Dinicotinic  acid 

3,5-pyridinedicarboxylic  acid  * 

C5H3N(COOH)2... 

167.12 

Dinitro-.  See  the  parent  co 

mpounds  (e.g.,  for  dinitrobenze 

ne  see  Benzene,  dinitr 

*-)■ 

3292 

Di-n-nonyl  sulfate. 

See  No?iyl  sxilfate. 

3292M 

Dioctadecylamine*(n) . 

[CH3(CH2)n]2NH.. 

521.98 

3293 

Di-n-octadecyl  sulfate. 

See  Octadecyl  sulfate. 

3294 

Di-n-octyl  sulfate. 

See  Octyl  sulfate. 

3295 

Dionin. 

See  Morphine,  ethyl-,  hydrochlo 

ride. 

3296 

m-Dioxane 

1,3-dioxane;      trimethylene 
glycol  methylene  ether ;  tri- 

OCH2OCH2CH2CH2 

88.10 

1                         1 

methylene   methylene   di- 

oxide 

*Name  approved  by  the  International  Union  of  Chemistry. 

804 


ORGANIC  COMPOUNDS  (Continued) 


3257 


3258 
3259 
3260 
3261 
3262 
3263 
3264 

3265 
3266 
3267 

3268 

3269 
3270 
3271 

3272 

3273 
3274 
3275 


3276 


3277 

3278 

3279 
3280 
3281 

3282 

3283 

3284 

3284M 

3285 

3286 

3287 

3288 

3289 

3290 


3291 

3292 

3292M 

3293 

3294 

3295 

3296 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 

g/ml 


Melting 
point,  °C 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


Water 


dihydro-.) 
Anthraquinone, 

dihydroxy-;  f 

col.  liq., 
1.4228921 

0.7672- 

4 

col.  liq., 
1.40934 
col.  liq 

0.7450^ 

4 

0.715- 

4 

col.  liq 

0.722- 

0 

cr.  f.  eth. 

benzoic  acid  see 

Benzoic  acid, 

col.  liq.  or 
gas,  liq. 
1.35017 

0.6804- 

4 

need.  f.  al 



yel.  oily  liq., 
1.4374318 

1.0049- 

4 

leaf,  f .  bz 

cr 

col.  cr 

col.  liq., 
1.41652 

1.03422- 

4 

or  dihydroxy 


44 


-70;  frz. 

-77 


46 

dimethyl-).? 
-96.0 

171 


171 

323 
73.5-74.5 


naphthalene 


190(185-8) 

139-40 
102.6 

83-4 
194.5 

or  dimethyl 
7.4 


187 
152-3 


471 


d. 


1 05755 


see  Naph 


si.  s. 
(i.) 


v.  si.  s. 


si.  s. 
v.  si.  s. 

esters  of  0 
v.  s. 

36925 


v.  si.  s. 


Alcohol 


thalenedi 


v.  s. 


rganic  ac 


v.  s. 


Ether,  etc. 


eth. 


s.  eth. 


s.  eth.,  bz. 

ids  see  the  acids. 
s.  eth. 


i.  eth.;  25.16- 
chl. 


s.  eth. 
s.  eth. 


s.  eth.,   h.  ac 
a.,  bz.;  blue 
fluores. 


si.  s.  eth. 


00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3297 


3298 
3299 
3300 
3301 


3302 
3303 
3304 


3305 
3306 
3307 
3308 

3309 

3310 

3311 
3312 
3313 
3314 
3315 

3316 


3317 


3318 
3319 
3320 
3321 

3322 


3322M 
3323 

3324 

3325 


3326 
3327 
3328 
3329 

3330 
3331 

3332 


Name 


p-Dioxane , 


2,5-p-Dioxanedione. 
2,5-p-Dioxanedione,  3 
Dioxindole. 
1,3-Dioxolane,  2- 
methyl- 


a,  7-Dipalmitin. 
Dipentene. 
Diphemc  acid. . . 


,  dimethyl  ester 

,  diphenyl  ester 

,  4,4,5,5',6,6-hex 

,  3-nitro- 

(COOH  =  l) 
,  4-nitro- 


,  5-nitro- 


Diphenic  anhydride.  .  . 

Diphenimide 

Diphenine. 

Diphenoquinone,  3, 3', 5 
Diphenoyl  chloride. . . . 

Diphenyl. 

Diphenyl-.  For  diphenyl  d 


Diphenylamine* 


-,  iV-acetyl-. 
-,  o-amino-. 
-,  p-amino-. 
-,  JV-benzyl- 


t  p,p'-bisdi- 

methylamino- 

-,  iV-chloroformyl-. 
-,  4,4'-diamino-. .  .  . 


2,4-dinitro-* 
4,4-dinitro-* 


-,  iV-ethyl- 

-,  N-formyl-. 

-,  hydroxy-.  See  Phen 

-,  iV-methyl- 


-,  p-nitro-. . . 
-,  TV-nitroso-, 

-,  p-nitroso- . 


Synonyms 


1,4-dioxane;  diethylene  di- 
oxide ;  glycol  ethylene  ether 

See  Glycolide. 
6-dimethyl-.    See  Lactide. 
See  Oxindole,  ^-hydroxy-. 
ethylene  ethylidene  ether; 
glycol  ethylidene  diether .  . 


See  Glycerol,  1,3-dipalmitate. 
See  dl-Limonene. 
2,2'-biphenyldicarboxylic 

acid;    o,o'-bibenzoic   acid; 

1,10-diphenic  acid 

methyl  diphenate 

ethyl  diphenate 

ahydroxy-,  dilactone.  See  El 
o-nitrodiphenic  acid 


m-nitrodiphenic  acid . 
p-nitrodiphenic  acid. 


See  Hydrazobenzene,  4,4'-diam 
,5-tetramethoxy-.   See  C 

2,2/-biphenyldicarbonyl 
chloride 
See  Biphenyl. 
erivatives  see  the  parent  compo 

JV-phenylaniline ;  aniline- 
benzene 

See  Acetamide,  N,  N -diphenyl 
See  o-Phenylenediamine,  N-ph 
See  p-Phenylenediamine,  N-ph 
N.iV-diphenylbenzylamine .  .  . 

leuco  base  of  Bindschedler 
green ;  tetramethyl-4,4'-di- 
aminodiphenylamine 
See  Carbamyl  chloride,  dipheny 
p.p'-iminodianiline 


See  Formamide,  N,  N-dipheny 
ol,  anilino-. 


diphenylnitrosamine ;  nitrous 
diphenylamide 


Formula 


OCH2CH2OCH2CH2 


OCH(CH3)- 

i i 

OCH2CH2 


(COOH)C6H4- 
C6H4COOH 

(C6H4COOCH3)2.. 
(C6H4COOC2H5)2.. 
lagic  acid. 
COOHC6H3N02C6- 
H4COOH 
COOHC6H3N02- 
CcH4COOH 
COOHCeHaNO- 
C6H4COOH 
(CfiH4CO)20.... 
(C6H4CO)2NH.. 
ino-. 

erulignone. 
(C6'H4C0C1)2... 


Mol. 
Wt. 


unds  (e.g.,  for  diphe 
(C6H6)2NH 


enyl-. 
enyl-. 
C6H6CH2N(C6H6)2 

NH[C6H4N(CH3)212 


/-. 
NH2C6H4NHC6- 

H4NH2 
N02C6H4NHC6- 

H4N02 
N02C6H4NHC6- 

H4N02 

(C6H5)2NC2H6.... 


(C6H*)2NCH3. 


N02C6H4NHC6H6. 

(C6H6)2NNO 


NOC6H4NHC6H6.. 


88.10 


88.10 


242.22 


270.27 
298.33 

287.22 

287.22 

287.2^ 

224.20 
223.22 


279.12 

nylmeth 
169.22 


259.34 
255.35 

199.25 
259.22 
259.22 

197.27 

183.24 

214.22 
198.22 

198.22 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

3297 

3298 
3299 
3300 
3301 

col.  liq.,  1.4222 

1.0353- 

4 

(1.03034-) 

4 

1.002- 

4 

11.7(9-13; 

101.5 

82.5 

CO 

66.7 

CO 

co  eth.,  most 
org.  liq. 

3302 
3303 
3304 

monocl.  leaf, 
f.  w. 

228-9 

subl. 

si.  s. 

80 

s.  eth.,  most 

org.  solv. 

3305 
3306 

pr.  f .  me.  al . . . 



74 

42 

248-50  d. 

268 



3307 
3308 

3309 

3310 

need . . .  „ 



214-6 

219 
217.5(219) 

94  (97) 

subl. 

i. 

si.  s. 

3311 

3312 
3313 
3314 
3315 

si.  s.  eth. 
i.  eth.;  s.  chl. 

si.  s.  eth.;s.bz. 

331G 

ane  see  Methane 

,  diphenyU.) 

3317 

3318 
3319 
3320 
3321 

3322 

col.  monocl. 
leaf. 

need 

tetr.  pi.  f. 
CS2 

1.159^ 

4 

53 

95  (88.5) 
119 

302 

0.0325 

v.  si.  s. 
v.  si.  s. 

44  c. 

si.  s.  c, 
s.h. 
s. 

v.  s.  eth.;  57.5 
me.  al.;  s.  bz., 
Igr. 

v.  s.  eth. 
s.  eth. 

3322M 
3323 

leaf,  f .  w 

158 

d. 

si.  8. 

s. 

s.  eth. 

3324 

yelsh.-red 
need.  f.  bz. 
yel.  need.  f.  al. 

liq 

222(156-7) 
216(214.5) 

-7.6 

297 
293.4 

i. 
i. 

i. 

i. 

si.  s. 
si.  s. 

s. 

s. 

s.  acet.,  chl., 

3325 
3326 

pyr. 
5. 66"  acet.;s. 

glac.    ac.   a. ; 

si.  s.  bz. 
s.  eth. 

3327 
3328 
3329 

col.  liq 

1.048s-* 

4j 

s.  eth. 

3330 
3331 

yel.  need 

yel.  monocl. 

pi.  f.  Igr. 
grn.  pi.  f.  al. 

or  bz. 

132 
66.5 

143 

211. 0» 

si.  s. 

V.  s. 

si.  s.  c, 

v.  s.  h. 

s.  C,  V. 

s.h. 

v.  s.  ac.  a. 
s.  h.  bz. 

3332 



s.  eth.,  bz.;  v. 
s.  chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

ftanie 

Synonyms 

Formula 

Wt 

3332M 

Diphenylamine,  2, 2', 4, 

(CeHjBnfcNH.... 

484.85 

4'-tetrabromo- 

3333 

,  thio-. 

See  Phenothiazine. 

3334 

Diphenyl  carbonate. 

See  Carbonic  acid,  diphenyl  est 

er. 

3335 

Diphenylene  ketone  ox 

ide.    See  X ait t hone. 

3336 

Diphenylene  oxide. 

See  Dibenzofuran. 

3337 

Diphenylenimine. 

See  Carbazole. 

3338 

Diphenyline. 

See  2,4'-Biphenyldiarnine. 

3339 

Diphosgene 

trichloromethyl   chlorofor- 

CICOOCCh 

197.85 

mate;    superpalite;    per- 

chloromethyl  formate 

3340 

Dipicolinic  acid 

2,0-pyridinedicarboxylic 
acid*;    cr.a'-dipicolinic 
acid 

1-.  See  Lead,  hexaethyldi-. 

C5H3N(COOH)2- 
UH20 

194.14 

3341 

Diplumbane,  hexaethy 

3342 

Diplumbic  hexaethyl. 

See  Lead,  hexaethyldi-. 

3343 

Dipropargyl. 

See  1,5-Hexadiyne*. 

3344 

Di-2-propenylamine*. 

See  Diallylamine. 

3345 

Dipropylamine* 

di-n-propylamine 

(CH3CH2CH>)>NH 

101.19 

3346 

,  iV-nitroso- 

dipropylnitrosamine;  nitrous 
dipropylamide 

(CHaCHsCHo)^ 
NNO 

130.19 

3347 

Dipropylene. 

See  2,i-Hexadiene*. 

3348 

Di-n-propyl  sulfate. 

See  Propyl  sulfate. 

3349 

Dipyridine. 

See  Nicotyrine. 

3350 

Dipyridyl. 

See  Bipyridyl. 

3351 

5,10-Dipyrrolo[l,2-a,l, 

2-d]  pyrazinedione.  See  P 

yrocoll. 

3353 

Diquinolyl. 

See  Biquinoline. 

3354 

a,7-Distearin. 

See  Glycerol,  1,3-distearate. 

3355 

Disulfide,  bis(dibutyl- 
thiocarbamyl) 

tetrabutylthiuram  disulfide.    . 

[(CiH9)-.NCS]2S2... 

408.73 

3356 

,  bis(diethylthio- 

carbamyl) 

tetraethylthiuram  disulfide. . . 

[(C2H6)2NCS]2S«... 

296.52 

3357 

,  bis(dimethyl- 

thiocarbamyl) 

tetramethylthiuram  disulfide . 

[(CH3)2NCS]2S2... 

240.41 

3358 

,  bis(ethylmethyl- 

diethyldimethylthiuram  di- 

[(CH3)C2H5NCS]2- 

268.47 

thiocarbamyl) 

sulfide 

S2 

3359 

,  bis(l-piperidyl- 

thiocarbonyl) 

dicyclopentamethylenethi- 
uram  disulfide 

(C6HioNCS)2S2.... 

320.54 

3360 

,  bi*;(tetrabenzyl- 

tniocarbamyl) 

tetrabenzylthiuraro  disulfide. . 

[(C«HiCHt)2NCS]». 

S2 

544.78 

3361 

,  diacetyl. 

See  Acetyl  disulfide. 

3362 

,  2,2'-dibenzothiaz 

yl.  See  Benzothiazole,  2,2'-dithi 

obis-(S=l). 

3363 

,  dibenzoyl. 

See  Benzoyl  disulfide. 

3364 

,  diethyl. 

See  Ethyl  disulfide. 

3365 

,  diisoamyl. 

See  Isoamyl  disulfide. 

3366 

,  dimethyl. 

See  Methyl  disulfide. 

3367 

,  diphenyl. 

See  Phenyl  disulfide. 

3368 

,  diphenylene. 

See  Thianthrene. 

3369 

Ditaine. 

See  Echitamine. 

3370 

Ditan. 

See  Methane,  diphenyU. 

3371 

,  a-methyl-. 

See  Ethane,  1,1-diphenyl-. 

3372 

Di-n-tetradecyl  sulfate 

.   See  Tetradecyl  sulfate. 

3373 

p-Dithiane 

1,4-dithiane;  diethylene  di- 

SCH2CH2SCH2- 

120.22 

sulfide  ;    tetrahydro-p-di- 
thiin 
hydro-2,4,6-trimethyl-. 

CH2 

3374 

1,3,5-Dithiazine,  5,6-di 

See  Thialdine. 

3375 

a,a-Dithienyl. 

See  2,2' -Bithiophene. 

3376 

p-Dithiin,  tetrahydro- 

.    See  Di-p-thiane. 

3377 

Ditolan  azotide. 

See  Amaron. 

3378 

Di-o-tolylamine 

(CH3C6H4)2NH... 

197.27 

3379 

Di-m-tolylamine 



(CH3C6H4)2NH... 

197.27 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  ef 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

3332M 

need.,  silky 
luster  or  pr. 

184 

i. 

si.  s.  h 

3333 

3334 

3335 

3336 

3337 

3338 

3339 

col.  liq 

1.653- 

4 

-57 

127.5 

i. 

V.  s. 

v.  s.  eth. 

3340 

col.  need. 
(+1*H20) 

anh.  226  d. 

v.  si.  s. 

v.  si.  s. 

f.  w. 

3341 

3342 

3343 

3344 

0.7384- 

3345 

col.  liq., 

-39.6 

110.7 

s. 

s. 

oo  eth. 

1.40455lq-5 

4 

3346 

yel.  liq 

0.910- 

4 

205 

v.  si.  s. 

oo 

oo  eth. 

3347 

3348 

3349 

3350 

3351 

3353 

3354 

3355 

yel.  or.  liq  ... . 
yel.  car 

sl.  s. 

s.  eth. 

3356 

70 

si.  s. 

sl.   s.   eth.;   s. 

chl. 

3357 

yel.  cr 

1.29- 

4 

155-6 
(141-5) 

sl.  s. 

sl.   s.    eth.;   s. 

chl. 

3358 

yel.  cr 

72 

sl.  s. 

sl.   s.   eth.;   s. 

chl. 

3359 

yel.  cr 

129-30 

sl.  s. 

sl.   s.    eth.;   s. 

chl. 

3360 

yel.  cr 

132-3 

sl.  s. 

sl.   s.    eth.;   s. 

chl. 

3361 

3362 

3363 

3364 

3365 

3366 

3367 

3368 

3369 

3370 

3371 

3372 

3373 

wh.  monocl. 
pr.  f.  eth. 

112,  subl. 

200 

v.  si.  s. 

s.  h. 

s.  eth.,  CS2 

3374 

3375 

3376 

3377 

3378 

bl.  cr 

52-3 
<-12 

313  4 
320 

v.  si.  s. 

v.  si.  s. 

V.  s. 

3379 

liq 

v.  s.  eth 

For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3380 

3381 
3382 
3383 

3384 
3385 
3386 
3387 
3388 
3389 
3390 


3391 
3392 

3393 
3394 
3395 

3396 

3397 
3398 


3398M 

3399 

3400 

3401 
3402 

3402M 

3402T 

3403 

3403M 
3404 
3405 
3406 

3407 

3408 

3409 
3410 

3411 
3412 

3412M 


Name 


Di-p-tolylamine. 

Diurea. 
Divinyl. 
Docosane *  (n)  . . 


Docosanoic  acid*, 
cis- 13-Docosenoic  acid 
frans-13-Docosenoic  a 
n-Docosoic  acid. 
13-Docosynoic  acid*. 
Dodecanal*. 
Dodecane* 


1-amino- 
1-bromo- 


Dodecanenitrile*. 
Dodecanoic  acid*. 
1-Dodecanol*.  . . . 


6-Dodecanol* 


Dodecanoyl  chloride*. 
1-Dodecene* 


Dodecine. 

n -Dodecyl  alcohol. 

Dodecylamine*  (n) 

a-Dodecylene*. 
Dodecyl  sulfate . . . 


2-Dodecyne*. . . 
6-Dodecyne*. . . 
Dotriacontane* , 


1  -Dotriacon  tanol* . 

Duboisine. 

Dulcin. 

Dulcitol 


Durene 


Durylic  acid 

Ec£onidine. 
Ecgonine,  benzoyl- 

-,  benzoylmethyl-. 


/-Ecgonine 

,  cinnamate  methyl  ester 


Synonyms 


See  p-Urazine. 
See  1, 3- Butadiene' 


See  Behenic  acid. 
*.    See  Erucic  acid. 
cid*.   See  Brassidic  acid. 

See  Behenic  acid. 

See  Behenolic  acid. 

See  Lauraldehyde. 

n-dodecane;  bihexyl;  dihexyl. 


See  Dodecylamine*. 
dodecyl  bromide; 

bromide 
See  Lauronitrile. 
See  Laurie  acid. 
n-dodecyl  alcohol; 

alcohol 
araylhexylcarbinol , 


lauryl 


lauryl 


See  Lauroyl  chloride. 
a-dodecylene 


See  Dodecyne*. 
See  l-Dodecanol*. 
pri-n-dodecylamine;  1-am- 
inododecane 
See  l-Dodecene*. 
di-n-dodecyl  sulfate 


decylmethylacetylene . 


6-dodecine;  di-n-amylacet- 
ylene 
n-dotriacontane 


See  Hyoscyamine. 

See  Urea,  p-phenetyU. 

1,2,3,4,5,6-hexanehexol* 

(one  form);  dulcite;  me- 

lampyrin 
1,2,4,5-tetramethylbenzene. 


2,4,5-trimethylbenzoic  acid; 

cumylic  acid 
See  dl-Anhydroecgonine. 


See  Cocaine. 
tropinecarboxylic  acid . 


See  UCocaine,  cinnamoyU. 


Formula 


(CH3C6H4)2NH.. 


CHs(CH2)2oCH3.  . 


CH3(CH2)ioCH3. 


CH3(CH2)ioCH2Br 


CH3(CH2)iiOH... 

CH3(CH2)4CHOH- 

(CH2)6CH3 


C12H2 


CH3(CH2)nNH2.. 


[CH3(CH2)n]2S04. 


434.71 
166.30 
>66.30 
)  450.85 
466.85 


CH3C;C(CH2)8- 
CH3 
CsHnC :  C-CsHii 


Mol. 
Wt 


197.27 


310.59 


170.33 

249.24 

186.33 
186.33 

168.31 
185.35 


n-C32H6eOH 

C6H8(OH)6 

(CH3)4C6H2 

(CH3)3C6H2COOH 
Ci6Hi9N04-4H20.. 
CgHwNOjHjO.... 


182.17 
134.21 
164.20 
361.39 
203.24 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


3380 

3381 
3382 
3383 

3384 
3385 
3386 
3387 
3388 
3389 
3390 


3391 
3392 

3393 
3394 
3395 

3396 

3397 
3398 


3398M 

3399 

3400 

3401 
3402 

S402M 

3402  T 

3403 

3403M 
3404 
34(f5 
3406 

3407 

3408 

3409 
3410 

3411 
3412 

3412M 


col.  need, 
f.  pet.  eth. 


cr.  f  al. 


col.  liq 


liq, 


leaf.  f.  dil.  al 


cr. 


col.  liq ...  . 


col.  cr. 


liq 


col.  liq., 

1.437425 
cr.  pi.  f.  eth. . . 


Density 
g/ml 


0.778- 

4 


0.766y; 
0.7511*-° 

4 


0.830<J: 


0.7732- 
0.762^ 


col.  monocl. 
pr. 

col.  monocl. 
leaf.,  /3  1.615 

col.  need.  f.  bz 
lust.  need.  f.  w 


col.  monocl. 
pr.  f.  al. 


0.792- 

4 

0.781625 
0.77579-4 


1.466 j 


liq.       81 
0.838- 

4 


1.370^; 
0.777^ 

4 


Melting 
point,  °C 


79 


44.4 


12 


22.6(24) 
30 


-31.5 


48.4-8.5 
-9 

74-5  (70) 
89.3-89.5 

188 

80  (78-9) 

149.5 


90.2;  anh. 
193-5 

198;  anh. 
205 


Boiling 
point,  °C 


330.5 


317.4 
(224") 


214.5; 
1451M 


175-80'5 

255 
119" 

213-5 


259.1; 
93. 52 


10515 

10014; 

11530 
310!5 


295S-* 
193-5  subl 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  si.  s. 


si.  s. 


3.2" 


v.  si.  s. 

h. 

si.  s.  c, 
s.  h. 

21. 717 


478 


v.  sl.  s 
c. 


0.073415 


v.  s.  eth. 


v.  s.  eth. 

s.  eth. 

s.  eth. 
s.  eth. 

v.  s.  eth. 
s.  eth. 


.5 


s.  eth. 

3.   h.   eth.,    h. 
ac.  a. 


v.  sl.  s.  eth. 


s.  eth.,  bz.;  v. 
s.  ac.  a. 

v.  s.  eth.;s.  bz. 


i.  eth.;  s.  dil. 
a.,  alk. 

v.  sl.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


/-Ecgonine,  hydro- 
chloride 


Echitamine. 


Echitin 


Eglantine. 

Eicosane* 

Eicosanoic  acid*. 
1-Eicosanol*. . . . 


71-Eicosoic  acid. 
pri-/i-Eicosyl  alcohol. 
Eikonogen. 
Elaidic  acid 


,  dibromide 

,  ethyl  ester 

,  methyl  ester 

/3-Elaterin 

Eleomar£aric  acid. 
a-Eleostearic  acid . 
^-Eleostearic  acid. 

Ellagic  acid 

Emetine  (I) 

,  hydrochloride  (d) 

Emodin 


Synonyms 


ditaine. 


See  ct-Toluic  acid,  isobutyl  este 

73-eicosane 

See  Arachidic  acid. 
pri-n-eicosyl  alcohol ;  arachic 
alcohol 

See  Arachidic  acid. 
See  \-Eicosanol* . 
See  2-Naphthol-6-sulfonic  acid 
frans-9-octadecenoic  acid*. . . 

8,  i-dibromostearic  acid  (one 
form) 


Enanthaldehyde 


Enanthic  acid 


-,  ethyl  ester 

-,  heptyl  ester 

-,  methyl  ester 

-,  p-phenylphenacyl  ester 

-,  piperazinium  salt 


9,13-octadecadienoic    acid* 

cis-9, 1 1 ,  13-octadecatrienoic 

acid(?) 
trans-9, 1 1 ,  13-octadecatrienoi  c 

acid(?) 
4,4',5,5',6,6'-hexahydroxy- 

diphenic  acid  dilactone 


l,3,8-trihydroxy-6-methyl- 
anthraquinone;  rheum 
emodin;  franjrula  emodin 

heptanal*;  enanthal;  heptyl 
aldehyde;  enanthole;  n- 
heptaldehyde 

heptanal  oxime* ;  enanthal- 
doxime ;  n-heptaldoxime 


heptanoic  acid*;  enanthylic 
acid;  oenanthic  acid;  7?- 
heptoic  acid ;  n-heptylic  acid 

ethyl  heptanoate* 


n-heptyl  n-heptylate . 
methyl  heptanoate*. 


Formula 


C9H15NO3HCI. 


C22H28N2044H20.. 


C32H52O2 . 


CH3(CH2)l8CH3. 

CH8(CH2)mCH2- 
OH 


1-amino-,  sodium  s 
CsHitCH: 

CH(CH2)7COOH 
Ci7H33Br2COOH.  . 

Ci7H33COOC2H6.. . 

C17H33COOCH3... 

C20H28O6 

C17H31COOH 

C17H29COOH 

C17H29OOOH 

Ci4H608-2H20.... 

C29H40N2O4 

C29H4oN204-2HCl- 
7H20 
CHaCwIfcCMOH)!, 

CH3(CH2)5CHO... 


CH3(CH2)6- 
CH:NOH 


CH3(CH2)5COOH 


CH3(CH2)6- 
COOC2H5 

CH3(CH2)5- 

COOC7H15 

CH3(CH2)5- 
COOCH3 
CH3(CH2)5COO- 
CH2COC6H4C6H6 
C4HioN2-2C6Hi3- 
COOH 


Mol. 
Wt. 


221.68 

456.53 

468.74 

282.54 
298.54 

alt. 
282.46 

442.29 

310.51 

296.48 

348.43 

280.44 

278.42 

278.42 

338.22 

480.63 

679.67 

270.23 

114.18 

129.20 

130.18 

158.24 
228.37 
144.21 
324.40 
346.50 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

3413 

rhomb,  or 

trie!,  tab., 

[al-57  °D 
col.  cr., 

M-28.8°{; 
leaf 

246 

206  d. 

170 

38 
71 

51.5(44-5) 
27 

s. 
s. 

i. 
i. 

i. 
i. 
i. 
i. 
i. 

i. 

i. 

v.  si.  s. 
h. 
v.  si.  s. 

13.118 

i. 

si.  s. 
v.  si.  s. 

0.24115 

i. 
i. 

s. 

si.  s. 
v.  s. 

0.0615 

80% 

v.  si.  s. 

s. 

i. 

s. 

s. 

s. 

s. 

s. 

si.  s. 

si.  s. 

V.  s. 

s. 

s. 

s. 

s. 

s. 

s. 

s. 

s. 

3414 

si.  s.  eth.,  bz.; 

3415 

s.  chl. 
si.  s.  eth.;  v.  3. 

3416 
3417 
3418 
3419 

3420 
3421 
3422 
3423 

3424 

cr.,  1.43442-9. . . 
wh.  waxy  mass. 

col.  leaf.  f.  al   . 

0.778^ 

4 

0.851- 

4 

0.868- 

4 

0.872- 

4 

20515 
2205 

288100 

chl. 
oo  eth. 
s.  h.  bz. 

s.  eth.,  bz.,  chl. 
s.  eth. 

3425 

oil 

217-8. 51' 
213. 515 

s.  eth. 

3426 

liq 

s.  eth. 

3427 

hex.  pi 

rhomb,  pi 

leaf,  or  need. 

f.  al. 
pi.  or  need. 

f.  al. 
ycl.  cr 

amor 

need.  f.  h.  w..  . 

or  -red 

monocl. 

need.f.  ac.  a. 
col.  liq.,  1.4131 

large  pi.  f . 
al.,  1.421*3-9 

col.  oily  liq., 
1.4216219-* 

col.  liq., 

1.4129620 
col.  liq 

liq.,  1.4114.... 

195  (216) 

48 

4S-9 

72 

d. 

68  (74) 

235-55 

253  (250) 

-45 

55.5 

-10 

si.  s.  eth.,  bz.; 

3428 

s.  chl. 
s.  eth. 

3420 

235"  si.  d. 

v.  s.  eth.,  CS2; 

3430 

s.  h.  ac.  a. 
s.  warm  glac. 

ac.  a. 
i.  eth. 

3431 

1.667i* 

4 

3432 

v.   s.    eth.;   s. 

3433 

chl.;  si.  s.  bz. 
i.  eth. 

3434 

subl. 

155 

195 

223.5 
(108-1109) 

188 

273-4754 
(137-4010) 

172.1 
(174-6) 

s.  glac.  ac.  a.; 

3435 
3436 

3437 
3438 

0.850^-° 

4 

0.8583-; 

4 

0.834- 

4 

0.9127- 

4 

0.8685- 

4 

0.865- 

4 

0.881  — 

5 

i.  amylal.,alk. 
sols. 
00  eth. 

s.  eth. 

s.  eth. 
00  eth. 

3439 

s.  eth. 

3440 

3441 

62 
95-6 

3-142 

wh.  cr 

i.    eth.;    s.    h. 

acet. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3443 

3444 
3445 
3446 
3447 
3448 
3449 

3450 
3451 


3452 
3453 

3454 


3455 


3456 
3457 
3458 
3459 


3460 

3461 

3461M 

3462 

3463 


3464 

3465 

3466 
3467 
3468 

3469 

3470 

3471 
3472 
3472M 

3473 
3473M 


Name 


Enan thic  anhydride. .  . 

Enanthole. 
Enanthone. 
Enanthylic  acid. 
Enanthylidene. 
Enneamethylene  glyco 
Eosin 


.  (dye) . 

Ephedrine 


hydrochloride  (l) 
sulfate 


Epichlorohydrin 


Epicyanohydrin . 


a-Epidibromohydrin. 
a-Epidichlorohydrin. 
Epihydric  alcohol. 
Epiiodohydrin 


Synonyms 


heptanoic  anhydride' 


See  Enanthaldehyde. 
See  7-Tridecanone*. 
See  Enanthic  acid. 
See  l-Heptyne*. 
1.   See  1,9-Nonanediol*. 
2,4,5, 7-tetrabromorl  uorescein 


alkali  salt  of  eosin 

2-methylamino-l-phenyl-l- 
propanol  (one  form) 


Epinephrine. 

Ergosterol 

,  irradiated. 

Ergotinine  (amorphous). 
d-Ergotinine 


Ergotoxine. 


Erucic  acid  (cis) 


frans-Erucic  acid. 
Erythrene. 
i-Erythritol 


-,  anhydride . . 
-,  tetranitrate. 


Erythroglucin. 

Ery  throhy  droxy  an  thra 

Ery  throl 


Erythrol. 
Erythrose. 


a-epichlorohydrin ;  1-chloro- 
2,3-epoxypropane;   7- 
chloropropylene    oxide; 
(chloromethyl)oxirane 

0,  7-epoxybutyronitrile; 
7-cyanopropy  lene  oxide ; 
oxiraneacetonitrile 

See  Propene,  2,3-dibromo-*. 

See  Propene,  2,'S-dichloro-*. 

See  (ilycidol. 

a-epiiodohydrin ;  1,2-epoxy- 
3-iodopropane ;    7-iodopro- 
pylene   oxide;   (iodometh- 
yi)oxirane 

See  Adrenaline. 

ergosterin 

See  Calciferol. 

See  Ergotoxine. 


ergotinine  (amorphous) 
m-13-docosenoic  acid*. 


See  Brassidic  acid. 

See  1,3-  Butadiene*. 

anfi-l,2,3,4-butanetetrol* ; 
ordinary  erythrite;  ery- 
throl ;  erythroglucin;  phycito! 

1,2,3,4-diepoxybutane*  (one 
form) ;  bioxirane 

erythrol  tetranitrate;  nitro- 
erythrite 

See  i-Erythritol. 
quinone.   See  Anthraquinone 

3-butene-l,2-diol 


See  i-Erythritol. 


Formula 


!CH3(CH2)5COK). 


C2oH8Br406 


C2oH6Br4Na205.. 
CeHsCHOHCH- 

(NHCH3)CH3- 

H2O 

CioH16NOHCl.. 
(CioHi5NO)2-H2- 

S04 
0CH2CHCH2C1. 


OCH2CHCH2CN 


OCH2CHCH2I 


C28H44O 

C30H39N6O5 

C35H41N6O6 

CH3(CH2)7CH: 
CH(CH2)nCOOH 

(CH2OHCHOH)2.. 


OCH2CHCHCH20 

1 1       1 1 

(CHN03CH2N03)2 


l-hy  droxy-. 
CH2:CHCHOH- 
CH2OH 


C4H8O4 


*Name  approved  by  the  International  Umon  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


3443 

3444 
3445 
3446 
3447 
3448 
3449 

3450 
3451 


3452 
3453 

3454 


3455 


3456 
3457 
3458 
3459 


3460 

3461 

3461M 

3462 

3463 


3464 

3465 

3466 
3467 
3468 

3469 

3470 

3471 
3472 
3472M 

3473 
3473M 


Crystalline 

form,  color 

and  index  of 

refraction 


liq.,  1.4312.... 


red  monocl. 
need, 
red-br.  powd .  . 
col.  cr.  f.  eth .  . 


wh.  need, 
wh.  cr.  . . 


col.  liq., 
1.4419511-55 


pr 


liq 


Ing.  need.  f. 

al.,  sol. 

fluores.  vlt., 

[o]  335°d 

in  al. 
wh.  amor. 

powd. 
col.  need.  f.  al 


wh.  tetr.  pr., 
1.544,  1.521 


col.  liq .  . 
leaf.  f.  al. 


Density 
g/ml 


0.932- 


203- 

4 

isor 


2.03- 


0.860- 

4 


451^ 


.113^ 


col.  syrup; 
D-,  [a]  D 
-14.5,  L+-, 
[a]  D  +21.5 


Melting 
point,  °C 


17 


43  (40) 
216  d. 
-25.6 


162 


160-3 
229 

162-4 
33.5(31-2) 


119-20 
(126) 


01 


Boiling 
point,  °C 


258 
(170-315) 


255  d. 


117 


160-80 


28130 


331 


138 

exp.  by 
percussion 


94-9512 


Solubility  in  grams  per  100  ml  of 


Water 


s.  h. 


v.  si. 


61.5 

oo  d. 
i. 


v.  s. 


Alcohol 


s.  L. 


0.520 

s.  h. 
173 

si.  s. 


Ether,  etc. 


s.  eth. 


s.  ac.  a.,  alk. 
s.  eth.,  chl. 
i.  eth. 
oo  eth. 


s.  eth. 


s.  eth. 


s.  eth.,  chl.,  bz., 
acet. 


si.   s.   eth.;   s. 

NaOH 
v.s.  eth.;  16321 

me.  al. 


i.  eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3474 

Erythrosin 

2,4,5, 7-tetraiodofiuorescein  . . 

835  94 

3475 

Ery throsin  (dye) 

alkali  salt  of  erythrosin; 
iodeosin  B 

C2oH6l4Na205 

879.92 

3476 

Esculetin 

6,7-dihydroxycoumarin ; 
aesculetin 

aesculin 

(HO)o- 

178.14 

Esculin 

C6H2OCOCH:CH 

i                        i 

3477 

Ci^HieOHHoO.... 

349.29 

3478 

Eserine. 

See  Physostigmine. 

3479 

Estragole 

estragol;p-allylanisole;  cha- 
vicol  methyl  ether 

148.20 

OCH3 

3480 

Ethal. 

See  Cetyl  alcohol. 

3481 

Ethanal*. 

See  Acetaldehyde. 

3482 

,  hydroxy-*. 

See  Glycolaldehyde. 

3483 

,  trichloro-*. 

See  Chloral, 

3484 

Ethanamide*. 

See  Acetamide. 

3485 

,  2-cyano-2-nitro- 

*.    See  Fulminuric  acid. 

3486 

,  2-hydroxy-*. 

See  Glycolamide. 

3487 

Ethanamidine*. 

See  Acetamidine. 

3488 

Ethane* 

bimethyl;   methylmethane; 

30.07 

dimethyl 

3489 

,  amino-. 

See  Ethylamine*. 

3490 

,  1-amino-l-pheny 

1-.  See  Benzylamine.  a-methyl-. 

3491 

,  l-amino-2-pheny 

1-.  See  Phenethylamine. 

3492 

,  arsmo-. 

See  Arsine,  ethyl-. 

3493 

,  1,2-bisphenyl- 

sulfonyl-* 

ethylenebisphenylsulfone 

(CHoSOoCeHs)^.. 

310.37 

3494 

,  bromo-*. 

See  Ethyl  bromide. 

3495 

,  l-bromo-2- 

chloro-* 

ethylene  chlorobromide 

CHsClCH^Br 

143.43 

3496 

,  l-bromo-2-ethox 

y-*.  See  Ether,  (3-bromoethyl  e 

thyl. 

3497 

— — ,  1 -bromo- 1-pheny 

1-.  See  Benzene,  (a-bromoethyl) 

-. 

3498 

,  chloro-*. 

See  Ethyl  chloride. 

3499 

,  l-chloro-2-(/3-ch 

loroethoxy)  -*.  See  Ether,  bi 

s-0-chloroethyl. 

3500 

,  l-chloro-2-(/3-ch 

loroethylthio)-*.  SeeSulfi 

de,  /3,  P'-dichloroethy 

/. 

3501 

,  1-chloro-l-ethox 

y-*.  See  Ether,  a-chloroethyl  et 

hyl. 

3502 

■,  l-chloro-2-ethox 

y-*.  See  Ether,  (j-chloroethyl  et 

hyl. 

3502M 

,  l-chloro-1,1,- 

2,2,2-penta- 

CCIF2CF3 

154.48 

fluoro-* 

3503 

,  sy/n-diacetyl-. 

See  2,5-Hexanedione*. 

3504 

,  4,4'-diamino-sym 

-diphenyl-.   See  a,  a-Bi-p-t 

oluidine. 

3505 

,  1,1-dibromo-*.  .  . 

ethylidene  bromide;  ethyli- 
dene  dibromide 

CH3CHBr2 

187.88 

3506 

,  1,2-dibromo-*. 

See  Ethylene  bromide. 

3507 

,  1,1-dichloro-*  .  .  . 

ethylidene  chloride;  ethyli- 
dene dichloride 

CH3CHCI2 

98.97 

3508 

,  l,l-dichloro-2,2- 

diethoxy-*.    See  Acetal,  dich 

loro-. 

3509 

,  1,2-dichloro-*. 

See  Ethylene  chloride. 

3510 

,  1,2-dichloro-l-et 

hoxy-*.  See  Ether,  a,  0-dichlo 

roethyl. 

3510R 

,  1,1-dichloro-l,- 

2,2,2-tetra- 
fluoro-* 

CC12FCF3 

170.93 

3511 

,  1,2-dichloro- 

1,1,2,2-tetrafluo 

CC1F2CC1F2 

170.93 

TO-* 

3512 

,  1,1-diethoxy-*. 

See  Acetal. 

3512L 

,  1,1-difluoro-*. .  .  . 

,  1,2-difluoro-*. 

ethylidene  fluoride 

CH3CHF0 

66.05 

3512M 

See  Ethylene  fluoride. 

*Name  approved  by  the  International  Union  of  Chemistry 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


3474 
3475 
3476 

3477 


3478 
3479 

3480 
3481 
3482 
3483 
3484 
3485 
3486 
3487 
3488 

3489 
3490 
3491 
3492 
3493 

3494 
3495 

3496 
3497 
3498 
3499 
3500 
3501 
3502 
3502M 


3503 
3504 
3505 

3506 
3507 

3508 
3509 
3510 
3510  R 


3511 

3512 
3512  L 
3512M 


Crystalline 

form,  color 

and  index  of 

refraction 


or.  cr.  f.  eth. 
red-br.  powd 
need 


wh.  need., 
[«]  -14.6°» 
in  me.  al. 


oil,  1.5230^5 


col.  gas. 


need,  or  leaf, 
f.  al. 

col.  liq 


col.  gas. 


liq.,  1.51277. 


col.  liq.t 
1.41655 


col.  gas. 


col.  gas, 
1.3092° 


col.  gas. 


Density 
g/ml 


0.9645- 

4 


1.357°  g/1 
0.561-100 


1.689- 


2.089^ 

4 


1.174- 


1.5312° 


Melting 
point,  °C 


270  d. 


160  d.; 
anh.  205 


-172 

180 
-16.6 


-96.7 


Boiling 
point,  °C 


d.  230 


215 


-88.3 


107-8 


-38 


110 
(108-10) 


57.3 


3.8 
-24.7 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


i. 

s. 

si.  s.  c. 


0.16  c, 
8h. 


4.5* 


4  720 
cm3 


si.  s.  h. 
0.688*° 


0,552° 


464  cm' 


v.  si.  s.  eth.;  i. 
bz. 


v.  si.  s.  eth.;  s. 
dil.  alk. 

v.  si.  s.  eth.;  s. 
h.  chl.,  ac.  a., 
alk. 


s.  eth. 


si.  s.  h.     s.  glac.  ai 
bz. 

o  eth. 


s.  eth. 

v.  s.  eth. 
v.  s.  eth. 

s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3513 

Ethane,  1,1-diiodo-*. . 

uns-diiodoethane ;  ethylidene 
iodide ;  ethylidene  diiodide 

CH3CHI2 

281.89 

3514 

,  1,2-diiodo-*. 

See  Ethylene  iodide. 

3515 

,  1,1-dimethoxy-*. 

acetaldehyde  dimethyl  ace- 
tal ;  dimethyl  acetal ;  ethyl- 
idene dimethyl  ether 

CH3CH(OCH3)2... 

90.12 

3516 

,  1,1-dinitro-* 

uns-dinitroethane 

CH3CH(N02)2.... 

120.07 

3517 

,  1,2-diphenoxy-* 

glycol  diphenyl  ether;  ethyl- 
ene diphenyl  ether 

(CH20C6H6)2 

214.25 

3518 

,  1,1-diphenyl-. . .  . 

uns-diphenylethane;  a- 
methylditan 

(C6H6)2CHCH3.. . . 

182.25 

3519 

,  l,2(orsym)-diphe 

nyl-.    See  Bibenzyl. 

3520 

,  1,2-epoxy-*. 

See  Ethylene  oxide. 

3521 

,  ethenyloxy-*. 

See  Ether,  ethyl  vinyl. 

3522 

,  ethoxy-*. 

See  Ethyl  ether. 

3523 

,  l-ethoxy-2-(0-et 

hoxyethoxy)-*.   See  Ether, 

bis(P-ethoxyethyl). 

3524 

,  ethyldithio-*. 

See  Ethyl  disulfide. 

3525 

,  ethylsulfinyl-*. 

See  Ethyl  sulfoxide. 

3526 

,  ethylsulfonyl-*. 

See  Ethyl  sulfone. 

3527 

,  ethylthio-*. 

See  Ethyl  sulfide. 

3528 

,  fluoro-*. 

See  Ethyl  fluoride. 

3529 

,  hexabromo-*.  .  .  . 

,  hexachloro-* .  .  .  . 

perbromoethane 

CBrsCBra 

CCI3CCI3 

503.52 

8530 

perchloroethane ;  carbon 

236.76 

hexachloride 

3530M 

,  hexafluoro-* 

perfluoroethane ;  carbon 
hexafluoride 

CF3CF3 

138.02 

3531 

,  hexamethyl-. 

See  Butane,  2,2,3,3-tetramethy 

U*. 

3532 

,  hexaphenyl- 

486.62 

C(C6H6)3 

3533 

,  iodo-*. 

See  Ethyl  iodide. 

3534 

,  methoxy-*. 

See  Ether,  ethyl  methyl. 

3535 

,  methylthio-*. 

See  Sulfide,  ethyl  methyl. 

3536 

,  naphthyl-. 

See  Naphthalene,  ethyl-. 

3537 

,  nitro- 

C2H6N02 

75.07 

3538 

,  pentabromo-* . . . 

CHBr2CBr3 

424.61 

3539 

,  pentachloro-*.  .  . 

CHC12CCU 

202.31 

3539M 

,  pentachloro- 

CCbCCbF 

220.31 

fluoro-* 

3540 

,  pentachloro  (pent 

achloroethoxy)-*.  See  Et 

her,  bis(pentachloroet 

hyl). 

3541 

,  pentaiodo-* 

CHI2CI3 

659.63 

3542 

,  perbromo-. 

See  Ethane,  hexabromo-*. 

3543 

,  perchloro-. 

See  Ethane,  hexachloro-*. 

3543M 

,  perfluoro-. 

See  Ethane,  hexafluoro-*. 

3544 

,  phenyl-. 

See  Benzene,  ethyl-. 

3545 

,  phosphino-. 

See  Phosphine,  ethyl-. 

3546 

,  1,1,1,2-tetra- 

bromo-* 

uns-tetrabromoethane 

CH2BrCBr3 

345.70 

3547 

,  1, 1,2,2-  tetra- 

bromo-* 

S2/m-tetrabromoethane  ;acety- 
lene  tetrabromide 

CHBr2CHBr2 

345.70 

3548 

,  1, 1,1,2- tetra- 

chloro-* 

tms-tetrachloroethane 

CH2C1CC13 

167.86 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

3513 

liq 

2.84^- 

4 

179 

i. 

v.  s. 

v.  s.  eth. 

3514 

H 

3515 

col.  inflam. 

0.8476- 

64.5 

s. 

s. 

s.  eth.,  chl. 

liq. 

4 

3516 

liq 

1.3503^ 

185-6 

si.  s. 

s. 

s.  eth. 

3517 

col.  leaf,  f .  al . . 

23  .5 

9  1 

98.5 

v.  si.  s. 
(i.) 

s.  h. 

v.   s.   eth.;   s. 

chl. 

3518 

col.  oil,  1.5761 . 

1.00G-; 

4 
2  5 

272 
(268-86) 

i. 

s. 

s.  eth. 

0.9877— 

3519 

4 

3520 

3521 

3522 

3523 

3524 

3525 

3526 

3527 

3528 

3529 

rhomb,  pr., 
1.740,  1.847, 
1.863 

3.823- 

4 

148-9  d. 

d.  210 

i. 

si.  s. 

s.  CS2;  v.  si.  s. 
al.  eth. 

3530 

col.  rhomb, 
tab.  f.  al. 

2.091- 

4 

subl.  187 

i. 

v.  s. 

v.  s.  eth. 

or  eth. 

3530M 

col.  gas 

1.85"78 

-100.6 

-78.2 

i. 

3531 

3532 

col.  cr 

145-7  d. 

i. 

v.  si.  s. 

s.  chl. 

3533 

3534 

3535 

3536 

3537 

w.  wh.  liq., 

1.052- 

<-50; 

114.8 

4.5  cc 

OO 

oo  eth.;  s.  chl., 

1.3900724-8 

20 

frz.  -90 

dil.  alk. 

3538 

monocl.  pr . . . . 

3.312- 

4 

57 

210s00  d. 

i. 

s. 

v.  s.  eth. 

3539 

liq., 

1.5025024-0 

1.709- ; 

4 

1.6728- 

4 

-29 

162 

i. 

OO 

oo  eth. 

3539M 

wh.  sld 

101.3 

137.9 

i. 

s. 

s.  eth. 

3540 

20 

3.312- 

3541 

col.  monocl. 

56-7 

210  d. 

i. 

s. 

v.  s.  eth.;s.  ac. 

pr.  f.  ac.  a. 

.4 

a.,  bz. 

3542 

3543 

3543M 

3544 

3545 

2.875^ 

3546 

col.  liq., 
1.62772 

0 

103. 51*-5 

s. 

4 

2.9638- 

3547 

col.-yel.  liq., 

0.1 

15P4; 

0.0651*° 

OO 

oo  eth.,  chl., 

1.63795 

4 

d.  239-42 

aniline,  ac.  a. 

3548 

liq., 

1.588— 

130.5 

i. 

00 

oo  eth. 

1.481622'-' 

4 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3549 
3549K 

3549P 

3550 

3551 

3552 

3553 

3554 

3555 

3555R 

3556 

3557 

3557M 

3558 

3559 

3560 

3561 

3561M 

3562 

3563 

3564 

3565 

3566 

3567 

3568 

3569 

3570 

3571 

3572 
3573 
3574 
3575 

3576 


3577 

3578 
3579 
3580 

3581 
3582 


Name 


Ethane,  1,1,2,2-tetra- 
chloro-* 

1,1,1,2-tetra- 

chloro-2,2-di- 

fluoro-* 
1,1,2,2-tetra- 

chloro-l,2-di- 

fluoro-* 
1,1,1,2-tetra- 

phenyl- 


1,1,2,2-tetra- 

phenyl- 
1,1,2-tribromo- 


1,1,1-trichloro-* 

1,1,1-trichloro- 
2,2-diethoxy-* 
1,1,2-trichloro-* 

1,1,1-trichloro- 
2,2,2- trifluoro-* 

1,1,2-trichloro- 
1,2,2-trifluoro- 

1,1, 1  -  triethoxy-  *. 

1,1,1 -trifluoro-*.. 

1,1,1-triiodo-*.  .  . 

1,1,1-triphenyl-  . 
1,1,2-triphenyl-  . 


Ethaneazobenzene. 
Ethaneboronic  acid. 
Ethanedial*. 
Ethanediamide*. 
1,2-Ethanediamine*. 
1,1-Ethanedicarboxyli 
Ethanedinitrile*. 
Ethanedioic  acid*. 
1,1-Ethanediol,  2,2,2-t 

,  2,2,2-trichloro-*. 

1,2-Ethanediol*. 
,  1,2-dicyclohexyl- 


,  1,2-diphenyl-. 

,  1,1,2,2-tetraphen 

Ethanedioyl  chloride*. 
1 ,2-Ethanedisulf  onic 

acid* 
1,2-Ethanedithiol* 


Ethanenitrile*. 

,  2-oxo-2-phenyl- 

Ethanesulfinic  acid*  . 
Ethanesulfonic  acid*. 


-,  2-amino-. 
-,  2-hydroxy- 


>ynonyms 


s?/m-tetrachloroet hane ; 
acetylene  tetrachloride 

?ms-tetraphenylethane;  tri- 
phenylbenzylmethane ; 
a-benzyltritan 

sj/m-t-etraphenylethane 

vinyl  tribromide 

methylchloroform 

chloral  diethyl  acetal;  tri- 
chloroacetal 
vinyl  trichloride 

See  Orthoacetic  acid,  triethyl  es 

raethylfluoroform 

methyliodoform 

a-methyltritan 

See  Benzeneazoethane. 

See  Boric  acid,  ethyl-. 

See  Glyoxal. 

See  Oxamide. 

See  Ethylenediamine. 
c  acid,  l-hydroxy-2-phe 

See  Cyanogen. 

See  Oxalic  acid. 
ribromo-*.   See  Bromal,  hyd 

See  Chloral,  hydrate. 

See  Glycol. 

dodecahydrohydrobenzoin ; 
cyclohexanone  pinacol 

See  Hydrobenzoin;  Isohydrobe 
yl-*.   See  Benzopinacol. 

See  Oxalyl  chloride. 

ethylenedisulfonic  acid 

dithioglycol;  ethylene  mer- 
captan ;  ethylene  dimer- 
captan 

See  Acetonitrile. 

See  Benzoyl  cyanide. 

ethylsulfinic  acid 

ethylsulfonic  acid 

See  Taurine. 

See  Isethionic  acid. 


Formula 

Mol. 

\Yt. 

CHCI2CHCI2 

167.86 

CCI3CCIF2 

203.85 

CCI2FCCI2F 

203.85 

(CeHs^CCHsCeHs 

334.44 

(C6H5)2CHCH- 

(C6H5)2 
CH2BrCHBrj... 

334.44 
266.79 

CH3CCI3 

133. 42 

CCl3CH(OC2H5)2 

221.52 

CH2CICHCI2.... 

133.42 

CCI3CF3 

187.39 

C0CI3F3 

187.39 

ter. 
CH3CF3 

84.04 

407.80 

(C6H5)3CCH3 

258.35 

(C6H5)2CHCH2- 
C6H5 

258.35 

nyl-.  See  Tartronic 

acid, 

rate. 

C12H20O 

198.30 

nzoin. 

C2H4(S03H)2 

190.19 

HSCH2CH2SH    . . 

94.19 

C2H5SO2H 

C2H5SO2OH 

94.13 
110.13 

*Name  approved  by  the  International  Union  of  Chemistry 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


3549 
3549  K 

3549  P 

3550 

3551 

3552 

3553 

3554 

3555 

3555  R 

3556 

3557 

3557M 

3558 

3559 

3560 

3561 

3561M 

3562 

3563 

3564 

3565 

3566 

3567 

3568 

3569 

3570 

3571 

3572 
3573 
3574 
3575 

3576 


3577 

3578 
3579 
3580 

3581 
3582 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.,  1.4942 
col.  sld 


col.  liq., 
1.4129725 

col.  monocl. 
f.  eth. 

col.  rhomb, 
need.  f.  chl. 
liq.,  1.58902. 

col.  liq., 

1.4376521-n 
Hq 


col.  liq.,  1.471 
col.  gas 


col.  liq., 
1.35572" 


col.  gas 

yel.  octahdr. 

need.  f.  al. 

or  eth. 
monoel.  leaf. 

f.  dil.  al. 


benzyl-. 


need 


cr.  f.  ac.  a , 
Hq 


syrup .  . 
hyg.  cr 


Density 
g/ml 


1.600s-* 

4 


1.6447023 


1.182*5 


2.579*-° 


.3219- 

4 


1.266- 


1.443 


1.5702 
1.5635425 

3.781  g/1 


1.123 


Melting 
point,  °C 


-43.8  (-36) 
40.6 

24.65 

144 

211  (209) 
-26 


-36.7 

13.2 

-36.4 

-107 
95  d. 

95 

54-4.5 


129-30 


104 


Boiling 
point,  °C 


146.3 
91.5 

92.8 

277-8021 

383 

188.4 

74.1 

197 

113.5 

45.8 

47.7 

-46.8 

348-9751 


146 


Solubility  in  grams  per  100  ml  of 


Water 


0.5 


s., 
deliq. 


Alcohol 


s. 

si.  s. 
0.7678 


si.  s. 

si.  s.  c. 

s.  h. 
V.  s. 


v.  s. 


Ether,  etc. 


oo  eth. 
s.  eth. 

s.  eth. 

si.  s.  eth. 

14  bz.;  s.  ac.  i 

»  eth. 

°e  eth.,  glyc. 

oo  eth. 

s.  eth. 

s.  eth.;  *  bz. 


v.  s.  eth.,  CS2, 
bz.;  si.  s.  lgr. 
v.  s.  eth. 

v.  s.  eth. 


v.  s.  bz.;s.  pet, 
eth. 


v.    s.    alk.;    s. 
NH4OH 


alk. 
alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3583 

Ethanesulfonyl  chlo- 
ride* 

ethylsulfonyl  chloride 

C2H5S02C1 

128.58 

3584 

1,1,2,2-Ethanetetra- 

ethyl  sym-ethanetetracar- 

(COOC2H5)2CH- 

318.32 

carboxylic  acid*, 

boxylate 

CH(COOC2H5)2 

tetraethyl  ester 

3585 

Ethanethial*,  trimer. 

See  sym-Trithiane,  2,4,b-trime 

thyl-. 

3586 

Ethanethiol* 

ethyl  mercaptan ;  ethyl  hy- 

C2H5SH 

62.13 

drosulfide ;  ethyl  thioalco- 
hol 
sodium  mercaptide;  sodium 
thioethylate 

3587 

,  sodium  derivative 

C2H5SNa 

84.12 

3588 

Ethanethiolic  acid*. 

See  Acetic  acid,  thiol-. 

3589 

Ethanethionamide*. 

See  Acetamide,  thio-. 

3590 

1,1 , 1  -Ethanetricar- 
boxylic  acid* 

ethenyltricarboxylic  acid 

CH3C(COOH)3.... 

162.10 

3591 

1 , 1 ,2-Ethanetricarboxy 

lie  acid,  1,2-dihydroxy-* 

.  See  Desoxalic  acid. 

3592 

Ethanoic  acid*. 

See  Acetic  acid. 

3593 

,  OXO-*. 

See  Glyoxylic  acid. 

3594 

Ethanoic  anhydride*. 

See  Acetic  anhydride. 

3595 

Ethanol*. 

See  Ethyl  alcohol. 

3596 

,  2-allyl-. 

See  ±-Penten-\-ol*. 

3597 

,  1 -amino-*. 

See  Acetaldehy  de-ammonia. 

3598 

,  2-amino-* 

/3-aminoethyl  alcohol;  eth- 
anolamine ;  ethylolamine ; 
/3-hydroxyethylamine 

NH2CH2CH2OH... 

61.08 

3599 

,  2-anilino- 

/3-hydroxyethylaniline ; 
ethoxylaniline 

C6H5NHCH2- 
CH2OH 

137.18 

3600 

,  2-benzyloxy- 

glycolmonobenzyl  ether; 
benzyl  cellosolve 

C6H5CH2OCH2- 
CH2OH 

152.19 

3601 

,  2-bromo-* 

/3-bromoethyl  alcohol ;  ethyl- 
ene bromohydrin 

CH2BrCH2OH.... 

124.98 

3602 

, ,  acetate. 

/3-bromoethyl  acetate 

CH3COOCH2- 
CH2Br 

167.01 

3603 

,  2-butoxy-* 

glycol  monobutyl  ether ; 
butyl  cellosolve 
xy)-*.    See  Diethylene  glycol, 

C4HgOCH2CH2- 
OH 

monobutyl  ether. 

118.17 

3604 

,  2-(/3-butoxyetho 

3604M 

,  2-butylamino-*. . 

n-butylethanolamine 

CH3(CH2)3NH- 
CH2CH2OH 
CH2C1CH20H.... 

117.19 

3605 

,  2-chloro-* 

/3-chloroethyl  alcohol ;  ethyl- 

80.52 

ene  chlorohydrin 

3606 

, ,  acetate 

/3-chloroethyl  acetate ; 

CH3COOCH2- 

122.55 

2-chloroethyl  ethanoate* 

CH2CI 

3607 

-,  2,2-dichloro-*  . .  . 

/3,/S-dichloroethyl  alcohol.  .  . 

CHC12CH20H.... 

114.97 

3608 

,  2-diethylamino-* 

/3-diethylaminoethyl  alcohol ; 
2-hydroxytriethylamine 

(C2H5)2NCH2- 
CH2OH 

117.19 

3609 

, ,  p-aminobenzoate 

hydrochloride.   See  Procaine, 

hydrochloride. 

3610 

,  2-dimethyl- 

/3-dimethylaminoethyl  alco- 

(CH3)2NCH2- 

89.14 

amino-* 

hol 

CH2OH 

3611 

,  1,2-diphenyl-. . .  . 

benzylphenylcarbinol 

C6H6CH2CHO- 

HCeHs 
C2H5OCH2CH2- 

OH 
CH3COOCH2CH2- 

198.25 

3612 

,  2-ethoxy-* 

glycol  monoethyl  ether; 
"Cellosolve" 
/3-ethoxyethyl  acetate ;  "Cel- 

90.12 

3613 

■, ,  acetate 

132.16 

losolve"  acetate 

OC2H5 

3614 

,  2-(/3-ethoxyethox 

y)-.  See  Diethylene  glycol,  mon 

oethyl  ether. 

3615 

,  2-ethylamino-*. . 

/3-hydroxydiethylamine 

C2H5HNCH2CH2- 
OH 

89.14 

3616 

,  2,2'-ethylenediox 

ydi-.   See  Triethylene  glycol. 

3617 

,  2,2'-ethylimino- 

di- 

/3,  /S'-dihydroxytriethylamine 

C2H5N(CH2CH2- 
OH)2 

133.19 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 


pr. 


liq.,  1.43055. 


wh.  cr. 


pr 


col.  liq.,  1.4539 

col.  liq 

col.  liq 

col.  liq.,  1.4915 

col.  liq 

col.  liq 


1.443720 

col.  liq 

col.  liq.,  1.4247 

liq-- 

col.  liq., 
1.440025 

col.  liq.,  1.43 . . 


col.  liq , 
col.  liq, 


liq.,  1.444 

yel.liq.,  1.4663 


Density 

g/ml 


1.357- 


0.840 


1.0180- 


1.1104 

4 

1.068 

1.7720^° 

1.514*-° 

4 

0.9027- 

4 


0.8907 j 
1.213*-° 

4 

1.1783- 


1.145- 

4 

0.8601—; 

25' 

0.884^-° 

4 

0.8866- 

4 


0.9311^ 
0.9749- 


0.914- 


1.0135*°- 

4 


Melting 
point,  °C 


76  (72-4) 


-121 

(-147.3) 


159  d. 


10.5 


<-75 


■13.8 


-69 


66- 


Boiling 

Solubility  in  gram 

point,  °C 

Water 

Alcohol 

177.5 

d. 

d. 

305  d. 

s. 

34.7 

(34.5-5.5) 

1.5 

s. 

s. 

s. 

s. 

s. 

172.2 

X 

00 

286 

v.  si.  s. 

s. 

256 

0.4 

150.3 

s. 

00 

161.5-4.5 

V.  s. 

00 

170.6 

oo 

oo 

200 

s. 

S. 

128.8 

00 

S. 

145 

i. 

00 

146 

si.  s. 

S. 

163;  42-48 

s. 

S. 

135  (131-4) 

00 

00 

167-7010 

v.  si.  s. 

S. 

135.1 

00 

00 

156.2 
(150-60) 

22 

00 

167-9751 

v.  s. 

V.  S. 

251-2750 

s. 

S. 

Ether,  etc. 


v.  s.  eth. 


s.  eth.,  alk. 


s.  eth. 


0.72    eth.;   s. 

chl.;  si.  s.  bz. 

Igr. 
s.  eth.,  chl. 


oo  eth. 
oo  eth. 
oo  eth. 

s.  eth. 
2.3l5eth. 
oo  eth. 
s.  eth. 
s.  eth.,  bz. 

oo  eth. 
v.  s.  eth. 
oo  eth. 
oo  eth. 

v.  s.  eth. 

si.  s.  eth' 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL 

CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

3617M 

Ethanol,  2-fluoro-*.  .  . 

/3-fluoroethyl  alcohol ;  ethyl- 
ene fluorohydrin 

CH2FCH2OH 

64.06 

3618 

,  2-heptyl-2-meth 

yl-.  Seel-Nonanol,2-methyl-*. 

3619 

,  2,2'-iminodi-. 

See  Diethanolamine. 

3619M 

,  2-isobutyl- 

amino-* 

isobutylethanolamine 

(CH3)2CHCH2NH- 
CH2CH2OH 

117.19 

3620 

,  2-methoxy-* 

glycol  monomethyl  ether; 
methyl  cellosolve 

CH3OCH2CH2OH . 

76.09 

3621 

, ,  acetate 

glycol  monomethyl  ether 

CH3COOCH2CH2- 

118.13 

acetate ;  methyl  cellosolve 

OCH3 

acetate 

3622 

,  2-(/9-methoxyeth 

oxy)-.  See  Diethylene  glycol,  m 

onomcthyl  ether. 

3623 

,  2-methyl- 

/9-hydroxy-iV-methylethyl- 

CH3HNCH2CH2- 

75.11 

amino--* 

amine 

OH 

3624 

,  2,2-methyl- 

/3,   /S'-di hydroxy- iV-methyl- 

CHjN(CH2CH2- 

OH)2 

119.16 

iminodi- 

diethylamine 

3625 

,  2-methyl-2-prop 

yl-.  See  1-Pentanol,  2-methyL* 

. 

3626 

,  2,2',2"-nitrilo- 

tri- 

triethylolamine;  2,2',2"-trihy- 
droxytriethylamine.  See  Tri- 
ethanolamine 

3627 

,  2-nitro- 

NO1CH2CH2OH... 

91.07 

3628 

,  2,2-oxydi-. 

See  Diethylene  glycol. 

3629 

,  pentamethyl-. 

See  2-Butanol,  2,3,3-trimethyl- 

* 

3629M 

,  2-phenoXy- 

/9-hydroxyethyI  phenyl  ether ; 
phenyl  cellosolve 

C6H5OCH2CH2OH 

138.16 

3630 

,  1-phenyl-. 

See  Benzyl  alcohol,  ct-methyl-. 

3631 

,  2-phenyl-. 

See  Phenethyl  alcohol. 

3632 

,  2,2-thiodi- 

thiodiglycol ;  bis-/3-hy-,' 
droxyethyl  sulfide 

S(C&2CH2OH)2... 

122.18 

3633 

,  2,2,2-trichloro-* 

CCI3CH2OH 

149.42 

3634 

,  2,2,2- trichloro-1 

-ethoxy-*.  See  Chloral,  alcoh 

olate. 

3635 

Ethanolamine. 

See  Ethanol,  2-amino-*. 

3636 

1-Ethanone,  2-ethoxy- 

1,  2-diphenyl-.  See  Benzoi 

n,  ethyl  ether. 

3637 

Ethanoyl  bromide*. 

See  Acetyl  bromide. 

3638 

Ethanoyl  chloride*. 

See  Acetyl  chloride. 

3639 

Ethanoyl  fluoride*. 

See  Acetyl  fluoride. 

3640 

Ethanoyl  iodide*. 

See  Acetyl  iodide. 

3641 

Ethanoyl  peroxide*. 

See  Acetyl  peroxide. 

3642 

Ethene*. 

See  Ethylene. 

3643 

,  ethenyloxy-*. 

See  Vinyl  ether. 

3644 

— ,  ethenylthio-*. 

See  Vinyl  sulfide. 

3645 

EthenOl. 

See  Vinyl  alcohol. 

3646 

Ethenbne. 

See  Ketene. 

3647 

Ethenylamine*. 

See  Vinylamine. 

3648 

Ethenyltricarboxylic  a 

cid.  See  1,1 ,1-Ethanetricarboxy 

lie  acid*. 

3649 

Ether. 

See  Ethyl  ether. 

3650 

,  allyl  cresyl. 

See  Ether,  allyl  tolyl. 

3651 

,  allyl  ethyl 

3-ethoxypropene* 

C2H6OCH2CH:CH2 

86.13 

3652 

,  allyl  isoamyl .... 

3-methyl- 1-  (2-propenoxy  )- 
butane* 

CH2:CHCH2OCH2- 
CH2CH(CH3)2 

128.21 

3653 

,  allyl  methyl 

3-methoxypropene* 

CH2:CHCH2OCH3 

72.10 

3654 

,  allyl  2-naphthyl . 

2-(2-propenoxy)naphtha- 

C10H7OCH2- 
CH:CH2 

184.23 

3655 

,  allyl  phenyl 

2"propenoxy  benzene* 

CH2:CHCH2OC6- 
H6 
CH2:CHCH2OC6- 

134.17 

3656 

,  allyl  o-tolyl 

2-(2-propenoxy)toluene* ; 

148.20 

allyl  o-cresyl  ether 

H4CH3 

3657 

,  allyl  m-tolyl 

3- (2-propenoxy)  toluene* 

CH2:CHCH2OC6- 
H4CH3 

148.20 

*Name  approved  by  the  International  Union  of  Chemistry. 

824 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grains  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

3617M 

col.  liq., 
1.3647018-4 

1.11124^ 

-26.45 

103.35 

ao 

00 

»  eth. 

3618 

3619 

3619M 

1.44022* 

0.8818- 

190 

S. 

<?, 

s.  eth. 

3620 

col.  liq 

liq 

4 

0.9660- 

124.3 

00 

V.  s. 

3621 

4 

1.0054- 

20 

143 

00 

3622 

3623 

col.  liq.,  1.4335 
liq.,  1.467S.... 

0.937- 

159747 

00 

00 

3624 

1.0377- 

246-8747 

00 

X 

3625 

4 

3626 

3627 

col.  liq 

1.270^ 

<-80 

193.8 

V.  S. 

v.  s. 

v.  s.  eth. 

3628 

3629 

3629M 

col.  iiq 

1.1094— 

245.2 

2.6 

s. 

3630 

20 

3631 

3632 

col.  liq.,  1.519. 

1 .  1824- 

4 

-16 

16814 

00 

00 

si.  s.  eth. 

3633 

rhomb,  tab. . . . 

l.SSOi! 

17.8 

152.2 

si.  s. 

00 

00  eth. 

3634 

4 

3635 

3636 

3637 

3638 

3639 

3640 

3641 

3642 

3643 

3644 

3645 

3646 

3647 

3648 

3649 

3650 

0.765^ 

3651 

col.  liq., 

67.6 

1. 

00  eth. 

1.38810 

4 

3652 

liq 

120 

v.  si.  s. 

00  eth. 
00  eth. 

3653 

col.  liq 

0.77J-1 

4 

46 

v.  si.  s. 

00 

3654 

oil 

d.  210 

192;  8513 

i. 

i. 

3655 

col.  oil 

0.9856— 

«>  eth. 

3656 

oil 

15 

0.969- 

4 

0.965- 

4 

205-8;  8512 

211-4; 

92-4^ 

3657 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


3658 

3658R 

3659 

3660 

3661 

3662 

3663 

3664 

3665 

3666 

3667 

3G68 


366S 

3670 

3671 
3672 

3673 
3674 

3675 

3676 
3677 
3678 

3679 

3680 


3682 

3683 
3684 


Name 


Ether,  allyl  p-tolyl. 


2-aminodiethyl. 
/S-aminoethyl  et 

amyl  ethyl 

amyl  methyl. 
amyl  phenyl 


benzyl  butyl, 
benzyl  ethyl. 


-,  benzyl  methyl.  . 


benzyl  2-naph- 

thyl 
bis-p-bromo- 

phenyl 

bis-  /3-chloro- 
ethyl 


bis-  /3-chloroiso- 
propyl 

bischloromethyl 


bis(p-chloro- 

phenyl) 
bis-  0-ethoxy- 

ethyl 


bis-p-nitro- 
phenyl 

bispentachloro- 
ethyl 


/3-bromoethyl 

ethyl 
bromophenyl  me 
butyl  cresyl. 
butyl  ethyl 


Synonyms 


4-(2-propenoxy)toluene  * 


See  Ethylamine,  &-ethoxy-*. 
hyl.  See  Ethylamine,  0-ethoxy- 

1-ethoxypentane* 

See  Pentane,  1-methoxy-*. 
amoxybenzene 


1-benzy  loxy  butane . 
a-ethoxytoluene .  . . 


a-raethoxytoluene . 


-,  tert-butyl  ethyl 

-,  butyl  2-furyl- 

methyl 
-,  butyl  methyl. . . 


butyl  phenyl .... 

n-butyl  tetrahyd 
butyl  o-tolyl .... 


2-benzyloxynaphthalene*.  .  . 

4,4'-dibromodiphenyl  ether ; 

l-bromo-4-(4-bromophen- 

oxy) benzene* 
l-chloro-2-(  /9-chloroethoxy)- 

ethane*;  s?/m-dichloroethyl 

ether;  /S,  /3'-dichlorodiethyl 

ether 
l-chloro-2-(/S-chloroisopro- 

poxy) propane*;  /9,  /S-di- 

chloroisopropyl  ether 
chloro  (chloromethoxy)meth- 

ane*;  sym-dichlorodimethyl 

ether 
4,4'-dichlorodiphenyl  ether. . 

l-ethoxy-2-  ( /3-ethoxy  eth- 
oxy)ethane*;  diethylene 
glycol  diethyl  ether ;  di- 
ethyl carbitol 

l-nitro-4-(4-nitrophenoxy)- 
benzene  * ;  4,4'-dinitrodi- 
phenyl  ether 

pentachloro  (pentachloro- 
ethoxy)  ethane  *;  perchloro- 
ether ;  decachlorodiethyl 
ether 

l-bromo-2-ethoxyethane* ; 
/3-bromoethyl  ether 
thyl.  See  Anisole,  bromo-. 

See  Ether,  butyl  tolyl. 

1-ethoxybutane* 


2-ethoxy-2-methylpropane  * 

butyl  f urf uryl  ether 

1-methoxy  butane* 


bvtoxybenzene^ 


rof  urf  uryl.  See  Furan,  2-bu 
2-butoxytoluene*;  butyl 
o-cresyl  ether 


Formula 


CH2:CHCH2OC6- 
H4CH3 


C2H50(CH2)4CH3 . 

CH3(CH2)4OC6H6 . 

C6H5CH20(CH2)3- 
CH3 
C2H6OCH2C6H5... 

CcHsCH2OCH3. . . . 

CeH5CH2OCioH7.  . 

BrC6H40C6H4Br.. 


(C1C2H4)20. 


C1CH2CH(CH3)- 
OCH(CH3)CH2- 
Cl 

CH2CIOCH2CI... 


(C1C6H4)20. 


(C2H6OCH2CH2)2- 
0 


N02C6H40C6H4 
NO2 

C2Cl60C2Cl6... 


BrCH2CH2OC2H5 

(C2H6)0(CH2)3- 
CH3 

C2H60C(CH3)3.... 

C4H30CH20C4H9.. 

CH30(CH2)3CH3. . 

CH3(CH2)30C6H6 

toxymethyltetrahydro- 
CH3C6H40(CH2)3- 
CH3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


3658  R 

3659 

3660 

3661 

3662 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 


col.  liq .  .  . 

liq 

leaf.  f.  al.. 
leaf.  f.  al.. 

liq.,  1.457. 
col.  liq  .  .  . 


col.  liq., 
1.434620 


1.611.. 
col.  liq 


yel.  need.  f. 
tetr.  scales. 


col.  liq . 
liq.... 

col.  liq 
col.  liq 


col.  liq., 
1.504620 


Density 
g/ml 


0.9728- 

15 


0.759- 

4 


0.9310^ 
0.949^ 
0.987?-° 


1.222- 


1.1127 


1.315- 


1.3164 

0.907- 


1.900- 

4 


.370-5- 

4 


.752^ 

.7519^ 

.956^ 

.764-5-; 

4 

.744^° 
.961552 

4 


0.9437- 


Melting 
point,  °C 


99 

53-4  (54-6) 


-50 


142-3 


69 


-124 


-115.5 


Boiling 
point,  °C 


214.5;  9112 

119-20 

111" 

220-17" 

185 

174 

338-40 
178 


187.1 
(93-518) 


105 

312-4 

188 


126-9 

91.4(90-3) 
68-9 

189-90^ 
70.3 


210.3 

(98-910) 

223.0 


Solubility  in  grams  per  100  ml  of 


Water 


1.02 

0.19 

d. 

i. 


si.  s. 


v.  si.  s. 


Alcohol 


V.  s. 
v.  s. 


si.  s. 


Ether,  etc. 


eth. 


oo  eth. 

»  eth. 

s.  eth. 

v.    s.    eth.;   s. 
chl.,  bz. 
oo  eth. ;  v.s.  bz 


s.  eth. 


oo  eth. 


si.   s.   eth. 
ac.  a.,  bz. 


oo  eth. 

oo  eth. 
s.  eth. 
v.  s.  eth. 
oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3685 

Ether,  butyl  m-tolyl . . 

3-butoxytoluene* 

CH3C6H4OC4H&. . . 

164.24 

3686 

,  butyl  jD-tolyl.  .  .  . 

4-butoxytoluene* 

CH3C6H4OC4H9. . . 

164.24 

3687 

,  cetyl  phenyl 

1-phenoxyhexadecane* 

C6H6OCH2(CH2)i4- 
CH3 

318.53 

3688 

,  chlorodiethyl. 

See  Ether,  chloroethyl  ethyl. 

3689 

,  a-chloroethyl 

ethyl 

1-chloro-l-ethoxyethane* ; 
a-chlorodiethyl  ether 

CH3CHC10C2H6.. 

108.57 

3690 

,  /3-chloroethyl 

ethyl 

l-chloro-2-ethoxyethane* ; 
/3-chlorodiethyl  ether 

CHsClCHoOC^ 

108.57 

3691 

,  chloromethyl 

methyl 

chloromethoxymethane* 

CICH2OCH3 

80.52 

3692 

,  chlorophenyl  eth 

yl.    See  Phenetole,  chloro-. 

3693 

,  cresyl  ethyl. 

See  Ether,  ethyl  tolyl. 

3694 

,  cresyl  methyl. 

See  Ether,  methyl  tolyl. 

3695 

,  cresyl  propyl. 

See  Ether,  propyl  tolyl. 

3696 

,  decachlorodiethy 

1.  See  Ether,  bis(pentachloroeth 

yl). 

3697 

,  diallyl. 

See  Allyl  ether. 

3698 

,  di-n-amyl. 

See  Amyl  ether. 

3699 

,  dibenzyl. 

See  Benzyl  ether. 

3700 

,  4,4'-dibromodiph 

enyl.  See  Ether,  bis-p-bromoph 

enyl. 

3701 

,  dibutyl. 

See  Butyl  ether. 

3702 

,  dicetyl. 

See  Cetyl  ether. 

3703 

,  dichloro-. 

See  Ether,  a,  (3-dichloroethyl  et 

hyl. 

3704 

,  0,0-dichlorodiet 

hyl.  See  Ether,  bis-0-chloroethy 

1. 

3704M 

,  sym-dichlorodim 

ethyl.  See  Ether,  bischlorometh 

yl. 

3705 

,  4,4'-dichlorodiph 

enyl.  See  Ether,  bis-p-chloroph 

enyl. 

3706 

,  sym-dichloroeth 

yl.  See  Ether,  bis-fi-chloroethyl. 

3707 

,  ocy  /9-dichloro- 

ethyl  ethyl 

1,2-dichloro-l-ethoxyeth- 
ane*;  dichloroether;  a,  /3- 
dichloroethyl  ether 

CH2C1CHC10C2H6 

143.02 

3708 

,  p,  /S'-dichloroisop 

ropyl.  See  Ether,  bis-0-chloroi 

sopropyl. 

3709 

,  diethyl. 

,  di-n-neptyl. 

See  Ethyl  ether. 

3710 

See  Heptyl  ether. 

3711 

,  2,2'-dihydroxydie 

thyl.    See  Diethylene  glycol. 

3711M 

,  0,/S'-dihydroxydi 

-n-propyl.  See  2-Propanol, 

\,\'-oxydi-. 

3712 

,  2,2'-dihydroxyet 

hyl.   See  Diethylene  glycol. 

3713 

,  diisoamyl. 

See  Isoamyl  ether. 

3714 

,  diisobutyl. 

See  Isobutyl  ether. 

3715 

,  diisopropyl. 

See  Isopropyl  ether. 

3716 

,  dimethyl. 

See  Methyl  ether. 

3717 

,  dinaphthyl. 

See  Naphthyl  ether. 

3718 

,  di-n-octyl. 

See  Octyl  ether. 

3719 

,  diphenyl. 

See  Phenyl  ether. 

3720 

,  di-n-propyl. 

See  Propyl  ether. 

3721 

,  divinyl. 

See  Vinyl  ether. 

3722 

,  ethylene  dipheny 

1.  See  Ethane,  1,2-diphenoxy-*. 

3723 

,  ethyl  2-furyl- 

ethyl  f urfuryl  ether 

C4H3OCH2OC2H<> 

126.15 

3724 

methyl 
,  ethyl  heptyl 

1-ethoxyheptane* 

C2H60(CH2)6CH3 

144.25 

3725 

,  ethyl  hexyl 

1-ethoxyhexane* 

C2H50(CH2)5CH3 

130.23 

3725M 

,  ethylidene  dieth 

yl.   See  Acetal. 

3725T 

,  ethylidene  dimet 

hyl.  See  Ethane,  1,1-dimethoxy 

_* 

3726 

,  ethyl  isoamyl 

l-ethoxy-3-methylbutane*.  . . 

C2H6OCH2CH2- 
CH(CH3)2 

116.20 

3727 

,  ethyl  isobutyl .  .  . 

l-ethoxy-2-methylpropane*.. . 

C2H60CH2CH- 

(CH3)2 

102.17 

*Name  approved  by  the  International  Union,  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

3G85 

0.9407- 

0 

0.9419- 

0 

0.8434— 

4 

229,2 
229,5 
200* 

3686 

3687 

leaf., 
1.455682-4 

41. S 

3688 

a. 

3689 

98  part  d. 
107-$ 

3690 

liq . . . 

1.0572—; 

4 

0.989- 

4 

3691 

liq.,  1.3974.... 

1.0625- 

4 

-103.5 

59.5 

d. 

s. 

s.  eth. 

3692 

3693 

3694 

3695 

3696 

3697 

3698 

3699 

3700 

3701 

3702 

3703 

3704 

3704M 

3705 

3706 

3707 

col.  infiam.  liq 

1.174- 

4 

HO-") 

V.  s-. 

v.  s.  etfc. 

3708 

3709 

3710 

3711 

3711M 

3712 

3713 

3714 

3715 

3716 

3717 

3718 

3719 

3720 

i 

3721 

3722 

3723 

col.  liq 

0.9844- 

4 

149.5- 
50.5"* 

i. 

s. 

s.  eth. 

3724 

0.790- 

4 

0.8327- 

4 

166.6 
137 

i. 
i. 

s, 
V.  s. 

s.  eth. 

3725 

liq 

s.  eth. 

3725M 

3725  T 

3726 

col.  liq 

col.  liq 

0  764- 

112 

i. 

00 

oo  eth. 

3727 

0.751^ 

4 

80  (78-80) 

i'. 

oo 

oo  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 

829 


PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3728 

Ether,  ethyl  iso- 

2-ethoxy propane* 

C2H60CH(CH3)2. . 

88.15 

3729 

propyl 
,  ethyl  methyl.  . . . 

methoxyethane* 

CH3OC2H5   . 

60.09 

3730 

,  ethyl    /3-methyla 

minoethyl.  See  Ethylamine, 

fi-ethoxy-N -methyl-. 

3731 

,  ethyl  /3-4-morph 

olylethyl.  See  Morpholine,  4 

-(P-ethoxyethyl)-. 

3732 

,  ethyl-1-naphthyl 

1-ethoxynaphthalene* 

C10H7OC2H6 

172.22 

3733 

,  ethyl  2-naph- 

thyl 

2-ethoxynaphthalene  * ;  bro- 
melia;  nerolin  (new) 

C10H7OC2H5 

172.22 

3734 

,  ethyl  octyl 

1-ethoxyoctane* 

C2H60(CH2)7CH3 

158.28 

3735 

,  ethyl  phenyl. 

See  Phenetole. 

3736 

,  ethyl  propargyl. 

See  Propyne,  3-ethoxy-*. 

3737 

,  ethyl  propyl 

1-ethoxypropane* 

C2H6OC3H7 

88.15 

3738 

,  ethyl  tetrahydrof 

urf  uryl.   See  Furan,  2-ethoxy 

methyltetrahydro-. 

3739 

,  ethyl  o-tolyl 

2-ethoxytoluene*;  o-cresyl 
ethyl  ether 
3-ethoxy  toluene* 

CH3C6H4OC2H6... 

136.19 

3740 

,  ethyl  m-tolyl. . . . 

136.19 

3741 

,  ethyl  p-tolyl 

4-ethoxytoluene 

CH3C6H4OC2H6  .  . 

136.19 

3742 

,  ethyl  vinyl 

ethenoxyethane* 

CH:CH2OC2H6.... 

72.10 

3745 

,  2-furylmethyl 

methyl 
,  heptyl  methyl. .  . 

f  urf  uryl  methyl  ether 

C4H3OCH2OCH3.. 

112.12 

3746 

1-methoxy  heptane* 

130.23 

3747 

,  heptyl  phenyl .  .  . 

,  hexyl  phenyl.  .  .  . 

1-phenoxy  heptane* 

CeHsCKCrDeCHs 

192.29 

3748 

hexyloxybenzene ;  1-phenoxy- 
hexane* 
henyl.   See  Ethanol,  2-phenox 

CH3(CH2)6OC6H6 

178.27 

3748M 

,  0-hydroxyethyl  p 

y-- 

3749 

,  isoamyl  1-naph- 

l-(7-methylbutoxy)naphtha- 

C10H7OCH2CH2- 

214.30 

thyl 

lene* 

CH(CHi)i 

3750 

,  isoamyl  2-naph- 

2-(7-methylbutoxy)  naphtha- 

C10H7OCH2CH2 

214.30 

thyl 

lene* 

CH(CH3)2 

3751 

,  isoamyl  phenyl .  . 

isoamoxybenzene ;  3-methyl- 
1-phenoxybutane 

C6H50(CH2)2- 
CH(CH3)2 

164.24 

3752 

,  isobutyl  methyl 

l-methoxy-2-methy  lpropane  * 

CH3OCH2CH- 

(CH3)2 

88.15 

3753 

,  isobutyl  phenyl 

isobutoxybenzene ;  2-methyl- 
1-phenoxypropane 

(CH3)2CHCH20- 
CeHe 

150.21 

3754 

,  isopropyl  methyl 

2-methoxy  propane* 

CH3OCH(CH3)2... 

74.12 

3755 

,  isopropyl  phenyl 

isopropoxybenzene ;  2-phen- 

(CHa^CHOCeH*.. 

136.19 

S756 

,  methylene  dieth 

yl.   See  Methane,  diethoxy-*. 

3757 

,  methylene  dimet 

hyl.    See  Methane,  dimethoxy- 

* 

3758 

,  o,o'-methylenedi 

phenyl.    See  Xanthene. 

3759 

,  methylenediprop 

yl.   See  Methane,  dipropoxy-*. 

3760 

,  methyl  1-naph- 

thyl 

1-methoxynaphthalene* ; 
methyl  a-naphthyl  ether 

C10H7OCH3 

158.19 

3761 

,  methyl  2-naph- 

thyl 

2-methoxy  naphthalene* ; 
methyl  /S-naphthyl  ether; 
nerolin  (old) ;  yara-yara 

C10H7OCH3 

158.19 

3762 

— ■ — ,  methyl  phenyl. 

See  Anisole. 

3763 

,  methyl  propargyl 

.  See  Propyne,  S-methoxy-*. 

3764 

,  methyl  propyl.  .  . 

1-methoxypropane* 

CH3OCH2CH2CH3 

74.12 

3765 

,  methyl  6-quinoly 

1.    See  Quinoline,  6-methoxy-. 

3766 

,  methyl  o-tolyl. . . 

2-methoxy  toluene*;  o-cresyl 

CH3C6H4OCH3.... 

122.16 

methyl  ether 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 

col.  liq.  or  gas 


liq., 

1.59509s2-8 
pi.,  1.59752s5-6 

1.593247-1 

liq 


col.  liq., 
1.36948 


liq.,  1.50818-* . 
1.513 


Hq., 

1.505817-* 
liq 


col.  liq 
col.  liq 


liq., 

1.570514-' 
leaf.,  1.576813.. 

col.  liq., 

1.487220 
liq 


col.  liq 
col.  liq 
col.  liq 


col.  liq., 

1.623218-9 
col.  leaf.  f. 

eth. 


col.  liq.,  1.3579 
liq.,  1.519915-8 


Density 
g/ml 


0.745-^- 

4 

0.7260- 


1.061- 

4 

1.060G- 

4 

0.794- 


0.747 

(0.732™) 

0.9592— 


0.9560- 
o 

0.9662- 
o 

0.763^ 
1.0163^ 

4 

0.795- 


0.9319- 
o 

0.9426- 


1.006914-2 
1.0155- 

4 


0.9198- 
0.7507- 
0.939- 


0.7347- 

20 

0.9464- 

15 


1.0964 


13-9 


0.738^ 

4 

0.9851- 

15 


Melting 
point,  °C 


5.5 

37.5 


<-7< 


26.5 


<-10 

72 


Boiling 
point,  °C 


54 
7.9(11-2) 

276.4; 
16019 

282 

182-4 
64(61.4) 

180.1; 

69. 6-70. 21- 
192; 

73-51* 
189.9; 

70-1 15 
35.5 

134-5762 

149.8 

266.8 

246 

317-9742  d. 

323-6  d. 

225 

59741 

198 

32. 5777 

177.2 


265-9  (258) 
274 

38.9 
171.3 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
i. 

i. 


si.  s. 


i. 

si.  s. 


3.0525 


Alcohol 


Ether,  etc. 


oo  eth. 
»  eth. 

v.  s   eth. 

s.  eth.,  pet. 

eth. 
s.  eth. 

»  eth. 


oo  eth. 
v.  s.  eth. 
oo  eth. 


s.  eth. 


s.  eth. 


s.  eth. 


v.  s.  eth.;  s.  bz. 

v.    s.    eth.;   s. 
CS2,  bz. 


oo  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3767 

Ether,  methyl  m-tolyl 

3-methoxytoluene* 

122  lo 

3768 

,  methyl  p-tolyl. . . 

4-methoxy  toluene* 

CH3C6H4OCH3.  . 

122.16 

3769 

,  1-naphthyl  pro- 
pyl 

1-propoxy  naphthalene* 

C10H7OCH2CH2- 
CH3 

186.24 

3770 

,  2-naphthyl 

propyl 

2-propoxynaphthalene* 

CioHyOCHaCHo- 
CH3 

186.24 

3771 

,  octyl  phenyl 

1-phenoxy  octane* 

C6H50(CH2)7CH3 

206  32 

3772 

,  perchloro-. 

See  Ether,  bis(pentachloroethyl) 

3773 

,  phenyl  propyl .  .  . 

propoxybenzene  * 

136.19 

3774 

,  phenyl  vinyl 

ethenoxy  benzene* 

CeHsOCHiCHo... 

120.14 

3775 

,  propyl  o-tolyl  .  .  . 

2-propoxytoluene*;  o-cresyl 
propyl  ether 

CH3C6H40(CH2)2- 
CH3 

150.21 

3776 

,  propyl  m-tolyl.  . . 

3-propoxy  toluene* 

150.21 

3777 

,  propyl  p-tolyl  .  .  . 

4-propoxy  toluene* 

CH3C6H4OC3H7. . . 

150.21 

3778 

Ethine. 

See  Acetylene. 

3779 

Ethinyl  tribromide. 

See  Ethylene,  tribromo-. 

3780 

Ethinyl  trichloride. 

See  Ethylene,  trichloro-. 

3781 

Ethionic  anhydride    .  . 

carbyl  sulfate;  1,3,2,4-dioxa- 
dithiane  2,4-bisdioxide 
See  Procaine,  hydrochloride. 

SO2OCH2CH.2SO2O 

1                           1 

188.17 

3782 

Ethocain. 

3783 

Ethoxyamine* 

a-ethylhydroxylamine 

C2H6ONH2 

61.08 

Ethyl.    For  ethyl  derivative 

s  see  the  parent  compounds  (e. 

g.,  for  ethylbenzene 

see 

3784 

Ethyl  acetate. 

See  Acetic  acid,  ethyl  ester. 

3784M 

Ethylal. 

See  Methane,  diethoxy-. 

3785 

Ethyl  alcohol 

ethanol*;  methvlcarbinol ; 

CH3CH2OH 

46.07 

alcohol;  spirit  of  wine 

.  For  other  derivatives  se 

e  Ethanol. 

3786 

— — ,  esters  with  organic  acid 

s.   See  "ethyl  ester,"  under  the 

names  of  the  acids. 

3787 

Ethylamine* 

aminoethane 

C2H6NH2 

45.08 

3788 

,  hydrobromide 

ethylymmonium  bromide*.  .  . 

CiH^N^HBr... 

126.01 

3789 

,  hydrochloride. . 

C2H5NH2HCI.... 

81.55 

3789M 

,  hvdroiodide 

C>H6NH2HI 

C6H5CH:NC2H5... 

173.01 

3790 

,  iV-benzylidene .  .  . 

.V-ethylbenzaliinine;  A'-ben- 

133.19 

zalethylamine 

3791 

,  0,0-diethoxy-     . 

aminoacetaldehyde ;  2,  2-di- 
ethoxyethylamine ;  amino- 
acetai;  acetalvlamine 

(C>H60)2CH- 
CH2NH2 

133.19 

3792 

,  0, 0-diethoxy- 

W,iV-dimethyl- 

dimethylaminoacetal 

(CH3)2NCH2- 
CH(OC2H5)2 

161.24 

3793 

,  a,a-dimethyl-. 

See  tert-Butylamine. 

3794 

,  /9-ethoxy-* 

2-aminodiethyl  ether;  0- 
aminoethyl  ethyl  ether 

C2H5OCH2CH2- 
NH2 

89.14 

3795 

,  0-ethoxy-iV- 

ethyl  /9-methylaminoethyl 

CH3NHCH2CH2- 

103.16 

methyl- 

ether 

OC2H5 

3796 

,  0-hydroxy-. 

See  Ethanol,  2-amino-*. 

3797 

,  0-hydroxy-iV,7V-d 

imethyl-.    See  Ethanol,  2-di 

methylamino-* . 

3798 

,  0-hydroxy-iV-me 

thyl-.    See  Ethanol,  2-methyla 

mino-*. 

3799 

,  a-phenyl-. 

See  Benzylamine,  a-methyl-. 

3800 

,  /3-phenyl-. 

See  Phenethylamine. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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No. 


3767 

3768 

3769 

3770 

3771 
3772 
3773 

3774 

3775 

3776 

3777 

3778 
3779 
3780 
3781 

3782 
3783 

3784 

3784M 

3785 


3786 
3787 


3788 
3789 
3789M 
3790 

3791 

3792 

3793 
3794 

3795 

3796 
3797 
3798 
3799 
3800 


Crystalline 

form,  color 

and  index  of 

refraction 


liq.,  1.50628. 

liq., 

1.5123719-3 
liq., 

1.592818-4 
need 


col.  liq 
col.  liq. 


deliq.  cr 


col.  liq 

Benzene,  ethyl-) 


col.  liq., 
1.3624218-»5 


col.  liq 


need,  or  pi.  f. 

al. 
monocl.  deliq. 

pi.  f.  al, 
need.  f.  w 

1.541  !5 

H« 


liq.,  1.4120 
yel.  liq ... . 


liq.,  1410120... 
liq.,  1.4147. . . . 


Density 
g/ml 


0.9766- 
0.9709- 


1.044718-4 


0.9139— 

15 

0.9530- 


0.9517- 

o 

0.9484- 


0.9497- 
o 


0.8837-s 
For  ethyl 


0.7893-; 

4 

0.78505- 


0.7059-; 

4 

0.689- 

15 

1.741*-! 

4 

1.2045- 


0.937^-° 

4 


0.9161 


25 


0.885- 

4 


0.8512- 

4 

0.8363- 


Melting 
point,  °C 


39.5-40 

8 


80 


esters  of  org 


•117.3; 
114.6 


-80.6 

159.5 

108 

188.5 


Boiling 
point,  °C 

Solubility  in  gram 

Water 

Alcohol 

177.2; 

(172-3) 
176.5 

(173-4) 
298-9 

i 

285.2 

190.5 

s. 

155-6 

204.1 

210.6 

210.4 

d. 

OO 

e  the  aci 

OO 

ds. 

68 
anic  acids  se 

78.5 

(78.37) 

OO 

16.6 

OO 

oo 

d.  315 

23817 

S. 

sl.  s. 

195 

i. 

OO 

163 

s. 

s. 

170-1 

s. 

s. 

108 

OO 

OO 

114_5744 

Ether,  etc. 


s.  eth. 


eth. 


oo  eth.,  chl. 
me.  al. 


eth. 


i.  eth. 


oo  eth. 

s.  eth.,  CHCls 
s.  eth. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  1 00  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  CC 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

3801 

1.3264-5- 
1.224-5- 

4 
0.8G426.5 

1.430*-°: 

238 
166 
120 
38.0 

d.  c. 
d.  c. 
d. 
1.08°, 

30 
00 

3802 

3803 

col.  liq.,  1.381 . 
col.  liq., 

oo  eth. 

3804 

-119 

<»  eth.,  chl. 

1.42386 

4 

1.4505- 

0.9617-5, 
0.9120 

3805 

4 

3805M 

3806 

col.  liq.  or  gas . 

0.9214- 

-138.7 

12.2 

0.57420 

48. 321 

oo  eth. 

3807 

4 

3808 

oil,  1.50G3320.. 
col.  eras, 

0.99267- 

4 

1.245°  g/1; 

153-4 
-103.9 

v.  si.  s. 
25.6° 

OO 

360  cms 

oo  eth. 

3809 

-169.4; 

s.  eth. 

1.363"100 

0.566^ 

frz.  -181 

cms 

' 

3810 

4 

3811 

3812 

3813 

3814 

3815 

3816 

3S17 

3818 

3819 

3820 
3821 

col.  liq.,  1.5428 

2.271^ 
1.291^ 

4 

(as)-53; 
('raws) -6. 5 

no754 

108 

i. 

V.  s. 

v.  s.  eth. 

3822 

liq 

37 
60.1 

i. 
i. 

OO 

3823 

liq.,  1.451915... 

-80.5 

oo  eth. 

3823A 

liq.,  1.449015... 

4 

-50 

48.4 

i. 

00 

oo  eth. 

3824 

3825 

3826 

3826M 

col.  gas 

<-70 

i. 

S. 

s.  eth. 

3827 

3828 

3829 

3830 

3831 

1.038-; 

4 

1.0206- 

3832 

col.  liq., 
1.61014 

9 

277 

3833 

4 

3834 

3835 

3836 

3837 

3838 

3839 

3840 

3841 

3842 

3843 

3843M 
3844 

For  explanations  and  abbreviations  see  beginning  of  iable. 
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PHYSICAL  CONSTANT 

S  OF 

Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3845 

Ethylene,  isoamyl-. 

See  1-Hexene,  5-methyU*. 

3846 

,  isobutyl-. 

See  1-Pentene,  ^methyl-*. 

3847 

,  1-isobutyl-l-met 

hyl-.  See  1-Pentene,  2,i-dimet 

hyl-*. 

3848 

,  l-isobutyl-2-met 

hyl-.  See  2-Hexene,  5-methyl- 

* 

3849 

,  isopropyl-. 

See  1-Buiene,  3-methyl-*. 

3850 

,  l-isopropyl-l,2-d 

imethyl-.  See  2-Pentene,  3,4 

-dimethyl-*. 

3851 

,  2-isopropyl-l,l-d 

imethyl-.  See  2-Pentene,  2,4 

-dimethyl-*. 

3852 

,  1-isopropyl-l-me 

thyl-.  See  l-Butene,  2,3-dime 

thyl-*. 

3853 

,  l-isopropyl-2-me 

thyl-.  See  2-Pentene,  4-methy 

U*. 

3854 

,  methyl-. 

See  Propene*. 

3855 

,  1-methyl-l-phen 

yl-.  See  Benzene,  isopropenyU. 

3856 

,  1-methyl-l-prop 

yl-.  See  l-Pentene,  2-methyl-*. 

3857 

,  l-methyl-2-prop 

yl-.  See  2-Hexene*. 

3858 

,  perchloro-. 

See  Ethylene,  tetrachloro-. 

3858M 

,  perfluoro-. 

See  Ethylene,  tetrafluoro-. 

3859 

,  phenyl-. 

See  Styrene. 

3860 

,  propyl-. 

See  1-Pentene*. 

3861 

,  pseudobutyl-. 

See  l-Butene,  3,3-dimethyl-*. 

3862 

,  tetrachloro- 

perchloroethylene 

CC12:CC12 

165.85 

3862M 

,  tetrafluoro- 

perfluoroethylene 

CF2:CF2 

100.02 

3863 

,  tetraiodo- 

CI2:CI2 

531.70 

3864 

,  tetramethyl-. 

See  2-Butene,  2,3-dimethyl-*. 

3865 

,  tetraphenyl- 

(C6H5)2C:C- 

332.42 

(CeH6)2 

3866 

,  tribromo- 

ethinyl  tribromide 

CHBr:CBr2 

264.78 

3867 

,  trichloro- 

ethinyl  trichloride 

CHC1:CC12 

131.40 

3868 

,  trimethyl-. 

See  2-Butene,  Z-methyU*. 

3869 

,  triphenyl- 

a-phenylstilbene 

(C6H5)2C:CH- 

256.33 

3870 

,  vinyl-. 

See  1,3-Butadiene*. 

CeH6 

3871 

Ethylene  bromide 

1,2-dibromoethane*;  ethyl- 
ene dibromide ;  glycol  di- 
bromide 

CH2BrCH2Br 

187.88 

3872 

Ethylene  bromohydrin 

.  See  Ethanol,  2-bromo-*. 

3873 

Ethylenecarboxylic  aci 

d.  See  Acrylic  acid. 

3874 

Ethylene  chloride 

1,2-dichloroethane*;  ethyl- 
ene dichloride;  glycol  di- 
chloride 

CH2C1CH2C1 

98.97 

3875 

Ethylene  chlorobromi 

de.  See  Ethane,  l-bromo-2-chlo 

ro-*. 

3876 

Ethylene  chlorohydrin 

.  See  Ethanol,  2-chloro-*. 

3877 

Ethylene  cyanide. 

See  Succinonitrile. 

3878 

Ethylene  cyanohydrin. 

See  Hydracrylonitrile. 

3879 

Ethylenediamine  (anh.). 

1,2-ethanediamine* 

NH2CH2CH2NH2 

60.10 

3880 

Ethylenediamine 

NH2CH2CH2NH2- 

78.12 

(hydrate) 

H2O 

3880M 

,  hexavanadate 

2C2H4(NH2)2H4- 

774.00 

V60i7-4H20 

3881 

,  hydrochloride 

ethylenediammonium  chlo- 

HCINH2CH2- 

133.03 

ride 

CH2NH2HCI 

3882 

,  iV^iV'-diphenyl- .  . 

sym-diphenylethylenediam- 
ine ;  ethylenediphenyldi- 
amine 

C6H6NHCH2CH2- 
NHC6H5 

212.29 

3883 

1 , 1  -Ethy  lenedicarboxy 

lie  acid,  2-phenyl-.    See 

Malonic  acid,  benzyl 

idene-. 

3884 

cis-  1,2-Ethylenedicarb 

3885 

£rans-l,2-Ethylenedica 

rboxylic  acid.    See  Fumaric 

acid. 

3885M 

Ethylene  difluoride. 

See  Ethylene  fluoride. 

3886 

Ethylene  diiodide. 

See  Ethylene  iodide. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.50547 
col.  gas. ., 


yel.  monocl.  pr 


col.monocl.  or 

rhomb,  f.  bz. 

Hq 


col.  liq.,  1.477' 

narrow  leaf, 
f.  al.  or  ac.  a. 

col.  liq., 
1.53789 


col.  Ho., 
1.44432 


col.  liq., 

1.4540026-1 
col.  liq.,  1.4500 

brownish-yel.. . 

1.633 


Density 
g/ml 


1.0311 


2.983^ 

4 


2.7082°^ 
1.45560^ 


col.  leaf.  f. 
dil.  al. 


2.1701 


1.257^ 

4 


0.8994- 

4 

0.963- 


Melting 
point,  °C 


-22.35 
-142.5 
187 

227  (221) 

-73  (-86) 
72-3 

9.97(10) 
-35.3 


10 


65 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


121.20 

-78.4 
subl. 

425 

163-4; 
53-59 

87 

220-1 14 
131.6 


83.5-3.7 


116.1(117) 
118 


Water 


0.1 
i. 

0.43130 


0.92°, 
0.86920 


Alcohol 


si.  p. 
v.  si.  s. 


V.  s. 


si.  s. 


Ether,  etc. 


eth. 


si.  s.  eth.;  v.  s. 
CS2;s.bz., 
chl.,tol.,ac.a. 

v.  si.  s.  eth. ;  v. 

s.  bz. 


«3  eth. 
v.  s.  eth. 


»  eth. 


oo  eth.;  s.  ord. 
org.  solv. 


0.236   eth.;    i. 
bz. 


i.  eth. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONS!  ANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

3887 

Ethylene  dimercaptan 

.  See  1,2-Ethanedithiol*. 

3888 

Ethylenediphenyldiam 

ine.  See  Ethylenediamine,  N,  N 

'-diphenyl-. 

3889 

Ethylene  diphenyl  eth 

er.  See  Ethane,  1 ,2-diphenoxy- 

* 

3890 

Ethylene  disulfonic  ac 

id.  See  1,2-Ethanedis-ulfonic  ac 

id*. 

3891 

Ethylene  ethylidene  e 

ther.  See  1,3-Dioxolane,  2-me 

thyl-. 

3891H 

Ethylene  fluoride 

1,2-difluoroethane*;  ethylene 
difiuoride ;  glycol  difluoride 

CH2FCH2F 

66.05 

3891R 

Ethylene  fluorohydrin. 

See  Ethanol,  2-jluoro-*. 

3892 

Ethylene  glycol. 

See  Glycol. 

3893 

Ethylene  imine. 

See  Ethylenimine. 

3894 

Ethylene  iodide 

1,2-diiodoethane*;  ethylene 
diiodide;  glycol  diiodide 

CH2ICH2I 

281.89 

3895 

Ethylene  lactic  acid. 

See  Hydracrylic  acid. 

3896 

Ethylene  mercaptan. 

See  \,2-Ethanedithiol*. 

3897 

Ethylene  nitrate. 

See  Glycol,  dinitrate. 

3898 

Ethylene  nitrite. 

See  Glycol,  dinitrite. 

3899 

Ethylene  oxide 

1,2-epoxyethane*;  oxirane. . .  . 

(CH2)20 

44.05 

3900 

,  a,a-dimethyl- 

l,2-epoxy-2-methylpropane ; 
isobutylene  oxide 

CH2C(CH3)20.... 

1                    1 

72.10 

3900M 

Ethylene  sulfide 

thiirane 

(CH2)2S 

60.11 

3901 

Ethylenimine 

dimethylenimine ;  dihydro- 

NHCH2CH2 

43.07 

3902 

Ethyl  ether 

azirme 
ethoxyethane*;  diethyl 

C  >H&OC2H6    

74.12 

ether;  ether;  ethyl  oxide; 

sulfuric  ether 

3903 

Ethyl  fluoride 

iluoroethane* 

CH3CH2F  . 

48.06 

3904 

Ethyl  hydrogen  sulfat 

e.  See  Ethylsulfuric  acid. 

3905 

Ethyl  hydrosulfide. 

See  Ethanethiol*. 

3906 

Ethylidene  bromide. 

See  Ethane,  1,1-dibromo-*. 

3907 

Ethylidene  chloride. 

See  Ethane,  1,1-dichloro-*. 

3908 

Ethylidene  cyanohydri 

n.  See  Lactonitrile. 

3908M 

Ethylidene  fluoride. 

See  Ethane,  1,1-difluoro-*. 

3909 

Ethylidene  glycol,  trib 

romo-.  See  Bromal,  hydrate. 

3910 

,  trichloro-. 

See  Chloral  hydrate. 

3911 

Ethylidene  iodide. 

See  Ethane,  1,1-diiodo-*. 

3912 

Ethyl  iodide 

iodoethane* 

CH3CH2I 

C2H5NC 

155.98 

3913 

Ethyl  isocyanide 

ethylcarbylamine* 

55.08 

3914 

Ethyl  ketone. 

See  3-Pentanone*. 

3915 

Ethyl  mercaptan. 

See  Ethanethiol*. 

3916 

Ethyl  mustard  oil. 

See  Isothiocyanic  acid,  ethyl  est 

er. 

3917 

Ethyl  nitrate 

nitric  ether 

C2H6ONO2 

C2H6ONO 

91.07 

3918 

Ethyl  nitrite 

nitrous  ether 

75.07 

3919 

Ethylogly colic  acid. 

See  Acetic  acid,  ethoxy-. 

3920 

Ethylolamine. 

See  Ethanol,  2-amino-*. 

3921 

Ethyl  orthoarsenate. 

See  Ethyl  arsenate. 

3922 

Ethyl  orthoarsenite. 

See  Ethyl  arsenite. 

3923 

Ethyl  orthosilicate.  . .  . 

(C2H5)4Si04 . 

208.30 

3924 

Ethyl  oxide. 

See  Ethyl  ether. 

3925 

Ethyl  phosphate 

triethyl  phosphate 

(C2H6)3P04 

182.16 

*Nam3  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

3887 

3888 

3889 

3890 

3891 

3891 H 

col.  gas 

10-11 

3891  R 

3892 

3893 

i  n 

3894 

ycl.  monocl. 
pr.  f.  eth. 

2.132- 

4 

81-2 

d. 

si.  s. 

s. 

s.  eth. 

3895 

3896 

3897 

3898 

3899 

col.  liq.  or  gas, 
1.3598S8-4 

1.965°  g/1; 
0.887- 

4 

-111.3 

10.7 

00 

00 

00  eth. 

3900 

liq 

0.831 

51-2 

s. 

s.  eth. 

3900M 

col.  liq., 
1.4914" 

1.0368- 

4 

d. 

55-56 

v.  si.  s. 

v.  si.  s.  eth. 

3901 

oil 

0.832- 

4 

0.7135— 

55-6 
34.6 

OO 

7  520 

s. 

OO 

3902 

col.  liq.  or 
rhomb., 

«-116.3 

00  chl.,  bz.;  s. 

4 

/3-123.3 

cone.  H2SO4 

1.349724-s 

3903 

col.  gas, 
1,3057-** 

0.8158-37-7; 
2. 198° g/1 

-143.2 

-37.7 

19814 
cm3 

V.  s. 

v.  s.  eth. 

3904 

3905 

3906 

3907 

3908 

3908M 

3909 

3910 

3911 

9  n 

3912 

col.  '.?q., 

1.933*-; 

-108.5 

72.2 

0.420 

s. 

s.     eth., '    bz., 

1.52227-0 

4 

1.9245- 

4 

(-105  to 

chl. 

-111) 

3913 

col.  hq., 
1.365924 

0.7402™ 

<-66 

79 

v.  s. 

OO 

00  eth. 

3914 

3915 

3916 

*>  n 

3917 

col.  inflam. 
liq., 
1.38484"-5 

1.105" 

-102 (-112) 

88.7 

1.355 

(i.) 

00 

00  eth. 

3918 

col.  or  yelsh. 
liq. 

0 .  90015-5 

17 

v.  si.  s. 

00 

s.  eth. 

3919 

3920 

3921 

3922 

20 

0.933- 

3923 

col.  liq 

165.5 

d. 

V.  s. 

00  eth. 

3924 

4 

1.0686- 

3925 

liq., 

216 

10025  d. 

s. 

s.  eth. 

14061610 

4 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Ethyl  phosphite. 


Ethyl  selenide 
Ethyl  silicate. 
Ethyl  sulfate . 


Ethyl  sulfide. 


Ethylsulfinic  acid. 
Ethyl  sulfite 


Ethyl  sulf one 


Ethylsulfonic  acid. 
Ethyl  sulfoxide .  .  . 


Ethylsulfuric  acid 
Ethyl  telluride 


Ethyl  thioalcohol. 
Ethyne*. 
Ethynyl  bromide. 
a-Eucaine 

,  hydrochloride. . . . 


0-Eucaine 

,  hydrochloride . 

.  lactate 


Eucalyptole. 
Eugenic  acid. 
Eugenol 


methyl  ether See  Veratrole,  A-allyl- 


,  methyl-. 

Eugetic  acid . 


Eupittone 


Euxanthic  acid 


Euxanthone 


3-methoxy-. 


Evernic  acid 


Everninic  acid 


Synonyms 


triethyl  phosphite. 


diethyl  selenide 

See  Ethyl  orthosilicate. 
diethyl  sulfate 


ethylthioethane*;  diethyl 
sulfide 

See  Ethanesulfinic  acid.  * 
diethyl  sulfite 


ethylsulfonylethane*;  diethyl 

sulfone 
See  Ethanesulfonic  acid*. 
ethylsulfinylethane*;  diethyl 

sulfoxide 
ethyl  hydrogen  sulfate;  acid 

ethyl  sulfate 
tellurium   ethyl;   diethyl 

telluride 
See  Ethanethiol*. 
See  Acetylene. 
See  Acetylene,  bromo-. 


benzamine ;  betacaine . 


4-benzoxy-2 , 2 , 6-trimethy  1- 
piperidine  lactate;  ben- 
zamine lactate;  benzoyl- 
vinyldiacetonealkamine 
lactate 

See  Cineole. 

See  Eugenol. 

4-allylguaiacol ;  eugenic  acid 


cf-Evodiamine 

/-Evodiamine  (hydrate) 
Exalgin. 


See  Veratrole,  4-allyl-. 
5-allyl-3-methoxysalicylic 

acid;  eugetinic  acid 
hexamethoxyaurin ;  eupit- 

tonic  acid 


1 ,7-dihydroxyxanthone 


See  Gentisin. 

orsellinic  acid  4-everninate ; 

lecanoric  acid  monomethyl 

ether 
2-hydroxy-6-methylanisic 

acid;  orsellinic  acid  4- 

methyl  ether 


See  Acetanilide,  N -methyl-. 


Formula 


(C2H6)3P03 

(C2H6)2Se 

(C2H6)2S04 

(C2H6)2S 

(C2H6)2S03 

(C2H6)2S02 

(C2H6)2SO 

C2H6OS03H 

(C2H6)2Te 

C19H27NO4 

Ci9H27NOvHCl- 
H20 

Ci6H2iN02 

Ci6H2iN02-HCl... 
Ci6H2iN02-C3H603 


CH2:CHCH2C6H3- 
(OCH3)OH 


C3H6C6H2(OCH3)- 
(OH)COOH 
Ci9H8(OCH3)603. 

Ci9Hi6Oio-3H20.. 

HOC6H3(CO)(0)- 
C6H3OH 


Ci7H1607 


CH3OC6H2(OH)- 
(CH3)COOH 

CigHnNsO 

Ci9Hi7N3OH20  . 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.,  1.4079 

liq.,  1.4768.... 

col.  oily  liq., 
1.4010W 


col.  liq., 
1.44233 

col.  liq., 
1.419811 


rhomb,  pi. 


syrupy  liq.. 
col.  oily  liq. 
red-yel.  liq. 


shining  pr.  cr. 
rosettes  f. 
sm.  cr. 

wh.  cr 

wh.  pi.  or  pr.. 
col.  cr 


col.  liq., 
1.541619-4 


pr.  f.  w 

or.  need.  f.  al. 
pa.  yel.  need . 
yel.  need 


need,  or  pr. 
f.  al. 

cr.  f.  w 


yel.  leaf.  .  . 
rhomb,  leaf. 


Density 
g/ml 


0.9G87- 

4 

1.2300- 

4 

L1842"; 

1.172^ 


0.83; 


1 .  1062- 
1.077^4 

4 

20 


.357 


1.3161-7 


1.599- 


1.0664^ 

4 

1.0620- 


Melting 
point,  CC 


-24.5 
-102.1 

73-4  (70) 
5 


103-5 
ca.  200  d. 

78  (91) 
268  d. 


10.3 


124;  anh. 

.127 
200  d. 

155-8  d. 
(162) 
240 


168-9  d. 
(164) 

170-1  d. 

(157) 

278 
146-7 


Boiling 
point,  °C 


156.5 

108 

208  si.  d.; 
9615 

92 


158 
(161.3) 


248 

8915  d. 
280,  d. 
138 


252-3 


d. 
subl.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


i.,sl.d. 
d.  h. 


0.31320 


s.  d. 


15. 616 


v.  s. 
i. 


10 


3.33 

s. 


v.  si. 


si.  s.  c; 
s.  h. 


si.  s. 
i. 


l.  c,  v. 

si.  s.  h. 

s.  h. 


Alcohol 


d.  h. 


117 
3.53 


s. 

si.  s.  h. 
s.  h. 
s.  h. 


Ether,  etc. 


v.  s.  eth. 


eth. 


s.  eth. 


s.  eth. 


s.  h.  eth.;  v.  s. 
bz.;i.pet.eth. 

s.  eth. 

s.  eth. 


v.  s.  eth. 
si.  s.  eth. 

v.  s.  eth. 
s.  eth.,  chl. 


oo  eth.;  s.  chl., 
oils 


s.  eth.,  ^NH4)2 

C03 
s.  glac.  ac.  a., 

alk.,  bl.  color 
v.  si.  s.  eth.;  s. 

alk. 
si.   s.    eth.;  s. 

alk. 

s.  eth. 

s.  eth.,  h.  bz. 

i.  dil.  a. 


For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Moi. 
Wt. 

3962 
3963 
3964 

6-Fenchanol. 
2-Fenchanone. 
7-a-Fenchene 

See  Isofcnchyl  alcohol. 
See  Fenchone. 
/-7,7-dimethyl-2-methyl- 

enenorcamphane 
d-2-fenchanone;  d-1,3,3- 

trimethyl-2-norcampha- 

none;  fenchone 
4-hydroxy-3-methoxycin- 

nainic  acid 

136.23 

3965 

c?-Fenchone 

Ferulic  acid 

152.23 

3966 

HO(OCH3)C6H3- 
CH:CHCOOH 
C35H40O12 

HOCeHsOC- 

194  18 

3967 

Filixic  acid 

652 . 67 

3968 

Fisetin 

3,7,3',4'-tetrahydroxyflavone 

2-(p-aminophenyl)lepidine. . . 

1.    See  d-Catechol. 
salt.  See  Histidine,  diflavianate. 
2,6-anthracenediol*;  2,6- 
anthradiol 

2-phenylchromone ;  2-phenyl- 
1,4-benzopyrone 

See  Chrysin. 
ydroxy-.   See  Morin. 
ydroxy-.   See  Quercetin. 
oxy-.  See  Fisetin. 

quinone 
9-hydroxy-9-xanthene-o- 

benzoic  acid  lactone 
See  Hydroquinonephthalein. 
idryl 

286.23 

Flavaniline 

3969 

[C6H3(OH)2]C- 

(OH)CO 

NH2C6H4C9H6N- 
CH3 

HOC6H3(CH)2- 
CcHsOH 

C6H40C(C6H5): 

1 

CHCO 

HOC6PI3(CO)2- 
C6H2(OH)2 
C20H12O3 

234.29 

3970 
3971 
3972 

3,5,7,3',4'-Flavenpento 
Flavianic  acid,  histidine 
Flavol 

210  22 

3973 

Flavone 

222.23 

3974 
3975 
3976 
3977 
3978 

3979 

,  5,7-dihydroxy-. 

,  3,5,7,2\4'-pentah 

,  3,5,7, 3,4-pentah 

,  3,7,3',4-tetrahydr 

Flavopurpurin 

Fluoran 

256.20 
300.30 

3980 
3981 

,2,7-dihydroxy-. 

Fluoranthene 

202.24 

3982 

Fluorene 

diphenylenemethane 

See  9-Fluorenone*. 
See  9-Fluorenone*. 
See  9-Fluorenol*. 
fluorene  alcohol ;  diphenyl- 

enecarbinol 
9-oxofluorene :  ketofluorene ; 

diphenylene  ketone 
resorcinolphthalein 

C6H4CH2C6H4 .... 

166.21 

,  keto-. 

,  9-oxo-. 

Fluorene  alcohol. 
9-Fluorenol* 

3983 
3984 
3985 
3986 

C6H4CHOHC6H4. . 

182.21 

9-Fluorenone* 

Fluorescein 

3987 

C6H4COC6H4 

1             1 

180.19 

3988 

332.30 

3989 
3990 
3991 
3992 

3993 

,   dibromohydroxy 

,  4,5-dihydroxy-. 

,  2,4,5,7-tetrabrom 

,  2,4,5,7-tetraiodo- 

Fluoro-.  See  the  parent  co 
Fluoroform 

mercuri-,  disodium  salt.  Se 

See  Gallein. 
o-.   See  Eosin. 
.    See  Erythrosin. 
mpounds  (e.g.,  for  fluorobenzen 

trifluoromethane* 

e  Mercurochrome 

e  see  Benzene,  fluor 
CHF3 

220 
70.02 

3993M 

3994 

3995 

,  methyl-. 

Formal. 

Formaldehyde 

.  diethyl  acetal. 

See  Ethane,  1,1,1-trifluoro-*. 
See  Methane,  dimethoxy-*. 
methanal*;  oxomethane  .... 
See  Methane,  diethoxy-*. 

HCHO 

30.03 

3996 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


3993M 
3994 
3995 
3996 


Crystalline 

form,  color 

and  index  of 

refraction 


liq.,  1.472419... 
oil,  1.464714-5. . 


rhomb,  need, 
f.  w. 
cr 


yel.  need. 


col.  pr.  f.  bz. 


yel.  cr.  powd. 
f.  al. 
col.  f.  lgr .  .  . 


yel.  need.  f.  al 
flat  need 


col.  monocl. 
need.  f.  al. 
col.  leaf.  f.  al. 


hex.  need.  f.  w 

yel.  rhomb,  pr 

or.-red  cr. 
powd. 


soluble. 


col.  gas. 


col.  gas. 


Density 
g/ml 


0.864- 

4 

0.9460- 


0.815 


Melting 
point,  °C 


168 

(169-70) 
184  (160) 


360 


97 


295-300  d. 

(270  d.) 
97 


>360 
173-5 

110 

116 
(100-7) 


153  (156) 

84 

312-8  d. 
(d.  290) 


-163 


-92 


Boiling 
point,  °C 


158  (155-6) 
193-5 


459 


25 160 
295  (298) 


341.5 


-82.2; 

204G  atm. 


-21 


Solubility  in  grams  per  103  ml  of 


Water 


s.  h. 


v.  si.  s. 


v.  si.  s 

h. 


75  cms 


Alcohol 


s.  h. 


si.  s.  c. 
si.  s. 


394.5 


Ether,  etc. 


»  eth. 
v.  s.  eth. 

si.  s.  eth.,  bz. 

si.    s.    eth.;    s 
CS2 
si.  s.  eth.,  bz. 


s.  bz. 


v.    s.    eth.;   s. 
ac.  a. 
s.  eth. 


si.  s.  eth. 

s.  H2S04, 
HNOs 

v.    s.    eth.;   s. 

CS2,  ac.  a. 
v.    s.    eth.;    s. 

bz.,  CS2 


s.  eth.,  bz. 

v.  s.  eth. 

si.  s.  eth.;  s. 
alk.  sol.,  dil. 
a.,  h.  glac.  ac. 
a.;  i.  bz.,  chl. 


si.  s.  CHCI3 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

3997 
3997M 

Formaldehyde,  dimethyl 

,  2,4-dinitrophenylhy- 

drazone 

,  dipropyl  acetal. 

,  oxime 

acetal.  See  Methane,  dimethox 

'HCHrNNHCeH*- 

(N02)2 

HCH:NOH 

SCH2SCH2SCH2 

i                  1 

210.15 

3998 
3999 

See  Methane,  dipropoxy-*. 
formoxime;  formaldoxime 

See  2-Thiophenecarbonal. 

s-trithiane ;  trimethylene  tri- 
sulfide ;  trithioformalde- 
hyde;  methanethial*  (trimer) 

See  Formaldehyde,  oxime. 

methanamide* 

45.04 

4000 
4001 

,  2-thienyl-. 

,  thio-  (trimer) 

Formaldoxime. 
Formamide 

,  oxime 

,  chloro-. 

— ,  iV,7V-diethyl- 

,  7V,iV-diphenyl-     . 

— -,  TV-ethyl- 

138.26 

4002 
4003 

HCONH* 

HC(:NOH)NH2... 

HCON(C2H6)2.... 
HCON(C6H6)2.... 
HCONHC2H6..... 

C6H6N:CHNH- 

CfiH6 

HCONHC6H6 

HCOOH 

45.04 

4004 

4005 
4006 

4007 

4008 

methenyl  amidoxime;  isuretin 

See  Carbamyl  chloride. 
N-formyldiethylamine 

iV-formyldiphenylamine ; 
jV-phenylfonnanilide 

.V-ethylmethanamide 

See  Formanilide. 
See  Biuret. 
See  Guanidine. 

60.06 

101.15 

197.23 

73.09 

4009 
4010 
4011 
4012 

,  iV-phenyl-. 

,  ureido-. 

Formamidine,  amino-. 
,  iV,iV-dipnenyl- .  . 

Formamine. 
Formanilide 

196.24 

4013 
4014 

See  Hexamethylenetetr  amine. 
.V-phenylformamide 

See  Formamide,  N,\-diphenyl 
methanoio  oci!* 

121.13 

4015 
4016 

,  7V-phenyl-. 

Formic  acid 

46.03 

4017 

•,  allyl  ester 

allyl  formate;  2-propenyl 
methanoate* 

amyl  formate;  pentyl 
methanoate* 

benzyl  formate;  benzyl 
methanoate* 

butyl  formate ;  butyl  methan- 
oate* 

HCOOCH2- 
CH:CH2 
HCOO(CH2)4CH3. 

HCOOCH2C6H6... 

HCOOC4H9 

HCOOCH(CH3)- 
C2H6 
HCOOC2H6 

HCOOCtHib 

HCOO(CH2)5CH3. 

HCOO(CH2)2- 
CH(CH3)2 

86.09 

4018 

—  — .  amyl  ester 

116.16 

4019 

.  benzyl  ester 

136.14 

4020 

,  butyl  ester 

102.13 

4021 

,  sec-butyl  ester 

102.13 

4022 

4023 
4024 
4025 

-,  ethyl  ester 

— — ,  ethylene  ester. 

,  geranyl  ester. 

■,  heptyl  ester 

ethyl  formate;  ethyl  methan- 
oate* 

See  Glycol,  diformate. 
See  Geraniol,  formate. 
7i-heptyl  formate  . 

74.08 
144.21 

4026 

— — ,  h8xyl  ester 

n-hexyl  formate .  .        

130.18 

4027 

,  isoamyl  ester 

7-methylbutyl  methanoate*. . 

116.16 

*Name  approved  by  the  International  Union  of  Chemistry. 
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3997 
3997M 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  cr. . 
col.  liq . 
tetr.  pr. 


col.  liq., 
1.4453022-7 


rhomb,  f. 
acet.  or 


col.  liq ...  . 
rhomb,  f.  al 
liq 


need.  f.  al. 


col.  monocl. 
pr. 

col.  liq., 
1.37137 

liq 

col.  liq., 

1.395111-5 
arom.  liq 

col.  liq.,  1.3891 

col.  liq., 
1.35975 

col.  liq 

col.  liq 

col.  liq.,  1.391 . 


Density 
g/ml 


1.134—; 

4 

1.1292— 

4 


0.90819 

20 


1.230- 
0.952 


1.1437y; 
1.112?/ 
1.22647- ; 

4 
20 

1.220- 

4 

0.948y 

0.8926^5 

1.081^ 

4 

Q.8108y; 
Q.8848" 
Q.S82" 
0.9236- 


0.894- 


0.898-j 
0.871^ 

4 


Melting 
point,  °C 


167 


215-6 


2.55 


14 


74  (70-1) 


136 


47.5 


40 


-73.5 


-90.0 


-80.5 


Boiling 
point,  °C 


84 
subl. 


210.7  d. 
(92— 510) 


177-8 
337.5™ 

197-9 

>250 

271 

100.7 

83 

130.4 
203.4 
106.8 

97 
54.3 

176.7 
153.6 
123.5 


Solubility  in  grams  per  100  ml  of 


Water 


ca.  10, 
d.  h. 


l.  c; 

si.  s.  h 


00 

S.  h. 


sl.  s. 


si.  s. 
sl.  s. 
i. 

sl.  s. 

sl.  s. 
11. 825 

i. 

v.  s. 
0.30722 


Alcohol 


s.  h. 


sl.  s. 


sl.  s. 


Ether,  etc. 


v.  sl.  s.  eth. 


sl.  s.  eth. 
sl.  s.  eth.,  bz. 

sl.  s.  eth.;  i.  bz. 

v.  s.  eth. 
s.  eth.,  bz. 
w  eth. 


v.  s.  eth.;  s. 
bz.,acet.,chl., 
CS2;sl.  s.  pet. 
eth. 

s.  eth. 


oo  eth.,  glyc. 

oo  eth. 
oo  eth. 
oo  eth. 
oo  eth. 

oo  eth. 
s.  eth. 

s.  eth. 
oo  eth. 
oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

845 
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No. 


4028 
4029 


4030 
4031 


4032 

4033 

4034 
4035 
4036 
4037 
4038 

4039 

4040 


4041 

4042 

4043 

4044 
4045 

4046 
4047 
4048 

4049 

4050 

4051 

4052 

4052M 

4053 

4054 

4055 

4056 

4057 


4058 
4059 
4061 

4052 

4063 


Name 


Formic  acid,  isobutyl 

ester 
,  isopropyl  ester 


,  Minalyl  ester. 

,  methyl  ester. 


octyl  ester. 


p-phenylphenacyl  ester 


propyl  ester 

,  acetyl-. 

,  o-aminobenzoyl- 

,  benzoyl-. 

,  chloro-,  butyl  ester 


, ,  ethyl  ester .  . 

— ,  isoamyl  ester. 


isobutyl  ester. 


,  methyl  ester. 

,  propyl  ester . 


,  trichloroinethyl  es 

-,  cyano-,  ethyl  ester 

,  phenyl-. 
2-thenoyl-. 


Formohydrazide 


Formonitrolic  acid.  .  .  . 
Formosa  camphor. 
Formoxime. 
Formyl  chloride,  chlor 
Formyl  fluoride,  fluoro 
Frangula  emodin. 

Frangulin 

Fraxin 

D-Fructosamine 


D-Fructose. 


Fructosin. 
Fruit  sugar. 
Fucose 


Fulminic  acid,  silver  salt 
Fulminuric  acid 


Synonyms 


isobutyl  formate;  /3-meth- 
ylpropyl  methanoate* 
isopropyl  methanoate* 

See  l-Linalool,  formate. 
methyl  methanoate* ;  methyl 
formate 

//-octyl  formate 

»-propyl  formate 

See  Pyruvic  acid. 
.    See  Isatic  acid. 
See  Glyoxylic  acid,  phenyl-. 
n-butyl  chlorocarbonate 

ethyl  chloromethanoate*; 
ethyl  chlorocarbonate 

7-methylbutyl  chlorometh- 
anoate*; isoamyl  chloro- 
carbonate 

/3-methylpropyl  chlorometh- 
anoate*; isobutyl  chloro- 
carbonate 

methyl  chloromethanoate*; 
methyl  chlorocarbonate 

n-propyl  chlorocarbonate.  .  .  . 

ter.   See  Diphosgene. 
ethyl  cyanomethanoate*; 
cyanoethyl  carbonate 
See  Benzoic  acid. 
See  2-Thiopheneacetic  acid,  a-o 
formylhydrazine 

methylnitrolic  acid 

See  d-Camphor. 

See  Formaldehyde,  oxime. 
o-.    See  Phosgene. 
-.   See  Carbonyl  fluoride. 

See  Emodin. 

isoglucosamine ;  isodextros- 
amine 
levulose;  fruit  sugar 


See  Levulin  (synthetic). 
See  D-Fructose. 
2,3,4,5-tetrahydroxyhexanal* 

(one  form) 
silver  fulminate;  fulminating 

silver 
2-cyano-2-nitroethanamide* ; 

cyanonitroacetamide ;   iso- 

cyanuric  acid 


Formuh 


HCOOCH2CH- 

(CH3)2 
HCOOCH(CH3)2 


HCOOCH3 

HCOO(CH2)7CH3 

HCOOCH2COC6- 
H4C6H6 
HCOOC3H7 

C1C00(CH2)3CH3 

C1C00C2H6 

ClCOOC6Hn 

CICOOCH2CH- 

(CH3)2 

CICOOCH3 

CICOOCH2CH2- 
CH3 

CNCOOC2H5.... 

xo-. 
HCONHNH2.... 

HC(:NOH)N02.. 

C20H20O9 

CieHisOio 

CH2OH(CHOH)3- 
COCH2NH2 
C6Hi206 

C6H12O5 

AgCNO 

CNCH(N02)- 
CONH2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


4028 
4029 


4030 
4031 


4032 

4033 

4034 
4035 
4036 
4037 
4038 

4039 

4040 

4041 

4042 

4043 

4044 
4045 

4046 
4047 
4048 

4049 

4050 

4051 

4052 

4052M 

4053 

4054 

4055 

4056 

4057 

4058 
4059 
4061 

4062 

4063 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 

1.3858419-9 
liq 


col.  liq.,  1.344. 
col.  liq.,  1.414 . 
col.  liq.,  1.3771 


col.  liq 
col.  liq 

col.  liq 

col.  liq 
col.  liq 

liq... 


yel.  pi.  or  neec 
need.  f.  eth..  . 


yel.  need, 
need.  f.  al. 
syrup 


need.  f.  w. .  . . 


need.  f.  al 

sm.  wh.  need, 
f.  w. 
col.  pr.  f.  al .  .  . 


Density 
g/ml 


0.875: 


0.883-^-; 
0.873^-° 


0.98149 
0.975^ 

4 

0.872— 


0.9000- 


1.074- 


138 


.05 


.037- 

4 


1.236- 

i.OGO- 


1.013- 


1.598^°; 
1.669^ 

4 


Melting 
point,  °C 


-95.3 


-99.0 


74 
-92 . 9 


-80.0 


54 
64 


226 
190 


105  (95) 

145 
exp. 
145  exp. 


Boiling 
point,  °C 


71.3 

(00.5-8.5) 


31.50 


198 


81.3 

140-5 

94 

150 

130 

71.4 
110 

110 


Solubility  in  grams  per  100  ml  of 


Water 


C122 


2. 


30. 420 


2.7920 

d. 

d. 
d. 


v.  si. 
s.h. 


V.  s. 
0.075" 


Alcohol 


d. 
d. 

OO 

s.,  d. 


s.h. 


s.h. 

s. 
i. 

6.71« 


LOG22 


Ether,  etc. 


oo  eth. 
»  eth. 


s.  eth.,  me.  al. 


oo  eth. 

oo  eth. 

s.  eth.,  bz.,  chl. 

oo  eth. 


oo   eth.;  s.  bz., 
chl. 

oo  eth.;  s.  bz., 

chl. 
oo  eth. 


s.  eth. 


s.  h.  eth.;  v. 

chl.,  bz. 
v.  s.  eth. 


s.  h.  eth.,  h.  bz. 

i.  eth. 

i.  eth.;  s.  dil.  a. 

s.  eth. 


i.  eth. 

s.    NH4OH;   i. 

HNO3 
v.  si.  s.  eth.;  i. 

chl.,  bz.,  Igr. 


For  explanations  and  abbreviations  sec  beginning  of  table. 
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No. 


4064 

4065 
4066 
4067 
4068 
4069 


Name 


Fumaric  acid 


4070 
4071 
4072 
4073 


— ,  diethyl  ester. . .  . 
-,  dimethyl  ester .  . 
-,  monoethyl  ester. 

— ,  bromo- 

— ,  chloro- 


,  methyl 


Furacrolein. 
Furacrylic  acid. 
Fural. 

4074  |   2-Furaldehyde. 

4075  Furan 


4076 
4077 
4078 

4079 

4080 

4081 

4082 

4083 

4084 

4085 

4086 

4087 

4088 

4089 

4090 
4091 
4092 
4093 

4094 

4095 

4096 
4097 


-,  2- 
-.2. 

-,  3 


acetyl-, 
benzoyl-. 
bromo-. . 


•butoxymethyl- 
tetrahydro- 
-chloro- 


-,  2- 

-,  2- 

,  2-chloromercuri- 

,  2- 

-,  2- 


(chloro- 

methyl)- 

(chloro- 

methyl)tetra- 

hydro- 

(diethoxy- 

methyl)- 

5-dimethyl-. . 


,  2 

,  2 

,  2,5-dinitro-. . 

,  2,5-diphenyl- 

-,  2 

-,  2 


ethoxymethyl- 
tetrahydro- 
iodo- 


,3 

-,2, 
-,  2 
-,  3 


■iodo- 

2'  -mercuridi- 
■methyl-, 
■methyl- 


2-nitro- 


,  tetrahydro-. . . 

,  thio-. 

,  2,3,4-trichloro- 


Synonyms 


irans-butenedioic  acid  * ; 

/rans-l,2-ethylenedicar- 

boxylic  acid 
ethyl    fumarate ;    diethyl 

fumarate 
methyl  fumarate 


monoethyl  fumarate. 


See  Mcsaconic  acid. 
See  Acrolein,  P-2-furyl-. 
See  2-Furanacrylic  acid. 
See  Furfural. 
See  Furfural. 
furfuran 


See  Ketone,  2-furyl  methyl. 
See  Ketone,  2-furyl  phenyl. 
/3-furyl  bromide 


tetrahydrofurfuryl  /(-butyl 

ether 
a-furyl  chloride;  a-chloro- 

furfuran 


furfuryl  chloride 

tetrahydrofurfuryl  chloride. 

furfural  diethyl  acetal 


tetrahydrofurfuryl  ethyl  ether 
a-furyl  iodide 


/S-furyl  iodide 

See  Mercury,  di-2-furyl-. 
silvan;  sylvan 


tetramethylene  oxide. 
See  Thiophene. 


Formula 


HOOCCH:CH- 
COOH 

(:CHCOOC2H6)2. 

(:CHCOOCH3)2.. 

HOOCCH:CH- 

COOC2H5 
BrC(COOH):CH- 

COOH 
C1C(C00H):CH- 

COOH 


OCH:CHCH:CH 

1 1 


C4H3OBr 

C4H70.CH20C4H9 

C4H3OCI 

C4H3OHgCl 

C4H3OCH2CI 

C4H7OCH2CI 

C4H3OCH- 

(OC2H6)2 
C4H20(CH3)2 

C4H20(N02)2 

C4H20(C6H6)2.... 

C4H7OCH2OC2H6 

C4H3IO 

C4H3IO 

C4HaOCH:! 
C4H3OCH3 

C4H3ONO2 

OCH2CH2CH2CH2 

1 1 

C4HCI3O 


*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl. 
pr. 

col.  liq 

col.  tricl.  pr. 

pl 

Pi 

pl.  f.  ac.  a .  . 


col.  liq., 
1.42157 


liq.,  1.4981.... 

col.  liq 

col.  liq.,  1.4571 


col.  cr.  powd. 
f.  al. 
col.  liq.,  1.4941 

col.  liq 


col.  liq 

col.  liq.,  1.4363 

need.  f.  w., 

pr.  f.  al. 
need,  or  leaf. 

f.  dil.  al. 
col.  liq 


col.  oil, 

1.566120 
col.  liq .  . 


col.  liq 
col.  liq 


Density 

g/ml 


635 : 


1.054- 


0.944415; 
0.936C- 


1.650- 

4 

0.9150- 
1.1923- 


.1783- 
.1102- 


0.9026- 


0.9386 
.20 


It.  yel. 

monocl.  f. 

pet.  eth. 
liq.,  1.40402' 


2.024: 
2.045- 

0.916 
0.923- 


1.5471*-° 

4 


Melting 
point,  °C 


287 (293-5) 

0.6 

102 

66 

185-6 

191-2 


148 


101 
91 


28.8-9.2 


Boiling 
point,  °C 


290;  subl. 
200 

218 

192 

147M 

d.  200 

subl. 


327"<s 

101. 9-2.2™ 
194.5-6.0721 

77.2-7.5™ 

49.1-9.426 

149.0- 
9.572i 

184-5740 

94 

343-5 
152-4726 

43-515 

132.2732 

62,5-3j0'" 

65.5 

64-66 
151.7-2.7784 


Solubility  in  grams  per  100  ml  of 


Water 


0.7025, 
9.8100 

si.  s. 

i. 

si.  s. 

s. 

v.  s. 


Alcohol 


5.7529.7, 
4.7676 


si.  s. 

V.  s. 
s. 
V.  s. 


s.  h. 


1.  c. 
V.  s. 


Ether,  etc. 


0.7225  eth.;  v. 

si.  s.  CCU, 

chl. 
s.  eth. 

si.  s.  eth.;  s.  c. 
chl. 
v.  s.  eth. 


v.  s.  eth.;  si.  3. 
bz. 


v.  a.  eth. 


s.  eth. 

si.  s.  eth. 
s.  eth. 


s.     eth.,     chl., 
ac.  a.,  bz. 
s.  eth. 

v.   s.   eth.;   s. 
most  org.  solv. 


s.  eth. 
s.  eth. 
s.  eth. 
s.  eth. 
s.  eth.,  alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4098 
4099 

4100 

2-Furanacetonitrile  . . 
2-FuranacryIic  acidc.  . 

,  amvl  ester 

2-furylacetonitrile;  furfuryl 
cyanide 

/S-2-furylacrylic  acid;  2- 
furalacetic  acid;  fur- 
acrylic  acid 

n-amyl  /3-2-furylacrylate 

n-butyl /3-2-furylacrylate.  .  . . 

ethyl  /S-2-furylacrylate; 
ethyl  furacrylate 
methyl  /3-2-furylacrylate 

n-propyl  /3-2-furylacrylate   .  . 

See  Furfuryl  alcohol. 

See  Furfural. 

ide.  See  2-Furoyl  chloride. 
d.  See  Furoic  acid. 
d  3-furoic  acid  . 

C4H3O  CH>CN  ... 

C4H3OCH:CH- 
COOH 

C4H3OCH:CH- 

COOCH5H11 
C4H3OCH:CH- 

COOCH4H9 
C4H3OCH:CH- 

COOCHoHs 
C4H3OCH:CH- 

COOCH3 
C4H3OCH:CH- 

COOC3H7 

C4H3OCOOH 

CH3C4HjOCOOH 
CEUC^HsO- 

COOC2H5 

hloride. 
C4H20(COOH)2... 

C4H20(COOCH3)2 

C4H3OCHO 

C4H3OCH- 

(OOCCH3)2 

C4H3OCH:NNH- 
CH3C4H2OCHO 

NO2C4H2OCHO. 
C4H7OCHO  .     .. 

C15H12N2O3 

C4H.3OCH2OH... 

C4H3OCH2OOa 

C4H3OCH2- 
OOCCsHv 

107.11 
138  12 

208  25 

4101 

,  butyl  ester 

194  22 

4102 

,  ethyl  ester 

166  17 

4103 

,  methyl  ester 

152  14 

4104 

,  propyl  ester              .... 

180  20 

4105 

4106 
4107 
4108 
4109 

2-Furancarbinol. 
2-Furancarbonal*. 
2-Furancarbonyl  chlor 
2-Furancarboxylic   aci 
3-Furancarboxylic   aci 

,  4,5-dihydro-5-ke 

,  2,5-dimethyl-. 

,  2-methyl- 

112  08 

4110 
4111 
4112 

to-.  See  Aconic  acid. 
See  Pyrotritaric  acid. 

126.11 

4113 

, ,  ethyl  ester 

154.16 

4114 
4115 
4116 

,  tetrahydro-5-oxo 

2,5-Furandicarbonyl  c 
2,3-Furandicarboxylic 
acid 

,  dimethyl  ester 

-.  See  Paraconic  acid. 
hloride.  Sec  Dehydromucyl  c 

156  09 

4117 

184.14 

4118 
4119 
4120 
4121 

4122 

2,5-Furandicarboxylic 
2,5-Furandione. 
2-Furanmethylamine. 
Furfural 

,  diacetate. . . 

acid.  See  Dehydromucic  acid. 

See  Maleic  anhydride. 

See  Furfurylamine. 

2-f  urancarbonal* ;  2-f uralde- 
hyde;  fural;  furfuralde- 
hyde;  furole;  furfurole 

furf urylidene  diacetate 

See  Furan,  2-(diethoxymethyl)~ 
See  H ydrof uramide. 

96.08 
198.17 

4123 
4124 

,  diethyl  acetal. 

,  hydramide 

4125 

,  phenyl hydrazone 

186  21 

4126 
4127 

,  5-methyl- 

,  5-nitro- 

-methylfurfurole . 

110. 11 

141. OS 

4128 

4128T 

4129 

4130 

4131 

4132 

,  tetrahydro- 

Furfural  acetone. 
Furfuralcohol. 
Fur  fur  amide. 
Furfuran. 
Furfurine 

furfural  tetrahydride 

See  Acetone,  furf  urylidene-. 
See  Furfuryl  alcohol. 
See  Hydrofuramide. 
See  Furan. 

100.11 

268.25 

4133 
4134 

4135 

Furfurole. 

Furf uryl  alcohol 

See  Furfural. 

2-furancarbinol;  furfuralco- 
hol; a-f  urylcarbinol. 

98  10 
140  13 

4136 

,  butyrate 

168.19 

"Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 


wh.  need.  f. 

w.,  odorless, 

1.528620 
col.  liq 


col.  liq 


col.  liq., 
1.528620 

col.  liq., 
1.444720 

col.  liq., 
1.522920 


col.  need.  f.  w 


col.  cr.  f.  w. 
col.  liq ...  . 


col.  cr.  powd . 
col.  gran.  cr.  . 


col.-yel.  liq.; 

almond  odor, 

1.5260820 
col.  cr.  f. 

pet.  eth. 


col.  liq. 


straw  yel , 
col.  liq. . . 


It.  br.  need. . . 

col.-yel.  lie., 
almost  odor- 
less, 1.485025 

col.  liq., 
1.460325 

col.  liq 


Density 
g/ml 


1.0854= 


1.0322" 
1.0482^ 

4 

1.0891- 

4 


1.0744 


1598- 

4 


1 . 1072 


1.109- 

18 


1.10947^ 
i 


1.1296*-° 

4 


111757 

1.0530*-° 

4 


Melting 
point,  °C 


78-8020 
141 


24.5 
27 


120.5-1.5 
102-3 

225 
37 

-3o.o 
52-3 

97 
36 


117 


Boiling 
point,  °C 


226;  1178 

119.4 
121. O5 

132-318; 

1178 
114-516; 

227-8744 
1197 


105-1012 


85-720 


161.7 


220 

(143-420) 


187; 
106-7GO 


I44-5740 


171750 


175-7764 

212-3764 
(69-701) 


Solubility  in  grams  per  100  ml  of 


Water 


8  320 


v.  si. 


Alcohol 


Ether,  etc. 


v.  s.  eth. 
s.  eth. 


v.  s.  eth. 


s.  eth. 
s.  eth. 


s.  eth. 
v.  s.  eth. 

00  eth. 
s.  eth. 

s.  eth. 
00  eth. 

s.  eth. 


s.  eth. 
00  eth. 

s.  eth. 
00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4137 
4138 

4139 
4140 

4141 
4142 

4143 

4144 
4145 

4146 

4147 

4147D 

4147E 

4147F 

4147G 

4147H 
4147J 

4147K 

4147L 

4147M 

4147N 
4147P 
4147Q 
4147R 

4147S 

4147T 
4147U 
4147V 

4147W 

4147X 
4147Y 
4148 
4149 


Name 


Furf  uryl  alcohol,  pro- 
pionate 
,  2-f uroate 


,  5-methyl-. 
-,  tetrahydro- 


Furfurylamine. . 
,  tetrahydro- 


Furfuryl  chloride. 
Furf  uryl  esters. 
Furfurylidene  diacetat 
Furfuryl  mercaptan . . . 


Furil 


2-Furolc  acid,  Furoic 
acid 

,  amyl  ester 


,  butyl  ester.  .  . 

.,  sec-butyl  ester , 

,  ethyl  ester .  .  . 


-,  furfuryl  ester. 
-,  heptyl  ester .  . 


hexyl  ester .  . 
isoamyl  ester 
methyl  ester. 


-,  ©ctyl  ester 

-,  propyl  ester 

- ,  3-bromo-. .  .  . 
-,  5-bromo-. .  .  . 
— ,  ,  ethyl  ester 


-,  3-chloro-. 
-,  5-chloro-. 
,  5-methyl- 


-,  methyl  ester 


,  5-nitro-  .  .  . 

,  tetrahydro- 

3-Furoic  acid. 
Furoin 


Synonyms 


furfuryl  furoate;  furfuryl 
pyromucate 

o-mcthyl-2-furancarbinol.  . 

tetrahydro-2-furancarbinol 


2-furanmethylamine 

tetrahydro-2-furanmethyl- 
amine 

See  Furan,  2-{chloromethyT)-. 
See  under  Furfuryl  alcohol. 
e.    See  Furfural,  diacetate. 
2-furylmethanethiol 


bipyromucyl;    di-2-furyl- 

glyoxal 
2-f urancarboxylic  acid ;  pyro- 

mucic  acid 
n-amyl  furoate 


n-butyl  furoate.  . 
sec-butyl  furoate. 
ethyl  furoate 


See  Furfuryl  alcohol,  2-furoate. 
n-heptyl  furoate 


n-hexyl  furoate. 
isoamyl  furoate. 
methyl  furoate . 


n-octyl  furoate 

n-propyl  furoate 

/9-bromopyromucic  acid 
5-bromopyromucic  acid. 


/3-chloropyromucic  acid. 
5-chloropyromucic  acid. 


tetrahydropyromucic  acid . 
See  3-F urancarboxylic  acid. 


Formula 


C4H3OCH2- 

OOCC2H6 
C4H3OCO2CH2- 

C4H3O 

CH3C4H2OCH2OH 
C4H7OCH2OH... 


C4H3OCH2NH2. 
C4H70CH2NH2. 


C4H3OCH2SH. 


C4H3OCOCOC4- 
H30 
C4H3OCOOH... 


C4H3OCOOC6Hn 
C4H3OCOOC4H9. . 
C4H3OCOOC4H9.. 
C4H3OCOOC2H6.. 

C4H3OCOOC7H16. 
C4H3OCOOC6Hi3. 
C4H30COOC6Hn. 
C4H3OCOOCH3... 

C4H3OCOOC8H17. 

C4H3OCOOC3H7.. 

C4H2BrOCOOH .  . 

BrC4H2OCOOH.. 

BrC4H2OCOOC2- 

ClC4H2OCOOH... 
ClC4H2OCOOH... 
CH3C4H2OCOOH 

CH3C4H2OCOO- 
CH3 

N02C4H2OCOOH 
C4H7OCOOH 


C4H3OCHOH- 

COC4H3O 


Mol. 
Wt. 


154.16 
192.16 

112.12 
102.13 


97.11 
101.15 


114.16 
190.15 
112.08 
182.21 
168.19 
168.19 
140.13 

210.27 
196.24 
182.21 
126.11 

224.29 

154.16 

190.90 

190.99 

219.04 

146.53 
146.53 
126.11 

140.13 

157.08 
116.11 

192.16 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq ...  . 
dimorphous 

col.  liq ...  . 


col.,  almost 
odorless  liq. 
1.45021' 

col.  liq 

col.  liq 


col.  oily  liq. 

1.5329 
yel.  need. . . 


wh.  monocl. 

need.,  subl. 

col.  liq 


col.  oil,  d.  on 
standing 
col.  liq 


wh.  leaf,  or 
pr., 

1.479720-8 


col.  liq 
col.  liq 
col.  liq 


col.  liq. ;  turns 
yel.  in  light, 
1.48602o 

col.  liq 


col.  liq 

wh.  need,  f .  w 
wh.  leaf.  f.  w. 


pr 


wh.  cr 

wh.  leaf .  .  . 
pi.  or  need, 
f.  w. 
col.  liq ...  . 


wh.  cr.  f.  w 
wh.  cr 


It.  br.  need. 


Density 
g/ml 


1.1085- 

4 

1.385; 

(1.330) 

1.0769" 
1.0495^ 

4 


< 


13180^ 

4 


1.0335 
1.0555 
1.0465 
1.0974- 
1.1774- 


1.0005- 

4 

1.0170- 


1739- 

15 


0.9885 
1.075 


1.52820 


1.1933 


Melting 
point,  °C 


27.5(19.5) 


165-6 
133 


34  (30-3) 


127-9 

186 

17 

148.5-9.5 

179-80 

108-9 


185.0-5.5 
21 

134-5 


Boiling 
point,  °C 


195-6762 
1222 

194-6744 
177-787« 


144-6 
151-2W5 


155;  8465 


230-2; 
subl.  100 
95-71 

118-2025; 
83-4i 
67-91 

195™ 


116-71 
105-71 
135-725 
181.3 

126-71 
211 


235767 


9815 

subl. 
131-214 


Solubility  in  grams 

Water 

Alcohol 

v.  si.  s. 

.GO 

i. 

s. 
s. 

s. 

V.  s. 

OO 

OO 

OO 

00 

S. 

00 

i. 

i. 

S. 

3.57'5 

S. 

i. 

OO 

1. 

00 

i. 

OO 

i. 

00 

i. 

S. 

i. 

S. 

i. 

OO 

i. 
(si.  s.) 

OO 

i. 

S. 

l*(sl.  s.) 

1.320 

S. 
S. 

v.  si.  s. 
c. 
i. 

S. 
S. 

i. 

0.320 
v.  s.  h. 

s. 

S. 

V.  s. 

s.  h. 

S. 

i. 

si.  s. 

Ether,  etc. 


OO 

eth. 

S. 

eth. 

V. 

s.  eth 

OC 

eth 

S. 

eth. 

CO 

eth. 

s.  eth. 
v.  s.  eth. 


oo  eth. 
00  eth. 
00  eth. 


eth. 


00  eth. 

s.  eth.;  v.  si. 

lgr.,  CS2 
v.  s.  eth. 

s.  eth. 


v.  s.  eth. 
s.  eth. 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4150 
4151 

4152 

4152H 

4152M 

4152S 

4153 

4154 

Furole. 

Furoyl  chloride 

/9-Furyl  bromide. 
a-Furyl  chloride. 
a-Furyl  iodide. 
/9-Furyl  iodide. 
G  acid. 
D-Galactonic  acid 

4155 

4156 

4157 

4158 

4159 

4160 

4161 
4162 
4163 

4164 

4165 
4166 
4167 
4167M 

4168 


4169 
4170 


4171 
4172 

4173 

4174 

4175 

4176 
4177 
4178 

4179 


4180 

4180M 

4181 

4182 


Name 


■Galactose 


D-Galacturonic  acid  .  . 

Gallacetophenone 

Gallanilide 

Gallein 

Gallic  acid 


,  3-monogallate. 

,  trimethyl  ether. 

Gallin 


Gelsemine,  compd.  with 
acetone 

cf-Gelsemine 

,  hydrochloride 

Gentianin. 
Gentiobiose 


Gentisic  acid 


-,  4-hydroxy-. 


Gentisin 


Geranial. 
Geranic  acid. 


Geraniol. . 

,  acetate . 


-,  butyrate . 


-,  formate 

-,  dihydro-. 
tetrahydro-. 


Geranyl  esters. 
Germanium,  tetra- 
phenyl-* 


cf-Glaucine 

Glaurin. 
Glonoin. 
Glucide. 


Synonyms 


See  Furfural. 

2-f  uroyl  chloride ;  pyromucyl 
chloride 

See  Furan,  3-bromo-. 
See  Furan,  2-chloro-. 
See  Furan,  2-iodo-. 
See  Furan,  S-iodo-. 
See  2-\'aphthol-ti,8-disulfonic 
d-lactonic  acid 


2,3,4-trihydroxyacetophen- 
one;  4-acetylpyrogallol 

gallanol ;  3,4,5-trihydroxy- 
benzanilide 

pyrogallolphthalein,  4,5-di- 
hydroxy  fluorescein 

3, 4,5-trihydroxy benzoic  acid. . 

See  m-Digallic  acid. 
See  Benzoic  acid,  'SA,5-trimetho 
3,4,5,6-tetrahydroxy-9- 
xanthene-o-benzoic  acid 


See  Gentisin. 
amygdalose . 


2,5-dihydroxybenzoic  acid; 

hydroquinonecarboxylic 

acid 
See  Benzoic  acid,  2,4,5-trihydro 
1 ,7-dihydroxy-3-methoxy- 

xanthone ;  3-methoxyeuxan- 

thone;  gentianin 
See  Citral  a. 
3,7-dimethyl-2,6(and  2,7)- 

octadienoic  acid* 
3,7-dimethyl-2,6-octadien- 

l-ol  *,  one  form 
geranyl  acetate 


geranyl  butyrate. 


See  dl-Citronellol. 

See  l-Octanol,  3,7 '-dimethyl-* 

See  under  Geraniol. 


See  Diethylene  glycol,  monolaur 
See  Nitroglycerin. 
See  Saccharin. 


Formuia 


C4H3OCOCI 


acid. 

CH2OH(CHOH)4- 
COOH 
C6H12O6 


C&H906COOH.... 

CH3COC6H2(OH)3 

CeHsNHCOCcH- 
(OH)i 

C20H12O7 

(HO)3C6H2COOH . 
C20H14O7 

C20H22N2O2- 

(CH3)2CO 

C20H22N2O2 

C20H22N2O2HCI... 

C12H22O11 

(HO)>C6H3COOH- 
3H20 

xy-. 
C14H10O6 

C10H16O2 

C10H17OH 

C12H20O2 

CH3(CH2)2- 
COOCioHit 
HCOOC10H17 

(CeHs^Ge 

C21H25NO4 

ate. 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
lachrymatory 


need.  f.  w. . . . 
hex.  tab.  f.  al. 


micro,  need., 

[al+53.59°D 
leaf 


col.  cr.  or 

powd. 
red  cr.  powd 

col.  monocl. 
need.  f.  w. 


need 

pr.  f.  acet. 


pr.f. 


two  cr.  forms: 

a  and  0 
col.  need.  f.  w 


yel.  need 

thin  oil, 

1.4869520-2 
col.  liq.,  1.4798 

col.  liq.,  1.4660 
Hq 


Density 
g/ml 


.694- 


col.  tetr 


yel.  rhomb,  pr 


0.952^ 

4 

0.8812j 
0.917^ 

4 

0.9008- 

4 


0.927: 


Melting 
point,  °C 


95-100 

+  1H20 
118-20; 
anh.  165-8 

159-60  d. 

173 
205 
d. 
220  d. 


anh.  at  120 

178 
300 

a 189-95; 

01 90-95 
200 


267 


<-15 


235.7 


119-20 


Boiling 
point,  °C 


59.5-61.5' 

176 


d.  140-1 


400  subl. 


1192o 

229; 

120-217 
242-5™  d. 

151-3* 

113-41* 


>400 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


10.3°, 
68. 325 

s. 

si.  s. 

s.  h. 

v.  si.  s 

h. 

1.1625, 
33100 


s. 
v.  s. 

v.  si.  s. 

i. 
i. 

v.  si.  s. 


s.  h. 


0  59J8 
85% 

s.  h. 


s. 
s. 
27. 225 


s. 
si.  s. 


si.  s.  h. 


s. 

oo;5.41 

50% 
v.  s. 

s. 


s.  eth. 


v.  si.  s.  me.  al. 


i.  eth. 

s.  eth.;  v.  si.  s. 

bz. 
s.  eth. 

si.  s.  h.  eth.;  s. 

alk. 
2.515eth.;s. 

glyc. 


eth. 


s.  eth.,  chl.,  bz. 


s.  h.  me.  al. 

v.    s.    eth.;    i. 
CS2,  chl.,  bz. 


si.  s.  h.  eth.;  s. 
alk. 


s.  eth. 
00  eth. 
00  eth. 
s.  eth. 
s.  eth. 


sl.s.  eth.,  acet. , 
lgr.;  s.  chl. 
bz.,  tol. 

s.  eth.;  v.  s. 
chl.;  si.  s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4184 
4185 

4186 

4186M 

4187 
4188 
4188M 
4189 

4190 


4191 


4192 

4193 

4194 
4195 


4197 
4198 
4199 


4199H 

4199R 
4200 

4202 
4203 
4204 

4205 


4206 

4207 
4208 

4209 


Name 


Synonyms 


Formula 


d-G1uco-  a-heptose 
D-Gluconic  acid  .  .  . 

,  5-lactone 

D-Glucosamine 


•  lextronic  acid;  d-glyconic 
acid ;  maltonic  acid ;  glyco- 
genic acid 


CH2OH(CHOH)6- 
CHO 
C5H6(OH)5COOH 


(,5H6(OH).1COO 


D-Glucosazone. 
Glucose,  /8-glucoside. 

,  tetraethyl-. 

D-Glucose  (anh.)  .  . . 


-,  («) 


,<# 


diacetate 

a-pentaacetate. 

/3-pentaacetate. 
Ai-pentaacetate . 


a-phenylhydrazone . 
/9-phenylhydrazone . 
pheitylosazone 


tetraethyl  ether. 


chitosamine;  2-amino-D-  CeHi3N06 

glucose 

See  D-Glucose,  phenylosazone. 
See  (ellobioss. 

See  D-Glucose,  tetraethyl  ether,  i 
dextrose ;  grape  sugar C6H12O6. . 


diacetyl-d-glucose 

pentaacety  1-or-d-glucose . 
/3-pentaacetyl-rf-glucose. 


— — -,  2-amino-. 

,  pentaacetyl-. 

D-Glucoside,  a-methyl- 

,  /3-methyl- 

D-Glucosone,   bisphenylh 
Glutamic  acid,  ^-hy- 
droxy- (dl) 

/3-hydroxy-(c0 


^/-Glutamic  acid . 
cf-Glutamic  acid . 


/-Glutamic  acid 


</-glucosone  bisphenylhy- 
drazone;  detxrosazone ;  d- 
glucosazone 

tetraethylglucose 


See  D-Glucosamine. 

See  D-Glucose,  pentaacetate. 


ydrazone.  See  D-Glucose,  pheny 
dl-a-am  ino-  /3-hy  droxy- 
glutaric  acid 

d-2-amino-3-hydroxypen- 
tanedioic  acid 


dJ-glutaminic  acid;  dl-a- 
aminoglutaric  acid 

d-glutaminic  acid;  d-a- 
aminoglutaric  acid 


/-glutaminic  acid ;  J-cr-amino- 
glutaric  acid 


C6Hl206'H20 


C6H12O8.H0O. 


C6H6(OOCCH3)2- 
(OH^CHO 
C6H70(OOCCH3)6 

C6H706(OCCH3)6. . 
C6H70(OOCCH3)6 

C6Hi206NNHC6H5 
C6Hi206NNHC6H.s 
C6H10O4- 

(:NNHC6H6)2 


r'uHjgOe. 


CrHnOe 

C7H14O6 

losazone. 
COOHCH2CH- 

(OH)CH(NH2)- 

COOH 
COOHCH2CHOH- 

CH(NH2)COOH 


COOH(CH2)2CH- 
(NH2)COOH 

COOH(CH2)2CH- 
(NH2)COOH 


C3H6(NH2)- 
(COOH)2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


rhomb,  pi.  f.  w. 
cr 


Density 
g/ml 


need 

need.  f.  et. 


rhomb,  need, 
f.  al. 


need.  f.  al 


col.  cr.  or  It. 

yel.  amor, 
fine  need.  f. 

lgr.  or  al. 
need.  f.  al... 
monocl.  tab. 


col.  cr. . . 
col.  need, 
yel.  need. 


[«]»  65 


rhomb,  f.  w 
tetr.  f.  al .  . 


rhomb,  pr. 
and  need. 

pr.  f.  w 


tetr.  pi 
tetr.  pi 


col.  rhomb, 
pi.  f.  w., 
1.490,  1.605, 
1.620 


544- 


1.544: 


1.5620^ 


1.4601*-° 

4 

1.538 


.538 
(1.460) 


Melting 
point,  °C 


215  d. 

(180-90) 
125-6; 

(130-2) 

146(130-5) 
110 


(+1H20 
118-20) 
anh.  146 

146 


150 

<100 

113(111-2) 

131 
116-8 

160 
141 
208  d. 


61-4 


165 
104 

198  d. 


soft.  100; 

hyd.  105; 

(rac. 

198  d.) 
225-7  d. 

247-9  d. 


202  (198); 
I  213  d. 


Boiling 
point,  °C 


subl. 


138-90-* 


d.  MOO 


Solubility  in  grams 

Water 

Alcohol 

9.5, 

v.  si.  s. 

v.  s.  h. 

s. 

1. 

s. 

si.  s. 

8317-5 

l.M"-5 

32.3°, 

2 

82. 025 

(initial), 

4.5 

(final) 

80% 

154^5 

4.9 

(initial), 

9.1 

(final) 

80% 

s. 

s. 

0.1518-5 

1.32*5 

0.0918-5 

0.8219 

s. 

s. 

warm 

v.  s. 

v.  s.  h. 

si.  s. 

s. 

v.  si.  s. 

s.  h. 

63 

1.6 

58 

4.2 

v.  s.  h. 

v.  s. 

i. 

2.6425, 

v.  si.  s. 

8.1650 

0.8925, 

0.03725 

75% 

2.2350 

0.00325 

100% 

1.520 

0.0715 

Ether,  etc. 


i.  eth. 


i.  eth.,  CHClj 


i.  eth. 


i.  eth. 

s.  eth.;  i.  bz. 

2.715eth. 

2.115  eth. 
si.  s.  eth. 

v.  si.  s.  eth. 
v.  si.  s.  c.  eth. 


i.  eth. 
i.  eth. 


i.  eth.;  v.  s.  ac. 
a. 

v.  si.  s.  eth. 
0. 00725  me.  al.; 
0.000425  acet. 
i.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4210 


4211 

4212 
4213 


4214 

4215 
4216 
4218 

4219 
4220 

4221 

4222 

4223 

4224 

4225 

4226 

4227 

4228 


4229 

4230 
4231 

4232 
4233 
4234 

4235 

4236 

4237 

4238 
4239 

4240 

4241 


Name 


/-Glutamic  acid,  hydro- 
chloride   


Q-Glutamine 


Glutaramic  acid,  a-am 
Glutaric  acid 


diethyl  ester. 


piperazinium  salt. 
,  a-amino-. 
,  a-hydroxy-.  . 


/9-keto-. 
a,/9,7-trihy- 

droxy-(d/) 
a,/3,7-trihy- 

droxy-(d  or  1) 


Glutaronitrile 


Glyceraldehyde 
Glyceric  acid. . . 


,  ethyl  ester . . 

,  methyl  ester. 

Glycerin. 
Glycerol 


borate 


-,  or-chlorohydrin. 
-,  diacetate 


-,  s^/m-dichlorohydrin. 
-,  wns-dichlorohydrin. 
-,  1 ,3-dilaurate 


-,  1,3-dinitrate. . . 
-,  1,3-dipalmitate. 
-,  1,3-distearate. . 


-,  ethylidene  ether. 
-,  monoacetate 


-,  1-monolaurate . 
-,  ^-mononitrate . 


Synonyms 


d-a-aminoglutaramic  acid. 

ino-.    See  Glutamine. 
pentanedioic  acid* 


diethyl  pentanedioate*; 
ethyl  glutarate 


See  Glutamic  acid. 
2-hydroxy pentanedioic  acid* 

See  Acetonedicarboxylic  acid. 


2,3,4-trihydroxypentane- 

dioic  acid* 
pentanedinitrile*;trimeth- 

ylene  dicyanide ;  trimeth- 

ylene  cyanide 
2,3-dihydroxypropanal*;  a, 

/3-di  hydroxy  propionalde- 

hyde 
2,3-dihydroxypropanoic 

acid*;  a,  /9-di  hydroxy  pro- 
pionic acid 
ethyl  2,3-dihydroxypro- 

panoate* 
methyl  glycerate 


See  Glycerol. 

glycerin;  1,2,3-propanetriol' 


glyceryl  borate. 


See  1,2-Propanediol,  3-chloro-* 
diacetin 


See  2-Propanol,  1,3-dichloro-' 
See  1-Propanol,  2,3-dichloro-' 
a.,  7-dilaurin 


a,  7-dipalmitin. 
a,  7-distearin .  . 


See  Acetoglyceral. 
monoacetin 


a-monolaurin 


Formula 


C6H9NO4HCI. 


C3H6(NH2)- 
(CONH2)COOH 

COOH(CH2)3- 
COOH 


C2H5OOC(CH2)3- 
COOC2H5 
C4HioN2-2C6H804. 

COOHCHOH- 
(CH2)2COOH 

COOH(CHOH)3- 

COOH 
COOH(CHOH)3- 

COOH 

CN(CH2)3CN... 


CH2OHCHOH- 
CHO 

CH2OHCHOH- 
COOH 

CH2OHCHOH- 

COOC2H5 
CH2OHCHOH- 

COOCH3 

CH2OHCHOH- 
CH2OH 


(03H5BOa 


C3H5(OH)- 
(OOCCH3)2 


(011^3000)2- 

C3H5OH 

C3H5(OH)(N03)a- 
'.H20 

(Cl5H3lCOO)2- 

C3H6OH 

(Cl7H35COO)2- 

C3H6OH 

CH2OHCHOH- 
CH2OOCCH3 

C11H23COOCH2- 
CHOHCH2OH 

CH2OHCHOH- 
OH2ON02 


*Name  approved  by  the  International  Union  of  Chemistry. 

858 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


tncl.  pi.,  [a] 
1.546°d; 
[fll.559°D 

need 


col.  monoc!. 
1.4188106-4 


syrup  1.424120. 

wh.  cr 

sm.  col.  cr .  .  . 


col.  tab.  f. 

acet. 
col.  leaf.  f. 

acet. 
col.  liq., 

1.43u523-2 

need,  or  pr.  f. 
me.  al. 


syrup 


liq 

liq 


rhomb,  or  col. 
liq.,  1.4729 


glassy  yel . 
col.  liq .  .  . 


cr 

liq 

cr.  f.  al.  or  chl 

rhomb,  pi.  f. 
chl.  or  lgr. 

col.  oil 

wh.  need 

col.  pr 


Density 

g/ml 


1.429- 

1.192 


.025 


4 

106 

4 
20 


0.995- 


1.191 


20 

1.260- 


184- 


1.47— 

4 


1.2060*-° 

4 


1.40- 


Melting 
point,  °C 


d.  201 
185-6 
97.5;  95-6 

-24.1 

152 

72-3 

152  d. 

128 
-29 

138 


17. 9,  solid- 
ifies  at   a 
much 
lower  tem- 
perature 


40 


56.6 

<-30; 
anh.  26 
70 

79.1 


63.0 

58 


Boiling 
point,  °C 


304  d. 


237 


287.4 


230-40; 

121" 
239-44; 

12014 


290 


17640;  280 
(250-3) 


14815 


158163 


155-60 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


v.  s.,  d. 

4.2525 

6420 

0 .  8820 


v.  s. 
v.  s. 
s. 

si.  s. 


7.7 


70 


.0004625 


v.  s. 

s.  h. 

s. 

v.  s.  h. 
V.  s. 

s. 

v.  si.  s. 


V.  s. 

00 


sl  s.  c, 
v.  s.  h. 

sl.  s.  c, 
s.  h. 

V.  s. 

sl.  s.  c, 
s.  h. 
v.  s. 


v.  sl.  s.   cone. 
HC1 

i.  eth. 


v.  s.  eth.;  s. 
bz.,  chl.;  sl.  s. 
pet.  eth. 


s.  eth. 
i.  eth. 


s.  acet. 
s.  acet. 
i.  eth. 

v.  sl.  s.  eth. 

i.    eth.;    v.    s. 
acet. 

v.  s.  eth. 

v.  sl.  s.  eth. 

i.  eth.,  chl. 


s.  eth.;  i.  CS2 

s.  eth. 
s.  eth. 

sl.  s.  c,  v.  s.  h. 

eth. ;  s.  chl. 
sl.  s.  c,  s.  h. 

eth. 

sl.  s.  eth.;i.  bz. 

sl.  s.  c,  s.  h. 
eth. 
v.  sl.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

859 


PHYSICAL  CONSTANTS  OF 


No. 


4242 

4243 

4244 

4245 

4247 

4248 
4249 

4250 

4251 
4252 
4253 

4254 
4255 
4256 

4257 
4258 

4259 

4260 

4261 

4262 

4263 

4264 

4265 

4266 
4267 
4268 

4269 


4270 
4271 

4272 
4273 

4274 
4275 
4276 


4277 


Name 


Glycerol,  ^-mononitrate 

,  1-monooleate 

,  1-monopalmitate .... 

,  monoricinoleate 

.  1-monostearate 


1-octadecyl  ether. 
1-sodium  derivative 


triacetate . 


-,  tribenzoate. . . . 
-,  tribromohydrin. 
-,  tributyrate .... 


-,  trichlorohydrin. 

-,  trilaurate 

-,  trimyristate . . . . 


-,  trinitrate. 
-,  trinitrite. 


-,  trioleate. . . , 
-,  tripaLmitate . 


-,  tristearate. 
-,  1-thio-. 


Glycerol  ether  (of  Ber- 
thelot  and  de  Luca) 
Glycerophosphoric 

acid 
Glyceryl  a-chlorohydri 
Glyceryl  esters. 
Glyceryl  ether. 
Glyceryl  nitrate. 
Glycidol 


Glycine. 


methyl  ester 

,  N-(p-acetamido- 

phenyl)  - 
,  N-acetyl-. 
,  N-(p-amino- 

phenyl)  - 
■,  iV-benzoyl-. 
,  iV-carbamyl-. 
•,  2V-ethyl- 


-,  N-dl-\eucyh 


Synonyms 


monoolein 

a-monopalmitin . 


a-monostearin. 


See  1,2-Propanediol,  S-octadecy 
sodium  glycerolate;  sodium 
glycerate  (so  called) 
triacetin 


tribenzoin 

See  Propane,  1,2,3-tribromo-*. 
butyrin;  tributyrin 


See  Propane,  1,2,3-trichloro-*. 

trilaurin;  laurin 

myristin ;  trirayristin 


See  Nitroglycerin. 


triolein ;  olein ;  glyceryl  oleate 
tripalmitin ;  palmitin 


stearin ;  tristearin 

3-mercapto-l  ,2-propanediol ' 

glyceryl  ether 

glycerolphosphoric  acid. . . . 


n.   See  1,2-Propanediol,  3-chlor 
See  under  Glycerol. 
See  Glycerol  ether  (of  Berthelot 
See  Nitroglycerin. 
2,3-epoxy-l-propanol*;  epi- 
hydric  alcohol ;  glycide 
aminoacetic  acid;  amino- 
ethanoic  acid* ;  glycocoll 


methyl  aminoethanoate*. . . 
( p-acetamidoanilino)  acetic 
acid 

See  Aceturic  acid. 
(p-aminoanilino)acetic  acid 

See  Hippuric  acid. 
See  Hydantoic  acid. 
(ethylamino)ethanoic  acid*; 

(ethylamino)acetic  acid; 

AT-ethylglycocoll 


Formula 


CH2OHCH- 

(ON02)CH20H 
CirHaaCOOCHa- 

CHOHCH2OH 
Ci6H3iCOOCH2- 

CHOHCH2OH 
CiTHwCOOCa- 

H6(OH)2 
Ci7HMCOOCH2- 

CHOHCh2OH 
loxy-*. 
CH2OHCHOH- 

CH2ONa 
C3H6(OOCCH3)3.. 

C3H6(OOCC6H6)3. . 

(CH3CH2CH2CO)3- 
C3Hs03 

(CiiH23COO)3C3H6 
(CisHwCOO)*- 
C3H6 

C3H6(ONO)3 


(CnHssCOOs- 

C3Hfi 
(dsHaiCOOs- 

C3H6 

(Cl7H36COO)3- 

C3H6 
(HO)2C3H6SH. 


C6H10O3 

C3H6(OH)2OP03H2 
0-*. 
and  de  Luca). 

OCH2CHCH2OH. 

1 1 

NH2CH2COOH.. 


NH2CH2COOCH3 

CH3CONHC6H4- 

NHCh2COOH 

NH2C6H4NHCH2- 
COOH 


C2H5NHCH2- 
COOH 

(CH3)2CHCH2- 
CH(NH2;CONH- 
CH2COOH 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf. 


leaf 

amber  liq 

need,  or  wax- 
like  solid 

wh.  powd 

col.  liq 

need.  f.  me.  al 

col.  oily  liq., 
1.4359 

col.  need 

glit.  need.  f. 
eth.,  1.442960 

yel.  liq 

col.  oil 


col.  need.  f. 

eth., 

1.43818° 
col.  cr.  f.  eth. 

1.43998° 
thick  liq ... . 


col.  liq ...  . 
col.  oily  liq. 


col.  liq 


wh.  monocl., 
1.495,  1.615, 
1.650 

col.  hq 


leaf. 


leaf.f.  al... 


cr.  f .  w . . 


Density 
g/ml 


1.40- 

4 

0.947- 

4 


1.0284^° 
0.9841- 

4 


1.161- 
1.228^ 

4 

1.0350y 


0.8944- 

60 


0.885 


1.291^ 

16 

0.915^ 

4 


0.866- 

0.862- 
1.295- 
1.091- 
1.59^ 

4 

1.165 

1.601 


Melting 
point,  °C 


54 
35 

77.0 

81.1(57-8) 

d.  245 
-78 
76.5 
<-75 


46.4 
56.5 


-17;  frz.-6 
65.1;46 

54.5:70.8 


-20 


233  d.; 
(225-30) 


241-2 
222-3  d. 

>160d. 
243  d. 


Boiling 
point,  °C 


160 


259 

d. 

315 
(203-425) 


150  si.  d. 

240*8 

310-20 

d. 
173 


162  d. 
289-92  d. 

ca.  130  d. 


Solubility  in  grams  per  100  ml  of 


Water 


disper- 
sible 

disper- 
sible 

d. 

7.17 

i. 

i. 


v.  si.  s. 


25. 325, 
57. 575 


si.  s. 


6.6h. 


Alcohol 


5.30622-6 


si.  s.  c, 
v.  s.  h. 


s.  h. 
v.  s. 


d. 

si.  s. 
.00421 

v.  si.  s. 


0.04325 
90% 


v.  si.  s. 


Ether,  etc. 


si.  s.  eth. 

v.  s.  eth. 

si.  s.  c,  s.  h. 
eth. 
oo  eth. 

si.  s.  c,  v.  s.  h. 
eth. 


oo  eth. 
v.  s.  eth. 
v.  s.  eth. 


s.  eth.;  v.  s.  bz. 
s.  eth.,  bz.;  v. 
s.  chl. 

s.     eth.,     chl., 

bz.;i.  CS2 
v.s.  eth. ;  s.  chl. 

v.s.  eth.;s.  chl. 


s.  eth. 
i.  eth. 
oo  eth. 


oo    eth. 
0.6120pyr. 


v.  si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4278 
4279 

4280 

4281 
4282 


4283 

4284 
4285 
4286 

4287 
4288 

4289 
4290 

4291 
4292 
4293 


1294 

4295 
1296 

4297 

4297M 

4298 

4299 
4300 
4301 
4302 

4303 

4304 

4305 
4306 

4307 

4308 

4309 
4310 
4311 

4312 
4313 
4314 
4315 


Name 


Glycine,  iV-methyl-. 
,  iV-o-nitrophenyl- 

,  7V-phenyl- 


, ,  o-carboxylic  acid. 

Glycine  anhydride .  .  . 


Glycocholic  acid 


Glycocoll. 

Glycocyamidine,   1-me 
Glycocyamine 


,  methyl-. 


Glycogen 


Glycogenic  acid. 
Glycol 


,  For  derivatives  see  also 

,  cyanohydrin. 

.  diacetate 


dibenzoate . 

dibromide. 
dibutyrate. 

dichloride. 
difiuoride. 
diformate . 


Synonyms 


See  Sarcosinc. 


anilinoacetic  acid 


See  Anthranilic  acid,  N-(carbo 
2,5-piperazinedione;    a,    y- 

diacipiperazine,    diglycolyl 

diamide 


See  Glycine. 
thyl-.      See  Creatinine. 
guanidoacetic  acid 


See  Creatine. 
animal  starch . 


See  D-Gluconic  acid. 
1,2-ethanediol*;  ethylene 
glycol 
1,2-Ethanediol. 
See  Hydracrylonitrile. 
ethylene  acetate 


ethylene  benzoate;  ethylene 

dibenzoate 
See  Ethylene  bromide. 
ethylene  butyrate 


diiodide. 
dilaurate . . . 
dimyristate. 
dinitrate.  .  . 


dini  trite 

dipalmitate. 


diphenyl  ether, 
di  propionate  .  . 


distearate . 


dithiocyanate. 


ethylene  ether, 
ethylidene  diether. 
monoacetate 


monobenzyl  ether, 
monobutyl  ether, 
monoethyl  ether, 
monoformate 


See  Ethylene  chloride. 
See  Ethylene  fluoride. 
ethylene  formate 


See  Ethylene  iodide. 
ethylene  laurate.  .  . 
ethylene  myristate 
ethylene  nitrate 


ethylene  nitrite  .  .  . 
ethylene  palmitate . 


See  Ethane,  1,2-diphenoxy-* 
ethylene  propionate 


ethylene  stearate 

ethylene  (di)thiocyanate. 


See  p-Dioxane. 

See  1,3-Dioxolane,  2-methyl-. 


See  Ethanol,  2-benzyloxy- 
See  Ethanol,  2-butoxy-*. 
See  Ethanol,  2-ethoxy-*. 
/3- hydroxy  ethyl  formate , 


Formula 


NO2C6H4NHCRV 

COOH 
CeHsNHCHij- 

COOH 

xymethyl)-. 

NHCOCH2NH- 

1 

COCH2 

C24H3904NHCHV 

COOH 


NH2C(:NH> 
NHCH2COOH 


(CeHioOe)* 

CH2OHCH2OH.. 

(CH2OOCCH3)2.. 
(C6H6COO)2C2H4. 


(CH2OOCCRV 

CH2CH3)2 


HCOOCH2CH2- 

OOCH 
(CiiH23COOCH2)2 

(Cl3H27COOCH2)2 

C2H4(ON02)2 


C2H4(ONO)2 

(Ci5H3iCOOCH2)2 


(CH3CH2- 
COOCH2)2 

[CH3(CH2)i6- 
COOCRY]2 

(CH2SCN)2. . 


CH3COOCH2- 
CH2OH 


HCOOCH2CH2OH 


Mol. 
Wt. 


196.16 
151.16 

114.10 

465.62 
117.11 


(162- 
.14), 

62.07 


146.14 
270.27 
202.25 

118.09 

426.67 
482 . 77 
152.07 

120.07 

538.87 

174.19 
594.98 
144.21 

104.10 
90.08 


:Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  iD  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

4278 
4279 

dk.  red  cr.  f.  al. 
col.  cr 

tab 

192-3  d. 
127 

275  d. 

134 

d. 
240 

-17.4  (-12) 

-31 
73-4 

v.  si.  s. 
s. 

s.  h. 

0.33  c. 

0.4515 
V.  s. 

00 

14.3 

i. 

i. 

si.  s. 

i. 
i. 
i. 

i. 

si.  s. 

i. 

s. 

00 
00 

v.  s.  h. 
s. 

v.  s. 

V.  s. 

v.  si.  s. 

i.  c,  s. 
h. 

00 

00 

V.  S. 

S. 

V.  S. 
S. 
S. 
0.3138 

00 

0.12240 

s. 

00 
OO 

si.  s.  eth. 

4280 

si.  s.  etl'. 

4281 

4282 

subl. 

4283 

col.  need 

leaf,  or  need, 
f.  w. 

wh.  amor 

col.  liq.,  1.4274 

col.  liq.,  1.415. 

rhomb,  pr. 
f.  eth. 

liq 

0.0920eth. 

4284 
4285 
4286 

v.  si.  s.  eth. 

4287 
4288 

1.1155^-° 

4 

1.128-*-; 

1.104-° 

4 

1.024- 

4 

1.193- 

4 

i.  eth. 

4289 
4290 

4291 
4292 
4293 

4294 

4295 
4296 

197.2 
(198-200) 

186 

(190.5) 

d.  360 
240 

174 
18820 

7.89  eth. 

»  eth. 
s.  eth. 
v.  s.  eth. 

4297 

4297M 

4298 

1.35800 

s.  eth. 

4299 
4300 

50-2 
62-3 
-20 

<-15 

68.7 
(69-72) 

76-7 
90 

v.  s.  eth. 

4301 

cr 

4302 
4303 

yel.  liq 

liq 

1.4838 
1.2156- 

4 

0.859477-9 

1.054415 
0.858178 

exp.  114-6 

98 

226 

211;  90-28 

2412» 

d. 

182 
180;  8825 

d.  alk. 

s.  eth.;  d.  alk. 

4304 

4305 
4306 

leaf,  or  need. . . 
liq 

s.  h.  eth. 
oo  eth. 

4307 
4308 

leaf 

col.  rhomb, 
pi.  or  need. 

col.  liq 

liq 

v.  s.  eth. 
s.  eth. 

4309 
4310 
4311 

1.10815 
1.199- 

4 

oo  eth. 

4312 
4313 
4314 
4315 

oo  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

4316 

Glycol,  monomethyl  ether. 

See  Ethanol,  2-methoxy-*. 

4317 

,  monomethyl  ether  aceta 

te.  See  Ethanol,  2-methoxy-*,  ox 

etate. 

4318 

,  monopalmitate 

C1&H31COOCH2- 

300.47 

CH2OH 

4319 

,  monostearate 

C17H36COOCH2- 

328.52 

CH2OH 

4320 

,  decamethylene. 

See  \.\0-Decanediol*. 

4321 

,  diethylene. 

see  Diethylene  glycol. 

4322 

,  sym-dimethyl-. 

See  2,3-Butanediol*. 

4323 

,  uns-dimethyl-. 

See  1, 2- Propanediol,  2-methyl- 

♦ 

4323M 

,  dipropylene. 

See2-Propanol,  l,l'-oxydi-. 

4324 

,  dithio-. 

See  1,2-Ethanedithiol*. 

4324  M 

,  divinyl-. 

See  l,b-Hexadiene-Z,^-diol* . 

4325 

,  ethyl-. 

See  1,2-Butanediol*. 

4326 

,  ethylene. 

See  Glycol. 

4327 

,  ethyl  methyl. 

See  2,2>-Pentanediol*. 

4328 

,  heptamethylene. 

See  1,7 -Heptanediol*. 

4329 

,  isopropyl-. 

See  1,2-Butanediol,  3-methyl-*. 

4330 

,  nonamethylene. 

See  1,9-Nonanediol*. 

4331 

,  octamethylene. 

See  1,8-Octanediol*. 

4332 

,  octylene. 

See  1,5-Octanediol*. 

4333 

,  pentamethylene. 

See  1,5-Pentanediol*. 

4334 

,  7-pentylene. 

See  1,4-Pentanediol*. 

4335 

— — -,  tetraethyl-. 

See  3,4  Hexanediol,  Z,4-diethyl 

-*. 

4336 

,  tetramethyl-. 

See  Pinacol. 

4337 

,  tetramethylene. 

See  1,4-Butanediol*. 

4338 

— ,  tetraphenyl-. 

See  Benzopinacol. 

4339 

,  thiodi-. 

See  Ethanol,  2,2'-thiodi-. 

4340 

,  triethylene. 

See  Triethylene  glycol. 

4341 

,  trimethyl-. 

See  2,'S-Butanediol,  2-methyl-*. 

4342 

,  xylylene. 

See  Xylylene  glycol. 

4343 

Glycolaldehyde 

hydroxyethanal*;  glycolic 
aldehyde 

CH2OHCHO 

60.05 

4344 

Glycolamide 

2-hydroxyethanamide* ; 

CH2OHCONH2... 

75.07 

hydroxyacetamide 

4345 

Glycoleucine. 

See  Norleucine.     • 

4346 

Glycolic  acid 

hydroxyethanoic  acid*; 

HOCH2COOH... 

76.05 

hydroxyacetic  acid 

4347 

,  ethyl  ester 

ethyl  hydroxyethanoate* .  .  .  . 

CH2OHCOOC2H5 

104.10 

4348 

— — ,  ethyl  ether. 

See  Acetic  acid,  ethoxy-. 

4349 

— — ,  methyl  ester 

methyl  hydroxyethanoate  * ; 

CH2OHCOOCH3.. 

90.08 

methyl  glycolate 

4350 

— — ,  phenyl  ether. 

See  Acetic  acid,  phenoxy-. 

4351 

— — -,  benzoyl- 

a-hy  droxy-  0-ketohy  droci  n- 
namic  acid;  2-hydroxy-3- 
oxo-3-phenylpropanoic  acid 

C6H5COCH(OH)- 
COOH 

180 . 15 

4352 

— — -,  diphenyl-. 

See  Benzilic  acid. 

4353 

,  phenyl-. 

See  Mandelic  acid. 

4354 

,  styryl-. 

See  Z-Butenoic  acid,  2-hydroxy- 

^-phenyl-. 

4355 

,  thio-. 

See  Acetic  acid,  mercapto-. 

4356 

Glycolic  aldehyde. 

See  Glycolaldehyde. 

4357 

Glycolic  anhydride ... 

(CH^OHCO)20.... 

134.09 

4358 

Glycolide 

2.5-7>-dioxanedione;  digly- 

OCOCH2OCOCH2 

116.07 

colide 
See  Hydantoic  acid. 

1                      1 

4359 

Glycoluric  acid 

4360 

Glycoluril 

acetylenediurein 

C2H2(CON2H2)2... 

142.12 

4361 

Gly conic  acid. 

See  Gluconic  acid. 

4362 

Glycosterin. 

See  Diethylene  glycol,  distearate 

4363 

Glyoxal 

ethanedial  * ;  oxalaldehy  de ; 
biformyl 
See  Glyoxime. 

CHOCHO  

58.04 

4364 

— ,  dioxime. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

4316 

4317 
4318 

cr 

0.8786— 

4 

0.8780- 

4 

51.5 
58.5 

24.08" 

10.  01 » 

s.  h.  eth. 

4319 

cr 

s.  h.  eth. 

4320 

4321 

4322 

4323 

4323M 

4324 

4324M 

4325 

4326 

4327 

4328 

4329 

4330 

4331 

4332 

4333 

4334 

4335 

4336 

4337 

4338 

4339 

4340 

4341 

4342 

4343 

col.  pi 

col.  rhomb. . . . 

97 

v.  s. 

v.  s.  h. 

si.  s.  eth. 

4344 

120 

V.  s. 

si.  s. 

si.  s.  eth. 

4345 

4346 

rhomb,  leaf, 
f.  eth. 

a63;  /379 

d. 

s. 

s. 

s.  eth. 

4347 

col.  liq 

1  0826— 

160 

v.  s. 

v.  s.  eth. 

4348 

4 

4349 

col.  liq 

1.168- 

151.2 

s. 

oo 

oo  eth. 

4350 

4 

4351 

Ing.  pr 

125 

si-  s.  c. 

S. 

s.  eth. 

4352 

4353 

4354 

4355 

4356 

4357 

cr.  powd 

130 

d. 

i.  c,  s. 
h. 
s.h. 

i. 

i.  eth. 

4358 

col.  leaf,  f .  al . . 

86-7 

si.  s. 

si.  s.  eth.;s.  ac. 

a.,  h.  chl. 

4359 

4360 

wh.  need.  f.  w. 

1.33315 

s. 

s.  eth. 

4361 

4362 

4363 

yel.  cr.,  1.3828. 

1.14^ 

4 

15 

50.4 

V.  s. 

s. 

s.  eth. 

4364 

1  . 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4365 
4366 
4367 
4368 
4369 
4370 

4371 

4372 
4373 

4374 
4375 
4376 
4377 
4378 
4379 

4380 
4381 
4382 
4383 


4384 
4385 
4386 
4387 
4388 
4389 
4390 
4391 


4391H 

4391 R 

4392 

4393 
4394 

4395 

4396 
4397 

4398 
4399 

4400 

4401 

4402 

4403 


Name 


Glyoxal,  di-2-furyl-. 

,  dimethyl-. 

,  diphenyl-. 

Glyoxalic  acid. 
Glyoxaline. 
Glyoxime 


dimethyl- 


Glyoxyldiureide. 
Glyoxylic  acid .  . 


o-aminophenyl-. 
o-carboxyphenyl- 
o-nitrophenyl-. . 

phenyl- 

2-thienyl-. 


Gnoscopine. 


Gommelin. 
Granatonine, 
Grape  sugar. 
Guaiacol.  .  .  . 


methyl- 


4-allyl-. 

5-allyl-. 

4-methyl-. 

4-propenyl- 

5-vinyl-. 


Guaiene 
Guaiole. 
Guanidine. 


— ,  carbonate . . 

— ,  picrate 

,  1-amino- 


,  1-carbamyl- 
,  1-cyano-.  .  . 


diphenyl- 


,  mercaptide  with  2 

,  di-o-tolyl- 


,  guanyl- 
,  nitro-* 


,  phenyl-o-tolyl- 


,  1,1,3,3-tetra- 

phenyl-* 
-,  1,1,3-triphenyl-* 

-,  1,2,3-triphenyl-* 


Synonyms 


See  Furil. 

See  2,'S-Butanedione*. 

See  Benzil. 

See  Glyoxylic  acid. 

See  Imidazole. 

glyoxal  dioxime 


2,3-butanedione  dioxime*; 
diacetyl  dioxime 

See  Allantoin. 

oxoethanoic  acid*;  glyox- 
alic acid ;  oxalaldehydic  acid 

See  Isatic  acid. 
See  Phthalonic  acid. 

o-nitrobenzoylformic  acid . . . 

benzoylformic  acid , 

See  2-Thiopheneacetic  acid,  a 

d/-narcotine 


See  Dextrin. 
See  Pseudopelletierine. 
See  D-Glucose. 
o-methoxyphenol ;  pyroca- 

techol  monomethyl  ether; 

o-hydroxyanisole 
See  Eugenol. 
See  Chanbetol. 
See  Creosol. 
See  Isoeugenol. 
See  Hesperetol. 
2,3-dimethylnaphthalene. . . 
See  Tiglaldehyde. 
aminomethanamidine*;  car- 

bamamidine;  aminoform- 

amidine 


guanylhydrazine. 


See  Urea,  guanyl-. 
dicyan(o)diamide;  param 

melaniline 


benzothiazolethiol.  See  under 
See  Biguanide. 


/S-tripheny  Iguanidine . 
a-triphenylguanidine . 


Formula 


HON:CHCH:NOH 

CH3C(:NOH)C- 
(:NOH)CH3 

HCOCOOH 

N02C6H4COCOOH 
CeHsCOCOOH.... 

OXO-. 

C22H23N07 

CH30C6H40H 

CloH6(CH3)2 

NH:C(NH2)2 

2CH6N3H2C03.... 

CH6N3C6H307N3.. 

NH2NHC(:NH)- 
NH2 

NH2C(:NH)- 
NHCN 
NH:C[NHC6H5]2.. 


2-Benzothiazolethiol. 
C15H17N3 


NH2C(:NH)- 

NHN02(?) 

C14H16N3. . . . 


NH:C[N(C6H5)2]2 

HN:C(NHC6Hfi)- 

N(C6H6)2 
C6H6N:C- 

(NHC6H6)2 


Nlol. 
Wt. 


88.07 
116.12 


74.04 


195.13 
150.13 

413.41 


124.13 


156.22 
59.07 

180.18 

288.18 

74.09 

84.08 
211.26 

239.31 

104.07 
225.29 
363.44 
287.35 
287.35 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

4365 
4366 
4367 
4368 
4369 
4370 

rhomb,  tab. 

f.  w. 
col.  cr.  f. 

dil.  al. 

col.  rhomb .... 

need.  f.  w 

col.cr.f.  CCU. 

lng.  need 

col.  hex.  pr., 

1.5383321.4 
a 

leaf.  f.  al 

col.  cr 

octahr.  or 

tetr.  columns 
or.-yel.  pi.  or 

need, 
cr 

178 

234.5 

(246) 

d. 

46-7 
66 

229 
28.2(32) 

104-104.5 

v.  s.  h. 
i. 

v.  s. 

v.  s.  h. 
s. 

L.613 

i. 
v.  s. 

V.  s.  c. 

.0370; 
.57480 
s. 

2.2613 
si.  s. 

v.  si.  s. 

0.2618-3 
v.  si.  s. 
i. 

v.  si.  s. 
v.  si.  s. 

s. 
V.  s. 

s. 

s. 
.06 

s. 

V.  s. 

i. 

si.  s. 
s. 

1.2613 

9.120 
90%, 

515 

si.  s.  c, 
s.  h. 

si.  s. 

si.  s.  c, 

s.  h. 

s. 

v.  s. 
3.55  c. 

s.  eth. 

4371 

v.  s.  eth. 

4372 
4373 

4374 
4375 
4376 

4377 

147-5112 

s.  eth.;  i.  CS2 

4378 
4379 

1.1287^ 

4 

1.008*! 

4 

1  24 

s.   chl.,  bz.;  i. 

4380 
4381 
4382 
4383 

4384 
4385 
4386 
4387 
4388 
4389 
4390 
4391 

205; 
106.524 

260-265 

alk. 

s.  eth.,  chl., 
glac.  ac.  a. 

s.  eth. 

4391 H 

197 
333  d. 
d. 

205  (207) 
147-8 

179 

246-7(231) 

129.5-30 

130 

131 

145 

4391R 

si.  s.  eth. 

4392 

i.  eth. 

4393 
4394 

4395 

4396 
4397 

rhomb,  leaf .  .  . 

monocl.  need, 
f.  al. 

wh.  cr 

yelsh.  need, 
f.  w. 
wh.  cr 

rhomb,  f.  lgr .  . 

regular  tab. . . . 

wh.  need,  or 
pr.  f.  al. 

1.13^ 

4 

1.10*5 

4 

d. 

d.  >170 

0.0113  eth.;  i. 

bz. 
v.  si.  s.  eth.;  s. 

CCU,  chl,  h. 

bz.,    h.    tol.t 

dil.  min.  a. 

si.  s.  eth. 

4398 
4399 

i.  eth.;  s.  sol. 

4400 

1.13*-° 

4 

KOF 

si.  s.  efn. 

4401 

s.  eth. ;  v.  s.  bz. 

4402 

v.  s.  eth.;  si.  s. 

4403 

d. 

bz. 
s.  eth.,  chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4404 

Guanine 

2-aminohypoxanthine 

J-gulose,  formerly 

C6H6N50 

151.13 

4404M 

D-Gulose 

180.16 

4405 
4406 

Guncotton. 
Guvacine 

See  Cellulose,  hexanitrate. 

C6H9NO> 

127.14 

4407 
4108 

4409 

,  1-methyl-. 

H  acid. 
Haem-. 
Harmaline. . 

See  Arecaidine. 

See  l-Xai)hthol-3,b-disulfonic 

See  Hem-. 

acid,  8-amino-. 

CkjHuNzO 

C13H12N2O 

214  26 

4410 

Harmine. . 

212.24 

4411 

Helenin 

alantolaetone 

232.31 

4412 

/-Helicin  . 

salicylaldehyde  glucoside. . .    . 

See  Piperonal. 

haematin;  hematin 

C6H4(OC6Hn06)- 
CHO 

284  26 

4413 
4414 

Heliotropin. 
Hematein 

300.26 

4415 

Hematin .  . 

haematin 

C32H3>FeN404 

CieHuOeSHoO... 

(CH3)2C6H3COOH 

(CH3)3CeH3 

(N02)3C6(CH3)3.  . . 

C6H3(COOH)3.... 

(CH30)2C6H2- 

(COOH)2 
CH3(CH2)9CHO... 

CH3(CH2)9- 

CH:NOH 
CH3(CH2)9CHS... 

CH3(CH2)9COOH 

CH3(CH2)9CH2OH 

CH3(CH2)8CH- 

OHCH3 
CH3CO(CH2)8- 

CH3 
C2H6CO(CH2)7- 

CH3 

592.45 

4416 

Hematoxylin 

Hemellitene. 
Hemellitic  acid 

Hemimellitene 

— ,  4,5,6-trinitro-  .  .  . 
Hemimellitic  acid 

Hemipic  acid 

haematoxylin 

356 . 32 

4417 
4418 

4419 

4420 

See  Hemimellitene. 

2,3-dimethylbenzoic   acid; 
2,3-xylic  acid;  nc-o-xylic 
acid 

1,2,3-trimethylbenzene;  vic- 
trimethylbenzene ;  hemel- 
litene 

150.17 
120.19 
255.19 

4421 
4422 

1 ,2,3-benzenetricarboxylic 

acid* 
3,4-dimethoxyphthalic  acid ; 

hemipinic  acid;  narcotine 

hemipic  acid 
See  Isoprene. 
undecanal*;  n-undecylalde- 

hyde 

210.14 
226.18 

4423 
4424 

4425 

Hemiterpene. 
Hendecanal* 

,  oxime 

170.29 
185  30 

4426 

Hendecane* 

,  1 -amino-. 

Hendecanoic  acid*.  .  .  . 

1-Hendecanol* 

2-Hendecanol* 

2-Hendecanone* 

3-Hendecanone* 

undecane* 

156.30 

4427 
4428 

4429 
4430 
4431 
4432 

See  Hendecylamine*. 
undecanoic  acid* ;  n-unde- 
cylic  acid 

1-undecanol  * ;  pn'-n-undecyl 

alcohol 
2-undecanol*;  methylnonyl- 

carbinol 
2-undecanone  * ;    methyl 

nonyl  ketone 
3-undecanone*;  ethyl  octyl 

ketone 

186.29 

172.30 
172.30 
170.29 
170.29 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  need. 


col.  syrup, 
[a]g  -20.4° 


lust,  sc 


rhomb,  pr.  f. 

aL-fbz. 
monocl.  or 

rhomb,  pr. 

f.  al. 
wh.  need.  f. 

al.+w. 
fine  need 


br.  pi. 


br.  powd 

col.-yelsh. 
tetr.  cr.  f.  dil. 
(NH4)2S03 

col.  pr.  f.  al . . 


col.  liq., 
1.5133519.55 


pr.  f.  al. . 
col.  need. 


monocl.  cr 


liq.,  1.4334.... 
need.  f.  me.  al. 
col.  liq.,  1.4184 


col.  sc. 
1.429445-2 


cr.  or  liq., 

1.4404 
Hq 


.col.  arom.  liq., 

1.4300217-3 
Uq 


Density 
g/ml 


0.895: 


0.830^-° 
4 


0.741- 


0.8905; 

0.8889- 
4 

0.8334- 

4 

0.8363 
0.826- 


Melting 
point,  °C 


360  d. 


271-2  d. 


250  d. 
(238) 
257-9  d. 


76 
175 

250  d. 

>200 
anh.  140 

144 

<-15 

209 
190 

186-8; 
159-60 
anh. 

-4 

72 
-26.5 

29.3 


11  (19) 

12 

15;  (12.1); 
frz.  6 
4.5 


Boiling 
point,  °C 


275;  1921* 


-H2O, 
100-20 


176.5 

d."* 

subl. 

117*8 


195.84 
(197) 

228160 


13115 

225.4; 
228-9 
228  (226) 

104-6  (227) 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 
2.520 

v.  si.  s. 

60  c,  v 
s.h. 

0.620 


v.  si.  s. 


v.  si. 

h. 


3.1519 
si.  s. 


1. 
.0220 


Alcohol 


v.  si. 

si.  s. 


si.  s. 


si.  s. 


1.  c. 

h. 


si.  s. 


si.  s. 


Ether,  etc. 


v.  si.  s.  etk, 
NH4OH;  s. 
KOH 


i.  eth. 

si.  s.  eth. 
si.  s.  eth. 


v.    s.    eth.;   s. 
bz.,  chl. 
i.  eth. 


0.009320    eth.; 

s.  alk.;  i.  bz., 

chl. 
i.  eth.,  chl.;  s. 

alk 
s.eth.,NH4OH, 

glyc,   caustic 

alk. 

s.  eth. 


s.  eth. 
0.7  eth. 

s.  eth. 
s.  eth. 
00  eth. 

s.  eth. 

v.  s.  eth. 
s.  eth. 
s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4433 

4434 
4435 

4436 

4436M 

4437 

4438 
4439 

4439M 
4440 

4440M 

4440Q 

4441 

444 1M 

4442 

4443 

4444 

4445 

4446 

4447 
4448 
4448M 

4449 
4450 

4450M 

4451 
4452 
4453 
4454 
4455 
4456 
4457 
4458 

4458M 
4459 

4460 

4461 


4462 
4463 

4464 


Name 


6-Hendecanone* 


2-Hendecene* 

9-Hendecenoic  acid*.. . 

Hendecylamine*  (n)..  . 

1-Hendecyne* 

Heneicosane* 


Hentriacontane* 

16-Hentriacontanone* 

Hepatoflavin. 
Heptacosane* 


1-Heptacosanol* 

n-Heptacosyl  alcohol. 

Heptadecane* 

,  1 -amino-. 

9-Heptadecanecarboxy 
Heptadecanenitrile*. 
Heptadecanoic  acid*. 

1-Heptadecanol* 

9-Heptadecanone* .... 

n-Heptadecoic  acid. 
pri-n-Heptadecyl  alco 
Heptadecylamine*(n) 

n-Heptadecylic  acid. 
2,4-Heptadiene* 


1,3-Heptadiene,  2,6- 

dimethyl-* 
1 ,6-Heptadiene-3,5-dio 
2,5-Heptadien-4-one,  2 
n-Heptaldehyde. 
n-Heptaldoxime. 
Heptamethylene. 
Heptamethylene  glyco 
Heptanal*. 
Heptane* 


n-Heptane,  2-amino 
Heptane,  1-bromo-*. 

,  1-chloro-* 

,  2,6-dimethyl-*. 


Heptane,  1-ethoxy-*. 
,  4-ethyl-* 


1-heptyloxy-*. 


Synonyms 


6-undecanone*;  diamyl  ke- 
tone; dipentyl  ketone;  (n)- 
caprone 

2-undecene*;  /3-undecylene. 


9-undecenoic  acid* 
decylenic  acid 


0-un- 


pri-n-undecylamine;    1- 
aminohendecane 
1-undecyne*;  rutylidene 


n-hentriacontane 

dipentadecyl  ketone ;  palmi- 
tone 
See  ^Riboflavin. 
n-heptacosane 


n-heptacosyl  alcohol 

See  l-Heptacosanol.* 

n-heptadecane 

See  11 '  eptadecylamine*{n) . 
lie  acid*.   See  Capric  acid,  a- 

See  Margaronitrile. 

See  Margaric  acid. 

pn'-n-heptadecyl  alcohol 

di-n-octyl  ketone ;  pelargone ; 
nonylone 

See  Margaric  acid. 
hoi.    See  1-Heptadecanol*. 

1-aminoheptadecane 


See  Margaric  acid. 


isogeraniolene , 


ne,  l,7-bis(4-hydroxy-3- 
,6-dimethyl-*.  See  Phorone. 

See  Enanthaldehyde. 

See  Enanthaldehyde,  oxime. 

See  Cycloheptane*. 
1.    See  1,7- Heptanediol*. 

See  Enanthaldehyde. 

n-heptane 


See  Hexylamine,  a-methyU. 
n-heptyl  bromide 


n-heptyl  chloride , 


diisobutylmethane ;   is< 
butylisoamyl 

See  Ether,  ethyl  heptyl. 
ethyldipropylmethane . 

See  Heptyl  ether. 


Formula 


CH3(CH2)4CO- 
(CH2)4CH3 

CH3CH:CH- 

(CH2)7CH3 
CH3CH:CH- 

(CH2)7COOH 

CH3(CH2)ioNH2. 

CHiC(CH>)8CH3 

CH3(CH2)i9CH3. 

CH3(CH2)29CH3. 
(CuH3i)2CO 

CH^CH^aCHa.. 

n-C2rH660H 

CH3(CH2)i6CH3. 

octyU. 

CH3(CH2)i6OH.. 

(C8Hi7)2CO 


CH3(CH2)i6NH2.. 


CH3CH:CHCH: 
CHCH2CH3 
CH2:C(CH3)CH: 
CHCH2CH(CH3)2 
methoxyphenyl 


CH3(CH2)6CH3.. 

CH3(CH2)6Br... 
CH3(CH2)6C1... 


(CH3)2CH(CH2)3- 
CH(CH3)2 


CH3(CH2)2CH- 
(C2H5)(CH2)2CH3 


Mol. 
Wt. 


170.29 

154.29 
184.27 

171.32 

152.27 

296.57 

436.83 
450.81 

380.72 
396.72 
240.46 


256.46 
254.45 


255.48 

96.17 
124.22 


100.20 

179.11 
134.65 
128.25 

128.25 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


No. 


4433 

4434 
4435 

4436 

4436M 

4437 

4438 
4439 

4439M 
4440 

4440M 

4440Q 

4441 

4441 M 

4442 

4443 

4444 

4445 

4446 

4447 
4448 
4448M 

4449 
4450 

4450M 

4451 
4452 
4453 
4454 
4455 
4456 
4457 
4458 

4458M 
4459 

4460 

4461 


4462 
4463 

4464 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf, 


col.  liq.,  1.4333 

wh.  cr.  mass 

or  col.  to 

yelsh.  liq. 
col.  liq 


Hq 

cr.,  1.4344458 


cr 

loaf.  f.  al., 
1.429798-5 


cr 


hex.  leaf.,  1.43; 


cr 

pi.  f.  me.  al 


col.  cr. 


liq - 

liq 

See  Cur  cumin. 


col.  liq., 
1.386723 

col.  liq 

liq.,  1.42844. 

col.  liq 


col.  liq.,  1.408 


Density 
g/ml 


0.8262- 

4 


0.7729- 

4 

0.9075- 


0.867" 
0.778^ 

4 

0.781- 

liq-      491 
0.795^ 

0.780^ 


0.778^-° 

4 


8475 


0.733-^ 
0.765^/ 


0.684- 


1.133^ 

0.8725- 

o 

0.7247y; 

0.712?/ 

0.741^ 

4 


Melting 
point,  °C 


14-5 


24.5 

16.5 

-33 

40 

68.1 
82.8 

59.5 

81.2-81.6 

22.5 


53.31(54) 
53(50.5°) 


-90.5 

-58.86 
-69.5 


Boiling 
point,  °C 


226 

193 

295 

241.6 
210-5 
21515 
30215 


27015 


303 


308.5 


335.9; 
155. 02 

107 (104-6) 

143-5755 


98.52 

178.8 
159.5 
132-3 

139 


Solubility  in  grams  per  100  ml  of 


Water 


.01+-'° 


0.0052^.5 


Alcohol 


si.  s. 


s. 
si.  s. 


100 


Ether,  etc. 


v.  s.  eth. 

°o  eth. 

°o  eth.;  s.  chl. 

s.  eth. 
s.  eth. 


si.  s.  eth. 
s.  eth. 


si.  s.  eth. 


s.  eth. 


s.  eth. 
s.  me.  al. 


s.  eth. 


<»  eth.,  chl. 

v.  s.  eth. 
co  eth. 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4465 

Heptane,  1-iodo-*  .... 

,  l-methoxy-*. 

,  2-methyl-* 

,  3-methyl-* 

,  4-methyl-* 

,  1-phenoxy-*. 

3-Heptanecarboxylic  a 
1,7-Heptanedicarboxyl 
Heptanedioic  acid.* 

,  4-oxo-*. 

1,7-Heptanediol* 

l-Heptanethiol* 

Heptanoic  acid*. 
1-Heptanol* 

n-heptyl  iodide 

CH3(CH2)6CH2I... 

(CH3)2CH(CH2)4- 
CH3 

CH5CH2CH(CH3)- 
(CH2)3CH3 
CH3(CH2)2CH- 

(CH3)(CH2)2CH3 

CH2OH(CH2)6- 
CH2OH 
CH3(CH2)6CH2SH 

CH3(CH2)6CH2OHl 
names  of  the  acids. 

CH3CHOH- 

(CH2)4CH3 
(CH3)2COH- 

(CH2)4CH3 
CH3CH2COH- 

(CH3)(CH2)3CH3 

CH3(CH2)2CH- 
OH(CH2)2CH3 

[(CH3)2CHCH2]2- 
CHOH 

CH3CH2COH- 

(CH2CH2CH3)2 

CH3(CH2)2COH- 

(CH3)(CH2)2CH3 
(C3H7)3COH 

CH3CO(CH2)4CH3 

C2H5CO(CH2)3CH3 

C2H6COCH2CH2- 
CH(CH3)2 
C3H7COC3H7 

[(CH3)2CHCH2]2- 
CO 

CH3CH2CH2CO- 
CH2CH(CH3)2 

CH2:CH(CH2)4- 
CH3 

CHsCHrCH- 

(CH2)3CH3 

CH3CH2CH:CH- 
CH2CH2CH3 

226.11 

4466 
4467 

4468 

4469 

4470 
4471 
4472 
4473 
4474 
4475 

4476 

See  Ether,  heptyl  methyl. 
amyldimethylmethane;  iso- 

octane 
butylethylmethylmethane. . . . 

methyldipropylmethane 

See  Ether,  heptyl  phenyl. 
cid.   See  Caproic  acid,  a-ethyl-. 
ic  acid.    See  Azelaic  acid. 

See  Pimelic  acid. 

See  Acetonediacetic  acid. 

heptamethylene  glycol 

N-heptyl  mercaptan 

114.23 
114.23 
114.23 

132.20 
132.26 

4477 
4478 

See  Enanthic  acid. 
n-heptyl  alcohol .  . 

116.20 

4479 
4480 
4481 

,  esters  of  organic  acids. 

,  nitrite. 

2-Heptanol* 

See  "heptyl  ester"  under  the 
See  Heptyl  nitrite. 
amylmethylcarbinol 

amyldimethylcarbinol 

butylethylmethylcarbinol 

dipropylcarbinol 

116.20 

4482 
4483 

4484 

,  2-methyl-* 

3-Heptanol, 
3-methyl-* 

4-Hep^anol* 

,  2,6-dimethyl-*..  . 

— ,  4-ethyl-* 

,  4-methyl-* 

,  4-propyl-* 

2-Heptanone* 

130.23 
130.23 

116.20 

4485 

4486 
4487 
4488 
4489 

diisobutylcarbinol 

ethyldipropylcarbinol 

methyldipropylcarbinol 

tripropylcarbinol;  tert-decyl 
alcohol 
amyl  methyl  ketone. 

144.25 

144.25 
130.23 
158.28 
114.18 

4490 

3-Heptanone* 

ethyl  butyl  ketone 

114.18 

4491 
4492 

,  6-methyl-* 

4-Heptanone* 

ethyl  isoamyl  ketone 

dipropyl  ketone ;  butyrone .  .  . 

diisobutyl  ketone;  s-diiso- 
propylacetone ;  isovalerone ; 
valerone 

isobutyl  propyl  ketone 

a-heptylene 

128.21 
114.18 

4493 

4494 
4495 

,  2,6-dimethyl-*. .  . 

,  2-methyl-* 

1-Heptene* 

142.24 

128.21 
98.18 

4496 
4497 

2-Heptene* 

3-Heptene* 

l-butyl-2-methylethylene ; 

/3-heptylene 
l-ethyl-2-propylethylene ; 

7-heptylene 

98.18 
98.18 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 


col.  liq.,  1.3935 
Hq 


col.  liq., 
1.39815 


liq 


col.  liq., 
1.4241020 


liq.,  1.4213, 

1.419025 
col.  liq.,  1.4303 

col.  liq., 
1.427920 

liq.,  1.4205... 

col.  liq., 
1.42321 


Hq 

col.  liq.,  1.42; 

col.  oil 

col.  liq 

col.  liq 

Hq 


col.  liq., 

1.4073220 
col.oil,  1.41221. 


liq.... 
col.  liq 


Density 

g/ml 


1.4034-; 

4 

1.366- 

4 

0.7029- 

4 

0.7161 
0.7211™ 


0.8389- 


0.8219  — 

4 


.8187 

0.879- 

4 

0.8282- 


0.820- 


0.8237 
0.8155 


0.8349y 
0.8248^ 

4 

0.8338- 
o 

0.822- 

4 

0.8183- 

4 


0.8174^ 

4 
2  0 

0.806- 

4 


0.813 

0.6993- 

0.7034^ 


0.7043- 

4 


Melting 
point,  °C 


-48.2 


12 
-43.4 

-34.6 


-41.5 


19.0 


-32.6; 

(-34) 


-10 


Boiling 
point,  °C 


203.95; 
91-320 


116.0 
122.2 
118.0 


259;  143-68 

176.2 
(174-5) 

176 

160.4 

162 

163.5; 

65.2- 

65. 815 
155.4 

172-4750 

179.5 

161.5 

190-2 

150 

148.5 

163.5 

144 

168(165-6) 

155 

94  9 
(95-100) 
98.1-8.4 

95.8-6.1 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


0.0918; 
0.28100 


.352» 

i. 

v.  si.  s. 

i. 
i. 

i. 

i. 

i. 

v.  si.  s. 

l. 

i. 

i. 

i. 

i. 
i. 


si.  s. 
si.  s. 
si.  s. 


s.  eth. 

s.  eth. 
s.  eth. 
s.  eth. 


i.  eth. 
oo  eth. 

oo  eth. 

s.  eth. 
s.  eth. 
s.  eth. 

s.  eth. 
s.  eth. 

s.  eth. 
s.  eth. 


s.  eth. 
oo  eth. 
s.  eth. 
oo  eth. 
oo  eth. 

s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

4497M 

l-Hepten-4-ol,  4- 
methyl-* 

allylmethylpropylcarbinol 

CRY.CHCHjC- 

(CH3)(C3H7)OH 

128.21 

4498 

5-Hepten-2-one,  6- 

(CH3)2C:CH- 
(CH2)>COCH3 

126.19 

methyl-* 

4499 

Heptine. 

See  Heptyne*. 

4500 

n-Heptoic  acid. 

See  Enanthic  acid. 

4501 

pri-n-Heptyl  alcohol. 

See  l-Heptanol*. 

4502 

n-Heptyl  aldehyde. 

See  Enanthaldehyde. 

4503 

Heptylamine*  (n) 

,  a-methyl- 

CH3(CH2)6NH2... 
CH3(CH2)6CH- 

115.22 

4504 

2-aminodctane;  sec-n-octyl- 

129.24 

amine;   sec-n-caprylamine 

(CH3)NH2 

4505 

n-Heptyl  bromide. 

See  Heptane,  \-bromo-*. 

4506 

n-Heptyl  chloride. 

See  Heptane,  \-chloro-*. 

4507 

n-Heptyl  cyanide. 

See  Caprylonitrile. 

4508 

Heptylene. 

See  Heptene*. 

Heptyl  esters  of  organic  a 

cids.  See  "heptyl  ester,"  under 

the  names  of  the  acid 

s. 

4509 

Heptyl  ether 

1-heptyloxy heptane*;  di-n- 

(C7Hu)*0 

214.38 

heptyl  ether 

4510 

n-Heptylic  acid. 

See  Enanthic  acid. 

4511 

n-Heptyl  iodide. 

See  Heptane,  l-iodo-*. 

4512 

n-Heptyl  mercaptan. 

See  l-Heptanethiol*. 

4513 

Heptyl  nitrite  (n) 

CH3(CH2)6ONO... 

145.20 

4514 

Heptyl  sulfate 

1-Heptyne* 

di-n-heptyl  sulfate 

[CH3(CH2)612S04. . 

294 . 44 

4515 

1-heptine;  n-amylacetylene; 

ch;c(ch2)4ch3.. 

96.17 

enanthylidene 

4516 

2-Heptyne* 

2-heptine;  butylmethyl- 
acetylene 

CH3CiC(CH2)3- 
CHi 

96.17 

4516F 

3-Heptyne* 

3-heptine;   ethylpropyJ- 

C2H6C:C(CH2)o- 

96.17 

acetylene 

CH3  ' 

4517 

Herapathite. 

See  Quinine,  iodosulfate. 

4518 

Heroin. 

See  Morphine,  diacetyl-. 

4519 

Hesperetic  acid. 

See  Isoferulic  acid. 

4520 

Hesperetol 

5-vinylguaiacol ;  3-hydroxy- 

CH2:CHC6H3- 

150.17 

4-methoxystyrene 

(OCH3)OH 

4521 

Hesperidene 

See  d-Limonene. 

4522 

Hesperidin 

C22H260i2 

482.43 

4523 

Hexacosanoic  acid*. 

See  Cerotic  acid. 

4524 

1-Hexacosanol*. 

See  Ceryl  alcohol. 

4525 

n-Hexacosyl  alcohol. 

See  Ceryl  alcohol. 

4526 

Hexadecanal,  oxime*. 

See  Palmitaldehyde,  oxime. 

4527 

Hexadecanamide*. 

See  Palmitamide. 

4528 

Hexadecane* 

n-hexadecane ;  cetane; 
bioctyl 

CH3(CH2)14CH3... 

226.44 

4528M 

,  1 -amino-. 

See  Cetylamine. 

4529 

,  1-hexadecyloxy-*. 

See  Cetyl  ether. 

4530 

,  1-iodo-*. 

See  Cetyl  iodide. 

4531 

,  1-phenoxy-*. 

See  Ether,  cetyl  phenyl. 

4532 

Hexadecanenitrile*. 

See  Palmitonitrile. 

4533 

Hexadecanoic  acid*. 

See  Palmitic  acid. 

4534 

1  -Hexadecanol*. 

See  Cetyl  alcohol. 

4535 

Hexadecanoyl  chloride 

*.    See  Palmitoyl  chloride. 

4536 

7-Hexadecenoic  acid*. 

See  Hypogeic  acid  (artificial). 

4537 

2-Hexadecine. 

See  2-Hexadecyne*. 

4537M 

n-Hexadecyl. 

See  Cetyl. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


4497M 

4498 

4499 
4500 
4501 
4502 
4503 

4504 

4505 
4506 
4507 
4508 

4509 

4510 
1511 
4512 
4513 

4514 

4515 


4516 


4516F 

4517 
4518 
4519 
4520 

4521 
4522 

4523 
4524 
4525 
4526 
4527 
4528 

4528M 

4529 

4530 

4531 

4532 

4533 

4534 

4535 

4536 

4537 

4537M 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq 


col.  liq.,  1.424 
liq.,  1.4254... 


col.  liq 


liq 


col.  liq., 
1.4362" 

col.  liq  .  . 


col.  liq., 
1.4220^ 


col.  liq., 
1.41525 


Density 

g/ml 


0.860: 


0.7771 
< 

0.7721 


0  Blo- 


0.8939- 

4 

0.9819- 

25 
12.fi 


0.738- 

4 

0.7288- 

4 

0.74525; 
0.750- 

4 

0.733725 


yel.  hyg.  need 


col.  leaf. 


0.7751^-° 

4 


Melting 
point,  °C 


Boiling 
point,  °C 


-67.3 


23 


114 
>-70 


57 
171 

20  (16-7) 


159-160748 

174 


158.3 
164-0 


260 

155 

146. 61-5 

99.8; 
26. 5™ 


112; 

39.55° 


106-7 


251  d. 


287.5 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


v.  si.  s. 


0.02  h. 


Alcohol 


0  5 


Ether,  etc. 


eth. 


>  eth. 
v.  s.  v.  s.  eth. 


s.  eth. 


s=   eth. 


eth. 


»  eth. 


eth. 


v.  s.  eth. 


i.  eth.,  bz.;  s.h. 
ac.  a. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4538 

4538X 

4539 

4540 
4541 

4542 

4543 

4544 
4544M 

4545 
4546 

4547 

4548 
4549 
4550 
4551 
4552 

4553 
4554 
4555 

4556 

4557 
4558 
4559 

4560 

4561 

4562 
4563 


4564 

4565 

4566 

4567 

4568 
4569 

4570 

4571 

4572 


4573 

4574 


Name 


n-Hexadecylic  acid, 

1-Hexadecyne* 

2-Hexadecyne* 


7-Hexadecynoic  acid*. 
1,5-Hexadiene* 


2,4-Hexadiene* 

,  2,5-dimethyl-*. .  . 

2,4-Hexadienedioic  aci 
l,5-Hexadiene-3,  4- 

diol* 
2,4-Hexadienoic  acid*. 
l,5-Hexadien-3-yne*..  . 


1,5-Hexadiyne* 


"Hexalin". 
Hexamethylene. 
Hexamethylenediamin 
Hexamethylene  glycol. 
Hexamethylenetetra- 

mine 
Hexamine. 
Hexanal*. 
Hexanamide*. 
Hexane* 


1 -amino-*. 

2-amino-. 

1-bromo-*. 

1-chloro-*. 

2-chloro-*. 


dihydroxy-. 
1,6-diiodo-* 


-,  2,3-dimethyl-*. 

-,  2,4-dimethyl-* 

,  2,5-dimethyl-*. 

,  3,4-dimethyl-*. 

-,  1-ethoxy-*. 

,  3-ethyl-* 


-,  1-iodo-*. . . 
-,  2-methyl-* 
,  3-methyl-* 


,  3-methylene-*. 
-,  1-phenoxy-*. 


Synonyms 


Formula 


See  Palmitic  acid. 


2-hexadecine ;  cetylene. 

See  Palmitolic  acid. 
biallyl;  diallyl 


bipropenyl;  dipropylene 
tiiisocrotyl 


d*.    See  Mueonic  acid. 
di vinyl  glycol 


See  Sorbic  acid. 
divinylacetylene . 


bipropargyl;  1,5-hexadiine; 

dipropargyl 
See  Cyclohexanol*. 
See  Cyclohexane*. 
e.    See  l,b-Hexanediamine*. 
See  l,(y-Hexanediol*. 
methenamine;  formamine; 

hexamine;  "Urotropin" 
See  Hexamethylenetetramine. 
See  Caproaldehyde. 
See  Caproamide. 
n-hexane 


See  Hexylamine. 

See  Amylamine,  a-methyl-. 

n-hexyl  bromide 


N-hexyl  chloride . 


See  Hexanediol*. 
1,6-hexylene  iodide. 


isopropylmethylpropyl- 
methane 
ethy  lisobuty  lmethy  lmet  ha  ne 


biisobutyl. 


bi-sec-butyl ;  sec-butyl- 

ethylmethylmethane 

See  Ether,  ethyl  hexyl. 

diethylpropylmethane . 


n-hexyl  iodide 

ethylisobutylmethane 

ethylmethylpropylmethane. 


See  1-Pentene,  2-ethyl-*. 
See  Ether,  hexyl  phenyl. 


CH3(CH2)i3C:CH 
CH3(CH2)i2- 

c;cch3 
ch2:chch2ch2- 

CH:CH2 
(HaCHiCH- 

CH:CHCH3 
(CH3)2C:CH- 

CH:C(CH3)2 

CH2:CH.CHOH. 
CHOH.CH:CH2 

CH2:CHC:C- 
CH:CH2 
CHiCCH2CH2- 

c;ch 


(CH2)6N4. 


CH3(CH2)4CH3... 

CH3(CH2)4CH2Br 

CH3(CH2)4CH2CI. 

CH3CHC1(CH2)3- 
CH3 

ICH2(CH2)4CH2I. 


CH3CH(CH3)CH- 

(CH3)CH2CH2CH 
(CH3)2CHCH2- 

CH(CH3)CH2CH 
(CH3)2CH(CH2)2- 

CH(CH3)2 
CH3CH2CH(CH3)- 

CH(CH3)CH2CH; 

(CH3CH2)2CH- 
CH2CH2CH3 
CH3(CH2)4CH2I... 

(CH3)2CH(CH2)2- 

CH2CH3 
CH3CH2CH(CH3)- 

CH2CH2CH3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


liq.,  1.4044.... 
col.  liq.,  1.4384 
col.  liq 


1.47452= 


col.  liq.,  1.504. 

col.  liq., 
1.44132*-8 


rhomb,  f.  al . 


col.  liq., 
1.37530 


liq.,  1.4478. . .  . 
col.  liq.,  1.4194 
1.4142" 


col.  need, 
or  liq., 
1.5899" 

col.  liq.,  1.4093 

col.  liq.,  1.4026 
col.  liq.,  1.3929 
liq.,  1.4058.... 

col.  liq.,  1.4016 
col.  liq.,  1.4929 

col.  liq 

col.  liq 


Density 

g/ml 


0.79720 


0.6880- 

4 

0.7108- 

4 

0.7158- 

4 


1.006- 


0.8041) 


,•:<! 


0 . 6603 


1 . 1705- 


0.8719- 

4 

0.876- 


2.05- 


0.7240^° 
0.7077^° 

4 

0.6985- 


0.721 


2  0 


0.7169^ 
1.441^ 


0.6789 j 
0.6957^° 


(0.6870- 


Melting 
point,  °C 


15 
-25 


-141 


-91.3 


frz.  -6 


261 


-85.0 

-S3 


9.5  (6-7) 


-91 


-119.1 
119.4 


Boiling 
point,  °C 


1551' 
280-5 


59.6 

82 
102.5""'r' 

100-2 '2 

83.5 

86(85.4) 


subl. 
263  d. 


69.0 

156.0 
132.4 
123(125-6) 

16317  d. 

113.9 
110.0 

108.25 
116.5 

118.9 
180 
90.0 
89.4(91.8) 


Solubility  in  grams  per  100  ml  of 


Water 


150-'° 

0.0138U 

i. 
i. 


Alcohol 


503' 


si.  s. 


Ether,  etc. 


eth. 


i.  eth. 


v.    s.    eth.;    s. 
ord.  org.  solv. 


i.  eth.;  s. 
H.SO4 


s.  eth.,  chl. 


eth. 


Sl.  8. 

s.  eth. 

sl.  S. 

s.  eth. 

sl.  S. 

s.  eth. 

sl.  s. 

s.  eth. 

v.  s.  eth. 


s.  eth. 


s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4575 
4576 
4577 
4578 


4579 
4580 
4581 

4582 

4583 

4584 

4585 

4586 
4587 
4588 
4589 
4590 
4591 
4592 
4593 

4594 
4595 
4596 

4597 

4598 

4599 
4600 


4601 


4602 

4603 
4604 
4605 
4606 
4607 


Name 


Synonyms 


3-Hexanecarboxylic  aci 
Hexanedial  *. 
Hexanediamide*. 
1,6-Hexanediamine*..  . 


Hexanedioic  acid*. 

,  2,3,4,5-tetrahydr 

1,6-Hexanediol* 

2,3-Hexanediol* 


3,4-Hexanediol,  3,4- 

diethyl-* 
2,3-Hexanedione, 

3-oxime* 
2,5-Hexanedione* .  . 


Hexanedioyl  chloride*. 
1,2,3,4,5, 6-Hexanehexol 
Hexanenitrile*. 
1,2,3,4,5-Hexanepentol 

1-Hexanethiol* 

Hexanoic  acid*. 
Hexanoic  anhydride*. 
1-Hexanol* 


— ,  esters  of  organic  acids. 

— ,  nitrite 

—  ,  2-ethyl-* 


-,  acetate . 


3-isopropyl-5- 
methyl-* 


2-methyl-* 
5-methyl-* 


2-Hexanol 


2-methyl-: 


,  5-methyl- 

3-Hexanol* 

,  3-ethyl-* 


d.   See  Valeric  acid,  a-ethylr. 
See  Adipaldehyde. 
See  Adipamide. 
hexamethylenediamine .  . .  . 


See  Adipic  acid. 
oxy-.   See  Mucic  acid;  Sacchar 
hexamethylene  glycol 


2,3-dihydroxyhexane.  . . . 
tetraethylethylene  glycol. 


a-isonitrosobutyl  methyl 

ketone 
acetonylacetone ;   sym-ck- 

acetylethane 
See  Adipyl  chloride. 
*.   See  Dulcitol;  Sorbitol. 
See  Capronitrile. 
*.    See  Rhamnitol. 

prt-n-hexyl  mercaptan 

See  Caproic  acid. 

See  Caproic  anhydride. 

n-hexyl  alcohol;  amylcar- 

binol 

See  "hexyl  ester"  under  the  na 
See  Hexyl  nitrite. 


/S-ethylhexyl  acetate. 


isocapric  alcohol ;  /3-isoamyl- 
isoamyl   alcohol;   diamyl 
alcohol 


isoheptyl  alcohol ;  isohexyl- 
carbinol 


butylmethylcarbinol . 


butyldimethylcarbinol . 


,  3-ethyl-5- 

methyl-* 
,  3-methyl-* 


isoamylmethylcarbinol 

ethylpropylcarbinol 

diethylpropylcarbinol 

diethylisobutylcarbinol .  .  . 
ethylmethylpropylcarbinol 


Formula 


NH2(CH2)6NH2 


ic  acid. 
CH2OH(CH2)4- 

CH2OH 
CH3(CH2)2- 

(CHOH)2CH3 
(C2H5)2COHCO- 

HC(C2H6)2 
CH3COC(:NOH)- 

(CH2)2CH3 
CH3CO(CH2)2- 

COCH3 


CH3(CH2)6SH. 


CH3(CH2)4CH2OH 
mes  of  the  acids. 

C-jHsCHXCijHb)- 

CH2OH 
C4H9CH(C2H5)- 

CH2OOCCH3 
(CH3)2CHCH- 

(CH2OH)(CH2)2- 

CH(CH3)2 
CH3(CH2)3CH- 

(CH3)CH2OH 
(CH3)2CH(CH2)3- 

CH2OH 


CH3CHOH- 
(CH2)3CH3 


CH3COH(CH3)- 
(CH2)3CH3 

CH3CHOH(CH2)2- 

CH(CH3)2 
CH3CH2CHOH- 

(CH2)2CH3 
CH3CH2COH- 

(C2H6)(CH2)2CHa 
(C2H5)2COHCH2- 

CH(CH3)2 
CH3(CH2)2COH- 

(CH3)CH2CH3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Cont 

inued) 

Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

4575 
4576 
4577 
4578 

4579 

silk  leaf 

39-40 

196; 
(204-5) 
subl. 

v.  s. 

si.  s. 

si.  s.  bz. 

4580 
4581 

need,  f .  w 

42 

250 

s. 

s. 

si.  s.  h.  eth. 

4582 

0.9669- 

4 

207 

230; 
116-917 

00 

i. 

00 

s. 
V.  s. 

00 

s.  eth. 

4583 

27-8 
49.5 
-9 

v.  s.  eth. 

4584 

leaf 

4585 

4586 
4587 

col.  liq.,  1.449. 

0.970^-° 

4 

192-4 

ooeth.;i.KOH, 
K2CO3 

4588 
4589 
4590 
4591 

col.  liq 

0.849^ 

4 

-81.03 

149-50768 

i. 

00 

00  eth. 

4592 
4593 

col.  liq., 
1.4179020 

0.8186- 

4 

-51.6 

157.2 

0.5920 

s. 

00  eth. 

40W4 

4595 
4596 

col.  liq 

0  8340 

<-76 

183.5 

.1020 

S. 

s.  eth. 

4597 

col.  liq.,  1.420. 

0.872?-° 

4 

-93 

199.3 

0.0143 

4598 

col.  oil 

0.8569- 

4 

211 

(203. 3764) 

i. 

s. 

4599 

Hq 

liq.,  1.4254. . .  . 

0.831- 
0.8311  —  ; 

162-475° 
167-9 

i. 

v.  si.  s. 

00 

S. 

00  eth. 

4300 

s.  eth. 

4 

0.825-- 

4601 

col.  liq.,  1.4126 

0.8287-; 

4 

0. 80977- ; 

4 

140-0.4 

(136-9) 

v.  si.  s. 

S. 

00  eth. 

0.8044- 

4 

4602 

col.  liq., 
1.417520 

liq 

0.8119*5 

4 

0.8185j 

0.8188- 

4 

0.8379- 

0 

0.8396- 

139.4- 

140. 4735; 

53-53. 515 
148-50 

135 

160.5 

172 

v.  si.  s. 

i. 

v.  si.  s. 

i. 

i. 

00 

S. 
S. 

s. 
s. 

00  eth. 

4603 

s.  eth. 

4604 

col.  liq 

col.  liq.,  1.433 . 
liq 

00  eth. 

4605 

s.  eth. 

4606 

s.  eth. 

4607 

col.  liq.,  1.423. 

4 

0.8234- 

4 

141 

i. 

s. 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4608 

4609 

4610 

4611 

4612 

4613 
4614 

4614M 
4615 

4616 
4617 

4618 

4618H 
4619 

4620 

4621 

4622 

4623 

4624 

4625 

4626 

4627 

4628 

4629 
4630 
4631 
4632 
4633 
4634 
4635 


Name 


3-Hexanol,  5-methyl-* 


,  2,2,5,5-tetra- 
methyl-* 


2-Hexanone*. 

,  5-methyl-* 

, ,  oxime 

-,  1, 3,4\5, 6-pentahy 


3-Hexanone*. 


-,  4-hydroxy-*. 
-,  5-methyl-*.  . 


Hexanoyl  chloride*. . 
2-Hexenal,  2-ethyl-* 


1-Hexene* 


-,  5-amino-4-meth 
-,  2-methyl-* 


,  3-methyl-* 
-,  4-methyl-* 
,  5-methyl-* 


2-Hexene* 

,  2-methyl-* 

,  3-methyl-* 

,  4-methyl-* 

,  5-methyl-* 


3-Hexene* 


-,  2,5-dimethyl- 
-,  2-methyl-* . . 


2-Hexenoic  acid*. 

,  5-methyl-*. 

5-Hexen-3-ol,  3- 

ethyl-* 
5-Hexen-2-one* .  . 


Hexine. 


Synonyms 


ethylisobutylcarbinol . 


butyl  methyl  ketone .  . 
isoamyl  methyl  ketone 


droxy-*.  See  Sorbose. 
ethyl  propyl  ketone .  . 


See  Propioin. 

ethyl  isobutyl  ketone. 


See  Caproyl  chloride. 
a-ethyl-/3-propy  laerolein . 


butylethylene . 


yl-.  See  4-Pentenylamine,  1,  2- 
1-butyl-l-inethylethylene.  .  .  . 


isoamylethylene . 


0-hexylene;  l-methyl-2- 

propylethylene 
1 , 1-dimet  hy  1-2-propyl- 

ethylene 
1 , 2-dimet  hy  1-  1-propyl- 

ethylene 
l-ser-butyl-2-methyl- 

ethylene 


l-isobuty!-2-methylethylene 


sj/m-diethylethylene ;  y- 
hexylene 


S!/w-diisopropylethylene .  .  . 
l-ethyl-2-isopropylethylene 

/9-propylacrylic  acid 

a,  /3-isoheptenic  acid 

allyldiethylcarbinol 

allylacetone 

See  Hexyne*. 


Formula 


CH3CH2CHOH- 
CH2CH(CH3)2 

(CH3)3CCH2Cri- 
OHC(CH3)3 

CH3CO(CH2)3CHo 

CH3COCH2CH- 

CH(CH3)2 
CH3C(:NOH)- 

CsHii 

C2H6CO(CH2)2CH; 


C2H6COCH2CH- 

(CH3)2 

CH3(CH2)2CH:C- 

(C2H6)CHO 
CH2:CH(CH2)3- 

CH3 

dimethyl-. 
CH2:C(CH3)CH2- 

CH2CH2CH3 
CH2:CHCH(CH3> 

CH2CH2Crl3 
CH2:CHCH2CH- 

(CH3)CH2CH3 
CHuiCHCHoCH^ 

CH(CH3)2 
CH3CH:CH- 

(CH2)2CH3 
(CH3)2C:CHCH-2- 

CH2CH3 
CH3CH:C(CH3)- 

CH,>CH2CH3 
CH3CH:CHCH- 

(CH3)CH2CH3 


CHsCHiCHCH^ 
CH(CH3)2 


CH3CH2CH:CH- 
CH2CH3 


(CH3)2CHCH:CH- 

CH(CH3)2 
(CH3)2CHCH:CH- 

CH2CH3 
CH3CH2CH2CH  t 

CHCOOH 
(CH3)2CHCH2- 

CH:CHCOOH 
CH2:CHCH2COH- 

(C2H5)CH2CH3 
CH2:CHCH2CH2- 

COCH3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


liq 


col.  liq., 

1.3969417-4 
col.  liq ...  . 


col.-yel.  oil 


col.  liq., 

1.39899- 

col.  liq .  .  . 


0.83" 
0.818- 
0.888' 

0.813- 


col.  liq 

col.  liq.,  1.3821 


need.  f.  w. 

1.446740 

1.4524.... 


col.  liq., 
1.4212615-4 


„i 


0.815- 


0.84S- 
0.6732 


0.7000- 
0.6953- 
0.6969- 
0.6936- 
0.6813- 
0.7089- 


0.7120 


(1)0.7007- 
(2)0.6981- 
(1)0.6990- 


(2)0.7020- 

4 

(1)0.722- 

4 

(2)0.693- 

20 


0.6942^ 
0.965^ 
0.942?-° 


0.8462-^ 

4 


Melting 
point,  °C 


52-3 
-56.9 


-98.5 


32 
16.5 


Boiling 
point,  °C 


148.2 
173-4 
127.2 
144 
195-6  d. 

124 

136 

175 

64.1 

91.1-1.5 

84.0 

87.2-7.5 

84.7 

67.9-8.1 

94.4-4.6 

93.1-3.3 

87.1-7.6 

85.1-5.6 

91 .1-1.6 

85.6-6.1 

67.5 

70-1 

116-20 

86.4-6.9 

217 

227 

156 

129.5 


Solubility  in  grams  per  100  ml  of 


Water 


i. 
i. 

v.  si.  s. 
v.  si.  s. 

v.  si.  s. 


si.  s. 


Alcohol 


Ether,  etc. 


s.  eth. 
s.  eth. 
oo  eth. 
oo  eth. 


oo  eth. 
oo  eth. 

s.  eth. 

ao  eth 


s.  di!.  H2S04 


eth. 


oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4636 
4637 
4638 
4639 
4640 
4641 

4641 M 

4642 
4643 
4644 
4645 

4646 
4647 
4648 

4649 

4650 


4651 

4651F 
4651H 
4651R 
4652 

4653 

4653  M 

4654 

4655 

4656 

4657 

4658 

4659 


4660 
4661 
4662 
4663 
4664 
4665 


Name 


n-Hexoic  acid. 

n-Hexoic  aldehyde. 

Hexoylene. 

Hexyl  alcohol,  active. 

n-Hexyl  alcohol. 

Hexylamine*(n) 


bynonyms 


a-methyl- 


n-Hexyl  bromide. 
n-Hexyl  chloride. 
Hexylene. 

1,6-Hexylene  iodide. 
Hexyl  esters  of  organic  aoi 
n-Hexyl  iodide. 
pn-n-Hexyl  mercapta 
Hexyl  nitrite(n) 


Hexyl  sulfate 
1-Hexyne*.  .  . 


2-Hexyne* 


3-Hexyne* 


l-Hexyn-3-ol,  3- 

methyl-* 
3-Hexyn-2-ol,  2- 

methyl-* 
Hippuric  acid. . . 


,  p-phenylphenacyl  ester 

Histamine 

c/7-Histidine 

cf-Histidine 

/-Histidine 

,  diflavianate 

,  dihydrochloride 

Homatropine 


,  hydrobromide 

,  hydrochloride 

Homoanthranilonitril 
Homoatropine. 
Homocinchonidine. . .  . 
Homohydroquinone. 


See  Caproic  acid. 

See  Caproaldehyde. 

See  2-Hexyne*. 

See  1-Pentanol,  3-methyl-*. 

See  l-Hexanol*. 


2-amino-n-heptane . 


See  Hexane,  1-bromo-*. 

See  Hexane,  1-chloro-*. 

See  Hexene*. 

See  Hexane.  1,6-diiodo-*. 
ds.  See  "hexyl  ester"  under  the 

See  Hexane,  l-iodo-*. 
n.    See  1-Hexanethiol*. 


di-n-hexyl  sulfate 

butylacetylene;  1-hexine. 


2-hexine;  methylpropyl- 
acetylene;  hexoylene 


3-hexine;  diethylacetylene.. . 

ethynylmethylpropylcarbinol 

1-butynyldimethylcarbinol. . 

N-benzoylglycine;  benzami- 
doacetic  acid 


4-imidazoleethylamine ; 

/S-aminoethylglyoxaline 
rf/-a-amino-5-imidazole- 

propionic  acid 


mandelyltropeine ;  homo- 
atropine 


e.   See  p-Tolunilrile,  2-amino-. 
See  Homatropine. 


See  Toluhydroquinone. 


Formula 


CH3(CH2)6NH2 

CH3(CH2)4CH- 
(CH3)NH2 


names  of  the  acids. 

CH3(CH2)60NO.. 
[CH3(CH2)6J2S04.. 
HC;C(CH2)3CH3.. 


CH3C:C(CH2)>- 
CH3 


C2H5C:CC2H5. . . 
HC^C-CCOH). 

(CH3)C3H; 

(CH3)2C(OH)C:C- 

C2H5 
CeHsCONHCH,- 

COOH 

C6H5CONHCH2- 

COOCH2COC6- 

H4C6H5 
C3H3N2CH2CH2- 

NH2 
C3H3N2CH2CH- 

(NH2)COOH 
C3H3N2CH2CH- 

(NH2)COOH 
C3H3N2CH2CH- 

(NH2)COOH 
C6H9N302(CioH6- 

N208S)2 
C6H9N302-2HC1... 

Ci6H2iN03 


Ci6H2iN03HBr. 
Ci6H2iN03HCl. 


Ci9H22N20 . 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq . . 
1.4199719 


yel.  liq . 
1.434425 
col.  liq . 


liq 


col.  liq., 

1.411225 
col.  liq., 

1.43382° 
col.  liq., 

1.4411° 
col.  rhomb., 

1.535,  1.592, 

1.760 


wh.  cr. 


tetr.  pr . . . 
lng.  pi.... 
leaf,  f .  w . . 

need 

rhomb,  pi. 


dehq.  pr.  f. 

eth. ;  glist. 

pr.  f.  al. 
col.  rhomb,  pr. 
sm.  wh.  cr .  . . . 


Density 
g/ml 


pr 


0.7665- 


0.8851- 
1.0039- 


0.736-; 

4 

0.7120- 


0.74945; 
0.7377- 

4 
25 

0.7263 
0.862020 


0.962° 
1.371^ 


Melting 
point,  °C 


Boiling 
point,  °C 


-19 


-150 


187.5 
(189-90) 

163 

83-4 
285-6  d. 
287-8 
277  d. 
251-2  d. 
245  d. 
95.5-8.5 


212  d. 
216-7 


207.6 


132.7 
142 


129-30 
125.32 
71.5 

84 


582C 

145-147 

d. 


209-1018 
d. 

d.  20918 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
si.  s. 


Alcohol 


Ether,  etc. 


oo  eth. 
s.  eth. 


i. 

s. 

i. 

s. 

i. 

oo 

i. 

00 

s. 

S. 

s. 

s. 

0.3320 

si.  s. 

s. 

si.  s. 

s. 

i. 

i. 

s. 

v.  si.  s. 

si.  s. 

i. 

v.  s.,  d. 

s. 

v.  si.  s. 

s. 

17.525 

s. 

3.3 

s. 

i. 

4.8 

s.  eth. 


s.  eth. 

oo  eth. 

oo  eth. 

s.  eth. 

s.  eth. 

si.  s.  eth.;  0.11 
chl. ;  i.  bz., 
pet.  eth. 


i.    eth.,    acet., 

chl. 
i.  eth.,  acet., 

chl. 
i.  eth. 

i.  eth. 

i.  eth.;  v.  si.  s. 

cone.  HC1 
s.    eth.,    acet., 

dil.  a.,  bz., 

chl. 
i.  eth.;  s.  chl. 


s.  chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4606 

4667 
4668 
4669 
4670 
4671 
4672 

4673 

4674 


4675 
4676 

4677 


4678 
4679 
4680 
4681 


4682 
4683 


4684 


4685 
4686 
4687 
4688 

4689 

4690 
4691 


4692 
4693 
4694 
4695 
4696 
4697 
4698 


Name 


Homophthalic  acid. .  .  . 

4-Homopyrocatechol.  . 
o-Homosalicylic  acid. 
m-Homosalicylic  acid 
m-Homosalicylic  acid 
p-Homosalicylic  acid.  . 
Hordenine 


sulfate . 


Hydantoic  acid 


Hydantoin. 


1-methyl- 


5-methyl- 


,  2-thio- 

— .  5-ureido-. 
Hydracetin. 
Hydracrylic  acid 


a-phenyl-. 


Hydracrylonitrile 


Hydrastine 


,  hydrochloride 

Hydrastinine 

,  bisulfate 

,  hydrochloride  (i) .... 

Hydratropic  acid 


,  a-hydroxy-. 

Hydrazine,  1 -acetyl- 
2-phenyl- 


;r>ynonyms 


a-2-toluenedicarboxylic  acid. 


4-methylpyrocatechol.  .  .  . 

See  2,3-Cresotic  acid. 
(a).    See  2,\~Cresotic  acid. 
( /3) .    See  2,%-Cresotic  acid. 

See  2,5-Cresotic  acid. 

p-hydroxy-  N,  A"-diinet  hy  l- 
phenethylamine 


Formula 


C6H4(CH2COOH)- 
COOH 
CH8C6H3(OH)2... 


CioHisNO. 


.V-carbamylglycine;  ureido- 
acetic  acid ;  glycoluric  acid ; 
ureaacetic  acid 

giycolylurea 


(CioH«NO)2H2- 
SO4H2O 

XH2CONHCH- 
COOH 

NHCONHCOCH. 


/3-methylhydantoin i  N(CH3)CONH- 


COCH2 
a-lactylurea !  NHCONHCOCH- 


glycolylthiourea 

See  Allantoin. 

See  Hydrazine,  l-acetyl-2-phen 

3-hydroxypropanoic  acid*; 

/S-hydroxypropionic  acid ; 

ethylene  lactic  acid 
See  Tropic  acid. 
3-hydroxypropanenitrile* ; 

ethylene  cyanohydrin; 

glycol    cyanohydrin ;    /3- 

hydroxypropionitrile 


(CHs) 
C3H4N0OS 

CH2OHCH2COOH 


HOCH2CH2CN 


CaiH«N06 


a-methyl-a-toluic  acid ;  oc- 
phenylpropionic  acid 

See  Atrolactic  acid. 

acetic  acid  /3-phenylhydra- 
zide;  hydracetin;  pyrodin 


benzal-. 
benzalphenyl- 
benzoyl-. 
l-benzoyl-2-phen  iyl 

benzyl- |   

benzylidene-.  l  See  Benzaldehyde,  hydrazone. 

benzylidenephen  yl-.  See  Benzaldehyde,  phenylh 


See  Benzaldehyde,  hydrazone. 
See  Benzaldehyde,  phenylhydra 
See  Benzoic  acid,  hydrazide. 
See  Benzoic  acid,  phenylhy 


C2iH2iN06-HCl.. 

C11H13NO3 

CuHiiN02H2S04 
CnHnN02HCl.. 


C6H5CH(CH3)- 
COOH 

CH3CONHNH- 
CeHs 


drazide. 
C6H6CH2NHNH2. 


ydrazone. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


cr.  f.  w 

col.,  1.542574 


rhomb,  pr. 

col.  cr 

monocl.  pr. 


need 
pr.  . 


rhomb 

need.  f.  h.  w. 
syrup 


col.  liq 


col.  rhomb, 
pr.,  [a] 
-678°"  in 
chl.    D 

wh.  hyg.  pwd.. 

wh.-yelsh. 

need.  f.  lgr. 
grn.  fluores. 

cr. 
yel.  need. ;  aq. 

sol.  bl. 

fluores. 
col.  liq 


col.  hex. 


col.  oil. 


Density 
g/ml 


129^ 

4 


1.059- 


Melting 
point,  °C 


175 

65 

117.8  subl 

208-10 

171 

220 
157-8 

anh.  145 
d.  200 


132 

210(116) 
116-7 
216  d. 
212  d. 

<-20 

128 


Boiling 
point,  °C 


252 


140-50 


subl. 


d. 


22172S.5 


265 


103" 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol       Ether,  etc. 


s.  h. 
v.  s. 


s. 

3  20 

s.  h. 

s. 

v.  s. 
s.  h. 
v.  s. 


0.02580 


si.  s. 


si.  s. 


v.  si. 

C,  V. 

h. 


v.  s. 
V.  s. 


V.  s. 

si.  s. 
0.3920 


0.7425 


si.  s.  eth. 
v.  s.  eth. 


v.    s.    eth.:    s. 
chl.;  si.  s.  bz. 
i.  eth. 

v.  si.  s.  eth. 


v.  si.  s.  eth. 
i.  eth. 
»  eth. 

1.6415eth. 


0.825    eth.;    s. 
chl. 


v.   si.  s.   eth.; 

si.  s.  chl. 
s.  eth.,  chl.,  a.; 

d.  bz. 


0.077  eth.;  s. 
chl. 


si.   s.   eth.;   s. 
bz.,  chl. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4699 

4700 
4701 
4702 
4703 
4704 
4705 

4706 

4707 


4708 
4709 

4710 

4711 

4712 

4713 
4714 
4715 

4716 

4717 

4718 
4719 

4720 

4721 

4722 

4723 

4724 

4725 

4726 

4727 
4728 
4729 

4730 

4731 
4733 


Name 


Hydrazine,  p-bromo- 

phenyl-. 

,  l-butylidene-2-p 

,  carbamyl-. 

,  dibenzal-. 

,  diisopropylidene- 

,  (dimethylphenyl) 

,  1,2-di-l-naph- 

thyl- 
,  l,2-di-2-naph- 

thyl- 
,  2,4-dinitro- 

phenyl-* 


-,  1,1-diphenyl-* 
,  1,2-diphenyl-* 


1,2-di-o-tolyl-. 

1,2-di-m-tolyl- 

1,2-di-p-tolyl-. 

ethyl- 

l-ethylidene-2- 
1-ethyl-l- 

phenyl- 
l-ethyl-2- 

phenyl- 

formyl-. 
guanyl-. 
1-isoamyl-l- 

phenyl- 
1-isobutyl-l- 

phenyl- 
methyl-* 


1-methyl-l- 

phenyl- 
l-methyl-2-m- 

tolyl- 
l-methyl-2-p- 

tolyl- 
(1-naphthyl)-. 

(2-naphthyl)-.. 

o-ni  tropheny  1  - . 
m  -nitrophenyi- 
p-nitrophenyl- 


phenyl-* 


,  hydrochloride. 

l-phenyl-2-o- 
tolyl- 


Synonyms 


henyl-.   See  Butyr aldehyde,  p 

See  Semicarbazide. 

See  Benzaldehyde,  azine. 
.    See  Acetone,  azine. 
-.    See  Hydrazine,  xylyU. 

l,r-hydrazonaphthalene 


2,2'-hydrazonaphthalene. 


t/ns-dipheny  lhydrazine . 


hydrazobenzene ;   sj/m-di- 
phenylhydrazine 


o-hydrazotoluene . 
m-hydrazotoluene. 
p-hydrazotoluene . 


henyl-.   See  Acetaldehyde,  ph 


S^e  Formohydrazide. 
See  Guanidine,  \-amino-. 


l-(/3-methvlpropyl)-l- 
phenylhydrazine* 


m-methylhydrazobenzene . 
p-methy  lhy  drazobenzene . 


o-met  hy  lhy  drazobenzene . 


Formula 


BrC6H4NHNH2... 
henylhydrazone. 

C10H7NHNHC10H7 

C10H7NHNHC10H7 

(N02)2C6H3- 
NHNH2 


(C6H6)2NNH2.... 
CeHsNHNHCeHe. 


CH3C6H4NHNH- 

C6H4CH3 
CH3C6H4NHNH- 

C6H4CH3 
CH3C6H4NHNH- 

C6H4CH3 

NH2NHC2H5 

enylhydrazone. 
C6H5(C2H6)NNH2 


C6H6NHNHC2H6 


C6H5N(C6Hn)NH2 
C4H9(C6H6)NNH2 
CH3NHNH2 

C6H6N(CH3)NH2.. 

CH3C6H4NHNH- 

C6H5 
CH3C6H4NHNH- 

CeHs 
C10H7NHNH2 

C10H7NHNH2 

N02C6H4NHNH2.. 
N02C6H4NHNH2.. 
N02C6H4NHNH2.. 

C5H5NHNH2 

C6H6NHNH2HC1 
CH3C6H4NHNH- 
CeHg 
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ORGANIC  COMPOUNDS  (Continued; 


Crystalline 

form,  color 

and  index  of 

refraction 


need.or  leaf.  f. 
al.  or'lgr. 


col.  leaf.  f.  bz. 
col.  flocks. .  . . 


purp.-red  pr. 
f.  al.;vlt. 
fluores. 


ylsh.-br.  liq. 

or  pi.  f.  lgr. 
col.-yelsh. 

rhomb,  tab. 

f.  al. 
col.  leaf.  f.  al. 


col.  oil. 


col.  monocl. 
pi.  f.  al.-eth. 
col.  liq 


liq 

Ik,. 


1.57108: 


liq 


col.  hyg.  liq . . . 

yel.  liq.,  1.583 . 

col.-lt.  yel. 
pr.  f.  lgr. 
col.  sc.  f.  lgr. .  . 

col.  leaf 

col.  leaf,  f .  w . . 

brick  red  need 

yel.  need 

or.-red.  leaf, 
or  need. 

yel.  monocl. 
or  oil 

leaf.  f.  al 

col.  leaf,  f .  al .  . 


Density 

g/ml 


1.190 
1.158- 


0.95< 


018 

004 


0.9633- 


1.040: 


0978^° 

4 


Melting 
point,  °C 


106 


271;  274 

164 

194 
(198  d.) 

34.5;  44 
131  (126) 

165 

133-4(126) 


59-61 

86-7 

116 

124-5 

90 
93 
157 

19.6 

240-1 
101-2 


Boiling 
point,  °C 


exp. 

220™ 
d. 

d. 


d. 

101.5 

237 

240;  10410 

173-550 

245 

87.5 

227.5 


20320 


d. 
si.  d. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


i. 
i. 
i. 

v.  si.  s. 

v.  si.  s. 

v.  si.  s. 

i. 

i. 


si.  s. 


v.  s. 
si.  s. 
i. 


v.  si.  s. 
c. 
si.  s.  h. 


l. 
si.  s. 

si.  s. 


12. 620, 
2350 
v.  s. 
i. 


v.  s. 
si.  s. 
v.  si.  s. 


V.  s. 
3.9516 


s.  eth.,  bz. 


v.  s.  eth.;  s.  bz. 
v.  s.  eth. 

i.  (si.  s.)  eth.; 

s.   aniline,   h. 

ethyl  acetate; 

si.  s.  ehl.,CS2» 

bz. 
v.   s.    eth.;   s. 

cone.  H2SO4 
s.  eth. 

s.  eth.,  bz. 


v.  s.  eth.;s.  bz. 
v.  s.  eth. 

s.  eth. 


v.  s. 
v.  s. 
v.  s.  h. 
v.  s.  h. 


si.  s. 
si.  s. 


si.  s.  c. 


00  eth. 
00  eth. 

sl.s.  eth.;  s.bz. 
v.  s.  eth.,  bz. 

si.  s.  eth.;  v.  s. 

chl. 
si.   s.   eth.;   s. 

chl.,  bz. 
si.  s.  eth. 

s.  eth.,  chl., 
ethyl  acetate; 
v.  si.  s.  bz. 

00  eth. 

i.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4734 

Hydrazine,  picryl- .... 

2,4, 6-trinitropheny  Ihy  dra- 
zine 

(N02)«C«HtNH- 
NH2 

243.14 

4735 

,  tetraphenyl-*. . 

(CeHg)xNN- 

336  42 

(C6H5)'. 

4736 

,  o-tolyl- 

CH3C6H4NHNH0. 

122  17 

4737 

,  m-tolyl- 

CHjCelfcNHNHj. 

122  17 

4738 

,  p-tolyl- 

CH«<  ..iiA'HNH'.. 

122  17 

4739 

,  2,4,6-trinitrophe 



nyl-.    See  Hydrazine,  picryl-. 

4740 

,  triphenyl-* 

(\H6"NNHC6H5 

260  33 

4741 

,  2,3-xylyl- 



(2, 3-dimethylphenyn  hy- 
drazine 

CHa  .,C\iH3NH- 
NHs 

136.19 

4742 

,  2,5-xylyl- 

(2,5-dimethylphenyl)  hy- 
drazine 

CH3).C«H3NH- 
Nfli 

136.19 

4743 

Hydrazobenzene. 

See  Hydrazine,  \,2-diphenyl-*. 

4744 

,  4,4'-diamino-. .  .  . 

/./.'-hydrazodianiline;  di- 
phenine 

NH2C6H4NHNH- 
CANHi 

214.27 

4745 

,  methyl-. 

See  Hydrazine,  l-phenyl-2-toly 

k 

4746 

o-Hydrazobenzoic 
acid 

o.o'-hydrazodibenzoic  acid. . . . 

(COOHC6H4NH)2 

272.25 

4747 

m  -Hy  drazobenzoic 
acid 

w.w'-hydrazodibenzoic  acid 

(COOHC6H4NH)2 

272.25 

4748 

p-Hydrazobenzoic  acid 

/),//-hydrazodibenzoicacid.  . 

(COOHC6H4NH)2 

272.25 

4749 

Hydrazonaphthalene. 

See  Hydrazine,  dinaphthyl-. 

4750 

Hydrazophenylene. 

See  Phenazine,  5,10-dihydro-. 

4751 

Hydrazotoluene. 

See  Hydrazine,  ditolyl-. 

4752 

Hydrindene. 

See  Indan. 

4753 

a-Hydrindone. 

See  l-Indanone. 

4754 

0-Hydrindone. 

See  2-lndanone. 

4754M 

Hydroanisoin 

,\//-dimethoxyhydrobenzoin, 

[/>-(' H3OC,;H4- 

274.31 

one  form 

CHOHJa 

4755 

Hy  droanthranol . 

See  Anthranol,  9,10-dihydro-. 

4756 

Hydrobenzamide 

tribenzaldiamine;  A  ,Ar'-di- 
benzylidene-cr,a-toluenedi- 
amine 

(CsHbCH)3N2 

298.37 

4757 

Hydrobenzoin 

1.2-diphenyl-l,2-ethanediol 
(one  form) ;  tolvlene  glycol 

C6H6CHOHCH- 
OHC6H5 

214.25 

4757M 

.  p,p'-dimef  hoxy-. 

See  H  ijdroanisoin  ;  Isohydroani 

soin. 

4758 

,  er,a'-dimethyl-. 

See  2,3-Butanediol,  2,3-diphen 

yi- 

4759 

,  dodecahydro-. 

See  1,2-Ethanediol,  1,2-dicyclo 

hexyl-. 

4760 

Hydroberberine 

Hydrocarbostyril 

retrahvdroberberine 

CaoHaiNOi 

339.38 

4761 

o,4-dihydro-2(l)-quinolone ; 

C6H4NHCOCH2CH2 

147.17 

o-aiiiinohydrocinnamic  acid 

lactam 

4762 

Hydrocerulignone 

4,4'-dihydroxy-3,3',5,5'- 
tetramethoxybiphenyl 

Ci2H4(OH)2(OCH3)4 

306.31 

4763 

Hydrocinchonidine. . . . 

cinchamidine 

Ci9H24N20 

296.40 

4764 

Hydrocinchonine. 

See  Cinchotine. 

4765 

Hydrocinnamaldehyde 

3-phenylpropanal 

C6H6CH2CH2CHO 

134.17 

4766 

Hydrocinnamic  acid. .  . 

£-phenylpropionic  acid;  ben- 
zenepropionic  acid 

C6H6CH2CH2- 
COOH 

150.17 

4767 

,  ethyl  ester 

;  ethyl  benzenepropanoate; 
ethyl  /S-phenylpropionate 

C6H6CH2CH2- 

178.22 

COOC2H5 

4768 

,  piperazinium  salt 

C4HioN2-2C9Hio02 

386.48 

4769 

,  a-acetyl-,  ethyl 

ester 

ethyl  a-benzylacetoacetate . . . 

C6H6CH2CH-(CO- 
CH3)COOC2H6 

220.26 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  need 


rhomb,  pr.  f. 
al.+chl. 

col.  tab.  f.  lgr 

lie 


col.  rhomb,  leaf 
need,  f .  bz .  . . . 

col.  need 

need.  f.  eth. . . . 

yel.  cr 


col.  leaf.  f.  al . 
yel.  cr.  f.  al .  . 
sm.  need.  f.  al 


col.  rhomb, 
tab. 

col.  pr.  f .  al 


monocl.  leaf, 
f.  al. 


wh.  need,  or 

pa.  yel. 

octahdr.  cr. 
col.  pr.  f.  al., 

1.479,  1.710, 

1.810 
monocl.  pr. 

f.  al. 
leaf 


Density 
g/ml 


col.  monocl. 

pr.  f.  al. 
col.  monocl. 

need.  f.  al. 
col.  liq., 

1.49542 
wh.  cr 


col.  liq 


0.869- 


0.927184 


1.071^9 
1.015*5 

4 


1.061* 


Melting 
point,  °C 


186-7 
147 

56 


61 

142  d. 
149-50 

85 


145 

205 


168-170; 
170-171 

101  (110) 


139 

167 

163 

190 
230 
47 
48.6 

150.5-1.5 


Boiling 
point,  °C 


224 
240-4  d. 


d. 


130 


>300 


d. 


280 

279.8 
249 


290  d. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


si.  s. 
i. 


v.  si.  s. 

s.  h. 

i. 
i. 
i. 


v.  si.  s. 


0.25  c, 
1.25h 


v.  si.  s. 


1. 

i. 
0.5920 

i. 

si.  s. 
i. 


si.  s. 

v.  si. 
h. 


s. 
V.  s. 


si.  s.  h. 
si.  s. 


v.  s. 

s. 

si.  s. 
17 
37220 

s. 
s.  h. 


si.  s.  eth. 

s.  bz.,  chl., 
acet.,  H2SO4, 
blue  color 

v.  s.  eth.,  chl.; 
si.  s.  lgr. 

v.  s.  eth.,  bz. 

si.  s.  eth.;  v.  s. 
bz. 
s.  eth. 

s.  eth. 

s.  eth. 

s.  alk. 
s.  alk. 
s.  KOH 


v.  s.  h.; 

v.  si.  s.  eth. 

s.  c. 

V.  s. 

v.  s.  eth. 

v.  s. 

s.  chl.,  CS2 

v.  s.  eth. 

si.    s.    eth.;    i. 

CS2 
si.  s.  eth. 

00  eth. 

s.  eth. 

s.  eth. 

i.  eth. 

00  eth. 


For  explanations  and 


abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

4770 

Hydrocinnamic  acid,  o 

-amino-,  lactam.  See  Hydro 

carbostyril. 

4771 

,  a-amino-. 

See  Alanine,  0-phenyl-. 

4772 

,  /S-amino-. 

C6H5CH(NH2)- 

165  19 

CH2COOH 

4773 

,  oc-amino-p-hydr 

oxy-.    See  Tyrosine. 

4774 

,  a,/3-dibromo-(i).. 

z-cinnamic  acid  dibromide. . . . 

C6H6CHBrCH- 
BrCOOH 

307.99 

4776 

,  o-hydroxy-. 

See  Melilotic  acid. 

4777 

,  p-hydroxy-. 

See  Phloretic  acid. 

4778 

,  a-hydroxy-/9-ket 

o-.  See  Glycolic  acid,  benzoyl-. 

4779 

Hydrocinnamonitrile, 

/9-keto-.  See  Acetonitrile,  ben 

zoyl-. 

4780 

Hydrocinnamyl  alcoho 

1.    See  1-Propanol,  S-phenyl-. 

4781 

Hydrocotarnine 

Ci2Hi5N03^H20.. 

230.26 

4782 

o-Hvdrocoumaric  acid. 

See  Mrlilotic  acid. 

4783 

Hydrocyanic  acid 

hydrogen  cyanide;  prussicacid 

HCN 

27.03 

4784 

Hydrof  uramide. 

furfural  hydramide;  trifural- 
diamine;  furfuramide 

(C:>H40)3N> 

268.2ft 

4785 

Hydrogen  cyanide. 

See  Hydrocyanic  acid. 

4786 

Hydrogen  methyl  sulfa 

te.    See  Methylsulfuric  acid. 

4787 

Hydrohydrastinine.  . 

CnHi3N02 

191.22 

4788 

a-Hydronaphthoquino 

ne.  See  l,A-Naphthalenediol*. 

4789 

Hydrophlorone. 

See  Hydroquinone,  2,5-dimethy 

/-. 

4790 

Hydroquinine 

CJ0H26N2O2 

326.43 

4791 

Hydroquinone 

1,4-benzenediol*;  quinol; 
hydroquinol;  p-dihydroxy- 
benzene 

C6H4(OH)2 

110.11 

4792 

,  diacetate 

quinol  diacetate;  p-phenyl- 

C6H4(OOCCH3)2.. 

194.18 

ene  diacetate;  diacetylhy- 

droquinone 

4793 

,  diethyl  ether. 

See  Benzene,  1,4-diethoxy-*. 

4794 

,  dimethyl  ether 

See  Benzene,  1,4-dimethoxy-*. 

4795 

,  monoamyl  ether. 

See  Phenol,  p-amoxy-. 

479t» 

,  monobutyl  ether. 

See  Phenol,  p-butoxy-. 

4797 

,  monoethyl  ether. 

See  Phenol,  p-ethoxy-. 

4798 

,  monoheptyl  ether. 

See  Phenol,  p-heptyloxy-. 

4799 

,  monohexyl  ether. 

See  Phenol,  p-hexyloxy-. 

4800 

,  monomethyl  ether. 

See  Phenol,  p-methoxy-. 

4801 

,  monooctyl  ether. 

See  Phenol,  p-octyloxy-. 

4802 

,  monopropyl  ether. 

See  Phenol,  p-propoxy-. 

4803 

,  2-acetyl-. 

See  Acetophenone,  2,5-dihydrox 

y-- 

4804 

,  bromo- 

2-bromo- 1,4-benzenediol*. . .  . 

BrC6H3(OH)2 

189.02 

4805 

,  chloro- 

2-chloro-  1,4-benzenediol*; 
chloroquinol 

C1C6H3(0H)2 

144.56 

4806 

,  2,3-dimethyl-. . . 

2,3-dimethyl-l,4-benzene- 
diol*;  o-xylohydroquinone ; 
3,6-dihydroxy-o-xylene 

(CH3)2C6H2(OH)2 

138.16 

4807 

,  2,5-dimethyl- 

2,5-dimethyl-l  ,4-benzene- 
diol*;  p-xylohydroquinone ; 
hydrophlorone;   hydro- p- 
xyloquinone;   2,5-di- 
hydroxy-p-xylene 

(CH3)2C6H2(OH)2 

138.16 

4808 

,  2,6-dimethyl- 

2,6-dimethyl-l,4-benzene- 
diol*;   2,5-dihydroxy-m- 
xylene 

1,4-benzenedithiol*;  p- 

(CH3)2(OH)2C6H2 

138.16 

4809 

,  dithio- 

C6H4(SH)2 

142.23 

phenylene  dimercaptan 

4810 

,  hydroxy-. 

See  1,2,4-Benzenetriol*. 

4811 

,  2-isopropyl-5-me 

4812 

— ,  2-methyl-. 

See  Toluhydronuino"e. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  f.  w. 


monocl.  pr. 


monocl.  pr. 
f.  al. 

col.  pois.  liq. 

1.267510 
need.  f.  al. 


wh.  cr. 


+  2H20,  need. 

f.  chl.  or  eth. 
col.  hex.  pr.  f. 

w.,  1.633, 

1.626 
pi.  or  leaf. 

f.  al. 


leaf.  f.  pet. 

eth. 
monocl.  leaf. 

f.  chl. 
cr.  f .  w 


leaf.  f.  w. 


need.  f.  xylene 


4809       hex.  leaf.  f. 
dil.  al. 


Density 
g/ml 


0.6876- 


1.358^ 


Melting 
point,  °C 


231  d. 


203-4 


55-6 

-14 

117 

66 


168; 

172  anh. 
170.5 

(173.1) 

124 


110-1 
(113-5) 
106 

221  d. 


217  (212) 

149-51 

98 


Boiling 
point,  °C 


26 
250  d. 


286.2 


subl. 
263 


subl. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


si.  s.  c. 
d.  h. 


5.915 
si.  s.  h. 


si.  s. 


si.  s. 


s. 
V.  s. 

si.  s. 


si.  s.  eth. 
s.  eth.,  CSs 


v.  s.  eth.,  chl., 
bz. ;  s.  alk. 

oo  eth. 

s.  eth. 

v.  s.  eth. 


s.  eth.,  chl., 
acet.,  NH4OH 
v.  s.  eth. 


v.    s.    eth.;   s. 
chl. 


s.  eth.,  bz.,  ac. 

a.,  chl.,  lgr. 

s.  eth.,  h.  chl. 

s.  eth. 


s.  eth.;  si.  s 
CS2,  ac.  a. 
chl.;  v.  si.  s 
bz. 


s.  eth. 


s.  eth.,  bz.,  lgr. 
v.  s.  ac.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4813 

4813M 

4814 
4815 
4816 
4817 
4818 

4819 
4820 

4821 

4822 
4823 


4824 
4825 

4826 
4827 

4828 

4829 

4830 

4831 


4832 
4833 

4834 


4835 

4836 

4837 
4838 
4839 

4840 
4841 


4842 
4844 
4845 
4846 


Name 


Hydroquinone,  tetra 

chloro- 
,  2,3i5-trimethyl- 


trichloro- 


Hydroquinonecarboxyl 
Hydroquinone-2-carbo 
2,5-Hydroquinonedicar 
Hydroquinone- 

phthalein 
Hydroresorcinol. 
Hydrotoluq  uinone. 
Hydroxy-.  See  the  parent  c 
Hydroxylamine, 

benzyl-* 

,  a(or  O) -benzyl-. 

,  ethyl-* 


a-ethyl-. 
methyl-*. 

a-methyl- 
phenyl-*. 


propyl-*, 
o-tolyl- . 
m-tolyl-, 
p-tolyl- . 


Hyenic  acid. 
Hyoscine.  .  . 


,  hydrobromide. 


,  sulfate 

Hyoscyamine.  . 

,  hydrobromide. 

,  hydrochloride. 

,  sulfate 


dl-  Hyoscyamine. 
d-  Hyoscyamine . 


cf-Hypaphorine 

Hypnal 

Hypogeic  acid  (artificial) 
Hypoxanthine 


Synonyms 


tetrachloro-1 ,4-benzenediol ' 


ic  acid.  See  Gentisic  acid. 
xylic  acid,  5-hydroxy-.  S 

boxy  lie  acid.  See  Terephthal 
2,7-dihydroxyfluoran 


See  1,3-Cyclohexanedione*. 
See  Toluhydroq  uinone. 
ompounds  (e.g.,  for  hydroxyben 
/3  (or  A')-benzylhydroxyl- 
amine 

See  Benzyloxyamine*. 
0-ethylhydroxylamine 


See  Ethoxyamine* . 
/S-methylhydroxylamine . 

See  M ethoxyamine*. 
/3-phenylhydroxylamine . 


0  (or  AO-o-tolylhydroxyl- 
amine 


/-scopolamine . 


/-scopolamine  sulfate. 


/-hyoscyamine;  dat urine; 
duboisine 


See  Atropine. 


antipyrine  chloral  hydrate; 
chloral-antipyrine 
7-hexadecenoic  acid 


6(l)-purinone;  6-oxypurine; 
sarcine 


Formula 


C6C14(0H)2 

(CH3)3C6H(OH)2. . 

Cl3C6H(OH)2 

ee  Benzoic  acid,2A.b 

ic  acid,  2,5-dihydroxy 

C20H12O6 

zoic  acid  see  Benzoic 
C6H6CH2NHOH... 

C2H6NHOH 

CH3NHOH 

CeHUNHOH 

CH3CH2CH2NH- 
OH 
CH3C6H4NHOH... 

CH3C6H4NHOH .  . 

CH3C6H4NHOH .  . 


C24H49COOH... 
C17H21NO4 

Ci7H2iN04-HBr. 
3H20 

fCi7H2iN04)2- 
H2S04-2H»0 
C17H23NO3 

Ci7H23N03H^r. 
Ci7H23N03-HCI. 
(Ci7H2303N)2- 
H2S04-2H20 

C17H23NO3 


Ci4Hi8N202-2H20. 

CiiHi2N20-CCl3- 

CH(OH)2 
CH3(CH2)7CH: 

CH(CH2)oC00H 
C5H4N4O 


Mol. 
Wt. 


247.90 

152.19 

213.46 

trihy- 

332.30 


acid,  hy- 
123.15 


61.08 

47.06 

109.12 
75.11 
123.15 
123.15 
123.15 


382.66 
303.35 

438.32 


740.80 

289.36 

370.29 
325.83 
712.84 

289.36 

282.33 
353.64 
254.40 
136.11 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


4813M 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl. 
f.  bz. 

wh.  cr 


col.  pr.  f.  w .  .  . 
droxy-. 
need.  f.  eth.. . 


Density 
g/ml 


droxy-;  for  hydrjoxy propane 
need.  f.  lgr.  . . .     


col.  leaf,  or 
need.  f.  lgr., 
1.4151988-9 

hyg.  pr., 
1.41638 


0.908- 


1.0003- 


col.  need 

need.  f.  eth.. . 

col.  need.  f. 

bz.,  eth. 
leaf.  f.  bz., 

eth. 
col.  leaf.  f.  bz 


cr.  f.  eth .... 

col.  syrup, 
[a]-33.1°D 

col.  rhomb. 
cr.  f.  w., 
[a]-32.9°g 


wh.  micr. 
need.  f.  w. 
wh.  need. . . 


wh.  deliq.  pr . 

wh.  cr 

need.  f.  al., 
[a]-28.6°D 

silky  need. 
f.  w.+al.. 
[a]-20.3°g 

lg.  monocl. 
cr.  f.  w. 
rhomb,  cr. .  . 


col.  need, 
need .... 


Melting 
point,  °C 


232 

170-171 
134  (138) 

232-4 


see  Pro  pa  no 
57 


59  d. 

42 

82 

ca.  46 
44 
68 
94 


78 
55 


194 


106-8 

152 

149-51 
anh.  206 


106 

anh. 255 
68 
33 
d.  150 


Boiling 
point,  °C 


subl.  d. 


subl. 


d. 


62. 515 


23615 


Solubility  in  grains  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


v.  si.  s. 
c.;s.  h. 
0.615 


v.  si.  s, 

h. 


V.  s. 

2  c, 
10  h. 

V.  s. 

i. 

si.  s.  h. 

lc, 

50  h., 

d. 
i. 
10. 515 

66. 625 


12 


0.0719- 
j.4100 


s. 
V.  s. 

si.  s. 
V.  s. 

6.325 


v.  s. 

s. 

50 

s. 

15.6 


si.  s. 
V.  s. 
si.  s. 


v.  s.  eth.;s.  bz. 
s.  eth. 
v.  s.  eth. 


s.  eth.,  alk.;  i. 
lgr- 


si.  s.  eth. 


s.  eth. 


v.  s.  eth.;  v.  si. 
s.  lgr. 
s.  eth. ;  i.  lgr. 

v.  s.  eth. ;  si.  s. 

lgr. 
s.   eth.;  si.   s. 

lgr. 
v.  s.  eth.;  si.  s. 

bz. 

s.  eth. 

v.   s.   eth.;  s. 

chl.;  si.  s.  bz. 
i.  eth.;  0.13 

chl. 


s.  eth.,  chl. 

0.06  eth. 

0.04eth.;s.""* 
chl. 

s.  eth.,  chl.,  bz. 


si.  s.  eth. 

s.  eth. 

s.  eth.,  alk. 


For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4847 
4848 

4848M 


4849 
4850 

4851 

4852 

4852M 

4853 


4854 

4855 

4856 

4856M 

4857 

4858 

4859 

4860 

4861 

4862 

4863 


4864 
4865 
4866 


4867 
4868 

4869 
4870 
4871 
4872 
4873 
4874 

4876 

4877 

4878 
4878M 

4879 
4880 


Name 


Hypoxanthine,  2-amin 
Hystazarin 


Idose 


Idryl. 
Imesatin 


Imidazole. 


4,5-dihydro-2,4,5 
2-ketotetrahydro 
1-methyl- 


,  2,4,5-triphenyl-. 

4-Imidazolecarboxylic 
2,4-Imidazoledione,  5- 
4-Imidazoleethylamin 
5-Imidazolepropionic  a 
2(3)-Imidazolone,  dihy 
Imidazolo  [4,5-cf]  pyrim 
Imperatorin. 
Indaconitine 


Indan 

1-Indanone. 


2-Indanone.  . 
Indanthrene. 
Indene 


,  2,3-dihydro- 

Indican   (of  plants) 


Indigo,  Indigo  blue. 

,  soluble. 

Indigo  carmine. 
Indigopurpurin. 
Indigo  red. 
Indigotin 


4,4'-Indigotindicar- 

boxylic  acid 
5,5'-Indigotindisul- 

fonic  acid 

,  disodium  salt 

Indigotinsulfonic  acid 


Indigo  white. 
Indirubin. . .  . 


Synonyms 


Formula 


o-.  See  Guanine. 
2,3-dihydroxyanthraquinone ; 
hystazin 


See  Fluoranthene. 
3-iminooxindole. . 


glyoxaline;  iminazole. 


■triphenyl-.    See  Amarine. 
■.    See  Urea,  ethylene-. 
iV-methylglyoxaline 


See  Lophine. 
acid,  tetrahydro-4-hydr 
hydroxy-.   See  Allanturic  aci 

e.    See  Histamine. 
cid,  o-amino-.  See  Histidi 
dro-.    See  Urea,  ethylene-. 
idine.    See  Purine. 

See  Peucedanin. 

acetylbenzoylpseudaconine. .  . 

hydrindene;  2,3-dihydroin- 
dene 
1-ketoindan;  a-hydrindone.  .  . 


2-ketoindan;  /3-hydrindone.  . 

iV,.V'-dihydroanthraquinon- 
azine 


See  Indan. 


See  Indigotin. 

See  5,5'-Indigotindisulfonic aci 

See  5,5/-Indigotindisulfonic  aci 

See  Indirubin. 

See  Indirubin. 

indigo;  indigo  blue 


indigo  carmine;  soluble  indigo 


leucoindigo 

indigo  red ;  indigopurpurin . 


C6H4(CO)2C6H2- 

(OH)2 
CeH^Oe 


C6H4NHCOC:NH 

1 1 

NHCH:NCH:CH 


N(CH3)CH: 


NCH:CH 


oxy-2,5-diketo- 

d. 


C34H47NO10. 


C6H4CH2CH2CH2 

1 1 

C6H4COCH2CH2. 


C6H4CH2COCH,. 

C28H14N2O4 

C6H4CH2CH  :CH 


Ci4Hi7N06-3H20. 

d,  disodium  salt, 
d,  disodium  salt. 

C16H10N2O2 

CisHioNaOe 

Cl6H10N2O8S2.... 

Ci6H8N2Na208S2. 
CieHioNzOeS 

C16H12N2O2 

C16H10N2O2 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


4847 
4848 

4848M 


4849 
4850 

4851 

4852 
4852  M 
4853 


4854 

4855 

4856 

4856  M 

4857 

4858 

4859 

4860 

4861 

4862 

4863 


4864 
4865 
4866 


4867 
4868 

4869 
4870 
4871 
4872 
4873 
4874 

4876 

4877 

4878 
4878M 

4879 
4880 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  need.  f. 
ac.  a. 

glassy  brittle 
mass,  L- 
idose,  [a] 
22  +  63.2° 


yel.  pr 

col.  pr 


Alloxamc  and. 


col.  liq., 

1.5387716-4 
rhomb,  need. 

f.  w., 

1.5608444-75 
need.  f.  al., 

1.537766 
b!.  powd 


col.  liq., 
1.5710712-7 


br.  rhomb. 


rhomb.,  purp. 
blue  powd .  .  . 
blue  amor 


blue  powd 
Purp 


wh.  powd. 
br.  need .  . 


Density 
g/ml 


1.036^ 

4 


0.965- 


101^ 

4 


1.071*1 

4 


1.006- 


1.35- 


Melting 
point,  °C 


260 

osazone 
168 


U0 


202-3  d. 

41 

61 

470-500  d. 
-2 


51-7; a 
100-2 


392  d. 


200  d. 


Boiling 
point,  °C 


256 


197-9 


176.5 
244 

225  d. 


182.4 


subl. 


subl. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


l. 
v.  s. 


i. 

i. 

v.  si.  s. 


si.  s. 


v.  s. 
i. 


si.  s. 


si.   s.   eth. 
H2S04 


si.  s.  eth. 
s.  eth. 


s.  eth. 
*  eth. 
s.  eth. 

v.  s.  eth. 

i.  eth.;  s.  dil. 
alk.  sol. 

oo  eth.;  s.  pyr., 
CCU,  acet., 
CS2,  turpen- 
tine 

s.  eth.;  si.  s.  bz. 


i.    eth.;    s.    h. 

chl.,  h.  anil, 
i.  eth.,  chl.;  s. 

H2S04 


s.  eth.,  alk. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Name 


Indole 

,  1-acetyl-. 

,  2-methyl- 


,  3-methyl-. 

2-Indolecarboxylic    aci 
3-Indolepropionic  acid 
2,3-Indolinedione. 
3-Indolol. 
2(3)-Indolone. 
Indophenin 


Indoxyl 

,  1-nitroso- 


Indoxylic  acid. 


i-Inositol 


Inulin 


Iodeosin  B. 
Iodine  cyanide. 
Iodo-.   See  the  parent  comp 
Iodoform 


-,  methyl-. 


cf7-Iodogorgoic  acid. . 

d-Iodogorgoic  acid  .  .  . 

Iodol. 

Iodonium  iodide,  di- 

phenyl- 
Iodophen. 
a-Ionone 


,  semicarbazone . 


/3-Ionone 

,  semicarbazone, 


/3-Irone. . . 
Isatic  acid 


,  lactam. 

Isatin 


,  acetyl-. 


Synonyms 


benzo[61pyrrole 


a-methylindole;  methyl- 
ketole 

See  Skatole. 
d,  3- hydroxy-.   See  Indoxyl 
,  a-amino-.  See  Tryptophan 

See  Isatin. 

See  Indoxyl. 

See  (Jx  in  dolt. 


3-indolol. . 
isatoxime . 


3-hydroxy-2-indoleearboxylic 
acid 


1 .2,3,  1,5,6-cyclohexane- 

hexol*;  r-inosite;  phaseo- 
manuitoi;  dambose 


See  Erythrosin  (dye). 
See  Cyanogen  iodide. 
ounds  've.g..  for  iodobenzene 
triiodomethane 


See  Etha  ne,  1,1 ,1-ttiiodo-  *. 
3,5-di-diiodotyTOsine 

d-3,5-diiodotyrosine 

See  Pyrrole.  2,3, AfS-tetraiodo-. 


See  Phenol  phlhnlcin,  3',3",5',5 
4r(2,6,6-trimethyl-2-cyelo- 
hexenyl)-3-buten-2-one 


4-(2,6,6-trimethyl-l-cyclo- 
hexenyl)-3-buten-2-one 


natural  irone;  4-(2,2,6-tri- 

methyl-3-cyclohexenyl)- 

3-buten-2-one 
o-aminophenylglyoxylic  acid ; 

o-aminobenzoylformic  acid ; 

isatinic  acid 
See  Isatin. 
2,3-indolinedione;  isatic  acid 

lactam 
See  Pseudoisatin,  1-acetyl-. 


Formula 


C6H4NHCH:CH 

i i 

CHsCO- 
NCH:CHC6H4 


CHaNCsHe. 
ic  acid. 


(C12H7NOS)*.... 

C6H4NHCH:COH 

1 1 

CgH4N(NO)- 

I 

CH:COH 

C6H4NHC- 

(COOH)COH 

1 

C6Hf,(OH)6 

(C6Hio06)6-H20.. 

Benzene,  iodo-). 
CHI3 

HOC6H2I2CH2- 
CH(NH>)COOH 
CgHahNOa 

(CoHo)JI 

"-tetraiodo-. 
C13H20O 

C13H20:NNH- 
CONH2 
C13H20O 

Ci3H2o:NNH- 
CONH2 
C13H20O 


NH2C6H4CO- 
COOH 


C6H4NHCOCO. 

1 1 


Mol. 
Wt. 


117.14 
159.18 

131.17 


(213- 

.24)* 

133.14 
162.14 


177.15 

180.16 

990.8ft 

393.78 

433.01 
433.01 
408.04 

192.29 
249.35 
192.29 
249.35 
192.29 

165.14 
147.13 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf.  f.  w 
Hq 


need,  or  leaf. 


bl.  need . 

oil 

yel.  need. 


Density 
g/ml 


1.07- 


tricl. 


col.  monocl. 
f.  w. 

col.  byg.  cr. 


yel.  hex., 
1.800,  1.750 


rect.  pr 

need 

yel.  need.  f.  al. 

col.  liq., 
1.4984222-* 

col.  cr.  f.  bz., 
lgr. 

col.  liq., 
1.5197718-9 

need.  f.  al 

col.  liq.,  1.5011 
wh.  powd 


1.524** 

4 


anh 


,,,2  0 

3o  — 


4.0082-^ 


red  monocl. 
need.  f.  al. 


0.930 


0.944 


0.939 


Melting 
point,  °C 


52.5 


59 


85 
202 


anh.  225 


178  d. 
(160) 


119 

204  d. 
194  d. 
182 


110 


148 


d. 


201 (198-9) 


Boiling 
point,  °C 


254 
152-3" 

272.3 


110 


subl.  123 


31915,  d. 


subl.; 
210  exp. 


147.528 


14018 


14416 


subl. 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 


si.  s. 


si.  s.,  d. 
h. 


4.515 
0.01° 

0.0125 


0 .  0f>225. 
0.5675 


v.  sK  s. 

v.  si.  s. 

i. 

v.  si.  s. 

si.  s. 


v.  si.  s. 
c,  s.  h. 


Alcohol        Ether,  etc. 


0.0216 


1.318, 

7.878 


s.  h. 


v.    s.    eth.;    s. 
bz.,  lgr. 


v.    s.    eth. 
H>S04 


si.   s.    eth.;   s. 
H2S04;  i.  bz. 
s.  alk. 


KOH 


i.  eth. 


13. 625  eth.; 
chl.,  glyc, 
CS2 


«  eth.;  s.  chl. 

oo  eth. 
s.  eth.,  bz. 
v.  s.  eth. 


si.   s.   eth.; 
alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4914 
4915 

Isatin,  1-methyl- 

,  5-methyl- 

,  nitxo- 

A'-methylisatin 

p-methylisatin 

C6H4N(CH3)COCO 

CHaCeHaNHCOCO 

i                  i 

161.15 
161.15 

4916 

C6H3(N02)NH- 

COCO 

i 

C6H4N:CC1C0.... 

i                  i 

192.13 

4917 
4918 

,  thio-. 

Isatin  chloride 

Isatoic  anhydride 

Isatoxime. 
a-lsatropic  acid 

Isethionic  acid 

Isoalioxazine. 
Isoamyl.   For  isoamyl  deriv 
Isoamyl  alcohol 

sec-Isoamyl  alcohol. 
Isoamyl  aldehyde. 
Isoamylamine 

Isoamyl  borate 

Isoamyl  bromide 

Isoamyl  chloride 

Isoamyl  cyanide. 

Isoamyl  disulfide 

a-Isoamylene. 
/3-Isoamylene. 
a-Isoamylene  glycol. 
0-Isoamylene  glycol. 
7-Isoamylene  glycol. 
Isoamyl  ether 

See  Thionaphtheuequinone. 
2-chloro-3-pseudoiiidolone. . .  . 

AT-carboxyanthranilic  acid 

anhydride 

See  Indoxyl,  1-nitroso-. 
1,2,3,4-tetrahydro-l-phenyl- 

1 ,4-naphthalenedicarb- 

oxylic  acid  (one  form) 
2-hydroxyethanesulfonic  acid 
See  D-Ribojlarin. 
atives  see  the  parent  compound 
isobutylcarbinol ;  3-methyl- 

1-butanol* 
See  2-Butanol,  3-methyl-*. 
See  Isovaler aldehyde. 
l-amino-3-methylbutane 

triisoamyl  borate 

165.58 

4919 

CcH4COOCONH.. 

i                    i 

163.13 

4920 
4921 

296.31 

4922 
4922M 

4923 

4924 
4925 
4926 

4927 

CH2OHCH2SO3H 

s  (e.g.,  for  isoamylbe 
(CH3)2CHCH2- 
CH2OH 

(CH3)2CHCH2- 
CH2NH2 
B(OC5Hii)3 

(CH3)2CHCH2- 

CH2Br 
(CH3)2CHCH2- 

CH2CI 

C5H11S2C&H11 

(CH3)2CH(CH2)2- 
0(CH2)2CH- 

(CH3)2 
(CH3)2CHCH2- 

CH2I 
(CH3)2CH(CH2)2- 

NC 

(CH3)2CHCH2- 

CH2ONO2 
(CH3)2CHCH2- 

CH2ONO 

[(CH3)2CH2CH2- 
CH2]2S04 
[(CH3)2CH- 

(CH2)2]2S 

''HOCeHaCCOu- 
C6H3OH 

126.13 

nzene 
88.15 

87.16 
272.24 

4928 

4929 

4930 
4931 

l-bromo-3-methylbutane*. . .  . 

l-chloro-3-methylbutane*. . .  . 

See  I socapronitrile. 
diisoamyl  disulfide 

151.06 
106.60 

206.40 

4932 
4933 
4934 
4935 
4936 
4937 

See  l-Butene,  3-methyl-*. 
See2-Butene,  3-methyl-*. 
See  1,2-Butanediol,  3-methyl-*. 
See  2,3-Butanediol,  2-methyl-*. 
See  1,3-Butanediol,  3-methyl-*. 
3-methyl-l-(7-methylbu- 

toxy)butane * ;   diisoamyl 

ether 
l-iodo-3-methylbutane* 

7-methylbutyl  isocyanide ; 
isoamy  Icarby  lami  ne 
See  l-Butanethiol,  3-methyl-*. 
7-methylbutyl  nitrate* 

7-methylbutyl  nitrite* 

diisoamyl  sulfate 

158.28 

4938 

4939 

4940 
4941 

4942 
4943 

Isoamyl  iodide 

Isoamyl  isocyanide. . . . 

Isoamyl  mercaptan. 
Isoamyl  nitrate 

Isoamyl  nitrite 

Isoamyl  sulfate 

Isoamyl  sulfide 

Isoamyl  urethan. 
Isoanthraflavic  acid .  .  . 

1 

198.06 
97.16 

133.15 
117.15 

240.35 

4944 

4945 
4946 

diisoamyl  sulfide ;  3-methyl- 
1-  (7-methy  lbuty  lthio)  bu- 
tane* 

See  Carbamic  acid,  isoamyl  este 
2 , 7-dihy  droxyanthraq  uinone 

174.34 
240.20 

*Naine  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


4914 
4915 
4916 


4917 
4918 

49K 

4920 
4921 


4922 
4922M 

4923 

4924 
4925 
4926 

4927 

4928 

4929 

4930 
4931 
4932 
4933 
4934 
4935 
4936 
4937 


4938 

4939 

4940 
4941 

4942 

4943 
4944 


4945 
4946 


Crystalline 

form,  color 

and  index  of 

refraction 


red  need. . . . 
red  leaf.  f.  w 
need.  f.  al. . . 

br.  need .... 


monocl.  f. 
acet. 


see  Benzene,  is' 
col.  liq., 
1.408417-8 


col.  liq 

col.  liq.,  1.421 
col.  liq.,  1.4412 
col.  liq 


liq 


col.  liq.,  1.408 


col.  liq , 
liq.... 


col.  liq., 

1.4121921-7 
ylsh.  inflam. 

liq., 

1.3870820-7 


col.  liq., 
1.45238 


lng.  yel.  need, 
f.  dil.  al. 


Density 

g/ml 


amyl-).   For 
0.812 


0.7505- 


0.872- 

4 

1.215 
0.893 

0.91819 


0.78073- 
1.510 


0.99622 
0.872 


0.84314: 


Melting 
point,  °C 


134 
187 
230 

180  d. 
240  d. 

237 


isoamyl  est 
-117.2 


111.9 


330  subl. 


Boiling 
point,  °C 


100  d. 

ers  of  organ 
130.5 
(130-2) 


95 

255 

120.65 

98.9 

250;  122- 


172.5-3.0 

148 
137 

148 
99 

149-5112 

209-11 

(216) 


d.-H20, 
100 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


si.  s.  c. 
si.  s. 


i. 
0.7100 

v.  si.  s. 


ic  acids 
2.67222 


s. 
d. 
0.02"u 


l. 

v.  si.  s. 
v.  si.  s. 


si.  s. 


V.  s. 


s. 

si.  s. 

i. 

see  the 


v.  s. 


si.    s.    eth.;    s 
alk.,  h.  HC1 
s.  alk. 


v.  s.  eth. 

si.  s.  eth.;  1.3 
h.  acet. 

i.  eth.,  bz.,  CS2 


cids. 
w  eth. 

°o  eth. ;  s.  chL 
oo  eth. 
s.  ctk 
»  eth. 


oo  etL 

oo  eth. 
s.  etL 

v.  s.  etL 

=o  eth. 


v.  s.  eth. 


v.  si.  s.  eth.; 
alk.,  H2SO4 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


4947 


4948 
4949 


4950 


4951 


4952 
4953 

4954 

4954M 
4955 

4956 

4957 

4958 

4959 

4^60 

4960M 

4961 

4962 

4963 


4964 
4966 

4967 
4968 
4969 
4970 

4971 

4972 
4973 

4974 

4975 

4976 
4977 

4978 


Name 


Isobenzamarone 


l(3)-Isobenzofuranone 
Isobornyl  chloride .... 


Isobutane 


Isobutyl.   For  isobutyl  deri 
Isobutyl  alcohol 


Isobutyl  aldehyde. 
Isobutylamine.  .  .  . 


,  iV-methyl-. . 

,  iV-phenyl-. 

Isobutyl  arsenite. 

Isobutyl  borate .  . 

Isobutyl  bromide 


Isobutyl  chloride 

Isobutyl  cyanide, 
isobuiylene. 
Isobutylene  brom  Id  e 
Isobutylene  glycol. 
Isobutylene  oxide. 
Isobutyl  ether 


Isobutyl 
Isobutyl 

Isobutyl 
Isobutyl 
Isobutyl 
Isobutyl 

Isobutyl 

Isobutyl 

Isobutyl 


fluoride 
iodide. . 


isocyanide. . 
mercaptan. 
mustard  oil. 
nitrate 


nitrite . 
sulfate . 
sulfide . 


Isobutyraldehyde 

,  oxime 


Isob  u  tyraldoxime . 
Isobutyramide 


Isobutyricacid. 


Synonyms 


a,a'-benzalbisdesoxyben- 
zoin;  1, 2,3.4, 5-pentaphen- 
yl-l,5-pentanedione  (one 
form) 
.    See  Phthalide. 

2-chlorocamphane  (one  form) ; 
camphene  hydrochloride ; 
bornyl  chloride  (incorrect) 

2-methylpropane*;  trimeth- 
ylmethane 

vatives  see  the  parent  compoun 

2-methyl-l-propanol*;    iso- 
propylcarbinol 

See  Isobutyraldehyde. 
l-amino-2-methylpropane. . 


See  Aniline,  \-isobutyl-. 
triisobutyl  (ortho)arsenite. . .  . 

triisobutyl  borate 

l-bromo-2-methylpropane*. . . 

l-chloro-2-methylpropane*. .  . 

See  Isovaleronitrile. 

See  Propene,  2-methyl-* . 

See  Propane,  \,2-dibromo-2-me 

See  1, 2- Propanediol,  2-methyl- 

See  Ethylene  oxide,  a,  a-dimeth 

(2-methyl-l-/S-methylpro- 

poxy )  propane  * ;  diisobutyl 

ether 

l-fluoro-2-methylpropane*.  .  . 
l-iodo-2-methylpropane* 


Furmula 


C6H*CH[CH- 
(C6H«)COC»H6]2 


CioHivCl. . 
(CH3)3CH. 


ds  (e.g.,  for  isobutyl 
(CH3)2CHCH2OH 

(CH3)2CHCH2NH. 

CH3NHCH2CH- 

(CH3)2 

As[OCH2CH- 

(CH3)213 
B(OC4Ha)3 


/3-methylpropylcarbylamine* 
See  1- Propanediol,  2-methyl-*. 
See  Isothiocyanic  acid,  isobutyl 
/3-methylpropyl  nitrate* 


/3-methylpropyl  nitrite  * 
diisobutyl  sulfate 


diisobutyl  sulfide;  2-meth- 
yl-1-  (  /S-met  hy  lpropy  lthio)- 
propane* 

2-methylpropanal* ;  isobutyl 
aldehyde 

2-methylpropanal  oxime; 
isobutyraldoxime 

See  Isobutyraldehyde,  oxime. 

2-methylpropanamide*;  iso- 

butyric  amide 

2-methylpropanoic  acid*; 
dimethylacetic  acid;  a- 
methylpropionic  acid     


(CH3)2CHCH2Br. 
(CH3)2CHCH>C1 

thyl-* 

* 

yl. 
[(CH3)>CHCH2120 


(CH3)2CHCH2F.. 
(CH3)2CHCH-.I .  . 

(CH3)2CHCH2NC 

ester. 
(CH3)2CHCH2- 

ON02 
(CH3)2CHCH>- 

ONO 
[(CH.)aCHCH2]2- 

S04 
[(CH3)2CHCH2]2S 


(CH3)2CHCHO... 

(CH3)2CH- 
CH:NOH 

(CH3)2CHCONH2 

(CH3)2CHCOOH. 


*Name  approved  by  the  International  Union  of  Chemistry, 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


494: 


4048 
4949 


4950 


4951 


4952 
4953 

4954 

4954M 
4955 

4956 

4957 

4958 

4959 

4960 

49nOM 

4961 

4962 

4963 


4964 
4966 

^967 
4968 
4969 
4970 

4971 

4972 

4973 

4974 

4975 

4976 
4977 

4978 


see  Benzene,  iso 

col.  inflam. 
liq., 
1.3968"-5 

col.  liq., 

1.39878170 
col.  liq 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  feath.  cr. 


col.  gas. 


col.  liq.,  1.408 
col.  liq.,  1.436 
col.  liq.,  1.3960 


col.  liq 


Density 
g/ml 


liq.  0.6031 

butyl-).  For 
0.8011 

0.736 
0.72218 


col.  gas. . 
col.  liq., 
1.49597 
col.  liq .  . 


col.  liq., 

1.401302*-* 

liq., 
1.37151221 

1.415 


col.  liq 


col.  liq., 

1.37302 
col.  oil, 

1.4302220-5 

col.  monocl. 

f.  bz.  or  chl. 
col.  liq., 

1.39300 


0.864- 
4 

1.264 

0.875 


0.7616- 

4 


2.5821 
1.605 

0.78734 


1.0168] 
0.8702^ 


1.04228 

0.8386- 

4 


0.7938 
0.8943- 


1.013 
0.949^-° 


Melting 
point,  °C 


179-80 

148-50 

(157) 

-145 

isobutyl  estc 
-108 

-85.5 


118.5 
131.2 


-93.5 
<-60 


-65.9 
<-80 

129(123-4) 
-47.0 


Boiling 
point,  °C 


-10.2 


rs  of  organic 

108.39 
(106-8) 


68  (67-9) 
76-8 

242 
212 

91.5 
68.9 


122.5 


16 

120.4 

114-7 


122.9 
67 

133-4" 
172-3 

61  5-3.5 
139 

220 
154.4 


Solubility  in  grams  per  100  ml  of 


Water 

Alcohol 

i. 

s. 

13-^ 

772 

1320— 

775 

cm3 

cm3 

acids  se 

e  the  ac 

9.518 

» 

30 

00 

d. 

00 

0.058916 

30 

0.092,2-? 

30 

si.  s. 

» 

i. 

V.  S. 

1. 

00 

si.  s. 

s. 

i. 

00 

i. 

S. 

i. 

V.  s. 

11 

00 

si.  s. 

v.  s. 

V.  s. 

2020 

OO 

4.P2bz. 


s.  eth. 


2790—  cm5 
773 

eth. 


ids. 


eth. 


eth. 


00  eth. 
»  eth. 
*>  eth. 


00  eth. 

v.  s.  eth. 
*  eth. 

s.  eth. 

00  eth. 
s.  eth. 


v.  s.  eth. 


si.  s.  eth. 
00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

4979 
4980 

Isobutyric  acid,  allyl 

ester 
,  amyl  ester 

allyl   isobutyrate;   2-pro- 

penyl  2-inethylpropanoate* 
pentyl  2-methylpropanoate* 

ethyl   isobutyrate;   ethyl 
2-methylpropanoate  * 

7-methylbutyl  2-methyl- 
propanoate* 

/3-methylpropyl  2-methyl- 
propanoate* 

(CH3)2CH- 

COOCsHs 
(CH3)2CHCOO- 

(CH2)4CH3 
(CH3)2CH- 

COOC2H5 
(CH3)2CH- 

COOCsHn 
(CH3)2CHCOO- 

CH2CH(CH3)2 
(CH^CHCOO- 

cfi(CH3v> 

(CH3)>CHCOO- 

CH3 
C4HioN2-2C3H7- 

COOH 
(CH*)2CH- 

COOC3H7 
(CH3)2C(NH2)- 

COOH 
(CH3)2CBrCOOH 

(CH3)2CBr- 
COOC2H5 
(CH3)2COHCOOH 

(CH3)2C(OCH3)- 
COOC10H19 

[(CH3)2CHCOl20.. 
(CH3)2CHCN 

(CH3)2C(OH)CN 

(CH3)2CHCOC6H5 

(CH3)2CBrCOC6- 

H2(CH3)3 

(CH3)2CHCOBr ..  . 

(CH3)2CHC0C1.. 

CuHmNs-IHiO'.... 

128.17 
158.24 

4981 

,  ethyl  ester 

116.16 

4982 

,  isoamyl  ester 

158.24 

4983 

,  isobutyl  ester 

144.21 

4984 

,  isopropyl  ester 

,  methyl  ester 

130.18 

4985 

methyl  2-methylpropano- 
ate*; methyl  isobutyrate 

102.13 

4986 

,  piperazinium  salt 

— — ,  propyl  ester 

,  a-amino- 

,  a-bromo- 

, ,  ethyl  ester 

,  a-hydroxy- 

,  a-methoxy-  3-p- 

menthyl  ester 
Isobutyric  amide. 
Isobutyric  anhydride. . 
Isobutyronitrile 

,  a-hydroxy- 

Isobutyrophenone 

,  a-bromo-2,4,6- 

trimethyl- 

Isobutyryl  bromide .  .  . 

Isobutyryl  chloride. . .  . 

Isocalycanthine 

262.35 

4987 
4988 
4989 

4990 

4991 

4992 

4993 
4994 

n-propyl  isobutyrate 

2-amino-2-methylpropanoic 

acid* 
2-bromo-2-methylpropanoic 

acid* 

ethyl  2-bromo-2-methyl- 

propanoate* 
2-hydroxy-2-methylpropa- 

noic  acid  * ;  acetonic  acid 
menthol  a-methoxyiso- 

butyrate 
See  Isobutyramide. 

130.18 
103.12 
167.01 

195.07 
104.10 
256.38 

158.19 

4995 
4996 

4997 
4998 

4999 
5000 
5001 

2-methylpropanenitrile  * ; 
isopropyl  cyanide 

2-hydroxy-  2-methylpropane- 
nitrile*;  isopropyl  cyano- 
hydrin ;  acetone  cyanohy- 
drin 

isopropyl  phenyl  ketone 

a-bromoisopropyl  2-mesityl 
ketone ;  a-bromoisobutyryl- 
mesitylene 

2-methylpropanoyl  bromide* 

2-methylpropanoyl  chloride* 

69.10 
85.10 

148.20 
269.18 

151  01 
106.55 
183.25 

5002 

Isocamphane 

cf/-Isocamphoricacid. . 

Isocapric  alcohol. 
Isocaproic  acid 

,  a-amino-. 

,  a-hydroxy. 

Isocaprone. 

2,2,3-trimethylnorcamphane ; 

isohydrocamphene ;    2,2,3- 

trimethylbicyclo(2,2,l)- 

heptane 
dl-trans- 1,2, 2- trimethyl- 1 , 

3-cyclopentanedicarboxylic 

acid 

See  1-Hexanol,  S-isopropyl-5- 
4-methylpentanoic  acid*; 

isobutylacetic  acid 
See  Leucine. 
See  Leucic  acid. 
See  5-Nonanone,  2,8-dimethyl 

138.25 

5003 

5004 
5005 

5006 
5007 
5008 

C8Hi4(COOH)2.... 

methyl-*. 
(CH3)2CH(CH2)2- 
COOH 

_* 

200.23 
116.16 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

4979 

liq 

133.5 
155 

111.7 
168.8 
148.7 
120.8 
92.6 

v.  sl.  s. 
sl.  s. 
sl.  s. 
v.  sl.  s. 
v.  sl.  s. 
i. 

sl.  s. 
s. 

v.  sl.  s. 
s. 
V.  s. 

i. 
v.  s. 

d. 

sl.  s. 

V.  s. 
i. 

d. 

sl.  s. 

OO 
OO 

oo 

s. 
s. 
s. 

OO 

s. 

sl.  s. 
s. 

s. 

V.  s. 
s. 

d. 

V.  s. 
V.  s. 

s. 

d. 

s. 

V.  s. 

s. 

oo  eth. 

4980 

liq.,  1.4076.... 

col.  liq., 
1.3903 
col.  liq 

col.  liq.,  1.3999 

Col.  liq 

col.  liq.,  1.3840 

wh.  a 

col.  liq 

col.  monocl. 
pi.  or  pr. 

Pi 

Col.  liq 

col.  hyg.  pr. 
f.  bz. 
liq.. 

0.859215 
0.86930- 

4 

0.876- 

4 

0.875- 

4 

0.869- 

4 

0.891 
0.884- 

4 

oo  eth. 

4981 
4982 

-88.2 

oo  eth. 
s.  eth. 

4983 
4984 

-80.7 

oo  eth. 
s.  eth. 

4985 
4986 

-84.7 
121-2 

«  eth. 

i.    eth.;    s.    h. 

4987 

135.4 
subl.  280 
198-200 

164  d. 

212 

124-610 

182.5 
107-8 

120  d.; 

8223 

217 
160-7024 

116-8 
92 

dioxane 

4988 

203  d. 

48 

i.  eth. 

4989 
4990 

liq. 

1.525560 
1.311- 

4 

s.  eth. 
oo  eth. 

4991 

79 

v.  s.  eth.;  v.  sl. 

4992 

0.9466 

0.950 
0.773 

0.93219 
0.984 

s.  bz. 
s.  eth. 

4993 
4994 
4995 

col.  liq 

col.  liq 

col.  liq.,  1.3996 

col.  liq., 

1.5191916-6 
cr 

-53.5 

oo  eth. 
v.  s.  eth. 

4996 
4997 

-19 

v.  s.  eth. ;  v.  sl. 
s.  pet.  eth. 

s.  eth. 

4998 

27 

s.  eth. 

4999 

1.406715 
1.017^-° 

4 

5000 
5001 

col.  liq.,  1.4079 
rhomb 

-90.0 
235 

64.5 

191 
-35 

s.  eth. 

5002 

0.8276- 

4 

164 

5003 

cr 

v.  s.  eth. 

5004 
5005 

5006 
5007 
5008 

col.  oily  liq. . .  . 

0.925^ 

4 

207.7 
(110-125) 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5009 

5010 
5011 
5012 

Isocapronitrile 

Isocaprophenone 

Isocaprylic   acid,    a- 

hydroxy- 
Isocarbostyril 

Isocholesterol 

,  benzoate 

Isochrysene. 
Isocinchomeronic  acid 

Isocinnamic  acid  (of 

Liebermann) 

Isocitric  acid 

4-methylpentanenitrile* ; 

isoamyl  cyanide ;  isobutyl- 

acetonitrile 
isoamyl  phenyl  ketone 

2-hydroxy-6-methylhep- 

tanoicacid* 
1-isoquinolinol  or  1(2)- 

isoquinolone 
isooholesterin 

(CH3)2CH(CH2)2- 

CN 

(CH3)2CH(CH2)2- 

COCeHs 
(CH3)2CH(CH2)3- 

CHOHCOOH 
C9H7NO 

97.16 

176.25 
160  21 
145.15 

5013 

C27H46OH 

C6H6COOC27H45... 

C6H3N(COOH)2- 
H20 
C6H5CH:CHCOOH 

COOHCH(OH)- 
CH(COOH)CH2- 
COOH 

C18H21NO3 

C2lH2*N04 

C22H27NO4 

386 . 64 

5014 

490.75 

5015 
5016 

5018 
5019 

See  Triphenylene. 

2,5-pyridinedicarboxylic 
acid* 

a'.s-/9-phenylacrylic  acid 
(one  form) ;  m-benzene- 
propenoic  acid  (one  form) 

l-hydroxy-l,2,3-propanetri- 
curboxylic  acid*;  a-hy- 
droxytricarballylic  acid 

185.13 
148.15 

192.12 

5020 

Isocodeine.  . 

299.36 

5021 

Isocorybulbine 

355.42 

5022 

Isocorydaline 

369.45 

n023 

Isocotoin 

2,4-dihydroxy-O-methoxy- 

benzophenone 
2,1-benzopyrone;  o-/S-hy- 

droxyvinylbenzoic  acid 

lactone 
<is  (?)-2-butenoic  acid*;  /3- 

Cor  liquid)crotonic  acid; 

allocrotonic  acid;  cis(?)- 

/3-methylacrylic  acid; 

quartenylic  acid 
See  Angelic  acid. 

244.24 

5024 

Isocoumarin 

Isocrotonic  acid 

,  a-methyl-. 

Isocyanic  acid,  ethyl 

ester 
,  isobutyl  ester 

C6H4COOCH;CH 

1 

146.14 

5025 

5026 
5027 

CH3CH:CHCOOH 

C2H5NCO 

(CH3)2CHCH.>- 
NCO 
C6H6N:CO 

CH3C6H4NCO.... 
ocyanide,  etc. 

C303(NCH3)3 

C21H20O5 

86.09 
71.08 

5027M 

isobutyl  isocyanate 

99.13 

5028 

,  phenyl  ester 

phenyl  isocyanate;  phenyl- 
carbonimide;  carbanil 
o-tolylcarbonimide . . 

119.12 

5029 

,  o-tolyl  ester 

133.14 

5030 
5031 

5032 
5033 

Isocyanides. 
Isocyanuric  acid. 

,  trimethyl  ester 

Isocymene. 
Isoderritol 

See  Ethyl  isocyanide,  Methyl  is 
See  Fulminuric  acid. 
tricarbonimide  trimethyl 
ester 
See  m-Cymene. 

171.16 
352.37 

5034 
5035 
5036 

Isodextrosamine. 

Isodibutol. 

Isodurene 

See  D-Fructosamine. 
See  2-Pentanol,  2,4:,4-trimethyl 
1,2,3,5-tetramethylbenzene. .  . 
See  Isoduridine. 
2,3,4,6-tetramethylphenol(?) ; 

4-hydroxyisodurene(?) 
2,3,4,6-tetramethylaniline ; 

4-aminoisodurene 
3,4,5-trimethylbenzoicacid. .  . 

2,4,6-trimethylbenzoic  acid ; 
mesitylene-eso-carboxylic 

(CH3)4C6H2 

(CH3)4C6HOH.... 
(CH3)4C6HNH2... 
(CH3)3C6H2COOH 
(CH3)3C6H2COOH 

134.21 

5037 
5038 

,  4-amino-. 

Isodurenol 

150.21 

5039 

Isoduridine 

149.23 

5040 
5041 

a-Isodurylic  acid 

/3-Isodurylic  acid 

164.20 
164.20 

*Name  approved  by  the  International  Union  of  Chemistry. 
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No. 


5009 

5010 

5011 

5012 

5013 
5014 
5015 
5016 

5018 
5019 

5020 

5021 
5022 
5023 

5024 
5025 


5026 
5027 

5027M 

5028 

5029 

5030 
5031 

5032 
5033 
5034 
5035 
5036 
5037 
5038 

5039 

5040 

5041 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.,  1.406 

col.  liq 

need.  f.  eth.. . . 

col.  monocl. 
f.  bz. 

need.  f.  eth..  . 
need 


col.  leaf.  f.  w. 

lng.  monocl. 
pr.  f.  Igr. 


pr 


1.607,  1.642, 
1.675 
col.  leaf 


pi.  f.  bz. 


col.  need.  f. 
pet.  eth., 
1.4457 


liq.,  1.3794He 


liq., 
1.5368419-6 

Hq 


pr. 


liq 

cr 

cr 

need,  f .  w . . . 
col.  cr.  f.  al . 


Density 

g/ml 


0.806: 


0.962- 


1.0312 


0.898: 


.095*-° 


0.896- 


97824 


Melting 
point,  °C 


Boiling 
point,  °C 


-51.1 


24.7 

152-3  d. 
(110-1) 
208-9 

138 
191-5 

236-7 
(anh.) 

58  (42) 


d.  100 


144 

180 
13d 

162 

47 


14-5 


175 
149 

-24 

79-81 
23-4 
215 
152 


155.5 

242.5 
192-3  d. 

subl. 


BUbl. 

265— Mrans 
form 


Solubility  in  grams  per  100  ml  of 


Water 


l. 

i. 

si.  s. 
si.  s. 


Alcohol 


v.  s. 


286 


171.9  d. 


60 

101.5 
165.6 
186 

295 


197 

230-50 

255 


v.  si.  s. 
0.93725 

v.  si.  s. 


40 


d. 

L  d.  h. 


v.  si. 


v.  si. 


d. 
d.  h. 


v.  si.  s.    s. 

h. 

v.  si.  s 


V.  s. 


Ether,  etc. 


«j  eth. 

v.  s.  eth. 

s.  eth. 

si.  s.  eth.,  bz.; 
s.  chl. 
s.  eth.,  h.  ac.  a. 
v.  s.  eth. 

v.  si.  s.  eth.;  s. 

h.  HC1 
v.    s.    eth.;   s. 

chl.,lgr.,ac.a. 

v.  si.  s.  eth. 


s.  eth.,  CS2;  v. 
s.  bz. 


oo  eth. 

v.  s.  eth. 
s.  eth. 


v.  s.  eth. 
s.  eth. 

s.  eth. 

v.    s.    eth.;    s. 
chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5042 

y-Isodurylic  acid 

2,3,5-trimethvlbenzoicacid. .  . 

(CH3)3C6H2COOH 

164.20 

5043 

Isoephedrine. 

See  Pseudoephedrine. 

5044 

Isoerucic  acid. 

See  Brassidic  acid. 

5045 

Isoeugenol 

4-propenylguaiacol  . 

164  20 

5046 

,  acetate 

(OCH3)OH 

CH3CH:CHC6H3- 
(OCH3)OOCCH3 

206.23 

5047 

,  benzyl  ether 

l-benzyloxy-2-  methoxy-4- 

CH3CH:CHC6H3- 

254.32 

propenylbenzene 

(OCH3)OC7H7 

5048 

,  ethyl  ether 

l-ethoxy-2-methoxy-4-pro- 

CHsCHiCHCeHs- 

192.25 

penylbenzene 

(OCH3)OC2H6 

5049 

,  methyl  ether. 

See  Veratrole,  \-propenyU. 

5050 

,  7-hydroxy-. 

See  Coniferyl  alcohol. 

5051 

7-Isofenchyl  alcohol  .  . 

/-6-fenchanol 

CioHnOH 

154.25 

5052 

Isof erulic  acid 

3-hydroxy-4-methoxycin- 
namic  acid ;  hesperetic  acid 

HO(CH30)CgH3- 
CH:CHCOOH 

194.18 

5062M 

Isogeraniolene. 

See  1,3-Heptadiene,  2,§-dimeth 

yl-*. 

5053 

Isoglucosamine. 

See  D-Fructosamine. 

5054 

a,/3-Isoheptenic  acid. 

See  2-Hexenoic  acid,  5-methyl-* 

5055 

Isoheptyl  alcohol. 

See  \-Hexanol,  5-methyl-*. 

5056 

Isoheptylic  acid. 

See  Caproic  acid,  5-methyl-. 

5057 

Isohexacosane. 

See  Cerane. 

5058 

a-Isohexenic  acid. 

See  2-Pentenoic  acid,  4r-methyl- 

* 

5059 

Isohexylamine 

(4-methylamyl)  amine;  1- 
amino-4-me'thylpentane 
p,p'-dimethoxyhydrobenzoin, 

(CH3)2CH(CH2)3- 
NH2 

101.19 

5059M 

Isohydroanisoin 

(7>CH3OC6H4- 

274.31 

CHOH-)2 

5060 

Isohydrobenzoin 

1 ,2-diphenyl-l  ,2-ethanediol 
(one  form) 

Ci4H12(OH)2 

214.25 

5061 

Isohydrocamphene. 

See  I socamphane. 

5062 

1,3-Isoindoledione. 

See  Phthalimide. 

5063 

1-Isoindolinone. 

See  Phthalimidine. 

5065 

c//- Isoleucine 

(i/-a-amino-/3-methylvaleric 

CH3CH2CH(CH3)- 

131.17 

acid ;  c#-2-amino-3-inethyl- 

CH(NH2)COOH 

pentanoic  acid* 

5066 

c?-Isoleucine 

</-2-amino-3-methylpenta- 

CH3CH2CH(CH3)- 

131.17 

noic  acid* ;  d-a-amino-/3- 
methylvaleric  acid 
d-a/£o-a:-amino-/S-methyl- 

CH(Nfl2)COOH 

5067 

d-allo-  Isoleucine 

CH3CH2CH(CH3)- 

131.17 

valeric  acid 

CH(NH2)COOH 

5068 

1- alio-  Isoleucine 

J-aZZo-a-amino-/9-methyl- 
valeric  acid 

CH3CH2CH(CH3)- 
CH(NH2)COOH 

131.17 

5069 

a-Isomalic  acid 

2-hydroxy-2-methylpropane- 
dioic  acid  * ;  a-hydroxyiso- 
succinic  acid 

CH3C(OH)- 
(COOH)2 

134.09 

5070 

Isomannide 

C6H10O4 

146.14 

5071 

a-Isomorpliine 

Ci7Hi9N03 

285.33 

5072 

Isonaphthazarin 

2,3 (or  3,4)-dihydroxy-l, 
4-naphthoq  uinone 

CioH402(OH)2.... 

190.15 

5073 

Isomcotelne 

C10Hi2N2 

160.21 

5074 

Isonicotine 

CioHwN- 

C5H4NCOOH 

162.23 

5075 

Isonicotinic  acid 

4-pyridinecarboxylic  acid*. . . 

123.11 

5076 

Isonicotinic  anhydride 

(C5H4NCO)20.... 

228.20 

Isonitriles. 

See  Ethyl  isocyanide,  Methyl  is 

ocyanide,  dc. 

5077 

Isooctane. 

See  Heptane,  2-methyl-*,  Penta 

ne,  2,2,4r-trimethyl-*. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5042 
5043 
5044 
5045 


5046 

5047 

5048 

5049 
5050 
5051 

5052 

5052M 

5053 

5054 

5055 

5056 

5057 

5058 

5059 

5059M 

5060 

5061 
5062 
5063 
5065 


5066 

5067 
5068 

5069 


5070 
5071 
5072 


5073 

5074 
5075 

5076 

5077 


Crystalline 

form,  color 

and  index  of 

refraction 


pi.  f.lgr 


pa.  yel.  liq. 
1.568018 


need.  f.  bz .  . . . 
need.  f.  al. . .  . 
cr.  f.  dil.  al 

need 

wh.  need 


wh.-yel.  liq. 
col.  pr 


col.  monocl. 
f.  al. 


rhomb,  or 
monocl.  pi. 
f.  dil.  al. 

greasy  rhomb, 
leaf.  f.  al. 

greasy  leaf. . . 

greasy  leaf. . . 


col.  cr 

col.  monocl. 


or  .-red  leaf , 


liq.,  1.5749. 


cr 

col.  need. 


Density 
g/ml 


1.0839; 
1.08521 


0.961- 


0.7582- 

4 


1.098- 

4 


Melting 
point,  CC 


127 
-10 

79-80 

58-9 

64 

62 
228 


-94.4 

110 

121 

292  d. 

283-4  d. 

280-1  d. 
278  d. 

160  d. 

(142) 

87 

247 

280 


78 
317 

103-4 


Boiling 
point,  °C 


267.5 


282-3 


204 


123.9 


1330.02 


d.  170± 
274  d. 


293 

260  d. 
subl.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


si.  s.  c, 
s.  h. 


si.  s. 


0.19' 


2.1925, 
4.8375 

4.1225; 

6.0875 

2  920 


si.  s.  c. 
v.  s.  h. 


Alcohol 


v.  s. 

v.  s. 

s.  h. 


i.,  si.  s. 
h. 


0 .  8220 
80% 
0.1220 


si.  s. 


v.  si.  s. 


Ether,  etc. 


s.  eth. 

s.  eth. 
s.  eth. 
v.  s.  eth.,  bz. 

v.  s.  eth. 
s.  eth.;  i.  lgr. 


°o  eth. 
v.  s.  eth. 
v.  s.  eth. 

i.  eth.;  s.  h.  ac. 
a. 

i.  eth.;  s.  h.  ac. 
a. 

i.  eth. 

v.  s.  eth. 

i.  eth. 

si.  s.  eth.,  chl., 
bz.;    s.    alk., 

acet. 
00  eth. 

v.  si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5078 
5079 

5080 

5081 

5082 

5083 

5084 

5085 
5086 

5087 
5088 

5089 

5090 

5091 
5092 

5093 

5094 

5095 


5096 
5097 


5098 
5099 

5100 

5101 

5102 
5103 

5104 

5105 

5105M 

5106 

5107 
5108 
5109 


Name 


Isopentane. 
Isophthalaldehyde . 

Isophthalaldehydic 
acid 
,  2-hydroxy- .  .  . 


,  4-hydroxy- 

,  6-hydroxy- 

Isophthalic  acid 

,  diethyl  ester.  . . 

,  dimethyl  ester . 


,  4,6-dimethyl- 
,  2-hydroxy- .  . 


4-hydroxy- 
5-hydroxy- 


,  5-methyl-. 
,  5-nitro-  .  .  . 


Isophthalonitrile. . . . 
Isophthalyl  chloride. 
Isoprene 


Isopropenyl  bromide. 
Isopropenyl  chloride. 
Isopropyl.  For  isopropyl  de 


Isopropyl  alcohol 
Isopropylamine .  . 


Isopropyl  bromide . 
Isopropyl  chloride. . 


Isopropyl  cyanide. 
Isopropyl  ether .  .  . 


Isopropyl  fluoride. 


Isopropylidene  chlorid 
Isopropylidene  fluoride 
Isopropyl iodide 


Isopropyl  isocyanide.. 
Isopropyl  mercaptan. 
Isopropyl  mustard  oil. 


Synonyms 


See  Butane,  2-methyl-* 

1 ,3-benzenedicarbonal 

m-phthalic  aldehyde 

m-formylbenzoic  acid. 


3-formyl-2-hydroxybenzoic 

acid 
3-formyl-4-hydroxybenzoic 

acid 
5-formyl-2-hydroxybenzoic 

acid 
1 ,3-benzenedicarboxylic 

acid*;  w-phthalic  acid 

ethyl  m-phthalate 

dimethyl  1,3-benzenedicar- 

boxylate*;    methyl   iso- 

phthalate 
See  a-Cumidic  acid. 


See  Uvitic  acid. 


1 ,3-benzenedicarbonitrile  * ; 
1 ,3-dicyanobenzene 

1,3-benzenedicarbonyl  chlo- 
ride*; m-phthalyl  dichloride 

2-methyl-l  ,3-butadiene  * ; 
/9-methylbivinyl ;  hemi- 
terpene 

See  Propene,  2-bromo-*. 

See  Propene,  2-chloro-*. 
rivatives  see  the  parent  compou 

2-propanol  * ;  dimethylcar- 
binol 


2-bromopropaneg 
2-chloropropane* 


See  Isobutyronitrile. 
2-isopropoxy  propane " 
isopropyl  ether 
2-fluoropropane* 


di- 


e.    See  Propane.  2,2-dichloro-' 

.  See  Propane,  2,2-difluoro-*. 

2-iodopropane* 


See  2-Propanethiol* 

See  Isothiocyanic  acid,  isoprop 


Formula 


C6H4(CHO)2 

CHOC6H4COOH. 

CHOC6H3(OH)- 

COOH 
CHOC6H3(OH)- 

COOH 
CHOC6H3(OH)- 

COOH 
C6H4(COOH)2... 

C6H4(COOC2H6)2 
C6H4(COOCH3)2. 


HOC6H3(COOH)2 
HOC6H3(COOH)2 
HOC6H3(COOH)2 


N02C6H3- 
(COOH)2-l 

C6H4(CN)2. 


H20 


C6H4(C0C1)-; 

CH2:CHC- 
(CH3):CH2 


nds  (e.g.,  for  isoprop 
CH3CHOHCH3.. 
(CH3)2CHNH2. . . 

CH3CHBrCH3... 
CH3CHC1CH3... 

(CH3)2CHOCH- 
(CH3)2 
CH3CHFCH3.... 

CH3CHICH3.... 
(CH3)2CHNC... 
yl  ester. 


Mol. 
Wt. 


134.13 

150.13 

166.13 

166.13 

166.13 

166.13 

222.23 
194.18 

182.13 
182.13 
182.13 

238.15 

128.13 

203.03 

68.11 


ylben- 
60.09 
59.11 

123.00 
78.54 

102.17 
62.09 

170.01 
69.10 


*Name  approved  by  the  International  Union  of  Chemistry, 
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5105 

5105M 

5106 


Crystalline 

form,  color 

and  index  of 

refraction 


need 

need.  f.  w. 
need 


pr.  . 
need 


col.  need.  f. 

h.  w. 
col.  liq 
col.  need.  f. 

dil.  al. 


col.  need.  f.  w 
col.  need.  f.  w 
need,  f .  w . .  . . 

coi.-grn.  leaf.. 

col.  need 

cr 


col.  liq., 
1.4221W-8 


zene  see  Benzen 

col.  liq., 

1.37757 
col.  liq., 

1.3769815-4 

col.  liq., 
1.42508 
col.  liq 

col.  liq 

col.  gas, 
1.3240-20 

liq.,  1.49969... 
col.  liq 


Density 
g/ml 


0.6806- 

4 


c,  isopropyl- 


0.7854^ 

4 

0.694-; 

4 

0.690™ 
1.310^ 

4 

0.8590- 

4 

0.7258- 


0.7682"10. 


1.703- 

4 

0.7596- 


Melting 
point,  °C 


89.5 

175(164-6) 

179 

243-4 

248-9 

330;  312-4 

68 


hyd.  239; 

anh.  244 

310  (306) 

hyd. 

-2H20  100; 
anh.  288 

255  si.  d. 

161 

41 

-120 


).    For  isopr 

-88.5  to 

-89.5 

-101.2 


-89 
-117 

-60 
-133.4 

-90.8 


Boiling 

Solubility  in  gram 

point,  °C 

Water 

Alcohol 

si.  s. 

4.9499.7 

6ioo 

s.  h. 

V.  s. 

V.  s. 

s. 

s. 

subl. 

0.7100 

0.01323 

0.22  h. 

i. 

s. 
s. 

subl. 

285 

0.14; 

2.5100 
0.324 

v.  s. 
V.  s. 

d. 

0.06, 

IglM 

V.  s. 

0.2225 

si.  s. 

V.  s. 
s.  h. 

subl. 

276 

d. 

d. 

34 

i. 

00 

opyl  esters  o 

f  organic 

acids  see 

82.3 

00 

00 

34 

00 

CO 

59.6 

0.3220 

OO 

35.4(34.8) 
(36.5) 

0.34412-* 

OO 

67.5 

(68.5-9.0) 

-10.1 

0.2 

00 

89.5 

0.1420 

00 

87 

i. 

OO 

i.  pet.  eth. 
v.  s.  eth. 

s.  eth. 
s.  eth. 
i.  bz. 


v.  s.  eth.;  si.  s. 

chl. 
v.  s.  eth.;  s.  h. 

ac.  a.;  i.  chl. 
v.  s.  eth.;  s.  bz. 


v.  s.  eth. 
s.  eth.;  i.  lgr. 
s.  eth. 
00  eth. 

the  acids. 
°°    eth. 
00  eth. 

*  eth. 
00  eth. 

00  eth. 


eth. 
eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5110 

Isopropyl  nitrate 

Isopropyl  nitrite 

Jsopropyl sulfide 

Isopurpurin. 
Isoquinoline.  . 

2-propanol  nitrate 

(CH3)2CHN03.... 

(CH3)2CHONO... 

(CH3)2CHSCH- 
(CH3)2 

C6H4CH:NCH:CH 

i                        i 

105  09 

5111 

2-propanol  nitrite 

89  09 

5112 

5113 
5114 

2-(isopropylthio)  propane  * ; 

diisopropyl  sulfide 
See  Anthrapurpurin. 
benzo[c]pyridine;  2-benza- 

zine;  leucoline 

118.23 
129  15 

,  nitro- 

5115 

N02C9H6N 

7 , 8-methy  lened 

HI. 

COOH- 
CH(CHOH)2CH- 

COOH 

CH2(02)C6H3- 
CH:CHCH3 

CH3CH(COOH)2. . 

C19H21NO3 

(Ci9H2iN03)2- 
H2SO4 
CH2:CHCH2NCS 

CH3(CH2)4NCS... 

C6H5CH2NCS 

CH3(CH2)2CH2- 
NCS 
C2H6CH(CH3)- 

NCS 

(CH3)3CNCS 

C2H6NCS 

C5H11NCS 

(CH3)2CHCH2- 

NCS 

(CH3)2CHNCS. . . . 
CH3NCS 

174  15 

5116 
5117 
5118 

5119 

,  1,2,3,4-tetrahydr 

1-Isoquinolinol,  1(2) -Is 
Isosaccharic  acid 

Isosafrole 

o-6-methoxy-l-methyl- 
oquinolone.  See  Isocarbosty 
tetrahydro-3,4-dihydroxy- 
2,5-furandicarboxylic  acid 

3,4-methylenedioxy-l-pro- 
penylbenzene 

2-methylpropanedioic  acid* ; 
methylmalonic  acid 
See  ct-Isomalic  acid. 

ioxy-. 

192.12 

162  18 

5120 

5121 
5122 

Isosuccinic  acid 

,  a-hydroxy-. 

Isothebaine  (d) 

sulfate 

118.09 
311  37 

5123 

720  81 

5124 
5125 

Isothiocyanic  acid, 

allyl  ester 
amyl  ester    

2-propenyl  isothiocyanate*; 
allyl  mustard  oil 
n-amyl  mustard  oil 

99.15 

129  22 

5126 

benzyl  ester 

benzyl  mustard  oil 

149  20 

5127 
5128 

,  p-biphenylyl  ester. 

,  butyl  ester 

See  "xenyl  ester,"  below, 
butyl  mustard  oil 

115  19 

5129 

5130 
5131 

,  sec-butyl  ester 

,  t  erf-butyl  ester 

,  ethyl  ester 

a-methylpropylisothio- 
cyanate*;  sec-butyl  mustard 
oil 

a,  a-dimethylethylisothio- 
cyanate*;  tert-bnty\  mus- 
tard oil 

ethyl  mustard  oil 

115.19 

115.19 
87  14 

5132 

,  isoamyl  ester 

7-methylbutyl  isothio- 
cyanate* 

isobutyl  mustard  oil;  0- 
methylpropyl   isothio- 
cyanate* 

isopropyl  mustard  oil 

methyl  mustard  oil 

129.22 

5133 

,  isobutyl  ester 

115  19 

5134 
5135 

,  isopropyl  ester 

,  methyl  ester 

101.16 
73.11 

5136 

,  phenyl  ester 

phenyl  mustard  oil 

C6H5NCS 

135.18 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 
liq 


col.  pi.  or  liq., 

1.62233251 
need.  f.  w. . . . 

SeeAnhalonine. 

rhomb 


Density 
g/ml 


1.036- 
0.844- 


1.0980- 


(cis)  1.5632^. 
(trans) 
1.573615 

col.  pr.  or 
need. 

rhomb,  f.  al. 
or  eth. 


col.  oil, 

1.5221224 
liq 


Hq 

liq 


liq. 
d:  [ot]  61.88  2° 


liq 

col.  liq.,  1.5134 

yel.  liq   

liq.,  1.500514..  . 

liq 

col.  cr., 
1.525837-2 


col.  liq., 
1.6491823-4 


1.123^ 


.455 


1.125y 

0.9462-^ 

4 

0.944- 

4 

0.943- 

4 

0.9187- 

4 


1.004-; 

4 


0.995= 

0.942^ 


0.963814; 
0.943- 


1.069- 
4 


1.135y; 

4 

1.1297— 

4 


Melting 
point,  °C 


23 
110 

185 
<-18 


135  d. 
(129) 

203-4 

120-1  d. 

-100 


10.5 
-5.9 


35 


-21 


Boiling 
point,  °C 


102 

45 
120.4 

243 


242-3 
24S-52 


150.7 

193.4 

243;  12512 

167 

159.5 
(159-63) 

140™ 


132 
(131. 2733) 


182 

162 

137-7.5 
119 


218.5 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  si.  s. 
s.  h. 


66-° 


0.2 
v.  si. 
i. 
i. 
i. 


v.  si. 
i. 


v.  si.  s. 


s.  eth. 


v.  si.  s.  eth. 


v.  s.  eth. 


v.   s.    eth.;   s. 
bz.,  CS2 
v.  s.  eth. 

s.  eth. 

v.  s.  eth. 

s.  eth. 


s.  eth. 
s.  eth. 

v.  s.  eth. 
*  eth. 

v.  s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 


PHYSICAL  CONSTANTS  OF 


No. 


5137 

5138 
5139 
5140 

5141 

5142 

5142M 

5143 

5144 

5145 

5146 

5147 

5148 

5149 

5150 

5151 

5152 
5153 

5154 

5155 

5156 

5157 
5158 

5159 

5160 

5161 


Name 


Isothiocyanic  acid, 

propyl  ester 


-,  o-tolyl  ester. 
-,  p-tolyl  ester. 


,  xenyl  ester 

Isovaleraldehyde , 


,  oxime 

Isovaleramide. 
Isovaleric  acid . 

,  allyl  ester .  . . 

,  ethyl  ester. . . 

,  isoamyl  ester . 

,  isobutyl  ester . 


-,  methyl  ester 

-,  p-phenylphenacyl  ester 

-,  piperazinium  salt 

-,  propyl  ester 


a-amino-. 
/3-amino- . 


a-bromo- .  .  .  . 
a-hydroxy-(i) 
/3-hydroxy- .  . 


Isovalerone. 
Isovaleronitrile 


Isovalerophenone .  . 
Isovaleryl  chloride . 


d/-Iso  valine. 


Synonyms 


n-propyl  mustard  oil . 


o-tolyl  mustard  oil . 
p-tolyl  mustard  oil. 


xenyl  mustard  oil;  p-bi- 
pheny  lyl  isothiocyanate ; 
p-biphenylyl  mustard  oil 
3-methylbutanal*;  isoamyl 
aldehyde 


3-methylbutanal  oxime*. 


3-methylbutanamide*;  iso- 
propylacetamide 

3-methylbutanoic  acid*; 
isopropylacetic  acid 

allyl  isovalerate;  2-pro- 
penyl  3-methylbutanoate* 


isoamyl  isovalerate;  7- 
methylbutyl  3-methyl- 
butanoate* 

isobutyl  isovalerate;  /S- 
methylpropyl  3-methyl- 
butanoate* 

methyl  3-methylbutanoate* 
methyl  isovalerate 


n-propyl  isovalerate. 


See  Valine. 

3-amino-3-methylbutanoic 
acid* 

2-bromo-3-methylbutanoic 
acid* 

2-hydroxy-3-methylbutanoic 
acid* 

3-hydroxy-3-methylbutanoic 
acid* 

See  4r-Heptanone,  2,6-dimethyl- 

3-methylbutanenitrile*;  iso- 
butyl cyanide 

isobutyl  phenyl  ketone;  3- 
methyl-1-phenyl-l-butanone 

3-methylbutanoyl  chloride* 


dZ-a-amino-a-methylbutyric 
acid ;  cft-2-amino-2-methyl- 
butanoic  acid* 


Formula 


CH3CH2CH2NCS.. 


CH3C6H4NCS.. 
CH3C6H4NCS.. 
C6H5C6H4NCS. 


(CH3)2CHCH2- 
CHO 


(CH3)2CHCH2- 

CH-.NOH 
(CH3)2CHCH2- 

CONH2 
(CH3)2CHCH2- 

COOH 
(CH3)2CHCH2- 

C02C3H5 
(CH3)2CHCH2- 

COOC2H6 
(CH3)2CHCH2- 

COOC6Hn 


(CH3)2CHCH2- 

COOCH2CH- 

(CH3)2 
(CH3)2CHCH2- 

COOCH3 

(CH3)2CHCH2CO- 
OCHzCOCell^eHe 
C4HioN2-2C4H9- 

COOH 
(CH3)2CHCH2- 

COOC3H7 

(CH3)2C(NH2)- 

CH2COOH 
(CH3)2CHCHBr- 

COOH 
(CH3)2CHCHOH- 

COOH 
(CH3)2COHCH2- 

COOH 

(CH3)2CHCH2CN 

(CH3)2CHCH2- 

COC6H5 
(CH3)2CHCH2- 

COC1 


CH3CH2C(NH2)- 
(CH3)COOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


liq, 


col.  oil 

need.  f.  eth. 
need.  f.  eth. 


col.  liq., 
1.3902 


1.4364522-1. 

monocl.  pi. 

f.  al. 
col.  !iq., 

1.401 7822-4 
liq 


col.  liq., 

1.39671"-8 
col.  liq., 

1.4131119 


col.  liq.,  1.4060 
col.  liq 


wh.  cr 

col.  liq.,  1.4036 


pr.... 
col.  pr. 

rhomb, 
syrup. 


col.  liq 


col.  lia.. 

1.5138515-5 
col.  liq., 

1.41361248 


monocl.  pr. 


Density 
g/ml 


0.9909- ; 

4 

0.978- 

4 

1.104- 

25 

1.087- 


0.803- ; 

4 

0.7845- 

20 

0.8934- 

4 

0.965- 


0.937 


0.8657- 


0.8584 


(0.870°) 
0.854^ 

4 


0.881^-° 

4 


0.863^ 

4 


0.802 
0.967 
0.989^-°; 
0.9854- 


Melting 
point,  °C 


26 

58 

-51 

48.5 
135 
-37.6 (-51) 


-99.3 


76 
139-40 


217 
44 
86 
<-32 


307-8 
(closed 
tube) 


Boiling 
point,  °C 


152.7743 

239 
237 

92.5 

164-5 

230-2 

176.7 

155 

135 

194 

168.5 
116.7 

155.9 

subl.  >180 
230;  15040 
subl. 

129.3 

225 
113 

subl.  300 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 


i.,  d.  h. 


si.  s. 


4.220 
v.  si.  s. 
0.1720 
v.  si.  s. 


v.  si.  s. 


s. 

70-80  c, 
V.  s. 

v.  s. 

si.  s. 

i. 

d. 

39 


Alcohol 


v.  s.,  d. 
h. 


si.  s. 
V.  s. 
v.  s. 
V.  s. 

OO 

OO 

d. 
6.6  h. 


Ether,  etc. 


oo  eth. 

oo  eth. 
v.  s.  eth. 
v.  s.  eth. 

s.  eth. 


s.  eth. 

oo  eth.;s.  chl. 
oo  eth. 
oo  eth.,  bz. 
s.  eth. 


oo  eth. 
oo  eth. 


i.   eth.;   s.   h. 
acet. 
w  eth. 


i.  eth. 
s.  eth. 
v.  s.  eth. 
v.  s.  eth. 

oo  eth. 
oo  eth. 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5162 

Iso  vanillin 

3-hydroxyanisaldehyde ; 

CH30(OH)C6H3- 
CHO 

152  14 

protocatechualdehyde  4- 

methyl  ether 

5163 

Isoxylic  acid 

2,5-dimethylbenzoic  acid; 

(CHa^CeHaCOOH 

150  17 

2,5-xylic  acid ;  p-xylic  acid 

5164 

Isuretin. 

See  Formamide,  oxime. 

5165 

Itaconic  acid 

methy  lenebutanedioic  acid*; 

HOOCC(:CH2)- 
CH2COOH 

130  10 

methylenesuccinic  acid 

5166 

,  7, 7 -dimethyl-. 

See  Teraconic  acid. 

5167 

Itamalic  acid,  7-lactone. 

See  Paraconic  acid. 

5168 

Japaconine,  acetylben 

zoyl-.   See  Japaconitine. 

5169 

Japaconitine 

acetylbenzoyl,  japaconine; 

C34H47NO11 

645  73 

same  as  aconitine? 

5170 

Japan  camphor. 

See  d-Camphor. 

5171 

Jervine 

C26H37N03-2H20.. 
CioH502(OH) 

447  60 

5172 

Juglone 

5-hydroxy-l  ,4-  naphthoqui- 

174 15 

none;  nucin 

5173 

Kairoline 

l-methyl-l,2,3,4-tetrahy- 

C9H10NCH3 

147.21 

droquinoline 

5174 

Ketazine,  dimethyl-. 

See  Acetone,  azine. 

5175 

Ketene 

ethenone ;  carbomethene ; 
keten 

CH2:CO 

42  04 

5176 

Ketine 

2,5-dimethylpyrazine 

N:C(CH3)CH:NC- 

108  14 

(CH3):CH 

5176H 

Ketol,  diethyl-. 

See  Propioin. 

5176M 

,  ethyl-. 

See  2-Butanone,  1-hydroxy-. 

5176R 

Ketone, aminodipheny 

1-.  See  Benzophenone,  2-amino- 

5177 

,  aminophenyl  me 

thyl.  See  Acetophenone,  amino 

-. 

5178 

,  aminophenyl  ph 

enyl.  See  Benzophenone,  amin 

0-. 

5179 

,  amyl  ethyl. 

See  Z-Octanone*. 

5180 

,  amyl  methyl. 

See  2-Heptanone*. 

5181 

,  p-anisyl  methyl. 

See  Acetophenone,  p-methoxy-. 

5182 

,  benzyl  ethyl. 

See  2-Butanone,  l-vhenyl-. 

5183 

,  benzyl  methyl. 

See  2-Propanone,  1-phenyl-. 

5184 

,  benzyl  1-naph- 

thyl 
,  benzyl  2-naphth 

a-phenyl-1-acetonaphthone .  . 

C6H5CH2COCioH7 

246.29 

5185 

yl 

C6H6CH2COCioH7 

246.29 

5186 

,  benzyl  phenyl. 

See  Desoxybenzoin. 

5187 

,  bisaminophenyl. 

See  Benzophenone,  diamino-. 

5188 

,  bischloromethyl. 

See  2-Propanone,  1,3-dichloro- 

* 

5189 

,  bishydroxypheny 

1.  See  Benzophenone,  dihydroxy 

-. 

5190 

,  a-bromoisopropy 

enone,  a-bromo-2,4,Q 

-tri- 

5191 

,  5-bromo-2- 

thienyl  methyl 

2-acetyl-5-bromothiophene . . . 

CH3COC4H2BrS... 

205.08 

5192 

,  butyl  methyl. 

See  2-Hexanone*. 

5193 

,  sec-butyl  methyl 

.   See  2-Pentanone,  S-methyl-*. 

5194 

,  tert-butyl  methy 

1.  See  Pinacolin. 

5195 

,  butyl  phenyl. 

See  Valerophenone. 

5196 

,  carvacryl  methyl. 

See  Acetophenone,  5-isopropyl- 

2-methyU. 

5197 

,  5-chloro-2- 

thienyl  methyl. 

2-acetyl-5-chlorothiophene .  .  . 

CH3C0C4H2C1S... 

160.62 

5198 

,  cinnamyl  methyl 

.   See  Acetone,  benzylidene-. 

5199 

,  cyclobutyl 

phenyl 

benzoylcyclobutane ;  ben- 
zoyltetramethylene 

C6H6COCH(CH2)3 

160.21 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grains  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

5162 

monocl.  pr. 
or  pi. 

1.196 

116 

17915 

s.  h. 

s. 

s.    eth.;   v.   s. 
chl.;  si.  s.  CS2 

5163 

5164 
5165 

5166 
5167 
5168 
5169 

col.  need.  f.  al . 
rhomb 

col.  need.  f. 
al.,  eth.,  or 
chl.,  [a] 
+  17.3°  in 
chl.      D 

Ing.  grouped 

pr. 
red-br.  pr.  f. 

chl. 

1.069- 

4 

1.632 

132  (104) 
161  d. 

204.2  d. 

238-42 
153-4 

268 (270-5) 
subl. 

d. 
d. 

v.  si.  s. 

h. 

8.3320 

i. 
i. 

V.  s. 

19. 7315, 

88% 

s.  h. 

s. 

si.  s.  c. 

s.    eth.,    acet., 
bz. 

sl.s.  eth.;v.  si. 
s.  bz.,  chl., 
pet.  eth. 

s.  h.  eth.,  chl. 

5170 
5171 

v.  s.  acet.;  v. 
si.  s.  pet.  eth. 

si.   s.    eth.;   s. 

5172 

chl.,  acet. 
si.  s.  eth  ;  v.  s. 

chl.;  s.  h.  ac. 

5173 

liq., 
1.480223.1 

1.021 

245.5 

v.  s. 

a. 
si.  s.  eth. 

5174 

5175 

col.  gas. 



-151 

-56  (-41) 

d. 

d. 

s.  eth.,  acet. 

5176 

col.  liq., 
1.4992123.6 

0.990 

15 

155 

00 

00 

oo  eth. 

5176H 
5176M 
5176R 
5177 

Ol/o 

5179 
5180 
5181 
5182 

5183 
5184 

pi.  f.  al 

66-7 

. 

s. 

s.  eth. 

5185 
5186 
5187 

col.  need.  f.  al . 

99.5 

s. 

s.  eth.,  chl.,  bz. 

5188 
5189 
5190 
5191 

5192 

SIOQ 

methyl-. 
col.  need 



94 

si.  s.  c, 
v.  s.  h. 

..... 

5194 
5195 
5196 
5197 

Pi -.«..-. 

52 

v.  s. 

v.  s.  eth. 

5198 
5199 

258 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5200       Keto 

ne,  dibenzyl. 

See  2-Propano7ie,  1,3-diphenyl- 

* 

5201       , 

dibutyl. 

See  b-Nonanone*. 

5202        , 

dichloromethyl 

methyl.   See  2-Propanone,  1, 

UdicfdoTo-*. 

5203       , 

dicinnamyl. 

See  Styryl  ketone. 

5204       , 

diethyl. 

See  3-Pentanone*. 

5205       , 

dihendecyl. 

See  12-Tricosanone*. 

5206       , 

diheptadecyl. 

See  lS-Pentatriacontanone*. 

5207       , 

diheptyl. 

See  8-Pentadecanone*. 

5208       , 

dihexyl. 

See  7-Tridecanone*. 

5209       , 

2,5-dihydroxyphe 

nyl  phenyl.  See  Benzopheno 

ne,  2,5-dihydroxy-. 

5210       , 

diisoamyl. 

See  b-Nonanone,  2,%-dimethyl- 

* 

5211        , 

diisobutyl. 

See  4-Heptanone,  2,0-dimethyl- 

* 

5212       , 

diisopropyl. 

See  Z-Pentanone,  2, ^dimethyl- 

* 

5213        , 

dimethyl. 

See  Acetone. 

5214       , 

dinaphthyl. 

See  Naphthyl  ketone. 

5215       , 

dinonyl. 

See  10-Nonadecanone*. 

5216       , 

di-n-octyl. 

See  9-Heptadecanone*. 

5217       , 

dipentadecyl. 

See  lQ-Hentriacontanone*. 

5218       , 

dipentyl. 

See  Q-Hendecanone*. 

5219       

diphenyl. 

See  Benzophenone. 

5220       , 

diphenylene. 

See  9-Fluorenone*. 

5221        , 

dipropyl. 

See  4-Heptanone*. 

5222        

distyryl. 

See  Styryl  ketone. 

5223       , 

2,2-dithienyl-. 

See  2-Thienyl  ketone. 

5224       , 

di-p-tolyl. 

See  Benzophenone,  4t,\'-dimeth 

vL. 

5225       

diundecyl. 

See  12-Tricosanone*. 

5226       , 

ethyl  butyl. 

See  S-Heptanone*. 

5227        

ethyl  heptyl. 

See  3-Decanone*. 

5228       , 

ethyl  hexyl. 

See  Z-Nonanone*. 

5229       , 

ethyl  isoamyl. 

See  Z-Heptanone,  Q-methyl-*. 

5230       

ethyl  isobutyl. 

See  Z-Hexanone,  b-methyU*. 

5231        

ethyl  isopropyl. 

See  3-Pentanone,  2-methyU*. 

5232       

ethyl  methyl. 

See  2-Butanone*. 

5233       

ethyl  naphthyl. 

See  Propionaphthone. 

5234       

ethyl  octyl. 

See  3-Hendecanone*. 

5235       

ethyl  phenyl. 

See  Propiophenone. 

5236       

ethyl  propyl. 

See  3-Hexanone*. 

5237        

,  2-f uryl  methyl. . . 

2-f uryl  phenyl 
hendecyl  methyl. 

2-acetylfuran 

C4H3OCOCH3. . . . 

110.11 

5238 

2-benzoylf uran 

C4H3OCOC6H6... 

172.17 

5239       

See  2-Tridecanone*. 

5239M    

heptadecyl  phen 

yl.   See  Stearophenone. 

5240 

heptyl  methyl. 

See  2-Nonanone*. 

5241        

,  hexyl  methyl. 

See  2-Octanone*. 

5242       

hexyl  propyl. 

See  i-Decanone*. 

5243       

l-hydroxy-2-nap 

hthyl  methyl.  See  2-Aceton 

aphthone,  1-hydroxy-. 

5244        

,  1-hydroxy- 2 -nap 

hthyl  propyl.  See2-Butyro 

naphthone,  1-hydroxy 

-. 

5245       

l-hydroxy-2-nap 
hydroxyphenyl  h 

hthyl  styryl.  See2-Acrylona 

phthone,l-hydroxy-&- 

phenyl-. 

5246       

ydroxyphenyl.   See  Benzop 

henone,  dihydroxy-. 

5247       

isoamyl  methyl. 

See  2-Hexanone,  b-methyU*. 

5248       

,  isoamyl  phenyl. 

See  Isocaprophenone. 

5249       

,  isobutyl  methyl. 

See  2-Pentanone,  4-methyl-*. 

5250       

,  isobutyl  phenyl. 

See  Isovalerophenone. 

5251        

,  isobutyl  propyl. 

See  4-Heptanone,  2-methylr*. 

5252        

,  a-isonitrosobuty 

1  methyl.  See  2,3-Hexanedio 

ne,  3-oxiwe*. 

5253       

,  a-isonitrosoethyl 

methyl.  See  2,3-Butanedion 

e,  mono-oxime*. 

5254       

,  a-isonitrosoprop 

yl  methyl.  See  2,3-Pentaned 

ione,  Z-oxime*. 

5255       

,  isopropyl  methyl 

.   See  2-Butanone,  Z-methyL*. 

6256       

,  isopropyl  phenyl. 

See  Isobutyrophenone. 

5257       

,  methyl  naphthyl 

.   See  Acetonaphthone. 

5258       

,  methyl  nonyl. 

See  2-Hendecanone*. 

5259       

,  methyl  octyl. 

See  2-Decanone*. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5200 
5201 
5202 
5203 
5204 
5205 
5206 
5207 
5208 
5209 
5210 
5211 
5212 
5213 
5214 
5215 
5216 
5217 
5218 
5219 
5220 
5221 
5222 
5223 
5224 
5225 
5226 
5227 
5228 
5229 
5230 
5231 
5232 
5233 
5234 
5235 
5236 
5237 

5238 

5239 

5239M 

5240 

5241 

5242 

5243 

5244 

5245 

5246 

5247 

5248 

5249 

5250 

5251 

5252 

5253 

5254 

5255 

5256 

5257 

5258 

5259 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  cr.  f.  pet. 
eth. 
liq 


Density 
g/ml 


1839- 


Melting 
point,  °C 


33 


Boiling 
point,  °C 


173 

285 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol       Ether,  etc 


s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

917 


PHYSICAL  CONSTANTS  OF 


No. 


5260 
5261 
5262 
5263 
5264 

5265 
5266 
5267 

5268 
5269 
5270 
5271 
5272 
5273 

5274 
5275 

5276 

5277 
5278 


5279 


5280 
5281 

5282 

5283 


5284 

5285 
5286 
5287 

5288 
5289 
5290 


5291 
5292 
5293 
5294 

5295 


Name 


Ketone,  methyl  phena 

,  methyl  phenyl. 

,  methyl  propyl. 

,  methyl  styryl. 

,  methyl  2-thienyl 

,  methyl  p-tolyl. 

,  1-naphthyl  phen 

,  2-naphthyl 

phenyl 

,  nitrophenyl  phe 

,  phenyl  propyl. 

,  phenyl  styryl. 

,  phenyl  o-tolyl.  .  . 

,  phenyl  m-tolyl.  . 

,  phenyl  p-tolyl.  .  . 

,  phenyl  trityl. 

Ketoxime,  methyl  ethy 

,  methyl  isopropyl. 

,  methyl  propyl. 

Kojic  acid 

Kynurenic  acid 

Kynurine. 
Labordin. 
Lactamide 

Lactic  acid(di) 

,  benzoate 

,  butyl  ester 

,  ethyl  ester 

,  methyl  ester 


,  p-phenylphenacyl  ester 

,  piperazinium  salt 

Lactic  acid(cf) 


,  benzal-. 
,  O-benzoyl-. 
,  a-phenyl-. 
,  0, 0,  /3-trichloro- 


Lactic  amide. 


Synonyms 


cyl.  See  Acetone,  benzoyl-. 

See  Acetophenone. 

See  2-Pentanone*. 

See  Acetone,  benzylidene-. 

2-acetylthiophene ;  a-ace- 
tothienone 

See  Acetophenone,  p-methyl-. 
yi 

nyl.  See  Benzophenone,  nitro- 
See  Butyrophenone. 
See  Chalcone. 

See  (3-Benzopinacolin. 
1.  See  2-Butanone*,  oxime. 
See  2-Butanone,  S-methyl-*,  ox 
See  2-Pentanone*,  oxime. 
5-hy  droxy-2-  ( hy  droxymeth- 
yl)-l,4-pyrone 


4-hydroxyquinaldic  acid 


See  i-Quinolinol. 
See  Analgen. 
2-hydroxypropanamide* ; 

lactic  amide 
ordinary  lactic  acid;  lactic 

acid  of  fermentation;  2- 

hydroxypropanoic  acid  * ; 

a-hydroxypropionic  acid 
O-benzoyllactic  acid 


butyl  lactate , 


ethyl  2-hydroxypropanoate:< 

ethyl  lactate 
methyl    2-hydroxypropa- 

noate* ;  methyl  lactate 


d-2-hydroxy propanoic  acid* ; 

d-a-hydroxypropionic  acid ; 

sarcolactic  acid;  paralactic 

acid 

See  3-Butenoic  acid,  2-hydroxy- 
See  Lactic  acid,  benzoate. 
See  Atrolactic  acid. 


See  Lactamide. 


Formula 


CH3COC4H3S 

C10H7COC6H6 
CioHjCOCeHs 


C6H6COC6H4CH3. 
C6H6COC6H4CH3. 
C6H5COC6H4CH3. 


OC(CH2OH):CH- 

COC(OH):CH 

1 

C9H5N(OH)COOH 


CH3CHOHCONH 
CH3CHOHCOOH 


CH3CH- 
(OOCCeliOCOOH 

CH3CHOH- 

COOC4H9 
CH3CHOH- 

COOC2H5 
CH3CHOH- 

COOCH3 


CH3CHOHCOO- 
CH2COC6H4C6H6 
C4HioN2-2C3H603.. 

CH3CHOHCOOH 


4-phenyIr. 
CCI3CHOHCOOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5260 
5261 
5262 
5263 
5264 

5265 
5266 
5267 

5268 
5269 
5270 
5271 
5272 
5273 

5274 
5275 
5276 

5277 
5278 


5279 


5280 

5281 
5282 

5283 


5284 

5285 
5286 
5287 

5288 
5289 
5290 


5291 
5292 
5293 
5294 

5295 


Crystalline 

form,  color 

and  index  of 

refraction 


.5667 


rhomb,  f.  al. 
rhomb,  need, 
f.  al. 


col.  liq 

col.  liq 

monoel., 
1.717,  1.563 


col.  pris- 
matic need 


need 


col.  hyg.  cr 

col.  hyg. 
syrup,  1.4414 


pl. 


liq 

col.  liq 


col.  liq., 
1.415616 


wh.  cr. 


hyg.  pr.  or 
syrup  liq. 


pr.  f.  eth. 


Density 
g/ml 


1.1709^ 


1.08818 


1.138^-° 


1.24913 


0.968 


1:031- 

1.118-?; 


1.081 


1 . 2485 


Melting 
point,  °C 


10.45 


75.5 

82 


<-18 

316.5 

60 


152-4 


(-H-A 
140-5) 
anh.  257-8 


74 
18 

112 


145 


-6.5 


26 


124 


Boiling 
point,  °C 


213.< 


385 
398754 


316 

326.5 


12215 


160-90 
(75-776) 
154  (150-2) 


144.8 


d. 


170« 


Solubility  in  grams  per  100  ml  of 


Water 


1.430 


3.9520, 

6.90"5 


0.9U)0 


v.  s. 


0.25  c, 
s.h. 

si.  s. 

00 

s.d. 


Alcohol 


2.412 
2.0112 


s.h. 


00 

V.  s. 


s.h. 


Ether,  etc. 


00  eth. 

00  eth.,chl.,bz. 

v.  s.  eth.,  bz. 


si.  s.  eth. 


si.  s.  eth. 


00  eth. 


s.  eth.;  hyd.  by 
h.  dil.  H2S04 

00  eth. 

v.  s.  eth. 

s.  eth. 


i.    eth.;    s.    h. 
cellosolve 
00  eth. 


v.    s.    eth.;    s. 
chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5296 
5297 

Lactic  anhydride 

Lactide 

2-hydroxypropanoic  anhy- 
dride* 

3 , 6-dimet  hyl-2 ,5-p-dioxane- 
dione 

See  Lactose. 
See  v-Ribo flavin. 
See  Galactonic  acid. 
2-hydroxypropanenitrile* ; 

acetaldehyde  cyanohydrin ; 

ethylidene  cyanohydrin 
milk  sugar ;  lactobiose 

(CH3CHOHCO)20 
OCOCH(CH3)- 
OCOCH(CH3) 

CH3CH(OH)CN... 

C12H22O11H2O.... 

C20H26NO4 

C34H48N2O8  or 
C32H42N2O9 
C20H26NO4 

C20H25NO4 

C21H27NO4 

CH3(CH2)ioCHO.. 

c  acid. 
CH3(CHo)10COOH 

CiiH23COOCH2- 

CeH6 
CH3(CH2)io- 

COOC2H6 

C11H23COOC6H5... 

CH3(CH2)ioCOOC- 

H2COC6H4C6H6 

(CnH23CO)20 

CH3(CH2)ioCN.... 
CH3(CH2)ioCOCl.. 

Pb2(C2H6)6 

Pb(C2H6)4 

162.14 
144.12 

5298 
5298M 
5299 
5300 

Lactobiose. 
Lactoflavin. 
Lactonic  acid. 
Lactonitrile 

71.08 

5301 

Lactose.  . 

360.31 

5302 

Lanthopine. 
Lappaconatine 

Laudanidine 

343.41 

5303 

612.74 

5304 

/-laudanine;  tritopine 

(598.68) 
343.41 

5305 

(//-Laudanine 

343.41 

5306 
5307 

/-Laudanine. 
d-Laudanosine 

Lauraldehyde 

Laurel  camphor. 
Laurent's  acid. 
Laurie  acid 

See  Laudanidine. 

357  44 

5308 
5309 
5310 
6311 

dodecanal* 

See  d-Camphor. 

See  1-Naphthylamine-b-sulfoni 

dodecanoic  acid* 

184.31 
200.31 

5312 

,  benzyl  ester 

290.43 

5313 

,  ethyl  ester . . . 

ethyl  dodecanoate*;  ethyl 
laurate 
See  Glycol,  dilaurate. 
phenyl  laurate 

228.37 

5314 
5314M 

,  ethylene  ester. 

,  phenyl  ester   . 

276.41 

5315 

,  p-phenylphenacyl  ester 

Laurie  anhydride 

Laurin. 

Laurone. 

Lauronitrile 

394.54 

5316 
5317 
5318 
5319 

dodecanoic  anhydride* 

See  Glycerol,  trilaurate. 
See  12-Tricosanone*. 
dodecanenitrile*;  n-undecyl 

cyanide 
dodecanoyl  chloride* ;  lauryl 

chloride 

See  l-Dodecanol*. 
See  Dodecane,  1-bromo-*. 
See  Lauroyl  chloride. 
See  12-Tricosanone*. 
See  Thionine. 
hexaethy  Idiplumbane ;  di- 

plumbic  hexaethyl;  lead 

triethide 
lead  tetraethide 

382.61 
181  31 

5319M 

5320 
5321 
5322 
5323 
5324 
5325 

5326 

Lauroyl  chloride 

Lauryl  alcohol 

Lauryl  bromide. 
Lauryl  chloride. 
Lauryl  ketone. 
Lauth's  violet. 
Lead,  hexaethyldi- .  . .  . 

,  tetraethyl-* 

218.76 

588.78 
323.45 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5296 
5297 


5298 
5298M 
5299 
5300 


5301 

5302 
5303 

5304 

5305 

5308 
5307 


5308 
5309 
5310 
5311 


5312 

5313 

5314 

5314M 

5315 

5316 
5317 
5318 
5319 

5319M 

5320 
5321 
5322 
5323 
5324 
5325 


5326 


Crystalline 

form,  color 

and  index  of 

refraction 


It.  yel.  amor. . 

col.  monocl. 
tab.  f.  al. 


col.  liq 


col.  rhomb., 
1.517,  1.542, 
1.555 

cr 

hex.  cr 


hex.  pr.  f.  w. 

+al. 
sm.  trim. 

ylsh.  wh.  pr. 

need.  f.  bz., 
[«1  + 
103.23^ 

col.  leaf 


col.  need. 
f.  al., 
1.4183821 

liq 

oil,  1.4321. 

col.  cr 


col.  cr. 


oil 

col.  liq 


liq 


col.  liq., 
1.521818 


Density 
g/ml 


0.862- 

4 


0.992 


.525^ 


0.8352 j 


0.883; 


0.8679: 
0.9457- 


0.8615- 

4 


0.837315 


1.471 


.65918 


Melting 
point,  °C 


260  d. 
125 


-40 

anh.  201.6 

20(1 
205 

16ti 

166 

89-90 

44.5 
44  (48) 

8.5 

-10.7 

(-1.68) 

84'* 
41 


Boiling 

Solubility  in  gram* 

point,  °C 

Water 

Alcohol 

d. 

v.  si.  s. 

V.  B. 

255 

v.  si.  s. 

0. 

v.  s!.  s. 

182-4  si.  d. 

s. 

s. 

(1. 

17  c, 
40  h. 

i. 

si'.  8.  '  ' 

sl.  s. 
s. 

j_ 

s. 

sl.  s. 

i. 

s. 

1851* 

i. 

8. 

225100 

i. 

26°, 
13421 

209-11*2 

i. 

s. 

269 

i. 

V.  8. 

159-1611 

i. 
i.,d. 

S. 

s.,  d. 

166 

1981W 

i. 

sl.  s. 

14518 
d. 

d. 
i. 

d. 

198-202 

i. 

00 

Ether,  etc. 


v.  s.  <>th. 


s.  eth.;  i.  pet. 
eth. 

i.  eth.,  chl. 


sl.  s.  eth. 
s.  eth. 

sl.   s.   eth.;   s. 

bz.,  chl. 
0.15418eth.;s. 

chl.,  bz. 

5. 181*  eth.;  s. 
chl..  h.  bz. 


s.  eth. 

v.  s.  eth.;  s. 
bz.,  14221  me. 
al. 

v.  s.  eth. 

w  eth. 


s.  eth. 


v.  s.  eth. 

v.  s.  eth. 
s.  eth. 


oo  eth.,;s.  in  all 
org.   solv.;   i. 
dil.  a.,  dil. 
alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5327 

Lead,   tetramethyl-* .  . 

tetramethylplumbane ;  lead 

Pb(CH3)4 

267.35 

5328 

,  tetraphenyl-*. . . . 

tetramethyl 
tetraphenylplumbane 

(C6H5)4Pb 

515.61 

5329 

Lead  triethide. 

See  Lead,  hexaethyldi-. 

5330 

Lecanoric  acid,  monomet 

hyl  ether.   See  Evernic  acid. 

5332 

Lepidine 

4-methylquinoline 

CH3C9H6N 

143  IS 

5333 

,  2-(p-aminophen 

yl)-.   See  Flavaniline. 

5334 

2(l)-Lepidone. 

See  Carbostyril,  A-methyl-. 

5335 

op2-Leucaniline 

o,p',p"-methenyltrianiline ; 
o,p',p"-triaminotriphenyl- 
methane;  2,4',4"-triamino- 
tritan 

CH(C6H4NH2)3... 

289.37 

5336 

mp2-Leucaniline 

m,p',p"-methenyltrianiline ; 
wi,p',p"-triaminotriphenyl- 
methane;  3,4',4"-triamino- 
tritan ;  pseudoleucaniline 

CH(C6H4NH2)3... 

289.37 

5337 

p3-Leucaniline 

paraleucaniline;    p,p',p"- 
methenyltrianiline;  p,p'. 
p"-triaminotriphenylmeth- 
ane;  4,4',4"-triaminotri- 
tan 

CH(C6H4NH2)3... 

289.37 

5338 

,  N,N,N',N'-tetra- 

4-amino-4',4"-bisdimethyl- 

[(CH3)2NC6H4]2- 

345.47 

methyl- 

aminotriphenylmethane 

CHC6H4NH2 

5339 

Leucaurin 

p,p/,p"-methenyltriphenol ; 
leucoaurin 
2-hydroxy-4-methylpenta- 

CH(C6H4OH)3.. 

292.32 

5340 

/-Leucic  acid 

(CH3)2CHCH2- 

132.16 

noic  acid  * ;  a-hydroxyiso- 

CHOHCOOH 

caproic  acid ;  leucinic  acid 

5341 

cf/-Leucine 

<#-a-aminoisocaproic  acid .... 

(CH3)2CHCH2- 

131.17 

CH(NH2)COOH 

5342 

/-Leucine 

Z-2-amino-4-methylpentanoic 
acid*;   ^a-aminoisoca- 

(CH3)2CHCH2- 
CH(NH2)COOH 

131.17 

proic  acid 

5343 

Leucoindigo. 

See  Indigo  white. 

5344 

Leucoline. 

See  Isoquinoline. 

5345 

Leucomalachite  green. 

See  Aniline,  p,p'-benzylidenebi 

s-N  ,N -dimethyl-. 

5346 

Levulin  (synthetic) 

fructosin;  levulosin 

(CeHio05)x 

(162- 

5347 

Levulinaldehyde 

4-oxopentanal* ;  levulinic  al- 
dehyde ;  7-ketovaleralde- 
hyde 

4-oxopentanoic  acid*;  7- 

CH3COCH2CH2- 
CHO 

.14)* 
100.11 

5348 

Levulinic  acid 

CHaCOCHijCH^ 

116.11 

ketovaleric  acid;  aceto- 

COOH 

propionic  acid 

5349 

,  ethyl  ester 

CH3CO(CH2)2- 

144.17 

COOC2H5 

5350 

Levulose. 

See  T>-Fructose. 

5351 

Levulosin. 

See  Levulin  (synthetic). 

5352 

Licareol,   esters. 

See  under  l-Linalool. 

5353 

Lichenin .  . 

moss  starch 

(C6Hio05)x 

C23H47C02H 

(162- 

5354 

Lignoceric  acid 

.14)* 
368.63 

5355 

c?/-Limonene 

dipentene;   <#-l,8(9)-p- 
menthadiene 

136.23 

5356 

cf-Limonene 

d-l  ,8(9)-p-menthadiene ; 
citrene ;  carvene ;  hesperi- 

136.23 

dene 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5327 

5328 
5329 
5330 
5332 
5333 
5334 
5335 


5336 
5337 

5338 
5339 
5340 

5341 
5342 


5343 
5344 
5345 
5346 


5347 
5348 

5349 

5350 
5351 
5352 
5353 

5354 

5355 

5356 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.,  1.5128 
wh.  need 


col.  liq 

col.  cr.  f.  al. . . . 

rosettes  f .  eth . 

col.  leaf,  f .  w . . 

glit.  cr.  f.  ai. . . 

col.  need.  f. 

ac.  a. 
need,  or  pi.  f. 

eth. + pet. 

eth. 
leaf.  f.  w 


hex.  col.  leaf, 
f.  w.,  1.525, 
1.535,  1.560 


deliq.  amor 

col.  liq.,  1.4263 

col.  leaf 

col.  liq 


wh.  amor, 
powd. 
col.  need.  f.  al 

col.  liq.,  1.473 


col.  liq., 
1.4748914-7 


Density 
g/ml 


1.9951- 


1.086^ 

4 


1.293- 


1.018- 


1.1395- 


1.01346- 


0.8207 

0.86518; 
0.84520 

0.842*-* 

4 


Melting 
point,  °C 


-27.5 

227.7 

<0 
185 

150 

148  (207) 

151-2 


72.5 
(dl,  76-7) 

332  d. 

(290) 


295  (d. 
280  d. 


140-5  d. 

<-21 

37.2 


SI 


-96.9 


Boiling 
point,  °C 


110 


258-263 


subl.  100 


subl. 


185-8  d. 
246,  15414 
205. 2756 


176 

(178-80) 

177 


Solubility  in  gram. 

Water 

Alcohol 

i. 

00 

v.  si.  s. 

OO 

v.  si.  s. 
h. 

V.  S. 

i. 

S. 

i. 

s. 

v.  si.  s. 

si.  s. 

s. 

v.  s. 

V.  s. 

0.9925, 
2.2875 

2.4325, 
3 .  8275 

0.17625 

75%, 

0.1325 

90% 

0.07217 

99% 

00 

1Q22 

84% 
v.  si.  s. 

00 

00 

V.  S. 

v.  s. 

V.  S. 

00 

S.  h. 

i. 

s. 

i. 

s. 

i. 

00 

Ether,  etc. 

oo  eth. 
s.  bz. 

oo  eth.;  s.  bz. 

v.  si.  s.  eth. 


s.  eth.;  v.  si. 
lgr. 


s.  bz. 


s.  ac.  a.,  alk. 
v.  s.  eth. 


i.  eth.;  10.9  gl. 
ac.  a. 


i.  eth. 
oo  eth. 
v.  s.  eth. 
oo  eth. 


i.  eth.;  s.  cone 

HC1 
s.  eth.  bz., 

CS2,  ac.  a. 
s.  eth. 


00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5357 


5358 

5359 
5359M 
5360 
5361 

5362 

5363 
5364 
5365 

5366 

5367 
5369 
5370 

5371 

5372 
5373 
5374 


5375 

5376 

5377 
5378 

5379 
5380 
5381 
5382 

5383 

5384 

•1385 
o387 


oooo 

5389 
5390 


Name 


d-Linalool 


/-Linalool,  acetate . 

,  formate 

Linaloolene. 
Linalyl  esters. 
Linoleic  acid. . . . 


ethyl  ester . 


,  methyl  ester 

,  tetrabromide. 

Linolenic  acid,  ethyl 

ester 
a-Linolenic  acid .  .  . 


,  hexabromide. 

Lithofellic  acid 
Lobeline 


2-Lobeline 


Lophine . 
Luminal. 
Luminol. 


d/-Lupanine 
d-Lupanine. 


Lupinidine. 
Lupinine.  .  , 


-,  hydrochloride. 
-,  methyl- .  . 


2,4-Lutidine 
2,6-Lutidine 


3,4-Lutidine .  . 
Lutidinic  acid 


,  6-methyl- 

Lyaconitine 


Lycine. 
/-Lycorine , 


d  -Lysine. 


Synonyms 


d-3,7-dimethyl-l  ,6-octa- 
dien-3-ol*;  coriandrol 


linalyl  acetate;  licareol 

acetate 

/-linalyl  formate 

See  l,ti-Octadiene,  S,7-dimethyl 
See  under  Linalool. 
9,12-octadecadienoic  acid*; 

linolic  acid 
ethyl  linoleate;  ethyl 

linolate 

methyl  linolate 

See  Stearic  acid,  9,i,\.fi-tetrabr 


9,12, 15-octadecatrienoic 
acid*  (one  form) 
See  Stearic  acid,  tf.(,\,/i,£,o-Ac 
lithofellinic  acid 


2,4,5-triphenylimidazole . 

See  Phenobarbital. 

5-amino-2,3-dihydro-l  ,4- 
phthalazinedione ;  3-ami- 
nophthalhydrazide 


See  Sparteine. 


2,4-dimethylpyridine  * ; 

aY-lutidine 
2,6-dimethylpyridine* ; 

aa'-lutidine 

3,4-dimethylpyridine  * ; 

/S7-lutidine 
2,4-pyridinedicarboxylic 

acid* 
See  Uvitonic  acid. 


See  Betaine. 


d-a,  e-diaminocaproic  acid, 
c£-2,6-diaminohexanoic  acid' 


Formula 


CioHisO. 


CHsCOOCCwHn). 
HCOOCwHn.... 


C18H32O2 

C1-H31COOC2H5. 

C17H31COOCH3. 
omo-. 
CnEfoCOOCA. 

C1-H29COOH... 


xabromo-. 

C,20l'l3cO4  .  • 

C21H23NO2. 


C22H27NO2  or 

C21H23NO2 

C21H16N2 


NH2C6H3CONH- 


NHCO 
C16H24N2O 
C15H24N2O, 

C21H40N2O2 


C10H19NOHCI. 
CioHisNO-CHa. 

(CH3)2C6H3N.. 
(CH3)2C6H3N.. 


(CH3)2C5H3N.... 
C5H3N(COOH)2.. 

C27H34N206-2H20 
C16H17NO4 


NH2(CH2)4CH- 
(NH2)COOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


Melting 
point,  °C 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


Water 


Alcohol 


Ether,  etc. 


5357 


5358 

5359 
5359M 
5360 
5361 

5362 

5363 
5364 
5365 

5366 

5367 
5369 
5370 

5371 

5372 
5373 
5374 


5375 

5376 

5377 
5378 

5379 
5380 
5381 

5382 

5383 

5384 

5385 
5387 


5388 
5389 

5390 


col.  liq.,  1.4623 


col.  liq.,  1.4460 


0.8622-; 

4 

d.  0.8702 - 
0.895^ 


col.-yel.  oil 

col.-yel.  oil.... 

col.-yel.  oil 

oil 

col.  liq 


0 . 9025 


20 


0.886520 
0.8891* 
0.8919 
0.905^ 


micr.  cr. . . 
yel.  syrup. 

col.  need. . 

need 

yel 


need.  f.  pet. 
eth. 
col.  need... 


col.  rhomb., 
[al-190^" 

lg.  rhomb,  cr., 

[a]-14° 
oily  liq? 


col.  liq 
col.  liq 


0.9493- 

4 

0.942- 

4 


col.  liq .... , 
leaf,  or  pr.  f. 


ylsh.-wh. 
resinous 


0.942 


col.  pr. 


need,  or  hex. 
pi.  f.  al. 


206 


130-1 
275 
ca.  280 

99 
44 

68.5-9.2 

212-3 


248-50 
112-5 

250  d. 
224  d. 


198.3 

220 
100-310 

23016 
270-5180 
207-811 
123-33-"1 

230-217 


256 

145-615 

157.1(159) 

143 

163.5-4.5 


v.  si.  s. 

v.  si.  s. 
i. 

i. 
i. 
i. 
i. 
i. 

i. 

si.  s. 

d.  h. 

i. 

i. 

v.  s. 

s. 

s.  c. 


20 

00    c., 

less 
s.  h. 


si.  s. 


0.8821 
si.  s. 

V.  s. 
V.  s. 


s.l  s. 


oo  eth. 

oo  eth. 
s.  eth. 

oo  eth. 
s.  eth. 
v.  s.  etL 
s.  eth. 
oo  eth. 


v.   s.    eth.; 
bz.,  chl. 


0.3220  eth. 
si.  s.  eth. 


v.  s.  eth. ;  s. 

chl. 
v.    s.    eth.; 

chl.,  Igr. 

s.  eth.,  chl. 


s.  eth. 
s.  eth. 
s.  eth. 

s.  eth. 
i.  eth. 


si.  s.  eth.;  s. 
chl.,  CS2,  pet, 
eth. 

si.  s.  eth.,  chl. ; 
s.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5391 


5392 

5392H 
5392R 


5393 


5395 
5396 

5397 
5398 

5399 


5400 

5401 

5402 
5403 

5404 

5405 

5406 
5407 

5408 

5409 

5410 
5411 

5412 

5413 

5414 
5415 
5416 


Name 


/-Lysine 

,  picrate 

D-Lyxosazone. 
D-Lyxose,  (a)  . 


Maclurin 


Malachite  green,  leuco. 
Nialamide 


Malay  camphor. 
Maleamic  acid .  . 


Maleic  acid 


,  diethyl  ester. 


,  dimethyl  ester 

,  monoamide. 

,  p-phenylphenacyl  ester 


bromo- 
chloro- . 


,  methyl-. 

Maleic  anhydride 

,  bromo- 


chloro- . 


,  methyl-. 

Malic  acid(ctf). 

Malic  acid (7).. 

,  acetate 


diethyl  ester. . 
dimethyl  ester . 
dipropyl  ester. 


Synonyms 


J-2,6-diaminohexanoic  acid*; 
l-a,  e-diaminocaproic   acid 


See  D-Xyiose. 


2,4,6,3',4'-pentahydroxy- 

benzophenone ;  moringa- 

tannic  acid ;  moringatan- 

nin 
See  Aniline,  p,p'-benzylidenebi 
2-hydroxybutanediamide* ; 

malic  amide 
See  d-Borneol. 
maleamidic  acid,  maleic 

acid  monoamide 
cis-butenedioic  acid*;  cis- 

1 ,2-ethylenedicarboxylic 

acid 
diethyl  maleate;  ethyl 

maleate 

methyl  maleate 

See  Maleamic  acid. 


See  Citraconic  acid. 
ds-butenedioic  anhydride* 
2,5-furandione 


See  Citraconic  anhydride. 


ordinary  malic  acid;  J-hy- 
droxybutanedioic  acid* ;  l- 
hydroxysuccinic  acid 

acetoxysuccinic  acid;  0- 
acetylmalic  acid 

diethyl  hydroxybutanedio- 

ate*;  ethyl  malate 
methyl  malate ;  methyl  hy- 

droxysuccinate 
dipropyl  hydroxybutane- 

dioate*;  propyl  malate 


Formula 


NH2(CH2)4CH- 
(NH2)COOH 

C6H14N2O2C6H3- 

N3O7 

C6H10O5 


C13H10O6H2O. 


s-N,N -dimethyl-. 
C2H3(OH)- 
(CONH2)2 

H2NCOCH:CH- 

COOH 
HOOCCHrCH- 

COOH 


CHCOOC2H6)2 
CHCOOCH3)2. 


CHCOOCHz- 

COC6H4CeH6)2 
BrC(COOH):CH- 

COOH 
ClC(COOH):CH- 

COOH 


OCOCH:CHCO. 


OCOCBr:CHCO 


OCOCCl:CHCO... 

1 1 

HOOCCH(OH)- 

CH2COOH 
HOOCCH(OH)- 

CH2COOH 

CH3COOCH- 

(COOH)CH2- 

COOH 
CH2(COOC2H5)- 

CHOHCOOC2H6 
CH3OOCCH(OH)- 

CH2COOCH3 
C3H7OOCCHOH- 

CH2COOC3H7 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


flat  need.  f. 

w.,  hex.  pi. 

f.  al. 
need 


col.  monocl., 
biaxial  cr. 
(hygr.) 
1.53220, 
1.54120, 
1.54920; 
[alg+5.50 

init.,-14°  on 
standing 

col. -y el.  pr. 
f.  w. 


pr.  f.  w. 


Pi 

col.  monocl.  pr. 

col.  liq 

col.  liq 


need,  or  pr. 

col.  pr.  f. 
eth.-chl 


col.  rhomb, 
need.  f.  chl. 
liq 


liq 


col.  cr . . . 
col.  need. 


cr. 


col.  liq.,  1.4382 
col.  liq.,  1.4425 
liq.,  1.4380.... 


Density 
g/ml 


1    -4-20 
1  o4o  — 


.590: 


1.06425. 
1.1606- 


0.934- 


54^ 

25 


1.601- 
1.595 


1.128 

1.2226- 

1.075 


Melting 
point,  °C 


224  d. 
266  exp. 
106-7(101) 


220  d. 

156-8 

152-3 
130.5 


-19 

168 

128; 
138-41 

108  (114); 
sinters  96 


53  (57-60) 

33 

128.5 
100 

134 


10.5 


Boiling 
point,  °C 


135  d. 


225; 

105-614 
205;  1021' 


d. 


202  (196) 
215 
196.3;  9525 

150  d. 
140  d. 

d. 

253 
242 
15110 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


0.54  c. 


0  5' 


78. 825, 
392. 697-5 


v.  s. 

s.  h. 


14426, 

411" 


s.,  d.  h 


v.  si.  s. 


2.11 


s.  h. 
69. 929-7 


v.  s. 


v.  si. 


V.  s. 
v.  s. 


i.  eth. 
i.  eth. 


s.  eth. 


i.  eth. 

825eth.;s.  glac. 

ac.   a.,  acet.; 

v.  si.  s.  bz. 
s.  eth. 


s.  eth. 


v.  s.  eth. 

v.  s.  eth.;  s.  ac. 
a.;  si.  s.  bz., 
chl.  ;i. pet.  eth. 

v.  si.  s.  CCU 


si.  3. 

6.0  c.  eth. 

i.  bz. 

oo  eth. 
oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No, 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5417 
5418 
5419 
5420 

Malic  acid,  O-acetyl-. 

-,  a-methyl-. 

Malic  amide. 
Malonamide 

See  Malic  acid,  acetate. 
See  Citramalic  acid. 
See  Malamide. 
propanediamide*;  malonic 

diamide 
propanedioic  acid* ;  meth- 

anedicarboxylic  acid 

diethyl  propanedioate*; 

ethyl  malonate ;  malonic 

ester 
methyl  malonate;  dimethyl 

propanedioate* 
dipropyl  propanedioate*: 

propyl  malonate 

CH2(CONH2)2.... 
HOOCCEbCOOH 

CH2(COOC2H6)2.. 

CH2(COOCH3)2. . . 
CH2(COOC3H7)2.. 

C4HioN2-2HOOC- 

CH2COOC2H5 
C4HioN2-C3H404... 
CH3COCH- 

(COOC2H5)2 
COOHCH- 

(CH2CH:CH2)- 

COOH 
CH2:CHCH2CH- 

(COOC2H6)2 

COOHCH(NH2)- 
COOH 

CH3(CH2)4CH- 

(COOC2H5)2 
CeHsNHCH- 

(COOC2HB)2 
CeHsCHiC- 

(COOH)2 

C6H5CH2CH- 
(COOC2H5)2 
BrCH(COOH)2... 

BrCH(COOC2H6)2 

CH3(CH2)3CH- 

(COOC2H5)2 
C2H5(CH3)CHCH- 

(COOC2H6)2 
CHCl(COOH)2.... 
(CeHsCH^^C- 

(COOC2H5)2 
CBr2(COOC2H6)2.. 

(C2H5)2C- 
(COOC2H6)2 

C4HloN2-(C2H6)2- 

C(COOH)2 

(CH3)2C- 
(COOC2H5)2 

102.09 

5421 

Malonic  acid 

104.06 

5422 

,  diethyl  ester 

160.17 

5423 
5424 

,  dimethyl  ester 

,  dipropyl  ester 

132.11 

188.22 

5425 

,  monoethyl  ester, 

piperazinium  salt 
,  piperazinium  salt 

350  37 

5426 

190  20 

5427 
5428 

,  acetyl-,    diethyl 

ester 
,  allyl- 

ethyl  acetylmalonate;  di- 
ethyl acetylpropanedioate* 

2-propenylpropanedioic 
acid*;  3-butene-l,l-di- 
carboxylic  acid* 

ethyl  allylmalonate;  di- 
ethyl   (2-propenyl)  pro- 
panedioate*; diethyl  3- 
butene- 1 , 1  -dicarboxy  lat  e  * 

2-aminopropanedioicacid*. . . 

ethyl  amylmalonate 

202.20 
144  12 

5429 
5430 

, ,  diethyl  ester 

,  amino- 

200.23 
119  08 

6431 

,  amyl-,  diethyl  ester 

,  anilino-,  ethyl 

ester 
,  benzylidene- .... 

,  benzyl-,  diethyl 

ester 
,  bromo- 

230.30 

5432 
5433 

5434 
5435 

anilinomalonic  ester;  di- 
ethyl anilinomalonate 

2-phenyl-l,l-ethylenedi- 
carboxylic  acid 

diethyl  benzylpropanedio- 
ate* ;  ethyl  benzylmalonate 
bromopropanedioic  acid*.  .  .  . 

diethyl  bromopropanedioate* 

ethyl  n-butylmalonate 

ethyl  sec-butylinalonate 

chloropropanedioic  acid* 

diethyl    l,3-diphenyl-2,2- 

propanedicarboxylate 
diethyl  dibromopropane- 

dioate* 
diethyl   diethylpropane- 

dioate* 

251.28 
192.16 

250.29 
182  97 

5436 
5437 
5438 
5439 

, ,  diethyl  ester 

,  butyl-,  diethyl 

ester 

,  sec-butyl-,   diethyl 

ester 
,  chloro- 

239.08 
216.27 
216.27 
138  51 

5440 
5441 
5442 

5443 

,  dibenzyl-,  diethyl 

ester 
,  dibromo-,  diethyl 

ester 
,  diethyl-,  diethyl 

ester 

,  — — ,  piperazinium 

salt 

,  dihydroxy-. 

,  dimethyl-,  diethyl 

ester 

340.40 
317.98 
216.27 

246.30 

5444 
5445 

See  Mesoxalic  acid. 
diethyl  dimethylpropane- 
dioate* 

188.22 

'Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl. 
need, 
col.  tricl . . . 


col.  liq., 
1.414320 

col.  liq., 

1.4149017 
col.  liq .  .  . 


wh.  cr. 

wh.  cr. 
liq... 


tricl.  f.  cth. 


col.  liq 


col.  cr. 

(+1H20) 

f.  w. 
col.  liq.,  1.4253 


need 

pr.  f.  w 

liq 

need.  f.  eth... . 

liq 

col.  liq.,  1.425 . 
col.  liq.,  1.4248 


pr 

thk.  oil. 


liq 


col.  liq., 
1.4251616-6 


wh.  cr. 


col.  liq., 
1.4104924-1 


Density 
g/ml 


•63lV6 


1.055^ 


1544- 


1.0 


97_°_ 


1.0802' 


1  01475J4 


1.0771-5 

15 


1.4022- 

0.98815 
i'093" ' 


0.985^ 

4 

(0.990) 


0.9910- 


Melting 
point,  °C 


170 
135.6 

-49.8 

-62 


144 

180  (d.) 


103-5 


109  d. 

121-36 

44-5 

d.  195  to 
cinnamic 
acid 


112-3  d. 
-54 


133 
13 


80-1 


Boiling 

Solubility  in  gram 

point,  °C 

Water 

Alcohol 

8.38 

i. 

d. 

198.9 
(94-618) 

61.1°, 
73.520, 
92. 650 
2.0820 

5720 

OO 

181 

v.  si.  s. 

00 

228.3 

s. 
s. 

S.  h. 
S.  h. 

240  (12017) 

d.  180 

s. 

S. 

222-3 
(110-2") 

i. 

V.  s. 

si.  s. 
i. 

s.  h. 

si.  s. 

V.  s. 
V.  s. 

s. 

296-8 

i. 

i. 
i. 
v.  si.  s. 

V.  s. 

OO 

V.  s. 
V.  s. 

235 

(125-715) 
235-40; 

130-520 
224-5; 

94-53 

v.  s. 

V.  s. 

s. 

243-618 

250-6  d. 
(103-64) 
223 

v.  si.  s. 
(i) 

OO 

s. 
i. 

s. 

OO 

196.575S 

Ether,  etc. 


i.  eth. 
5 .  71-5  eth. 


00  eth.;  s.  chl 
bz. 

00    eth. 


i.  eth. 

i.  eth. 

s.  Na2C03Sol. 

s.  eth.,  bz. 
v.  s.  eth. 


v.  s.  eth. 

s.  eth. 

si.  s.  eth.,  CS2, 
ac.    a.,    chl., 
bz.,  lgr.;  s. 
acet.,  et. 
acetate 

v.  s.  eth. 

00  eth. 

v.  s.  eth. 

v.  s.  eth. 

v.  s.  eth. 
s.  eth. 


00  eth. 


i.    eth. 
acet. 

00  eth. 


s.    h. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5446 

Malonicacid,  ethyl-.  . 

ethylpropanedioic  acid*;  1, 
1-propanedicarboxylic  acid* 

C2H5CH(COOH)2 

132.11 

5447 

, ,  diethyl  ester 

ethyl  ethylmalonate ;  ethyl- 
malonic  ester 

C2H5CH- 
(COOC2H6)2 

188.22 

5448 

,  ethylene-. 

See  Vinaconic  acid. 

5449 

,  (a-ethylpropyl)-, 

diethyl  ester 

ethyl  sec-amylmalonate 

(C2H6)2CHCH- 
(COOC2H6)2 

230.30 

5450 

,  heptyl- 

heptylpropanedioic  acid*; 

CH3(CHo)6CH- 

202  25 

1,1-octanedicarboxylic  acid 

(COOH)2 

5451 

,  hydroxy-. 

See  Tartronic  acid. 

5452 

,  isoamyl-,  diethyl 

ester 

ethyl  isoamylmalonate 

(CH3)2CH(CH2)2- 
CH(COOC2H6)2 

230.30 

5453 

,  isobutyl- 

3-methyl-l ,  1-butanedicar- 
boxylic  acid* 

(CH3)2CHCH2- 
CH(COOH)2 

160.17 

5454 

, ,  diethyl  ester 

ethyl  isobutylmalonate 

(CH3)2CHCRY 
CH(COOC2H&)2 

216.27 

5455 

,  isopropyl-,  diethyl 

ester 

ethyl  isopropylmalonate 

(CH3)2CHCH- 
(COOC2H5)2 

202.25 

5456 

,  keto-. 

See  Mesoxalic  acid. 

5457 

,  methyl-. 

See  Isosuccinic  acid. 

5458 

, ,  diethyl  ester 

ethyl  isosuccinate 

CH3CH- 

174.19 

(COOC2H5)2 

5459 

, ,  dimethyl  ester. . . 

dimethyl  methylpropane- 
dioate* ;  methyl  isosuccinate 

CH3CH(COOCH3)2 

146.14 

5459M 

,  OXO-. 

See  Mesoxalic  acid. 

5460 

,  propyl- 

propylpropanedioic  acid*;  1, 

C3H7CH(COOH)2 

146.14 

1-butanedicarboxylic  acid* 

5461 

, ,  diethyl  ester.   . . . 

C3H7CH- 

202.25 

(COOC2H5)2 

5462 

Malonic  anhydride  (so- 

called).  See  Carbon  suboxide. 

5463 

Malonic  diamide. 

See  Malonamide. 

5464 

Malonic  dinitrile. 

See  Malononitrile. 

5465 

Malonic  ester,  anilino- 

.  See  Malonic  acid,  anilino-,  eth 

yl  ester. 

5466 

,  ethyl-. 

See  Malonic  acid,  ethyl;  diethy 

1  ester. 

5467 

Malonic  mononitrile. 

See  Acetic  acid,  cyano-. 

5468 

,  methyl-. 

See  Propionic  acid,  a-cyano-. 

5469 

Malononitrile 

propanedinitrile*;  methyl- 

CH2(CN)2  

66.06 

ene  cyanide ;  malonic  dini- 
trile 
See  Barbital. 

5470 

Malourea. 

5471 

Maltobiose. 

See  Maltose. 

5472 

Maltonic  acid. 

See  v-Gluconic  acid. 

5473 

Maltose 

malt  sugar;  maltobiose 

See  Maltose. 

C^H^Oii'H^O. . . . 

360.31 

5474 

Malt  sugar. 

5475 

Mandelic  acid(dl) 

rf/-phenylglycolic  acid ;  dl- 
a-hydroxy-a-toluic  acid 

C6H&CH(OH)- 
(COOH) 

152.14 

5476 

,  gentiobioside. 

See  Amygdalic  acid. 

5477 

,  o-amino-,  lactam. 

See  Oxindole,  S-hydroxy-. 

5478 

,  p-isopropyl-(i) 

i-p-isopropylphenylglycolic 

acid 
dZ-benzaldehyde  cyanohy- 

drin 
See  Amygdalin. 

(CH3)2CHCeH4- 
CHOHCOOH 
C6H6CH(OH)CN.. 

194.22 

5479 

Mandelonitrile  (cf/) .  .  .  . 

133.14 

5480 

,  gentiobioside. 

5481 

D-Mannitol 

rf-mannite 

CH2OH(CHOH)4 
CH2OH 

182.17 

5482 

,  hexanitrate  . . 

nitromannite 

C6H8(N03)6 

452 . 17 

5483 

D-Mannoheptitol. 

See  Perseitol. 

5484 

D-Mannoheptose 

C6H7(OH)6CHO... 

210.18 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5446 


5447 

5448 
5449 

5450 

5451 
5452 

5453 

5454 

5455 

5456 
5457 
5458 

5459 

5459M 
5460 

5461 

5462 
5463 
5464 
5465 
5466 
5467 
5468 
5469 


5470 
5471 
5472 
5473 

5474 
5475 


5476 
5477 

5478 

5479 

5480 
5481 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  rhomb,  cr . 

col.  liq., 
1.41802^8 

col.  liq.,  1.4275 

cr.  f.  bz 


col.  liq.,  1.4255 

cr 

col.  liq 

col.  liq.,  1.418. 


col.  liq., 

1.4136918-7 
col.  liq ...  . 


pi.  f.  bz. 
col.  liq . 


col.  cr., 
1.4146334-2 


fine  col.  need. 


col.  rhomb, 
f.  bz. 


yel.  oily  liq. . 


col.  rhomb, 
need, 
need 


need. 


Density 
g/ml 


1.004- 


0.98317 
0.984- 


1.0192— 
1.028^ 

25 


0.993 


1.04984 


1.540 


1.3614; 
1.300^ 

4 


1.124 


1.4892 

4 

1.6040 


Melting 
point,  °C 


111.5 


95 


107 


96 


32.1 

102.5  d. 
118.1 

158 
-10  (22) 

166.1 

112 

134-5 


Boiling 
point,  °C 


160  d. 


2H748. 

95-715 

242-5; 
13016 


240-2; 
160-544 


225; 

113-61 
211-5 


201.4 
179 

d. 
221 


220 


d.  170 

295s-5 
exp.  120 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


v.  si.  s. 

v.  si.  s. 
i. 

i. 

V.  s. 

v.  si.  s. 

v.  si.  s. 

v.  si.  s. 
v.  si.  s. 

45.6° 
v.  si.  s. 


13.3 
10825 

1620 


15. 618 
i. 
v.  s. 


v.  s. 
v.  s. 

V.  s. 
V.  s. 
V.  s. 
V.  s. 

V.  s. 

00 


40 


v.  si.  s, 
c. 

53. 616-5 


0.0614 
2.913 
si.  s. 


s.  eth.,  bz., 
chl.,  et. 
acetate. 

v.  s.  eth. 


v.  s.  eth. 

v.  s.  eth.,  acet. 

v.  s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
v.  s.  eth. 

v.  s.  eth. 
oo  eth. 


s.  eth.,  chl.;  si. 
s.  bz. 
v.  s.  eth. 


20eth.;6.7bz. 

i.  eth. 
s.  eth. 


s.  eth. 

i.  eth. 
2.869eth. 


For  explanations  and  abbreviations  see  beginning  of  tabic 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5485 

D-Mannose 

seminose;  carubinose 

CH2OH(CHOH)4- 

180.16 

CHO 

5486 

,  phenylhydrazone 

CeH^OsNNHCeHs 

270.28 

5487 

Margaric  acid 

heptadecanoic  acid*;  n-hep- 

CH3(CH2)i6COOH 

270.45 

tadecoic  acid;  n-heptade- 

cylic  acid 

5488 

Margaronitrile 

heptadecanenitrile  * ;  cetyl 
cyanide ;  n-hexadecyl  cya- 
nide 

CH3(CH2)i6CN.... 

251.45 

5489 

Marsh  gas. 

See  Methane*. 

5490 

Meconic  acid .  . 

3-hydroxy-4-keto-l  ,4-py- 

C7H4O73H2O 

254.15 

ran-2,6-dicarboxylic  acid 

5491 

Meconidine 

C21H23NO4 

353.40 

5492 

Meconin 

5,6-dimethoxyphthalide 

194.18 

5493 

Melam 

CeHgNn 

235.22 

5494 

M  elamine 

2,4,6-triamino-s-triazine ; 

N:C(NH2)N:C- 

126.13 

cyanurotriamide 

1 

(NH2)N:C(NH2) 
1 

5495 

Melampyrin. 

See  Dulcitol. 

5496 

Melaniline. 

See  Guanidine,  diphenyU. 

5497 

Melene 

420.79 

5498 

Meletin. 

See  Quercetin. 

5498M 

Melibiose 

Ci2H220n 

342.30 

5499 

Melilotic  acid 

o-hydroxyhydrocinnamic 

HOC6H4CH2CH2- 

166.17 

acid ;  o-hydrocoumaric  acid 

COOH 

5500 

Melissic  acid 

C30H61COOH 

466.81 

5501 

Melissyl  alcohol. 

See  Myricyl  alcohol. 

5502 

Mellitic  acid 

benzenehexacarboxylic  acid* 

C6(COOH)6    . 

342  17 

5503 

,  hexahydro-. 

See  1, 2,3,4,5,  b-Cyclohexanehex 

acarboxylic  acid*. 

5504 

Mellophanic  acid 

1,2,3,4-benzenetetracar- 
boxylic  acid* 

C6H2(COOH)4.... 

254.15 

5505 

1,8(9) -m-Menthadiene 

.   See  Sylvestrene. 

5506 

1 ,3-p-Menthadiene. 

See  a-Terpinene. 

5507 

1,4(8)  -p-Menthadiene. 

See  Terpinolene. 

5508 

1 ,5-p-Men  thadiene. 

See  ct-Phellandrene. 

5509 

1  (7)  ,2-p-Menthadiene. 

See  (i-Phellandrene. 

5510 

1 ,8(9)  -p-Menthadiene. 

See  Limonene. 

5511 

3,6-p-Menthadiene-2,5 

-dione.  See  Thymoquinone. 

5512 

6,8(9)  -p-Menthadien-2 

-one.    See  Car  tone. 

5513 

p-Menthane 

4-isopropy  1-  1-methylcyclo- 

CHaCeHioCH- 

140.26 

(CH3)2 

mene;  terpane;  mentho- 

naphthene 

5514 

,  1,4-epoxy-. 

See  1,4-Cineo/e. 

5515 

,  1,8-epoxy-. 

See  Cineole. 

5516 

1,8-p-Menthanediol. 

See  Terpinol. 

5517 

2-p-Menthanol. 

See  Carvomenthol. 

5518 

3-p-Menthanol. 

See  Menthol. 

5519 

3-p-Menthanone. 

See  Menthone. 

5520 

cf-Menthene 

d-3-p-menthene ;  (/-4-iso- 
propy l-l-methyl-3-cyclo- 
hexene 

See  Carromenthene. 

CwHis 

138.25 

5521 

1-p-Menthene. 

5522 

,  6,8-epoxy-. 

See  dl-Pinol. 

5523 

i-l-p-Menthene-6,8-di 

5524 

l-p-Menthen-8-ol. 

See  ct-Terpineol. 

5525 

8(9)  -p-Menthen-2-ol. 

See  Carveol,  dihydro-. 

*Name  approved  by  the  International  Union  of  Chemistry, 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  rhomb. 

pr.  f.  al. 

nearly  col. . 

col.  pi 


col.  cr 


rhomb,  tab. . 


yel.  amor 
col.  need. 


or.  powd 

monocl.  pr., 

1.490,  1.743, 

1.872 


col. 


cr 

pr.  f.  w 

col.  sc.  or 
need.  f.  al. 

col.  need,  f .  al . 

cr.  f .  w 


col.  liq.,  1.437. 


col.  liq., 
1.4481320* 


Density 
g/ml 


1.539 

0.8578 
1.4448 


.573250 


0.890 


0.793^ 
o 


0.8073 


Melting 
point,  °C 


132 

186-8 

60.66 
(58-9) 

34-35.5 


-3H20,  100 

58 
101 


d. 
<250 


63 


85 
83 

91.9-2.1 


286 
238  d. 


Boiling 
point,  °C 


227100 


d. 


155  subl. 
subl. 


380 


d. 


169-70 
(164-7) 


168 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


24817 


2510o 

0.14  c. 
4.5  h. 

si.  s. 


5 18 

i. 


v.  si.  s. 
s.  h. 

25.228 

si.  s. 


s. 

si.  s. 

v.  si. 

h. 


3.678 


si.  s.  c. 
s.  h. 


v.  s. 


i.  eth. 


v.  s.  eth. 
si.  s.  eth. 


si.  s.  eth. ;  v.  si. 
s.  chl. 

s.  eth.,  bz., 
chl.,  amyl  al. 
s.  KOH 
i.  eth. 


v.   si.  s.   eth. 
bz. 


s.  eth. 

v.  si.  s.  eth. 

s.  H2SO4 


v.  s.  eth. 


s.  eth.,  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5526 
5527 
5528 
5529 


5530 
5531 
5532 

5533 

5534 

5535 

5536 

5537 

5538 

5539 

5540 
5541 
5542 

5542M 

5543 

5544 

5545 

5546 


5547 
5548 


5549 

5550 
5551 

5552 

5553 
5554 
5555 

5556 
5557 
5558 

5559 


Name 


3-p-Menthen-2-one. 
8(9)  -p-Menthen-2-one. 
4(8)  -p-Menthen-3-one. 
/-Menthol 


,  a-methoxyisobutyrate. 

Menthonaphthene. 
/-Menthone 


Merchurochrome  220 

soluble 
Mercury,  diethyl-*.  .  . 


-,  di-2-furyl-. . . . 
-,  diisobutyl- .  .  . 
-,  dimethyl-*.  .  . 
-,  di-1-naphthyl- 
-,  diphenyl-*.  .  . 


dipropyl-* 
di-o-tolyl- 
di-p-tolyl- 


Mercury  chloride,  n- 

butyl- 
,  ethyl-* 


,  methyl-* 

,  phenyl-*. 
,  p-tolyl- .  . 


Mercury  mercaptide. 
Mesaconic  acid 


Mescaline 

Mesidine . 
Mesitol.  .  . 


Mesitylene. 


tt-bromoisobutyr 
2,4-dihydroxy-. 
2,4-dinitro- 


hexahydro-. 
2-hydroxy-. 
2-nitro- .... 


2,4,6-tribromo- 


Synonyms 


See  Carvenone. 
See  Carvone,  dihydro-. 
See  Pulegone. 

J-3-p-menthanol;  Z-hexahy- 
drothymol 

See  Isobutyric  acid  a-methoxy- 
6ee  p-Menthane. 
Z-3-p-menthanone 


dibromohydroxymercuri- 
fiuorescein  disodium  salt 

mercury  diethyl;  mercury 
ethyl 

2,2'-mercuridifuran 


mercury  methyl 

mercury  di-a-naphthyl 


mercury  diphenyl ;  mercury 
phenyl 


n-butylmercuric  chloride . 
ethylmercuric  chloride . .  . 


chloromercuribenzene .  . 
p-chloromercuritoluene 


methylfumaric  acid 


mezcaline. 


2,4,6-trimethylaniline 

2,4,6-trimethylphenol;  2- 

hydroxymesitylene 
1 ,3,5-trimethylbenzene ; 

si/m-trimethylbenzene 
yl-.  See  Isobutyrophenone,  ot-b 
See  Mesorcinol. 
1 ,3,5-trimethyl-2,4-dinitro- 

benzene 

See  Cyclohexane,  l,S,5-trirriethy 
See  Mesitol. 
1 ,3,5-trimethyl-2-nitroben- 

zene 


Formula 


C10H19OH 


3-p-menthyl  ester. 
CioHisO 


C2oH8Br2HgNa2- 
06-3H20 
Hg(C2H6)2 


C4H3O  HgC4H30 

[(CH3)2CHCH2]2Hg 

Hg(CH3)2 

Hg(CioH7)2 

(C6H5)2Hg 


(CH3CH2CH2)2Hg 

(CH3C6H4)2Hg 

Hg(C6H4CH3)2 


n-C4H9HgCl 
C2H5HgCl.. 
CH3HgCl... 


CeHsHgCl.  . .  . 
CH-AKUHgCl 


Hg(SC2H5)2... 

HOOC(CH3)- 

C:CHCOOH 

CiiHnNOs. . . 


(CH-OaCeHoNH,... 
(CH3)3C6H2OH.... 

(CH3)3C6H3 

romo-2,4,Q-trimethyl 

(N02)2C6H(CH3)3 
1-. 

(CH3)3C6H2N02. . . 

Br3C6(CH3)3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  trim. ;  liq., 
1.46022;solid, 
1.497,  1.476 


col.  liq 

irid.  grn.  sc .  .  . 
1.5399023-2 

col.  cr.  f.  w.- 

acet. 
col.  liq 

col.  liq., 

1.532722-2 
leaf.  f.  bz 

rhomb,  need. .  . 

col.  mobile  liq 

tricl.  f.  bz 

col.  need.  f.  bz. 

wh.  silv. 

irid.  leaf, 
silv.  irid.  leaf. . 

wh.  cr.,  dis- 
agreeable 
odor 

wh.  satiny- 
leaf. 

rhomb,  silky 
tab. 

leaf.  f.  al 

col.  need.  f. 
w.  or  al. 

col.  alk.  oil 


need 


rhomb.,  col. 
liq.,  1.4967 

rhomb,  f .  al . . . 


rhomb,  pr.  f.al 
tricl.need.f.  al. 


Density 
g/ml 


0.890- 

15 


0.896 


2.466020 


1.83513 
2.95412- 
1.944 
2.318 
2.12416 


3.5 

4.0G3 


.466 


0.963 


0.8634- 

4 


Melting 
point,  °C 


35.5;  42.5 


-6.6 


114 
volat.  100 

243 
121.8 

107" 
235-9 

127 

192.5 

170 


251 
233 


76 
202-4 


<-15 

69  (72) 


-52.7 


44 

224 


Boiling 
point,  °C 


215 


207 


159;  5716 

1567 

205-7 

95 

d. 

20410 
>306d. 
189-91 
21914 
d. 


volat.  100 


d. 
250  d. 


18012 

233 
220 

164.6 


255 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


0.04  c. 


si.  s. 


s.h. 

-facet, 
v.  si.  s. 

i. 

i. 
i. 


v.  si.  s. 
2.718, 
118ioo 


v.  si.  s. 
i. 


oo 

0.015 
si.  s. 


si.  s.  h. 

si.  s.  h. 

s. 

si.  s. 

si.  s.  c. 

si.  s.  c, 
v.  s.  h. 

si.  s.  h. 
si.  s.  h. 


5.29  h. 

24. 1417 

90% 


v.  s. 
s. 

s.h. 

v.  s.  h. 

v.  si.  s. 
h. 


v.  s.  eth.;  s. 
chl.,  pet.  eth., 
glac.  ac.  a. 


oo  eth.,  CS2+ 
bz. 
i.  eth.,  chl. 


s.  eth. 


s.  eth. 

s.  eth.,  lgr. 

si.   s.    eth.;   s. 

chl.,  CS2 
si.   s.   eth.;  s. 

bz.,  chl.,  CS2 
v.  s.  eth. 
s.  h.  bz. 
i.  eth.;  s.  CS2, 

h.  bz. 
s.  eth. 

s.  eth. 


si.  s.  eth.,  bz;, 

pyr. 
i.    eth.;   si.   s. 

bz.,chl.,acet., 

pyr. 

6.735eth. 
s.  eth.;  v.  si.  s. 

bz.,  chl.,  CS2, 

pet.  eth. 
i.  eth..;  s.  chl., 

bz. 

v.  s.  eth. 
s.  eth. 


s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5560 

5561 
5562 


5563 

5564 
5565 

5566 
5567 


5568 


5569 


5570 
5572 

5573 
5574 
5575 


5576 

5577 

5578 
5579 
5579M 
5580 

5580  D 

5580G 

5580  K 

5580  N 

5580R 

5580U 

5581 
5582 
5583 
5584 


5585 
5586 
5587 
5588 
5589 


Crystalline 

form,  color 

and  index  of 

refraction 


tricl.need.  f.al. 
monocl.  f.  al.. 


col.  oily  liq. 
1.44616 


leaf. 


col.  deliq. 
need. 

It.  yel.-grn. 

oil, 

1.4186515-6 
col.  pi.  f.  bz. 


need 


col.  tetr.  need, 
or  pr.  f.  al., 
1.530,  1.430 

need  (anh.); 
tricl.  pr. 

vitreous 


col.  pr., 

1.43143 
col.  liq., 

1.42S15-* 
col.  liq., 

1.41420 
col.  liq., 

1.4182* 
col.  liq., 

1.41224 
col.  liq., 

1.4132« 
col.  liq., 

1.4201™ 


col.  gas. 


NJfJf'Jf',  tetra 


Density 
g/ml 


0.8539: 


20 

19- 

20 


.054" 


1.01*2 

20 

0.895^ 
0.9072^ 
0.889-- 

15  .6 

0.8902^ 
0.936" 
0.902^- 

15  -6 


0.415"1S4: 
0.7168°g/l 


methyU. 


Melting 
point,  °C 


230-2 

166 

-59 

150 

121  si.  d. 

ca.-30 

57 

46 


246.2 
(sealed 
tube) 

d. 


It; 


ca.-50 


-184 


Boiling 
point,  °C 


exp.  415 
subl. 


128.7 
(131.4) 

275.5 


ca.-220] 
11529 

ca.  200 


subl.  112-5 


163 
163 
117 
155 
127 
100 
141 

-161.5 


Solubility  in  grams  per  103  ml  of 


Water      Alcohol        Ether,  etc. 


v.  si.  s. 
3.0 
si.  s.  c. 


V.  s. 


v.  si.  s. 

h. 


o.o; 


1. 

v.  si.  s. 

i. 

i. 

v.  si.  s. 

i. 

920  cm8 


].  c, 

si.  s.  h. 


1.8™ 
2.921: 

i. 


60  cm3 


si.  s.  h.eth. 
acet. 

v.  s.  eth. 
*>  eth. 
v.  s.  eth. 
s.  eth. 
s.  eth. 


s.  eth. 

0.535  eth. 
v.  si.  s.  eth. 
v.  si.  s.  eth. 

00  eth. 

ao  eth. 

00  eth. 

»  eth. 

eo  eth. 

00  eth. 

00  eth. 

912«  cms  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5590 

Methane,  aminotriphe 

nyl-.  See  Aniline,  benzohydry 

U. 

5591 

,  amyldimethyl-. 

See  Heptane,  2-methyl-*. 

5592 

,  amylethylmethyl 

-.    See  Octane,  3-methyl-*. 

5593 

,  benzoyltriphenyl 

-.    See  (3-Benzopinacolin. 

5594 

,  benzyltriphenyl-. 

See  Ethane,  1,1, 1,2-tetraphenyl 

-. 

5595 

,  4,4'-bisdimethyl 

aminotriphenyl-.  SeeAni 

line,  p,p'-benzylidene 

bis-N, 

5596 

,  bis(2,4-dinitro- 

phenyl)- 

2,2'4,4'-tetranitroditan. ...... 

[(N02)2C6H3]2CH2 

348.23 

5597 

,  bromo-*. 

See  Methyl  bromide. 

5598 

,  bromotrichloro-* 

,  butylethylmethy 

CBrCb 

198.30 

5599 

1.   See  Heptane,  S-methyl-*. 

5600 

,  sec-butylethylm 

ethyl-.  See  Hexane,  3,4-dimet 

hyl-*. 

5601 

,  rer£-butyltrimet 

hyl-.   See  Butane,  2,2,3,3-tetra 

methyl-*. 

5602 

,  isobutyltrimethy 

1-.   See  Pentane,  2,2,4rtrimethyl 

-*. 

5603 

,  chloro-*. 

See  Methyl  chloride. 

5604 

,  chloro  (chloromet 

hoxy)-*.    See  Ether,  bischloro 

methyl. 

5604M 

,  chlorodifluoro-* 

CHC1F2 

86.48 

5605 

,  chloroethylmeth 

yl-.    See  sec-Butyl  chloride. 

5606 

,  chloromethoxy-*. 

See  Ether,  chloromethyl  methyl. 

5606M 

,  chlorotrifluoro-* 

CClFa 

104.47 

5607 

,  chlorotrimethyl- 

.   See  tert-Butyl  chloride. 

5608 

,  chlorotriphenyl- 

,  cyclohexyl-. 

(C6HS)3CC1 

278.77 

5609 

See  Cyclohexane,  methyl-. 

5610 

,  4,4'-diaminodiph 

enyl-.  See  Aniline,  p,p'-methy 

lenedi-. 

5611 

,  p,p'-diaminotri- 

p,p'-benzaldianiline;  4,4'- 

CeHsCH- 

274.35 

phenyl- 

diaminotritan 

(C6H4NH2)2 

5613 

,  diazo-* 

azimethylene 

CH2N2 

42.04 

5614 

,  dibenzoyl- 

1 ,3-diphenyl-l  ,3-propane- 
dione 
See  Methylene  bromide. 

(C6H6CO)2CH2.... 

224.25 

5615 

,  dibromo-*. 

5616 

,  dichloro-*. 

See  Methylene  chloride. 

5617 

,  dichlorodi- 

fluoro-* 

difluorodichloromethane*.  .  .  . 

CC12F2 

120.92 

5618 

,  dichlorodimethyl 

-.  See  Propane,  2,2-dichloro-*. 

5619 

,  dichlorofluoro-* 

,  diethoxy- 

CHCI2F 

102 . 93 

5620 

formaldehyde  diethylacetal ; 

CH2(OC2H6)2 

104.15 

methylene  diethyl  ether; 

diethyl  formal ;  ethylal 

5621 

,  diethyldimethyl- 

.  See  Pentane,  3,3-dimethvl-*. 

5622 

,  diethylisopropyl- 

.See  Pentane,  Z-ethyl-2-methyl- 

*. 

5623 

,  diethylmethyl-. 

See  Pentane,  'i-methyl-*. 

5624 

,  diethylpropyl-. 

See  Hexane,  S-ethyl-*. 

5624M 

,  difluoro-*. 

See  Methylene  fluoride. 

5625 

,  4,4'-dihydroxy- 

diphenyl- 

p.p'-methylenediphenol 

HOC6H4CH2C6H4- 
OH 

200.23 

5626 

,  diisobutyl-. 

See  Heptane,  2, ^-dimethyl-*. 

5627 

,  diisopropyl-. 

See  Pentane,  2,4-dimethyl-*. 

5628 

,  dimethoxy-* 

formaldehyde   dimethyl- 
acetal ;  methylene  dimethyl 
ether ;  formal ;  methylal 

CH2(OCH3)2. 

76.09 

5629 

,  dimethyl-. 

See  Propane*. 

5630 

,  dimethylene. 

See  Propadiene.* 

5631 

,  dimethylpropyl-. 

See  Pentane,  2-methyl-*. 

5632 

,  di-1-naphthyl-.. . 

(CioH7)2CH2 

268.34 

5633 

,  di-2-naphthyl-.. . 

(CioH7)2CH2 

268.34 

5634 

,  dinitro-* 

CH2(N02)2 

106.04 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5590 
5591 
5592 
5593 
5594 
5595 
5596 

5597 

5598 

5599 

5600 

5601 

5602 

5603 

5604 

5604M 

5605 

5606 

5606M 

5607 

5608 

5609 
5610 
5611 

5613 

5614 

5615 
5616 
5617 

5618 
5619 

5620 


5621 

5622 

5623 

5624 

5624M 

5625 

5626 
5627 
5628 


5629 
5630 
5631 
5632 

5633 

5634 


Crystalline 

form,  color 

and  index  of 

refraction 


N-dimethyU. 
yel.  pr.  f. 
glac.  ac.  a. 

col.  liq.,  1.5300 


col.  gas. 


col.  gas. . 
col.  need. 


col.  cr.  f.  eth  . 

yel.  pois.  gas 
at  ord.  temp, 
rhomb 


col.  gas 

col.  liq.  or  gas 


leaf,  or  need, 
f.  h.  w. 


col.  liq., 
1.35344 


sm.  pr.  f.  al . . 

need.  f.  al.  or 
eth. 
yel.  unst.  oil.. 


Density 
g/ml 


95915 


3.870 


1.486"30 

1.421» 

0.8346515 


0.8560 


Melting 
point,  °C 


172 


-146 

-181 
112(106-9) 

139(136-7) 
-145 
72-3;  78 

-160 

-127 
-66.5 


158 


-104.8 


109  (107-8) 

93 

liq.  at-15 


Boiling 
point,  °C 


101.07 


-40.8 

-80 
310 


-23;  exp. 
200 
219-2118 


subl. 


44 


27014;  dist. 
>360 


100  exp. 


Solubility  in  grams  per  100  ml  of 


Water 


i.,  d. 

v.  si.  s. 

d. 

v.  si.  s. 


9.1' 


v.  s. 


0.83, 

6.6778 
i. 


Alcohol 


il.s. 


4.4319- 


Ether,  etc. 


i.  eth.;  s.  alk.; 
si.  s.  bz. 

oo  eth. 


si.  s.  eth.;  v.  s. 
CS2,  bz. 


v.    s.    eth.;   s. 
chl.,  lgr. 
s.  eth. 

v.    s.    eth.;   s. 
chl. 


s.  eth. 
s.  eth. 


s.  eth.,  alk., 
chl.;i.  CS2 


oo  eth. 


s.  eth.,  chl.,  bz. 
s.  bz. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5635 

Methane,  diphenyl-.  . 

benzylbenzene;  ditan 

(C6Hs)2CH2 

168.23 

5636 

, ,  o-carboxylic  acid. 

See  Benzoic  acid,  o-benzyl-. 

5637 

,  diphenylene-. 

See  Fluorene. 

5638 

,  diphenyl-m- 

3-methyltritan 

CH3C6H4CH- 

258.35 

tolyl- 

(C6Hfi)2 

5639 

,  diphenyl-p- 

4-methyltritan 

CH3C6H4CH- 

258.35 

tolyl- 

(C6Hs)2 

5640 

,  dipropoxy-* 

formaldehyde  dipropyl  ace- 
tal;  methylene  dipropyl 
ether 

See  Butane,  2-methyL*. 

CH2(OC3H7)2 

132.20 

5641 

,  ethyldimethyl-. 

5642 

,  p-ethyldiphenyl-. 

See  Benzene,  1-benzyl-i-ethyl-. 

5643 

,  ethyldipropyl-. 

See  Heptane,  4-ethyl~*. 

5644 

,  ethylisobutyl-. 

See  Hexane,  2-methyl-*. 

5645 

,  ethylisobutylmet 

hyl-.  See  Hexane,  2,4-dimethyl 

_* 

5646 

,  ethylisopropylme 

thyl-.  SeePentane,2,S-dimeth 

yi*. 

5647 

,  ethylmethylprop 

yl-.  See  Hexane,  Z-methyU*. 

5648 

,  ethyltrimethyl-. 

See  Butane,  2,2-dimethyl-*. 

5649 

,  fluoro-*. 

See  Methyl  fluoride. 

5650 

,  p-hydroxydiphen 

yl-.   See  Phenol,  p-benzylr. 

5651 

,  iodo-*. 

See  Methyl  iodide. 

5652 

,  isopropyldimeth 

yl-.  See  Butane,  2,3-dimethyU* 

5653 

,  isopropylmethyl 

propyl-.  See  Hexane,  2,3-dim 

ethyl-*. 

5654 

,  isopropyltrimeth 

yl-.  See  Butane,  2,2,3-trimethy 

l-\ 

5655 

,  methoxy-*. 

See  Methyl  ether. 

5656 

,  methyldipropyl-. 

See  Heptane,  ^-methyl-*. 

5657 

,  methyldithio-*. 

See  Methyl  disulfide. 

5657H 

,  methylsulnnyl-*. 

See  Methyl  sulfoxide. 

5657R 

,  methylsulfonyl-* 

•   See  Methyl  sulfone. 

5658 

,  methylthio-*. 

See  Methyl  sulfide. 

5659 

,  1-naphthyl- 

phenyl- 

1-benzylnaphthalene 

C10H7CH2C6H5. . . . 

218.28 

5660 

,  2-naphthyl- 

phenyl- 

2-benzylnaphthalene 

C10H7CH2C6H5. . . . 

218.28 

5661 

,  nitro-* 

CH3NO2 

61.04 

5662 

,  OXO-. 

See  Formaldehyde. 

5663 

,  a-oxodiphenyl-. 

See  Benzophenone. 

5664 

,  phenyl-. 

See  Toluene. 

5665 

,  phenyldi-p- 

4,4'-dimethyltritan 

272.37 

tolyl- 

(CeH4CH3)2 

5666 

,  phenyl-m-tolyl- 

m-benzyltoluene 

C6H5CH2C6H4CH3 

182.25 

5667 

,  phenyl-p-tolyl-. . 

p-benzyltoluene 

182.25 

5668 

,  tetrabromo-*. 

See  Carbon  tetrabromide. 

5669 

,  tetrachloro-*. 

See  Carbon  tetrachloride. 

5670 

,  tetraethoxy-*. 

See  Orthocarbonic  acid,  tetraeth 

yl  ester. 

5670M 

,  tetrafluoro-*. 

See  Carbon  tetrafluoride. 

5671 

,  tetraiodo-*. 

See  Carbon  tetraiodide. 

5672 

,  tetramethyl-. 

See  Propane,  2,2-dimethyl-*. 

5673 

»  P,p'-tetramethyl 

diaminodiphenyl-.  See  An 

iline,  p,p'-methyleneb 

is  [N,N- 

5674 

,  p-tetramethyldi 

amino triphenyl-.   See  Ani 

line,  p,p'-benzylidene 

bis-N,N- 

5675 

,  tetranitro-* 

,  tetraphenyl- 

C(N02)4 

196.04 

5676 

(C6H6)4C 

320.41 

5677 

,  tetrapropoxy-. 

See  Orthocarbonic  acid,  tetrapro 

pyl  ester. 

5678 

,  triaminotriphen 

'yl-.  See  Leucaniline. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

5635 

col.  rhomb, 
need., 

1.57884" 

1.0008- 

4 

26-7 

261-2 
(264.7) 

i. 

s. 

s.  eth.,  chl. 

5636 

5637 

5638 

pr.  f .  al 

1.07w 

62 

35470a 

si.  s. 

v.  s.  eth.;  s. 
bz.,  chl.,  ac. 
a.,  igr. 

5639 

pr.  f.  me.  al . .  . 

2  0 

71 

3  GO 

i. 

s. 

v.  s.  eth.,  bz., 
ac.  a. ;  s.  lgr. 

5640 

0.835- 

4 

137-40 

5641 

5642 

5643 

5644 

5645 

5646 

5647 

5648 

5649 

5650 

5651 

5652 

5653 

5654 

5655 

5656 

5657 

5657  H 

5657R 

5658 

5659 

monocl.  leaf. 
f.  al. 

1.165° 

59 

350 

1.2616 
2.627* 

35 . 7  c.  eth. ;  s. 
bz.,  CS2,  chl. 

5660 

monocl.  pr. 
f.  al. 

1.176 

35.5 

350 

i. 

2.315 

v.  s.  bz. 

5661 

col.  liq., 
1.381820 

1.130^ 

4 

frz.  -29 

101 

9-10  cc. 

s. 

s.  eth.,  alk. 

5662 

5663 

5664 

5665 

need.  f.  me.  al. 

56 

s. 

v.  s.  eth.,  CS2, 
bz.,  chl. 

5666 

liq 

0.99717-5 

275747 

s. 

s.  eth. 

5667 

liq 

0.99517-5 

-30 

235-6 

s. 

s.  eth. j  v.s.  chl. 

(279-80) 

5668 

5669 

5670 

5670M 

5671 

5672 

5673 

dimethyl-. 

5674 

dimethyl-. 

5675 

col.  liq., 
1.4397616-9 

He 

1.65013 

13 

125.7 

i. 

s. 

s.  eth. 

,5676 

col.  rhomb, 
f.  bz. 

285 

431 

i. 

i. 

i.  eth.,  lgr.,  ac. 
a.;s.  h.  bz 

5677 

>678 

For  explanations  and  abbreviations 

see  beginnin 

g  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5679 

Methane,  tribenzoyl- . 

(C6H6CO)3CH 

328  35 

5680 

,  tribromo-*. 

See  Bromoform. 

5681 

,  tribromonitro-*. 

See  Bromopicrin. 

5682 

,  trichloro-*. 

See  Chloroform. 

5683 

,  trichlorofluoro-* 

,  trichloronitro-*. 

CC13F... 

137  38 

5684 

See  Chloropicrin. 

5685 

,  triethoxy-*. 

See  Orthoformic  acid,  triethyl  es 

ter. 

5686 

,  trie  thy  1-. 

See  Pentane,  3-ethyl-*. 

5687 

,  triethylmethyl-. 

See  Pentane,  Z-ethyl-S-methyl-* 

5688 

,  trifluoro-*. 

See  Fluoroform. 

5689 

,  triiodo-*. 

See  Iodoform. 

5690 

,  triisopropoxy-. 

See  Orthoformic  acid,  triisopro 

pyl  ester. 

5691 

,  trimethoxy-. 

See  Orthoformic  acid,  trimethyl 

ester. 

5692 

,  trimethyl-. 

See  Isobutane. 

5693 

,  trimethylpropyl- 

.  See  Pentane,  2,2-dimethylr*. 

5694 

,  trinitro-*. 

See  Nitroform. 

5695 

,  p3-trinitrotriphe 

nyl-.  See  Methane,  tris(p-nitro 

phenyl)-. 

5696 

,  triphenoxy-. 

See  Orthoformic  acid,  triphenyl 

ester. 

5697 

,  triphenyl- 

244  32 

5698 

, ,  o-carboxylic  acid. 

See  Benzoic  acid,  o-benzohydry 

1-. 

5699 

,  tripropoxy-. 

See  Orthoformic  acid,  tripropyl 

ester. 

5699H 

,  tris(hydroxymet 

hyl) amino-.   See  1,3-Propo 

nediol,  2-amino-2-hy 

droxy- 

5699M 

,  tris  (hydroxy met 

hyl)nitro-.  See  1,3-Propaned 

iol,  2-hydroxymethyl-2 

-nitro-*. 

5700 

,  tris(p-nitro- 

phenyl)- 

P3-trinitrotriphenylmethane .  . 

(N02C6H4)3CH.... 

379.32 

5701 

Methanearsonic  acid. . 
Methaneazobenzene. 

methylarsinic  acid 

CH3AsO(OH)2.... 

139.96 

5702 

See  Benzeneazomethane. 

5703 

Methanecarbothiolic  a 

cid.   See  Acetic  acid,  thiol-. 

5704 

Methanedicar  boxy  lie  a 

cid.   See  M atonic  acid. 

5705 

Methanediol*,  esters. 

See  "methylene  diester"  under 

the  different  acids. 

5706 

,  2-furyl-,  diacetate. 

See  Furfural,  diacetate. 

5707 

Methanedisulf onic  aci 

d*.   See  Methionic  acid. 

5708 

Methane  oxide,  diphen 

yl-.   See  Xanthene. 

5709 

Methanephosphonic 
acid 

methylphosphinic  acid 

CH3PO(OH)2 

96.01 

5710 

Methanesiliconic  acid. 
Methanestannonic 

silicoacetic  acid 

CHaSiOOH 

CH3SnOOH 

76.10 
166.74 

5711 

methylstannonic  acid; 

acid 

methylstannic  acid 

5712 

Methanesulfonic  acid* 
Methanesulfonyl 

methylsulfonic  acid 

CH3SO3H 

CH3SO2CI 

96.10 
114.55 

5713 

chloride* 

5714 

Methanethial*. 

See  Formaldehyde,  thio-. 

5715 

Methanethiol* 

methyl  mercaptan 

CH3SH 

48.10 

5716 

,  2-furyl-. 

See  Furfuryl  mercaptan. 

5717 

Methane thiolic  acid,  a 

mino-*,  ethyl  ester.  See  Carb 

amic  acid,  thiol-,  ethy 

I  ester. 

5718 

Methanoic  acid*. 

See  Formic  acid. 

5719 

Methanol* 

methyl  alcohol;  carbinol; 

CH3OH 

32.04 

5720 

Methenamine. 

wood  alcohol 
See  Hexamethylenetetramine. 

5721 

Methenyl  amidoxime. 

See  Formamide,  oxime. 

5722 

Methionic  acid 

methanedisulf  onic  acid*; 
methylenedisulfonic  acid 

CH2(S03H)2 

176.16 

*Nai 

ne  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

5679 

need.  f.  al 

224-5 

subl. 

v.  si.  s. 

v.  si.  s.  eth.;sl. 
s.acet.js.  CSa 

5680 

5681 

5682 

5683 

col.  liq 

1.49417.2 

-111 

24.1 

i. 

s. 

s.  eth. 

5684 

5685 

5686 

5687 

5688 

5689 

5690 

5691 

5692 

5693 

5694 

5695 

5696 

5697 

col.  rhomb. 

1.014- 

92.5 

359.2 

si.  s.  c, 

v.    s.    eth.;   s. 

leaf., 

4 

v.  s.  h. 

bz.,  chl. 

1.5839" 

5698 

5699 

5699H 

methyl-. 

5699M 

5700 

sc.  f.  bz 

212.5  (207) 

v.   si.  s.   eth., 

bz.,glac.ac.a. 

5701 

monocl.  leaf, 
f.  al. 

161 

s. 

s. 

5702 

5703 

5704 

5705 

5706 

5707 

5708 

5709 

105 

i. 

5710 

amor,  powd . . . 

s.  eth.,  cone. 

KOH 

5711 

wh.  amor, 
powd. 

infus. 

i. 

s.    a.,    alk. ;    i. 

org.  solv. 

>712 

col.  liq 

1.481 

16710  d. 

y.  s. 

s. 

v.  s.  eth. 

»713 

liq... 

1.51 
0.868^; 

160 

7.6;  5. 8752 

i. 

si.  s.t  d. 

s. 
v.  s. 

s.  eth. 

•714 
i715 

liq.  or  gas 

-123.1 

v.  s.  eth. 

4 

2  f> 

(-121) 

0.8599- 

716 

4 

717 

718 

(719 

col.  liq., 
1.3311814-50 

0.7960915; 
0.7928- 

4 

(0.7917") 

-97.8 

64.65 

OO 

OO 

*  eth. 

720 

721 

• 

722 

hyg.  need 

S. 

s. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5723 
5724 

dl-  Methionine 

/-Methionine 

dZ-a-amino-7-methylmer- 
captobutyric  acid;  dU2- 
amino-4-methylthiobuta- 
noic  acid* 

CH3SCH2CH2CH- 
(NH2)COOH 

CH3SCH2CH2CH- 
(NH2)COOH 

CH3ONH2 

(e.g.,  for  methvlarsi 
(C6H5)3C- 

CH3NH2 

149.21 

149.2!  ! 

47.06 
ne  see 
243.31 

31.06 

67.52 

103.92 
94.95 

50.49 

94.19 
373.90 
173.86 

5725 
5726 

Methoxyamine* 

Methyl.  For  methyl  deriva 
,  triphenyl- 

Methylal. 
Methyl  alcohol. 
Methylamine 

a-methylhydroxylamine 

tives  see  the  parent  compounds 
trityl 

5727 

5728 
5729 

See  Methane,  dimethoxy-*. 
See  Methanol*. 
aminomethane 

5730 

,  hydrochloride 

CH3NH2HCI 

1-*. 

B(OCH3)3 

CH3Br 

5731 
5732 
5733 

5734 

,  rerr-butyl-. 

,  naphthyl-. 

Methyl  borate 

Methyl  bromide 

,  rerf-butyl-. 

Methyl  carbitol. 
Methyl  cellosolve. 
Methyl  chloride 

Methyl  cyanide. 

,  allyl-. 

Methyl  disulfide 

Methylene  blue 

Methylene  bromide .  .  . 

Methylene  chloride .  .  . 

Methylene  cyanide. 
Methylenedisulfonic  a 
Methylene  esters. 
Methylene  fluoride. .  .  . 
Methylene  iodide 

Methylenimine,  bis(p- 
Methyl  ether 

Methyl  fluoride 

Methyl  hydride. 
Methyl  iodide 

See  Propylamine,  /S,  fi-dimethy 
See  Naphthylamine,  N-methyl-. 
trimethyl  borate;  trimeth- 
oxyboron 
bromomethane  * 

5735 
5736 
5737 
5738 

See  Propane,  l-bromo-2,2-dime 
See  Diethylene  glycol,  monomet 
See  Ethanol,  2-methoxy-*. 
chloromethane* 

thyU*. 
hyl  ether. 

CH3CI 

5739 
5740 
5741 

5742 

5743 

See  Acetonitrile. 

See  4-Pentenenitrile*. 

methyldithiomethane*;  di- 
methyl disulfide 

3 , 9-bisdimet  hy  laminophena- 
zothionium  chloride 

dibromomethane* 

CH3SSCH3 

Ci6H18N3SCl-3H20 

5744 

dichloromethane* 

84.94 

5745 
5746 

5746M 

See  Malononitrile. 
cid.    See  Methionic  acid. 
See  "methylene  diester"  under 
difluoromethane* 

the  different  acids. 
CH2F2 

52.03  1 

5747 

diiodomethane*.  . 

CH2I2 

267.87  : 

5748 
5749 

dimethylaminophenyl)  - 

methoxymethane*;  dimethyl 
ether 
fluoromethane* 

.    See  Aur amine  (bas 
(CH3)20 

46.07 

5750 

CH3F 

34.03 

5751 
5752 

See  Methane*. 
iodomethane*.  . 

CH3I 

141.95 

5753 
5754 

,  *err-butyl-. 

Methyl  isocyanide .... 

Methyl  mercaptan. 
,  perchloro- 

Methyl  mustard  oil. 

See  Propane,  l-iodo-2,2-dimeth 
methylcarbylamine ;  methyl 
isonitrile 

See  Methanethiol*. 

thiocarbonyl  tetrachloride ; 
trichloromethylsulfur  chlo- 
ride 

See  hothiocyanic  acid,  methyl 

CH3NC 

41.05 

5755 
5756 

CCI3SCI 

185.90 

5757 

ester. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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No. 


5724 
5725 

5726 

15727 
5728 
5729 

,  5730 

5731 
5732 
j  5733 

.  5734 

5735 
5736 
5737 
5738 

5739 
5740 
.5741 

5742 

',5743 

5744 

5745 
5746 

5746M 
5747 


5748 

'5749 

f>750 

5751 

5752 

S753 
)754 


>755 
>756 


.757 


Crystalline 

form,  color 

and  index  of 

refraction 


hex.  pi 


cr 

A  rsine,   methyl  - 
col.-yel. 
trans,  cr. 


col.  gas, 

1.43217-5 
deliq.  leaf. 


3 


f. 

col.  liq 

col.  liq.  or  gas. 

col.  gas 


liq 

grn.  cr.  powd. 

col.  liq 

col.  liq.,  1.4237 


col.  gas 

col.  liq.,  leaf, 
at  0°C, 
1.755910-5 


col.  gas. 
col.  gas. 


col.-br.  liq., 
1.529321-0 

col.  liq ...  . 


yel.  liq 


Density 
g/ml 


).    For  meth 


0.7691 


0.915 


1.732- 


3.97425  g/1 


0.991"25; 
2.31°  g/1 


1.05; 


2.4953- 
1.336 


3.325 


2.091  g/1 

0.8774^-6 


2.279 


0.7564; 
0.7464- 


700 


Melting 
point,  °C 


281 


283  d. 


yl  esters  of  o 
145-7 


-92.5 
226 


-93.66 


•97.7 


-2H20  100; 
-3H20  150 

-52.8 


-96. 


5-6 

-138.5 
-141.8 

-66.1 


-45 


Boiling 
point,  °C 


49-50 

rganic  acids 
d. 


-6.5 
23015 

65 
3.56 

-24.22 

116-8 

98.2 
40.1 


-51.6 
180  d. 


-23.65 

-78.6 

42.5 
59.6 

149  si.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


3.3825, 
10. 5275 


see  the  a 
i. 


1153.9 
ml  l2-50 
v.  s. 


d. 
0.09 

400 


1520 


026 


1.4220 


370018 
cm3 

16615 
cm3 

1.42« 


101; 


Alcohol 


cids. 
v.  si. 


2378 


3500 
cm3 


Ether,  etc. 


i.  eth. 


si.  s.  eth.;  v. 
chl.,  CS2 


w  eth. 
i.  eth. 

oo  eth. 

v.    s.    eth.;    s. 
chl.,  CS2,  bz. 

s.  eth.,  chl.,  ac. 
a. 

oo  eth. 

oo  eth. 
oo  eth. 


s.  eth. 

s.  eth. 
v.  s.  eth. 

oo  eth. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5758 


5759 
5760 
5761 


5762 

5763 

5764 

5765 
5766 

5767 

5767M 

5768 
5768M 

5769 

5770 

5771 

5772 

5773 

5774 

5775 

5776 

5777 

5778 

5778M 

5779 

5780 

5781 

5782 

5783 
5784 


5785 
5786 


5787 
5789 

5790 


Name 


Methyl  nitrate. 


Methyl  nitrite 

Methy  logly  colic  acid. 
Methyl  orange 


Methyl  phosphate 
Methyl  selenide .  . . 
Methyl  sulfate 


,  acid. 

Methyl  sulfide 

Methyl  sulfite . 


Methyl  sulf one 


Methylsulfonic  acid. 
Methyl  sulfoxide. .  . . 


Methylsulf uric  acid 


Methyl  telluride . 

Metol. 

Mezcaline. 

Miazine. 

Michler's  hydrol. 

Michler's  ketone. 

Milk  sugar. 

Monoacetin. 

a-Monolaurin. 

Monoolein. 

a-Monopalmitin. 

Monosilane. 

a-Monostearin. 

Morin 


M  or  in  £a  tannic  acid,  M 
Morphine 


acetate  (I) 

hydrochloride. 


-,  methyl  ether. 
-,  sulfate 


-,  diacetyl- 


Synonyms 


See  Acetic  acid,  methoxy-. 
p-(p-dimethylaminophenyl- 

azo)benzenesulfonic  acid, 

sodium  salt 
trimethyl  phosphate 


dimethyl  selenide . 
dimethyl  sulfate . . 


See  Methylsulf  uric  acid. 
methy lthiomet  hane  * ;  di- 
methyl sulfide 
dimethyl  sulfite 


methy  lsulfonylmethane* ; 

dimethyl  sulfone 
See  M  ethanesulfonic  acid*. 
methy  lsulfinylmethane  * ; 

dimethyl  sulfoxide 
hydrogen  methyl  sulfate; 

acid  methyl  sulfate 

dimethyl  telluride 

See  Phenol,  p-methylamino-,  su 

See  Mescaline. 

See  Pyrimidine. 

See  Benzohydrql,  p,p'-bisdimeth 

See  Benzophenone,  p,p'-bisdim 

See  Lactose. 

See  Glycerol,  monoacetate. 

See  Glycerol,  Umonolaurate. 

See  Glycerol,  l-mono'6leate. 

See  Glycerol,  1-monopalmitate. 

See  Silicane. 

See  Glycerol,  1-monostearate. 

3,5,7,2',4  '-pentahydroxy- 

flavone 
oringatannin.    See  Maclur 


See  Codeine. 


heroin. 


Formula 


CH3N03 

CHaONO 

(CH3)2NC6H4- 
N:NC6H4S03Na 

(CH3)3P04 

(CH3)2Se 

(CH3)2S04 

(CH3)2S 

(CH3)2S03 

CH3S02CH3 

CH3SOCH3 

CH3HS04 

(CH3)2Te 

Ifate. 

ylamino-. 
ethylamino-. 


C15H10O7. 


xn. 
Ci7H19N03H20 


Ci7Hi9N03- 
C2H402-3H20 

Ci7Hi9N03HCl- 
3H20 


(C17Hi9N03)2- 

H2S04-5H20 
Ci7Hi7(OOCCH3)2- 

NO 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


5758 


5759 
5760 
5761 


5762 

5763 

5764 

5765 
5766 

5767 

5767M 

5768 
5768M 

5769 

5770 

5771 

5772 

5773 

5774 

5775 

5776 

5777 

5778 

5778M 

5779 

5780 

5781 

5782 

5783 
5784 


5785 
5786 


5787 
5789 

5790 


Crystalline 

form,  color 

and  index  of 

refraction 


Hq 


or.  yel.  powd. 

Hq 

Hq 


col.  liq., 
1.387420 

col.  liq 

col.  liq .  .  . 

pr.,  1.4226 


oil  or  thick 
syrup 
oil 


ylsh.  liq 


col.  need. 


col.  rhomb. 
pr.,fine  need, 
or  cr.  powd., 
1.580,  1.625, 
1.645;  fa] 
-130.9°2S 

cr.  or  amor. 

powd. 
silky  need. 

f.  w.,  [a] 

-111.5°25 


wh.  need., 
cubic  f.  w. 

wh.  cr.  powd., 
1.560,  1.600, 
1.610 


Density 
g/ml 


1.21715; 
1.206^ 


0.99115 


1.22015 

1.4077^ 

1.3322- 


0.8458- 


.242- 


1.317 


Melting 
point,  °C 


-17.0 


-31.8; 
frz.  -27 


-83.2 


109 


<-30 


(anh.)  285 
anh.  254  d. 


200  d. 
250  d. 

d.  250 
171-2 


Boiling 
point,  °C 


65  exp. 
-12 

193 
58.2 
188;  7615 

37.5-38 
126  (122) 
238 

d.  100 

d. 
82 


191-3  vac. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


V.  s. 

10025 
i. 
v.  si. 

i. 
s.  d. 


0.025 
0.03 


44.4 
5.72 

6.66 
0.058 


Alcohol 


v.  s. 


0.39 


4.63 
2.38 


0.22 
4.0 


Ether,  etc. 


s.  eth. 

s.  eth. 
i.  eth. 

s.  eth. 
v.  s.  eth. 
s.  eth.,  bz. 

s.  eth. 
s.  eth. 
s.  bz. 

s.  eth. 
ao  eth. 
v.  s.  eth. 


si.  s.  eth.;s.  ac. 
a.,  alk. 

0.02    eth.;    s. 
chl. 


i.  eth. ;  s.  chl. 

i.  eth.,  chl.;  s. 
glyc. 


i.  eth.,  chl. 
1 .4  eth.;s.  chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

5791 

Morphine,  diacetyl-, 

C2iH23N05-HCl- 

423.89 

hydrochloride 

H20 

5792 

,  ethyl-,  hydro- 
chloride 

dionin 

Ci9H23N03-HCl- 
2H20 

385.88 

5793 

Morphol 

3,4-phenanthrenediol 

Ci4H8(OH)2 

210.22 

5794 

,  dimethyl  ether. 

See  Phenanthrene,  Z.i-dimetho 

xy-\ 

5795 

Morpholine 

tetrahydro-l,4-oxazine;  di- 

OCHoCH-NH- 

87.12 

ethvlenimide  oxide 

CHsCHi 

5796 

,  4-(/9-ethoxy- 

ethyl  /3-4-morpholylethyl 

0(CH2CH2)o- 

159.23 

ethyl)- 

ether 

NCH2CH2OC2H6 

5797 

4-Morpholineethanol. . 

diethylene  oxide  2-imino- 
ethyl  alcohol 

0(CH2CH2)2- 
NCH2CH2OH 

131.17 

5798 

Moss  starch .  . 

See  Lichenin. 
2,3,4,5-tetrahydroxyhexane- 

COOH(CHOH)4- 

5799 

Mucic  acid 

210.14 

dioic  acid  *  (one  form) 

COOH 

5800 

,  p-phenylphenacyl  ester 

C34H30O10 

598.58 

5801 

Muconic  acid 

2,4-hexadienedioicacid* 

HOOCCHrCH- 
CH:CHCOOH 

142.11 

5802 

Murexan. 

See  U ramil. 

5803 

Murexide 

ammonium  purpurate 

CsH-jOeNsNRV 
H20 

rinitro-. 

302.21 

5804 

Musk,  artificial. 

See  Toluene.  3-tert-kutyl-2A.i\-t 

5805 

Musk  C,  Musk  ketone. 

See  Acetopheuone.  4-lert-hutijl- 

2-methyl-'.],^dinitro-. 

5806 

Musk  xylene. 

See  Benzene,  \-tert-butyl-'.1.5-di 

met  h  yl-2 ,4  ,t\-tri  nitro- 

5807 

Mustard  ftas. 

See  Sulfide,  p.fi'-dichloroethul. 

5808 

Mustard  oil  acetic  acid 

.  See  .4 eetic  acid,  isothiocyano-. 

5809 

Mustard  oils. 

See  the  different  esters  under  I 

sothiocyanic  acid. 

5810 

Myrcene 

2-methyl-6-methylene-2,7- 
octadiene* 

(CH3)2C:CHCH2- 
CH2C(:CH2)- 
CH:CH2 

136.23 

5810M 

,  dihydro-. 

See  2,§-0dadiene,  2,6-dimethyl 

-. 

5811 

Myricyl  alcohol 

melissyl  alcohol 

C31H63OH 

452.83 

5812 

,  palmitate. 

See  Palmitic  acid,  myricyl  ester 

5813 

Myristaldehyde,  oxime. 

tetradecanal  oxime*;  myris- 
tinaldoxime 

Ci3H27CH:NOH... 

227.38 

5814 

Myristamide 

tet  radecanamide  * ;  myristic 

CHVCRVho- 

227.38 

amide 

CONH2 

5815 

Myristic  acid 

tetradecanoic  acid* 

CH3(CH2)i2COOH 

228.37 

5816 

,  benzyl  ester 

Ci3H27COOCH2- 
CeHs 

318.49 

5817 

,  ethyl  ester 

ethyl  tetradecanoate* 

CH3(CH2)i2- 

256.42 

COOC2H5 

5818 

,  ethylene  ester. 

See  Glycol,  dimyristate. 

5819 

,  glyceryl  ester. 

See  Glycerol,  trimyristate. 

5820 

Myristic  alcohol. 

See  l-Tetradecanol*. 

5821 

Myristic  anhydride. . . . 

tetradecanoic  anhydride*.  . . . 

(Ci3H27CO)20 

438.72 

5822 

Myristicin 

5-methoxysafrole 

C3H6C6H2(02CH2)- 

192.21 

5823 

Myristinaldoxime. 

See  Myristaldehyde,  oxime. 

OCH3 

5824 

Myristonitrile 

tetradecanenitrile* 

Ci3H27CN 

209.37 

5825 

Myristoyl  chloride .... 

tetradecanoyl  chloride*; 
myristyl  chloride 

CH3(CH2)i2COCl.. 

246.82 

5826 

Napelline. 

See  Benzaeonine. 

5827 

Naphthacetol. 

See  l-Naphthol,  i-acetamido-. 

5828 

Naphthalane. 

See  Naphthalene,  decahydro-*. 

5829 

1-Naphthaldehyde.  .  .  . 

1-naphthalenecarbonal ;  a- 
naphthoic  aldehyde 

CioH7CHO 

156.17 

*Name  approved  by  the  International  Union  of  Chemistry. 

948 


ORGANIC  COMPOUNDS  (Continued) 


No. 


5791 

5792 

5793 
5794 
5795 

5796 

5797 

5798 
5799 

5800 
5801 

5802 
5803 

5804 
5805 
5806 
5807 
5808 
5809 
5810 


5810M 
5811 
5812 
5813 

5814 

5815 


5816 

5817 

5818 
5819 
5820 
5821 

5822 

5823 
5824 

5825 

5826 
5827 
5828 
5829 


Crystalline 

form,  color 

and  index  of 

refraction 


wh.  cr.  powd. 

wh.  micr.-cr. 

powd. 
col.  need 


col.  hygr.  oil. 

col.  liq 

col.  liq 


col.  cr.  or  wh. 
powd. 


need.  f.  w. . 


purp.  powd  .  .  . 


liq 


col.  need.f.eth. 

need.  f.  al 

leaf 


col.  leaf., 
1.430860 

Hq 

col.  cr. . . 


col.  cr . . . . 
pa.  yel.  oil 


liq.  or  cr. 
liq 


Uq., 
1.65464W3 


Density 
g/ml 


0.9998 

0.963 

1.071 


0.802 


0.77< 


0.85860 


0.9321- 

0.85891 


0.8502™ 
1.142519 


0.8281 


1.148- 


Mclting 
point,  °C 


230-1 
125  d. 
143 


206  d. 
(213-4) 
149.5  d. 
298  d. 


88 
82 
103 
58 

20.5 

10.5 
(11.93) 


53.4 
<-20 


Boiling 
point,  °C 


120-30 


ca.  320 


167 


21712 
250. 5100 

229.3111 

295 


198 
149. 515 


226. 5100 

16815 
(159-6111) 


291.6 


Solubility  in  grams  per  100  ml  of 


Water 


50 
14.3 


0.331 
0.02 

si.  s. 


Alcohol 


s. 
50 


si.  s. 


s. 

si.  s. 
44. 921 


si.  s. 

d. 


Ether,  etc. 


i.  eth.,  chl. 

i.  eth.;  si.  s. 

chl. 
s.  eth.,  alk. 

s.  eth.;  oo  ord. 
solv. 


v.  si.  s.  eth.;  s. 
dil.  alk. 

si.  s.  eth.;  s.  h- 
ac.  a. 

i.  eth. 


s.  eth.;  v.  s.  bz, 
v.  s.  eth.,  chl. 
si.  s.  eth. 

si.    s.    eth.;   s. 

chl.,  glac.  ac. 

a. 
v.  s.  eth. 

si.  s.  eth. 


s.  eth. 
s.  eth. 


v.  s.  eth. 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5830 

5831 
5832 

5833 

5834 
5835 
5856 
5837 
5838 
5839 
5840 

5841 

5842 

5843 

5844 

5845 

5846 

5847 


5848 
5849 
5850 


5851 
5852 

5853 

5854 

5855 
5856 

5857 
5858 


5859 
5860 

5861 


Name 


1-Naphthaldehyde,  2- 
hydroxy- 


2-Naphthaldehyde 
,  1 -hydroxy-  .  . 


Naphthalene. 


hexahydride. 
tetrachloride. 
,  l,l'-azoxydi- 
,  1 -benzyl-. 
,  2-benzyl-. 
,  2-benzyloxy- 
,  1-bromo-*. . 


,  2-bromo-*. 
-,  1-chloro-*. 
,  2-chloro-*. 


-,  1-chlorodeca- 

hydro-* 
,  l-chloro-4- 

nitro-* 
,  7-chloro-l- 

nitro-* 
,  decahydro-*. . 


diamino-. 

diazoamino-. 

1,2-dichloro-*. 


,  1,3-dichloro-*. 
,  1,4-dichloro-*. 

-,  1,5-dichloro-*. 

-,  1,6-dichloro-*. 

,  1,7-dichloro-*. 
-,  1,8-dichloro-*. 

,  2,3-dichloro-*. 
,  2,6-dichloro-*. 


,  2,7-dichloro-*.. 
,  1,4-dihydro-*.  .  . 

,  dihydrodiketo-. 


Synonyms 


2-hydroxy-l-naphthalene- 

carbonal*;  /3-naphthol-l- 

aldehyde 
2-naphthalenecarbonal ;  /3- 

naphthoic  aldehyde 
l-hydroxy-2-naphthalene- 

carbonal*;  a-naphthol-2- 

aldehyde 


See  Naphthalene,  hexahydro-. 
See  Naphthalene,  l,2,3,4-/e/roc 
See  \;\'-Azoxynaphthalene. 
See  Methane  1-naphthyl phenyl 
See  Methane,  2-naphthylphenyl 
See  Ether,  benzyl  2-naphthyl 


Formula 


HOCioHeCHO 

C10H7CHO.... 
HOCioHeCHO. 

CioHg 


■chlorodecalin . 


'Decalin";  bicyclo  [4,4,0]- 
decane;  naphthalane; 
naphthane 

See  Naphthylenediamine. 
See  Diazoaminonaphthalene. 


6-dichloronaphthalene . 
/3-dichloro  naphthalene . 

7-dichloronaphthalene . 

77-dichloronaphthalene . 


S'-dichloronaphthalene . 


peri-dichloronaphthalene ; 
f-dichlorouaphthalene 


t-dichloronaphthalene . 
c-dichloronaphthalene . 


5-dichloronaphthalene . 


See  Naphthoquinone. 


hloro-l,2,3,4-tetrahyd 


CioH7Br 

CioH7Br 

doHvCl 

C10H7CI 

C10H17CI 

CioH6Cl(N02). 
C,oHcCl(N02) 
C10H18 


C10H6CI2 

CioHeCb. 
C10H6CI2. 

C10H6CI2. 

CioHeCls. 

C10H6CI2. 
C10H6CI2. 

C10H6CI2 . 
C10H6CI2. 


CioHeCb. 
C10H10.  . 


Mol. 
Wt. 


172.17 

156.17 
172.17 

128.16 


207.07 
207.07 
162.61 
162.61 
172.69 
207.61 
207.61 
138.25 


197.06 

197.06 
197.06 

197.06 

197.06 

197.06 
197.06 

197.06 
197.06 


197.06 
130.18 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


br.  need 


col.  leaf.  f.  w., 

1.62119*-* 
yel.  grn.  need.. 


col.  monocl., 
1.5821899-6 


col.  oil  or  pr.t 
1.6587619' 

rhomb,  leaf, 
f.  al. 

col.  liq., 
1.63321W 

col.  leaf.  f.  al 


brnsh.-yel. 
need.  f.  al. 
yel.  need.  f.  al 

col.  liq., 
(cis)  1.4828 
(trans) 
1.46994*8 


monocl.  pi. 

f.  al., 

1.6337548-5 
need,  f .  al . . . . 
need.  f.  al., 

1.6228275-9 
leaf.  f.  al.  or 

ac.  a. 
need.  f.  al.; 

volat.  in 

steam 
need.  f.  ac.  a., 

1.6092199-5 
rhomb,  cr. 

f.  al., 

1.6235799-8 
col.  lust.  sc. 

f.  al. 
col.  monocl. 

need,  or  leaf. 

f.al. 

col.  pi.  f .  al. . . 
col.  liq., 

1.58317183 


Density 
g/ml 


1.078s 


1.145 


1.4875- 

4 

1 . 605° 
1.1938^ 

4 

liq.  1 .  138- 


0.8963 
0.8699 


liQ»        4  8.6 

1.315— 


30076 


261- 

292 


4 

100 


62845° 

998 


Melting 
point,  °C 


82 

60.5 
59-60 

80.22 


6.2;  0.2-0.7 
59  (56-7) 

55-6 

85 
116 

-43.26 
-31.47 


37 

61.5 
67-8 

107 

48-9 

63-4 
88  (83) 

120 

140-41 
(135) 

114 
24.5-25 

(15.5) 


Boiling 
point,  °C 


192 


217.9 


281.1 

(146-916) 
281-2 

263 

(250-2) 
264-6 

114-620 


194.6 
185.5 

282 

29 1755 

287740 

subl. 
subl. 

286 
d. 


285 


212 

(94. 517) 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


s.  h. 
i. 

0.003 


s.  h. 


4.18  c. 


s. 
si.  s. 

si.  s. 


s.  h. 
si.  s. 

s.  h. 
V.  s. 


s.  eth. 

v.  s.  eth. 
s.  eth. 


v.  s.  eth.,  chl.t 
CS2;40.2115-« 
bz. 


oo  eth.,  bz. 

s.  eth.,  CS2, 

chl.,  bz. 
s.  eth.,  bz.,  CS2 

s.  eth.,  chl., 
CS2,  bz. 


s.  eth. 
s.  eth. 
s.  eth. 


s.  eth. 


s.    eth.,    acet. 

ac.  a. 
s.  eth. 


s.  eth.,  ac.  a., 
bz. 


s.  eth. 

v.  s.  eth.,  chl., 
bz. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


5862 
5863 
5864 
5865 
5866 


5867 

5868 
5869 

5870 

5870K 

5870M 

5871 

5872 
5873 
5874 

5875 

5876 

5877 

5878 


5879 
5880 
5881 
5882 
5883 

5884 

5885 

5886 
5887 
5888 
5889 


5890 
5891 

5892 

5893 

5894 
5895 


Name 


Napthalene,  dihydroxy 

,  1,4-dimethyl-*. .  . 

,  2,3-dimethyl-*. 

,  1,3-dinitro-* 

,  1,5-dinitro-* 


1,8-dinitro-*. 

ethoxy-*. 
1 -ethyl- 


2-ethyl- .  . 
1-fluoro-* 


2-fluoro-* . 
hexahydro- 

hydrazodi- 
hydroxy-. 
1-iodo-*.  .  . 


2-iodo-*. 


methoxy-. 
1-methyl-. 

2-methyl- 


— ,  l-(7-methylbut< 
— ,  2-(y-methylbuto 
— ,  naphthoxy-. 
— ,  l-(2-naphthoyl)-. 

— ,  1-nitro-* 


-,  2-nitro-* 
-,  1 -phenyl- 


2-phenyl- 

2-(2-propenoxy 

propoxy-*. 

1,2,3,4-tetra- 

chloro-1,2,3,4- 

tetrahydro-* 
1,2,3,4-tetrahy- 

dro-* 
1,3,5,8-tetra- 

nitro-* 

1,3,6, 8-tetra- 

nitro-* 
l,5,?,?-tetra- 

nitro-* 
1,2,5-trinitro-*. 
1,3,5-trinitro-*. 


Synonyms 


-.  See  Naphthalenediol. 
a-dimethylnaphthalene . 
See  Guaiene. 


See  Ether,  ethyl  naphthyl. 
a-naphthylethane;  a-ethyl- 

naphthalene 
/3-naphthylethane;  /3-ethyl- 

naphthalene 
a-fluoronaphthalene 

/8-fluoronaphthalene 

naphthalene  hexahydride  .  . 

See  Hydrazine,  dinaphthyl-. 
See  Naphthol. 


Formula 


See  Ether,  methyl  naphthyl. 
tt-methylnaphtnalene 


/3-methy  lnaphthalene . 


xy)-*.  See  Ether,  isoamyl  l-na 
xy)-*.  See  Ether,  isoamyl  2-na 

See  Naphthyl  ether. 

See  \,2'-Naphthyl  ketone. 

a-nitronaphthalene 


/3-nitronaphthalene . 


*.    See  Ether,  ally  I  2-naphthyl. 
See  Ether,  naphthyl  propyl. 
naphthalene  tetrachloride. . . 


"Tetralin"  naphthalene  1,2,3, 
4-tetrahvdride 
7-tetranitronaphthalene .... 


/3-tetranitronaphthalene 
a-tetranitronaphthalene 


CioH6(CH3)2 

CioH6(N02)2 
CioH6(N02)2 

doHeCNOs)- 

C10H7C2H5 .  . 

C10H7C2H5.  . 

C10H7F 

C10H7F 

C10H14 

C10H7I 

C10H7I 

CwHtCHs.. 

C10H7CH3 .  . 

phthyl. 
phthyl. 

C10H7NO2.. 
C10H7NO2.. 
CeHsCioHr .  . 
C6H5C10H7 .  . 

CioHsCU. . . 

C10H12 

CioH4(N02)4, 

Cl0H4(NO2)4. 

CioH4(N02m. 

Cl0H.(NO2)3. 

CioH6(N02)3. 


*Name  approved  by  the  International  Union  of  Chemistry 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

5862 
-5863 

liq.,  1  61567i« 

1.016^ 

4 

<-18 

204. 3 

i. 

v.  s. 

oo  eth. 

•0004 

5865 
5866 

ylsh.  need.f.bz. 
hex.  need.  f. 
ac.  a. 

yel.  rhomb, 
pi.  f.  chl. 

col.  liq 

144-5 
217.5 

(21.6) 

173-3.5 

(170) 

<-14 

subl. 
subl. 

d. 
258  d. 

i. 
i. 

i. 

s. 
si.  s. 

0.18819 

88% 

00 

v.  s.  ^th.;  s  h. 

5867 

bz.,    h.    pyr., 
ac.  a.;  v.  si.  s. 
CS2 
0.7219bz.;   s. 

5868 
5869 

1  018^ 

4 

pyr.; si. s.  chl. 
oo  eth. 

5870 

col.  liq 

1 . 008° 

-19 

251 

OO 

oo  eth. 

5870  K 
5870M 

col.  liq., 

1.5938919-5 
wh.  need. 
coL  liq., 

1.53311184 

1.1340 

-13  (-9) 
61 

212 

211.5737 
205.5 

S. 

S. 

s.  eth. 
s.  eth. 

5871 

0 .  934 

5872 

5873 

5874 

oil,  1.7Q54014. 

1.7344- 

305 

i. 

OO 

oo  eth. 

5875 

cr.  leaf., 
1.6617"-4 

54.5 

308-10 

i. 

V.  S. 

v.  s.  eth. 

5877 

col.  liq.,  1.618. 

1  025 

-22 

240-3 

i. 

V.  s. 

v.  s.  eth. 

5878 
5879 

col.  monocl. 
f.  al., 
1.6026339-9 

1.029^ 

4 

35.1 

245 

i. 

V,  s. 

v.  s.  eth. 

5881 
5882 
5883 

5884 

yel.  need.  f.  al. 

col.  rhomb. 

need.  f.  al. 
coL  liq.  or 

waxy  solid 
coL  leaf.  f.  al.  . 

cr.  f .  eth 

4 

58.8(56-7) 
79 

ca.  45 
102.5 

182-3 

304 
16515 
325 
345 

i. 

s. 

V.  s. 
V.  s. 
V.  s. 

v.  si.  s. 

v.  s.  eth.,  chl., 
CS2 
v.  s.  eth. 

5885 

v.  s.  eth.,  bz. 

5886 
5887 

5888 
5889 

v.  s.  eth.,  bz. 
s.  h.  eth. 

5890 
5891 

coL  liq., 
1.5461420  2 

yel.  tetr.  f. 
acet. 

long  need.  f.  al. 

It.  yel.  need. 

f.  chl. 

col.  need.  f.  al . 
yel.  rhomb. 

(monocl.) 

f.  chl. 

0.971 

-30 
195 

203 

259 

113 
123 

207.2 

i. 

i. 

v.  si.  s. 

i. 

h. 

V.  s. 

si.  s. 

si.  s. 

v.  si.  s. 

s. 
V.  s. 

v.  s.  eth. 

5892 

exp. 
exp. 

HNOs;  si.  s. 
chl. 

5893 
5894 

v.  si.  s.  eth. 

5895 

si.  s.  eth.;  v.  s. 

acet.;  s.  chl., 
ac.  a. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


5896 

5897 

5898 
5899 
5900 
5901 
5902 

5903 
5904 
5905 


5906 
5907 
5908 

5909 

5910 
5911 

5912 
5913 

5914 

5915 
5916 

5917 
5918 
5919 

5920 

5921 
5922 
5923 
5924 
5925 

5926 

5927 

5928 
5929 

5930 


Name 


Naphthalene ,  1 , 3, 8-tri- 

nitro-* 

,  1,4,5-trinitro-*.. . 

Naphthalenecarbonal. 
a-Naphthalenecarboxy 
0-Naphthalenecarboxy 
Naphthalenediamine*. 
1 ,2-Naphthalenedi- 

carboxylic  acid 
1 ,4-Napthalenedicarbo 
1 ,8-Naphthalenedicarb 
1,2-Naphthalenediol*. . 


1 ,3-Naphthalenediol*. . 
1 ,4-Naphthalenediol*. . 
1 ,5-Naphthalenediol*. 

1 ,6-Naphthalenediol*. . 

1,7-Naphthalenediol*. . 
1 ,8-Naphthalenediol*. . 

2,3-Naphthalenediol*. 
2,6-Naphthalenediol*. . 

2,7-Naphthalenediol*. . 

1 ,3-Naphthalenedisulf 
1 ,5-Naphthalenedi- 
sulfonic  acid 

,  3-amino-. 

,  4-amino-. 

1 ,6-  Naphthalenedisul- 

fonic  acid 
2,7-Naphthalenedisul- 

f  onic  acid 

,  4,5-dihydroxy-. 

Naphthalenesulfonic  a 
1-Naphthalenesulfonic 

,  4-amino-. 

2-Naphthalenesul- 

fonic  acid 
1-Naphthalenesul- 

fonyl  chloride 
2-Naphthalenesul- 

fonyl  chloride 
Naphthalenethiol*. 
Naphthalic  acid 


1  -Naphthamide . 


Synonyms 


See  Naphthaldehyde. 
lie  acid.  See  I- Naphthoic  acid 
lie  acid.  See  2-Naphthoic  acid 

See  Naphthylenediamine. 


xylic  acid,  1,2,3,4-tetrah 
oxylic  acid.  See  Naphthalic 
1 ,2-dihydroxynaphthalene ; 

/3-hydronaphthoquinone ; 

0-napht  hohy  droquinone 

1 ,3-dihydroxynaphthalene ; 
naphthoresorcinol 

1,4-dihydroxynaphthalene; 

a-hydronapht  hoquinone ; 

ot-naphthohydroquinone 
1 ,5-dihy  droxy  napht  halene 


1 ,6-dihydroxy  naphthalene. 

1,7-dihydroxy  napht  halene. 
1,8-dihydroxynaphthalene. 

2,3-dihydroxynaphthalene . 


2,6-dihydroxynaphthalene . 


2,7-dihydroxynaphthalene 

onic  acid,  7-amino-.  See 


See  2-Naphthylamine-4,8-disul 
See  l-Naphthylamine-4,8-disul 


a-naphthlenedisulfonic  acid . 

See  Chromotropic  acid. 
cid,  amino-.  See  Naphthyla 
acid  a-naphthalenesulfonic  ac 

See  Naphthionic  acid. 

/S-naphthalenesulfonic  acid . . . 


See  Naphthol,  thio-. 

1 ,8-naphthalenedicarboxylic 

acid 
1-naphthalenecarbonamide* : 

a-naphthoamide 


Formula 


C10H5(NO2)3 
CioH6(N02)3 


CioH6(COOH)2... 

ydro-1-phenyl- 

acid. 

C,oH6(OH)2 

CioH6(OH)2 

CioH6(OH)2 

CioH6(OH)2 

C10H6(OH)2 

C,oH6(OH)2 

C10H6(OH)2 

C10H6(OH)2 

Cl0H6(OH)2 

CioH6(OH)2 

Naphthylamine-§,8- 
CioH6(S03H)2 

fonic  acid, 
fonic  acid. 

CioHfl(S03H)2.... 

CioM6(S03H)2. . . . 

minesulfonic  acid. 
id  C10H7SO3HH2O 

C10H7SO3H 

CioH7S02Cl 

CwHtSOoCI 

CioH6(COOH)2... 
CioH7CONH2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  f.  chl. 
yel.  leaf 


need.  f.  al 

hatropic  acid. 

col.  leaf,  or 
need.  f.  CS2; 
Ieaf.(+1H20) 
f.  w. 

leaf.  f.  w 


lng.  monocl. 
col.  need. 

sm.  pr.  f.  w 


col.  pr.  f.  bz. . . 

col.  need.  f.  bz 
leaf,  or  need. 

f.  w. 
monocl. 

(rhomb.) 

leaf.  f.  w. 
rhomb,  pi.  f.  w 


need.  f.  w. . . . 

fonic  acid. 
leaf.,  1.493, 
1.675,  1.739 


cr 

hyg.  need. 


col.-wh. 
deliq.  pi. 
leaf,  f .  eth 


wh.  cr.  powd. 
or  leaf. 

col.  need.  f.  al 

col.  need.  f.  al 


Density 
g/ml 


Melting 
point,  °C 


218 

247  (154) 


175  d. 


anh.  103-4; 
+  1H20, 
58-60 

124 


176 

265  (258) 

138  (135) 

178 
140 

160-1 
218 
190 
d. 

125  d. 


90 
102 
68 
76 

270  d. 
202 


Boiling 
point,  °C 


subl. 


subl. 


d. 

1951S 

20118 


Solubility  in  grams  per  100  ml  of 


Water 


s.  h. 

si.  s. 

s. 

s.  h. 
si.  s. 

si.  s. 

s. 

si.  s.  h. 

s.  h. 

si.  s. 

s. 

10220 

1042» 


V.  s. 
7G.9G30 
i. 
i. 

v.  si.  s. 
v.  si.  s. 


Alcohol 


<3.0462S 

88% 

0.121* 


si.  s. 

V.  s. 
s.  h. 

V.  s. 


si.  s. 
v.  si. 


Ether,  etc. 


v.  si.  s.  eth., 

chl. 
0.8818  eth.;  s. 

bz.;  0.64  chl. 


i.  eth. 


s.  eth.,  alk. 


s.  eth.,  ac.  a.; 

si.  s.  bz.,  Igr.; 

yel.in  alk.sol. 
s.  eth.,  ac.  a. 

v.  si.  s.  CS2, 

lgr.,  c.  bz. 
s.    eth.,    acet., 

ac.  a.;  i.  bz., 

pet.  eth. 
v.    s.    eth.;   s. 

bz.,  acet. 
v.  s.  eth.;s.  bz. 
v.    s.    eth.;   s. 

bz.;sl.  s.  lgr. 
v.    s.    eth.;   s. 

bz.,  lgr. 

s.  eth.,  me.  al., 
acet.;  si.  s. 
bz.;  i.  lgr. 

s.  eth.,  chl., 
bz.;  i.  lgr. 

i.  eth. 

i.  eth. 

si.  s.  c.  HC1 

si.  s.  eth. 

s.  eth.;  0.2  h. 
bz. 
v.  s.  eth. 

v.  s.  eth.;  s. 
bz.,  chl.,CS2 

si.  s.  eth. 


For 


explanations  and  abbreviations  see  beginning  of  table. 

955 


PHYSICAL  CONSTANTS  OF 


No. 


5931 

5932 
5933 

5934 


5935 
5936 
5937 
5938 
5939 
5940 
5941 

5942 

5943 
5944 
5945 
5946 
5947 

5948 

5949 

5950 

5951 

5952 
5953 
5954 
5955 

5956 

5957 

5958 
5959 
5960 
5961 
5962 
5963 
5964 

5965 
5966 
5967 
5968 
5969 

5970 

5971 

5972 
5973 


Name 


2-Naphthamide . 

Naphthane. 
Naphthazarin. . . 


Naphthionic  acid .  . 


a-Naphthoamide. 
/3-Naphthoamide. 
a-Naphthohydroquino 
/9-Naphthohydroquino 
1 ,2-Naphthohydroquin 
1 ,4-Naphthohydroquin 
1 -Naphthoic  acid 


2-hydroxy- 

5-hydroxy- 
6-hydroxy- 
7-hydroxy- 
8-hydroxy- 
8-nitro- .  .  . 


2-Naphthoic  acid 

,  1 -hydroxy-. 

,  3-hydroxy- . 


5-hydroxy- 


,  7-hydroxy- 

a-Naphthoic  aldehyde. 
/3-Naphthoic  aldehyde. 
1-Naphthol 


acetate. 


4-acetamido- .... 

2-aceto-. 
2-acetyl-4-bromo 

2-amino- 

4-amino- 

5-amino- 

7-amino- 

8-amino- 


4-bromo-2-propi 
2-butyryl-. 
2-cinnamyl-. 
2,4-dibromo- .... 
2,4-dichloro- .... 


2,4-dinitro-. 
2-nitro- 


4-nitro- . 
2-nitroso- 


Synonyms 


2-naphthalenecarbonamide* ; 
/3-naphthoamide 
See  Naphthalene,  decahydro-* '. 
5, 8-dihydroxy-l,  ^naphtho- 
quinone 

l-naphthylamine-4-sulfonic 
acid;  4-amino-l-naphtha- 
lenesulfonic  acid 
See  l-Naphthamide. 
See  2-Naphthamide. 
ne.   See  1,4-Naphthalenediol*. 
ne.    See  1.2-Naphthalenediol*. 
one.  Seel,2-Naphthalenediol* 
one.  Seel,4-Naphthalenediol* 
a-naphthalenecarboxylic 
acid ;  a-naphthoic  acid 


/3-napht  halenecarboxylic 
acid;  /3-naphthoic  acid 


See  l-Naphthaldehyde. 
See  2-Naphthaldehyde. 
a-naphthol;   1-hydroxy- 
naphthalene 
a-naphthyl  acetate 


iV-^hydroxy-l-naphthyl)- 
acetamide ;  naphthacetol 
See  2-Acetonaphthone,  1-hydro 
-.  See  2-Acetonaphthone,4-brom 
l-hydroxy-2-naphthylamine 
4-hy  dr  oxy- 1  -napht  hy  lamine 
5-hydroxy-  1-napht  hylamine 
8-hydroxy-2-naphthylamine 
8-hydroxy- 1-napht  hylamine 

onyl-.  See  2-Propionaphthone 
See  2-Butyronaphthone,  1-hydr 
See  2-Acrylonaphthone,  l-hydr 


1,2-naphthoquinone  2-oxime. 


Formula 


C10H7CONH2. 


CioH402(OH)2.. 

NH2CioH6S03H- 
^H20 


CioH7COOH 

HOCioHeCOOH.. 

HOCioHeCOOH.. 
HOCioHeCOOH.. 
HOCioHeCOOH.. 
HOCioHeCOOH.. 
N02CioH6COOH. 

C10H7COOH 

HOCioHeCOOH.. 

HOCioHeCOOH.. 

HOCioHeCOOH.. 

HOCioHeCOOH.. 

C10H7OH 

CH3COOC10H7... 

CH3CONHCioH6- 
OH 
xy-. 
o-1-hydroxy-. 

NH2CioH6OH 

NH2CioH6OH 

NH2CioH6OH 

NH2CioH6OH 

NH2CioH6OH 

,  i-bromo-1-hydroxy- 

oxy-. 

oxy- (3-phenyl-. 

Br2CioH6OH 

Cl2CioH6OH 

(N02)2CioH6OH... 

N02CioH6OH 

N02CioH6OH 

NOCioHeOH 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  tab.  f.  al 


red  br.  need, 
f.  al. 
col.  need.  f.  w 


col.  need.  f. 

dil.  al. 
need.  f.  al. 

and  eth. 
Ing.  need.  f.  w 
sm.  need.  f.  w 
need.  f.  w. .  . 
need.  f.  eth.. 
pr.  f .  al 


Density 
g/ml 


col.  monocl. 

need.  f.  Igr. 
need.  f.  al.  or 

eth. 
yel.  rhomb. 

need.  f.  w. 
need.  f.  w. 

or  al. 
leaf 


yel.  monocl., 
1.620698-7 

need,  or  pi. 
f.  al. 

need.  f.  al. .. 


1.07' 


1  2244, 
l'  099^ 


need 

need 

cr 

cr.  (sc.)  f.  chl. 
wh.  need 


wh.  need.  f.  al . 

wh.  need.  f.  al. 

or  bz. 

yel.  need.  f. 

h.  al.  or  chl. 

yel.  need,  or 

leaf.  f.  al. 

yel.  need,  f .  w . 

yel.  need.  f.  bz. 

Melting 
point,  °C 


192 

276-80 
d. 


160 
156-7  d. 

234-7 

187 

245-7  d. 
169 
215 

185 

186-8 

216(211-4) 

211-2 

262 


44.8 
187 


170  d. 
158 
95-7  d. 


105(111) 
107 

138 

128 

164 
152 


Boiling 
point,  °C 


subl. 


300 


subl. 


>300 


288  (280) 


d.  180 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s.  h. 

0.026°, 
0.22100 


v.  si.  s. 
h. 
si.  s.  h. 

si.  s.  h. 
s.  h. 
s.  h. 
s.  h. 
0.04c. 

0.006825 

si.  s. 

s.  h. 

s.  h. 


si.  s.  h. 

i.  c. 

si.  s.  h. 


s.  h. 


si.  s. 
si.  s. 
si.  s. 


si.  s.  c. 


1. 
i. 

v.  si.  s. 
h. 
v.  si.  s. 

s.  h. 
v.  si.  s. 
c. 


Alcohol 


si.  s. 

s. 
v.  si. 


v.  s.  h. 

v.  s. 

v.  s. 
v.  s. 
s. 

v.  s. 
4.6 


Ether,  etc. 


s.  eth.,  bz.,  chl. 


v.    si.    s.    eth. 
bz.;  s.  alk. 
v.  si.  s.  eth. 


s.  eth.,  chl., 

NH4OH 
v.  s.  eth.;s.  b 

s.  eth.,  ac.  a. 


s.  eth. 

si.  s.  eth.,  bz. 

v.    s.    eth.;    s. 

NaOH  sol. 
s.  eth.,  bz. 

s.  eth.,  bz.,  chl. 


s.  eth. 

v.  s.  eth.;s.  bz. 
v.  s.  eth. 

s.  NH4OH, 

Na2C03 


s.  eth. 
s.  eth. 
s.  eth. 
s.  alk.,  HC1 


s.  eth.,  ac.  a. 
s.  eth.,  bz. 

si.  s.  eth.,  bz. 
s.  ac.  a. 


v.  s.  ac.  a. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


5974 
5975 


5976 

5977 
5978 


5979 
5980 
5981 


5982 

5983 
5984 
5985 
5986 
5987 

5988 
5989 

5990 


5991 
5992 
5993 
5994 

5995 
5996 
5997 

5998 

5999 

6000 

6001 

6002 
6008 
6004 

6005 

6006 

6007 
6008 


Name 


1-Naphthol,  4-nitroso- 

,  1,2,3,4-tetra- 

hydro- 


5,6,7, 8-tetra- 
hydro- 


-,  thio- 


2-Naphthol 


-,  acetate 

,  benzoate 

-,  1-acetamido- 


,  1 -amino-. 

,  3-amino- 
,  5-amino- 
,  6-amino- 
,  7-amino- 
,  8-amino- 

,  1-bromo- 

,  6-bromo-: 

methyl- 

,  1-chloro- 


1,6-dibromo- 
1,6-dinitro-. 
1-methyl-.  . 
1-nitro- .... 


5-nitro- .  . 
8-nitro- .  . 
1-nitroso- 


1  -p-pheny  lazo- 

1,2,3,4-tetra- 
hydro- 

5,6,7,8-tetra- 
hydro- 


thio- 


Naphtholaldehyde. 

/3-Naphtholdisulfonic 

l-Naphthol-3,6-disul- 

fonic  acid,  8-amino- 
2-Naphthol-3,6-disul- 

fonic  acid 

2-Naphthol-6,8-disul- 

f  onic  acid  5» 
0-Naphthol-  a-monosu 
l-Naplithol-2-sulfonic 

acid 


Synonyms 


1,4-naphthoquinone  1-oxime  . 

a-naphthol   1,2,3,4-tetra- 
hydride ;  ac-tetrahydro-a- 
naphthol 

a-naphthol  5,6,7,8-tetra- 
hydride;  ar-tetrahydro-a- 
naphthol 

1-naphthalenethiol*;  a- 
naphthyl  mercaptan 

/S-naphthol;  2-hydroxy  naph- 
thalene 

0-naphthyl  acetate 

0-naphthyl  benzoate 

iV-(2-hydroxy-l-naphthyl)- 
acetamide 

2-hydroxy- 1-naph  thy  lamine . 

3-hydroxy-2-naphthylamine. . 
6-hydroxy-l-naphthylamine. , 
6-hydroxy-2-naphthylamine . 
7-hydroxy-2-naphthylamine .  . 
7-hydroxy-l-naphthylamine.  . 


1,2-naphthoquinone  1-oxime. . 

p-nitrobenzeneazo-  0-naph- 

thol ;  paranitraniline  red 
0-naphthol  1,2,3,4-tetra- 

hydride;  ac-tetrahydro-/3- 

naphthol 
/S-naphthol  5,6,7,8-tetra- 

hydride ;   ar-tetrahydro- 

a-naphthol 
2-naphthalenethiol  * ;  /3- 

naphthyl  mercaptan 
See  Naphthaldehyde,  hydroxy-. 
acid  R.  See  2-NaphthoL3,G-di 
H  acid 


/9-naphtholdisulfonic  acid 

R;  /3-naphthol-a-disul- 

fonic  acid ;  R  acid 
/9-naphthol-7-disulfonic 

acid;  G  acid 
If  onic  acid.  See  Croceic  acid. 
a-naphtholsulfonic  acid  of 

Schaeffer 


Formula 


NOCioHeOH... 
CeH^CJJyOH. 


C4Hs:C6H30H. 

C10H7SH 

C10H7OH 


CH3COOC10H7... 
CioHrOOCCeHs.. 
CH3CONHCioH«- 
OH 

NHiCioHcOH.... 

NH2CioH6OH.... 
NH2CioH6OH.... 
NH2C10H6OH.... 
NHoCioHeOH.... 
NH2CioH6OH.... 

BrCioHeOH 

CHsCioHsBrOH.. 

CICioHcOH 

Br2CioH6OH 

(N02)2CioH6OH. . 
CH3C10H6OH. . . . 
NO2C10H6OH.... 

N02CioH6OH.... 
N02CioH6OH.... 
NOCioHeOH 

N02C6H4N:NCio- 
H6OH 
C6H4:C4H7OH... 


C4H8:C6H3OH 
C10H7SH 


sulfonic  acid. 
H2N(OH)CioH4- 

(S03H)2 
HOCioH6(S03H)2. 


HOCioH6(S03H)2. 
HOCioHcSOaH. . . 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 

g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

5974 

yel.  need 

col.  liq., 
1.567117 

wh.  monocl.  pi. 
liq 

i^ooo" 

1.155*° 

4 

1.217< 

194  d. 
14017 

265.3 

1612»; 

285  d. 

294.85 

(286) 

i. 

v.  si.  s. 

si.  s.  h. 

i. 
0.07425 

i. 
i. 

si.  s.  h. 

s. 
s. 
s. 

si.  s. 
s. 

i. 

i. 

si.  s. 

i. 

v.  si.  s. 

si.  s. 
v.  si.  s. 

v.  s.  h. 
s. 
0.02  c. 

i. 

v.  si.  s. 

v.  si.  s. 

si.  s. 

si.  s. 
v.  s. 

s. 

s. 

v.  s. 
v.  s. 

v.  s. 

V.  s. 
12.52s 

s. 

v.  s.  h. 

s. 

v.  s. 
s. 
s. 
V.  s. 

s. 

s. 

s. 

s. 

s. 
s. 
s. 
si.  s. 

v.  s. 
V.  s. 
2.41s 

v.  s.  h. 
i. 

v.  s. 
V.  s. 
V.  s. 

v.  s. 

s. 

v.  s.  eth. 

5975 

v.  s.  eth. 

5976 
5977 

H8 

122 

68.5 

110(107-8) 
235  d. 

v.  s.  eth. 
v.  s.  eth. 

5978 
5979 

col.  monocl. 
leaf. 

sm.  need.  f.  al . 

need.  f.  al 

leaf.  f.  w.,  al. . . 

leaf,  unst 

need.  f.  w 

need,  orsc.f.  w. 
sc.  f.  h.  w  . . . 

need.  f.  al 

need.  f.  w.  or 
eth. 

rhomb,  pr 

need 

76.9"  eth.;  s. 

chl.,  oils,  alk., 

glyc. 
s.  eth.,  chl. 

5980 

si.  s.  eth. 

5981 
5982 

subl. 

s.  eth.,  h.  ac. 

a.;v.s.NaOH; 

si.  s.  bz. 
si.  s.,  fluores. 

5983 
5984 
5985 

234 
186 

190-5  d. 
201 
205-7 

84 
129 

70 

106 
195  d. 
112 
103 

(98-100) 
147 
145 
110(105-7) 

252 

eth. 
si.  s.eth.,  bz. 
s.  eth. 

5986 

v.  s.  eth. 

5987 

si.  s.  eth. 

5988 
5989 

d.  130 

s.  eth. 
s.  eth. 

5990 

pi.  f.  w.,  or 
need.  f.  Igr. 

need.  f.  ac.  a .  . 
pa.  yel.  need .  . 
need 

5991 

bz.,  ac.  a.;  si. 

s.  c.  Igr. 
s.  eth. 

5992 

s.  eth.,  chl. 

5993 

s.  eth. 

5994 
5995 

yel.  need.  f.  al 

yel.  need.  f.  w . 
yel.  need,  f .  w . 
yel.  need.f.  bz 

or.  to  br.  pi . .  . 

oil 

1.071 
1.550 

v.  s.  eth. 
v.  s.  eth. 

5996 

s.  eth.,  bz.,  chl. 

5997 

v.    s.    eth.;   s. 

5998 

265.5 
276 

288  d. 

bz.,  glac.ac.a. 

5999 

v.  s.  eth 

6000 

6001 

6002 
6003 
6004 

need.  f.  al 

glit.  sc.  f.  al. . . 

col.  cr 

deliq.  col. 
need. 

57.5 
81 

v.  s.  eth. 
v.  s.  eth. 

6005 

d. 
>250 

i.  eth. 

6006 

6007 
6008 

col.  rhomb, 
tab.  f.  w. 

i.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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6034 

6035 

6036 

6037 

6038 

6038M 

6039 


Name 


1  -Naphthol-3-sulf  onic 

acid 
1  -Naphthol-4-sulf  onic 

acid 
l-Naphthol-5-sulfonic 

acid 
-,  8-amino- 


1  -Naphthol-7-sulf  onic 

acid 
1  -Naphthol-8-sulf  onic 

acid 

,  inner  anhydride 


2-Naphthol-6-sulfonic 
acid 

,  1 -amino-,  sodium 

salt 
2-Naphthol-7-sulfonic 

acid 
2-Naphthol-8-sulfonic 
1-Naphthonitrile 


2-Naphthonitrile . 


a  /3-Naphthophenazin 
a-Naphthoquinaldine. 
/9-Naphthoquinaldine. 
Naph  tho  (2,3-0  quino- 

line 
a-Naphthoquinoline. 
/3-Naphthoquinoline. 
1,2-Naphthoquinone.  . 

,  1-oxime. 

,  2-oxime. 

,  6-hydroxy- 


•,  7-hydroxy- 


1 ,4-Naphthoquinone . . 


1-oxime. 

,  2,3(or  3,4)-dihydr 

,  5,8-dihydroxy 

,  2-hydroxy- . . , 

,  5-hydroxy-. 

,  2-hydroxy-3-met 


2,6-Naphthoquinone . . 


Naphthoresorcinol. 
Naphthosulfone. 
Naph  thy  la  mine,  hydro 
1  -Naph thy lamine. . . 


hydrochloride. 
•,  2V-acetyl-. 


•,  JV*-acetyl-2V- 
methyl- 


Synonyms 


Nevile-Winther  acid 

a-naphtholsulfonic  acid  L. 
S  acid 


a-naphtholsulfonic  acid  S. 
naphthosulfone 


Schaffer's  acid ;  /9-naphthol- 
sulfonic  acid  S 
eikonogen 


/3-naphtholsulfonic  acid  F .  . 

acid.    See  Croceic  acid. 

1-naphthalenecarbonitrile* ; 

a-naphthyl  cyanide 

2-naphthalenecarbonitrile* ; 

/3-naphthyl  cyanide 

e.    See  Benzo[a]phenazine. 

See  Benzo[h]quinoline,  2-methyl 

See  Benzo[f)quinoline,  %-methyl 

a-anthraquinoline 


See  Benzo[h]quinoline. 
See  Benzo[f)quinoline. 
1 , 2-dihy  dr  o- 1 , 2-di  ketonaph- 
thalene ;  /3-naphthoquinone 
See  2-Naphthol,  1-nitroso-. 
See  l-Naphthol,  2-nitroso~. 


l,4-dihydro-l,4-diketonaph- 
thalene ;  a-naphthoquinone 

See  l-Naphthol,  4-nitroso-. 
oxy-   See  Isonaphthazarin. 
See  Naphthazarin. 


See  Juglone. 
hyl-.   See  Phthiocol. 
2 , 6-dihy  dro-2 , 6-diketonaph- 
thalene ;  omp^i-naphtho- 
quinone 

See  1,3-Naphthalenediol*. 
See  1-N aphthol-&-sidfonic  acid 
xy-.   See  Naphthol,  amino-. 
a-naphthylamine 


^-1-naphthylacetamide;  1- 

acetonaphthalide 
N-methyl-N-1-naphthylacet- 

amide 


Formula 


HOCioHeSOsH 

HOCioHeSOsH 

HOCioHeSOsH 

C10H9NO4S.., 
HOCioH6S03H 

HOCioH6S03H 

CioHeOSOo... 


CioH6(OH)S03H 

H2N(OH)CioH6- 
SOaNa 
CioH6(OH)S03H .  . 


C10H7CN. 
C10H7CN. 

C17H11N. 


CioH602. 


HOCioH602. 
HOCioH602. 
CioHe02. . .  . 


HOCioH602. 
Cm>H602.... 


inner  anhydride. 
C10H7NH2 


CioH7NH2-HCl .  . 
C10H7NHCOCH3. 

(CH3CO)(CH3)- 
NC10H7 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need 

col.  pi.  f.  w.. 
wh.  hyg.  cr. . 


wh.  need, 
cr 


cr 

pr.  f.  bz .  ..  . 

col.  leaf 

wh.  powd.  .  . 
need.  f.  HC1. 


col.  need.  f. 
Igr- 
col.  leaf.  f.  Igr 


col.  leaf,  or 
tab. 


yel.-red  need, 
f.  eth. 


brick  red 
lvs.  f.  acet. 
br.-red  need. 

yel.  tricl. 
f.  Igr. 


yel.  need 

or.  pr 


col.  rhomb. 

need.  f.  dil. 

al.,  1.67035'-2 

sm.  need 

col.  cr 


pr 


Density 
g/ml 


117  . 

094™ 

60 


1.42: 


1.131 


Melting 
point,  °C 


170  d. 
120 


107 
154 

125 


89 

33.5 
66.5 

170 

d.  115-120 

165  d. 

194 

125 

190  d. 
135 


50 


159-60 
95 


Boiling 
point,  °C 


-HA  180 
360 


d.  150 

290.5 
305 


446 


subl.  100 


subl. 


301 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


si.  s. 

V.  s. 
v.  s. 
si.  s. 
V.  s. 

s. 


si.  s.  h. 


0.17 

3  7720 

s. 

si.  s. 


1. 
v.  s. 


si.  s. 
v.  s. 


V.  s. 

s. 


V.  s 

425 


i.  eth. 


v.    s.    chl.;    s. 
bz.;sl.  s.  CS> 
i.  eth. 


i.  eth.,  bz. 

v.  s.  eth.;s.  Igr. 
s.  eth.,  Igr. 


v.  s.  eth.;s.  bz. 


s.  eth.,  H2SO4, 
bz. 


s.  eth. 

i.  eth.,  bz.;  s. 

ac.  a. 
v.  s.  eth.,  CS2, 

glac.  ac.  a.;  s. 

bz.,  chl. 


5.  eth. 


v.  si.  s.  eth. 
alk. 


v.  s.  eth. 


s.  eth. 

v.  si.  s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

961 


PHYSICAL  CONSTANTS  OF 


No. 

6047 

6048 

6049 

6050 

6051 

6052 
6053 

6054 

6055 

6056 


6057 
6058 


6059 

6060 

6061 

6062 

6063 

6064 

6065 

6066 
6067 
6068 
6069 

6070 

6071 
6072 
6073 

6074 

6075 

6076 
6077 
6078 


Name 


1-Naphthylamine,  N, 

iV-diethyl- 

,  JV,iV-dimethyl-.. 


iV-ethyl-... 
iV-methyl-. 


4-(l-naphthyl- 
azo)- 

6-nitro- 

iV-phenyl-.  .  .  . 


4-phenylazo- 
N-propyl-.  . 


5,6,7,8-tetra- 
hydro- 


N-o-tolyl- 
iV-p-tolyl- 


2-Naphthylamine .  .  . 

,  hydrochloride 

,  JV-acetyl- 

,  N,N-dimethyl-. 

,  TV-ethyl- 

,  iV-methyl- .... 

,  1-nitro- 


5-nitro- .  .  . 
8-nitro- .  .  . 
1-nitroso- . 
iV-phenyl- 


1,2,3,4-tetra- 
hydro- 


,  N-o-tolyl- 
-,  N-p-tolyl- 


l-Naphthylamine-4,8- 
disulf  onic  acid 

2-Naphthylamine-4,8- 
disulf  onic  acid 


2-Naphthylamine-6,8- 

disulfonic  acid 
a-Naphthylaminemon 
/3-NaphthylaminemOn 
a-Naphthylaminesulf 


Synonyms 


a-naphthylmethylamine . 


4-amino-l ,  1  '-azonaphtha- 
lene 


4-benzeneazo-a-naphthyl- 
amine 


a-naphthylamine  5,6,7,8- 
tetrahydride ;  ar-tetrahy- 
dro-a-naphthylamine 

iV-1-naphthyl-o-toluidine. 

N-1-naphthyl-p-toluidine 


/9-naphthylamine . 


iV-2-naphthylacetamide;  2- 
acetonaphthalide 


0-naphthylmethylamine . 


/3-naphthylamine  1,2,3,4- 
tetrahydride ;  oc-tetrahy- 
dro-0-naphthylamine 

iV-2-naphthy  1-o-toluidine . 


N-2-naphthyl-p-toluidine .  .  .  . 

4-amino-l  ,5-naphthalenedi- 
sulfonic  acid ;  a-naphthyl- 
aminedisulfonic  acid  S 
3-amino-l  ,5-naphthalenedi- 
sulfonic  acid ;  0-naphthyl- 
aminedisulfonic  acid;  C 
acid;  acid  IV 
amino  G  acid;  7-amino- 1,3- 
naphthalenedisulfonic  acid 
osulf  onic  acid  S.  See  1-Na 
osulfonic  acid  I  (of  Dah 
onic  acid.  See  l-Naphthylam 


Formula 


CioH7N(C2H6)2. 
CioH7N(CH3)2. 
C10H7NHC2H5. 
CioH7NHCH3. . 


CioH7N:NCioH6- 
NH2 

N02CioH6NH2... 
CioH7NHC6H6... 

C6H6N2CioH6NH2 

CioH7NHCH2- 
CH2CH3 
C4H8:CeH3NH2.  .  . 


CioH7NHC6H4CH3 
C10H7NHC6H4CH3 


C10H7NH2 

CioH7NH2.HCl... 
CioH7NHCOCH3. 
CioH7N(CH3)2... 
CioH7NHC2H6... 
CioH7NHCH3.... 
N02CioH6NH2... 


N02CioH6NH2 
N02CioH6NH2 
NOCioH6NH2. 
CioH7NHC6H6. 


C6H4:C4H7NH2... 

CioH7NHC6H4CH3 
C  ioH7NHC6H4CH3 

NH2CioH6(S03H)2 

H2NCioH6(S03H)-. 

H2NCioH6(S03H)2 

phthylamine-8-sulfon 
1) .  See  2-Naphthylam 
ine-5-sulfonic  acid- 


ic acid. 
ine-S- 


*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


col.-br.  oil, 
1.59331181 

col.  liq.  with 
vlt.  fluores. 

col.  oil, 
1.6477315-1 

red  oil 


redsh.-br.  need 

yel.  pr.  f.  al. .  . 
col.  leaf,  or 
pr.  f.  al. 
red  need.  f.  al . 


oil 

oil, 
1.58964281 

need.  f.  lgr.  . . 
pr.  f.  al 


leaf.  f.  w., 

1.6492798-4 
leaf 


lng.  flat  need. 

f.  w. 
dk.  red  need., 

1.6443253-2 
col.  oil, 

1.6544021-3 
oil 


or.  -yel.  need. 

f.  al. 
red  need,  f .  al . 

red  need 

grn.  need.  f.  al. 
rhomb,  need. 

f.  me.  al. 
liq., 

1.5603922-2 

leaf,  f .  lgr 

red  leaf,  f .  al . . 
rhomb,  cr 


monocl.  need. 
sulfonic  acid. 


Density 

g/ml 


1.005 
1.0446^ 

i.ooo^5 


1.05428 


.061 


1.029- 
1.057 


.02922 


Melting 
point,  °C 


59.5-67 


175  (183) 

143 

62 

120  (123) 


94-5 
79 


110.2 

132 

52-53 

<-15 

127(123-4) 

143 
105 
150-2 
108 

38 

95-6 
102-3 


Boiling 
point,  °C 


290  (285) 

274.5 

305 
(187-9020) 

293 


3352^8 


ca.  317 
276.8 


23010 
306 . 1 


305; 

212. 5«9 
315-6 

(305-7) 
308-10761 
(298) 


399.5 
278.5 

400-5 


Solubility  in  grams  per  100  ml  of 


Water 


1.4425 


v.  si.  s. 


1. 
v.  s. 

s. 
i. 


s.  h. 


s!.  s.  h. 
i. 

s.  h. 


V.  s. 


Alcohol 


s. 
s. 
s. 

V.  s. 
si.  s. 


V.  s. 

v.  s.  h. 

V.  s. 
V.  s. 


Ether,  etc. 


s.  eth.,  bz. 

s.  eth. 

s.  eth. 

v.  s.  eth. ;  s. 
CS2 
si.  s.  eth.,  bz. 


v.    s.    eth.; 

bz.,chl.,  ac. 
s.  eth.,  bz. 


s.  eth.,  dil.  a. 


v.  s.  eth.,  bz. 
v.    s.    eth.;   s. 

bz.;  sL  s.  h. 

pet.  eth. 
s.  eth.,  bz. 

s.   eth.;  si.  s. 
HC1 
si.  s.  eth. 

s.  eth. 

s.  eth. 


s.  ac.  a. 


s.  bz.;  i.  lgr. 
s.  eth.;  i.  lgr. 
v.  s.  eth. 
s.eth.,h.bz.; 
v.  s.  chl. 
v.  s.  eth. 


s.  eth.;v.s.  bz., 
lgr.,  chl.,  acet. 

s.  eth.,  bz.;  si. 
s.  lgr. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

6079 

0-Naphthylaminesulf 

onic  acid  F.  See  2-Naphthyl 

amine-! -svlf onic  acid 

6080 

0-Naphtnylaminesulf 

onic  acid  III.  See2-Naphth 

ylamine-5-sulfonic  ac 

id. 

6081 

l-Naphthylamine-2- 
sulf  onic  acid 

l-amino-2-naphthalenesul- 
fonic  acid 

NHsCioHeSOaH... 

223.24 

6082 

l-Naphthylamine-4-su 

If  onic  acid.  See  Naphthionic 

acid. 

6083 

l-Naphthylamine-5- 

5-amino-  1-naphthalenesul- 

NH2CioH6S03H- 

241.26 

sulfonic  acid 

fonic    acid ;    a-naphthyl- 
aminesulfonic  acid;  Lau- 
rent's acid 

H20 

6084 

l-Naphthylamine-6- 
sulfonic  acid 

5-amino-  2-naphthalenesul- 
fonic  acid 

NH2C10H6SO3H.. 

223.24 

6085 

l-Naphthylamine-7- 

8-amino-2-naphthalenesul- 

NH2CioH6S03H. 

241.26 

sulf  onic  acid 

fonic  acid 

H20 

6086 

l-Naphthylamine-8- 

8-amino-l-naphthalenesul- 

NH2CioH6S03H- 

241.26 

sulf  onic  acid 

fonic    acid;    a-naphthyl- 
aminemonosulfonic  acid 
S;  Schollkopf's  acid 

H20 

6087 

2-Naphthylamine-l- 
sulf  onic  acid 

Tobias'  acid;  2-amino-l- 
naphthalenesulfonic  acid 

NH2CioH6S03H.. 

223.24 

6088 

2-Naphthylamine-4- 

3-amino-l-naphthalenesul- 

NH2C10H6SO3H. 

241.26 

sulf  onic  acid 

fonic  acid 

H20 

6089 

2-Naphthylamine-5- 
sulf  onic  acid 

6-amino-l-naphthalenesul- 
fonic    acid ;    /3-naphthyl- 
aminesulfonic  acid  III 

NHoCioHeSOsH.    . 

223.24 

6090 

2-Naphthylamine-6- 

6-amino-2-naphthalenesul- 

NH2CioH6S03H- 

241.26 

sulf  onic  acid 

fonic  acid ;  Bronner's  acid 

H20 

6091 

2-Naphthylamine-7- 

7-amino-2-naphthalenesul- 

NH2CioH6S03H- 

241.26 

sulf  onic  acid 

fonic    acid;    /3-naphthyl- 
aminesulfonic  acid  F 

H20 

6092 

2-Naphthylamine-8- 
sulf  onic  acid 

7-amino-l-naphthalenesul- 
fonic   acid;    /3-naphthyl- 
aminemonosulfonic  acid  I 
(of  Dahl) 

NH2CioH6S03H... 

223.24 

6093 

•a-Naphthyl  cyanide. 

See  l-Naphthonitrile. 

6094 

/3-Naphthyl  cyanide. 

See  2-Naphthonitrile. 

6095 

1,2-Naphthylenedi- 

amine 

1 ,2-naphthalenediamine* ; 
1 ,2-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6096 

1 ,4-Naphthylenedi- 

amine 

1 ,4-naphthalenediamine  * ; 
1,4-diaminonaphthalene 

CioH6(NH2)2...... 

158.20 

6097 

1 ,5-Naphthylenedi- 
amine 

1,5-naphthalenediamine*; 
1 ,5-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6098 

1 ,6-Naphthylenedi- 

amine 

1 , 6-naphthalenediamine  * ; 
1 , 6-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6099 

1 ,7-Naphthylenedi- 
amine 

1 ,7-naphthalenediamine* ; 
1 ,7-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6100 

1 ,8-Naphthylenedi- 
amine 

1 , 8-naphthalenediamine  * ; 
1 , 8-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6101 

2,3-Naphthylenedi- 
amine 

2,3-naphthalenediamine*; 
2,3-diaminonaphthalene 

CioH6(NH2)2 

158.20 

6102 

2,6-Naphthylenedi- 

amine 

2 , 6-naphthalenediamine  * ; 
2 , 6-diaminonaphthalene 

CioH6(NH2)2 

158.20 

Naphthyl  esters. 

See  "naphthyl  ester,"  under  th 

e  names  of  the  acids. 

6103 

1 -Naphthyl  ether 

1-  ( 1-naphthoxy )  naphtha- 
lene*;  a-dinaphthyl  ether 

a,j8'-dinaphthyl  ether;  1- 
(2-naphthoxy )  naphthalene 

(CioH7)20 

270.31 

6104 

1,2'-Naphthyl  ether. . . 

C10H7OC10H7 

270.31 

6105 

2-Naphthyl  ether 

2-(2-naphthoxy)  naphtha- 
lene*;  /3-dinaphthyl  ether 

(CioH7)20 

270.31 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 

g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

6079 
6080 
6081 

need.  f.  w 

272  d. 

0.4120, 
3.  I10* 

i. 

i.  bz. 

6082 
6083 

sm.  pi 

189.5 

si.  s. 

v.  si.  s. 

v.  si.  s.  eth. 

6084 

col.  pi.  f.  w.. 

d. 

0.0320 

i. 

i.  eth. 

6085 

col.  need.  f.  w 

0.46425 

v.  si.  s. 

v.  si.  s.  eth. 

6086 

need 

-H20,  130 

0.421(K\ 
0.0221 

v.  si.  s. 

v.  si.  s.  eth.;  s. 

ac.  a. 

6087 
6088 

leaf.  f.  h.  w .  .  . 
need.  f.  w  .  . 

si.  s.  c, 

s.  h. 

si.  s.  0. 

v.  si.  s. 
v.  si.  s. 

v.  si.  s.  eth. 
v.  si.  s.  eth. 

6089 

need.  f.  w 

0.03320 

v.  si.  s. 

v.  si.  s.  eth. 

6090 

leaf 

0.01320, 
0.1610° 

0.0220, 
0.2810° 

v.  si.  s. 
v.  si.  s. 

v.  si.  s.  eth. 

6091 

col.  need 

v.  si.  s.  eth. 

6092 

pr.  f.  w 

0.0620 

si.  s. 

v.  si.  s.  eth. 

6093 
6094 
6095 

leaf.  f.  w 

96 

150-10-'- 

s.  h. 

v.  s. 

v.  s.  eth. 

6096 

pr.  f .  h.  w 

120 

si.  s. 

V.  s. 

v.  s.  eth. 

6097 

col.  pr.  f.  eth 

189.5 

SllW. 

v.  si.  s. 

s.  h. 

v.  s.  eth.,  chl. 

6098 

need.  f.  w., 
1.708399-4 

1.147" 

78 

v.  si.  s. 
c,  s.  h. 

s.  h. 

si.  s.  eth. 

6099 

leaf.  f.  bz.; 

need.  f.  w. 
col.  cr.  f.  al., 

1.682899-4 
leaf,  f .  eth .... 

117.5 

66.5 

191 

si.  s. 
si.  s. 

V.  s. 
V.  s. 
V.  s. 

v.  si.  s.  eth. 

6100 
6101 

1  1279y 

subl.  20512 

v.  s.  eth. 
s.  eth. 

6102 

need,  f .  w 

col.  leaf 

216 
110 

v.  si.  s. 
h. 

i. 

v.  si.  s. 
s.  h. 

v.  si.  s.  eth. 

6103 

>360 

s.  eth.,  bz.,  h. 

6104 

need.  f.  al. 
+eth. 
col.  need.  f.  al. 

81 
105 

26415 
25020  si.  d. 

i. 
i. 

si.  s. 
s.  h. 

ac.  a. 
s.  eth.,  bz.,  chl. 

6105 

v.   s.    eth.;   s. 
bz.,  h.  ac.  a. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6106 

6107 
6108 


6109 
6110 
6111 


6112 
6113 
6114 

6115 

6116 
6117 
6118 

6119 
6120 
6121 
6122 
6122M 

6123 
6124 
6125 

6126 
6127 
6128 
6128M 

6129 

6130 
6131 

6132 

6133 

6134 

6135 


Name 


1-Naphthyl  ketone.  .  . 

1,2'-Naphthyl  ketone. 
2-Naphthyl  ketone.  .  . 


Naphthyl  mercaptan. 
2-Naphthyl  salicylate. 
Narceine 


,  bisulfate 

,  hydrochloride. 

Narcotine 


,  hydrochloride. 


c//-Narcotine. 
Narcotine  hemipic  aci 
Naringin 


Neohexane. 

Neopentane. 

Neopentyl  alcohol. 

Neral. 

Nerol 


Nerolin  (new), 
Nerolin  (old). 
Neurine 


Nevile-Winther  acid. 
Ngai  camphor. 

Nicoteine 

Nicotinamide 


Nicotine. 


-,  hydrochloride  (d) 
-,  picrate 


-,  salicylate. 


,  tartrate 

Nicotinic  acid 


iV-methylbetaine. 


Synonyms 


a,  cr-dinaphthyl  ketone. 


a,/3'-dinaphthyl  ketone. 
0.  /3'-dinaphthyl  ketone 


See  Naphthol,  thio-. 
See  Betol. 


See  Gnoscopine. 
d.  See  Hemipic  acid. 


See  Butane,  2,2-dimethyU*. 
See  Propane,  2,2-dimethyl-*. 
See  1-Propanol,  2,2-dimethyl-* 
See  Citral  b. 
3,7-dimethyl-2,6-octadien- 

l-ol* 
See  Ether,  ethyl  2-naphthyl. 
See  Ether,  methyl  2-naphthyl. 
trimethylvinylammonium 

hydroxide 

See  l-Naphthol-4-sulfonic  acid. 
See  l-Borneol. 


nicotinic  amide ;  3-pyridine- 
carboxamide*;  pellagra- 
preventive  vitamin ;  P.P. 
factor 


nicotine  bitartrate . 


3-pyridinecarboxylic  acid* ; 
pellagra-preventive  vita- 
min; P.  P.  factor 

See  Trigonelline. 


Formula 


C10H7COC10H7. . 

C10H7COC10H7. . 
C10H7COC10H7. . 

C23H27N08-3H20 


C23H27N08-H2S04- 

10H2O 
C23H27N08HC1- 

3H20 
C22H23N07 


C22H23N07-HC1- 
H20 


C^sHmOi^?) 

C10H17OH 

CH2:CHN(CH3) 
OH 

CioHi2N2 

C6H4NCONH2.. 

CioHi4N2 


CioHi4N2-2HCl. . 
CioHi4N2-2C6H3- 
N307 
CioHi4N2-C7H603 

CioH14N2-2C4H6- 
06-2H20 
C6H4NCOOH... 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


No. 


6106 

6107 
6108 


6109 
6110 
6111 


6112 
6113 
6114 

6115 

6116 
6117 
6118 

6119 
6120 
6121 
6122 
6122M 

6123 
6124 
6125 

6126 
6127 
6128 
6128M 

6129 

6130 
6131 

6132 

6133 

6134 

6135 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  eth. 


col.  need.  f.  al 

(1)  need.  f. 
eth. 

(2)  leaf.  f. 
ehl.  +  eth. 


col.  pr.  f.  w. 


cr.  powd.  or 
need. 
yeL  cr.  f.  HC1 

col.  rhomb, 
need.  f.  al., 
|al-207.35°D 


wh.  lust.  cr. 


sin.  pr. 


oil 


syrup . 


wh.  cr.  powd 


col.  oil., 
1.5239222-4 
[a]-161.55° 

deliq.  cr 

ytl.need.or  pr. 


wh.  pi 

reddish-wh.  cr. 
col.  need 


Density 
g/ml 


1  374 


0.881150 


1.07812 


1.00924- 


Melting 
point,  °C 


104 

136-7(135 
125.5 

164  5 

anh.  170 

d.  -►  yel. 
anh.  192 


197-8 


anh.  171 


129-31 

<-80 

218" 
117.5 
88-90 
234-37 


Boiling 
point,  °C 


subl. 


subl. 


.1. 


224-57 


267 


247.3 


subl. 


Solubility  in  grams  per  100  ml  of 


Wat  or      Alcohol        Ether,  etc. 


l. 
i. 

0.07815 

s. 

si.  s. 
0.004-'° 


si.  s.  c. 
s.  h. 


100 


s. 

v.  s. 

si.  s.  c. 
s.  h. 


s.  h. 


1  3'4 

0.371 


0.081 


0.1 


s. 
I* 


v.  s.  h. 


66.6 


0.7325 


si.  s.eth.,  h.  ac. 

a.,  Igr.;  v.  s. 

bz.;    s.    chl., 

H2SO4 
v.  s.  eth.;s.  bz. 


si.   s.   eth.;   s. 
chl. 


i.  eth.,  bz.;  s. 

alk.,NH4OH; 

si.  s.  chl.; 

0. Oil17  CCU 
s.  chl. 

s.  me.  al. 

0.8<,  2.1»5eth.; 

v.   s.   chl.;  s. 

bz.,  CS2,  eth. 

ac,  acet.,  pet. 

eth. 
s.  chl. 


i.  eth. 


s.  eth. 


si.  s.  eth.,  bz.; 
10  glyc. 


<»  eth.;  v.  s. 
chl.,  pet.  eth.t 
oils 


s.  eth. 
s.  eth. 
v.  si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6136 

Nicotinic  acid,  2-hy- 
droxy- 

C6H3N(OH)COOH 

139.11 

6137 

,    1,2,5,6-tetrahydr 

o-1-methyl-.  See  Arecaidin 

e. 

6137M 

Nicotinic  amide. 

See  Nicotinamide. 

6138 

Nicotyrine 

3-(  1-methy  1-2-pyrryl)  pyri- 

C10H10N2  

158.20 

dine;  dipyridine 

6139 

Niobe  oil. 

See  Benzoic  acid,  methyl  ester. 

6140 

Nitramine   diethyl-. 

See  Diethylamine,  N-nitro-. 

6141 

,  dimethyl-. 

See  Dimethylamine,  N-nitro-. 

6142 

,  methylpicryl-. 

See  Tetryl. 

6143 

,  phenyl-. 

See  Aniline,  N-nitro-. 

6144 

,  n-propyl-. 

See  Propylamine,  N-nitro-. 

6145 

Nitranilic  acid 

2,5-dihydroxy-3,6-dinitro- 

(N02)2C602(OH)2 

230.09 

6146 

Nitranilide. 

Quinone 
See  Aniline,  N-nitro-. 

6147 

Nitric  diethylamide. 

See  Diethylamine,  N-nitro-. 

6148 

Nitric  dimethylamide. 

See  Dimethylamine,  N-nitro-. 

6149 

Nitric  ether. 

See  Ethyl  nitrate. 

Nitro-.   See  the  parent  com 

pounds  (e.g.,  for  nitrobenzene  s 

ee  Benzene,  nitro-). 

6150 

Nitroerythrite. 

See  Erythritol,  tetranitrate. 

6151 

Nitrof  orm 

trinitromethane* 

CH(NO*)a 

151.04 

6152 

Nitroglycerin 

glycerol  trinitrate;  glyceryl 

C3H5(ON02)3 

227.09 

nitrate ;  trinitrin ;  glonoin ; 
etc. 
See  Acetonitrolic  acid. 

6153 

Nitrolic  acid,  ethyl-. 

6154 

,  methyl-. 

See  Formonitrolic  acid. 

6155 

Nitromannite. 

See  Mannitol,  hexanitrate. 

6156 

Nitron 

4,5-dihydro-l,4-diphenyl- 

C20Hl6N4 

312.36 

3,5-phenylimino-l,2,4- 

triazole 

6157 

Nitrosamine,  diethyl-. 

See  Diethylamine,  N-nitroso-. 

6158 

,  diisopropyl-. 

See  Diisopropylamine,  N-nitro 

so-. 

6159 

,  dimethyl-. 

See  Dimethylamine,  N-nitroso-. 

6160 

,  diphenyl-. 

See  Diphenylamine,  N-nitroso- 

6161 

,  dipropyl-. 

See  Dipropylamine,  N-nitroso-. 

6162 

,  methylphenyl-. 

See  A  niline,  N-methyU  N-nitro 

so-. 

Nitroso-.  See  the  parent  co 

mpounds  (e.g.,  for  nitrosobenze 

ne  see  Benzene,  nitros 

0-). 

6163 

Nitrous  diethylamide. 

See  Diethylamine,  N-nitroso-. 

6164 

Nitrous  diisopropylam 

ide.  See  Diisopropylamine,  N- 

nitroso-. 

6165 

Nitrous  dimethylamid 

e.  See  Dimethylamine,  N-nitros 

0-. 

6166 

Nitrous  diphenylamid 

e.  See  Diphenylamine,  N-nitros 

0-. 

6167 

Nitrous  dipropylamide 

.  See  Dipropylamine,  N-nitroso 

-. 

6168 

Nitrous  ether. 

See  Ethyl  nitrite. 

6168M 

1-Nonacosanol* 

n-Nonacosyl  alcohol. 

n-nonacosyl  alcohol 

n-C^HeoOH 

424.78 

6168R 

See  1-Nonacosanol.* 

6169 

Nonadecane* 

n-nonadecane 

CH3(CH2)i7CH3... 
CH3(CH2)i7COOH 

268.51 

6170 

Nonadecanoic  acid*.  .  . 

n-nonadecylic  acid 

298.50 

6171 

1-Nonadecanol* 

n-nonadecyl  alcohol 

CH3(CH2)i8OH.  .. 

284  51 

6172 

10-Nonadecanone* .... 

caprinone;  dinonyl  ketone. . .  . 

(C9Hi9)2CO 

282.50 

6173 

n-Nonadecyl  alcohol. 

See  1-Nonadecanol*. 

6174 

n-Nonadecylic  acid. 

See  Nonadecanoic  acid*. 

6175 

Nonamethylene  glycol. 

See  1,9-Nonanediol*. 

6176 

Nonanal,  oxime. 

See  Pelargonaldehyde,  oxime. 

6177 

Nonanamide*. 

See  Pelargonamide. 

6178 

Nonane* 

n-nonane 

CH3(CH2)7CH3.... 

128.25 

6178M 

,  1 -amino-. 

See  Nonylamine*(n). 

6179 

Nonanedioic  acid*. 

See  Azelaic  acid. 

6180 

1,9-Nonanediol* 

nonamethylene  glycol;  en- 
neamethylene  glycol 

CH2OH(CH2)7- 
CH2OH 

160.25 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

6136 

need.  f.  w 

a256; 
0301-2  d. 

subl. 

si.  s.  h. 

si.  s. 

si.  s.  eth.;  v.  si. 
s.  chl. 

6137 

6137M 

6138 

need.  f.  h.  w..  . 

1.12418 

108 

286-90785 
(280-1) 

si.  s.  c, 
s.  h. 

s. 

s.  eth. 

6139 

6140 

6141 

6142 

6143 

6144 

6145 

Ing.  yel.  pi. 
f.  acet. 

100 

170  d. 

v.  s. 

v.  s. 

i.  eth. 

6146 

6147 

6148 

6149 

6150 
6151 

col.  oil  or 
wh.  cr. 

1.5967^ 

4 

15 

45-7-  exp. 

s. 

b.  alk. 

6152 

col.-yel.  liq., 
1.48218-6 

1.601 

2.9;  13  2 

exp.  260 

O.lS-'o 

25 

oo  eth.;  7  me. 
al. 

6153 

6154 

6155 

6156 

yel.  need 

189  d. 

i. 

s. 

si.    s.    eth.;   s. 

bz.,  acet.,  chl., 

et.  ac. 

6157 

6158 

6159 

6160 

6161 

6162 

6163 

6164 

6165 

6166 

6167 

6168 

6168M 

84.6-85.0 

6168R 

6169 

leaf., 
1.436s4-6 

0.77732 

32 

330 

si.  s. 

s.  eth. 

6170 

glit.  leaf.  f.  al. . 

66.5 

299100 

si.  s. 

s.  eth. 

6171 

opaque  cr 

62 

6172 

leaf.  f.  al 

58 

>350  ' 

s.'h."" 

s.  eth. 

6173 

6174 

6175 

6176 

6177 

6178 

col.  liq.,  1.4056 

.  0.717720 

-53.7 

(-51.0) 

150.72 

i. 

V.  s. 

v.  s.  eth. 

6178M 

6179 

6180 

147-502 

si.  s. 

s. 

i.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6181 
6182 
6183 

Nonanenitrile*. 
Nonanoic  acid*. 
1-Nonanol* 

See  PelargononitrUe. 
See  Pelargonic  acid. 
n-nonyl  alcohol 

CH3(CH2)7CH20H 

CH3(CH2)6CH- 
(CH3)CH2OH 

CH3CHOH- 
(CH2)6CH3 

CH3CH2CHOH- 

(CH2)6CH3 
CH3(CH2)2CH- 

OH(CH2)4CH3 
(C4H9)>CHOH... 

[(CH3)2CH- 
(CH2)2]2CHOH 
CH3CO(CH2)6CH3 

C2H5CO(CH2)5- 

CH3 
(CH3CH2CH2- 

CH2)2CO 
[(CH3)2CH- 

(CH2)2l2CO 

CH3(CH2)6- 

CH:CH2 

CH3(CH2)7CH2- 
NH2 

[CH3(CH2)8]2S04.. 
CH:C(CH2)6CH3. . 
Camphene. 

e. 

eCH3(CH2)3CH- 
(NH2)COOH 

CH3(CH2)3CH- 
(NH2)COOH 

CH3(CH2)3CH- 
(NH2)COOH 

"-tetraiodo-. 

(CH3)2C-CHCH2- 
CH:C(CH3)- 
CH:CH2 

144  25 

6184 
6185 

,  2-methyl-* 

2-Nonanol* 

2-heptyl-2-methylethanol  .... 
heptylmethylcarbinol 

ethylhexylcarbinol. . 

158.28 
144  25 

6186 

3-Nonanol* 

144  25 

6187 

4-Nonanol* 

amylpropylcarbinol .  . 

144  25 

6188 

5-Nonanol* 

dibutylcarbinol. . 

144  25 

6189 

,  2,8-dimethyl-*.. 

2-Nonanone* .  . 

diisoamylcarbinol 

172  30 

6190 

heptyl  methyl  ketone 

ethyl  hexyl  ketone 

142  24 

6191 

3-Nonanone* 

142  24 

6192 

5-Nonanone* 

dibutyl  ketone 

142  24 

6193 

6194 
6195 

,  2,8-dimethyl-*.. 

Nonanoyl  chloride*. 
1-Nonene* 

diisoamyl  ketone;  isocap- 
rone;  diisopentyl  ketone 
See  Pelargonyl  chloride. 
a-nonylene 

170.29 
126  24 

6196 
6197 
6198 

1-Nonine. 
n-Nonyl  alcohol. 
Nonylamine*(n) 

n-Nonyl  cyanide. 

a-Nonylene. 

n-Nonylic  acid. 

Nonylone. 

Nonyl  sulfate 

See  l-Nonyne*. 
See  l-Nonanol*. 
1-aminononane 

143  27 

6199 
6200 
6201 
6202 
6203 

See  Caprinitrile. 
See  l-Nonene*. 
See  Pelargonic  acid. 
See  9-Heptadecanone*. 
di-n-nonyl  sulfate 

350.55 

6204 

1-Nonyne* 

1-nonine;  n-heptylacetylene.  . 
ethyl-3-methylene-.    See 

methylene-.  Seea-Fenchen 
ethyl-.   See  Camphor. 
See  Camphane. 
See  Isocamphane. 
,3-trimethyl-.  SeeFenchon 
rf^a-aminocaproic  acid ;  dl- 

glycoleucine ;  dZ-2-amino- 

hexanoic  acid* 
d-cr-aminocaproic  acid ;  d- 

2-aminohexanoic   acid*; 

rf-glycoleucine 
J-a-aminocaproic  acid;  1-2- 

aminohexanoic  acid*;  l- 

glycoleucine 
See  Cydohexane,  isopropyl-. 
yl-.   See  Tropine. 
See  Phenolphthalein,  3',3",5',5 
See  Procaine,  hydrochloride. 
See  Juglone. 
3,7-dimethyl-l,3,6-octa- 

triene*  (one  form) 

124.22 

6205 
6206 
6207 
6208 
6209 
6210 
6211 

Norcamphane,  2,2-dim 

,  7,7-dimethyl-2- 

,  2-keto-l,7,7-trim 

,  1,7,7-trimethyl-. 

,  2,2,3-trimethyl-. 

2-Norcamphanone,  1,3 
c?/-Norleucine 

131.17 

6212 

c/-Norleucine 

131.17 

6213 

/-Norleucine 

131.17 

6214 
6215 
6216 
6217 
6218 
6219 

Normenthane. 

3-Nortropanol,  8-meth 

Nosophen. 

Novocain. 

Nucin. 

Ocimene 

136.23 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.4334720 

liq 


col.  liq., 
1.429025 


Hq 
liq 


thick  oil, 

1.428918 

Hq 


Hq 


pr. 


col.  liq., 

1.42115 

yel.  oil.. 


col.  liq.,  1.410 


col.  liq. 


col.  liq. 


shiny  leaf 

hex.  leaf,  f .  w. 
leaf,  f .  w 


liq.,  1.4883". 


Density 
g/ml 


0.8274- 
0.849- 

4 

0.8190- 
0.8471* 
0.825^ 

4 

0.8282 

0.82318 

0.8305- 

0.8317 

0.840° 


0 .  8270- 

4 

0 . 8208 - 


0 . 7302* 


0.7924 


0.80115 


Melting 
point,  °C 


35 


22 


-8.2  (-19) 
-8 

-5.9 
14.6 


41.9-2.1 
-36 


327  d. 


301  d. 


301  d. 


Boiling 
point,  °C 


213 

11815 

193-4 
(198.3) 

194-5750 

192-3 

194 

1059 

194-6 

190 

180-7 
(181-2) 
226 

149.9 
202 . 2 


lb07<5 


176-8 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 


si.  s. 


1.1825, 
2.8875 

1.525 


619 


Alcohol 


0.26725 

75% 


Ether,  etc. 


»  eth. 
s.  eth. 
s.  eth. 

s.  eth. 

s.  eth. 

w  eth. 

s.  eth. 

s.  eth. 

s.  eth. 

s.    eth.;    v. 

chl.,  CS2 
s.  eth. 

s.  eth. 
s.  eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6219B 

alio- Ocimene  (stereomer 
of  preceding) 

1-Octacosanol* 

n-Octacosyl  alcohol. 
9,12-Octadecadienoic  a 
9,13-Octadecadienoic  a 
Octadecanal*. 
Octadecanamide*. 
Octadecane* 

136  23 

6219M 

n-octacosyl  alcohol 

n-C28H67OH 

d. 

CH3(CH2)i6CH3... 

CH3(CH2)i7Br.... 
CH3(CH2)i7I 

CH3(CH2)i6CH2- 
OH 

CH3(CH2)7CH:CH- 
(CH2)8OH 

CH3(CH2)i7NH2... 

[CH3(CH2)i7]2S04.. 

ch:c(ch2)i6ch3 

410  75 

6219R 

6220 

6221 

6222 

6223 

6224 

See  1-Odacosanol. 
cid*.    See  Eleostearic  acid. 
cid*(?).    See  Eleomargaric  aci 

See  Stear  aldehyde. 

See  St  ear  amide. 

n-octadecane 

254.49 

6224F 
6224M 
6224T 

,  1-amino-. 

,  1-bromo-* 

,  1-iodo-* 

See  Octadecylamine*(n). 

n-octadecyl  bromide 

n-octadecyl iodide 

See  Stearonitrile. 
See  Stearic  acid. 
de*.   See  Stearic  anhydride. 
n-octadecyl  alcohol 

333.40 
380.40 

6225 
6226 
6227 
6228 

Octadecanenitrile*. 
Octadecanoic  acid*. 
Octadecanoic  anhydri 
1-Octadecanol* 

1-Octadecanone,  1-phe 
Octadecanoyl  chloride 
9,12,15-Octadecatrieno 
9-Octadecenamide*. 
9-Octadecenoic  acid*. 

,  12-hydroxy-*. 

9-Octadecen-l-ol*, 

cis- 
9-Octadecenyl  alcohol. 
n-Octadecyl  alcohol. 
Octadecylamine*(n)  .  . 

n-Octadecyl  bromide. 
n-Octadecylic  acid. 
n-Octadecyl  iodide. 

Octadecyl  sulfate 

1-Octadecyne* 

9-Octadecynoic  acid*. 
Octadiene. 
1,6-Octadiene,  3,7-di- 

methyl-* 
2,6-Octadiene,  2,6-di- 

methyl- 
2,4-Octadiene,  7- 

methyl-* 
2,7-Octadiene,  2-meth 
2,6(and  2,7)-Octadienoi 
l,6-Octadien-3-ol,  3,7- 
2,6-Octadien-l-ol,  3,7- 
Octamethylene  glycol. 
Octanal*. 
Octanamide*. 
Octane* 

270.49 

6228M 

6229 

6230 

6231 

6232 

6233 

6233M 

6233T 

6234 

6234H 

nyl-.    See  Stearophenone. 

*.    See  Stearoyl  chloride. 

ic  acid**  See  a-Linolenic acid 

See  Oleamide. 

See  Elaidic  acid ;  Oleic  acid. 

See  Ricinoleic  acid. 

cis- 9-octadecenyl  alcohol ; 
oleyl  alcohol 

See  9-Octadecen-l-ol*. 

See  1-Octadecanol*. 

1-aminodctadecane 

268.47 
269.50 

6234R 

6235 

6235M 

6236 

6236M 

See  Octadecane,  \-bromo-*. 

See  Stearic  acid. 

See  Octadecane,  l-iodo-*. 

di-n-octadecyl  sulfate 

hexadecylacetylene 

603.02 
250.46 

6237 
6238 
6238F 

See  Stearolic  acid. 

See  Conylene. 

linaloolene 

138.25 

6238M 

dihydromyrcene 

138.25 

6238T 

124.22 

6239 

6240 

6241 

6241H 

6242 

6243 

6244 

6245 

yl-6-methylene-*.  See  My 
c  acid,  3,7-dimethyl-*. 
dimethyl-*.  See  Linalool. 
dimethyl-*.  See Geraniol;N 

See  1,8-Octanediol*. 

See  Caprylaldehyde. 

See  Caprylamide. 

n-octane 

rcene. 

See  Geranic  acid. 

erol. 

CH3(CH2)6CH3.... 

CH3(CH2)6CH2Br 

CH3CHBr(CH2)6- 
CH3 
CH3(CH2)6CH2C1 

114.23 

6246 
6247 
6248 

,  1-amino-. 

,  2-amino-. 

,  1-bromo-* 

,  2-bromo-*(/) 

,  1-chloro-* 

See  Octylamine*. 

See  Heptylamine,  a-methylr. 

n-octyl  bromide 

193 . 13 

6249 
6250 

J-sec-n-octyl  bromide 

n-octyl  chloride 

193.13 
148.67 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point.  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

6219B 

liq.,  1.544721... 

0.8133 

188750; 
8112 

6219M 

83.2-83.4 

6219R 

6220 

6221 

6222 

6223 

• 

6224 

cr.  f.  al., 
L4340M-' 

0.7768- 

4 

28 

317 

i. 

si.  s. 

s.  eth. 

6224F 

6224M 

col.  cr 

28.5 

i. 

s. 

s.  eth. 

6224T 

col.  cr 

34 

169°-s 

i. 

si.  s. 

si.  s.  eth. 

6225 

6226 

6227 

6228 

leaf.  f.  al 

0.8124- 

4 

59(57.85) 

210.  Vs 

l. 

s. 

s.  eth. 

6228M 

6229 

6230 

6231 

6232 

6233 

0.8489- 

6233M 

col.  liq 

205-1015 

i. 

s. 

s.  eth. 

6233T 

4 

6234 

6234H 

col.  cr 

232.0s2; 

l. 

s. 

s.  eth. 

176.  I2 

6234R 

6235 

6235M 

6236 

70.2-0.7 
26 

6236M 

cr 

0.796s0 

18015 

6237 

6238 

6238F 

liq 

0.78820 
0.7752^ 
0.752™ 

165-8 
171.5-3.5 
149 

i. 

6238M 

liq 

6238T 

liq 

6239 

6240 

6241 

6241 H 

6242 

6243 

6244 

6245 

col.  liq.,  1.3975 

0.7036 

-56.5 

125.8 

(124.6) 

0.00151B 

si.  s. 

s.  eth. 

6246 

6247 

6248 

liq., 
1.450325 

1.1160  " ; 
1.118^ 

4 

-55 

202-3 
(201.5) 

i. 

OO 

*  eth. 

6249 

liq 

1.09922 

191 

(91-320) 

i. 

00 

oo  eth. 

6250 

liq 

0.8745- 

4 

184.6 

i. 

V.  s. 

v.  s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

6251 

Octane,  2-chloro-*. . . . 

sec-octyl  chloride 

CH3(CH2)5CHC1- 

148.67 

CH3 

6252 

,  2,7-dimethyl-*. . . 

biisoamyl 

(CH3)2CH(CH2)4- 

142.28 

CH(CH3)2 

6253 

,  1-ethoxy-*. 

See  Ether,  ethyl  octyl. 

6254 

,  1-iodo-* 

pri- n-octyl  iodide 

CH3(CH2)7I 

240.14 

6255 

,  3-methyl-*,(d)-. . 

d-amylethylmethylmethane .  . 

CH3CH2CH(CH3)- 
(CH2)4CH3 

128.25 

6256 

,  1-octyloxy-*. 

See  Octyl  ether. 

6257 

,  1-phenoxy-*. 

See  Ether,  octyl  phenyl. 

6258 

1 , 1  -Octanedicarboxylic 

acid.  See  Malonic  acid,  heptyl 

-. 

6259 

Octanedioic  acid*. 

See  Suberic  acid. 

6260 

1,8-Octanediol* 

octamethylene  glycol 

CH2OH(CH2)6- 
CH2OH 

146.23 

6261 

4,5-Octanediol* 

octylene  glycol  (one  form) .  .  . 

[CH3(CH2)2CH0H12 

146.23 

6262 

Octanenitrile*. 

See  Caprylonitrile. 

6263 

Octanoic  acid*. 

See  Caprylic  acid. 

6264 

Octanoic  anhydride*. 

See  Caprylic  anhydride. 

6265 

1-Octanol* 

heptylcarbinol ;  prt-n-octyl 
alcohol 

CH3(CH2)6CH2OH 

130.23 

6266 

,  acetate 

n-octyl  acetate 

CH3COO(CH2)7- 

172.26 

6267 

,  esters  of  other  organic  a 

cids.  See  "octyl  ester"  under  th 

CH3 

e  corresponding  acid 

s. 

6268 

,  nitrate. 

See  Octyl  nitrate. 

6269 

,  nitrite. 

See  Octyl  nitrite. 

6270 

,  3,7-dimethyl-*(j) 

tetrahydrogeraniol 

(CH3)2CH(CH2)3- 
CH(CH3)CRV 
CH2OH 

158.28 

6271 

2-Octanol* 

methylhexylcarbinol ;  sec-n- 

CH3CHOH- 

130.23 

octyl  alcohol 

(CH2)6CH3 

6272 

,  2-methyl-* 

hexyldimethylcarbinol 

(CH3)2COH- 
(CH2)sCH3 

144.25 

6273 

3-Octanol,  3-ethyl-*. .  . 

amyldiethylcarbinol ;  tert- 
decyl  alcohol 

(C2H6)2COH- 
(CH2)4CH3 

158.28 

6274 

2-Octanone* 

hexylmethyl  ketone 

CH3COCeHi3 

128.21 

6275 

3-Octanone* 

amyl  ethyl  ketone 

C2H6CO(CH2)4- 

128.21 

6276 

Octanoyl  chloride*. 

See  Caprylyl  chloride. 

CH3 

6277 

1,3,6-Octatriene,  3,7-d 

methyl-*.    See  Ocimene. 

6278 

6-Octen-l-ol,  3,7-dime 

thyl-*.    See  Rhodinol. 

6279 

Octine. 

See  Octyne. 

6280 

n-Octoic  acid. 

See  Caprylic  acid. 

6281 

n-Octoic  anhydride. 

See  Caprylic  anhydride. 

6282 

n-Octyl  acetate. 

See  l-Octanol*,  acetate. 

6283 

pri-n-Octyl  alcohol. 

See  l-Octanol*. 

6284 

sec-n-Octyl  alcohol. 

See  2-Octanol*. 

6285 

n-Octyl  aldehyde. 

See  Caprylaldehyde. 

6286 

Octylamine*(n) 

1-aminooctane;  pn-n-octyl- 
amine 

CH3(CH2)6CH2- 
NH2 

129.24 

6287 

sec-n-Octylamine. 

See  Heptylamine,  a-methylr*. 

6288 

n-Octyl  bromide. 

See  Octane,  l-bromo-*. 

6289 

sec-n-Octyl  bromide. 

See  Octane,  l-bromo-*. 

6290 

n-Octyl  chloride. 

See  Octane,  1-chloro-*. 

6291 

sec-n-Octyl  chloride. 

See  Octane,  2-chloro-*. 

6292 

n-Octyl  cyanide. 

See  Pelargononitrile. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

No. 

form,  color 

and  index  of 

refraction 

Density 
g/mi 

Melting 
point,  °C 

Boiling 
point,  °C 

Water 

Alcohol 

Ether,  etc. 

6251 
6252 

liq 

0.871— 

4 

0.747920 

173 
159.66 

i. 
i. 

v.  s. 

s. 

s.  eth. 

mobile  liq., 

-52.5 

s.  eth.,  ac.  a. 

i  1.40924W-1; 

1.4104915 

6253 

6254 

liq.,  1.489 

1.34115 
(1.353115) 

-45.9 

255.5 

i. 

s. 

s.  eth. 

6255 

col.  liq ,. 

0.720617 

142-3 

i. 

i. 

s.  eth 

6256 

6257 

6258 

6259 

6260 

need 

63 

17220 

112-51? 
115-8 

si.  s. 

i. 
i. 

s. 
s. 

i.  eth. 

6261 

(a)  liq 

(0) 

123:4" 

si.  s.  eth. 

6262 

6263 

6264 

6265 

col.  liq., 
1. 42920* 

0.8246- 

4 

0.885- 

4 

-16.3 

195 

s. 

00 

*  eth. 

6266 

col.  liq 

-38.5 

210 

i. 

s. 

s.  eth. 

6267 

6268 

6269 

6270 

liq 

0.833315 

221-3 

s. 

s.  eth. 

6271 

col.  oily  liq., 
1.4260 

0.8193 

-38.6 

178.5 
(179) 

s. 

s.  eth. 

6272 

liq 

178 

s. 

s.  eth. 

6273 

col.  oil 

col.  liq., 

0.8360^ 

4 

0.818 

199 
173.5 

s. 

00 

6274 

-20.9 

oo  eth. 

1.41613 

6275 

col.  liq 

0.850- 

4 

168 

oo 

oo  eth. 

6276 

6277 

6278 

6279 

6280 

6281 

6282 

6283 

6284 

6285 

6286 

col.  liq.,  1.430. 

0.77727 

179.6 

si.  s. 

V.  s. 

v.  s.  eth. 

6287 

6288 

6289 

6290 

6291 

6292 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6293 


6294 
6295 


6296 
6297 
6298 

6299 

6300 

6301 

6301F 

6301J 

6301M 

6302 

6303 
6304 

6305 

6306 

6307 

6308 
6309 

6310 

6311 

6312 

6313 

6313M 

6314 

6315 
6316 

6317 

6318 
6319 

6320 
6321 


Name 


Octylene. 


Octylene  glycol. 
Octyl  ether .... 


n-Octylic  acid. 
pri-n-Octyl  iodide. 
Octyl  nitrate 


Octyl  nitrite. 
Octyl  sulfate. 

1-Octyne* 

2-Octyne* .  .  . 
3-Octyne* .  .  . 
4-Octyne*.  .  . 


2-Octynoic  acid*,  methyl 

ester 
Oenanth-. 

Oil  of  wintergreen,  artif 
Oleamide 


Oleic  acid 

,  benzyl  ester . 

,  butyl  ester .  . 


,  diethylene  glycol  ester. 

,  ethyl  ester 


,  isoamyl  ester 

,  methyl  ester 

,  p-phenylphenacyl  ester 

Olein. 

Oleyl  alcohol. 

Opianic  acid 


Orcein. 


Orcinol . 


-,  2,4,6-trinitro- 


/3-Orcinol. 
Orcinolphthalein 

Orexin. 

Ornithine 


Synonyms 


caprylene. 


See  4,5-Octanediol*. 
1-octyloxyoctane*;  di-n- 
octyl  ether 

See  Caprylic  acid. 
See  Octane,  1-iodo-*. 
n-octyl  nitrate 


n-octyl  nitrite . . . 
di-n-octyl  sulfate . 


1-octine;  n-hexylacetylene; 

caprylidene 
2-octine ;  amylmethy lacety- 

lene 
3-octine ;  butylethylacety- 

lene 
4-octine;  dipropylacetylene. . . 

"methyl  heptinecarbonate" .  . 

See  Enanth-. 

cial.  See  Salicylic  acid,  methyl 

9-octadecenamide*  (one 

form) ;  oleic  acid  amide 
9-octadecenoic  acid*  (cis 

form) 


butyl  9-octadecenoate*  (one 
form) 
See  under  Diethylene  glycol. 


methyl  oleate . 


See  Glycerol,  trioleate. 
See  9-Octadecen-l-ol*,  cis-. 
5 , 6-dimethoxy  phthalalde- 
hydic  acid 


5-methyl- 1 , 3-benzenediol  * 
5-methylresorcinol ;  3,5- 
dihydroxytoluene 


See  Resorcinol,  2,5-dimethyl-. 


See  Quinazoline,  3,4-dihydro-3- 
ol,  5-diaminovaleric  acid^ 
2,5-diaminopentanoic  acid* 


Formula 


CsHie. 


(C8Hi7)20. 


CH3(CH2)7N03... 

CH3(CH2)7ONO.. 

[CH3(CH2)7]2S04. 

CHiC(CH2)6CH3. 

CHsC'C-CsHn. . . 

G2H5C  ■  C(CH2)s- 
CH3 
C3H7CjCC3H7.... 

CH3(CH2)4CiC- 
COOCH3 

eCnH33CONH2.... 

C8Hi7CH:CH- 
(CH2)7COOH 

Ci7H33COOCH2- 
C6H5 

C8Hi7CH:CHC7- 
Hi4COOC4H9 

C8Hi7CH:CH- 
(CH2)7COOC2H5 

CnH33COO(CH2)2- 
CH(CH3)2 

Ci7H33COOCH3... 

Ci7H33COOCH2- 
COC6H4C6H* 


(CH30)2C6H2- 

(CHO)COOH 
C28H24N2O7.... 


CH3C6H3(OH)2... 


(N02)3C6(CH3)- 
(OH)2 

C22H16O5 


phenyl-. 

CH2(NH2)(CH2)2- 
CH(NH2)COOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.,  1.4087 


liq. 


liq 

grn.  liq. 
1.440825. 


col.  liq., 

1.414025 
col.  liq., 

1.428525 
col.  liq., 

1.423025 
col.  liq., 

1.422525 


col.  need., 
1.46317-' 


liq 


liq.... 
col.  liq. 
oil.... 


need,  f .  w 

red-br.  powd . . 


col.  monocl. 
cr.  f.  chl. 

lng.  yel. 
need. 

col.  pr.  f.  acet 


syrup 


Density 
g/ml 


0.722"; 

0.7155^ 

0.820-; 
o 

0.805- 

17 


0.8419^ 


0.862" 
0.9661 


2  5 


0.74325 

0.76125 

0.750125 

0.74742* 

0.9524° 


0.895 


0.9330- 

2 

0.86825 


0.871"; 

0.867125 


0.87918 


1.290* 


Melting 
point,  °C 


104 


20.3 


GO.  5 


150 


+  1H20, 

58;anh. 
107-8 
163.5 


230  d. 


Boiling 
point,  °C 


123 
291.8 

110-220 

174-5 
166.  I2 

126; 

50.850 
137.2; 

60. 250 
133;  56.750 

131;  5550 
IO720 


286100 

2377 

180-952; 
173-23575 

205-810 

223-41* 

216-720 
(189-91™ 


160  d. 


289-90 


exp. 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


0.25, 
1  7100 


v.  s. 


Si.  s. 


s.  eth. 


s.  eth. 


s.  eth. 
s.  eth. 
s.  eth. 
s.  eth. 


s.  eth. 

*  eth.;  s.  bz., 
chl. 
v.  s.  eth. 

s.  eth. 


»  eth. 
v.  s.  eth. 
oo  eth. 


s.  eth. 

i.  eth.,  bz.,  chl., 
CS2;  s.  acet., 
alk.,  ac.  a. 

v.  s.  eth. 


si.  s.  eth.;  v.  s. 
h.  bz. 

i.  eth.,  bz.;  s. 
h.  ac.  a.,  alk. 

si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

6322 

Ornithine,  iV5-guanyl- 

.  See  Arginine. 

6323 

Orsellinic  acid,  4-evernin 

ate.   See  Erernic  acid. 

6324 

,  4-methyl  ether. 

See  Everninic  acid. 

6325 

o-Orsellinic  acid 

4,6-dihydroxy-o-toluic  acid; 
orsellinic  acid 

(HO)2C6H2(CH3)- 
COOH 

168.14 

6326 

Orthanilic  acid 

o-aminobenzenesulfonic 
acid,  o-anilinesulfonic  acid 

NH2C6H4S03H- 
^H20 

182.19 

6327 

Orthoacetic  acid, 

triethyl  ester 
Orthocarbonic  acid, 

tetraethyl  ester 
,  tetrapropyl  ester 

1,1,1-triethoxyethane* 

CH3C(OC2H5)3. . . . 

162.23 

6328 

tetraethoxymethane* 

C(OC2H5)4 

192.25 

6329 

n-propyl  orthocarbonate ; 

C(OC3H7)4 

248.36 

tetrapropoxymethane 

6330 

Orthodiazine. 

See  Pyridazine. 

6331 

Orthoformic  acid, 

triethoxymethane* 

HC(OC2H6)3 

148.20 

6332 

triethyl  ester 
,  triisopropyl  ester 

isopropyl  orthoformate ;  tri- 
isopropoxymethane 

HC[OCH(CH3)2]3.. 

190.28 

6333 

,  trimethyl  ester 

trimethoxymethane 

HC(OCH3)3 

106.12 

6334 

,  triphenyl  ester 

triphenoxymethane 

CH(OC6H5)3 

292.32 

6335 

,  tripropyl  ester 

n-propyl  orthoformate ;  tri- 
propoxymethane 

HC(OC3H7)3 

190.28 

6335H 

Oryzanin. 

See  Vitamin  B\. 

6335R 

Ovoflavin. 

See  v-Riboflann. 

6336 

7-Oxabicyclo  [2,2,1]  hep 

tane-2,3-dicarboxylic  an 

hydride,  2,3-di 

meth 

6337 

6-Oxabicyclo[3,2,l]oct- 

3-ene,  4,7,7-trimethyl-. 

See  Pinol. 

6338 

Oxalacetic  acid,  diethyl 

diethyl  oxobutanedioate*; 

C2H6OOCCOCH2- 

188.18 

ester 

diethyl   hydroxybutene- 
dioate* 

COOC2H5 

6339 

Oxalaldehyde. 

See  Glyoxal. 

6340 

Oxalaldehydic  acid. 

See  Glyoxylic  acid. 

6341 

Oxalamide. 

See  Oxamide. 

6342 

Oxalan. 

See  Oxaluramide. 

6343 

Oxalic  acid 

ethanedioic  acid*. . 

COOHCOOH-2H20 
(COOC3H5)2 

126  07 

6344 

,  diallyl  ester 

di-2-propenyl  ethanedioate* ; 

170.16 

allyl  oxalate 

6345 

,  dianilide. 

See  Oxanilide. 

6346 

,  dibutyl  ester 

dibutyl  ethanedioate*;  butyl 

(COOCH2CH2- 

202.25 

oxalate 

CH2CH3)2 

6347 

,  diethyl  ester 

diethyl  ethanedioate*;  ethyl 

(COOC2H5)2 

146.14 

oxalate ;  oxalic  ester 

6348 

,  diisoamyl  ester 

isoamyl  oxalate;  bis(7- 
methylbutyl)ethanedioate* 

(COOC5Hii)2 

230.30 

6349 

,  diisobutyl  ester 

bis(  /3-methylpropyl)  ethane- 
dioate * ;  isobutyl  oxalate 

(COOC4H9)2 

202.25 

6350 

,  dimethyl  ester 

dimethyl  ethanedioate*; 
methyl  oxalate 

(COOCH3)2 

118.09 

6351 

,  dipropyl  ester 

propyl  oxalate;  dipropyl 

(COOCH2CH2- 

174.19 

oxalate 

CH3)2 

6352 

,  ethyl  methyl  ester 

CH3OOCCOOC2- 
H5 

132.11 

6353 

,  monoamide. 

See  Oxamic  acid. 

6354 

,  monoanilide. 

See  Oxanilic  acid. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


6322 
6323 
6324 
6325 

6326 

6327 

6328 

6329 

6330 
6331 

6332 

6333 
6334 
6335 

6335H 

6335R 

6336 

6337 

6338 


6339 
6340 
6341 
6342 
6343 


6344 

6345 
6346 

6347 


6348 
6349 
6350 


6351 


6352 

6353 

6354 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  acet. . 

col.  pr 

col.  liq 

col.  liq.,  1.393 
col.  liq 


col.  liq. 
liq.... 


cr. 
liq 


yl-.    See  Canth 

col.  liq., 
1.4561416-6 


col.  monocl.; 

1.440,  1.475, 

1.625 
oil 

col.  liq 

col.  liq., 
1.41011 

Hq 

col.  liq 

col.  monocl. 
tab., 
1.37982-1 

col.  liq 

col.  liq 


Density 
g/ml 


0.8847- 

4 

0.9197^ 
0.9118 


0.8971' 
0.8621 
0.9742s 
0:8805' 


aridin. 
1.159 


1.653 


055 


1.011 

1.0842615; 
1.0785^ 


0.968- 
ii 

1.00214 

1.12082; 
1.147954; 

1.422? 

1.02; 
1.038— 


1.156° 


Melting 
point,  °C 


-H2O,  100 
176  d. 


■76. 


71 


101;  189 
anh. 


-40.6 


54 


Boiling 
point,  °C 


142 

159 
224.2 


145.9 
(143-5) 
166-8 

101-2 
26550 
1053« 


13224 

subl.  150 

217 

243.4 
185.1 

265 
229 
163.3 

214-5 
173.7 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


1.5719 


s.  d. 


2 .  I22 


9.515, 
12090 


si.  s. 


6.18 


v.  si.  s. 


23. 713 


15. 720  eth.;  s. 
glyc.;sl.  s.  bz. 
v.  si.  s.  eth.  . 

00  eth. 

»  eth, 


s.  eth. 


s.  eth. 


*>  eth.,  bz. 


1.37,  anh.  16.9 
eth.;  i.  chl., 
pet.  eth.,  bz. 


s.  eth.  i 

00  eth.;  ord. 
org.  solv. 


v.  s.  eth. 
s.  eth. 
s.  me.  al. 

s.  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6355 
6356 

Oxalic  acid,  monoureide. 
,  p-phenylphenacyl  ester 

,  piperazinium  salt 

,  urea  salt. 

Oxalic  ester. 
Oxatimide. 
Oxalonitrile. 
Oxaluramide 

See  Oxaluric  acid. 

(COOCH2COC6- 
H4CeH&)2 
C4H10N2C2H2O4... 

NH2CONHCO- 

CONH2 
NH2CONHCO- 

COOH 
COCICOCI 

NH2COCOOH... 
NH2COCOOC2H5 

CH3CONHCO- 
COOC2H6 

NH2COCONH2... 

(CONHC2H6)2.... 

(CH3)2NCOCONHi 
(CONHCH3)2 

C6H6NHCOCOOH 
(CONHC6H6)2.... 
C6H4(COH)2C6H4 

yl-.  See  Thetin,  dim 
OC(C6H6):NC- 

(C6H6):C(C6H6) 

478  48 

6357 

176  17 

6357M 

6358 

6359 

6360 

6361 

See  Urea,  oxalate. 

See  Oxalic  acid,  diethyl  ester. 

See  Oximide. 

See  Cyanogen. 

oxamic  acid  ureide;  oxalan. .  . 

carbamyloxamic  acid ;  oxalic 
monoureide 
ethanedioyl  chloride* 

See  Oxamic  acid,  ethyl  ester. 

oxalic  acid  monoamide 

ethyl  oxamate;  oxamethan.  .  . 

See  Oxaluramide. 

ethyl  acetyloxamate 

131  09 

6362 

Oxaluric  acid 

132.08 

6363 

6364 
6365 

Oxalyl  chloride 

Oxamethan. 

Oxamic  acid 

126.93 
89.05 

6366 

,  ethyl  ester 

117.10 

6367 
6368 

,  ureide. 

,  iV-acetyl-,  ethyl 

ester 

,  carbamyl-. 

,  phenyl-. 

Oxamide 

159.14 

6369 
6370 
6371 

See  Oxaluric  acid. 
See  Oxanilic  acid. 
ethanediamide*;  oxalamide.  . 

JV.iV'-diethylethanediamide* ; 
si/m-diethyloxamide 

uNSi/m-dimethyloxamide 

sym-dimethyloxamide 

See  Oxanilide. 
phenyloxamic  acid ;  oxalic 
acid  monoanilide 
N.iV'-diphenyloxamide;  oxal- 

88.07 

6372 

6373 
6374 

6375 
6376 

,  iV,iV'-diethyl-.... 

,  iV,iV*-dimethyl-..  . 

,  iV,7V'-dimethyl-.  . 

,  iV,iV'-diphenyl-. 

Oxanilic  acid 

144.17 

116.12 
116.12 

165.14 

6377 

Oxanilide 

240.25 

6378 

Oxanthranol 

ic  acid  dianilide 
9,10-anthradiol  or  10-hy- 

210.22 

6379 
6380 
6381 

1 ,2-Oxathietan-4-one, 
1,4-Oxazine,  tetrahydr 
Oxazole,  triphenyl-..  .  . 

Oximide 

droxyanthrone;  anthra- 
hydroquinone 
2,2-dihydro-2,2-dimeth 

0-.    See  Morpholine. 
benzilam ;  azobenzil 

ethyl-. 
297.34 

oxalimide 

6382 

NCOHCO 

L                 1 
C6H4NHCOCH2... 

71.04 

6383 

Oxindole 

2(3)  indolone ;  o-amino-a- 

toluic  acid  lactam 
dioxindole ;  o-aminomandelic 

acid  lactam 
See  Imesatin. 
See  Ethylene  oxide. 
See  Epichlorohydrin. 
See  Epiiodohydrin. 
See  Propene  oxide. 
See  Epicyanohydrin. 
See  Propene,  1,2  epoxy-*. 
vinetine 

133.14 

,  3-hydroxy- 

,  3-imino-. 

Oxirane. 

,  (chloromethyl)-. 

,  (iodomethyl)-. 

,  methyl-. 

Oxiraneacetonitrile. 
Oxrene,  methyl-. 
Oxyacanthine 

6384 

6385 
6386 
6387 
6388 
6389 
6390 
6391 
6392 

C6H4NHCOCHOH 
1        ...        1 

C19H21NO8 

149.14 
311.37 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued 


Crystalline 

form,  color 

and  index  of 

refraction 


wh.  cr. 


cr 

cr.  powd 


col.  fum.  liq. 
1.43305'" 

col.  cr 


rhomb,  leaf 


need 


wh.  powd. 
monocl. 
col.  need.  f.  al 

col.  pi.  f.  bz. . 
col.  leaf,  or 
need.  f.  w. 

rhomb,  need, 
f.  bz. 
lust.  sc.  f.  bz  . 

ylsh.  need, 
unst. 


rhomb,  pr.  f. 
al.-eth. 


col.  pr 

col.  need.  f.  w 

rhomb,  pr. 
f.  al. 


wh.  need.  f. 
al.  or  eth., 
[a]+ 131. 6°^ 


Density 
g/ml 


1 .4ss  " 


0.80819 


1 .  007 
1  I604 


Melting 

point,  °C 


105.5  d. 
>300 

d. 
187 
12 


210  d. 

115 


419  d. 

190 

104 
217 
(209-10) 

150 

250  (240-7 

180 


115 


120 
180 


202-14 


Roiling 
point,  °C 


54 


179 
subl 

320 


d. 
195  d. 


Solubility  in  grains  p^r  133  ml  of 


Water 


s.  h. 


v.  si.  s. 

d. 


1  4U 

s.  h. 


L,  d.  h 

O.Ol7-3 

si.  s. 
V.  B. 

2.5»-< 

B.  h. 

i. 
i. 


v.  si.  s. 

d.  h. 

v.  s.  h. 

7.7  c, 
18. 7h 


Alcohol 


V.  Sl.  8. 


v.  sl. 
s. 


V.  B. 
ll.  B. 


V.   sl.    £ 
h. 

s.(grn. 

fluores. 


s. 
6.6 


Ether,  etc. 


i.  eth. 


s.H.SO^KOH 

B.  eth. 

v.  sl.  s.  eth. 
s.  eth.;  v.  sl.  s. 
bz. 

s.  eth. 

V.  sl.  S.  eth. 

v.  sl.  s.  eth. 

v.  sl.  s.  eth. 
v.  sl.  s.  eth. 

v.  s.  eth. 

i.  (sl.  s.  h.) 
eth. 
s.  alk. 


sl.  s.  eth. 

sl.  s.  NH4OH 
s.  eth.,  alk. 
s.  alk. 


s.  eth.,  chl., 
bz.,  pet.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6393 


6394 

6395 
6396 
6397 

6398 

6399 
6400 

6401 

6402 

6403 

6404 

6405 

6406 
6407 
6408 

6409 
6410 
6411 
6412 

6413 
6414 
6415 

6415M 
6416 


6417 
6418 
6419 

6420 
6421 
6422 


6423 
6425 
6426 
6427 
6428 
6429 


Name 


Oxyacanthine,  hydro- 
chloride 

,  nitrate 


Oxynarcotine 
Oxyneurine. 
Oxysparteine . 


,  hydrochloride. 


Paeonol. 
Palmitaldehyde,  oxime 


Palmitamide . 
Palmitic  acid . 

,  benzyl  ester. 

,  cetyl  ester.. 

,  ethyl  ester.. 


.  ethylene  ester. 

glyceryl  ester. 

,  methyl  ester. . 


,  myricyl  ester . 

Palmitic  amide. 
Palmitin. 
Palmitolic  acid . 


Palmitone. 

Palmitonitrile 

Palmitoyl  chloride, 
Palmityl  chloride 
Pantothenic  acid .  .  . 


Papaverine 


,  hydrochloride 

Paraacetaldehyde. 
Parabanic  acid . .  . 


dimethyl-. 


Parabutyraldehyde . 
Paraconic  acid 


,  2,2-dimethyl- 

Paracyanogen 

Paradiazine. 
Paraformaldehyde . 
Paralactic  acid. 
Paraldehyde 


Synonyms 


See  Betaine. 


See  Peonol. 
hexadecanal  oxime5 


hexadecanamide*;  palmitic 

amide 
hexadecanoic  acid*;  n-hexa- 

decylic  acid 


cetyl  palmitate;  hexadecyl 
hexadecanoate* 
ethyl  hexadecanoate* 


See  Glycol,  dipalmitate. 
See  Glycerol,  tripalmitate. 
methyl  hexadecanoate*; 
methyl  palmitate 


See  Palmitamide. 

See  Glycerol,  tripalmitate. 

7-hexadecynoic  acid* 


See  lb-Hentriacontanone* 

hexadecanenitrile* 

hexadecanoyl  chloride*. 


N-(a,  7-dihydroxy-/9,/3-di- 
methylbutyryl)-0- alanine ; 
chick  antidermatitis  factor 


See  Paraldehyde. 
oxalylurea 


See  Cholestrophan. 


tetrahydro-5-oxo-3-furan- 
carboxylic  acid ;  itamalic 
acid  7-lactone 

See  Terebic  acid. 


See  Pyrazine. 
See  Polyoxymethylene. 
See  d- Lactic  acid. 
2,4,6-trimethyl-l  ,3,5-tri- 
oxane ;  paraacetaldehyde 


Formula 


Ci9H2iN03HCl. 
2H*0 

CwHaiOaN-HNOa- 
2H20 
C22H23NO8 


C15H24N2O 


Ci5H24N2OHCl- 
4H20 

CH3(CH2)l4- 

CH:NOH 
CH3(CH2)i4CONH; 

CH3(CH2)i4COOH 

C16H31COOCH2- 
C6H5 
C15H31COOC16H33 

CH3(CH2)l4- 

COOC2H5 


C15H31COOCH3.. 
C16H31COOC31H63 


CH3(CH2)7C;C- 
(CH2)6COOH 

CH3(CH2)i4CN... 
CH3(CH2)i4COCl 


C9Hi7N05. 
C20S21NO4 


C20H21NO4HCI.. 

NHCONHCOCO 

1 1 


(C3H7CHO)3 

CH2COOCH2CH- 

COOH 


(CN): 


OCH(CH3)OCH- 

1 

(CH3)OCHCH3 


Mol. 
Wt. 


383.87 

410.42 
429.41 
248.36 
356.89 

255.44 
255.44 
256.42 
346.54 

! 480.84 

I 

! 284. 47 

270.45 
691.23 

252.39 

237.42 

274.87 

219.24 
339.38 

375.84 
114.06 


216.31 
130.10 


(26.02)* 


132.16 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


sm.  need., 
[a]-163.6°15 

need 

need 

wh.  hyg.  need 

wh.  cr 


need.  f.  al 
col.  leaf. . . 


col.  need., 

1.427379-8 
cr 


pi.  f.  eth.  or 
ac.  a.,  1.439870 

col.  need. 
1.4347s4-3 


col., 

1.4175807 
feath.  cr . . 


col.  need.  f.  w 


col.  hex.  tab. 
col.  liq.  or  cr . 


col.  rhomb. 

need.  f.  al. 

a  1.625, 

71.690 
monocl.  pi . 


col.  monocl. 
pi.  f.  w. 


deliq.  cr 


br.  powd. 


col.  liq., 
1.40486 


Density 
g/ml 


liq.  0. 853fi2 
0.9136- 

25 

0.8325<> 
0.8577- 


liq.  0.822s: 


1.337 


0.918 


0.9943 j 


Melting 
point,  °C 


195-200 

84 
48-50 

89.5 

106 

64 

36.0 

55.5 

24.2 

(19-20) 

29.5 

72 

47 


31 
11-2 


147 


231 


243  (227) 
d. 


58 


12.6(10.5) 


Boiling 
point,  °C 


23612 
339-56  d. 

d. 
185.510 


19615 


24015 


251.5100 
194. 517 


d. 


98-10035 


subl. 


124. 4™ 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc 


si.  s. 


v.  si.  s 
c,  s.  h 


2. 718 
4.78 


5.88100; 
1213 


s. 

v.  s. 
s. 

s. 

si.  s. 
9.320 

s. 


1.    c, 

h. 


v.    s.    eth.;   s. 
chl. 


v.  s.  eth. 

si.  s.  eth. 

s.  eth. 

v.  s.  eth. 

s.   eth.,   acet., 
bz.,  chl.,  CSa 
s.  eth. 


s.  eth. 
s.  eth. 

v.  s.  eth. 


s.  eth. 
v.  s.  eth. 


0.3910  eth.;  s. 
h.  chl.,  h.  bz. 


si.  s.  eth. 


s.  KOH 


oo  eth.,  chl. 
oils 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6430 
6431 
6432 
6433 
6434 
6435 


6436 
6437 
6438 
6439 
6440 
6441 

6442 
6443 
6444 
6445 

6446 
6447 
6448 

6449 

6450 

6451 

6452 


6452M 

6453 

6454 


6455 
6456 

6457 
6457H 
6457R 
6458 

6459 
6460 
6460M 

6461 

6462 

6463 

6464 

6465 


Name 


Paraldol 

Paraleucaniline. 
Par  am. 

Paramorphine. 
Paranitraniline  red. 
Pararosaniline 


,  hexamethyl-. 

Pararosolic  acid. 
Paraxylic  acid. 
Parsley  camphor. 

a-Parvoline 

0-Parvoline 


Parvuline. 

Paucine 

Pectinose. 
Pelargonaldehy  de , 

oxime 
Pelar£onamide. . . 
Pelar£one. 
Pelargonic  acid .  . 


,  ethyl  ester 

,  methyl  ester. . . 

Pelargononitrile 


Pelargonyl  chloride 


Pellagra-preventive  vit 
Pelletierine 

,  sulfate 


Pellotine 

Pentadecanal,  oxime* 


Pentadecane* 

,  1 -amino-. 

,  2,5, 8,11, 14-pento 

1-Pentadecanol* 


8-Pentadecanone* .  .  .  . 
n-Pentadecyl  alcohol. 
Pentadecylamine*(/i) . . 

1,2-Pentadiene* 

1,3-Pentadiene* 

1,4-Pentadiene* 

2,3-Pentadiene* 

2,4-Pentadienoic  acid* 


Synonyms 


See  p3-Leucaniline. 

See  Guanidine,  1-cyano-. 

See  Thebaine. 

See  2-Naphthol,  \-p-phenylazo- 

tris(p-aminophenyl)car- 
binol;  p,p',p"-triamino- 
triphenylcarbinol 

See  Crystal  violet  (base). 

See  Aurin. 

See  3,4-Xylic  acid. 

See  Apiole. 

2-ethyl-3,5-dimethylpyridine 

tetramethylpyridine ;  par- 
vuline 

See  P-Parvoline. 


See  dl-Arabinose. 
nonanal  oxime*.. 


nonanamide* 

See  9-Heptadecanone*. 
nonanoic  acid*;  n-nonylic  acid 

ethyl  nonanoate* ;  ethyl  n- 

nonoate 
methyl  nonanoate* ;  methyl 

pelargonate 
nonanenitrile*;  n-octyl 

cyanide 

nonanoyl  chloride* 


amin.   See  Nicotinamide;  Nic 
punicine 


n-pentadecane 

See  Pentadecylamine*(n). 
xa-*.  See  Tetraethyleneglycol, 
n-pentadecyl  alcohol 


diheptyl  ketone;  caprylone. 
See  1-Pentadecanol*. 
1-aminopentadecane 


ethylallene 

piperylene;  a-methylbi  vinyl. 


/3-vinylacrylic  acid;  ay- 
^entadienic  acid 


Formula 


(CiHsOo): 


(H2NC6HO3COH. 


C9H13N 

C5H(CH3)4N. 


C27H39N505-6^H20 

CH3(CH2)7- 
CH:NOH 
CH3(CH2)7CONH2 

CH3(CH2)7COOH 

CH3(CH2)7CO- 

OC2H5 
CH3(CH2)7CO- 

OCH3 
CH3(CH2)7CN.... 


CH3(CH2)7C0C1 


otinic  acid. 

CsHuNO 

(C8Hi5NO)2-H2S04 


Ci3Hi9N03 

CH3(CH2)i3- 
CH:NOH 
CH3(CH2)i3CH3... 

dimethyl  ether. 
CH3(CH2)i4OH.... 

[CH3(CH2)6]2CO... 

CH3(CH2)i4NH2... 

CH2:C:CHCH2- 

CH3 
CH2:CHCH:CH- 

CH3 
C^iCHCH^ 

CH:CH2 
CH3CH:C:CHCH3 

CH2:CHCH:CH- 
COOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


wh.  tricl.  cr , 


col. -red  leaf. 


liq 
liq, 


yel.  leaf.  .  . . 
leaf.  f.  dil.  al 
col 


col.  oily  liq., 

1.4330 
col.  liq., 

1.4220020 
Hq 


col.  liq 


col.  liq., 
1.438015 


col.  oil 

br.  syrupy 

liq.  or  cr. 

mass, 

fa]-30°D 

pi.  f.  al 

need.  f.  dil.  a) 


col.  liq. 


cr 

cr.  f.  a: 
col.  cr. 


Hq., 
1.440216.5 

1.3380.... 


liq 

pr.  f.  eth. 


Density 
g/ml 


.345- 


0.9338° 
0.916 


0.9055 j 
0.8657- 

4 

0.87718 


0.8331°; 
0.78616 

0.9590-^- 

0.946^ 

4 

0.98815-5 


0.768S- 


0.696 

0.6594 j 

0.702^ 
o 


Melting 
point,  °C 


18!) 


d.  126 

63 

99-100 

12 

-36.7 
(-44.5) 

-34.2 

-60.5 


110 
86 

10 


43.84 

(45-6) 
40 


80 


Boiling 
point,  °C 


9015 


188 
220 


254 
227.5 
214 
224.0 


215.35 

(108-1022) 


195  d. 


270.5 


178 

307.6; 
132. 32 
45 

43  (42-4) 

25.8-6.2 

49-51 

d.  110-5 


Solubility  in  grams  per  100  ml  of 


Water 


s.  h. 


Alcohol 


20. 525 


i. 
s. 
si.  s. 

s. 


si.  s. 

d. 


v.  s. 
si.  s. 

v.  s. 


Ether,  etc. 


3.62Seth. 


s.  eth. 


i.  eth. 
s.  eth. 
si.  s.  eth. 
s.  eth.,  chl. 
oo  eth. 
s.  eth. 
s.  eth. 


s.  eth. 


*  eth. ;  s.  chl. 


v.  s.  eth. 
v.  s.  eth.;  si. 
bz. 
v.  s.  eth. 


s.  eth. 


v.  s.  eth.;  si. 
net.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6466 

2,4-Pentadienoic  acid* 

,  5-(3,4-methylenedioxy 

phenyl)  -.See  Pipe 

ric  acid. 

6467 

l,4-Pentadien-3-one,  1 

,5-diphenyl-*.   See  Styryl  k 

etone. 

6468 

Pentaery  thritol 

pentaery thrite ;  2,2-bishy- 
droxymethyl-1 ,3-propane- 
diol* 

C(CH2OH)4 

136.15 

6469 

Pentaglycerine,  Penta 

glycerol.  $eel,3-Propanediol, 

2-hydroxymethyl-2-m 

ethyl-*. 

6470 

Pentamethy  lene. 

See  Cyclopentane*. 

6471 

,  keto-. 

See  Cyclopentanone*. 

6472 

Pentamethy  lenediami 

ne.    See  Cadaverine. 

6473 

Pentamethy  lene  dibro 

mide.    See  Pentane,  1,5-dibro 

mo-*. 

6474 

Pentamethy  lene  dichl 

oride.   See  Pentane,  1,5-dichlo 

ro-*. 

6475 

Pentamethy  lene  glycol 

.    See  1,5-Pentanediol*. 

6476 

Pentamethylene  oxide. 

See  Pyran,  tetrahydro-. 

6477 

Pentamethylenimine. 

See  Piperidine. 

6478 

Pentanal*. 

See  Valer aldehyde. 

6479 

,  4-oxo-*. 

See  Levulinaldehyde. 

6480 

Pentanamide*. 

See  Valeramide. 

6481 

Pentane* 

n-pentane 

CH3(CH2)3CH3.... 

72.15 

6482 

,  1-amino-. 

See  Amylamine. 

6483 

,  2-amino-. 

See  Butylamine,  a-methyl-. 

6484 

,  3-amino-. 

See  Propylamine,  a-ethyl-. 

6485 

,  l-amino-4-meth 

yl-.    See  I sohexylamine. 

6486 

,  3,3-bisethylsulfo 

nyl-*.    See  Tetronal. 

6487 

,  1-bromo-*. 

See  Amyl  bromide. 

6488 

,  1-chloro-*. 

See  Amyl  chloride. 

6489 

,  2-chloro-* 

CH3CHCICH2CH2- 
CH3 

106 . 60 

6490 

,  3-chloro-* 

CH3CH2CHCICRV 
CH3 

106.60 

6490M 

,  3-cyano-. 

See  Butyronitrile,  a-ethyl-. 

6491 

,  1,5-dibromo-*.  .  . 

pentamethylene  dibromide .  .  . 

CH2Br(CH2)3CH2- 
Br 
C1(CH2)6C1........ 

229.96 

6492 

,  1,5-dichloro-*.. .  . 

pentamethylene  dichloride . . . 

141.05 

6493 

,  2,2-dimethyl-*..  . 

trimethylpropylmethane 

(CH3)3CCH2CH2- 
CH3 
CH3CH(CH3)CH- 

100.20 

6494 

,  2,3-dimethyl-*... 

ethylisopropylmethylmeth- 

100.20 

ane 

(CH3)CH2CH3 

6495 

,  2,4-dimethyl-*. .  . 

diisopropylmethane 

(CH3)2CHCH2- 

100.20 

CH(CH3)2 

6496 

,  3,3-dimethyl-*..  . 

diethyldimethylmethane  .... 

CH3CH2C(CH3)2- 
CH2CH3 

100.20 

6497 

,  1-ethoxy-*. 

See  Ether,  amyl  ethyl. 

6498 

,  3-ethyl-* 

triethylmethane 

(C2H6)3CH 

100.20 

6499 

,  3-ethyl-2- 

methyl-* 

diethylisopropylme  thane 

(CH3)2CHCH- 

(C2H5)2 

114.23 

6500 

,  3-ethyl-3- 

methyl-* 

triethylmethylmethane 

CH3CH2C(CH3)- 
(C2H6)CH2CH3 

114.23 

6500M 

,  1-fluoro-*. 

See  Amyl  fluoride  (n). 

6501 

,  1-iodo-*. 

See  Amyl  iodide. 

6502 

,  1-methoxy-* 

amyl  methyl  ether 

CH3(CH2)4OCH3.. 

102.17 

6503 

,  2-methyl-* 

dimethylpropylmethane 

(CH3)2CH(CH2)2- 
CH3 

86.17 

6504 

,  3-methyl-* 

diethylmethylmethane 

CH3CH2CH(CH3)- 
CH2CH3 

86.17 

6505 

,  3-methylene-*. 

See  1-Butene,  2-ethyl-*. 

6506 

,  2-methyl-3-meth 

ylene-.  See  1-Butene,  2-ethyl- 

3-methyl-*. 

6506M 

,  3-methylol-. 

See  1-Butanol,  2-ethyl-*. 

6507 

,  4-methyl-l-phen 

yl-.   See  Benzene,  isohexyl-. 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

6466 

6467 

6468 

tetrag.  cr., 
1.559,  1.548 

253(260.5) 

5.5615 

6469 

6470 

6471 

6472 

6473 

6474 

6475 

6476 

6477 

6478 

6479 

6480 

6481 

col.  liq., 

0.626-; 

-131.5 

36.2 

0.03616 

OO 

oo  eth. 

1.357015-7 

4 

0.6214- 

(-129.9) 

(34-5.5) 

6482 

4 

6483 

6484 

6485 

6486 

6487 

6488 

6489 

liq.,  1.4060.... 

0.870- 

96-7 

S. 

s.  eth. 

6490 

1.416315 

4 

0.8967^ 

104-5 

6490M 

6491 

col.  arom.  liq  . 

1.702— 

0 

1.0940- 

4 

0.6737 

-35 

224 

178 
78.9 

s. 
s. 

6492 

s.  eth. 

6493 

col.  liq 

-125 

s.  eth. 

6494 

col.  liq 

0.6959 

89.4 

s. 

s.  eth. 

6495 

col.  liq 

0.6745 

-123.4 

80.8 

s. 

s.  eth. 

6496 

col.  liq 

0.6934 

86.0 

s. 

s.  eth. 

6497 

6498 

col.  liq 

0.6984 

-94.5 
(-125.6) 

93.3 

s. 

s.  eth. 

6499 

col.  liq.,  1.4016 

0.7078 

114.0 

si.  s. 

s.  eth. 

6500 

liq 

0.712 

119.0 

3  eth. 

6500M 

6501 

6502 

liq 

0.754 
0.654 

88.5 
60 

i. 

s. 

6503 

col.  liq.,  1.372. 

s.  eth. 

6504 

col.  liq 

0.676^ 

64 

i. 

00 

s.  eth. 

6505 

4 

6506 

6506M 

6507 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

6508 

Pentane,  pentyloxy-*. 

See  Amyl  ether. 

6509 

,  1 -phenyl-. 

See  Benzene,  amyl-. 

6510 

,  2-phenyl-. 

See  Benzene,  (a-methylbutyl)-. 

6511 

,  2,2,4-trimethyl-* 

isobdtyltrimethylmethane ; 
"isooctane" 

(CH3)3CCH2CH- 

(CH3)2 

114.23 

6512 

3-Pentanecarboxylic  ac 

id.   See  Butyric  acid,  a-ethyU. 

6513 

1 ,5-Pentanediamine*. 

See  Cadaverine. 

6514 

Pentanedinitrile*. 

See  Glutaronitrile. 

6515 

Pentanedioic  acid*. 

See  Glutaric  acid. 

6516 

t  3-oxo-*. 

See  Acetonedicarboxylic  acid. 

6517 

1,2-Pentanediol* 

a-n-amyleneglycol 

CH3CH2CH2CH- 

104.15 

(OH)CH2OH 

6518 

1,4-Pentanediol* 

Y-pentylene  glycol 

CH3CHOHCH2- 

104.15 

6519 

1,5-Pentanediol* 

pentamethylene  glycol 

CH2CH2OH 
CH2OHCH2CH2- 
CH2CH2OH 

104.15 

6520 

2,3-Pentanediol* 

methylethylethylene  glycol ; 
/3-n-amylene  glycol 

CH3CH2CH(OH)- 
CH(OH)CH3 

104.15 

6521 

2,4-Pentanediol,  2- 

or,a,a'-trimethyltrimethy- 

(CH3)2COHCH2- 

118.17 

methyl-* 

lene  glycol 

CHOHCH3 

6522 

1,4-Pentanedione,  1-p 

henyl-.  See  Valerophenone,  y 

-OXO-. 

6523 

1,5-Pentanedione,  1,2, 

3,4,5-pentaphenyl-.See  B 

enzamarone;  Isobenza 

marone. 

6524 

2,3-Pentanedione,  3- 

a-isonitrosopropyl  methyl 

CH3COC(:NOH)- 

115.13 

oxime* 

ketone 

C2H5 

6525 

2,4-Pentanedione*  .... 

acetylacetone 

CH3COCH2COCH3 

100.11 

6526 

Pentanenitrile*. 

See  Valeronitrile. 

6527 

,  4-methyl-*. 

See  Isocapronitrile. 

6528 

1 ,2,3,4,5-Pentanepento 

1*.   See  Arabitol. 

6529 

1 -Pentanethiol* 

amyl  mercaptan 

CH3(CH2)4SH.... 

104.21 

6530 

Pentanoic  acid*. 

See  Valeric  acid. 

6531 

,  4-methyl-*. 

See  Isocaproic  acid. 

6532 

,  4-oxo-*. 

See  Levidinic  acid. 

6533 

Pentanoic  anhydride*. 

See  Valeric  anhydride. 

6534 

1-Pentanol* 

butylcarbinol ;  pri-n-amyl 

CH3(CH2)3CH2OH 

88.15 

6535 

,  2-methyl-* 

alcohol 
2-methyl-2-propylethanol 

CH3(CH2)2CH- 
(CH3)CH2OH 

102.17 

6536 

,  3-methyl-* 

active  hexyl  alcohol 

(C2H5)(CH3)CH- 

102.17 

CH2CH2OH 

6537 

,  4-methyl-* 

isoamylcarbinol 

(CH3)2CH(CH2)2- 

102.17 

6538 

2-Pentanol* 

methylpropylcarbinol;  sec- 
ad-zmyl  alcohol 

CH2OH 

CH3CH2CH2- 
CHOHCH3 

88.15 

6539 

,  2,4-dimethyl-*. .  . 

isobutyldimethylcarbinol 

(CH3)2COHCH2- 
CH(CH3)2 

116.20 

6540 

,  2-methyl-* 

dimethylpropylcarbinol 

(CH3)2COH- 
(CH2)2CH3 

102.17 

6541 

,  4-methyl-* 

isobutylmethylcarbinol 

(CH3)2CHCH2- 
CHOHCH3 

102.17 

6542 

, ,  acetate 

a,  -y-dimethylbutylacetate .  . 

CHsCHfOOCCHs)- 

144.21 

CH2CH(Cll3)2 

6543 

, ,  butyrate 

a-methylisoamyl  butyrate . .  . 

(CH3)2CHCH2CH- 
(OOCC3H7)CH3 

172.26 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  Der  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

6508 

6509 

6510 

6511 

col.  liq.,  1.3916 

0.6918 

f.  P.-107.4 

99.3 

l. 

sl.  s. 

s.  eth 

6512 

6513 

6514 

6515 

6516 

6517 

col.  liq 

liq 

0-980^ 

20 

0.9954- 

211.8 
131-318 

OO 
OO 

00 
00 

»  eth. 

6518 

v.  sl.  s.  eth. 

6519 

thick  liq., 
1.4499 

0.994^ 

20 

239.4 

OO 

00 

sl.  s.  eth. 

6520 

liq 

0.9945° 
0.9240- 

187 

196;  96-810 

s. 

S. 

s. 
s. 

6521 

liq 

s.  eth. 

6522 

4 

6523 

6524 

leaf.  f.  lgr 

56-7 

183-7 

sl.  S. 

V.  8. 

v.  s.  eth.,  chl. 

6525 

col.  inflam. 
liq., 
1.4517818-5 

0.976 

-23.2 

139746 

12.5, 
51.580 

oc 

00  eth.;  s.  by,.. 
chl.,  acet., 
glac.  ac.  a. 

6526 

6527 

6528 

6529 

liq.,  1.44366... 

0.857 

-75.7 

126 

l. 

00 

00  eth. 

6530 

6531 

6532 

6533 

0.8144^ 

6534 

col.  liq., 

-78.5 

138 

2  722 

00 

00  eth. 

1.4099420 

4 

6535 

0.831— 

15  .6 

148 

6536 

Hq 

0.8262; 
0.8205- 

4 

153.7-54.1 

i. 

S. 

s.  eth. 

6537 

liq.,  1.4490. . .  . 

0.8243°; 
0.8156- 

4 

147-8; 
151.8-2.8 

v.  sl.  S. 

(i.) 

s. 

s.  eth. 

6538 

col.  liq.,  1.4053 
col.  liq.,  1.4172 

0.809^ 

4 

0.8158 

119.28 
132.8-3.4 

5.330 
i. 

OO 

S. 

00  eth. 

6539 

<-20 

s.  eth. 

(129-30) 

6540 

liq 

4  (<-38) 

122.5-3.5 

v.  sl.  s. 

s. 

00    eth. 

6541 

col.  liq.,  1.409. 

0.806 
(0.813  "} 

131.4 

1.8 

00 

00  eth. 

6542 

col.  liq 

col.  liq 

0.8580 j 
0.853 

146 
183 

0.08225 
0.835 

6543 

-48 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

6544 

6545 

6546 

6547 

6548 

6549 
6550 

6551 
6552 

6553 
6554 
6555 

6556 
6557 
6558 

6559 

6560 
6561 
6562 

6563 

6564 

6565 

6566 

6567 

6568 

6569 

6570 

6571 


Name 


2-Pentanol,  2,4,4-tri- 
methyl- (?) 


3-Pentanol* 

,  2,3-dimethyl-*. 

,  2,4-dimethyl-*. 


2,4-dimethyl-3- 

phenyl- 

3-ethyl-* 

3-ethyl-2- 

methyl-* 


2-methyl-* 
3-methyl-* 


2-Pentanone*. 

,  oxime 


4-hydroxy-4- 
methyl-* 


3-methyl-* 
4-methyl-* 


3-Pentanone*. 


2,4-dimethyl-*. 


,  2-methyl-* 


Pentanoyl  chloride*. 
Pentatriacontane*.  . 

18-Pentatriacon- 

tanone* 
1-Pentene* 


2,3-dimethyl-*. 
2,4-dimethyl-*. 
3,3-dimethyl-*. 

2-ethyl-* 

2-methyl-* 

3-methyl-*.  .  . . 
4-methyl-* 


Synonyms 


isodibutol. 


diethylcarbinol 


ethylisopropylmethylcar- 
binol 
diisopropylcarbinol 


diisopropylphenylcarbinol 

triethylcarbinol 

diethylisopropylcarbinol .  . 


ethylisopropylcarbinol . 
diethylmethylcarbinol . 


methyl  propyl  ketone .  . 
methyl  propyl  ketoxime 
diacetone  alcohol 


sec-butyl  methyl  ketone; 
as?/m-ethylmethylacetone 
isobutyl  methyl  ketone .  . . 


diethyl    ketone ;    sym-di- 
met  hylacetone ;  propione ; 
ethyl  ketone 

diisopropyl  ketone 


ethyl  isopropyl  ketone. 
See  Valeryl  chloride. 
n-pentatriacontane. . . . 


diheptadecyl  ketone ;  stearone 
propylethylene ;  a-n-amylene 
1-sec-butyl-l-methylethylene 
1-isobutyl-l-methylethylene 


1-ethyl-l-propylethylene ; 
3-methylenehexane* 
1-methyl-l-propylethylene . 


sec-butylethylene . 
isobutylethylene . 


Formula 


(CH3)3CCH2COH- 
(CH3)2 


CH3CH2CHOH- 

CH2CH3 
(CH3)2CHCOH- 

(CH3)CH2CH3 
(CH3)2CHCHOH- 

CH(CH3)2 
[(CH3)2CH]2- 

COHC6H5 

(C2H6)3COH 

(CH3)2CHCOH- 

(C2H6)CH2CH3 


(CH3)2CHCHOH- 

CH2CH3 
CH3CH2COH- 

(CH3)CH2CH3 


CH3CO(CH2)2CH3 

CH3C(:NOH)- 

(CH2)2CH3 
CH3COCH2C- 

(OH)(CH3)2 


CH3COCH(CH3)- 

CH2CH3 
CH3COCH2CH- 

(CH3)2 
C2H6COC2H5.... 


(CH3)2CHCOCH- 
(CH3)2 
C2H5COCH(CH3)2 

CH3(CH2)33CH3. . . 

(Ci7H35)2CO 


CH3CH2CH2- 

CH:CH2 
CH2:C(CH3)CH- 

(CH3)CH2CH3 
CH2:C(CH3)CH2- 

CH(CH3)2 
CH2:CHC(CH3)2- 

CH2CH3 
CH2:C(C2H6)CH2- 

CH2CH3 
CH2:C(CH3)CH2- 

CH2CH3 
CH2:CHCH- 

(CH3)CH2CH3 
CH2:CHCH2CH- 

(CH3)2 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.42085 


col.  liq., 
1.407725 
liq 


col.  liq., 
1.42259 
yel.  liq .  . 


col.  oil,  1.4314 
liq 


liq 

col.  liq.,  1.4196 


col.  liq., 

1.3894620-2 
col.  liq.,  1.4450 

col.  liq., 
1.43009 


col.  liq 

col.  liq 

col.  inflam. 

liq., 

1.393916-6 
col.  liq 


col.  liq.. .  . 

cr 

leaf.  f.  lgr. 
col.  liq.. . . 


1.3991 


Density 

g/ml 


0.8417°; 
0.8228 j 


0.81525 
0.832921 

0.8288- 

4 

0.959 


0.83892 
0.8463°; 

0.8295y 

0.826y 

0.824; 
0.8233- 


0.812- 

15 

0.909 

0.9306^ 

0.938^ 

4 

0.818j 
0.8017^ 

4 


0.8159- 

4 

0.8062- 

4 

0.830° 
0.782- 

4 

liq.  0.79395 
0.6454- 

4 

0.7054 
0.6937 
0.6961 
0.7079 
0.6817 
0.6700 
0.6646 


Melting 
point,  °C 


-20 


<-30 

<70 

60.5 


-22(<-38) 


-54  to  -5; 


-84.7 
-42 


74 


Boiling 
point,  °C 


147.5 

(152-4) 


115.6 

138-4075 

140 

1576°; 
229™ 
140-2 

159-61750 


127.5721 

122.8-3.0 

101.7 

168 

164-6 

118 

119(115-8: 

102.7 

123.7 
114.5 
33 115 

40  (32-7) 

84.1-4.3 

80.9-1.3 

76.9 

93.9-4.3 

61.5-2.0 

53.6-4.0 

53.6-3.9 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 
i. 

v.  si.  s. 
si.  s. 
i. 

v.  si.  s. 
si.  s. 

v.  si.  s. 

s. 


si.  s. 

1.9 

4.720; 
3.8100 


v.  si.  s. 


Alcohol 


si.  s.  h. 


Ether,  etc. 


s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 
s.  eth. 

w  eth. 
00  eth. 

w  eth. 
*  eth. 
00  eth. 

00  eth. 
00  eth.,  bz. 
00  eth. 

00  eth. ;  s.  bz. 
w  eth. 

si.  s.  h.  eth. 

00  eth.;  v.  s. 
dil.  H2SO4 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

6572 

6573 

6574 

6575 

6576 

6577 

6578 

6579 

6580 

6582 
6583 

6584 

6585 

6586 

6587 

6588 

6589 

6590 

6591 

6592 
6592M 

6593 
6594 

6595 

6596 

6596H 

6596R 

6597 


6598 
6599 
6800 


Name 


2-Pentene* 

,  2,3-dimethyl-*. 

,  2,4-dimethyl-*. 

,  3,4-dimethyl-*. 

,  4,4-dimethyl-*. 

,  3-ethyl-* 

,  2-methyl-* 

,  3-methyl-* 

,  4-methyl-*.  .  . . 


2-Pentene-3-carboxylic 
4-Pentenenitrile* 


2-Pentenoic  acid, 

4-methyl-* 
4-Pentenoic  acid* 


l-Penten-3-ol* 

3-Penten-2-ol, 

2-methvt-* 
4-Penten-l-ol*. 


4-Penten-2-ol*. . 

,  2-methyl-* 

3-Penten-2-one* . 
-,  4-methyl-*. 


4-Pentenylamine, 
1,2-dimethyl- 

Pentine. 
Pentyl*. 
1-Pentyne* 


2-Pentyne* 

2-Pentynoic  acid*. 


l-Pentyn-3-ol,  3,4-di- 
methyl-* 
,  3-methyl-* 


Peonol. 


Perbenzoic  acid 

Perchloromethyl  form 
Pereirine 


Synonyms 


S7/m-methylethylethylene ; 

/3-n-amylene 
ethyltrimethylethylene .  .  . 


isopropyldimethylethylene . 

1-isopropyl-l  ,2-dimethyl- 
ethylene 


l,l-diethyl-2-methyl- 
ethylene 
2-ethyl-l ,  1-dimethylethylene 

1-ethyl-l  ,2-dimethylethylene 

l-isopropyl-2-methylethylene 

acid*.  See  Crotonic  acid,  a-et 
allylacetonitrile ;  allylmethyl 

cyanide 
/3-isopropylacrylic  acid ;  a- 

isohexenic  acid 
allylacetic  acid 


ethylvinylcarbinol 

dimethylpropenylcarbinol . 


/S-allylethyl  alcohol . 
allylmethylcarbinol . 


ethylideneacetone. 


See  Mesityl  oxide. 
5-amino-4-methyl-l-hexene . 


See  Pentyne*. 

See  Amyl. 

1-pentine;  n-propylacetylene 


2-pentine ;  ethylmethylacety- 

lene;  valerylene 
ethylpropiolic   acid;   ethyl- 

acetylenecarboxylic  acid 
ethynyl    isopropylmethyl 

carbinol 
ethylethynylmethylcarbinol . 

2-hydroxy-4-methnxyaceto- 
phenone ;  resacetophenone 
4-methyl  ether ;  paeonol 

benzoyl  hydroperoxide 

ate.   See  Diphosgene. 


Formula 


CH3CH2CH:CH- 
CH3 

(CH3)2C:C(CH3)- 

CH2CH3 
(CH3)2C:CHCH- 

(CH3)2 
CH3CH:C(CH3)- 

CH(CH3)2 
CH3CH:CHC- 

(CH3)3 
CH3CH:C(C2H6)2 

(CH3)2C:CHCH2- 

CH3 
CH3CH:C(CH3)- 

CH2CH3 
CH3CH:CHCH- 

(CH3)2 
hyl,. 
CH2:CHCH2CH2- 

CN 
(CH3)2CHCH:CH 

COOH 
CH2:CHCH2CH:»- 

COOH 
CH2:CHCHOH- 

CH2CH3 
CeHnOH 


CH2:CHCH2CH2- 

CH2OH 
CH2:CHCH2- 

CHOHCHs 
CH2  '.CHCH2- 

COH(CH3)2 
CH3CH:CH- 

COCH3 

CH2:CHCH2CH- 
(CH3)CH(CH3)- 
NH2 


HCiCCH2CH2CH3 

ch3c;cch2ch3  . 

CH3CH2CiCCOOH 

HC:C-C(OH)- 
(CH3)CH(CH3)2 

HC  C-C(OH)- 
(CH3)C2H6 

CrisCOCeHs- 
(OCH3)OH 


C6H5COO2H. 
Ci9H24N20.., 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

6572 
6573 

col.  inflam. 

£ 

0.651 
0.719 
0.6947*-? 

4 

0.7126 j 
0.6881  — 

4 

0.7172 

0.6904 

(1)0.6956 
(2)0.6940 
(1)0.6709 
(2)0.6702 

1.18is 

0.959 

0.98418 

0.84027° 

0.8343" 

0.863-J- 

0.834^ 

0.8430° 

0.856 

0 .  793" 

0.72210; 
0.6882^ 

4 

0.687; 
0.712717-2 

-139 

36.4 

95.1 

82.6 

86.2-6.4 

76.0 

94.8-4.9 

67.2-7.5 

67.6-8.2 
65.7-6.2 
57.7-8.5 
54.2-5.2 

140 

108i2 

189 

114-5 

'94.6-122 

140-2 

116.4 
119.5 
122-4 

133.6 

40 
56 

i. 
i. 
i. 

i. 

si.  s. 
si.  s. 
10" 

12.5 

si.  s. 

s. 

s. 

i. 

i. 
V.  s. 

s. 
s. 
i. 

si.  s. 

i. 

00 

s. 

00 

s. 
V.  s. 

00 
00 

oo 
V.  S. 

V.  s. 

s. 
s. 
s. 

s. 
V.  s. 

«3  eth.;  v.  s. 
dil.  H2SO4 
s.  eth. 

6574 

liq.,  1.4020. . .  . 

1.4052 

1.3986 

s.  eth. 

6575 

6576 

6577 

6578 

6579 

6580 

liq 

6582 
6583 

00  eth. 

6584 

liq.,  1.450616... 

col.  liq., 
1.43417-5 

6585 
6586 

<-18 

v.  s.  eth. 
00  eth. 

6587 

6588 

col.  liq.,  1.4295 

col.  liq 

col.  liq... 

Hq 

col.  liq., 
1.4390319-* 

m  eth. 

6589 

w  eth. 

6590 

6591 

6592 
6592M 

6593 
6594 

6595 
6596 

col.  liq., 
1.407918 

liq.,  1.40044... 
cr 

-95 

-101 
50 

00  eth. 
00  eth. 

6596  H 

col.  liq., 
1.45915 

col.  liq., 
1.431023 

0.87615 
0.868820 

133 
118-21 

6596R 

s.  eth. 

6597 

50 

42 
118-24 

s.  eth. 

6598 

leaf 

exp.  80-100 

s.  eth. 

6599 
6600 

br.  amor, 
powd. 

v.   s.   eth.;   s. 

chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6601 
6602 

Peroxide,  dibenzoyl. 
Perseitol 

See  Benzoyl  peroxide. 
(f-mannoheptitol;  perseite. . . . 
imperatorin   

C7H9(OH)7 

212  20 

6603 

Peucedanin 

272.29 

6604 
6605 

Phaseomannitol. 
a-Phellandrene 

/3-Phellandrene 

Phenacetin. 
Phenacyl  alcohol. 
Phenacyl  bromide. 
Phenacyl  chloride. 
Phenanthrahydroquin 
Phenanthraquinone. 
Phenanthrene 

See  i-Inositol. 
1,5-p-menthadiene;  5-iso- 

propyl-2-methyl-l  ,3-cyclo- 

hexadiene 
l(7),2-p-menthadiene;  3- 

isopropyl-6-methylene- 

cyclohexene 
See  p-Acetophenetide. 
See  Acetophenone,  a-hydroxy-. 
See  Acetophenone,  a-bromo-. 
See  Acetophenone,  a-chloro-. 
one.  See9,\0-Phenanthrenedio 
See  Phenanthrenequinone. 

136.23 

6606 

136.23 

6607 
6608 
6609 
6610 
6611 
6612 
6613 

1 

178.22 

6614 
6615 

,  amino-. 

,  ?-benzyl- 

,  9,10-dihydro-9,l 

,  3,4-dimethoxy-  .  . 

,  9,10-dimethyl-..  . 

See  Phenanthrylamine. 

C6H5CH2C14H9. . . . 

uinone. 
Ci4H8(OCH3)2.... 

Ci4H8(CH3)2 

CmHsCCgHs^ 

CH3C14H9 

CH3C14H9 

Ci4H8(OH)2 

C6H4COCOC6H4.. 

1                 1 

268.34 

6616 
6617 

6618 

0-dioxo-.    See  Phenanthreneq 
morphol  dimethyl  ether 

238.27 
206.27 

6619 

,  9,10-diphenyl-.  .  . 

330.41 

6620 
6621 
6622 

,  hydroxy-. 

,  7-isopropyl-l-me 

,  1-methyl- 

,  3-methyl- 

,  3,4,5-trihydroxy-. 

3,4-Phenanthrenediol. 
9,10-Phenanthrene- 

diol 
Phenanthrenequinone 

,  2,7-dinitro- 

,  2-nitro- 

See  Phenanthrol. 
thyl-.    See  Retene. 

192.25 

6623 

192.25 

6624 
6625 
6626 

6627 

See  3,4,5-Phenanthrenetriol. 
See  Morphol. 
phenanthrahydroq uinone .... 

9,10-dihydro-9,10-dioxo- 
phenanthrene ;  phenan- 
thraquinone 

210.22 
208.20 

6628 

N02C6H3(CO)2- 

C6H3N02 
N02C6H3(CO)2- 

C6H4 
Ci4H7(OH)3 

C14H9OH 

298.20 

6629 

253.20 

6630 
6631 

3,4,5-Phenanthrene- 
triol 

2-Phenanthrol 

3-Phenanthrol 

4-Phenanthrol 

9-Phenanthrol 

2-Phenanthrylamine.  . 

3-Phenanthrylamine.  . 

9-Phenanthrylamine.  . 

Phenazine 

3,4,5-trihydroxyphenan- 
threne 

2-Iiydroxyphenanthrene 

3-hydroxyphenanthrene 

4-hydroxyphenanthrene 

226.22 
194.22 

6632 

C14H9OH 

194.22 

6633 

194.22 

6634 

194.22 

6635 
6636 
6637 
6638 

2-aminophenanthrene 

3-aminophenanthrene 

9-aminophenanthrene 

C14H9NH2 

C14H9NH2 

C14H9NH2 

C6H4NC6H4N 

1                  1 

193.24 
193.24 
193.24 
180.20 

,  5,10-dihydro- 

hydrazophenylene 

6639 

C6H4NHC6H4NH 

1    ,                  1 

182.22 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  need. . 
rhomb,  pr. 


liq 


liq.,  1.4788. 


col.  monocl. 
leaf.  f.  al., 

1.6567129 

need.  f.  bz.  or 
leaf.  f.  al. 

leaf.  f.  al. 

pr.  f.  dil.  ac.  a 

col.  need.  f.  al 


leaf.  f.  al.. 
cr.  f .  al . . . 


col.  need 

yel.-or.  need. 


yel.  gold 

need.  f.  ac.  a. 
yel.  leaf.  f. 

ac.  a. 
leaf.  f.  w 

leaf.  f.  dil.  al. 
need.  f.  dil.  al 


cr 

col.  need.  f. 

Igr. 
It.  yel.  cr.  f. 

Igr. 
cr.  f.  Igr ... . 


It.  yel.  pr . . 
yel.  need. . . 
rhomb,  leaf . 


Density 
g/ml 


0.843 


0.852 


1.025;  liq. 
1 .  063100 


1.403 


Melting 
point,  °C 


188 
75 


100 
(97.5-8.5) 


91-2 
(155-6) 

44 

139 

235 


123 

65 


147-8 
207(203-5 

301-3 

257 

148 

168 

122(118-9) 

108 
153 

85 

a,  143; 

0,  87.5 
137-8;  104 

171 

d. 


Boiling 
point,  °C 


175 


340.2 


298-30311- 
subl. 
270  subl. 


360 


subl. 
>360  subl. 


Solubility  in  grams  per  100  ml  of 


Water 


o.o1 
i. 


s.  h. 
si.  s. 


1. 

si.  s. 

i.  c, 
s.  h. 
i. 

i. 

i. 
si.  s. 


v.  si. 


Alcohol 


si.  s.  c. 
s.  h. 


214 

10. 078 


si.  s. 

V.  s. 
v.  si.  s. 
v.  si.  s. 


V.  s. 
V.  s. 

v.  si. 

i. 

v.  s. 

V.  s. 
V.  s. 


v.s.(vlt. 
fluores.) 
v.  s. 

2  c. 

v.  si.  s. 

h. 


Ether,  etc. 


s.  eth.,  pet. 
eth.,  KOH 


s.  eth. 
s.  eth. 


8.9315-5eth.;s. 
bz.,  chl.,  acv 
a.,  CS2 

si.  s.  bz. 


v.  s.  eth. 

v.  s.  bz.,  chl.; 
s.  ac.  a. 
s.  eth.,  bz. 


v.  s.  eth.,  bz. 

v.  s.  eth.; 
0.5420bz. 

si.  s.  ac.  a. 

si.  s.  ac.  a. 

v.  s.  eth. 

v.  s.  eth. 
v.  s.  eth. 

s.  eth. 

v.  s.  eth.,  chl., 
bz.,  h:  Igr. 
s.  eth. 

s.  dil.  HC1 

v.  s.  eth.,  bz., 
chl. 
si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8640 

6641 
8642 
6643 
6644 
6645 

6646 

6647 
6648 
5649 
6650 

6651 
6652 
6653 
6654 

6655 

6656 
6657 
6658 

6659 

6660 

6661 

6662 
6663 

6664 
6665 


6666 
6667 

6668 


6670 
6671 
6672 
6673 
6674 

6675 

6676 

6677 
6678 
6679 
6680 


Name 


Phenazine,  2-methyl- . 

2(10)-Phenazinone,  10- 

Phenazone. 

Phenazothionium  chlo 

Phene*. 

Phenethyl  alcohol 

Phenethylamine 


,  p-hydroxy-. 

,  p-hydroxy-iV,iV-d 

Phenetidine,  /V-acetyl- 
o-Phenetidine 


m  -Phenetidine 

p-Phenetidine 

,  iV\iV-diacetyl-. 

,  2-nitro-(NH2~l) 


Phenetole 


o,  m,  or  p-amino- 
azodi-. 
/3-bromo- 


,  o-chloro-. 
,  p-chloro- 
,  o-nitro- .  . 


m-nitro- 
p-nitro- 


Phenmiazine. 
Phenobarbital 


Phenocoll. 
Phenol .  .  . 


acetate. 


acetamido-. 
acetyl-, 
acetylamino-. 
o-  (acety  Imethyla 
p-allyl-. 
o-amino- 


zn -amino-. . 
p-amino-. . . 


2-amino-4,6-dini 
p-(  /9-aminoethyl 
2-ammo-3-nitro- 
2-amino-4-nitro- 


Synonyms 


phenyl-.   See  Aposafranone. 
See  Antipyrine. 
ride,  3,9-bisdimethylam 

See  Benzene*. 
2-phenylethanol ;  benzyl- 

carbinol 
/3-phenylethylamine;   1- 

amino-2-phenylethane 
See  Tyramine. 
'.methyl-.   See  Hordenine. 
.    See  Acetophenetide. 
o-ethoxyaniline ;  o-amino- 

phenetole 

7n-ethoxyaniline 

7>ethoxyaniline 

See  Diacetanilide,  p-ethoxy-. 
4-cthoxy-2-nitroaniline;  4- 

amino-3-nitrophenetole 
ethoxybenzene*;  ethyl  phenyl 

ether 
.   See  Phenetidine. 
See  Azophenetole. 
/9-bromoethyl  phenyl  ether. .  . 

l-chloro-2-ethoxybenzene* ; 

o-chloropheriyl  ethyl  ether 
l-chloro-4-ethoxybenzene* ; 

;>-chlorophenyl  ethyl  ether 
ethyl  o-nitrophenyl  ether 


See  Quinazoline. 
5-ethyl-5-phenylbarbituric 
acid;  luminal 


a-amino-p-acetophenetide . 
carbolic  acid ;  hydroxyben- 


phenyl  acetate;  acetyl- 
phenol 

See  Acetanilide,  hydroxy-. 
See  Phenol,  acetate. 
See  Acetanilide,  hydroxy-. 
mino)  -.  See  Acetanilide,  o-hy 
See  Chavicol. 
o-hydroxyaniline 


m-hydroxyaniline 

p-hydroxyaniline ;  rodinal . 

tro-.   See  Picramic  acid. 
)-.   See  Tyramine. 


Formula 


C6H4:N2:C6H3CH3 

ino-.  See  Methylen 
C6H5CH2CH2OH. . 
C6H6CH2CH2NH2 

C0H5OC6H4NH0. . . 

C2H5OC6H4NH2... 
C2H50C6H4NH2... 

N02(C2rI50)C6H3- 
NH2 
C2H60CeH6 


C6H5OCH2CH2Br 

C1C6H40C2H6.. 

C1C6H40C2H6.. 

N02C6H4OC2H5 

N02C6H4OC2H5 
N02C6H4OC2H6 

NHCONHCOC- 


(C2H6)(C6H5)CO 
i 

NH2CH2CONH- 
C6H4OC2H6 
C6H6OH 


CH3COOC6H8. 


droxy-N -methyl- . 
NH2C6H4OH.. 
NH2CcH4OH.. 
NH2CcH4OH.. 


NH2(N02)C6H3OH 
NH2(N02)C6H3OH 


e  blue. 
122.16 
121.18 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  ind^x  of 

refraction 


need. 


col.  liq.,  1.5240 
liq.,  1.575 


liq 

liq, 
liq. 


red  pr.  f.  al... 

col.  liq., 
1.507621 


col.  liq 

cr.,  1.522719. 

yel.  liq., 

1.542520 

yel.  need 

col.  monocl. 

pr.  f.  eth. 


wh.  lust . 


col.  need. 


col.  rhomb. 

need., 

1.5424740-6 
col.  liq.,  1.503. 


col.  rhomb, 
pi.  or  need, 
col.  pr.  f.  tol.. 


wh.  leaf . 


red  need, 
or.  pr . . . 


Density 
g/ml 


1.023515 
0.95824 


.0613' 


0.966G- 


1.1915 
i!l8lV 


1.072 


1.077- 


Melting 
point,  °C 


117 


-27 


<-21 


2.4 

112-3 

-30.2 

35  (30-1) 


21 

2.1(5-6) 

34  (31-2) 
60 

174 

anh.  100.5 
41 


170  (174) 
122-3 
184  d. 


216-7 
143 


Boiling 
point,  °C 


350  d. 

219-21 
195  (198) 

229.2 

248 
254.2 

172;  609-12 

240-50  d. 

208 

212 

268(275); 

149.36 
284;  16970 
283 


182 
195.5 

subl. 


subl. 


subl. 


Solubility  in  grams  prr  100  ml  of 


Water      Alcohol        Ether,  etc. 


si.  s.  h. 


1.62* 


v.  si. 

v.  si. 

v.  si. 


v.  v.  si 


s.h. 


si.  s. 
6.716; 

oo  66 

0.0318 


1.70 
2.6 
1.1° 


s. 
si.  s. 


si.  s. 


V.  s. 


v.  si.  s 
c,  s.  h. 

s. 


s.h. 


4.40 

V.  s. 

4.50 


V.  s. 


si.   s.   eth.; 
chl.,  H2SO4 


00  eth. 
v.  s.  eth. 


s.  eth. 

s.  eth. 
s.  eth. 

s.  eth. 

00  eth. 


s.  eth. 

s.  eth.,  bz. 

s.  eth. 

s.  eth. 

s.  eth. 
v.  s.  eth. 

s.  eth. 

s.  eth. 

v.    s.    eth.;   s. 
chl.,glyc.,CS2 

=0  eth.,  chl., 
glac.  ac.  a. 


si.  s.  eth. 

v.  s.  eth. ;  si.  s. 
bz.,  igr. 
si.  s.  eth.;i.  bz. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6681 

6682 

6683 

6684 

6685 

6686 
6687 
6688 

6689 

6690 

6691 

6692 

6693 

6694 

6695 

6696 

6697 

6698 

6699 
6700 
6701 
6702 
6703 

6704 

6704M 

6705 

0706 

6707 

6708 

6709 

6710 

6711 

6712 


Name 


Phenol,  2-amino-5- 

nitro- 
,  2-amino-6-nitro- 


,  3-amino-4-nitro- 
-,  3-amino-5-nitro- 
,  4-amino-2-nitro- 


-,  4-amino-3-nitro- 
-,  5-amino-2-nitro- 
,  o-aminothio-. .  .  . 


,  m-aminothio-.  . 
,  p-aminothio-. . . 


o-amoxy- .... 
m-amoxy-. . . 
p-amoxy- .  .  . 

p-amyl- 

p-ter£-amyl- 
o-anilino- .  .  . 
m-anilino-.  . 
p-anilino- . . . 


,  azodi-. 

,  p-benzalamino-. 

,  benzenylaminoth 

,  o-benzyl- 

,  p-benzyl- 


,  p-benzylamino- 

,  p-benzylidene- 

amino- 
-,  o-bromo- 


-,  m-bromo-. 
-,  p-bromo-. . 
-,  o-butoxy- . 
-,  m-butoxy-. 
-,  p-butoxy- . 
-,  o-butyl- . . . 
-,  m-butyl-.  . 


Synonyms 


3-amino-6-nitrophenol 

2-aminobenzenethiol*;  o- 

aminophenyl  mercaptan ; 

o-mercaptoaniline 
3-aminobenzenethiol*;   m- 

aminophenyl  mercaptan ; 

m-mercaptoaniline 
4-aminobenzenethiol  * ;  p- 

aminophenyl  mercaptan ; 

p-mercaptoaniline 
pyrocatechol   monoamyl 

ether 
resorcinol  monoamyl  ether. 

hydroquinone  monoamyl 
ether 


p-(a,a-dimethylpropyl)- 
phenol 
o-hydroxydiphenylamine . 


m-hydroxydiphenylamine . 
p-hydroxydiphenylamine. . 


See  Azophenol. 

See  Phenol,  p-benzylideneamin 
io-.  See  Benzothiazole,  2-pheny 


p-hydroxydiphenylmethane 


iV-benzal-p-hydroxyaniline . 


pyrocatechol  monobutyl 
ether 
resorcinol  monobutyl  ether . 

hydroquinone  monobutyl 
ether 


Formula 


NH2(N02)C6H3OH 

NH2(N02)C6H30H 

NH2(N02)C6H3OH 

NH2(N02)C6H3OH 

NH2(N02)C6H3OH 

NH2(N02)C6H3OH 
NH2(N02)C6H3OH 
NH2C6H4SH 

NH2C6H4SH 

NH2C6H4SH...... 

CH3(CH2)40C6H4- 

OH 
CH3(CH2)40C6H4- 

OH 
CH3(CH2)40C6H4- 

OH 

CH3(CH2)4C6H4- 

OH 
CH3CH2C(CH3)2- 

C6H4OH 
C6H6NHC6H40H.. 

C6H6NHC6H40H.. 

C6H6NHC6H40H.. 


0-. 

I: 
C6H5CH2C6H4OH 
C6H6CH2C6H4OH 

C6H6CH2NHC6H5- 

OH 
C6H5CH:NC6H4- 

OH 
BrC6H4OH 

BrC6H4OH 

BrC6H4OH 

CH3(CH2)3OC6H4- 

OH 
CH3(CH2)3OC6H4- 

OH 
CH3(CH2)3OC6H4- 

OH 
C4H9C6H4OH. . . . 

C4H9C6H4OH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Etheij,  etc. 

6681 

br.  need.  f.  w. 

red  need.  f.  al . 

or.  need 

yel.  cr 

red  need,  f .  al 

red  pr.  f .  eth .  . 
or.-yel.  need. .  . 
need .  . 

202 
111 
185-6 
165 

131  (142-3) 

154 
163 

26 

si.  s.  h. 
si.  s.  h. 

s. 

s. 
s. 

v.  si.  s. 
h. 
v.  si.  s. 

si.  s.  h. 

si.  s.  h. 

s.  h. 

v.  s.  h. 

s.  h. 

i. 

i. 

v.  si.  s. 

v.  si.  s. 

1.4215 

v.  si.  s. 
v.  si.  s. 

s.  h. 
V.  s. 

s. 
V.  s. 

s. 

s. 
s. 

s. 

V.  s. 
s. 

s. 
s. 

v.  s. 

s. 

v.  s. 
v.  s. 
s. 

V.  s. 
v.  s. 

s. 

s. 

6682 

v.  s.  eth.,  bz., 

6683 

chl. 
v.  s.  eth.,  bz., 

6684 

chl. 
v.  s.  eth.;  v.  si. 

6685 

s.  bz.,  |chl. 

6686 

s.  eth.  ! 

6687 

6688 

234 

180-9016 

140-516 

104-G4 
1405 

6689 

oily  liq 

wh.  gran.  cr. 
mass 

i.  eth. 

6690 

46 

s.  eth. 

6691 

6692 

6693 

49-50 

<0 

92-3 

69-70 

32 

70 

21 
83-4 

90  (84-5) 

183  (185-6) 

5.6(4~o) 

33 

63.5 

6694 

6695 

6696 

6697 

6698 

6699 
6700 
6701 
6702 

col.  liq 

col.  need 

pr.  f.  w 

leaf,  f .  w 

leaf.  f.  w 

2G2 

248-50; 
138-915 
1 8O-920 

340 

330 

312 
320-2  (308) 

s.  eth.,  NaOH 

v.  s.  eth. 

s.  eth.jfel.  s.  bz. 

s.  eth.,  alk.;  si. 

s.  lgr. 
s.  eth.,  :chl, 

alk. 

v.  s.  eth. 

6703 
6704 

col.  need.  f.  al . 
leaf 

s.  eth.  i 
v.  s.  bz. 

6704M 

leaf.  f.  dil.  al.. 
col.  oily  liq. . . . 
leaf.  . . . 

1.4924- 

4 

6705 
6706 

194-5 

236.5; 

135-4012 
238 

231-4; 
15969 
1305 

s.  eth.,  alk. 
v.   s.    eth.;   s. 

6707 
6708 

tetr 

1.511325 

1.84015; 
1.58S80 
1.02625 

chl.,  alk. 
v.    s.    eth.;   s. 
chl.,  ac.  a. 

6709 

6710 

64-5 

6711 

col.,  1.49615 .  . . 
col 

0.9752-^ 
0.974^ 

4 

234-7 

247-9758 

s.  eth. 

6712 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6713 
6714 
6715 
6716 
6717 

6718 

6719 

6720 
6721 

6722 
6723 
6724 

6725 

6726 
6727 
6728 
6729 

6730 

6731 

6732 

6733 
6734 

6735 
G736 
6737 
6738 

6739 

6740 

6741 
6742 

6743 

6744 

6745 
6746 

6747 


Name 


Phenol,  p-butyl-. 

,  p-sec-butyl- 

,  p-rerr-butyl- 

,  o-chloro-. . . 

,  m-chloro-. . 


-,  p-chloro- 

-,  2-chloro-4-nitro- 

-,  2-chloro-5-nitro- 
-,  4-chloro-2-nitro- 

-,  5-chloro-2-nitro- 
-y  p-cyclohexyl- .  .  . 
-,  2,4-diamino- 


Synonyms 


, ,  dihydrochloride 


2,5-diamino- 
3,4-diamino- .  .  .  . 
3,5-diamino- 
2,4-dibromo- 

2,6-dibromo- .  .  .  . 

2,6-dibromo-4- 
nitro- 

2,3-dichloro- 

2,4-dichloro- 
2,5-dichloro- 

2,6-dichloro- 
3,4-dichloro- 
3,5-dichloro- .  .  .  . 
2,6-dichloro-4- 

nitro- 
m-diethylamino- 

2,4-diiodo- 


2,6-diiodo- 

2,3-dimethoxy- .  . 

2,6-dimethoxy- .  . 

3,5-dimethoxy- . . 

dimethyl- 

m-dimethyl- 

amino- 

p-(a,a-dimethyl 


4-(a,a-dimethylethyl)- 
phenol 
l-chloro-2-hydroxybenzene. . 

l-chloro-3-hydroxybenzene. . 


l-chloro-4-hydroxybenzene . 


G-chloro-3-nitrophenol . 
3-chloro-6-nitrophenol . 


diamol ;  amidol  (one  form) . 


Formula 


pyrogallol  1,2-dimethyl  ether 

pyrogallol  1,3-dimetbyl 

ether 
phloroglucinol  dimethyl 

ether 

See  Xylenol. 
m-hydroxy-iV,iV-dimethyl- 

aniline 

propyl)-.  See  Phenol,  p-tert-a 


C4H9C6H4OH 

C2H6(CH3)CHCe- 
H4OH 
(CH3)3CC6H4OH.. 

CIC6H4OH 

C1C6H40H 

C1C6H40H 

Cl(N02)C6H3OH.. 

Cl(N02)C6H3OH.. 
Cl(N02)C6H3OH.. 

Cl(N02)C6H3OH.. 
C6H11C6H4OH .  .  . . 
(NH2)2C6H3OH... 

(NH2)2C6H3OH. 
2HC1 

(NH2)2C6H3OH... 
(NH2)2C6H3OH... 
(NH2)2C6H3OH.:. 
Br2C6H3OH 

Br2C6H3OH 

Br2(N02)C6H2OH 

Cl2C6H3OH 

Cl2C6H3OH 

Cl2C6H3OH 

Cl2C6H3OH 

Cl2C6H3OH 

Cl2C6H3OH 

Cl2(N02)C6H2OH.. 

(C2H5)2NC6H4OH. 

I2C6H3OH 

I2C6H3OH 

(CH30)2C6H3OH.. 

(CH30)2C6H3OH.. 

(CH30)2C6H3OH.. 

(CH3)2NC6H4OH. 

myL. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq.. . . 
col.  need. . 
need.  f.  w. 


col.  liq., 

1.547340 
col.  liq.  or 

need. 

1.5565<° 
need.  f.  al., 

1.55794° 
lng.  col.  need. 

f.  al.  or  w. 
yel.  need.  f.  w 
yel.  monoel. 

need.  f.  al. 
yel.  pr.  f.  w. .  . 

col.  need 

col.  leaf 


gray-wh.  cr 


need 
cr. . . 


pr 

col.  need. 


col.  need.  f. 
h.  w. 
yel.  pr.  f.  al . 


col.  cr.  f.  pet. 

eth. 

col.  need.  f.  bz. 
col.  pr.  f.  pet. 

eth. 

col.  need 

col.  need.  f.  bz. 


yel.  monoel. 

leaf.  f.  al. 
rhomb,  f. 

CS2+lgr. 
col.  need.  f.  w 


col.  cr. 
col.  liq 


monoel.  pr.  f .1 


cr. 


need.  f.  lgr. 


Density 

g/ml 


0.978' 


0.9081^ 
1.24li-s4 

15 

liq.  1.245« 
1.26825 

1.306 


1.822 


Melting 
point,  °C 


99 

a  7;  0  0; 
7-4.1 
32.8 


43  (39-40) 
111 

118-9 

87 

38.9 
133 

78-80  d. 

108-70 

G8 

167-8  d. 
168-70 
40  (35-6! 

56-7 

144 


4.') 
58 

67 


125  d. 

78 
72 
68 

55-56 

36-8 

85-7 


Boiling 
point,  °C 


246-50751 
240. 5750 
236-8 
175.6 
214 

217 


subl. 


17717; 
238-9 
16221 

d.  >144 


210 

2H744 

219-20 
253. 5767 
233-4 
subl.  <10C 

exp. 
276-80; 

20125 
subl.  100 


233^; 
124-517 

258(262.7) 

172-517 


265-8 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 
v.  si.  s. 
s. 

2.8520 
2.6020 

2.7120 

s.  h. 

si.  s. 
v.  si.  s. 

si.  s. 
i. 

s. 

v.  s. 

s. 
0.1915 

si.  s. 

v.  si.  s. 


0.4620 

si.  s. 


si.  s. 
s. 
si.  s. 

1.7513 


v.  si. 

h. 


Alcohol 


v.  s. 
V.  s. 


s. 
si.  s. 


si.  s. 


V.  s. 
v.  s. 
s.  h. 


s  h. 


Ether,  etc. 


s.  eth. 

v.  s.  eth. 

s.  eth. 

s.  eth. 

s.  eth.;  512-» 
bz. 

v.s.  eth.;27220 
bz.;  s.  alk. 

v.  s.  eth.;  s. 
chl. 

s.  chl. 

s.  eth.,  chl. 

s.  eth.,  ac.  a. 

s.  eth. 

si.  s.  eth.,  chl.; 

s.  acet.,  alk., 

ac.  a. 
si.  s.  eth. 


si.  s.  eth. 
v.    s.    eth.;   s. 
CS2,  bz.,  alk. 
v.  s.  eth. 

s.  eth.,  CS2,  et. 

ac,  chl.;  si.  s. 

ac.  a. 
s.  eth. 

s.  eth.,  chl.,  bz. 
s.  eth.,  bz. 


s.  eth. 


s.  eth.,  chl.,  bz. 

s.  eth.,  CS2;  i. 

lgr. 
s.   eth.;  si.   s. 

chl.,  bz. 


v.  s.  eth. 


v.  s.  eth.;  s. 
bz.,  acet.,  alk., 
min.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

6748 

6749 

6750 
6751 

6752 
6753 


6754 
6755 
6756 


6757 
6758 

6759 
6760 
6761 
6762 

6763 

6764 
6765 

6766 
6767 

6768 

6769 
6770 
6771 

6772 
6773 
6774 
6775 
6776 
6777 

6778 
6779 
6780 
6781 


6782 
6783 


6784 
6785 


Name 


Phenol,  2,3-dinitro- 
,  2,4-dinitro-  . . . . 


,  dimethylthiolthio 

-,  2,6-dinitro- 


-,  3,4-dinitro- 
-,  3,5-dinitro- 


ethenylamino-. 
ethenylaminothi 
o-ethoxy- 


m-ethoxy- 
p-ethoxy- 


,  o-ethyl-r. 

-,  m-ethyl- 

,  p-ethyl- 

-,  o-ethylamino-. 

,  m-ethylamino- 

-,  p-ethylamino-. 
-,  p-heptyloxy- .  . 

-,  hexahydro-. 
-,  p-hexyloxy-. .  .  . 


o-iodo-. 


m-iodo-.  . 
p-iodo-. .  . 
p-isoamyl- 


o-isopropyl- 

p-isopropyl- 

p,p',p"-methenyl 
o-methoxy-. 

m-methoxy- 

p-methoxy- 


2-methoxy-4-met 
methyl-, 
o-methylamino- 
p-methylamino- , 

sulfate 

p,p'-methylenedi 
o-nitro- 


m-nitro- 
p-nitro- 


Synonyms 


l-hydroxy-2,3-dinitroben- 
zene 


nocarbamate.  See  Carbamic  aci 


See  Benzoxazole,  2-methyl-. 
o-.  See  Benzothiazole,  2-methyl- 
pyrocatechol  monoethyl 

ether;  guaethol ;  catechol 

monoethyl  ether 
resorcinol  monoethyl  ether . .  . 
hydroquinone  monoethyl 

ether 
See  Phlorol. 


iV-ethyl-2-hydroxyaniline . 

iV-ethyl-S-hydroxyaniline . 

JV-ethyl-4-hydroxyaniline . 
hydroquinone  monoheptyl 

ether 

See  Cyclohexanol. 
hydroquinone  monohexyl 

ether 


o-cumenol . 


tri-.    See  Leucaurin. 

See  Guaiacol. 

resorcinol  monomethyl  ether 

hydroquinone  monomethyl 
ether 
hyl-.   See  Creosol. 

See  Cresol. 


metol ;  photol ;  pictol . 


■.  See  Methane,  4, M-dihy&roxyd 


Formula 


(N02)2C6H3OH.... 

(N02)2C6H3OH.... 

d,  dimethylthiolthiono 
(N02)2C6H3OH... 

(N02)2C6H3OH... 
(NO^CeHaOH... 


C2H5OC6H4OH... 


C2H5OC6H4OH. 
C2H6OC6H4OH. 


C2H6C6H4OH 

C2H5C6H4OH... ... 

C2H6NHC6H4OH. . 

C2H5NHC6H4OH.. 

C2H5NHC6H4OH.. 
CH3(CH2)60C6H4- 
OH 

CH3(CH2)6OC6H4- 
OH 
IC6H4OH 

IC6H4OH 

IC6H4OH 

C6H11C6H4OH .  .  . . 

(CH3)2CHC6H4OH 
(CH3)2CHC6H4OH 

CH3OC6H40H.... 
CH3OC6H4OH.... 


CH3NHC6H4OH 
(CH3NHC6H4- 
OH)2H2S04 

iphenyl-. 
N02C6H4OH.... 

N02C6H4OH.... 

NO2C6H4OH.... 


-.2,4- 
184.11 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  monocl. 

need.  f.  w. 
yel  rhomb. 

pi.  f.  w. 
dinitrophenyl  est 
pa.  yel. 

rhomb,  need 

or  leaf.  f.  w. 
col.  tricl. 

need.  f.  w. 
monocl.  leaf. 

f.  dil.  HC1 


oily  liq 


col.-pa.  yel.  liq 
leaf.  f.  w 


Hq 

col.  need  . . 
rhomb,  pi . . 

cr.  f.  bz 

need.  f.  w. . 


need,  or  pi . . . 

need  f.  lgr. . . 
col.  need.  f.  w 
need.  f.  h.  w.. 


col. . 
need 


Hq 

rhomb,  leaf. 
f.w. 


pi.  f.  bz 

wh.  cr.  powd. 


It.  yel. 

monocl. 

need,  or  pr. 
col. -yel. 

monocl. 

f.  eth. 
col.-ylsh. 

monocl.  pr. 


Density 
g/ml 


1.68120 
1.68324 


1.672 
1.702 


1.025° 


1.8757*° 
L8571" 

1.02818 

>1 


1.65720 

1.485 

1.47920 


Melting 
point,  °C 


144 
111.6;  114 

63-4(61.8 

134 
123 


66 


-4 
46 

107.5 
(108-9) 
62 


100 
60 


48 

43  (40.4) 

40 
94 
93 

16 
61 


<-17.5 
53 


86-7 
250-60  d. 


45 
96 
114 


Boiling 
point,  °C 


217 


246-7 
247 


214752 

219 


17612 


186-7160 

d. 
d. 
255 

204 
229. 3758 


244.3 
243 


214.5 
(217.25) 

1947° 


279  d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 

0.5618, 
4.3100 

v.  si.  s 

C,  V.  s 

h. 


si.  s. 


1. 

si.  s.  c. 
s.  h. 


si.  s, 
i. 

s.  h. 

s.  h. 


si.  s. 
si.  s. 
v.  si. 

h. 

si.  s. 

si.  s. 


si.  s. 

s. 


5  c, 

16.67 
h. 

0.212°, 
1.08100 

1.3525, 
13.390 

1.625, 

26.990 


Alcohol 


v.  s.  h. 

3.919 

v.  s.  h. 


V.  s. 
V.  s. 


s. 

v.  s. 
v.  s. 

s. 
s. 


00 

V.  s. 


46. 025 
195. 025 
189. 525 


Ether,  etc. 


v.  s.  eth. 

3.06515eth.;s. 
bz.,  chl. 

v.  s.  eth.;  s. 
bz.,  chl. 

s.  eth. 

s.  eth.,  chl., 
bz.;  si.  s.  pet. 
eth. 


eth. 


s.  eth. 
v.  s.  eth. 


v.  s.  eth. 
v.  s.  eth. 
si.  s.  eth.;  s.  h. 

bz. 
s.    eth.;   v.   s. 

chl.;  si.  s.  lgr. 
s.  eth. 


v.   s.    eth. 
CS2 
s.  eth. 
v.  s.  eth. 
v.  s.  eth. 

s.  eth. 


oo  eth. 

v.  s.  eth.,  bz. 


s.  bz. 


v.  s.  eth.;s. 
alk. 

v.   s.   eth.;   s. 
bz.,  alk. 

v.   s.    eth.;   s. 
chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


fi786 

6787 

6788 

6789 
6790 
6791 

6792 

6793 

6794 
6795 
6796 

6797 

6798 

6799 


6800 
6801 
6802 
6803 

6804 

6805 

6806 

6807 

6808 

6809 

6810 
6811 
6812 
6813 
6814 
6815 

6816 
6817 


6818 
6819 


Name 


Phenol,  p-nitroso- 

,  p-octyloxy- . . 

,  pentabromo- 


pentachloro- . 
pentamethyl- 
o-phenyl- .... 


m-phenyl- 
p-phenyl- 


phenylazo-. 
p-propenyl-. 
o-propoxy-.  . 


m-propoxy- 
p-propoxy- 
o-propyl-. . 


,  m -propyl-.  .  . 
,  p-propyl- ... 
,  p-salicyloyl-. 
,  2,3,4,6-tetra- 

nitro- 
-,  thio- 


,  2,4,6-triamino- . 

,  2,4,6-txibromo- . 

,  2,3,5-trichloro- . 

,  2,4,6-trichloro- . 

,  2,4,6-triiodo- .  .  . 


2,4,5-trimethyl-. 
2,4,6-trimethyl-. 
2,3,6-trinitro-..  .  . 

2,4,5-trinitro- 

2,4,6-txinitro-..  .  . 
o- vinyl- 


,  m- vinyl-.  .  . 

Phenol  ph  t  halein . 


3\3",5',5' 
iodo- 


tetra- 


l-Phenol-2-sulfonic 
acid 


Synonyms 


quinonemonoxime. 


hydroquinone  monooctyl 
ether 


o-hydroxybi  phenyl . 
m-hydroxybiphenyl , 
p-hydroxybiphenyl . 


See  Azobenzene,  hydroxy-. 
See  Anol. 

pyrocatechol  monopropyl 
ether 
resorcinol  monopropyl  ether 

hydroquinone  monopropyl 
ether 


See  Benzophenone,  2,i'-dihydro 


benzenethiol* ;  phenyl  mer- 
captan 


sj/m-tribromophenol . 


sym-trichlorophenol , 


See  Pseudocumenol. 
See  Mesitol. 
7-trinitrophenol .  . . 
/3-trinitrophenol .  . . 
See  Picric  acid. 
o-hydroxystyrene .  . 


m-hydroxystyrene 

2,2-bis(p-hydroxyphenyl)- 
phthalide 


nosophen; iodophen 


o-phenolsulfonic  acid ;  asep- 
tol ;  sozolic  acid 


Formula 


NOC6H4OH  or 
HONiCeHV.O 

CH3(CH2)7OC6H4- 
OH 
C6Br5OH 

ChCeOH 

(CH3)5C6OH 

C6H5C6H4OH 

C6H6C6H4OH 

C6H6C6H4OH. . . . 


CH3CH2CH2OC6- 

H4OH 
CH3CH2CH2OC6- 

H4OH 
CH3CH2CH2OCe- 

H4OH 
C3H7C6H4OH... 

C3H-C6H40H.. 
C3H7C6H4OH.... 

XfN02)4C6HOH... 

CeHsSH 

(NH2)3C6H2OH.. 

Br3C6H2OH 

Cl3C6H2OH 

Cl3C6H2OH 

I3C6H2OH 


(N02)3C6H2OH.. 
(N02)3C6H2OH.. 

CH2:CHC6H40H 

CH2:CHC6H4OH 
C20Hi4O4 

CMH10I4O4 

HOC6H4SO3H..., 


*Name  approved  by  the  International  Union  of  Chemistry 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  pel  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

6786 

yel.  rhomb, 
need. 

126  d. 

60-1 

225 

191 
125 
56 

78  (76-7) 

165 

s. 

i. 

jt 

0.15  h. 
si.  s. 

si.  s. 

si.  s. 

si.  8. 

v.  si.  S. 
sl.  S. 

V.  s. 

i. 

v.  s. 
0.007 

sl.  s.  h. 

0.0825, 

0.243% 
i. 

sl.  s. 

sl.  s. 

s. 
0.01820 

i. 
s. 

v.  s. 

s.  h. 

v.  s. 
s. 
V.  s. 

V.  s. 

s. 

s. 

s. 
s. 

v.  s. 
v.  s. 
V.  s. 

s. 

v.  s. 
1.58 

V.  s. 
V.  s. 

v.  s. 
26!9" 

v.  sl.  s. 

s. 

v.   a.   eth.;   s. 

6787 

acet.,  dil.  alk. 
sol. 

6788 

col.  monocl. 

need.  f.  al. 
monocl.  pr.  . .  . 

need.  f.  al 

need,  f  pet. 

eth. 
need.  f.  pet. 

eth.  or  h.  w. 
col.  need,  or 

leaf.  f.  dil.  al. 

1.517625 

d.  subl. 

310  d. 

267 

275 

>300 

308 

223-6; 
140<* 
1205 

sl.  s.  eth.;  s.  h. 

6789 
6790 

1.978 

bz. 
v.  s.  eth. 

6791 

v.   s.   eth.;   s. 

6792 

lgr.         , 
s.  KOH,  fa 

6793 

s.  eth.,  chl , 

6794 
6795 
6796 

1.052325 

NH4OH 

6797 

6798 

56-7 

6799 

liq 

1.015°; 
1.000- 

16 

i !  009 

220(226.6) 

228 
232.6™ 

exp. 

169.5 

257 

subl. 

253 
244.5 
subl.  d. 

s.  eth. 

6800 
6801 

col.  liq 

cr 

26 
22  (61) 

140  d. 

s.  eth. 

6802 
6803 

ye!,  need.  f. 

chl. 
col.  liq., 

1.5861325-2 
need,  unst .... 

col.  monocl. 

pr.  f.  dil.  al. 

or  bz. 
Ing.  col.  need. 

f.  al. 
rhomb,  need.. . 

col.  need,  f .  al . 
need 

v.    sl.    s     bz., 

6804 

1.078^ 
2.55^ 

20 

lgr. 
00  eth. 

6805 

v.  s.  eth. 

6806 
6807 

96 

62 
68 
156-8 

118 

96 

29 

s.  eth.,  glyc, 
chl. 

s.  eth.,  lgr. 

6808 

6809 

6810 
6811 
6812 

1.490 j 

v.  s.  eth. 
s.  eth.,  acet. 

v.  s.  eth.;s.  bz. 

6813 

need 

v.  s.  eth.;s.  bz. 

6814 
6815 

6816 

need 

oil 

1.061^ 

10815 
114-616 

v.  s.  eth. 

6817 

rhomb,  need, 
f.  dil.  al. 

cr.  or  amor, 
grn.  powd. 
col.  liq 

1.277s2; 
1.300^ 

4 

261 

225  d. 
50 

5.92  eth. 

6818 

s.     eth.,     chl., 

6819 

1.15515 

alk.;  i.  a. 
s.  glyc. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


6820 
6821 

6822 

6823 

6824 
6825 
6826 


6827 

6828 

6828M 

6829 

6830 

6831 

6832 
6833 
6834 
6835 
6836 


6837 
6838 


6839 
6840 

6841 
6842 

6843 

6844 
6845 

6846 
6847 

6848 

6849 
6850 

6851 
6852 
6853 


Name 


l-Phenol-4-sulfonic 

acid 
,  2-amino- 


-,  2-amino-6-nitro- 
,  2-nitro- 


Phenol-2,4,6-tricarbox 
Phenosuccin. 
Phenothiazine 


Phenyl.  For  phenyl  derivat 
Phenylamine. 
Phenyl  bromide. 
Phenyl  cellosolve. 
Phenyl  chloride. 
Phenyl  cyanide. 
Phenyl  disulfide 


Phenylene,  diphenyl-. 
p-Phenylene  cyanide. 
p-Phenylene  diacetate. 
Phenylenediamine,  N- 
o-Phenylenediamine .  . 


iV,7V'-diacetyl- 
iV,iV-dimethyl- 


-,  iV-phenyl- 


zn  -Phenylenediamine 


4-(3-amino- 

phenylazo)  - 
iV\iV-dimethyl- 


,  7V,2V'-di-p-tolyl- 

,  4-phenylazo-. 

p-Phenylenediamine . 

,  iV,iV-diethyl-... 


,  iv\iV-dimethyl-.. . 


iV-methyl- 


,  TV- phenyl- 

,  iV,JV,iV\iV'-tetra- 

methyl- 
m -Phenylene  dimerca 
p-Phenylene  dimercap 
Phenyl  ether 


Synonyms 


p-phenolsulfonic  acid 

aminophenolsulfonic  acid  II 


ylic  acid.  See  Trimesic  acid, 

See  Succinamide,  N-p-phenetyl 

phenthiazine ;  thiodiphenyl- 
amine 
ives  see  the  parent  compounds 

See  Aniline. 

See  Benzene,  bromo-*. 

See  Ethanol,  2-phenoxy-. 

See  Benzene,  chloro-*. 

See  Benzonitrile. 

phenyldithiobenzene* ;  di- 
phenyl disulfide 

See  Terphenyl. 

See  Terephthalonitrile. 

See  Hydroquinone,  diacetate. 
acetyl-.  See  Acetanilide,  ami 

1,2-benzenediamine*;  1,2- 
diaminobenzene 

1,4-diacetamidobenzene 

o-amino-iV,  JV-dimethylani- 

line;  l-amino-2-dimethyl- 

aminobenzene 
o-aminodiphenylamine 


1,3-benzenediamine' 
diaminobenzene 


1,3- 


2,4,3'-triaminoazobenzene. 

Tn-amino-iV.A^-dimethyl- 
aniline;  l-amino-3-di- 
methylaminobenzene 


See  Chrysoidine.  (base). 
1,4-benzenediamine*;   1,4- 

diaminobenzene 
p-amino-A^,  iV-diethylani- 

line ;   l-amino-4-diethyl- 

amino-benzene 
p-amino-iV,  A^-dimethylani- 

line ;  l-amino-4-dimethyl- 

amino-benzene 
2>-methylaminoaniline ;  p- 

amino-AT-methylaniline 
2>aminodiphenylamine .  .  .  . 


ptan.  See  Resorcinol,  dithio-. 
tan.  See  Hydroquinone,  dithio- 
phenoxybenzene*;  diphenyl 
ether 


Formula 


HOC6H4SO3H. 


HO(NH2)C6H3- 
SO3H 

HO(NH2)(N02)- 

C6H2SO3H 
HOC6H3(N02)- 

SO3H 
hydroxy-. 

'C6H4NHC6H4S.. 

1 1 

(e.g.,  for  phenylacrid 


(C6H6)2S2. 


no-. 

C6H4(NH2)2. 


C6H4(NHCOCH3)2 

(CH3)2NC6H4NH2 


NH2C6H4NHC6H5 
C6H4(NH2)2 


NH2C6H4N2C6H3- 

(NH2)2 
(CH3)2NC6H4NH2 


C6H4(NHC6H4- 
CH3)2 

C6H4(NH2)2 

(C2H6)2NC6H4NH; 


(CH3)2NC6H4NH2 


CH3NHC6H4NH2.. 

C6H5NHC6H4NH2 

C6H4[N(CH3)2]2... 


(C6H6)20. 


199.26 
ine  see 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


6820 

6821 

6822 

6823 

6824 
6825 
6826 


6827 

6828 

6828M 

6829 

6830 

6831 

6832 
6833 
6834 
6835 
6836 


6837 
6838 


6839 
6840 

6841 
6842 

6843 

6844 
6845 

6846 
6847 

6848 

6849 
6850 

6851 
6852 
6853 


Crystalline 

form,  color 

and  index  of 

refraction 


deliq.  need.  . 
rhomb 


need.  f.  w. 


yel.  rhomb, 
leaf.  f.  al. 
Acridine,  phenyl 


need.  f.  al. 


brnsh.  yel. 

monocl.  cr. 

or  tab.  f.  chl. 
need.  f.  w. . . . 
col.  oil 


need.  f.  w 

col.  rhomb. 

need., 

1.6339057-7 
or.-red. 

monocl.  f.  w. 
oil 


lng.  need.  f.  al . 


col.  monocl. 
f.  w.  or  eth. 
Hq 


col.  need. 


leaf. 


need,  f .  al 

leaf,  f .  dil.  al 


col.  monocl. 
(rhombic) 
1.582624 


Density 
g/ml 


).    For  pbe 


1.13895; 
1.1075* 


0.99525 


1.036^; 
liq.,  4 
1.016890 


1.072820 


Melting 
point,  °C 


141 

180 
nyl  esters  of 


61 

102 

186 


79-80 
62.8 

143.5 
<-20 

138-9 


139.7 
(139-41) 


53  (41) 


35.5° 

66-7;  75 
51 


28 


Boiling 

Solubility  in  gram: 

point,  °C 

Water 

Alcohol 

s. 
0.7" 

s. 

s. 
i. 

d. 

s. 

v.  s. 

371  d. 

si.  s. 

organic  acid 

s  see  the 

acids. 

310  d. 

i. 

s. 

252  (256-8) 

4.15s5, 
73381 

v.  s. 

v.  s.  h. 
si.  s. 

v.  s. 
V.  s. 

218751 

s. 
35.1" 

s. 

287(282-4) 

i. 
si.  s. 

V.  s. 
V.  s. 

268-70 
(258) 

d. 

i. 

si.  s. 

267 
261-2 

3.824, 
669107 
s. 

s. 
V.  s. 

262 

s. 

V.  s. 

259.5 

v.  s. 

v.  s. 

354  in  H2 
260 

si.  s. 
v.  si.  s. 
h. 

V.  s. 
v.  s. 

259 

v.  si.  s. 

4.97" 

87% 

i.  eth. 


v.  s.  chl. 


si.  s.  eth.;s. 


s.  eth.,  CS2,  bz. 


v.   s.   eth.;   s. 
chl. 

v.  si.  s.  eth. 
v.  s.  eth. 


s.    bz.,    acet., 
chl. ;  si.  s.  lgr. 
s.  eth. 


v.  s.  eth. 
v.  s.  eth. 

si.  s.  eth.,  bz., 
ac.  a. 

s.  eth.,  chl. 

v.  s.  eth. 

v.s.eth.;s.  chl. 

v.  s.  eth. 

v.  s.  eth. 
v.  s.  eth.,  chl. 


s.  eth.,  ac.  a., 
bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

6853M 

6854 

6855 

Phenyl  fluoride. 
Phenyl  iodide. 

Phenyl  isocyanide 

Phenyl  ketone. 
Phenyl  mercaptan. 
Phenyl  mustard  oil. 
p-Phenylphenacyl  este 
Phenyl  sulfide 

Phenylsulfonamide 
Phenyl  sulfone 

Phenzoline. 

Phloretic  acid 

,  phloroglucinol  monoest 

Phloretin 

See  Benzene,  fluoro-*. 
See  Benzene,  iodo-*. 
phenylcarbylamine 

CeHsNC 

103  12 

6856 
6857 
6858 

6859 

See  Benzophenone. 

See  Phenol,  thio-. 

See  I sothiocyanic  acid,  phenyl 
rs.  See  under  the  corresponds 

di phenyl  sulfide;  phenyl- 
thiobenzene*;   benzene 
sulfide 

See  Benzenesulfonamide. 

diphenyl  sulfone;  phenyl- 
s'llfonylbenzene*;  benzene 
sulfone;  sulfobenzide 

See  Quiiazoline,  3,4-dihydro-3- 

;>-hydroxyhydrocinnamic 
acid;  a,  0-dihydro-p-cou- 
maric  acid 
?r.   See  Phloretin. 

phloroglucinol  monophlore- 
tate 

phloridzin 

ester. 
g  acids. 

186.26 

6859M 
6860 

6861 
6862 

6863 
6864 

(C6H6)2S02 

phenyl-. 

HOC6H4CH2CH2- 
COOH 

218.26 
166.17 
274  26 

6865 

Phlorizin 

C21H24O102H2O... 
CcH3(OH)3 

ioxime. 

^-trihydroxy-. 
C2H5C6H4OH 

(CH3)2C6H202 

(CH3)>C6Br202.... 
CO[CH:C(CH3)2]2 

COCb 

472.44 

6866 

6867 

6867M 

6868 

6869 

6870 

6871 

6872 

6873 

Phloroglucinol 

,  dimethyl  ether. 

,  monomethyl  ether. 

,  monophloretate. 

,  triethyl  ether. 

,  trimethyl  ether. 

,  trioxime. 

Phloroglucinolcarboxy 
Phlorol 

1 ,3,5-benzenetriol ;  sym-tri- 
hydroxybenzene 
See  Phenol,  3,5-dimethoxy-. 
See  Resorcinol,  5-methoxy-. 
See  Phloretin. 

See  Benzene,  1,3,5-triethoxy-*. 
See  Benzene,  1,3,5-trimethoxy-* 
See  1,3,5-Cyclohexanetrione,  ir 
lie  acid.  See  Benzoic  acid,  2,4 
o-ethylphenol 

126.11 
122.18 

6874 
6874M 

Phlorone 

,  3,6-dibromo-  .... 

Phorone 

Phosgene 

,  phenylimino-. 

,  thio- 

Phosphaniline. 
Phosphenyl  chloride. 
Phosphine,  dichloro- 
phenyl- 

,  diethyl-" 

,  dimethyl-* 

,  ethyl-* 

,  ethyldiphenyl-..  . 

,  methyl-* 

,  phenyl- 

,  triethyl*- 

, ,  oxide 

p-xyloquinone ;  2,5-dimethyl- 
quinone 

136.14 
293 . 96 

6875 
6876 

diisopropylideneacetone ; 

2,6-dimethyl-2,5-hepta- 

dien-4-one* 
carbonyl  chloride ;  chloro- 

formyl  chloride 
See  Aniline,  N-(dichloromethyl 

thiocarbonyl  chloride 

See  Phosphine,  phenyl-. 

See  Phosphine,  dichlorophenyl- 

phosphenyl  chloride 

138.20 
98.92 

6877 
6878 

ene)-. 
CSCI2 

114.98 

6879 
6880 
6881 

'  C6H6PC12 

178.99 

6882 

(C2H5)2PH 

(CH3)2PH 

C2H5PH2 

90.11 

6883 

62.06 

6884 

phosphinoethane 

62.06 

6885 

(C6H5)2PC2H5 

CH3PH2 

214.24 

6886 

phosphaniline 

48.03 

6887 

C6H5PH2 

110.10 

6888 

(C2H5)3P.. 

118.16 

6889 

(C2H6)3PO 

(C2H6)3PS 

(CH3)3P 

134.16 

6890 

, ,  sulfide 

,  trimethyl-* 

150.22 

6891 

76.08 

*Name  approved  by  the  International  Union  of  Chemistry. 

1008 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.-grnsh.  liq. 


col.  liq., 
1.63518 


monocl.  pr.  f. 
bz.;  pi.  f.  al.; 
need.  f.  w. 

monocl.  f.  eth 


sm.  leaf. . . 
silky  need. 

rhomb. . .  . 


col.  liq 

yel.  tricl.  f.  al 


yel.  sc. . . 
yel.  cr., 
1.49982 


pois.  gas 

red  liq.,  1.5442. 


fum.  liq., 
1.60537 

col.  liq 

col.  liq.,  ign 
col.  liq 

Yl(\ 

col.  gas 

liq 


col.  liq.,  1.446. 

col.  deliq.  need, 
hex.  pr., 

1.590,  1.650 
col.  liq 


Density 
g/ml 


0.977515 


1.1185- 


1.252- 


.429819 


1.037412 


0.885 


1.392- 


1.508515 


1.319 

<1 

<1 
<1 


1.00115 
0.801^ 


<1 


Melting 
point,  °C 


<-40 


125 


129 


255  d. 

2H20 

108-9; 

anh.lTOd 
anh.  219 


<-18 

125 

185-86 
28 

-118 (-104) 


52.9 
94 


Boiling 
point,  °C 


166  d. 


296 


377.8; 
23218 


subl.  d. 


207.5 
subl. 


198.5 

8.3 

73.5 

224.6 

85 

25 

25 

293 

-14 

160 

128 

242.9 
subl.;  ign. 

70 
42 


Solubility  in  grams  per  100  ml  of 


Water 


i.  c,  si. 
s.  h. 


s.  h. 


si.  s.  h. 

0.1c, 
v.  s.  h. 

1.1325 


Alcohol 


s.  h. 


25 


v.  s. 


si.  s. 

si.  s.  h. 

i. 

si.  s. 
(i.) 


s.  h. 
s.  h. 


v.  s. 
s. 

s. 

s. 

d. 
d. 


Ether,  etc. 


s.  eth. 


oo  eth.,  CS-2, 


s.  eth.,  bz. 


s.  eth. 


0.81    eth.;    « 

ac.  a. 
v.  si.  s.  eth.;  L 

chl. 

v.  s.  eth. 


v.  s.  eth.;s.  bz. 

s.  eth.,  bz.,  chl. 

s.  eth. 
s.  eth. 


v.    s.    eth.;   s. 
bz.,  ac.  a.,  tol. 


s.  eth. 


oo  bz.,  CS2 

oo  eth. 
s.  eth. 


s.  bz. 
v.  s.  eth. 


s.  eth. 

s.eth.;i.KOH 
s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


6892 

6892M 

6893 

6894 
6895 
6896 

6896M 

6897 

6898 

6899 
6900 
6901 
6902 
6903 
6904 
6905 
6906 

6907 

6908 


6910 

6911 
6912 
6913 

6914 
6915 

€916 

€917 

6918 

€919 

€920 
€921 
€922 

6923 

€924 

€925 


Phosphine,  triphenyl- 

, ,  oxide 


Phosphinic  acid,  di- 
methyl- 

,  methyl-. 

Phosphoric  acid,  dieth 
Phosphorobenzene .... 

Photoanethole. 
Photol. 
Phthalaldehyde 

Phthalaldehydic  acid.. 

,  5,6-dimethoxy-. 

Phthalamide 

Phthalandione. 

Phthalanil 

1 ,4-Phthalazinedione, 
Phthalhydrazide,  3-a 
Phthalic  acid 


See  M  ethanephosphonic  acid. 

yl-.  See  Diethylphosphoric  acid 

phosphobenzene 


dibenzyl  ester. 


See  Stilbene,  4A'-dimethoxy-. 

See  Phenol,  p-methylamino-,  su 

1 ,2-benzenedicarbonal  * ; 
o-phthalic  aldehyde 

o-formylbenzoic  acid 

See  Opianic  acid. 

phthalic  diamide 

See  Phthalic  anhydride. 

.V-phenylphthalimide 

5-amino-2,3-dihydro-.  S 
mino-.    See  Luminol. 

1 ,2-benzenedicarboxylic 
acid*;  o-phthalic  acid 


,  dibutyl  ester. 


-,  diethyl  ester. . 
-,  dimethyl  ester . 


dibutyl  1 ,2-benzenedicar- 
boxylate*;  butyl  phthal- 
ate 


di phenyl  ester. . . 
monoethyl  ester. 
-,  3-benzoyl-. . 


dimethyl  1,2-benzenedicar- 
boxylate*;  methyl  phthal- 
ate 

phenyl  phthalate 


,  4-benzoyl-. 
,  3-bromo-. . 


,  4-chloro- . . . . 
•,  1,6-dihydro- 
-,  3,6-dihydro-. 
-,  4,5-dihydro-. 


-,  3,4-dimethoxy- 
-,  hexahydro-. 
-,  3-hydroxy- 


ethyl   hydrogen    1,2-ben- 

zenedicar  boxy  late  * 
2,3-benzophenonedicar- 

boxylic  acid 

3,4-benzophenonedicar- 

boxylic  acid 
3-bromo-l,2-benzenedicar- 

boxylic  acid* 

4-chloro- 1 ,2-benzenedicar- 
boxylic acid* 

2,4-cyclohexadiene-l,2-di- 
carboxylic  acid* 

1 ,4-cyclohexadiene-l  ,2-di- 
carboxylic  acid* 

2,6-cyclohexadiene-l  ,2-di- 
carboxylic  acid* 

See  Hemipic  acid. 

See  1,2-Cyclohexanedicarboxyli 


,  4-hydroxy- 
-,  3-nitro- .  . . 


,  4-nitro- 


(C6H6)3P 

(C6H6)3PO 

(CH3)2POOH 

CeHsPiPCeHb 

Ifate. 
C6H4(CHO)2 

CHOC6H4COOH.. 

C6H4(CONH2)2.... 

C6H4(CO)2NC6H6 
ee  Luminol. 

C6H4(COOH)2.... 

C6H4(COOCH2- 

CeH5)2 
C6H4(COOC4H9)2.. 

C6H4(COOC2H6)2.. 
C6H4(COOCH3)2.. 

C6H4(COOC6H6)2.. 

C6H4(COOC2H6)- 

COOH 
C6H5COC6H3- 

(COOH)2 

CeHsCOCeHa- 

(COOH)2 
BrC6H3(COOH)2.. 

C1C6H3(C00H)2.. 
C6H6(COOH)2.... 
C6H6(COOH)2.... 
C6H6(COOH)2.... 

c  acid. 
HOC6H3(COOH)2 

HOC6H3(COOH)2 

N02C6H3(COOH)2 

N02C6H3(COOH)2 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  pr. 
f.  eth. 
wh.  cr 


cr. 


pa.  yel.  powd. . 

yel.  need 

monocl.  f.  w. . . 

col.  rhbdr 

col.  need.  f.  al . 


col.  rhomb,  or 
monocl.  f.  w. 


col.  oily  liq. 

col.  liq., 

1.5019 
col.  liq., 

1.5154620-8 

col.  rhomb, 
liq 


pi.  or  need. 

(+lHtO) 

f.  w. 
cr 


need.  f.  w. 


need.  f.  al 

monocl.  pr.  f. 

w.  or  al. 
monocl.  pr. 

f.  w. 
tricl. .  .= 


pr.  f  .  w 

col.  rosettes 

f.w. 
yel.  mcnocl. 

f.  eth. 
It.  yel.  need. 


Density 
g/ml 


1.194 
1.212422.6 


1.404 


1.593 


1.0465 


1.123 j 

1.189^ 

25 


Melting 
point,  °C 


79 

156  (153) 

76 

149 

56 

97  (98-9) 

220 

207 

206-8  d. 
42-4 


69-70 
(73-5) 
2 

-H20  100; 
145-50 
->anh. 

189 

-H20, 

178.5; 

anh.  188 
150 

179-80 

153 

215 


244 
181  d. 

220  (206) 
164  (161) 


Boiling 
point,  °C 


>360 
>360 
subl. 


subl. 

d.  >191 

27715 
340 

296.1 
282 


-H20, 
>150 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


si.  s.  h. 

s. 


0.6225, 
1.6350 
9.4846 


0.54'4, 

18" 


0.0425 

i. 
0.5 

i. 

si.  s. 
s.  h. 


0.2" 

2ioo 

1.7» 
0.325 


0.14* 
2.5100 
310 

2.0525 


s. 

v.  s. 
i. 
i. 

11.  V 

v.  s. 


si.  s. 


V.  s. 
V.  s. 
V.  s. 

s. 


v.   s.   eth.;   s. 

HC1,  bz. 
v.  s.  bz.;  si;  s. 

eth.,  lgr. 
s.  eth. 


i.  eth.;  v.  s.  h. 
bz. 


s.  eth. 
v.  s.  eth. 
i.  eth. 
w  chl. 


0.6915  eth.,  i. 

chl. 
v.  s.  eth. 

00    eth.,  acet., 
bz. 

00  eth. ;  s.  bz. 


si.  s.  eth. 

s.  eth. 

v.  si.  s.  bz. 

s.  eth.;  i.  chl. 

s.  eth. 
si.  s.  eth. 

s.  acet. 

v.  s.  eth. 
s.  eth; 
v.  s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


0926 

6927 
6928 
6929 
6930 
6931 
6932 
6933 

6934 
6935 
6936 


6937 
6938 

€939 
6940 
6941 


6942 
6943 


6944 
6945 
6946 

6947 

6948 
6949 
6950 

6951 
6952 
6952M 

6953 
6954 

6955 
6956 

6957 

6957M 

6958 


6959 
6960 

6961 


Name 


Phthalic  acid,  tetra- 

chloro- 

,  A^tetrahydro-. 

m -Phthalic  acid. 
p-Phthalic  acid. 
Phthalic  aldehyde, 
m -Phthalic  aldehyde. 
p-Phthalic  aldehyde. 
Phthalic  anhydride .  . 

Phthalic  diamide. 
Phthalic  imide. 
Phthalide 


benzal-. 
benzylidene- .... 

2,2-bis(p-hydroxy 
5,6-dimethoxy-. 
3,3-diphenyl-. .  .  . 


-,  6-nitro- 


Phthalimide.  . 


N-isobutyl. 
iV-phenyl-. 


Phthalimidine . 


Phthalonic  acid. 


Phthalophenone. 
Phthalyl  alcohol. 
Phthalyl  chloride 


m -Phthalyl  dichloride. 
p-Phthalyl  dichloride. 
Phthiocol 


Phycitol. 
Physostigmine. 


,  hydrochloride. 

,  salicylate 


,  sulfate. . , 

Phy  tadiene 
Phytol 


Piazine. 
Picene. 


2-Picoline 


synonyms 


See  \-Cyclohexene-l,  2-dicarbox 

See  Isophthalic  acid. 

See  Terephthalic  acid. 

See  Phthalaldehyde. 

See  I  sophthalaldehyde. 

See  Terephthalaldehyde. 

phthalandione 

See  Phthalamide. 
See  Phthalimide. 
l(3)-isobenzofuranone;  a- 

hydroxy-o-toluic   acid 

lactone 

See  Phthalide,  benzylidene-. 
benzalphthalide 

phenyl)-    See  Phenolphthalei 

See  Meconin. 

triphenylcarbinol   o-car- 
boxylic  anhydride;  "phtha- 
lophenone" 


1.3-isoindoledione;  o-phthal- 
ic  imide 


2-isobutyl-l  ,3-isoindoledione 
See  Phthalanil 
1-isoindolinone 


o-carboxyphenylglyoxylic 
acid 

See  Phthalide,  3,3-diphenylr. 

See  o-Xylylene  glycol. 

1,2-benzenedicarbonyl  chlo- 
ride*; o-phthalyl  dichloride 

See  Isophthalyl  chloride. 

See  Terephthalyl  chloride. 

2-hydroxy-3-methyl-l  ,4- 
naphthoquinone ;  vitamin  K  ( 

See  i-Erythritol. 

eserine 


3,7,11, 15-tetramethyl-2- 
hexadecen-1-ol* 

See  Pyrazine. 

dibenzo  [a,i]phenanthrene 

2-methylpyridine ;  a-pico- 
line 


Formula 


C6Cl4(COOH)2. 
ylic  acid. 


C6H4(CO)20. 


C6H4COOCH5 


C6H4COOC:CH- 
CeHs 


C6H4COOC(C6H6): 

i i 


N02C6H3COOCH2 


C6H4(CO)2NH, 


C6H4CON(C4H9)CO 

i i 

C6H4CONHCH2... 

i i 

C6H4(COCOOH)- 
COOH 


C6H4(C0C1)2... 

CnHsOa 

one  form) 

C15H21N3O2 

Ci5H2iN302HCl 

Cl5H2lN302* 

C7H603 
(Ci5H2iN302)2- 

H2S04 
C20H38 

C20H39OH 

C22H14 

CH3C6H4N 


*Name  approved  by  the  International  Union  of  Chemistry, 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf,  or  need, 
f.  w. 


col.  rhomb, 
need. 


need.  f.  w., 
1.5356099-1 


col.  monocl. 
pr.  f.  al. 


leaf.  f.  al 

need.  f.  al 

hex.  pr.  f.  eth 


need 

pr.  f .  bz.  or  al 


col.  oily  liq., 
1.5709915-5 


yel.  pr. 


col.  hyg.  trim. 

f.  bz..  0  1.602 

wh.  cr 

col.-yel. 

acicular  cr. 
micro-cr. 

powd. 
liq 


col.  oil, 
1.46380 


col.  leaf. 

col.  liq., 
1.5029316-7 


Density 
g/ml 


1.5274 


1.408 


0.826- 

4 

0.864^; 
0.852^ 


0.950- 


Melting 
point,  °C 


250  d. 


130.8 


::■! 


108  (99) 

115 

141 

238  (234) 

93 

150 

138-40 


(sym.)  16; 
(uns.)  89 


173 

unst.  86-7; 
stab.  105-6 

178.9" 

140 


364 
-69.9 


Boiling 
point,  °C 


284.5  subl. 


290 


419-28 
si.  d. 


subl. 

293-5 
3377S0 


281 
275 


185-822 

i45.es- 04. 
203-49-10 


520 

128 


Solubility  in  grams  per  100  ml  of 


Water 


0.5714, 
399 


v.  si.  s. 


v.  si.  s. 


d.  h. 


0.0625 


11515 


si.  s. 

s. 
1.33 

V.  s. 


Alcohol 


s.  h. 


v.  s. 

s. 


V.  s. 


7.71 
V.  s. 


v.  si. 


Ether,  etc. 


v.  s.  eth.,  acet. 
v.  si.  s.  chl. 


si.  s.  eth. 


s.  H2SO4 


s.  eth.;  v.  s.  h. 

ch!.;    i.    alk. 

carb. 
si.   s.   eth.;   s. 

caustic    alk., 

ac.  a.;  v.  si.  s. 

bz.,  chl. 


v.  s.  eth.,  chl. 

s.  eth. ;  si.  s. 
chl. 


s.  eth. 


eth.,  bz.,  chL 


0.57    eth.;    s. 

chl. 
0.083  eth.;  s. 

chl. 
00  me.  al.,  ac 

a.,  pet.  eth. 
00  eth,,  me.  al. 


v.  si.  s.  eth.;  si. 
s.  chl.,  h-  bz. 
00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

6962 

6963 

6964 
6965 

6966 
6967 


6968 
6969 

6970 
6971 

6972 
6973 

6974 


6975 
6976 

6977 

6978 

6979 
6980 


6981 
6982 


6984 
6985 


6987 


6988 

6989 
6990 
6991 


Name 


Synonyms 


Formula 


3-Picoline 
4-Picoline 


2-Picoline-4,6-dicarbox 
Picolinic  acid 


Pier  aconi  tine. 
Picramic  acid, 


Picramide. 
Picric  acid 


,  methyl  ether. 

Picryl  chloride . 


Pictol. 
Pilocarpidine(d) . 

,  chloroplatinate 


,  nitrate. . , 

Pilocarpine 


hydrochloride, 
nitrate 


salicylate, 
sulfate . . . 


cf-Pimaric  acid. 
Pimelic  acid .  .  . 


,  diethyl  ester. 

-,  7-keto- 


Pimelic  ketone. 
Pinacol 


Pinacolin , 


Pinacolyl  alcohol 


Pinacone. 

Pinene,  hydrochloride. 

cf/-Pinene 


3-methylpyridine ;  /S-pico- 

line 
4-methylpyridine ;  7-pico- 

line 
ylic  acid.   See  Uvitonic  acid. 
2-pyridinecarboxylic  acid*.  .  . 

See  Benzaconine. 
2-amino-4,6-dinitrophenol*. . 


See  Aniline,  2,4,6-trinitro-. 
2,4,6-trinitrophenol 


See  Anisole,  2,4,6-trinitro-. 
2-chloro-l,3,5-trinitroben- 

zene* 
See  Phenol,  p-methylamino-, 


heptanedioic  acid1 
ethyl  pimelate. . . 


See  Acetonediacetic  acid. 

See  Cyclohexanone*. 

2 ,3-dimethyl-2 ,3-butane- 

diol*;  tetramethylethylene 

glycol;  pinacone 
3,3-dimethyl-2-butanone* ; 

tert-buty\  methyl  ketone 


3,3-dimethyl-2-butanol* ; 

methyl-*er*-butylcarbinol 
See  Pinacol. 
See  Bornyl  chloride. 
<fl-2,6,6-trimethylbicyclo- 

[3,1,1]  hept-2-ene;    (tf-a- 

pinene 


CH3C0H4N 

CH3C5H4N 

C5H4NCOOH. . . . 

NH2(N02)2C6H2- 
OH 

(N02)3C6H2OH... 

(N02)3C6H2C1.... 

Ifate. 
CioHi4N202 

(CioHi4N202- 
HCl)2PtCl4-4H20 

CioHi4N202-HN03 

CnHi6N202 


CnHi6N202HCL. 
CiiH16N202HN03 


CnHi6N202- 
C7H6O3 

(CnHi6N202)2. 
H2S04 

C2oH3o02 

COOH(CH2)5- 

COOH 
CH2(CH2CH2- 

COOC2H6)2 


(CH3)2C(OH)- 
COH(CH3)2 

CH3COC(CH3); 


(CH3)3CCHOH- 
CH3 


CioHi 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

6962 

col.  liq., 

1.5043224-0 
col.  liq 

need.  f.  w 

red  monocl. 
f.  chl.,  1.54, 
>1.95,  1.505 

yel.  rhomb, 
leaf.  f.  w. 

yel.  monocl. 
pr.  f.  eth. 

viscid  oil, 
[<*]+81.3°d 

or.  yel.  leaf, 
or  dk.  red  pyr. 

wh.  cr 

col.  oil  or 

need.,  [a] 

+  106°}* 

in  w. 
deliq.  pr.  or 

need.,  [a]- 

+  91.74°d 
pr.  f.  al.  or  w., 

[a]+82.9°D 

wh.  cr., 
[a]+62.5°D 

wh.  cr.  f.  al. 
+eth.,  fa] 
+84.72°d 

cr 

0.9613^ 

4 

0.9571- 

4 

143.5 
143.1 

subl. 

OO 
OO 

V.  S. 
0.1422 

1  420, 
6^8100 

0.01815 

s. 

50 
v.  s. 

333 

1620 

s. 
s. 

2.5218, 
520 

i. 

s.   C,   V. 
s.  h. 

2.5115 
v.  si.  s. 
v.  si.  s. 

OO 
OO 

5  4425 

S. 

4.9120 

4.4817 

v.  s. 
i. 

s. 
v.  s. 

3725 

6.260 

s. 

s. 

s. 
V.  s. 

s. 

V.  s. 

s. 

s. 

OO 

*  eth. 

6963 

00  eth. 

6964 
6965 

6966 
6967 

137 
168-9 

121.8 
83 

v.   si.   s.   eth., 
bz.,  chl. 

si.   s.   eth.;   s. 

6968 
6969 

6970 
6971 

6972 
6973 

1.763 

1.797 

exp.  >300 
d. 

bz.,  glac.  ac. 
a.,  aniline 

1 .43  c.  eth.;  s. 
bz. 

7.2317eth. 
si.  s.  eth. 

6974 

88-9; 

anh.  187 

d. 
137 

34 

anh.  196.7 

176-8  (173) 

120 

132  (120) 

212 
103 

6975 

6976 

si.  s.  eth.;  v.  s. 

6977 

chl.;  v.  si.  s. 
bz. ;     i.     pet. 
eth. 
i.    eth.;   si.    s. 

6978 

chl. 
i.  eth.,  chl 

6979 

6980 

6981 

28220 
272100 

subl. 
252-57« 

172.8 
106.2 

121-3 

154 
(158-61) 

6982 
6983 

monocl.  pr. 
f.  w. 
col.  liq 

col.  need 

col.  liq 

liq.  or  silky 
need. 

col.  liq.,  1.4658 

1.32915 
0.999^ 

1  5 

0.967215 

0.811; 
0.8208j 

0.81225 
0.8582- 

4 

v.  s.  eth. 
s.  eth. 

6984 
6985 
6986 

6987 

6988 

6989 
6990 
6991 

38  (41-3) 
-52.5 

5.5 

-55  (-50) 

v.  s.  eth. ;  si.  s. 
CS2 

s.    eth.;   v.   s. 
acet. 

*  eth. 

00  eth.,  chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


6992 


6993 
6994 

6995 

6996 

6997 

6998 
6999 
7000 
7001 
7002 

7003 
7004 

7005 

7006 
7007 

7008 
7009 
7010 
7011 


7012 
7013 

7014 

7015 

7015M 

7016 

7017 

7017M 

7018 

7018M 

7019 
7020 
7021 


7022 

7023 
7023H 


Name 


Pinole(cf/) 


,  hydrate.  . . 

2-Pipecoline, 

3-Pipecoline 

4-Pipecoline 

Piperazine.  . 


-,  dihydrobromide 

-,  dihydrochloride 

-,  hexahydrate 

-,  salts  of  organic  acids.  Se 
-,  l,4-bis(hydro- 

cinnamyl)- 
-,  a,7-diaci-. 
-1,4-dianisoyl- 


2,5-dimethyl- 

(trans) 
1,4-dinitroso-. . 
1,4-di-a-toluyl- 

1 -phenyl- 


2,5-Piperazinedione. 
Piperethylalkine. 
Piperic  acid 


Piperidic  acid. 
Piperidine 


■acetyl- 


2-allyl-. 

1-amyl- 

4-benzoxy-2,2,6-t 

1-benzoyl- 

1-butyl- 

1,2-dimethyl-.  . 
1-dodecyl- 


,  ethoxyl-. 
,  1 -ethyl-.  .  .  . 
-,  2-ethyl-(cH). 


,  3-ethyl-(d/) 


,  1-formyl- 
,  1-heptyl- 


Synonyms 


6,8-epoxy-l-p-menthene;  4, 

7,7-trimethyl-6-oxabicyclo- 

[3,2,1]  oct-3-ene;  d/-sobre- 

rone 

i-l-p-mentliene-6,8-diol 

2-methylpiperidine ;  a-pipe- 

coline 
3-methylpiperidine;  /3-pi- 

pecoline 
4-methylpiperidine ;  7-pi- 

pecoline 
hexahydropyrazine;  diethyl- 

enediamine 


!  under  the  acids. 
See  Glycine  anhydride. 


See  Glycine  anhydride. 

See  Piperidine'ethanol. 

5-(3,4-methylenedioxy- 
phenyl)-2 ,4-pentadienoic 
acid*;  /3-(3,4-methylene- 
dioxystyryl) acrylic  acid 

See  Butyric  acid,  -/-amino-. 

hexahydropyridine ;  penta- 
methylenimine 

acetic  acid  piperidide ;  N- 
acetylpiperidine 

See  (3-Coniceine. 

■V-n-pentylpiperidine 

rimethyl-,  lactate.   See  &-E 


N,  a-dimethylpiperidine . 


See  Piperidineethanol. 
iV-ethylpiperidine .... 
dZ-tt-ethylpiperidine . . 


dZ-/3-ethylpiperidine . 


JV-f  ormylpiperidine . 


Formula 


C10H16O 

CioH16(OH)2 

CH3C5H9NH 

CH3C5H9NH 

CH3C5H9NH 

NHCH2CH2- 

NHCH2CH2 

1 

C4HioN2-2HBr.  ... 
C,HioN2-2HCl.... 
CiHioN2-6H20 .... 

(CeHsCHoCH^ 
CO)2C4H8N2 

(CH3OC6H4CO)2- 

C4H8N2 
(CH3)2C4H8N2.... 

C4H8N2(NO)2 

(CeHsCH^O)^ 
C4H8N2 
C4H9N2C6H5 

(CH202)C6H3CH: 
CPICH:CHCOOH 


(CH2)5NH 

CH3CON(CH2)5.. 

C5H10NC5H11 . . . . 
ucaine,  lactate. 
CeHeCONCsHio.  . 

C5HinNC4H9 

C5H9N(CH3)2 

C5HioN(CH2)n- 
CH3 

C2H6NC5Hio 

NHCH(C2H5)- 

1 , 

(CH2)4 

1 

NHCH2CH- 

(C2H5)(CH2)3 

HCONCsHio 

C6Hi0N(CH2)6CH3 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

'6992 

1.4715 

col 

0.9420j 

184 

270-1 
119 

126 

129 

145 

3.315 

s. 

V.  s. 

s. 
s. 

V.  s. 
V.  s. 
v.  s. 

i. 

i. 

v.  s. 

s.  h. 
v.  si.  s. 

i. 

v.  si.  s. 

00 
OO 

i. 

5 

v.  si.  s, 

,    Oft 

: 

s. 
v.  s. 

v.  v.  s. 

i.  c. 
i.  c. 
s. 

s.  h. 

s.  h. 
v.  s. 

i.  c. 

s.  h. 

OO 

2.84  c. 

00 
s. 

s. 

OO 

s.  eth. 

6993 

150 

9 

v.  s.  eth. 

6994 
•6995 

liq., 

1.4462724-3 
liq., 

1.4377921-6 
liq 

0.84424 
0.84524 
0.867° 

i.  dil.  KOH 

•6996 

6997 

col.  rhomb, 
f.  al., 
1.446m 

wh.  need 

wh.  need 

wh.  cr 

wh.  cr 

wh.  cr 

monocl.  pr. . . . 

wh.  pi 

wh.  cr 

pa.  yel.  oil ... . 
yel.  need.  f.  al. 

col.  liq., 
1.453420 
It.  liq 

104 

d. 
d. 

44 

122.5-3.0 

192.5-3.5 

(cis)  114 
(trans)  118 
157-8 
150-1 

6998 

1.0621^ 

4 

0.862220 
1.0111 

0.828220 

6!824520  " 

i.  eth. 

6999 

i.  eth. 

7000 

v.  si.  s.  eth. 

7001 
7002 

si.  s.  eth. 

7003 
7004 

i.  eth. 

7005 
7006 

162 

si.  s.  eth. 
i.  eth. 

7007 

si.  s.  eth. 

7008 

156-710 

220  d. 
subl. 

106.3 

227-8  (224) 

198.2160 

184" 
175.8 
127.9 
139-402 

130.8 
143 

152.6(155) 

218-22 
239.5 

00  eth. 

7009 
7010 
7011 

7012 
7013 

7014 

217 

-9  (-17) 
107-9 

s.  eth. 
00  eth. 

7015 
7015M 

1.449820 

col.  need 

1.446720 

liq.. 

7016 
7017 
7017M 

48  (29-33) 

s.  eth. 

7018 

7018M 

1.456925 

liq.,  1.444020... 

0.834825 

0.824920 
0.867° 

0.8658° 

1.0205^ 
0.83162° 

7019 
7020 

7021 

7022 

liq 

7023 

wh.-yel.  liq — 
1.453120 

no  eth. 

7023  H 



For  explanations  and  abbreviations  see  beginning  of  ta.ble*. 
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PHYSICAL  CONSTANTS  OF 


No. 


7023R 

7024 

7025 

7026 

7027 

7028 

7028H 

7028  M 

7028R 

7029 

7030 

7031 
7032 
7033 


7034 
7035 

7036 
7037 

7038 

7039 

7040 

7041 
7042 


7043 
7044 

7045 
7046 


7047 
7048 
7049 
7050 


7051 

7052 

7052M 

7053 


Name 


Piperidine,  1-hexyl-. 

,  /S-hydroxyethyl- 

,  1 -methyl- 


2-methyl-. 
3-methyl-. 
4-methyl-. 

1-nonyl- 

1-octyl- 

iV-n-pentyl-. 
1-piperyl-. 
1 -propyl- 


,  2-propyl-. 

,  2-(3-pyridyl)-. 

1-Piperidinecarbodi- 

thioic  acid,  piperidin- 

ium  salt 
,  zinc  salt 


Piperidineethanol . 


4-Piperidone,  2,2,6,6-te 
Piperine 


,  hydriodide  diiodide. 

Piperolidine 

Piperonal 


Piperonyl  alcohol 
Piperonylic  acid . . 


Piperylene. 
Pivalaldehyde. 


,  oxime 

Pivalic  acid 


,  methyl  ester 

Plum  bane,  tetramethy 

,  tetraphenyl-. 

Polyoxymethylene .  .  .  . 


Populin 


,  (anhydrous  synthetic) 

P.  P.  factor. 
Prehnitene 


Synonyms 


See  Piperidineethanol. 


See  2-Pipecoline. 
See  3-Pipecoline. 
See  k-Pipecoline. 


See  Piperidine,  \-amyl-. 
See  Piperine. 
iV-n-propylpiperidine. . . 


See  Coniine. 
See  Anabasine. 
piperidinium  cyclopenta- 
methylenedithiocarbamate 


/3-hydroxyethylpiperidine ; 

ethoxylpiperidine ;  piper- 

ethylalkine 
tramethyl-.    See  Triacetona 
1-piperylpiperidine 


octahydropyrrocoline ;   5- 

coniceine 
3,4-methylenedioxybenzal- 

dehyde ;  protocatechual- 

dehyde  methylene  ether ; 

heliotropin 
3,4-methylenedioxybenzyl 

alcohol 
3,4-methylenedioxybenzoic 

acid;  protocatechuic  acid 

methylene  ether 
See  1,3-Pentadiene*. 
2,2-dimethylpropanal*;  tri- 

methylacetaldehyde 

trimethylacetaldoxime 

2,2-dimethylpropanoic  acid*; 

a  ,oc-dimethylpropionic 

acid ;  trimethylacetic  acid 

methyl  pivalate 

-.    See  Lead,  tetramethyl-*. 

See  Lead,  tetraphenyl-*. 

trioxymethylene ;  paraform- 
aldehyde ;  metaformalde- 
hyde.  See  also  sym-Trioxane. 


benzoylsalicin , 


benzoylsalicin 

See  Nicotinamide;  Nicotinic  ac 
1 ,2,3,4-tetramethylbenzene ; 
prehnitole 


Formula 


C6HioN(CH2)6CH3 
C6HioNCH3 


C5Hi0N(CH2)8CH3 
C5HioN(CH2)7CH3 


CH3CH2CH2NC5- 
Hio 


C5H10NCSSNH2- 
CsHio 

(C6HioNCSS)2Zn. 

C5HioNCH2CH2- 
OH 


mine. 
Ci-Hi9N03. 


(Ci7Hi9NOi)2-HI-l2 

C8Hi5N 

CH2(02)C6H3CHO 


CH2(02)C6H3CH2- 

OH 
CH2(02)C6H3- 

COOH 


(CH3)3CCHO. 


(CH3)3CCH:NOH 
(CH3)3CCOOH..., 


(CH3)3CCOOCH3 
(CH20)x 

C2oE2208-2H20... 

CwHmOs 

id. 
(CH3)4C6H2 


116.16 
(30.03)  z 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


7023R 

7024 
7025 

7026 

7027 

7028 

7028H 

7028M 

7028R 

7029 

7030 

7031 
7032 
7033 


7034 
7035 

7036 
7037 

7038 

7039 

7040 

7041 
7042 


7043 
7044 

7045 
7046 


7047 
7048 
7049 
7050 


7051 

7052 

7052M 

7053 


Crystalline 

form,  color 

and  index  of 

refraction 


1.451720 

liq.,  1.437820. 


1.453825. 


col.  liq., 
1.444G20 


pa.  yel.  pi. 

wh.  powd. 
Hq 


col.  monocl. 

need.  f.  al. 

steel  bl.  need 

Hq 


wh.-yel.  cr. 
f.  w. 


cr. 


need.  f.  w. 
or  al. 


liq 


cr 

col.  need., 
1.3931*-5 


col.  liq. . . 
wh.  need. 

col.  need. 


pr 


col., 
1.52031w« 


Density 
g/ml 


0.83020 
0.820720 


0.831325 
0.83420 


0.823120 


1.193 


0.904- 


0.79317 
6!9055'0' 


1.044« 


0.901^ 
1.801- 


Melting 
point,  °C 


171-2 
223-5 


128-9.5 
145 


37 

51 

228 


41 
35.5 


64  (60) 

anh. 180 

178-9 

-4 


Boiling 
point,  °C 


219.2 
105.9 


135.711 

14225 


152.1 


199 


(dl)  161; 
(I)  158 
263 


d. 
subl. 

75 

652» 
163.8 

102 
subl. 


204 


Solubility  in  grams  per  100  ml  of 


Water  1  Alcohol        Ether,  etc 


14. 849; 
5.5" 


2.7740.5 
0.60632 


v.  s. 


v.  si.  s. 
c. 


0.2  c, 

00   78 

sl.  S. 
sl.  s.  h. 


2.2 


sl.  s. 


17. 21*, 

21 .  125 


0.0415, 
2.4100 


v.  s. 


).7, 
2360 


S.   C,   °0 

h. 


s.  h. 


eth. 


v.  s.  eth. 


v.  sl.  s.  eth. 


i.    eth.;   sl. 
chl. 


2.8  eth.; s.  chl. 
v.  s.  chl. 

00  eth. 

00  eth. 

sl.   s.   eth.;  s. 
alk. 

s.  eth. 

v.  s.  eth. 

00  eth. 
s.  eth. 


s.  eth.,  dil.  a., 
alk. 


00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7054 
7055 
7056 

7057 
7058 

7059 
7060 

7061 

Prehnitic  acid 

Prehnitylic  acid 

Procaine,  hydrochloride 

Proline,  hydroxy-  (1) .  .  . 
,  4-hydroxy-(c?) 

ell-  Proline 

of- Proline 

/-Proline 

1,2,3,5-benzenetetracar- 
boxylic  acid* 
2,3,4-trimethylbenzoicacid. .  . 

/S-diethylaminoethyl    p- 
aminobenzoate  hydrochlo- 
ride ;  novocain ;  ethocain 

4-hydroxy-2-pyrrolidine- 
carboxylic  acid 

dZ-2-pyrrolidinecarboxylic 

acid 
d-2-pyrrolidinecarboxylic 

acid 
/-2-pyrrolidinecarboxylic  acid 

See  Sulfanilamide. 
aliens;  dimethylenemethane 
See  Carbon  suboxide. 
tetraphenylallene 

C6H2(COOH)4.... 

(CH3)3C6H^COOH 

NH2C0H4COOC2 
H4N(C2H5)2-HC1 

C4H7N(OH)COOH 

C4H7N(OH)COOH 

C4H8NCOOH.... 

C4H8NCOOH 

CJlaNCOOH.... 

CH2:C:CH2 

(C6H5)2C:C:C- 

(CeH5)2 

CH3CH2CH3 

fi-dimethyl-*. 
(CH3)2C(S02- 

C2Hs)2 

CH3CHClCH2Br.. 
CH3CHBrCH2Cl.. 
(CH3)3CCH2Br. . . . 

er,  bis-0-chloroisopro 
(CH3)3CCH2C1.... 

CH3CH2CHBr2 . . . 
CH2BrCHBrCH3. . 

251.15 
164.20 

272.77 

131.13 
131.13 

115.13 
115.13 
115  13 

7061 M 
7062 
7063 
7064 

Prontosil  album. 

Propadiene* 

,  dioxo-. 

,  tetraphenyl- 

Propanal*. 

,  2,2-dimethyl-*. 

,  2-methjI-*. 

,  2-oxo-*,  1-oxime. 

,  3-phenyl-. 

Propanamide*. 

,  2-hydroxy-*. 

■,  2-methyl-*. 

Propane* 

40.06 
344  43 

7065 
7066 
7067 
7068 
7069 
7070 
7071 
7072 
7073 

See  Propionaldehyde. 

See  Pivaldehyde. 

See  Isobutyraldehyde. 

See  Pyruvaldehyde,  aldoxime. 

See  Hydrocinnamaldehyde. 

See  Propionamide. 

See  Lactamide. 

See  Isobutyramide. 

dimethylmethane  . . 

44  09 

7074 
7075 
7076 

7077 
7078 
7079 

,  l-amino-2,2-dim 

,  l-amino-2-meth 

,  2,2-bis(ethylsul- 

fonyl)-* 

,  l-bromo-*. 

,  2-bromo-*. 

,  l-bromo-2- 

chloro-* 
,  2-bromo-l- 

chloro-* 
,  l-bromo-2,2- 

dimethyl-* 

,  l-bromo-2-meth 

,  2-bromo-2-meth 

,  1-chloro-*. 

,  2-chloro-*. 

,  l-chloro-2-(/3-chl 

,  l-chloro-2,2,- 

dimethyl-* 

,  l-chloro-2,3-epox 

,  l-chloro-2-meth 

,  2-chloro-2-meth 

,  1,1-dibromo-*.  .  . 

,  1,2-dibromo-* 

ethyl-.    See  Propylamine,  £, 
yl-.  See  Isobutylamine. 

acetone  diethylsulfone ;  sul- 
fonmethane;  sulfonal 

See  Propyl  bromide. 

See  Isopropyl  bromide. 

228.32 
157  45 

7080 

157  45 

7081 

7082 
7083 
7084 
7085 
7086 
7087 

tert-butylmethyl  bromide 

yl-*.   See  Isobutyl  bromide. 
yl-*.    See  tert-Butyl  bromide. 

See  Propyl  chloride. 

See  Isopropyl  chloride. 
oroisopropoxy)-*.  SeeEth 

151.06 

pyl. 
106.60 

7088 
7089 
7090 
7091 

7092 

y-*.   See  Epichlorohydrin. 
yl-*.  See  Isobutyl  chloride. 
yl-*.   See  tert-Butyl  chloride. 
propylidene  bromide 

propylene  bromide ;  propyl- 
ene dibromide 

201.91 
201.91 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


pr.  (+2H20) 
f.  w. 
pr.  f .  al 


col.  need.  f.  al 


rhomb,  pi.  or 
fine  need. 


pr. 


flat  need.  f. 
al.;  pr.  f.  w. 


gas. 


need,  or  pr.  f . 
dil.  al.  or  acet 


col.  gas. 


Density 
g/ml 


0.70717 


.787  g/1 


col.  monocl. 
pr.  f.  al. 


liq.,  1.47449. 
liq.,  1.47763. 
col.  liq 


Uq-       -44.5 

0.5853  — 

4 

2. 014° g/1 


1.260- 


liq 

col.  liq.,  1.5203 


1.531- 
1.537- 


2604- 


1.9333- 


Melting 
point,  °C 


237  d. 
167.5 
156 

274; 
(238-41)  d 

(a)  274; 

(b)  238-41 
d. 

205  d. 

215-20  d. 
220-2  d. 

-146 
166 


-189.9; 

frz. 

-187.1 


128 


Boiling 
point,  °C 


-55.5 


-32 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc 


s. 
0.625 


-42.17 

300  d. 

118.0 
117. 0™5 
89-91749 

84.4 

ca.  130 
141.6(140) 


6.518 


215 

"6;7ioo 


0.2520 


s. 
3023 


si 


1.551S 


si.  s.  c. 


79017 
cm3 


1.2  c, 

39  h. 


s.  eth. 

s.  eth. 

v.  si.  s.  eth.;  si. 
s.  chl. 

i.  eth. 


i.    eth.;    si.    s. 
chl.,  acet.,  bz. 


i.    eth.,    butyl 
al.,  propyl  al. 


s.  eth. 


92617  cm8  eth. 


0.54  c.  eth. 


s.  eth. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


MoJ 

No. 

Name 

Synonyms 

Formula 

Wt. 

7093 

Propane,  1,3-di- 

trimethylene  bromide;  tri- 
methylene dibromide 

BrCH2CH2CH2Br 

201.91 

bromo-* 

7094 

,  2,2-dibromo-* .  . 

,  l,2-dibromo-2- 

bromacetol 

CH3CBr2CH3 

(CH3)2CBrCH2Br. 

201.91 

7095 

isobutylene  bromide 

215.94 

methyl-* 

7096 

,  1,1-dichloro-*.  .  . 

,  1,2-dichloro-*.. .  . 

propylidene  chloride 

CHaCH2CHCb. . . . 
CH2C1CHC1CH3.. 

112.96 

7097 

propylene  chloride;  propyl- 

112.9© 

ene  dichloride 

7098 

,  1,3-dichloro-*.  .  . 

trimethylene  chloride;  tri- 
methylene dichloride 

C1CH2CH2CH2C1. 

112.99 

7099 

,  2,2-dichloro-*.  .  . 

acetone  dichloride;  isopropyl- 
idene  chloride 
isopropylidene  fluoride ;  ace- 

CH3CC12CH3  

112.99 

7099M 

,  2,2-difluoro-* 

CH3CF2CH3 

80.08 

tone  fluoride ;  fluoroacetol ; 

difluorodimethylmethane 

7100 

,  1,2-diiodo-* 

propylene  diiodide;  propyl- 
ene iodide 

CH3CHICH2I 

295.92 

7101 

,  2,2-dimethyl-*..  . 

tetramethylmethane ;  neo- 

(CH3)4C 

72.15 

pentane 

7102 

,  1,3-diphenoxy-*.. 

trimethylene  glycol  diphenyl 
ether 
See  Propene  oxide. 

C6H6OCH2CH2- 
CH2OC6H6 

228.28 

7103 

,  1,2-epoxy-. 

7104 

,  l,2-epoxy-3-iodo- 

.    See  Epiiodohydrin. 

7105 

,  l,2-epoxy-2-meth 

yl-.  See  Ethylene  oxide,  a,  a-di 

methyl-. 

7106 

,  1-ethoxy-*. 

See  Ether,  ethyl  propyl. 

7107 

,  2-ethoxy-*. 

See  Ether,  ethyl  isopropyl. 

7108 

,  l-ethoxy-2-meth 

yl-*.  See  Ether,  ethyl  isobutyl. 

7109 

,  2-ethoxy-  2  -meth 

yl-*.  See  Ether,  tert-butyl  ethyl 

7110 

,  1-fluoro-*. 

See  Propyl  fluoride. 

7111 

,  2-fluoro-*. 

See  Isopropyl  fluoride. 

7112 

,  l-fluoro-2-methy 

1-*.   See  1 sobutyl  fluoride. 

7113 

,  1-iodo-*. 

See  Propyl  iodide. 

7114 

,  2-iodo-*. 

See  Isopropyl  iodide. 

7115 

,  l-iodo-2,2-di- 

methyl-* 

terf-butylmethyl  iodide 

(CH3)8CCH2I 

198.06 

7116 

,  l-iodo-2-methyl- 

*.   See  Isobutyl  iodide. 

7117 

,  2-iodo-2-methyl- 

*.   See  tert-Butyl  iodide. 

7118 

,  2-(isopropylthio) 

-*.   See  Isopropyl  sulfide. 

7119 

,  2-isopropoxy-*. 

See  Isopropyl  ether. 

7120 

,  1-methoxy-*. 

See  Ether,  methyl  propyl. 

7121 

,  2-methoxy-*. 

See  Ether,  isopropyl  methyl. 

7122 

,  l-methoxy-2-met 

hyl-*.  See  Ether,  isobutyl  meth 

yl. 

7123 

,  2-methyl-*. 

See  Isobutane. 

7124 

,  l-methyl-l-(met 

hylpropylthio)  -*.   See  sec- 

Butyl  sulfide. 

7125 

,  2-methyl-l-(/3-m 

ethylpropoxy)-*.    See  I  sob 

utyl  ether. 

7126 

,  2-methyl- l-(/3-m 

ethylpropylthio)  -*.  See  I 

sobutyl  sulfide. 

7127 

,  2-methyl-l- 

nitroisobutane 

(CH3)2CHCH2N02 

103.12 

nitro-* 

7128 

,  2-methyl-l-phen 

oxy-.  See  Ether,  isobutyl  pheny 

I. 

7129 

,  2-methyl-l-phen 

yl-.   See  Benzene,  isobutyl-. 

7130 

,  2-methyl-2-phen 

yl-.   See  Benzene,  tert-butyl-. 

7131 

,  1-nitro-* 

CH3CH2CH2N02. . 
(CH3)2CHN02.... 

89.09 

7131F 

,  2-nitro-* 

sec-nitropropane 

89.09 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

7093 

col.  liq.,  1.523. 

1.9792f 
1.987^ 

-34.4 

167 

0.168W 

s. 

s.  eth. 

7094 

1.782520 
1.759 

1.1431" 

1.1593^; 

20 

1.165614 

114-5740 
149.0 

87 

96.8 

O.2720 

v.  s. 

7095 

liq.','  1.509.'.!.' 
liq.,  1.4467.... 
col.  liq.,  1.4388 

-70.3'"' 

7096 

7097 

v.  s.  eth. 

7098 

col.  liq.,  1.4469 

1.20115; 

1.1896^ 

125;  119740 

0.28730 

v.  s. 

v.  s.  eth. 

7099 

liq.,  1.4471.... 

20 

-34.6 

69.7 

i. 

s. 

«  eth.,  CS2 

7099  M 

col.  gas 

liq 

0.92° 

-0.6 (-0.2) 

7100 

2.490 
0.613- 

0 

d. 

9.5 

338^0 

i. 
i. 

s. 
s. 

7101 

gas 

-20 
61 

s.  eth. 

7102 

shiny  leaf.  f.  al. 

s.  eth. 

7103 

7104 

7105 

7106 

7107 

7108 

7109 

7110 

7111 

7112 

7113 

7114 

7115 

col.  oil 

1.5317U 

127-9  d. 

i. 

s. 

s.  eth. 

7116 

7117 

7118 

7119 

7120 

7121 

7122 

7123 

7124 

7125 

7126 

7127 

col.  liq. 

0.9625- 

26 

140.8 
(158-9) 

v.  si.  s. 

00 

oo  eth. 

7128 

7129 

7130 

1003^ 

7131 

col.  liq., 

frz.  -108 

132 

1.4  cc 

OO 

oo  eth. 

1.4002724-8; 

20 

1.4015 

7131F 

w.  wh.  liq., 
1.394120 

0.992- 

|                  20 

frz.  -93 

120 

1.7cc 

For 


explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

7132 

Propane,  2-phenoxy-. 

See  Ether,  isopropyi  phenyl. 

7133 

,  1-phenyl-. 

See  Benzene,  propyl-. 

7134 

,  2-phenyl-. 

See  Cumene. 

7135 

,  1-propoxy-*. 

See  Propyl  ether. 

7135M 

,  l-(propylsulfinyl) 

-*.   See  Propyl  sulfoxide. 

7135 

,  1-propylsulfonyl- 

*.  See  Propyl  sulfone. 

7137 

,  1-propylthio-*. 

See  Propylsidfide. 

7138 

,  1,2,3-txibromo-*. 

glycerol   tribromohydrin ; 
tribromohydrin ;  allyl  tri- 
bromide 

CH2BrCHBrCH2- 
Br 

280.82 

7139 

,  1,2,3-trichloro-* 

glycerol   trichlorohydrin; 
allyl  trichloride;  trichlo- 
rohydrin 

CH2CICHCICH2CI 

147.44 

7140 

,  1,1,1-triphenyl-. . 

a-ethyltritan 

(CeHsHCCEbCHa 

272.37 

7140M 

1-Propaneboronic  acid 

.    See  Boric  acid,  propyl-. 

7141 

Propanediamide*. 

See  Malonamide. 

7142 

c//-l,2-Propanedi- 

cfZ-propylenediamine 

CH3CH(NH2)- 

74.13 

amine* 

CH2NH2 

7143 

1,3-Propanediamine*. . 

trimethylenediamine 

NH2(CH2)3NH2... 

74.13 

7144 

Propanedinitrile*. 

See  Malononitrile. 

7145 

Propanediol  acid*. 

See  M atonic  acid. 

7146 

,  2-propenyl-*. 

S?e  Malonic  acid,  allyl-. 

7147 

1,2-Propanediol* 

propylene  glycol 

CH2OHCHOHCH3 

76.09 

7148 

,  3-chloro-* 

a-chlorohydrin ;  glycerol 
a-chlorohvdrin 

CH0CICHOHCH2- 
OH 

110.54 

7149 

,  3-mercapto-*. 

See  Glycerol,  1-thio-. 

7150 

,  2-methyl-* 

isobutylene  glycol;  as-di- 
methylethylene  glycol 

(CH8)2C(OH)CH2- 
OH 

90.12 

7151 

,  3-octadecyloxy-* 

glycerol  1-octadecyl  ether. . .  . 

CH3(CH2)i70CH2- 
CHOHCH2OH 

344.57 

7152 

1,3  -Propanediol* 

trimethylene  glycol 

HOCH2CH2CH2- 

76.09 

7152  H 

,  2-amino-2-ethyl- 

OH 

HOCH2C(NH2)- 
(C2H5)CH2OH 

119.16 

7152M 

,  2-amino-2-hy- 

droxymethyl- 

tris(hydroxymethyl)amino- 
methane 

H2NC(CH2OH)3... 

121.14 

7152R 

,  2-amino-2- 

HOCH2C(NH2)- 

105.14 

methyl- 

(CH3)CH2OH 

7153 

,  2,3-bishydroxym 

ethyl-.   See  Pentaerythritol. 

7154 

,  2,2-dimethyl-*..  . 

dimethyltrimethylene  glycol 

(CH3)2C(CH2OH)2 

104.15 

7154M 

,  2-ethyl-2-nitro-* 

2-nitro-2-methylol-l-butanol 

HOCH2C(C2H5)- 
(N02)CH2OH 
CH3C(CH2OH)3... 

149.15 

7155 

,  2-hydroxymeth- 

pentaglycerol;  pentaglyc- 

120.15 

yl-2-methyl-* 

erin 

7155H 

,  2-  hydroxy  me  th- 

yl-2-nitro-* 

tris(hydroxymethyl)  nitro- 
methane 

N02C(CH2OH)3... 

151.12 

7155R 

,  2-methyl-2- 

HOCH2C(CH3)- 

135.12 

nitro-* 

(N02)CH2OH 

7156 

1,3-Propanedione,  1,3- 

diphenyl-.  See  Methane,  dib 

mzoyl-. 

7157 

Propanenitrile*. 

See  Propionitrile. 

7158 

,  2-hydroxy-*. 

See  Lactonitrile. 

7159 

,  2-methyl-*. 

See  Isobutyronitrile. 

7160 

,  2-oxo-*. 

See  Pyruvonitrile. 

7161 

,  3-oxo-3-phenyl-. 

See  Acetonitrile,  benzoyl-. 

7162 

1- Propane  thiol*. . . 

n-propyl  mercaptan 

CH3CH2CH2SH. . . 

76.15 

7163 

,  2-methyl-* 

isobutyl  mercaptan 

(CH3)2CHCH2SH 

90.18 

7164 

2- Propane  thiol* 

isopropyi  mercaptan 

CH3CHSHCH8.... 

76.15 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

7132 

7133 

7134 

7135 

7135M 

7136 

7137 

7138 

7139 

7140 

pr.,  1.584 

col.  liq 

col.  cr.  f.  me. 
al. 

col.  liq 

col.  liq 

col.  liq 

ylsh.  liq 

liq 

2.43G-3 
1.417^ 

4 

16 

-14.7 

51-1.5 

220 

156-8 

i. 
i. 
i. 

OO 

S. 

S. 

i. 

DO 
OO 

80 
250 

i. 
40020 

s. 

22020 

8020 

v.  si.  s. 
si.  s. . 
si.  s. 

v.  s. 

s. 
s. 

oo 

oo 
S. 

S.  h. 

oo 

V.  S. 
V.  S. 

s. 
V.  s. 

00 

v.  s.  eth. 
s.  eth. 
v.  s.  eth. 

7140M 

7141 

7142 

0.87815 
0.884- 

4 

1.040 

i.a.v;!-8 

15 

1 .  003 
1.0526- 

4 

1.099 

119 
135.5 

189 

213  d. 
(115-2018) 

177 

7143 

oo  eth. 

7144 
7145 
7146 
7147 

s.  eth. 

7148 

s.  eth. 

7149 
7150 

7151 

col.  cr 

vise,  liq., 
1.4398 
1.49020 

70-1 

s.  eth. 

7152 

214  d. 
152-310 
219-22010 
151-210 

203738 
d. 

subl. 

d. 

d. 

68 
88 
60 

v.  s.  eth. 

7152H 

•37.5-38.5 

170.5- 

171.5 

109-111 

127 
56-57 

199 

165-70 

147-9 

-111.5 

<-79 

-130.7 

7152M 

7152R 

7153 
7154 
7154M 

need,  f .  bz .  . . . 

v.  s.  eth. 

7155 
7155H 

need.  f.  al 

i.  eth. 

7155R 

7156 
7157 
7158 
7159 
7160 
7161 
7162 

liq 

0.8357- 

4 

0.8357- 

4 

0.8055- 

4 

7163 
7164 

liq.,  1.43859... 
col.  liq 

v.  s.  eth. 
oo  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

7165 

1,2,3-Propanetricarbox 

ylic  acid*.  See  TriearbaUylic 

acid. 

7166 

1 ,2,3-Propanetriol*. 

See  Glycerol. 

7167 

Propane  trione,  di- 
phenyl-* 

diphenyl  triketone 

C6H»(CO>8CftH*. . . 

238.23 

7168 

Propanoic  acid*. 

See  Propionic  acid. 

7169 

,  2-amino-3-merca 

pto-.    See  Cysteine. 

7170 

,  3,3'-dithiobis(2-a 

mino-.   See  Cystine. 

7171 

,  2-hydroxy-. 

See  Lactic  acid. 

7172 

,  2-methyl-*. 

See  Isobutyric  acid. 

7173 

1-Propanol*. 

See  Propyl  alcohol. 

7173M 

,  2-amino-2- 

(CH3)2C(NH2)- 

89.14 

methyl- 

CH?OH 

7174 

,  3-bromo-* 

trimethylene  bromohydrin .  .  . 

BrCH^HjCHsOH 

139.00 

7175 

,  2-chloro-*,  acetate 

/3-chloropropyl  acetate;  2- 
chloropropyl  ethanoate* 

CHjCOOCH2CH- 
ClCHs 

136.58 

7176 

,  3-chloro-* 

trimethylene  chlorohydrin. . . . 

CICHaCHzCHxOH 

94.54 

7177 

,  2,3-dibromo-*  . . 

/3,  7-dibromopropyl  alco- 
hol; /3-di  bromohydrin; 
allvl  alcohol  dibromide 

CHsBrCHBrCH^ 
OH 

217.91 

7178 

,  2,3-dichloro-* .  .  . 

/3-dichlorohydrin ;    asym- 
glycerol  dichlorohydrin ; 
/9, 7-dichloropropyl  alco- 
hol; allyl  alcohol  dichloride 

CH2C1CHC1CH2- 
OH 

128.99 

7178H 

, ,  nitrate 

/3, 7-dichloropropyl  nitrate . . . 

CICH2CHCICH2- 

173.99 

7179 

,  2,2-dimethyl-*..  . 

ferf-butylcarbinol ;  neopentyl 
alcohol 
fert-butylphenylcarbinol 

NOs 
(CH3)3CCH2OH... 

88.15 

7180 

,  2,2-dimethyl-l- 

CeHsCHOHC- 

164.24 

phenyl- 

(CH3)3 

7181 

,  2,3-epoxy-*. 

See  Glycidol. 

7182 

,  2-methyl-*. 

See  Isobutyl  alcohol. 

7183 

,  2-methylamino-l 

-phenyl-.   See  Pseudoephedri 

ne. 

7183M 

,  2-methyl-2- 

nitro-* 

0-nitroisobutyl  alcohol 

(CH3)2C(N02)- 
CH2OH 

119.12 

7184 

,  1-phenyl- 

,  3-phenyl- 

ethylphenylcarbinol 

C2H6CHOHC6H5. . 

136.19 

7185 

hydrocinnamyl  alcohol 

C6HsCH2CH2CH2 
OH 

136.19 

7186 

2-Propanol*. 

See  Isopropyl  alcohol. 

7187 

,  nitrate. 

See  Isopropyl  nitrate. 

7188 

,  nitrite. 

See  Isopropyl  nitrite. 

7189 

,  1-chloro-* 

propylene  chlorohydrin 

CH2C1CH0HCH3 

94.54 

7190 

, ,  acetate 

/3-chloroisopropyl  ethanoate* 

CH3COOCH- 

136.58 

7191 

,  1,3-dichloro-*.... 

a-dichlorohydrin ;    sym- 
glycerol  dichlorohydrin ; 
sym-dichloroisopropyl 
alcohol 

(CH3)CH2C1 
CH2C1CH0H- 
CH2C1 

128.99 

7192 

, ,  nitrate 

/3,  /S'-dichloroisopropyl  ni- 

CH2C1CH(N03)- 

173.99 

trate  ;  dichloronitrohydrin 

CH2C1 

7193 

,  2-methyl-*. 

See  tert-Butyl  alcohol. 

7193M 

,  1,1-oxydi- 

dipropylene  glycol;  /3,  /3'- 
oUhydroxydi-n-propyl 
ether 

a,  a-dimethylbenzyl  alcohol ; 

(CH3CH0HCH2)20 

134.17 

7194 

,  2-phenyl- 

C6H5(CH3)2C0H.. 

136.19 

dimethy  Iphenylcarbino  I 

7195 

,  l,l,l-trichloro-2- 

methyl-*.  See  Chloretone. 

7196 

1-Propanone,  1-phenyl 

-.   See  Propiophenone. 

7197 

2-Propanone*. 

See  Acetone. 

7198 

,  1-amino-* 

aminoacetone ;  acetonylamine 

CH3COCH2NH2... 

73.09 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel.  need. 


1.44920. 

liq 

col.  liq.. 

liq 

col.  liq.. 


col.  liq. 


liq.... 
col.  cr 
need.  . 


Hq 

liq.,  1.53565. 


col.  liq. 
liq.... 


col.  liq., 
1.48024517 


col.  liq 

col.  liq 

pr.,  1.5314". 

need.  f.  al. . . 


Density 
g/ml 


0.934 
1.5710^ 

4 

1.098 
1.1309^ 

4 

2.1682°; 
2.125925 

1.3681"; 
1.35517-5 


1.37 
0.812 


0.9962- 
1.008 


1 .  10320 


1.367^; 
1.3506 j 
1.459 


1.0224- 


0.9724^ 

4 


Melting 
point,  °C 


68-70 


25-26 


53 
45 

90-95.5 


<-18 


35-7 


189  d. 


Boiling 

Solubility  in  gram* 

point,  °C 

Water 

Alcohol 

i. 

si.  s. 

165;  67.4»o 

00 

98-1 121" 

16.6c. 

00 

152-3750 

i. 

s. 

160-2 

50  c. 

s. 

219  si.  d.; 
11817 

si.  s. 

s. 

182; 
81-81. 5IS- 

s. 

s. 

180 

114; 
111.5738 

114-616 

si.  s. 

i. 

V.  s. 
s. 

94.5-95.5 

35020 

219  (212) 

i. 

s. 

235.6 

(237.4) 

s. 

OO 

127.0 
149-50 

00 

00 

174 

ll19 

00 

180 

1. 

s. 

229.2 

00 

s. 

202 
(215-20  d.) 

i. 

s. 

V.  s. 

s. 

Ether,  etc. 


s.  eth. 


oo  eth. 

s.  eth. 

s.  eth. 

s.    eth.,    acet., 
bz. 


s.  eth. 


v.  s.  eth. 


eth. 
eth. 

eth. 


eth. 


s.  eth. 


eth. 


eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

7199 

2-Propanone,  1- 
bromo-* 

bromoacetone 

CH2BrCOCH3.... 

136.99 

7200 

,  1-chloro-* 

ehloroacetone 

CH3COCH2CI 

92.53 

7201 

.  1,1-dichloro-*.. .  . 

wns-dichloroacetone ;  di- 
chloromethyl  methyl  ketone 

CH3COCHCI0 

126.98 

7202 

,  1,3-dichloro-*..  .  . 

s?/m-dichloroacetone ;  bis- 
chloromethyl  ketone 

CH2CICOCH2CI... 

126.98 

7202  M 

,  1,3-dihydroxy-*. . 

dihvdroxyacetone 

CO(CH2OH)2 

90  08 

7203 

,  1,3-diphenyl-*.  .  . 

dibenzyl  ketone ;  diphenyl- 
acetone 

(C6H5CH2)2CO.... 

210.26 

7204 

,  1 -hydroxy-*. 

See  Acetol. 

7205 

,  1 -phenyl- 

benzyl  methyl  ketone 

CH3COCH2C6H5.. 

134.17 

7206 

,  1,1,3,3-tetra- 

chloro-* 

s^m-tetrachloroacetone 

CHC12C0CHC12- 
2H20 

231.91 

7207 

,  1-ureido-. 

Propanoyl*. 

See  Urea,  acetonyl-. 
See  Propionyl. 

7208 

Propar£yl  acetate. 

See  2-Propyn-l-ol,  acetate. 

7209 

Propar£yl  alcohol. 

See  2-Propyn-l-ol*. 

7210 

Propar&ylaldehyde. 

See  Propiolaldehyde. 

7211 

Propar&yl  bromide. 

See  Propyne,  3-bromo-*. 

7212 

Propar&yl  chloride. 

See  Propyne,  3-chloro-*. 

7213 

Propar£ylic  acid. 

See  Propiolic  acid. 

7214 

Propargyl  iodide. 

See  Propyne,  3-iodo-*. 

7215 

Propenal*. 

See  Acrolein. 

7215M 

,  2-methyl-*. 

See  Acrolein,  a-methyl-. 

7216 

,  3-phenyl-. 

See  Cinnamaldehyde. 

7216M 

Propenamide. 

See  Acrylamide. 

7217 

Propene* 

methylethylene;  propylene. .  . 

42.08 

7218 

,  1-bromo-* 

propenyl  bromide 

CH3CH:CHBr... 

120.99 

7219 

,  2-bromo-* 

isopropenyl  bromide 

CH3CBr:CH2 

120.99 

7220 

,  3-bromo-*. 

See  Allyl  bromide. 

7221 

y  1-chloro-* 

propenyl  chloride;  a-chlo- 
ropropylene 
isopropenyl  chloride;   /3- 

CH3CH:CHC1.... 

76.53 

7222 

,  2-chloro-* 

CH3CC1:CH2 

76.53 

chloropropylene 

7223 

,  3-chloro-*. 

See  Allyl  chloride. 

7224 

,  3-chloro-l- 

(7-chloropropenyl)benzene ; 

CeHsCHiCHCHa- 

152.62 

phenyl-* 

cinnamyl  chloride 

Cl 

7225 

,  2,3-dibromo-*.  .  . 

a-bromoallyl  bromide ;  a- 
epidibromohydrin 

CH2BrCBr:CH2... 

199.89 

7226 

,  1,2-dichloro-*.  .  . 

allylene  dichloride 

CHC1:CC1CH3. . . . 

110.98 

7227 

,  2,3-dichloro-*.  .  . 

a-epidichlorohydrin ;  a- 
chloroallyl  chloride 

CH2:CC1CH2C1... 

110.98 

7228 

,  1,1-diphenyl-.  .  .  . 

(C6H5)2C:CHCH3 

194.26 

7229 

,  1,2-epoxy-* 

allylene    oxide ;    methyl- 

CH3C:CHO 

1           1 

56.06 

7230 

,  3-ethoxy-*. 

See  Ether,  allyl  ethyl. 

7231 

,  3-fluoro-*. 

See  Allyl  fluoride. 

7232 

,  3-iodo-*. 

See  Allyl  iodide. 

7233 

,  3-methoxy-*. 

See  Ether,  allyl  methyl. 

7234 

,  2-methyl-* 

wns-dimethylethylene ;  iso- 
butylene;  7-butylene 

CH2:C(CH3)CH3. . 

56.10 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


pois.  liq. 

col.  liq.. 
col.  liq.. 


pi.  or  need., 
1.4714446 

crystallizes  as 
dimeride 
(CsHeOah 

cr.  f.  dil.  al.. . 


col.  cr. 
tricl. .  . 


col.  gas. 


liq., 
liq. 


.4554. 


Hq 


col.  liq. 
liq.... 
liq.... 
col.  liq. 


leaf.  f.  al. 
liq 


col.  gas. 


Density 
g/ml 


1.63423 

1.1520 
1. 234*5 

1.38346 


1.019°; 
1.00320 


liq-       _4  7 
0.6095  y; 

1.937°  g/1 

1.42819-5 
1.362 


0.918s 


1.934^ 


1.205-: 

4 

1.236- 


0.9843° 


Melting 
point,  °C 


-54 
-44.5 


45 

80 

31-5 

-15.4 

48 


-185.2 


-116.6 
-124.8 


51.5-52 


Boiling 
point,  °C 


136. 5725 

119 
120 

173.4 


330.5 
216.7 


-47.0 

60.2 
48.4 

35-6 

23738 

213-5 

140 

75  (84-6) 


284.5 
63 


-6 


Solubility  in  grams  per  100  ml  of 


Water 


s. 
si.  s. 


s. 
s.  h. 


44.6 
cm3 


Alcohol 


si.  s. 

s. 
s. 

V.  s. 

s.  h. 


V.  s. 


1250 
cm3 


Ether,  etc. 


s.  acet. 

s.  eth.,  chl. 
oo  eth. 

v.  s.  eth. 

s.  h.  eth.,  acet.; 
i.  lgr. 

v.  s.  eth. 
v.  s.  eth. 


524.5  cm3  ac. 
a. 


oo  eth. 


oo  eth. 

v.  s.  eth.;s.  bz. 
oo  eth. 


v.   s.   eth.;   s. 
H2S04 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7235 
7236 
7237 
7238 
7239 
7240 

Prcpene,  1 -phenyl-. 

,  2-phenyl-. 

,  3-(2-propenoxy)- 

,  3-(2-propenylthi 

Propenenitrile*. 
Propene  oxide 

See  Benzene,  propenyl-. 

See  Benzene,  isopropenyl-. 
*.    See  Allyl  ether. 
o)-*.  See  Allyl  sulfide. 

See  Acrylonitrile. 

1,2-epoxypropane;  propylene 
oxide;  methyloxirane 

allyl  mercaptan 

OCH2CHCH3 

1          1 

CH2:CHCH2SH... 

CH2:CBrCH2OH 

CH2:CC1CH20H.. 

CHCl:CHCH2OH 

eryl  alcohol. 

C2H6COCHOH- 
C2H6 
CHjCCHO 

CHiCCOOH 

ch;ccooc2h6  .. 

N02C6H4C:C- 

COOH 
N02C6H4CiC- 

COOH 
C6H6CiCCOOH... 

C6H6CiCCOOC2- 
H6 

CH3CH2CHO 

CH3CH2CH:NOH 

CH3CH2CONH2... 

CH3CH2CONH- 

CeHs 
CH3CH2COC10H5- 

BrOH 
CH3CH2COC10H6- 

OH 

58  08 

7241 

2-Propene-l -thiol* 

1,2,3-Propenetricarbox 
Propenoic  acid*. 
2-Propen-l-ol*. 

,  2-bromo-* 

,  2-chloro-* 

,  3-chloro-* 

,  3-(4-hydroxy-3-m 

,  3-phenyl-. 

2-Propen-l-one,  1,3-di 
Propenoyl  chloride*. 
2-Propenylamine*. 
Propenyl  bromide. 
Propenyl  chloride. 
Propenyl  cyanide. 
2-Propenyl  sulfide*. 
Propine. 
Propioin 

74.14 

7242 
7243 
7244 
7245 
7246 
7246C 

ylic  acid*.  See  Aconitic  acid. 
See  Acrylic  acid. 
See  Allyl  alcohol. 

/3-bromoallyl  alcohol 

/3-chloroallyl  alcohol 

7-chloroallyl  alcohol 

136.99 
92.53 
92.53 

7248 

7249 

7251 

7251M 

7252 

7253 

7254 

7254H 

7255 

7256 

7256M 

ethoxyphenyl)-.  SeeConif 

See  Cinnamic  alcohol. 
phenyl-.    See  Chalcone. 

See  Acrylyl  chloride. 

See  Allylamine. 

See  Propene,  l-bromo-*. 

See  Propene,  1-chloro-*. 

See  Crotononitrile. 

See  Allyl  sulfide. 

See  Propyne*. 

4-hydroxy-3-hexanone ;  di- 
ethylketol 

propynal*;  propargylalde- 
hyde 

propynoie  acid*;  propar- 
gylic  acid 

116.16 

7257 
7258 

Propiolaldehyde 

Propiolic  acid 

54.05 
70.05 

7259 

,  ethyl  ester 

98.10 

7260 
7261 
7262 

,  ethyl-. 

,  methyl-. 

,  o-nitrophenyl-..  . 

,  p-nitrophenyl-.. . 

,  phenyl- 

See  2-Pentynoic  acid*. 
See  Tetrolic  acid. 

191.14 

7263 
7264 

phenylpropynoic  acid 

191.14 
146  14 

7264M 

, ,  ethyl  ester 

174.19 

7265 
7266 

7267 

Propiolic  alcohol. 
Propionaldehyde 

,  oxime 

See  2-Propyn-l-ol*. 

propanal*;  methylacetal- 
dehyde 

propanal  oxime*;  propional- 
doxime 

See  Glyceraldehyde. 

See  Propionaldehyde,  oxime 

propanamide*;  propionic 
acid  amide 

See  Propionanilide. 
iV-phenylpropionamide 

4-bromo-2-propionyl-l- 

naphthol 
ethyl  l-hydroxy-2-naphthyl 

ketone 
See  3-Pentanone*. 

58.08 
73.09 

7269 
7270 
7271 

7272 
7273 

7274 

7275 

7276 

,  a, /3-dihydroxy-. 

Propionaldoxime. 
Propionamide 

,  ZV-phenyl-. 

Propionanilide 

2-Propionaphthone, 

4-bromo- 1  -hy  droxy- 
,  1 -hydroxy- 

Propione. 

73.09 

149.19 
279.14 
200.23 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  109  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

7235 
7236 
7237 
7238 
7239 
7240 

col.  liq 

liq 

0.859y; 
0.8313- 

20 

35 

90 

152 

136-40 

153 

57-7810 
61 

144  d. 
119.5 

exp.  155-6 

d. 

subl. 

260-70 
sl.d. 

48.8 

131-5 

213 

222.2 

6580 
i. 

v.  s. 

s. 

i. 

v.  s.  h. 

si.  s. 
v.  si.  s. 

2020 

s. 

0.4224 
i. 

QO 
00 

S. 

V.  s. 

s. 
s.  h. 

V.  S. 

00 

s. 

V.  s. 

s. 

s. 

oo  eth. 

7241 

*  eth. 

7242 
7243 
7244 
7245 

liq 

1.615 

7246 

Hq 

liq. 

7246C 

7248 

7249 

7251 

725  IM 

7252 

7253 

7254 

7254H 

7255 

7256 

7256M 

1.434021 

oil 

0.956 j 

7257 

9 

7258 
7259 

col.  liq 

col.  liq 

need.  f.  h.  w. . . 

need.  f.  al 

col.  trim, 
need.  f.  w. 
oil 

0.968- 

16 

s.  eth. 

v.  s.  eth.,  chl. 

7260 
7261 
7262 

7263 

7264 

155.5  d. 
181  d. 
137 

s.  eth.,  alk.;  si. 

s.  chl. ;  i.  CS2 
s.  eth.;  i.  pet. 

eth. 
v.  s.  eth.;  3.32 

7264M 

1.063t 

0.8072^ 
0.926^ 

4 

1.042 
1.175 

ecu 

7265 
7266 

7267 

col.  liq., 
1.36356 
liq 

-81 
21.5 

79 

104 

98 

81 

oo  eth. 

7269 
7270 
7271 

7272 
7273 

7274 

col.  rhomb, 
leaf.  f.  chl., 
1.4161107-8 

col.  leaf.  f.  al. . 

yel.  need 

yel.-grn.  leaf. . . 

s.  eth. 

v.  s.  eth. 
s.  eth. 

7275 

s.  eth. 

7276 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


7277 

7278 
7279 

7280 

7281 
7282 

7283 
7284 

7285 

7286 

7287 

7288 

7289 

7290 

7290M 

7291 

7292 

7293 

7294 

7295 

7296 


7296H 
7296R 

7297 

7298 

7299 
7300 
7301 


7302 
7303 
7304 
7305 

7306 

7307 
V308 
7309 
7310 
7311 


Name 


Propionic  acid 

,  amide. 

,  amyl  ester. . . 


-,  butyl  ester . 


-,  ethylene  ester. 
-,  ethyl  ester 


furfuryl  ester, 
isoamyl  ester . 


-,  isobutyl  ester . 


-,  isopropyl  ester. 


,  methyl  ester 

,  p-phenylphenacyl  ester 

,  piperazinium  salt 


,  propyl  ester . 


a-amino-. 

/3-amino-. 

a-amino-  /S-hydr 

a-benzal-. 

/3-benzal-. 

a-benzamido-. 

/3-benzoyl- 


a-benzylidene-. 
/3-benzylidene-. 

a-bromo-  (dl) .  .  . 

a-bromo-,  ethyl 
ester 

0-bromo- 

/8-carbamyl-. 
a-chloro- 


-, ,  ethyl  ester . 

-,  /S-chloro-. . . 

-, ,  ethyl  ester . 

-,  a-cyano- . . . 


■,  a,  /3-dibromo- . 

-,  0,/3-diethyl-. 
-,  a,  /S-dihydroxy- 
-,  a,a-dimethyl-. 
-,  a-hydroxy-. 
,  /S-hydroxy-. 


Synonyms 


propanoic  acid*;  methyl- 
acetic  acid 

See  Propionamide. 

amyl  propionate;    pentyl 
propanoate* 

butyl  propionate;   butyl 
propanoate* 

See  Glycol,  dipropionate. 


See  Furfuryl  alcohol,  propionat 
isoamyl  propionate ;  7-meth- 
ylbutyl  propanoate* 
/3-methylpropyl  propanoate* 


methyl  propanoate* 
propionate 


methyl 


propyl  propanoate*;  n- 

propyl  propionate 
See  Alanine. 
See  @- Alanine. 
oxy-.    See  Serine. 
See  Cinnamic  acid,  a-methyl- 
See  3-Butenoic  acid,  i-phenyl 
See  Alanine,  N-benzoyl-. 
y-keto-7-phenylbutyric 

acid ;   4-oxo-4-phenyl- 

butanoic  acid 
See  Cinnamic  acid,  a-methyl- 
See  3-Butenoic  acid,  4-pkenyl- 
a7-2-bromopropanoic  acid  * .  . 

ethyl  2-bromopropanoate*.  . 


3-bromopropanoic  acid* 
See  Succinamic  acid. 
2-chloropropanoic  acid*. 


ethyl  2-chloropropanoate' 
3-chloropropanoic  acid*. . 
ethyl  3-chloropropanoate' 


2-cyanopropanoic  acid  * ; 
methylmalonic  mononi- 
trile ;  methylcyanoacetic 
acid 

2,3-dibromopropanoic  acid' 

See  Valeric  acid,  (3-ethylr. 

See  Glyceric  acid. 

See  Pivalic  acid. 

See  Lactic  acid. 

See  Hydracrylic  acid. 


Formula 


CH3CH2COOH... 


CH3CH2COO- 

(CH2)4CH3 
CH3CH2COOC4H9 


CH3CH2COOC2Hs 


CH3CH2COOC5- 

Hu 
CH3CH2COOCH- 

CH(CH3)2 
CH3CH2COOCH- 

(CH3)2 
CH3CH2COOCH3 

CH3CH2COOCH2- 
COC6H4C6H5 

C4HioN2-2C2H6- 
COOH 

CH3CH2COOC3H7 


CgHbCOCHsCHz- 
COOH 


CH3CHBrCOOH. 

CH3CHBrCOOC2- 
H5 
CH2BrCH2COOH 

CH3CHClCOOH. 


CH3CHC1C00C2- 
H5 
CH2C1CH2C00H.. 

CH2C1CH2- 
COOC2H6 
CH3CH(CN)- 
COOH 


CH2BrCHBr- 
COOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 
1.3873619-5 


col.  liq. 


col.  liq., 
1.3838520-2 

col.  liq.,  1.4065 

col.  liq 

col.  liq 


col.  liq., 
1.3776718  & 


wh.  cr 

col.  liq.,  1.3935 


leaf.  f.  al. ... 

col.  pr.,  1.4753 

col.  liq 

col.  leaf 


col.  liq.,  [a] 
-2.36°£ 

col.  liq., 
1.41850 
col.  leaf.  f.w. 


Density 
g/ml 


0.992 


0.8761— 

4 

0.882815 


0.8957415; 
0.8846^ 

0.870 

0.8876° 

0.893° 

0.9148- 


o.ss; 


col.  liq. 
oil.... 


monocl.  need, 
or  pi. 


1.700 
1.394- 
1.48 
1.28° 


1.087 
hyg. 

1.1086^ 
1.14^  4 

4 


Melting 
point,  °C 


-22 

-73.1 

-89.55 


-73.9 

(-72.6) 


-71.4 

-87.5 
102 
124-5 
-75.9 


116 


25.7 


62.5 


41  (61) 


51;  64 


Boiling 
point,  °C 


141.1 

164-6 
145.4 

99.10 

160.2 
136.8 
111.3 

79.9 


123.4; 
122-5 


203.5 

159-61  d. 

(160-5) 


186 

146 

204 

162-3765 

142-511 


220-40  d. 
16020 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 

2  420 

0.0925 
v.  si.  s. 
0.625 
6.52° 

s. 
0.5 


s.  h. 


v.  si.  s. 

s. 

v.  si.  s. 


194511 


Alcohol 


v.  s. 


16020 


Ether,  etc. 


*  eth.,  clil. 

00  eth. 
00  eth. 

00  eth. 

s.  eth. 
s.  eth. 
00  eth. 
00  eth. 


i.    eth.;   s.    h. 
dioxane 
00  eth. 


s.  eth.,  chl., 
CS2,  bz.;  i. 
Igr. 


s.  eth. 
00  eth. 
s.  eth. 
«o  eth. 

00  eth. 
00  eth. 
00  eth. 


30410    eth.;    s. 
bz.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7312 
7313 

Propionic  acid,  a- 

iodo- 
,  /3-iodo- 

2-iodopropanoic  acid* 

3-iodopropanoic  acid* 

See  Pyruvic  acid. 
See  Isobutyric  acid. 
See  Hydratropic  acid. 
See  Hydrocinnamic  acid. 
propanoic  anhydride* 

propanenitrile*;  ethyl 

cyanide 
2,2-dimethylpropanenitrile* ; 

tert-b\ity\   cyanide ;    tri- 

methylacetonitrile 
See  Hydracrylonitrile. 
propanoyl  bromide* 

CH3CHICOOH... 
CH2ICH2COOH... 

(CH3CH2CO)20... 

CH3CH2CN 

(CH3)3CCN 

CH3CH2COBr.... 

CH3CH2COCI 

CH3CH2COF 

CH3CH2COI 

C2H5COC6H6 

CHsCHzCOCeHa- 
(OH)2 
pyU. 
e.g.,  for  propylbenze 

CH3CH2CH2OH... 

CH3(CH2)2NH2... 

(CH3)2CHCH- 
(CH3)NH2 

(CH3)3CCH2NH2.. 

CH3CH2CH- 
(C2H5)NH2 

CHaNHCsHy 

C3H7NHNO2 

(CH3)2CHC- 

(CH3)2NH2 
(CH3)3CCH- 

(CH3)NH2 
B(OC3H7)3 

CH3CH2CH2Br.. . . 

CH3CH2CH2CI.... 

199.99 
199.99 

7314 
7315 
7316 
7317 
7318 

7319 

,  a-keto-. 

,  a-methyl-. 

,  a-phenyl-. 

,  /3-phenyl-. 

Propionic  anhydride.. . 

Propionitxile 

130.14 
55.08 

7320 

7321 
7322 

,  a,a-dimethyl-.  .  . 

,  0-hydroxy-. 

Propionyl  bromide .... 

,  a-methyl- 

Propionyl  chloride .... 

,  a-methyl-. 

Propionyl  fluoride 

Propionyl  iodide 

Propiophenone 

,  /9-acetyl-. 

,  2,4-dihydroxy-. . . 

Proponal. 

Propyl.  For  propyl  derivati 

Propyl  alcohol  (n) 

,  derivatives. 

Propylamine*  (n) 

,  a,a-dimethyl-. 

,  a,/3-dimethyl-. . . 

,  /8, /3-dimethyl- . .  . 

,  a-ethyl- 

83.13 
136.99 

7323 
7324 

See  Isobutyryl  bromide. 
propanoyl  chloride* 

92.53 

7325 
7325M 

See  Isobutyryl  chloride. 
propanoyl  fluoride* 

76.07 

7326 

propanoyl  iodide* 

183.99 

7327 

7328 
7329 

7330 

7331 

7332 
7333 

ethyl  phenyl  ketone;   1- 
pheny  1-  1-pr  opanone 

See  Valerophenone,  y-oxo-. 
4-propionylresorcinol 

See  Barbituric  acid,  5,5-dipro 
ves  see  the  parent  compounds  ( 

l-propanol*;ethylcarbinol.  .  . 
See  under  1-Propanol*. 

134.17 

166.17 

ne  see 
60.09 

59.11 

7334 
7335 

7336 
7337 

See  tert-Amylamine. 
3-amino-2-methyl-n-butane ; 

methylisopropylcarbinyl- 

amine 
tert-butylmethylamine ;  1- 

amino-2,2-dimethylpropane 
diethylcarbinylamine;    ser-n- 

amylamine;  3-aminopentane 
See  sec-Butylamine. 
See  Isobutylamine. 

87.16 

87.16 
87.16 

7338 
7339 
7340 

,  a-methyl-. 

,  /S-methyl-. 

,  iV-methyl- 

73.14 

7341 

,  iV-nitro- 

n-propylnitramine 

104.11 

7341M 
7341P 

,  a,  a, /3-trimethyl- 

,  a,  0,  /5-trimethyl- 

Propyl  borate 

2-amino-2,3-dimethyl-n- 
butane 

101.19 
101.19 

7342 

tripropyl  borate;  tripro- 
poxyboron 
1-bromopropane* 

188.08 

7343 

Propyl  bromide  (n) 

Propyl  chloride  (n) . . . . 

123.00 

7344 

1-chloropropane* 

78.54 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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No. 


7312 

7313 
7314 
7315 
7316 
7317 
7318 


7319 
7320 


7321 

7322 

7323 

7324 

7325 

7325  M 

7326 

7327 


7328 
7329 

7330 


7331 


7332 
7333 

7334 
7335 


7336 

7337 

7338 
7339 
7340 
7341 

7341M 

7341P 

7342 

7343 

7344 


Crystalline 

form,  color 

and  index  of 

refraction 


pr.  or  need, 
leaf 


col.  liq.,  1.4038 


col.  liq., 

1.3688814-* 
cr 


liq 

col.  liq.,  1.40507 


col.  liq. 
liq.... 


col.  leaf,  or 
liq. 
1.5290015-9 


Benzene,  propyl- 

col.  liq., 
1.38543 


col.  liq., 
1.39006166 

liq., 
1.4095917-9 


liq 
oil. 


col.  liq. 
col.  liq. 


1.4096". 


col.  liq 

liq.,  1.43414. 

col.  liq., 
1.38856 


Density 
g/ml 


1.0336T 
I.OIO2-^ 


0.783 


1 1 


1.521" 

1.065 
0.97215 


1.012? 


).  Forpropy 
0.8044™; 
0.7998? 
0.719 

0.7574" 


0.7487- 


0.72017 
1.10315 


0.7683- 
o 


0.86716 
1.353? 
0.890? 


Melting 
point,  °C 


45.5 

82 

-45 


-91.9 
(-104) 
15-6 


-94 


21 

97.5 

1  esters  of  or 
-127 

-83 


-21 


-20 


-110 
-122.8 


Boiling 
point,  °C 


105°-s 


169.3(160) 


97.1 
(96-7) 
105-6 


103.5 
80 

44 

127 


218 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


si.  s. 

825 


ll.9«°, 
28ioo 


ganic  acids  s 


97.19 
(97.8) 


48.7 

84-87 

82-3 
91 

62-4 
12840 

104-5 

103 

175 

70.9 

47.2(45-7) 


si.  s. 
ee  the  ac 


si.  s. 


V.  s.  c. 

d. 

0.252» 
O.2720 


V.  s. 
•v.  s. 


ids. 


v.  s.  eth. 
v.  s.  eth. 

oo  eth. 
s.  eth. 


s.  eth. 
s.  eth. 


s.  eth. 


s.  eth. 


eth. 


eth. 


v.  s.  eth. 


eth. 
eth. 
eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt, 

7345 

n-Propyl  cyanide. 
Propylene. 

See  Butyronitrile. 

7346 

See  Propene*. 

7347 

Propylene  aldehyde. 

See  Crotonaldehyde. 

7348 

Propylene  bromide. 

See  Propane,  1,2-dibromo-*. 

7349 

Propylene  chloride. 

See  Propane,  1,2-dichloro-*. 

7350 

Propylene  chlorohydri 

n.  See2-Propanol,l-chloro-*. 

7351 

Propylenediamine. 

See  1,2-Propanediamine*. 

7352 

Propylene  glycol. 

See  1,2-Propanediol*. 

7353 

Propylene  iodide. 

See  Propane,  1,2-diiodo-*. 

7354 

Propylene  oxide. 

See  Propene  oxide. 

7355 

,  7-chloro-. 

See  Epichlorohydrin. 

7356 

,  7-cyano-. 

See  Epicyanohydrin. 

7357 

,  7-iodo-. 

See  Epiiodohydrin. 

7358 

Propyl  ether 

di-n-propyl  ether;  1-pro- 

(CH3CH2CH2)20.. 

102.17 

poxypropane* 

7359 

Propyl  fluoride  (n) .... 

1-fluoropropane* 

CH3CH2CH2F.... 

62.09 

7360 

Propylidene  bromide. 

See  Propane,  1,1-dibromo-*. 

7361 

Propylidene  chloride. 

See  Propane,  \,\-dichloro-*. 

7362 

Propyl  iodide  (n) 

1-iodopropane* 

CH3CH2CH2I 

170.01 

7363 

Propyl  isocyanide  (n).. 

propylcarbylamine 

CH3(CH2)2NC.... 

69.10 

7364 

n-Propyl  mercaptan. 

See  1-  Propanediol*. 

7365 

n-Propyl  mustard  oil. 

See  I sothiocyanic  acid,  propyl 

ester. 

7366 

Propyl  nitrate  (n) 

Propyl  nitrite  (n) 

CH3CH2CH2NO3  . 

105  09 

7367 

CH3CH2CH0ONO 

89.09 

7368 

Propyl  sulfate 

cfc-?i-propyl  sulfate 

(CH3CH2CH2)2- 

182.23 

7369 

Propyl  sulfide. .  . . 

1-propylthiopropane*;  di- 

S04 
(C3H7)2S 

118  23 

7?-propyl  sulfide 

7370 

Propyl  sulf one 

1-propylsulfonylpropane  * ; 
dipropyl  sulfone 

(CH3CH2CH2)2- 

S02 

150.23 

7370M 

Propyl  sulfoxide 

l-(propylsulfinyl)propane* ; 
di-n-propyl  sulfoxide 

(CH3CH2CH2)o- 
SO 

134.23 

7371 

Propynal*. 

See  Propiolaldehyde. 

7372 

Propyne* 

propine ;  methylacetylene .... 

CHsC^CH 

40.06 

7373 

,  3-bromo-*. 

propargyl  bromide; 
7-bromoallylene 

CH:CCH2Br 

118.97 

7374 

,  3-chloro-* 

propargyl  chloride 

CH:CCH2C1 

74.51 

7374M 

,  1,3-dibromo-*.  .  . 

BrC':CCH2Br  .... 

197.88 

7375 

,  3-ethoxy-* 

ethyl  propargyl  ether 

CH:CCH20C2H5.. 

84.11 

7375T 

,  1-iodo-* 

CliCCHa 

165.97 

7376 

,  3-iodo-* 

propargyl  iodide 

CH^CCHJ 

165.97 

7377 

,  3-methoxy-* 

methyl  propargyl  ether 

CH':CCH2OCH3... 

70.09 

7378 

,  1 -phenyl- 

methylphenylacetylene ;  1- 
propynylbenzene ;  phenyl- 
allylene 

CeHsC^CCHs 

11.6.15 

7379 

Propynoic  acid*. 

See  Propiolic  acid. 

7380 

2-Propyn-l-ol* 

propargyl  alcohol ;  ethynyl- 
carbinol ;   acetylenylcar- 
binol ;  propiolic  alcohol 

CHiCCH2OH 

56.06 

7381 

,  acetate 

propargyl  acetate 

CH3COOCH2- 

98.10 

7382 

Propytal. 

See  Barbituric  acid,  5,5-diprop 

C^CH 

yl-- 

7383 

Protocatechualdehyde 

3,4-dihydroxybenzalde- 
hyde;  3,4-dihydroxyben- 
zenecarbonal* 

(HO)2C6H3CHO... 

138.12 

7384 

,  dimethyl  ether. 

See  Veratr aldehyde. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

7345 

7346 

7347 

7348 

7349 

7350 

7351 

7352 

7353 

7354 

7355 

7356 

7357 

9  n 

7358 

col.  liq.,  1.3807 

0.7360- 

4 

-122 

91 

0.2525 

00 

00  eth. 

7359 

col.  gas, 
1.3326-2° 

0. 7788-3-2 

-159 

-3.2 

si.  s. 

V.  s. 

00  eth. 

7360 

7361 

7362 

col.  liq., 
1.50508 

1.747 

-101.4 

102.4 

.08672° 

oo 

00  eth. 

7363 

liq. 

99.5 

i. 

00 

00  eth. 

7364 

7365 

9  ft 

7366 

liq.,  1.3972.... 

liq.,  1.3613.... 
col.  oil, 
1.41392O0 

1.058- 

4 

0.935 

1.1122-5 

100.5 

57 
1202°; 

v.  si.  s. 
i.;si.'d. 

s. 
s. 

s.  eth. 

7367 

s.  eth. 

7368 

d.  140-70 

7369 

liq 

0.81417 

frz.  -101.9 

141-2 

i. 

s. 

s.  eth. 

7370 

sc 

29-30 
15 

si.  s. 
si.  s. 

s. 
s. 

s.  eth. 

7370M 

not  dist. 

s. 

7371 

7372 

gas 

liq.         _2  7 

-104.7; 

-23.3 

v.  si.  s. 

v.  s. 

2142i6  cm3  eth. 

0.6785-jS 

frz.  -110 

1.787°  g/1 

7373 

liq 

1.520 

1.04545 
2.137° 
0.8326 
1.857H2 

88-90 

65 

73-430 
80 
d. 

i. 

i. 
si.  s. 

OO 

s. 
V.  s. 

7374 

liq 

00  eth. 

7374M 

liq 

7375 

liq.,  1.40390. .  . 
need,  f .  w 

s.  eth. 

7375T 

93-4" 

v.  s. 

7376 

liq 

2.018° 

115 

s.  eth. 

7377 

col.  liq 

0.8313 

62 

si.  s. 

00 

00  eth. 

7378 

arom.  oil 

0.9715^ 

185 

i. 

s.  eth. 

7379 

7380 

col.  liq., 

-17 

114-115 

s. 

00 

00  eth. 

1.43064 

4 

7381 

col.  liq., 

1.005 

125 

si.  s. 

s. 

s.  eth. 

1.42047 

7382 

7383 

col.  tab.  f.  w .  . 

154 

d. 

5 

78.9  h. 

v.  s.  eth. 

7384 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonyms 


Formula 


7385 
7386 
7387 
7388 
7389 


7390 
7391 
7392 


7393 

7373M 

7394 

7395 

7396 

7397 

7398 

7399 
7400 
7401 
7402 


7403 


7404 
7405 

7406 


7407 

7408 

7409 

7410 
7411 


7412 
7413 
7414 
7415 
7416 


7417 
7418 

7419 

7420 

7421 


Protocatechualdehyd* 

,  methylene  ether. 

,  3-methyl  ether. 

,  4-methyl  ether. 

Protocatechuic  acid. . 


-,  dimethyl  ether, 
methylene  ether. 


Protopine. 


4-ethyl  3-methyl  ether.  See 
See  Piperonal. 
See  Vanillin. 
See  IsovaniMn. 
3,4-dihydroxybenzoic  acid ; 

3 ,4-dihydroxybenzenecar- 

boxylic  acid* 
See  Veratric  acid. 
See  Piperonylic  acid. 


Be 


Protoveratrine 

Provitamin  A. 
Prussic  acid. 
Prussite. 
Pseudaconine,  acetylbe 

,  acetylveratryl-. 

Pseudaconitine 


Pseudobutylene. 
Pseudobutylene  glycol. 
Pseudocinchonine. 

Pseudocodeine 


See  ^-Carotene. 
See  Hydrocyanic  acid. 
See  Cyanogen. 
nzoyl-.    See  Indaconitine. 
See  Pseudaconitine. 
acetyl  veratrylpseudaconine. . 

See  2-Butene*. 

See  2,3-Butanediol*. 

See  Cinchotine. 


P8eudoconhydrine 


Pseudoconiceine 

Pseudocumene. . 


^-conhydrine 


-,  5-nitro- 


1,2,4-trimethylbenzene;  as- 
trimethylbenzene 


-,  6-nitro- 

-,  3,5,6-trinitro-. 


[  ,2,4-trimethyl-6-nitro- 
benzene 


Pseudocumenol . 


2,4,5-trimethylphenol . 


Pseudocumidine 

Pseudoephedrine  (d) . 


,  hydrochloride 

Pseudohexyl  alcohol. 
Pseudohyoscyamine . . . 
3-Pseudoindolone,  2-c 
Pseudoisatin,  1-acetyl- 


2,4,5-trimethylaniline 

2-methylamino-l-phenyl- 

1-propanol  (one  form); 

d-isoephedrine 


See  1-Butanol,  2-ethyl-' 


hloro-.  See  I  satin  chloride. 
acetylisatin 


Pseudoleucaniline. 
Pseud omorp nine  . 


See  mp2-Leucaniline. 


,  hydrochloride  (Z) 

Pseudopelletierine 

Pseud otropeine,  benzo 


methylgranatonine;  \f/- 
pelletierine 

yl-.  See  Tropacocaine. 


nzaldehyde,  4-ethoxy- 
(OH)2C6H3COOH 


C20H19NO5 

C32H51NO11 

C36H49NO12 

C18H21NO3 

C8Hi7NO 

CsHisN 

(CH3)3C6H3 

N02C6H2(CH3)3. 

N02C6H2(CH3)3. 

(N02)3C6(CH3)3. 

(CH3)3C6H2OH.. 

(CH3)3C6H2NH2. 

CeHsCHOHCH- 

(NHCH3)CH3 

CioHuNOHCl. . 

C17H23NO3 

C6H4N(COCH3)- 

COCO 

1 

C34H36N206 

C34H36N206-2HC1 
2H20 
C9H16NO 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


oxy-. 


monocl.  need. . 


monocl.  cr. 


rect.  tab. 


rhomb,  f.  chl. 
+  eth. 


col.  need., 

1.574,  1.602, 

1.647 
slend.  col. 

need.,  [a] 

_l_ii  °15 

'       D 

oily  liq 

col.  liq., 

1.5067215-* 
lng.  col.  or 

grn.-yel. 

need, 
grn.  pr  


pr 

need,  f .  w 

col.  need,  f .  al . 
col.  rhomb, 
tab.  f.  eth. 

ylsh.  need 

ylsh.  need 

yel.  need.  f.  bz. 

crusts  or  need . 
cr.  powd 


pi.  f.  pet. 
eth., 
1.4759699-5 


Density 
g/ml 


1.5424 


1.315; 
1.290180 


0.877615 
0.876 


0.957 


l.OOl1** 


Melting 
point,  °C 


199  d. 

207 
245-50 

211-2  d. 

181 
105-6 

-57*4  (-61) 

65; 
45-6  (71) 

20 

185 

72 

66-8 
116-7 

176 

133-4 

141 

327  d. 

48-9 


Boiling 
point,  °C 


236.5 


171-2 
169.8 
(162-5) 
265 


235 
234-5 


246 


Solubility  in  grams  per  100  ml  of 


Water 


1.82", 
2780 


Alcohol 


v.  si. 


si.  s. 


V. 

si.  s. 

si 

s. 

s. 

i. 

i. 

v. 

v.  si. 

s 

0. 
si. 

12" 
s.  c. 

s. 

si. 

s. 

si. 

s. 

i. 

70io 

s. 

Ether,  etc. 


v.  si. 

h. 

v.  s. 


V.  s. 


s.  eth. 


v.  si.  s.  eth. ;  s. 

acet. ;    si.    s. 

NH4OH,  bz. 
si.  s.  eth.,  chl. 


s.  eth.,  chl. 


s.  eth.,  bz. 

s.  eth. 
s.  pet.  eth. 

s.  h.  bz. 

v.  s.  eth. 

s.  eth.,  chl. 
s.  eth.,  chl. 

s.  eth.,  chl. 

s.    bz.;    d.    h. 
HC1 


i.  eth.,  chl.;  s. 
alk.,  NH4OH 


v.  s.  eth.;  s. 
chl.,  bz.;sl.  s. 
pet.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7422 

7423 

7424 

7425 
7426 

7427 
7428 
7429 
7430 
7431 
7432 
7433 
7434 

7435 

7436 

7437 
7438 
7439 
7440 
7441 
7442 
7443 
7444 
7445 


7446 

7447 
7448 
7449 

7450 
7451 
7452 

7453 


7454 
7455 

7456 

7457 


7458 
7459 

7460 


Name 


Pseudotropine 
Pukateine  (/) .  . 


Pulegone 


Punicine. 
Purine. . . 


,  6-amino-. 

,  2,6-dioxy-. 

,  2,6,8-trioxy-. 

2,6(1 ,3)  Purinedione. 
2,6,8(1,3,9)  -Purinetrio 
6(l)-Piirinone. 
Purpuric  acid,    ammoniu 
Purpurin 


Purpuroxanthin 
Putrescine 


Pyraconitine 

Pyran,  tetrahydro-. .  .  . 
1,4-Pyran,  4-oxo-. 
l,2-Pyran-5-carboxylic 
l,4-Pyran-2,5-dicarbox 
1 ,4-Pyran-2,6-dicarbox 
2,4-Pyrandione,  3-acet 
Pyran  tin. 
Pyrazine 


Pyrazole . 


2,5-dimethyl- 

hexahydro-. 

tetraphenyl-. 


4,5-dihydro-. 
4,5-dihydro-5-ox 


2-Pyrazoline 


Synonyms 


4(8)-p-menthen-3-one . 


See  Pelletierine. 
imidazo[4,5-c?Jpyrimidine.  .  . 

See  Adenine. 

See  Xanthine. 

See  Uric  acid. 

See  Xanthine. 
ne.    See  Uric  acid. 

See  Hypoxanthine. 
m  salt.    See  Murexide. 

1,2,4-trihydroxyanthra- 
quinone 

1 ,3-dihydroxyanthraquinone 

1,-4-butanediamine*;  tetra- 
methylenediamine 


1-phenyl- 


pentamethylene  oxide 

See  \,A-Pyrone. 

acid,  2-oxo-.  See  Coumalic 
ylic  acid,  tetrahydro-2,6 
ylic  acid,  3-hydroxy-4-k 
yl-6-methyl-.    See  Dehydro 

See  Succinamide,  N-p-phenetyl 

1,4-diazine;    paradiazine; 
piazine 

See  Ketine. 

See  Piperazine. 

See  A  mar  on. 

1,2-diazole;  a-pyrromonazole 

See  2-Pyrazoline. 
o-.    See  ^-Pyrazolone. 
A2-pyrazoline ;  4,5-dihy- 
dropyrazole ;  pyrazoline 


3-Pyrazolone,  1,5-dime 

,  l,5-dimethyl-2-p 

5-Pyrazolone 


3-methyl-l" 
phenyl- 


Pyrene . . . . 
Pyridazine. 


Pyridine . 


thyl-2-phenyl-.    See  Antip 

henyl-3-thio-.  See  Thiopyr 

4,5-dihydrc~5-oxopyrazole. 


benzo[cte/]  phenanthrene . 
1,2-diazine;  orthodiazine. 


Formula 


CsHisNO. 


CiyHnNOa 
C10H16O. . 


C5H4N^ 


C6H4(CO)2C6H- 

(OH)3 
C6H4fCO)2C6H.>- 

(OH)2 
NH2(CH2)4NH2. 


C32H43NO9 .  . 
0(CH2)4CH2. 

1 1 


acid. 

,6-trimethyl-*. 
eto-.  See  Meconic 
acetic  acid. 

N:CHCH:NCH:CH 


NHN:CHCH:CH 

1 1 


NHN:CHCH2CH2 

1 1 

CeHsNNiCHCH^ 
CH2  1 

j 

yrine. 
ine. 
NHN:CHCH2CO.. 


N(C6H6)N:C- 
1 

(CH3)CH2CO 


C16H10 

N:NCH:CHCH:CH 

1 , 1 

N:CHCH:CH- 


CH:CH 


Mol. 
Wt. 


141.21 
283.32 


152.23 


120.11 


256.20 
240.20 

88.15 

585.68 
86.13 


SeeCin- 
acid. 


80.09 

68.08 

70.09 
146.19 

84.08 
174.20 

202.24 
80.09 

79.10 


*Name  approved  by  the  International  Union  of  Chemistry. 

1040 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

7422 

rhbdr.  tab.  or 

108 

243 

v.  s. 

v.  s. 

sl.    s.    eth.;    s. 

pr.  f.  eth. 

chl. 

7423 

cr.  f.  al 

s. 

0.6     eth.;     s. 

chl.,  pyr.,  alk. 

7424 

col.  liq., 

0 . 9323* 

224 

i. 

00 

»  eth. 

1.4870518-3 

7425 

7426 

need.  f.  al 

217 

d. 

v.  s. 

S. 

v.  sl.  s.  eth.;  s. 
tol. 

7427 

7428 

7429 

7430 

7431 

7432 

7433 

7434 

red.  need,  f .  al . 

256 

d.  subl. 

B. 

S. 

s.  eth. 

7435 

yel.  need.  f. 

262-3 

subl. 

i. 

sl.  S. 

s.  h.  ac.  a., 

ac.  a. 

acet. 

7436 

leaf 

27 

158 

v.  s. 

V.  s. 

v.  s.  eth. 

7437 

need 

167-8 

81-2 

si.  s. 

s. 

V.  s. 

00 

v.  s.  eth. 

7438 

6  6540 

oo  eth. 

7439 

7440 

7441 

eolic  acid. 

7442 

7443 

7444 

7445 

col.  pr.  f.  w., 
1.4952660  fJ 

1.03l" 

53 

118 

r. 

r .  s. 

v.    s.    eth.;   s. 
chl.,  HC1, 
H2S04 

7446 

7447 

7448 

7449 

need.  f.  al., 

70 

188 

V.  S. 

v.  s. 

v.  s.  eth.;  s.  bz. 

1.47027^* 

He 

7450 

7451 

7452 

col.  liq 

144 

•0 

» 

sl.  s.  eth. 

7453 

cr 

52 

273 

i. 

;- 

7454 

7455 

7456 

need.  f.  tol.  .  .  . 

165 

subl.  d. 

S. 

si.  s.  eth. 

7457 

pr.,  /S  1.637.  . 

127 

287205 

s.  h. 

3.  h. 

v.   sl.   s.   eth.; 
sl.  s.  bz. 

7458 

It.  yel. 

150 

>3G0 

1.4 

v.  s.  eth. 

monocl.  tab. 

7459 

col.  liq., 
1.5231123-5 

1.107 

-8 

208 

00 

V.  s. 

v.   s.    eth.;   s. 
HC1,  bz., 
H2SO4;  i.  lgr. 

7460 

col.  liq., 
1.5091921 

0.982 

-42 

115.3 

00 

00 

00  eth. ;  s.  bz. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

7461 

Pyridine,  2-allyl- 

C3H6C6H4N 

119.16 

7462 

,  2-amino- 

a-pyridylamine 

NH2C6H4N 

94.11 

7463 

,  3-amino- 

j9-pvridylamine 

NH2C5H4N 

94.11 

7464 

,  4-amino- 

y-pyridylamine 

NH2C6H4N 

94.11 

7465 

,  2-benzyl- 

C6H6CH2C5H4N... 

169.22 

7466 

,  3-benzyl- 

C6H6CH2C6H4N ... 

169.22 

7467 

,  3-bromo-* 

BrC5H4N 

158  01 

7468 

,  2-chloro-* 

a-chloropyridine 

CIC5H4N 

113.55 

7469 

,  3-chloro-* 

0-chloropyridine 

CIC5H4N 

113.55 

7470 

,  4-chloro-* 

7-chloropyridine 

CIC6H4N  . 

113.55 

7471 

,  3,5-dibromo-*.  .  . 

C6H3Br2N 

236.91 

7472 

,  dihydroxy-. 

See  P yridinediol. 

7473 

,  dimethyl-. 

See  Lutidirie. 

7474 

,  2-ethyl- 

a-ethylpyridine 

C2H6C6H4N 

107.15 

7475 

,  3-ethyl- 

/S-ethylpyridine 

C2H6C6H4N  

107.15 

7476 

,  4-ethyl- 

y-ethyl  pyridine 

C2H6C6H4N.. 

107.15 

7477 

,  2-ethyl-3,5-dimet 

hyl-.    See  a-Parvoline. 

7478 

,  3-ethyl-4-methyl 

-.    See  P-Collidine. 

7479 

,  4-ethyl-2-methyl 

-.    See  a-Collidine. 

7480 

,  5-ethyl-2-methyl 

-.   See  Aldehydine. 

7481 

,  hexahydro-*. 

See  Piperidine. 

7482 

,  hydroxy-. 

See  Pyridol. 

7483 

,  2-isopropyl- 

(CH3)2CHC5H4N  . 

121.18 

7484 

,  4-isopropyl- 

(CH3)2CHC6H4N. 

121.18 

7485 

,  4-methoxy-* 

N:CHCH:C- 

1 

109.12 

(OCH3)CH:CH 

i 

7486 

,  methyl-. 

See  Picoline. 

7487 

,  3-(l-methyl-2-py 

rryl)-.    See  Nicotyrine. 

7488 

,  2-phenyl- 

C6H6C6H4N . . 

155.19 

7489 

,  3-phenyl- 

C6H6C6H4N 

155.19 

7490 

,  4-phenyl- 

CeHsCel^N . . 

155.19 

7491 

,  2-propyl-. 

See  Conyrine. 

7491M 

,  2-sulfanilamido-. 

See  Sidfapyridine. 

7491T 

,  2-(sulfanilylamin 

o)-.   See  Sulfapyridine. 

7492 

,  1,2,3,4-tetrahydr 

o-6-propyl-.  See  y-Conicein 

e. 

7493 

,  tetramethyl-. 

See  &-Parvoline. 

7494 

,  2,4,6-trihydroxy- 

.   See  2,4,$-Pyridinetriol. 

7495 

,  2,4,6-trimethyl-. 

See  y-Colliaine. 

7495M 

3-Pyridinecarboxamide. 

See  Nicotinamide. 

7496 

2-Pyridinecarboxylic  a 

cid*.   See  Picolinic  acid. 

7497 

3-Pyridinecarboxylic  a 

cid*.   See  Nicotinic  acid. 

7498 

4-Pyridinecarboxylic  a 

cid*.   See  Isonicotinic  acid. 

7498M 

3 ,4-  Pyridinedicarbinol , 

6-methyl-.  See  Vitamin  Be. 

7499 

2,3-Pyridinedicarboxyli 

c  acid*.  See  Quinolinic  acid. 

7500 

2,4-Pyridinedicarboxyli 

c  acid*.  See  Lutidinic  acid. 

7501 

2,5-Pyridinedicarboxyli 

c  acid*.  See  Isocinchomeronic 

acid. 

7502 

2,6-Pyridinedicarboxyli 

c  acid*.  See  Dipicolinic  acid. 

7503 

3,4-Pyridinedicarboxyli 

c  acid*.  See  Cinchomeronic  ac 

id. 

7504 

3,5-Pyridinedicarboxyli 

c  acid*.  See  Dinicotinic  acid. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

7461 

liq 

0.959° 

190 

si.  s. 

00 

»  eth. 

7462 

leaf.  f.  lgr 

56 

204 

s. 

V.  s. 

s.  eth.;  si.  s. 
lgr. 

7463 

leaf,  f .  bz 

64 

252 

v.  s. 

V.  s. 

v.  s.  eth.;  i.  lgr. 

7464 

col.  need.  f.  bz. 

158 

s. 

s. 

s.     eth.,    alk., 

bz.;  si.  s.  lgr. 

7465 

need 

1.067} 

139 

27Q742 

1. 

s. 

s.  eth. 

7466 

need 

i.Ofir,: 

1.632W; 
1.645-^- 

34 

286740 

169-70 
(173) 

i. 

v.  si.  s. 

s. 
v.  s. 

s.  eth. 

7467 

oil 

v.  s.  eth. 

7468 

oily  liq 

liq 

1.20515 

170  (166714) 

v.  si.  s. 

s.  eth. 

7469 

148744 

147-8 
222;subl. 

s. 
s. 
si.  s.  h. 

s.h." 

7470 

liq 

7471 

col.  need,  f .  al . 

112(110-1) 

v.    s.    eth.;   s. 

100 

H2S04 

7472 

7473 

7474 

liq-, 

0.950° 

148.8 

si.  s. 

OO 

v.  s.  eth. 

1.50214225 

7475 

col.  liq 

0.94515 

165.3 

v.  si.  s. 

s. 

s.  eth. 

7476 

col.  liq 

0.936 

166 

s.  dil.  a. 

7477 

7478 

7479 

7480 

7481 

7482 

7483 

liq 

0.934° 
0.944° 

159 
178 
191 

si.  s. 

si.  s. 
s. 

oo 

OO 

oo  eth. 

7484 

liq 

oo  eth. 

7485 

liq. 

7486 

7487 

7488 

liq 

>1 

270 

1. 

V.  S. 

v.  s.  eth. 

7489 

oil 

>1 

270.4 

i. 

V.  S. 

v.  s.  eth. 

7490 

leaf,  f .  w 

78 

275 

v.  si.  s. 

h. 

s. 

s.  eth. 

7491 

7491 M 

7491T 

7492 

7493 

7494 

7495 

7495M 

7496 

7497 

7498 

7498M 

7499 

7500 

7501 

7502 

7503 

7504 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7505 

7506 
7507 


7508 
7508M 

7508P 


7508R 

7509 
7509H 

7509K 

7510 
7511 
7512 

7513 
7514 

7515 
7516 

7517 

7518 

7519 

7520 

7520M 

7521 

7522 

7523 

7524 

7525 
7526 
7527 
7528 


7529 
7530 
7531 
7532 
7533 
7534 
7535 
7536 
7537 
7538 


Name 


2,4-Pyridinediol. 


2,6-Pyridinediol 

Pyridinepentacarbox- 
ylic  acid* 

3-Pyridinesulfonic 

acid* 
2,3,4, 5-Pyridinetetra- 

carboxylic  acid*(anh.) 

2,3,4, 6-Pyridinetetra- 
carboxylic  acid*(anh.) 


2,3,5,6-Pyridinetetra- 

carboxylic  acid*(anh.) 
2,3,4-Pyridinetricarbox 
2,3,5-Pyridinetricar- 

boxylic  acid*(anh.) 
2,3,6-Pyridinetricar- 

boxylic  acid*(anh.) 
2,4,5-Pyridinetricarbox 
2,4,6-Pyridinetricarbox 
3,4,5-Pyridinetricar- 

boxylic  acid* 

2,4,6-Pyridinetriol 

2-Pyridol 


3-Pyridol 
4-Pyridol . 


a-Pyridone. 

7-Pyridone. 

2(l)-Pyridone. 

4(l)-Pyridone. 

Pyridoxin. 

a-Pyridylamine. 

/9-Pyridylamine. 

7-Pyridylamine. 

Pyrimidine 


Synonyms 


2,4-dihydroxypyridine 
2 , 6-dihydroxypyridine 


ylic  acid*.  See  Carbocinchom 
carbodinicotinic  acid 


ylic  acid*.   See  Berberonic  ac 

ylic  acid*.  See  Trimesitic  aci 

/3-carbocinchomeronic  acid. 


2,4,6-trihydroxypyridine. . 
2(l)-pyridone;  a-pyridone 


2,4(1,3)-  Pyrimidinedio 
Pyrimidinetetrone. 
Pyrimidinetrione. 
Pyrocatechol 


dibutyl  ether, 
diethyl  ether, 
dimethyl  ether, 
dipropyl  ether, 
monoamyl  ether, 
monobutyl  ether, 
monoethyl  ether, 
monomethyl  ether, 
monopropyl  ether. 
,  3-methoxy-. . . 


3-hydroxypyridine 

4(l)-pyridone;  7-pyridone.. 

See  2-Pyridol. 

See  4-Pyridol. 

See  2-Pyridol. 

See  4-Pyridol. 

See  Vitamin  B$. 

See  Pyridine,  2-amino-. 

See  Pyridine,  S-amino-. 

See  Pyridine,  A-amino-. 

1 ,3-diazine ;  m-diazine ; 

miazine 
ne.   See  Uracil. 
See  Alloxan. 
See  Barbituric  acid. 
1,2-benzenediol* ;  catechol ; 

pyrocatechin 


See  Benzene,  1,2-dibutoxy-*. 

See  Benzene,  1,2-diethoxy-*. 

See  Veratrole. 

See  Benzene,  1,2-dipropoxy- 

See  Phenol,  o-amoxy-. 

See  Phenol,  o-butoxy-. 

See  Phenol,  o-ethoxy-. 

See  Guaiacol. 

See  Phenol,  o-propoxy-. 

pyrogallol  1-methyl  ether . , 


Formula 


C5H3N(OH)5 


C5H3N(OH)2H20 
C5N(COOH)6-2H20 


C5H4NSO3H.... 
C5HN(COOH)4. 


C6HN(COOH)4 


C5HN(COOH)4.. 

eronic  acid. 
C5H2N(COOH)8 

C5H2N(COOH)3.. 

id. 

d. 
C5H2N(COOH)3.. 

C6H2N(OH)3 

HOC6H4N 

HOC5H4N 

HOC6H4N 


N:CHN:CHCH:CH 


C6H4(OH)2 


Mol. 
Wt. 


111.10 

129.11 
335.18 


159.16 
255.14 

255.14 


255.14 

211.13 
211.13 

211.13 

127.10 
95.10 

95.10 
95.10 


80.09 


110.1: 


CH3OC6H3(OH)2.. 


140.13 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grains  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

7505 

yel.  rhomb,  cr. 
f.  w.  or  al. 

265 

si.  s. 

si.  s. 

v.  si.  s.  eth. 

7506 

yel.  need.  f.  w 

195 

si.  s. 

si.  s. 

v.  si.  s.  eth. 

7507 

cr.  f.  eth., 

220  d. 

d." 

v.  s. 

v.  si.  s.  eth. 

2H20;f.  w. 

-H20,  100 

3H20 

7508 

need,  or  leaf. . 

cr.  with  2  or 
3H20 

d. 

-H20,  115; 
d.  160 

v.  s. 
s. 

v.  si.  s. 

i.  eth. 

7508M 

7508P 

need,  with 
2H20 

dried  at 
115:  227 

V.  s. 

v.  si.  s. 

v.  si.  s.  eth. ;  s. 

ac.  a. 

d.  (235) 

dried  at 

100:  187 

d.  (192) 

7508R 

cr.  with  2H20 

d.  150 

v.  s. 

f.  w. 

7509 

7509  H 

cr.  with  1.5 
or  2H20 

si.  d.  150 

s.  h. 

s. 

7509  K 

cr.  with  2H20 

ca.  130  d. 

V.  s. 

i. 

i.  eth.,  acetic 

f.  dil.  al. 

anhydride 

7510 

7511 

7512 

leaf,  or  pi 

-H20,  115: 
anh.  261 

s.  h. 

7513 

need,  or  powd 

230  d. 

si.  s. 

s. 

s.  eth. 

7514 

col.  need.  f.  bz . 

107 

281 " 

V.  s. 

v.  s. 

s.    eth.;   si.  s. 
Igr. 
si.  s.  eth. 

7515 

need 

129 

+  H20,  92; 

v.  s. 
10015 

v.  s. 
V.  s. 

7516 

col.  monocl..  . 

>350 

v.  si.  s.  eth., 

anh. 148.5 

chl. ;  i.  bz. 

7517 

7518 

7519 

7520 

7520M 

7521 

7522 

7523 

7524 

cr 

22 

124 

s. 

s. 

7525 

7526 

7527 

7528 

col.  monocl. 
leaf.  f.  bz., 
1.604,  1.615, 
1.650 

1.37115 

105 

240  (240-5) 

45 .  I20 

V.  s. 

s.  eth.,  bz., 
chl.,  alk. 

7529 

7530 

7531 

7532 

7533 

7534 

7535 

7536 

7537 

7538 

need 

38-41 

146-715"16 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7539 


7540 
7541 
7542 
7543 

7544 
7545 


7546 
7547 
7548 
7549 
7550 

7551 
7552 
7553 
7554 
7555 
7556 
7557 


7558 
7559 

7560 

7561 

7562 

7563 
7564 

7565 

7566 
7567 
7568 
7569 
7570 

7571 

7572 

7573 

7574 

7575 

7576 

7577 
7578 


Name 


Pyrocatechol,  3- 
methyl- 

4-methyl-. 


Pyrocatechol-o-acid. 

o-Pyrocatechuic  acid. 

Pyrocoll 


Pyrodin. 
Pyrogallol 


,  1,2-dimethyl  ether. 

,  1,3-dimethyl  ether. 

,  1-methyl  ether. 

,  2-methyl  ether. 

,  triacetate 


trimethyl  ether. 
,  4-acetyl-. 
,  4-benzoyl-. 
5-methyl- 


4-Pyrogallolcarboxylic 
Pyrogallolphthalein. 
Pyromellitic  acid 


Pyromucic  acid. 

,  amyl  ester 


-,  butyl  ester .  .  . 
-,  sec-butyl  ester 
-,  ethyl  ester .  .  . 


furfuryl  ester, 
heptyl  ester .  . 


,  hexyl  ester . 


isoamyl  ester . 
methyl  ester, 
octyl  ester. . . 
propyl  ester .  . 
,  3-bromo-. 


-,  5-bromo- 

,  ethyl  ester. . . 

-,  3-chloro- 

-,  5-chloro- 

-,  5-methyl- . . . , 

,  methyl  ester. 

-,  5-nitro- 

-,  tetrahydro-.  . 


Synonyms 


3-methyl- 1 , 2-benzenediol  * ; 

isohomopyrocatechol ;    2, 

3-dihydroxytoluene 
See  4-Homopyrocatechol. 
See  Benzoic  acid,  2,3-dihydroxy 
See  Benzoic  acid,  2,3-dihydroxy 
5,10-dipyrrolo[l,2-a,l,2- 

d]-pyrazinedione 
See  Hydrazine,  l-acetyl-2-phen 
1,2,3-benzenetriol*;  v-tri- 

hydroxybenzene 

See  Phenol,  2,Z-dimethoxy-. 
See  Phenol,  2,§-dimethoxy-. 
See  Pyrocatechol,  S-methoxy- 
See  Resorcinol,  2-methoxy-. 


See  Benzene,  1,2,3-trimethoxy- 
See  Gallacetophenone. 
See  Benzophenone,  2,3,4-trihyd 
3,4,5-trihydroxytoluene. . .  . 
acid.  See  Benzoic  acid,  2,3,4-/r 
See  Galle'in. 

1,2,4,5-benzenetetracar- 
boxylic  acid* 

See  2-Furoic  acid. 
n-amyl  furoate ;  pentyl  2- 
furancarboxylate 
n-butyl  furoate 


sec-butyl  furoate. 


ethyl  pyromucate;  ethyl 
furoate 

See  Furfuryl  alcohol,  2-furoate. 
n-heptyl  furoate 


n-hexyl  furoate . 

isoamyl  furoate. 
methyl  furoate . 


n-propyl  furoate .  . . 
3-bromofuroic  acid. 


3-chloro-2-furancarboxylic 
acid*;  3-chlorofuroic  acid 

5-chloro-2-furancarboxylic 
acid  * ;  5-chlorof  uroic  acid 


Formula 


CH3C6H3(OH)5 


C4H3N(CO)2NC4- 
H3 
yl-. 
C6H3(OH)3 


tetrahydrof uroic  acid. 


C6H3(OOCCH3)3 


roxy-. 
CH3C6H2(OH)3. 
ihydroxy-. 

C6H2(COOH)4. 


C4H30-COOC6Hii 
C4H3OCOOC4H9. 
C4H3OCOOC4H9.. 
C4H3OCOOC2H6. 

C4H3OCOOC7Hi6. 

C4H3OCOOC6H13. 

C4H3OCOOC6Hii 
C4H3OC02CH3... 
C4H3OCOOC8Hi7. . 
C4H3OCOOC3H7.. 
C4H2BrOCOOH... 

BrC4H2OCOOH .  . 

BrCJ^O-COOCV 

C4H2C10COOH... 

C4H2C10COOH... 

CH3C4H2OCOOH 

CH3C4H2OCOO 
CH3 

N02C4H2OCOOH 
C4H7OCOOH 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf,  f .  bz 


yel.  monocl. 
leaf. 

need,  or  leaf 


wh.  cr.  powd 


need.  f.  bz 


tricl.  tab. 
(+2H20) 
f.  w. 


col.  liq. 
col.  liq. 
col.  liq. 


wh.  cr.  leaf. 
1.469940 


col.  liq. 
col.  liq. 


col.  liq 

liq... 

col.  liq 

col.  liq 

wh.  need.  f.  w 

wh.  leaf.  f.  w. 

pr 

wh.  cr 

wh.  leaf 


pi.  or  need, 
f.  w. 
col.  liq 

wh.  cr.  f.  w... 
wh.  cr 


Density 
g/ml 


1.453-J- 


0335 
0555 
0465 
0974*f 

21 


1774  4 
00052) 
01702^ 


178 

9885 

075 


52820 


1.1933 


Melting 
point,  °C 


68  (47) 

269 
133-4 

165 
129 


264 
(269-71) 


34  (30-3) 


127-9 

186 

17 

148.5-9.5 

179-80 

108-9 


185.0-5.5 
21 


Boiling 
point,  °C 


241 


subl. 


309 
(293  d.) 


95-71 

118-2025; 

83-41 
67-91 

195™ 


116-71 

105-71 

135-725 
181.3 
126-71 
211 


235767. 


9815 

subl. 
131-2" 


Solubility  in  grams  per  100  ml  of 


Water 


62.525 


v.  v.  si. 


421* 


1. 

i. 

i. 

i.  (si.  s.) 

i  (si.  s.) 
1.320 

v.  si.  s. 
c. 
i. 

i. 

0.32« 

v.  s.  h. 


s.h. 


Alcohol 


v.  si. 

10025 


Ether,  etc. 


s.  eth.,  chl.,  bz. 


v.  si.  s.  eth.;  s. 
ac.  a. 

83.325  eth  .  si 
s.  bz.,  chl., 

CS2 


s.  dil.  alk. 


si.  s.  eth. 


00  eth. 
00  eth. 
s.  eth. 


00  eth. 

00  eth. 
s.  eth. ;  v.  si. 
lgr.,  CS2 
v.  s.  eth. 

s.  eth. 


v.  s.  eth. 
s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7579 
7580 


7581 
7582 
7583 

7584 
7585 


7587 

7588 
7589 


7590 
7591 
7592 


7593 


7594 
7595 


7596 


7597 


7598 

7599 
7600 
7601 

7602 

7603 


7604 

7606 

7605M 

7606 

7607 

7608 


Name 


Pyromucyl  chloride. 
1,4-Pyrone 


,  5-hydroxy-2-hyd 

Pyroracemic  acid. 
Pyrotartaric  acid 


,  or-hydroxy-. 

Pyrotritaric  acid .  .  . 


Pyrrocoline,  octahydro 
Pyrro[abi]diazole. 
Pyrrole 


,  1 -acetyl-.  .  . . 
,  dihydro-*. 
,  2,4-dimethyl- 


2,5-dimethyl- 


,  1-ethyl-.  . 
-,  1-methyl- 


,  2-methyl- 
-,  3-methyl- 


1 -propyl-. 


,  tetrahydro-*. 

,  tetrahydro- 2-oxo 

,  2,3,4,5-tetra- 

iodo-* 
2-Pyrrolecarboxylic 

acid* 
Pyrrolidine* 


,  2-keto-. 

,  1-methyl- 

,  2-oxo-. 

2-Pyrrolidinecarboxylic 
2,5-Pyrrolidinedione. 
2-Pyrrolidone 


Synonyms 


See  Furoyl  chloride. 
4-oxo-l, 4-pyran;  a-pyrone. 


roxy methyl-.   See  Kojic  aci 
See  Pyruvic  acid. 
methylbutanedioic  acid*; 
methylsuccinic  acid 
See  Citramalic  acid. 
2,5-dimethyl-3-furancar- 
boxylic  acid;  uvic  acid; 
uvinic  acid 
-.    See  Piperolidine. 
See  1,2,4-Triazole. 
azole 


N-acetylpyrrole. 
See  Pyrroline*. 


N-ethylpyrrole .  . 
N-methylpyrrole. 


a-methylpyrrole . 


/3-methylpyrrole. 


A^-n-propylpyrrole . 


See  Pyrrolidine*. 
-.   See  2-Pyrrolidone. 
iodol 


tetrahydropyrrole;  tetra- 
methylenimine 

See  2-Pyrrolidone. 

JV-methylpyrrolidine 

See  2-Pyrrolidone. 
acid*.   See  Proline. 
See  Succinimide. 
2-oxopyrrolidine ;  a-pyr- 
rolidone 


Formula 


0CH:CH- 
COCH:CH 


COOHCH2CH- 
(CH3)COOH 

(CH3)2C4HO- 
COOH 


NHCH:CH- 

1 

CH:CH 

1 

CH3CONC4H4... 

NHC(CH3):CHC- 

1 

(CH3):CH 

1 

NHC(CH3):CH- 

CH:C(CH3) 

C2H5NC4H4 

N(CH3)CH:CH- 


CH:CH 

NCH(CH3):CH- 
CH:CH 

NCH:CH(CH3)- 

1 

CH:CH 

1 

CH3CH2CH2NC4- 
H4 


C4I4NH 

C4H4N-COOH. 


NHCH2CH2CH2C- 

1 1 

H2 
CH3NC4H8 


NHCOCH2CH2C- 
H2 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

7579 
7580 

pr.,,1.5238"-8.. 

1.190«-! 

32.5 

217.7 

v.  si.  s. 

s. 

v.  s.  eth. 

7581 

7582 
7583 

7584 

7585 

tricl., 
1.4302515-* 

col.  need.  f.  w . 

1.410 

111 

135  (136-7) 

d. 

subl. 

66. 720 
0.25100 

71 

v.  s. 

s.    eth.;    11019 
me.  ai. 

v.  s.  eth. 

7587 
7588 
7589 

col.  liq.,  1.5035 

0.9482f 
(0.9669-) 

4 

131 

i. 

v.  s. 

v.   s.    eth.;   s. 

bz.,  dil.  a.;  i. 
dil.  alk. 

7590 

liq 

181-2 
1657«(171) 

si.  s. 
si.  s. 

v.  s. 

d.  HC1 

7591 
7592 

pa.  bl.  fluores. 
liq. 

0.927- 

v.  s.  eth.;s.  bz. 

7593 

oil,  1.50357.. . 

0.935 

165  (169) 

v.  si.  s. 

s. 

s.  eth. 

7594 

0.88818 
0.920310 

130-1 

H4-5748 

i. 

00 
00 

oo  eth. 

7595 

col.  liq., 
1.4888W 

oo  eth. 

7596 

liq 

0.945 

148 

i. 

00 

oo  eth. 

7597 

liq 

143 

si.  s.  dil.  a. 

7598 

liq 

145.5-6.5 

7599 
7600 
7601 

yel.  need.  f. 
dil.  al. 
monocl.  pr 

d.  150 
191.5  d. 

d.  208.5 

0.02 

s. 

5.815 
90% 
s. 

50  eth.;  s.  bz., 

7602 

chl. 
s.  eth. 

7603 

col.  liq 

0.871"; 
0.852022 

88.5 

00 

OO 

oo  eth. 

7604 

7605 

7605M 

7606 

7b07 

7608 

liq .,..,.. . 

cr 

1.11625 

24.6 

81-3 

245 
(250.8) 

S. 

V.  s. 

V.  S. 

v.  s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7609 
7610 
7611 
7612 

7613 


7614 
7615 
7616 
7617 
7618 
7619 


7620 
7620M 


7621 
7622 
7623 
7624 
7625 
7626 

7627 
7628 
7629 
7630 

7631 


7632 


7633 

7634 
7635 

7636 


7637 


Name 


Pyrroline* 

Pyrrolylene. 
a-Pyrromonazole. 
Pyruvaldehyde,  aldoxime 


Pyruvic  acid 


-,  ethyl  ester. 


,  methyl  ester. 

Pyruvonitrile . 
Quercetin.  .  .  . 
d-Quercitol , . . 
Quercitrin .... 


Quinacetophenone. 
Quinaldic  acid  (anh.) . 


4-hydroxy-. 


Quinaldine 

,  hydroxy-. 

,  methyl-. 

Quinalgen. 
Quinalizarin . . 

Quinamine .  .  . 
p-Quinanisole. 
Quinazine. 
Quinazoline.  . 


,  3,4-dihydro-3- 
phenyl- 


Quinhydrone 


Quinic  acid 


Quinicine 

,  oxalate  (d) . 


Quinidine . 


,  bisulfate , 


Synonyms 


dihydropyrrole* 

See  1,3-  Butadiene*. 
See  Pyrazole. 
2-oxopropanal   1-oxime*; 

isonitrosoacetone 
2-oxopropanoic  acid*;  ct- 

ketopropionic  acid ;  pyro- 

racemic  acid;  acetyl- 

formic  acid 
ethyl  pyruvate 


methyl  2-oxopropanoate*; 

methyl  pyruvate 
2-oxopropanenitrile* ; 

acetyl  cyanide 
3,3',4',5,7-pentahydroxy- 

flavone ;  meletin ;  sophoretin 
cyclohexanepentol*  (one 

form) ;  d-quercite 


See  Acetophenone,  2,5-dihydrox 
2-quinolinecarboxylic  acid*, 


See  Kynurenic  acid. 

2-methylquinoline 

See  Quinolinol,  2-methyl-. 
See  Quinoline,  dimethyl-. 
See  Analgen. 

1 ,2,5,8-tetrahydroxyanthra- 
quinone ;  alizarin  bordeaux 


See  Quinoline,  b-methozy-. 
See  Quinoxaline. 
benzo[a]  pyrimidine ;   1 ,3- 

benzodiazine ;  phenmiazine 
orexin ;  phenzoline ;  cedra- 

rine 


benzoquinhydrone , 


1,2,4,5-tetrahydroxycyclo- 
hexanecarboxylic  acid* 


conquimne. 


Formula 


C4H7N. 


CH3COCH:NOH.. 
CH3COCOOH.... 

CH3COCOOC2H6.. 
CH3COCOOCH3.. 

CH3COCN 

C16H10O7 

C6H7(OH)6 

C21H20O11 

'  C9H6NCOOH 

CH8C,H6N 


(HO)2C6H2(CO)2- 
C6H2(OH)2 
Ci9H24N202 


C6H4N:CHN:CH 

1 1 

C6H4N:CHN- 

1 


(C6H6)CH2 

1 

C6H402C«jH4(OH) 


(HO)4C6H7COOH 

C20H24N2O2 

(CmH^N^^j-H^ 
C204-9H20 

0^2^202-2^20 


C2oH24N202-H2- 
S04-4H20 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


liq 


leaf.  f.  eth 
col.  liq 


col.  liq 

col.  liq 

rhomb 

yel.  need 

col.  monocl. . 

yel.  need,  or 
leaf. 


need,  with 
2H20.  f.  w. 
anh.,  cr.  f. 
bz. 


col.  liq. 


red  rhomb, 
need, 
need ... . 


pi.  f.  pet.  eth. 


hex.  pi. 


Density 
g/ml 


0.910^ 

1.07467-5 
1.267 

1.060^ 
1.154° 


dk.  grn. 
rhomb,  pr. 

col.  monocl. 

f.  w. 

yel.  oil 

pr.  f.  chl.  or 

need.  f.  al. 
pr.  f.  al.,  [a] 

-274.7*17 

inal.  D 

+  chl. 
hair-like 

need. ;  bl. 

fluores.  in 

sol.,  [a] 

184.17°d  3% 

sol.  in  chl. 


.585" 


1.1013 


1.2904 


1.401 


1.637 


Melting 
point,  °C 


69 
13.6 


anh.  310  d. 

234 

250-2;  185; 
(168  d.) 

156  anh. 


>275 
172 

48 
95 

171 


163 

60 
149 

171.5  d. 


Boiling 
point,  °C 


90 

subl. 
165  si.  d. 

144;  5517 

137 

93 

subl. 

d. 


246-7 
subl. 

243 

subl. 
d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 

si.  s. 

d. 

0.35 

10  c. 

0.0420, 
0.69100 


si.  s.  c; 
s.  h. 


v.  si.  s. 

i. 
i. 

v.  s. 


s.h. 


409 

si.  s. 
s.h. 

0.051 


l15 


Alcohol 


0.48 

si.  s. 
25 .  678 


v.  si.  s. 
v.  s.  h. 


12 


Ether,  etc. 


eth. 


v.  s.  eth.;v. 
s.  pet.  eth. 
oo  eth. 


«  eth. 

°o  eth. 

s.  eth. 

v.  si.  s.  eth.;  s. 
alk. 
i.  eth. 

0.8  eth.;  s.  alk. 
sol.,  amyl.  al., 
ac.  a. 

v.  s.  h.  bz. 


s.  eth.,  chl. 

v.  si.  s.  eth. 
s.  h.  eth. 

s.  eth. 
s.  eth. 


v.   s.   eth.; 

NH4OH;d. 

chl. 
v.  si.  s.  eth.; 

ac.  a. 
s.  eth.,  chl. 
s.  chl. 

4.520  eth.;  s. 
chl. 


v.  si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Name 


Quinidine,  hydrochloride 
(d) 


-,  sulfate  (d) . 


Quinine  (anhydrous) 
Quinine  (hydrate) . . . 


arsenate, 
bisulfate . 


dihydrochloride 

formate 

hydrobromide 

(mono)  hydrochloride 


(mono)  hydrochloride 
(hydrate) 


-,  iodosulfate 

-,  salicylate.. 
-,  sulfate .... 


Synonyms 


herapathite 


,  sulfate  (hydrate) . . 

,  urea-hydrochloride . 

,  valerate 

Quinizarin 


Quinol. 
Quinoline 


1 ,4-dihydroxyanthraquinone 

See  Hydroquinone. 
benzo[6]  pyridine;    1-ben- 
zazine 


Formula 


C2oH*»N202HCl- 
H20 


(C2oH24N202)2-H2 
S04-2H20 


C20H24N2O2 

C2oH24N202-3H20. 


(C2oH24N202)2- 
HaAs04-8H20 

C2oH24N202H2- 
S04-7H20 

C20H24N2O22HCI. 

C2oH24N202' 

HCOOH 
C2oH24N202HBr- 

H2O 
C2oH2402N2HCl.. 


C2oH2402N2-HCl- 
2H20 


4C20H24N2O2-3H2- 

S04-2HII4-6H20 


C2oH24N202'C7H6- 
O3H2O 

(C20H24N2O2)2- 
H2SO4 


(C2oH24N202)2-H2- 

S04-2H20 
C2oH2402N2HCl- 

C0(NH2)2-HC1- 

5H20 
C2oH24N202-C6Hio- 

02H20 
C6H4(CO)2C6H2- 

(OH)2 

C6H4N:CHCH:CH 


Mol. 
Wt. 


378.80 


782.93 


324.41 
378.46 


934.88 
548.60 

397.34 
370.44 
423.35 
360.88 

396.91 

2463.50 

480.55 
746.90 

782.93 
547.48 

444.56 
240.20 

129.15 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


asbestos-like 

pr.,  [a] 

2.212- 

2.562  °d 

97%  al. 
pr.  or  need.; 

sol.  fluores. 

bl.,  \a]  + 

184.17°d 

3%  sol.  in 

chl. 

amor,  powd . 
flaky  or 

micro,  cr. 

powd.  efflor. 

1.020,  1.625, 

1.630;  [a] 

-145.2°15 

wh.  cr 


sm.  ortho- 
rhomb,  need, 
efflor. 

wh.  powd.  or 
need. 

cr.  powd 


silky  efflor. 
need. 

silky  efflor. 
need.,  [a] 
-144.98^ 

silky  efflor. 
need,  lal 
-144.98°15 

red-grn. 

dichroic  cr. 

or  olive  grn. 

powd. 
col.  need. . .  . 


silky  efflor. 
need. 


silky  cr.  or 
need.,  efflor. 

wh.  pr.  or 
powd. 


cr.  powd 

red  need.  f.  al 


col.  liq., 
1.6245024- 


Density 
g/ml 


1.095- 


Melting 
point,  °C 


-9d. 


174.9 
57 


160  d. 


109 

152-200 

158-60 

156-90 


185  d. 
anh.  235 

205 
70-5 

90 
194-5 

-19.5 


Boiling 
point,  °C 


259  d. 


subl.  si.  d. 
237.7 


Solubility  in  grams  per  100  ml  of 


Water 


1.610 


I" 


0.0571 
0.064 


s.  h. 
11.1 

166.6 
3 

2.5 
5.625 

5.55 


1.3 
0.1425 

0.139 
111.1 

0.8 


Alcohol 


166 
154 


5.36 

10.3 
s. 

149.2 
16625 

166 


0.12  c. 
s.  h. 


1.1623 

1.16 
51.4 

50 

s. 


Ether,  etc. 


v.  si.  s.  eth.;  v. 
s.  chl. 


v.  si.  s.  eth.;  s. 
chl. 


22.2  eth. 
73.8  eth.;  s. 

chl.,bz.,  CS2, 

oils,  glyc. 


0.056  eth.;  s. 
chl. 

v.  si.  s.  eth.;  si. 
s.  chl. 

v.  si.  s.  eth.;  s. 
chl. 

6.25  eth.;  s. 
chl. 

0.4225  eth.;  s. 
CS2,  bz.,  oils, 
glyc.,NH4OH„ 
KOH  sol.,  a. 

0.415  eth.;  s. 
chl.,  glyc. 


0.88  eth.;  s. 
chl.,  glyc. 

si.  s.  eth.;  s. 
CS2,  bz.,  oils, 
glyc,  KOH 
sol.,  NHlOH, 
a.;  si.  s.  chl. 

si.  s.  eth.,  chl.; 
s.  glyc. 


7  eth. 

s.  eth.,  bz., 
KOH,  H2SO4 

00  eth.,  CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


7658 
7659 


7660 
7661 

7662 
7663 

7664 


7665 

7666 
7667 

7668 
7670 

7671 

7672 

7673 

7674 

7675 
7676 
7677 

7678 
7679 

7680 
7681 

7682 

7683 

7684 
7685 
7686 


7687 
7688 

7689 
7690 

7691 
7692 


7694 


Name 


Quinoline,  2-amino- 
,  4-amino- 


5-benzamido- 
2-chloro-* 


8-e 


3-chloro-* 
4-chloro-*. 


decahydro-*. 


2,3-dichloro-* 

5,8-dichloro-* 
6,8-dichloro-* 

7,8-dichloro-*. 
2,3-dimethyl- 


2,4-dimethyl- 

2,6-dimethyl .  .  . 

3,4-dimethyl- 

5,8-dimethyl-... 

6,8-dimethyl- 
2-homopiperonyi 
6-methoxy- 


2-methyl-. 
3-methyl- 

4-methyl-. 
6-methyl- 

7-methyl- 

8-methyl- 


l-methyl-1,2,3,4- 

5-nitro-* 

6-nitro-* 


7-nitro-* 
8-nitro-* 


2-phenyl- 
6-phenyl- 


8-phenyl- 

1,2,3,4-tetra- 

hydro-* 
1,2,3,4-tetrahydr 
2,3,4-trimethyl- 


Synonyms 


a-quinolylamine. 
7-quinolylamine . 


thoxy-.   See  Analgen. 
a-chloroquinoline .... 


/3-chloroquinoline . 
7-chloroquinoiine . 


3-methylquinaldine . 
4-methylquinaldine . 


p-toluquinaldine ;  6-methyl- 
quinaldine 


/3-cytisolidine 

■4-methoxy-.   See  Cusparin 
p-quinanisole ;  methyl  6- 
quinolyl  ether 
See  Quinaldine. 
/3-methylquinoline 


See  Lepidine. 


tetrahydro-.  See  Kairoline. 


o- 6-methoxy-.   See  Thallin 


Formula 


NH2C9H6N.. 
NH2C9H6N.. 

C1C.H6N.... 

C1C9H«N.... 
C1C9H6N.... 

C9HnN 

C9H6C12N... 

C9H5C12N... 
C9H6C12N .  . . 

C9H6C12N .  . . 
(CH3)2C9H5N 

(CH3)2C9H6N 

(CH3)2C9H6N 

(CH3)2C9H6N 

(CH3)2C9H6N 

(CH3)2C9H6N 

eC9H6NOCH3 

CH3C9H6N.. 

CH3C9H6N.. 
CH3C9H6N.. 
CH3C9H6N.. 

N02C9H6N.. 
N02C9H6N.. 

N02C9H6N.. 
N02C9H6N.. 

C6H6C9H6N.. 
CeHsCgHeN.. 

C6H6C9H6N.. 
C9HnN 

6C9H4N(CH3)3 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


leaf.  f.  w. 


need. 
(+1H20) 
f.  w. 

need.  f.  dil.  al 


hyg 
cr.. 


(cm)  col.  liq .  . 

(trans)  wh.  cr 

cr.  f.  dil.  al.. 

sh.  need.  f.  al. 
need.  f.  eth. 

or  al. 

need 

yel.  need,  or 

leaf, 
liq 


trim.  f.  eth. 

cr 

liq 

Uq 

liq 


col.  liq.  or  cr., 
1.606952s-5 


1.61412*. 
yel.  oil., 
liq 


need.  f.  w. 
need 


need.  f.  al. . . 
monocl.  need 

f.  al. 

need.  f.  al. . . 
trim.  f.  eth. 

or  al. 

thk.  fluores.  oil. 
col.-yel.  cr., 

1.5933123.9 


cr 


Density 
g/ml 


1.27517 


1.251 

0.9426- 

0.9021 


4 
55.5 


1.101310 
1.061^ 


1.070- 

A 

1.0665* 

1.665"; 
1 .  164» 

1.074 


1.066 
1.072 
1.073 


195 
055 


Melting 
point,  °C 


129 


anh.  154; 
+  1H20, 
69-70 

37-8 


34 

-40 

48 

104-5 

92-3 
104-5 

85.5 
u8-9 

60 

73-1  (65) 

4-5 

<-18 

14 

10-4 
<-20 


72 
150 


133 

89 

86 
111 


20 


ca.  65 


Boiling 
point,  °C 


-H20,  100 


266-7  (276) 

2557« 
2617" 

205-6 
(83-3. 516) 
2037SS 


volat. 
>100 

261  (247)' 

264 

266-7 

(259-61) 
2907S7 

26578« 

269 

186" 

250 

255 
252.5 

247. 3-8. 3751 


subl. 
subl. 


363 
26077 

283187 
251 


285 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si.  s. 
c,  s.  h 


si.  s. 
s.  h. 


si.  s. 
v.  si.  s. 
si.  s.  h. 
i. 

si.  s. 
si.  s. 


v.  si.  s 

(i.) 
v.  si.  s 

(i.) 
v.  si.  s 

(i.) 

si.  s.  h. 

v.  si.  s 

c,  s.  h 


v.  si.  s 
c. 

si.  s. 
v.  si.  s. 


v.  si.  s. 


Alcohol 


v.  s. 
s. 
V.  s. 


V.  s. 


v.  si.  s. 

v.  si.  s. 

s. 

v.  s.  h. 
s. 


Ether,  etc. 


v.   s.    eth.;   s. 

chl.;  si.  s.  bz., 

igr. 
v.  s.  chl.;  si.  s. 

Igr.,  CS2 


s.  eth.,  bz.,  Igr. 

v.    s.    eth.;   s. 
dil.  HC1 
s.  eth. 

v.  s.  eth. 

s.  eth.,  bz.;  si. 
s.  Igr. 
s.  eth. 
s.  eth. 

s.  eth. 
s.  eth.,  Igr. 

v.  s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 

s.  eth. 


s.  eth. 

s.  eth. 
s.  eth. 
s.  eth. 


s.  bz. 

v.  si.  s.  eth. 

s.   bz.;  si. 

Igr. 
v.  s.  eth. 
s.  eth.,  bz. 

v.  s.  eth. 
s.  eth. 

s.  eth.,  bz. 
00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


7695 

7696 
7697 
7698 

7698H 
7698K 

7698M 
7698P 


7698R 

7698T 

7698V 

7699 

7700 
7701 

7702 
7703 

7704 

7705 
7706 
7707 
7708 

7709 
7710 
7711 
7712 
7713 
7714 

7715 

7716 

7717 

7718 
7719 


7720 
7721 

7722 
7723 
7724 
7725 
7726 


Name 


Quinoline,  2,4,5-tri- 
methyl- 

,  2,5,7-trimethyl- 

,  2,6,7-trimethyl- 

,  2,6,8-trimethyl- 

2-Qviinolinecarboxylic 
3-Quinolinecarboxylic 

acid* 
4-Quinolinecarboxylic 
5-Quinolinecarboxylic 

acid* 

6-Quinolinecarboxylic 

acid* 
7-Quinolinecarboxylic 

acid* 
8-QuinolinecarboxyIic 

acid* 
Quinolinic  acid 


2-Quinolinol. 
4-Quinolinol. 


-,  2-methyl- 


5-Quinolinol. 


6-Quinolinol. 


— ,  2-methyl- 
■Quinolinol.  . 
2-methyl- 


8-Quinolinol. 


,  2-methyl- .  .  . . 

2(l)-Quinolone. 

,  3,4-dihydro-. 

a-Quinolylamine. 
7-Quinolylamine. 
Quinone  (para  or  ordi- 
nary) 
,  bischloroimide .... 


chloroimide. 
dioxime 


monoxime. 

,  2,6-dichloro- 


2,5-dichloro-3,6 
2,5-dihydroxy-. . 

2,5-dihydroxy-3,6 

2,3-dimethyl-. 

2,5-dimethyl-. 

2,6-dimethyl-. 

2-methyl-. 


Synonyms 


tetracoline, 


acid*.  See  Quinaldic  acid. 
acid*.  See  Cinchoninic  acid. 


2,3-pyridinedicarboxylic 
acid* 

See  Carbostyril. 
kynurine 


4-hydroxyquinaldine 


6-hydroxyquinaldine . 
7-hydroxyquinaldine . 


8-hydroxyquinaldine 

See  Carbostyril. 

See  Hydrocarbostyril. 

See  Quinoline,  2-amino-. 

See  Quinoline,  i-amino-. 

p-benzoquinone;  1,4-cyclo- 
hexadienedionc  * 

p-benzoquinone  bischloro- 
imide 

p-benzoquinone  monochloro- 
imide 

p-benzoquinone  dioxime .... 


Formula 


See  Phenol,  p-nitroso-. 
2,6-dichloro-p-benzoquinone . 


dihydroxy-.  See  Chloranilic 

2,5-dihydroxy-p-benzoqui- 

none 
-dinitro-.'See  Nitranilic  acid 

See  o-Xyloquinone. 

See  Phlorone. 

See  m-Xyloquinone. 

See  Toluquinone. 


C9H4N(CH3)3. . . 

C9H4N(CH3)3... 
C9H4N(CH3)3. . . 
C9H4N(CH3)3... 

C9H6NCOOH... 

C9H6NCOOH... 

C9H6NCOOH... 
C9H6NCOOH. . . 
C9H6NCOOH... 
C6H3N(COOH)o. 

HOC9H6N-3H20 

CioH9NO 

HOC9H6N 

HOC9H6N 

CioH9NO 

HOC9H6N 

CioH9NO 

HOC9H6N 

CioH9NO 

0:C6H4:0 

C6H4(:NC1)2... 
0:C6H4:NC1... 
C6H4(:NOH)2.. 

C6H2CI2O2 

acid. 
C6H202(OH)2.. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  w 


pr 

monocl 

monocl.  pr. 
f.  lgr. 

tab.  f.  dil.  al 
cr.  by  subl . . 

pr.  by  subl . 

need.  f.  w. 
or  al. 
need.  f.  w. .  . 

monocl.  pr.,. 


col.  monocl. 
need.  f.  w. 

pr.  f.  w. . . . 

pr.  or  leaf, 
f.  al. 

sm.  pr.  f.  al 


cr 

pr.  f.  al 

leaf.  f.  al.... 
pr.  f.  dil.  al . 


tricl.  pr.  f.  al 


yel.  monocl. 
pr.  f.  w. 
need.  f.  w. .  . . 

yel.  cr.  f.  lgr.. 

col.  or  yel. 
need. 

yel.  rhomb, 
pr.  f.  lgr. 
or  bz. 

dk.  yel.  need, 
f.  et.  al. 


Density 
g/ml 


1 .318- 


Melting 
point,  °C 


63-4 
43 


46 

275  si.  d. 

338-40 

290-1 
248.5-50 
186-7.5 
190  d.(195 


3H20,  52: 
-H20,  110 
anh.  201 
231 

224 


193 

213 

235-8  d. 
232-4 
76  (73-4) 

74 


115.7 
124  d. 

84.7-5.0 
240  d. 


121 


Boiling 
point,  °C 


285-7 
200719 


subl. 

Subl. 

subl. 
subl. 


>300d. 

d. 
subl. 

300 

si.  d. 
subl. 
si.  d. 
266.9 

267 


subl. 


xp. 


subl.  <  120 


subl. 
215-220  d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s.  c. 
s.  h. 

v.  si.  s. 


v.  si.  s. 

v.  si.  s. 
c. 
s.  h. 

0.556-5 
0.4715 


1  c, 
10  h. 
si.  s. 


v.  si.  s. 

v.  si.  s. 
si.  s. 
i. 
v.  si.  s. 


si.  s. 
si.  s.  h. 
s.  h. 
s.  h. 

si.  s. 
v.  si.  s. 


Alcohol 


v.  s. 
v.  s. 


v.  si.  s. 

s.  h. 

s. 

s.  h. 
si.  s. 


si.  s. 

s. 

V.  s. 
s.  h. 
V.  s. 


s.  h. 
v.  s.  h. 


s.  h. 


Ether,  etc. 


v.  s.  eth. 

v.  s.  lgr. 


i.  eth.,  bz., 
CS2;s.min.a., 
alk. 

s.  min.  a.,  alk. 

i.  eth. 

s.  min.  a.,  alk. 

v.  si.  s.  eth. 

si.  s.  eth. 

v.  si.  s.  eth.,  bz. 

si.  s.  eth.;  v.  s. 

h.  Na2C03;  i. 

lgr. 
v.  si.  s.  eth.;  s. 

alk. 
s.  eth. 
s.  alk. 
s.  eth. 
si.   s.   eth.;   s. 

dil.  alk. 


s.  eth.,  h.  lgr., 
alk. 
s.  eth. ;  v.  s.  bz. 

v.  s.  eth.,  chl.; 

s.SNH4OH 


s.  chl. 


v.  si.  s.  eth. 
ac.  a. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7727 

Quinone,  nitro- 

,  tetrachloro-. 

,  tetrahydro-. 

,  tetrahydroxy-..  .  . 

,  trichloro- 

Quinovic  acid.  . 

N02C6H302 

(HO)4C602 

CI3C6HO2 

153  09 

7728 
7729 
7730 

See  Chloranil. 

See  1,4-Cyclohexanedione*. 

172  09 

7731 

211  44 

7732 

528  71 

7733 

Quinoxaline 

benzopyrazine ;  1,4-benzo- 
diazine;  quinazine 
See  dl-Tartaric  acid. 
See  2-Naphthol-Z,§-disulfonic 

C6H4N:CHCH:N 

130  14 

Racemic  acid. 

R  acid. 

Raffinose 

7734 
7735 
7736 

acid. 
Ci8H320i6-5H20... 

CH3COC6H3(OH)2 

(CH3CO)2C6H2- 
(OH)2 
C6H4(OH)2 

CH3(CH2)4C6H3- 
(OH)2 

xy-. 

CH3(CH2)3CcH3- 

(OH)2 
xy-. 

(CH3)2C6H2(OH)2 

(CH3)2C6H2(OH)2 
(CH3)2C6H2(OH)2 

(CH3)2C6H2(OH)2 

(N02)2C6H2(OH)2 

C6H4(SH)2 

C2H5C6H3(OH)2... 

CH3(CH2)6C6H3- 
(OH)2 

(CH3)2CH(CH2)2- 
C6H3(OH)2 

594  52 

7737 
7738 
7739 

7740 

Resacetophenone 

,  4-metnyl  ether. 

Resodiacetophenone. . 

Resorcinol 

2,4-dihydroxyacetophenone..  . 
See  Peonol. 
4,6-diacetylresorcinol 

1,3-benzenediol*;  resorcin. . . 

See  Benzene,  l,Z-diethoxy-*. 
See  Benzene,  1,3-diisoamoxy-. 
See  Benzene,  \,Z-dimethoxy-*. 
See  Benzene,  1,3-dipropoxy-*. 
See  Phenol,  m-amoxy-. 
See  Phenol,  m-butoxy-. 
See  Phenol,  m-ethoxy-. 
See  Phenol,  m-methoxy-. 
See  Phenol,  m-propoxy-. 
l-n-amyl-2,4-dihydroxy- 

benzene 

See  Benzophenone,  2,4-dihydro 
l-n-butyl-2,4-dihydroxy- 

benzene 
See  Caprophenone,  2,4-dihydro 
See  Resodiacetophenone. 
See  1,3-Cyclohexanedione*. 
2,4-dimethyl-l  ,3-benzenedi- 

ol*;  2,4-dihydroxy-m-xylene 
2,5-dimethyl-l  ,3-benzenedi- 

ol*;  p-xylorcinol;  /S-orcinol; 

2,6-dihydroxy-p-xylene;  be- 

torcinol 
4,5-dimethyl-l  ,3-benzenedi- 

ol*;  3,5-dihydroxy-o-xylene 

4,6-dimethyl-l, 3-benzenedi- 

ol*;  m-xylorcinol;  4,6-di- 

hydroxy-m-xylene 
2,4-dinitro- 1,3-benzenediol  * ; 

v-dinitroresorcin 
1 ,3-benzenedithiol * ;  m-phen- 

ylene  dimereaptan 
1 ,3-dihydroxy-4-ethylben- 

zene 
l-n-hexyl-2,4-dihydroxyben- 

zene;  caprokol 

2,4-dihydroxy-l-isoamylben- 
zene 

152.14 
194.18 
110  11 

7741 
7742 
7743 

7744 
7745 
7746 
7747 
7748 
7749 
7750 

,  diethyl  ether. 

,  diisoamyl  ether. 

,  dimethyl  ether. 

,  dipropyl  ether. 

,  monoamyl  ether. 

,  monobutyl  ether. 

,  monoethyl  ether. 

,  monomethyl  ether. 

,  monopropyl  ether. 

,  4-amyl- 

180.24 

7751 
7752 

,  4-benzoyl-. 

,  4-butyl- 

166.21 

7753 
7754 
7755 
7756 

7757 
7758 

7759 

7760 
7761 

,  4-caproyl-. 

,  4,6-diacetyl-. 

,  dihydro-. 

,  2,4-dimethyl-. . 

,  2,5-dimethyl- 

,  4,5-dimethyl- 

,  4,6-dimethyl- .... 

,  2,4-dinitro- 

,  dithio- 

138.16 
138.16 

138.16 

138.16 

200.11 
142.23 

7762 

,  4-ethyl- 

138  16 

7763 

,  4-hexyl- 

194.27 

7764 

,  4-isoamyl- 

180.24 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


yel. 


bl.  cr 

yel.  leaf.  f.  w 
wh.  cr.  powd 

wh.  cr., 
1.6231 148-8 


need.  f.  w. 

need 

wh.  need.. 


col.  rhomb, 
tab.  f.  w. 
or  bz. 


col. . . . 
col.      . 


need,  by  subl. 

tetr.  f.  w. 
or  bz. 


need.  f.  bz.; 
pr.(+lH20) 
f.  w. 

monocl.  cr. 

f.  w.,  chl. 

or  bz. 
yel.  leaf 


col.  shiny  cr. 

col.  pr 

col.  need 


col. 


Density 
g/ml 


1.1 3348 


1.465° 


1.285" 


Melting 
point,  °C 


d.  ca.  206 


d. 
168-9 


30.5 

anh. 118-0 
147 
180 
110 


71.5-3.0 
47-8 

149-50 
163 


+  1H20, 
115-7; 
anh. 
136-7 

124.5-5 


147-8 
27  (25) 
98-9 
68-70 

61-2.5 


Boiling 
point,  °C 


subl. 
226 

130  d. 


276.5 
(281.4) 


168-70« 
196-200" 

277-80 

subl. 

276-9 
subl. 

subl.;  exp. 

243-5 

13P5 

178-807 

177-8* 


Solubility  in  grams  per  100  ml  of 


Water 


v.  s.  h. 


s.  h. 

i. 

i. 


14* 

w  h. 
i. 

i. 

229™ 


v.  si.  s. 
v.  si.  s. 


si.  s. 
i. 
s. 
0.05 

v.  si. 


Alcohol 


v.  s. 
si.  s. 
si.  s.  h. 


v.  si. 
s. 

si.  s. 
2432- 


v.  s. 


Ether,  etc. 


si.  s.  eth. 


si.  s.  eth. 
v.  s.  eth. 
i.  eth.;  s.  chl., 

NH4OH 
s.  eth.;  00  bz; 


i.  eth.;  s.  me. 
al. 
s.  eth. 

s.  eth. 

v.    s.    eth.;   s. 
glyc,  bz., 
amyl.  al. 


s.  eth. 
s.  eth; 

v.  8.  eth. 

s.  eth. 


v.  s.  eth.;s.  ac. 
a.;  si.  s.  chl., 
bz.;  v.  si.  s. 
CS2 

s.  eth. 


v.   s.  eth.;  s. 
chl. 
s.  eth.,  alk. 

s.  eth. 

v.  s.  eth.,  acet.: 
s.  bz.;  si.  s. 
pet.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

7765 

Resorcinol,  4-isobutyl- 

2.4-dihydroxy-l-isobutyl- 
benzene 

(CH3)2CHCH2- 

166.21 

C6H3(OH)2 

7766 

,  4-isohexyl- 

2,4-dihydroxy-l-isohexyl- 
benzene 

(CH3)2CH(CH2)3- 
C6H3(OH)2 

194.27 

7767 

,  4-isopropyl- 

2,4-dihydroxy-l-isopropyl- 
benzene 

(CH3)2CHC6H3- 
(OH)2 

152.19 

7768 

,  2-methoxy- 

pyrogallol  2-methyl  ether 

CH3OC6H3(OH)2.. 

140.13 

7769 

,  5-methoxy- 

phloroglucinol  monomethyl 
ether 
2-methyl-l,3-benzenediol* ; 

CH3OC6H3(OH)2.. 

140.13 

7770 

,  2-methyl- 

CH3C6H3(OH)2.... 

124.13 

2 , 6-dihydroxy  toluene 

7771 

,  4-methyl- 

See  Cresorcinol. 

7772 

,  5-methyl- 

See  Orcinol. 

7773 

,  4-propionyl-. 

See  Propiophenone,  2,4-dihydr 

oxy-. 

7774 

,  4-propyl- 

2 ,4-dihydroxy-  1-propyl- 
benzene 

CH3(CH2)2C6Hj- 
(OH)i 

152.19 

7775 

,  2-salicylyl-. 

See  Benzophenone,  2,2',&-trihy 

droxy-. 

7776 

,  2,4,6-tribromo-  .  . 

Br3C6H(OH)2 

346.83 

7777 

,  2,4,6-trimethyl-. 

See  Mesorcinol. 

7778 

,  2,4,6-trinitro-. 

See  Styphnic  acid. 

7779 

Resorcinolphthalein. 

See  Fluorescein. 

7780 

/9-Resorcylaldehyde .  .  . 

2,4-dihydroxybenzaldehyde ; 
2,4-dihydroxybenzenecar- 
bonal* 

(HO)2C6H3CHO... 

138.12 

7781 

,  dimethyl  ether. 

See  Benzaldehyde,  2,4-dimethox 

V-. 

7782 

a-Resorcylic  acid 

3,5-dihydroxybenzoic  acid; 
3,5-dihydroxybenzenecar- 
boxylic  acid* 

(HO)2C6H3COOH- 
1*H20 

181.14 

7783 

/3-Resorcylic  acid 

2,4-dihydroxybenzoic  acid ; 
2 ,4-dihy  droxybenzenecar- 
boxylic  acid* 

(HO)2C6H3COOH. 
3H20 

208.17 

7784 

7-Resorcylic  acid 

2,6-dihydroxybenzoic  acid ; 
2,6-dihydroxybenzenecar- 
boxylic  acid* 

(HO)2C6H3COOH- 
liH20 

181.14 

7785 

Retene 

7-isopropyl-l-methylphe- 
nanthrene 

CisHis 

234.33 

7786 

Rhamnitol 

1,2,3,4,5-hexanepentol* 

CH3(CHOH)4- 

166.17 

(one  form) ;  rhamnite 

CH2OH 

7787 

/3-Rhamnose 

C6Hi206H20 

182.17 

7788 

Rheadine 

rhoeadine  

C21H21NO6 

383.39 

7789 

Rheum  emodin. 

See  Emodin. 

7789M 

Rhodanates. 

See  under  Thiocyanic  acid. 

7790 

Rhodinal. 

See  Citronellal. 

7791 

Rhodinol 

3,7-dimethyl-6-octen-l-ol*(?) . 

C10H19OH 

156.26 

7792 

Rhoeadine. 

See  Rheadine. 

7792M 

D-Riboflavin 

vitamin  B2;  vitamin  G;  lac- 
toflavin;  ovoflavin;  hepato- 

Ci7H20N4O6 

376.36 

!  '• 

flavin;  6,7-dimethyl-9-(l- 

D-ribity  1)  isoalloxazine 

7792T 

D-Ribose 

C6Hio06 

150.13 

7793 

Ricinine 

C8H8N202 

CH3(CH2)6CHOH- 

164.16 

7794 

Ricinoleic    acid 

12-hydroxy-9-octadecenoic 

298.46 

acid*  (one  form);  ricinol- 

CH2CH:CH- 

ic  acid 

(CH2)7COOH 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

7765 

col 

63.5 

70-1.5 

105 

85-7 
78-81 

116-21 

107-8 

(82-3) 

111 

135 

232-3; 
anh.  237 

ca.  213 
(226-7  d.) 

anh.  167  d. 

98.5 

121 

126 

245-7  d. 

166-86 

182-36 

265-81 

154-524 
21316 

264 

j  72-414-5 

si.  s. 
v.  si.  s. 
si.  s. 

si.  s. 
s. 

s. 
si.  s. 

V.  s. 

s. 

0.2617 
v.  s.  h. 
i. 

V.  8. 

5718, 
10940 

si.  s. 

0.01227.5 

0.01940 

s. 

s.h. 

i. 

s. 
s. 
s. 

v.  s. 

s. 

s. 
v.  s. 

V.  s. 

v.  s. 
v.  s. 

2.13  c, 

6978 
v.  s. 

si.  s. 
si.  s. 

0.04527-5 

si.   s. 
s.h. 

oo 

s.  eth. 

7766 

col 

s.  eth. 

7767 

col 

s.  eth. 

7768 

cr.  f .  bz 

tab.  f .  bz 

col.  need 

col.  pr.  f.  bz. . 
col.  need.  f.  w. 

yel.  need.  f.  w 

col.  pr 

col.  need, 
f.  eth. 

col.  need.  f.  w 

leaf.  f.  al 

tricl.  pr 

col.  monocl. 
f.  w.f  1.523, 
1.531,  1.534 

sm.  pr 

7769 
7770 

7771 

7772 
7773 
7774 

7775 

7776 

v.  s.  eth. 
s.  eth.,  bz. 

s.  eth. 
s.  eth. 

7777 
7778 
7779 
7780 

7781 

7782 

7783 

220-822 

d. 

394 

v.  s.  eth.;  si.  s. 
c.  bz. 

v.  s.  eth. 

v.  s.  eth. 

7784 

7785 
7786 

7787 

1.1316 
1.471 

s.  alk. 

s.  eth.,  bz.,  CS? 

v.  si.  s.  eth.;  si. 
s.  acet.,  chl. 
i.  eth. 

7788 

113-415 

si.  s.  eth.,  chl.; 

7789 
7789M 
7790 
7791 

col.  oily  liq. . .  . 

fine  or.-yel. 
need. 

[aLHA"21-50 
D  (-19.5°) 

pr.  or  tab. 

f.  al.  or  w. 
col.  liq.,  or 

cr.  mass 

i.  bz. 

7792 
7792M 

275-80  d. 

95* 
d'l  -86-7 

201  subl. 

17 

i.    eth.,    acet., 

7792T 

chl,  bz. 

7793 

si.  s.  eth.,  bz. 

7794 

0.94515 

25015 

oo  eth.;  s.  chl. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No: 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7795 

7796 
7797 

Ricinoleic  acid,  butyl 
ester 

,  glycerol  esters. 

,  isobutyl  ester 

butyl  ricinoleate;  butyl  12- 
hy  droxy-9-octadecenoate  * 
(one  form) 

See  under  Glycerol. 

isobutyl  ricinoleate ;  /3-meth- 
ylpropyl  12-hydroxy-9-oc- 
tadecenoate*  (one  form) 

See  Phenol,  p-amino-. 

bis-p-aminophenyl-4-amino- 
m-tolylcarbinol 

5,8-dihydro-8-imino-5-phen- 
y  lbenzo[6]  phenazine 

See  Aurin. 

CigHuOaCiHg 

354.56 
354  56 

7798 
7799 

Rodinal. 

Rosaniline 

H2NC7H6(H2NC6- 
H4)2COH 
HN:CioH6:NC6- 

i 

319  39 

7800 

Rosinduline 

321.37 

Rosolic  acid. 
Rotenone 

7801 
7802 

H4NC6H5 

394  41 

7803 

7804 
7805 

Rufigallic  acid 

Rufigallol. 

Rufiopin 

1 ,2,3,5,6,7-hexahydroxy- 
anthraquinone;  rufigallol 

See  Rufigallic  acid. 

1 ,2,5,6-tetrahydroxyanthra- 
quinone 

1,5-anthracenediol*;   1,5- 
anthradiol 

Ci4H202(OH)6.... 

Cl4H4(OH)402.... 

HOC6H3(CH)2C6- 
H3OH 

CisHiaNaO 

CmHsiNOs 

304.20 
272  20 

7806 

Rufol 

210  22 

7807 

Rutaecarpine 

287  31 

7807M 
7808 

Rutylidene. 
Sabadine 

See  l-Hendecyne.* 

541  71 

7809 
7810 

Sabinane,  6-keto-. 
Sabinene 

See  a-Thujone. 

l-isopropyl-4-methylenebi- 
cyclo[3,l,0]hexane 

2,3,4,5- tetrahydroxyhex- 
anedioic  acid*  (one  form) 

o-sulfobenzoic  imide;  ben- 
zoic sulfinide ;  glucide 

See  Sucrose. 

See  \-N  aphthoLh-sulfonic  acid, 
1-ally  1-3 ,4-methy  lenedioxy- 
benzene;  shikimole 

See  Apiole. 
See  Myristicin. 
See  Salipyrine. 

136  23 

7811 
7812 

D-Saccharic  acid 

Saccharin 

COOH(CHOH)4- 
COOH 

C6H4S02NHCO... 

i                  1 

210.14 
183  18 

Saccharose. 

S  acid. 

Saf  role 

7813 
7814 
7815 

8-amtno-. 

CH2(02)C6H3CH2- 
CH:CH2 

C6H11O5OC6H4- 
CH2OH 

HOC6H4CHO 

HOC6H4CONH2... 

HOC6H4CONH- 
CftHs 

ethoxy)-. 

162  18 

7816 
7817 
7818 
7819 

,  2,5-dimethoxy-. 

,  5-methoxy-. 

Salazolon. 

Salicin 

7820 
7821 

7822 

7823 
7824 
7825 

,  benzoyl-. 

Salicyl  alcohol. 
Salicy  laldehy  de 

,  glucoside. 

,  methyl  ether. 

Salic  v  lam  ide 

See  Populin. 

See  Saligenin. 

o-hydroxybenzaldehyde ; 
salicylic  aldehyde 

See  UHelicin. 

See  Benzaldehyde,  o-methoxy-. 

o-hydroxybenzamide;  sali- 
cylic amide 

See  Salicylanilide. 

iV-phenylsalicylamide 

.  See  Benzoic  acid,  o-(carboxym 

286.28 
122.12 

137.13 

7826 
7827 

,  N-phenyl-. 

Salicylanilide 

213.23 

7828 

Salicylic-  O-acetic  acid 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  CC 

No. 

Water 

Alcohol 

Ether,  etc. 

7795 

liq.. 

0.90622 

27511 

i. 

s.  eth. 

7796 

7797 

liq.,  1.4538"... 

0.90323 

2629 

i. 

s.  eth; 

7798 

7799 

col.  need.  f.  w . 

186  d. 

d. 

si.  s. 

s. 

i.  eth.;  s.  a., 
aniline 

7800 

br.  leaf.  f.  al. 
or  need.  f. 

199 

i. 

V.  s. 

v.  s.  eth.;  s.  bz. 

eth. 

7801 

7802 

hex.  pi.  f.  al. 
or  eth.;  nerd. 

163 

i. 

0.220 

0.4   eth.;   8.5 

bz.;  0.6  CCU; 

f.  bz.,  chl., 

7.34  chl. 

or  CCU 

7803 

or.  red  cr 

subl.  si.  d. 

i. 

s.  eth.,  alk., 

cone.  H2SO4 

7804 

7805 

yel.-red  need. 

subl. 

d. 

si.  s.  h. 

s. 

si.  s.  eth.;  s.  ac. 

a.,  H2S04 

7806 

cr.  f .  bz 

280-5  d. 

v.  s. 

s.  (vlt. 

s.  alk. 

(265) 

fluores.) 

7807 

yel.  pi.;  need 
f.  et.  ac. 

257-8 

si.  s. 

7807M 

si.  s.  eth. 

7808 

need.  f.  eth.. . 

238-10  d. 

si.  s. 

v.  s. 

7809 

00  eth. 

7810 

col.  liq., 
1.46738170 

0.842 

165 

i. 

00 

i.  eth. 

7811 

syrup 

125-6  d. 

v.  s. 

V.  S. 

si.  s.  eth.,  chl., 

7812 

col.  monocl. 

228  d. 

subl. 

0.4325 

3.1 

acet.,  glyc;  s. 

f.  acet. 

(224-6) 

alk.,  bz.,  amyl 
ac,    et.    ac, 
xylol 

7813 

7814 

v.  s.   eth.;  00 

7815 

col.  liq.  or 
monocl., 
1.54201* 

1.096 

11 

234.5 

L 

V.  s. 

chl. 

7816 

7817 

7818 

i.  eth.,  chl. 

7819 

col.  rhomb, 
need,  or  leaf. 

1.434* 

198-202 

240  d. 

3.615 

1.13", 
3.3360 

7820 

7821 

1.1669^ 

00  eth.;  64. 61* 

7822 

col.  liq., 

-7(1.6) 

196.5 

1.72« 

OO 

bz. 

1.5735819-7 

4 

7823 

7824 

si.   s.   eth.;  s. 

7825 

leaf,  f .  w 

140  (137-8) 

270  d. 

si.  s. 

S. 

Na2COa  sol. 

7826 

s.   eth.;  si.   s. 

7827 

pr.  f .  al 

135 

d. 

si.  s.  h. 

S. 

CS2 

7828 

1 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7829 

7830 
7831 

7832 

7833 
7834 

7835 

7836 

7837 
7838 

7839 
7840 
7841 


7842 
7843 
7844 
7845 
7846 

7847 

7848 

7849 


7850 
7851 

7852 

7853 

7854 
7855 
7856 

7857 


7858 
7859 
7860 

7861 
7862 
7863 

7864 
7865 
7866 


Name 


Salicylic  acid 

,  acetate. 

,  amyl  ester. 


,  ethyl  ester. 


ethyl  ether, 
isoamyl  ester. 

isobutyl  ester. 


,  methyl  ester. 


methyl  ether. 
1-naphthyl  ester. 

2-naphthyl  ester. 
nicotine  salt, 
phenyl  ester .... 


phenyl  ether. 

propyl  ester 

,  acetyl-. 

,  5-allyl-3-methox 

,  3-amino- 


4-amino-.  .  . 
5-amino-.  .  . 
3,5-dinitro- 


,  hexahydro-. 
,  3-nitro- .... 


,  5-nitro- 
,  6-nitro- 


,  O-phenyl-. 

,  thio-. 

Salicylic  anhydride. 

Saligenin 


,  2-methyi  ether. 

Salipyrazolon. 
Salipyrine 


Salol. 

Salvarsan. 

Sanguinarine 


Santalic  acid 

Santonic  lactone. 
Santonin 


Synonyms 


o-hydroxybenzoic  acid. 


See  Aspirin. 

amyl  salicylate;  pentyl  o- 
hydroxybenzoate 


See  Benzoic  acid,  o-ethoxy-. 
isoamyl  salicylate;  isoamyl 
o-hydroxybenzoate 


methyl  salicylate;  artificial 
oil  of  winterpreen 
See  Benzoic  acid,  o-methoxy- 
a-naphthyl  salicylate 


See  Betol. 

See  Xicotine,  salicylate. 

salol 


See  Benzoic  acid,  o-phenoxy-. 

n-propyl  salicylate 

See  Aspirin. 
y-.  See  Euqetic  acid. 
3-amino-2-hydroxybenzoic 

acid 
4-amino-2-hydroxybenzoic 

acid 
5-ami:io-2-hydroxybenzoic 

acid 
3,5-dinitro-2-hydroxybenzoic 

acid 

See  Cyclohexanecarboxylic  acid 
2-hydroxy-3-nitrobenzoic 

acid 
2-hydroxy-5-nitrobenzoic 

acid 
2-hydroxy-6-nitrobenzoic 

acid 

See  Benzoic  acid,  o-phenoxy-. 
See  Benzoic  acid,  o-mercapto-. 
o,o'-dihydroxybenzoic  anhy- 
dride 
o-hydroxybenzyl  alcohol ; 

salicyl  alcohol;  a,2-tolu- 

enediol 

See  Benzyl  alcohol,  o-methoxy-. 
See  Salipyrine. 
antipyrine  salicylate ;  sala- 

zolon;  salipyrazolon;  etc. 
See  Salicylic  acid,  phenyl  ester 
See  Arsphenamine. 


See  Santonin. 
santonic  lactone , 


Formula 


HOC6H4COOH 


HOC6H4C02C5Hii 

HOCeEUCOOCo- 
H5 

HOC6H4COOC6- 
Hu 
HOC6H4COOC4H9 

IIOC6H4COOCH3 


HOC5H4COOC10- 
H7 


HOC6H4COOC6K5 


HOC6H4COOC3H: 


NH2C6H3(OHV 
COOH 

NH2C6H3(OH)- 

COOH 
NH2C6H3(OH)- 

COOH 
(N02)2(HO)C6Ha 

COOH 

2-hydroxy-. 
N02C6H3(OH)- 

COOHH20 
N02C6H3(OH)- 

COOH 
N02C6H3(OH)- 

COOH 


(HOC6H4CO)20. 
HOC6H4CH2OH. 


CnH12N2OC7- 
H603 


C2oHi6N04-H20. 
C15H14O5 

Cl5Hi803 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  col. 
need,  f.w.,  1.565 

col.-ylsh.  liq. .  . 

col.  liq., 
1.525111*-4 

col.-ylsh.  liq. . . 


col.  liq.,  1.5369 
wh.  cr.  powd 


col.  rhomb, 
f.  al. 


col.  liq. 


redsh.  br.  cr. 
powd. 

wn.  aeed. . . . 

need,  or  pi. 
(-MH20) 
f.  w. 

rhomb,  need, 
f.  w. 

need.  f.  w. .  . 


yel.  need. 


yel.  amor .  . 
rhomb,  f.  w 


cr.  powd. 


bl.  fluores. 
need, 
red  micr.  pr. . 

col.  rhomb, 
pr.,  1.590, 
1.630,  1.640 


Density 

g/ml 


1.443- 


1.06515 
1.13o2^-5 

4 


1   042 


1   0< 


1840- 


1  250 


1.099' 


l.OSO?0 


1.16125 


1.187 


Melting 
point,  °C 


159(155-7) 


S3 


13 


235  d. 

220  d. 

(280  d.) 
anh.  174 

(170-2) 


hyd.  125; 
anh.  144 

228 

130 


200-20 
86 

92 

213 

226  (104) 

170 


Boiling 
point,  °C 


subl.  76 


265 

234  0 

(231.5) 

273 

(128-3012) 

259 

223.3 


173'- 


•in 


subl.  d. 


d. 
subl. 


1959 
subl. 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol 


0.1820; 
1.7675 

i. 

i. 

0.00422 

i. 

0.074s° 

i. 

0.01525 
v.  si.  s. 


si.  s.  h. 
v.  s.  h. 

0.1315 
0.1822 


i. 
6.722 


0.515, 
4.0100 


i. 

i. 

0.0217, 
O.4100 


39. 215 


33  90r; 


1  .-)■ 


v.  si. 

s. 


V.  s. 
v.  s. 
si.  s. 


2.022 
3780 


Ether,  etc. 


50. 515  eth.;  s. 
chl. 

00  eth.;  s.  chl. 

w  eth. 

00  eth.;  s.  chl. 

s.  eth. 

»  eth.;  s.  glac. 
ac.  a.,  CS2 

s.    eth.,    fixed 
oils 


v.  a.  eth.,  bz., 
chl.;  v.  si.  s. 

glyc 

»  eth. 


s.  eth. 
s.  CS2 
v.  s.  eth. 

v.  s.  eth. 

v.  s.  eth. 

v.    s.    eth. 
acet. 

v.  s.  eth. 
v.  s.  eth. 


s.  eth.,  bz.;  v. 
s.  chl. 


s.  eth. 

s.  eth.,  alk. 

si.   s.   eth.;   s. 
chl.,  alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7867 
7868 
7869 


7870 

7871 
7872 
7873 

7874 
7875 

7876 

7877 

7878 
7879 
7880 

7881 

7882 

7884 
7885 
7886 
7887 


7888 
7889 


7890 
7891 
7892 
7893 

7894 
7895 
7896 

7897 

7898 

7899 

7900 
7901 
7902 
7903 
7904 
7905 
7906 
7907 


Name 


Sarcine. 

Sarcolactic  acid. 
Sarcosine 


,  hydrochloride. 


Schaffer's  acid. 
Schollkopf  s  acid. 
i- Scopolamine .  .  . 


/-Scopolamine. 
Sebacic  acid .  .  . 


,  diethyl  ester 

,  piperazinium  salt 

Selenide,  diethyl. 

,  dimethyl. 

Semicarbazide .  .  .  . 

,  hydrochloride .  .  . 

,  1-phenyl- .  .  . 


thio- 


Seminose. 
Septentrionaline . 
d/-Serine 


cf-Serine. 


/-Serine 


Shikimole. 
Silanol  (mono). 
Silicane,  dimethyl-. 
,  ethoxytriethyl- 


hydroxy-. 
methyl-. . . 
tetraethyl- 


-,  tetramethyl- .  . . 
-,  trichlorophenyl- 


triethyl- 


Silicoheptyl  alcohol. 

Siiicol,  triethyl- 

, ,  ethyl  ether. 

Silicon,  tetramethyl-. 
Silicon  hydride,  trieth 
Silicon  oxide,  triethyl- 
Silicon  tetra ethyl-. 
Silicon  trichloride,  phe 


Synonyms 


See  Hypoxanthine. 
See  d-Lactic  acid. 
JV-methylglycine.. 


See  2-Naphthol-6-sulfonic  acid 
See  Naphthionic  acid. 
atroscine  


See  Hyoxcine. 
decanedioic  acid* 

ethyl  sebacate. . , 


See  Ethyl  selenide. 
See  Methyl  selenide. 
aminourea;  carbamylhydra- 
zine 


l-carbamyl-2-phenylhydra- 
zine 


See  D-Mannose. 


d-0-hydroxyalanine 


J-er-ami  no-  0-hydroxy  propi- 
onic acid ;  ^/9-hydroxyala- 
nine 

See  Safrole. 

See  Siiicol. 

dimethylmonosilane 

triethylsilicol  ethyl  ether. . . 


See  Siiicol. 
methylmonosilane . 
silicon  tetraethyl . , 


silicon  tetramethyl ;  tetra- 

methylsilicon 
phenylsilicon  trichloride . 


triethylsilicon  hydride. 


See  Siiicol,  triethyl-. 

silicoheptyl  alcohol 

See  Silicane,  ethoxytriethylr. 

See  Silicane,  tetramethyl-. 
yl-.  See  Silicane,  triethyl-. 
.  See  Silicyl  oxide,  hexatthyU. 

See  Silicane,  ietraethylr. 
nyl-.  See  Silicane,  trichloroph 


Formula 


CHaNHCHa- 
COOH 

HC1NH(CH3)- 
CH2COOH 


C17H21NO4. 


COOH(CH2)8- 
COOH 
[(CH2)4COOC2H6]2 

C4HioN2Cio- 
H1804 


NH2NHCONH2.. 

NH2NHCONH2- 

HC1 
CeHsNHNHCO- 

NH2 
NH2NHCSNH2.. 

C3iH46N209(?) .  . . 
CH2OHCH(NH2)- 
COOH 

CH2OHCH(NH2)- 
COOH 

HOCH2CH(NH2)- 
COOH 


(CH3)2SiH2.... 
(C2H6)3SiOC2H6 

CH3SiH3 

(C2H6)4Si 

(CH3)4Si 

C^SiCb 

(C2H6)3SiH.... 

(C2H6)3SiOH... 


enyU. 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


deliq.  col. 

rhomb,  f. 

dil.  al. 
need.  f.  al. 


cr,[a]-33.1°D 


thin  col.  leaf. 

1.422153-5 
col.  liq 


wh.  cr. 


pr.  f.  al 

pr.  f.  dil.  al.. 
leaf.  f.  dil.  al 
need.  f.  w. . . 


wh.  powd. . 
monocl.  pr. 
f.  w. 


hex.  tab., 

1.515,  1.575, 

1.586 
hex.  pi.  or  pr.  . 


liq 


col.  liq 

liq.  ign.  in  air. 

liq 

liq 


liq 


Density 
g/ml 


0.9646- 


0.68"*0 
0.8403° 


0.62-" 
0.7682 

0.645^ 


0.751-^- 
0.87098 


Melting 
point,  °C 


210  d. 
170-2 

82-3  (50-9) 
133 

166-8 

96 

173  d. 

172 

183 

129 
246  d. 

228  d. 

228  d. 

-150 
-156.5 


Boiling 
point,    C 


2951" 
308 


-20.1 
153 


-56.8 
153 

26-7761 

197 

107  (95-6) 

154 


Solubility  in  grami 

Water 

Alcohol 

v.  s. 

si.  s. 

V.  s. 

v.  si.  s. 

10. 5215 

V.  s. 

0.117, 
2.0100 

0.00820 

v.  s. 

s. 

s.  h. 

s.  h. 

V.  s. 

s. 

V.  s. 

i. 

s.  h.,  si. 

s. 

s.  c. 

s. 

s. 

1.7 

5.02", 
19. 21" 

ca.  252° 

58 

0.187 
75% 
i.  abs. 

i. 

25* 

i. 

OO 

i. 

i. 

V.  S. 

d. 

d. 

i. 

i. 

00 

Ether,  etc. 

i.  eth. 

v.  si.  s.  eth. 


v.    s.   eth.;   s. 
chl.;  si.  s.  bz. 

v.  s.  eth. 

s.  eth. 

i.  eth. 

i.  eth.,  bz.,  chl 

i.  eth. 

si.   8.   eth.;   a 
chl.,  acet. 


50  eth. 
i.  eth. 


i.  eth: 


o  eth.;  s. 
H2SOi 


v.    s.    eth.;    i, 
H2S04 
s.  eth. 


L.  H2S04 


oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7908 

7909 
7911 

7912 

7913 
7914 

7915 
7916 
7917 
7918 
7919 
7920 

7921 

7922 
7923 
7924 

7925 

7926 


7927 
7928 


7929 


7930 
7931 
7932 
7933 
7934 
7935 
7936 
7937 
7938 

7938M 


7939 
7940 
7941 
7942 

7942H 
7942R 
7943 


Name 


Silicyl  oxide,  hexa- 

ethyl- 
Silvan  

Sinapine,  bisulfate. . 


thiocyanate. 


Sincaline. 
Skatole.  . 


Sneezing  gas. 
c/7-Sobrerone. 
Sodium  glycerolate. 
Sodium  mercaptide. 
Sodium  thioethylate. 
Solanidine 


Solanine. 


Sophoretin. 
Sophorine. 
Sorbic  acid . 


D-Sorbitol 
D-Sorbose 


Sozolic  acid. 
Sparteine. .  . 


-,  bisulfate . 


Spirit  of  wine. 

Stachydrine 

,  oxalate 

Stannane,  diethyldime 

,  tetraethyl-. 

,  tetramethyl-. 

Stannone,  diethyl-. 
Stannonic  acid,  methy 
Starch 


triacetate. 


animal. 


Starch  gum. 
Stearaldehyde , 
Stearamide .  .  . 


Synonyms 


triethylsilicon  oxide 
See  Furai .  2- 


See  Choline. 
3-methylindole 


See  Arsine,  chlorodiphenyl-. 
See  Pinole  (dl). 
See  Glycerol,  l-sodium  derivati 
See  Ethan  ethiol,  sodium  deriva 
See  Ethanethiol,  sodium  deriva 


See  Quercetin. 
See  Cytisine. 
2,4-hexadienoic  acid' 


1,2,3,4,5,6-hexanehexol*  (one 
form);  D-sorbite;  r>-sorbol 

1 ,3,4,5,6-pentahydroxy-2- 
hexanone*  (one  form);  d- 
sorbinose 

See  l-Phenol-2-sulfonic  acid. 

lupinidine 


See  Ethyl  alcohol. 


thyl-.  See  Tin,  diethyldimethy 

See  Tin,  tetraethyl-*. 

See  Tin,  tetramethyl-*. 

See  Tin  oxide,  diethyl-*. 
1-.  See  Methanestannonic  acid. 


TV-phenyl- 


Stearanilide 
Stearic  acid. 


acetyl  starch ;  triacetyl 
starch 


See  Glycogen. 
See  Dextrin. 
octadecanal*. . . 
octadecanamide  * 


See  Stearanilide. 

iV-phenylstearamide 

octadecanoic  acid*;  n-octa- 
decylic  acid 


Formula 


[(C2H5)3Si]20. 


Ci6H24N06HS04- 

3H20 
Ci6H24N05SCN- 

H20 

C9H9N 


ve. 
tire, 
tire. 
Mixt. 


Mixt.  (?) 


CH3CH:CH- 
CH:CHCOOH 
CeHuOeU^O.. 

CeHi206 


Ci5H26N; 


Ci5H26N2H2S04- 
5H20 


C7Hi3N02-H20... 
C7Hi3N02H2C204 


(CeHioOe)  M 

[C6H706(C2H30)3]l8 


Ci7H36CHO 

CH3(CH2)i6CO- 
NH2 

Ci7H35CONHC6H5 
CH3(CH2)i6COOH 


Mol. 
Wt. 


240.48 

477.48 
386.46 

131   17 


112.12 
191.18 
180  16 

234.38 
422.53 


161.20 
233.22 


(162- 

•  14), 
5188.49 


268.47 
283.49 


359.58 
284.47 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


7915 
7916 
7917 
7918 
7919 
7920 

7921 

7922 
7923 
7924 

7925 

7926 


7927 
7928 


7929 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


liq 


leaf.  f.  al 

pa.  yel.  need, 
f.  w. 

leaf.  f.  lgr 


need.  f.  eth.. . 

slend.  need, 
f.  al. 


col.  need.  f.  w 

col.  need 

col.  rhomb.  . . 


7930 
7931 
7932 
7933 
7934 
7935 
7936 
7937 
7938 

7938M 


7939 
7940 
7941 

7942 

7942  H 
7942R 
7943 


col.  oil, 

[a]-l4.6°D 

in  al. 
col.  hyg. 

rhbdr.  cr. 

or  powd., 

1.528919 


deliq.  cr 
need .  .  . 


0.859° 


d  1.612; 

(di  1.64) 


1.023^ 


wh.  amor., 

1.53 
fine  wh.  powd. 
[«]g  170.2 

D  (chl.); 
160.4  (ac.  a.); 
[a]*4  159.6 
D  (pyr.) 


sc.  f.  eth. 
col.  leaf. . 


1.5021 


col.  cr 

col.  monocl. 
leaf., 

1.429980-2 


0.84769 


Melting 
point,  °C 


127;  186 
dry 
178 


95 


191 
244-50 


134  5 

anh. 110 
(89-93) 
165 


136;  anh. 
150-2 


210  dry 
105-7 


Boiling 
point,  °C 


231 


266.2 


>8d. 


325™  in 
Ho; 

130-120 


sinters 
258; 
si.  d.  >270 


63.5 
109 


94 
69.4 


26iioo 
25112 


153. 510 
383 


Solubility  in  grams  per  100  ml  of 


Water 


s. 
si.  s. 

0.05  c. 


v.  si.  s. 
v.  si.  s. 

si.  s. 

s. 

5517 

0.304* 

9125 


Alcohol 


v.  si.  s. 


s.  h. 
si.  s. 


s.  h. 
s.  h. 

V.  s. 

v.  si.  s. 

v.  si.  s 
h., 
0.2617 

V.  s. 
3225 


0.0342* 
0.137 


s. 
si.  s. 


2.5  c. 


Ether,  etc. 


s.  eth.,  H2SO4 
i.  eth. 


s.  eth.,  bz., 
chl.,  lgr. 


si.    s.    eth.;    s. 
chl. 
i.  eth.,  chl.,  bz. 


v.  s.  eth. 

i.  eth. 

i.    eth.;    si. 
me.  al. 


v.    s.    eth. 
chl.;  i.  bz. 

i.  eth.,  chl. 


i.  eth.,  chl. 


i.  eth. 

si.  s.  eth.,  bz., 
CHCl3;s. 
acet.,  toluene 


s.  eth. 
si.  s.  eth. 


s.  eth. 
v.   s.    eth.; 
chl.,  CCU, 

CS2 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

7944 

Stearic  acid,  amyl  ester. 
,  benzyl  ester 

C17H36COO- 

(CH2)4CH3 
CnHwCOOCHz- 

P  H 
Ci7H«COOC4H9... 

C17H3sCOOC2H6... 

CH3(CH2)l6- 

COOCjHn 
C17H36COOCH3. 

CTHssCOOCeHft... 
C17H35COOCH2- 
COC6H4CeHi 

Cl7H33(OR> 

COOH 

CH3(CH2)7CH- 
(OH)CH(OH)- 
(CH2)7COOH 

CnHwBreCOOH .  . 

Ci7H29Br6COOC2- 

H6 
CH3(CH2)i5CH- 

OHCOOH 
CH3(CH2)i4CH- 

OHCH2COOH 
CH3(CH2)7CH- 

OH(CH2)8COOH 
CH3(CH2)6CH- 

OH(CH2)9COOH 
CH3(CH2)5CH- 

OH(CH2)ioCOOH 
CnH3iBr4COOH.. 

Ci7H3iBr4COOC2- 
C17H3iBr4COOCH3 

(Cl7H36CO)20 

CH3(CH2)7C:C- 
(CH2)7COOH 

C17H35CN 

C17H35COC6H6. . . . 

CH3(CH2)7COCO- 
(CH2)7COOH 

CnHssCOCl 

Sb(C2H6)3 

354  60 

7945 

374  59 

7946 

,  butyl  ester 

butyl  stearate ;  butyl  octa- 

decanoate* 

See  Diethylene  glycol,  distearate 
See  Glycol  distearate. 

ethyl  octadecanoate* 

See  Glycerol,  tristearate. 
isoamyl  stearate;  7-methyl- 

butyl  octadecanoate* 
methyl  octadecanoate*; 

methyl  stearate 
phenyl  stearate 

340  58 

7947 
7948 
7949 

,  diethylene  glycol  ester. 

,  ethylene  ester. 

,  ethyl  ester 

312  52 

7950 

,  glycerol  ester 

7951 

,  isoamyl  ester 

354  60 

7952 

,  methyl  ester 

298  50 

7952M 

,  phenyl  ester 

,  p-phenylphenacyl  ester 

,  0,  i-dibromo-. 

,  a,  /9-dihydroxy-  .  . 

,  0,  t-dihydroxy-  .  . 

,  0,  i-dioxo-. 

,  0,  i,  X,  /u,«£,  o-hex- 

abromo- 

, ,  ethyl  ester 

360  56 

7953 

478  69 

7954 
7955 

7956 

7957 
7958 

7959 

See  Elaidic  acid,  dibromide. 

acid* 

9,10-dihydroxyoctadecanoic 
acid* 

See  Stearoxylic  acid. 

9,10,12,13,15, 16-hexabromo- 
octadecanoic  acid*;  a-lino- 
lenic  acid  hexabromide 

316.47 
316.47 

757.92 

785  97 

7960 
7961 
7962 
7963 
7964 
7965 

7966 

,  a-hydroxy- 

,  /9-hydroxy- (dl)..  . 

,  t-hydroxy- 

,  k -hydroxy- 

,  X-hydroxy- 

,  0,  i,  X,  /i-tetra- 

bromo- 

, ,  ethyl  ester 

2-hydroxyoctadecanoic  acid* 

etf-3-hydroxyoctadecanoic 

acid* 
1 0-hy  droxyoctadecanoic 

acid* 
1 1-hydroxyoctadecanoic 

acid* 
1 2-hydroxyoctadecanoic 

acid* 
9,10,12,13-tetrabromoocta- 

decanoic    acid  * ;    linoleic 

acid  tetrabromide 

300.47 
300.47 
300.47 
300.47 
300.47 
600.10 

628.16 

7967 

, ,  methyl  ester 

614.13 

7968 
7969 
7970 

Stearic  anhydride 

Stearin. 

Stearolic  acid 

octadecanoic  anhydride* 

See  Glycerol,  tristearate. 
9-octadecynoic  acid* 

See  lS-Pentatriacontanone*. 
octadecanenitrile  * 

550.93 
280  44 

7971 
7972 

Stearone. 
Stearonitrile 

265  47 

7972M 
7973 

7974 
7975 

Stearophenone 

Stearoxylic  acid 

Stearoyl  chloride 

Stibine,  triethyl- 

heptadecyl  phenyl  ketone; 

1-phenyl-l-octadecanone 
9,10-dioxooctadecanoic 

acid*;  0,  i-diketostearic 

acid 
octadecanoyl  chloride  * ; 

stearyl  chloride 
antimony  triethyl 

344.56 
312.44 

302.92 
208.94 

♦Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


Pi 


cr 

col.  liq. 

col.  cr. 


cr 

col.  cr.  f.  eth 
col.  cr 


(a)  leaf.  f.  al. 
(b)  leaf,  or 
pi.  f.  w. 

leaf 


need 


fine  need. . . 
need.  f.  chl. 
pi.  f.  chl... 

hex.  pi 

tab.  f.  al... 

cr.  f .  al 

wh.  pi 


need 

leaf 

col.  cr 

col.  pr.  f.  al . 

col.  cr 

col.  waxy  cr. 

yel.  leaf 


col.  cr. 
col.  liq. 


Density 
g/ml 


0.860 
0.9075- 

25 

0.855-75" 


0.855' 


0.8368  " 


0.817 j 


1.32416 


Melting 
point,  °C 


30 

45.8 

19.5(27.5) 

33.7 

23 

38  (35-7) 

51.5-53 
91 


132(136.5 
99 

131.5 
(136.5) 


180-1 

151.5-2  5 

93;  85 

89 

81-1.5 

84  (77-9) 

81-2 

114-5 

58-8.5 

50-6 

71.5 

48 

42.5-43 
64-65 

86 

23 
<-29 


Boiling 
point,  °C 


360 


220-5" 

213-1515 
185-901 
21515 
2G715 


260 

2141S 


21515 
159.5 


Solubility  in  grams  per  100  ml  of 


Water 


0.29" 


V.    Si.    B 
C 


Alcohol 


0.47  c. 
2.818 

2.84iS 


l. 

6.94  c. 
s.  h. 
8.78 
0.58 


s. 
d. 
si.  s.  c. 

si.  s. 

s. 

v.  s.  h. 

d. 

s. 


Ether,  etc. 


v.  s.  eth. 
v.  s.  eth. 
s.  eth. 

s.  eth. 
s.  eth. 
s.  eth. 
s.  eth. 


si.  s.  eth. 
s.  eth. 

si.  s.  eth. 


i.     eth.,     chl., 

bz.;  s.  h. 

xylene 
i.    eth.;    si.    s. 

glac.  ac.  a. 
1 .64  c.  eth.;  v. 

s.  h.  bz. 
s.  eth.,  chl. 

2.3  eth. 

1.712o  eth. 

s.  eth.,  chl. 

v.  s.  chl.;  si.  s. 
pet.  eth. 

s.  pet.  eth., 
glac.  ac.  a. 

s.  pet.  eth., 
glac.  ac.  a. 

s.  eth. 

v.  s.  eth. 


si.  s.  eth. 

s.  eth. 

v.  s.  h.  eth. 
si.  s.  lgr. 

v.  s.  eth. 

s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


7976 
7977 


7978 
7979 

7979M 

7980 

7981 


7982 

7983 
7984 
7985 
7986 

7987 

7988 
7989 
7990 

7991 

7992 

7993 

7994 

7995 

7996 
7997 
7998 
7999 
8000 

8001 

8002 
8003 
8004 
8005 


8006 
8007 


Name 


Stibine,  trimethyl- 
Stilbene 


2,2'. 


,  diamino- 

,  2,2'-diamino- 

(cis) 
,  4,4'-dimethoxy- 
,  a-phenyl-. 
■  Stilbenediamine 


4,4'-Stilbenediamine 


Strychnine.  .  .  . 

,  hydrochloride. 

,  nitrate 

,  sulfate 


Styphnic  acid. 

Stypticin. 
Styptol. 
Styracin 


Styrene 

,  a-bromo- 

,  /S-bromo- 

,  a-chloro- 


/3-chloro-. 


-,  o,  m  or  p-hydrox 
-,  3-hydroxy-4-met 
-,  o,  m  orp-methox 

,  o-nitro- 

-,  m-nitro- 


-,  p-nitro- , 


o,  /3-Styrenedicarboxyli 

p,  /S-Styrenedicarboxyli 

Styrone. 

Styryl  ketone 


Suberane. 
Suberene. 


Synonyms 


antimony  trimethyl . 


trans-1 ,2-diphenylethylene ; 
<rans-S2/m-diphenylethylene ; 
toluylene 

See  Stilbenediamine. 


bianisal;  photoanethole. 
See  Ethylene,  triphenyl-. 
o.o'-diaminostilbene.  .  .  . 


p,p'-diaminostilbene. 


2,4,6-trinitroresorcinol. 


See  Cotarnine,  hydrochloride. 
See  Cotarnine,  phthalate. 
7-phenylallyl  cinnamate; 

cinnamyl  cinnamate 
vinylbenzene ;  phenylethyl- 

ene;  cinnamene 
1-bromo-l-phenylethylene ; 

a-bromostyrol ;  (a-bromo- 

vinyl)benzene 
l-bromo-2-phenylethylene ; 

(/3-bromo  vinyl)  benzene ; 

oj-bromostyrene 
1-chloro-l-phenylethylene. . 

l-chloro-2-phenylethylene ; 
co-chlorostyrene 
y-.   See  Phenol,  vinyl-. 
hoxy-.    See  Hesperetol. 
y-.  See  Anisole,  vinyl-. 

1-nitr  o-2- vinylbenzene 

l-nitro-3-  vinylbenzene 


l-nitro-4-  vinylbenzene . 


c  acid.   See  Cinnamic  acid,  o- 
c  acid.   See  Cinnamic  acid,  p- 
See  Cinnamic  alcohol. 
1, 5-di  phenyl- 1 ,4-pentadien- 
3-one  * ;  dibenzalacetone ; 
cinnamone;  dicinnamyl 
ketone;  distyryl  ketone 
See  Cycloheptane*. 
See  Cycloheptene*. 


Formula 


Sb(CH3)3 

CeHsCH  iCHCeHs 


NH2C6H4CH:CH- 
C6H4NH2 
[p-CH3OC6H4CH:] 

NH2C6H4CH:CH- 
C6H4NH2 


NH2C6H4CH:CH- 
C6H4NH2 

C2iH22N202 


C2iH22N202-HCl- 
2H20 
C2iH22N202HN03 

(C2iH22N202)2-H'2- 
S04-5H20 

(N02)3C6H(OH)2. , 


C18H16O2 

C6H6CH:CH2.... 
C6H5CBr:CH2... 

C6H6CH:CHBr. . 

C6H6CC1:CH2.... 
C6H6CH:CHC1... 


N02C6H4CH:CH2 
N02C6H4CH:CH2 

N02C6H4CH:CH2 

carboxy-. 
carboxy-. 

(C6H5CH:CH)2- 
CO 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  monocl. 

liq.  f.  w. 
col.  monocl. 

tab.  f.  al. 


red  need.  f.  w 


col.  leaf. 


(cis)  red 
need.  f.  w. 
(tram)  gold- 
yel.  pr.  f.  al. 

yel.  need,  or 
leaf.  f.  al. 

col.  rhomb. 

f.  al. 
col.  trim. 

efflor. 
col.  need., 

[aM6°D 
col.  monocl. 

pr.,  1.6137, 

1.5988 
yel.  hex.  pr. 

f.  acet. 


need,  or  pr 

col.  liq., 

1.54344" 
oil.,  1.588119-5. 


(1)  1.6094».5. 
(2)  1.599022. 

liq.,  1.5623". . 

liq . ...  «.  „. .,. . 


col.  liq..  «. ... ... 

yel.  oil... 

pr.  f.  lgr...... .. 


yel.  monocl. 
leaf.  f.  acet. 
or  eth. 


Density 
g/ml 


1.52315 

U(l-      12  5 
0.970— 

13 

1.164 

4 


1.35918 


1.829 


1.08516-5 
0.9074- 

4 

1.4057 


1.426916 
1.432216 

1.1016  " 

1.112^ 


Melting 
point,  °C 


124 

123 

214 

123 

176  (168) 

227-8 

268 

d. 

anh. 200 

180(176-7) 

44 

^3.5 


+  7 

-8  to  -7 


-23 


13.5 
-5 

29 


112 


Boiling 
point,  °C 


80.6 
307 


subl. 


2705 


subl. 


146 

16075 

(86-714) 

219  si.  d. 
716 

199 

199 


d. 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


s.  h. 

0.01625 
2.9  c. 
2.425 
3.225 

0.614 

i. 

v.  si.  s. 


v.  si. 
c. 


Alcohol 


i. 

0.88" 


0.9 
1.7 
0.8325 
1.525 

s. 
3.95  c. 


V.  s. 
v.  s.  h. 


Ether,  etc. 


s.  eth. 

5.591S  eth. 
bz. 


s.  bz.,  ac.  a. 
s.  eth.,  bz. 


s.  eth.,  me.  al  ; 

si.  s.  bz.,  chl., 

CS2 
0.018  eth.;  s. 

chl.;  si.  s.  bz. 
i.  eth.,  HC1 

i.  eth.;  0.6425 
chl.;  s.  glyc. 

i.  eth.;  s.  chl., 
glyc. 

si.  s.  eth. 


v.  s.  eth.;s.  bz. 
oo  eth. 


oo  eth. 

s.  eth. 
s.  eth. 


s.  cone.  H2SO4 
s.  eth.,  lgr., 

chl. 
v.  s.  eth.,  bz., 

s.  lgr. 


si.  s.   eth.;  s. 
acet. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8008 

8009 

8010 
8011 
8012 
8013 
8014 

8015 

8016 

8016M 

8017 

8018 
8019 

8019H 
8019R 

8020 


8021 

8022 

8023 

8024 
8025 

8026 
8027 
8028 


8029 
8030 

8031 


8032 
8033 

8034 

8035 
8036 
8037 
8038 
8039 


Name 


Suberic  acid .  . 

,  diethyl  ester, 


Suberol. 
Suberone. 
Suberyl  alcohol. 
Suberylene. 
Succinaldehyde 


Succinamic  acid 


a-amino-. 
iV-phenyl- 


Succinamide 


,  cr-hydroxy-. 
,  iV-p-phenetyl- 


Succinanil 

Succinanilic  acid 

Succinic  acid 


-,  dibenzyl  ester. 
-,  diethyl  ester .  . 
-,  dimethyl  ester . 


,  monoamide 

,  p-phenylphenacyl 

ester 
,  piperazinium  salt. . 
-,  acetoxy-. 
-,  acetyl-,  diethyl 

ester 


,  a-amino- . . 
,  bromo-(d/) 


-,  a,  /3-dibromo- . 


a,  /9-dihydroxy- 
ethyl- 


,  methyl  ester 

ethylene-, 
formyl-,  lactone. 
hydroxy-, 
a-hydroxy-  a-met 
isopropylidene-. 


Synonyms 


octanedioic  acid*, 
ethyl  suberate. . . 


See  Cycloheptanol*. 
See  Cycloheptanone* 
See  Cycloheptanol*. 
See  Cycloheptene*. 
butanedial* 


/9-carbamylpropionic  acid ; 
succinic  acid  monoamide 
See  Asparagine. 
See  Succinanilic  acid. 
butanediamide* 


See  Malamide. 
pyrantin;  phenosuccin. 


AT-phenylsuccinimide .... 
N-phenylsuccinamic  acid 


butanedioic  acid' 


ethyl  succinate . 


dimethyl  butanedioate* 
methyl  succinate 
See  Succinamic  acid. 


See  Malic  acid,  acetate. 
ethyl  acetylsuccinate ;  di- 
ethyl acetylbutanedioate* 

See  Aspartic  acid. 
(#-2-bromobutanedioic  acid*. 

2,3-dibromobutanedioic  acid' 


See  Tartaric  acid. 
2-ethylbutanedioic  acid*; 
1,  2-butanedicarboxylic  acid 


See  1,2-Cyclobutanedicarboxyli 
See  Aconic  acid. 
See  Malic  acid. 
hyl-.  See  Citramalic  acid. 
See  Teraconic  acid. 


Formula 


COOH(CH2)6- 

COOH 
(CH2CH2CH2- 

COOC2H5)2 


CHO(CH2)2CHO. 


NHJCOCH2CH2- 
COOH 


NH2COCH2CH2- 
CONH2 

(CH2CO)2NC6H4- 

OC2H6 

(CH2CQ)2NC6H6.. 
C6H6NHOC- 

rCHo^C00H 
COOH(CH2)2- 

COOH 

(CH2COOCH2- 

C6H6)2 

(CH2COOC2H6)2.. 

CH300C(CH2)2- 
COOCH3 

(CH2COOCH2CO- 
CeH4C6H6)2 
C4HioN2C4H604... 

CH3COCH(COO- 
C2H6)CH2COO- 
C2H6 

CH2CHBr- 
(COOH)2 
C2H2Br2(COOH)2 


(COOH)CH(C2H6)- 

CH2COOH 
C2H6OOC(CH2)2- 

COOCH3 

c  acid*. 


♦Name  approved  by  the  International  Union  of  Chemistry. 

1074 


ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  need.  f. 
col.  liq 


liq.,  1.4254. 


col.  need,  or 
tab. 


col.  need.  f.  w 


pr.  f .  al . . 

col.  need, 
col.  need. 


col.  monocl., 
1.450,  1.534, 
1.610 

leaf.  f.  al 

col.  liq., 

1.42007 
col., 

1.4197618-3 


wh.  cr. . 

col.,  liq. 
1.43816 


col.  cr. 


(d)  [a] 

+ 126.3  °2<  in 

et.  ac. 
(0  need.  f. 

bz.,  [al 

-148°1S  in  et. 

ac. 
W 


col.  pr. . 
col.  liq.. 


Density 
g/ml 


0.98: 


1.064- 


1.504- 


1.0402^ 
1.1202- 


osi2-^ 

4 


2.073 


093° 


Melting 
point,  °C 


140 


157 


243 

155 

156 
144.5-45.5 

185 

(189-90) 

44-6 

-21 

19.5 

208 
205-6,  d. 


159 
151-3 


157-8  d. 
(152-4) 


166-7; 
255-6  d. 

98 

<-20 


Boiling 
point,  °C 


279100 
282-6 


169-70 
si.  d. 
(201-3) 


ca.  400 

235  d. 

23814 
217.7 
192.8 


256  d. 


208.2 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


0.14" 


0.4515, 
nioo 

0.7517, 
1  2100 
si.  s.  h. 
s.  h. 

6.820, 
121100 

i. 

i. 

2.8 


1915 


s.h. 

V.  s. 
i. 


v.  si.  s. 

i. 

v.  s.  h. 

s.h. 

s. 

7.521-5 


s.h. 


V.  s. 


v.  si.  s.  eth. 
s.  eth. 


s.  eth. 
i.  bz. 


i.  eth. 

i.  eth. 

s.  eth. 
s.  eth. 

0.3  eth.;  i.  bz. 
chl. 

v.  s.  eth. 

00  eth. 


i.  eth. 

s.  eth.,  bz.,  CSa 

i.  eth. 


s.  me.  al.,acet., 
et.  ac;  si.  s. 
chl.,  CCU, 
pet.  eth. 

s.  eth. 


v.  s.  eth.;  1.06 
chl. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8040 
8041 
8042 


8043 


8044 
8045 

8045M 
8046 


8047 

8048 

8048M 
8049 


8049M 
8050 


8050M 


8051 
8052 
8053 

8054 
8055 


8056 

8057 
8058 
8059 
8060 
8061 


8062 
8063 
8064 
8065 
8066 
8067 
8068 


Name 


Succinic  acid,  methyl- 

,  methylene-. 

,  tetrahydroxy-.. . . 


-,  tetramethyl- 


Succinic  anhydride. 
Succinimide 


,  N-phenyl-. 

Succinonitrile .  . 


Succinyl  chloride 

Sucrose 

,  octaacetate 

Sulfanilamide 

,  N1-2-pyridyl-. 

Sulf  anilic  acid 

Sulfapyridine 


Sulfide,  2-benzothiazyl 
— — ,  bis-  /3-chloroethyl 
,  bis(dimethyl- 

thiocarbamyl) 

,  bis-  /3-hydroxyeth 

,  bis(/3-methyl- 

butyl) 


bis(l-piperidyl- 
thiocarbonyl) 

4,4'-diaminodiph 

di-ac^-amyl. 

dibenzyl. 

dibutyl. 

/3,/3'-dichloro- 
ethyl 


diethyl. 

diisoamyl. 

diisobutyl. 

diisopropyl. 

dimethyl. 

diphenyl. 

dipropyl. 


Synonyms 


.  See  Pyrotartaric  acid. 
See  Itaconic  acid. 
tetrahydroxybutanedioic 

acid*;  dihydroxytartaric 

acid 
tetramethylbutanedioic 

acid*;2,3-dimethyl-2,3- 

butanedicarboxylic  acid 

butanedioic  anhydride* 

butanimide*;  2,5-pyrroli- 

dinedione 
See  Succinanil. 
butanedinitrile*;  ethylene 

cyanide 


butanedioyl  chloride' 


cane  sugar;  saccharose. 


octaacetylsucrose , 


Formula 


(COOH)C(OH)2- 
C(OH)2COOH 

HOOCC(CH3)2C- 
(CH3)2COOH 

(CH2CO)20 

(CH2CO)2NH... 


CNCH2CH2CN 


(CH2COCl)j 


Ci2H220n. 


C28H38O19 , 


p-aminobenzenesulfonamide ; 
p-anilinesulfonamide;    prou- 
tosil  album 
See  Sulfapyridine. 
p-aminobenzenesulfonic  acid ; 
p-anilinesulfonic  acid 


AT1-2-pyridylsulfanilamide ; 

p-amino-iV'-2-pyridylben- 

zenesulfonamide ;  2-sulfa- 

nilamidopyridine 

2,4-dinitrophenyl.  See  Be 

.   See  Sulfide,  /3,  P'-dichloroethy 

tetramethylthiuram  (mono)- 
sulfide 
yl.   See  Ethanol,  2,2'-thiodi-. 

di-ac<-amyl  sulfide ;  2-meth- 
yl- 1-  ( /3-methy  lbuty  lthio)- 
butane* 

dicyclopentamethylenethi- 
uram  monosulfide 
enyl.  See  Aniline,  p,p'-thiodi- 

See  Sulfide,  bis(P-methylbutyl) 

See  Benzyl  sulfide. 

See  Butyl  sulfide. 

l-chloro-2-(  /9-chloroethyl- 
thio)ethane*;  bis- /3-chloro- 
ethyl sulfide;  2,2'-dicnloro- 
diethyl  sulfide;  mustard  gas; 
yperite ;  yellow  cross  liquid 

See  Ethyl  sulfide. 

See  Isoamyl  sulfide. 

See  Isobutyl  sulfide. 

See  Isopropyl  sulfide. 

See  Methyl  sulfide. 

See  Phenyl  sulfide. 

See  Propyl  sulfide. 


H2NC6H4SO2NH2- 

(P) 

NH2C6H4S03H- 
H20 


H2NC6H4S02- 
NHC6H4N 


nzothiazole,  2-(2,4-di 


[(CH3)2NCS12S. 


[CH3CH2CH- 
(CH3)CH212S 

(C6HioNCS)2S.. 


(C1CH2CH2)2S... 


Mol. 
Wt. 


182.09 
174.19 


100.07 
99.09 


80.09 

154.99 

342.30 

678.59 
172.20 

191.20 

249.28 

nitro- 
208.35 

174.34 

288.48 


159.08 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8040 
8041 
8042 


8043 


8044 
8045 

8045  M 
8046 


8047 

8048 

8048M 
8049 


8049M 
8050 


8050M 


8051 
8052 
8053 

8054 
8055 


8056 

8057 
8058 
8059 
8060 
8061 


8062 
8063 
8064 
8065 
8066 
8067 


Crystalline 

form,  color 

and  index  of 

refraction 


wh.  cr. 


col.  need.  f.  al 
octahdr.  col. 
need.  f.  acet. 


col., 


.4164563 

fum. 


col.  fum.  liq. 

or  cr., 

1.4734815-2 
col.  monocl., 

1.5376, 

1.5651,  1.5705 
wh.  need.  f.  al 

col.  leaf,  or 
need. 


col.  rhomb 

pi.  or 

monocl.  ct. 

(+2H20) 
wh.  cr 


phenylthio)- 
yel.  cr 


W+24.5JM 


yel.  cr. 


col.  oily  liq. 
or  col.  pr. 


Density 
g/ml 


1.104 
1.412" 


0.985- 

4 

1.02345 


20 

1.395^ 


1.58815 
1.27" 


1.40 


0.8362- 


sld. 

1.33818; 
1.274P0 


Melting 
point,  °C 


114-5 


190-2 


119.6 
124-6 


54.5 

17 
186  d. 

72.3 

163; 
164.5-6.5 

288  d. 
190-3 

107 

95-818 

121 

13-14 


Boiling 
point,  °C 


subl. 


261 

288 


267 

192 
d. 


215-7; 
9810 


Solubility  in  grams  per  100  ml  of 


Water 


v.  s.,  d. 
h. 

0.4813-5 


V.  si.  8. 

2320, 
152™ 


179°, 
4871M 

v.  si.  s. 
0.4" 


1.0820, 
6.6710° 


0.03 


0.048 


Alcohol 


4 .  po, 

1650 

V.  s. 


d. 

0.9 


v.  si.  s. 


0.2 


si.  s.  c, 
s.  h. 


Ether,  etc. 


s.  eth.;  i.  Igr. 


v.  si.  s.  eth. 
v.  si.  s.  eth. 


s.  eth. 


v.   s.   eth.;   s. 

bz.;     i.     pet. 

eth. 
i.  eth.,  chl.;  si. 

s.  me.  al. 

s.    eth.,    com- 
mon org.  solv. 
s.  c.  acet.;i.  bz. 


v.  si.  s.  eth. 


si.   s.   eth.; 
chl. 


si.   s.   eth.;   s. 
chl. 


s.  eth.,  ord. 
org.  solv. 


For  explanations  and  abbreviations  see  beginning  of  table, 

1077 


PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8069 

Sulfide,  divinyl. 

See  Vinyl  sulfide. 

8070 

,  ethyl  methyl.  .  .  . 

methylthioethane* 

76  15 

8071 

Sulfobenzide. 

See  Phenyl  sulfone. 

8072 

Sulfocyanic  acid. 

See  Thiocyanic  acid. 

8073 

Sulfonal. 

See  Propone,  2,2-bis(ethylsulfo 

nyl)-*. 

8074 

Sulfone,  dibenzyl. 

See  Benzyl  sulfone. 

8074M 

,  di-n-butyl. 

See  Butyl  sulfone. 

8075 

,  diethyl. 

See  Ethyl  sulfone. 

8075M 

,  dimethyl. 

See  Methyl  sulfone. 

8076 

,  diphenyl. 

See  Phenyl  sulfone. 

8077 

,  dipropyl. 

See  Propyl  sulfone. 

8078 

,  ethylenebisphen 

yl.  See  Ethane,  1,2-bisphenyls 

ulfonyl-*. 

8079 

,  ethyl  phenyl 

ethylsulfonylbenzene* 

CssHfiSOjCeHfi 

170.22 

8080 

,  pentane-7,7-diet 

hyl.    See  Tetronal. 

8081 

Sulfonmethane. 

See  Propane,  2,2-bis(ethylsulfo 

nyl)-*. 

8082 

Sulfoxide,  dibenzyl. 

See  Benzyl  sulfoxide. 

8082M 

,  di-n-butyl. 

See  Butyl  sulfoxide. 

8083 

,  diethyl. 

See  Ethyl  sulfoxide. 

8083H 

,  dimethyl. 

See  Methyl  sulfoxide. 

8083  M 

,  di-n-propyl. 

See  Propyl  sulfoxide. 

8084 

Sulfur  chloride,  trichlo 

romethyl-.   See  Methyl  mere 

aptan,  perchloro-. 

8085 

Sulfuric  ether. 

See  Ethyl  ether. 

8086 

Sumatra  camphor. 

See  d-Borneol. 

8087 

Superpalite. 

See  Di  phosgene. 

8088 

Suprarenine. 

See  Adrena 

8089 

Sylvan. 

See  Fur  an,  2-metht/l- 

8090 

cf-Sylvestrene 

d-l,8(9)-m-menthadiene. . . 

136  23 

8091 

Sylvic  acid. 

See  Abietic  acid. 

809 1M 

D-Talose 

CeH^Oe 

180.16 

8092 

Tannin. 

See  m-Diqallic  acid. 

8098 

Tartaric  acid,  dihydrox 

y-.   See  Succinic  acid,  tetrahydr 

oxy-. 

8094 

d/-Tartaric  acid 

racemic  acid 

HOOC(CHOH)2- 

168.10 

COOHH2O 

8094  M 

,  diethyl  ester 

diethyl  tartrate  (dl-) ;  diethyl 

CsHuOe 

206  19 

racemate 

8095 

,  dimethyl  ester 

dimethyl  d£-2,3-dihydroxy- 
butanedioate*;  methyl 
racemate 

(COOCH3)- 
(CHOH)2- 
COOCH3 

178.14 

8096 

d-Tartaric  acid 

d-2,3-dihydroxybutanedioic 
acid*;  d-a,  /3-dihydroxy- 
succinic  acid 

HOOC(CHOH)2- 
COOH 

150.09 

8097 

,  dibutyl  ester 

dibutyl    ^-2,3-dihydroxy- 

(CHOHCOOC4- 

262  30 

butanedioate* 

H9)2 

8098 

,  diethyl  ester 

diethyl  d-2,3-dihydroxy- 

(CHOHC02- 

206  19 

butanedioate*;  ethyl  d- 

C2Hs)2 

tartrate 

8099 

,  diethyl  ester  diacetate . . 

ethyl  diacetyl-d-tartrate ; 
ethyl  d-diacetoxysuccinate 

[CH(OOCCH3)- 
COOC2H5]2 

290.27 

8100 

,  dimethyl  ester 

methyl  d-tartrate 

(COOCH3)- 

178.14 

(CHOH)2COO- 
CH3 

8101 

•,  dinitrate 

dinitrotartaric  acid  . , 

COOH(CHN03)2- 
COOH 

240.09 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

No. 

Water 

Alcohol 

Ether,  etc. 

8069 

8070 

Hq 

0.837 

-104.8 

66 

i. 

00 

00  eth. 

8071 

8072 

8073 

8074 

8074  M 

8075 

8075  M 

8076 

8077 

8078 

8079 

monocl.  pi.  f. 
eth. 

1.01022 

42 

>300 

si.  s.  c. 

s. 

s.  eth. 

8080 

8081 

8082 

8082  M 

8083 

8083  H 

8083  M 

8084 

8085 

8086 

8087 

8088 

8089 

20 

8090 

liq., 
1.4771717-2 

0.863- 

177 

j 

OO 

«>  eth. 

8091 

8091 M 

cr 

128-30 

8092 

8093 

8094 

col.  tricl 

1.697 

1  0 

-H20,  100; 
anh. 
204-6 

20. 629 

9.23° 

185100 

1.66  c. 

0.87  c.  eth. 

8094M 

1.445425,  \a) 
+  7.45  g° 

1.2036- 

4 

17 

280 

si.  s. 

90 

00  eth.;  s.  ord. 
org.  solv. 

8095 

monocl.  f.  al. . . 

1.7598^ 

stable  90; 
metastable 

84 ;  meso 

111 

282 

s. 

8096 

col.  monocl., 
1.4955, 

170 

13920, 
343100 

19. 8515 

0.44  c.  eth.;  s. 

acet.;  i.   bz., 

1.5352,  1.60-55 

chl. 

8097 

pr 

1.08721 
1.2036^ 

22.5 
17 

2031* 
280 

s. 

s. 

8098 

col.  hyg.  liq., 

00  eth.;  s.  ord. 

1.445425, 

4 

org.  solv. 

[a]»+7.45° 

i 

monocl.  cr .  . . . 

8099 

1 .  10971 

67 

291-2727 

si.  s. 

s. 

v.  s.  eth. 

8100 

col.,  [a] 
+9.32°»  in 
me.  al. 

1.3046^ 

(1)48;  (2) 
50;  (3)61 

280 

s. 

v.  s. 

s.  chl.,  bz; 

8101 

need 

d. 

d. 

s. 

s.  eth. ;  i.  bz. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8102 


8103 

8104 
8105 
8105M 

8106 


8106M 
8107 

8108 

8109 
8110 
8111 
8112 
8113 
8114 


8116 
8117 
8118 

8119 

8120 

8121 
8122 

8123 
8124 

8125 
8126 


8127 
8128 
8129 

8130 

8131 
8132 


8133 
8134 


8135 
8136 


Name 


d-Tartaric  acid,  dipropyl 
ester 

,  monoethyl  ester 

,  nicotine  salt 

,  dinitro-. 

/-Tartaric  acid,  diethyl 

ester 
i- Tartaric  acid 

,  diethyl  ester 

Tartronic  acid 

,  benzyl- 

Taurine 

Taurocholic  acid 

Telluride,  diethyl. 

,  dimethyl. 

Tellurium  ethyl. 
Teraconic  acid 

Terebic  acid 

Terephthalaldehyde. . . 
Terephthalaldehydic 

acid 
,  3-hydroxy- 

Terephthalic  acid 

,  diethyl  ester 

,  dimethyl  ester 

,  mononitrile. 

,  benzoyl- 

,  2,3-dihydro-. 

,  2,5-dihydroxy-. .  . 


hexahydro-. 
2-nitro- 


Terephthalonitrile 

Terephthalyl  chloride . 

Terpane. 

Terphenyl 


m-Terphenyl. 
a-Terpinene . . 


<f/-a-Terpineol. . 
Terpin  hydrate. 


Synonyms 


dipropyl    d-2,3-dihydroxy- 
butanedioate* ;  propyl 
tartrate 

ethyl  hydrogen  d-tartrate. . . 

See  Nicotine,  tartrate. 

See  d-Tartaric  acid,  dinitrate. 

ethyl  /-tartrate 


mesotartaric  acid , 


diethyl  tartrate  (meso) .... 
2-hydroxypropanedioic  acid" 

hydroxymalonic  acid 
l-hydroxy-2-phenyl-l,l- 

ethanedicarboxylic  acid 
2-aminoethanesulfonic  acid . 


See  Ethyl  telluride. 

See  Methyl  telluride. 

See  Ethyl  telluride. 

2-isopropylidenebutanedioic 
acid*;  isopropylidenesuc- 
cinic  acid ;  y,  7-dimethyl- 
itaconic  acid 

2,2-dimethylparaconic  acid. , 

l,i-benzenedicarbonal* 

p-formylbenzoic  acid 


4-formyl-3-hydroxybenzoic 

acid 
1  ,4-benzenedicarboxylic 

acid*;  p-phthalic  acid 

ethyl  p-phthalate 

dimethyl  1 ,4-benzenedicar- 

boxylate* 

See  Benzoic  acid,  p-cyano-. 
2,5-benzophenonedicar- 

boxylic  acid 

See  \,Z-Cyclohexadiene-\,A-dic 
2 , 5-dihy  dr  oxy- 1 ,4-benzene- 

dicarboxylic  acid* ;  2,5- 

hydroquinone  dicarboxylic 

acid 
See  1,4-Cyclohexanedicarboxyli 


1 ,4-benzenedicarbonitrile  * ; 
p-phenylene  cyanide 

1,4-benzenedicarbonyl  chlo- 
ride*; p-phthalyl  dichloride 

See  p-Menthane. 

1,4-diphenylbenzene;  p- 
phenylbiphenyl ;  triphenyl ; 
diphenylphenylene 

See  Benzene,  1,3-diphenyl-. 
1,3-p-menthadiene 


dM-p-menthen-8-ol .  . 
See  Terpinol,  hydrate 


Formula 


(CHOHCOOC3- 

H7)2 

COOH(CHOH)2- 
COOC2H6 


C8H14O6. 


HOOC(CHOH)2- 
COOH 

CsHuOe 

HOCH(COOH)2... 

C6H5CH2C(OH)- 
(COOH)2 
H2NCH2CH2S03H 
C26H45N07S-H20.. 


(CH3)2C:C- 
(COOH)CH2- 
COOH 

C7H10O4 

C6H4(CHO)2 

CHOC6H4COOH 


CHOC6H3(OH)- 
COOH 
C6H4(COOH)2... 

C6H4(COOC2H6)2 
C6H4(COOCH3)2. 


C6H5COC6H3- 
(COOH)2 
arboxylic  acid. 

(HO)2C6H2- 
(COOH)2 


c  acid* 

N02C6H3(COOH)2 
C6H4(CN)2 

C6H4(C0C1)2 

(C6H6)2C6H4 

C10H16 

CioHnOH 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8102 


8103 

8104 
8105 
S105M 

8106 


8106M 
8107 

8108 

8109 
8110 
8111 
8112 
8113 
8114 


8116 
8117 
8118 

8119 

8120 

8121 
8122 

8123 
8124 

8125 
8126 


8127 
8128 
8129 

8130 

8131 
8132 


8133 
8134 


8135 
8136 


Crystalline 

form,  color 

and  index  of 

refraction 


liq. 


col.  rhomb. 


W-7.55JW 

col.  tab., 
1.495,  1.536, 
1.605 


col.  pr.  f.  eth. 


pr. 


tetr.  need, 
deliq.  need. 


tricl.  f.  eth. 


monocl.  f.  al. 
need.  f.  w. . . 
need.  f.  w. . . 


need 

need,  or  amor . 


col 

rhomb,  f .  al . 


need 


yel.  cr.  f.  al. 
or  eth. 


col.  need.  f.  bz 
need , 


col.  leaf.  f.  al. . 

col.  liq.,  1.4846 
col.  liq.,  1.4827 


Density 
g/ml 


139 


1.2054- 


1.666 


0.8155 


510 


1.234  — 


(a)0.846 
(0)0.838 

0.9357- 


Melting 
point,  °C 


90 


anh.  140 


55 
158  d. 

153 

(147  d.) 
328-9  d. 
180  d. 


161  d. 


174 
116 
256 

(248-50) 
234 

subl. 

44 
140 


285 


d. 


270  (263) 
222 

78 


213 


35;  d.  40 


Boiling 
point,  °C 


303 


16219 


d.;  subl. 
110-20 


(1. 


d. 

248 
subl. 


subl.  ca. 
300 

subl.  i>  300 


259 
subl.  427 


180 
173 

219.8 


Solubility  in  grams  per  100  ml  of 


Water 


12515 

v.  s. 

s. 

6.512 
V.  s. 

V.  s. 

si.  s. 
1.5100 
s.  h. 

si.  s.  h. 

0.0016 

0.33h. 


s.  (grn. 
{mor- 
es.) 


v.  s.  h. 


d. 


Alcohol 


v.  s. 


v.  s. 

s. 

0.003217 
v.  s. 


s. 

V.  s. 
V.  s. 


v.  si.  s. 


s.h. 


!.  (bl. 

fluor- 
es.) 


s.h. 
si.  s. 

d. 

v.  si.  s. 


V.  s. 


Ether,  etc. 


v.  s.  eth. 
s.  eth. 


si.  s.  eth. 


si.  s.  eth. 

s.  eth. 

i.  eth. 
si.  s.  eth. 


v.  s.  eth.;  v.  si. 
s.  bz. 


1.21c.  eth. 
v.  si.  s.  eth. 
si.  s.  eth.,  chl. 

s.  eth. 

v.  si.  s.   eth., 
chl.;  s.  alk. 

s.  eth. 

s.  eth.;i.  tol. 

s.  eth. 


si.  s.  eth.;  s.  h. 
ac.  a. 
s.  eth. 


si.  s.  eth.,  ac. 
a.,  CS2;  s.  h. 
bz.  (bi.  fluor- 
es.) 

00  eth. 

v.s.  eth.;s.  chl. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ( 


No. 


8138 


8139 
8140 
8141 

8142 
8143 
8144 
8145 
8146 
8147 
8148 
8149 


8150 
8151 

8152 
8153 

8154 

8154M 

8154T 

8155 

8156 

8157 

8158 

8159 

8160 

8160M 

8161 

8162 
8163 

8164 

8165 

8166 

8167 
8168 

8169 

8170 
8171 
8172 


Name 


c/s-Terpinol,  hydrate. 


Terpinolene.  .  .  . 
Tetracoline. 
Tetracosane*  (n) 


Tetradecanal*,  oxime. 
Tetradecanamide*. 

Tetradecane* 

,  1-amino-. 

Tetradecanenitrile*. 
Tetradecanoic  acid*. 
Tetradecanoic  anhydri 
1-Tetradecanol* 


Tetradecanoyl  chloride 
1-Tetradecene* 


n-Tetradecyl  alcohol. 
Tetradecylamine*(n) . 

Tetradecyl  sulfate 

2-Tetradecyne* 


Tetraethylene  glycol, 

dimethyl  ether 
Tetrahydro-.   See  the  par 
"Tetralin". 
Tetramethylene. 
Tetramethylenediami 
Tetramethylene  glycol 
Tetramethylene  oxide 
Tetramethylenimine. 
1-Tetratriacontanol* . 
s-Tetrazine 


s-Tetrazinedione,  tetr 
2,1,3,5-Tetrazole 


Tetrolic  acid 
Tetronal 


Tetryl 


Thalline. 
Thebaine 


-,  hydrochloride. 


Theine. 

a-Thenyl  alcohol. 
Theobromine .... 


Synonyms 


cts-l,8-p-menthanediol  hy- 
drate; ds-terpin  hydrate 


l,4(8)-p-menthadiene 

See  Quinoline,  2,5,7-trimethyl- 


See  Myristaldehyde,  oxime. 
See  Myristamide. 

n-tetradecane 

See  Tetradecylamine*. 
See  Myristonitrile. 
See  Myristic  acid. 
de*.    See  Myristic  anhydride. 
n-tetradecyl  alcohol;  my- 
ristic alcohol 

*.    See  Myristoyl  chloride. 
a-tetradecylene 


See  1-Tetradecanol*. 
1-aminotetradecane  ;prim- 
n-tetradecylamine 
di-n-tetradecyl  sulfate . . . 


2,5,8, 1 1 ,14-pentoxapenta- 

decane* 
ent  compounds  (e.g.,  for  tetrah 

See  Naphthalene,  1,2, 3, 4-tetr  ah 

See  Cyclobutane*. 
ne.    See  Putrescine. 
.    See  l,ArButancdiol*. 

See  Fur  an,  tetrahydro-. 

See  Pyrrolidine. 


1,2,4,5-tetrazine 


ahydro-.    See  p-Urazine. 
1,2,3,5-tetrazole 


2-butynoic  acid* ;  methyl- 

propiolic  acid 
3 , 3-bisethy  lsulf  ony  lpen- 

tane* ;  pentane  7, 7-diethyl 

sulfone 
JV-methyl-iV-2,4,6-tetra- 

nitroaniline ;  methylpic- 

rylnitramine 
1 ,2,3,4-tetrahydro-6-meth- 

oxyquinoline 
paramorphine 


See  Caffeine. 

See  2-Thiophenecarbinol. 

3,7-dimethylxanthine. . . 


Formula 


CioHi8(OH)2-H20. 
C10H16 

CH3(CH2)22CH3.  . 

CH3(CH2)i2CH3.. 


CH3(CH2)i2CH2- 
OH 


CH2:CH(CH2)n- 
CH3 

CH3(CH2)i3NH2.. 

[CH3(CH2)i3]2S04. 

CH3C:C(CH2)io- 
CH3 

(CH30C2H4OC2- 
H4)20 
ydronaphthalene  see 
ydro-*. 


n-C34H69OH.... 
N:NCH:NN:CH 

1 1 

NHN:NCH:N   . 

CHsCiCCOOH.. 

(C2H5)2C- 
(S02C2H6)2 

(N02)3C6H2N- 
(N02)CH3 

C10H13NO 

C19H21NO3 

Ci9H2iN03HCl. 
H20 

C7H8N402 


Mol. 
Wt. 


190.28 

136.23 
338.65 

198.38 

214.38 

196.37 

213.40 

490.81 
194.35 

222.28 
Naphth- 


494.91 
82.07 


70.06 

84.07 

256.37 

287.15 

163.21 
311.37 

365.85 
180.17 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8138 


8139 
8140 
8141 

8142 
8143 
8144 
8145 
8146 
8147 
8148 
8149 


8150 
8151 

8152 
8153 

8154 

8154M 

8154T 


8155 

8156 

8157 

8158 

8159 

8160 

8160M 

8161 

8162 
8163 

8164 

8165 


8166 

8167 
8168 

8169 

8170 
8171 
8172 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  rhomb., 
1.505,  1.512, 
1.524 

col.  liq.,  1.4823 


col.  liq.,  1.4459 

opaque  leaf, 
f.  al. 

col.  liq 

col.  cr 


col.  liq 

col.  liq 

dene,  tetrahydro 


red. 


leaf.  f.  al 

col.  tab.  f. 
eth.  or  CS2 
glit.  leaf.  f.  w 


yel.  monocl. 
f.  al. 


rhomb. 


glit.  pr.  f.  al., 
M-218.64;1* 
in  al.         D 

rhomb., 
[a]-168.32°D 


wh.  rhomb, 
f.  w. 


Density 
g/ml 


0.855 

0.7786- 


0.765 


0.8355; 

li(l-        3  8 
0.8236^ 

0.775 


0.765^ 
1.0132- 


-). 


1.57*9 


1.305 


Melting 
point,  °C 


anh.  117.1 

51.1 
5.5 

37.62 

-12 

37 

57.8-8.0 

5.5 


91.9-92.2 
99 


155 

76.5 

85 

130 

43 
193 


337 


Boiling 

Solubility  in  gram 

point,  °C 

Water 

Alcohol 

subl.  100 

0.3620 

7.9415 

185 

i. 

OO 

324.1; 
24315 

i. 

V.  S. 

252.5 

i. 

V.  s. 

263.2; 
16715 

0220 

si.  s. 

246 

i. 

V.  s. 

291.2; 
16215 

v.  si.  s. 
i. 

s. 
v.  s. 

252.5 

275.8 

OO 

s. 

subl. 

S. 

subl. 

s. 

s. 

203 

V.  s. 

v.  s. 

0.22  c. 

4.315 
0.42218 

exp.  187 

283.8 

s.h. 

V.  s. 

v.  si.  s. 
s.h. 

0.0318 
0.671°° 

10  c. 
6.3io 

O.O2317 

subl.  290-5 

Ether,  etc. 

0.71415  eth.; 
0.74515  chl. 

00  eth. 

v.  s.  eth. 

v.  s.  eth: 


s.  eth. 

v.  s.  eth; 
s.  eth. 

v.  s.  eth. 


i.  eth.;  s.  ac. 

a. ;  si.  s.  bz. 
v.  s.  eth.;  8.33 

CS2 
7.115  eth. 


v.   s.   eth.;  s; 
bz.,  ac.  a. 

v.  s.  eth.,  bz. 

0.7110  eth.;  v. 
s.  chl.;  s.  bz. 


s.  eth. 


si.  s.  eth., 
amyl.  al.;  v. 

si.  s.  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8173 
8174 
8175 


8175M 
8176 

8177 

8178 
8179 
8180 

8180M 

8181 

8182 

8183 

8184 

8185 

8186 

8188 

8190 

8191 

8192 
8193 

8194 

8195 

8196 

8197 

8198 

8199 

8200 
8201 
8202 
8203 
8204 
8205 
8206 
8207 
8208 

8209 

8210 

8211 


Name 


Theophylline 


Thetin,  dimethyl- .  . 
Thialdine 


Thiamin,  chloride; 
Thianthrene. . . . 


Thia 


Thiazole. 


2-amino- 


2-Thiazolylamine. 
2-Thienyl  ketone 

Thiirane. 

Thioacetic  acid 

Thioaniline. 
Thiocarbonyl  chloride. 
Thiocarbonyl  tetrachl 

Thiocyanic  acid 

,  allyl  ester 


,  butyl  ester . . . . 

-,  t erf-butyl  ester . 

,  cyanogen  ester. 

,  ethylene  ester. 

,  ethyl  ester 


-,  isoamyl  ester. . 
-,  isobutyl  ester. , 
-,  isopropyl  ester. 
-,  methyl  ester. . . 
•,  phenyl  ester . . . 
-,  propyl  ester. . . 


Thiocyanuric  acid .  . 

Thiodiglycol. 

Thiodiphenylamine. 

Thiofuran. 

Thioglycolic  acid. 

Thiohydantoin. 

Thioisatin. 

Thio[b]monazole. 

Thionaphthene 


Thionaphthenequi- 

none 
Thionine 


Thiophene. 


Synonyms 


1 ,3-dimethylxanthine . 


2,2-dihydrc-2,2-dimethyl-l, 

2-oxathietan-4-one 
5 , 6-dihydro-2,4, 6-trimethyl- 

1,3,5-dithiazine 


mine,  hydrochloride.    See  V 
dibenzo-p-dithiin;  diphen- 

ylene  disulfide 
thio[6]monazole;  metathi- 

azole 

2-thiazolylamine 

See  Thiazole,  2-amino-. 
2,2'-dithienyl  ketone; 

thienone 
See  Ethylene  sulfide. 
See  Acetic  acid,  thiol-. 
See  Aniline,  p,p'-thiodi-. 
See  Phosgene,  thio-. 
oride.  See  Methyl  mercaptan, 

sulfocyanic  acid 

2-propenyl  thiocyanate*; 

allyl  sulfocyanide 
n-butyl  sulfocyanate ;  n- 

butyl  rhodanate 
t erf-butyl  sulfocyanate ; 

tert-butyl  rhodanate 
cyanogen  sulfide ; cyanogen 

thiocyanate 
See  Glycol,  dithiocyanate. 


isoamyl  sulfocyanate ;  iso- 
amyl rhodanate 

isobutyl  sulfocyanate;  iso- 
butyl rhodanate 

isopropyl  sulfocyanate ; 
isopropyl  rhodanate 

methyl  thiocyanate;  methyl 
sulfocyanate 

phenyl  sulfocyanate ;  phenyl 
rhodanate 

n-propyl  sulfocyanate;  n- 
propyl  rhodanate 

trithiocyanuric  acid 

See  Ethanol,  2,2'-thiodi-. 

See  Phenothiazine. 

See  Thiophene. 

See  Acetic  acid,  mercapto-. 

See  Hydantoin,  2-thio-. 

See  Thionaphthenequinone. 

See  Thiazole. 

benzothiophene ;  benzothio- 
furan 

1 ,2-thionaphthenedione ; 
thioisatin 

Lauth's  violet 


thiofuran 


Formula 


C7H8N4O2 

OS(CH3)2CH2CO. 

1 1 

SCH(CH3)SCH- 

(CH3)NHCHCH 
1 

itamin  B\. 

C6H4SC6H4S 

1 1 

SCH:NCH:CH.. 

1 1 

C3H2NSNH2.... 
(C4H3S)2CO 

perchloro-. 

CNSH 

CH2:CHCH2CNS 

CH3(CH2)3SCN.. 

(CH3)3CSCN.... 

n;csc;n 

C2H6SCN 

(CH3)2CH(CH2)2  • 

SCN 
(CH3)2CHCH2- 

SCN 
(CH3)2CHSCN... 

CH3SCN 

C6H6SCN 

CH3CH2CH2SCN, 

C3H3N3S3 


C6H4SCH:CH. 

1 1 

CeHUSCOCO. . 

1 1 

Ci2H9N3S.... 


SCH:CHCH:CH. 

1 1 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  need. 

f.  w. 
deliq.  cr 


monocl 


monocl.  pr. 
f.  al. 
col.  liq 


yel.  cr.  f.  al .  . 
col.  need.  f.  al 


col.  liq.. 
oil 


col.  liq., 

1.463621-5 
oil 


rhomb,  pi. 
or  leaf. 

col.  liq.,  1.4666 

col.  liq 

col.  liq 


col.  liq., 
1.4680123.8 

liq 


col.  liq. . . 
yel.  need. 


leaf., 

1.6332436.2 
yel.  pr 


grn.  powd.  or 
br.-blk.  leaf. 

liq.  1.5287 


Density 
g/ml 


191 


1.1! 


1.05615; 
(1.071°) 
0.956325 


0.996y 


0.96320 
1.068 

1.122823-6 


1.185? 


1.0644^ 

4 


Melting 
point,  °C 


269-72 

d.,-H20 

43 


158-60 

90 
87-8 


65  (60) 
-85.5 


-51 


d.  200 


32 
121 

-38.30 


Boiling 
point,  °C 


353^  d.; 
204" 
116.8 


d. 
326 


d. 
161 

184.5- 
5.5"« 

d. 

d.,  subl. 
30-40 

144.4 

197; 

193.5-5™ 
174-6 

149-51 
(152-3) 
133 

232 

163 


221  volat. 

247 

84.12 


Solubility  in  grams  per  100  ml  of 


Water 


0.44^ 
1.337 

s. 

si.  s. 


si.  s. 
i. 


*>,d. 
v.  si.  s. 


v.  si.  s. 


i.  (v.  si 
s.) 


v.  s.  h. 


1. 

i. 

v.  v.  si, 
s.  c. 


Alcohol 


1.25 

s. 


0.25  c. 

s. 
si.  s. 

s.  h. 


v.  si.  s. 


si.  s. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Ether,  etc. 


si.   s.   eth.;  s. 
alk.,  NEUOH 


v.  s.  eth. 


s.  h.  eth.,  CS2. 
H2S04,  bz. 
s.  eth. 

si.  s.  eth. 

s.  ord.  org: 
solv. 


v.  s.  eth; 
00  eth. 

s.  eth. 


s.  eth. 

*  eth. 
s.  eth. 

00  eth. 
°o  eth. 
s.  eth. 

v.  si.  s.  eth. 


v.  s.  eth. 


s.  eth. 
°o  eth. 


PHYSICAL  CONSTANTS  OF 


No. 


8212 
8213 
8214 
8215 
8216 

8217 

8218 

8219 

8220 

8221 
8222 

8223 

8224 

8225 

8226 

8227 

8228 
8229 
8230 
8231 
8232 

8233 

8234 

8235 

8236 
8237 
8238 
8239 

8240 
8241 

8242 
8243 

8244 


8245 
8246 

8247 


8248 
8249 


Name 


Thiophene,  2-acetyl-. 

,  2-acetyl-5-bromo 

,  2-acetyl-5-chloro 

,  2-amino-. 

,  2-bromo- 


,  2-chloro- .... 
,  2,5-dibromo- 


2,5-dibromo-3,4- 

dinitro- 
2,5-dichloro- .  .  . 


2,3-dihydro-2-im 
2,5-diiodo- 


2,3-dimethyl-.. 
2,4-dimethyl- 
2,5-dimethyl-   . 

2,5-dinitro- 

2-ethyl- 


3-ethyl- 

2-formyl-. 

2-iodo- 

2-iodo-5-nitro-. 
2-methyl- 


3-methyl- 


2-methyl-5- 

phenyl- 
2-nitro- 


,  tetrabromo- .  .  . 

,  tetrachloro- . . . 

,  2,3,5-tribromo- 

,  2,3,5-tribromo- 

4-nitro- 

,  2,3,5-trichloro- 

,  2,3,5-trichloro- 

4-nitro- 

,  2,3,5-trimethyl- 

2-Thiopheneacetic 

acid 
,  a-oxo- 


Thiophene  aldehyde. 
2-Thiophenecarbinol.  . 

2-Thiophenecarbonal* 


-,  oxime 

-,  phenylhydrazone. 


Synonyms 


See  Ketone,  methyl  2-thienyl. 
-.  See  Ketone,  b-bromo-2-thieny 
-.  See  Ketone,  b-chloro-2-thieny 

See  Thiophenine. 


ino-.   See  Thiophenine. 


2,3-thioxene. 
2,4-thioxene. 
2,5-thioxene. 


See  2-Thiophenecarbonal. 


a-thiotolene. 
/3-thiotolene. 


2-thienylacetic  acid .  .  . 


2-thienylglyoxylic  acid;  2- 
thenoylformic  acid 

See  Thiophenecarbonal*. 
a-thienylcarbinol ;  a-thenyl 

alcohol 
2-thiophenealdehyde ;  a-thi- 

enylformaldehyde ;  2-for- 

mylthiophene 

2-thiophenealdoxime 

2-thienyl  formaldehyde 

phenylhydrazone 


Formula 


I  methyl. 
I  methyl. 

SCBr:CHCH:CH 

i i 

SCC1:CHCH:CH. 

SCBr:CHCH:CBr 

i i 

(N02)2C4Br2S. . . . 

SCC1:CHCH:CC1 

i i 

SCI:CHCH:CI... 

i i 

(CH3)2C4H2S.... 

(CH3)2C4H2S.... 

(CH3)2C4H2S.  .  . . 

(N02)2C4H2S.... 

C2H6C4H3S 

C2H6C4H3S 

C4H3IS 

N02C4H2TS 

CH3C4H3S 

CH3C4H3S 

CH3-C4H2S-CeH5 . 

NOS.C4H3S 

C4Br4S 

C4CI4S 

C4HBr3S 

N02C4Br3S 

C4HCI3S 

N02C4C13S 

(CH3)3C4HS 

C4H3SCH2COOH 

C4H3SCOCOOH.. 


C4H3SCH2OH 
C4H3SCHO... 


C4H3SCH:NOH. 
C4H3SCH:NNH- 
CeHs 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


col 

col.,  1 .  5487 

col 

pa.  yel 

col.,  1.5626 


col.  fluores.  . 

col.  liq 

liq 

liq.,  1.51418. 

ycl.  pi 

col 

col 


col 

lem,  yel.,  shiny 
col.,  1 .  5203 

col.  oil,  1.5204 

col.  need 

monocl.  f .  al . . . 

wh.  need. . .  30 
sp.,  1.5915- 
shiny  spears.  . 
red-yel.  need .  . 

col.  oil,  1.5791 
red-yel.  need .  . 


col. 
col. 


cr.+H20. 


col.  liq. 
yel.  oil. 


wh.  need. 
yel.  need. 


Density 

g/nil 


1.652 


?3 


1.2863- 

4 

2.147^ 

23 


1.4422: 


0.9938-- 

20 

0.9956*> 
0.9859- 


0  990 
1.0012 


24 

24 

16 

16 


1.0194- 

1.0216- 


1 .  7036- 


1 .  5856- 


1.21*2 

21 


Melting 
point,  °C 


-71.91 

139-40 

-40.46 


40.5 


52 


74 
-63.5 

-68.9 

49-51 

46.5 

116 
29.09 
29 
106 

-16.06 


76 

+  IH2O 

58-59; 
anh. 91.5 


128 
134.5 


Boiling 
point,  °C 


149.5-50.5 
128  32 
210  5-1.0 

162.08 

136-7 

138 

137.5 

290 

132-4 

135-6 

182;  73  ^ 

112  5 

115.4 


225 

326 

233 . 39 
259-60 


198. 


160-3 


207 
198 


Solubility  n  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


s.  h. 
v.  s. 

i. 

i. 


v.  s. 

00 

v.  s. 
v.  s.  h. 


V.  s. 
v.  s. 
s. 
s. 
s. 

V.  s. 
V.  s. 


V.  s. 

v.  s. 

s.  h. 
V.  s. 

si.  s. 


v.  s. 

V.  s. 


v.  s.  eth. 

*  eth. 
v.  s.  eth. 


eth. 


v.  s.  eth. 
s.  eth. 
s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
v.  s.  eth. 
*  eth. 
»  eth. 
v.  s.  eth. 

eth. 


v.    s. 
alk. 

v.  s.  eth. 
00  eth. 
v.  s.  eth. 
v.  s.  eth. 

w  eth. 

v.  s.  eth.,  bz. 


s.  eth. 
v.  s.  eth. 

v.  s.  eth. 
s.  eth. 

v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 

No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

8250 

2-Thiophenecarboxylic 

acid* 
,  3-methyl- 

,  5-methyl- 

3-Thiophenecarbox- 

ylic  acid* 
2,3-Thiophenedicar- 

boxylic  acid* 
2,4-Thiophenedicar- 

boxylic  acid* 
2,5-Thiophenedicar- 

boxylic  acid* 
,  diethyl  ester 

a-thiophenic  acid 

C4H3SCOOH 

CH3C4H2SCOOH 

CH3C4H2SCOOH 

C4H3SCOOH 

C4H2S(COOH)2... 

C4H2S(COOH)2... 

C4H2S(COOH)2... 

C4H2S(COOC2H5)2 
CH3C4H2SOH... 

C4H3SSO2NH2.... 

C4H3S-S02NH2.... 

* 
* 

C4H3SNH2or 

C4H4S(:NH) 

CH3NHC4H3S.... 

CH3NN(C6H5)- 

1 

CSCH:CCH3 

1 

,  5-methyl-. 

ee  Disulfide,  bis(\-pi 
iocarbamyl). 
ocarbamyl). 
rbamyl). 
bamyl). 
arbamyl). 

peridylthiocarbonyl) . 
ethylthiocarbamyl) . 
C4H804.. 

128.14 

8251 

142  17 

8252 

o,o-thiotolenic  acid 

142.17 

8253 

/3-thiophenic  acid 

128  14 

8254 

172  15 

8255 

172  15 

8256 

172  15 

8257 

228  26 

8258 

2-Thiophene-ol, 

5-methyl- 
2-Thiophenesulfona- 

mide 
3-Thiophenesulfona- 

mide 
a-Thiophenic  acid. 
/3-Thiophenic  acid. 
Thiophenine 

2,5-thiotenol 

114  16 

8259 

163  21 

8260 

163  21 

8261 

8262 
8263 

See  2-Thiophenecarboxylic  acid 
See  3-  Thiophenecarboxylic  acid 
2-aminothiophene  or  2,3- 
dihydro-2-iminothiophene 
See  Acetamide,  N-2-thienyl-. 

99  15 

8264 
8265 

,  iV-acetyl-. 

,  iV-methyl- 

113  17 

8266 
8267 

Thiophenol. 
Thiopyrine 

See  Phenol,  thio-. 
1 ,5-dimethyl-2-phenyl-3- 
thio-3- pyrazolone 

204  28 

Thiosalicylic  acid. 

Thiosinamine. 

2,5-Thiotenol. 

a-Thiotolene. 

/3-Thiotolene. 

o,o-Thiotolenic  acid. 

Thiourea. 

Thioxene. 

Thiuram  disulfide,  die 

,  diethyldimethyl- 

,  tetrabenzyl-. 

,  tetrabutyl-. 

,  tetraethyl-. 

,  tetramethyl-. 

,  dicyclopentamet 

Thiuram  sulfide,  tetra 
D-Threose 

8268 
8269 
8270 
8271 
8272 
8273 
8274 
8275 
8276 
8277 
8278 
8279 
8280 
8281 
8282 
8283 
8283M 

See  Benzoic  acid,  o-mercapto-. 

See  Urea,  allylthio-. 

See  2-Thiophene-ol,  5-methyl-. 

See  Thiophene,  2-methyl-. 

See  Thiophene,  Z-methyU. 

See  2-Thiophenecarboxylic  ado 

See  Urea,  thio-. 

See  Thiophene,  dimethyl-. 
yclopentamethylene-.   S 
.  See  Disulfide,  bis(ethylmethylth 

See  Disulfide,  bis(dibutylthioca 
See  Disulfide,  bis(diethylthiocar 
See  Disulfide,  bis(dimethylthioc 
hylene-.  See  Sulfide,  bis(l-pi 
methyl-.  See  Sulfide,  bis(dim 
Z-threose,  formerly 

peridyl- 
120  10 

8284 

a-Thujone 

6-ketosabinane  (one  form) . . . 
5-methyluracil 

C10H16O     . 

152.23 

8286 

Thymine 

NHCONHCOC- 

126  11 

(CH3):GH 

1 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


8268 
8269 
8270 
8271 
8272 
8273 
8274 
8275 
8276 
8277 
8278 
8279 
8280 
8281 
8282 
8283 
8283M 


Crystalline 

form,  color 

and  index  of 

refraction 


need.  f.  w. .  . 

col.  need. . . . 

col.  need 

need.  f.  w. .  . 

need.  f.  w. .  . 

cr 

wh.  cr 

need,  or  pr. . 
col.  oil 


wh 

shiny  pi. 


yel.  resin,  oil 


col. .  . . 
col.  cr. 


thiocarbonyl). 


micr.  col.  need, 
v.  hygr.; 
[a]  g  +29.09 

to +19.59, 
[a]  g  "12.5 

col.  liq., 
1 .454018.6 

need.  f.  al. . . . 


Density 
g/ml 


0.91320 


Melting 
point,  °C 


126.5 

140;  144 

137  subl. 

136 

270  d. 

280  subl.  d 

subl. 

>350 
50 


141-2 

152-3 


126-32 


d.  270 


Boiling 
point,  °C 


260  d. 


subl. 


85 10  unst. 


61  -2!d. 
88-92" 


200 


Solubility  in  grams  per  100  ml  of 


Water 


0.7525, 
v.s.h. 

si.  s.  c, 
v.s.h. 

si.  s.  c, 
v.  s.  h 

0.4325 

si.  s.  h. 

si.  s.  h. 
si.  s.  h. 


si.  s. 
si.  s. 
si.  s. 


si.  s. 
c,  s.h. 


v.  si.  s. 
0.7422 


Alcohol 


V.  s. 
V.  s. 
V.  s. 


V.  s. 
V.  s. 


v.  si. 


Ether,  etc. 


v.  s.  eth.;  si. 
igr. 
v.  s.  eth. 

v.  s.  eth. 


v.  s.  eth. 

s.  eth. 
v.  s.  eth. 


i.  eth. 


s.  eth. 


i.  eth.,  pet.  eth. 


oo  eth. 

v.  si.  s.  eth. ;  s. 
alk.,  H2SO4 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8287 
8288 


8290 
8291 


8292 


8293 
8294 

8295 

8296 
8297 


8299 
8300 


8301 
8302 


8304 
8305 
8306 
8307 


8309 
8310 


8311 
8312 


8313 
8314 

8315 
8316 


Name 


Thymohydroquinone. 
Thymol 


,  /-hexahydro- 

,  6-nitroso- .  .  , 

Thymolphthalein 


Thymoquinone 


,  2-oxime. 

o-Thymotic  acid 


Thymylamine 


Thyronine,  tetraiodo- 
cf-Thyroxine 


/-Thyroxine. . 
Tiglaldehyde 
Tiglicacid... 


Tin,  diethyl-*. . .  . 

,  diethyldi- 

methyl-* 
,  hexaethyldi- 


tetraethyl-* .  . 
tetraisoamyl- . 
tetramethyl-* 
tetraphenyl-*. 


tetrapropyl-*. 
tetra-o-tolyl- . 
tetra-p-tolyl-. 


,  trie  thy  1-. 

Tin  chloride,  tri- 
benzyl-* 


triethyl-*. . 
triisoamyl- 


,  triphenyl-*. 

Tin  dichloride,  di- 
ethyl-* 


Synonyms 


2,5-p-cymenediol . 
3-p-cymenol 


See  l-Menthol. 
thymoquinone  2-oxime , 


3 , 6-p-menthadiene-2 ,5-di- 

one;  2-isopropyl-5-methyl- 

hydroquinone 
See  Thymol,  b-nitroso-. 
3-hydroxy-2-p-cymenecar- 

boxylic  acid 
3-p-cymylamine ;  2-isopro- 

pyl-5-methylaniline 
See  Thyroxine. 
/3-[(3,5-diiodo-4-hydroxy- 

phenoxy)-3 ,5-diiodophenyl]- 

d-alanine 
J-tetraiodothyronine 


2-methyl-2-butenal*;  a,  0- 
dimethylacrolein ;  guaiole 

2-methyl-2-butenoic  acid* 
(one  form) ;  a,  /3-dimeth- 
ylacrylic  acid 


tin  diethyl 

diethy  ldimethylstannane . 


triethyltin 


tetraethylstannane ;  tin  tetra- 

ethyl 
tetraisoamylstannane 


tin  tetramethyl ;  tetramethyl- 

stannane 
tetraphenylstannane 


tetrapropylstannane. . 
tetra-o-tolylstannane . 
tetra-p-tolylstannane . 


See  Tin,  hexaethyldi-. 


Formula 


CH3(C3H7)C6H2- 

(OH)2 
CH3(C3H7)CeH3- 
OH 


CioHi30(:NOH).. 
OCOC6H4C- 

i i 

(CloH  130)2 

(CH3)2CHC6H2- 
(CH3)02 

CH3(C3H7)C6H2- 

(OH)COOH 
C3H7(CH3)C6H3- 
NH2 

HOC6H2I2OC6H2- 
I2CH2CH(NH2)- 
COOH 

C16HiiI4N04 

CH3CH:C(CH3)- 

CHO 
CH3CHC(CH3)- 

COOH 

Sn(C2H6)2 

(C2H*)2Sn(CH3)2. 

(C2H6)3SnSn- 
(C2He)3 
Sn(C2H6)4 

[(CH3)2CHCH2- 

CH2]4Sn 
Sn(CH3)4 

(CeH6)4Sn 

(CH3CH2CH2)4Sn 
(CH3C6H4)4Sn... 
(CH3CeH4)4Sn.  .  . 


(C6H5CH2)3SnCl 

(C2H6)3SnCl.... 
[(CH3)2CHCH2- 
CH2]3SnCl 
(C6H5)3SnCl.... 
(C2H6)2SnCl2... 


i     *Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


pr. 


col.  hex.  pi. 
1.5189324-4, 
1.525,  1.609 


need 

col.  need. 


yel.  tricl.  tab. 


monocl.  f.  w. 
or  bz. 
oil 


need. 


wh.  or  si.  yel. 
need, 
liq.,  1.4495... 

col.  tricl.  pr., 
1.434281 


yel.  oil, 
col.  liq. 

liq.... 


col.  liq., 

1.5143 

liq 


col.  liq., 

1.5201 
col.  tetr.  f. 

xylene 


col.  liq.. . 
col.  liq.. . 
col.  need. 


8311 

8312       wh.  need. 


col.  liq. 


col.  cr. . . 
wh.  need. 


Density 
g/ml 


0.9692f 
0.978- 


0.865 

0.8722f 

0.964™ 

1.55815 
1.231919 


1.4115j 
1.18723 
1.03519-6 
1.314-^- 


1.490^- 


1.106520-2 


Melting 
point,  °C 


143  (139) 
51.5 


160 
245-6 


45.5 


127 


237  d. 


235-6  d. 


64 


<-13 


-112 


226 


1.428s 

1 .  1290"-2 


158-9  (215) 
230-3 


142-4 


10(15.5) 
-30.2 


Boiling 
point,  °C 


106 

84-5 


290 
233.5 


232 

subl. 
230 


116.5 
198.5 

d. 
144-6 

270  d. 

181 

18824 

78 

>420 

222-5 


208-10 
114" 

2401*-5 
220 


Solubility  in  grams  per  100  ml  of 


Water 


s.  h. 

0.0852", 
0.132s? 


v.  si.  s. 

0.01  c. 
v.  si.  s. 


0.001 

40-50 

si.  s.  c, 
v.  s.  h 

i. 
i. 

i. 

i. 


Alcohol  !     Ether,  etc. 


35720 

91% 


si. 


s.  eth. 

36020    eth.;    s. 
chl.,    CS2, 
glac.    ac.    a.; 
si.  s.  glyc. 

v.  s.  eth. 

s.    eth.,    acet. 

caustic     alk., 

chl. 
v.  s.  eth.;  s. 

chl. 


s.  eth.,  bz. 
s.  eth. 


i.  eth. 
°o  eth. 
s.  eth. 


s.  eth. 

s.  org.  solv. 

s.  eth.,  bz. 

s.  eth. 


s.  eth. 

s.  h.  bz.,  pyr., 

CCU,  chl.,  ac. 

a. 

s.  org.  solv. 
s.  eth.,  bz. 
si.   s.   eth.;  s. 

bz.,  chl.,  CS2, 

pyr. 

s.  eth.,  ac.  a., 
acet.,  bz.f 
chl.,  pyr. 

s.  org.  solv. 


s.  org.  solv. 
s.  HC1,  org. 
solv. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

8317 

Tin  difluoride,  di- 
ethyl-* 

Tin  oxide,  diethyl-*.  .  . 

Tin  trichloride, 

methyl-* 
T.N.A. 
T.N.T. 
Tobias'  acid. 

a-Tocopherol 

Tolan. 

o-Tolidine 

(C2H6)2SnF2 

(C2H6)2SnO 

CH3SnCl3 

c  acid. 

214.82 

8318 

diethylstannone 

192  82 

8319 

240.11 

8320 
8321 
8322 
8322M 

See  Aniline,  2,4,&-trinitro-. 
See  Toluene,  2,1,6-trinitro-*. 
See  2-Naphthylamine-l-sulfoni 

one  factor  of  vitamin  E 

See  Acetylene,  diphenyU. 
4,4'-bi-o-toluidine  (NH2  =  1) ; 

4,4'-diamino-3,3'-dimethyl- 

biphenyl 
4,4'-bi-m-toluidine  (NH2  =  1) ; 

4,4'-diamino-2,2'-dimethyl- 

biphenyl 

430.70 

8323 
8324 

[NH2(CH3)C6H3]2.. 

[NH2(CH3)C6H3]2.. 

[NH2(CH3)C6H3]2.. 
CH3C6H4CHO.... 

CH3C6H4CHO.... 

CH3C6H4CHO.... 

C6H5CH2CHO.... 

CH3C6H4CONH2. . 

CH3C6H4CONH2. . 

CH3C6H4CONH2. . 

C6HbCH2CONH- 
C6H5 

C6H6CH3 

212  29 

8325 
8326 

m-Tolidine 

p-Tolidine 

212.29 
212.29 

8327 
8328 
8329 
8330 

o-Tolualdehyde 

m  -Tolualdehy  de 

p-Tolualdehyde 

a-Tolualdehyde 

o-Toluamide 

m-Toluamide 

2-methylbenzenecarbonal* ; 
o-methylbenzaldehyde 
m-methylbenzaldehyde 

p-methylbenzaldehyde 

phenylacetaldehyde 

120.14 
120.14 
120.14 
120.14 

8331 

o-methylbenzamide 

135.16 

8332 

m-methylbenzamide 

135  16 

8333 

p-Toluamide 

p-methylbenzamide 

135  16 

8334 

a-Toluanilide 

a-phenylacetanilide 

211.25 

8335 
8336 

Tolubenzyl  alcohol. 
Toluene 

See  Carbinol,  tolyU. 
methylbenzene ;  phenyl- 
methane 

See  Benzylamine. 
See  Toluene,  a-triazo-. 
See  Methane,  phenyltolyU. 
.    See  Benzyl  disulfide. 
o-tolyl  bromide 

92.13 

8337 
8338 
8339 
8340 
8341 

,  a-amino-. 

,  co-azido-. 

,  benzyl-. 

,  a-(benzyldithio)- 

,  o-bromo- 

,  m-bromo- 

,  p-bromo- 

,  a-bromO". 

,  a-bromo-o- 

nitro- 
,  a-bromo-m- 

nitro- 
,  a-bromo-p- 

nitro- 

,  butoxy-. 

,  o-butyl- 

CH3C6H4Br 

BrC6H4CH3 

BrCeH4CH3 

N02C6H4CH2Br... 
N02C6H4CH2Br... 
N02C6H4CH2Br... 

CH3C6H4(CH2)3- 
CH3 

171.04 

8342 

m-tolyl  bromide 

171.04 

8343 

p-tolyl  bromide 

171.04 

8344 
8345 

8346 

8347 

8348 
8349 

See  Benzyl  bromide. 
o-nitrobenzyl  bromide 

m-nitrobenzyl  bromide 

p-nitrobenzyl  bromide 

See  Ether,  butyl  tolyl. 
l-butyl-2-methylbenzene 

216.04 
216.04 
216.04 

148.24 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


sq.  pi.  or  Ing. 

rhomb,    tab. 

f.  me.  al. 
wh.  powd. .  .  . 


col.  cr. 


pa.  yel.  oily  licj 
col.  sc.  f.  h.  w. 

pr.  f.  h.  w 


leaf 

liq., 

1.5485219-0 
Hq., 

1.5406821-4 
Hq., 

1.5469316-6 
col.  liq., 

1.5254619-6 
col.  need.  f.  w. 

need.  f.  eth. . . 

col.  need.  f.  w. 

wh.  pr.  f.  al... 


col.  liq., 
1.4978216-35 


col.  liq 

col.  liq.,  1.551 

rhomb,   cr.  f. 
al,  1.5490 

cr.  f .  dil.  al 

need 

need,  f .  al 


oil 


Density 
g/ml 


1.039 
1.019 
1.020 
1.027 


0.866?; 

4 


0.86234 


25 


1.422 

1.4099" 

1.3898? 

4 


0.8702  " 


Melting 
point,  °C 


229 


infus. 


;:; 


126.5-9 


107-8 


103 


<-10 

147 

(139-40) 
97  (94) 

165 

(159-60) 
117 


-95 


-27  (-26  to 
-29) 
-39.8 


46-7 

58 

100  (97-8) 


Boiling 

Solubility  in  gram 

point,  °C 

Water 

Alcohol 

3.4531 

i. 

8.  C. 

d.  350 

i. 

s. 

si.  s. 

v.  s. 

s.  h. 

v.  s. 

s.  h. 

si.  s. 

v.  s. 
s. 

195.5 

199(195.5) 

si.  s. 

00 

204 

si.  s. 

00 

194 

v.  si.  s. 

00 

si.  s.  c, 
v.  s.  h. 

si.  s. 

si.  s.  c, 
v.  s.  h. 
i. 

V.  s. 

s. 

V.  s. 
3.3 

110.8 

0.04716 

00 

181.75 

i. 

V.  s. 

183.7 

i. 

s. 

184-5 

i. 

s. 

i. 

v.  s. 

v.  si.  s. 

s. 

si.  s. 
(i.) 

219- 
3775 

200-1 

i. 

si.  s. 

2.6431  me.  al.; 
0.04731  bz. 

s.  HC1,  dil.  a., 
cone,  alk.;  i. 
org.  solv. 

s.  org.  solv. ; 
hyd.  by  alk. 


s.  eth. 
v.  s.  eth. 

v.  s.  eth. 

v.  s.  eth. 
s.  eth. 

oo  eth. 

»  eth. 

oo  eth. 

v.  s.  eth. 

si.  s.  eth.;  v.  si. 

s.  bz. 
v.  s.  eth. 

1.1  eth.;  i. 
H2S04,    dil. 
KOH 

oo  eth.;  s.  chl., 
glac.  ac.  a., 
acet.,    CS2, 
bz. 


v.  s.  eth.,  bz. 
00  eth. 
s.  eth.,  bz. 


v.  s.  eth. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8350 

Toluene,  m-butyl-. .  . . 

l-butyl-3-methyIbenzene 

CH3C6H4C4H9 .... 

148.24 

8351 

,  p-butyl- 

l-butyl-4-methylbenzene 

148.24 

8352 

,  3-£er*-butyl- 

artificial  musk 

[(CH3)3C](CH3)- 

283.24 

2,4,6-trinitro- 

C6H(N02)3 

8353 

,  o-chloro- 

2-chloro-l-methylbenzene. . . . 

C1C6H4CH3 

126.58 

8354 

,  m-chloro- 

3-chloro-l-methylbenzene.  . . . 

C1C6H4CH3 

126.58 

8355 

,  p-chloro- 

4-chloro-l-methylbenzene. . . . 

CIC6H4CH3 

126.58 

8356 

,  a-chloro-. 

See  Benzyl  chloride. 

8357 

,  a-chloro-  a,  a- 

difluoro- 

benzodifluorochloride 

C6H6CF2C1 

162.57 

8358 

,  chloromercuri-. 

See  Mercury  chloride,  tolyl-. 

8359 

,  a-chloro-o- 

nitro- 

o-nitrobenzyl  chloride 

NO2C6H4CH2CI... 

171.58 

8360 

,  a-chloro-m- 

nitro- 

m-nitrobenzyl  chloride 

NO2C6H4CH2CI... 

171.58 

8361 

,  a-chloro-p- 

nitro- 

p-nitrobenzyl  chloride 

NO2C6H4CH2CI... 

171.58 

8362 

,  diamino-. 

See  Tolylenediamine. 

8363 

,  a,a-dibromo-. 

See  Benzylidene  bromide. 

8364 

,  a,a-dibromo-p- 

nitro- 

p-nitrobenzal  bromide 

N02C6H4CHBr2... 

294.95 

8365 

,  a,a-dichloro-. 

See  Benzylidene  chloride. 

8366 

,  a,4-dichloro-. 

See  Benzyl  chloride,  p-chloro-. 

8366M 

,  a,a-dichloro- 

a-fluoro- 

benzofluoride  dichloride 

C6H6CC12F 

179.02 

8367 

,  a,a-dichloro-m- 

nitro- 

m-nitrobenzal  chloride 

NO2C6H4CHCI2... 

206.03 

8368 

,  a,a-dichloro-p- 

nitro- 

p-nitrobenzal  chloride 

NO2C6H4CHCI2... 

206.03 

8369 

,  3,5-diethyl- 

1 ,3-diethyl-5-methylbenzene  * 

(C2H8)2C6H3CH3.. 

148.24 

8370 

,  o-diethylamino-. 

See  o-Toluidine,N,N -diethyl-. 

8371 

,  p-diethylamino-. 

See  p-Toluidine,N  ,N -diethyl-. 

8371M 

,  a,a-difluoro-. 

See  Benzal  fluoride. 

8372 

,  1,2-dihydro- 

C6H7CH3    , 

94  15 

8373 

,  2,3-dihydroxy-. 

See  Pyrocatechol,  Z-methyU. 

8374 

,  2,4-dihydroxy-. 

See  Cresorcinol. 

8375 

,  2,5-dihydroxy-. 

See  Toluhydroquinone. 

8376 

,  2,6-dihydroxy-. 

See  Resorcinol,  2-methyU. 

8377 

,  3,5-dihydroxy-. 

See  Orcinol. 

8378 

,  2,4-dinitro- 

l-methyl-2 ,4-dinitrobenzene 

(N02)2C6H3CH3... 

182.13 

8379 

,  2,5-dinitro- 

2-methyl-l  ,4-dinitrobenzene 

(N02)2C6H3CH3. . . 

182.13 

8380 

,  2,6-dinitro- 

2-methyl- 1 ,3-dinitrobenzene 

(N02)2C6H3CH3. . . 

182.13 

8381 

,  3,4-dinitro- 

4-methyl-l,2-dinitrobenzene. . 

(N02)2C6H3CH3. . . 

182.13 

8382 

,  3,5-dinitro- 

l-methyl-3,5-dinitrobenzene. . 

(N02)2C6H3CH3... 

182.13 

8383 

,  o,  m  or  p-ethoxy- 

.   See  Ether,  ethyl  tolyl. 

8384 

,  a-ethoxy-. 

See  Ether,  benzyl  ethyl. 

8385 

,  o-ethyl- 

l-ethyl-2-methylbenzene 

CH3C6H4C2H6 .... 

120.19 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8350 

8351 

8352 

8353 

8354 

8355 

8356 
8357 

8358 
8359 

8360 

8361 


8362 
8363 
8364 

8365 
8366 
8366M 

8367 

8368 

8369 

8370 

8371 

8371M 

8372 

8373 

8374 

8375 

8376 

8377 

8378 


8379 
8380 


8381 
8382 


8383 
8384 
8385 


Crystalline 

form,  color 

and  index  of 

refraction 


oil 

oil 

wh.  need.  f. 

col.  liq., 

1.5238 
col.  liq., 

1.521419 
col.  liq., 

1.519919 

col.  liq 


cr.  f.  Igr., 

1.555761-5 
yel.  need.  f. 

Igr.,  1.5577^1  - 
leaf,  or  need. 

f.  w.  1.564761-5 


need.  f.  al. 


coL  liq., 

1.518011 
monocl.  cr.  f. 

al. 
pr.  f .  al 


col.  liq. 


liq.,  1.4763.. 


yeL  need.  f.  al. 

or  CS2, 1.442, 

1.662,  1.756 

need,  f .  al 

rhomb,  need., 

1.479,  1.669, 

1.734 
yeL  need.  f. 

CS2 

yel.  monocl. 
need.  f.  w. 


col.  liq., 
1.5056916-05 


Density 
g/ml 


0.8624^ 
0.86132- 

4 


1.0817^ 

1.0722^ 
1.06972^ 

4 


1.254" 


1.313811 


0.879- 


0.8354 j 


1.52115; 
1.321" 

1.282"! 
1.283111 


1.259"1 
1.277"1 


0.873 


Melting 
point,  °C 


85(97) 
-34(-36) 
-47.8 
7.5 


49 

44.5 

71 

82.0-2.5 


05 
46 


69.5-70.5 


52.5(50.5) 
66(61) 


59.8 

(59-61) 
93 


<-17 


Boiling 
point,  °C 


197-8 
198-9 

159 
162 
162 

142.6770 


18335 


178-180 


198-200 


110.1 


300  si.  d. 


subl. 


162 


Solubility  in  grams  per  100  ml  of 


Water 


0.02722 


Alcohol 


si.  s. 
si.  s. 

s. 
s. 
s. 


7.1025 


s.  d. 
v.  s.  h. 

s. 


3.0415 


Ether,  etc. 


s.  eth. 
s.  eth. 
s.  eth.,  bz. 

oo  eth.;  s.  bz., 

chl. 
oo  eth.;  s.  bz., 

chl. 
oo  eth.;  s.  bz., 

chl. 

s.  eth. 

v.  s.  h.  eth. 

s.  eth. 

s.  eth.;  8.8725 
me.  al.;69.725 
bz. 

v.  s.  eth. 


v.  s.  h.  eth. 
s.  eth. 
oo  eth. 

s.  eth. 


9.422    eth.;    i 
bz.,  CS2 

v.  s.  bz.,  CS2 


s.  eth.;  2.2" 

CS2 
v.   s.   eth.;  s. 

CS2,  chl.,  bz.; 

si.  s.  Igr. 


00  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF   ( 


No. 


8386 

8387 

8388 

8389 

8390 

8390M 

8391 

8392 

8393 

8394 

8395 

8396 

8397 

8398 

8399 

8400 

8402 

8403 


8404 


8405 
8406 
8407 

8408 

8408M 

8409 

8410 

8411 

8412 

8413 

8414 
8415 

8416 

8417 

8417M 

8418 
8419 
8420 

8421 

8421H 

8421K 

8422 

8423 

8424 


Name 


Toluene,  m-ethyl-. .  . . 


p-ethyl- . 


o-fluoro- 

m-fluoro- 

p-fluoro- 

a-fluoro-. 

hexahydro-. 

o,  m  or  p-hydroxy 

a-hydroxy-. 

o-iodo- 

m-iodo- 

p-iodo- 

a-iodo-. 

isopropyl-. 

o,  m  or  p-methox 

a-methoxy-. 

o-nitro- 


-,  m-nitro- 


-,  p-nitro- 


o-nitroso- 
m-nitroso- 
p-nitroso- 


o,  m  or  p-phenyl- 
a-phenyl-. 
(2-propenoxy-). 
propoxy-. 
o-propyl- 


-,  m  -propyl- 
-,  p-propyl- 


1,2,3,6-tetrahydr 
a-triazo- 


a-trichloro- 
a-trifluoro- 


a-trifluoro-m- 

nitro- 
3,4,5-trihydroxy- 
2,3,4-trinitro-*. . 
2,4,5-trinitro-*.. 

2,4,6-trinitro-*.. 


Tolueneboronic  acid,  o 

a-Tolueneboronic  acid 

Toluenediamine. 

ot,  a-Toluenediamine, 

a,2,-Toluenedicarboxy 


Synonyms 


l-ethyl-3-methy  lbenzene . 
l-ethyl-4-methylbenzene. 


See  Benzyl  fluoride. 
See  Cyclohexane,  methyl-. 
•.See  Cresol. 
See  Benzyl  alcohol. 


See  Benzyl  iodide. 
See  Cymene. 
y-.  See  Ether,  methyl  tolyl. 
See  Ether,  benzyl  methyl. 


.    See  Biphenyl,  methyl-. 
See  Methane,  diphenyl-. 
See  Ether,  allyl  tolyl. 
See  Ether,  propyl  tolyl. 
l-methyl-2-propylbenzene. . .  . 

l-methyl-3-propylbenzene 

l-methyl-4-propylbenzene  . . . 

o-.  See  Cyclohexene,  A-methjjl-. 
benzyl  azide;  w-azido- 

toluene 
benzotrichloride;  phenyl- 

chloroform 
benzotrifluoride;  phenyl 

fluoroform 
m-nitrobenzotrifluoride 


See  Pyrogallol,  5-methyl-. 


7-trinitrotoluene. 


sym-trinitrotoluene;  a-tri- 
nitrotoluene;"T.N.T." 
-  and  m-.  See  Boric  acid,  o(a 
.   See  Boric  acid,  benzyl-. 

See  Tolylenediamine. 
7V,iV-dibenzylidene-.  See 
lie  acid.   See  Homophthalic  a 


Formula 


CH3C6H4C2H5 

CH3C6H4C2H6 

CH3C6H4F... 
CH3C6H4F... 
CH8C6H4F. . . 

CH3C6H4I.... 
CHaCeHJ.... 
CHsCeHJ.... 

NO2C6H4CH3. 
N02C6H4CH3. 

NO2C6H4CH3. 

NOC6H4CH3. . 
NOC6H4CH3. . 
NOC6H4CH3. 


CH3C6H4(CH2)2- 

CH3 
CH3C6H4(CH2)2- 

CH3 
CH3CeH4(CH2)2- 

CH3 

C6H5CH2N3.... 

C6HbCCU 

CeHsCFs 

CF3C6H4NO2 . . . 

(N02)3C6H2CH3. 
(N02)3C6H2CH3. 

(N02)3C6H2CH3. 

nd  m)-tolyl-. 

Hydrobenzamide. 
cid. 


♦Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

Solubility  in  grams  per  100  ml  of 

No. 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Water 

Alcohol 

Ether,  etc. 

|  8386 

col.  liq., 

0.86920 

162.5 

i. 

s. 

s.  eth. 

1.4996619-9 

(158-9) 

!  8387 

col.  liq., 
1.4930322-8 

0.862 

<-20 

162 

i. 

s. 

s.  eth. 

!  8388 

col.  liq.,  1.4704 

1  0041" 

<-80 

114 

i. 

V.  s. 

v.  s.  eth. 

i  8389 

col.  liq.,  1.4691 

0.997211 

-110.8 

116 

i. 

V.  s. 

v.  s.  eth. 

I  8390 

col.  liq.,  1.470 

1.00115 

117 

i. 

V.  s. 

v.  s.  eth. 

8390M 

8391 

8392 

8393 

8394 

liq.,  1.6106615-9 

1.697 

211 

00 

00  eth. 

8395 
8396 
8397 

r 

liq 

1.698 

2(H 
211.5 

00 
V.  s. 

00  eth. 

leaf 

35" 

v.  s.  eth. 

8398 

8399 

8400 

1  n 

8402 

yel.  liq., 

1.163- 

(a)-10.6; 

222.3 

0.00523° 

OO 

00  eth.;  s.  bz., 

1.54739*-1 

4 

(/3)-4.1 

chl.,  pet.  eth . 

8403 

cr.  or  liq., 
1.5475 

1.1641S; 
1.167*! 

4 

15.5 

231 

0.049830 

00 

00  eth.;  s.  bz. 

8404 

col.  rhomb, 
need., 

1.28620; 
1  139^ 

66 

51.3 

238 

0.044230 

s. 

v.  s.  eth.;s.  bz. 

1.534662-5 

8405 
8406 

need 

72-2.5 
53 

i. 

V.  s. 
si.  s. 

v.  s.  eth.,  chl. 

need 

s.  eth. 

8407 

col.  need.  f. 
Igr. 

48 

v.  si.  s. 
(i.) 

v.  s.  bz.,  h.  me. 
al. 

8408 

8408M 

8409 

8410 

8411 

liq., 
1.5013915-75 

181-2 

s. 

8412 

liq-, 
1.49640"-° 

0.86316 

176-7 

s. 

00  eth. 

8413 

liq., 

0.868215 

183-4 

s. 

s.  eth. 

1.4965518-8 

8414 

8415 

oil,  1.53414*.. 

1.065525 

exp. 

10828 

OO 

00  eth. 

8416 

col.  oil 

1.38 

-22 

214 

s. 

s.  eth.,  bz. 

8417 

col.  liq., 
1.41707" 

1.19614 

-29.05 

102.4 

OO 

00  eth. 

8417M 

col.  liq., 
1.4758215 

1.43571 

<-20 

201.5 

S. 

s.  eth. 

8418 

8419 

tricl.  leaf.  f.  al. 

1.620 

112 

302  d.  exp. 

sl.  s.  c. 

v.  s.  eth. 

8420 

yel.  rhomb,  pi. 
f.  acet. 

1.620 

104 

291  d. 

si.  s.  c. 

v.  s.  eth. 

8421 

col.  monocl. 
(rhomb.)  f.al. 

1.654 

80.7(81-2) 

240  exp. 

0.0215 

1.99s2 
18.674 

3.3320-8  eth. 

8421H 

8421K 

8422 

8423 

8424 

For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8425 

a,2-Toluenediol. 

See  Saligenin. 

8426 

a,3-Toluenediol. 

See  Benzyl  alcohol,  m-hydroxy-. 

8427 

a,4-Toluenediol. 

See  Benzyl  alcohol,  p-hydroxy-. 

8428 

o-Toluenesulfonamide 
p-Toluenesulfonamide 

CH3C6H4SO2NH2.. 
CH3C6H4SO2NH2.. 

171  21 

8429 

171.21 

8430 

,  7V,7V-dichloro-. 

See  Dichhramine(T). 

8431 

o-Toluenesulfonic 
acid 

2-methylbenzenesulfonic  acid 

CH3C6H4SO3H.... 

172.19 

8432 

,  5-amino- 

p-toluidine-3-sulfonic  acid 

NH2C6H3(CH3)- 

187.21 

(S03H  =  1) 

(NH,  =  1) 

(SO3H) 

8433 

m-Toluenesulfonic 

CH3C6H4SO3H.... 

172.19 

8434 

acid 
p-Toluenesulfonic 
acid 

4-methylbenzenesulfonic  acid 

CH3C6H4SO3H. . . . 

172.19 

8435 

,  3-amino- 

o-toluidine-5-sulfonic  acid 

NH2CCH3(CH3)- 

187.21 

(S03H  =  1) 

(XH:  =  1) 

S  >:<H) 

843G 

p-Toluenesulfonyl 
chloride 

p-toluenesulfone  chloride 

CH3C6H4SO2CI.... 

190.64 

8437 

o,  m  or  p-Toluenethiol 

.    See  Cresol,  thio-. 

8438 

a-Toluenethiol 

benzyl  mercaptan;  thio- 
benzyl  alcohol;  benzyl 
hydrosulfide 

CGH6CH2SH 

124.19 

8439 

Toluhydroquinone.  .  .  . 

2-methyl-l,4-benzenediol*; 
2-met  hylhydroquinone ; 
homohydroquinone;  2.5- 
dihydroxytoluene;  hydro- 
toluquinone 

CH3CcH3(OH)2.... 

124.13 

8440 

o-Toluic  acid 

o-methylbenzoic  acid 

CH3C6H4COOH... 

136.14 

8441 

,  ethyl  ester.  . 

CH3C6H4COOC2H6 

164.20 

8442 

,  methyl  ester 

CH3C6H4COOCH3 
CH3C6H4COOCH2- 

150.17 

8443 

»  p-phenylphenacyl  ester 

330.37 

COC6H4C6H5 

8444 

,  4,6-dihydroxy-. 

See  o-Orsellinic  acid. 

8445 

,  a-hydroxy- 

o-(hydroxymethyl)  benzoic 
acid 

HOCH2C6H4- 
COOH 

152.14 

8446 

, ,  lactone. 

See  Phthalide. 

8447 

,  3-hydroxy-. 

See  Z,2-Cresotic  acid. 

8448 

,  4-hydroxy-. 

See  4.2-Cresotic  acid. 

8449 

,  5-hydroxy-. 

See  3,6-Cresoft'c  acid. 

8450 

,  6-hydroxy-. 

See  2,^-Cresotic  acid. 

8451 

m-Toluic  acid 

m-methylbenzoic  acid 

CH3C6H4COOH... 

136.14 

8452 

,  ethyl  ester 

,  p-phenylphenacyl  ester 

CH3C6H4COOC2H5 
CH3C6H4COOCH2- 

164.20 

8453 

330.37 

COCsHUCeH^ 

8454 

,  2-hydroxy-. 

See  2,3-Cresotic  acid. 

8455 

,  4-hydroxy-. 

See  4,3-Cresotie  acid. 

8456 

,  5-hydroxy-. 

See  3.5-Cresotic  acid. 

8457 

,  6-hydroxy-. 

See  2,5-Cresotic  acid. 

8458 

p-Toluic  acid 

p-methylbenzoic  acid 

CH3C6H4COOH... 

CH3C6H4COOC2H5 

CH3C6H4COOCH3 
CH3C«H4COOCH2- 

136.14 

8459 

,  ethyl  ester 

164.20 

8460 

,  methyl  ester  . , 

150.17 

8461 

,  p-phenylphenacyl  ester 

330.37 

COC6H4C6H5 

8462 

,  2-hydroxy-. 

See  2,4-Cresofo"c  acid. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


octahdr. 
monocl. 


deliq.  cr.. . 
or.+HsO. 

need 


monocl.  leaf. 
or  pr. 
need 


col.  tricl.  or 
rhomb. 


liq. 


col.  rhomb, 
leaf.  f.  bz. 


col.  need., 
1.5121"-6 

col.  liq., 
1.5069921-6 


liq. 


need. 


col.  pr.  f.  w. 

1.509 
col.  liq., 

1.505022L6 


col.  need.  f.  w. 

col.  liq., 

1.5088818-2 
cr.  f.  pet.  eth. 


Density 
g/ml 


1.05820 


1.062- 

1.033: 

1.038 


1.07315 


1.054^3 
1.028 


1.026 


Melting 
point,  °C 


153-6 
137.5 

67.5 

d. 


106-7 


69 


124-25 


103.7 
(104-5) 
<-10 


<-50 
94.5 


120  (128) 
d. 


108.75 
(109-12) 


136.5 


179.6 


33 

165 


Boiling 
point,  °C 


128.825 


140-° 


14615 
194-5 
16311  subl. 

259.2 
221.3 

213 


263 
226.4 


275 

228  (235.5) 

217 


Solubility  in  gram";  per  100  ml  of 


Water      Alcohol        Ether,  etc 


0.19 
1.949 

v.  s. 
0.45 
v.  s. 
V.  s. 
0.974 
i. 


0.118c, 

2.17100 

i. 


0.420 


0.08515 
!.7ioo 


0.034c, 
1.261°° 


3.65 
7.425 

s. 

i. 


s. 
i. 
s. 

V.  s. 


V.  s. 


V.  s. 

00 

V.  s. 


si.  s.  eth. 
si.  s.  eth. 

i.  eth. 


i.  eth. 
s.  eth. 


s.  eth.;  v.  s.  bz. 


v.    s.    eth.;   c. 
CS2 

v.  s.  eth.;  si.  8. 
bz. 


s.  chl. 
oo  eth. 

»  eth. 


v.  s.  eth. 


v.  s.  eth. 
oo  eth. 


v.  s.  eth. 
oo  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8463 
8464 


8465 

8466 

8467 
8468 
8469 
8470 

8471 

8472 

8473 

8474 

8475 

8476 
8477 

8478 

8479 

8480 
8481 
8482 

8483 
8484 
8485 


8487 
8488 


8490 
8491 

8492 

8493 

8494 

8495 

8496 

8497 

8497M 


Name 


p-Toluic  acid,  3-hydro 
a-Toluic  acid 


,  ethyl  ester. . . 

,  isobutyl  ester 


,  methyl  ester 

,  piperazinium  salt 

,  o-amino-,  lactam. 

,  p-amino- 


-,  a-amino- (dl) 
-,  2,4-dinitro-.. 


,  o-hydroxy- 
,  m-hydroxy- 
,  p-hydroxy- 


a-hydroxy-. 
o-methyl-.  . 


m-methyl- 
p-methyl-. 


a-methyl-. 
a-methylene-. 
p-nitro- 


o-Toluic  anhydride. .  .  . 
Toluidine,  iV-naphthyl 
o-Toluidine 


iV-acetyl-. 
iV-benzoyl-. 
N,iV-diethyl- .  .  . 

2V,iV-dimethyl-.. 


iV-methyl- 

3-nitro-(NH2=l) 


,  4-nitro- 

,  5-nitro- 

,  6-nitro- 


■,  4-o-tolylazo- 

(NH2=1) 
-,  4-p-tolylazo- . 


zn -Toluidine. . . 

,  hydrochloride. 


Synonyms 


xy-.  See  3,4-Cresoh'c  acid. 
phenylacetic  acid 


ethyl  phenylacetate . . 
eglantine 

methyl  phenylacetate . 


See  Oxindole. 
p-aminophenylacetic  acid .  . . 

c//-a-amino-a-phenylacetic 

acid 
2,4-dinitrophenylacetic  acid ; 

2,4-dinitrobenzeneethanoic 

acid 
o-hydroxyphenylacetic  acid 


See  Mandelic  acid. 
o-tolylacetic  acid. . 


m-tolylacetic  acid, 
p-tolylacetic  acid . 


See  Hydratropic  acid. 
See  Atropic  acid. 


-.  See  Naphthylamine,  N-tolyl- 
o-methylaniline 


See  o-Acetotoluide. 
See  o-Benzotoluide. 
l-diethylamino-2-methyl- 
benzene 


2-methyl-3-nitroaniline . 
2-methyl-4-nitroaniline . 
2-methyl-5-nitroaniline . 
2-methyl-6-nitroaniline . 


4'-amino-2,3'-dimethyl- 

azobenzene 
4-amino-3,4'-dimethylazo- 

benzene 
m-methylaniline 


Formula 


C6H5CH2COOH.. 

CeH^CHsCOOCsHfi 
C6HoCH2COOC4H9 

CeHeCHoCOOCHs 

C4HioN2-2C8H802.. 

NH2C6H4CH2- 

COOH 
C6H5CH(NH2)- 

COOH 
(N02)2C6H3CH2- 

COOH 

HOC6H4CH2- 

COOH 
HOC6H4CH2- 

COOH 
HOC6H4CH2- 

COOH 

CH3C6H4CH2- 

COOH 
CH3C6H4CH2- 

COOH 
CH3C6H4CH2- 

COOH 


N02C6H4CH2- 
COOH 
(CH3C6H4CO)20 


CH3C6H4NH2 


CH3C6H4N(C2H6)2 

CH3C6H4N(CH3)2 

CH3C6H4NHCH3.. 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
CH3C6H4N:NC6- 

H3(CH3)NH2 
CH3C6H4N:NC6- 

H3(CH3)NH2 
CH3C6H4NH2 


CH3C6H4NH3C1. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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8492 
8493 
8494 
8495 
8496 
8497 
8497M 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf. 


col.  liq., 
1.4992118-5 


col.  liq.. . 
wh.  need. 


leaf 

pr.  f.  w.+al. 
col.  need.  f.  w 


need  f.  eth. 


need.  f.  bz.-f 

'gr'  A 

pr.  or  need. 

f.  w. 
col.  need.  f.  w. 

need 

col.  need.  f.  w. 


col.  need.  f.  w. 

col.  f.  eth 

col.  liq., 
1.57276 


pr.  f.  w. 
1.5153.. 


iq., 
yel.  rhomb. 

leaf, 
yel.  monocl. 

f.  w. 
yel.  monocl. 

f.al. 
or.  pr.  f.  al. . . . 

yel.  monocl. 

pl. 
yel.  pl.  f.  al.... 

liq.,  1.5710622-4 

leaf. 


Density 
g/ml 


1.228^; 
liq.  1.077883 
1.031 


990 
O4416 


1.004^ 

4 


0.9286 j 

0.97315 
1.37815 


1.36615 
1.36515 


0.989^ 

4 


Melting 
point,  °C 


76.7 


d.  360 

146.5-7.5 

199-200  d. 

237-8  d. 

179  d. 
(188-9) 

137 

(145-7) 
129 

148 

88-9 

61 

91 

152-3 

39 

a,-24.4; 
0,-16.3 

72-3 
-60.0 


91.5 

129(127.5) 

105  (107) 

96 

100 

127-8 

-31.5 

228 


Boiling 
point,  °C 


265.5 


226 

(120-120) 
254; 

128-31-° 
220 


subl.  256 
d. 

240-3  d. 
190" 

subl. 


266 

d. 

325 

199.84 

206 

184.6 

207 
305  d. 


203.3 

249.8 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol        Ether,  etc. 


.6620 


s.  h. 

i.  c, 
s.  h 
i. 

si.  s. 


v.  s. 
v.  s.  h. 

v.  s.  h. 

v.  s.  h. 

si.  s.  c, 
v.  s.  h. 

si.  s. 

d. 

1.5025 

v.  si.  s. 
v.  si.  s. 

i. 

1.3  h. 

v.  si.  s. 

h. 

v.  si.  s. 
si.  s. 
v.  si.  s. 
i. 

si.  s. 
96.312 


186 


s.  h. 
s. 
si.  s. 


V.  s. 
V.  s. 


V.  s. 
si.  s. 

d. 


v.  s. 
v.  s. 


si.  s. 


61.919 

94% 


v.  s.  eth.;  151 
chl. 

oo  eth. 

s.  eth. 

oo  eth. 
i.  eth. 


si.  s.  most  org. 
solv. 
s.  eth. 


v.  s.  eth.; 
si.  s.  c.  chl. 
v.  s.  eth. 


v.  s.  eth. 


v.  s.  eth.; s.  bz. 

si.  s.  eth. 
v.  s.  eth. 
oo  eth. 


s.  eth. 

oo  eth. 

oo  eth. 

v.  s.  eth.,  bz. 

s.  bz.,  glac.  ac. 
a. 
s.  eth. 

v.   s.   eth.;  s. 
bz.,  chl. 
s.  eth.,  chl. 

si.  s.  lgr. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8498 
8490 
8500 
8501 
8502 

8503 

8504 

8505 

8506 

8506M 

8507 

8507M 

8508 
8509 
8510 
8511 

8512 

8513 

8514 
8515 

8516 

8517 
8518 

8519 

8520 

8521 
8522 

8523 
8524 
8525 

8525M 

8526 

8527 

8528 

8529 
8530 

8531 
8532 


Name 


m-Toluidine,  TV-acetyl 

,  7V-benzoyl-. 

,  iV,iV-dimethyl-..  . 

,  iV-methyl- 

,  2-nitro-  (NH2  =  1) 


-,  4-nitro- 
-,  5-nitro- 
-,  6-nitro- 


-,  4-m-tolylazo- 

(NH2  =  1) 
-,  a-trifluoro-. . . 


p-Toluidine 


,  hydrochloride. 


iV-acetyl-. 
7V-benzoyl-. 

2-bromo- 

2-bromo-5- 

nitro- 
N,iV-diethyl- . 

/V,iV-dimethyl- 


,  TV-methyl- 

-,  2-nitro- (NH2  =  1) 

,  3-nitro- 


Toluidinesulfonic  acid 
o-Tolunitrile 


m-Tolunitrile. 


p-Tolunitrile 


,  2-amino- 

a-Tolunitrile . 


a-keto- 
o-nitro- 
p-nitro- 

at-OXO-. 


p-Toluquinaldine. 
Toluquinone , 


a-Toluyl  chloride 


Toluylene. 
Toluylenediamine. 
Tolyl-.  For  tolyl  derivative 
Tolyl  bromide. 
Tolyl  chloride. 


Synonyms 


■.  kSee  m-Acetotoluide. 
See  m-Benzotoluide. 


3-methyl-2-nitroaniline . 
3-methyl-4-nitroaniline . 
3-methyl-5-nitroaniline . 
3-methyl-6-nitroamline . 


4-amino-2,3'-dimethylazo- 

benzene 
m-triduoromethylaniline ; 

m-aminobenzotrifluoride 
p-methylaniline 


Formula 


See  p-Acetotoluide. 
See  p-Benzotoluide. 
2-bromo-4-methylaniline. . 
2-bromo-4-methyl-5-nitro- 

aniline 
l-diethylamino-4-methyl- 

benzene 


4-methyl-2-nitroaniline ; 

m-nitro-p-toluidine 
4-methyl-3-nitroaniline . 


See  Toluenesvlfonic  acid,  ami 
2-methylbenzenecarboni- 

trile*;  o-methylbenzoni- 

trile 
m-methylbenzonitrile 


4-methylbenzenecarboni- 
trile*;  p-methylbenzonitrile 

homoanthranilonitrile 

benzyl  cyanide;  phenyl- 
acetonitrile 

See  Benzoyl  cyanide. 

o-nitrobenzyl  cyanide 


See  Benzoyl  cyanide. 
See  Quinoline,  2,0-dimethyl-' 
2-methylquinone ;  p-tolu- 
quinone 
phenylacetyl  chloride 


See  Stilbene. 
See  Tolylenediamine. 
s  see  the  parent  compounds  (e.g 
See  Toluene,  bromo-. 
See  Toluene,  o,m,  or  p-chloro-; 


CH3C6H4N(CH3)2 
CHaCei^NHCHj. 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
CH3C6H4N:NC6- 

H3(CH3)NH2 
CF3C6H4NH2 


CH3C6H4NH2. 


CH3C6H4NH3C1.. 


Br(CH3)C6H3NH2 
CHsCNO^BrCeHz- 
NH2 
CH3C6H4N(C2H6)2 

CH3C6H4N(CH3)2 

CH3C6H4NHCH3. . 
N02(CH3)C6H3- 

NH2 
N02(CH3)C6H3- 

NH2 
no-. 
CH3C6H4CN 

CH3C6H4CN 

CH3C6H4CN 

CH3C6H3(NH2)CN 
C6H6CH2CN 

N02C6H4CH2CN.. 
N02C6H4CH2CN.. 

CH3C6H302 

C6H6CH2C0C1. . . . 


for  tolylhydrazine  s 
see  also  Xylene,  a-ch 


ee  Hy- 
loro-. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8498 

o4iW 

8500 
8501 
8502 

8503 

8504 

8505 

8506 

8506M 

8507 

8507M 

8508 
8509 
8510 
8511 

8512 

8513 

8514 
8515 

8516 

8517 
8518 

8519 

8520 

8521 
8522 

8523 
8524 
8525 

8525M 
8526 

8527 

8528 

8529 
8530 

8531 
8532 


Crystalline 

form,  color 

and  index  of 

refraction 


1.5492 

liq. 

yel.  need 

yel.  need.  f.  w. 

or.  need 

yel.  leaf.  f.  w. 

ylsh.  br.  need. 

f.  al. 
col.  liq., 

1.484712-5 
leaf.  f.  w., 

1.55324"-i 

monocl.  need. 


leaf 

yel.  need.  f.  al. 


col.  liq 

liq.,  1.53664. 


Hq 

red  monocl. 

pr.  f.  al. 
yel.  monocl. 

f.w. 

col.  liq., 
1.5272028-1 


col.  liq. 


wh.-yel.  need. 

f.  al. 

need.  f.  al 

col.  liq., 

1.5210525 

need,  f .  w. .  . . 
leaf,  or  pr.  f. 
al. 


yel.  leaf,  or 
need, 
col.  fum.  liq. 


drazine,  tolyl-). 


Density 
g/ml 


0.941 


1.3046712-5 
1.046?; 

0.973^ 


1.51M 


0.9242- 
0.9287- 


1.31217 


0.9941- 


0.986 


25 


0.9805- 

30 


1.0151* 


1.168? 


Melting 
point,  °C 


53 

138 
98.4 
109 
80 


45  (42-3) 


143 


26  (12-3) 
121 

229 


117  (114) 
77.5  (81.5) 

-13  to  -14 

-23 
29.5 

136 

-23.8 


82.5-4.0 
117 


69  (65-7) 


Boiling 
point,    C 


212.5 

206 


187.5 
200.3 

257.5  subl. 

240 


210-11 
206-8 


204 

214 
217 


234;  10712 


subl. 

170250; 
94-5ia 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol        Ether,  etc. 


v.  si. 
i. 


s.  h. 
v.  si.  s. 
s.  h. 
si.  s. 
si.  s. 
0.7421 

22. 911 

i. 

v.  si.  s. 

v.  si.  s. 

i. 

v.  si.  s. 
h. 


0.085  c, 
1.67  h. 
i. 

i. 
i. 


s.  h. 
i. 


s.  h. 
d. 


oo 
V.  S. 

s. 

V.  s. 
V.  s. 
s. 
s. 
156* 


V.  s. 
v.  s.  h. 


V.  s. 


V.  s. 

d. 


eth. 
eth. 


s.  eth.,  a.;  si.  s. 

CS2 
v.  s.  eth.;s.  bz. 

v.    s.    eth.;   s. 
bz.,  chl. 


s.  eth. 
s.  eth. 

i.  eth.,  bz.,  CSa 

s.  eth. 

»  eth. 

oo  eth. 

oo  eth. 

s.  cone.  H2SO4 

s.    eth.;  si.   s. 
CS2 

00  eth. 

00  eth. 

v.  s.  eth. 

v.  s.  eth. 
00  eth. 


s.  eth. 
s.  eth. 


v.  s.  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8533 

Tolylene. 

See  also  Xylylene. 

8534 

3-o-Tolylenediamine 

(NH2=1,2) 

2,3-toluenediamine;  2,3-di- 
aminotoluene ;   2,3-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8535 

4-o-Tolylenediamine 

(NH2=1,2) 

3,4-toluenediamine;  3,4-  di- 
aminotoluene ;  3,4-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8536 

2-rn  -Toly  lenediamine 

(NH2=1,3) 

2,6-toluenediamine;  2,6-di- 
aminotoluene ;  2,6-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8537 

4-m  -Tolylenediamine 

(NH2=1,3) 

2,4-toluenediamine;  2,4-di- 
aminotoluene;   2,4-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8538 

5-m  -Tolylenediamine 

(NH2=1,3) 

3,5-toluenediamine;  3,5-di- 
aminotoluene ;  3,5-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8539 

p-Tolylenediamine 

(NH2  =  1,4) 

2,5-toluenediamine;  2,5-di- 
aminotoluene;  2,5-toluy- 
lenediamine 

CH3C6H3(NH2)2... 

122.17 

8540 

Tolylene  glycol. 

See  Hydrobenzoin. 

8541 

Tolyl  mercaptan. 

See  Cresol,  thio-. 

8542 

Tolyl  mustard  oil. 

See  I sothiocyanic  acid,  tolyl  este 

r. 

8543 

o-Tolyl  phosphate .... 

tri-o-cresyl  phosphate 

(CH3C6H4)3P04... 

368.36 

8544 

p-Tolyl  phosphate .... 

tri-p-cresyl  phosphate 

(CH3C6H4)3P04... 

368.36 

8544M 

Torulin. 

See  Vitamin  B\. 

8545 

Toxicarol 

C23H2207 

410.41 

8546 

Tragacanthin. 

See  Bassorin. 

Tri-.  For  tribromo,  triethyl, 

etc.  derivatives  see  the  parent 

compounds  (e.g.,  Ac 

etic 

8547 

Triacetamide 

(CH3CO)3N 

143.14 

8548 

Triacetin. 

See  Glycerol,  triacetate. 

8549 

Triacetonamine 

2,2,6,6-tetramethyl-4- 
piperidone 

C9Hi7NOH20.... 

173.25 

8550 

Triacontane* 

n-triacontane 

CH3(CH2)28CH3. . . 

n-C3oH6iOH 

benzene,  4,4;'-dinitro- 

422.80 

8550M 

1-Triacontanol* 

438.80 

8551 

Triazene,  l,3-bis(p-nit 

rophenyl)-.  See  Diazoamino 

8552 

,  1,3-di-l-naphthy 

l-*.See  IX-Diazoamirwnaphth 

alene*. 

8553 

,  l,3-di-2-naphthy 

1-*.   See  2,2'-Diazoaminonapht 

halene*. 

8554 

,  1,3-diphenyl-*. 

See  Diazoaminobenzene*. 

8555 

,  l-phenyl-3-p- 

tolyl- 

4-methyldiazoaminobenzene. . 

C6H6N2NHC6H4- 
CH3 

211.26 

8556 

sym-Triazine,  hexa- 
hydro-l,3,5-tri- 
phenyl- 

anhydroformaldehydeaniline ; 
methyleneaniline,  trimethyl- 
enetrianiline 

(C6H6NCH2)3.... 

315.40 

8557 

,  2,4,6-triamino-. 

See  Melamine. 

8558 

,  trichloro-. 

See  Cyanuric  chloride. 

8559 

sym -Triazine-2,  4-diol, 

6-amino-.   See  Ammelide. 

8560 

syzn  -Triazinetriol. 

See  Cyanuric  acid. 

8561 

sym-Triazin-2-ol,  4,6- 

diamino-.   See  Ammeline. 

8562 

Triazobenzene. 

See  Benzene,  triazo-. 

8563 

1,2,4-Triazole 

sj/m-triazole  (one  form) ; 

NHN:CHN:CH... 

69.07 

nvrrr»f/7?)il  Mifianlp 

•                   i 

8564 

,  4,5-dihydro-l,4-d 

iphenyl-3,5-phenylimin 

o-.  See  Nitron. 

8565 

Tribenzaldiamine. 

See  Hydrobenzamide. 

8566 

Tribenzoin. 

See  Glycerol,  tribenzoate. 

8567 

Tribenzylamine 

(CeHsCH^aN 

287.39 

8568 

Tr  ibromohy  dnn . 

See  Propane,  1,2,3-tribromo-*. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8533 
8534 


8535 
8536 
8537 
8538 
8539 


8540 
8541 
8542 
8543 

8544 

8544M 

8545 


8546 

8547 
8548 
8549 

8550 

8550M 

8551 

8552 

8553 

8554 

8555 

8556 


8557 
8558 
8559 
8560 
8561 
8562 
8563 

8564 
8565 
8566 
8567 
8568 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  leaf.  f.  lgr. 
pr.  f.  w 


col.  rhomb.; 

need.  f.  w. 

pr.  f.  al. 
Hq 


leaf.  f.  bz.. 


liq 

need,  f .  w 

bright  yel.-grn. 
hex.  pi.  or 
rods,  1.580, 
1.618,  1.768 

acid,  tribromo-; 
need,  f .  eth. . . 

tetr.  need.  f.  w. 


ylsh.  leaf 

wh.  silky  need. 


need., 
1.4854425-3 


monocl.  f.  al. 


Density 
g/ml 


Benzene,  trie 


liq.  0.7797 


0.991 


Melting 
point,  °C 


61 
88.5 
105 
99 


1)4 


77-8 
219 


thyl-). 
79 

anh.  40; 

1H20  58 
66.1 

(69-70) 
86.3-86.5 


90-1 

140-1(143) 


121 


92 


Boiling 
point,  °C 


255 

265 


280 
285 
274 


410  si.  d. 
263-520 


2351 


d. 
185 


260 


380-90 


Solubility  in  grams  per  100  ml  of 


Water 


v.  si. 


v.  si. 


Alcohol 


v.  s. 


V.  s. 


V.  s. 
V.  s. 
si.  s. 


si.  s. 


s.h. 


Ether,  etc. 


s.  eth. 


v.  s.  eth. 
s.  eth. 
v.  s.  eth. 


v.  s.  eth.,  bz. 
v.  s.  eth.,  bz. 
s.  h.  chl. 


s.  eth. 
s.  eth. 
s.  eth.,  bz. 


s.  eth.,  bz. 
chl.,  tol. 


si.  s.  eth. 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8569 
8570 

8571 


8572 
8573 
8574 
8575 
8576 

8577 

8578 
8579 
8580 
8581 


8582 

8583 
8584 

8585 
8586 

8587 

8588 

8589 
8590 
8591 
8592 

8593 

8594 
8595 

8596 

8597 

8598 

8599 
8600 
8601 
8602 
8603 
8604 
8606 


8607 
8608 
8609 
8610 


Name 


Tributylamine*. .  .  . 
Tricarballylic  acid.  . 

,  a,/3-dihydroxy- 


a-hydroxy-. 
/3-hydroxy-. 
a,a,/S-trimethyl- 


Tricarbonamide 
Tricosane* 


12-Tricosanone* 

Tricresyl  phosphate. 
Tricyanic  acid. 
Tricyanogen  chloride. 
Tridecanal*,  oxime. 


Tridecane* 


,  1-amino-. 

Tridecanoic  acid*.  .  . 

13-(2-cyclopente 


1-TridecanoI 


2-Tridecanone* 
7-Tridecanone* 


n-Tridecoic  acid. 
n-Tridecyl  alcohol. 
n-Tridecylaldoxime. 
Tridecylamine*  (n) 


Tridecylene 

n-Tridecylic  acid. 
Triethanolamine. 

Triethylamine*.  . 

,  hydrochloride 


/3,  0-diethoxy-. . 


,  0,  /3-dihydroxy-. 

,  /3-hydroxy-. 

,  2,2',2"-trihydroxy 

Triethyl  arsenate. 
Triethyl  arsenite. 
Triethyl  borate. 
Triethylene  glycol. . . 


Triethylolamine. 
Triethyl  phosphate. 
Triethyl  phosphite. 
Trifuraldiamine. 


Synonyms 


tri-n-butylamine. 


1,2,3-propanetricarboxylic 
acid* 

l,2-dihydroxy-l,2,3,-pro- 
panetricarboxylic     acid*; 
hydroxycitric  acid 

See  Isocitric  acid. 

See  Citric  acid. 
See  Camphoronic  acid. 

See  Fulminuric  acid. 

ii-tricosane 


dihendecyl  ketone;  diundecyl 
ketone; laurone 
See  Tolyl  phosphate. 
See  Cyanuric  acid. 
See  Cyanuric  chloride. 
n-tridecylaldoxime 


See  Tridecylamine*. 
n-tridecoic  acid;  n-tridecylic 
acid 
nyl)-.  See  Chaxdmoogric  acid 
pr im-n- tridecyl  alcohol 


hendecyl  methyl  ketone. 


dihexyl  ketone;  enanthone; 

ocnanthone 
See  Tridecanoic  acid*. 
See  1-Tridecanol*. 
See  Tridecanal,  oxime*. 
1-aminotridecane;  prim-n- 

tridecylamine 


See  Tridecanoic  acid*. 
triethanolamine 


triethylammonium  chloride* 


diethylaminoacetal . 


SeeEthanol,2,2'-ethyliminodi-, 
See  Ethanol,  2-diethylamino-*. 
■.  See  Triethanolamine 
See  Ethyl  arsenate. 
See  Ethyl  arsenite. 
See  Ethyl  borate. 
2 ,2  '-ethy  lenedioxydiethanol ; 

glycol  bis  (hydroxy  ethyl) 

ether 
See  Triethanolamine. 
See  E*hyl  phosphate. 
See  Ethyl  phosphite. 
See  Hydrofuramide. 


Formula 


(CH3CH2CH2- 

CH2)3N 
HOOCCH2CH- 

(COOH)CH2- 

COOH 
COOHCH2COH- 

(COOH)CHOH- 

COOH 


CH3(CH2)2iCH3... 
[CH3(CH2),o]2CO.. 

CH3(CH2)n- 
CH:NOH 

CH3(CH2)nCH3... 
CH3(CH2)nCOOH 


CH3(CH2)nCH2- 
OH 
CH3CO(CH2)ioCH; 

[CH3(CH2)5]2CO... 


CH3(CH2)i2NH2.. 

Cl3H26 

N(CH2CH2OH)3.. 

(C2H5)3N 

(C2H5)3N-HC1.... 

(C2H6)2NCH2CH- 
(OC2H5)2 


(CH2OCH2CH2- 
OH)2 


*  Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


deliq.  col.  liq. 

col.  rhomb,  pr. 
f.  w. 

need 


glit.  leaf.  f.  al. 

sc.  or  pi., 
1.4283"-5 


need.  f.  dil.  al. 


col.  liq., 
1.4419»«- 


Pi 


col.  cr 


cr 

leaf.  f.  al. 


col.  cr  . .    . 
col.  liq 

vis.  col.  liq. 

1.4852 
col.  liq., 

1.40032 
cr.  f .  al 


liq. 


col.  liq 


Density 
g/ml 


0.778220 


1.3935 


0.779948 
0.8086^ 

4 


0.757 


0.8223 j 
0.822928 
0.82530 


0.7977^ 

4 

1.1242- 


0.7229 


0.86316 


1.1254 


Melting 
point,  °C 


162-3 
160 


47.7 
69 


80.5 

-6.2 

51 
(39.5-40.5) 

30.63 

28 
33 


27 


21.2 
-114 
254 


Boiling 
point,  °C. 


214 
d. 


2341J 


234 

236100 

155-615 

263 

255™(264) 


275.7; 

108.02 
232.7 

277-9150 
89.5 
subl. 
194-5 


280-90 


Solubility  in  gram* 

Water 

Alcohol 

si.  s. 

v.  s. 

40.5 

V.  s. 

v.  s. 

si.  s. 

i. 

si.  s. 

i. 

v.  si.  s. 

i. 

si.  s. 

i. 

v.  s. 

i. 

V.  s. 

i. 

s. 

i. 

V.  s. 

V.  s. 

si.  s. 

s. 

i. 

v.  s. 

00 

00 

1.520 

1.9765 
15028 

OO 

s. 

s. 

s. 

OO 

OO 

Ether,  etc. 

v.  s.  eth. 
0.8615eth. 

v.  s.  eth. 


s.  eth. 
s.  eth. 


v.  s.  eth.,  chl.; 

si.  s.  bz.,  pet. 

eth. 
v.  s.  eth. 


v.  s.  eth. 

s.  eth. 

v.  s.  eth. 

v.    s.    eth. 
chl.,  lgr. 

s.  eth. 
v.  s.  eth. 
si.  s.  eth. 
»  eth. 
i.  eth. 
s.  eth. 


si.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table, 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8611 

Trif  urf  urylamine 

a,a',a"-tri-2-furyltrimeth- 
ylamine 

(C4H3OCH2)3N.... 

257.28 

8612 

Trigonelline 

nicotinic  acid  iV-methyl- 

C7H7NO2 

137.13 

8613 

Triisoamylamine 

betaine 

[(CH3)2CHCH2- 

227.43 

8614 

Triisoamyl  borate. 

See  Isoamyl  borate. 

CH2]3N 

8615 

Triisobutylamine 

[(CH3)2CHCH2]3N 

185.35 

8616 

Triisobutyl  arsenite. 

See  Isobutyl  arsenite. 

8617 

Triisobutyl  borate. 

See  Isobutyl  borate. 

8618 

Triketone,  di phenyl-. 

See  Propanetrione,  diphenyl-*. 

8619 

Trilaurin. 

See  Glycerol,  trilaurate. 

8620 

Trimellitic  acid 

1 ,2,4-benzenetricarboxylic 
acid* 
1 ,3,5-benzenetricarboxylic 

C6H3(COOH)3.... 

210.14 

8621 

Trimesic  acid 

C6H3(COOH)3.... 

210.14 

8622 

,  hydroxy- 

acid* 
phenol-2,4,6-tricarboxylic 

acid 
2,4,6-pyridinetricarboxylic 

acid 

HOC6H2(COOH)3 

226.14 

8623 

Trimesitic  acid 

C6H2N(COOH)3. . . 

211.13 

8624 

Trimethylamine* 

,  hydrochloride 

(CH3)3N 

59  11 

8625 

trimethylammonium  chloride* 

(CH3)3NHC1 

95.58 

8626 

,  a,a',a"-tri-2-fur 

yl-.   See  Trif  urf  urylamine. 

8627 

Trimethyl  borate. 

See  Methyl  borate. 

8628 

Trimethylene. 

See  Cyclopropane*. 

8629 

Trimethylene  bromide 

.    See  Propane,  1,3-dibromo-*. 

8630 

Trimethylene  bromoh 

ydrin.  See  1-Propanol,  3-brom 

0-*. 

8631 

Trimethylene  chloride 

.  See  Propane,  1 ,3-dichloro-* . 

8632 

Trimethylene  chloroh 

ydrin.  See  1-Propanol,  3-chlor 

0-*. 

8633 

Trimethylene  cyanide. 

See  Glutaronitrile. 

8634 

Trimethylenediamine. 

See  1,3-Propanediamine*. 

8635 

Trimethylene  dibromi 

de.  See  Propane,  l,Z-dibromo-* 

8636 

Trimethylene  dichlori 

de.  See  Propane,  1, S-dichloro-* 

8637 

Trimethylene  dicyanid 

e.    See  Glutaronitrile. 

8638 

Trimethylene  glycol. 

See  1,3-Propanediol*. 

8639 

,  diphenyl  ether. 

See  Propane,  1,3-diphenoxy-*. 

8640 

,  methylene  ether. 

See  m-Dioxane. 

8641 

,  a-methyl-. 

See  \,Z-Butanediol*. 

8642 

,  a,  a,  a'- trimethyl 

-.  See  2,4-Pentanediol,  2-methyl 

_* 

8643 

Trimethylene  methyle 

ne  dioxide.  See  m-Dioxane. 

8644 

Trimethylenetrianilin 

e.  See  sym-Triazine,  hexahydro 

-1,3,5-triphenyl-. 

8645 

Trimethylene  trisulfid 

e.  See  Formaldehyde,  thio-(trim 

er). 

8646 

Trimethylenimine .... 
Trimethyl  phosphate. 

tetrahydroazete ;  azetidine. . . . 
See  Methyl  phosphate. 

CH2CH2CH2NH .  . 

1                    1 

57.09 

8647 

8648 

Trinitrin. 

See  Nitroglycerin. 

Trinitro-.  See  the  parent  c 

ompounds  (e.g.,  for  trinitrotohi 

ene  see  Toluene,  trini 

tro-). 

8649 

Triolein. 

See  Glycerol,  trioleate. 

8650 

Trional 

2 , 2-bis  (ethy  Isulf ony  1)  bu- 
tane* 

CH3C(S02C2H5)2- 

242.35 

CH2CH3 

8651 

syzn  -Trioxane 

1,3,5-trioxane;  a-trioxy- 

OCH2OCH2OCH2 

90.08 

methylene 

1                    1 

8652 

,  2,4,6-trimethyl-. 

See  Paraldehyde. 

8653 

syzn  -Trioxanetriimine. 

See  Cyamelide. 

8654 

Trioxymethylene. 

See  Polyoxymethylene. 

8655 

a-Trioxymethylene. 

See  s-Trioxane. 

8656 

Tripalmitin. 

See  Glycerol,  tripalmitate. 

8657 

Triphenyl. 

See  Terphenyl. 

Triphenyl-.  For  triphenyl 

derivatives  see  the  parent  com 

pounds  (e.g.,  for  trip 

henyl- 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

Solubility  in  grams  per  100  ml  of 

form,  color 

Density 

Melting 

Boiling 

No. 

and  index  of 
refraction 

g/ml 

point,  °C 

point,  °C 

Water 

Alcohol 

Ether,  etc. 

8611 

col.  liq 

133-81 

i. 

s.  eth. 

8612 

hyg.  pr.  f.  al.. . 

218  d. 

v.  s. 

s. 

si.  s.  eth.,  chl.; 

i.  bz. 

8613 

col.  liq 

0.785920 

237 

i. 

V.  s. 

oo  eth. 

(242-5) 

8614 

2  fi 

8615 

col.  liq., 
1.42519"-3 

0.766- 

26 

-21.8 

191.5  I 

i. 

V.  s. 

oo  eth. 

8616 

8617 

8618 

8619 

8620 

col.  need.  f.  w. 

216  d. 

s.  h. 

V.  s. 

s.  eth. 

8621 

col.  pr.  f.  w. . . . 

350 

(375-80) 

subl. 
<300 

2.6922 

v.  s. 

s.  eth. 

8622 

need,  f .  w 

d.  180 

0.510 

v.  s.  h. 

si.   s.   eth.;  i. 

chl. 

8623 

pi.  f.  dil. 
H2S04 

227  d. 

subl.  d. 

s.  h. 

si.  s.  eth. 

8624 

col.  gas 

0. 662"5 

-124 

3.5 

v.  s. 

V.  s. 

s.  eth. 

8625 

col.  deliq.  cr. 

275  d. 

V.  s. 

s. 

i.  eth. 

f.al. 

8626 

8627 

8628 

8629 

8630 

8631 

8632 

8633 

8634 

8635 

8636 

8637 

8638 

8639 

8640 

8641 

8642 

8643 

8644 

8645 

8646 

col.  liq.;  odor 
NH3 

0.843 

63 

QO 

8647 

8648 

8649 

1.251^ 

8650 

col.  tab.  f.  al. 

74-6 

d. 

0.3 

5.7 

4.7115  eth. 

or  eth. 

4 

8651 

need 

64 

subl.  46 

s. 

s. 

s.  eth. 

8652 

8653 

8654 

8655 

8656 

8657 

methane  see  Me 

thane,  triphe 

nyl-). 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8658 

Triphenylamine* 

Triphenylene 

Tripropylamine*(n) .  .  . 
Tripropyl  borate. 

(C6H6)3N 

245.31 

8659 

benzoyl  phenanthrene ;  iso- 

228.28 

8660 

chrysene 

(CH3CH2CH2)3N.. 

143.27 

8661 

See  Propyl  borate. 

8662 

Triquinoyl  hydrate. 

See  Cyclohexanehexone,  hydrate 

* 

8663 

Trisulfide,  diallyl. 

See  Allyl  trisulfide. 

8664 

Tritan. 

See  Methane,  triphenyl-. 

8665 

,  a-benzyl-. 

See  Ethane,  1,1, 1,2-tetraphenyl 

-. 

8666 

,  4,4'-dimethyl-. 

See  Methane,  phenyldi-p-tolyl-. 

8667 

,  a-ethyl-. 

See  Propane,  1,1, 1-triphenyl-. 

8668 

,  zn  or  p-methyl-. 

See  Methane,  diphenyltolyl-. 

8669 

,  a-methyl-. 

See  Ethane,  1,1, 1-triphenyl-. 

8670 

Tritanol. 

See  Carbinol,  triphenyl-. 

8671 

sym  -Trithiane. 

See  Formaldehyde,  thio-. 

8672 

,  2,4,6-trimethyl- 

(«) 

a-trithioacetaldehyde;  a- 
trimolecular  thioacetalde- 
hyde 

SCH(CH3)SCH- 

(CH3)SCHCH3... 

i 

180.34 

8673 

,  2,4,6-trimethyl- 

(0) 

/3-trithioacetaldehyde ;  0- 
trimolecular  thioacetalde- 
hyde 

SCH(CH3)SCH- 
(CH3)SCHCH3 

180.34 

8674 

,  triphenyl-  (higher- 
melting) 

,  triphenyl-  (lower- 
melting) 

Tritopine. 

0-trithiobenzaldehyde 

[SCH(C6H6)]3 

366.54 

8675 

a-trithiobenzaldehyde 

(SCHC6H5)3 

366.54 

8676 

See  Laudanidine. 

8677 

Trityl. 

See  Methyl,  triphenyl-. 

8678 

Tropacocaine 

benzoylpseudotropeine 

C15H19NO2 

245.31 

8679 

,  hydrochloride 

Ci5Hi9N02HCl... 

281 . 78 

8680 

Tropaic  acid. 

See  Tropic  acid. 

8681 

Tropic  acid 

a-phenylhydracrylic  acid ; 
tropaic  acid 

C6H5CH(COOH)- 
CH2OH 

166.17 

8682 

,  tropine  ester. 

See  Atropine. 

8683 

Tropine 

8-methyl-3-nortropanol;  JV- 
methyltropoline 

CsHisNO 

141.21 

8684 

,  chloroplatinate 

(C8Hi6NOHCl)2- 

692.41 

PtCU 

8685 

Tropinecarboxylic  acid 

.   See  l-Ecgonine. 

8686 

Tropoline,  TV- methyl-. 

See  Tropine. 

8687 

d/-Tryptophan 

<#-/3-(3-indyl) alanine;  dl- 
a-amino-3-indolepropio- 
nic  acid 

C8H6NCH2CH- 
(NH2)COOH 

204.22 

8688 

cf-Tryptophan 

d-/3-(3-indyl) alanine;  d-a- 
amino-3-indolepropionic 
acid 

J-a-amino-3-indolepropi- 

C8H6NCH2CH- 
(NH2)COOH 

204.22 

8689 

/-Tryptophan 

C6H4NHCH:C- 

204.22 

onic  acid ;  J-/8-3-indylalanine 

1                    1 

CH2CH(NH2)- 

COOH 

8690 

Tyramine 

p-(/3-aminoethyl)  phenol ; 
p-hydroxyphenethylamine 

HOCeH^H^H^ 

137.18 

NH2 

8691 

Tyrosine,  3,5-diiodo-. 

See  Iodogorgoic  acid. 

8692 

cf/-Tyrosine 

ctt-/3-p-hydroxyphenylalanine 

HOC6H4CH2CH- 

181.19 

(NH2)COOH 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

8658 
8659 

monocl.  pr.  f. 

eth.,  1.35316 

wh.  cr 

0.774-?- 

0 

126.5 
198.5 
-93.5 

101 

120 

225 

100 

49 

271 

(276-7d.) 

117-8 

63 

198-200 

283-5 

281-2 

293-5 
(289  d.) 

161 

316 

365 

i. 
i. 

v.  si.  s. 

i. 

si.  s. 
s. 
215 
v.  s. 

s. 

si.  s.  c, 
s.h. 

1.1425, 

2.7975 
1.05  c. 
0.04120 

si.  s. 
s. 

00 

si.  s. 
i. 

V.  s. 
si.  s.  c. 
s. 

V.  s. 
i. 

si.  s. 

si.  s. 

10 
v.  si.  s. 

s.    eth.,    acet.; 
v.  s.  bz. 
s.  eth. 

8660 

8661 
8662 
8663 
8664 
8665 
8666 
8667 
8668 
8669 
8670 
8671 
8672 

col.  liq., 
1.4175019-4 

pr 

0.757^ 

156 

247 

s.  eth. 

8673 

8674 

need. 

s.  ac.  a.,  bz. 

8675 

wh.  amor, 
powd. 

glit.  need.  f. 

eth., 

1.50801100-1 
col.  need,  or 

pi.  f.  w.-j-al. 

need,  or  pi.  f. 
al. 

hyg.  tab.  f. 

eth., 

1.4811399-8 
or.-red  monocl. 

col.  hex.  pi. .  .  . 

d. 
d. 

v.  s.chl.;s.  bz. 

8676 
8677 
8678 

8679 

1.043100 

v.  s.  eth.,  bz., 
chl.,  NH4OH 

i.  eth. 

8680 
8681 

d. 
233 

s.  eth.;i.  CS2 

8682 
8683 

8684 

1.039™ 

v.    s.    eth.;    s. 
chl.,  bz. 

8685 
8686 
8687 

8688 

8689 

col.  hex.  leaf. . . 

need,  or  leaf. 
f.bz. 

sh.  need 

i.  eth. 

8690 

180 

s.  bz.;  si.  s.  h. 

8691 
8692 

xylene 
i.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

8693 

d-  Tyrosine 

d-/S-p-hydroxyphenylalanine. . 

/-a-amino-p-hydroxyhydro- 
cinnamic  acid;  /-/3-(p-hy- 
droxy  phenyl)  alanine 

See  Cytisine. 

2,4-dihydroxycinnamic  acid .  . 

7-hydroxycoumarin 

HOCeBUCHoCH- 

(NH2)COOH 
HOC6H4CH2CH- 

(NH2)COOH 

(HO)2C6H3CH: 
CHCOOH 

CgHo03 

181.19 

8694 

/-Tyrosine 

181  19 

8695 
8696 

Ulexine. 

Umbellic  acid 

180  15 

8697 

Umbellif  erone 

Undecan-. 

Undecene*. 

Undecenoic  acid*. 

pn-n-Undecyl  alcohol. 

n-Undecylaldehyde. 

n-Undecylamine. 

n-Undecyl  cyanide. 

/3-Undecylene. 

0-Undecylenic  acid. 

n-Undecylic  acid. 

Undecyne. 

Uracil 

162.14 

8698 

8699 

8700 

8701 

8702 

8703 

8704 

8705 

8706 

8706M 

8707 

See  Hendecan-. 

See  Hendecene*. 

See  Hendecenoic  acid*. 

See  l-Hendecanol*. 

See  Hendecanal*. 

See  Hendecylamine*. 

See  Lauronitrile. 

See  1-  Hendecene*. 

See  ^-Hendecenoic  acid*. 

See  Hendecanoic  acid*. 

See  Hendecyne. 

2,4(l,3)-pyrimidinedione 

See  Thymine. 
See  Adalin. 

5-aminobarbituric  acid ; 
dialuramide;  murexan 

tetrahydro-s?/m-tetrazine- 
dione;  diurea 

carbamide 

NHCONHCO- 

112.09 

,  5-methyl-. 

Uradal. 

Uramil 

8708 

8708M 

8709 

CH:CH 

1 

NHCONHCO- 

1 

143.10 

p-Urazine 

CH(NH2)CO 

1 

8710 

NHNHCONH- 

1 

116  08 

Urea 

8711 

NHCO 

1 

NH2CONH2 

CO(NH2)2-HN03. . 

CH3COCH2NH- 

CONH2 

CH3CONHCONH2 
CH3CONHCO- 

NHCH3 

CH3CONHCSNH2 
C3H5NHCONH2 .  . 

C3H5NHCONH- 

C6H5 
CH2:CHCH2- 

NHCSNH2 

C6H6CONHCS- 

NH> 
C6H5CH2NH- 

CONH2 
C6H5CH2NHCS- 

NH2 

60.06 

8712 
8712M 

,  chloride. 

■ ,  nitrate 

See  Carbamyl  chloride. 

123.07 

8713 
8714 

,  acetonyl- 

,  acetyl 

l-ureido-2-propanone 

116.12 
102.09 

8715 

,  iV-acetyl-iV'- 

methyl- 

,  acetyl-thio- 

,  allyl- 

116.12 

8716 
8717 

N-(thiocarbamyl)acetamide . . 
2-propenylurea  * 

118.15 
100  12 

8718 

,  N-allyl-iV'- 

phenyl- 
,  allyl- thio- 

,  amino-. 

,  benzoyl-thio-. . .  . 

,  benzyl-* 

176.21 

8719 

8720 
8721 

8722 

thiosinamine ;  2-propenyl- 
thiourea ;  allylsulfocar- 
bamide 

See  Semicarbazide. 

benzoylthiocarbamide 

benzylcarbamide 

116.18 

180.22 
150  18 

8723 

,  benzyl-thio- 

benzylthiocarbamide 

166.24 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


8693 
8694 


8695 
8696 

8697 


8698 

8699 

8700 

8701 

8702 

8703 

8704 

8705 

8706 r 

8706M 

8707 


8708 

8708M 

8709 


8710 


8711 


8712 
8712M 

8713 

8714 
8715 

8716 
8717 


8718 
8719 

8720 
8721 

8722 

8723 


Crystalline 

form,  color 

and  index  of 

refraction 


sm.  silky  need, 
f.  w.,  1.550, 
1.600,  1.680 


yel.  powd. 
need 


need.  f.  w. 


need. 


monocl.  pr.  f. 


col.  tetr., 
1.484,  1.602 


monocl.  pr... 
pr 


need.  f.  w. .  . . 
col.  monocl.  f. 
w. 

pr.  f.  w 

need.  f.  al 


need,  f .  bz 

col.  monocl.  or 
rhomb., 
Tl.6345478  liq. 

pr.  f.  al 

col.  need.  f.  al. 

pr.  f .  w 


Density 
g/ml 


4 


1.335 


0.80184 


20 
20 


Melting 
point,  °C 


310-4 
295  d. 

240  d. 
225-7 


338 


270 

132.7 

152  d. 

^1 

218-9 
180 

165-6 

85 

115.5 

78.4 

171 

147-8 

162-4 


Boiling 
point,  °C 


subl. 


d. 


82 

d. 
d. 


Solubility  in  grams  per  100  ml  of 


Water 


0.04825, 
0.23875 


si.  s. 

J100 


v.  si.  s. 
c, 
V.  8.  h. 


si.  s.  h. 


si.  s. 


785, 
119 


s.h. 

s. 

1.220 

s. 

si.  s. 
V.  s. 

v.  si. 
3 

si.  s. 
1.745 


325 


Alcohol 


0.01" 
95% 
i.  abs. 


si.  s. 


15.82° 


J20 


S. 

V.  s. 


s. 
1.31  c. 


Ether,  etc. 


i.  eth.,  acet.; 
s.  alk. 


i.  eth.,  bz.,  lgr. 

si.   s.   eth.;  s. 
H2S04 


s.  eth.,  NH4OH 


s.    NH4OH,    c. 
H2SO4,  NH3 


si.  s.  h.  ac.  a. 


si.  s.  eth.;  s. 
cone.  HC1;  i. 
chl. 

si.  s.  HNO3;  d. 
HC1,  H2S04 
s.  eth. 

si.  s.  eth. 
si.  s.  eth. 

si.  s.  eth. 

si.  s.  eth.,  chl.; 

i.    pet.    eth., 

tol.,  CS2 
s.  bz. 

si.  s.  eth.;  i.  bz. 


i.  eth. 

0.3622-5  eth. 
3.12S  acet. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8723F 
8723M 
8723P 
8723S 

8724 
8725 

8726 

8727 

8728 

8729 

8730 
8731 

8732 
8733 
8734 

8735 
8736 
8737 
8738 

8739 

8740 

8741 

8742 
8743 
8744 
8745 
8746 

8747 

8748 
8749 

8750 
8751 
8752 
8753 

8754 
8755 

8755M 

8756 
8757 
8758 

8759 

8760 


Name 


Urea,    (a-bromo-a-eth 

,  butyl-* 

,  sec-butyl- 

,  rerr-butyl- 


-,  carbamyl-. 

,  iV,iV'-diacetyl- .  .  . 

,  N,N-diethyl-*..  .  . 

,  iV,W-diethyl-*. .  . 

,  N,N'-diethyl- 

thio- 
,  2V,N-dimethyl-*. 

,  N,7V-dimethyl-* 
-,  iV,iV-diphenyl- . . . 

,  N,iV'-diphenyl-. 
-,  sym -diphenyl-. 
-,  iV,iV-diphenyl- 

thio- 
-,  ditolylthio-. 
-,  sym -di-o-tolylth 
-,  p-ethoxyphenyl-. 
-,  ethyl-* 


-,  ethylene-. . 
-^ethylidene- 


iV-ethyl-N'- 

phenyl- 
furfuralmalonylt 
glycolyl-. 
glycolyl-thio-. 
glyoxalyl-. 
guanyl- 


,  hydroxy- . 

,  isoamyl- . 
,  isobutyl- 


-,  a-lactyl-. 
-,  malonyl-. 
-,  xnesoxalyl-. 
-,  methyl-*.  . . 


-,  methyl-thio- 
-,  nitro-* 


-,  oxalate. 


-,  oxalyl-. 

-,  oximidomesoxaly 

-,  p-phenetyl- 


-,  phenyl-*.  . 
,  phenylene-. 


Synonyms 


ylbutyryl)-.   See  Adalin. 

n-butylcarbamide 

sec-butylcarbamide 

Jert-butylcarbamide 


See  Biuret. 
sj/m-diacetylurea. 


uns-diethylurea;  N,N-di- 

ethylcarbamide 
s^/m-diethylurea;  N,N'-di- 

ethylcarbamide 
«2/m-diethylthiourea;  N,N'- 

diethylthiocarbamide 
uns-dimethylurea 


sj/m-dimethylurea . 
uns-diphenylurea . 


See  Carbanilide. 
See  Carbanilide. 


See  Carbanilide,  dimethyl-thio- 
io-.  See  Carbanilide,  thio-o,o'-d 
See  Urea,  p-phenetyl-. 


2-ketotetrahydroglyoxaline ; 

dihydro-2(3)-imidazolone . 

4-methyluretidone 


hio-.  See  Barbituric  acid,  5-(2- 
See  Hydantoin. 
See  Hydantoin,  2-thio-. 
See  Allanturic  acid. 
dicyan(o)diamidine;  1-car- 
bamylguanidine 
carbamide  oxide 


(7-methylbutyl)urea* . 
( /S-methylpropyl)  urea  * 


See  Hydantoin,  5-methyl- 
See  Barbituric  acid. 
See  Alloxan. 


See  Parabanic  acid. 
[-.   See  Violuric  acid. 
p-ethoxyphenylurea ;  dulcin 


See  2(3)-Benzimidazolone. 


Formula 


C4H9NHCONH2.. 
C4H9NHCONH2.. 

(CH3)3CNH- 
CONH2 

CH3CONH- 
CONHCOCH3 

(C2H6)2NCONH2.. 

CO(NHC2H6)2.... 

(C2H6NH)2CS.... 

(CH3)2NCONH2... 

CH3NHCONHCH3 
(C6H5)2NCONH2 


(C6H6)2NCSNH2. 

imethyU. 
NH2CONHC2H5. 

CH2NHCONHCH2 

1 1 

NHCONHCHCH3 

1 1 

C2H6NHCONH- 
CeHs 

furfurylidene)-2-thio 


NH2C(:NH)NH- 
CONH2 
NH2CONHOH... 

C6HiiNHCONH2. 
NH2CONHCH2- 

CH(CH3)2 


NH2CONHCH3.. 

CH3NHCSNH2.. 
NH2CONHN02.. 

2CO(NH2)2-H2C2- 
04 


C2H6OC6H4NH- 
CONH2 
C6HBNHCONH2. 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


wh.  need.  f.  bz 

wh.  need 

wh.  need 


need.  f.  al 

col.  deliq. 
need.  f.  al. 
col.  deliq. need, 
f.  al.,1.4616«-f 
col.  cr 


col.  monocl. 

pr.  f.  me.  al. 
col.  rhomb,  pr. 
col.  rhomb. 

need. 


col.  monocl. 

f.  al.+eth. 

col.  need. . . 


pr 


col.  need 

need.  f.  al. . .  . 


col.  pr.  f.  al... 
col.  need.  f.  al. 


col.  cr 

need.  f.  acet. 


col.  rhomb,  pr. 
f.  w.  or  al. 


Pr 

wh.  cr.  f.  al. 
or  eth. 
monocl.  pr. . 


col.  leaf,  or 
need.  f.  dil.  a 

monocl.,  a 
1.602,  y  1.627 


Density 
g/ml 


042 


1.255 

1   142 
1.276 


1.21318 


1.204 


1.302 


Melting 
point,  °C 


96 
166 
172  d. 


152 

74  (70) 

112 

(106-8) 

77 

182 

106(102.5; 
189 


189 

92 
131 
154 
99 

105 

128-30 
(139-40) 
89-91 
141 

101 

118 
155-6 


173-4 
147 


Boiling 
point,  °C 


subl.; 
d.  179-80 


263 
d. 


270 
d. 


160  d. 


d.  160 
d. 


exp. 


d. 
238 


Solubility  in  grams  per  100  ml  of 


Water     Alcohol       Ether,  etc 


v.  si. 

v.  s. 
V  s. 


V.  s. 
v.  si. 


V.  s. 
v.  s.  h. 
v.  si.  s. 


s.  h. 

V.  s. 
si.  s. 


si.  s. 
4.41*  c. 


0.125  c. 

2h. 
si.  s.  c, 

v.  s.  h. 


si.  s. 

V.  s. 
V.  s. 
s. 
v.  si. 


V.  s. 
v.  s.  h. 
si.  s. 


si.  s.  c. 

s. 


V.  s. 
1.6 

4,  90% 
v.  s. 


1.86  c.  eth. 

v.  s.  eth. 

v.  s.  eth. 

v.  si.  s.  eth. 

i.  eth. 

s.  eth.,  chl. 


i.  eth. 

si.    s.    eth.;    s. 
chl. 
v.  si.  s.  eth. 


i.  eth.,  chl.,  bz., 
CS2;  s.  pyr. 


v.  si.  s.  eth. ;  si. 
s.  acet.,  bz. 


0.073  eth. 

si.  s.  eth. 
v.  s.  eth. 

i.  eth. 

si.  s.  eth. 
v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF 


No. 


8761 

8762 
8763 
8764 
8765 

8766 

8767 

8768 

8769 

8770 

8771 

8772 

8773 

8774 

8775 

8776 

8777 

8777M 

8778 

8779 

8780 


8781 

8782 
8783 
8784 
8785 
8786 


8787 
8788 
8789 


8790 

8791 

8792 
8793 

8793H 

8793R 

8794 
8795 


Name 


Urea,  phenyl-thio- 


2-propenyl-*. 

propyl-* 

tartronyl-. 
tetraethyl-* .  . 


-,  tetramethyl-* 
-,  tetraphenyl- . . 
,  thio- 


thio-m-tolyl-. 

o-tolyl- 

m-tolyl- 

p-tolyl- 

trimethyl-*.  . 


Ureaacetic  acid. 
Urethan. 

,  methyl-. 

,  phenyl-. 

,  n-propylphenyl- 

,  thio-. 

Uretidone,  4-methyl-. 
Uric  acid 


,  1-methyl- 

,  3-methyl- 

,  7-methyl- 

"Uro  tropin". 
d/-Usnic  acid  ,  . 
c/-Usnic  acid . . . 


Uvic  acid,  Uvinic  acid. 

Uvitic  acid 

Uvitonic  acid 


Valeraldehyde . 


,   7-OXO-. 

Valeramide 

,  iV,iV-dimethyl- 


Valeranilide 


Valeric  acid  (active), 
Valeric  acid  (n) .... 


Synonyms 


See  Urea,  allyU. 
See  Dialuric  acid. 


iV,W-diphenylcarbanilide 
thiocarbamide 


See  Hydantoic  acid. 
See  Carbamic  acid,  ethyl  ester. 
See  Carbamic  acid,  methyl  ester 
See  Carbanilic  acid,  ethyl  ester. 
See  Carbanilic  acid,  propyl  este 
See  Carbamic  acid,  thiol-,  ethyl 
See  Urea,  ethylidene-. 
2,6,8(l,3,9)-purinetrione; 
2,6,8-trioxypurine 


See  Hexamethylenetetr amine. 

<#-usninic  acid 

d-usninic  acid 


See  Pyrotritaric  acid. 

5-methylisophthalic  acid . . 

6-methyllutidinic  acid ;  2- 
picoline-4,6-dicarboxylic 
acid 

pentanal*;  n- valeric  alde- 
hyde; n-amyl  aldehyde 

pentanal  oxime* 


See  Levulinaldehyde. 
pentanamide* 


n-valeranilide . 


See  Butyric  acid,  a-methyU. 
pentanoic  acid* 


Formula 


C6H6NHCSNH2. 


C3H7NHCONH2.. 

(C2H6)2NCON- 

(C2Hs)2 
(CH3)2NCON- 

(CH3)2 
(C6H6)2NCON- 

(CeH6)2 
NH2CSNH2 

CHaCeHsNHCS- 

NH2 
CH3C6H6NHCO- 

NH2 
CHaCeHsNHCO- 

NH2 
CH3C6H6NH- 

CONH2 
CH3NHCON- 

(CH3)2 

;  Carbamic  acid,  meth 

r. 

ester ;  Carbamic  acid, 

C6H4N403 

C6H6N403 

C6H6N403 

C6H6N403 

C18H16O7 

Cl8Hl607 


CH3C6H3(COOH)2 
CH3C6H2N- 
(COOH)2 

CHaCCH^aCHO... 

CH3(CH2)3- 
CH:NOH 

CH3(CH2)3CONH2 

CH3(CH2)3CON- 

(CH3)2 
CH3(CH2)3CON- 

HCeHs 

CH3(CH2)3COOH 


Mol. 
Wt. 


152.21 

102.14 
172.27 
116.16 
364.43 
76.12 
167.25 
151.19 
151.19 
151.19 
102.14 

yl-, 

168.11 


182.14 
182.14 
182.14 

344.31 
344.31 


180.15 
181.14 


86.13 
101.15 

101.15 
129.20 
177.24 

102.13 


*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

8761 

col.  need.  f.  w. 
or  trim.  f.  al. 

col.  cr 

1.3 

154 
107 

0.2618 

s. 
i. 

i. 

9.1815 

s.  h. 

0.2545 

s. 

0.3145 

v.  s. 

0.0064537, 
0.06  h. 

0.05100 
0.38100 
1.251* 

i. 
i. 

si.  s.  h. 
v.  si.  s. 

si.  s. 

s. 

s. 

00 

3.716 

5.6625 

v.  s. 
s. 
s. 

v.  s. 
s. 

V.  s. 
s. 
v.  s. 

i. 

v.  si.  s. 
v.  si.  s. 

v.  si.  s. 
v.  si.  s. 

V.  s. 

V.  s. 
s. 

s. 

OO 

s. 

OO 

8762 
8763 

8764 
8765 

liq 

210-5 

177 

d. 

s.  a.;  i.  alk. 

8766 

liq 

0.97215 
1.222 

20 

1.405- 

4 

v.  s.  eth. 

8767 

col.  rhomb. . . . 

rhomb,  pr.  f. 
al. 
pr.  f.  al 

leaf.f.al .. . 

leaf,  f .  w 

need.  f.  w. . . 

monocl 

ethyl  ester. 

thiono-,  ethyl  este 
sc 

183 

182 

(174-6) 
110-1 

190-1 

142-3 

187 

75.5 

d. 

400  d. 
>360d. 
370  d. 

193 
203 

290 
274  d. 

-91.5 
52 

114-6 
(105.8) 
-51 

63 

-59; -34.5 

8768 
8769 
8770 
8771 

v.  si.  s.  eth. 
v.  s.  eth. 
s.  eth. 
si.  s.  eth. 

8772 

232.5 

0.06222-5  eth. 

8773 

8774 

8775 

8776 

8777 

8777M 

8778 

8779 

8780 

1.19 

r. 
1.893 

0.818511 

s.  eth. 

i.  eth.;  s.  glyc, 
h.   cone.  H2- 
SO4 

8781 

col.  need 

col.  pr.  f .  w 

col.  leaf.  f.  w. 

yel.  monocl.  pr. 
yel.  pr.  f.  al., 

1.463,  1.653, 

1.780 

col.  need.  f.  w. 
col.  cr.  powd. . 

liq.,  1.3952.... 
cr 

8782 

s.  alk. 

8783 

s.  alk. 

8784 
8785 
8786 

8787 
8788 
8789 

8790 
8791 

d!"" 

subl. 
103.4 

141"M> 

J 

187 

0.32»  eth. 
si.  s.  eth. 

v.  s.  eth. 
s.   a.,   aniline ; 
v.  si.  s.  h.  bz. 

v.  s.  eth. 

8792 
8793 

8793H 

8793R 

8794 
8795 

monocl.  pi 

col.  liq 

col.  monocl.  pr. 

col.  liq., 
1.4086 

1.023 

1.441925 

0.9421-?; 

4 

0.9435^ 

4 

s.  eth. 
00  eth. 
s.  eth. 

00  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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'Name  approved  by  the  International  Union  of  Chemistry. 

1118 


ORGANIC  COMPOUNDS  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq., 

1.4145 

Hq 


col.  liq., 

1.40094* 
col.  liq 


col.  liq. 
col.  liq. 


wh.  cr. .  . 
col.  liq..  . 
leaf.  f.  w. 


cr. .. 
leaf. 


liq 

col.  oil. 


oil ... . 
hyg.  pi. 
liq 


col.  liq. 
liq 


col.  liq 


col.  liq.,  1.3909 


li 

yel.  oil , 


Sl 


col.  liq., 
1.41555 


Density 

g/ml 


0.881° 

0.8700^ 

0.8739" 

1.0284^ 

0.854 

0.910° 


0.889° 


1.226- 


1.072 


0.928- 
0.93015 


0.929- 


0.8014^ 


>1 


1.01615 


Melting 
point,  °C 


-78.8 
-92.8 
-91.2 


-91.0 
63.5 

112.5-13 

291.5  d. 

193 

157 


34 
-31 


-56.1 


-96.0 


■110.0 


Boiling 
point,  °C 


203.7 

185.6 

146 

228-976<; 
82-31 
107 

127.3 


167.5 
subl. 
d. 
d. 


67io 

(126-3027) 
192(74-6n) 


209.2 

212 

subl. 

206-7 

193.5 
195-6 

215 


141 

239.5 
162^. 


128 


Solubility  in  grams 

Water 

Alcohol 

sl.  s. 

00 

v.  sl.  s. 

00 

0.23725 

OO 

i. 

s. 

i. 

OO 

v.  sl.  s. 

OO 

s. 

S. 

i. 

S. 

10. 75 

sl.  S. 

v.  s. 

sl.  S. 

v.  s. 

sl.  S. 

sl.  s. 

V.  S. 

i. 

OO 

i. 

s. 

v.  s. 

v.  s. 

s. 

s. 

0.5717 

s. 

s. 

d.  h. 

s.  d. 

i. 

s. 

i. 

sl.  s.  c. 

V.  s. 

d. 

d. 

Ether,  etc. 

oo  eth. 
oo  eth. 
oo  eth. 
s.  eth. 
oo  eth. 
oo  eth. 


i.    eth.;    s.    h. 

dioxane 
oo  eth.;  s.  chl. 

i.  eth. 

i.  eth.,  bz.,  lgr. 

i.  eth. 

s.  eth. 
oo  eth. 

s.  eth. 


v.  s.  eth. 


s.  eth. 
s.  eth. 

v.  s.  eth. 

s.  eth. 

v.  s.  eth. 
i.  alk. 

oo  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8831 

8832 
8833 

8834 
8835 
8836 

8837 

8838 


8839 

8840 
8841 
8842 

8843 


8443H 
8843  M 
8843N 
8844 
8845 

8846 

8847 
8848 
8850 

8851 

8852 

8853 
8854 
8856 


Name 


dl-  Valine 


d-  Valine 
/-Valine. 


Valylene 

Vanillaldehyde. 
Vanillic  acid . . . 


ethyl  ester. 


Vanillin 


acetate. 


ethyl  ether. 
,  acetyl-. 
-,  5-bromo- 

-,  5-chloro- 


,  2,5-diiodo- 
,  2-iodo- .  .  . 
,  5-iodo-.  .  . 


Vanillyl  alcohol 
Vasicine 


Veratraldehyde 


Veratric  acid 

Veratrine    (crystalline) 
Veratrole 


,  4-allyl-. ... 
,  4-propenyl- 


Veronal. 

/-Vicine 

Vinaconic  acid. 


Synonyms 


dZ-a-aminoisovaleric  acid ; 
(#-2-amino-3-methylbu- 
tanoic  acid* 

a-aminoiso valeric  acid 


J-a-aminoisovaleric  acid ; 
Z-2-aminc-3-methylbutanoic 
acid* 


See  Vanillin. 

4-hydroxy-3-methoxybenzoic 
acid 


vanillaldehyde;  4-hydroxy- 

3-methoxybenzaldehyde ; 
protocatechualdehyde  3- 

methyl  ether 
4-acetoxy-3-methoxyben- 

zaldehyde ;  acetylvanillin 
See  Benzaldehyde,  A-ethoxy-Z-m 
See  Vanillin,  acetate. 
5-bromo-4-hydroxy-3-meth- 

oxybenzaldehyde 
5-chloro-4-hydroxy-3-meth- 

oxybenzaldehyde 


4-hydroxy-3-methoxybenzyl 
alcohol ;  vanillic  alcohol 


3,4-dimethoxybenzaldehyde : 
protocatechualdehyde  di- 
methyl ether;  3,4-chmeth- 
oxybenzenecarbonal  * 

3,4-dimethoxybenzoic  acid ; 
protocatechuic  acid  di- 
methyl ether 

cevadine 


1,2-dimethoxybenzene*;  py- 
rocatechol  dimethyl  ether 


eugenol  methyl  ether ;  meth- 
yleugenol 
isoeugenol  methy!  ether .  .  . 


See  Barbital. 


1 , 1-cyclopropanedicarbox- 
ylic  acid*;  ethylenema- 
lonic  acid 


Formula 


(CH3)2CHCH- 
(NH2)COOH 


(CH3)2CHCH- 
(NH2)COOH 

rCH3)2CHCH- 
(NH2)COOH 

Mixt,  (?) 

CH30(HO)C6H3- 

COOH 
HO(CH30)C6H3- 

COOC2H5 
CH30(OH)C6H3- 

CHO 


CH30(CH3COO)- 
C6H3CHO 

ethoxy-. 

CH30(OH)Br- 

C6H2CHO 
CH30(0H)C1C6- 

H2CHO 

CH30(OH)C6HI2- 

CHO 
CH30(OH)C6H2- 

ICHO 
CH30(OH)C6H2- 

ICHO 
CH30(HO)C6H3- 

CH2OH 
CnHi2N20 


(CH30)2C6H3CHO 


(CH30)2C6H^ 
COOH 

C32H49N09.. 


C6H4(OCH3): 


CH2:CHCH2C6H3- 

(OCH3)2 
CH3CH:CHC6H3- 

(OCH3)2 

C10H16O7N4 

CH2CH2C(COOH)2 


"Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


monocl.  leaf.  f. 


hex.  leaf.  f. 

pr.  f.  w. 

leaf.  f.al.. 


col.  liq. 

col.  need.  f.  w. 

col.  need 


col.  monocl. 
need.  f.  w. 
or  lgr. 


col.  need. 

col.  leaf. . 
col.  pi. .  . 


nearly  col.  rods 

nearly  col. 
need, 
pa.  yel.  need.  . 

col.  need.  f.  w. 
or  bz. 
need 


col.  need.  f. 
eth. 


cr.  f.  w. 


col.  cr.  f.  al., 
M+12.5?" 
in  al.        D 

col.  cr.  f.  pet. 
eth., 
1.528702^2 

col.  liq., 

1.538317 
col.  liq., 

1.572011-5 


need 

tricl.  need.  f. 
eth. 


Density 
g/ml 


1.0842- 

25 

1.05515 
1.055122 


Melting 
point,  °C 


298(292)d. 

315  d. 
293  d. 


207 
44 

81-2 

77 

164 
164-5  • 

200 

155-156 
180 
115 
198  d. 


42-3 

(44-5) 


anh.  181 
205  d. 


22.5 
(19-20) 


242 
175 


Boiling 
point,  °C 


subl. 


subl.  d. 


50 
subl. 


293 


285  (in 
C02); 
140-56 


283 


subl. 


206-7 

248-9 
262-4 


21030 


Solubility  in  gram. 

Water 

Alcohol 

7.4425, 
13. 3175 

9    116.5 

0.57125 

75%; 
0.014° 
abs. 
v.  si.  s. 

5.32« 

i. 

V.  s. 

0.1214, 
2.5100 

V.  s. 

l. 

V.  s. 

1  c; 
5h. 

V.  s. 

v.  si.  s. 

V.  s. 

i. 

s.  h. 

i. 

s.  h. 

i. 

s. 

i. 

s. 

i. 

si.  s. 

v.  s.  h. 

V.  s. 

si.  s. 

s. 

i.,  si.  s. 
h. 

v.  s. 

0.0514, 
0.6100 

V.  s. 

0.11  c. 

s. 

si.  s. 

s. 

i. 

00 

i. 

s. 

s. 

i. 

v.  s. 

s. 

Ether,  etc. 
i.  eth.,  acet. 

i.  eth. 

oo  eth. 
v.  s.  eth. 

v.   s.   eth.;   s. 

alk. 
v.    s.    eth.;   s. 

chl.,  glyc. 

v.  s.  eth. 


si.  s.  c.  eth.,  c. 
bz. 


si.  s.  eth; 
si.  s.  eth. 
si.  s.  eth. 
v.  s.  eth. 

si.  s.  eth.,  bz.; 

s.  chl.;  i.  pet. 

eth. 
v.  s.  eth. 


v.  s.  eth. 
s.  chl. 
s.  eth. 

oo  eth. 
s.  eth. 


s.  me.  al. 
s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8857 
8858 

8859 

8860 
8861 

8862 
8863 

8863M 

8864 

8865 


8867 
8868 


8868D 


8868M 
8868S 


8868U 

8869 

8869C 

8869G 

8869J 

8869M 


8870 
8871 
8872 
8873 


8875 
8876 
8877 
8878 


8879 


8880 
8881 

8882 


Name 


Vinetine. 
Vinyl  alcohol 

Vinylamine. . 


Vinyl  bromide 
Vinyl  chloride . 

Vinyl  cyanide. 
Vinyl  ether .  .  . 


Vinyl  fluoride. 
Vinyl  iodide .  . 
Vinyl  sulfide. , 


Vinyl  tribromide, 
Vinyl  trichloride. 
Violuric  acid 


Vitamin  A, 


Vitamin  Bi 


Vitamin  B2. 
Vitamin  B6 


,  hydrochloride. 

Vitamin  G. 
Vitamin  D2. 
Vitamin  E. 
Vitamin  F. 
Vitamin  G. 

Vitamin  K. 
Wintergreen  oil. 
Wood  alcohol. 
Wood  sugar. 
Xanthaline .... 


8874       Xanthene. 


9-Xanthene-o-benzoic 

,  3,4,5,6-tetrahydr 

9-Xanthenone. 
Xanthic  acid,  ethyl  ester 


Xanthine. 


1,3-dimethyl-. 
3,7-dimethyl-. 
1,3,7-trimethyl- 


Synonyms 


See  Oxyacanthine. 
ethenol ;  vinol . . . , 


ethenylamine' 


bromoethene* ;  bromoethylene 
chloroethylene ;  chloro- 

ethene* 
See  Acrylonitrile. 
ethenyloxyethene*;  di  vinyl 

ether 
fluoroethylene 


iodoethylene;  iodoethene*. . 

ethenylthioethene*;  di  vinyl 

sulfide 

See  Ethane,  1,1, 2-tribromo-*. 
See  Ethane,  1,1, 2-trichloro-*. 
alloxan  5-oxime;  5-isoni- 

trosobarbituric  acid;  oxim- 

idomesoxalylurea 


axerophthol . 


thiamine  hydrochloride; 

thiamin  chloride ;  aneurin ; 

antineuritic  vitamin ;  ory- 

zanin;  torulin 
See  D-Riboflaiin. 
adermin;  pyridoxin;  5-hy- 

droxy-6-methyl-3,4-pyri- 

dinedicarbinol 


See  I- Ascorbic  acid. 
See  Calciferol. 
See  a-Tocopherol. 
See  Linoleic  acid 
See  D -Riboflavin. 

See  Phthiocol. 

See  Salicylic  acid,  methyl  ester. 

See  Methanol*. 

See  l-Xylose. 


dibenzo-l,4-pyran;  diphenyl- 

methane  oxide;  o,o'-meth- 

ylenediphenyl  ether 
acid,  9-hydroxy-,  lactone 
oxy-.   See  Gallin. 
See  Xanthone. 
ethyl  ethoxymethanethiono- 

thiolate*;  ethyl  xantho- 

genate 
2,6(l,3)purinedione;  2,6- 

dioxypurine 

See  Theophylline. 
See  Theobromine. 
See  Caffeine. 


Formula 


CH2:CHOH... 

CH2:CHNH2.., 

CH2:CHBr 

CH2:CHC1 

(CH2:CH)20... 

CH2:CHF 

CH2:CHI 

(CH2:CH)2S. . . 

CONHCO- 
NHCOC:NOH 
C20H29OH 

Ci2Hi8ON4SCl2. 

CsHnNOa 

CsHnNOsHCl. 


C37H36N209. 


C6H4OC6H4CH2. 


See  Fluoran. 
C2H6OCSSC2H6. 
C5H4N4O2 


>Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


unstable . 
Hq 


liq.,  1.4462. 
gas 


col.  liq..  . . 
col.  gas. .  . 

liq 

oil 


rhomb. 


micr.  need.; 

pa.  yel.  vise. 

liq.;  1.62740 
wh.  cr 


clusters  of  wh. 

need,  or  wh. 

platelets 
wh.  platelets . . 


cr.  powd. 
leaf.  f.  al. 


cr.,  garlic  odor 


Density 
g/ml 


0.8322^ 

1.5167" 
liq.         15 
0.9195^ 


0.774 

2.08° 
0.912 


20 


0.948" 


1.085- 


yel.-wh.  powd. ; 

sm.  pi.  become 

anh.  at  125 


Melting 
point,  °C 


-137.8 
-159.7 


-H20,  100; 
224  d. 


245-8  d. 


160  d. 


206-8  d. 


208 
100.5 


>150d. 


Boiling 
point,  °C 


56 

15.8 
-13.9 


39  (28.3) 
-51 
56 
101 


120-300001 


subl.  in 
vacuo 


315 


200 
(91-318) 

subl.  d. 


Solubility  in  grams  per  100  ml  of 


Water 


s.h. 


10025 


22.2 


1. 

v.  si.  s. 


0.2617 


Alcohol 


40020 


0.3;  1 

95% 


1.1 


v.  si. 

h. 

si.  s. 


0.03317 


Ether,  etc. 


«  eth. 

00  eth. 
v.  s.  eth. 


00  eth. 

55020  cms  eth. 

»  eth.;  s.  chl., 
bz.,  tol.,  CS2 
00  eth. 


v.  s.  eth; 
i.  eth.,  bz; 


si.  s.  eth.,  chl.; 
s.  acet. 

si.  s.  acet. 


i.  eth.,  bz.f 
chl.,  CS2,  H2- 
SO* 


v.  s.  alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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Mol. 

No. 

Name 

Synonyms 

Formula 

Wt. 

8883 

Xanthogenamide. 

See  Carbamic  acid,  thiono-,  ethy 

/  ester. 

8884 

Xanthogenic  acid 

thiolthionocarbonic  acid 
0-ethyl  ester ;  ethylxantho- 
genic  acid 

C2H6OCSSH 

122.20 

8885 

,  ethyl-. 

See  Xanthogenic  acid. 

8886 

Xanthone 

9-xanthenone ;  diphenylene 
ketone  oxide 
See  Euxanthone. 

CO:(C6H4)2:0.... 

196.19 

8887 

,  1,7-dihydroxy-. 

8888 

,  l,7-dihydroxy-3- 

methoxy-.   See  Gentisin. 

8889 

Xeny  lamine 

p-biphenylamine ;  4-amino- 

CeHsCeEUNI^. . . . 

169.22 

biphenyl ;  p-phenylaniline 

8890 

Xenyl  isothiocyanate, 

Xenyl  mustard  oil.   See  I 

sothiocyanic  acid,  xen 

yl  ester. 

8891 

Xylene,  musk. 

See  Benzene,  l-tert-butyl-3,5-di 

methyl-2,i,6-trinitro- 

8892 

o-Xylene 

1,2-dimethylbenzene* 

C6H4(CH3)2 

106.16 

8893 

,  a-bromo- 

o-xylyl  bromide;  w-bromo- 
o-xylene 

CH3C6H4CH2Br. . . 

185.07 

8894 

,  4-bromo- 

as-bromo-o-xylene 

BrC6H3(CH3)2.... 

185.07 

8895 

,  a-chloro- 

o-xylyl  chloride ;  co-chloro- 
o-xylene ;  o-tolyl  chloride 
(incorrect) 

CH3C6H4CH2CI . . . 

140.61 

8896 

,  a,  a'-dibromo- . . . 

o-xylylene  bromide;  o- 
xylylene  dibromide;  u>, 
w  '-dibromo-o-xy  lene 

C6H4(CH2Br)2.... 

263.98 

8897 

,  a,a'-dichloro- 

o-xylylene  (di)chloride;  o>, 
w'-oUchloro-o-xylene 

C6H4(CH2C1)2 

175.06 

8898 

,  dihydro-. 

See  Cantharene. 

8899 

,  3,5-dihydroxy-. 

See  Resorcinol,  4,5-dimethyl-. 

8900 

,  3,6-dihydroxy-. 

See  Hydroquinone,  2,3-dimethy 

1-. 

8901 

,  3,4-dinitro- 

1 ,2-dimethyl-3,4-dinitro- 
benzene 

(N02)2C6H2(CH3)2 

196.16 

8902 

,  3,5-dinitro- 

1 ,2-dimethyl-3,5-dinitro- 
benzene 

(N02)2C6H2(CH3)2 

196.16 

8903 

,  3,6-dinitro- 

2,3-dimethyl-l,4-dinitro- 
benzene 

(N02)2C6H2(CH3)2 

196.16 

8904 

,  4,5-dinitro- 

1 ,2-dimethyl-4,5-dinitro- 
benzene 

(N02)2C6H2(CH3)2 

196.16 

8905 

,  4-ethyl- 

4-ethyl- 1 ,2-dimethylben- 

(CH3)2C6H3C2H6.. 

134.21 

8906 

,  3-nitro- 

zene* 

N02C6H3(CH3)2... 

151.16 

8907 

,  4-nitro- 

N02C6H3(CH3)2... 

151.16 

8908 

m-Xylene 

1,3-dimethylbenzene* 

m-xylyl  bromide ;  co-bromo- 

C6H4(CH3)2 

106.16 

8909 

,  a-bromo- 

CH3C6H4CH2Br. . . 

185.07 

m-xylene 

8910 

,  4-bromo- 

as-bromo-m-xylene 

BrC6H3(CH3)2 

185.07 

8911 

,  a-chloro- 

m-xylyl  chloride;  a>-chloro- 
m-xylene ;  m-tolyl  chlo- 
ride (incorrect) 

CH3C6H4CH2CI... 

140.61 

8912 

,  4,6-dibromo- .... 

4,6-dibromo-l  ,3-dimethyl- 
benzene 
m-xylene  (di)chloride;  a, 

C6H2Br2(CH3)2. . . . 

263.98 

8913 

,  a,  a-dichloro- .... 

C6H4(CH2C1)2 

175.06 

to'-dichloro-m-xylene 

8914 

,  2,4-dihydroxy-. 

See  Resorcinol,  2,4^dimethyl-. 

8915 

,  2,5-dihydroxy-. 

See  Hydroquinone,  2,0-dimethy 

1-. 

8916 

,  4,6-dihydroxy-. 

See  Resorcinol,  4:,6-dimethyl-. 

*Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 


Density 
g/ml 


Melting 
point,  °C 


Boiling 
point,    C 


Solubility  in  grams  per  100  ml  of 


Water 


Alcohol 


Ether,  etc. 


liq. 


wh.  need.  f.  al. 


col.  leaf.  f.  dil. 
al. 


col.  liq., 

1.5077715-5 
Pr 


liq. 
liq. 


rhomb,  cr.  f. 
chl. 

monocl.  f.  pet. 
eth. 


need.  f.  al. . . . 
yel.  need.  f.  al. 
col.  cr.  f.  al.  . 
need.  f.  al 


liq. 


liq.  or  need.  f. 

al. 

yel.  pr.  f.  al. . . 
col.  liq., 

1.4996214-85 


liq. 

liq. 
hq. 


cr 

col.  cr. 


>1 


20 
20 


0.8745- 


381- 


1.988 


1.393- 

4 


0.869^ 
1.14715 


1.139s 
0.86841*; 

0.8641^ 


1.37123 


1.06420 


1.302- 


-53 

174 

53 

-29(-27.1) 

21 

-2 

95 
55 

82 

75-6 

89-90(56) 
115-6 

<-20 

7-9 

30 
-53.6 

(-47.4) 


69-72 
34.2 


24  d. 
351 

302 

144 

217.7 

214 
199 

d. 

241 

exp.  413 


189(183-4) 

245(250.8) 

258 
138.8 

215.8sl.d. 

203 
196 

255-6 
255 


v.  si.  s. 

(1.) 


si.  s.  h. 

si.  s.  c. 

i. 

i. 

i. 
i. 


v.  si. 
v.  si. 

h. 


0.55  c, 
6.71  h 


44.1819-5 

v.  s. 
s. 
v.  s. 

oo 

V.  s. 
v.  s. 

si.  s. 

s. 

s. 

v.  si.  s. 


V.  s. 


v.  s. 


v.-s. 

00 


sl.s.  c, 

s.  h. 
v.  s. 


il.  s.  eth.,  bz., 
Igr. 


v.s.eth.  ;s.chl. 
58^-5  me.  al. 


v.  s.  eth. 
v.  s.  eth. 


v.  s.  eth. 
w  eth. 


20  eth. 

v.  s.  eth.,  chl. 


v.    s.    eth.;   s. 

chl.,  CS2,  bz. 
v.  s.  bz.,  chl.; 

s.  acet. 
s.     eth.,    chl., 

bz.,  acet. 
s.    eth.,     chl., 

CS2,   acet., 

bz. ;  si.  s.  pet. 

eth. 
g.  eth. 


s.  eth. 
v.  s.  eth. 


v.  s.  eth. 

v.  s.  eth. 
00  eth. 


v.  s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


8917 

8918 

8919 

8920 
8921 
8922 
8923 
8924 

8925 

8926 

8927 
8928 

8929 

8930 

8931 
8932 
8933 

8934 

8935 

8936 

8937 
8938 
8939 

8940 
8941 

8942 

8943 

8944 

8945 

8946 

8946M 
8947 

8947M 

8948 

8949 

8950 

8951 

8952 


Name 


m-Xylene,  2,5-dinitro- 

,  4-ethyl- 

-,  5-ethyl- 


,  hexahydro-. 

,  2-nitro- 

-,  4-nitro- 

,  5-nitro- 

,  2,4,6-trinitro-. 


p-Xylene 


-,  a-bromo- 

■,  2-bromo-. 
-,  a-chloro- 


oc,a'-dibromo-. 

a,ce'-dichloro-. 

2,5-dihydroxy-. 
2,6-dihydroxy-. 
2,3-dinitro- 


2,5-dinitro-.. 
2,6-dinitro- . . 
2-ethyl- 


hexahydro-. .  . 

2-nitro- 

2,3,5-trinitro-. 


a,  a'-Xylenediol. 
o-Xylene-4-sulfonic 

acid 
2,3-Xylenol 


2,4-Xylenol. 
2,5-Xylenol. 
2,6-Xylenol. 
3,4-Xylenol. 


2,5,6-tribromo- 


3,5-Xylenol 


,  2,4,6-tribromo- 

vic-o-Xylic  acid. 
sym-m-Xylic  acid. 
p-Xylic  acid. 
2,3-Xylic  acid. 
2,4-Xylic  acid 


Synonyms 


1 ,3-dimethyl-2 ,5-dinitro- 

benzene* 
1-ethy  1-2 ,4-dimethylben- 

zenc* 
l-ethyl-3,5-dimethylben- 

zene* 
See  Cyclohexane,  1,3-dimethyl-, 


1 ,4-dimethylbenzene * 


p-xylyl  bromide;  a>-bromo- 

p-xylene 

eso-bromo-p-xylene 

p-xylyl  chloride ;  o>-chloro- 

p-xylene;  p-tolyl  chloride 

(incorrect) 
p-xylylene  bromide;  p- 

xylylene  dibromide 
p-xylylene  (di) chloride; 

o>,«'-dichloro-p-xylene 
See  Hydroquinone,  2,5-dimethy 
See  Resorcinol,  2,5-dimethylr. 
1 ,4-dimethyl-2,3-dinitro- 

benzene 
1 ,4-dimethyl-2,5-dinitro- 

benzene 
2,5-dimethy  1-1 ,3-dinitro- 

benzene 
2-ethyl-l  ,4-dimethylben- 
zene* 
See  Cyclohexane,  l,4c-dimethyl 


See  Xylylene  glycol. 
3,4-xylenesulfonic  acid. 


2,3-dimethylphenol;  vic-o- 

xylenol 

2,4-dimethylphenol;  as-m- 

xylenoi 
2,5-dimethylphenol;  p- 

xylenol 
2 ,6-dimethylphenol ;  vic- 

m-xylenol 
3,4-dimethylphenol;  as-o- 

xylenol 


3,5-dimethylphenol;  sym-m- 
xylenol 


See  Hemellitic  acid. 
See  Mesitylenic  acid. 
See  Isoxylic  acid. 
See  Hemellitic  acid. 
2,4-dimethylbenzoic  acid; 
os-m-xylic  acid 


Formula 


(N02)2C6H2(CH3)2 

(CH^CeHaCaHs.. 
(CH3)2C6H3C2H6.. 


N02C6H3(CH3)2.. 
N02C6H3(CH3)2.. 
NQ2C6H3(CH3)2. . 
(N02)3C6H(CH3)2 


C6H4(CH3)S 


CH3C6H4CH2Br. 

BrC6H3(CH3)2.. 
CH3C6H4CH2C1. 


C6H4(CH2Br)2.... 

C6H4(CH2C1)2 

U. 
(N02)2C6H2(CH3)2 
(N02)2C6H2(CH3)2 
(N02)2C6H2(CH3)2 
(CH3)2C6H3C2H6.. 


N02C6H3(CH3)2. . 
(N02)3C6H(CH3)2 


(CH3)2C6H3S03H. 

(CH3)2C6H3OH... 

(CH3)2C6H3OH... 

(CH3)2C6H3OH... 

(CH3)2C6H3OH.. . 

(CH3)2C6H3OH... 

(CH3)2C6Br3OH. . 
(CH3)2C6H3OH... 

(CH3)2C6Br3OH. . 


(CH3)2C6H3COOH 


'Name  approved  by  the  International  Union  of  Chemistry. 
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ORGANIC  COMPOUNDS  (Continued) 


Crystalline 

form,  color 

and  index  of 

refraction 

Density 
g/ml 

Melting 
point,  °C 

Boiling 
point,  °C 

Solubility  in  grams  per  100  ml  of 

No. 

Water 

Alcohol 

Ether,  etc. 

8917 

8918 

8919 

8920 
8921 

ylsh.  cr.  f.  al. 

col.  liq 

col.  liq 

liq 

0.8686^ 
0.86120 

1.11215 
1.13515 

0.8611*-* 

4 

1.3237  " 

101 

<-20 

<20 

13 
2 
71 
181.5 

13.2 

38(34-5.5) 
9 

143.5 
100.5 

93 
147 
123-4 
<-20 

185-6 
185 

225 
244 
273.7 

138.5 

220.7 

200 
202 

245 
240-50 

i. 
i. 

i. 
i. 
i. 
i. 

i. 

i. 
i. 

i. 
i. 

i. 

v.  si.  s. 

s. 

s. 

v.  si.  s. 

s. 

s.  h. 

s. 

i. 
si.  s. 

i. 

v.  si.  s. 
h. 

s. 

V.  s. 
s. 

s. 

V.  s. 
0.039  c. 

v.  s. 

V.  s. 
v.  s. 

OO 

V.  s. 
s. 

s.h. 
s.h. 
si.  s. 
si.  s. 

s. 
s.h. 

s. 

OO 

s. 
s. 
s. 

s. 

s. 

V.  s. 
v.  s.  h. 

s.    eth.,    CS2, 

chl.,  bz. 
s.  eth. 

s.  eth. 

8922 

liq 

s.  eth. 

8923 
8924 

8925 

8926 
8927 

col.  need.  f.  al. 

rhomb,  need.  f. 

al.+bz. 

col.  monocl.  or 

Hq., 
1.494223.4 

need,  f .  al 

liq 

v.  s.  eth. 
si.  s.  eth. 

v.  s.  eth. 

v.  s.  eth.,  chl. 
v.  s.  eth. 

8928 

oil 

00  eth. 

8929 

8930 

8931 
8932 
8933 

monocl.  f.  bz. 

monocl.  pi.  or 
leaf. 

monocl.  pr.  f. 
al. 
yel.  need.  f.  al. 

need,  f .  al 

liq 

2.012» 
1.417" 

0.87522 

1. 132*5 
1.5919 

2.652o  eth.;  3. 
h.  chl. 
v.  s.  eth. 

s.    eth.,    chl., 

8934 

bz.,  acet. 
s.  h.  eth.,  bz., 

8935 

acet. 
s.  eth. 

8936 

185 

239.9 
exp.  410 

s.  eth. 

8937 
8938 

ylsh.  liq 

col.  monocl. 
need.  f.  al. 

pi.  f.  dil.  H2SO4 

lng.  need.  f.  w. 

col.  need 

col.  monocl.  f. 
al.+eth. 
col.  leaf 

need,  f .  w 

col.  silky  need, 
need,  f .  w 

col.  need 

col.  monocl 

s.  eth. 

8939 

8940 
8941 

140 

d. 
75 
26 
74.5 

49 
65 

173-74 

68(64) 

166 
126 

si.  s.  eth. 

8942 

1.036? 

1.160? 
4 

1.023- 

15 

218 

211.5 

211.5 

212 

225 

8943 
8944 
8945 

00  eth. 
v.  s.  eth. 

8946 
8946M 

00  eth. 
s.  eth. 

8947 

8947M 

8948 

8949 

8950 

8951 

8952 

219.5 
268 

s.  NaOH 
s.  eth. 

s.  eth.,  bz.,  chl.t 
acet.,  tol. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 


Name 


Synonyms 


Formula 


8953 
8954 

8955 

8956 
8957 

8958 


8959 

8960 

8961 

8962 

8963 

8964 

8965 

8965M 

8966 

8967 

8968 

8968M 


8969 


8970 
8971 
8972 
8973 
8974 
8975 
8976 


8977 

8978 

8979 
8980 
8981 

8982 

8983 
8985 
8986 

8987 

8987M 

8988 


2,5-Xylic  acid. 
2,6-Xylic  acid. 

3,4-Xylic  acid. 

3,5-Xylic  acid. 
2,3-Xylidine.. 


2,4-Xylidine 

2,5-Xylidine 
2,6-Xylidine 
3,4-Xylidine 
3,5-Xylidine 


p-Xy  lohy  droq  uinone. 

o-Xyloquinone 

m-Xyloquinone 

,  3,5-dibromo-  .  .  . 

p-Xyloquinone. 

m-Xylorcinol. 

p-Xylorcinol. 

d- Xylose,  phenylosazone 


i>- Xylose. 


Xylyl  bromide. 
Xylyl  chloride. 
Xylylene  alcohol. 
Xylylene  bromide. 
Xylylene  chloride. 
Xylylene  cyanide. 
o-Xylylene  glycol . 


m -Xylylene  glycol 
p-Xylylene  glycol . 


Yara-yara. 

Yellow  cross  liquid. 

Yohimbine 


,  hydrochloride(d) . 

,  nitrate 

Yperite. 

Zinc,  diethyl-*. . . 


See  Isoxylic  acid. 
2,6-dimethylbenzoic  acid; 

vic-m-xylic  acid 
3,4-dimethylbenzoicacid;  as- 

o-xylic  acid ;  paraxylic  acid 
See  Mesitylenic  acid. 
2,3-dimethylaniline;  vic- 

o-xylidine 
2,4-dimethylaniline;  as-m- 

xylidine 


2,5-dimethylaniline;  p- 

xylidine 
2,6Klimethylaniline;  vic- 

m-xylidine 
3,4-dimethylaniline;  as-o- 

xylidine 
3,5-dimethylaniline;  sym- 

wi-xylidine 
See  Hydroquinone,  2,5-dimethy 

2,3-dimethylquinone 

2,6-dimethylquinone 


See  Phlorone. 

See  Resorcinol,  4,6-dimethyl-. 
See  Resorcinol,  2,5-dimethyl-. 
D-xylosazone;  D-lyxosazone . 


wood  sugar. 


(CHs^CeHsCOOH 
(CHs^CeHsCOOH 

(CH3)2C6H8NH2... 
(CH3)2C6H3NH2... 

(CH3)2C6H3NH2... 
(CH3)2C6H3NH2... 
(CH3)2C6H3NH2... 
(CH3)2C6H3NH2... 

Jr. 

(CH3)2C6H202.... 

(CH3)2C6H202 

(CH3)2C6Br202. . . . 

CnH»N40i 

CsHioOs 


,  dimethyl-* 

Zinc  ethide. 
Zinc  methide. 


See  Xylene  ct-bromo-. 
See  Xylene,  oc-chloro-. 
See  Xylylene  glycol. 
See  Xylene,  <x,a'-dibromo-. 
See  Xylene,  a,a'-dichloro-. 
See  Benzenediacetonitrile. 
a,«'-o-xylenediol;  1,2-ben- 

zenedicarbinol ;  o-xylylene 

alcohol;  phthalyl  alcohol 
a-a'-m-xylenediol;  1,3-ben- 

zenedicarbinol ;  m-xylylene  al 
a,a'-2>-xylenediol ;  1,4-ben- 

zenedicarbinol ;  p-xylylene  al 
See  Ether,  methyl  2-naphthyl. 
See  Sulfide,  /3,  fi'-dichloroethyl. 
corynine 


corynine  hydrochloride ; 
aphrodine  hydrochloride 


See  Sulfide,  /3,  fi'-dichloroethyl 
zinc  ethyl;  zinc  diethyl; 
zinc  ethide 
zinc  methyl ;  zinc  methide 
See  Zinc,  diethyl-*. 
See  Zinc,  dimethyl-*.       


C6H4(CH2OH)2. 


C6H4(CH2OH)2... 
cohol 

C6H4(CH2OH)2... 
cohol 


C2iH26N203 

C2iH26N203HCL. 
C2iH26N203HN03 

Zn(C2H6)2 

Zn(CH3)2 


''Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


col.  need.  f.  lgr. 
col.  pr.  f.  al... . 

liq.,  1.570 

liq.,  1.559. .... 

oil „ .» .» ... 

col.  liq.,  1.561 

monocl.  tab.  f. 

,lgr' 

liq.,  1.558 


yel.  need 

yel.  need 

yel.  pi 


bright  yel. 
rhomb,  need. ; 
1.725,1.760, 
1.805; 
[aJglO.9  (al.) 

wh.  rhomb, 
need.;  1.517, 
1.544,1.546 


pi.  f.  eth 

col.  cr.f.  bz...,. 
need....„ r. 


col.  need.  f.  w. 
+al. 
col.  cr 


col.  pr. 


col.  liq.  ign.  in 
air 
col.  liq.  ign. . . 


Density 
g/ml 


0.99115 

0.974^; 

0.9761^ 

0.98015 

0.979 

1.076 

0.9722f, 
0.9935° 


0.85  (in 
al.) 


20 

1.525y 
1.535° 


1.161" 


1.18218 
1.38610 


Melting 
point,  °C 


116 
165-6 

<-15 


15.5 


49 


55 

73 
174 


160; d.  167 


153(144) 


62.0-4.8 

46-7 
115-6 

248(231) 
295-300  d. 
276 
-28 
-40 


Boiling 
point,    C 


274.5 
subl. 

223.8 
216 

217 
216.9 
226 
221 


subl. 
subl. 


118 
46 


Solubility  in  grams  per  100  ml  oi 


Water     Alcohol       Ether,  etc 


si.  s.  h. 

v.  si.  s. 
v.  si.  s. 

v.  si.  s. 
i. 

si.  s. 
si.  s. 


117s 


s. 

V.  s. 
v.  s. 

v.  si.  s. 


V.  s. 
s. 

0.980 


6.22° 
80% 


v.  s. 


v.  s.  eth. 
s.  eth.,  bz. 

v.  s.  eth. 
s.  eth.,  bz. 

s.  eth. 
s.  eth. 
v.  s.  lgr. 


s.  eth. 
s.  eth. 

s.  eth.,  acet. 
v.  si.  s.  eth. 


17.9  eth. 

s.  eth. 
v.  s.  eth. 

s.  eth.,  chl.,  bz. 


s.  eth. 
«3  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 

1129 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

64  Z 
71Z 

83M 
83T 

87M 
107W 

Acetanilide,  m-ethoxy 

,  m-methoxy-. 

,  a-trichloro- 

m-Acetaniside 

Acetic  acid,  acetonyl  este 
,  vinyl  ester 

-.    See  m-Acetophenetide. 
See  m-Acetaniside. 

trichloroacetic  anilide 

JV-acetyl-m-anisidine;  m- 

methoxyacetanilide 

r.  _  See  Acetol,  acetate. 

vinyl  acetate;  ethenyl 

ethanoate* 
See  Naphthaleneacetic  acid. 
trimethylamine-a,  a,  a"- 

tricarboxylic  acid;  trigly- 

colamidic  acid;  triglycol- 

lamic  acid 
acetonyl  acetate;  acetoxy- 

acetone;  acetylmethyl 

acetate 

See  Acetol,  acetate. 
See  Z-Pentanone,  2,2,4,4-fefra 
JV-acetyl-w-phenetidine; 

m-ethoxyacetanilide 
methoxy-.    See  Acetoveratr 

CClsCONHCeHs... 
CH3CONHCcH4- 
OCH3 

CH3COOCH.CH2 
N(CH2COOH)3.... 

CH3COOCH2. 
COCH3 

methyl-*. 
CH3CONHC6H4- 
OC2H5 
one. 
CH3COC6H4N- 
(CH3)2 

CH3COC6H4N- 
(CH3)2 
CH3COC6H4OH... 

CH3COC6H4OH... 

CH3COC6H4OCH3. 
CH3COC6H4OCH3. 
CH3COC6H4CH3... 

CH3COC6H2(OH)- 

OCH3 
CH3COC6H3- 

(OCH3)2 
hylbutylamino 

(HO)2C6H3CH2CH- 
(NH2)COOH 

acid. 
C16H32O6 

238.51 
165.19 

86.09 

164F 
164T 

207C 

,  naphthyl-. 

,  nitrilotri- 

Acetol,  acetate 

191.14 
116  11 

222M 
238M 
263W 

285M 
285Q 

285R 

Acetone,  acetoxy-. 

,  hexamethyl-. 

m-Acetophenetide. .  . . 

Acetophenone,     3,4-di 
,  m-dimethyl- 

amino- 
,  p-dimethyl- 

amino- 
,  o-hydroxy- 

,  m-hydroxy- 

,  4-hydroxy-3-met 

,  o-methoxy- 

,  m-methoxy-.  . . . 

,  o-methyl- 

Acetovanillone 

Acetoveratrone 

Acridine,    6-chloro-9-( 

Acrylonitrile,  a-methy 

Alanine,     /S-(3,4-dihy- 

droxyphenyl)-(/) .... 

,   /3,    /3'-methylene 

Aleuritic  acid 

Amphetamine 

Amyl  phosphate  (n) . . . 

Androstane,  3(a) -hydr 
3-Androstenone,    17-h 
Androsterone 

179.21 
163  21 

163  21 

286W 

o-acetylphenol 

136  14 

286X 

m-acetylphenol 

136.14 

288F 
293X 

293Y 

294X 

312M 

312T 

372M 
406E 
419S 

425F 
441M 

hoxy-.     See  Acetovanillone. 
o-acetylanisole ;  o-anisyl 

methyl  ketone 
w-acetylanisole ;  m-anisyl 

methyl  ketone 
methyl  o-tolyl  ketone 

4-hydroxy-3-methoxyace- 
tophenone;  apocynin 
3,4-dimethoxyacetophenone . . 

4-diethylamino-l-met 

1-.     See  Methacrylonitrile. 
i-2-aminc~3-(3,4-dihydroxy- 

phenyl) propanoic  acid; 

/-dopa 
dithiodi-.     See      Djenkolic 
9 , 1 0, 1 6-tr  ihy  droxyhexa- 

decanoic  acid*;  0,  t,  o,  -trihy- 

droxypalmitic  acid 
c#-a-methylphenethylamine ; 

rf/-2-phenylisopropylamine ; 

Benzedrine 
tri-n-amyl  phosphate 

Oxy-17-keto-.     See  Andros 

ydroxy-.     See  Testosterone. 
3(a)  -hydroxy-1 7-ketoan- 
drostane 

150.17 
150.17 
134.17 
165.16 
180.20 

197.19 

304.42 

522M 

555M 

562F 
562L 
562Q 

C6H5CH2CH- 
(CH3)NH2 

(C5Hll)3P04 

terone. 

135.20 
308.39 

290  43 

Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE 


No. 


64Z 
71Z 
83M 
83T 

87M 
107W 

164F 
164T 


207C 

222M 
238M 
263W 

285M 
285Q 

285R 

286W 

286X 

288F 
293X 

293Y 

294X 

312M 

312T 

372M 
406E 
419S 


425F 
441M 


552M 


555M 

562F 
562L 
562Q 


Crystalline 

form,  color 

and  index  of 

refraction 


sc 

nd.  or  If. 


col.  liq.,  1.3953 
sm.  pr 


col.  liq.,  1.415 


lf.f.w. 


col.  cr. 
col.  cr. 


col.  liq., 
1.55821-8 

ycl.  powd . 


yel.  liq. 


col.  liq. 
1.54315.35 

col.  liq. 

1.53512-7 
pr.  f.  h.  w 

pr.  f.  dil.  al 

methoxy-.  S 

nd.  or  pr.  f.  w.  . 


Density 
g/ml 


0.9317 


1.075 


1.130720-8 


If.  or  nd 


liq. 


col.  liq. 


If.  or  nd.; 
[a]  +  94. 
(in  al.; 


1.094319 
1.0201— 

4 


ee  Quinacrin 


0.9497^ 

4 


Melting 
point,  °C 


95-7 
80-1 


100.2 


258-9  d. 
(246  d.) 


96 

42-3 
110.5 


99 


115 
51 

280 

101(102) 


185-5.5 
(184-5) 


Boiling 
point,  °C 


72.3765 


174-5;  65" 


14813 

108-1012 

106-717 


245 
239 


92 


!M 


295-300; 
233-515-20 
205-710~15 


203  (295): 
63-47 

158-636 


Solubility  in  grams  per  100  ml  of 


Water 


2.5 


0.135; 

3.3100 


v.  s.  h. 
si.  s. 
v.  s.  h. 


s.h. 
s.h. 

0.5 


v.  si.  s. 


Alcohol       Ether,  etc. 


V.  s. 


s.  eth. 


v.  s.  eth. 

v.s.eth.;  v.s.h. 
pet.  eth. 
s.  eth.,  ac.  a. 

v.  s.  eth.,  chl.f 
ac.  a.,  bz.; 
i.  lgr. 


s.  eth.,  bz., 

chl.;  si.  s.  lgr. 
s.  eth.,  bz.,  chl. 


i.  eth.,  s.alk.,a. 


s.  eth.,  tol. 

CS2 


s.  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 


716V 
718M 
726M 
870M 
933M 
935M 
950C 
950E 
950H 


950J 


952M 
1032M 
1062M 
1112M 
1255M 
1384M 


1540B 
1540D 
1540F 
1540H 
1540Q 
1540T 
1540W 

1540Y 

1561M 

1602J 
1669M 

1686M 
1687M 

1719M 

1725M 

1737M 
1813M 
1818M 

1841M 


Name 


Anisole,  acetyl-. 

,  p-anisoyl-. 

,  thio-. 

Apocynin. 
Atabrine,  Atebrin. 
Atophan. 

Auxenetriolic  acid. 
Auxenolonic  acid. 
Auxin  a 


Auxin  b. 


5-Azepotetrazole,    6,7, 
Benz[y]aceanthrene. 
Benzaldehyde,   4-hydr 
Benzedrine. 
Benzene,  methylthio-. 
Benzenesulfonic  acid, 
3,1-dichloro-,  dihydrate 

Benzoic  acid,  3,5- 
dinitro-,  amyl  ester 

— ,  benzyl  ester 


,  butyl  ester 

,  ethyl  ester .... 

— ■ — ,  isopropyl  ester . 

,  methyl  ester .  . 

,  phenyl  ester. . . 


propyl  ester(n) , 


,  4-hydroxy-3,5- 

dimethoxy-. 

,  m-sulfo-,  dichlorid 

Benzophenone,    p,pf- 

dimethoxy 
Benzopyran,  dihydro-. 
Benzo[a]pyrene,  1,2- 

Benzopyrene 
2-Benzoxazolol 


Benzoyl  chloride, 

m-chlorosulfonyl- 
Benzpyrene. 
3,3'-Bicoumarinyl. 
Bicyclohexyl 


Bio  tin 


Synonyms 


See  Acetophenone,  methoxy- 

See  Benzophenone,  p,p'-dimeth 

See  Sulfide,  methyl  phe™^- 

See  Acetovanillone. 

See  Quinacrine,  dihydrochlori 

See  Cinchoninic  acid,  2-phenyl 

See  Auxin  a. 

See  Auxin  b. 

auxenetriolic  acid;  3-5-di-sec- 
butyl-a,/3, 5-trihydroxy-l- 
cyclopentenevaleric  acid 

auxenolonic  acid  3,5-di-sec- 
butyl-  5-hydroxy-jS-oxo-2- 
cyclopentenevaleric  acid 
8,9-tetrahydro-.     See  M 

See  Cholanthrene. 
oxy-3,5-dimethoxy-.  Se 

See  Amphetamine. 
*See  Sulfide,  methyl  phenyl. 


See  Syringic  acid. 

i.     See  Benzoyl  chloride,  m-chlo 
-p-anisoylanisole 


See  Chroman. 
3,4-Benzpyrene . 


2-hydroxybenzoxazole ; 
2(3)-benzoxazolone 
(tautomer) ;  oxycarbanil 

m-sulfobenzoyl  dichloride. . . 

See  Benzopyrene. 
See  Dicoumarin. 
Dicyclohexyl;  dodecahydro- 
biphenyl 


hexahydro-2-oxo-l-thieno- 
[3,4]imidazole-4-valeric  acid; 
vitamin  H;  coenzyme  R 


Formula 


oxy-. 
de. 

C18H32O5 
C18H30O4 . 


etrazol. 

e  Syringaldehyde. 

Cl2C6H3S03H.2H20 


(N02)2C6H3- 

COOC5H11 
(N02)2C6H3COO- 

CH2C6H5 
(N02)2C6H3COO- 

C4H9 
(N02)2C6H3COO- 

C2H5 
(N02)2C6H3COO- 

C3H7 
(N02)2C6H3COO- 

CH3 
(N02)2CgH3COO- 

CeHs 

(N02)2CtiH3COa 
C3H7 


rosulfonyl.- 
(CH3OC6H4j2CO. 


C2oHi2 
C6H4OC(OH):N. 


C1S02C6H4C0C1... 


CeHnCeHn. 


CioHi6N2OaS. 


Name  approved  by  the  International  Union  of  Chemistry. 
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Crystalline 

form,  color 

and  index  of 

refraction 


hex.  cr.  [a]  — 
3.19°  (ale.) 

cr.  [a]  -  2.8° 


monocl.  nd., 

1.488,  1.621 
monocl.  nd., 

1.560,  1.576 
monocl.  nd., 

(0)1.609 
monocl.  pi., 

1.382,  1.780 
col.  rods, 

1.505,  1.690, 

>  1.740 
monocl.  pi., 

1.486,  1.603 


wh.  nd, 


It.  yel.  nd. 
nd 


col.  liq.  1.4766 


lng.  nd. 


Density 
g/ml 


0.864420 


1.41 


Melting 
point,  °C 


196 


183 


69-70 

(71-2; 

46 

112 

63 

93 

122 

108 

145.8 

73 


144 

(176-7) 
141-2(137) 

20.4 
3.65 
230-2 


Boiling 
point,  °C 


310-12W 
>360 

153-47 
234 


Solubility  in  grams  per  100  ml  of 


Water 


si.  s. 


V.  s. 


1. 

si.  s. 


<0.01 


Alcohol 


s.h. 


s.  h. 

s.h. 
s.h. 
s.h. 
s.h. 

s.h. 


v.  s.  h. 


oo  (abs. 
al. 

above 
23.4) 


Ether,  etc. 


si.  s.  eth.,  i. 
pet.  eth. 


v.  s.  eth.;  i.  c. 
chl.;  si.  s.  h. 
chl. 


v.  s.  eth. 


v.  s.  chl.,  bz. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

1877M 
1983M 
199 1M 

Biphenyl,   dodecahydr 

Bromoprene. 

1,3-Butadiene, 

2-bromo-* 
Butane,  1-butoxy- 

3-methyl-*. 

,   l-(2-methylprop 

,  3-methyl-l-prop 

,  1-propoxy-*. 

2,3-Butylene  glycol. 
tert-Butyl  ketone. 
Butyl  phosphate  (n) .  . 

Butyric  acid,  a-amino- 

,  a-amino-Y-(guan 

,  a-amino-  a-hydr 

Can  ali  ne 

o-.    See  Bicyclohexyl. 
See  l,Z-Butadiene,  2-bromo-*. 
bromoprene 

CH2:CBrCH:CH2.. 

butyl, 
opyl. 

n  Table. 
methyl-*. 
(C4H9)3P04 

aline. 

H2NOCH2CH2CH- 
(NH2)COOH 

CH4N3OCH2CH2- 
CH(NH2)COOH 

C2iH3o02 

C2iH2602 

C20Hi4 

133  00 

2008M 

2036F 

2036J 

2039M 

2177F 

2186Q 

2193M 

2239F 
2239M 
2239Q 
2328F 

See  Ether,  butyl  isoamyl. 

oxy)-*.     See  Ether,  butyl  iso 
oxy-*.     See  Ether,  isoamyl  pr 
See  Ether,  butyl  propyl. 
See  2,3-Butanediol  in  the  Mai 
See  Z-Pentanone,  2, 2,4,4-f etra 
tri-n-buty  1  phosphate 

7-(aminooxy)-.    See  Can 

idooxy)-.     See  Canavanine. 
oxy-.     See  Threonine. 
a-amino-7-(amino6xy)  - 
butyric  acid 
a-amino-y-(guanidooxy)- 
butyric  acid 

266.32 
134.14 

2328M 

Canavanine 

176.18 

2329M 

Cannabidiol 

314.45 

2329Q 

Cannabinol 

3-amyl-l-hydroxy-6,6,9- 

trimethyl-5-dibenzopyrone 
hio-.     See  Dithizone. 
See  Metrazol. 
See  l-Hexadecanethioi*. 
benzfjjaceanthrene 

310.42 

2446J 
2595M 
2652M 
2690M 

Carbazone,    diphenylt 

Cardiazol. 

Cetyl  mercaptan. 

Cholanthrene 

254.31 

2690T 

Cholanthrene,  3- 

methyl-. 
Chroman 

,  6-hydroxy-2,5   (o 

Cinchoninic  acid 
2-phenyl- 
Cincophen. 
Citrulline 

Coenzyme  B. 
Coniferin,  methoxy-. 
Coronene 

20-methylcholanthrene 

3,4-dihydro-l,2-benzopyran; 

2,3-dihydro-l,4-benzopyran 

r   7),   8-trimethyl-2-(4, 

cincophen;   atophan;   quino- 

phan 

See  Cinchoninic  acid,  2-pheny 
a-amino- 5-ureido valeric  acid; 

N  5-carbamylornithine ; 

5-ureidonorvaline 
See  Biotin. 
See  Syringin. 

268.34 

2698M 

134.17 

2698T 
273 1R 

2731W 
2799M 

2810M 
2827M 
283  7  J 

8,  12-trimethyl 

C6H5C9H5NCOOH. 

1: 

H2NCONH(CH2)3- 
CH(NH2)COOH 

C24Hi2 

C2iH30O4 

249.26 
175.19 

300.34 

2837M 

Corticosterone 

1,3-Cyclobutanedicarb 
2-Cyclohexen-l-one,  3, 
Cyclopentane,  methyl- 

2-Cyclopentenevaleric 
1-Cyclopentenevaleric 
DDT. 

1-Decanethiol* 

cis-5-Decene* 

1 1 ,21-dihydroxyprogesterone . 

oxylic  acid,  bis-(o-hydro 
5,5-trimethyl-*.    See  Iso 

346.45 

2975J 

3035M 

3047M 

xy phenyl)-,  dila 

phorone. 

ctone. 
84.16 

3060M 
3060P 
3094F 
3104M 

acid,  3,5-di-sec-butyl-5 
acid,  3,5-di-sec-butyl  a, 

See  Ethane,  l-trichloro-2,2-bis 
n-decyl  mercaptan 

-hydroxy-/S-oxo 
/3,5-trihyrdoxy.- 

(p-chlorophenyl)-. 

CH3(CH2)9SH 

[CH3(CH2)3CH:]2.. 
[CH3(CH2)3CH:]2.. 
acid. 

— • 
174.34 

3117M 

cis-l,2-dibutylethylene 

frans-l,2-dibutylethylene.  .  .  . 
xylic  acid.    See   Traumatic 
See  1-Decanethiol*. 
deoxycorticosterone ; 
2 1-hydroxyprogesterone 

140.26 

3117N 
3117T 
3130M 
3141J 

£rans-5-Decene* 

l-Decene-l,10-dicarbo 
n-Decyl  mercaptan. 
Desoxycorticosterone. . 

140.26 
330.45 

Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


1877M 
1983M 
1991M 

2008M 

2036F 

2036J 

2039M 

2177F 

2186Q 

2193M 

2239F 
2239M 
2239Q 
2328F 

2328M 

2329M 

2329Q 

2446J 

2595M 

2652M 

2690M 

2690T 

2698M 

2698T 
2731R 

2731W 
2799M 


2810M 
2827M 
2837J 
283  7M 


2475J 

3035M 

3047M 

3060M 
3060P 
3094F 
3104M 
3117M 
3117N 
3117T 
3130M 
3141J 


Crystalline 

form,  color 

and  index  of 

refraction 


liq.,  1.4988. 


Density 
g/ml 


Melting 
point,  °C 


1.397 


col.  liq 0.972' 


.".' 


Boiling 
point,  °C 


42-3165 


nd.  f.  al.; 
r]2i  -  8.31° 


-  2S9; 
160-2" 


214  d. 

'  184 


cr.  f.  al.; 
[«]  +  7.9° 
rods  f.  pet.  eth      '■  66-7 


pi.  or  If.;  [a] 
148°  (ale.) 


76-7 


pa.  yel.  If 173(170-1) 


pa.  yel.  nd 176.5-7.5 

liq.  1.544 1.064 

tridecyl.)  See1  Tocopherol. 


214-57*9; 

9512 


sm.  wh.  nd. 

pr.;[a]+3.7° 


yel.  nd 

pi.  or  nd.;  [a]* 

+  222°  L 

(in  al.) 
See  Dicoumarv 


col.  liq., 
1.409820 
See  Auxin  b. 
See  Auxin  a. 

col.  liq.,  1.4558 
col.  liq.,  1.4252 
col.  liq.,  1.4235 


[a]22  178°  (in 
al.) 


0.7488 


0.7445 
0.7401 


209(212-3) 
222 


437-40 
181-2 

(177-9) 


■142.4 


-112 
-73 


141-2 


71.8 


132-4*0 
169.5739 
170.2739 


Solubility  in  grams  per  100  ml  of 


Water 


187  -902 

1S50-03 


s.  h. 


1.  c, 
s.  h. 


O.S 


Alcohol 

Ether,  etc. 

s. 

s.  eth. 

s. 

3.  eth.,  tol., 

CS2 

3. 

3.  eth.,  bz., 

chl. 

3. 

s.  alk. 

i. 

OO 

S. 

OO 

OO 

si.  s. 

S. 

org.  3olv. 


:.  eth.;  0.25 
chl.;  si.  3.  bz. 


s.  h.  bz. 


oo  eth.,  bz. 


s.  eth. 
oo  eth. 
oo  eth. 


s.  acet. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

3192M 

5-Dibenzopyrone,    3-a 

myl-l-hydroxy-*>,6,9-tr 

imethyl-.    See  C 

annabin 

3208L 

Dicoumarin  (Ciamician, 

3 , 4  -  bis  ( o-  hy  dr  oxy  phenyl)  - 

C1SH12O4 

292. 2S 

Silber) 

1,2-cyciobutane 
dicarboxvlie  dilactone 

3208M 

Dicoumarin  (Fittig, 

SjS'-bicoumarinv] 

290.25 

Dyson) 

3208N 

Dicoumarin  (Strom) 

2,4-bis(o-by  droxy  phenyl)  - 

C18H12O4 

292.28 

1,3-cyclobutanedicarboxylic 
dilactone 

3210M 

Dieyclohexyl. 

See  Bicydohexyl. 

3376M 

Dithizone ...... 

phenylazothionoformic 
phenylhydrazide;  formazyl 
mercaptan ;  diphenylthio- 
carbazone 

C6H5N:NCSNHN- 
HGiHs  or  CeHs- 

N:NC(SH):NN- 
HCgH5 

256.32 

3382M 

Djenkolic  acid . .  . 

3,3'-methylenedithiobis- 
(2-aminopropanoic  acid); 
fr/S'-methylenedi- 
thiodialanine 

CH2(SCH2CHNH2- 
COOH)2 

254.32 

3389M 

I>odecanamide*. 

See  Lauramide. 

3393M 

1-Bodecanethiol* 

n-dodecyl  mercaptan 

CH3(CH2)nSH.... 

202.39 

3398F 

3-Dodecenedioic  acid*. 

See  Traumatic  acid. 

3400C 

Dodceylamine,  hydro- 
chloride 

dodecylammonium  chloride 

CH3(CH2)uNH3Cl 

221.81 

3401M 

n-Dodecyl  mercaptan, 

See  1-Dodecanethiol*. 

3402W 

Dopa. 

See  Alanine,  fi-(3,4-dihy  droxy 

phenyl)-. 

3445D 

Enanthonitrile 

heptanenitrile*;  rz-hexyl 
cyanide 

CH3(CH2)6CN 

111.18 

3478M 

Estradiol 

diol;  dihydroxyestrin; 
dihydrotheelin ; 
dihydromenformone 

CigH2402 

272.37 

3479F 

Ai.3,5uo).Estratriene- 

3,17-diol.     See  Estradiol 

3479J 

Estrin,  dihydroxy-. 

See  Estradiol. 

3479M 

,  trihydroxy-. 

See  Estriol. 

34790 

Estriol 

oestriol;  theelol;  tri- 
hydroxyestrin 

Ci8H2403 

288.37 

3479T 

Estrone 

oestrone;  theelin; 
menformone 

CisH^C^ 

270.36 

3502F 

Ethane,  1  -ehioro- 

CH3CH(C1)N02... 

109.52 

1-nitro-* 

3509M 

,  dichlorodi- 

phenyltrichloro-. 

See  Ethane,  l,\,\-trichloro-2,2 

-bis-(p-chlorophenyl)- 

3  555  J 

,  1,1,1-trichloro- 

2,2-bis(p-chloro- 
phenyl)- 

dichlorodiphenvltrichloro- 
ethane;  DDT 

CC13CH(C6H4C1)2.. 

354.50 

3578M 

Ethaneorthosiliconic 
acid,  triethyl  ester 

triethoxyethylsilicane 

C2HoSi(OC2H6)3.... 

192.30 

3578Q 

,  trimethyl  ester 

ethyltrimethoxysilicane 

C2H5Si(OCH3)3. . . . 

150.22 

3680J 

Ether,  butyl  isoamyt. . 

l-butoxy-3-methvlbutane*. . . 

C4H9OC5H11 

144.25 

3680Q 

,  butyl  isobutyl  .  . 

1  -( 2-met  hy  lpr  opoxy )  - 
butane* 

CH3(CH2)3OCH2- 
CH(CH3)2 

130.22 

3682M 

,  butyl  propyl 

1-pr  opoxy  butane* 

CH3(CH2)20- 
(CH2)3CH3 

116.20 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


3192M 
3208L 


3208M 
3208N 


3210M 
3376M 


3382M 


3389M 
3393M 
3398F 
3400C 


3401M 
3402W 
3445D 


3478M 


3479F 
3479J 
3479M 
3479Q 


3479T 

3502F 

3509M 
3555J 

3578M 

3578Q 
3680J 
3680Q 

3682M 


ol. 


Crystalline 

form,  color 

and  index  of 

refraction 


If.  f.  glac.  ac.a. 


nd.  f.  glac. 

ac.  a. 
nd.  or  If.  f. 

glac.  ac.  a. 


bl.  blk.  cr. 


nd.;M2«- 
44.5° 


col.  liq.,  1.4589 


Density 
g/ml 


col.  cr. 


1.4103730 


(«)[«]  +  81° 
(ale); 

(0[«]18  + 
56.7°  (ale.) 


M  +  30° 
[a]  -  167c 
liq.,  1.423 

nd.  f.  a!.. 


0.80176^ 

4 


liq. 
liq. 

liq. 


1.258, 


0.9281 
0.9747° 
6.763*  * 

0.7773 


Melting 
point,  °C 


Boiling 
point,  3C 


262 

>330 

>275 


300-50d. 


d.  >  150 


14315 


-65  I  186.1; 

74 .  716 


(a)  170-8 
(0)222 


281 


107 


124-5758 


158-60 

125-6 

157750 

131.5-32 
117 


Solubility  in  grams  per  100  ml  of 


Water 

Alcohol 

Ether,  etc. 



i. 

i.  eth.,  bz.;  v. 

sl.  s.  chl. 

i. 

si.  s. 

sl.  s.  eth.; 
s.  chl.,  alk. 

i. 

s. 

.s.  eth. 

0.425; 

20.020 

i.  eth.;i.°-4o, 

33.3™ 

6640 

6.250,  46. 570 

7760 

157po 

bz. 

IO3100 

(95%) 

v.  si.  s. 

=0  abs., 

00  eth.,  bz., 

95% 

CCU,  chl., 
acet.,  ac.  a., 
me.  al. 
meCN 
(a)  s.  pet.  eth. 

Sl.  8. 

s.  pyr.;  sl.  s. 
me.  al.,  pet. 
eth. 

0.002 

v.  sl.  s. 

s.  pet.  eth. ; 
sl.  s.  acet. ; 
v.  sl.  s.  bz. 

O.420 

s. 

s.  eth.,  glycols, 
esters,  min. 
oil 

i. 

s. 

s.  eth.,  bz. 





s. 

s. 

00  eth. 

' 

s. 

»  eth. 

!•• 

s. 

co  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 


3690M 
3709M 
3751J 
3  753  J 

3755F 

3815M 
3821M 
3833M 
3881M 

4015M 
4046F 
4070M 
4140M 
4143J 

4157M 
4160M 
4204F 


4204K 

4400M 
4475M 
4522M 
4532M 

4538M 
4569M 
4623A 

4623B 

4628A 

4628B 

4643M 
4649F 

4658J 

4675J 

4882M 

4884M 


4950M 
4950T 
4996F 

5026M 
5053M 


Name 


Ether,  2-chloroethyl  p 

,  difurfuryl. 

,  isoamyl  propyl. 

,  isobutyl  propyl. 

,  isopropyl  propyl 


Ethylene,  l-butyl-2-et 

,  1,2-dibutyl-. 

,  1,2-dipropyl-. 

Ethylenediamine, 

W,7V-diethyl- 
Formazyl  mercaptan. 
Formic  acid,  phenylaz 

Fumaryl  chloride 

Furfuryl  alcohol,  tetra 
Furfuryl  ether 


Gallaldehyde,  3,5-dim 
Gallic  acid,  3,5-dimethyle 
Glucurone 


/3-D-Glucuronic  acid 


Guanidine,    1-sulfanil 
Heptanenitrile*. 
Heteroauxin. 
1-Hexadecanethiol*. .  . 

n-Hexadecyl  mercapta 
Hexane,  1-hexylthio-*. 
cis-2-Hexene* 


£rans-2-Hexene* 

c/s-3-Hexene*. . . 

^rans-3-Hexene* 

n-Hexyl  cyanide. 
Hexyl  sulfide 


Synonyms 


henyl.     See  Phenetole,  p-chlo 
See  Furfuryl  ether. 
3  -methyl- 1  -propoxy butane  * 
2-methyl-l-propoxypropane* 

2-propoxy propane* 


hyl-.     See  Z-Octene* 
See  5-Decene. 
See  i-Octene*. 


See  Dithizom. 
othiono-,  phenylhydrazide. 

frans-butenedioyl  chloride* 
hydro-,  stearate.     See  Steari 

difurfuryl  ether;  di-cx- 
furfuryl  ether 
ethyl  ether.    See  Syringal 
ther.     See  Syringic  acid. 

glucuronic  acid  lactone 


Formula 


Mol. 
Wt. 


C3H70CtHn 130.22 

(CH3)2CHCH20-        116.20 

(CH2)2CH3 
(CH3)2CHOCH2-        102.17 

CH2CH3 


H2NCH2CH2N- 

(C2H6)2 


116.20 


yl-.     See  Sulfaguanidine. 

See  Enanthonitrile. 

See  Z-Indoleacetic  acid. 

cetyl  mercaptan;  n-hexa- 
decyl  mercaptan 
n.    See  1-HexadecanethioV 

See  Hexyl  sulfide. 


See  Dithizone. 

(C1C0CH:)2 J  152.97 

c  acid,  tctrahydrofurfu  ryl  ester. 
(C4lI30-CH2)20  . .  .     178.18 


dehyde. 

CsHsCUCOO. 

1 1 


176.12 


C6H9O5COOH 194.14 


/-Histidine,  bis-3,4- 
dichlorobenzenesulfonate 

Hydantoin,  5,5-di- 
phenyl- 

Indole,  1,3-dimethyl- 


3-Indoleacetic  acid.  .  . 


Isobutenol. 
Isobutenyl  chloride. 
Isobutyric  acid,  a- 
hydroxy-,  ethyl  ester 
Isocrotyl  chloride. 
Isohemipinic  acid. . 


See  Enanthonitrile. 
di-n-hexyl  sulfide ; 
1-hexylthiohexane  * 


.V-methylskatole. 


heteroauxin;  indole-/3-acetic 
acid 

See  2-Propen-l-ol,  2-methyl-*. 
See  Propene,  Z-chloro-2-methyl 


See  Propene,  l-chloro-2-met 
4,5-dimethoxyisophthalic 
acid 


CH3(CH2)i5SH. 


CH3CH:CHCH2- 

CH2CH3 
CH3CH:CHCH2- 

CH2CH3 
CH3CH2CH:CH- 

CH2CH3 
CH3CH2CH:CH- 

CH2CH3 


258.49 

84.16 
84.16 
84.16 
84.16 


[CH3(CH2)5]2S I  202.39 


CgH9N302- 
(C12CgH3S03H)2 
Ci5Hi2N202 


CcH4N(CH3)CH:C- 

(CH3) 
CsHcNCHzCOOH.. 


(CH3)2COHCOO- 
C2Hs 

(CII30)2C6H2- 
(COOH)2 


609.29 
252.26 
145.20 

175.18 

132.16 
226.18 


Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


3690M 
3709M: 


Crystalline 
form,  color 
and  index  of 


Density 
g/ml 


Melting 
point,  °C 


3751J 

liq 

3753J 

liq 

o755F 

liq 

3815M 

3821M 

3833M 

3881M 

liq 

0.827^ 

4015M 

4046F 

4070M 

1.500'8 

1.410 

4140M 

4143J 

col.  liq.,  1.5088 

1.1405;or 

1.1377 

4157M 

0 

4160M 

4204F 

monoel.  pi; 
[a]  +  19.21° 
(in  w.) 

4204K 

need.;  [a]24  + 
11.73-^36.26° 
(5.6%  i.  w.) 

4400M 

4475M 

4522M 

4532M 

col.  liq., 

1.4623 

4538M 

4569M 

4623A 

col.  liq., 
1.3954 

0.6845 

4623B 

col.  liq., 
1.3935 

0.6780 

4628A 

col.  liq., 
1.3934 

0.6796 

4628B 

col.  liq., 
1.3938 

0.6779 

4643M 

4649F 

1.459 

0.841 

4658J 

rhomb,  need  . . 

4675J 

cr 



4882M 

liq 

4S84M 

If.  f.  bz.;pl.  f. 
chl.;  [a]  - 

3.8°  (ale.) 

4950M 

4950T 

4996F 

5026M 



5053M 

nd.  f.  w. 

175-8 


156 


18 

-146 
-133 
-135 
-113 


280-1  d. 


i  286 


165 


245-6 


Boiling 
point,    C 


130 
105-6 


Solubility  in  grams  per  100  ml  of 


82-3 


145;  7520      !  s 

160 

10 12;  88-9' 


167-708 

68.27« 

67.5™ 
66.  S711 
67. 5741 


230; 
113.54 


225-32* 
135-81'8 


150 


Water 

Alcohol 

Ether,  etc. 

i. 

i. 

s. 
s. 

oo  eth. 
oo  eth. 

i. 

s. 

oo  eth. 

si.  s. 

s. 

s.  eth.,  tol. 

i. 



s. 

i. 
s. 

s. 

i.  eth. 

i. 

sl.  s. 

s.  eth. 

00 

oo  eth. 

OO 

oo  eth. 

00 

oo  eth. 

CO 

oo  eth. 

si.  s.  c; 
s.h. 

i. 

i. 

s. 

0.0518  10%  w. 

sol  reagent 
s.  acet.,  ac.  a.; 

sl.  s.  chl.,  bz. 

v.  si.  s. 

V.  S. 

v.  s.  eth. 

00 

OO 

00 

sl.  s.  h. 

s. 

s.  eth. 

For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 

Name 

Synonyms 

Formula 

Mol. 
Wt. 

5078M 

3-Isophenoxazinone, 

10-oxide.     See  Rcsazurin. 

5078T 

Isophorone 3,5,5-trimethyl-2-cyclo- 

'     hexen-1-one* 

C9H14O 

138.20 

5086M 

Isophthalic  acid,  4,5-d  imethoxy-.    See  Isohemipi 

nic  acid. 

5099M 

Isopropylamine,    dl-Z-  phenyl-.    See  Amphetamine 

5180T 

Ketone,  anisyl  methyl.    See  Acetophenone,  mehoxy-. 

5264W 

,  methyl  o-tolyl. 

See  Acetone,  o-methyl-. 

5286M 

Lactic  acid,  isopropyl 

isopropyl  2-hydroxypro- 

CH3CHOHCOO- 

132. 10 

ester 

panoate* 

CH(CH3)2 

5287M 

,  phenyl  ether. 

See  Propionic  acid,   a-phenox 

y-. 

5300F 

Lactonitri!e,  acetate 

a-cyanoethyl  acetate ; 
a-acetoxypropionitrile 

CH3CH(OOCCH3)- 
CN 

113.11 

5308F 

Lauramide ... 

dodecanamide* 

CH3(CH-2)ioCO- 

199.33 

5308M 

,  iV- phenyl-. 

See  Lauranilide. 

NH2 

5308T 

Lauranifide 

A'-phenyldodecanamide; 
iV-phenyllauramide 

CH3(CH2)luCON- 

HCeH-; 

275  42 

5314H 

Laurie  acid,  methyl  ester. 

methyl  laurate 

CuHasCOOCHt.... 

214.34 

5504M 

a-Menaphthyl  chlorid 

e.    See  S a  phthalene,  \-{chlor 

omethyl)-. 

5504R 

Menformone. 

See  E drone. 

5504U 

,  dihydro-. 

See  Estradiol. 

5532M 

Mepacrine. 

See  Quinacrine,  dihydrochlori 

de. 

5580W 

Methacrylic  anhydride 

[CH2:C(CH3H'0]2- 
0 
CH2:C(CH3)('N.. 

154.16 

5580X 

Methacrylonitrile 

a-methylacrylonitrile ; 

67.09 

2-methylpropenenitrile* 

5580Y 

Methallyl  alcohol. 

See  2-Propen-l-ol,  2-methyl-*. 

5580  Z 

Methallyl  chloride. 

See  Propene,  Z-chloro-2-methyl 

_* 

5707M 

Methaneorthosiliconic 
acid,  ethyl  ester 

triethoxymethylsilicane 

CH3Si(OC2H6)3. . . . 

178.27 

5761M 

Methyl  orthosilicate.  . 

methyl  silicate ;  tetra- 
methoxysilicane 

(CHa)4Si04 

152.20 

577 1M 

Metrazol 

6,7,8,9-tetrahydro-5- 
azepotetrazole;  penta- 

CeHioNi 

138.17 

methylenetetrazole ; 

Cardiazol 

5771T 

Metycaine 

2-methyl-l-piperidine- 
propanol  benzoate- 

Ci6H24ClN02 

297.82 

hydrochloride 

5779M 

Monophenyl  orthopho 

sphate.    See  Phenylphospho 

ric  acid. 

5819M 

Myristic  acid,  methyl 

methyl  myristate 

Ci3H27COOCH3. . . . 

242.39 

ester 

5844M 

Naphthalene,  1- 
(chloromethyl)- 

or-menaphthyl  chloride 

CioH7CH2Cl 

176.64 

5897M 

1-Naphthaleneacetic 

acid 
1-Naphthol,  4-p-nitro- 

a-naphthylacetic  acid 

C10H7CH2COOH..  . 

186.20 

5972M 

p-nitroben  zeneazo- 

02NC6H4N:NCi(>- 

293 . 27 

phenylazo- 

a-naphthol 

HeOH 

6038R 

1,-4-Naphthocj  ni  none, 
2-methyl- 

vitamin  K  (one  form) 

CnH802 

172.17 

*  Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


5078M 
5078T 

5086M 
5099M 
5180T 
5264W 
5286M 

5287M 
5300F 

5308F 


5308M 
5308T 


5314H 


5504M 
5504R 
5504U 
5532M 
5580W 

5580X 

5580Y 
5580  Z 
5707M 

5761M 

5771M 


5771T 


5779M 
5819M 


5844M 
5897M 
5972M 
6038R 


Crystalline 

form,  color 

and  index  of 

refraction 


col.  liq. 

liq 

col.  cr 


col.  cr. 
col.  oil 


col.  liq., 
1.452525 

col.  liq., 
1.4002 


am.  cr. 


sm.  cr. 


col.  oil. 


Pr 

need 

br.-red  nd . 
yel.  nd. . . 


Density 
g/ml 


0.9229^ 


1.032" 


1.0243 
0.805 

0.938 

1.02822 


Melting 
point,  °C 


Boiling 
point,  °C 


252 


166- 


Solubility  in  grams  per  100  ml  of 


Water      Alcohol       Ether,  etc. 


frz.  102.4 

frz.  77.2 
frz.  5.15 


172-3; 
60-2io 


-40 


4.0 
i. 


59(57-8) 

171-3 

frz.  18.37 

32(34) 
134(131) 
277-9d. 
106(104) 


98";  84" 
90 

150-1 

121-2759; 

25-2712 


v.  s. 


291-2; 
1343 
d. 


9.030 
(95%) 


17.630 
(95%) 

oo  abs. 
95% 


s.  eth.,  bz. 


v.  s.  alk.,  eth., 

glac.  ac.  a. 
v.  si.  s.  eth., 

bz.,  CCU, 

chl.;  si.  s. 

acet.;  s.  me. 

al. 

s.  eth.,  bz., 
CCU,  chl., 
acet.,  me.  al. 

oo  eth.,  bz., 
CCU,  chl.,  et. 
acetate,  acet., 
ac.  a.,  me.  al. 


oo  abs 
95% 


I 

0.04220.5;|    s. 

s.  hot 
v.  si.  s. 

si.  s. 


v.  s.  org.  solv. 


i.  eth.;  s.  chl 


oo  eth.,  bz., 
CCU,  chl.,  et. 
acetate,  acet., 
ac.  a.,  me.  al. 


J  s.  eth.,  bz., 

glac.  ac.  a. 
s.  boiling 

PhNOa 
s.  eth.,  bz., 

ac.  a.;  si.  s. 

pet,  eth. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 


6038U 
6127M 
6139M 
6151M 
6214M 

6215M 

6215S 

6225M 

6234M 


6235T 

6277J 

6277K 

6277Q 
6277R 
6302M 
632 1M 
6394M 
640  IF 
640 IM 


6403  M 


6409Q 
6457V 


6468J 

6560M 

6592T 
6615J 

6626T 
6648M 
6660C 

6670A 
6795M 
6836M 

6858M 

6858Q 


Name 


l,4-Naphthoquinone,2 

Niacin. 

Niperyt. 

"Nitrogen  mustard  gn 

/-Nornicotine 


Norvaline. 

,  5-ureido-. 

1-Octadecanethiol* 
Octadecylamine, 

hydrochloride 


Synonyms 


Formula 


methyl-3-phytyl-.    Sec   Vitamin  K\. 
See  Nicotinic  acid,  in  the  Main  Table. 
See  Pentaerythritol,  tetranitraite. 
S."     See    Triethylamine,    2,2',  2"-trichloro 
/-3-(2-pyrrolidyl)  pyridine  C9H12N2 


See  Valeric  acid,  a-amino-,  in 
See  Citruttine. 

r?-octadecyl  morcaptan 

octadx-ylammonium 
chloride 


n-Octadeoy!  mercapta  n.    See  \-OctadecanefhioV 
cis-3-Ociene*.  .  .  .  l-butyl-2-ethylethylene. . 


£rans-3-Gctene 


c/s-4-Octene* 

^rans-4-Octene* 

Oestr-. 

Ornithine,  iV^-carbarn 

©xycarbanil. 

Palmitamide,    AT-pfaenjyl-.    See  Palmitanilide. 

Palmitaniiide AT-phenylhexadecana:nide; 

A-phenylpalmitamide 


trans-  l-butyl-2-ethylethylene 


cis-l  ,2-dipropylethylcne 
£rans-l,2-dipropylethylene . 
See  Estr-. 
yl-.    See  Citruttine. 

See  2-Benzoxazolol. 


Pal^iitic  acid,  butyl 
ester 


-,  0,1,0-trihydroxy-. 


Pentadecanoic  acid* 


Pentaerythritol,  tetra- 

nitrate 
3-Pentanone,     2,2,4,4- 

tetramethyl-* 
Penthrit(e),  Pentrit(e) 
Phenanthrene, 

9-bromo- 

,  quinhydrone 

Phenethylamine,   dl-a 
Phenetole,  0-chloro-.. 


butyl  hexadeeanoate' 


See  Aleuritic  acid. 
n-pentadecylic  acid . 


Phenol,  acetyl-. 

,  p-propionyl-. 

o-Phenylenediamine, 

4-chloro- 
Phenyl  phosphate.  . 

Phenylphosphoric 
acid. 


penthrit(e) ;  pentrit(e) ; 
PETN;  niperyt 
Hexamethylacetone ;  tert-  (CH3)3CCOC- 

butyl  ketone;  pivalone  (CH3)3 

,  PE'I'N.     See  Pentaerythritol,  tetranitraite. 

CnHgBr 


the  Main  Table. 

CH3(CH2li7SH 
Ci»H37NH3Cl  . 


CH3CH2CH:CH- 

(CH2)3CH3 

CH3CH2CH:CH- 

(CH2)3CH3 
[CH3(CH2VOH:]2. 
[Cn3(CH2)2CH:]2. 


CH3(CH2)i4CON- 

HCeris 

C15H31COOC1H9.. 


CH3(CH2)i3COOH 


C(CH2N03)4. 


-methyl-.     See  Amphetami 
2-chlorcethyl  phenyl  ether. . . 

See  Acetophenone,  hydroxy-. 
See  Propiophenone,  p-hydroxy 


triphenyl  orthophosphate 

monophenyl  orthophosphate; 
dihydrogen  phenyl  phos- 
phate 


C2sHl804 

ne. 
CoHsOCHaCHaCl. 


C1C6H3(NH2)2. . 

(C6H5)3P04 

C6H5OPO(OH)2. 


*  Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


Crystalline 

form,  color 

and  index  of 

refraction 


6038U 
6127M 
6139M 
6151M 

6214M    col.  liq.  1.53818 

[al-88.8'22 
6215M1 
6215S 

6225M    solid,  1.4648 
6234M    col.  cr 


6235T 

G277J      col.  liq.,  1.4125 

[    col.  liq.,  1.4124 


1  074 


6277Q 

6277R 
6302MI 
G321M 
6394M 

6401 F 
6401M    col.  cr 


col.  liq.,  1.4136 
col.  liq.,  1.4116 


0.7189 
0  7163 

0.7205 

0.7147 


Melting 
point,  °C 


Boiling 
point,  °C 


20-30 
d.  >  180 


-126 
-108 


3403Mi  col.  oil. 


6409Q 

6457V     1.434855; 
1.42548" 


646SJ 

6560M 

6592T 
6615J 

6626T 
6648M 
6660C 

6670A 
6795M 
6836M 


tetr.  cr. 


col.  liq. 
1.41702-* 


col.  pr. 
blk.  nd. 
pr 


0.842380 


-118 
-94 


frz.  HO. 2 


(a)  frz. 

14.88;  (/3) 
m.  18.3 


frz.  52.54 


266-7; 

13111 


169-711 


122.3741 
122  4<« 

121  :7;a 

121.4-9 


1.773  I   140-1 

(138-40) 
0.81992-7    j    I   149-51 

4    I 


63 
167-9 

28 


If. 


6858M    pr.  f.  al 


6858Q 


nd.  f.  w.,  sc.  f. 
chl. 


76 

49.5 

99.5 


Solubility  in  grams  per  100  ml  of 


!    Water 


Alcohol        Ether,  etc 


i.  si.  s. 

i.°-^;  2  3™, 

7.8M:  11.3r,°, 

12.7i0i,  807o 


(95% 


0.00 1220; 
0.002060 


si.  s. 


i. 


220;  100-212    i. 


24  511 


si.  s.  c. 

w. 
i. 


1.7™ 
(95%) 

w  abs., 
95% 


3.1°, 

15.620, 

2304lJ 

(95%) 


si.  s. 


v.  si.  s. 


V.  s. 


s.  eth. 
i.  eth.,  bz 


oc  eth. 

oo  eth. 

*  eth. 

oo  eth. 


si.  s.  bz  ,  CCU, 
chl.,  acet., 
me.  al. 

oo  eth.,  bz., 
CCU,  chl.,  et. 
acetate,  acet., 
ac.  a.,  me.  al. 

s.  eth.,  CS2; 

31.8  bz.;  35.4 

CCli;  56.5 

chl.;  10.9 

acet.;  9.2  ac. 

a.;  13.0  me. 

al. 
v.  si.  s.  eth.; 

s.  acet. 
v.  s.  eth.,  bz. 


s.  eth.,  ac.  a. 

CS2 


v.  s.  eth.,  bz.. 
Igr. 


s.  eth. 

s.  eth.,  bz. 

chl. 
s.  eth.,  bz., 

alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 


7035M 
7047M 
7052G 

7052T 
7056J 

7056M 
7056Q 
7090F 


7090M 

7130M 
7135B 
7143F 
7190M 

7223M 

7223Q 

7234F 

7234J 

7234Q 
7248M 

7277M 

7315M 

7319M 
7319T 

7329J 

7367M 

7382M 
7447M 
749 1G 
7495G 

7524M 
7620G 


7731M 
7738M 

7824M 
7882M 


Name 


1-Piperidinepropaiiol, 

Pivalone 

Porphine 


A4-Pregnene-3,  20-dion 
Progesterone 


-,  11,21-dihydroxy 
-,  21-hydroxy 


Propane,  1-chloro- 
1-nitro-* 

-,  2-chIoro- 


2-nitro-* 


,  2-methyI-l-prop 

,  2-propoxy-*. 

1,3-Propanediamine,  2 
2-Propanol,  1,3- 

diamino-* 
Propene,  1-chloro- 

2-methyl-* 
,  3-chloro- 

2-methyI-* 
,  2-methyl-*, 

tetramer 


-,  trimer 


-,  2-nitro-l-phenyl 


2-Propen-l-ol, 

2-methyl-* 
Propionic  acid,  allyl 

ester 
,  a-phenoxy- . . . 


Propionitrile,  a-aeetox 
,  /S-chloro- 


Propiophenone, 
p-hydroxy- 
Propyl  phosphate  (n) . 

Prostigmine  bromide. 
Pyrazine,  2-sulfanilam 
Pyridine,  3-(2-pyrrolid 
,  2-vinyl- 


Pyrimidine,  2-suIfaniI 
Quinacrine,  dihydro- 
chloride 


Quinophan. 
Besazurin .  . 


Salicylaldehyde,   3-me 
Semicarfoazide, 
l-phenyl-3-thio-. 


Synonyms 


?-methyl-,    hydrochloride. 
See  3-Pentanone,  2,2,4,4-telra 


e.    See  Progesterone 
A4-pregnene-3,20-dione; 
progestine 
See  Corticosterone. 
See  Desoxycorticosterone. 


oxy-*.     See  Ether,  isobutyl  pr 
See  Ether,  isopropyl  propyl. 

-hydroxy-*.    See  2-Propan 
2-hydroxy-l  ,3-propanedi- 
amine* 
isocrotyl  chloride 


methallyl  chloride; 
isobutenyl  chloride 
tetraisobutylene . . . 


triisobutylcne 


■.     See  Styrene,  (3- methyl- [3-ni 
methallyl  alcohol;  isobutenol 


Formula 


•See  Metycaine. 
methyl-*. 
C20H14N4 


C21H30O2. 


lactic  acid  phenyl  ether. 


y-.     See  Lactonitrile,  acetate. 
3-ehloropropanenitrile* 


p-propionylphenol 

tri-n-propyi  orthophosphate. . 


ido-.     See  Sulfapyrazine. 
yl)  -.    See  Nornicotine. 
a-vinylpyridine 


amido-.    See  Sulfadiazine. 
6-chloro-9-(4-diethylamino- 
1-methy  1-butylamino)  -2- 
methoxyacridine  dihydro- 
chloride;  Atabrine;  atebrin; 
mepacrine. 
See  Cinchoninic  acid,  2-phenyl 
3-isophenoxazinone  10-oxide; 
resazoin 
thoxy-.    See  o-Vanillin. 


CH3CH2CH(C1)- 
N02 

CH3CCKNO2)- 
CH3 

opyl. 

61,  1,3-diamino*-. 
H2NCH2CHOH- 
CH2NH2 
(CH3)2C:CHC1.... 

CH2:C(CH3)CH2C1 

(C4H8)4 

(C4H8)3 

tro-. 

CH2:C(CH3)CH2- 
OH 
CPI3CH2COOC3H5. 

CH3CH(OC«5H5)- 
COOH 

CICH2CH2CN 

CH3CH2COC6H4- 
OH 

(C3Ht)3P04 

Ci2Hi9BrN202 

CH2:CHC5H4N.... 


C23H3oClN30.2HCl 


C12H7NO4 


CsHbNHNHCS- 
NH2 


Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


7035M 
7047M 
7052G 

7052T 
7056J 

7056M 
7056Q 
7090F 


7090M 

7130M 
7135B 
7143F 
7190M 

7223M 

7223Q 

7234F 

7234J 

7234Q 
7248M 

7277M 

7315M 

7319M 
7319T 

7329J 

7367M 

7382M 
7447M 
7491G 
7495G 

7524M 
7620G 


7731M 
7738M 

7824M 
"S82M 


Crystalline 

form,  color 

and  index  of 

refraction 


dk.  red  pi.,  met 
lust. 

sm.  cr.  [a] 
193.5°  (ale.) 


liq.,  1.430. 


liq.,  1.425 


col.  liq.,  1.4221 
col.  liq.,  1.427. . 
1.448 

1.431 

col.  liq.  1.4255. 


nd. 


col.  liq 

wh.  nd.  or  pr. 

col.  liq 

sm.  cr 

liq 

cr.  f .  w 


pr.,  grnsh.,  lust 
monocl.  pr .  .  .  . 


Density 

g/ml 


Melting 
point,  °C 


1.209^5 


1.193- 


0.9186 

0.925 

0.794 


0.759 
(0.760) 

0.8515 


(«)128.5; 
(0)121 


Boiling 
point,  °C 


Solubility  in  grams  per  100  ml  of 


42 


1.14418.5 


1.0023=r 

4 


0.999° 


115-6 

(112-3) 


148-8.5 
ca.  167  d. 

248-50 

d. 

201  d. 


141-3761 

133-4'58 


235 

68.1 

72.2 

1067 
(109.5- 

11*6) 

179-81 

114.5 

124-4.5774 

265-6 


175-6 
(173-4.5) 


252;  13847; 
133. 522 


158-9  d. 

79-8229 


Water 

Alcohol 

Ethei 

•,  etc. 

i. 

v.  si.  s. 

sl.s. 

i. 

s. 

s.  org. 

solv . 

0.820 

s. 

s.  eth., 

glycols, 

esters 

,  mm. 

oil 

0.52o 

s. 

s.  eth., 

glycols, 

esters 

,  mm. 

oil 

00 

CO 

CO 

oo 

19.4 

CO 

co 

v.  si.  s. 

S. 

s.  eth 

c,  s.  h. 

si.  s.  c. 
s.h. 
i. 


s. 


si.  s. 


si  s. 


s.h. 


v.  s.  eth. 

s.  eth.,  tol, 
CS2 


v.  s.  eth.,  chl. 
alk. 


si.  s.  glac.  ac. 
a.;  i.  eth. 

sL  s.  eth.,  chl., 
bz.;  s.  cone, 
alk. 


For  explanations  and  abbreviations  see  beginning  of  table. 
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PHYSICAL  CONSTANTS  OF  ORGANIC 


No. 

Name 

Synonyms 

Formula 

1 

i    MoL 
Wt. 

7882Q 

Semicarbazide,    4-phe 
nyl-3-thio- 

H-NNHCSNH- 

167  23 

CcR& 

7886W 

Serine,  /3,/3-dimethyl-. 

See  Valine,  (3-hydroxy-. 

7893M 

SiSicane,  ethyltrimeth 

oxy-.     See  Ethaneorthosilicon 

ic  acid,  trimethyl  est 

er. 

7896M 

,  teiramethoxy-. 

See  Methyl  orthosilicate. 

7898M 

,  triethoxyethyl-. 

See  Ethaneorthosiliconic  acid,  t 

riethyl  ester. 

7898Q 

,  triethoxymethyl- 

.    See  M ethaneorthosiliconic ac 

id,  ethyl  ester. 

79 14  J 

Skatole,  iV-methyl-. 

See  Indole,  1,3-dimethyl-. 

7946M 

Stearic  acid,  cyclohexyl 

cyclohexyl  octadecanoate* 

C17H35COOC6H11 .  . 

366.61 

7953M 

,  propyl  ester 

propyl  octadecanoate* 

C17H35COOC3H7... 

326.55 

7953T 

,  tetrahydrofurfuryl  ester. 

tetrahydrofurfuryl  octa- 
decanoate 

C1-H35COOCH,- 
C4H7O 

368.58 

7982J 

^rsns-i^'-S^Jlbenedlo! 

.    See  Stilbestrol. 

7982M 

Stilbestrol 

£rans-4,4'-stilbenediol; 
stilboestrol 

(HOC6H4CHO2.... 

212.24 

7982Q 

,  a,af -diethyl- 

stilbestrol 

[HOCeHiC- 

(C2H5):]2 

268.34 

7993T 

Styrene,  o-chloro-      . . 

l-chloro-2-vinylbenzene 

C1C6H4CH:CH2.  .  . 

138.59 

7993U 

,  m-cl.Joro- 

l-chloro-3-vinylbenzene 

ClCaH4CH:CH2... 

138.59 

7993V 

— — ,  p-ehloro- 

l-chlcro-4-vinylbenzene 

ClCoH4CH:CH2... 

138.59 

7995M 

,  o-fluoro-. 

l-fluoro-2-vinylbenzene 

FC6H4CH:CH2. . . . 

122.14 

7995N 

,  m-fluoro-    

l-fluoro-3-vinvlbenzene 

FCfiH4CH:CH2.  . . . 

122.14 

7995P 

,  p-fluoro- 

l-fluoro-4-vinylbenzene 

FCgH4CH:CH2.... 

122.14 

7998M 

,  /3-methyl- 
/9-nitro- 

2-nitro-l-pheuylpropene 

C6H5CH:C(N02)- 
CH3 

163.17 

8001C 

,  5-iiitro-.  .      . 

(2-nitrovinyl)  benzene 

C6H5CH:CHN02.. 

149.14 

8048T 

Sulfadiazine 

Ari-2-pyrimidylsulf  anilamide ; 
2-sulfanilamidopyrimidine 

H2NC6H4SO2- 
NHC4H3N2 

250.27 

8048V 

Sulfaguanidine 

1-sulfanilylguanidine 
JV^-guanylsulfanilamide 

NH2C6H4SO2NHC- 
(:NH)NH2 

214.24 

8049E 

Sulfanilamide,  iVi-gua 

nyl-.     See  Sulfaguanidine. 

8049J 

,  iVTi-2-pyrazinyI-. 

See  Sulfapyrazine. 

8049Q 

,  7V:-2-pyrimidvl-. 

See  Sulfadiazine. 

8049T 

,  iVi-2-thiazolyl-. 

See  Sulfathiazole. 

8050J 

Sulfapyrazine 

2-sulfanilamidopyrazine; 
iV^-pyrazinylsulfanilamide 

C10H10N4O2S 

250  27 

8050T 

Sulfatniazole 

A^-thiazolylsulf  anilamide ; 

H2NCeH4S02- 

255.31 

2-sulf  anilamidothiazole ; 

NHC3H2NS 

thiazomide 

8062M 

Sulfide,  dihexyl. 

See  Hexyl  sulfide. 

8070M 

,  niethyl  phenyl. . . 

methylthiobenzene* ; 
thioanisole 

CeHoSCHa 

124.19 

809  IF 

Syringaldehyde.  ...... 

4- hy  droxy-3 ,5-dimethoxy- 
benzaldehyde;  gallaldehyde 
3,5-dimethyl  ether 

(CH30)2(OH)C6- 
H2CHO 

182.17 

809 1H 

Syringic  acid 

4-hydroxy-3,5-dimethoxy- 
benzoic  acid;  gallic  acid 
3,5-dimethyl  ether 

(CH,0)*(OH)Ce- 
H2COOH 

198.17 

8091K 

Syringin 

met  hoxy  conifer  in 

Ci7H240g 

372.36 

*  Name  approved  by  th:-  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


Crystalline 

form,  color 

and  index  of 

retraction 


If.  or  pr 


semisolid 
col.  cr. . . 


yel.  pr 


8062M! 


liq 

nd.  or  tab 

Pi 


col.  liq.,  1.5G48 
col.  liq.,  1.5619 
col.  liq.,  1.5658 
col.  liq.,  1.5197 
col.  liq.,  1.5173 
col.  liq.,  1.5158 
yel.  nd 


col.  cr 


clusters  tiny 

nd. 
col.  cr 


col.  liq..  1.5847, 

1.583223 
col.  cr.  f.  lgr. . . 


col.  nd.  f.  w.  or 
eth. 

nd.  (IH2O)  f. 
w.;  [a]  — 
17.1° 


204.5 
191-2 


Solubility  in  grams  per  100  ml  of 


Water 


.01237 
si.  s. 


Alcohol  !     Ether,  etc. 


X2S.S 

abs., 

95%; 

9.220 

95% 


si.  s. 


0.06 

i. 
si.  s. 


v.  si. 

s.  c. 

v.  si.  s. 
c.;s.h. 


0.5 

s. 
v.  s. 


s.h. 


v.  si.  s.  bz.;  i. 
eth.,  lrg.,  alk. 


s.  eth. 

v.  s.  eth.,  bz., 
CCU,  chl.,  et. 
acetate,  acet., 
ac.  a.;  s.  me. 
al. 


eth. 


s.  acet.,  h.  ac. 
a  ;  si.  s.  eth. 
v.  si.  s.  bz. 


s.  eth. 

s.  eth. 

s.  eth. 
J  s.  eth. 
I  s.  eth. 
j  s.  eth. 

i  s.     pet.     eth. 
j     eth.;  i.  alk. 
I  s.  eth.,  pet. 
j     eth.,  bz., 
CCU,  CS2 


si.  s.  h. 

cyclohexanol 
s.  acet.,  dil. 
HC1,  alk. 


s.  eth. 

v.  s.  eth.,  chl. 

ac.  a.,  h.  bz. 

y.  si.  s.  lgr.; 

i.  pet.  eth. 
V.  s.  eth.  chl. 


i.  eth.;  s.  c. 
HNO3,  H2SO, 


For  explanations  and  abbreviations  see  beginning  of  table. 
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No. 

Name 

Synonyms 

Formula 

Mol. 
Wt, 

8139M 

Testosterone 

17-hydroxy-3-androstenone .  . 

C19H2SO2 

288.41 

8146M 

1-Tetradecanethiol*.  . 

n-tetradecyl  mercaptan 

CH3(CH2)isSH .  .  .  . ' 

230.44 

8153M 

n-Tetradecyl  mercapt 

an.     See  1-Tetradecanethiol*. 

8154W 

Tetraethylene  glycol .  . 

3,6,9-trioxahendecane- 

CnHosCOOCHo- 

460.68 

monostearate 

1,11-diol  monoocta- 
decanoate* 

CH2(OC2H4)30H    ; 

8154X 

Tetraisobutylene. 

See  Propene,  2-methyl-*,  tetra 

mer. 

8162M 

Tetrazole,   pentameth 

ylene-.    See  Metrazol. 

8169M 

Theelin. 

See  Estrone. 

8169P 

,  dihydro-. 

See  Estradiol. 

8169R 

Theelol. 

See  Estriol. 

8174Q 

8-Thiachromineethan 

ol,  2,7-dimethyl-.    See  T 

hiochrome. 

8178M 

Thiazole,  2-suIfanilam 

ido-.     See  Sulfathiazole. 

8179M 

Thiazomide. 

See  Sulfathiazole. 

8179T 

l-Thieno[3,4]imidazole 

-4-valericacid,  hexahyd 

ro-2-oxo-.   See  B 

iotin. 

8184M 

Thiochrome 

2,7-dimethyl-8-thia- 

Ci2Hi4N4OS 

262.32 

chromineethanol 

8283G 

d/-Threonine 

dZ-^-amino-jS-hydroxy- 

CH3CHOHCH- 

119.1 

butyric  acid 

(NH2)COOH 

8322P 

/3-Tocopherol 

Vitamin  E  (one  form) ; 

C^H4e02 

416.66 

6-hydroxy-  2,5,8^trimethyl- 

2-(4,8,12-trimethyl- 

tridecyl)  chroman 

8322R 

7-Tocopherol 

vitamin  E  (one  fcrm);  6- 

C2,H4802 

416.16 

hydroxy-2,7,8-trimethyl- 

2-(4,8,12-trimethyl- 

tridecyl)  chroman 

8434M 

p-Toluenesulfonic 
acid,  methyl  ester 

methyl  p-toluenesulfonate 

CH3C6H4S03CH3 

186.22 

8546M 

Traumatic  acid 

2-dodecenedioic  acid*; 
1-decene- 1 ,  10-dicarboxy  lie 
acid 

CioHis(COOH)2... 

228.28 

8550T 

Triamyl  phosphate. 

See  Amyl  phosphate. 

8569M 

Tributyl  phosphate. 

See  Butyl  phosphate. 

8600Q 

Triethylamine,  2,2'2"- 
trichloro- 

"nitrogen  mustard  gas" 

(C1CH2CH2)3N.... 

204.54 

861 1M 

Triglycolamidic  acid. 

See  Acetic  acid,  nitrilotri-. 

8611P 

Trlglycollamic  acid. 

See  Acetic  acid,  nitrilotri-. 

8617J 

Triisobutylene. 

See  Propene,  2-methyl-*,  trime 

r. 

8626M 

Trimethylaminetricar 

boxylic  acid.    See  Acetic  a 

cid,  nitrilotri-. 

8650M 

3,6,9-Trioxahendecane 

-1,11-diol*.     See   Tetraethy 

lene  glycol. 

8659M 

Triphenyl  orthophosp 

hate.     See  Phenyl  phosphate. 

8686M 

Tripropyl    orthophosp 

hate.    See  Propyl  phosphate. 

8690T 

/-Tyrosine,  3,5- 
dibronio-,  dihydrate 

HOCf,H2Br2CH2- 
CH(NH2)COOH. 
2H20 

375.03 

8810J 

Valeric  acid,  a-aniino- 

5-ureido-.    See  Citrulline. 

883 1M 

c//-Valine,  /S-hydroxy- 

a-amino-/3-hydroxyiso- 
valeric  acid; 
/3,/3-dimethylserine 

(CH3)2COHCH- 
(NH2)ClOH 

133.15 

8843T 

o-Vanilli  n 

2-hydroxy-3-methoxyben- 

CH30(OH)C6Hs- 
CHO 

152. 14 

zaldehyde ; 

3-methoxysalicylaldehyde 

8869P 

Vitamin  H. 

See  Biotin. 

8869T 

Vitamin  K. 

See  also  1,4-Naphthoquinone, 

2-methyl-. 

8869U 

Vitamin  Ki 

2-methyl-3-phytyl-l,4- 
naphthoquinone 

(^31X14602 

450.68 

*  Name  approved  by  the  International  Union  of  Chemistry. 
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COMPOUNDS,  SUPPLEMENTARY  TABLE  (Continued) 


No. 


8139M 

8146M 
8153M 
8154W 


8154X 
8162M 
8169M 
8169P 
8169R 
8174Q 
8 178  M 
8179M 
8179T 
8184M 


8283G 
8322P 

8322R 

8434M 
8546M 


8550T 
8569M 
8600Q 

861 1M 
8611P 
S617J 
8626M 

8650M 
8659  M 
8686M 

8690T 


8S1GJ 

883 1M 


Crystalline 

form,  color 

and  index  of 

refraction 


sm.  cr.;  i a]  4- 

109°  (ale.) 
col.  liq.,  1.4613 

solid 


Density 

g/ml 


0.971- 


yel.  pr.  f.  chl. . 
orth.cr.GH-" 


-  2.4°  (al.) 
col.  liq.  or  cr. 


col.  or  yel.  liq. .  i 


rhomb,  nd.  or 
tab.  f.  w.: 
[a]  -f-  1.3°  in 
dil.  HC1 

pi.  f.  al 


8843T  I  yel.  nd.  f.  w 
Igr. 


8869P 
8869  T 
8869U 


?1.  oil. . 


0.97g 


Melting 
point,  °C 


Solubility  in  grams  per  100  ml  of 


154-4.5 


35-40 


Boiling 
point,  °C 


160-25 


277-8 


|  229-30  d. 


28 
165-6 

-4 


ca.  245  d. 


1  218  d. 


45.5 


143-4i; 


For  explanations  and  abbreviations  see  beginning  of  table. 
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v.sl. 


si 


265-6; 

128*0 


140-45         J  i, 


si.  s. 


si.  s. 


Water 

Alcohol 

Ether,  etc. 

i. 
i. 

s. 
s. 

si.  s. 
i. 

s.  org.  solv. 
s.  eth. 

v.  s. 

s.  me.  al.; 
si.  s.  eth., 
acet.,  chl. 

i.  eth.,  chl. 

00  eth.,  bz. 


00  eth.,  bz.; 
s.  HC1 


i.  eth.;s.  a., 
alk. 


i.  eth.,  bz.,  et. 
acetate 

s.  eth.,  chl., 
Igr.,  ac.  a. 


v,  s.pet.  eth.; 
s.  acet.,  eth., 
bz.,  chl. 


FORMULA  INDEX  OF  ORGANIC  COMPOUNDS 


Numbers  refer  to  compounds  in  the  preceding  table  Physical  Constants  of 
Organic  Compounds. 

The  arrangement  of  symbols  in  formulas  is  alphabetical  except  that  C 
always  comes  first  followed  immediately  by  H  if  hydrogen  is  present.  The 
arrangement  of  formulas  is  also  alphabetical  except  that  the  number  of 
atoms  of  any  specific  kind  influences  the  order  of  compounds. 

The  numbers  following  any  one  formula  are  given  in  numerical  order 
which  is  also  their  occurrence  in  the  table  of  physical  constants. 

Note:  the  letter  S  preceding  any  compound  number  indicates  that  it  is  to 
be  found  in  the  Supplement  to  the  table  Physical  Constants  of  Organic 
Compounds. 


CAgNO,  4062. 
CBrCI3,  5598. 
CBrN,  2959. 
CBrsNOo,  1983. 
CBr4,  2586. 
CC1F3,  5606M. 
CC1N,  2960. 
CCI2F2,  5617. 
CCI2O,  6876. 
CCI2S,  6878. 
CCI3F,  5683. 
CC13N02,  2687. 
CCU,  2587. 
CCLS,  5756. 
CF4,  2587M. 
CHBr3,  1981. 
CHCIF2,  5604M. 
CHCI2F,  5619. 
CHCI3,  2679. 
CHF3,  3993. 
CHIa,  4898. 
CHN,  4783. 
CHNO,  2952. 
CHNS,  8185. 
CHNsOe,  6151. 
CH2Br2,  5743. 
CH2CINO,  2428. 
CH2CL2,  5744. 
CH2F2,  5746M. 
CH2I2,  5747. 
CH2N2,  2947,  5613. 
CH2N2O3,  4049. 
CH2N2O4,  5634. 
CH2N4,  8163. 
CH2O,  3995. 
(Ctt.O)x,  7050. 
CH2O2,  4016. 
CH2S3,  2579. 
CH3ASCI2,  910. 
CH3AsO,  902. 
CH3Br,  5734. 
CHaCi,  5738. 
CH3ClHg,  5544. 
CH3C102S,  5713. 
CH3C!3Sn,  8319. 
CH3F,  5750. 
CH3I,  5752. 
CH3NO,  3999,  4003. 
CH3NO2,  5661,  5759. 
CH3NO3,  5758. 
CH3NS2,  2415. 
CH3N303,  8755. 
CH4,  5584. 
CH4N2O,    4004,    4C48, 

8711. 
CH4N2O2,  8747. 


CH4N2S,  8768. 
CH4N4O2,  4399. 
CH4O,  5719. 
CH402Si,  5710. 
CH4O2S11,  5711. 
CH4O3S,  5712. 
CH4O4S,  5769. 
CHi06S2,  5722. 
CH4S,  5715. 
CHUAs,  913. 
CH5ASO3,  5701. 
CH5N,  5729. 
CH5NO,  4825,  5725. 
CH5N3,  4391. 
CH5N3O,  7880. 
CH0N3O4,  8712M. 
CH5N3S,  7884. 
CH5O3P,  5709. 
CH5P,  6886. 
CHeCIN,  5730. 
CHeClNsO,  7881. 
CH0N2,  4721. 
CH6N4,  4392. 
CH6N40,  2558. 
CHeSi,  7895. 
CIN,  2962. 
CI4,  2588. 
(CN)x,  6425. 
CN4Os,  5675. 
CO,  2583. 
COF2,  2589M. 
COS,  2590. 
C02?  2563. 
CS2,  2565. 

C2 

C2Br2,  336H. 

C2Br6,  3529. 
C2CIF5,  3502M. 
C2C82F4,  3510R,  3511. 
C2CI2O2,  6363. 
C2C13F3,  3555R,  3556. 
C2CI4,  3862. 
C2CI4F2,  3549K, 

3549P. 
C2CI4O,  325. 
C2Ci402,  3339. 
C2C15F,  3539M. 
C2C16,  3530. 
C2F4,  3862M. 
C2F6,  3530M. 
C2HBr,  333. 
C2HBr3,  3866. 
C2HBr30,  1976. 
C2HBr302,  176. 
C2HBr5,  3538. 
C2HCI,  336. 
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C2HC13,  3867. 

C2HCI3O,  323,  2665. 
C2HC1302,  177. 
C2HCI5,  3539. 
C2HF302,  180M. 
C2HI3O2,  181. 
C2HI5,  3541. 
C2HNO2,  6382. 
C2H2,  328. 
C2H2Br2,  3821. 
C2H2Br20,  320. 
C2H2Br202,  133. 
C2H2Br4,  3546,  3547. 
C2H2CI2,  3822,  3823, 

3823  A. 
C2H2CI2O,  18,  322. 
C2H2CI2O2,  135. 
C2H2Cl3NO,  49. 
C2H2CI4,  3548,  3549. 
C2H2F2,  3826M.       — 
C2H2F2O2,  138M. 
C2H2I2O2,  139. 
C2H2N4,  8161. 
C2H2O,  5175. 
C2H2O2,  4363. 
C2H203,  4373. 
C2H2O42H2O,  6343. 
C2H3Br,  8860. 
C2H3BK),  319. 
C2lI3Br02,  119. 
C2H3Br3,  3552. 
C2H3Br302,  1977. 
C2H3CI,  8861. 
C2H3CIO,  321. 
C2H3CIO2,  123,  4042. 
C2H3CI2NO,  36. 
C2H3CI3,  3553,  3555. 
C2H3C130,  3633. 
C2H3CI3O2,  2668. 
C2H3F,  8863  M. 
C2H3FO,  356. 
C2H3FO2,  149M. 
C2H3F3,  3557M. 
C2H3I,  8864. 
C2H3IO,  357. 
C2H3IO2,  154. 
C2H3I3,  3558. 
C2H3N,  250,  5754. 
C2H3N03,  6365. 
C2H3NS,  5135,  8197. 
C2H3N3,  8563. 
C2H4,  3809. 
C2H4BrCI,  3495. 
C2H4BrNO,  33. 
C2H4Br2,  3505,  3871, 
C2H4CINO,  34. 
C2H4CINO2,  S3502F. 
C2H4C12,  3507,  3874. 
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C2H4CI2O,  3607,  3670. 
C0H4F2,  3512L,  389 1H. 
C2H4I2,  3513,  3894. 
C2H4N2O2,  4370,  6371. 
C2fl4N203,  262. 
C2H4N2O4,  3516,  4303. 
C2H4N2O6,  4302. 

C2H4N4,  439^:. 

C2H4N4O2,  985,  8710. 
C2H4O,  10,  3899,  8858. 
(C2H40)4-6,  5575. 
C2H4OS,  173. 
C2H4O2,  86,  4031,4343. 
C2H4O2S,  160. 
C2H4O3,  4346. 
C2H4O5S,  171. 
C2H4O6S2,  3781. 
C2H4S,  3900M. 
C2HoBr,  3804. 
C2H5BrO,  3601. 
C2H5CI,  3806. 
C2H5ClIIg,  5543. 
C2H5CIO,  3605,  3691. 
C2H5CIO2S,  3583. 
C2H5F,  3903. 
C2H5FO,  3617M. 
C2H5I,  3912. 
C2H5N,  3901,  8859. 
C2H5NO,  14,  31. 
C2H5NO2,  2398,  3537, 

3918,  4269,  4344. 
C2H5NO3,  3627,  3917. 
C2H5NS,  47. 
C2H5NaS,  3587. 
C2Hfi,  3488. 
C2H6AsCl,  2276. 
C2H6AsCl3,  2281. 
C2H*Cd,  2284. 
C2H6Hg,  5537. 
C2H6N2,  50. 
C2H6N20,  3382,  8753. 
C2H6N2O2,  3281. 
C2H6N2S,  8754. 
C2H6N3O2  H2O,  1927. 
C2H6N4O,  8746. 
C2H60,  3785,  5749. 
C2H6OS,  5768M. 
C2H602,  4290. 
C2H602S,  3579, 

5767M. 
C2H603S,  3580,  5767. 
C2H604S,  3936,  4922, 

5764. 
C2H6O6S2,  3575. 
C2H6S,  3586,  5766. 
C2H6S2,  3576,  5741. 
C2H6Se,  5763. 
C2H6Te,  5770. 
C2H6Zn,  8987. 
C2H7AS,  911,  912. 
C2H7ASO2,  2278. 
C2H7BO2,  1936. 
C2H7N,  3276,  3787. 
C2H7NO,  27,  3598, 

3783,  4823. 
C2H7NO3S,  8109. 
C2H7N5,  1821. 
C2H7O2P,  6893. 
C2H7P,  6883,  6884. 


(Continued) 

C2HsBrN,  3788. 
C2HsClN,  3278,  3789. 
C2RMN,  3789M. 
C2HsN2,  3879,  4713. 
C2H8N2-H20.  3880. 
C2H3S1,  7892. 
C2H10CI2N2,  3881. 
C2I2,  336R. 
C2I4,  3863. 
C2N2,  2958. 
C2N2S,  8191. 
C2N4O6,  260. 


C3CI3N3,  2968. 
C3H2Br2,  7374!\I. 
C3H2CI4O  2H2O,  7206. 
C3H2N2,  5469. 
C3H2N2O3,  6419. 
C3H2O,  7257. 
C3H2O2,  7258. 
C3H2O5,  5567. 
C3H3Br,  7373. 
CgHsBrO*,  5435. 
C3H3CI,  7374. 
C3H3CIO,  406H. 
C3H3CIO2,  389,  390. 
C3H3CIO4,  5439. 
C3H3CI3O2,  179. 
C3H3CI3O3,  5294. 
C3H3I,  7375T,  7376. 
C3II3N,  406. 
C3H3NO,  7616. 
C3H3NO0,  129. 
C3H3NO2S,  159. 
C3H3NS,  8177. 
C3H3N3O3,  2946,  2965, 

4063. 
C3H3N3S3,  8200. 
C3H4,  7062,  7372. 
CsBuBr*,  7225, 
C3H4Br>02,  7306. 
C3H4CIN,  S7319T. 
C3H4CI2,  7226,  7227. 
C3H4CI2O,  7201,  7202. 
C3H4N2,  4851,  7449. 
C3H4N2O,  7456. 
C3H4N2OS,  4678. 
C3HUN2O2,  4675. 
C3H4N2O3,  455. 
C3H4N2O4,  6362. 
C3H4N2S,  8178. 
C3H4N4O2,  511. 
C3H4O,  378,  7229, 

7380. 
C3H4O2,  385. 
C3H4O3,  394,  7613. 
C3H4O4,  5421. 
C3H4O5,  8107. 
C3H4O6,  5567. 
(C3H5BO3)*,  4229. 
C3H5Br,  476,  7218, 

7219. 
C3HoBrO,  7199,  7245, 

7322. 
C3H5Br02,  7297,  7299. 
C3H5Br3,  7138. 
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C3H5CI,  478,  7221, 

7222. 
C3H0CIO,  3454,  7200, 

7216,  7246C,  732*. 
C3H>C102,  126,  4039, 

7301,  7303. 
C3H5CI2NO3,  7178H, 

7192. 
C3H5CI3,  7139. 
C3H3F,  487. 
C3H5FO,  7325M. 
C3H5I,  488. 
C3H5IO,  3459,  7326. 
C3K5IO2,  7312,  7313. 
C3H5N,  3913,  7319. 
C3H5NO,  384M,  2953, 

4683,  5027,  5300. 
C3H5NO2,  7612. 
C3H5NO4,  5430. 
C3H0NS,  5131,  8193. 
C3H5N3O3,  6361. 
C3H5N3O6,  4258. 
C3H5IV3O9,  6152. 
C3H5N5O,  512. 
C3Hfi,  3062,  7217. 
CsHsBrCl,  7079,  7080. 
C3H6Br2,  7091,  7092, 

7093,  7094. 
C3HsBr20,  7177. 
C3H6CINO2,  S7090F, 

S7090M. 
C3H,Cl2,  7096,  7097, 

7098,  7099. 
C3H6CI2O,  7178,  7191. 
C3H6F2,  7099M. 
C3H3I2,  7100. 
C3HgN2,  7452. 
C3H6N2O,  8739,  8740. 
C3H6N2OS,  8716. 
C3H6N2O2,  5420,  8714. 
C3H6N203,  4674, 
C3H6N2O4,  2420. 

C3HgN207'>2/H20, 

4235. 
C3H6N6,  5494. 
CsHsO,  213,  468  7240, 

7266. 
C3H6OS2,  8884. 
C3H6O2,  103,207,4022, 

4268,  7277. 
C3H603,  161,  2572, 

4223,  4315,  4349, 

4681,  5283,  5290, 

7202M,  8651. 
C3H604,  4224. 
CsHeS,  7241. 
C3H6S3,  4001. 
CsHYBr,  5100,  7343. 
C3H7BrO,  7174. 
C3H7CI,  5101,  7344. 
C3H7CIO,  7176,  7189. 
C3H7CIO2,  7148. 
C3H7F,  5104,  7359. 
C3H7I,  5106,  7362. 
C3H7N,  474,  8646. 
C3H7NO,  313,  4008, 

7198,  7267,  7271. 
C3H7NOS,  2423,  2424. 
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C3H7NO2,  426,  430, 
433,  435,  2395,  4270, 
5111,  5282,  7131, 
7131F,  7367,  7869. 

C3H7N02S,  3084. 

C3H7NO3,  5110,  7366, 
7887,  7888,  7889. 

C3H7NO5,  4241,  4242. 

C3H7N3O,  16. 

C3H7N3O2,  4286. 

C3H7NAG3,  4249. 

C3H7Na04S,  221. 

CaJHs,  7073. 

CsHgClNOs,  7870. 

C3HkN20,  8729,  8730, 
8738. 

C3HsN20-;,  7341. 

C3HhO,  3729,  5098, 
7331. 

C3Hs02,  3620,  5628, 
7147,  7152. 

C3Hh02S,  4262. 

C3Hs03,  4228. 

C3HsS,  7162,  7164, 
8070. 

C3H9AI,  501. 

C3H9AS,  916. 

C3H9B,  194,7. 

C3H9BQ2,  1940. 

C3H9B03,  5733. 

C3H9fti,  1916. 

C3H9N,  5099,  7333, 
8624. 

C3H9NO,  3623.  4828. 

C3H9O4P,  5762. 

C3H9O0P,  4264. 

C3H9P,  6891. 

C3H9Sb,  7976. 

C3H10CIN,  8625. 

C3H10N2.  7142,  7143. 

C3H10N2O,  S7190M. 

C3Hi2Ne03,  4391H. 

C302,  2585. 

C4 

C4Br2N204S,  8219. 
C4Br3N02S,  8239. 
C4Br4S,  8236. 
C4CI3NO2S,  8241. 
C4C14S,  8237. 
C4ClioO,  3674. 
C4HKTO3,  5408. 
C4HB1-3S,  8238. 
C4HCIO3,  5409. 
C4HCI30,  4097. 
C4HC13S,  8240. 
C4HI4N,  7601. 
C4H2,  1995. 
C4H2Br2S,  8218. 
dBJfShiht  S4070M. 
C4H2CI2S,  8220. 
C4H2IN02S,  8231. 
C4H2I2S,  8222. 
C4H2N2O4,  463. 
C4H2N204S,  8226. 
C4H2N2O5,  4086. 
C4H2O3,  5407. 
C4H204,  354. 


(Continued) 

C4H3BrO,  4078. 
C4H3Br04,  4068,  5404. 
C4H3BrS,  8216. 

C4H3ClHgO,  4081. 
C4H3C109  4080. 
C4H3C104,  4069,  5405. 
C4H3C1S,  8217. 
C4H3I09  4089,  4090. 
C4H3IS,  8230. 
C4H3N02S,  8235. 
C4H3N03,  4094. 
C4H3N304,  8868. 
C4H4,  2143. 
C4H4Bir204,  8031. 
C4H4CI2O2,  8047. 
C4H4N25  7445,  7459, 

7524,  8046. 
C4H4N202,  8707. 
C4H4N203,  1013. 
C4H4N2O4,  3163. 
C4H4N205,  465. 
C4H4N2Oio,  8101. 
C4H4N2S2,  4308. 
C4H4G,  4075. 
C4H402,  8164. 
C4H4G3,  8044. 
C4H4Q4,  4064,  4358, 

5399. 
C4H4S,  8211. 
C4H5Br,  S1991M. 
C4H5Br02,  2912. 
C4H5Br04,  8030. 
C4H5CI,  2688. 
C4H5CIO2,  2913. 
C4H5CI3O,  2211. 
C4H;,Cl:s02,  178. 
C4H5N,  480,  489, 

2917R,  7589, 

S5580X. 
C4H5NO,  3455. 
C4H5N029  131,  4045, 

7305,  8045. 
C4H5NO2S2,  8259, 

8260. 
C4H5NO3,  5398. 
C4H5NS,  5124,  8186, 

8263. 
C4H5N3,  256. 
C4H5N3O3,  8709. 
C4H6,  1990,  1991,  2198, 

2201,  2976. 
C4H6Br202,  134,  2244. 
C4H6C1202,  136. 
C4H6N2,  4853. 
C4H6N202,  132,  4282, 

4676,  4677. 
C4H6N4O2,  4360. 
C4H6N4O3,  454. 
C4H6N4O12,  3470. 
C4H60,  381 M,  2909, 

7377,  8863. 
C4H6O2,  387,  2065, 

2129,  2262,  2910, 

3065,  3469,  4017, 

5025,  5580,  8014, 

S107W. 
C4H602S2,  327. 
C4H603,  187,  191M, 

2257M,  2915,  7615. 
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C4H604,  358,  4298, 

5120,  6350,  8020. 
C4H605,  3250,  4357, 

5069,  5411,  5412. 
C4H606,  8096,  8106. 
C4HG06-H20,  8094. 
C4H6Qs,  8042. 
C4H6S,  8865. 
C4H7Br,  2111. 
C4H7BrO,  2271,  4999. 
C4H7Br02,  120,  2242, 

3602,  4989. 
C4H7CI,  S7223M, 

S7223Q. 
C4H7CIO,  2272,  5000. 
C4H7002,  125,  3606, 

4043. 
C4H7C130,  2674. 
C4H7CI3O2,  2212,  2666. 
C4H7N,  2266,  4995, 

5107,  7363,  7609. 
C4H7NO,  2909M, 

4996,  7608. 
C4H7N02,  2067,  3146. 
C4H7N03,  317,  2257R, 

6366.  8015. 
C4H7N04,  153,  929, 

930,  931. 
C4H7N3Q,  2863. 
C4H7N303,  1928. 
C4H71VS,  5134,  5137, 

8196,  8199. 
C4H8,  2110,  2118,  2971, 

3064,  7234. 
C4HsBr2,  7095. 
C4H8C120,  3668,  3707. 
C4H\CI2S,  8061. 
C4H8N20,  8717. 
C4HSN2O2,  4371,  6373, 

6374,  8017,  8713, 

8715. 
C4H8N2Q3,  462,  928, 

5396. 
C4H8N2S,  8719. 
C4H8N402,  7006. 
C4HsN404,  453  M. 
C4H  O,  2095,  2132, 

2134,  2135,  2204, 

3653,  3742,  3900. 

4095,  4974,  S7248M. 
C4HhOS,  174. 
C4H802,  94,  206,  441, 

2098M,  2220,  3296, 

3297,  3301,  3472M, 

4029,  4034,  4978, 

7287. 
C4H«6'2S,  8174. 
C4H803,  143,  2249, 

2250,  2251,  2575, 

4311,  4347,  4991, 

5287. 
C4H804,  3473M,  4226, 

8283M. 
C4HhS2,  3373. 
C4H9BH  2160,  2161, 

2162,  4957. 
C4H9BK),  3675. 
C4H9CI,  2166,  2167, 

2168,  4958. 
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CiHgClHg,  5542M. 
C4H9CIO,  3869,  3690. 
C4H9F,  2179M,  4964. 
C4H9I,  2181,  2182, 

2183,  4966. 
C4H9N,  475,  7603. 
C4H9NO,  38,  2096, 

2205,  2214,  4975, 

4977,  5795. 
C4H9NO2,  425,  2037, 

2191,  2192,  2193, 

2237,  2238,  2239, 

2400,  2419,  4276, 

4971,  4988,  7127. 
C4H9NO3,  2086M, 

2189,  2190,  4970, 

7183M,  S8283G 
CjH9N04,  7155R. 
C4H9NO5,  7155H. 
CH9N3O,  220. 
C4H9N3O2,  2862. 
C4H9NaO!S,  2207. 
C4H10,  1998,  4950. 
C4HioCd,  2283 
C4H10CI2S11,  8316 
C4H10F2S11,  8317. 
C4HioHg,  5534. 
C4HioHgS2,  5547. 
C4H10N2,  6997. 
C4H10N2  6H20,  7000. 
C4H10N2O,  3226,  8763, 

8773 
C4H10N2O2,  3225. 
C4H10N2O3,  S2328F. 
C4H10N4O6,  8755M. 
C4H10O,  2149,  2150, 

2151,  3754,  3764, 

3902,  4951. 
C4H10OS,  3935. 
C4HioOSn,  8318 
C4H10O2,  2055,  2057, 

2059,  2060,  3515, 

3612,  7150 
C4H10O2S,  3632,  3933. 
C4H10O3,  3231,  6333. 
C4H10O3S,  3932 
C4H10O4,  3468. 
C4H10O4S,  2197,  3929. 
C4H10S,  2072,  3930, 

7163. 
C4H10S2,  3808. 
C4HioSe,  3927. 
C4H10S11,  8301. 
C4HioTe,  3937. 
C4HioZn,  8986. 
C4H11AS,  910M. 
C4H11ASO3,  2042 
C4H11BO.,  1938. 
C4H11N,  2153,  2157, 

2158,  3216,  4953, 

7340. 
C4H11NO,  2081 M, 

3610,  3615,  3794, 

7173M. 
C4HiiN02,  3215, 

7152R. 
C4H11NO3,  7152M. 
C4H11O4P,  3243. 
C4H11P,  6882 
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C4H12AS2,  2274. 
C4H12AS2O,  2279. 
C4H12AS2S,  2280. 
C4Hi2Br2N2,  6998. 
C4H12CIN,  517,  3218. 
C4H12CI2N2,  6999. 
C4H12N2,  7436. 
C4H12O4S1,  $5761 M. 
CiHi2Pb,  5327. 
C4Hi2Si,  7897. 
C4H12S11,  8306. 
C4H13NO  5H2O,  520. 
C4H13N3,  3240M. 
C4H2oN40i7V6-4H20, 
3880M. 


C5H2O5  3H2O,  2908. 
C5H3Br03,  4147C, 

4147R. 
CHjBr.N,  7471. 
C5H3CIO2,  4151. 
C5H3CIO3,  4147T, 

4147U. 
C5H3NO4,  4127. 
CH3NO,  4147X. 
CJEhBrN,  7467. 
C5H4CIN,  7468,  7469, 

7470. 
C.H4N4,  7426. 
CoH4N40,  4846. 
CH4N4O2,  8879. 
C5H4N4O3,  8780 
C5H4OS,  8247. 
C5H4O2,  4121,  7580. 
C5H4O2S,  8250,  8253. 
C5H4O3,  2787,  4109, 

4147. 
C5H4O4,  360. 
C5H5CIO,  4082. 
C5H5N,  7460. 
C5H5NO,  7514,  7515, 

7516. 
C5H5NOS,  8248. 
C5H5NO2,  7505,  7602 
C5H5N02-H20,  7506. 
C5H5NO3,  7513. 
C5H5NO3S,  7508. 
C5H5N5,  407. 
C5H5N5O,  4404, 
CoH6,  3045. 
C5H6N2,  4222,  7462, 

7463,  7464 
C5H6N2O2,  8286. 
C5H6N2O3,  2693. 
C5H60,  4093,  7909. 
CsHeOS,  4145,  8246. 

8258. 
C5H602,  4134,  6465, 

6596,  7259,  7381. 
C5H6O4,  2786,  5165, 

5548,  6422,  8856. 
C5H6O5,  247. 
C5HG06,  3590. 
CsHeOs,  3139 
CsHeS,  8232,  8233 
C5H7N,  6583,  7595. 

7596,  7597. 
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C0H7NO,  4141. 
C5H7NO2,  130,  S5300F. 
C5H7NS,  8265. 

C5HS  1990M,  2199, 

3058,  5095,  6461, 

6462,  6463,  6464, 

6594,  6595. 
C3HSN2O3,  8725. 
C5HSN4O12,  S6468J 
C5HsO,  3057,  6591, 

7375,  8299. 
C5HSO2,  88,  386,  564, 

2911,  4128,  5347, 

5580R,  6525,  6585, 

8300,  8817. 
CoHsOs,  193,  4147Y, 

5348,  7614,  S207C. 
O5HSO4,  102,  4213, 

5423,  5446,  6352, 

7583. 
C'oHsO.-,,  2790,  4218. 
C-,H907,  4220,  4221. 
CsHgBr,  3047. 
C5H9Br02,  5154,  7298, 

8811. 
C.5H9CIO,  4083,  5160, 

8829. 
C;H9CI02,  4038,  4041, 

7175,  7190,  7302, 

7304 
C5H9N,  2184,  2186, 

2269,  4967,  5158, 

7320,  8826. 
C5H9NO,  5027 M. 
C5H9NO2,  6524,  7059, 

7060,  7061 
C;H9N03,  7057,  7058. 
C5H9NO4,  4207,  4208, 

4209. 
C5H9NO5,  4205,  4206. 
C5H9NS,  5128,  5129. 

5130,  5133,  8188, 

8190,  8195. 
C5H9N3,  4653M. 
C5H10,  2116,  2117, 

2120,  2973,  3046, 

3083,  6564,  6572. 
C5HioBr2,  6491. 
C5H10CINO4,  4210. 
C5H10CI2,  6492. 
C5H10N2,  2949. 
C5H10N2O3,  4211. 
C5H10N2S2,  2594. 
CsHioO,  2100,  3056, 

3651,  5141,  6553, 

6558,  6586,  6588, 

6589,  7044,  7438, 

8790. 
C5H10OS2,  2577,  8878. 
C5H10O2,  101,  107, 

2232,  2257,  4020, 

4021,  4028,  4140, 

4985,  5143,  7046, 

7282,  8795. 
C5H10O3.  205.  2568, 

3621,5155   5156, 

5286.  8816. 
C5HL0O4,  4225,  4239 
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C5Hio05,  877,  878, 
5392R,  7792T,  8969. 

CoHioOe,  880. 

C5HuBr,  535,  2006, 
4928,  7081. 

C5H11CI,  537,  2013, 
2015,  4929,  6489, 
6490,  7087. 

C5H11F,  545  M. 

C5H11I,  547,  2024, 
2026,  4938,  7115. 

C5H11N,  7013,  7605. 

C5H11NO,  2101,  4006, 
4142,  5142,  5142M, 
6554,  7045,  8791, 
8793. 

C5H11NO2,  555,  1792, 
2397,  2405M,  2416, 
4942,  5153,  5161, 
8806,  8807,  8808, 
8831,  8832,  8833. 

C5H11NO2S,  5723, 
5724. 

C5H11NO3,  4941, 
$883 1M. 

C5H11NO4,  7154M. 

C5H12,  2028,  6481, 
7101. 

C5Hi2ClN02,  427. 

C5H12N2O,  8723M, 
8723P,  8723S,  8726, 
8727,  8749,  8766. 

C5H12N2O2,  6321. 

C5H12N2S,  8728. 

C5H12N4O3,  S2328M. 

C5H12O,  2084,  2090, 
2091,  3681,  3728, 
3737,  3752,  4923, 
6534,  6538,  6545, 
7179. 

C0H12O2,  2056,  2058, 
2063,  5620,  6517, 
6518,  6519,  6520, 
7154. 

C5H12O3,  3239,  7155. 

C5H12O4,  6468. 

C5H1205,  417M,  879. 

C5H12S,  2073,  2074, 
2075,  6529. 

C5Hi3B02,  1937. 

C5H13N,  530,  534, 
2154,  2155,  3224, 
4926,  4954,  7335, 
7336,  7337. 

C5H13NO,  3795,  6125. 

C5H13NO2,  3624. 
7152H. 

C5H14N2,  2282. 

C5H14N2S2,  2410. 

C5Hi403Si,  S3578Q. 

C5H15NO2,  2695. 

CsHisSb,  858. 

C6 

C6Br6,  1224. 
C6CI4O2,  2670. 

CeCle,  1225. 
C6HBr5,  1259. 
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CeHBroO,  6788. 
C6HCI3O2,  7731. 
C6HC15,  1260. 
CeHCloO,  6789. 
CeHIo,  1262. 
C6H2Br4,  1278,  1279. 
C6H>Br5N,  673. 
C6H2CIN3O6,  1163, 

6971. 
C6H2CI2O2,  7719. 
C6H2CI2O3,  3136. 
C0H2CI2O4,  2671. 
CeHiCh,  1280,  1281, 

1282 
C6H2CI4O2,  4813. 
C6H2CI5N,  674. 
C6H2l4,  1287,  1288, 

1289. 
C6H2N2OK,  6145. 
C6H2N4O9,  6803. 
CeHsBftNOa,  6731. 
CcH3Br3,  1295,  1296, 

1297. 
CcH3Br30,  6806. 
CfiH3Br302,  7776. 
C6H3CIN2O4,  1153, 

1154,  1155,  1156, 

1157. 
C6H3CI2NO3,  6738. 
C6H3Cl3,  1298,  1299, 

1300. 
C6H3C130,  6807,  6808. 
C6H3CI3O2,  4814. 
C6H3C14N,  683,  684. 
C6H3I3,  1308,  1309, 

1310. 
C6H3I3O,  6809. 
C6H3NO4,  7727. 
CeHaNsOe,  1317, 

1318,  1319. 
C6H3N3O7,  6812, 

6813,  6969. 
CeHsNsO--,  7987. 
C6H4BrCI,  1134,  1135. 
C6H4BrC!02S,  1391. 
C6H4BrF,  1137. 
C6H4BrI,  1138,  1139, 

1140. 
C6H4BrN02,  1141, 

1142,  1143. 
C6H4Br2,  1170,  1171, 

1172. 
C6H4Br2N202,  606,  607. 
C6H4Br20,  6729,  6730. 
C6H4Br3N,  688,  689. 
C6H4CIF,  1157M. 
C6H4C1I,  1158. 
C6H4ClNO,  7716. 
C6H4CINO2,  1160, 

1161,  1162. 
C6H4C1N03,  6719, 

6720,  6721,  6722. 
C6H4CI2,  1174,  1175, 

1176. 
C6H4C12N2,  7715. 
C6H4CI2N2O2,  615. 
C6H4CI2O,  6732,  6733, 

6734,  6735,  6736, 

6737. 


C6H4CI2O3S  2H2O, 

S1384M. 
C6H4CI3N,  690,  691, 

692. 
CeHUFI,  1223. 
C6H4FN02,  1223H, 

1223K,  1223  M. 
C6H4INO2,  1234, 

1235,  1236. 
C6H4I2,  1190,  1191, 

1192. 
CeEUfcO,  6740,  6741. 
C6H4N204,  1200,  1201, 

1202. 
C6H4N205,  6748,  6749, 

6751,  6752,  6753. 
C6H4N206,  7760. 
C6H4N40c,  695. 
C6H402,  7714. 
CgH403S,  8244. 
C6H404,  2847,  7721. 
C6H4O4S,  8254,  8255, 

8256. 
CeHUOo,  3133,  4116. 
C6H4O6,  7730. 
CCH5BF2,  1942. 
CfJIoBr,  1132. 
C6HsBrO,  6705,  6706, 

6707. 
CeHsBrOS,  5191. 
C6H6Br02,  4804. 
CeHoBrOsS,  1382, 

1383. 
C6H5Br3N2,  1344. 
C6H5C1,  1152. 
CeHoClHg,  5545. 
C6HoClN2,  1341. 
CoHoCIO,  6716,  6717, 

6718. 
C6H5C10S,  5197. 
CfiH5CI02,  4805. 
C6H5CIO2S,  1390. 
C6H5CIO3S,  1384. 
C6H5CI2N,  609,  610, 

611,  612,  613. 
C6H5C12P,  6881. 
C6H5Cl3Si,  7898. 
C6H5F,  1221. 
CoH5I,  1233. 
CeHsIO,  1237,  6768, 

6769,  6770. 
C6H5I02,  1238. 
C6H5NO,  1257,  4098. 
C6H5NO2,  1256,  5075, 

6134,  6786,  6965. 
C6H5N03,  6136,  6783, 

6784,  6785. 
C6H5NO5S,  1388. 
CeHsNOeS,  6823. 
C6HoN3,  1294,  1716. 
C6H5N3O3,  1343. 
C6H5N3O4,  627,  628. 
C6H5N3O5,  6967. 
CeHoNaOe,  4734. 
CeHsNaOsS,  1377. 
CcHe,  1113,  4546,  4547. 
CeHeBBrCh,  1934. 
C6H6BC102,  1934xM, 

1935. 
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C6H6BrN,  593,  594, 

595. 
CsHfJBiv,,  2994,  2995. 
CeHeCIN,  600,  601, 

602. 
CgHsCIg,  2996,  2997, 

2998,  2999. 
CoHeFN,  637K,  637M, 

637P. 
CeHeIN,  644,  645,  646. 
C6H6N20.  672,  6128M. 
C6H6N2O2,  668,  669, 

670,  671,  7717. 
CeHe^Oa,  6679,  6680, 

6681,  6682,  6683, 

6684,  6685,  6686, 

6687. 
CsHfiN-iOeS,  6822. 
C6HGN4O3,  8781,  8782, 

8783. 
C6H6N40i,  4707. 
CfleO,  6667. 
CgHgOS,  5264. 
CeHeOo,  4126,  4791, 

5237,  ^528,  7740. 
CeHeOoS,  1371,  8243, 

8251,  8252 
C;H602Si,  1368. 
CeHeOs,  1404,  4112, 

4147M,  4147V, 

6866,  7545. 
CgHgOsS,  1376. 
CgHgOj,  1395,  1396, 

5278,  5801. 
CgHgC^S,  6819,  6820. 
CgH.Og,  364,  1228, 

3067. 
CeHsOgSa,  1406. 
CeHfiS,  6804. 
C6H6S2,  4809,  7761. 
CgHtBO:,  1939. 
CHH7BrN2,  4699. 
C6H7CIN2,  S6836M. 
C6H:N,  571,  6961, 

6962,  6963. 
CgHtNO,  4827,  6674, 

6675,  6676,  7485, 

7590. 
CgHtNOS,  46. 
C6H7NO2S,  1372. 
CeHyNOaS  >^H20, 

6326. 
C6H7NO3S  H2O,  8050. 
Cg&NOsS  1^H20, 

5576. 
C6H7NO4S,  6821. 
CeEbNS,  6688,  6689, 

6690. 
C6H7N3O2,  4727,  4728, 

4729. 
C6H7O4,  S6858Q. 
C6H7P,  6887. 
CgHs,  2982,  2984. 
CeHsAsNOs,  895. 
CeHsClN,  572. 
C6HsCl202,  417. 
C6HsN2,  4730,  5176, 

6836,  6840,  6845. 


CgHhN20,  6724,  6726, 

6727,  6728. 
C6HSN2O2S,  8049. 
CcHsN203,  572F. 
CgHsNgOis,  5482. 
CgHO,  4085. 
C6H3O2,  3010,  3011, 

3745,  4139,  7924. 
C6Hh04,  2974,  2975, 

4066,  4067,  5297, 

5401,  5428. 
CgHhOg*  924,  5413, 

8570,  S4204F. 
CgHs07,  2792,  5019, 

5118. 
CgHsO.,  8571. 
CeHsS,  8223,  8224, 

8225,  8227,  8228. 
C6H9CIN2,  4731. 
C6H9CIO3,  194. 
CgH9N,  7592,  7593, 

7594. 
C6H9NO2,  4406. 
C6H9NO3,  8547. 
CgH9N04,  6368. 
C6H9NOg,  S164T. 
C6H9N3,  1398,  1399. 
CgHYNsO,  6805. 
C6H9N3O2,  4654,  4655, 

4656. 
C6H9N3O3,  3016,  5031. 
CeftjNn,  5493. 
CeHio,  1993,  3029, 

4541,  4542,  4650, 

4651,  4651 F. 
C6H10CI2N2O,  6725. 
CgHioN4,  S5771M. 
CgHioO,  485,  3023, 

4634,  5563,  6596R. 
CgHioO',  408,  416M, 

2133,  2363,  2914, 

4544M,  4585,  4631, 

5580G,  6584, 

S7277M. 
C6Hio03,  192,  4263, 

7318. 
C6H10O4,  410,  4293, 

5070,  5459,  5460, 

6347,  8023,  8033. 
CgHio05,  5296,  5415. 
(CgHioOs)*,  2633,  3143, 

4288,  5346,  5353, 

7938. 
CgHioOg,  4186,  8095, 

8100,  8103. 
C6H10O7,  4156, 

S4204K. 
CgHioOs,  460M,  5799, 

7811. 
CgHioS,  492 
CgHioS3,  496. 
C6HuBr,  2990. 
C6HiiBr02,  2243,  2359, 

4990. 
CeHnCl,  2991. 
CgHuCIO,  2374. 
C6H11CIO2,  124,  4040. 
C6H11CI2N3O2,  4658. 
C6H11CI3O2,  3554. 
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CeHnN,  550,  2268, 
2372,  3160,  4939, 
5009. 

CgHuNO,  7023. 

C6HuN02,  4584. 

CgHuNO.3,  408IM. 

CeHuNS.  5125,  5132, 
8194. 

C6H11N3O4,  2790M. 

CgHuNo,  1366. 

CgH,2,  2112,  2113, 
2114,  2119,  2988, 
4618,  4623,  4628, 
6569,  6570,  6571, 
6578,  6579.  6580, 
S3047M,  S4623A, 
S4623B,  S4628A, 
S4628B. 

CgHuCI^O,  3669. 

C6H12CI2O2,  5. 

CGII12CI3N,  S8600Q. 

CGH12I2,  4563. 

CGH12N2,  215. 

C6H.2N2O2,  409,  6372. 

CGH12N2O4,  6357. 

C6H12N2O4S2,  3085, 
3086,  3087,  3088. 

C6H12N2S3,  8053. 

C6H12N2S4,  3357. 

CGH12N2S4Z11,  2413. 

C6H12N4,  4552. 

C6Hi20,  2208,  2345, 
3017,  4610,  4614, 
6556,  6557,  6560, 
6587,  6590,  6987. 

C5H12O2,  91,  92,  100, 
2225,  2245,  2246, 
2247,  2350,  4018, 
4027,  4981,  5005, 
5148,  6555,  7047, 
7256M,  7286,  7290, 
8801,  8819,  8820. 

C6H12O3,  2362,  3613. 
5340,  6429,  S4996F, 
S5286M. 

CgHi205,  4061,  7618. 

CgHi205-H20,  7787. 

CgHioOg,  462 M,  498M 
4057,  4155,  4189, 
4404M,  4848M, 
4894,  5485,  7926, 
809 1M. 

CgH^Og  H2O,  4190, 
4191. 

C6H12O7,  4154,  4185. 

C6H12S3,  26,  8672, 
8673. 

CeHisBr,  4559. 

CeHiaCl,  4560,  4561. 

C6H13CIO2,  2677. 

CeHial,  4570. 

CgHi3N,  3037,  6994, 
6995,  6996,  7025. 

CgHi3NO,  2346,  2349. 

C6H13NO2,  2396,  2422, 
4648,  5065,  5066, 
5067,  5068,  5341, 
5342,  5797,  6211, 
6212,  6213. 
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C0H13NO5,  4056, 
4186M. 

CcHi3NS2,  8175. 

CeHwNsOa,  S2799M. 

CeHu,  2018,  2019, 
4556,  6503,  6504. 

CeH^Hg,  5540. 

CeHuNo,  7005. 

C6Hi4N20,  3272,  3346, 
8748. 

C6H14N2O2,  5390,  5391. 

C6H14N2O7,  204. 

C6H14N4O2,  891,  892. 

C6Hi40,  2082,  2088, 
3678,  3679,  3727, 
4593,  4601,  4604, 
5103,  6502,  6535, 
6536,  6537,  6540, 
6541,  6551,  6552, 
6988,  7358,  S3755F. 

C6Hi4OS,  7370M. 

C6Hi402,  3,  3603,  4581, 
4582,  6521,  6986. 

C6Hi402S,  7370. 

C6Hi403,  3237,  7193M. 

C6Hi404y  8606. 

C6Hi404S,  7368. 

CeHuOo,  7786. 

CeHnOe,  3406,  5481. 

CeHuOfi  HH2O,  7925. 

C6Hi4S,  4590,  5112, 
7369. 

CeHisAl,  500. 

C6Hi5A103,  499. 

C6Hi5As,  915. 

CeHisAsOs,  3802. 

C6Hi5As04,  3801. 

C6Hi5B,  1944.       • 

CeHisBOs,  3803. 

CeHisBi,  1915. 

CeHisClSn,  8313. 

C6Hi5N,  531,  2153H, 
2153R,  2157M, 
3271,  3345,  4641, 
5059,  7341 M,  7341 P, 
8596. 

CeHisNO,  3604M, 
3608,  3619M. 

C6H15NO2,  3617,  3791. 

CeHioNOa,  3626. 

CeHisOP,  6889. 

CeHisOsP,  3926. 

CeHisOiP,  3925. 

CeHisP,  6888. 

CeHisPS,  6890. 

CeHisSb,  7975. 

C6H1GClNO,  2698. 

CeHieCIN,  8597. 

C6Hi6N2,  4578, 
S3881M. 

CeHieOSi,  7901. 

CeHieSI,  7899. 

CeHieSn,  8302. 

C6Ig,  1229. 

CeOe  8H2O,  3014. 


C-H3Br302,  1609M. 
C7H3CIN2O5,  1726. 


(Continued) 

C7H3CI3O2.  1610, 

1611,  1612. 
C7H3N3O-,  1072. 
CyHsNsOs,  1626. 
(7H4BrC10,  1725. 
C7BUBrN,  1639. 
C7H4Br202,  1512, 

1513,  1514, 1515, 

1516. 
C7H4Br40,  2876. 
€7H4C1N,  1640. 
C7H4CINO3,  1728, 

1729. 
C7H4CI2O2,  1517, 

1518,  1519,  1520, 

1521,  1522. 
C7H4CI2O3S,  S1725M. 
C7H4F3NO2,  8417M. 
C7H4N2O2,  1642,  1643, 

1644. 
C7H!N205,  1057,  1058. 
C7H4N2OG,  1536,  1537, 

1538,  1539,  1540. 
C7H4N2O7,  7849. 
C7H4O7  3H20,  5490. 
C7H^BrO,  1723. 
C7HoBr02,  1498, 

1499,  1500. 
C7H5Br2N02,  8364. 
C7H5CIF2,  8357. 
C7H5CIO,  1048,  1049, 

1050,  1724. 
C7HCIO2,  1503,  1504, 

1505. 
C7H5CI2F,  8366M. 
C7H.0CI2N,  614. 
C7H5CI2NO2,  8367, 

8368. 
C7HoCl3,  8416. 
C7H  FO,  1732. 
C7H5FO2,  1550,  1551, 

1552. 
C7H5F3,  8417. 
C7H.JO,  1735. 
C7H5IO2,  1564,  1565, 

1566. 
C7H5N,  1635,  6855. 
C7H0NO,  771,  5028. 
C7H5NO2,  1720, 

S1719M. 
C7H0NO3,  1069,  1070, 

1071,  1584,  1585, 

1586. 
C7H5N03S,  7812. 
C7H5NO4,  1575,  1578, 

1581,  2719,  3291, 

5384,  7699. 
C7H5NO4  H2O,  5016. 
C7H5N04-1>2/H20, 

3340. 
C7H5NO5,  7852,  7853. 
C7H5NO5-H2O,  7851. 
C7e5NS,  5136,  8198. 
C7H5NS2,  1707. 
C7H5N3,  1342. 
C7H5N3O,  1722. 
C7H5N3O6,  8419,  8420, 

8421. 
C7H5N3O7,  727,  2885. 
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C7H5N3OS,  6317. 
C7HoNo(K,  8166. 
C7H6BrCl,  1768,  1769. 
GVHeBrNCfe,  8345, 

8346,  8347. 
C7H6Br2,  1774H. 
C7HfiClNO,  1084, 

1085,  1086. 
C7H6CINO2,  8359, 

8360,  8361. 
C7H6CI2,  1770,  1774R. 
C7H6F2,  1076M. 
C7H6F3N,  8506M. 
C7H6N2,  787,  1430, 

1637,  1638,  2951. 
C7H6N2O,  1432. 
C7H6N2O3,  1091,  1092, 

1093. 
C7H6N2O4,  782,  783, 

784,  785,  1478,  1479, 

1480,  1481,  1482, 

1483,  8378,  8379, 

8380,  8381,  8382. 
C7H6N2O5,  721,  2871, 

2889. 
C7H6N1O4,  3997M. 
C7HeO,  1037. 
C7H6OS,  1606. 
C7Hc02,  381,  1061, 

1062,  1449,  7822, 

8527. 
C7H6O2S,  1569. 
C7H6O3,  1559,  1560, 

4099,  6598,  7383, 

7780,  7829. 
C7II0O4,  1523,  7389. 
C7H604-13-;H20,  7782, 

7784. 
C7H604  3H>0,  4108. 

7783. 
C7H604S,  1386. 
C7H605,  1613,  1614, 

1615,  4160. 
C7H60qS-2H20,  1602. 
C7H60&S-3H209  1000. 

1603. 
C7H606,  1605. 
C7H7BF2,  1943. 
C7RYBr,  1766,  8341, 

8342,  8343. 
C7H7BrN202,  8511. 
C7H7BrO,  719,  720. 
C7H7Br03,  4147S. 
C7H7CI,  1767,  8353, 

8354,  8355. 
C7H7ClHg,  5546. 
C7H7C109  1740. 
C7H7CIO2S,  8436. 
C7H7CI2NO2S,  3205. 
C7H7F,  1773M,  8388, 

8389,  8390. 
C7H7I,  1775,  8394, 

8395,  8396. 
C7H7N,  S7495G. 
C7H7NO,  772,  1041, 

1042,  1046,  1047, 

1079,  4014,  8405, 

8406,  8407. 
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C7H7NO2,  773,  1088, 
1089,  1446,  1472, 
1473,  7825,  8402, 
8403,  8404,  8612. 

C7H7NO3,  723,  724, 
725,  1753,  1754, 
1756,  2872,  2873, 
2874,  2875,  2881, 
2882,  2883,  2891, 

2892,  7846,  7847, 
7.848. 

C7H7NO1S,  1596,  1597, 
1598. 

C7H7N3,  8415. 

C7H7O5P,  1592. 

C7H8,  8336. 

C7HsBrN,  8510. 

C7&JV2,  1040,  1095, 
132,6. 

C7HHN2O,  660,  661, 
667,  1080,  1081, 
1082,  1083,  1456, 
8759. 

C7H8N2O2,  657,  658, 
659,  1507,  1508, 
1509,  1510,  1511, 
8491,  8492,  8493, 
8494,  8502,  8503, 
8504,  8505,  8515, 
8516. 

C7EUV2S,  8761. 

C7HSN4O2,  8172,  8173. 

C7H8N6O7,  439 1R. 

CyHsO,  715,  1738, 
2866,  2878,  2886. 

C7H8O2,  1744,  1745, 
2894,  4383,  4667, 
6316,  6776,  6777, 
7539,  7770  7857, 
8439. 

C7H803,  4135,  4147G, 
4147W,  7538,  7554, 
7585,  7768,  7769. 

C7H803S,  8431,  8433, 
8434. 

C7H8S,  2877,  2884, 

2893,  8438,  S8070M. 
C7H9BO2,  1933, 

1940M,  1941. 

C7H9N,  655,  1758, 
5381,  5382,  5383, 
7474,  7475,  7476, 
8485,  8497,  8507 

C7H9NO,  712,  713, 
714,  1779,  2868, 
2869,  2870,  2879, 
2880,  2887,  2888, 
4821,  4829,  4830. 
4831,  6780. 

C7H9NO2S,  8428, 
8429. 

C7H9NO3S,  8432,  8435. 

C7H9N3O,  7882. 

C7H9N3O2,  1608,  1G09. 

€7H9N3S,  S7S82M. 
S7882Q. 

€7H,0,  8372. 

€-HioBr204,  5441. 


(Continued) 

C7H10CIN,  655M, 
8497 M,  8507M. 

C7H10N2,  4696,  4722, 
4736,  4737,  4738. 
6848,  8534,  8535, 
8536,  8537.  8538, 
8539. 

CvHioNiOaS,  S8048V. 

C7H10O2,  3033,  3723. 

C7H10O4,  3051,  3052, 
8114,  8116. 

C7H10O,,  246,  5558. 

C7H10S,  8242. 

C7HnBr04,  5436. 

C7HnN,  7598. 

C7H11NO2  H2O,  880 

C7H12,  2981,  3032, 
4450,  4515,  4516, 
4516F. 

C7H12O,  2980,  3025, 
3026,  3027,  4651H, 
4651R,  6596H. 

C7H12O2,  385K,  2221, 
3005,  4632,  4979, 
5580N,  5580U. 

C7H12O3,  198,  3006. 
5349. 

C7II12O1,  5422,  5453, 
6982,  8034 

C7H12O5,  4231. 

C7Hi20«,  5509.  763$. 

C7Hi3BrN2O2^40GR. 

C7Hi3Br02,  8812. 

C7H13N,  S3445D. 

C7H13NO,  7014 

C7H13NO2  H2O,  7931. 

C7H14,  2115,  2978, 
3002,  4495,  4496, 
4497,  4619,  4620, 
4621,  4622  4624, 
4625,  4626,  4627, 
4630,  6565,  6566, 
6567,  6568,  6573, 
6574,  6575,  6576, 
6577. 

C7H14N2O4,  5426. 

C7H14N2O4S2,  83382^1 

C7H14O,  2979,  3020, 
3021,  3022,  3435, 
4489,  4490,  4492, 
4611,  4615,  6559. 

C7H14O2,  89,  99,  2235. 
2248,  2355,  2364, 
2365,  3437,  4026, 
4088,  4984,  4987, 
5145,  7280,  7285, 
8798,  8814,  8815. 

C7H14O3,  2574,  5285. 

C7H14O6,  4202,  4203. 

C7H14O7,  4184,  5484. 

C7Hi5Br,  4459. 

C7H15CI,  4460. 

C7H15I,  4465. 

C7H15N,  3041,  6592M, 
7018,  7020,  7021, 
7022. 

C7H15NO,  3436,  4612, 
7035,  8793H 


C7H15NO2,  2418,  4513. 

C7H16,  2041,  4458, 
4571,  4572,  6493, 
6494,  6495,  6496, 
6498. 

C-HieBrNO;,  2696. 

C7H16O,  2092,  3660, 
3726,  4478,  4481, 
4484,  4599,  4600, 
4602,  4603,  4607, 
4608,  6539,  6546, 
6547,  6549,  S3682M, 
S3753J. 

C7H16O2,  4475,  5640 

CtHigOs,  6331. 

C7H16O4S2,  7076- 

C7H16O7,  6602. 

C7H16S,  4476. 

C7H17N,  530M,  4503, 
4641 M. 

C7Hi803Si,  S5707M. 


C»Br6S2,  1920. 
CSH2CI4O.,  6926. 
CsH4ClNO,  4918. 

CsHUO.Oj,  5094,  6950. 

8130. 
CSH4N2,  5093.  8129. 
CSH4N2O1,  4916. 
CsH-iO-jS,  8209. 
C8H4O.3,  6933. 
C8H5Br04,  6915 
C8H5C104,  6916 
CsHoNO,  1730 
C8H5NO2,  1506,  1721, 

4912,  6943. 
CsHsNOs,  4919. 
C8H5NO4,  6942. 
C8H5NOo,  4376. 
CsHsNOr,  6924,  6925, 

7509H,  7509K, 

7512,  8128,  8623. 
CsHsNOe-l^^HoO, 

1790,  2554,  5092. 
CsH6,  1220. 
CsH6Br209  283. 
CsH6Br202,  6874M, 

8965M. 
CsHeClsNO,  S83M. 
C8H6Hg02,  5535. 
C8H6l203,  8843H. 
C8H6N2,  7630,  7733-. 
C8H6N20,  4850 
C8H6N2O2,  4892,  8524, 

8525. 
CsHeNiOe,  8472, 

S1540T. 
CsHe^Os,  466. 
CsHeO,  1437. 
C8H602,  5079,  6898, 

6936,  8117. 
CsHeOs,  4377,  5080, 

6899,  7040,  8118. 
ChH604,  5081,  5082, 

5083,  5084,  6908, 

7042.  8119,  8120 
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CsHeOs,  5088,  5089, 

5090,  6922,  6923. 
CsHeOe,  8126. 
CsHeS,  8208. 
CsH6S2,  1919. 
CsHyBr,  7992,  7993. 
CsH-BrO,  274M,  275, 

276. 
CsH-Br03,  8842. 
ChHtBfsO,  8946M, 

8947  M. 
CsHtCI,  7994,  7995, 

S7993T,  S7993U, 

S7993V. 
CsHtCIO,  279M,  280, 

281,  8528. 
C8H7C!G2,  731. 
ChH7C!03,  8843. 
C;,H:F,  S7995M, 

S7995N,  S7995P. 
CH7IO3,  8843 M, 

8843N. 
CHtN,  4881,  8518, 

8519,  8520,  8522. 
CsHtNO,  1719,  4891, 

5029,  5479,  6383, 

6946. 
CsH7N02,  6384,  7999. 

8000,  8001,  S8001C. 
CH7NO3,  296,  4910, 

6376. 
CSH7N04,  1577,  1580, 

1583,  8482,  8789. 
CsHtNS,  1705,  5126 

5138,  5139. 
C8H7N3O0,  5374. 
CSH7N3O5,  64. 
ChH7N306,  8924,  8939. 
C*H»,  7991. 
(CsHs)*,  5577. 
CsHsBrNO,  57,  58,  59. 
CsH8Br2,  8896,  8912, 

8929. 
CsHgCINO,  60,  61,  62. 
CsHsCl2,  8897,  8913, 

8930. 
CsHsINO,  71. 
C«HsN2,  2948,  8521. 
CsHsN>OS,  8721. 
CsHsN202,  6901,  7793 
ChHxNoOs,  76,  77,  78. 
C8H8N204,  4279,  8901, 

8902,  8903,  8904, 

8917,  8933,  8934, 

8935. 
C8H8N4O4,  13M. 
CsHsNeOe  H2O,  5803. 
CsHsO,  267,  3774. 

6815,  6816,  8327, 

8328,  8329,  8330. 
C8Hs02,  287,  701, 

1065,  1461,  2137, 

4019,  6668,  6874, 

8440,  8451,  8458, 

8464,  8964,  8965, 

S286W,  S286X. 


(Continued) 

CsHsOs,  166,  285,  705, 
1570,  1571,  2895, 
2896,  2897,  2898, 
2899,  2900,  2901, 
2902,  2903,  2904, 
4103,  5162,  5475, 
7041,  7737,  7836, 
8445,  8473,  8474, 
8475,  8838,  S8843T. 

C8R~804,  2986,  3132, 
4157,  6325,  6917, 
6918,  6919,  8836. 

CsHsOs,  3134,  4117. 

CsH9Br,  1136,  8893, 
8894,  8909,  8910. 
8926,  8927. 

CsH9BrO,  6658. 

CsHsCl,  8895,  8911, 
8928. 

C8H900,  6659,  6660, 
S6660C. 

CsH9N,  7461. 

C8H9NO,  52,  268,  271, 
272,  273,  8331, 
8332,  8333. 

C.SH9NO2,  66,  67,  68, 
703 M,  775,  1215, 
1216,  1217,  1477, 
2394,  4280.  8470, 
8471,  8906.  8907, 
8921,  8922,  8923, 
8938. 

C8H9N03,  6661,  6662, 
6663. 

ChH9NS,  83. 

C8H10,  1210,  8892, 
8908,  8925. 

C8Hi0BrN,  597. 

C8Hi0Cl2HgN4O2, 
2293. 

CsHioNs,  15,  1325. 

C8HioN20,  54,  55,  56, 
625,  4691,  8722. 

C8H10N2O2,  622,  623, 
624,  4273. 

CsHiotf'O.*,  6654. 

C8HioN2S,  8723. 

C8H10N4O2,  2286. 

CsHioO,  1751.  2533, 
2534,  2535,  3665, 
3766,  3767,  3768, 
6645,  6655,  6760, 
6761,  6873,  8942, 
8943,  8944,  8945. 
8946,  8947. 

CsHio02,  732,  1195, 
1196,  1748,  2864, 
3629 M,  4806,  4807, 
4808,  6756,  6757, 
6758,  7756,  7757. 
7758,  7759,  7762, 
8850,  8976,  8977, 
8978. 

C8Hio02S,  8079. 

CsHioCs,  2917,  4113, 
4137,  4147P,  6742, 
6743,  6744,  8844, 
S5580W 
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CsHioOsS,  8941, 

S8434M. 
C8H10O4,  3034,  6344. 
C8HnBrN402  2H20, 

2290. 
C8H11CIN4O2  2H20, 

2291. 
C8HnI3N402-l^H20, 

2289. 
CsHnN,  440,  621,  632, 

633,  634,  635,  1761, 

2815,  2816,  2817, 

2836,  6646,  7483, 

7484,  8490,  8501, 

8514,  8957,  8958. 

8959,  8960,  8961. 

8962. 
C»HnNO,  1760M, 

3599,  6650,  6651, 

6652,  6746,  6762, 

6763,  6764,  8690. 
CH11NO3,  8868S. 
CSH11N2O,  8770,  8771, 

8772. 
ChHhN2S,  8769. 
C8H12,  2330. 
CsHi2ClN,  621 M. 
CsHi2CIN03,  8868U. 
C8H12CI6N2O4,  180. 
C8H12N2,  4715,  4716, 

4741,  4742,  6838, 

6842,  6847. 
C8H12N2O3,  1012. 
ChHi2N40gS,  2295 
C8H12O4,  3008,  3009, 

3151,  4065,  5400. 
CsHi2Oo,  6338. 
C8H13NO2,  888 
CsHh,  2835,  4543, 

6301,  6301F,  6301J, 

6301 M. 
C8Hi4BrN02,  889. 
C8H14CINO2,  890. 
C8HhO,  3024,  4498, 

4617. 
C8Hi402,  3018,  5144, 

5580D,  5580K. 
C8Hi403,  2260,  4994 
CsHi404,  4306,  5458. 

6351,  8008,  8022, 

8043. 
CsHuOs,  5414. 
CsHuOe,  8094 M,  8098, 

8105M,  8106M. 
CsHisCIO,  2392. 
CsHisN,  2391,  2821. 

2822,  2823,  2825, 

7039,  7404. 
CsHisNO,  6453,  7422, 

8683. 
CsHis,  2992,  2993, 

3268,  4629,  6293, 

S6277J,  S6277K, 

S6277Q,  S6277R. 
C8H16CI2N2O4,  128. 
C8Hi6N203,  4277. 
C8Hi6N204,  2417,  8026. 
C8Hi6N2S4,  3358. 
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CsHieO,  2347,  2375, 

3652,  4491,  4494, 
4497M,  4633,  6274, 
6275. 

C3H16O2,  98,  2083, 
2224,  2231,  2353, 
2361,  2381,  3440, 
4025,  4983,  5151, 
6542,  7279,  7284, 
8804. 

CsHieOs,  2387,  5011. 

C«Hi604,  3238,  6430. 

CsHivBr,  6248,  6249. 

CsHnCl,  6250,  6251. 

C8H17I,  6254. 

C«HnN,  2830,  3039, 
7030. 

CsHnNO,  2376,  2377, 
2819,  7403. 

C8Hi7N02,  2386,  5796, 
6299. 

CsHitNOs,  6298. 

CsHis,  2040,  4467, 
4468,  4469,  4564, 
4565,  4566,  4567, 
4569,  6245,  6499, 
6500,  6511. 

CsHisCIN,  2831. 

CsHisClNOo,  2697. 

CsHisHg,  5536. 

C8H18N204,  105. 

CsHisO,  2178,  2179, 
3725,  3746,  4482, 
4483,  4487,  4596, 
4605,  4963,  6265, 
6271,  6544,  6550, 
S3680Q,  S3751J. 

CsHisOS,  2196R. 

CsHisOa,  6260,  6261. 

CsHi802S,  2196H. 

CsHisOs,  3235,  3672, 
6327. 

CsHis04S,  2194,  4972. 

CsHis04S2,  8650. 

CsHisS,  2195,  2196, 
4973. 

CsHi8S2,  2172. 

C3H19N,  3202,  3267, 
4504,  6286. 

C8Hi9N02,  3792. 

C8H20AS2,  1805. 

CsftoBrN,  515. 

CsIfroOSi,  7893. 

CsEfeoOsSi,  S3578M. 

C8H20O4Si,  3923. 

C8H2oPb,  5326. 

C8H20Si,  7896. 

C8H2oSn,  8304. 

C8H2iNO,  519. 


C9H5CI2N,  7665.  7666, 

7667,  7668 
C9H5NO4,  7262.  7263. 
CgHsNOs,  7508M, 

7508P,  7508R. 
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C9H6Br202,  2777. 
C9HGCKV,  7661,  7662, 

7663.' 
C9H6N2O2,  5115,  7685, 

7686,  7687,  7688. 
C9H6N2O3S,  1021. 
C9HgOS2,  8180. 
C9Hfi02,  2700,  2855, 

5024,  7264. 
CsH603,  2854,  8697. 
CgHeOi,  3092,  3476. 
CgHeOs,  6947. 
CgHeOc,  4421,  8620, 

8621. 
C9H6O7,  8622. 
C9H7Br02,  2753,  2754. 
C9H7CIO,  2782. 
C9H7N,  5114,  7657. 
C9H7NO,  252,  2591, 

5012,  7703,  7704, 

7706,  7708. 
C9H7NO-3H2O,  7701. 
C9H7NO2,  4914,  4915. 
C9H7NO3,  4893. 
C9H7NO4,  2768,  2770, 

2773. 
C9Hs,  4866,  7378. 
C9H8Br202,  4774. 
C9HsN2,  7658,  7659. 
CgHJViOo,  S1540H. 
C9HsO,  2737,  4863, 

4864. 
C9H8O2,  938,  2740, 

2776,  5018. 
C9Hs03,  116.  1469, 

1470,  2848,  2850, 

2851. 
C9HsOu  933,  2285, 

2758,  4351,  4666, 

8696,  8788. 
C9H8O5,  1502. 
C9H9BrO,  277. 
C9H9Br2N03  2H20, 

S8690T. 
C9H9Br3,  5559. 
C9H9CI,  7224. 
C9H9I2NOS,  4900,  4901, 
C9H9N,  4883,  7914. 
C9H9NO,  2737M, 

4761. 
C9H9NO2,  2749,  2751, 

2752. 
C9H9NO3,  776,  1466, 

1467,  4652. 
C9H9NO4,  779,  1576, 

1579,  1582. 
C9H9NO2,  S799SM. 
C9H9N3O2S2,  S8050T. 
C9H9N304S2,  2411. 
CgHgNgOo,  4420,  5560, 

7408. 
C9H903,  S312M. 
C9H10,  1245,  1273, 

4862. 
C9H10N2,  7453. 
C9HioN203,  75. 
C9HioN204,  5555. 
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C9H10O,  295,  728.  729, 
730,  734.  2658,  2778, 
3655,  4765,  7205, 
7327,  S294X, 
S2698M. 

C9Hio029  90,  294,  1454. 
1544,  1545, 1546, 
2867,  4418,  4520, 
4689,  4766,  5163, 
5562,  8442,  8460 
8467,  8477,  8478, 
8479,  8952,  8954, 
8955,  S293X, 
S293Y,  S7329J. 

CsHioO*,  707,  936, 
1054,  1541,  1542, 
1543,  4102,  5499, 
6597,  6862,  7329, 
7832,  8681,  8846, 
S7315M. 

C9H,0O4,  150M,  3957, 
8847,  S8091F. 

C9H10O5,  4122, 
S8091H. 

C9H11N,  576,  3790, 
7692. 

C9H11NO,  32,  73,  307, 
309,  311, 1056,  7273. 

C9H11NO2,  69,  70,  84r 
85,  429,  432,  434, 
774,  780,  781,  1433, 
1548,  1549,  2430, 
2927,  4772,  5558, 
7406,  7407,  S83T. 

C9HnN03,  8692,  8693, 
8694. 

C9H11NO4,  S419S. 

C9H12,  1276,  2925, 
4419,  5552,  7405, 
8385,  8386,  8387. 

C9H12N2,  219,  S6214M. 

C9H12N2O,  8741. 

C9H12N2O2,  8758. 

C9H12O,  3664,  3739, 
3740,  3741,  3755, 
3773,  5551,  6772, 
6773,  6799,  6800, 
6801,  7184,  7185, 
7194,  7409. 

C9H12O2,  3600,  4813M, 
5565,  6796;  6797, 
6798,  7767,  7774. 

C9Hi203,  1311,  1312, 
4136,  4147E,  4147F, 
5572. 

C9Hi3N9  637,  680,  681, 
682,  2932,  5550, 
6440,  6441,  7410, 
8489,  8500,  8513, 
S522M. 

C9Hi3N02,  568. 

C9Hi3N03,  418. 

CgHwNa-HBfeO,  1822. 

C9H14CINO2,  569. 

C9H14O,  6875,  S5078T. 

C9H14O2,  385P,  3680, 
6302. 

C9H14O3,  4084. 

CaHuOs,  5427. 
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C9H14O6,  2324,  4250. 

C9H14O7,  2794. 

C9H15NO,  7420. 

C9Hi5N03-H20,  3412. 

CgHisNOe,  7932. 

C9H16,  4450M,  6204, 
6238T. 

C9H16CINO3,  3413. 

C9H16O3,  197. 

CgHieOi,  951,  4214, 
5424,  5445,  5447. 

C9H17CIO,  6452. 

C9H17N,  6451,  7664. 

CgHnNO-IfcO,  8549. 

C9H17NO0,  6415M. 

C9H1S,  3000,  3004, 
6195. 

CgHisO,  4493,  6190, 
6191,  6192,  S6560M. 

C9H18O2,  97,  2222, 
2230,  2384,  3438, 
4032,  4079,  4980, 
4982,  5147,  6448, 
8797,  8800. 

CgHisOs,  2567,  2571. 

C9H19N,  7017M. 

€9Hi9NO,  6445,  6446. 

C9H20,  4461,  4463, 
6178,  6255. 

C9H00N2O,  8765. 

C9H20O,  3724,  4485, 
4486,  4606,  6183, 
6185,  6186,  6187, 
6188,  6272,  S3680J. 

C9H20O2,  6180. 

C9H20O4,  6328. 

C9H20O4S2,  8165. 

C9H21B,  1949. 

C9H2iB03,  7342. 

C9H2iN,  6198-,  8660. 

C9H2i04P,  S7367M. 

C9H22N2S2,  2407. 

C10 

C10H4N4O8,  5891,  5892, 

5893. 
CioH5NOio-2H20,  7507. 
C10H5N3O6,  5894,  5895, 

5896,  5897. 
CioH6Br20,  5968,  5991. 
CioH6ClN02,  5845, 

5846. 
CioHeCh,  5850,  5851, 

5852,  5853,  5854, 

5855,  5856,  5857, 

5858,  5859. 
Ci0H6Cl2O,  5969. 
CioH6N202,  7543. 
C10H6N2O4,  5865,  5866, 

5867. 
C10H6N2O5,  5970,  5992. 
CioHgOo,  6028,  6033, 

6039. 
CioHeOs,  5172,  6031, 

6032,  6037. 
CioHeOsS,  6015. 
€ioH604,  4146,  5072, 

5933. 
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CioHeOs,  5504,  7054, 

7557. 
CioRYBr,  5840,  5841. 
CioH7BrO,  5988. 
C10H7CI,  5842,  5843. 
C10H7CIO,  5990. 
CioH7C102S,  5926, 

5927. 
C10H7F,  5870K, 

5870  M. 
C10H7I,  5874,  5875. 
C10H7NO2,  273 1M, 

5883,  5884,  5973, 

5974,  5997,  7620M, 

7698K,  7698P, 

7698R,  7698T, 

7698V. 
C10H7NO3,  5279,  5971, 

5972,  5994,  5995, 

5996,  7416. 
CioHs,  5833. 
CioHsCl4,  5889. 
CioH8NNa04S,  6017. 
C10H8N2,  1336,  1337, 

1338,  1908. 
€10H*N2O,  6068. 
CioHhN202,  6052,  6065, 

6066,  6067. 
CioHsO,  5955,  5978. 
CioHsOo,  2859,  2860, 

5905,  5906,  5907, 

5908,  5909,  5910, 

5911,  5912,  5913, 

5914. 
C10H8O3,  388. 
CioHsOsS,  5925. 
CioHrOsS-Ho'O,  5923. 
CioHs04,  2755,  2756, 

4138,  4149,  5433. 
C10HHO4S,  2907,  6008, 

6009,  6010,  6011, 

6013,  6014,  6016, 

6018. 
CioH806S2,  5916,  5919, 

5920. 
C10H8O7S2,  6005,  6006. 
CioHs08S2,  2702. 
CioH<S,  5977,  6001. 
C10H9N,  5332,  6043, 

6059,  7622,  7679, 

7681,  7682,  7683. 
C10H9NO,  2593,  4882, 

5960,  5961,  5962, 

5963,  5964,  5982, 

5983,  5984,  5985, 

5986,  5987,  7677, 

7702,  7705,  7707, 

7709. 
C10H9NO2,  8019H, 

S4884M. 
C10H9NO3S,  6081, 

6084,  6087,  6089, 
6092. 

CioH9N03S-HH20, 

5934. 
CioH9N03S  H20,  6083, 

6085,  6086,  6088, 
6090,  6091. 
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CtoH9N04,  2772. 

C10H9NO4S,  6012. 

C10H9NO6S2,  6073, 
6074,  6075. 

C10H9NO7S2,  6304. 

C10H10,  1151,  5860. 

Ci0HioBrN02,  191. 

C10H10CIN,  6044,  6060. 

CioHioN2,  4725,  4726, 
6095,  6096,  6097, 
6098,  6099,  6100, 
6101,  6102,  6138. 

C10H10N0O,  7457. 

CioHioN206,  S1540Q, 
S1540Y. 

CioHioN402S,  S8048T, 
S8050J. 

CioHioO,  229. 

C10H10O2,  227,  385F, 
1450,  2131,  2745, 
2767,  5119,  7815. 

C10H10O3,  118,  2130, 
7296,  S4143J. 

C10H10O4,  2931,  3966, 
4792,  5052,  5086, 
5284,  5492,  6910, 
6912,  7739,  8122, 
8839. 

C10H10O5,  6314,  8108. 

CioHioOe,  4422, 
S5053M. 

CioHuN,  S4882M. 

C10H11NO2,  190,  3148, 
3246. 

C10H11NO3,  318,  428. 

C10H11NO4,  8019R. 

C10H12,  321 1M,  5890. 

C10H12N2,  5073,  6128. 

CioHi2N20,  8718. 

CioHi2N202,  6837. 

CioHi2N203,  1015, 
4271. 

CioH^O,  563,  2102, 
2103,  2270,  2923, 
3479,  3656,  3657, 
3658,  4997,  5975, 
5976,  5999,  6000. 

CioHi202,  1459,  1464, 
1567,  1593,  1594, 
1622,  2657,  2929, 
3408,  3948,  5040, 
5041,  5042,  5045, 
7055,  8292,  8441, 
8452,  8459,  8465. 

C10H12O3,  706,  1059, 
2828,  4104,  7843, 
S312T. 

C10H12O4,  2331,  8837. 

CtoHi204S,  8257. 

C10H12O5,  923,  1617, 
1619. 

CioHisBr,  3073. 

C10H13N,  5173,  6056, 
6070. 

C10H13NO,  308,  310, 
312,  314,  2218,  8167. 
S285Q,  S285R. 
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C10H13NO2,  264,  265, 
243 1M,  3075, 
S263W. 
C10H14,  1146,  1147, 
1148,  1181,  1182, 
1183,  1243,  3068, 
3069,  3070,  3407, 
5036,  5871,  7053, 
8411,  8412,  8413, 
8905,  8918,  8919, 
8936. 
€ioBi4BrN,  596. 
CioHnNOs,  8290. 
€ioHi4N2,  558.  2206, 
5074,  6129,  7008. 
€10Hi4N2O,  619. 
C10H14N2O2,  617,  618, 

6666,  6973. 
CioHuO,  2605,  2616, 
2930,  3682,  3753, 
3775,  3776,  3777, 
5038,  6711,  6712, 
6713,  6714,  6715, 
8288. 
C10H14O2,  1178,  1179, 
1180,  6708,  6709, 
6710,  7752,  7765, 
8287 
CioH1463,  2322,  2323, 

4147D,  4147L,  8799 
CioHisBrO,  2311,  2312. 
C10H15CIO,  2313. 
C10H15N,  598,  599,  616, 
647H,  647M,  685, 
2607,  5039,  8295. 
CioH15NO,  2615,  4672, 

6739,  7411. 
CioHioNO-H20,  3451. 
CioHioNOs,  2314. 
C10H15N3O0,  6975. 
C10H16,  1962,  2301, 
2302,  3964,  5355, 
5356,  5810,  6219, 
6219B,  6605,  6606, 
6991,  7810,  8090, 
8134,  8139. 
CioHigCINO,  3452, 

7412. 
C10H16CI2N2,  6130. 
CioHieNOs,  2315,  2316. 
CioHi6N2,  4720,  6846, 

6850. 
C10H16N2O3,  1017. 
C10H16N2O3S,  S1841M. 
CioHi6N407,  8854. 
CioHicO,  2309,  2609, 
2614,  2788,  2789, 
3965,  6992,  7424, 
8284. 
C10H16O2,  4172. 
CioHi604,  2319,  2320, 

2321,  5003,  5429. 
CioHieOo,  2736,  8028. 
CioHieOs,  4192. 
C10H17CI,  1960,  4949, 

5844. 
CioHnNO,  2305,  2310, 
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CioHis,  2297,  2612, 
3094 M,  3131. 
3131H,  5002,  5520, 
5847,  6238F,  6238M, 

CioHisO,  1951,  1953, 
1955.  2610,  2734, 
2735,  2796,  2797, 
4173,  5051,  5357, 
5532,  6122M,  8135. 

C10HisO2,  2304,  6993. 

CioHisOs,  195,  8822. 

CioHis04,  412,  4296, 
5450,  5455,  5461, 
6346.  6349,  7875 

C10H1KO5,  5416. 

CioHisOc,  8102. 

C10H19CIO,  2379. 

CioHi9N,  1959,  2327, 
2344. 

CioH20,  3117.  5513, 
S3117M,  S3117N. 

CioH20ClNO,  5379. 

C10H20N2O4,  413. 

C10H20N2S4,  3356. 

C10H20N0S4Z11,  2409. 

C10H20O,  2332,  2613, 
2798,  2799,  3113, 
3114,  3115,  5529, 
7791. 

C10H20O2,  2335,  2352, 
2382,  4597,  5146, 
6266,  6450,  6543, 
8796. 

CioH2o02-H20,  8138. 

C10H20O4,  3236. 

C10H21I,  3101. 

C10H01N,  3038,  7015M. 

C10H21NO,  2333,  2334. 

C10H21NO2,  3110. 

C10H21NO3,  3109. 

C10H22,  3099,  6252. 

CioH22N204,  7289. 

C10H22N2O6,  5289. 

CioH220,  545,  3107, 
3112,  3734,  4488, 
4598,  4609,  4937, 
6184,  6270,  6273. 

CioH2202,  3103. 

CioH2203,  6332,  6335. 

C10H20O4S,  556. 

C10H22O5,  8154T. 

C10H22S,  4944,  8055, 
S3104M. 

CioH22S2,  4931. 

C10H23N,  3125,  3164, 
3264. 

CioH23N02,  8598. 

CioH2404S,  4943. 

Cn 

CnHeOio,  1365. 
C11H7N,  6020,  6021. 

C11H7NO4,  5947. 
CnHsO,  5829,  5831. 
C11BUO2,  5238,  5830, 

5832,  5941,  5948, 

S6038R. 
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CnHsOs,  5942,  5943, 
5944,  5945,  5946, 
5949,  5950,  5951, 
5952,  6952M. 
CnHgBrO,  5989 
C11H9CI,  S5844M. 
C11H9N,  7488,  7489, 

7490. 
C11H9NO,  5930,  5931. 
CnHio,  5877,  5878. 
C11H10N2O,  4125. 
C11H10N2S,  8249. 
C11H10O,  3760,  3761, 

5993. 
C11H10O2,  7264M. 
C11H10S,  8234. 
CnHuN,  6050,  6064, 
7670,  7671,  7672, 
7673,  7674,  7675. 
C11H11NO,  2592. 
C11H11NO4,  2769,  2771, 

2774. 
C11H11N3O2S,  8050M. 
C11H12CINO2,  4688. 
C11H12N0O,  861,  8845. 
C11H12N2O2,  8687, 

8688,  8689. 
CuHi2N206,  1540M, 

S1540F. 
CnHi2N2S,  8267. 
C11H12O,  5199. 
C11H12O2,  2137M, 

2744,  2760,  8828. 
CiiHuOs,  117,  5822. 
C11H12O4,  1075,  3951. 
CiiHi3N02,  4787. 
C11H13NO3,  4686. 
ChHi3NOgS,  4687. 
C11H13N3O6,  8352. 
CiiHi4N2-HH20,  5001. 
CnHi4N20,  3089. 
C11H14O,  5159,  8827. 
C11H14O2,  1453,  1458, 

2223,  4767,  8851, 

8852. 
C11H14O3,  4101,  5478, 

7835,  8294. 
C11H15NO,  8793R. 
CnHi5N02,  2144,  2431. 
CiiHie,  1122,  1124, 

1212,  1213,  1218, 

1241,  1252,  1263, 

8349,  8350,  8351, 

8369. 
CnHi6N202,  6976. 
CnHieO,  2086,  3662, 

3663,  3684,  3685, 

3686,  3751,  6694, 

6695,  6771,  6790, 

7180. 
C11H16O2,  6691,  6692, 

6693,  7750,  7764. 
CuHieOs,  4147K. 
CiiHi7C1N202,  6977. 
CnHnN,  647,  675, 

8488,  8512. 
C11H17NO3,  5549. 
C11H17N3O5,  6978. 
C11H18N2,  4719. 
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C12H15N5O20,  2638, 
C12H16,  3003. 
C12H16CINO3,  567. 
C12H16CINO4,  2844 
C12H1SN2O4S,  573. 
C12H16N4O18,  2639. 
C12H16O,  293,  5010, 

6723. 
Ci2H1602,  1457,  1587, 

5048,  8466. 
C12H16O3,  1313,  2373, 

4100,  7831,  7834. 
C12H16O7,  885. 
C12H16OS,  2636. 
C12H17NO3,  565. 
C12Hi7N3Oi6,  2640. 
C12H17N5O9,  5392. 
C12H17N7O9  2H20,  894. 
C12H1S,  1211,  1230, 

1244,  1302, 1303. 
C12H1XCI2N.1OS, 

8868H. 
C12H1SN2O5,  4197, 

4198,  5486. 
C12H1SO,  3748. 
C12H1SO2,  1205,  1206, 

6767,  7763,  7766. 
C12H18O3,  1301,  4147 J. 
Ci2HisO,>,  3154. 
C12H18O8,  8099. 
Ci2Hi9BrN202, 

S7382M. 
C12H19N,  629. 
C12H20N2S0,  8056. 
C12H20N2S4,  3359. 
C12H20N2S4Z11,  7034. 
C12H20O,  3142. 
C12H20O2,  1952,  1954, 

1956,  4174,  5358. 
C12H20O4,  S8546M. 
C12H22,  3402 M,  3402T, 

S1818M. 
C12H22O2,  3571. 
C12H22O3,  2367. 
C12H22O4,  5431,  5449, 

5452,  6348,  8009. 
C12H22O0,  8097. 
C12H22O11,  2625, 

4167M,  5498 M, 

8048. 
C12H22O11  H2O,  5301, 

5473. 
C12H23CIO,  5319M. 
C12H23N,  3211,  5319. 
C12H24,  3398,  S7234J. 
C12H24N4S8SC  2412. 
C12H24O,  5308. 
C12H24O2,  2336,  3108, 

5311. 
C12H24O3,  6421. 
Ci2H2oBr,  3392. 
C12H25N,  7023H. 
C12H25NO,  S5308F. 
C12H26,  3390. 
Ci2H2fiN204*  2236, 

4986. 
C12H26O,  3395,  3396 
C12H26O1S,  4649. 


(Continued) 

C11H1SN2O3,  1018, 

C12H10N2O,  974,  975, 

1019. 

976,  1002,  3331, 

C11H18O2,  4176,  5359. 

3332. 

C11H20,  4436M. 

C12H10N2O2,  996,  997, 

C11H20O2,  4435. 

998,  3330. 

C11H20O4,  5437,  5438. 

C12H10N2O2S,  1419. 

5442,  5454,  6983. 

C12H10N4O7,  572T. 

C11H21NO,  5380. 

Cl2HioO,  208M,  209M, 

C11H22,  4434. 

6791,  6792,  6793, 

C11H22N2O4,  5443. 

6853. 

C11H22N2S2,  7033. 

C12H10O2,  211,  1843. 

CnHooO,  4424,  4431, 

1844,  1845,  1846, 

4432,  4433,  6193. 

£956,  5979,  S5897M. 

C11H22O2,  2337,  2351, 

C12H10O2S,  6860. 

2354,  4428,  4583, 

C12H10O4,  1010,  7011, 

6449. 

7632. 

C11H22O3,  2570. 

Ci2Hio04-2H20,  1914. 

C11H23N,  7023R. 

C12HioP2,  6896. 

C11H23NO,  4425. 

C12H10S,  6859. 

C11H24,  4426. 

C12H10S2,  6831. 

C11H24O,  4429,  4430, 

C12H11N,  1895,  1896, 

6189. 

3317,  7465,  7466, 

C11H25N,  4436. 

8889. 

C12H11NO,  6045,  6061, 

C12 

6696,  6697,  6698. 

C12H11NO2,  5957.  5981. 

C12H6CI2N2O4,  1865. 

C12H11NO2S,  1373. 

Ci2HgN4Os,  1894. 

C12H11N3,  960,  961, 

€i2H6N40,o,  1848. 

962,  3172,  3173. 

C12H6O2,  2H. 

Ci2ni2,  4389,  5863, 

Ci2H.;Oi2,  5502. 

5869,  5870. 

C12HB1O,  3188. 

C12H12N2,  1411,  1899, 

Ci2H7Br4N,  3332M. 

4708,  4709,  6839, 

(C12H7NOS)*,  4890. 

6849. 

C12H7NO3,  3189. 

Ci2Hi2N203,  6665. 

C12H7NO4,  S7738M. 

C12H12N2O6S2,  1418. 

Ci2Hs,  2M. 

C12H12N2S,  687. 

C12HB12,  1863. 

C12H12N4,  966,  968, 

Ci2HsBr20,  3667. 

2714. 

Ci2HsCl2,  1884. 

C12H12N4O7,  502. 

Ci2H,C320,  3671. 

C12H12O,  3732,  3733. 

C12H8N2,  6638. 

C12H12O2,  2741. 

C12HSN2O3,  5076. 

C12H12O6,  7550. 

C12HSN2O4,  1874,  1875, 

C12H12O12,  3012. 

1876,  1877. 

C12H13CIN4,  2715. 

C12H8N2O5,  3673. 

C12H13N,  6048,  6049, 

C12H8O,  3186. 

6062,  6063,  7694, 

C12H8O4,  5902,  5929. 

7695,  7696,  7697, 

C12HUS2,  8176. 

7698. 

CioH9Br,  1856,  1857. 

C12H13NO2,  6944. 

C12H9Br02,  210. 

C12H13NO3,  8019. 

C12H9CI,  1858.  1859, 

C12H13N3,  1412,  3323. 

1860. 

C12H13N3O2S3,  1710. 

C12H9I,  1882. 

C12H13N0,  6841. 

C12H9N,  2444. 

Ci?Hi4As2Cl2N202- 

C12H9NO,  3187. 

zmo,  921. 

C12H9NO2,  1888,  1889, 

C12H14N2O6,  S1540B. 

1890. 

C12H14N4,  4744. 

C12H9NO4,  212. 

C12H14N4OS,  S8184M. 

C12H9NS,  6826. 

Cl2H!4N6022,  2637. 

C12H9N3O2,  977. 

C12H14O3,  5046. 

C12H9N3O4,  3324,  3325. 

C12H14O4,  867,  5085, 

C12H9N3S,  8210. 

6909,  8121. 

C12H9N5O4,  3174. 

C12H15NO,  7017. 

C12H10,  2,  1849. 

C12H15NO3,  566,  3149. 

C12H10ASCI,  909. 

CuHi«N03KH20, 

Ci2HioHg,  5539. 

4781. 

C12H10I2,  4903. 

C12H15NO4,  2843. 

C12HioN2,  958,  6639. 

C12H15N3O6,  1149. 
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Ci2H26S,  S3393M, 

S4Q49F. 
Ci2H27As03,  4955. 
C12H27B,  1946. 
Ci2H27B03,  4956. 
Ci2H27N,  3400,  8569, 

8615. 
C12H27O4P,  S2193M. 
Ci2H28ClN,  S3400C. 
Ci2H2sSn,  8308. 
Ci2H3oOSi2,  7908. 
Ci2H30Pb2,  5325. 
Cx2H3oSn2,  8303. 


Ci3H7N304S2,  1702. 
Ci3HsN206,  SI  540 W. 
Ci3HsN408,  5596. 
CisHsNeOg,  2439. 
Ci3HsO,  3987. 
CX3Hs02,  8886. 
Ci3H803,  3190. 
Ci3H804,  3954. 
C13H9N,  371,  1696, 

1698. 
C13H9NO,  377. 
C13H9NO3,  1672,  1673, 

1674. 
C13H9NS,  1706,  5140. 
C13H10,  3982. 
C13H10CINO,  2428M. 
C13H10N2,  1431,  2556, 

6640. 
C13H10N2O3,  1101, 

1102,  1103, 1104, 

1105,  1106. 
C13H10O,  1650,  3986, 

8874. 
C13H10O0,  1462,  1589, 

1590,  1591,  1671. 
C13H10O3,  1588,  1660, 

1661,  1662,  1663, 

1664,  1665,  1666, 

1667,  2573,  7841. 
C13H10O4,  1676,  1677. 
CisHioOe-IfeO,  5393. 
Ci3HiiBr02,  7274. 
C13H11N,  373,  592. 
C13H11NO,   1100,  1651, 

1653,  1654,  1655, 

4007,  6704M. 
C13H11NO2,  786,  7827. 
C13H11NO4,  4158. 
C13H11NS,  1107. 
C13H12,  1885,  1886, 

1887,  5635. 
C13H12N2,  1043,  4012. 
C13Hi2N20,  1100M, 

1463,  1657,  1658, 

1659,  1763,  2433, 

4410,  8731. 
C13H12N2S,  2440,  8734. 
C13H12N4S,  S3376M. 
Ci3Hi20,  1441,  1883, 

1884,  3654,  6702, 

6703. 
C13H12O2,  5625,  7275. 


(Continued) 

C13H13N,  589,  590, 

1447,  1764,  3329. 
C13H13NO,  1442,  6046. 
C13H13N3,  4395,  8555. 
CisHuNO,  6704. 
Ci3Hi4N2,  666,  4723, 

4724,  4733. 
C13H1.1N0O,  4409. 
C13H14N4O,  2559. 
C13H14O,  3769,  3770. 
C13H14O3,  2748. 
C13H10CI3N2O3,  4844. 
C13H15N,  6055. 
C13H1GN2O5,  279. 
C13H16O2,  3019. 
Ci3H,603,  4769. 
CisHicO-,  4412. 
CnllirBrO,  4998. 
Ci3Hi7N04,  5432. 
Ci3His07,  7819. 
C13H19NO3,  6455. 
C13H20N4O4,  2292. 
Ci3H2oO,  3747,  4905, 

4907,  4909,  6548. 
C13H20O2,  6765. 
C13H20O3,  4147N. 
C13H21CIN2O2,  7056. 
C13H24N2O,  2942. 
Ci3H24N20-3>^H20, 

2943. 
C13H04O4,  952. 
C13H26,  8593. 
Ci3H2gO,  8587,  8588. 
C13H26O2,  2383,  8584, 

S5314H. 
Ci3H27N,  7028M. 
C13H27NO,  8581. 
C13H2S,  8582. 
C13HVO,  8586. 
C13H2-.O4,  6329. 
C13H29N,  8592. 


C14II4N4O12,  2703. 
Ci4H6Br202,  815,  816. 
Ci4HoN206,  825,  826, 

6628. 
CuHeOn  2H20,  3431. 
Ci4H7Br02,  798,  799. 
C14H7CIO2,  800,  801. 
C14H-NO4,  831,  832, 

6629. 
C14H7NO6,  444,  445. 
Ci4HsBr2,  739. 
Ci4HsCl2,  740. 
C14HSCI2O2,  3315. 
C14HSN2S4,  1703. 
Ci4Hs02,  794,  6627. 
CuHsOs,  828,  829, 

3311. 
Ci4Hs04,  442,  767,  846, 

2706,  4848,  4946, 

7435,  7655. 
CmHsOo,  768,  791,  838, 

841,  3978,  7434. 
Ci4H806,  764,  7626, 

7805. 
Ci4H808,  7803. 
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Ci4H9Br,  S6615J. 
C14H9CI5,  S3555J. 
C14H9NOS2,  1708. 
C14H9NO2,  755,  795, 

796,  3312,  6903. 
C14H9N03,  797. 
CnHgNOe,  3308,  3309, 

3310. 
CmHio,  338,  735,  6613. 
C14H10N2O2,  805,  806, 

807,  808,  809,  810, 

811,  812,  813,  814. 
C14H10N2O4,  981,  982, 

983. 
C14H10N2O5,  1004. 

1005,  1006. 
C14H10N2O6,  S1540D. 
C14H10O,  788,  851,  852, 

854,  6331,  6632, 

6633,  6634. 
C14H10O2,  758,  1420, 

2710,  3972,  5793, 

6378,  6626,  7806. 
C14H10O2S2,  1731. 
C14H10O3,  1491,  1492, 

1493,  1628,  6630. 
C14H10O4,  1736,  3304. 
C14H10O5,  4170,  7856. 
C14H10O9,  3247. 
CuHnBrO,  278. 
ChHuN,  375,  856, 

856 M,  856T,  1697, 

1699,  6635,  6636, 

6637. 
C14H11NO,  2445. 
C14H11NO2,  1424,  1425. 
ChHuNOs,  777,  1488, 

1489. 
C14H11NO4,  1755. 
C14H12,  741,3832,  7977. 
Ci4Hi2N2,  765,  1038, 

7631. 
Ci4Hi2N202,  1421. 

1422,  1423,  6377. 
C14H12N2O4,  4746, 

4747,  4748. 
C14H12O,  789,  3140, 

5271,  5272,  5273. 
C14H12O2,  142,  1452, 

1495,  1496,  1497, 

1630,  S7982M. 
Ci4Hi203,  1429,  1561. 
Ci4Hi204,  2846,  5023. 
C14H13N,  2446. 
CuHisNO,  37,  1713, 

1714,  1715,  8334. 
Ci4Hi3N02,  1633. 
CuHisNsO,  959. 
ChHh,  1809,  1923, 

1924,  1925,  1926, 

3518,  5666,  5667. 
Ci4Hi4Hg,  5541,  5542. 
C14H14N2,  51,  999,  1000, 

1001,  7979,  7981, 

7982. 
Ci4Hi4N20,  2438. 
Ci4Hi4N3Na03S,  5761. 
ChHhO,  1773,  1878, 

1879,  3611. 
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ChHmOS,  1782. 
C14H14O2,  2263,  3517, 

4757,  5060. 
ChHhOoS,  1781. 
C14H14O4S2,  3493. 
CwHuS,  1780. 
Ci4Hi4S2,  1772. 
C14H15N,  1762,  3197, 

3326,  3378,  3379, 

3380 
C14H15N3,  972,  4400, 

8495,  8496,  8506. 
C14H15P,  6885. 
ChHib,  749. 
C14H16N2,  1922,  3882, 

4710,  4711,  4712, 

8324,  8325,  8326. 
ChHigNsO,  1417. 
C14H16N2O2,  1804. 
C14H16N2O4,  572M. 
C14H17N,  6047. 
C14HitNOg-3H20,  4868. 
Ci4HisN202-2H20, 

4842. 
C14H1SN4O9,  2288. 
C14H1SO4,  5434. 
C14H20N2O6S,  6781. 
C14H20N4O7,  2832. 
C14H22,  1173M,  1283, 

1284. 
C14H22O,  377. 
C14H22O2,  1173,  67S7. 
C14H22OS,  3584. 
C14H23N,  608. 
C14H23N3O,  4906,  4908. 
C14H24O2,  4175. 
C14H25NO2,  2602. 
C14H26,  8154M. 
C14H06CJINO2,  2603. 
Ci4H26N208,  4215, 

5425. 
C14H26O3,  3443. 
C14H26O45  411,  7876. 
C14H27CIO,  5825. 
C14H27N,  5824. 
C14H28,  8151. 
Ci4H2sN2Oi,  7877. 
C14H2SO2,  3439,  5313, 

5815. 
CuHasOe,  4199H. 
C14H29N,  7028H. 
C14H29NO,  5813,  5814. 
C14H30,  8144. 
Ci4H«)N20i,  5150, 

8803. 
C14H30O,  4509,  8149. 
C14H30O4S,  4514. 
C14H30S,  SS146M. 
C14H31N,  8153. 


CisHsOe,  448. 
C15H10O2,  830,  848, 

849,  850,  3973,  6938. 
C15H10O3,  7167. 
C15H10O4,  443,  2713, 

2716. 


(Continued) 

C15H10O5,  1501,  3434, 
6913,  6914,  8124. 


bHioOo,  3968. 
5H10O7,  5782,  7617. 
5H11I4NO4,  8297, 
8298. 

5H11N,  7689,  7690, 
7691. 

5H12,  752,  753,  754, 
6622,  6623. 
5H12N2O2,  S4675J. 
5H12N2O3,  4124, 
4132. 

5H12O,  2655. 
5H12O2,  2775,  5614. 
5H12O3,  1607,  4033. 
5H12O4,  1460. 
5H14,  7228. 
5H11O,  1670,  7203. 
5H14O.,,  S1669M. 
5H11O*,  6864,  7864. 
5H14O0,  2621. 
5H15NO2,  2414. 
5H10NO3,  8611. 
5H16,  1130. 
5H16N2S,  2435,  2436, 
2441. 

5H16N4O4,  2287. 
5H16N4G5,  2294. 
5H16O2,  7102. 
aHi609-^H20,  3477. 
oHnNs,  4397. 
5HisO,  3749,  3750. 
oHisOs,  7866. 
5H19NO2,  8678. 
5H20CINO2,  8679. 
5H20O2,  4411. 
5H21NO2,  3943. 
;,H2iN302,  6954 
5H22CINO2,  3944. 
5H22C1N302,  6955. 
5H24,  2623. 
5H24N20,  5375,  5376, 
6397. 

5H25CIN2O  4H2G, 
6398. 

5H26N2,  7928. 
5H26Oo,  4253. 
5H2SN2O4S  5H20, 
7929. 

5H2s03,  4992. 
5H30O,  6459. 
5H30O2,  S5819M, 
S6457V. 
5H30O4,  4240. 
5H31NO,  6456. 
5H32,  6457. 
5H32O,  6458. 
5H33B,  1945. 
5H33BO3,  4927. 
5H33CIS11,  8314. 
5H33N,  6460  M,  8613. 
5H3304P,  S555M. 


Ci6H8N2Na2OsS2,  4878. 
CieHio,  3981,  7458. 
Ci6HioN2,  1648. 
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Ci6HioN202,  4874, 

4880. 
C16H10N2O3S,  4878M. 
C16H10N2O.S2,  4877. 
CieHioOs,  1025. 
C1CH11NO2,  S2731R. 
CieHnNsOs,  5998. 

S5972M. 
C16H12,  5885,  5886. 
Ci6Hi2N202,  4879. 
Ci6Hi20,  4087. 
Ci6Hi205,  1972. 
CieHioOe,  4414. 
CieHisClOs,  127. 
CieHnlV,  6053,  6069. 
C16H13N3,  6054. 
C16H13N3O3S,  1381. 
CicHi4,  744M,  745, 

746,  747,  6618. 
CigHhNo,  3969. 
C16H14O2,  2742,  6617. 
CieHuOs,  290,  8483. 
C16H14O4,  3305,  4294. 
C16H14O5 1>^H20, 

1973. 
CieHuOe  3H20,  4416. 
CieHie,  748. 
C16H16N2O2,  1413. 
CicHieO,  2098. 
CiGHi602,  1631, 

7979  M. 
CicHi604,  714M,  6603. 
CieHicOo,  451. 
CicHieOe,  2644. 
C16H17NO4,  5389. 
CigHisCINsS  3HsO, 

5742. 
C16H1SN2O2,  994,  995. 
CigHksO-2,  2062. 
C16H18O4,  4754M, 

5059M. 
CieHisOe,  4762. 
CieHisOio,  4055. 
Ci6Hi9NO4-4H2O,3410. 
C16H20N2O4,  1830. 
Ci6H2oN6OioS,  893. 
Ci6H2iN03,  4659. 
C16H01N3,  3322. 
Ci6H22BrN03,  4660. 
Ci6H22ClN03,  4661. 
Ci6H2204,  6908. 
CieH^O*  2H2O,  2827. 
C16H22O11,  4193,  4194, 

4195. 
C16H24CINO2,  S5771T. 
C16H25NO10S  3H20, 

7911. 
C16H26,  1261. 
C16H26O2,  1193. 
Ci6H2802,  6412. 
CieHso,  4538X,  4539. 
Ci6H3o02,  4845. 
C16H30O3,  2388. 
C16H31CIO,  6415. 
C16H31N,  6414. 
C16H32,  S7234F. 

Cl6H32Cl6N202Pt, 

8684. 
C16H32N2O6S,  6454. 
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C16H32O2,  5817,  6402. 
C16H32O4,  3238M. 

Ci6H32Oo,  S441M. 
C16H33I,  2652. 
C16H33NO.  6400,  6401. 
CigH34,  4528. 
C16H34N2O4,  2357. 
Ci6H340,  2647,  6295. 
Cif,H3404S,  6300. 
C16H34S,  S4532M. 
CicHsoN,  2648M. 

Cl7 

C17H11N,  6025. 
CitH120,  5266,  5267. 
C17H12O2,  5980. 
C17H12O3,  1794,  7838. 
CitHm,  5659,  5660. 
C1-H14N2,  1096. 
CnHuO,  3666,  8005. 
Ci7Hi5N,  6057,  6058, 

6071,  6072. 
C17H16O3,  7288. 
C17H1GO4,  5288. 
C17H16O7,  3956. 
C17H17NO2,  871. 
C17H17NO3,  7423. 
C1-H1SCINO2,  872. 
C17H1SO2,  5047. 
C17H19NO3,  5071,7037. 
C17H19NO3  H20,  5784. 
C17H20CINO3  3H2O, 

5786. 
C17H20N2O,  1656,  2434. 
C17H20N2O3,  6132. 
C1-H20N2O4,  876. 
C17H20N4O3,  8968M. 
C17H20N4O6,  7792M. 
C17H21NO2,  868,  1032. 
C17H21NO4,  2802,  4833, 

7873. 
C17H21N3,  945. 
Ci7H22BrN04  3H2O, 

4834. 
C17H22CINO2,  869. 
C17H22CINO4,  2804. 
C17H22CIN3  H2G,  948. 
C17H22N2,  664. 
C1-H22N2O,  1443. 
CnHssCrNOs  H2O, 

2803 
C17H03NO3,  939,  4836, 

4841,  7414. 
C17H24AUCI4NO3,  940. 
CnBtaBrNOs,  4837 
C17H24CINO3,  4838. 
C17H24N2O5S  H2O, 

7912. 
C17H24O9,  S8091K. 
C17H26N2S4,  2406. 
C17H30O,  2800 
C17H33N,  5488. 
C17H34N2S2,  2401 
C17H34O.  4446. 
Ci7H-,402,  5487,  6108. 
C17H35N,  7018M. 
C17H36,  4441. 


(Continued) 

Ci7H360,  4445. 
Ci7H37N5  4448M. 


CisHioN2Og,  4876. 
C18H10O2,  2717. 
Ci8Hio049  S3208M. 
CisHi2,  2711,  8659. 
CisHi€N2,  1910,  1911, 

1912. 
C1SH12N2O,  874. 
C1HH12O4,  S3208L, 

S3208N. 
CisHisNsO,  7807. 
CisHu,  1203.  8132. 
CisHnO,  5184,  5185. 
CisHuOb,  2780. 
C18H15B,  1948. 
CisIicBi,  1917. 
CisHioClSn,  8315. 
CisHioN,  8658. 
CisHisOP,  6892  M. 
CisHioO.,?,  S6858M. 
CisHioP,  6892. 
C18H16N2,  4740. 
C18H1CN2O2,  561. 
CisHig02,  7990. 
CiSH1G04,  4921. 
CisHigOt,  8785,  8786. 
CisHnChNaOsSo, 

S4658J. 
CisHis,  7785. 
C1SH1SN2O4,  7860. 
CisHisOs,  2234. 
CisHisOi,  3306,  8021. 
C1SH19NO2,  870. 
CisHi9N03,  1026,  2941. 
CisHuNOs-SHoO,  1783. 
CisH2oCIN03,  1027. 
C1SH20O2,  S7982Q. 
C18H21NO3,  5020,  7402. 
CVH21NO3  H2G,  2807. 
Ci  H22C1N03  2H2O, 

2808. 
C1SH22N2O5,  6979 
C1SH22N4O4,  4199. 
C1SH22O2,  S3479T. 
C18H23N3,  947. 
Ci8H24N07P  2H2O, 

2809- 
C1SH24O2,  S3478M 
C1SH24O3,  S3479Q. 

ClsH26N2Ol2-2H20, 

6133. 
C18H27NO5,  3945. 
CisH2s02,  5314M 
C18H29NO,  S5308T 
CisHso,  1226. 
Ci8H3oBr602,  7958. 
C1SH30O2,  3429,  3430, 

5366. 
C18H30O4,  S950J 
Ci8H32Br402,  7965. 
C18H32O2,  2656.  3428, 

5361,  7970. 
C1SH32O4,  7973. 
C1SH32O5,  $950  H. 
C18H32O16  5H2O,  7736 
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CisEbNOioCa,  2296T. 
C18H34,  6236 M. 
Ci8H34Br202,  3424. 
C1SH34O2,  3423,  6305. 
C1SH34O3,  7794. 
CisH35C10,  7974. 
C18H35N,  7972. 
CisHssNO,  6304. 
C18H36N2S4,  3355. 
C18H36N2S4Z11,  2405. 
CisHaeO,  6233M,  7941 
Ci8H3gO>,  93,  2338, 

6405,  7943. 
C18H36O3,  4318,  796'), 

7961,  7962,  7963, 

7964. 
C18H36O4,  7955.  7956. 
CisH37Bi>,  6224  M. 
CisH37I,  6224T. 
C1SH37NO,  7942. 
CxsH3s,  6224. 
CisH3sN204,  3442. 
C.sHssO,  622S. 
CisH3s04S,  6203. 
C1SH38S,  S6225M. 
C18H39N,  6234H. 
C1SH40CIN,  S6234M 


C19H13N,  376 
C19H13N3O6,  5700. 
C19H13N3O7,  2543. 
C19H14O2,  405,  1109. 
CioHwOa,  949 
C19H15,  5726. 
C19H15CI,  5608 
Ci9Hi5N3-2H20,  2704. 
C19H16,  1854,  1855, 

5697. 
C19H10N2,  1652. 
CigHicO,  2540. 
C19H16O3,  1109,  5339, 

6334 
Ci9HigOi0-3H2O,  3953. 
C19H17N,  585,  586, 

3321. 
C19H17NO3,  2945. 
Ci9Hl7N3,  4402.  4403. 
C19H17N3O,  3958. 
C19H17N3OH2O,  3959. 
C19H18N2,  5611. 
C19H19NO4,  1989. 
C19H19N3,  5335,  5336, 

5337 
C19H19N3O,  6435- 
C19H20O3,  5149,  8802 
Ci9H2iN03,  5122,  6392, 

8168. 
C19H22CINO3  H2O, 

8169. 
Ci9H22ClN03  2H2Q, 

6393. 
C19H22N2O,  2721,  2722, 

2726,  4664. 
C19H282N2O2,  2938 
Ci9H22N202  2H2O,  873, 
C19H22N2O6  2H2G, 

6394. 
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C19H23CIN2O  h2o, 

2724. 
C19H23CIN2O  2H2O, 

2728 
C19H23NO4,  2805. 
Ci9H23N05-3H20,  5785. 

Cl9H23N304-MH20, 

2729. 
C19H24CINO3  2H2O, 

5792. 
C19H24N2O,  2720, 

2732,  4763,  6600. 
C19H2.1N2O2,  2833, 

7627. 
C19H24N2O5S4H2O, 

2727. 

C,9H24N205S-5H20, 

2723. 
C19H26N2O2,  2939. 
C19H27NO4,  3941. 
C19H28CINO4  H2O, 

3942. 
C19H2SO2,  S8139M. 
C19H30O2,  5312,  S562Q. 
Ci9H,4Br402,  7967. 
C19H34O2,  5363. 
C19H36O2,  3426,  631 1. 
Ci9H3wO,  6172. 
Ci9H3s02,  6170,  7952. 
C19RVO4,  4244. 
C19H40,  6169. 
C19H40O,  6171. 


C2oH6Br4Na205,  3450. 

Co0H6l4Na2O5,  3475. 
C2oHsBr>HgNa20o- 

3H20,  5533. 
C2oHsBr405,  3449. 
C20HSI4O5,  3474. 
C20H10I4O4,  6818. 
C20Hi2,  SI  687 M. 
C20H12O3,  3979. 
C20H12O5,  3988,  4818. 
C20H12O7,  4159. 
C20H14,  756,  1836.  1839, 

S2690M. 
C2oHi4Hg,  5538. 
C20H14N2,  990,  992,  993. 
C20H14N2O,  1007.  1008. 
C20H14N4,  S7052G. 
C20H14O,  6103,  6104, 

6105. 
C20H14O2,  1834,  1835, 

6941. 
C20H14O4,  6817,  6911. 
C20H14O7,  4163. 
C20H15N,  3290. 
C20H15NO4H2O,  7863. 
C2oHi5N3,  3176,  3177, 

6051. 
C20H16,  3869. 
C20H16N2,  4705,  4706. 
C20H16N4,  6156. 
C20H16O2,  183,  1490. 
C2oHi7N04  6H20,  1784. 
C2oH1R,  3559,  3569, 

5638,  5639. 


C20H1SN4S2,  1709. 

C20H42,  3417. 

C20H1SO9,  497. 

C20H42O,  3419. 

C20H19N,  3199. 

C00H42O4S,  3111. 

C20H19NO5,  7392. 

C20H44S11,  8305. 

C20Hi9NOo-H2O,  2662. 

C20H20CINO5,  2661. 

C21 

C20H20CINO5-2H2O, 

1786. 

C21H14O,  6106,  6107, 

C20H20N2,  6843. 

6108. 

C20H20N2OS,  1787; 

C2iHi5NO,  6381. 

C20H20O6,  2922. 

C21H16,  5632,  5633, 

C2oH2009,  4054. 

6615,  S2690T. 

C20H21NO4,  2328,  4760, 

C2iHifiN2,  5372. 

6416. 

C21H16O3,  291. 

C20H21NO9S,  1788. 

C21H18N2,  504,  4756. 

C20H21N3O,  7799. 

C21H1SS3,  8674,  8675. 

C20H22CINO4,  6417. 

C2iH20,  5665,  7140. 

C20H22N2O2,  4165, 

C21H20CI3NO5,  1785. 

7007. 

C2iH2oN204-3>^H20, 

C20H22N2O4,  7C04. 

498. 

C20H22O3,  2356. 

C2iH20O5,  5033. 

C>oH220s,  7052. 

C2iH20O6,  2940. 

C20H22O8  2H20,  7051. 

C21H20O11,  7619. 

C20H23CIN2O2,  4166. 

C21H21CIS11,  8312. 

C20H24N2O2,  7634, 

C21H21N,  8567. 

7640. 

C2iH2iNOg,  4684,  7788 

C20H24N2O2-2>2H2O, 

C2iH2iN3,  8556. 

7636. 

C2iH2i04P,  8543,  8544 

C2oH2.iN202-3H20, 

C21H22CINO6,  4685. 

7641. 

C21H22N2O2,  7983. 

C2oH2oBrN202  H2O, 

C21H22OG,  3138 

7646. 

C2iH23ClN202-2H20, 

C20H25CIN2O2,  7647. 

7984. 

C2oH25ClN202-H20, 

C21H23NO2,  5370,  5371 

7638. 

C21H23NO4,  5491 

C20H25CIN2O2-2H2O, 

C21H23NO5,  292C,  5790 

7648. 

C21H23N3O5,  7985 

C20H25NO4,  2806, 

C2iH24ClN05-H20, 

5302,  5304,  5305. 

5791. 

C20H26CI2N2O2,  7644. 

C2iH2403,  3441. 

C20H2f,N2O2,  4790. 

C2iH2404,  5440. 

C20H261V2O4,  8468. 

C2iH240io-2H20,  6865. 

C20H26N2O5,  708. 

C2iH25N04,  2839,  4180 

C20H2fiN2OcS-4H2O, 

5021. 

7637. 

C2iH26N203,  8981. 

C20H26N2O6S-7H2O, 

C21H26N2O4,  7645 

7643. 

C21H26O2,  S2329Q. 

C20H27NO11,  524. 

C21H27CIN2O3,  8982. 

C20H2SO5,  3427. 

C2iH27N04,  5307 

C2oH2sOi3,  523. 

C2iH27N306,  8983. 

C20H»0Cl6N4O4Pt- 

C2iH3oCl2N403-5H20, 

4H20,  6974. 

7653. 

C20H30O,  8868D 

C21H30O2,  S2329M, 

C20H30O2,  1,  6981. 

S7056J. 

C20H32N2O6S,  3453. 

C2iH3o03,  S3141J 

C2oH32N206S-H20, 

C21H30O4,  S2837M. 

4673. 

C2iH3402,  5816. 

C2oH34Br602,  7959. 

C2iH40N2O2,  5378. 

C20H34O2,  2325,  5365. 

C2iH4o04,  4243,  4245. 

C2oH3GBr402,  7966 

C2iH4202,  884, 

C2oH3602,  5362. 

S7953M. 

C2oH3604,  5369 

C2iH4204,  4247. 

C20H3S,  6957M. 

C2iH44,  4437. 

C2oBLs02,  3425,  6309. 

C21H44O3,  7151. 

C20H38O3,  2341. 

C20H4oO,  6958. 

C22 

C20H4o02,  882,  7949, 

S6403M. 

C22Hi4,  3184,  6960. 

C20H40O3,  4319. 

C22Hi5N3,  7800. 
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C^HieOa,  5679. 
C22H16O5,  6319. 
C22His03,  8443,  8453, 

8461. 
C22H18O4,  6907. 
C22H20N.O14,  6131. 
C22H2o013,  2596. 
C22H23NO7,  4379,  6114. 
C22H23NOS,  6395. 
C22H24CINO7  H2O, 

6115. 
C22H25NO6,  2813. 
C22H26N2O2,  7002. 
C22H2G03,  2385. 
C22H26O12,  4522. 
C22H27NO2,  5371. 
C22H27NO4,  2841,  5022. 
C22H27N3O5,  6956. 
C22H2N2O4  4H20, 

3414. 
C22H30N2O2,  932. 
C22H30N2O4,  4768. 
C22H31NO2,  934. 
C22H32CINO2,  935. 
C22H32O3,  559. 
C22H33NOo-H20,  942. 
C22H34N4O8S,  6980. 
C22H34O2,  2801. 
C22H37NO,  S6401M. 
C22H3,0,  3687. 
C22H40O2,  1031. 
C22H42O2,  1970,  3465, 

6307. 
C22H42O3,  7795,  7797. 
C22H44O2,  883,  1028, 

7946. 
C22H4CJ  3383. 


C23H18O,  2526. 
C23H1SO3,  2747. 
C23Hi9N04,  4653. 
C23H22O6,  7802. 
C23H22O7,  8545. 
C23H23NOG,  2840. 
C23H25NOG,  2660. 
C23H26CI3NO6,  2814. 
C23H26N2,  592 AI. 

C23H2gN204-4H20, 

1985. 
C23H27CIN2O4,  1986. 
C23H27NOs-3H20,  6111. 
C23H27N3,  5338. 

C23H27N307-2H20, 

1987. 
C23H2SCINOS  3H20, 

6113. 
C23H28N2O3,  4164. 
C23H28O12,  6118. 
C23H29NO12S  IOH2O, 

6112. 
C23H32CI3N3O,  S7620G. 
C23H3SO2,  6403. 
C23H44O2,  6310. 
C23H44O3,  S7953T. 
C23H46O,  8577. 
C23H46O2,  1030,  7944, 

7951 
C23H4s,  8576. 


C 

c 
c 

C 

V 

c 
c 

C2 
c 

c. 

V 

i 
i 
i 
c 

c 

C 

c 
C2 


(Continued) 

C24 

4Hi2,  S2837J. 
4Hi8,  1320. 
4H18N2,  984. 
4H2oGe,  4179. 
4H20N2,  1416,  4735. 
4H20OG,  4251. 
4H20OS,  1010. 
4H20PI),  5328. 
4H:oSn,  8307. 
4H21N3O3,  2966. 
:4H«>0,  7972 M. 
4H40O2,  7952 M. 
4H40O5  H2O,  2694. 
4H4.NO,  7942R. 
4H46O2,  S7946M. 
4H40O3,  5316. 
4H4s02,  1029,  5354. 
4H50,  8141. 
4H60O,  2597. 
4H50O4S,  3402. 

C25 


C20H20,  5676. 
C25H20N2O,  8767. 
C25H21N3,  4401. 
C25H2CO9,  3952. 
C25U31N3O,  2921. 
C25H34N2O4  H2O, 

7654. 
C25H40O2,  6306. 
C25HU2O2,  7945. 
C25H50O2,  4832. 


C26H1S,  6619. 
C26H2o»  3865. 
C26H20O,  1685. 
C26H21NO11,  361. 
C26H21N7O18S2,  4657. 
C26H22,  3550,  3551. 
C26H22N4,  1426,  1427. 
C2GH22O,  1448. 
C26H22O2,  1684. 

C26H26N.018S2,  893 M. 

C:gH3403,  5315. 
C26H37N03-2H20,5171, 
C26H43NO6,  4283. 
C26H45N07S-H20, 

8110. 
C2GH50O4,  4300. 
C26H52O2,  2642. 
C26H02O6,  S8154W. 
C26H54,  2641. 
C26H54O,  2645. 


C27H20,  7064. 
C27H3oN205-H20,  7650. 

C27H34N206-2H20, 

5387 

C27H39NoOr/6HH20, 

6443 
C27H40O,  2691,  5013. 
C27H52O5,  4234. 
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C27H06,  4440. 
C27H56O,  4440  M. 


C28H14N2O4,  4865. 
C28His04,  S6626T. 
C2SH20N2,  505. 
C?sH24N207,  6315. 
C2sH>sSn,  8309,  8310. 
C2SH30O1,  8291. 
C28H33N0O11,  2145. 
C28H3>Oi9,  2627, 

8048  M. 
C28H44O,  2296M,  3461. 
C28H4s02,  S8322P, 

S8322R. 
C28H54O3,  5821. 
C28H.wO,  6219M. 
C28H58O4S,  8154. 

C29 

C29H30N2S2,  2403. 
C29H42CI2N2O4  7H20, 

3433. 
C29H50O2,  8322 M. 
C29H51NO,,  7808. 
C29H60O,  6168M. 

C3o 

C3oH220g,  6356 
C3oH2hN2S4,  3360. 
C30H2SN2S4Z11,  2404. 
C3oH3g07,  2705. 
C30H40N2O0,  3432. 
C3oH44N6OsS,  6957. 
C3oH4803,  2618. 

C30H58O4,  4301. 

CsoHco,  5497. 
C30HG2,  8550. 
C30H62O,  8550  M. 

C31 

C31H46N2O9,  7886. 
C3iH4g02,  S8869U. 
C3iHC20,  4439. 
C3iH6202,  5500. 
C31H64,  4438. 
C31H64O,  5811. 


C32H24O6,  5403. 
C32H26OG,  8025. 
C32H32FeN404,  4415. 
C32H3gN2Oi2,  2845. 
C32H36N40g,  1832. 
C32H36N4O8,  1833. 
C32H43NO9,  7437. 
C32H43NO10,  1033. 
C32H4403,  6312. 
C32H4603,  7953. 
C32H4sOg,  7732. 
C32H49N09,  8848. 
C32H51NO11,  7393. 
C32H52O2,  3415. 
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C32H64O2,  6404. 

C.32H66,  3403. 
C32H66O,  2651,  3403M. 
C32H66O4S,  2653. 

C34 

C34H30O10,  5800. 
C34H36N2O6,  7418. 

C34H3SC12N206-2H20, 

7419. 
C34H39I3N2O6,  7038. 
C34H4oN2OioS-5H20, 

5789. 
C34H44N2O12S  2H2O, 

4835. 
C34H47NO9,  3137. 
C34H47NO10,  4861. 
C34H47NO11,  5169. 
C34H4SN2O8,  5303. 
C34H4.SN2O10S,  941. 
C34H48N2OioS-2H20, 

4839. 
C34H49NO11,  365. 
C34H5oBrNOn  MH2O, 

366. 
C34HooClNOn3H20, 

367. 
C34H50N2O14  5H20, 

368. 
C34H50O2,  2692,  5014. 
C34H66O4,  4304. 
C34H70O,  8160M. 


C35H28O2,  1078,  4947. 
C30H39N5O5,  3463. 


(Continued) 

C35H40O12,  3967. 
C35H41N5O6,  3464. 
CsoHesOo,  4236. 
Ci5H7oO,  6563. 
C35H72,  6562. 


C36H44N2OioS-5H20, 

2810. 
C36H49NO12,  7398. 
CaeHsiNOn,  1829. 
C36H54O6,  1796. 
CseHeoOs,  1797. 
C36H6o03o-H20,  4895. 
C3GH62O31,  359. 
C36H70O3,  7968. 
C36H74O4S,  6236. 
C36H-5N,  3292M. 

C37 

C37H36N2O9,  8873. 

Css 

CasHso,  3532. 
C3SH44N2OioS,  5123. 

C38H46N406S-2H20, 

2730. 
C38H46N4O6S  3H20, 

2725 
C3SH53NO13,  370. 
C3SH74O4,  4307. 


C39H74O6,  4255. 
C39H76O5,  4237. 


C40 

C40H50N4O8S,  7651. 
C40H50N4O8S  2H2O, 

7639,  7652. 
C4oH5iAsN4Os  8H2O, 

7642. 

C40H56,  2599,  2600. 
C40H74O5,  3233. 
C40H78O5,  3234. 


C42H46N4O8S  5H2Q, 

7986. 
C42H50N4OS  9H2O, 
7635. 

C44  to  C2I6 

C44H82O3,  1971. 
C45H86O6,  4256. 
C46H54N4O12S  7H>0, 

1988. 
C47H94O2,  6409. 
C48H38Oio,  2793. 
C51H98O6,  4260. 
C55H7oMgN406,  2686. 

C55H72MgN405  KH2O, 

2685. 
C57H104O6,  4259. 
Co7Hno06,  4261. 
C68H100N2O26S,  369. 
C80H104I6N8O20S3'- 

6H2O,  7649. 
C216H288O144,  7938M. 
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The  following  table  lists  the  melting  points  of  organic  compounds  in 
ascending  order  of  temperature  in  degrees  Centigrade.  The  compounds 
are  identified  by  the  numbers  as  given  in  the  table  Physical  Constants  of 
Organic  Compounds. 

The  letter  S  preceding  any  compound  number  indicates  that  it  is  to  be 
found  in  the  Supplement  to  the  table. 

Melting  points  will  be  quoted  as  they  occur  in  this  table.  The  order  of 
compounds  listed  with  the  same  melting  point  is  not  significant  and  will  be 
arbitrarily  given  in  the  order  of  the  compound  numbers.  Owing  to  lack  of 
agreement  in  values  reported  by  various  observers  more  than  one  value  is 
sometimes  given  or  the  melting  point  is  indicated  ly  a  temperature  range. 
In  such  cases  the  position  in  the  list  is  determined  by  the  lower  temperature 
of  the  stated  range  or  by  the  first  of  two  stated  values,  the  second  value 
being  given  in  parentheses.  Where  the  values  are  separated  by  more  than 
5°  C  the  melting  points  are  listed  separately. 

Melting  points  are  given  in  bold  face  followed  by  the  numbers  of  the 
compounds. 

Abbreviations:  a  =  anhydrous;  h  =  hydrate. 


(-213),  2583 
-207,  2583 
- 189.9,  7073 
-185.2,  7217 
-184,  2587M,  5584 
-181,  5606M 
-172,  3488 
- 169.4,  3809 
-161.5,  1947 
-160.5,  2028 
-159.7,  8861 
-159,  7359 
-156.5,  7895 
-151,  5175 
-150,  4650,  7892 
(-147.3),  3586 
-146,  5604M,  7062, 

S4623A 
-145,  4950.  5613 
- 142.5,  3862M 
-142.4,  S3047M 
-141,  4541 
-139,  6572 
-138.7,  3806 
-138.5,  5749 
- 138,  2590,  6564 
-137.8,  8860 
-136.4,  478 
-135.1,  2019 
-135,  1998,  2117, 

S4628A 
-133,  S4623B 
-131.5( -129.9),  6481 
-131.3,  2167 
-131.2,  4958 
-130.7,  7164 
-130,  2110,  2198 
-129,  468 
-127,  7331 
-126.6,  3062 
-126.4,  3002 
-126,  S6277J 
(-125.6),  6498 
-125,  6493 
-124.8,  7219 
-124,  2120,  3678, 

8624 
-123.5,  10 
- 123.4,  6495 
-123.3,  3902/S 
-123.1(-121),  5715 


-123.1,  2166 
-122.8,  7344 
- 122,  7358 
-121,  3586 
-120,  1990M,  5095 
-119.4,  476,  4572 
-119.1,  4571 
-119,  3804 
-118.5,  4957 
-118,  6876,  S6277Q 
-117.3,  3785 
-117.2,  4923 
-117,  5101 
-116.6,  7218 
- 116.3,  3902a 
-115.9,  2072 
-115.5,  3681 
-114.8.  8596 
-114.6,  3785 
- 114,  2589M 
-113,  S4628B 
-112.6,  2266 
-112.4,  2160 
-112,  321,  8304, 

S3117M 
(-112),  3917 
-111.9,  4928 
-111.5,  7162 
-111.3(-107),  2585 
-111.3,  3899 
-110.8,  8389 
-110,  7343,  8829 
-108.6,  2565 
-108.5(-105  to 

-111),  3912 
-108,  4951,  S6277K 
-107,  3557M 
-105,  534 
-104.8,  5628,  8070 
-104.7,  7372 
-104.5,  2157 
-104,  2182 
(-104),  6876,  7319 
-103.7,  3029 
-103.5,  2181,  3691 
-102.1,  3930 
-102,  3917 
-101.6,  1276 
-101.4,  7362 
- 101.2,  5099 
-101,  6595 
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-100.6,  3530M 
-100.2,  S107W 
<-100,  2083,  2347 
-100,  5124 
-99.3,  488,  5145 
-99,  537,  2204,  4031 
-98.9,  100 
-98.5,  4618 
-98.2,  2018 
-98.1,  103 
-98,  2982 
-97.8,  5719 
-97.6,  5738 
-96.9,  2925,  5356 
-96.7,  3507,  5744 
-96.5,  319 
-96,  3276,  8826 
-95.3,  4028 
-95.2(-98),  2178 
-95.2,  2235 
-95,  213,  6594,  8336 
<-95,  2232 
-94.5,  6498 
-94.4,  5059 
-94.3,  4556 
-94,  7324,  S6277R 
-93.9(-92.8),  1210 
-93.66,  5734 
-93.5,  4966,  8660 
-93.3,  2225,  3046 

3058 
-93,  4597 
-92.9,  4034 
-92.8,  8797 
-92.5,  107,  5729 
-92,  2100,  3995 
-91.9,  7319 
-91.5,  2224,  8790 
-91.3,  4543 
-91.2,  8798 
-91,  4566,  8801 
-90.8,  5106 
-90.5,  4458 
-90,  4020,  5000 
-89.55,  7280 
-89.2  to  -89.8,  2149 
-89,  2150,  2272,  5100 
-88.5  to  -89.5,  5098 
-88.2,  4981 
-88,  535 
-87.7,  378 
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-87.5,  7287 
-87.3,  2374 
-87,  3117 
-86.4,  2095 
-86,  2993 
(-86),  3867 
-85.6,  547 
-85.5,  4953,  8193 
-85,  2992,  4559 
-84.7,  4985,  6557 
-83.6,  94 
-83.2,  5766 
-83,  492,  4560,  7333 
-82.7,  1147 
-82,  406 
-81.8,  328 
-81.2,  1146 
-81.03,  4590 
-81,  7266 
-80.7,  4983 
-80.6,  3787,  4039 
-80.5,  3823,  4022 
<-80,  192,  545M, 

2257,  3627,  4975, 

6129,  8388 
(-79.9),  2149 
-79.7,  2195 
-79.4,  2372 
<-79,  3737,  71C3 
-78.8,  8796 
-78.5,  99,  6534 
-78.25,  1122 
<-78,  2801 
-78,  4250 
-77.8,  6553 
-76.8,  91 
-76.1,  6331 
<-76,  4596 
-75.9,  7290 

-  75.7,  6529 
<-75,  3600,  4253 
-75,  2260 
-73.9(-72.6),  7282 
-73.5(-68.9),  3070 
-73.5,  3068,  4018 
-73.4,  101 
-73.2,  2222,  2230 
-13.1,  187,  7279 
-73,  2015,  3867, 

S3117N 
-71.4,  7285 
-70.3,  7095 
-70,  3267 
>-70,  4515 
-69.9,  6961 
-69.5,  4460 

-  69.3,  545 
-69,  2909,  3605 
-67.5,  2158,  2353 
-67.3,  4498 
-66.5,  5620 
-66.1,  5752 
<-66,  3913 
-65.9,  4974 
<-65,  2418 
-65,  1993,  S3445D 
-64,  633,  2687 
-63.5,  635,  2679 
-63,  2932 


(Continued) 

-62,  5423 
-60.5,  6452 
<-60,  356,  4967 
-60,  5103,  8489 
-59,  910,  5563,  8795 
-58.86,  4459 
-58.2,  3057 
-58.1,  1148 
-57.5,  2665 
-57.4(-61),  7405 
-57,  655,  3339 
-56.9,  4610 
-56.65-2atm>  2563 
-56.5,  6245 
-56.1,  8822 
(-56.1),  2260 
(-56),  1220 
-55.5,  7092 
-55(-50),  6991 
-55,  530,  6248 
-54  to  -57,  6555 
-54,  5436,  7199 
-53.7(-51),  6178 

-  53.6,  8908 
-53.5,  4994 
-53,  3821,  8884 

-  52.8,  5743 
-52.7,  5552 
-52.5,  6252,  6987 
-52,  1195 
-51.6,  1464,  4593 
-51.5,  90 
-51.1,  550,  5009 
-51,  16505,  5141, 

8197,  8793H 
(-51),  5143 
-50.5,  2153 
<-50,  3537,  8442 
-50,  2971,  3216,  3668, 

3823A 
-50,  ca.,   5580R 
>-50,  2823 
-49.8,  5422 
-48.2,  4465 
-48,  6543 
-47.8,  8354 
(-47.4),  8908 
-47  to  -48,  2086M 
-47,  3021,  4978 
-45.9,  6254 
-45.6,  2391 
<-45,  2276 
-45,  1152,  3435,  5754, 

7318 
-44.8(-43.1),  2382 

-  44.5,  7200 
(-44.5),  6449 
-44,  3264 
-43.9,  2991 
-43.8,  3549 
-43.5,  7992 
-43.4,  4476 
-43.26,  5847 
-43(-48),  1767 
-43,  632,  2568 
-42,  6558,  7460 
-41.9,  1221 
-41.5,  4484 
-41  to  -44,  250 
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-41,  2384,  8713 
-40.6,  2367,  6347 
-40  to  -48,  1220 
<-40d,  2280 

<  -  40,  6859 
-40,3131,  5300,  7664, 

8211,  8987,  S5580X 
-39.8,  8342 
-39.6,  3345 
-39,  2129,  4490 
(-39),  3216 
-38.8,  616 
-38.6,  6271 
-38.5,  6266 
(<-38),  6540,  6552 
-37.6,  5143 
-37.5,  411 
-37.3,  715 
-36.7,  3555,  6449 
-36.5,  4121 
-36.4,  1995,  3556 
-36,  0204 
(-36),  3549 
-35.3,  3874 
-35,  1183,  1773M, 

2927,  5005,  6185, 

6491 
-34.6,  1454,  4478, 

7099 
-34.5,  2379,  8795 
-34.4,  2958,  7093 
-34.2,  6451 
-34(-36),  8353 
-33.65,  2183 

-  33,  4436M 
-32.7,  126 
-32.6(-34),  4492 
<-32,  5156 
-32,  1217 
-31.8,  5764 
-31.5,  3398,  8497 
-31.47,  5847 
-31.4,  1233 
-31,  4293,  8817 
-30.6,  1132 
-30.2,  6655,  8314 

-  30  to  -  32,  3099 
<-30,  2132,  4235h, 

5769,  6546 
-30.  ca.,   5568 
-30,  5667,  5890 
-29.5,  2096,  2205 
-29.05,  8417 
-29(-27.1),  8892 

<  -  29,  7975 
-29,  3539,  4222 
-28.95,  637K 
-28.5,  2168 
-28,  8986 
-27.7,  1157M 
-27.5,  5327 
-27.2(-19.3),  1223 
-27(-26  to  -29), 

8341 
-27,  6645 
-26.5,  4426 
-26.45,  3617M 
-26,  125,  1037,  3197, 

3552 
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-25.6,  3454 
<-25,  2365,  2658, 

3069 
-25,  2041,  2279,  4539 
-24.8,  1175 
-24.5,  3929 
-24.4,  8485a 
-24.1,  4214 

-  24,  5036 
-23.8,  8522 
-23.2,  6525 

-23,  1215,  4503,  7994, 

8519 
-22.8,  2587 
-22.5,  130,  131 

-  22.4,  1453 
-22.35,  3862 

-22,  132,  5877,  6186, 
6552,  7277,  8416 

-21.8,  8615 

-21.2,  1134 

-21.2  to  -20.5,  3020 

<-21,  5347,  6650 

-21,  412,  2283,  5136, 
5598,  7341,  8022 

-20.9,  6274 

<-20,  1181,  1182, 
1212,  1213,  1261, 
1856,  2248,  2534, 
2884,  4689,  5822, 
6539,  6842,  7682, 
8034,  8387,  8417M, 
8905,  8918,  8936 

-20,2162,  4264,  4302, 
6544,  7101,  7341P 

-19.96,  2336 

- 19.5,  7657 

-19,  531,  4641,  4996, 
5401,  5870 

(-19),  6190 

<-18,  500,  771,  1437, 
2363,  5119,  5271, 
5863,  6585,  6873, 
7185,  7677 

-18,  2337 

-17.9,  2344 
C-17.5,  6776 

-17.5,  179,  1174 

-17.4,  4290 

<-17,  173,  8385 

-17,  207,  2251,  4259, 
5319M,  5759,  7380 

(-17),  7013 

-16.6,  3495 

-16.5,  160 

-16.3,  6265,  8485/3 

-16,  1774R,  2607, 
2821,  3632 

- 15.4,  7205 

-15.3,  1738 

-15.25,  180M 

-15.05,  3108 

<-15,  2247,  4173, 
4303,  4419,  5550, 
6063,  8957 

-14.7,  7139 

-14.5,  2575 

<-14,  5869 


-14,600a,  2088,  2245, 

4783 
-13.8,  3602 
-13  to  -14,  8518 
<-13,  8302 
-13,  1635 
-13  (-9),  5870K 
-12.5,  1461 
<-12,  713,  3379 
-12,2978,3390,6363, 

8151 
(-12),  4290 
-11.9,  2090 
-11,  5361 
-10.7,  5313 
-10.6,  8402a 
-10.45(-6.5),  3231 
-10.4,  601 
<-10,  3760,  8330, 

8441 
-10,3437,  4495,  5045, 

5479 
-9.5  to  -9.2,  3020 
(-9.5),  2350 
-9.3,  1139 
-9,  3115,  3402M, 

4585,  7013 
-8.6,  7836 
-8.2,  6190 
-8  to  -7,  7993(2) 
-8,  1577,  6191,  7459 
-7.9,  2220 
-7.6,  3329 
-7.5,  2737 
-7,  7822 
-6.9,  1171 
-6.6,  5532 
-  0.5,  3821 
-6.2,  571,  8582 
-6, 1223H,  2274,  2392, 

2960,  3107,  4853 
-5.9,  5131,  6192 
-5,  634,  6183,  8000, 

8606 
-5™,  1991 
-4.5,  2284 
-4.1,  8402/3 
-4,  1766,  2242,  4424, 

6760,  7053,  S8600Q 
-3.5,  600/3 
-3,  1887 
-2.5,  2830 

-2,  2081 M,  4866,  8894 
(-1.68),  5313 
-1.5  to  -2.0,  2350 
-1,  1724,  2388,  5825 
-0.82,  637P 
<0,  117,  2361,  5332, 

6694 

0,  501,  600a+/3,  1723, 
3546,  4151,  6716/3 

0.1,  3547 
0.2-0.7,  5840 
0.35,  138M 
0.5,  2572 
0.5(1-2),  2605 
0.6,  4065 

1,  2735,  7876 
1.3,  7832 
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1.5,  2734 

(1.6),  7822 
1.8(5.6),  1170 

2,  2836,  6912,  8922 
2.1,  1138 
2.1(5-6),  6661 

2.4,  6652 

2.5,  621,  701,  3113 
2.55,  4003 

2.9,  6152 

3,  1735,  7044 

3.6,  1223K 
3.65,  S1818M 

4,  5319,  6540 
4-5,  1773,  7674 

4.1,  6716y 
4.5,  4432 

5,  3935,  8185 
5-6,  135,  5747 
5-7,  1925 

5.15,  S5314H,  frz. 
5.2(3-4),  712 
5.48-.49(5.51),  1113 
5.5,  2864,  3732,  6988, 

8144,  8154M 
5.6(4-5),  6705 

5.7,  1256 

6,  3965,  5768M 
6-7,  1981 

6.2,  5840 

6.5,  2744,  2988 

7,  706,  3003,  6716a, 
7993  (I) 

7-8,  2787 
7-9,  8906 
7.5,  8355 

8,  3771,  8868D 
8.2,  775 
8.40,  4016 

8.5,  2657,  3879,  5312 

9,  2282,  3832,  5264, 
6994,  7258,  8927 

9.2,  1762 
9.4(10),  723 
9.5(6-7),  4563 
9.97(10),  3871 

10,  1983,  3880,  6457, 
8313 

10-4,  7681 

10.3,  3948 

10.5,  3598,  5130,  5416 
10.5(11.93),  5817 

11,  2270,  4429,  7815 
11(8-9),  1048 

11-2,  720,  2878,  6415 

11.4,  4514 
11.7(9-13),  3297 

12,  4430,  4475,  6448 
(12),  2744 

(12-3),  8510 
12-5,  667 

12.3,  385 

12.4,  1179 
12.6(10.5),  6429 

13,  774,  1284,  5440, 
5675,  8921 

13-4,  8061 
13.2,  3555R,  6152, 
8925 


MELTING  POINT  INDEX  OF  ORGANIC  COMPOUNDS 

(Continued) 


13.5,  7999 

13.6,  7613 

14,  6305,  7679 
14(2.5),  3113 
14-5,  4433,  5025 
(14-5),  280 

14.5,  1390 

14.6,  6193 

14.88,  S6403M(a)  frz. 

15,  206,  661,  2877, 
4363,  4538X,  5176, 
6151,  7370M 

15(13.1),  4431 
15-6,  7320 
15.5,  8403,  8959 
(15.5),  5860,  8313 

16,  1040,  2059,  2381, 
5580,  6772,  6950, 
7138 

16.5,  4436,  4632 

16.6,  86 

17,  599,  1299,  2092, 
3125,  3443,  4147S, 
7794,  8047,  8094M, 
8098 

17-8,  1049,  3238M 

17.8,  1923,  3633 

17.9,  4228 

18,  5283,  S4532M 
18-19,  3065 
18.3,  S64O3M08) 
18.37,  S5819M  frz. 
18.5,  594 
18.5(16-9),  93 

19,  5824 
(19),  4429 
(19-20),  6405 
(19-21),  732 
19.3-9.5(22),  1541 

19.5,  7946,  8023 
(19.5),  4138 

19.6,  4730 

19.7,  267 
<20,  8919 

20,  280,  327,  7407, 
7692 

20(16-7),  4528 
20-2,  3154a2 
20-30,  S6225M 

20.3,  6300 

20.4,  S1725M 

20.5,  5816 

21,  4147Y,  6660,  6702, 
7327,  8893 

21(18.5),  1452 
21.2,  3626 
21.5,  7267 

22,  2652,  6801,  7524, 
S7953T 

(22),  5479 

22.5,  563,  4441,  8097 
22.5(19-20),  8850 
22.6(24),  3395 

23,  5114,  7951,  7974 
23-4,  5039 

23.9,  2341 

24,  609,  1606,  1775 
24(22-5),  3017 


24.2,  6405 

24.5,  775,  4102,  4435 
24.5-25,  5860 

24.6,  7608 
24.65,  3549P 

24.7,  5010 

25,  732 
25-26,  7173M 
25.5,  2151 
25.7,  7297 

26,  559,  1650/3,  4235a, 
4696,  5139,  5290, 
6236M,  6688,  6800, 
8510,  8943 

26-7,  5635 
26.5,  3750 

27,  11537,  1190, 
1223M,  1754,  3424, 
4103,  4998,  7436, 
8592 

(27),  645 

27(22-3),  731 

27(25),  7761 

27-8,  1952,  3400,  4583 

27.5,  4138 

(27.5),  7946 

28,  295,  11575,  3215, 
6224,  6853,  6875, 
8343,  8587,  S6660C, 
S8434M 

28-9,  1337,  S7946M 
28.2(32),  4383 
28.5,  6224M 
28.78,  S7953M,  frz. 
28.8-9.2,  4094 

29,  1770,  1883,  1954, 
1956,  6756,  6815, 
8001,  8238 

29-30,  7370 
(29-33),  7017 
29.3,  4428 
29.5,  867,  6408,  8520 

30,  358,  1576,  1896, 
2866,  3396,  7944, 
8907 

30.5,  7733 
30.63,  8586 

31,  3005,  6414 
31-2,  3154«3 
(31-3),  1888 
31.5,  2335 

32,  593,  1722,  1858, 
2196R,  2257M,4631, 
6169,  8208 

32(34),  S5844M 
32-3,  1730 
32.1,  5469 
32.5,  1160,  7580 
32.5(31),  2800 

32.8,  6717 

32.9,  321 1M 

33,  149M,  596,  645, 
1919,  2778,  4845, 
5237,  5409,  6706, 
8460,  8588 

(33),  2948 
33.5,  6020 
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33.5(31-2),  3465 

33.7,  7949 

34,  208M,  1447,  1728, 
1878,  1879,  2533, 
6224T,  6976,  7466, 
7663,  8816 

34(30-3),  4147G 
34(31-2),  6662 
34-5,  7203 
34-5(37),  590 
34-5.5,  5488 

34.2,  8913 
34.5,  4708 

35,  1041,  1065,  4243, 
5135,  8135,  8396 

35(30-1),  6658 
35-7,  7194 
35-40,  S8154W 
35.1,  5878 

35.5,  5529,  5660,  6848, 
7046 

36,  1002,  1235,  2745, 
2782,  4127,  6403, 
8237 

36(32-4),  2886 
36-7(34),  657 
36-8,  6744 
(36-9),  1141 

36.3,  1157a 
36.5(32),  2891 

37,  1888,  4117,  5850, 
7040,  8153 

37-8,  3148,  7661 
37-8(32),  1764 

37.1,  1157/3 

37.2,  5348 
37.5,  3733 
37.5-38.5,  7152H 
37.6-7.8,  3111 
37.62,  8149 
37.9,  1069/3 

38,  724,  3033,  3417, 
6070 

38(34-5.5),  8926 
38(35-7),  7952 
38(41-3),  6986 
38-9,  294 
38-41,  7538 
38.5,  2338 

38.8,  1157y 

38.9,  6722 

39,  2742,  8483 
39-40,  772,  2137,  4578 
39-41,  2822 
39.5-40,  3770 
(39.5-40.5),  8584 

40,  1069a,  1191,  4231- 
4437,  6459,  6769, 
8549a 

40(35-6),  6729 
40-1,  2943 
(40-1),  1579 

40.5,  8222 

40.6,  3549K 

41,  1769,  4863,  5094, 
5316,  6667,  7045, 
7303 
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(41),  6847 
41-1.5,  2098 
41-2,  2424 
41.5,  260 
41.8,  3687 
41.9-2.1,  6203 

42,  229,  942,  1141, 
1628,  1725,  3306, 
4581,  4825,  6598, 
8079,  S7190M 

42(27),  219 
(42),  5018 
42-3,  2893,  S285Q 
42-3(44-5),  8846 
42-4,  6907 
42-52,  2302Z 
42.5,  2249,  5529 
42.5-43,  7972 

43,  1153/3,  1301, 
2196H,  2948,  7696, 
7841,  8167,  8175, 
8319 

43(39-40),  6718 
43(40),  3451 
43(40.4),  6768 
43-4,  1376h 
43-5,  1178 
43.84(45-6),  6458 

44,  1296,  2769,  2947, 
4708,  4829,  5154, 
5376,  5558,  6617, 
7000,  7990,  8121, 
8837 

44(39),  909 
44(48),  5311 
44-5,  5432 
(44-5),  3423 
44-6,  1075,  8021 
44-7,  2666 

44.4,  3383 

44.5,  5308,  8360 
44.8,  5956 

45,  564,  1899,  2914, 
6733,  6783,  7180, 
7202 

45,  ca.,   5885 
45(42-3),  8507 
45-6,  7406 
45-8,  16507 

45.5,  7312,  8292,  8556, 

S8843T 
45.8,  7945 

46,  589,  671,  2130, 
3272,  4260,  5572, 
6690,  6761,  7698, 
8368,  S1540B 

46,  ca.,  4828 

46-7,  4376,  8345,  8977 

46.4,  4255 

46.5,  8235 

47,  14,  1193,  1311, 
1545,  1579,  2951, 
4765,  5024,  6412 

(47),  7539 

47-8,  7752 

47.5,  1050,  1280,  4014 

47.7,  8576 
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48,  133,  707,  3428, 
4989,  6767,  7017, 
7206,  7630,  7664, 
7970,  8100(1),  8407 

4&-9,  3429,  5854,  7420 
48-50,  2250,  6398 

48.4,  2586a 
48.4-8.5,  3402 

48.5,  5142 

48.6,  4766 

49,  1650a,  1780,  8359, 
8678,  8945,  8961 

49-50,  6693 
49-51,  277,  8234 

49.3,  2647 
49.3(45.5),  1895 

49.4,  1234 

49.5,  4584,  S6858M 

50,  119,  1237,  275, 
276,  611,  787,  883, 
2301,  2428,  6043, 
6596,  6597,  6819, 
8100(2),  8257 

50(48),  2395 
50-1,  1376,  243 1M 
50-2,  4300 
50-6,  7967 
(50-9),  7873 
50.5,  613 

51,  381,  1281,  1567, 
2346,  6850,  7041, 
7306,  8584,  S312T 

51(48),  2302d 
51-1.5,  7140 
51-7,  4868h 
51.1,  8141 

51.3,  8404 

51.5,  3423,  4318,  8288 
51.5-52,  7228 
51.5-53,  7952M 

51.7,  2668 

52,  1298,  1698,  2398, 
2430,  2959,  5197, 
7453,  7701h,  8226, 
8791 

52-3,  3378,  4122, 

4609,  6062 
52.5,  1809,  4881 
52.54,  S6457V  frz. 
52.5(50.5),  8379 
52.9,  6889 

53,  1176,  1263,  3317, 
6777,  6847,  7179, 
7445,  8406,  8502, 
8889 

(53),  2400 
53(50.5),  4446 
53(51.5),  209M 
53(57-60),  5407 
53-4,  1637 
53-4(54-6),  3667 
53.31(54),  4445 

53.4,  5821 
53.4(51),  1153a 

53.5,  1977 
53.5-54(55-6),  3149 

54,  725,  1854,  4048, 
4242,  6350,  6368 

(54),  2434 
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54(51-2),  592 
54-4.5,  1029,  1030, 

3500 
54-5,  1000,  3234 
54-5(52),  1312 
54.5,  884,  4261,  5875, 

8046 

55,  597,  999,  2397, 
2651,  4833,  8106M, 
8897,  8964 

(55),  2666 
55(59),  1154 
55-6,  123/3,  4781, 

5843,  6743 
(55-6),  3149 
55-7,  2144 
(55-7),  2655 
55.5,  3436,  6404 

56,  308,  1142,  1196, 
2373,  2883,  4736, 
5665,  6791,  6898, 
7462 

(56),  8903 
56-7,  3541,  6524, 
6730,  6798,  7154M 

56.5,  644,  4256 

56.6,  4234 

57,  961,  1158,  1582, 
3538,  4520,  4821, 
5569,  6732,  7641 

(57),  15 

57-8,  1763,  3281 

(57-8),  4247 

57.5,  177,  1031,  6000 

(57.7),  714 

57.8-8.0,  8154 

58,  268,  1070,  1593, 
4241,  5018,  5140, 
5491,  5815,  6172, 
6316h,  6422,  6734, 
8346,  8549h,  S8001C 

58-8.5,  7966 
58-9,  2376,  5047, 

8244h 
58-60,  2721,  5905h 
58.5,  4319 
58.5-61,  1889 
58.8(56-7),  5883 

59,  281,  714,  747, 
2244(2),  2700,  2748, 
4883,  5659,  6714 

59d,  4823 
59(56-7),  5841 
59(57-8),  S5771M 
59(57.85),  6228 
59-60,  1336,  1660, 

5832 
(59-60),  623 
59-61,  4723 
59.5,  2535,  4440 
59.5-67,  6048 
59.8(59-61),  8381 

60,  5273,  6663,  6765, 
7634,  7672 

60(55-6),  3140 
60-1,  622,  2400,  6787 
(60-1),  310 

60.5,  5831,  6312,  6548 
60.66(58-9),  5487 
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61,  32,  313,  1318, 
1319,  2312,  2641, 
3470,  4738,  4864, 
5870M,  6773,  6831, 
7102,  8100(3),  8478, 
8534 

(61),  6801,  7303 
61(57-8),  227 
61-2.5,  7764 
61-4,  4199H 
(61-3),  2668 
61.5,  1970,  5851 

62,  868,  1631,  2362, 
2655,  3441,  5051, 
5638,  6053,  6171, 
6763,  6807 

62-3,  4301 
62-4.8,  8976 
62.5,  7299 
62.5(60),  338 
62.75(67-8),  646 
62.8,  6840 

63,  123a,  520a,  610, 
749,  1300,  4240, 
4346a,  5497,  6260, 
6445,  8683,  8793R, 
S1540F,  S?615J 

63-4,  5855,  7695 
63-4(61.8),  6751 
63.5,  2396,  6707,  7765, 

7941,  8802 
63.5d,  1344 

64,  388h,  1971,  2420, 
4049,  5048,  6402, 
7306,  7463,  8300, 
8539,  8651,  S7998M 

64(60),  7050 
64-5,  1059,  6710, 

7972M 
64-6,  685 
64-8,  427 
64.5,  5002 

65,  389,  2356,  3882, 
4667,  6623,  7406, 
8367,  8946 

(65)  7673 

65,  ca.,  7694 
65(60),  8191 
65.1,  4260 
65.5,  309 

66,  310,  623,  658, 
4067,  4377,  4787, 
6758 

66(61),  8380 
66(69-70),  129 
66-7,  5184,  6849, 

S2329M 
66-8,  3611,  7410 
(66-75),  1860 
66.1(69-70),  8550 
66.2-6.3,  2653 

66.4,  595 

66.5,  3331,  6021,  6100, 
6170 

67,  1313,  1744,  2385, 
6735,  8099 

67-8,  2446,  5852 
67-8(70),  2855 
67.4,  1135 


67.5,  690,  8431 

68,  958,  1257,  1384, 
1544,  2776,  4830, 
4844,  5086,  5926, 
5976,  6726,  6736, 
6737,  6741,  6808, 
7539 

(68),  3432 
68(64),  8947 
68-9,  1441,  1600h, 

1726,  7670 
68-70,  7167,  7763 
68.1,  4438 

68.4,  727 

68.5,  2656,  5979 
68.5-9.2,  5378 
68.7(69-72),  4304 

69,  1342,  2333,  2445, 
2597,  3674,  7612, 
8436,  8577 

69(65-7),  8527 
69(72),  5551 
69.0-9.5,  1755 
69-70,  1054,  1772, 

6696,  7659h, 

S1384M 
69-70(73-5),  6911 
69-71,  1849 
69-72,  8912 

69.4,  7943 
(69.4),  31 

69.5,  2387,  2875 
69.5-70.5,  8378 

<70,  6547 

70,  55,  1388,  1462, 
3356,  4236,  5990, 
6698,  7449 

(70),  1580 
70-1,  7151 
(70-1),  2615 
70-1.5,  7766 
70-2,  602 
70-5,  7053 
70-80,  33h 
(70-80),  27 
70.2-0.7,  6236 
70.8,  4261 

71,  746,  1047,  3419, 
5639,  6334,  8361, 
8923 

(71),  7406 

71-2,  1180,  1772,  2414 
71-2(69.5),  3199 
71.5o  612,  668,  3103, 

7968 
71.5-3.0,  7750 

72,  1057,  1729,  1740, 
2910,  3358,  3430, 
3761,  4425,  6409, 
6740,  7409,  7685 

72-2.5,  8405 
72-3,  2434,  3869, 

4218,  5614,  8488 
72-4,  2136,  2137M 
72.3,  8048M 
72.5,  61,  5340 

73,  1908h,  6936,  8965, 
S1540Y 

73-4,  2828,  4294,  7673 
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(73-4),  1059 
73-4(70),  3933 
73-5,  1843h 
73.5-74.5,  3292M 

74,  1056,  1753,  2405M, 
2767,  3305,  3432, 
4033,  5282,  7709, 
8231 

74(70),  8726 
74(70-1),  4007 
74-5,  2067 
(74-5),  1940 
74-5(70),  3403 
74-6,  2771,  8650 
(74-6),  296 
74.5,  8944 
74.7,  6562 

75,  83,  256,  1173M, 
1391,  2832,  6603, 
6849,  8942 

75-6,  8902 
75.5,  5266,  8773 

76,  789,  4411,  5149, 
5547,  5927,  6304, 
6893,  8243,  S6836M 

76(72-4),  3584 
76(73-4),  7708 
76-7,  4307,  5340dl, 
S2329Q 

76.3,  882 

76.5,  4251,  8164 
76.7,  8464 

77,  1860,  2892,  4244, 
8728,  8839 

77-8,  618,  1917,  8544 
(77-9),  7963 
(77-84),  666 
77.2,  S5308T  frz. 
77.5,  692 
77.5(81.5),  8516 

78,  1156,  2212,  2263, 
2311,  2573,  3011, 
3146,  3943.  4832, 
5074,  5614,  6098, 
6739,  7490,  8130 

78(76-7),  6792 
78-80d,  6724 
78-80*o,  4098 
78-81,  7769 
78-82,  336R 

78.4,  8719 

78.5,  1580 

79,  264.  1082h,  2794, 
2879,  3380,  4346/3, 
4991.  5884,  6058, 
6892,  7271,  8547 

79-80,  1080,  2873, 

5046,  6839 
79-81,  5038 
79.1,  4237 
79.5-79.8,  2645 

80,  312.  754,  1095, 
3136,  3781,  6465, 
7202M,  8506 

80(78-9),  3407 
80-1,  252,  2674h, 

3173,  5443.  S83T 
(80-2),  2642 
80.22,  5833 
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80.5,  8581 
80.7(81-3),  8421 
80.7(84),  1028 

81,  26,  31,  296,  2573, 
2889,  5354,  6001, 
6104,  7275 

(81),  2760 
81-1.5,  7962 
81-2,  2407,  3894, 

7964,  8838 
81.1,  4247 
81.3-81.6,  4440M 

82,  154,  1697,  2860, 
4827,  5267,  5813, 
5830.  6430,  6697, 
7313,  8901 

82.0-2.5,  8364 
82-3,  7873 
(82-3),  7774 
82-5,  2873 
82.5,  2403 
82.5-3.0,  974 
82.5-4.0,  8524 
82.8,  4439 

83,  3205,  5499,  6971, 
7838 

83-4,  4653M,  6703 
(83-4),  287 
83.2-83.4,  6219M 
83.5,  1162 

84,  586,  619,  1371, 
1622,  3987,  5315, 
5988,  6397,  7963, 
8095 

(84),  1309 
84-5,  384M,  8316 
(84-5),  1884,  6704 
84.6-85.0,  6168M 
84.7-5.0,  7716 

85,  190,  390,  560,  625, 
934,  1855,  2428M, 
4742,  4891,  5498M, 
5845,  6635,  7960, 
8165,  8352,  8717 

85-7,  6746,  7768 
(85-7),  427 
85.5,  7668 
85.5-86,  2431 

85.8,  2871 

86,  171,  752,  1260, 
1638,  1654,  2394, 
5155,  5555,  6456, 
7689,  7857,  7973, 
8241 

86-7,  1203,  4358, 
4724,  6780,  6954, 
7792TdZ 

86.3-.5,  8550M 

(86.8),  1156 

86.9,  1172 

87,  1155,  1540M, 
2244(1),  3186,  5070, 
6721 

87-8,  8180 
87-8(84),  84 

87.4,  1295 

87.5,  58,  6636/3 
87.7,  2642 


88,  60,  202,  3052, 
5811,  6563 

88(83),  5856 
88(83-4),  2131 
88-9,  721,  6974h, 

8477 
88-90,  6133 
88.5,  8535 
(88.5),  3321 

89,  880,  1859,  6018, 
6950,  7688,  7961 

89-90,  1857,  3154a4, 

5307,  8903 
89-91,  8748 
(89-93),  7925 
89.3-.5,  3403M 
89.5,  5079,  6400 
89.5-90,  2236 
89.57,  1201 

90,  62 1M,  684,  936h, 
1884,  2859,  4308, 
4727,  4851,  5923, 
6704,  7054,  8095, 
8103,  8178 

90-1,  2882,  8555 
90-2,  3410H 
90-5.5,  7183M 

90.1,  2586/3 

90.2,  S6401M  frz. 

91,  1309,  2786,  4087, 
7953,  8479 

(91),  3943 

91-2,  604,  2218,  2945, 

6615 
91-2(88-90),  1433 
91.5,  8244,  8491 
91.9-2.1,  5500 
91.9-2.2,  8160M 

92,  1140,  1368,  7516h, 
7860,  8567,  8738 

92(93-4),  1640 
92-3,  2M,  6395,  7666 
(92),  416A1 
92.5,  5697 

93,  592M,  666,  734, 
936,  1038,  1491h, 
1696,  1756,  4728, 
5633,  6771,  6944, 
7960,  8382,  8933, 
S1540H 

93(90-1),  76 
93-4,  2313,  2615, 

7375T 
93.5,  1875 

94,  1603h,  4831,  5191, 
6770,  6890,  7942R 

94(97),  3315 
94-5,  1673,  6057 
94-8.  1102 
94.5,  8443 

95,  2,  287,  902,  1420, 
1794,  2790d,  3014, 
3321,  3559,  5450, 
6046,  7631,  7792T, 
7914,  8896 

(95),  4057 
95(1,  3558 
95(91-2),  1670 

1175 


95-6,  2401,  3442,  4213, 

6071 
(95-6),  139 
95-7,  S83M 
95-7(1,  5964 
95-8^,  8055 
95-100,  4154 
(95.2),  721 
95.5-8.5,  4659 

96,  691,  1443,  1583, 
5460,  5955,  6095, 
6784,  6806,  6813, 
7880,  8494,  8723M, 
S263W 

96-6.5,  5289 

97,  27,  2234,  2674a, 
3969,  3973,  4125, 
4343 

(97),  8352 
97(94),  8332 
97(94-5),  2912 
97(98-9),  6899 
97-9,  1617 
97.5,  4213,  7329 
97.8,  1460 

98,  36,  1338,  1602h, 
2802,  4809,  7274, 
8033 

(98),  2334 
98(100-1),  1570 
98-9,  3172,  7762 
98-101(57),  15 
(98-9),  2040 

98.4,  8504 

98.5,  1278,  3517,  7785 

99,  57,  166,  388,  2913, 
3666,  5375,  6715, 
7955(b),  8161,  8537, 
8741,  S286X 

(99),  6937 
99-9.5,  3187 
99-100,  6446 
99-101(103),  211 
99.5,  5185,  S6858Q 
99.5(96.5),  272 
<100,  498h,  4192 

100,  1109,  1399,  1716, 
2777,  5412,  6145, 
6764,  8495 

100d,  1615 
100(97-8),  8347 
100(97.5-8.5),  6613 
100-1,  2314 
100-2,  1107,  4868a 
(100-7),  3982 
100-lOd,  870 
100.5,  6666,  8874,  8930 

101,  1548,  2349,  4086, 
4756,  5492,  6343h, 
8672,  8753,  8917 

(101),  1937,  5392R 
101(103),  S441M 
101-2,  4733 
101-4(97-9),  73 
101.3,  3539M 

102,  417M,  592M, 
4066,  5925,  6836, 
7288 

102-3,1383,4112,6072 
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(102-9),  2423 

102.4,  S5308F  frz. 

102.5,  5886 
102.5d,  5473 

103,  879,  1398,  2845, 
5814,  6982,  8326 

103(98-100),  5994 
103(99-100),  37 
103-4,  5076,  5905 
103-4d,  116 
103-5,  498Md,  3941, 

5428 
103.5(106-8),  1736 
103.7(104-5),  8440 

104,  2040,  2438,  3575, 
4203,  6106,  6293, 
6373,  6637,  6997, 
7273,  8420 

(104),  1938,  2377, 

5163,  7864 
104-4.5,  4389 
104-5,  2760,  2894, 

7665,  7667 

105,  1672,  1985h, 
2974d,  I,   4057,  5709, 
5968,  6067,  6105, 
7528,  7767,  8536, 
8746 

(105),  1652 
105(107),  8493 
105-6,  1622,  3010, 

6954,  7403 
105-7,  7932 
(105.8),  8793 

106,  273,  2304d,  2885, 
4699,  4805,  4841, 
5991,  6401,  8239, 
8315 

106(101-3),  1061 
106(102.5),  8730 
106(104),  S6038R 
106-7,  938,  2304?,  8434 
106-7(101),  5392R 
106-8,  4836,  8727 
(106-9),  5608 
106.5,  951,  1071 

107,  1940,  5453,  5541, 
5853,  5969,  6014, 
7514,  8053,  8763, 
S3555J 

107-8,  1496,  1571, 
6316,  7774,  8325 
107-9,  7014 
107-9.5,  498MZ 
107.5(108-9),  6762 

108,  33,  371,  1653, 
2334,  2423,  3789, 
5405,  6069,  6138, 
6633,  7422,  S1540T 

108(99),  6938 
108-9,  2405,  4147V, 

6865h 
108-9(105),  687 
(108-10),  2214 
108.5,  47,  741 
108.75(109-12),  8451 

109,  1642,  2S04dl, 
2790d,  3132,  5767M, 
7645,  7942,  8505 
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109d,  5430 
109(107-8),  5632 
109-10,  1843a,  2145, 

3134 
109-11,  1448,  7152R 
109-11.5(108),  1081 

109.7,  283 

110,  139,  1373,  2305, 
2377,  3188,  3981, 
4186M,  4906, 
5059M,  5115,  6103, 
6455,  7740,  7925a 

(110),  1745,  4756 
110(105-7),  5997 
110(107-8),  5980 
110-1,  8769 
(110-1),  5011 
110-1(113-5),  4804 
(110-5),  1655 
110.2,  6059 

110.4,  307 

110.5,  S285R 

111,  290,  3006,  6682t 
6719,  7583,  7690, 
7776,  8095 

(111),  5968 
111-1.5,  2357 

111.5,  5446 

111.6,  6749 

111.8,  669 

112,  1477,  1938,  3373, 
5284,  5482,  5608, 
5993,  8005,  8419, 
8727,  S1540D 

112(110-1),  7471 
112-3,  2998,  6654, 

8978 
112-3d,  5435 
112-5,  5387 
112.5,  1456 
112.5-13,  8803 

113,  714M,  1149,  1546, 
1639,  1829,  1890, 
1962,  5894,  S8091F 

113(92),  416M 
113(111-2),  4193 
113-4,  1082,  1425 
113-4(109-11),  1882 

114,  52,  1386,  1495, 
1908,  4004,  5535, 
5859,  6749,  6785, 
7005 

(114),  5405 
114(109),  861 
114(111),  1589 
114-5,  1469,  7965, 

8042 
114-6,  8793 
114-7,  975 
114.5,  1588 

115,  1706,  6366,  6381, 
6941,  8844,  S312M 

ll£-6,  406R,  8904 
115-6(112-3),  S7315M 
115-7,  2296M,  7758h 
115.5,  939,  8718 

115.7,  7714 

1176 


116,  127,  1062,  1163, 
1308,  2214,  3982, 
4725,  5162,  5846, 
7296,  8117.  8236, 
8954 

(116),  4685 
116-7,  2061  4686, 

7411 
116-8,  4195 
116-21,  7770 
116.5,  2929 
116.5-17,  1411 

117,  4124,  4132,  6640, 
8334,  8525 

117(114),  8515 
117(115),  972 
117-8,  8681 
117.1,  8138a 
117.5,  2714,  6099, 

6132 
117.8,  4672 

118,  523,  660,  683, 
2874,  6812,  7005, 
8754 

118(114-6),  2310 
118(115-6),  1643 
118(116-7),  1200 
118-9,  689,  6720, 

7736a 
118-20,  415511,  4189h 
118-24,  6600 
118.1,  5475 

119,  688,  856,  1072, 
2790,  3322,  4898 

119-20,  3468,  4180 
119-21,  1297 

119.5,  34 

119.6,  8044 

120,  64,  585,  3034, 
4344,  5857,  6011. 
6096,  6383,  6979J 
8445 

(120),  788,  6980 
120(123),  6054 
120-1,  2753 
120-ld,  5123 
120.5-21,  1411 
120.5-1.5,  4109 

121,  1319,  1442,  1926, 
2602,  2805,  2806, 
2819,  3052,  5060, 
7719,  7786,  8056, 
8209,  8511,  8563, 
S7056JO?) 

121d,  5567 
121-1.5,  180 
121-2,  655M,  2062, 

4986 
121.8,  5539,  6969 

122,  1449,  1550,  1710, 
5978,  S1540Q 

122(118-9),  6632 
122-3,  6675 
122.5-3.0,  7002 

123,  960,  1058,  2833, 
5895,  6622,  6753, 
7979,  7981 

123-4,  1845,  2772, 
62613,  8935 
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(123-4),  4977 

124,  1551,  1655,  1745, 
1874,  4792,  5294, 
5906,  7977 

124d,  7715 
124-5,  4726,  7289, 

8439 
124-6,  8045 
124.5-5,  7759 

125,  1411,  1664,  1714, 
4351,  5297,  6016, 
6033,  6790,  6860, 
6874,  7851h 

(125),  2922 

125d,  5792,  5919,  6738 
125-6,  159,  2417 
125-6d,  7811 
125-6(130-2),  4185 
125-30,  408M 
125.5,  278,  6108(1) 

126,  405,  1661,  7787, 
8673,  8952 

(126),  3468,  4712 
126d,  6786 
126(122-3),  962 
126-32,  8283M 
126.5,  8250,  8658 
126.5-9,  8324 

127,  210,  606,  1007, 
1143,  1491,  2803, 
3951,  4280,  5042, 
5542M,  7154,  7457, 
791 lh,  8294 

127(123-4),  6065 
127-8,  8496 
127-9,  4147Q 
127.5,  1317 

128,  4221,  4691,  5404, 
5971,  7076,  8248 

(1286),  8445 
128-9,  462M 
128-9.5,  7037 
128-30,  809 1M,  8747 
128.5,  5411,  S7056J(«) 
128.5-30,  1019 

129,  504,  1226,  1411, 
2868,  2881,  4977, 
5989,  6862,  7515, 
7554,  7658,  7886, 
8474 

(129),  1610,  5120 
129(127.5),  8492 
129-30,  314,  2410, 

3359,  3571 
129-31,  6128M 
129-32,  2999 

129.4,  1192 
129.&-30,  4400 

130,  1033,  1042,  1607, 
1821,  4357,  4401, 
7853,  8166 

130,  ca.,d.,  7509K 
(130),  856 
130(125-6),  1079 
130-1,  2846,  5371 
130-3,  947 
(130-5),  4186 
(130-43),  1864 

130.5,  5399 


(Continued) 

130.8,  6933 

131,  994,  2974,  4194, 
4402,  6685,  8739 

(131d),  758 
131(126),  4709 
131-2,  51,  1446,  2753, 

2922 
131-2(128),  1960 
131.5,  1804 
131.5(136.5),  7956 

132,  54,  361,  1708, 
3330,  4684,  5163, 
5485,  6061,  6980 

(132),  1520 
132(136.5),  7955(a) 
132-3,  1657,  3360 
132-3d,  2843 
132.7,  8711 

133,  1676,  2740,  4147, 
5439,  6723,  7687, 
7875 

133(128),  1731 
133-4,  2328,  4712, 

7414,  7545 
133-5,  933 

134,  375,  966,  977, 
1412,  1671,  4283, 
4914,  5413,  6752 

134(130),  1782 
134(131),  S5897M 
134(138),  4814 
134(139),  1417 
134-5,  2754,  4149, 

5484 
134-5(132),  1922 

134.5,  1085,  7924,  8249 

135,  176,  1018,  2841, 
2887,  5142M,  6039, 
7780,  7827 

135d,  247,  5120 
135(136-7),  7585 
135-6,  1100M,  2662, 

2780 
(135-6.5),  1713 
135-7,  940 

135.6,  5421 

136,  279,  945,  992, 
1287,  1948,  2526, 
4012,  5022,  7929h, 
8253,  8521 

136d,  2596 
136-7,  7758 
136-7(135),  6107 
136.5,  8453 

137,  1542,  1630,  1652, 
6965,  6975,  7264, 
8252,  8473 

137-8,  85,  265,  1424, 

2775,  6637 
137-66,  1 
137.5,  8429 

138,  1282,  1674,  1865, 
2974,  4223,  5013, 
5970,  8503 

138d,  191 
138(135),  5909 
138(141-2),  628 
138-9,  6843 
138-9(135-6),  2975 

1177 


138-^0,  6947 
138-41,  5404 

139,  1520,  2411,  3051, 
4757,  6618,  7465 

139(136-7),  5611 
139-40,  5150,  8219 
(139-40),  8331,  8747 
139.7(139-41),  6845 

140,  1677,  1933a, 
4416a,  5911,  6957, 
8008,  8106,  8122, 
8251,  8939 

140,  ca.,   1508 
140d,  6803 
140(137-8),  7825 
140-1(135),  5858 
140-1(138-40), 

S6468J 
140-l(140d.),  S7882Q 
140-4,  1822h 
140-5d,  5346 
140.5,  1404 

141,  49,  1096,  1594, 
1600a,  1602a,  4099, 
4198,  6823,  6942, 
7416,  8749 

141(136-7),  2774 
141-2,  8259,  S3141J 
141-2(137),  S1719M 
141-2(138),  1720 
(141-5),  3357 

141.4,  1578 

142,  1503 
(142),  5069 
142d,  4740 
142(139),  1084 
142-3,  2872,  3673, 

8771 
(142-3),  6685 
142-4,  2844,  8312 

142.5,  1648 
142.7,  1092 

143,  246,  2696,  3332, 
5793,  6052,  6066, 
6636a,  6680 

143(139),  8287 
143-7,  2813 
143.5,  6841,  8929 

144,  923,  959,  1001, 
1662,  3550,  4418, 
5020,  5425,  6731, 
6748,  7851a,  8251, 
S1669M 

(144),  8969 
144(141-2.5),  1651 
144-5,  5865 
144.5,  2888 
144.5-45.5,  8019R 

145,  773,  1017,  1784a, 
2693,  4061,  4063, 
4403,  4677,  4744, 
5288,  5996,  7038 

(145),  54 

145-6,  128,  1822a, 

2899 
145-7,  5726 
(145-7),  8473 
145-7d,  3532 
145-50,  856T 
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145.8,  S1540W 

146,  755,  1713,  2793, 
2968,  4186,  4189, 
4190 

146-7,  311,  3959 
146.5,  2962 
146.5(151-2),  1515 
146.5-7.5,  8468 

147,  1644,  2737M, 
4735,  5995,  6416, 
7737,  8331,  8759, 
8934 

(147d),  8108 
147-8,  4395,  6626, 

7760,  8722 
147-9,  7155R 
147-50,  1498 
147.5,  670 
147.5(144-5),  1575 

147.9,  497 

148,  142,  451,  1288, 
1605,  3250,  4081, 
49.08,  5337,  6630, 
8475 

148-8.5,  S7329J 
148-9,  1864 
148-9d,  3529 
148-50,  4949 
148.5,  2691,  7516 
148.5-9.5,  4147T 

149,  67,  367,  5033, 
6896,  7635 

149-50,  1512,  4741, 

7756 
149-51,  4808,  4838 
(149-51),  1633 
149.5,  3408 
149.5d,  5800 

150,  69,  1429,  4191, 
5336,  5565,  6314, 
6376,  6916,  6946, 
6993,  7458,  7686 

150d,  181 

>150d,  8879,  S340OC 
150.5-1.5,  4768 
150-1,  2692,  7007 
150-1(14*7-8),  1663 
150-2,  6068,  7929a 
150-3,  2685 
150-60,  499 

151,  1781,  2257R 
151-2,  5338 
151-3,  410,  803  Id 
151.5-2.5,  7959 

152,  659,  675,  2558. 
4215,  4837,  5041, 
5973,  8725 

152d,  4220,  8712M 
152(155-6),  976 
152-3,  75,  780,  3089- 

5398,  8260,  8482 
152-3d,  5011 
152-4,  2297,  5278 
152-200,  7646 
152.5,  2897 

153,  756,  1514,  2792, 
6634,  6918,  8108, 
8969 
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153(156),  3986 
153-4,  1103,  5172 
153-6,  8428 

154,  2440,  6015,  6686, 
7383,  7659,  8740, 
8761 

(154),  5897 
154-4.5,  S8139M 
154-5,  854 

154.4,  1519 

155,  1101,  1499,  2807a, 
8019,  8163 

155(150.5),  77 
155-6,  3357,  8755, 

8843  M 
(155-6),  6615 
155-8d,  3953 
155.5d,  7262 

156,  1043,  1372,  3177, 
7056,  7620Ma, 
8019H,  S4204K 

156(153),  6892M 
156-7,  1478 
(156-7),  3324 
156-7d,  5942 
156-8,  2435,  5396, 

6809 
156-90,  7648 

157,  1104,  2966,  2996, 
4729,  8015,  8808 

(157),  3957,  4949 
157-8,  1497,  4676, 

7006 
157-8d  (152-4),  8031Z 
157-9,  28g0 
157.8,  2325 

158,  370,  890,  1715, 
2441,  2909M,  3323, 
5478,  5625,  5963, 
7464 

(158),  1518,  2324 
158d,  8107 
158(154-5),  1504 
158-9,  2042,  284 1<#, 

8309 
158-60,  7647,  8176 

159,  8030 
159d,  2749,  3590 
159(155-7),  7829 
159-60,  4422a,  6045 
(159-60),  8333 
159-60d,  4156 
159-61,  2870 
(159-62),  1230 

159.5,  878,  3788 

160,  565,  2754,  4197, 
5941,  8290,  8571. 
8675,  8968M 

(160),  3967,  4895 
160d,  3477h,  5069, 

7643  8868S 
>160d,  4276 
160-1,  46,  5912 
160-2,  758,  1590,  1702 
160-3,  3461 
160-6,  765 
160.2,  995 
160.5(156),  1836 

1178 


161,  1100,  2939,  3051, 
3138,  5093,  5701, 
8690 

161d,  5165,  8114 
161-2,  56,  1490,  1492 

162,  800,  1089,  1564, 
3455,  5023 

(162),  3953 
162-3,  16,  1844,  8570 
(162-3),  1665 
162-4,  3464,  8723 
182.5,  2540 

163,  366h,  624,  1539, 
1611,  1959,  4653, 
4761,  6687,  7633, 
7757,  7802 

163(164.5-6.5),  8049 
163-4,  1633,  2895 
163-5,  428 
163.5,  6317 

164,  360,  1569,  1863, 
4706,  5972,  8842 

164(160),  1517,  1518 
164(161),  6925 
164-5,  1423,  1561, 
1894,  2324,  8843 
(164-6),  5080 
164.5,  877,  6108(2) 

165,  1395,  4202,  4710, 
5335,  6684,  6793, 
7456,  7550,  7926, 
8333,  8461,  S4884M 

165d,  6031 
165-6,  4146,  8716, 

8955,  S8546M 
165-7,  1596,  2698 
165-8,  4155 
165-70,  7155H 
165.5d,  6356 

166,  1230,  5304,  5305, 
5562,  7064,  8267, 
8723P,  8947M 

166-7,  803ldl 
166-7d,  50 
166-8,  7877 
166-71d,  460M 
166.1,  5481 
166.5-7.5,  703M 

167,  13M,  291,  3997M, 
4760 

167d,  7784a, 

S7382M,  ca. 
167-8,  1008,  7437 
167-8d,  6727 
167-9,  S6626T 
167.5,  7055 

168,  68,  889,  1463, 
1619,  2592,  2898, 
4790,  5403,  6631 

168(osazone)9  4848M 
(168),  7981 
(168d),  7619 
168(165-7),  59 
168(169-70),  3966 
168-9,  3009,  6967, 

7731 
168-9d(164),  3956 
168-70,  2556/3,  6725, 

6728 
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168-70(170-71), 

4754M 

169,  373,  1937,  5946 
(169-70),  2257R 

170,  1015,  1320,  1430, 
1665,  3415,  5420, 
5544,  6025,  6111a, 
7866,  8096 

(170),  1086 

170d,  463,  466,  788, 

871,  5962,  6010, 

6865a 
170(174),  6674 
170-1,  4813M 
170-ld,  3957 
170-2,  7870 
(170-8),  2705 
170-8,  S3478M(a) 
170.5,  1088 
170.5-71.5,  7152M 
170.5(173.1),  4791 

171,  2975,  3278,  3290, 
4522,  4674,  6118a, 
6638,  7632,  8721 

171d,  2588 
171(167-8),  S7982Q 
171-2,  5790,  7033 
(171-2),  2543 
171-3,  S5771T 
171.5,  1236 
171.5d,  7636 

172,  996,  1262,  2775, 
2904,  4790,  5596. 
7627,  7882 

172d,  8723S 
172-3,  1513,  2559, 

2697,  2869 
172-3.5,  318 
172-4,  708 

173,  1709,  4157,  6952M 
173d,  453M,  7881 
173(170-1),  S2690M 
173-3.5(170),  5867 
173-4,  1202,  2409, 

8758,  8946M 
173-4(171),  1658 
173-5,  3979 

174,  672,  1472,  1656, 
6665,  8116,  8886, 
8965M 

(174),  1488 
174(170-2),  7849 
(174-6),  8768 
174.9,  7640 

175,  2599,  2621,  2755, 
4412,  4666,  5031, 
5080,  6051,  6114, 
8856 

175d,  572M,  5902 
175-6d,  2752 
175-7,  830 
175-8,  S4204F 

176,  627,  5907,  7412, 
7981 

176d,  6325 
176-7,  1910,  2309, 

2315,  2404 
176-8(173),  6978 
176-80,  366a 
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176.5-7.5,  S2690T 
176.6,  1091 

177,  1537 
(177),  2940 
177-8,  2902 

177.8,  2903 

178,  1279,  1549,  1985a, 
2896,  4165,  4370, 
5910,  7912 

178d,  4895 
178-9,  2406,  7052 
178-9(176-7),  2436 
178.4(176-7),  62 

178.9,  6956 

179,  354,  1086,  1785, 
4397,  5081 

179d,  8472 
179(176-7),  S1687M 
179-80,  2412,  4147U, 
4947,  6917 

179.5,  1707 
(179.5),  1472 

179.6,  8458 

180,  1703,  2908a,  3493, 
5021,  6378,  6384, 
6826.  7051a,  7739, 
8715.  8843 N 

>180d,  S6234M 
ISOd,  985,  4918,  5426, 

8110 
180(176-7),  7987 
180-1,  7958 
(180-90),  4184 

181,  376,  777,  832, 
2751,  7402,  8847 

(181),  1839 

181d,  572T,  6923,  72G3 
181(178),  1912 
181(182-3),  786 
181-2,  2600 
^81-2(177-9),  S2837M 
181-3,  3189 
181.5,  8924 

182,  4903,  8729,  8768 
182(184-6),  1552 
182-3,  1522.  1536, 

2316,  5889 
182-4,  2289 
182.5,  1685,  2747 

183,  1083,  1830,  2940, 
7884,  8767,  S950J 

(183),  6051 
183(185-6),  6704M 
183-4,  71 

(183-4),  2239,  2902 
183-4d,  785 
183-4.5,  941 
183-5,  2686 

184,  2238,  3332M, 
3967,  S2328M 

184d,  6676 
184(180),  1310 
184.2,  705 

185,  776,  2827a,  5118, 
5948,  7408,  7619 

(185),  2720 
185d,  7650 
185(189-90),  8020 
185-5.5,  4147X 
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185-5.5(184-5),  S562Q 
185-6,  4068,  4211, 

6683,  6874M 
185-7,  1565 

186,  4147R,  5984, 
6837,  7911a 

186d,  1684,  7799,  8048 
186-7,  1610,  4734 
186-7.5,  7698V 
186-8,  4422,  5486, 
5949 

187,  1473,  2320,  2321, 
3863,  4915,  5944, 
5957,  6362,  8772 

187d,  6974a 
187-8,  220,  1839 
187.5(189-90),  4652 

188,  695,  798,  3406, 
6602,  6915 

(188),  627 
(188-9),  8472 
188-97.8,  365 
188.5,  3789M 

189,  2439,  6343a,  6435, 
6914,  8731,  8734 

189d,  6156,  7198 
189-90,  615,  88048V 
189-95,  4167M« 
189.5,  6083,  6097 

190,  828,  990,  1502, 
4055,  4421,  4762, 
5914,  6372 

190d,  519,  6037 
190d(195),  7699 
190(193)d,  1927 
190-1,  1507,  8770 
190-2,  924,  8043 
190-3,  8050M 
190-5,  4167M/3 
190-5d,  5985 

191,  1012,  2850,  5003 
6101,  6789,  7920 

191d,  3137 
191-2,  4069,  S8091K 
191-5,  5014 
191.5d,  7602 

192,  462,  3008,  5931, 
6113a 

192-2.5,  1832 
192-3,  2854 
192-3d,  4279 
192.5,  5543 
192.5-3.5,  7004 

193,  1911,  1928,  2239, 
2543,  2770,  7704, 
8168,  8785,  8807 

193(191),  2706 
193-5,  3410a 

194,  1493,  2720,  4834a, 
6032 

194d,  4901,  5974 
194(198d),  4707 
194-5,  7655 
194-5(191) d,  364 

195,  498a,  885,  1543, 
1796,  2285,  2694a, 
2921,  3427,  5891, 
7506 

(195),  615 
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195d,  5992 
19>-200,  6394 

196,  2716,  S950H 
196d,  435 
196-7d,  2736 
196.7,  6977 

197,  2804,  4391H 
197-8,  6115 
(197-200),  1666 
197-204,  876 

198,  572,  3412h 
198d,  4205,  8845 
198(202),  2938 
198-200,  8684,  2296T 
198-202,  7819 

198.5,  2730a,  8659 

199,  1106,  1989,  7155, 
7800 

199d,  7389 
(199-200),  2770 
199-200d,  8470 

200,  1470,  1783a,  1876, 
2278,  2591,  4168, 

5302,  7986a,  8843H 
200d,  1613,  3952, 

4878 M,  5785 
200d,  ca.,   3942 
>200,  4415 
200-2,  S8050T 
200-10d,  872 
200-20,  7856 

201,  5986,  7701a,  7793 
201d,  S7882M 
201(198-9),  4912 
(201-2),  1521 
201.3(199-200),  1559 

201.4,  1093 

201.6,  5301a 

202,  285,  2319,  4892, 
5930,  6681 

(202),  2722 
(202d),  2239 
202(198),  4209 
202-3,  744M,  1538 
202-3d,  4861 
202-4,  5548 
202-14,  6392 

203,  66,  607,  1612, 
5892,  8786 

203d,  4988 
203-4,  4774,  5122 
(203-5),  801 

204,  782,  1523 
(204),  365 
204d,  4900 
204-5,  799,  1540 
204-6,  8094a 
204.2d,  5169 

204.5,  S8091H 

205,  997,  2725a,  3412a, 
3477a,  4158,  4746, 

5303,  7652 
205d,  7059,  8848 
205(207),  4394 
205-6d,  8026 
205-7,  5987 
205-10,  2705,  2847 

206,  317,  1666,  4839a, 
5369 


(206),  850,  6924 
206d,  3414,  5799 
206-7,  2876 
206-7d,  1422 
206-8d,  6906,  8868U 

207,  753,  2660,  2900, 
6903,  7392,  8836 

(207),  5337,  5700 
207d,  2758 
207(203-5),  6627 
207-8d,  2848 
207.6,  4664 

208,  932,  993,  1426, 
1480,  1953,  2901, 
8025,  8873 

(208),  2319 
208d,  4199 
208-9,  1521,  5012 
208-10,  4673 
208.5-9.0,  105 
208.6,  1955 

209,  4420 

209(212-3),  S2731R 
209-10,  740 
(209-10),  6374 

210,  561,  1667,  4685, 
7931a 

210d,  873,  1584,  6365, 

7869 
210-1,  1105 
210-ld,  1510 
210-3(206),  2851 
210-15d,  2790M 
210.5,  1587,  1951,  2722 

211,  801 
211(209),  3551 
211-2,  5951 
211-2d,  7398 

212,  2941,  2994,  6981 
(212),  2331 

212d,  4660,  4688 
212-3,  5379 
212.5,  5700 

213,  7705,  7863,  8132 

213,  ca.,   7783 
213d,  4209? 
213(214.5-5.5),  1560 
213-4,  1506 
(213-4),  5799 

214,  1026,  7979M 
214d,  S2328F 
214-5d,  3163 
214-6,  524,  3310 
214-6d,  1939 

215,  78,  5040,  5947, 
6919 

(215),  8309 
215d,  4184 
215(218-20),  779 
215-6,  4001 
215-20d,  7060,  7721 

216,  998,  6102 
(216),  3427 

216d,  418,  3452,  4687, 

8620 
216(211-4),  5950 
216(214.5),  3325 
216-7,  4661,  6679 
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217,  5153,  6374,  7011, 
7426 

(217),  2621 
217d,  850 
217(212),  4807 
217(213),  735 
217-8,  1078,  1614, 

2728a 
217-8d,  891,  894 
217.4,  2593 
217.5(216),  5866 
217.5(219),  3312 

218,  1834,  2331,  5896, 
5913,  6131 

218d,  8612,  S8831M 
218-9,  2840,  8714 

219,  3311,  6866,  8545 
(219),  1506 
219(224),  1591 
219-20,  3218 

220,  409,  1396,  3067, 
4675,  6901,  6924 

220d,  4160,  5393, 

7507,  7847 
220(217),  2831 
220-1(218),  2920 
220-2d,  7061 
(220-3),  1626 

221,  2323,  3008 
(221),  3865 
221d,  4806 
221(216-7),  2322 
221(226),  739 

222,  673,  3324,  8129, 
S2799M,  S3478M(/S) 

222-3d,  4273 
222-5,  1848 
223-5,  7034 

224,  5559,  7703 
(224),  1607 

224d,  886,  5390,  539 1, 

8868 
224-5,  5679 
(224-6),  3174 

225,  1427,  2625,  4116, 
4894,  6788,  8674 

225,  ca.,   153 

225d,  2603,  2710,  6818 
225-7,  8697 
(225-7),  3085 
225-7d,  4207 
(225-30),  4269 

226,  4054,  5730,  7864, 
8307 

(226),  928 
226d,  3340a 
226-7,  797 
(226-7),  409 
(226-7d),  7783 
226-30d,  568 

227,  3865 
227d,  8623 
(227d),  6419 
227(224-6),  1225 
227-8,  7982,  S8184M 
227.7,  5328 

228,  5052,  7042,  7852, 
8497M 

228d,  7888,  7889 
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228d(224-6),  7812 
228-9,  2627,  3304 
228-36,  1511 
228.7,  1626 

229,  443,  3463,  4379, 
8317,  8512 

229-30d,  S8283G 

230,  831,  841,  4763, 
4916 

230d,  1585,  1987a, 

6319,  7513 
>230d,  567 
230-1,  5791 
230-2,  5560,  S1841M 
230-3,  8310 

231,  6417,  7702 
(231),  4399,  8981 
231d,  4772 

232,  674,  895,  4813 
232-3,  1516,  7782h 
232-4,  4818,  7707 

233,  5546 
233d,  3174,  4269 
233(237-43),  1877 

234,  5983,  7618,  8119 
234-7,  5943,  6134 
234.5,  4371 

235,  454,  1790h,  5001, 
6619,  7651a 

(235),  1505 

235d,  568?,  1483,  2809, 

5981,  7846 
235-6d,  8298 
235-7,  2286 
235-8d,  7706 
235-9,  5542 
235-55,  3433 
235.7,  4179 
236d,  928 

236-7,  856M,  5016a 
236.5,  816 

237,  4921,  7782a 
(237),  981,  1659 
237d,  1421,  7054,  8297 
237-8d,  8471 

237-9,  869 

238,  1365,  1597,  2839 
(238),  4409 

238d,  892,  5504 
238(234),  6943 
238-9(235),  2433 
238-40d,  7808 
238-41d,  7058(b) 
(238-41d),  7057 
238-42,  5171 

239,  5088h 
239.5d,  1481 
239.5(235),  2717 

240,  70,  825,  1609M, 
1941,  2768,  3954, 
4288 

240d,  1006,  4919, 

7717,  8696 
240-1,  569,  4731 
240-55,  2636M 

241,  968 
241-2,  4271 

242,  874,  1416,  2724a, 
8854 


(242-4),  805 
242.4,  1581 

243,  1505,  1790a, 
5538,  8017,  8507M 

(243),  795 
243d,  4277,  6419 
243-4,  5082 

244,  1659,  5088,  6922 
244d,  444 

244-5d,  413 
244-50,  7921 

245,  848,  1013 
245d,  502,  981,  4658, 

S8690T  ca. 
245-6,  8291,  S5053M 
245-7d,  5945,  7788 
245-8d,  8868H 
245-50,  7393 

246,  505,  2293,  3413 
(246),  745,  4371 
246d,  7887 
246(243-5),  2444 
246-7,  3190,  4399 
(246-50),  825 
246.2,  5575 

247,  5071,  5897 
247-9,  3086 
247-9d,  4208 

248,  1488,  8981 
248-9,  5083 
(248-9),  874 
248-50,  2413,  5384, 

S7620G 
(248-50),  8118 
248-50d,  3308 
248.5-50.0,  7698T 
249-50,  984,  1466 
<250,  5494 

250,  1973 
>250,  6008 

250d,  1004,  1586, 
2554a,  4409,  4414, 
5389,  5786.  6926 

250(246-7),  6377 

250-2,  1467,  7619 

250-60d,  6781 

251,  930,  5545 
251-2d,  4657 
251-3,  1500 

252,  745,  795,  5998 

253,  6468 
253d,  2995 
253(250),  3434 
253(251-1.5),  S8050J 
253-4,  273 1M 

254,  1289,  8597 
254d,  5784a 
254(250),  2711 

255,  1920,  2726,  4842a 
255d,  5092,  6864 
255-6d,  803 \dl 
255-6(251-2),  S8048T 

256,  3092,  6136a, 
7434,  8118 

257,  6629 
257-8,  5279,  7807 
257-9d,  4410 

258,  1797 
(258),  5908 
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258-9d,  7638a 
258-9d(246d),  S164T 
258-60d,  893 
258-61d,  3087 

259,  5893 
259-60,  1027 

260,  1603a,  3085,  4848 
260d,  425,  2719,  2863, 

5296 
(260.5),  6468 

261,  2H,  6817,  7512 

262,  811,  5952,  S3208L 
(262),  7921 

262-3,  7435 

263,  784,  4552 
(263),  8128 
263-4,  2386 

264,  783,  2808a 
(264),  2726 
264(269-71),  7557 

265,  183  5908,  7505 
(265),  7806 

266,  1934,  2931,  5392 
(266),  2719 

267,  4170 
267.5,  3184 

268,  807,  3309,  7983 
268d,  3944 
268-70d,  3247 

269,  7543 
269-70,  1566 
(269-70),  815 
269-71,  931 
269-72,  8173 
(269.5),  783 

270,  2704,  8128,  8710 
270d,  3476,  5929,  8254 
(270d),  3972 
(270-80d),  784 

271,  4705 
271(276-7d),  8679 
271-2d,  4406 
272d,  6081 
273-4,  838 

274,  4705,  7057, 
7058(a) 

274d,  8789 
274-5(270-2),  1846 

275,  1935,  2713,  5372 
>275,  7626,  S3208N 

275sl.d,  7698K 
275d,  4282,  8625 
275-80d,  7792M 

276,  8983 
276-80,  5933 
277d,  4656 
277-9d,  S5972M 
278,  1489,  3958 
278d,  2810,  5068 
278-80d,  929 

280,  846,  1431,  5072, 
S419S 

280,  ca.,   5374 
280d,  1598,  5342d, 

8255 
280-ld,  5067,  S4658J 
280-5d,  7806 

281,  815,  849,  5723, 
S3479Q 
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281-2,  8688 
283d,  434,  5724 

283(280(1),  7848 
283-4,  2671 
283-4d,  432,  5066 
283-5,  8687 

284,  1482,  S7982M 

285,  5676,  5782,  8124 
285-6d,  4654 

286,  794,  2732,  2773, 
5502,  S4675J 

287,  4064 
2S7-8,  4655 

288,  5090 
288d,  8050 
289d,  445 

290,  442,  806,  810, 

2670,  8788 
(290),  5341 
290-1,  7698R 
(291),  1431 
291o5d,  8806 

292,  809 
292d,  5065 
(292d).  8831 

293,  1259 
293(i,  1792,  8833 
(293-5),  4064 
293-5 (289d),  8689 

295,  426,  2862,  5342 
295d,  433,  8694 
295-300d,  3972,  8982 

296,  935 
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297,  2997 
297d,  430 

298d,  1479,  5801,  8831 
300,  1835,  3009,  4166 
>300,  1592,  6357 
300-50d,  S3382M 
301d,  6212,  6213 
301-2d,  6136/3 
301-3,  6628 

302,  796,  829 

303,  805 

305,  448.  1432 

306,  1224 
307-8,  5161 
308-10d,  949 
310,  1914a,  2618 
310d,  768,  7617 
310(306),  5089 
310-4,  8693 
310-20d,  813 
312-4,  5084 
312-8d,  3988 
(314-6),  1413 
315d,  8832 

316.  8692 

317.  5075 
318-20d,  429 
319,  808 
(320),  1005 
>320.  812,  3133 

323,  3291 

327d,  6211,  7418 

327-8,  1419 


328-9d,  8109 
330,  767,  4946,  5084 
>330,  814,  S3208M 

330,  cc,  983 

331,  1413 
332d,  5341 
333d,  4391R 

337,  8172 

338,  8707 
338-40,  7698P 
340,  982 
345d,  1005 
350,  8621 
(>350),  1419 
350d,  1229 
354,  377 
358d,  2756 
360,  3968 

>360,  764,  2965,  3978 
360d,  4404 
>360d,  8782 

364,  6960 

365,  407 
369,  791 
370d,  8783 
(375-80),  8621 
384-5,  826 
392d,  4874 
400d,  8781 
419d,  6371 
437-40,  S2837J 
450d,  1377 
470-500d,  4865 
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The  following  table  lists  the  boiling  points  of  organic  compounds  in 
ascending  order  of  temperature  in  degrees  Centigrade.  The  compounds  are 
identified  by  the  numbers  as  given  in  the  table  Physical  Constants  of 
Organic  Compounds. 

The  letter  S  preceding  any  compound  number  indicates  that  it  is  to  be 
found  in  the  Supplement  to  the  table. 

Boiling  points  will  be  quoted  as  they  occur  in  this  table.  Only  boiling 
points  at  or  near  atmospheric  pressure  will  be  listed.  The  order  of  com- 
pounds listed  with  the  same  boiling  point  is  not  significant  and  will  be 
arbitrarily  given  in  the  order  of  the  compound  numbers.  Owing  to  lack  of 
agreement  in  values  reported  by  various  observers  more  than  one  value  is 
sometimes  given  or  the  boiling  point  is  indicated  by  a  temperature  range. 
In  such  cases  the  position  in  the  list  is  determined  by  the  lower  temperature 
of  the  stated  range  or  by  the  first  of  two  stated  values,  the  second  value  being 
given  in  parentheses.  Where  the  values  are  separated  by  more  than  5°  C  the 
boiling  points  are  listed  separately. 

Boiling  points  are  given  in  bold  face  followed  by  the  numbers  of  the 
compounds. 


-190(-192),  2583 
-161.5,  5584 
-133,  2587M 
-103.9,  3809 
-88.5,  328 
-88.3,  3488 
-83.6,  328 
-83,  2589 M 
-83.2,  3993 
-80,  5606M 
-78.6,  5750 

-  78.5,  2563 
-78.4,  3862M 
-78.3,  3530M 
<-70,  3826M 
-56.8,  7895 

-  56,  5175 
-51.6,  5746M 
-51,  8863  M 
-50.2(-47.5),  2590 
-47,  7217 

-46.8,  3557M 
-42.17,  7073 
(-41),  5175 
-40.8,  5604M 
-38,  3502M 
-37.7,  3903 
-34.4,  3062 
-33  to  -30,  336 
-33,  7062 
-38,  5617 
-34.7,  3512L 
-33.7,  5738 
-33.65,  5749 

-  23.3,  7372 
-33,  5613 
-31,  3995 
-30.5,  2958 
-30.1,  7892 
-30,  1947 
- 14,  6886 
-13.9,  8861 
-13,  5759 
- 10.3,  4950 
-10.1,  5104 
-10,  487 
-6.5,  5729 
-6,  7234 
-5,  2110 
-3.2,  7359 
-3,  1991 

-3,  333,  3510R 


-0.6  to  -0.3,  1998 
-0.6(-0.3),  7099M 

(-0.3),  7099M 

1,  2118 

3,  913 

3(-3  to  +1),  2976 

3.5,  2118 

3.5,  8624 
3.56,  5734 

3.8,  3511 
5,  3064 
57*7,  2143 
5.87'-',  5715 
7,  2585 

7.4,  3276 

7.6,  5715 
7.9(11-3),  3729 
8.3,  6876 

8.6,  2198 

8.9,  5619 

9.5,  7101 
10-11,  3891H 
10.3,  1995 

10.7,  3899 
13.3,  3806 
13,  2971 

13.8,  2960 

15.8,  8860 

16,  4964 
16.6,  3787 

17,  3918 
19,  1990 
30.5,  356 
31,  10,  3063 
33738,  7222 
34d,  8884 
34.1,  5683 

25,  6883,  6884 
25(21),  2117 
25.8-6.2,  6463 

26,  4783 
26-7761,  7897 
27.2(28.9),  2201 
28(27-31),  2028 

28.09,  558 
(28.3),  8863 
29-30\  S7995P 
29.3,  2199 
30-1S  S7995N 
31,  2116 
31.50,  4031 
31.95,  2179M 
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32™,  4075 
32-4%  S7995M 
(32-7),  6564 
32.5777,  3754 

34,  5095,  5099 
34.6,  3902 
34.7(34.5-5.5),  3586 

35,  7240 
35-6,  7221 
35-67>3,  2973 
35.4(34.8) (36.5),  5101 
35.5,  3742 

36,  911,  912 
36.2(34-5.5),  6481 
36.4,  6572 

37,  3822 
37.5-8,  5766 

38,  3804 

38.4,  2120 
38.9,  3764 

39,  8863 

40,  6564,  6594 

40.1,  5/44 
40.5-1.5,  1990M 

41.2,  2113 
42,  6891 
42-3163,  S1991M 

42.5,  3045,  5752 
43(42-4),  6462 

44,  5628,  7325M 

44.6,  478 

45,  5111,  6461 
45-6(44),  3058 
45.8,  3555R 

46,  3653,  8987 

46.3,  2565 
46.4(43.8),  2158 
47.2(45-7),  7344 

47.7,  3556 

48.4,  3823A,  7219 

48.7,  7333 

48.8,  7266 
49-50,  5725 
49-51,  6464 

49.5,  3046 

49.7,  2018 
50,  8834 

50.4,  4363 

51-2,  321,  2168,  3900 

52.5,  378 

52.8,  916 
53-43,  S7993V 
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53.2,  474 
53.6-3.9,  6571 
53.6-4.0,  6570 
54,  3728 
54.2-5.2,  6580(2) 

54.3,  4022 

55-6,  3900M,  3901 
55.5,  3216 

56,  6595,  8859,  8864 
56-6.5,  2112 

56.5,  213 

57,  7367 
57d,  2579 
57.1,  103 

57.3,  3507 
57.7-8.5,  6580(1) 
58-606,  S8070M 

58.1,  2019 

58.2,  5763 
597«,  3752 

59.4,  2688 

59.5,  3691 

59.6,  4541,  5100,  5754 

60,  5027,  6503,  7164 
60-1S  S7993T 

60.1,  3823 

60.2,  7218 

61,  7257 

61(61.5-3.5),  4974 
61-2,  2428 
61.26(58-61.5),  2679 
61.5-2.0,  6569 
61.6,  2959 

62,  7377 
62-36,  S7993U 
62-4,  7340 
62.5-3.0737,  7909 
62.8,  545M 

63,  2157,  2193,  7229, 
8646 

63-5,  3224 

64,  6363,  6504 
64(61.4),  3737 
64-6,  4095 
64.1,  4618 
64.5,  3515 
64.65,  5719 

65,  475,  5733,  5758, 
7374 

65.5,  4093 
65.7-6.2,  6579(2) 

66,  8070 
66.2-6.7,  2114 
66.8741,  S4628A 

67,  4971 
67.2-7.5,  6578 

67.5,  4628(1) 
67.5741,  S4628B 
67.57*°,  S4623B 
67.5(68.5-9.0),  5103 

67.6,  3651 
67.6-8.2,  6579(1) 
67.9-8.1,  4623 

68,  2167,  2192,  3783, 
7162 

68(67-9),  4953 
68-9,  3679 
68-1,  S7223M 
68.27W,  S4623A 
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68.9,  4958 
69,  4556 

69.6,  1993 

69.7,  7099 
70-1,  4628(2) 
70-5,  1942 
70.3,  3681 
70.9,  7343 

71.3,  476 
71.3(66.5-8.5),  4029 

71.4,  4042 

71.5,  4650 

71.8,  S3047M 

72.2,  3912,  S7223Q 
72.3765,  S107W 

72.4,  180M 
73,  2119 

73.3,  2162 

73.5,  381M,  1716,  6878 
74.1,  3553 

75,  7044,  7226 
75(77-9),  2191 
75-6,  406H 
75.7,  2204 

76,  6576 

76,  ca.,   336H 
76-7,  2587 
76-8,  4954 

76.7,  319 

76.9,  6567 
77.15,  94 
77.2-7.5744,  408O 
77.8(76-8),  2153 

78,  2166,  8306 
78-9,  406 

78.5,  534 
78.5(78.37),  3785 
78.9,  6493 

79,  3913 

79.6,  2095 
79.9,  7287 

80,  7324,  7375 
80(7&-80),  3727 
80-100d.,  336R 
80.093.094,  1113 

80.5,  387 
80.5(83^),  2982 

80.6,  7976 

80.8,  6495 

80.9,  2041 
80.9-1.3,  6566 
81-2,  7438 
81-3,  7605 

81.3,  4034 

81.4,  2988 

82,  250,  4542,  5770, 
8713 

82-3,  7336,  S3755F 
82.3,  5098 

82.5,  3301 

82.6,  6574 
82.8,  2151 

83,  3029,  4017 
83-4,  3271 
83.5,  4546 
83.5-3.7,  3874 

84,  3999,  4620,  4651, 
8211 

(84-6),  7226 
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84-7,  7335 
84.1-4.3,  6565 

84.4,  7087 
84.7,  4622 
84.85,  1221 

85,  6882 

85.1-5.6,  4626(2) 
85.6-6.1,  4627(2) 

86,  2015,  6496 
86(85.4),  4547 
86-7(81-2),  2984 
86.2-6.4,  6575 
86.4-6.9,  4630 

87,  3867,  5107,  7096 
87.1-7.6,  4626(1) 
87.2-7.5,  4621 

87.5,  4721 

88,  2065,  7163 
88-90,  7373 
88.5,  6502,  7603 

88.7,  3917 
88.7-9.1,  2115 

89,  101,  204,  5620 
89-91749,  7081 

89.4,  6494 
89.4(91.8),  4572 

89.5,  5106,  8596 

90,  4571,  7241,  7609, 
S5580X 

90-1,  2572 
90.5,  18 

91,  2154,  7337,  7358 
91.1-1.6,  4619 
91.1-1.6,  4627(1) 
91.3,  2161 
91.4(90-3),  3678 
91.5,  3549K,  4957 

92,  2155,  3930,  5000 
92.317,  S294X 

92.5,  5141 

92.6,  4985 

92.8,  3549P 

93,  173,  2100,  7616 
93.1-3.3,  4625 
93.3,  6498 
93.9-4.3,  6568 

94,  408,  4039,  4085, 
7227 

94.3,  485 
94.4-4.6,  4624 
94.5-5.5,  7183M 
94.8^.9,  6577 
94.9(95-100),  4495 

95,  1944,  4926,  5537 
(95-6),  7899 

95-7,  1943 
95.1,  6573 
95.8-6.1,  4497 
96-7,  468,  2135,  6489 
96-100,  858 
96.3764 (98d),  2668 
(96.5-7),  910M 
96.8,  7097 
97,  4021 
97-8741,  2157M 
97-9,  2013 
97.1(96-7),  7319 
97.19(97.8),  7331 
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98,  2072,  2130,  2665, 
4303 

982r>,  S5580W 
98d,  3689 
98.1-8.4,  4496 

98.2,  4028,  5743 
98.52,  4458 

98.9,  4929 

99,  4942 
(99),  2111 

99.10,  7282 

99.3,  6511 
99.5,  7363 
99.5-100,  2150 
99.8,  386,  4515 
<100d.,  19 1M 

100,  26,  5580R,  5634 
lOOd,  27,  1371,  2183, 

4922 
100.3,  3002 
100.5,  7366 
100.7,  4016 

101,  5661,  8865 
101-',  S4143J 
101-2,  6333 

101.5,  3297,  4713, 
5027M 

101.6,  107,  2160 

101.7,  6553 

101.8,  2090  . 
101.9-2.2744,  4078 

102,  5110,  7047 
102(99-102),  2272 
102-3,  3032 
102^1,  3 

102.3,  2232 

102.4,  7362,  8417 
102.5"-*,  4543 

102.6,  3268 

102.7,  6558 

103,  734 IP 
103-4,  88 

103.1,  488 
103.35,  3617M 

103.4,  8790 

103.5,  7322 

104,  530,  555 
104-5,  6490,  734 1M 
104-5(102.4),  2909 
104-6,  357,  4432 

104.07,  5598 

105,  3670 
105-5,  3296 
105(96.5-7),  910M 
105-6,  7320,  S3753J 
105.5-s,  2284 

105.9,  7025 

106,  489 
106'(109.5-lli5)9 

S7234F 
106-7,  4516F 
106-71',  S286W 

106.2,  6987 

106.3,  7013 
106.5,  2276 

106.8,  2040,  4020 

107,  7899 
107(104-6),  4450 


(Continued) 

107-8,  3495,  3690, 

4995 
108,  323,  3794,  3821, 

3927 
108-9,  2153H 
108-1012,  S285R 
108-10(105-6),  322 
108.2(1077*o),  537 
108.25,  4566 
108.39(106-8),  4951 

109.2,  2575 

110,  1916,  4565,  4891, 

5327 
HO75",  3821 
110(108-10),  3505 
110.1,  8372 

110.7,  3345 

110.8,  8336 
111-2,  3160 

111.3,  7286 
111.5738,  7179 

111.7,  4981 

112,  2687,  3726,  4516, 
6587 

112—3  92 

113,  2'l34,  5160,  8232 
113.5,  3555 

113.9,  4564 

114,  6499,  71/9,  8388 
114^8,  8233 
114(112),  2091 
114-5,  14,  6586,  7380 
114-574o,  7094 
114-5744,  3795 
114-5748,  7595 
114-7,  4967 

114.5,  6560,  S7248M 

114.8,  3537 

115,  2666,  2981,  7376 
115-6,  174 

115-8,  6261/3 

115.3,  7460 

115.6,  6545 

116,  4043,  4045-  4467, 
8389 

116-7,  2208 
116-8,  4999,  5741 
116-9,  480 
116-20,  4629 
116.1(117),  3879 

116.4,  6589 

116.5,  4567,  8299 
116.5(115-7),  100 

116.7,  5148 

116.8,  8177 

117,  3454,  5580G, 
8390,  S3682M 

117756,  7080 
117.5(119-22),  2182 
117.71,  2149 

118,  325,  2184,  2266, 
3880,  4469,  6556, 
7079,  7445,  8986 

118(117-20),  2132 
118-9,  2917R 
118-21,  6596R 
118.1,  86,  2978 

118.9,  4569 
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119,  2074,  2993,  5135, 
6500,  6994,  7142, 
7200 

119740,  7098 
119756,  2992 
119(115-8),  6557 
119-20,  3660 
119-21,  2073 
119.28,  6538 

119.4,  4100 

119.5,  6590,  7259 

120,  3652,  3803,  7131F, 
7201 

120d.,  4996 
120-1,  2006,  2088 

120.4,  4966,  5112 
120.57'-5,  2993 
120.65,  4928 

120.7,  2911 

120.8,  4984 

121,  2179,  2992 
121-2759,  S5761M 
121-3,  6988 
121.20,  3862 
121.3(119-21),  2225 
121.4739,  S6277R 
121.7739,  S0277Q 
122-3,  530M 
122-4,  6591 
122-5,  7290 

122.2,  4468 
122.3741,  S6277J 
122.4741,  S3277K 

122.5,  4963 
122.5-3.5,  6540 
122.8-3.0,  6552 

122.9,  4970 

123,  6293 
123(125-6),  4561 

123.4,  7290 

123.5,  4027 
123.7,  6559 
123.9,  5059 

124,  2190,  4614,  7524 
124-4.5-4,  S7277M 
124-5758,  S3502F 

124.3,  3620 
124.4752,  6429 

125,  2153R,  2269, 
7098,  7381 

125-6,  S3578Q 
125-8,  2026 

125.7,  5675 

125.8,  2568 
125.8(124.6),  6245 

126,  6301,  6529,  6995 
126738,  2835 
126(122),  5767 
126-9,  3675 
126-30,  5795 
126.5(124-6),  91 

127,  5580N,  7189,  7326 
127-9d,  7115 

127.2,  4610 

127.3,  8801 
127.5,  3339 
127.5721,  6551 

127.9,  7018 
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128,  2084,  2271,  6888, 
6961,  8829 

128-97%  535 
128.7(131.4),  5563 
128.8,  3605 

129,  2133,  6996 
129-30,  4648 

129.3,  5158 
129.5,  4634 

130,  501,  4041,  4756, 
8217,  S3751J 

130742,  531 

130,  ca.,  7091 
130d,  7736 
130d,  ca.,  4270 
130-1,  7594 
130.1,  1157M 

130.4,  4018 

130.5,  3548 
130.5(130-2),  4923 

130.6,  3057 
130.8,  7020 

131,  215.  2181,  2345, 
6301 M,  7589 

131-2,  2092 
131-5,  7267 

131.4,  6541 

131.5,  126 
131.5-32,  S3680Q 

131.6,  3871 

132,  107G1VI.  1152,7131 
132(131-2**),  5131 
132-3,  446 1 

132-4,  8227 
132-4%  S3104M 
132.27%  4090 

132.4,  4560 

132.7,  4641 
132.8-3.4(129-30), 

6539 

133,  630 1J,  6596H, 
8197 

133-47%  S7090M 
133-6,  910 

133.5,  4979 

133.6,  6592M 

134,  3037 
134-57%  3745 
134. 27%  138M 

135,  2330,  4604,  5145 
135d,  5399 
135(131-4),  3610 
135-6,  8228 

135.1,  3612 

135.4,  4987 

135.5,  7143 

136,  2189,  4615 
136-7,  8223 
136-40,  7246 
136.15(134-6),  1210 
136.3,  313 
138.5725,  7199 

136.8,  7285 

137,  3725,  4939,  7615 
137-7.5,  5134 
137-9,  3047 
137-40,  5640 

137.2,  6301F 
137.5,  8225 
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137.9,  3539M 
138,  3469,  3937,  6534, 
8224 

138,  ca.,  492 
138.5,  8925 
138.5-397%  3004 
138.6™(140-2),  492 

138.8,  8908 

139,  4463,  4975 
1397%  6525 
139-40,  3056,  3267 
139.4-40.47%  4602 

139.9,  1773M 

140,  187,  496,  6547, 
6583,  7225 

140770,  5130 
140d,  5412 
140-0.4(136-9),  4601 
140-0.57%  3004 
140-1720,  132 
140-2,  6549,  6588 
140-5,  3707,  4038 
140-5",  S8869U 
140-50,  4672 

140.8,  7127 

141,  4607,  5580U,  8826 
141d,  915 

141-2,  7369 
141-37<%  S7090F 
141.1,  7277 
141.6(140),  7092 

141.9,  385 

142,  2178,  4641M,  6327 
142-3,  6255 

142.5,  2991 
142.5(138-40),  99 
142.677",  8357 

143,  1220,  2221,  2235, 
3621,  5382,  7021, 
7597 

143%  S3393M 
143-4%  S8600Q 
143-5,  2825Z 
143-57%  4450M 

143.1,  6963 
143.5,  6962 

144,  4492,  4611,  7452, 
7614,  8892 

144d,  7258 

144-57%  4128 

144-6, 2268,  4141,  8302 

144.2,  125 
144.4,  8193 
144.8,  5287 

145,  3606,  6997, 
S3881M 

145-6,  385K 
145-7,  3041,  4651R 
145.4,  7280 
145.5-6.5,  7598 
145.9(143-5),  6331 

146,  3576,  3607,  6542, 
7302,  7991,  8798 

1467%  1962 
146d,  207 

146.3,  3549 
147-8,  6537,  7470 
147-50,  320 
147.5(152-4),  6544 
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148,  2024,  4938,  4941, 
6535,  7596 

148(144),  206 
148%  S285Q 
1487%  7469 
148737(145-7),  89 
148-50,  4603 

148.2,  4608 
148.5,  4490 

148.7,  4983 

148.8,  7474 

149,  6238T,  7095 
149d,  5756 
149-9. 57%  4083 
149-50,  7190 
149-50768,  4590 
149-51,  2279,  S6560M 
149-51(152-3),  8196 

149.5,  1981,  2082,  2355 
149.5-50.5,  8216 
149.5-50.57%  3723 

149.8,  3746 

149.9,  6195 

150,  1326,  4489, 
S4996F 

150d,  4258,  5411 
150-1,  2825dl,  S5707M 
150-60,  3051 
(150-60),  3613 

150.3,  3601 

150.7,  5124 
150.72,  6178 
151-2,  2037 
151-27%  4142 
151-4,  2825d 
151.2,  4349 

151.6,  1137 
151.7-2.7734,  4097 
151.8-2.8,  6537 

152,  2096,  7245 
1527%  2205 
152-3,  2925,  3282 
152-37%  7175 
152-47%  4088 

152.1,  7030 

152.2,  3633 
152.6(155),  7022 
152.77%  5137 

153,  2374,  7246C,  7893, 
7896 

153-4,  3808 
153-47,  S1725M 
(153-7),  1276 

153.6,  4026 
153.7-4.1,  6536 

153.8,  179 

154,  7901 
154(150-2),  5286 
154(158-61),  6991 

154.4,  4978 

154.7,  3000 

155,  715.  3435,  4145, 
4494,  4513,  4980, 
5144,  5176,  5492, 
5580K 

155-6,  1132.  3774 
155-60,  4241 

155.4,  4484 

155.5,  550,  5009 
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155.9,  5151 

156,  547,  1949,  4040, 

4559,  4633,  8660 
156-8,  7139 
1.16.2,  3613 
156.5,  3926 
156.7(155),  3023 

156.8,  2677 

156.9,  2231 
1577*5,  S3680J 
157-8;  2101 
157.1(159),  5381 
157.2,  4593 

158,  2821,  7039Z,  7436 
158(155-6),  3964 
158(161.3),  3932 
(158-9),  7127 
158-9d,  S7495G 
158-60,  2302Z,  S3578M 
158-838,  S555M 

158.2,  136 

158.3,  4503 

159,  120,  5534,  6328, 
7483,  8353 

159(156),  1732 
15974%  3623 

159-60,  2301 
159-60718,  4497M 
159-61,  3202 
159-61750,  6550 
159-61d (160-5),  7298 
159-79,  2230 
159.45,  1276 
159.5,  4460,  7975 
159.5(159-63),  5129 
159.66,  6252 

160,  2297,  4242,  4347, 
5713,  6887,  S4070M 

1607S  6204 

160(1,  5446,  6314,  8740 
160-2,  2302d,  7176 
160-25,  S8146M 
160-3,  8242 
160-80,  3459 
160-90,  5285 

160.2,  7284 
160.1,  4481 
160.5,  4605 
160.5-1.5,  1245 

161,  703MI,   8186 
161.5,  3017,  4487 
161.5-4.5,  3602 
161.7,  4121 

162,  3539,  4482,  5133, 
7005,  8354,  8355, 
8385,  8387 

162d,  2953,  4268 
162-3765,  7304 
162-1750,  4599 

(162-5),  7405 

162.4,  2083 
162.5(158-9),  8386 

163,  2129,  2372,  3025, 
3608,  3791,  5580, 
5580D,  8199 

163-4,  3866 
163-5,  2990 

163.3,  6350 

163.4,  2347,  2375 


163.5,  4483,  4491 
163.5™,  2220 
163.5-4.5,  5383 
163.8,  7046 

164,  3039,  5002 
164d,  4990 
164-5,  5142 
164-5750,  2211 
164-6,  4504,  6555,  7279 

164.6,  5552 

165,  149M,  1539,  2196, 
2836,  7173M.  7810 

1657«,  7592 
165d,  7613 
165(169),  7593 
165-6,  2111 
165-8,  6238F 

165.3,  7475 

165.5,  3923 

165.6,  5028 

166,  3802,  5316,  7476 
166d,  6855 

166-8,  6332,  S5286M 

166.4,  2224 

166.5,  2830 
166.5(165),  3020 

166.6,  3724 

167,  2674,  5128,  5810, 
7093,  8800 

167-9,  4600 
167-9751,  3615 
167-70,  S4532M 
167.5,  8804 

168,  178,  2353,  5520, 
6275,  6554 

168(165-6),  4493 
168-9,  2822 
168-70,  3094M 
168.2,  2574 
168.5,  5147 

188.7,  1148 

168.8,  4982 

169,  3027 
169(168),  3026 
169-70d,  8014 
169-70(164-7),  5513 
169-70(173),  7467 
169-711,  S6225M 
169.2,  98 
169.3(166),  7318 

169.5,  6804 
169.5739,  S3117M 
189.8,  7405 

170,  102,  193,  2274, 
2419,  3211M,  5572, 
8220 

170d,  6145 
170(166714),  7468 
170-1,  3792 
170.2739,  S3117N 

170.6,  3603 
171750,  4134 
(171),  7592 
171-2,  7404 
(171-6),  3018 

171.2,  6606 

171.3,  3766 

171.4,  1243 
171.5-3.5,  6238M 
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171.9d,  5025 

172,  1175,  2817,  2823 
3117,  4606,  6655 

172-3,  4973,  S5300F 
(172-3),  3767 
172-^750,  3024,  4485 
172.1(174-6),  3440 
172.2,  3598 
172.5-3.0,  4937 
172.8,  6983 

173,  4263,  5237,  6251, 
8134/3 

173-4,  3021,  4609 
173-47™,  3022 
173-4.5745,  3022 
173.4, 1176,  2735,  7202 

173.5,  1147,  6274 
173.7,  6352 

174,  440,  1976,  2257, 
3099,  3665,  4298, 
4498,  7191 

174(169),  1437 
174-5,  6299,  S207C 
174-5762,  3021 
174-6,  8195 

175,  124,  637K,  2612, 
4617,  6605,  7342 

175(175-8),  3068 
175(176-7),  1273 
175-6(173-4.5), 

S7319T 
175-7764,  4135 
175-85d,  1325 

175.6,  6716 

175.7,  3069 

175.8,  7017M 

176,  2416,  3070,  4151* 
4478 

176(178-80),  5355 
176-7,  2734,  8412 
176-8,  6219 
176-81d,  389 
176.2(174-5),  4476 
176.5,  4419,  4862 
176.5(173-4),  3768 

176.7,  4025,  5143 

177,  2063,  2398,  3018, 
5356,  7150,  8090, 
8766 

177(175.4).  3226 
177-8,  4006 
177-8743,  4140 
177.2,  3755,  3767 
177.5,  3583 

178,  2081M,  3668, 
6272,  6<±59,  6492, 
7484 

178-80,  2282,  8366M 
178.5(179),  6271 

178.8,  4459 

179,  1767,  2815,  3513, 
5459,  6372 

179-81,  S7234J 
179d,  2243 

179.5,  1037,  2980,  4486 

179.6,  6286 

180,  192,  2395,  4315, 
4570,  7178H,  7192, 
8134a,  8690 
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180d,  5747 
180(181-3),  1146 
180-3,  1174 

180.1,  3739 

181,  5423,  8304 
181-2,  1182,7590,8411 
(181-3),  124 

181.3,  4147M 
181.75,  8341 

182,  4311,  5132,  6667, 
7178,  8230 

182(186-9),  2195 
182-3,  1183 
182-4,  3734 
182-4(181),  3065 
182-4d,  5300 

182.4,  4866 

182.5,  4994 

183,  6543 
183-4,  8413 
(183-4),  8905 
183-7,  6524 

183.2,  1223 

183.5,  4596 

183.7,  8342 

184,  5,  2060,  6992 
>184d,  786 
184.0-4.5,  1181 
184-5,  8343 
184-574<>,  4084 
184-6,  1631 
184-8,  205 
184.4,  571 
184.5-5.57«,  8188 

184.6,  6250,  8489 
(184.8),  2230 

185,  564,  1758,  2222, 
3664,  7378,  8139, 
8556,  8919,  8936 

1850-os,  S2329Q 
185-6,  3516,  8918 
185-90,  1805 
185.2(184.5),  2979 

185.4,  6347 

185.5,  5847 

185.6,  8797 

186,  2067,  5029,  7301 
(186),  2422 
186(190.5),  4293 
186-7(181-2),  6192 
186-8d,  5347 
186.1,  637M,  S3445D 

186.8,  198 

187,  2245,  3281,  4126, 
6520,  8795 

187-902,  S2329M 
187.1,  3669 

187.4,  1761 

187.5,  8506M 

187.6,  637P 

188,  1946,  3438,  3672, 
5764,  6440,  7449 

188750,  6219B 
188.4,  3552 
188.6,  1233 

189,  123,  2910,  6585, 
7147,  8905 

189-90765,  3680 


189-91,  1124,  2246, 

5540 
189.3(191-3),  1252 
189.5d,  2586 
189.9,  3741 

190,  545,  2949,  2968, 
3619M,  6191,  7461 

190(185-8),  3264 
190(195-7),  2247 
190-2,  1212,  4488 

190.3,  2571 
190.5,  3773 

190.7,  1635 

191,  6249,  7485 
191-3,  5784 

191.5,  97,  2866,  3108, 

8615 
191.5-2.5758,  2422 

192,  2055,  3655,  3740, 
4066,  5830,  8047, 
8812 

192-3,  6187 
192-3",  S8091F 
192-3d,  5011 
192-4,  4585 
192.5-3.5,  621 

192.8,  8023 

192.9,  2384 

193,  4434,  5762 
193-4,  6185 
193-5,  3407,  3965 

193.2,  3239 

193.4,  5125 

193.5,  8819 
193.5-574o,  8194 
193.8,  3627 

194,  134,  135,  500, 
5146,  6188,  8330 

194(198-9),  1241 
194-5,  6705,  8438, 

8598 
(194-5),  2391 
194-575o,  6186 
194-6,  2327,  6190 
194-6744,  4139 

194.3,  2877 

194.5,  3272 
194.5-6.072i,  4079 

194.6,  5847 

195,  2893,  3436,  3790, 
6265 

195706,  4147G 
195d,  1478,  6384,  6453 
195(198),  6646 
195-6,  2816,  8820 
(195-6),  2379 
195-6762,  4137 
195-6d,  4612 
19&-200,  728,  2884 
195.5,  6668,  8327 
195.55,  2392 

195.7,  655 
195.84(197),  4426 

196,  1134,  4578,  6521, 
8911 

(196),  5407 
196.3,  1135,  5409 
196.5,  7822 
196.5753,  5445 
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196.7,  2577 

197,  3554,  5036,  7898, 

8194 
197(194742),  1724 
197-8,  1213,  8350 
197-9,  4008,  4853 
197.2(198-200),  4290 
197.5  177 
198J  1766,  2260,  3753, 

4032,  5821,  8247 
198-9,  8351 
198-200,  4989,  8369 
198-202,  5326 
198.3,  5357 
(198.3),  6185 

198.5,  6875,  8300 
198.9,  5422 

199,  6273,  7035,  7994, 
7995,  8895 

199(195.5),  8328 
199.3,  4597 

199.6,  1461 
199.84,  8485 

200,  131,  194,  381, 
752,  1041,  1570, 
1959,  2400,  3373, 
3604M,  5569,  8284, 
8878,  8927 

200d,  851 
>200d,  2377 
200-1,  8349 
200-4,  3038 
200-10d,  1136 
200.15,  1223K 

200.3,  8507 

201,  637,  1719 
(201-3),  8014 

201.4,  5458 

201.5,  8417M 
201.9,  3237 

202,  296,  5407,  7194, 
8928 

202-3,  2058 
202-3745,  31 64 

202-3(201.5),  6248 

202-5765,  1218 

202.1,  1122 

202.2,  6198 

202.3,  267 
202.5,  2886 

202.8,  2878 

203,  1151,  8164,  8910 
203735,  7664 

203738,  7154 
203-4,  2248 
203-5,  2438 
203(205),  S522M 

203.3,  3243,  8497 
(203.3764),  4598 

203.4,  4019 

203.5,  7297 

203.7,  8796 
203.95,  4465 

204,  2057,  2309,  5051, 
6772,  7053,  7303, 
7462,  8329,  8395, 
8518 

(204),  1049 
204756,  730 
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(204-5),  4578 

204.1,  3775 
204.3,  2352 
204.72,  635 

205,  38,  1751,  3346, 
4383,  5401 

(205),  633 
2o5d,  197 
205(202),  2350 
205-6,  2797,  7664 
205-7,  5536 
205-7io-i5,  S312T 
205-8,  2796,  3656 

205.2,  1738,  2391 
205.2756,  5349 

205.3,  1223M 
205.5,  5871 

206,  130,  143,  2056, 
2262,  5796,  8488, 
8501 

206757,  3225 
206-7,  2397,  8240, 

8817,  8850 
206-8,  1730,  8514 

207,  3115,  4582,  5532, 
8246,  8490 

20772°,  2567 
207(203.57*6),  1774R 

207.1,  3240M 

207.2,  5890 

207.4,  1960 

207.5,  6873 

207.7,  5005 

208,  119,  2382,  2867, 
6659,  7459 

208™,  1048 
208d,  3929 
208-9,  2332 
208-10,  8313 
208.2,  8034 

208.5,  1300 

208.8,  600 

209,  614,  2914 
(209),  576 
209-11,  4944 
209-13,  1211 

209.2,  8814 

209.6,  2364 

210,  4898,  6266,  6733 
210799,  1955 

210d,  3541 
210-1,  3112,  8513 
210-5,  4436M,  8765 

210.3,  3682 

210.4,  3777 
210.5-1.0,  8218 
210.6,  3776 
210.7d,  4003 

210.9,  1256 

211,  2280,  3113,  3114, 
4147P,  4306,  4598, 
8394 

211744,  6734 
211748,  5457 
211d,  3151 
211-4,  3657 
211-5,  5455 
211-6d,  195 

211.5,  8396,  8943.  8944 


211.5™7,  5870M 
211.5(216.5),  2365 
211.8,  6517 

212,  1953,  2913,  4956, 
4991,  5860,  5870K, 
6660,  8815,  8945 

(212),  7184 
212.016,  S6457V 
212-37<54,  4136 
212-7d,  2242 

212.5,  8500 

212.6,  1196,  1454 

213,  1299,  6183,  7271, 
8442 

213d,  7148 
213-4,  1049,  2787 
213-5,  3398,  7224 
213.5,  5264 
213.57*6,  90 

214,  1050,  6450,  6717, 
8416,  8519,  8569, 
8894 

214752,  6760 
214d,  7152 
(214d),  1770 
214-5,  633,  1244,  6351 
214-5749,  S2698M 
214.5,  3390,  3658 
214.5(217.25),  6783 
214.8,  1223H 

215,  720,  771,  3479, 
5408,  5529,  8822 

21&-6,  632 
215-7,  8061 
215-20d,  7721 
(215-20d),  7194 
215.35,  6452 
215.5,  616 

215.8,  8909 

216,  2214,  3925,  8958 
(216),  4944 

216d,  2431 
216-8,  2441 
216.5,  634 
216.5-7.7,  1195 

216.7,  7205 

216.9,  8960 

217,  2534,  2535,  4631, 
4997,  6344,  6718, 
6756,  8460,  8520, 
8959 

217_8736,  576 

217.7,  7580,  8022, 

8893 
217.9,  5833 

218,  1302,  1303,  2435, 
3238,  4065,  7327, 
8942 

(218),  712 
21875i,  6838 
218-9,  1172,  1723 
218-20,  3142 
218-22,  7023 
218.5,  1459,  5136 

219,  1298,  6761,  7184 
219d,  7177,  7993(1) 
219(223.3),  2533 
219-20,  6735 
219-21,  6645 
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219.2,  7023R 
219.5,  8947 
219.5(217),  1171 
219.8,  8135 

220,  888,  1075,  2363, 
2396,  4007,  4122, 
4977,  5358,  5469, 
5551,  6441,  6799, 
7138,  8316,  8467, 
S6660C 

220,  ca.,   5568 
220d,  2394,  7011 
220-1,  2614 
220-1744,  3663 
220-40d,  7306 
220.5,  3125 

220.7,  8926 

221,  5461,  8208,  8962 
221723-5,  4683 
221(224),  1170 
221-3,  719,  6270 

221.3,  8441 

221.8,  2864 

222,  31,  295,  682, 
2799,  7471 

222d,  1770 
222(220),  2613 
222-3,  5429 
222-4,  680 
222-5,  8308 

222.2,  2351,  7273 

222.3,  8402 

223,  1640,  3684,  5442 
223-4,  1215,  1956 
223-4(225-6),  1954 
223-5,  2361 

223-6,  6796 

223.3,  7836 
223.5,  3146,  3437 
223.8,  8957 

224,  2337,  4737,  6451, 
6491,  7424 

224-5,  5438 
224-5745,  6122M 
224-6,  681 
224.2,  6329 

224.5,  2336 

224.6,  6881 

225,  667,  712,  2610, 
2932,  3751,  5159, 
5400,  5454,  8235, 
8921,  8946 

225d,  661,  4864 
225-7,  647M 
225-32,  S4882M 
225.4(228-9),  4430 

225.5,  5797 

225.6,  34 

226,  2819,  4099,  4304, 
4433,  6193,  7733, 
8465,  8961 

226-7,  1158 

226.4,  8452 
(226.6),  6799 

227,  4632 
(227),  4432 
227-8738,  279  M 
227 -8744,  4103 
227-8(224),  7014 
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227.5,  4722,  6449 

228,  6800,  8459 
228d,  7924 
228(226),  4431 
228-9™%  8799 
228.3,  5424 

228.7,  2570 

229,  593,  4173,  6349 
2297-,  6548 

229d,  2137 
229(224-9)d,  2788 
229.2,  3685,  6650, 

7193M 
229.3™,  6773 
229.5,  3686 

229.8,  601 

230,  1263,  1450,  1740, 
2059,  4583,  5154, 
8295,  S4649F 

230(227-8;  225),  2616 
230-2,  5142M,  7558 
230-40,  4225 
230-50,  5038 
230.2,  2102 

231,  602,  3107,  7908, 
8403 

231-4,  6708 

231.2,  1464,  3235 

232,  133,  280,  1715, 
8198,  8292 

232.3,  2270,  2379 
232.5,  8773 
232.67  s,  6801 
232.7,  8593 

233,  2609,  3005,  5550, 
8683 

233-4,  6737,  6742 
233-5,  3073 
233.5,  8288 

234,  6688,  8522,  8582, 
S1818M 

234(231.5),  7832 
234-5,  1179,  7410 
234-7,  6711 

234.5,  7815 

234.6,  36 

235,  2103,  2923,  5436, 
7409,  S7190M 

235^,  647H 
2357S  4147S 
235d,  928,  8020 
235-6,  1161 
235-67^,  2086 
235-7,  1639 
235-40,  5437 
235.3,  563 
(235.5),  8459 
235.6(237.4),  7185 

236,  1769 

236-7,  1760M,  2903 
(236-7),  2344 
236-8,  6715 
236.5,  1173M,  6706, 
7403 

237,  1458,  2658,  4214, 
4715,  5139 

237(242-5),  8613 
237.5,  2381,  3003 

237.7,  7657 


237.9,  2605 

238,  1705,  2430,  3801, 
5767M,  6707,  8404, 
8759 

238-9,  6729 
(238-41),  629 

239,  5138,  S293Y 
239-40,  49 
239-4176i,  412 
239-44,  4226 

239.4,  6519 

239.5,  7023H,  8827 
239.9,  8938 

240,  293,  714,  1061, 
2223,  2359,  4296, 
4716,  5427,  7843, 
8421,  8510 

240d,  994,  7819 
240(240-5),  7528 
240-2,  5452 
240-3,  5877 
240-3d,  8473 
240-4d,  4738 
240-5d,  2621 
240-50,  8930 
240-50d,  6658 
240.57  %  6714 
240.9,  598,  599 

241,  1311,  2607,  7539, 
8897 

241(235),  1311 
241-2,  1217 
241-3d,  2367 

241.6,  4436 

242,  1162,  4955,  5415 
242-3,  1216,  5119 
242-5,  5449 
242-57"d.,  4174 
242.5,  5010 

242.9,  6889 

243,  1065,  3033,  5114, 
5126,  6777,  7422, 
7630 

243-5,  7761 

243.4,  6346 

243.7,  2344 

244,  2305,  4863,  8922 
244-7d,  2313 
244.3,  6776 

244.5,  6808 
244.5(245-50),  3231 

245,  572,  610,  3236, 
4720,  5878,  7608, 
8906,  8929,  S293X 

(245),  714 

245,  ca.,  3136 
245H,  S6858M 
245d,  176 
245d,  ca.,   171 
245-6,  629 
245-7d,  1725 
245-50,  1948 
245.2,  3629M 
245.5,  5173 
245.7,  1160 

246,  1180,  1281,  1282, 
3748,  5348,  7420, 
8151 

1100 


246-7,  6757,  7622 
246-7d,  1390 
246-8,  2917 

246-8747,  3624 
246-5075i,  6713 

247,  281,  701,  6758, 
8209,  8672 

(247),  7670 
247-97''8,  6712 

247.3,  6129 
247.3-8.3"i,  7683 

248,  3933,  6651,  8117 
248-9,  8851 
248-50,  1748,  6695 
248-52,  5119 

248.4,  2930 

249,  1449,  4767 
249-54d,  2310 
249.8,  8497M 

250,  1284,  2304Z,  4581, 
4931,  7679 

>250,  264,  4012 
250d,  734,  4124,  5548 
(250-2),  5842 
(250-3),  4231 
250-6d,  5441 
250.3,  1453 
(250.8),  7608,  8906 

251,  594,  611,  713, 
121)6,  2737,  5870, 
7692 

251d,  4522 
251-2™,  3617 
251.5™,  1140 

252,  609,  1745,  2975, 
4667,  7463,  S5078T, 
S7367M 

252™,  1139 
252d,  271 
252(256-8),  6836 
252-3,  3948 
252-57*8,  6983 

252.5,  7682,  8144, 
8154M 

253,  5414,  6807 
253-5d,  466 
253.57*7,  6736 

254,  1280,  1283,  4881, 
6448,  8466 

254-5,  1849,  2657 
254-67S  3211 
254.2,  6652 
254.5,  647 
254.7 (2537i2),  73 

255,  2304d,  2349,  3395, 
4927,  5039,  5297, 
5558,  5799,  6771, 
7681,  8534,  8913 

255™,  7662 

255™,  8588 

255d,  3451 

255-6,  8912 

255.5,  275,  1312,  6254 

256,  707,  781,  1143, 
3600,  4851,  5378 

256d,  8028 
256.5,  1142 

257,  6805 
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257™,  1138 

257.5,  2778,  2782, 
8507M 

258,  294,  724,  3443, 
5109,  8907 

(258),  3760,  6842 
258738,  1923 
258d,  5869 
258(262.7),  6743 
258-63,  5332 
258.8,  732 

259,  1544,  4250,  4475, 
6853,  7835,  8130 

259d,  7647 
259-60,  685,  8238 
(259-61),  7672 

259.1,  3400 

259.2,  8440 
259.5,  6848 

260,  308,  613,  725,  774, 
1885,  1919,  2433, 
4509,  6850,  7970, 
8563 

260™,  7698 

260d,  1013, 2249,  5074, 

8250 
(260d),  670 
260-2,  229 
260-5,  4389 
260-70,  7264M 

261,  1141,  7670,  8044 
261'",  7663 

261-2,  227,  673,  6846 
261-2(264.7),  5635 
261.9(259.6),  2745 

262,  1457,  6694,  6847 
262-3,  2623 

262-4.  8852 

262.4,  692 
262.8,  608 

263,  4805,  5842,  7040, 
8451,  8587,  8727 

263.2,  8149 

264,  597,  7671,  7770 
(264),  8588 
264-6,  787,  5843 

264.3,  5863 

265,  1230,  4689,  5018, 
6348,  7406,  7831, 
8535 

265736,  7674 
265d,  118,  2776 
265-6,  S7315M, 

S8843T 
265-8,  6746 
265-9,  3760 
265-70d,  117 
265-75,  2M 
265-81,  7767 
265.3,  5976 

265.5,  5999,  8464 

266,  8479 
266-7,  7661,  7672, 

S6214M 
(266-8),  774 
266.2,  7914 

266.8,  3747 

266.9,  7708 


267,  56,  1887,  6128, 
6790,  6845,  7709, 
8046 

267d,  938,  1456 
267-70,  2894 
267.5,  5045 

268,  3215,  6661,  8952 
268(270-5),  5163 
268-70,  2335,  6842 

269,  706,  5313,  7675 
(269),  1577 

270,  596,  691,  1924, 
2322,  3132,  6619, 
7488,  8730 

<270,  3238M 
270d,  2323,  2651,  7825, 

8303 
(270d),  668,  609 
270-1,  6993 

270.4,  7489 

270.5,  6457 

271,  2744,  4014 
(271),  608 

272,  612,  1923 
272(268-86),  3518 

272.3,  4883 

273,  1593,  7453,  7834 
273-1,  1858 
273-4™,  3439 
273-6,  1926 

273.7,  8923 

274,  1883,  3761,  8539 
(274),  725 

274d,  2311,  5070 
274.5,  6048,  8954 

275,  1577,  4411,  6791. 
6950(2),  7490,  8458 

(275),  6661 
275747,  5666 
275-7,  2693 
275.5,  5565 

275.7,  8592 

275.8,  8154T 

276,  1296,  1878,  5094, 
6000 

(276),  7661 
276742,  7465 
276-9,  7759 
276-80,  6739 

276.4,  3732 
276.5(281.4),  7740 
276.8,  6056 

277,  723,  1260,  1261, 
1886,  3832 

277-80,  7757 

277.5,  2 

278,  675,  1297,  1728 
278.5,  6070 

279,  1580 
279d,  6785 
(279-80),  5667 
279.8,  4766 

280,  705,  1235,  1499, 
4231,  4765,  8094M, 
8098,  8100,  8537 

(280),  5955 
280d,  3936 
(280-1),  6138 
280-5,  4539 
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280-90,  8606 

281,  6950(1),  7514 
281-2,  5841 

281.1,  5840 

282,  3733,  5850,  6910, 
8095 

(282),  1860 
282-3,  5046 
282-6,  8009 

283,  312,  6663,  8846 
283.8,  8167 

284,  1809,  6662 
284-5,  1859 
284.11,  668 
284.5,  6933,  7228 
284.8,  1191 

285,  623,  1192,  2388, 
5085,  5238,  5858, 
7694,  8538,  8838 

285d,  166,  5977 
285-6,  5667 
285-7,  7696 

285.2,  3771 

286,  669,  3599,  5024, 
5855 

(286),  5978 
286740,  7466 
286d,  2741 
286-7,  1190 
286-77*3,  1925 
286-90735,  6138 
286.2,  4791 
287d,  2794 
287™,  5852 
287(282-4),  6840 

287.4,  4222 

287.5,  4528 
(287.5),  1924 

288,  1447,  2767,  3186, 
5955,  8045 

288d,  2996,  6001 
288-90,  617,  1637 

288.1,  1236 

289,  S2193M 
289-90,  6316 
289-92d,  4269 

290,  272,  749,  1079, 
1234,  4064,  4228, 
6936,  8226,  8287 

290737,  7673 
290d,  1781,  4769 
290(285),  6047 
(290-1),  2855 

291,  952 
291™,  5851 
(291),  1201 
291d,  8420 
291-2,  S5844M 
291-2727,  8099 

291.2,  8153 
291.2745,  1860 

291.5,  690 

291.6,  5829 
291.8,  6295 

293,  5073,  6050,  6885> 

8837 
(293d),  7545 
293-5,  6944 
293.4,  3329 
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294,  867 
294.5,  1130 
294.85,  5978 

295,  273,  4435,  5031, 
5817 

(295),  1926 
295(298),  3982 
29S-8,  1773 
295-300,  S312M 

296,  208 M,  307,  6859 
296d,  1313 

296-8,  1856,  5434 
296.1,  6909 
296.5,  6020 

297,  3326 

297.4,  958 

298,  1226,  1579 
(298),  6064 
^98-9,  3769 

298.5,  1441 

299,  1895 
299777,  1202 

300,  209 M,  338,  590, 
592,  688,  2740,  3197, 
5941 

>300,  32,  1697,  1699, 
4757,  5948,  6792, 
8079 

300,  ca.,  923 

300(1,  1081,  1744,  3052, 

7076,  8378 
>300d,  3199,  7701 

301,  1519,  6043 
(301746),  1447 
301.72,  2855 

302,  3317,  8889 
302d,  2131,  8419 
302.877°,  1201 

303,  309,  4441,  8102 
303-5,  84 

304,  5883 
304d,  4213 
304.8,  1908 

305,  52,  741,  1879, 
5874,  6021,  6049, 
6062 

305d,  3584,  8491 
(305-7),  6063 

306,  1650,  1762 
>306d,  5539 

306(302),  2573 
306-7,  1764 
306.1,  6059 
306.35,  669 

307,  311,  7977 

307.6,  6460M 

308,  6793,  7876 
(308),  6703 
308-10,  5875 
308-1076*,  6064 
308.5,  4445 

309,  7545 


310,  1857,  5608 
310d,  6789,  6831 
310-1,  2098 
310-5d,  2854 
310-121°,  S1687M 
310-20,  4260 
312,  6702 
312-4,  3671 
(313),  741 

313.4,  3378 

314,  1462 

315,  1092,  1153,  1155, 
4253,  8874 

315d,  1157 
3157*>d,  1448 
315-6,  6063 
315-9,  1864 

316,  5271 

316.5,  5272 
(316-7),  1452 

317,  1091,  6224 
317,  ca.,   6055 
317-9 74*d,  3749 

317.4,  3383 
319773,  1200 

320,  499,  1888,  3379, 

6377 
>320,  2966 
320,  ca.,   5801 
320d,  748,  1882 
320-2,  6703 
322,  3140 

322.5,  2648M 
323-4,  1452 
323-6d,  3750 

324.1,  8141 

325,  5885,  8483 
325d,  211 
3257*4,  7928 

326,  1225,  1843,  8180, 
8236 

326.5,  5273 

328,  882 

329,  1278 

330,  3218,  6169,  6698 
330-1,  2556a 
330.5,  3380,  7203 

331,  3468 
331.73,  670 
333d,  909 
333-4™,  1670 
335.9,  4448M 
336,  1398 
337730,  6946 
338-40,  3667,  7102 
339-56d,  6402 

340,  1399,  1660,  1890, 
6697,  6908 

340.2,  6613 
341.5,  3987 
342,  1844 
342742,  2800 


343-4,  1589 
343-5,  4087 

344,  1630,  2647 

345,  2879,  5886 

346,  371 
346-8d,  1420 
348,  2655 
348-975i,  3560 

350,  5659,  5660 
>350,  6172,  7516 

350d,  6640 

351,  1696,  1698,  8886 
353-4d,  8176 

354,  6849 

354™,  5638 

354-5,  735 

354.8,  2444 

355d,  1588 

355-80,  1863 

359.2,  5697 

360,  1628  1706,  2414, 
5639,  6015,  6627, 
7704,  7944 

>360,  755,  962,  1430, 
1648,  2540,  6103, 
6638,  6892,  6892M, 
7458,  S1719M 

360,  ca.,   1836 

360d,  951,  2691 

>360d,  1656,  2445 

363,  1203,  1899,  7689 

365,  8658 

371d,  6826 

377.8,  6860 

379-81,  794 

380,  5497 

380-90,  8567 

383,  3551,  7943 

385,  5266 

394,  7785 

398754,  5267 

399.5,  6069 

400,  4170 

400,  ca.,  8019H 

>400,  1910,  4179 

400-5,  6071 

401.7,  1411 

404,  376 

410d,  8543 

417,  756 

419-28d,  6941 

>420,  8307 

425,  3865 

430,  442 

431,  5676 
446,  6025 
448,  2711 
452,  1839 
459,  3978 
462d,  791 
471,  3290 
520,  6960 
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PHYSICAL  CONSTANTS  OF 
INDUSTRIAL  ORGANIC  COMPOUNDS 

The  following  table  is  intended  to  provide  information  concerning  the  char- 
acteristics and  properties  of  commercially  available  organic  compounds.  The 
material  presented  has  been  compiled  from  information  furnished  by  the  manu- 
facturers whose  courtesy  is  gratefully  acknowledged.  Where  the  same  compound 
has  been  reported  by  two  or  more  manufacturers  separate  entries  have  been  made. 


ABBREVIATIONS 


a 

absorb . . 
accel.  . . . 

acet 

agt...    . 

al  

alk  .    ... 

amm 

approx. . 

art 

astring . .  . 

boil 

br 

bz 

c 

ca 

cellu. .    .  . 
char . .    . 
chem .  .  . . 

cl 

col 

com   

comp 

eonc.    . . 

cr 

d 

deliq...    . 
deriv 
disp.  .    . 

dist 

dk 

et 

eth 

ethylcellu 
extr 

f 

fa 

fl 

flam 


acid 

absorbent 

accelerator 

acetone 

agent 

alcohol 

alkali 

ammoniacal 

approximately 

artificial 

astringent 

boiling 

brown 

benzene 

cold 

about 

cellulose 

characteristic 

chemical 

clear 

colorless 

common 

compound, 
compartment 

concentrated 

crystals 

decomposes 

deliquescent 

derivative 

dispersible 

distilled 

dark 

ethyl 

ether 

ethylcellulose 

extractant, 
extracting, 
extraction 

ringer 

faint 


flammable 


g 

gen.... 
gran. . . 

grn.... 

h 

hyg. •• 

i 

imm. . . 
indust. 

bit 

inter.  . 
lab.... 
lacq . . . 

liq 

It 

lubr... 
lust .  .  . 

m 

mat.  .  . 
meth .  . 
mf  g . . . 
min .  .  . 
misc . . . 
mix .  . . 
moist . . 
monocl 
need. .. 
nitro .  . 
n.  res . 
n.  vol. 
org... . 
pa ... . 
pen .  .  . 

per 

pet 

pharm . 
photo . 
pk.... 

Pi 

pleas .  . 
powd . . 


grams 
general 
granules, 
granular 
green 
hot,  high 
hygroscopic 
insoluble 
immiscible 
industrial 
initial 

intermediate 
laboratory 
lacquer 
liquid 
light 

lubricating 
lustrous 
most 
material 
methyl 
manufacture 
minimum 
miscible 
mixture 
moistening 
monoelinic 
needles 
nitrocellulose 
non  residual 
non  volatile 
organic 
pale 

penetrating 
permanent 
petroleum 
pharmaceutical 
photographic 
pink 
plates 
pleasant 
powder 


ppnt 
prep. 


press . 
pung. 
purif . 

pyr... 

quant 
redsh . 
rub . . . 
s 

sec  .  .  . 
si.... 


sld... 
soft.  . 

solv .  . 
suff.. 
syn.  . 
synth . 
tech . . 
ted... 
tetr .  . 
thick, 
trans . 
trig .  . 
typ.  . 
v.  .  . . 
veget . 
vise.  . 
vol. .  . 
w.  .  .  . 
wh. . . 
wt.  .. 
yel. .  . 

30 


precipitant 
preparatory, 

preparation 
pressure 
pungent 
purification 
pyridene 
quantities 
reddish 
rubbing 
soluble 
secondary 
slight, 

slightly 
solid 
softener, 

softening 
solvent 
suffocating 
synthesis 
synthetic 
technical 
tertiary 
tetragonal 
thickening 
transparent 
trigonal 
typical 
very 

vegetable 
viscous 
volume 
water 
white 
weight 
yellow 
above 
below 
soluble  in 

all 

proportions 


Sources  of  Information 


An.  Ansul  Chemical  Co.  P.P. 

At.  Atlas  Powder  Co.  Q.O. 

C.  &  C.  Carbide  &  Carbon  Chemicals  Corp.  S.C.L. 
C.S.  Commercial  Solvents  Corp.  S.C. 
C.P.  Corn  Products  Refining  Co.  S.D. 

D.  Dow  Chemical  Co.  Sh. 
G.  Glyco  Products  Co.,  Inc.  S.P. 
N.  Niacet  Chemicals  Corp.  St. 
Pa.  Pennsylvania  Coal  Products  Co.  U.S.I. 
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Phillips  Petroleum  Co. 
Quaker  Oats  Company 
Shawinigan  Chemicals,  Ltd. 
Shell  Chemical  Co. 
Shell  Development  Co. 
Sharpies  Chemicals,  Inc. 
Solvay  Process  Company 
Standard  Oil  Development  Co. 
U.S.  Industrial  Chemicals  Co.,  Inc. 


PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

1 
2 

3 
4 
5 
6 


Trade  name 


Acet-para-toluide .  .    . . 
Acetaldol 

Acetamide,  C.P 

Acetamide,  Tech  .  . 

Acetic    acid,    Glacial, 
C.P. 

Acetic  acid,  Glacial, 
U.S.P.  XI,  and  Stand- 
ard 

Acetic  anhydride 

Acetoacetanilide   ...    . 
Acetoacetanilid 

Acetoacet-ori/io- 

chloranilid 
Acetoacet-oriAo- 

toluidid 
a-Acetochloroglucose . 

Acetone 

« 

Acetonitrile    

Acetonyl  acetone 

cis-Acetylene    dichlor- 

ide 
£rans-Acetylene 

dichloride 
x\.damsite,  D.M 

dl-  Alanine 

Alkazene    3 

6 

8 

12 

13 

14 


Chemical  name 
or  synonyms 


p-acetotoluide 

hydroxybutyraldehyde . 


acetamide 

acetamide 

acetic  acid 

glacial  acetic  acid. 

acetic  anhydride.  . 


acetoacetanilide . 
acetoacetanilid. . 


acetoacet-ort/w- 
chloranilid 

acetoacet-orMo- 
toluidid 


dimethyl  ketone , 


methyl  cyanide 

acetonyl  acetone 

cis-dichloroethylene 

frons-dichloroethylene .  .  . 

diphenylamine 

chlorarsine 
(#-a-aminopropionic  acid 

x-triethyl  benzene 

hexaethylbenzene 

a>diethyl-z-diisopropyl- 
benzene 
m-diisopropylbenzene 


Formula 


x-triisopropylbenzene . . . 
x-tetraisopropylbenzene . 


CHsCONHCelfcCHa 

CH3CH(OH)CH2CHO 

CH3CONH> 

CH3CONH2 

CH3COOH 

CH3COOH 

(CH3CO)20 

CH3COCH2CONHC6H6... 

CH3COCH2CONHC6H6 

CH3COCH2CONHC6H4Cl. . 
CH3COCH2CONHC6H4CH3 

C14H19O9CI 

CH3COCH3 

CH3COCH, 

CH3COCH3 

CH3COCH3 

CH3CN 

CH3COCH2CH2COCH3 

CHChCHCl 

CHC1:CHC1 

NH(C6H4)2AsCl 

CH3CHNH2COOH 

C6H3(C2H6)3 

Ce(C2H5)6 

(C2H5)2C6H2[CH(CH3)2]».... 

C6H4[CH(CH3)2]2 

C6H3[CH(CH3)2]3 

C6H2[CH(CH3)2]4 
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ORGANIC  COMPOUNDS 


No. 

1 
2 

3 
4 
5 


Physical  form  and  color 


It.  gray  cr 

pa.  yel.  vise.  liq. 

wh.  sld 

wh.  sld 

col.  liq 

w.  wh.  liq 


col.  liq. 


wh.  cr.  sld 

wh.  fine  cr.  sld 

wh.  fine  gran,  powd  . 
wh.  fine  gran,  powd 

sld 

col.  flam,  liq 


w.  wh.  liq 

col.  liq 

w.  wh.  liq 

col.  liq 

col.  liq 

col.  mobile  liq 

col.  mobile  liq 

It.  yel.-grn.  gran.  sld. 

wh.  cr 

el.  col.  liq 

wh.  cr 

col.  liq 

cl.  col.  liq 

cl.  col.  liq 

wh.  cr 


Odor 


faint 

aromatic,  pen. 

none 

mousey 

sharp,  sour, 
vinegar 


pungent.    .. 


very  mild . 

very  mild . 
vcrv  mild . 


agreeablr     .    . 

mild,  n.  res.    . 

pleasant 

mild    .... 

ethereal 

pleasant 

mildly  sweet . 
mildly  sweet, 
lacrimatory . . 

none 

mild  char 

almost  none. . 


mild,  pleas, 
almost  none . 


Purity 

% 


90-98 

99.5-99.9. 

99 

99.8  min. 
99.5 

96.0 


99 

59-100.. 
99  by  wt . 
99 

98.8  min. 


90-95 


p.  gr. 


1.10-1.  11156 


1.15  j 

4 

1.05 
1.049- 

4 


1.0830 


0.7915-.7935^ 


0.791-.793-- 

20 


0.791-.793 
.791-. 799 


1 

o 

2C 

20 
20 

20 


.782-. 785 

0.9738 

1.28l| 


1.648 


r.o2l 
25 

20 


1.252^ 


20 


0.870^ 


867g 


.854 


25 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 

No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

1 

Acet  para-toluide 

Acetaldol 

Acetamide,  C.P 

Acetamide,  tech 

Acetic  acid,  glacial,  C.P. . .  . 

Acetic  acid,  glacial,  U.S.P. 
XI,  and  Standard 

Acetic  anhydride 

Acetoacetanilide 

Acetoacetanilid 

Acetoacet-orJ/io-chloranihd . 
Acetoacet-or^o-toluidide .  . . 

a-Acetochloroglucose 

Acetone 

148-150 

<0 

81 

77-79..     .... 

16.24. 

15.6 

-67.7 

83-85 

298-302 

83^ 

220 

219 

118.1 

298-303 

2 
3 

variable 

215-221 

181.4 

4 

210-220 

*> 

111 

6 

118.1 

111 

7 

139.5 

150 

8 

9 
10 

<82.5 

102.5 

104-105 

11 

12 

70-71 
-95.1 

-94.9 

-95.0 

-95 

<-40 

-5.4 

<-80 

13 

56.1 

56.1-57.1 

55.0-57  0 

<55.8  none; 

>56.6  none 
<55.6  none; 

>57.1  none 

78-82 

15 

14 
15 

56.1 

56.1 

56.1 

81.6 

191.4 

15 
<-4 

16 

17 
18 

Acetonitrile 

Acetonyl  acetone 

14 

185-195 

58.3-5%; 

60.1-95% 
47.9-5%; 

49  0-95% 
d.  195 

185 

19 

cis-Acetylene  dichloride .... 
trans- Acetylene  dichloride. . 
Adamsite  D.M 

39.2 

?0 

<-20 

35.6 

21 

182-183 

22 
23 

dl-  Alanine 

Alkazene    3 

6 

8 

12           

13     

14 

270  8-275  8 

<— 70 

217.6-5%; 
219.3-95% 

181.4 

24 

25 
26 

126.5-128.3.. 

-50 

—65 

296 

>563 

253.9-5%; 

257.4-95% 
205-5%; 

208.6-95% 
235.9-5%; 

237.4-95% 

224.6 
170.6 

27 

-15 

28 

98.5-115.2... 

260 

244.4 
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ORGANIC  COMPOUNDS  (Continued) 


Solubility, 
grams  per  100  ml 


oo  al;  s.  eth;  si.  s.  w 
oo  w.,  al:  s.  eth. . .  . 


v.s.  eth.;s.  al;  97.520w 
v.s.  eth;  s.  al;  97.520w. 

s.  w.,  al.,  eth 

oo  w.,  al.,  eth 


s.  al;  CHCk  eth.;  d.w. 


si.  s.w.,  v.s.  al.,  eth.,  CHC1 
alk.,  a.,  h.bz. 


d.h.w.;   s.    et.   al.,   mcth.   al. 
acet.,  eth.,  CCh 

oo    w 


oo    w.,    al.,    benzol,    gasoline, 
kerosene,  org.  liq. 


s.w.,  al.;  i.  paraffins 


oo  acet.,  bz.,  CCU,  eth.,  meth. 

al.;  i.w. 
oo  acet.,  bz.,  CCLj,  eth.,  meth. 

al.;  i.w. 
d.  w.;  %  by.  wt:  15.9  acet.,  2 

bz.,  8.4  eth.,  6.3  meth.  al. 
1725  w.,  3275  w.,  i.  acet.,  bz., 

CCU,  eth.,  meth.  al. 
oo  eth.,  acet.,  bz.,  CCU;  g.  per 

100  g:  120  meth.  al.;  i.w. 
si.  s.  meth.  al.,  acet.,  eth.,  CCU, 

bz;  i.w. 
oo  eth.,  CC1,  bz.,  acet.;  g.  per 

100  g.:  44  meth.  al.;  i.w. 
oo  meth.  al.,  eth.,  CCU,  bz., 

acet.;  i.w. 
oo  eth.,  CCU,  bz.,  acet.;  g.  per 

100  g.:  43  meth.  al.;  i.w. 
g.  per  100  g:  97  bz.,  85  eth.,  62 

CCU,  18  acet.;  i.w. 


Uses 


dye  inter. 


syn.  rubber  accel.,  dye  inter., 
perfumes,  pharm.,  denatur- 
ant 

solv.,  plasticizer,  org.  syn.  .  . 

solv.,    soldering   flux,    plasti- 
cizer, org.  syn. 
lab.  reagent,  photo,  syn 


mfg.  cellulose  acetate;  solv. 
oils,  gums,  resins;  ppnt.  albu- 
men, casein  &  rubber 

acetylating  agt 


printing  ink  dyes. 

dye  inter 

dye  inter 

dye  inter 


solv.  acetylene,  process  solv. 
rayon,  art.  leather,  films, 
plastics,  solv.  lacq.,  dopes 

solv 


solv.  lacq.,  gums;  raw  mat.  for 
org.  syn.,  plastics;  extr.  fats 

cellu.  acetate  solv.,  acetylene 
absorbent,  de  waxing  agt., 
mfg.  acetic  anhydride, 
CHCU,  indigo,  etc. 

syn.  Vitamin  Bi  and  pyrimi- 
dines  extr.  agt. 

solv.  cellu.  acetate;  syn.  of 
cyclic  comp. 


Shipping 
container 


sickening  gas. 


drums 

cans,  drums.  .  . 

lined  drums .  . 

lined  drums .  .  . 

carboys,  drums 

drums,  tanks, 
cans 

tanks,  cars, 
drums,  car- 
boys, jugs 

drums 


barrels . 
barrels . 
barrels 


tank  cars, 
drums,  cans 

tank  cars, 
drums,  cans 

tank  cars, 
drums,  tins 

tank  cars, 
drums,  cans 


carboys,  drums, 
drums 


drums . 


Source  of 
information 


Pa. 

N. 

N. 
N. 
N. 
N. 

C.  &C. 

c.  &c. 

U.S.I. 
U.S.I. 
U.S.I. 
C.P. 

c.  &  c. 

c.s. 
s.c. 

U.S.I. 

N 

c.  &  a. 

D. 

D. 

Pa. 

D. 

D. 

D. 

D. 

D. 

D. 

D. 
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PHYSICAL 

CONSTANTS  OF  INDUSTRIAJ 

No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash   . 
point,  °F 

20 

<-20 

252.7-5%; 

255-95% 
182.8-5% 

183.3-95% 
181.2-5% 

183.8-95% 
224.5-5% 

225.8-95% 
220.6-5% 

223.6-95% 
217.8-5% 

220.6-95% 

204  8 

30 

20 

<-70 

149 

31 

21 

<-70 

147  2 

3? 

24     

<-70 

201.2 
204.8 
195.8 
none 

249.8 
235.4 
199.4 
[none 
240.8 
204.8 
174.2 
85 
-20 

33 

25 

28      

<-70 

34 

<-70 

35 

32 

53.2-53.6.... 
-55 

305 

36 

34            

249.0-5% 

250.8-95% 
249.9-5% 

254.7-95% 
200.5-5% 

202.8-95% 
258.5-5% 

260.6-95% 
236.8-5% 

238.8-95% 
212.4-5% 

216.2-95% 
191.3-5% 

193.2-95% 
<94°  none; 

>99°  none 
<43°  none 

>49°  none 

37 

36 

<-60 

38 

40 

-65 

39 

42  

<-70 

40 

45 

<-70 

41 

47 

-30 

4? 

60 

<-20 

43 

Allyl  alcohol 

-129 

-134.5 

119-122.2... 

97 

45,. 

44 

"     chloride 

45 

4-Aminobenzophenone 

Ammonium  stearate,  anhy- 
drous 

Amyl  acetate,  tech 

46 

74-76 

d.  before  boil- 
ing, ca  110 

47 

<110-none;  130- 
50%;  >150-none 

<110-none;  140- 
60%;  >150-none 

123-init.;     132-60%; 
> 145-none 

<126  none 
>132  none 

134.5-138.5-95% 

<105-none-  112- 
10%;    120-90%; 
> 125-none 

99.8-103.8-95% 

256-269" -5mm 

<135-none;  150-30%; 
165-90%;  >175-none 

94 

48 
49 

"       high  test.  . . . 
sec- Amyl  acetate 

-78.5 

142.1 

84 
89 

50 

Amyl  alcohol 

131 

137.9 

127 

51 
52 

prt-n-Amyl  alcohol 

sec-Amvl  alcohol 

-78.5 

136 
91 

53 

tert- Amyl  alcohol,  refined.  . 

70 

54 

Amyl  phthalate 

—30  (approx.; 

26499-6 

160.3 

202«> 

359.6 

55 

Amyl  propionate 

106 

56 

Ar-(/3-phenoxyethyl)aniline . 

43.8-48.5.... 

338 

1200 


See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


No. 


Solubility, 
grams  per  100  ml 


g.  per  100  g:  22  moth,  al.;  eth., 

CCU,  bz.,  acet.;  i.w. 
00  meth.  al.,  eth.,  bz.,  CCU, 

acet;  i.w. 
00  meth.  al.,  eth.,  bz.,  CCU, 

acet.;  i.w. 
00  meth.  al.,  eth.,  CCU,  acet., 

bz.;  i.w. 
00  acet.,  bz.,  CCU,  eth.,  meth. 

al;  i.w. 
00  eth.,  acet.,  bz.,  meth.  al., 

CCU;  i.w. 
v.s.  bz.;  g.  per  100  g.;  23  acet., 

157  CCU,  166  eth.,  2  meth.  al.; 

i.w. 
00  eth.,  CCU,  bz.,  acet.;  g.  per 

100  g.:  50  meth.  al.;  i.w. 
00  eth.,  CCU,  acet.,  bz.;  g,  per 

100  g.:  38  meth.  al.;  i.w. 
00  meth.  al.,  eth.,  bz.,  CCU, 

acet.;  i.w. 
»  eth.,  CCU,  bz.,  acet.;  g.  per 

100  g.:  50  meth.  al.;  i.w. 
00  eth.,  acet.,  bz.,  CCU;  g.  per 

100  g.:  125  meth.  al.;  i.w. 
00  acet.,  bz.,  CCU,  eth.,  meth. 

al.;  i.w. 
00  acet ,  bz.,  CCU,  eth.,  meth. 

al.;  i.w. 
00  w 

<.l  w 

g.  per  100  g.:  44  acet.,  4  bz.,  .1 
CCU,  2  eth.,  .2  meth.  al.;  i.w. 

disp.  h.w.;  s.h.  al.,  hydrocar- 
bons, oils 

1.74426w 

1.8«w 

0.82&W :.:;;;:.. 

00  com.  org.  solv. 

si.  s.  w.;  s.  meth,  al.,  ethyl 
ether.,    acet.,    bz.,    gasoline, 
acetate 

8.22% 

partially  s.  w.;  s.  meth.  al., 
ethyl  eth.,  acet.,  bz.,  gasoline, 
ethyl  acetate 

0.0125  %  by  vol.  wt 

0.325 

v.  s.  eth.,  bz.,  acet.,  CCU,  meth. 
al;  i.w. 


Uses 


Shipping 
container 


flavorings,  perfumes,  pharm.; 

raw  mat.  for  plastics 
syn.    pharm.    &    anesthetics 

mfg.  plastics  &  synth.  resins 


emulsifying,   thickening,   dis- 
persing agt.,  cosmetics, 
waterproofing 

solv.  cellu.  nitrate;  lacq.  dopes, 
art.  leather,  coated  paper, 
polishes 

solv.  nitrocellulose,  et.  ace- 
tate, mfg.  perfumes  &  flavors 

nitro.  ethylcellu.  solv.  lacq. 

chemical  syn 

mfg.  of  pharm.  &  synth.  chem. 


lacq.  thinner,  chem.  prep, 
base 

dry-cleaning ;  coating  mat . 


plasticizer,  lubricant, 
resins,  nitro.  solv 


drums,  tins, 
drums,  tins. 


drums,  slabs. 


tank  cars, 
drums,  cans 

tank  cars, 
drums,  cans 

tanks,  drums, 
cans 

tank  cars, 
drums,  cans 

cans,  drums 


tank  cars, 
drums,  cans 

cans,  drums 


drums,  cans 

tank  cars, 
drums,  cans 


Source  of 
information 


D 
D 
D 
D 
D 
D 
D 

D 

D 

D 

D 

D 

D 

D 

S.C. 

S.C. 

D 

G. 

C.S. 

U.S.I. 
U.S.I. 
U.S.I. 

Sh. 

U.S.I. 

Sh. 

C.S. 

U.S.I. 

D. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIA1 


No. 


57 

58 

59 
60 

61 

62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 

73 

74 
75 

76 
77 
78 
79 
80 
81 
82 


Trade  name 


Arlacel  A. 


Arlex. 


Atlas  A-815. 


G-220.. 
G-221.. 
G-750. . 
G-2400. 


G-2800.. 
G-9046T. 
K-100... 
K-101... 
K-103... 


K-110. 
K-lll. 

K-113. 


"    NNO 

Benzene  azophenol. 

Benzene-meta-disul- 
fonic  acid 
Benzoyl  acetone . . . 


Benzyl"  Cellosolve"*. 

BK-5 

Bromoacetic  acid .... 
5-Bromo-  aspirin 


2-Bromo-4-<er*-butyl- 
phenol 


Chemical  name 
or  synonyms 


mannide  monooleate . . 

mannitan  monooleate. 

sorbitan  monooleate . . 
sorbitol 


sorbide . 


sorbitol  tri-2-butylidene. 

"       tributylidone 

sodium  sorbitol  borate . . . 
sorbitan  tetrapropionate . 


mannitol  polyoxyalkylene- 
denv.  of  oleic  acid 

polyoxyalkylene  deriv.  of 
mannitan  monolaurate 

triisopropylidene  man- 
nitol 

trimethylene  mannitol. .  .  . 

triethylidene  mannitol. . .  . 


triisopropylidene  sorbitol, 
trimethylene  sorbitol 


triethylidene  sorbitol . 


mannitan  monolaurate. 

p-hydroxy  azobenzene . . 

benzene-meta-disulfonic 
acid 
benzoyl  acetone 


butyl  cinnamoyl  pyruvate 
bromoacetic  acid 


acetyl-5-bromosalicylic 

acid 
2-bromo-4-<erf-butyl- 

phenol 


Formula 


CeH802(OH;OCO(CH2)7- 
CH(C8H17)CHt 

CeH8(OH)3OCO(CH2)7- 
CH(C8Hn)CHt 

CeH80(OH)3OCO(CH2)7- 
CH(C8Hi7)CHt 

CcHh06 


CeH802(OH)5 


CeHsOe^HsH. 

C6H806(C4H8)3. 


C6H80(C2H6COO)4 


C6H806[C(CH3)2]3. 

C6Hs06(CH2)3.... 

Ci2H2oOe 


C6H806[C(CH3)2]5 

0^606(0^)3.  .  . 


C12HMO6. 


CeHiiNjCeH^H.... 

C6H4(S03H)2 

C6H5COCH2COCH3. 
C6H5CH2OC2H40H. 


CeHsCHiCHCOCHiCOCO- 
OC4H9 
BrCH2COOH 


BrCeHaCOOHOCOCHa. 
BrC6H3(OH)C(CH3)3... 


*  Trade  mark, 
t  Theoretical. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

Physical  form  and  color 

Odor 

Purity 

% 

Sp.  gr. 

57 

It.  amber  oily  liq.;  ref.  index 
1.47525 

It.  amber  oily  liq. ;  ref.  index 
1.46025 

It.  amber  oily  liq 

w.  wh.  to  It.  straw-colored  liq.; 
ref.  index  1.48725 

pa.  yel.  liq. 

si.  char.,  pleasant; 
si.  oily  taste 

si.  char.,  pleasant; 
si.  oily  taste 

faint,  fatty 

tech 

0.99-1.03 

0.99-1.03 

0.99-1.03 
1.322 

58 

tech. . . . 

59 

tech 

60 

faint,  sweet;  bland  sweet 
taste 

carmel,  with  bitter  taste 

si.  pungent;  bitter  taste 
si.  pungent;  bitter  taste 

83 

61 

83 

6? 

It.  yel.,  non-hygroscopic  fluid,  liq. 

It.  yel.,  non-hygroscopic  fluid,  liq. 

w.  wh.  resin  sol.;  ref.  index  1.4525 

It.  yel.  mobile  liq.;  non-hygro- 
scopic fluid 

amber  oily  liq.;  ref.  index  1.47125 

amber  oily  liq.;  ref.  index  1.4740. . 

col.  cr.  need 

tech 

63 

64 

80 

tech 

1.47-1.54 

0.98-1.02 
1.03-1.05 

65 

bland,  ester-like;  bitter 
taste 

faint.oily  odor;  si.  bitter 

taste 
si.  sweet  odor;  sharp 

bitter  taste 
none;  bitter  taste 

66 

tech.. . . 

67 

tech 

68 

69 

col.  cr.  need 

none;  bitter  taste 

70 

col.  cr.  need 

si.  pung.;  bitter  taste. .  . 

71 

col.  cr.  need 

none,  bitter  taste 

79 

col.  cr.  need 

none,  bitter  taste .  . 

73 

It.  yel.  liq 

none,  bitter  taste 

74 

amber  oily  liq 

pleasant  oily 

tech. . . , 

1.00-1.05 

75 

tan  cr.  powd . . , 

none 

76 

cr.  sld  

si.  like  SO2 

ca.  80 

77 

sld 

78 

liq 

pleas 

1.0700g 

79 

yel.  cr 

cinnamon  like 

100 

80 

wh.-pa.  yel.,  deliq.  cr.  sld 

wh.  cr 

sharp,  pen 

81 

none 

82 

cl.  pa.  straw  colored  liq 

mild 



i.wg 

See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL 

CONSTANTS  OF  INDUSTRIA1 

No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

^7 

Arlacel  A 

"     B 

-5  to0° 

395 

58 

11-14° 

59 

"     c 

395 

60 

Arlex 

61 

Atlas  A-815 

6? 

"    G-220 

145-1653mm 

63 

"    G-221 

162-1674mm  . 

64 

"    G-750 

65 

"    G-2400 

66 

"    G-2800 

67 

"    G-9046T 

610 

68 

"•    K-100 

"    K-101 

".    K-103 

"    K-110 

68-69 

136-1394 

69 

228-231 

volatile  with  steam. . . 

70 

171-172 

71 

39.5-40.5.... 
211-214 

127-1304 

7? 

"    K-111 

"    K-113 

volatile  with  steam. . . 

7% 

122-1264 

distilled  with  steam . . . 

74 

"    NNO 

15-16 

385 

75 

Benzene  azophenol. 

Benzene-meta-disulfonic  acid 

Benzoyl  acetone 

Benzyl  "Cellosolve'"* 

BK-5...., 

152.1-153.6.. 

76 

109-115 

77 

58 

78 

<-75 

63-64,. 

255.9 

265 

79 

80 

Bromoacetic  acid 

38.0-42.9... 
155.5-163.8.. 

81 

5-Bromo  aspirin 

2-Bromo-4-ter*-butylphenol 

82 

<-20 

109-5%;  129-95%... 

240.8 

Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


So. 


57 

58 

59 
60 

61 

62 
63 

64 
65 

66 
67 
68 
69 
70 

71 

72 

73 

74 
75 

76 
77 
78 
79 
80 
81 
82 


Solubility, 
grams  per  100  ml 


s.  most  org.  solv.;  i.w.,  polyal.; 

sl.s.  veget.&  animal  oils,  ether 

and  glycols 
s.  most  org.  solv. ;  sl.s.  veget.  & 

animal  oils,  eth.,  &  glycols; 

i.w.,  polyal. 
s.  most  org.  solv.;  i.w.,  polyal. .  . 

s.w.,  methanol;  sl.s.  pyridine, 

ethanolamines,  acetic  acid;  i. 

hydrocarbons,  other  org.  solv. 
s.w.,  lower  al.,  ethylene,  glycol, 

cellosolve,   pyridine;  i.   most 

other  solv. 
s.  hydrocarbons,  eth.,  ketones; 

sl.s.  veget.  &  mineral  oils;  i.w. 
s.  hydrocarbons,  eth.,  ketone, 

al.;  sl.s.  veg.-mineral  oils;  i.w. 
s.w.;  i.most  org.  solv 

s.  hydrocarbons,  eth.,  ketones, 
esters;  v.sl.s.w. 

s.veg.  oils,  most  org.  solv. 

disp.w. 
s.w.,  most  org.  solv.;  i.  mineral 

&  veget.  oils 
i.w.;  sl.s.veget.,  animal  oils;  s. 

all  organic  solvents 
s.  ketones,  amines,  eth.,  al.;  sl.s. 

w.,  hydrocarbons,  esters,  oils 
s.  al.,  eth.amines,  ketones.  sl.s. 

hydrocarbons,   esters,    eth.al. 

v.sl.  s.w. 
i.s.w.;  sl.s.  veget.  &  animal  oils; 

s.  org.  solv. 
s.  al.,  amines,   eth.,   ketones; 

sl.s.w.,  hydrocarbons,    veget. 

and  animal  oils,  esters,  poly- 

hydric  al. 
s.  al.   eth.,    ketones,    amines, 

esters;  sl.s.  hydrocarbons,  veg. 

&  animal  oils;  v.  sl.s.  w. 
s.  most  org.solv. ;  dispersible  w. 

v.s.  eth.  g.  per  100  g:  6  CCU,  2 
bz.,  31  al.;  i.w. 
v.s.w.;  sl.s.  al.,  eth.,  bz.ji.CHCls 

520%  by  wt.  in  w 

4323%  by  wt.in  w 

>  2%  veg.  oils 

oo  w.,  al.,  eth.,  26  g.  per  100 

g.  ecu 

si.  s.  eth.,  al.;  i.w.,  CCU,  bz. . . . 


Uses 


w/o  emulsifier;  drugs,  cos- 
metics 

w/o  emulsifier;  drugs,  cos- 
metics 

w/o  emulsifier;  stab,  to  a.  and 
salts;  cosmetics 

humectant ;  plasticizer  cos- 
metics; leather  finishing;  glue 

humectant,  solvent 


Shipping 
container 


oo  al.,  bz.,  CCU,  eth,  monochlor- 
benzene,  pet,  eth.;  i.w. 


plasticizer  for  vinyl  polymers 

&  cellu.  deriv. 
plasticizer  for  cellu.  deriv.  & 

vinyl  polymers 
w.  sol.  resin  binder,  size,  filler 

plasticizer  for  vinyl  polymers, 

synth.  rubber;  various  cellu. 

deriv. 
oil  soluble  emulsifying  agt.  for 

Vitamin  oils 
emulsifier,  wetting  dispersing 

and  solubilizing  agt. 
antioxidant,  color  stab.,  source 

of  mannitol  plasticizer 
plasticizer,  hardener  for  cellu. 

acetate  and  nitrate, 
plasticizer,  hardening  agt.,  alk 

resistant,  resins 


plasticizer,  carrier  for  sorbitol 
and  acetone 

hardener  or  stiff ener,  alk.  re- 
sistant resins 


alkaline  resistant  resins, 
plasticizer 

insecticidal  spreader. . . . 


electroplating . 
chem.  inter..  . 


perfume  fixatives,  solv.  inks, 
dyes,  resins 
light  screen 


drums,  cans 

drums,  cans 

drums,  cans, 
drums,  cans. 

drums,  cans. 

drums,  cans, 
drums,  cans, 
drums,  cans, 
drums,  cans. 

drums,  cans, 
drums,  cans. 


drums,  cans. 


drums. 


cans  (research 
quantities) 
cans 


barrels,  bottles . 


Source  of 
information 


At. 

At. 

At. 
At. 

At. 

At. 
At. 
At. 
At. 

At. 
At. 
At. 
At. 
At. 

At. 
At. 

At. 

At. 

D 

Pa. 

C.  &C. 

C.  &C. 

U.S.I. 

D 

D 

D 
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PHYSICAL  CONSTANTS   OF  INDUSTRIAL 


No. 

Trade  name 

Chemical  name 
or  synonyms 

Formula 

Mol. 
wt. 

83 

4-Bromodiphenol 

p-Bromophenol 

2-Bromo-4-phenyl- 
phenol 
2-Bromopropane 

5-BromosalicyUc  acid . . 

o-Bromotoluene 

p-                       

Butadiene 

4-bromodiphenyl 

233  11 

84 

p-bromophenol 

BrC6H4OH 

C6H6C6H3(OH)Br 

173  02 

85 

3-bromo-4-hydroxy- 
diphenyl 
isopropyl  bromide 

5-bromosalicylic  acid 

o-bromotoluene. 

249  11 

86 

CH3CHBrCH3 

123  00 

87 

BrCcH3COOH(OH) 

217  03 

88 

BrCeEUCHs 

171  04 

89 

p- 

171  04 

90 

1,3-butadiene 

CH2CHCH:CH2 

54  09 

91 

Pure 

Butalyde 

1,3-butadiene 

CH2CHCHCH2 

54  08 

9? 

n-butyraldehyde 

CH3(CH2)2CHO 

72  10 

93 

n-Butane,  Pure 

Butene-1,  Technical. . . 

"      -2,  Technical... 

n-Butanol 

n-butane 

CH3(CH2)>CH3 

58.12 

94 

butene-1 

CH2CHCH.CH3 

56  10 

95 

butene-2 

CH3CH2CH3 

56  10 

96 

n-butyl  alcohol 

CH3CH2CH2C2OH 

74  12 

97 

Butanol 

CH3(CH2)2CH2OH 

74.12 

98 

It 

<i       it        tt 

C4H9OH 

74  12 

99 

sec-Butanol 

"        "        (-2) 

«<                 II 

sec-   "        "       

CH3CH(OH)CH2CH3 

74  12 

100 

it      k         it 

CH3CH(OH)CH2CH3 

74  12 

101 

<«       <<         i< 

C4H9OH 

74  12 

10? 

n-Butyl  acetate 

sec-Butyl  acetate 

u              u              II 

II            II            << 

Butyl  acetyl  ricinoleate 
*er/-Butyl  alcohol 

n-butyl  acetate 

CH3COOC4H9 

116  16 

103 

i<     i<           ti 

CH3COOC4H9 

116  16 

104 

t<      <t          << 

CH3COOC4H9 

116.16 

105 

sec-butyl  acetate 

CH3COOCH(CH3)(C2H6) 

CH3(C2H5)CHCOOCH3 

116.16 

106 

ii       «<          it 

116.16 

107 

ii        ii          it 

CH3COOC4H9 

116.16 

108 
109 

butyl  acetyl  ricinoleate .  . . 
<er£-butanol 

Ci7H32(OCOCH3)(COOC4H9) .... 
CH3C(CH3)(CH3)OH. . . . .' 

396.60 
74.12 

1206 


ORGANIC  COMPOUNDS  (Continued) 


No. 

"83" 

84 
85 
86 
87 
88 
89 
90 
91 
92 

93 
94 
95 
96 
97 

98 

99 

100 

101 
102 

103 
104 
105 

106 
107 
108 

109 


Physical  form  and  color 


wh.  cr 

wh.-pk.  cr 

It.  colored  cr.  sld 

cl.  col.  mobile  liq 

wh.  powd 

pa.-straw  colored  liq. 

wh.  cr.  sld 

inflam.  liquified  gas . . 


w.  wh.  liq. 


flammable  col.  liq.  or  gas. 

oleiin 

olefin 

col.  liq 

w.  wh.  liq 


w.  wh.  liq. 
w.  wh.  liq. 
liq 


w.  wh.  liq. 
col.  liq 


w.  wh.  liq. 
w.  wh.  liq. 
col.  liq 


liq 

w.  wh.  liq. . 
yel.  oily  liq. 


w.  cr.  sld. 


Odor 


mild  aromatic 

phenolic 

fa.  char 

mildly  sweet 

fa.  aromatic 

char,  like  bromobcnzene 
char,  like  bromobenzene 
hydrocarbon. 


Purity 


char,  pung 


n.  res. 

n.  res. 
char. . 
char. . 


mild  n.  res . 
char,  ester . 


pleas,  fruity,  n.  res. 

mild,  n.  res 

fruity 


char 

mild,  n.  res. 
mild 


si.  camphor-like. 


98  by  wt. 

99 

94 


98-100... 

98  by  wt. 
99-100... 


99.... 
88-92. 


88-92 

90-92 

88-92  by  wt. 

85 

85-88 

95 


99  by  wt. 


Sp.  gr. 


1.304 


'J  5 


l.ttg 

1.400| 
0.618- 

4 

0.6222^ 

4 

.803-.  809^ 


0.579-^° 

4 


0.595 
0.608 


15.6 
15  6 
15.6 
15.6 


0.810-.813g 
.810-.  813^ 


810-.813| 
0.8065^? 

4 

0.807-.8107; 


.808-.  812^ 

20 

0.872-0.877 


.872-.880| 

0.874-0.878^ 

0.860-.866^ 


0. 8598-. 8658 
0. 862-.  866^ 
94^ 


0.7791- 


20 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

83 

4-Bromodiphenol 

88.3-90.3.... 
64.0-66.0. ... 
93.6-95.6...  . 

311 

291  2 

84 

p-Bromophenol 

2-Bromo-4-phenylphenol.  .  . 
2-Bromopropane 

237 

>464 

85 

86 

-90... 

58.5-5%;  60.5-95%. 

none 

87 

5-Bromosalicylic  acid 

o-Bromotoluene 

165.2-167.7.. 

88 

-27 

180.4-5%;  181.3- 

95% 

183.3-5%;  184.1- 
95% 

174  2 

89 

p-Bromotoluene 

Butadiene 

Pure 

25.5 

185 

90 

-108.7 

-4.4 

91 

-4.75 

92 
93 

Butalyde 

n-Butane,  Pure 

-99 

-135 

75.7 

-0.6 

71-78 

64.4 
-103 

94 

Butene-1,  Tech 

6.1 

95 

"      -2,  Tech 

1.1-4.4 

% 

?i-Butanol      

-90 

—89  (approx.) 

-89.8 

-114.7  

117.9 

117.7 

117.7 

99.5 

<115->118 

116 

97 

Butanol 

< 115 -none; 
>118-none 

<115-none; 

>118-none 
<95-none; 

> 101-none 
<94- none;  96-5%; 

102-90%;  >109- 

none 
<94-none;  >96-10% 

102-90%;  109 -none 
118-128 

95 

98 
99 

sec-Butanol 

95 

85 

100 

44      44       ,(2) 

72 

101 

44   Butyl  alcohol 

-114.7 

-75 

-76.8 

-76.8 

99.5 

126.3 

126.5 

126.5 

112.4 

75 

102 

n-Butyl  acetate 

100 

103 
104 

it      «i           H 

<110-none;  >145- 

none 
<115-none,  <127- 

70%;  >135  none 
104-none;  108-10% 

110-50%;  116-90%; 

125-none 
104-none;  111-50% 

116-95%;  125-none 
104-none;  111-10% 

114-60%;  130-none 
220-2353"5 

<78-none;  >85-none 
81-88-95% 

82.4 
81 

105 

sec-Butyl  acetate 

64 

106 

sec-Butyl  acetate 

66 

107 

-76.8 

—3?  to— 65.. 

126.5 

66 

108 

Butyl  acetyl  ricinoleate .... 
tert      ,l        "      

230 

109 

25.6 

82.4 

60 

Trade  mark. 
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See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


OEGANIC  COMPOUNDS  (Continued) 


No. 

~83~ 

84 
85 
86 
87 
88 
89 
90 
91 
92 

93 

94 
95 
96 
97 

98 

99 

100 

101 

102 

103 
104 
105 

106 
107 
108 

109 


Solubility, 
grams  per  100  ml 


g.  per  100  g:  50  acet.,  100  bz., 
50  CCli,  34  eth,  3  meth.al;  i.w. 

v.s.  meth.  al.,  eth:  g.  per  100  g.: 
88  acet.,  40  bz.,  3  CCU,  1  w. 

v.s.eth.,  acet.  g.  per  100  g.:  125 
al.,  32  bz.,  8  CCU:  i.w. 

»  al.,  acet.,  CCU,  bz.,  eth;  si. 

g.  per  100  g.:  85  al.,  70  eth.,  1 
bz.,  .380  w.;  l  CCU,  i.  w» 

*  metm  al.,  eth.,  CCU,  bz., 
acet.;  i.w. 

oo  meth.al.,  eth.,  CCU,  bz., 
acet.;  i.w. 


6.24"  w. 


7.720%  by  wt.  in  w 

misc.  all  org.  solv.;  7.2092b  w 


2025w 


24.420%  by  wt,  in  w.;  w.  in 
comp.  56.020%  by  wt. 
1925w 


342*w 

si.  s.  w<;.°P  com.  org. 


misc.  all  com.  org.  solv.  .43625 

1.225  W...  . 


misc.  caster,  linseed  oil,  hydro- 
carbons 

.742% 


misc.  most  org.  solv.;  i.w. . 
misc.  w.,  org.  solv 


Uses 


mfg.  synth.  rubber. 


copolymeriztions  to  form 

synth.  rubbers 
mfg.    butyric    acid,  flavoring 

extracts,  medicines,  perfumes, 

synth.  resins 
hydrocarbon  research;  refrig., 

solv. 
polymerization 


resin  mfg. ;  copolymerization . 
dehydrating  agt;  solv 


blending  agent;  solv.  resins, 

waxes,  gums,  oils,  alkaloids; 

detergent;  syn.  base  mat. 
mfg.  nitro.  solv.  gen.  org.  mfg. 

of  derivatives 
lacq.  thinners,  solv.,  mfg.  org. 

chem. 
gen.  solv 


mfg.  chem.  deriv.,  lacq. 

thinners 
medium  boil.  solv.  nitro.  cellu. ; 

lacq.,  art.  leather,  plastics, 

photo,  films 
solv.  nitro.,  lacq.  etc.;  perfume 

and  flavor  base 
nitro.  solv.;  textile  sizing 


Shipping 
container 


cylinders, 
tank  cars 


tank  cars, 
drums,  cans 


cylinders, 
cylinders . 
cylinders. 


solv.,  lacq. 


lacq.,  solv 


nitro.  solv.,  lacq.  thinners; 

lacq,  text,  sizing 
plasticizing  agt;  emulsifying, 

lubricating  detergent  agent 

extr.  solv.  drugs;  blend,  agt., 
insecticides,  fumigant,  dena- 
turant.  synth.  resins,  mfg. 
perfumes,  disinfections 


tank  cars,  comp. 

tank  cars, 

drums 
tank  cars, 

drums 
tank  cars 

tank  cars, 
drums,  cans 

tank  cars, 
drums,  cans 

cans,  drums, 
tank  cars 

tank  cars, 

drums 
tanks,  drums, 

cans 
tank  cars, 

drums,  cans 

tank  cars, 
drums,  cans 

tank  cars, 
drums,  cans 

tank  cars;  comp. 
tank  cars,  steel 
drums,  cans 

tank  cars, 
drums,  tins 


Source  of 
information 


S.C. 
P.P. 

c.s. 

p.p. 
p.p. 
p.p. 
c.  &  c. 
c.s. 

U.S.I. 
S.C. 

St. 

U.S.I. 
C.  &  C. 

C.S. 

U.S.I. 

S.C. 

St. 
U.S.I. 

c.s. 

S.C. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 


Trade  name 


n-Butyl  amine 

sec-Butyl  carbinol 

Butyl4 'Carbitol  "*.... 

"      acetate 

4-ter<-Butyl  catechol. . 

Butyl  "Cellosolve"*.  . 

n-Butyl  chloride 

4-ferf-Butyl-2- 
chlorophenol 
p-tert -Butyl-o-cresol .  . . 

Butyl  ether 

"     lactate 

Butyl  oxalate 

11     phthalate 

/3-n-Buty  1  oxy  ethyl 

salicylate 
4-*er<-Butyl-2- 

phenylphenol 
Butyl  propionate .... 

Butyl  stearate 

1,3-Butylene  glycol... 

n-Butyr  aldehyde 

n-Butyric  acid 

Butyric  anhydride . . . 

Calcium  benzene-meta 
disulfonate 
n-Caproic  acid 

"Carbitol"* 

"Carbitol"*  acetate.. 

Catechol 

"Cellosolve"* 

"  Cellosolve  "  *  acetate 


Chemical  name 
or  synonyms 


Formula 


n-butyl  amine 

pn-active  amyl  alcohol 
(1-butanoi  2-methyl) 

diethylene  glycol  mono- 
butyl  ether 

diethylene  glycol  mono- 
butyl  ether  acetate 

4-tert-baty  1- 1 ,  2-dihy  droxy- 
benzene 

ethylene  glycol  monobutyl 
ether 

n-butyl  chloride 

4-£er«-butyl-2- 

cblorophenol 
4-<ert-butyl-2-methyl 

phenol 
butyl  ether 

«<        t< 

"      lactate 

dibutyl  oxalate 

"       phthalate 

/3-n-butyloxyethyl 

salicylate 
5-*er<-butyl-2- 

hydroxydiphenyl 
butyl  propionate 

butyl  stearate 

1,3-butylene  glycol 

n-butyric  aldehyde 

n-butyric  acid 

butyric  anhydride 

calcium  benzene-meta- 
disulfonate 
n-caproic  acid 

diethylene  glycol  mono- 
ethyl  ether 

diethylene  glycol  mono- 
ethyl  ether  acetate 

pyrocatechol 

ethylene  glycol  monoethyl 

ether 
ethylene  glycol  monoethyl 

ether  acetate 


CH3CH2CH2CH2NH2 

CH3CH2CH(CH3)CH2OH 

C4H9OCH2CH2OCH2CH2OH. . . . 

CH3CO(OC2H4)2OC4H9 

(OH)2C6H3C(CH3)3 

C4H9OCH2CH2OH 

CHaCHiCILCIfcCl 

C1C6H3(0H)C(CH3)3 

(OH)C6H3CH3C(CH3)3 

C4H9OC4H9 

C4H9OC4H9 

CH3CHOHCOOC4H9 

(COOC4H9)2 

C6H4(C02C4H9)2 

OHC6H4COOCH2CH2OC4H9. . . . 

C6H5C6H3OHC(CH3)3 

CH3CH2COOC4H9 

CnH35COOC4H9 

CH3CH(OH)CH2CH2OH 

CH3CH2CH2CHO 

CH3CH2CH2COOH 

(CH3CH2CH2CO)20 

C6H4(S03)2Ca 

CH3(CH2)4COOH 

C2H5OCH2CH2OCH2CH2OH. . . . 

CH3COOCH2CH2OCH2CH2- 
OC2H5 
C6H4(OH)2 

C2H6OCH2CH20H 

CHaCOOCIfcCaO&H* 


*  Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


Physical  form  and  color 


liq 

w.  white. 


col.  liq 

liq 

tan  cr.  sld 

w.  wh.  liq 

liq 

It.  straw-colored  liq. 
straw-colored  liq. .  . 

col.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 


col.  refractive  liq 

wh.  cr.  sld.  or  vise.  liq. 

w.  wh.  liq 

It.  straw 

col.  liq 

col.  liq 

col.  liq 

col.  liq 

It.  gray  powd 

col.  liq 

col.  si.  hyg.  liq 

col.  liq 

wh.  cr 

w.  wh.  liq 

w.  wh.  liq 


Odor 


char,  ammoniacal. 


almost  none, 
almost  none . 

phenolic 

mild 


char 

char 

ethereal 

mild,  ethereal. 

mild  n.  res 

mild 

none 


mild,  pleas 

fa.  char 

mild,  n.  res 

faint 

odorless 

char.  pung.  aldehyde . . 

strong,  char 

pungent 

none 

char 

mild,  pleas 

pleas,  ester-like 

phenolic 

mild,  agreeable,  n.  res . 
pleas,  ester-like 


Purity 


96 

95-100. 


w 


99.95.. 

95 

99 

99-100. 


90-92 
98.5. 


96.... 
99-100. 
95-100. 


98-100. 


95. 
100. 
99. 
95.. 


Sp.  gr. 


0.740^ 

20 

0.81-0.82^ 

20 


0.954-0.960^ 


20 

20 
60 
25 

0.9019^ 

0 
20 
25 
25 

0.7696 


0.9810 
1.049 


0.8854 
1.112 


.769-.  771^ 

20 

.974-.  984^ 

20 

.989-.  993^ 
1.047-1.051: 


1.077 
1.022 


•  868-.872| 

•  855-.  862^ 
1.0059 

0.803-.808|J 
0. 957-. 96lfjj 
0.968lfJ 


0.9295 


20 


1.024-1.030^ 


1.0114 


1.371 

0.928-0.933 

0.971-.976 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  l 

CONSTANTS  OF  INDUSTRIAL 

No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

110 

n-B  uty  1  amine 

78 

73-92 

<40 

111 

s^c-Butyl  carbinol 

<-70 

-73.9 

-32.2 

55.4-56.7... 

<-100 

-123.1 

<-20 

128 

125.-131-95% 

220-none;  224-5% 
232-95% 
235-250 

122 

112 
113 

Butyl  "  Carbitol"* 

acetate. . . 

i-tert -Butyl  catechol 

Butyl  "Cellosolve"* 

n-Butyl  chloride .           .... 

230.7 

264.4 

285 

240 
240 

114 

266 

115 

116 

171.2 

78.0 

<  163 ->  174  none...  . 
71-86  

165 
<40 

117 

4-ter/-Butyl-2-chlorophenol . 

p-ferf-Batyl-o-cresol 

Butyl  ether 

234-5%;  251-95%... 
136.8-5%;  138-95%. 
137-143 

224.6 

118 

27 

244.4 

119 

-94.1 

-96 

142.4 

140.9 

100 

120 

<137-none; 

>143-none 
149-none;  155-195- 

90%;  187-189-60% 
<240.5%; 

248-90;  >255-none 
236-24460mm 

186-5%;  192.8-95%. 

196-5%;  198.5-95% 

<120-none;  <140- 
50%;  <150-85% 
220-22525 

87 

121 

"     lactate 

"    oxalate 

"     phthalate 

-43 

159.8 

122 
123 

-29.6 

245.5 

236-2445°™'». 

265 
352 

124 

0-n-B  atyloxyethyl  salicylate 
4-terJ-Butyl-2-phenylphenol 
Butyl  propionate 

<-20 

314.6 

125 
126 

50 

-89.5 

19  . 

146.8 

320 

109 

127 

Butyl  stearate 

1,3-Butylene  glycol      .... 

370 

128 

206.5 

250 

129 

n-Butylraldehyde 

n-Butyric  acid 

Butyric  anhydride 

Calcium  benzene-rnefo-di-  . . 

-99 

-6.3 

-65.7 

75.7 

<70-none; 

<  80-95% 
<158-none; 

>165-none 
<190-none; 

>200-none 

20 

130 
131 
132 

163.7 

199.5 

170 
190 

133 

sulfonate 
n-Caproic  acid 

"Carbitol"' 

-5.4 

<-76 

-25 

203.1 

201.9 

217.7 

130-1372-3... 

135.1 

156.3 

195-212 

215 

134 

185-205 

210 

135 

"Carbitol"*  acetate 

Catechol 

208-223 

230 

136 

130-1372"3 

137 

"Cellosolve"* 

<-70 

132-137 

130 

1R8 

" Cellosolve v'*  acetate 

145-165 

140 

*  Trade  mark. 
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tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued 


No. 

110 
111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 


Solubility, 
grams  per  100  ml 


s.  meth.  al.,  ethyl  eth.,  acet., 
bz.,  gasoline,  ethyl  acetate;  si. 


misc.  most  org.  liq.;  6.520%  by 

wt.  in  w. 
v.s.  meth.  al.,  eth.,  CCU,  bz., 

acet.;  i.w. 

oo    W 


Uses 


chem.  inter 
org.  syn 


solv.  nitro.  A  resins. 


formation  of  nitro.  &  synth. 
resin  coatings 


Shipping 
container 


drums 

cars,  drums. 

cans,  drums, 
cans,  drums. 


i.w, 


oo   meth.  al.,  eth.,  CCLi,  bz., 

acet.;  i.w. 
oo   meth.  al.,  eth.,  CCU,  bz., 

acet.;  i.w. 
0.0520%  by  wt.  in  w 


solv.  lacqM  nitro.,  resins 
chem.  inter 


s.  most  com.  org.  solv.;  i.,  imm. 

w. 
misc.  org.  solv.;3.3325w 

1.625w 

0.1525w 

oo  eth.,  CCU,  bz.,  al.,  acet.;  i.w. 


v.s.  meth.  al.,  eth.,  CCU,  bz. 
acet.  i.w. 
1.2«w 


misc.  org.  liq.;  17125w 

oo  w 

7.1M%  by  wt.  in  w 

oo  w 

d.w 

s.w 

1.1020%  by  wt.  in  w 

oo   w 

oo  w.;  misc.  most  org.  solv. . . 
s.  w.,  al.,  eth.  amyl  al.,  acet.  . 
oo  w 


2320%  by  wt.  in  w. 


extr.  agt.  inert  reaction 

medium 
solv.  gums,  oils,  org.  a.;  extr. 

ppnt.  grignard  solv. 
solv.   nitro.,   oils,   dyes,   nat. 

gums,  synth.  resins 
org.  syn 


nitro.  plasticizer,  paper  coat- 
ings, linoleum,  shatter-proof 
glass,  airplane  dope 


cellu.  nitrate  solv 


plasticizer,    lubricant,    polish 

cosmetic  base 
mfg.  plasticizer,  resins,  etc — 

prep,    rubber    accel.,    synth. 
resins,  org.  syn. 
drugs,  deliming  hides,  lacq . .  . 


esterfying  agt .  .  . 
dyestuff  inter. . . 
formation  esters . 


solv.   nitro.;   non-shatterable 

glass 
resin  finishes;  printing  ink  — 

antioxidant,  photo,  developer, 
dye  inter, 
lacq.,  nitrocellu.  solv 


cans,  drums 
cans 


drams 

drums,  cans.  . 

tanks,  comp. 

cars,  drums 
tank  cars, 

drums 
tank  cars, 

drums,  cans 


solv.  for  nitro.  &  resins , 


tank  cars, 
drums,  cans 
drums,  cans.  . 


cans 

cans,  drums.  .  . 

drums 

cans,  drums.  .  . 

drums 

cans,  drums.  .  . 
cans,  drums.  .  . 
cans,  drums. .  . 
drums,  barrels 


cans,  drums, 
cars 
cars,  drums . 


Source  of 
information 


C.  &C. 

Sh. 

c.  &c. 
c.&c. 

D 

C  &C. 

c.  &  c. 

D 
D 

c.  &  c. 

C.S. 

c.s. 

U.S.I. 
U.S.I. 

D 
D 

U.S.I. 

as. 
c.&c. 
c.&c. 
c.  &  a 
c.&c. 

Pa. 

c.&c. 
c.&c. 
c.&c. 

Pa. 

c.&c. 
c.&c. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 


139 
140 
141 
142 
143 

144 
145 

146 
147 
14S 

149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 


Trade  name 


o-Chloracetoacetanilide 

Chloracetyl  chloride. . . 

Chloramine-B 

5-Chloroanthranilic 
acid 
4-Chlorobenzophenone 

0-Chloroethyl  acetate. . 

2-Chloroethyl-2-xenyl 
ether 

/3-Chlorophenetole .... 

o-Chlorophenoxyacetic 

acid 
2-Chloro-4-phenyl- 

phenol 

x-Chloro-(phenyl  xenyl 
ether) 
Chloropicrin 

a-Chloropropionic  acid 

1-Chloropropylene 

ortho-OAor  phenol 

Coumarin-3-carboxylic 
acid 
Crotonaldehyde 

Crotonaldehyde 

Crotonic  acid 

Crotonyl  alcohol 

Crystalline  sorbitan . . . 

Cumene 

p-Cumyl  phenol 

Cyanoacetic  ester 

Cyclohexane 

Cyclohexene 

Cyclohexyl  glycolate. . 
Cyclohexyl  levulinate. . 
Cyclohexyl  stearate . . 


Chemical  name 
or  synonyms 


o-chloracetoacetanilide . 
chloracetyl  chloride .  . . 


sodium    AT-chlorobenzene- 

sulfonamide 
2-amino-5-chlorobenzoic 

acid 
4-chlorobenzophenone .  .  .  . 


/3-chloroethyl  acetate 


2-(/3-chloroethoxy)di- 
phenyi 

/3-phenoxyethyl  chloride . 

o-chlorophenoxyacetic 

acid 
3-chloro-4-hydroxydi- 

phenyl 

x-chloro(phenyl  diphenyl 
ether) 
chloropicrin 


a-chloropropionic  acid . 

1-chloro-l-propene 

or^o-chlorophenol 

coumarin-3-carboxylic 
acid 
crotonaldehyde 


crotonaldehyde 

crotonic  acid 

crotonyl  alcohol 

monoanhydrosorbitol . 


isopropylbenzene . 


a,  a-dimethyl-p-benzyl- 
phenol 
ethyl  cyanoacetate 


hexahydrobenzene 

cyclohexene 

cycloyhexyl  glycolate. 
cyclohexyl  levulinate . 
cyclohexyl  stearate. . . 


Formula 


CH3COCH2CONHC6H4CI 

C1CH2C0C1 

CeH5S02Na:NCl.UH20 

C1C6H2NH3C00H 

CcHsCOCeH^l 

CH3COOCH2CH2Cl 

C6H5C6H40CH2CH2C1 

CcH50CH2CH2Cl 

C1C6H40CH2C00H 

CcH6C6H3C10H 

CisHuOCl 

CC13N02 

CH3CHClCOOH 

CH3CHCHC1 

C6H4OHCI 

C6H4(CHCCOOH)(OCO) 

CH3CH:CHCHO 

CH3CHCHCHO 

CH3CH:CHCOOH 

CH3CH:CHCH2OH 

C6HsO(OH)4 

C6H5CH(CH3)2 

Cf,H5C(CH3)2C6H4(OH) 

CH2CNCOOC2H6 

(CH2)6 

(CH2)4(CH)2 

(CH2)6CHOOC.CH2OH 

(CH2)6CHOOCCH2CH2COCH3 
(CH^CHOOCCitHk 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


139 
140 
141 
142 
143 

144 
145 

146 
147 

148 

149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 


Physical  form  and  color 


wh.  cr.  sld 

col.  Uq 

col.  flat  cr 

grayish-wh.  gran, 
col.  cr.  sld 


col.  liq 

fine  wh.  cr 

col.  liq 

wh.  cr.  sld . 
wh.  cr . . . . 


pa.  straw-colored  vise . 

liq 

col.  liq 

col.  volatile  liq 

wh.  liq 

It.  tan  cr.  powd 

straw  colored,  flam,  liq 
w.  wh.-yel.  liq.  inflam. . 
straw-colored  liq 

liq 

col.  cr 


cl.  col.  mobile  liq 

wh.-lt.  tan.  cr.  sld. . . . 

col.  liq 

col.  liq 

col.  liq 

yel.  liq 

amber  liq 

cream-colored  soft  sld . 


Odor 


odorless 

sharp,  pung 

essentially  odorless. 

fa.  char 

fa.  pleas 


fruity . 


plea,  aromatic, 
almost  none . . . 
char 


none   

pen.  tear  gas    . 

char 

char 

strong  phenolic . 


Purity 

% 


char.  pung.  irritating, 
char,  lacrymatory . . . . 


none;  sweet  with  bitter 
aftertaste 


pleas,  char 

fa.  phenolic 

sweetish  ester-like. 

char,  aromatic 

char 

spicy 

spicy 

spicy 


99.5 


ca  97.. 


90.... 

97-99. 


v.  high. 


Sp.  gr. 


1.498 


1.152 
1 .  142 

1.147 


1.182|| 
1.65122 

l,Mg 

0.935^ 

1.2501* 


0.866-0.876 


0.852- 
0.966 
0.873 


20 


861^ 


1.069|| 

0.777g 
0.808g 
1.030" 
1.023| 
0.92525 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

139 
140 
141 
142 
143 

144 
145 

146 
147 
148 

149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 


Trade  name 


o-Chloracetoaeetanilide  ...... 

Chloracetyl  chloride 

Chloramine-B 

5-Chloroaiithranilic  acid .  .  . 
4-Chlorobenzophenone 

0-Chloroethyl  acetate .... 
2-Chloroethyl-2-xenyl  ether 

0-Chlorophenetole 

o-Chlorophenoxyacetic  acid 
2-Chloro-4-phenylphenol. .  . 

x-Chloro-(phenylxenylether) 

Chloropicrin 

a-Chloropropionic  acid .... 

1-Chloropropylene 

or^o-Chlor  phenol 

Coumarin-3-carboxylic  acid 

Crotonaldehyde 

Crotonaldehyde 

Crotonic  acid 

Crotonyl  alcohol 

Crystalline  sorbitan 


Cumene 

p-Cumyl  phenol 

Cyanoacetic  ester .... 

Cyclohexane 

Cyclohexene 

Cyclohexyl  glycolate . 
Cyclohexyl  levulinate . 
Cyclohexyl  stearate . . 


Melting  Boiling 

point,  °C  point.  °C 


io; 


d,  ca  170.... 
179.4-185.4. 
64.5-72.1... 


<-20 

53.8-56.7... 

24.5 

146.0-148.5. 

78-80 


-10.. 
-64.. 
<-20. 
<-20. 


189.4-190.4. 

-75 

-69 

72 


110-111 

<-70. 
18710.. 
<-20. 
>0.„. 
<-20. 


28-29. 


Distillation 
range,  fC 


105. 


331 


323 


323. 


>180"'. 


112.21,  some 
d 


172-173. 


102.3 
102.4 
185... 
117... 


Flash 
point,  °F 


none 
none 


144.7-5%; 

95% 


146.5- 


152.6-5%;  155.2- 

95% 


110.5-113.5,96%.. 

183.6-5%;  189.5- 
95*7 
30.3-5%;  32.0-95% 

172-173 


<82-none;<  108-90% 
99-104 


152-5%;  153-95% 


205.3-5%;  209.1- 
95% 
80.3-81.1 


83.1-84.2. 


150.3 
320 

224.6 


345.2 

314.6 

none 

215.6 

<21.2 


55 

80.5 


96.8 

320 

219.2 

32 

21.2 
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tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


No. 

139 
140 
141 
142 
143 

144 
145 

146 
147 
148 

149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 

160 
161 
162 
163 
164 
165 
166 
167 


Solubility, 
grams  per  100  ml 


252°w.;  d.  eth.  al.,  acet.;  i.bz.. . 

g.  per  100  g:  10  al.;  i.w.,  bz., 

CCU,  eth. 
g.  per  100  g.:  3  meth.  al.;  57 

eth.;  54  CCU;  95  bz.,  94  acet.; 

i.w. 
oo  meth.  al.,  eth.,  CCU,  bz., 

acet.,  g.  per  100  g.:  3  w. 
g.  per  100  g:  12  meth.  al.;  29 

CCU,  51  isopropyl  eth.,  v.s. 

bz.,  acet.,  v.sl.s.  w. 
oo    meth.al.,    isopropyl    eth., 

CCU,  bz.,  acet.  v.sl.s.  w. 
g.per  100  g.:  5  w.,  9  eth.,  21  al.; 

i.bz.,  CCU. 
g.  per  100  g.:  .03  w.,  100  meth. 

al.,  100  eth.,  100  acet.,  50  bz., 

25  CCU 
g.  per  100  g.:  meth.  al.;  eth., 

CCU,  bz.,  acet.;  i.w. 
0.1622&w 


oo   w.,  acet.,  bz.,  CCU,  eth., 

meth.al. . 
oo     acet.,     bz.,     CCU,     eth., 

meth.al. 
s.  al.,  eth 

g.  per  100  g.:  0.9  al.,  0.7  bz.; 
i.w. 
15.320%  by  wt.  in  w 


oo  al.  eth.  benzol,  toluol,  kero- 
sene, gasoline;  18.05  w. 
8.32(>%  by  wt.  in  w 


1520%  by  wt.  in  w. 


s.  w.,  pyridene,  acet.a.,  al.;  sl.s. 

dioxan,  acet.,  meth.et.ketone; 

i.  most  other  org.  solv. 
oo  eth.,  CCU,  bz.,  al.;  i.  w 


v.s.  acet.;  g.  per  100  g.:  123  bz., 

36  CCU;  i.w. 
2  g.  per  100  g.  w.;  eth.,  CCU, 

bz.  al.,  acet. 
oo  acet.,  bz.,  CCU;  i.w 


v.s.  acet.;  bz.,  meth.  al.,  CCU; 

v.sl.  s.w. 
sl.s.  w.;  s.  al.,  acet.,  toluene, 

naphtha,  ethyl  acetate 
s.    al.,    acet.,    ethyl    acetate, 

toluene,  naphtha;  i.w. 
s.h.  al.,  acet.,  toluene,  naphtha; 

i.w. 


Uses 


printing  inks,  coloring. . 

chem.  inter 

germicide,  oxidizing  agt. 


fumigant,  tear  gas . 


make  catechol. 


tear  gases,  chem.  syn.,  warn- 
ing agt. 

dyestuffs,  rubber  accel.,  tear 
gas,  purif.  lubr.  oils 

chem.  inter 


inter,  syn.  drugs,  esters. 
org.  syn 


plsticizer  for  proteins. 

plasticizer;  solv 

plasticizer 


Shipping 
container 


cans,  drums. 


barrels,  fiber 
containers 


steel  cylinders 


drums . 


cans,  drums, 
drums 


research 

quantities 
research 

quantities 


Source  of 
information 


C.&C. 

C.&C. 

S.P. 

D 

D 

D 
D 

D 
D 
D 

D 

An. 
D 
D 

Pa. 
D. 

C.&C. 

N. 

C.&C. 

C.&C. 

At. 

D 
D 
D 
D 
D 
G 
G 
G 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

168 
169 
170 
171 
172 

173 
174 
175 

176 
177 
178 
179 
180 
181 
182 

183 

184 
185 

186 

187 
188 

189 
190 

191 

192 
193 
194 


Trade  name 


o-Cyclohexylphenol.. . 
p-Cyclohexylphenol .  . 
Decylene  glycol 


Diacetone  alcohol  (ace- 
tone free) 

Diacetone-(acetone 
free) 

Diacetone  alcohol  (ace- 
tone free) 
Diacetone,  tech 

alcohol, 
tech 

glucose 

Diallyl  ether 


4-4'-Diaminobenzo- 

phenone 
4-4*Diamino   diphenyl 

ether 
1,3-Diamino- 

lsopropanol 
Diamyl  phthalate 


Di  (/S-ethyloxy)  aniline 


Dibenzothioxin 


Dibenzyl 

Dibenzyl  disulfide 

4,4'Dibromodiphenyl . 
Di(n)butyl  amine 
Di-n-butylamine 


Dibutyl  phthalate 


tartrate . 


2,5-Dichloraceto- 
acetanilide 
Dichlorethyl  ether 

Dichlorisopropyl  ether 


Chemical  name 
or  synonyms 


o-cyclohexylphenol . 
p-cyclohexy  Iphenol . 


4-hydroxy-4-methyl- 
pentanone-2 
diacetone 


4-hydroxy-4-methyl-pent- 

anone-2 
diacetone 


4-hydroxy-4-methyl- 
pentanone-2 

diacetone  glucose 

diallyl  ether 

4-4'-diaminobenzophenon  e 

4,4'-diamino  diphenyl 
ether 
l,3-diamino-2-propanol .  .  . 


amyl  phthalate 

N-phenyldiethanolamine . 

phenothioxin 


dibenzyl 

dibenzyl  disulfide .  . . . 
4,4'  dibromodiphenyl. 

di(n)  butyl  amine 

dibutylamine 


dibutyl  phthalate . 


tartrate 


2,5-dichloracetoacetanilide 
2-2'-dichlorethyl  ether. . 
dichlorisopropyl  ether . . 
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Formula 


(HO)C6H4(C6Hn) 
(HO)CgH4(C6Hu) 


CH3CH(OH)C(C2H6)- 
(C4H9)CH2OH 
(CH3)>COHCH2COCHa. 

CH3COCH2C(CH3)2OH. 


(CH3)2COHCH2COCH, 

CH3COCH2C(CH3)2OH 

CH3COCH2C(OH)(CHj)CH3. 


C^H-ioOe 

CH2CHCH2OCH2CHCH2. 

(NH2C6H4)2CO 

NH2C6H4OC6H4NH2 

NH2CH2CHOHCH2NH2.. 

CeH4(C02C6Hii)2 

C6H&N(CH2CH2OH)2.... 


C6H4SOC6H4 


CeH&CH2CH2C6H5 

C6EUCH2SSCH2C6H6 . . . 

BrCsHUCel^Br 

(CH3CH2CH2CH2)2NH. 
(C4H»)2NH 


C6H4(C02C4H9)2.. 
C6H4(COOC4H9)2. 


(C02C4H9)2(CHOH)j 


CHaCOCHzCONHCeHjCk. 
C1CH2CH20CH2CH2CL... 


CH3CH(CH2C1)0CH(CH2C1)- 
CH3 


ORGANIC  COMPOUNDS  (Continued) 


No. 

168 
169 
170 
171 
172 

173 
174 
175 

176 
177 
178 
179 
180 
181 
182 

183 

184 

185 

186 
187 
188 

189 
190 

191 

192 
193 
194 


Physical  form  and  color 


grayish-wh  sld 

grayish-wh.  fine  cr. 

Hq 

col.  liq 

w.  wh.  liq 


w.  wh 

w.  wh.  liq. 
w.  wh.  liq. 


cr.  sld 

col.  liq 

It.  tan  gran 

tan  powd 

wh.-pa.  yel.  hyg.  cr.  sld. 

w.  wh.  liq 

It.  tan  sld 


wh.  cr 
sld.... 


pk.  cr.  sld . 
wh.  cr. . . . 

Hq 

w.  wh .  . . . 


stable,  col.  liq . 
w.  wh 


It.  straw 


wh.  cr.  sld , 

col.  liq 

col.  liq 


Odor 


phenolic .  .  . 
fa.  phenolic 


pleas . 
mild. 


faint 
mild. 
faint . 


Purity 


85-87  by  wt. 
85-87  by  wt. 


pung 

none 

faint 

amine-likc .  .  . 
almost  none . . 
fa.  amine-like. 


fa.  pU 


pung 

fa.  aromatic 

char.,  ammoniacal. 
ammoniacal 


fa.  v.  si.  aromatic, 
none 


mild,  pleas. 


chloroform-like . 
chloroform-like 


95 


99-100. 


98.... 
99-100. 

98.... 


99 


Sp.gr. 


l.OHg 


0.946| 

0. 937-. 942 
0.937-943^ 


•937-.946| 
.915-. 920^ 


9382^ 

4 


805^ 

4 


1.085= 

1.022-1. 026^ 

i.ing 


122655 


0.7680| 


1.047-1.049 
1.047-1.049 

1.087-1.093 


20 


1.219-1.224^ 
1.1122 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

168 
169 
170 
171 
172 

173 
174 
175 

176 
177 

178 
179 
180 
181 
182 

183 

184 
185 

186 

187 
188 

189 
190 

191 

192 
193 

194 


Trade  name 


o-Cyclohexylphenol 

p-Cyclohexylphenol .  .  . 

Decylene  glycol 

Diacetone  alcohol 

Diacetone-acetone  free . 


Diacetone  alcohol 

"         tech 

alcohol,  tech .  . .  . 

"         glucose 

Diallyl  ether 

4-4'-Diaminobenzophenone 

4,4'-Diamino  diphenyl 
ether 
1,3-Diaminoisopropanol 

Diamyl  phthalate 

Di(/3-ethyloxy)aniline 


Dibenzothioxin , 


Dibenzyl 

Dibenzyl  disulfide 

4,4'-Dibromodiphenyl . 
Di(n) butyl  amine. . . . 
Di-n-butylamine 


Dibutyl  phthalate . 


tartrate 21 


Melting 
point,  °C 


47.3-55.5... 
129.2-131.4. 


•42.8. 
-44... 


•44 

•63(approx). 
-44 


110-11 


239.0-244. 
178-185... 
39.4 


55. 


54.6-57.1... 

52 

58.9-65.4... 
166.8-167.7. 


<-50. 


—35  (approx) 
<-10 


2,5-Dichloracetoacetanilide . 

Dichlorethyl  ether 

Dichlorisopropyl  ether 


Boiling 
point,  °C 


148io... 

166 

1303 

167.9... 
164-166. 


166. 


166. 


95 


130K> 

247-25550. 
200io 


92-96.. 
-51.9. 
-79.6. 


1801". 


159 
161 


339.2 


20426. 


178.5. 
187.3. 


Distillation 
range,  °C 


<  135 -none;  >  — 
none 
130-180;  150-170 

85% 

130-180 


170- 


60-180. 


<60-none;  <100- 
none;<  150-25%; 
> 175 -none 


247-255^0. 


150-180. 
153-172. 


227-23537 


197-204. 


<170-none;    >180- 
none 
180-190 
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3RGANIC  COMPOUNDS  (Continued) 


Solubility, 
grams  per  100  ml 


v.s.acet.,  bzM  eth.;  75  g.  per  100 

g.:  CCU,  v.  si.  s.  w. 
v.  si.  s.  w.;  g.  per  100  g.:  70 

acet.;  4  bz.,  2  CCU;  v.sl.s.w. 
si.  s.  w 


Uses 


them,  inter. 


°o  w.. . . 
misc.  w. 


misc.  w 

misc.  dist.  w. 


s.  w.,  acet.,  ethanol,  meth.al. 
0.3w 


i.  w.,  bz.,  CCU,  eth.,  meth.  al., 

acet. 
15  g.  per  100  g.  acet.;  i.w.,  al., 

CCU,  eth.,  bz. 
s.  w.  al.,  acet.;  i.  bz.  CCU,  eth. 

0.0525w 


g.  per  100  g.:  5  w.,  1  CCU,  23 

bz.,  29  eth.;  v.s.  acet.,  meth. 

al. 
g.  per  100  g.:  7  meth.  al.;  165 

eth.,  100  CCU,  165  bz.,  200 

acet.;  i.w. 


s.  bz.,  CCU,  v.sl.s.  al.;  i.w. 


g.  per  100  g.:  3  meth.  al. ;  2  eth. 
4  CCU,;  8bz.;3  acet.;  i.w. 

oo   W 


oo  most  org.  solv.;  i.w. . . . 

<0.022°%  by  wt.  in  w...  . 
.041825w.;  misc.  all  org.  liq 


misc.  meth.,  et.  &  buty  al. 
butyl,  et.  acetates,  eth.,  acet. 
benzol.,  naphtha 


1.0720%  by  wt.  in  w, 
0.17*°%  by  wt.  inw. 


Shipping 
container 


solv.  nitro.,  cellu.  acetate, 
oils,  resins,  waxes 

thinner,  preservative,  anti- 
freeze 

solv.  nitro.,  cellu.  acetate, 
resins,  gums,  lacq.,  thinners 

thinner,  preservative,  anti- 
freeze 

high  boil,  solv.  hydraulic  brake 
fluid,  photo,  film 


nitro.  solv.  mfg.  lacq.,  plastics 


mfg.  rubber  accel.,  dystuffs..  . 

rubber   vulcanization   accel.; 

flotation  reagents;  dyestuffs, 

corrosion  inhibitors 
solv.  for  resins,  plasticizer. . .  . 

solv.  dyes,  oils,  resins,  nitro., 
lubricant,  perfume  fixative, 
antifoaming  agt.,  plasticizer 

plasticizer  cellu.  acetates;  syn. 
resins,  lubricant,  mfg.  rubber 
goods 

printing  ink,  coloring 


h.  boiling  solv.,  wetting  agt.. . 
solv.  ,extr.  fats,  waxes,  greases 


research 

quantities 
cans,  drums, 

tins 
tank  cars,  comp 

tank  cars, 

drums,  cans 
tank  cars, 

drums,  tins 
tank  cars, 

drums,  cans 
tank  cars, 

drums 


tank  cars, 
drums,  cans 


research  quanti- 
ties 


drums 

cans,  drums. . 

cans,  drums . . 

tanks,  drums 
comp.  cars 

drums,  cans.  . 

cans,  drums .  . 
cans,  drums .  . 
drums 


Source  of 
information 


D 
D 

C.&C. 
C.&C. 
C.S. 

S.C. 
C.S. 
S.C. 

C.P. 

S.D. 

D 

D 

D 

U.S.I. 

D 

D 

C.&C. 

D 

D 

C.&C. 
Sh. 

C.&C. 
C.S. 

C.S. 

C.&C. 
C.&C. 
C.&C. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

195" 

196 

197 
198 

199 
200 
201 
202 

203 
204 

205 
206 
207 
208 
209 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 

222 


Trade  name 


3,4-Dichloroaniline 

or^o-Dichlorobenzene . 

para-Dichlorobenzene. . 

2,4-Dichlorobenzo- 
phenone 

4,4'-Dichlorobenzo- 
phenone 
1,1-Dichloroethane 

2,4-Dichlorophenol 

x-Dichloro- (phenyl 
xenyl  ether) 

Dicyclohexyl 

1,2  Di-(-2-phenyl- 
phenoxy)  ethane 

Diethanolamine 

Diethylaminoethanol . . 

Diethyl  benzene 

Diethyl  "Carbitoi"*.  . 

Diethyl  carbinol 


Diethyl  "  Cellosolve  "  * 

"       phthalate 

"        sulfate 

Diethylamine 

Diethylene  glycol 

Diethyl  glycol 

glycol 

diacetate 
Diethylene  glycol 

diglycolate 
Diethylene  glycol 

dilevulinate 
Diethylene  triamine . . 

Diglycol  chlorohydrin 

"        laurate 


myristate . 


Chemical  name 
or  synonyms 


3,4-dichloroaniline 

orfAo-dichlorobenzene 

para-dichlorobenzene 
2,4-dichlorobenzophenone . 


4,4'-dichlorobenzo- 
phenone 
ethylidene  dichloride . 


2,4-dichlorophenol , 


x-dichloro-  (phenyl     di- 
phenyl  ether) 


dicyclohexyl 

1,2  di-(-2-xenoxy)ethane.. 

di(2-hydroxyethyl)amine. 
diethylaminoethanol.. ... . 

diethyl  benzene 


sec-n-amyl  alcohol , 


"       phthalate. 

sulfate... 

diethylamine .... 

diethylene  glycol. 

diethyl  glycol 


diacetate 


diethylene  glycol 

diglycolate 
diethylene  glycol 

dilevufinate 
diethylene  triamine. 


diglycol  chlorhydrin. 
diglycol  laurate 


diglycol  myristate. 


Formula 


NH2C6H3Cl2 

C6H4CI2 

C6H4CI2 

CICeKUCOCeEUCl. 

CIC6H4COC6H4CI. 

CH3CHC12 

Cl2CcH3OH 

C18H12OCI2 


CeHnCeHii 

C6H6C6H40(CH2)2OC6H4C6H5 . 


(HOCH2CH2)2NH. 
(C2H5)2NC2H40H. 
C2H5CGH4C2H5 . . . 
(C2H6OC2H4)20... 
(CH3CH2)2CHOH. 


C2H6OCH2CH2OC2H5 

C6H4(COOC2H6)2 

(c2h6)2so4:.. 

(C2H6)2NH....- 

HOCH2CH2OCH2CH2OH 

HOCH2CH2OCH2CH2OH 

(CH3COOCH2CH2)2:0 

(CH2CH2OOCCH2OH)20 

[CH2CH2OOC(CH2)2COCH3J20. . 

NH2C2H4NHC2H4NH2 

CICH2CH2OCH2CH2OH 


HOCH2CH2OCH2CH2OOC- 

(CH2)ioCH3t 

HOCH2CH2OCH2CH2OOC- 

(CH2)i2CH3t 


*  Trade  mark. 
t  Theoretical. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 


195 
196 
197 
198 

199 
200 
201 
202 

203 
204 

205 
206 
207 
208 
209 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 

222 


Physical  form  and  color 


fine  It.  tan  cr 

cl.  col.  liq 

gran,  wh.-trans.  sld. 
wh.  powd 


wh.  cr 

col.  liq 

wh.  cr.  sld 

It.  straw-colored  vise,  liq . 


col.  liq 

fine  wh.  cr 


col.  liq 

col.  hyg.  liq 

col.  cl.  mobile  liq. 

col.  liq 

w.  wh 


col.  liq 

w.  wh.  liq 

w.  wh.  liq 

cl.  w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

yel.  liq 

amber  liq 

hyg.  vise,  liq 

w.  wh.  liq 

It.  straw-colored  oily,  liq . 

It.  colored,  wax-like 


Odor 


mild 

aromatic, 
aromatic, 
faint 


musty. . 
sweet... 
phenolic . 


aromatic . 
none 


ammoniacal . 
amine-like. . 
pleas,  char . . 
almost  none. 


si.  ethereal.  . .    . 

none 

fa.  etheral 

ammoniacal .... 
almost  none .... 
almost  none .... 

ester-like 

faint 

pleas 

char,  amine-like. 


v.  faint. 


v.  faint . 


Purity 

% 


100. 


95-100. 
98-100. 


99. 


95 

99-100. 

98 

98 


tech. 


tech. 


Sp.  gr. 


1.303- 

4 

1.5202« 


1.168g 
1.383|| 
1.233|5 


< 


1.0985 
0.8851 
.868| 
0.9094 
0-82^ 

20 

0.8424^ 

20 

1.118-1.120^ 

20 

1. 177-1. 182^ 
0-71^ 

20 

1.117-1.120|^ 

1.1170-1.1200^ 

1.1159g 

1.3030 

1 .  14525 

0.953-0.958 


1.1698g 
0. 963-. 968 


0.938W 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


Trade  name 


3,4-Dichloroaniline 

orMo-Dichlorobenzene 

para-Dichlorobenzene 

2,4-Dichlorobenzophenone. 

4,4/-Dichlorobenzophenone . 

1,1-Dichloroethane 

2,4-Dichlorophenol 


x-Dichloro-(phenyl  xenyl 
ether) 


Dicyclohexyl . 


1,2  Di-(-2-phenylphenoxy) 
ethane 


Diethanolamine 

Diethylaminoethanol . 

Diethyl  benzene 

Diethyl"  Carbitol"*. 
Diethyl  Carbinol 


Diethyl"  Cellosolve"* 

Diethyl  phthalate 

Diethyl  sulfate 

Diethylamine 

Diethylene  glycol 

Diethyl  glycol 

Diethylene  glycol  diacetate. 

Diethylene  glycol  diglycolate 

Diethylene  glycol  dilevu- 
linate 
Diethylene  triamine 


Diglycol  chlorhydrin 
"       laurate 


myristate 


Melting 
point,  °C 


—  17.2 

53.04. 

19410. . 


146.6-147.8. 

<-20 

41-42.2.... 
<0 


101.1-102.3. 
28 


-70... 
-47... 
<-75. 

-74... 
-40.5. 
-23.1. 
-50... 
-6.0. . 
-6.... 
19.1... 


11-14. 


36-37. 


Boiling 
point,  °C 


71.0-73.2.. 

173 

173 

60-62.2... 


100™. 
22210. 


268.0. 
162.1. 


187.9. 
115.6. 

121.4. 
296.1. 
210.2. 


244.8. 
245... 
250.0. 


206.7... 
196.8... 
315-325. 


Distillation 
range,  °C 


144io... 
173-186. 


57.2-5%;  57.4-95% 


238-5%;  239-95% 


158-165 

180-5%;  182-95% 

180-190 

113  6-117.6;  95% 

115-140 


106-11125,  190  of 
200  cc. 
not  <53;  not  >59.5 

<230-none;     <270- 

95% 
<230-none; 

>270-none 


185-215. 


240-325,  75%;  rest  in 
vacuo 


Hash 
point,  °F 


330.8 
167 
158 
366.8 


39.2 

237.2 

399.2 

210.2 


280 

140 

138.2 

180 

102 

95 

305 

250 

<0 

290 

295 

275 


215 
225 

290 

290 


Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

195~ 
196 
197 
198 

199 
200 
201 
202 

203 
204 

205 
206 
207 
208 
209 

210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 

222 


Solubility, 
grams  per  100  ml 


g.  per  100  g.:  6  CCU,  51  bz.,  70 

al.,  v.s.  eth.,  i.w 

s.  al.,  eth.;  i.w 


s.  al.,  eth;  i.w. 


Uses 


g.  per  100  g.;  10  meth.  al.,  48 

eth.,  20  CC14,   190  bz.,  150 

acet.;  i.w. 
g.  per  100  g.:  1  meth.  al.;  2  eth.; 

2  CCU;  12  bz.;  5  acet.;  i.w. 
oo    meth.al.,   eth.,    CCI4,    bz., 

acet.;  v.sl.s.w. 
v.s.  acet.,  al.,  eth,;  g.  per  100  g.: 

160  CCh,  5  w. 
g.  per  100  g.:  14  meth.al.,  >  100 

eth.  >100  CCU,   >100  bz., 

>100  acet.;  i.w. 
g.  per  100  g.:  7  meth.al. ;  «  eth., 

CCU,  bz.,  acet.;  i.w. 
g.  per  100  g.:  .02  w.,  .4  meth.al., 

2  isopropyl  eth.,  9  CCU,  55 

bz.,  19  acet. 
00  w 


°o  w.,  al 

»  bz.,  CCU,  eth.,  s.al.,  i.w. 
«5  w. 


s.meth.al.,  ethyl  eth.,  acet., 
bz.,  gasoline,  ethyl  acetate; 
sl.s.w. 

2120%  by  wt.  in  w 


.0925%  by  vol.  w.;  misc.  most 
org.  liq. 
0.720%  by  wt.  in  w 


s.w.,  meth.  al.,  ethyl  eth.,  acet., 
bz.,  gasoline,  ethyl  acetate 

misc.  w.,  eth.  al.,  acet.;  imm. 
bz.,  CCU 

00  w 


00  w.;  s.  polar  solv.;  i.non- 

polar  solv. 
00  w.;  s.  al.,  acet.,  ethyl 

acetate,  toluene;  i.naphtha 
«  w.  &  hydrocarbons 


insecticide,    deodorant,    solv. 
org.  syn. 

insecticide,  fungicide,  de- 
odorant 


Shipping 
container 


drums,  cans.  . . 

barrels,  drums, 
cans 


absorb,  a.,  gases,  soft, 
moist,  agt. 
formation  esters 


h.  boil,  reaction  medium, 
mfg.  pharmaceuticals. . .  . 


inert  reaction  medium. 

plasticizer  fixative, 
denaturant 
ethylating  agt 


rubber  chem.,  soaps. 


antifreeze  plasticizer,  soft, 
agt. 
chem.  syn.;  soft,  agt 


h.  boil.  lacq.  solv. 


compatible  with  nitro.,  cellu. 

acetate,  hygroscopic 
compatible  with  nitro.  cellu. 

acetate,  some  vinyl  resins 
form  soaps  for  derivatives . . . 


00  w j  chem.  syn.,  plasticizer  inter. 


disp.  c.w.;  s.al.,  hydrocarbons, 
oils 


disp.  h.w.;  s.h.al., 
hydrocarbons,  oils 


emulsifying,  disp.  agt.  cos- 
metics, dry  cleaning,  dye 
solv.;  furs  and  leather 

emulsifying,  thick.,  disp.  agt. 


cans,  drums, 
drums 


drums 

cans,  drums. 

drums 


drums,  cans. . . 

glass  jug,  cans, 
drums 
cans,  drums . . . 

cans,  drums, 

tank  cars 
tank  cars, 

drums,  cans 
cans 


cans,  drums.  .  . 
cans,  drums.  . . 
research  quant, 
drums,  cans.  . . 

drums,  slabs . . . 


Source  of 
information 


D 

S.P. 
S.P. 
D 

D 
D 
D 
D 

D 
D 

C.&C. 

C.&C. 

D 

C.&C. 

Sh. 

C.  &  C. 
C.S. 

c.  &  c. 

Sh. 

C.&C. 

U.S.I. 

C.&C. 

G 

G 

C.&C. 

C.&C. 

G. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

223 
224 
225 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

236 
237 
238 

239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 


Trade  name 


Diglycol  oleate 

"        palmitate . 
"        stearate.. 


2,4  'Dihydroxybenzo- 

phenone 
4,4'Dihydroxybenzo- 

phenone 
Diisobuty  1  ketone . . . 


Diisopropanolamine . . . 

Dimethallyl  ether 

Dimethoxytetraglycol . 

Dimethylamine 

Dimethyl  dioxane 

"         ethyl  carbinol 

l,3-Dimethyl-l,3-di- 
phenyl  cyclobutane 

Dimethyl  furane 

"         phthalate . 


Chemical  name 
or  synonyms 


diglycol  oleate 

"      palmitate. 
"      stearate.. 


2,4'-dihydroxybenzo- 

phenone 
4,4'-dihydroxybenzo- 

phenone 
diisobutyl  ketone 


diisopropanolamine . 
dimethallyl  ether.. 


dimethyl  ether   of  tetra- 
ethylene  glycol 
dimethylamine 


dimethyl  dioxane . 


Dioctyl  amine 

Dioctylaminoethanol . . 

Dioxane 

Dioxolane 

1,1-Diphenylethane 

Diphenyl  phosphate. . . 

NJV'-Diphenyl  pipera- 

zine 
Dipropyl  ketone- 

(butyrone) 
Dipropylene  glycol. . .  . 

Epichlorohydrin 

Ethanol 


251  |  0-(p-tert-B\ity\- 

phenoxy)  Ethanol 


(tert  amyl  alcohol) 
(2-methyl-2-butanol) 

l,3-dimethyl-l,3-diphenyl 
cyclobutane 


dimethyl  furane 

dimethyl  phthalate . 
dimethyl  phthalate . 


Formula 


dioctylamine 

dioctylaminoethanol 

1,4-diethylene  dioxide 

dioxolane 

1,1-diphenyl  ethane 

diphenyl  phosphate 

N,N' -diphenyl  piperazine. . 
dipropyl  ketone(butyrone) 

dipropylene  glycol 

epichlorohydrin 

ethyl  alcohol 


HOCH2CH2OCH2CH2OOC- 

(CH2)7CH(C8Hi7)CHt 
HOCH2CH2OCH2CH2OOC- 

(CH2)i4CH3t 
HOCH2CH2OCH2CH2OOC- 

(CH2)i6CH3t 

OHCeEUCOCeEUOH....- 

OHC6H4COC6H4OH 

(CH3)2CHCH2COCH2CH(CH3)2. 
(CH3CHOHCH2)2NH 


Mol. 
wt. 


CH2C(CH3)CH2OCH2- 
C(CH3)CH2 
(CH3OC2H4OC2H4)20. 


(CH3)2NH. 


OCH(CH3)CH2OCH2CH(CH3) 

1 1 

CH3CH2C(CH3)OHCH3 

C6H6CCH3(CH2)2CCH3C6H6. . . 


2-(4-terJ-butylphenoxy) 
ethanol 


OC(CH3):CHCH:C(CH3). 

C6H4(C02CH3)2 

C6H4(COOCH3)2 


[CH3(CH2)3CH(C2H6)CH2]2NH 

[CH3(CH2)3CH(C2H6)CH2]2: 
N(CH2)2OH 
0:(CH2CH2)2:0 


OCH2CH2OCH2 

1 l 

CsHUCHCHsCeHs 

C6H60HP03C6H62H20 

C6H5N^CH2)4NC6H6 

CH3CH2CH2COCH2CH2CH3 . 

(CH3CHOHCH2)20 

CH2CICHOCH2 

CH3CH2OH 

CH3CH2OH 

C6H4C(CH3)3OCH2CH2OH. . . 


370. 56 t 
344. 52 t 

372.581 

214.21 
214.21 
142.24 
133.19 
126.19 
222.28 

45.08 
116.16 

88.15 
236.34 

96.12 
194.18 
194.18 

241.45 
285.50 

88.10 

74.08 
182.25 
286.22 
238.32 
114.18 
134.17 

92.53 

46.07 

46.07 
194.27 


f  Theoretical. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

223 
224 
225 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

236 
237 
238 

239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 


Physical  form  and  color 


It.  red  oily  liq 

It.  colored,  wax-like . 
wh.  wax-like  sld 


straw  colored  cr. 

It.  tan  gran 

col.  liq 

col.  liq 

col.  liq 

w.  wh.  liquid 


w.  wh.  liq. 

w.  wh 

wh.  cr 


w.  wh.  liq. 

col.  liq 

It.  straw . . 


col.  liq 

vise,  liq 

col.  liq 

col.  liq 

pa.  straw  colored  liq 

wh.-pk.  cr.  powd 

wh.-pk.  cr 

col.  liq 

col.  liq 

col.  liq 

w.  wh.  liq 

w.  wh.  liq 

cl.  col.  pa.  straw,  vise,  liq . 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 


Odor 


fatty 

v.  faint 

faint,  fatty. 


Purity 

% 


tech. 
tech. 
tech. 


faint 

none 

agreeable,  ketone-like . 

amine-like 

pungent 

almost  none 

strong  amm 


none. 


faint .  .  . 
v.  faint . 


si.  ammoniacal.. 

amine-like 

mild,  n.  res 

pleasant  ethereal. 

aromatic 

mild,  phenolic . .  . 


agreeable . . 

none 

fa.,  musty. 

char 

char 

none 


95 


95. 


98. 


98 

99-100. 


99  by  wt. 


95-100. 


95. 


i.9. 
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Sp.  gr. 


0.930 

0.924" 

0.960 


0.8089^ 
1.0089^ 
0.816^ 
1.0132^ 

20 

.6865-6 
0.9268^ 

20 

.982" 


26 


0.8900 


1. 192-1. 194S 

20 

1.192-1. 194^ 

20 


0.8062 


1.030-1.038^ 
1.065 

25 


.987 
1.242 


25 
80 

26 


0.8162^ 
1.034-1  039 
1.18125 

4 

0.8090-0.8128] 
<.  7944^ 
1.01411 


PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 


223 
224 
225 

226 
227 
228 
229 
230 
231 
232 
223 
234 
235 

236 
237 
238 

239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 


Trade  name 


Diglycol  oleate . .  . 
"        palmitate, 
"       stearate.. 


2,4-Dibydroxybenzo- 

phenone 
4,4 '  Dihydroxybenzo- 

phenone 
Diisobutyl  ketone 


Diisopropanolamine 

Dimethallyl  ether 

Dimethoxytetraglycol .... 

Dimethylamine 

Dimethyl  dioxane 

Dimethyl  ethyl  carbinol., . 

l,3-Dimethyl-l,3-diphenyl 
cyclobutane 


Dimethyl  furane 

"         phthalate , 


Dioctylamine 

Dioctylaminoethanol 

Dioxane 

Dioxolane 

1,1-Diphenylethane 

Diphenyl  phosphate 

N.jV'-Diphenyl  piperazine. . 
Dipropyl  ketone  (butyrone) 

Dipropylene  glycol 

Epichlorohydrin 

Ethanol 


/3-(p-<er<-butylphenoxy)- 
Ethanol 


Melting 
point,  °C 


<0... 
46.5.. 
53-54. 


139-143.6.. 
206.-218.8 
41.5 


-21.4. 


11.9. 


49 


5.5 

0.8  (approx.) 


10. 


-20 

50-51 

165.7-167.7. 
-32.1 


-57.... 
-114.4. 
-114.4. 
.13..... 


Boiling 
point,  °C 


Distillation 
range,  °C 


168.1 

1165 

134 

275.8 

7.2-7.3764. 

117.5 

101.8 


94.... 
281.8. 
282... 


281.1 


101.1. 
74-75. 


143.7. 
231.8. 
116... 

78.3.. 

78.4.. 


240-330,  85%;  none 


165-170. 


255-285. 


not  <99.5 
not  >  103.0 

306.9-5% 
308.7-95% 


280-285 

95%  within  2.0 
<280-none 

>290-none 


95-none; 
103-none 


272.1-5%; 
274.6-95% 


138-145. 
215-240. 


<77-none;  >80-none 


146.5-5%; 
155.5-95% 


Flash 
point,  °F 


290 
290 
290 


140 


23 

285 

20.8  (27% 
soln.) 
75 

70 

289.4 

45 

300 

295 

270 


65 
35 
264.2 


105 

280 

90 

70 

65 

248 
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See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


No. 

223 
224 
225 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 

236 
237 
238 

239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 


Solubility, 
grams  per  100  ml 


disp.  c.w.;  s.al., 

hydrocarbons,  oils 
disp.  h.w.;  s.h.al., 

hydrocarbons,  oils 
disp.  h.w.;  s.al., 

hydrocarbons,  oils 

g.  per  100  g.:  44  eth.,  44  meth. 

al.;  52  acet.;  i.w.,  bz.,  CCU 
g.  per  100  g.:  .2  meth.  al., 

4  eth.,  .6  acet.;  i.w.,  bz.,  CCU 
misc.  most  org.  liq.;  <0.0620% 

by  wt.  in  w. 


<0.2  w 

oo  w.,  hydrocarbons, 
s.w.,  al.,  eth.,  org.liq. 
4.3320%  by  wt.  in  w. 


g.  per  100  g.:  8  meth.al.;  147 
eth.;  104  CCU,  190  bz.,  125 
acet.;  i.w. 

i.w 


0.4320%  by  wt.  in  w. 


misc.most  com.org.solv. ; 
536  w. 

< 0.022°%  by  wt.  in  w... 


oo  w.,  com.org.solv. 
oo  w 


oo     acet.,     bz.,     CCU,     eth., 

meth.al.;  i.w. 
v.s.al.,  s.w.;  g.  per  100  g.;  100 

eth.,  100  acet.,  10  bz.,  4  CCU 
g.  per  100  g.:  .2  meth.al.,  2  eth., 

3  CCU,  7  bz.,  4  acet.;  i.w. 
0.4320%  by  wt.  in  w 


00  w.. . . 

6  w 

00  w.;  misc.com.solv . 
00  w.;  misc.com.solv. 


00  meth.al.,  isopropyl  eth.,  bz., 
acet.;  s.  CCU;  i.w. 


Uses 


emulsifying,  disp.  agt.; 
sprays,  polishes 
emulsifying,  thick.,  disp.  agt. 

emulsifying,  thick.,  disp.  agt. 
ceramic  insulation;  cosmet- 
ics, pharm.,  lubricant 


syn;  solv.  rubber  nitro., 
synth.  resins 
prep,  of  soap 


plasticizer    neutral    reaction 

medium  mutual  solv. 
dehairing  agt.;  acid  gas  absorb, 

solv. ;  gasoline  stabilizer 
solv.  rayon,  cellu.ester 


chem.syn.. 


plasticizer  nitro.,  cellu .ace- 
tate, lacq.,  plastics 

plasticizer  rubber  mix.,  cellu. 
acetate ;  solv.  gelatinizing 
agt. 

chem.inter 


chem.  inter 

solv 

solv.cellu. esters. 


h.boil.lacq.solv 

h.boiLsolv.  plasticizer. 


industrial  chem. 


solv.lacq.,  resins,  flavors,  oils, 
chem.syn. 


Shipping 
container 


drums,  cans, 
drums,  slabs, 
drums,  slabs. 


drums . 
drums . 


drums 

drums,  bottles, 
research  quant, 
cases,  drums. . . 


research  quant, 
cans,  drums.  . . 
drums,  cans .  . . 

research  quant, 
research  quant. 

cans 

research  quant. 


research  quant, 
cans,  drums.  .  . 


cans,  drums, 
tank  cars 

tank  cars, 
drums  cans 


Source  of 
information 


G. 
G. 
G. 

D. 
D. 

C.  &C. 

c.  &c. 

S.D. 

c.  &c. 
c.s. 
c.  &c. 

Sh. 
D. 

c.  &  c. 
c.  &c. 
c.s. 

c.  &c. 
c.  &  c, 
c.  &  c. 

C.  &C. 

D. 

D. 

D. 

C.&C. 

C&C. 

S.D. 

C.&C. 

IT  .S.I. 

D. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

252 
253 

(4-/er/-butyl-2-chloro- 

phenyl)  (2-chloroethyl) 

Ether 

Ethyl  acetate 

254 

?,5fi 

256 

"      acetoacetate .... 

257 

" 

258 

"     alcohol 

259 

"     benzene 

200 

"     borate 

261 

2-Ethylbutyraldehyde . 

262 

2-Ethylbutyric  acid . . . 

263 

Ethyl  benzoylacetate. . 

264 

"      chloroformate. . . 

265 

"      carbonate 

266 

x-Ethyl  diphenyl  ether 

267 

Ethyl  ether 

268 

"    .A.C.S 

269 

"     formate 

270 

<«           «i 

271 

"     lactate 

272 

M                    II 

273 

"     oxalate 

274 

p-Ethyl  phenol 

275 
276 

Ethyl  phenyl  ethanol- 
amine 
M       phthalate 

277 

2-Ethylbutyl  alcohol... 

278 

2-Ethylhexanol 

Chemical  name 
or  synonyms 


/3-(4-tert-butyl-2-chloro- 
phenoxy)  ethyl  chloride 

ethyl  acetate 

•<  << 

"     acetoacetate 

it  << 

"     alcohol 

"     benzene 

"     borate , 

diethyl  acetaldehyde 

"        acetic  acid 

"      benzoylacetate 

"     chlorcarbonate 

"     carbonate 

x-ethyl  diphenyl  ether 

ethyl  ether 

"        "     (sulphuric 
ether) 
ethyl  formate 

"     lactate 

"     oxalate 

p-ethyl  phenol 

ethyl  phenyl  ethanolamine 
diethyl  phthalate 

2-ethylbutyl  alcohol 

octyl  alcohol 

1230 


Formula 


C1C6H3C(CH3)30CH2CH2C1 

CH3COOC2H6 

CH3COOC2H5 

CH3COOC2H5 

CH3COCH2COOC2H5 

CH3COCH2COOC2H6 

C2H6OH 

C6H5CH2CH3 

(C2H50)3B 

(C2H6)2CHCHO 

(C2H5)2CHCOOH 

(CeH6COCH2COOC2H5).... 

C1C00C2H6 

(C2H6)2C03 

CeHsOCeH^Hs 

C2H6OC2H6 

(C2H6)20 

HCOOC2H6 

HCOOC2H5 

CH3CHOHCOOC2H6 

CH3CHOHCOOC2H5 

(COOC2H6)2 

OHC6H4C2HB 

C6H6N(C2H5)CH2CH2OH. . . 
C6H4(C02C2H6)2 

(C2H6)2CHCH2OH 

C4H9CH(C2H5)CH2OH 


ORGANIC  COMPOUNDS  (Continued) 


No. 


252 

253 
254 

255 

256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 

277 

278 


Physical  form  and  color 


col  .-pa.  straw  liq. 


w.  wh.  liq. 
w.  wh.  liq. 


w.wh.  liq, 


col.  liq 

almost  w.  wh 

liq 

col.  liq 

col.  liq 

col.  liq 

w.  wh.  liq 

It.  yel.  liq 

w.  wh.  liq 

w.  wh.  liq 

It.  grn.-yel.  liq 

w.  wh.  flam,  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 

dk.  strawcolored  cr. 

col.  liq 

w.  wh.  liq 


col.  liq. 
col.  liq. 


Odor 


fa.  aromatic. 


pleasant 

n.  res.  pleas,  fruity. 


mild,  n.  res 


mild 

mild,  n.  res. 
aromatic . . . 


faint 

char 

irritating,  tear  producing 

mild  n.  res 

pleas,  aromatic 

ethereal 

char.,  n.  res 

pleas,  aromatic 

pleas,  char 

mild,  n.  res 

mild,  n.  res 

mild,  n.  res 

phenolic  odor 

amine-like 

none 


mild, 
mild. 


Purity 

% 


95-98 

85-88  by  wt. 

99-100 


97.5-100. 
96 


98-100. 
90-100. 
95-100. 
95.5... 

96 

98-100. 


99-100 

99.7 

95-100  by  wt. 

94-96 

96-100 

96 

99 


99-100 . 

99 

99 


Sp.  gr. 


1.149 


25 


0.894-0.900- 

20 

.883-.888P 

20 


•902^ 

20 


1.023-1.028- 

20 


1.027-1.030 


0.7944 


15.56 
15.56 


0.870 

0.864 

0.8170-0.823 
0.9170-.9220 
1.111-1.117- 

20 


1.135-1.139 
.973-. 977; 


20 


1.032^ 
0.715-718^ 

20 

>.7100^ 


.900-. 930= 


0.900-0.930^ 

20 

1.020-1.036^ 


1.020-1.036 
1. 075-1. 079: 


984^ 
1.04^ 

20 

1.117-1.121^ 


0.830-0.835^ 

20 


0.832-0.837^ 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

252 

253 
254 

255 

256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 

277 
278 


Trade  name 


(i-tert-B  uty-2-chlorophenyl) 
(2-chloroethyl)  Ether 

Ethyl  aceta te 


acetoacetate . 


11     alcohol 

"     benzene 

"     borate 

2-Ethylbutyraldehyde . 

2-Ethylbutric  acid 

Ethyl  benzoylacetate . . 

"     chloroformate . . . 

"     carbonate 

z-Ethyl  diphenyl  ether , 

Ethyl  ether 

"    ,  A.C.S.... 

"      formate 


lactate . 


"     oxalate 

p-Ethyl  phenol 

Ethyl  phenyl  ethanolamine 
phthalate.  . . 


Melting 
point,  °C 


20 


-83.5. 
-83.6. 

-83.6. 

-43.3. 


-112.. 

-92.8, 
-86.6, 
-89.0 
-9.4. 


-80.6. 
-43.0. 
<-20. 
—  116.3 
-116.3 
-80.5. 


■25. 


-40.6. 
37 


2-Ethylbutyl  alcohol 
2-Ethylhexanol 


Boiling 
point,  °C 


77.1. 

77.1, 

77.1 


180.7. 
180 .. . 
78.3.. 
135.7. 
120.0. 
116.8. 
194.0. 

uq™. 

95... 
126.8. 


34.5.. 
34.5.. 
54.3.. 
54... 
154... 
153.9. 
185.4, 


268740 

200-2075«. 

148.9.... 


Distillation 
range,  °C 


176.0-5%;  179.8- 
95% 

<73-none; 

> 80 -none 
<70-none; 

<  72-10% 

>80-none 
<75-none;  >80- 

none 

<96-5%;  >110-none 


112-121. 

80-135. 

185-200 


<11410-none; 
>  14810-none 


<120-none;     <128- 
90%;  >130-none 
159.5-5%;  166.5- 

95% 


<51-none;  >55-none 
<51-none;  >55-none 

<102-none;  >  173- 

none 
<  102 -none;  >173- 

none 
<180-none;  >190- 

none 
216.6-5%;  219.3- 

95% 
260-276740 


Flash 
point,  °F 


339.8 

40 
23 


185 
171 
ca  57 

85 

65 

70 

210 

285 

82 

89 

294.8 

-40 

<10 

-2.2 

9 

145 

129 

168 

219  2 


200-20750. 


<140-none;  >160- 
none;  <  145-5%; 
<  155-95% 

<180-none;  >190- 
-none 


325 

135 

185 


123: 


See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


No. 

252 

253 
254 

255 

256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 

277 

278 


Solubility, 
grams  per  100  ml 


oo    meth.al.,   eth.,   CCLi,   bz. 
acet.;  i.w. 

8.7220%  by  wt.  in  w.;  s.al.,  eth. 

CHCh 
misc.et.al.,    butyl    al.,    acet. 

CHC13,  CCk  7.6  w. 


3.525w 


11.62°%  by  wt.  in  w.  «  al,  eth., 
et.  acet. 
4.825W 


misc.w.,  most  org.  liq. 


d.w 

0.3120%  by  wt.  in  w. 
0.2220%  by  wt.  in  w. 
misc.  com.  org.  solv . 

d.w 

1.425W 


00  meth.  al.,  eth.,  CCU,  bz., 
Rcpfc  *  1 w 
6.8920%  by  wt.  in  w. . . . . . . . . '. 


0.92% 

9.1520w 

misc.  com.  org.  solv , 
«?  w 

«25W 

1.525W 


w  meth.  al.,  eth.,  CCL,  bz., 
acet.;  v.shs.w. 
0.52o  %  by  wt.  in  w 


0.72% 


0.4320%   by   wt.   in   w.   misc. 
most  org.  solv. 

0.1020%   by  wt.  in  w.  misc. 
most  org.  solv. 


Uses 


solv.syn.  other  compounds .  . . 

solv.  nitro.  lacq.,  prep,  medi- 
cines, perfumes,  flavors, 
denaturant 

nitrocellu.  solv.,  syn.  base  for 
org.  chem.,  pharm.,  flavor- 
ing, denaturant 

inter,  dye  and  drugs 


mfg.  dyes,  pharm . 


solv.  lacq.,  varnishes,  flavors, 
raw  mat.  in  chem.  syn. 


chem.  syn.,  indust.  solv 


prep,  of  pharm.,  rubber  accel., 
synth.  resins 
inter,  drugs,  dyes 


dye  inter. 


flotation  agt;  diethyl  carbon- 
ate inter, 
neutral  lacq.  solv 


solv.  denaturant  extr. 


lab.  agt.,  solv.,  synth.  base 
dry-cleaner,  denaturant 

fumigant,  larvicide,  synth. 
flavor  prep.,  medicine 

Vitamin  Bi  syn 


solv. 


cellu.  nitrate  solv.,  cellu.  ace- 
tate solv.,  resins  solv 

dye  inter,  pharm.  base,  nitro. 
solv. 


azo  dyes . 


nitrocellu.  plasticizer,  cellu. 
acetate  plasticizer,  perfume 
fixative,  insecticide,  synth. 
resins 

lacq.,  synth.  rosin,  varnishes., 


Shipping 
container 


cans,  drums, 

cars 
tans,  drums, 

cans 

tank  cars, 
drums,  cans 

cans,  drums.  . 

drums,  cans, 

bottles 
bottles,  cans, 

drums.tankcars 
research  quant. 

research  quant. 

cans,  drums ... 

cans,  drums ... 

drums,  cans.  . .  . 

glass 


tans,  drums, 
cans 


drums,  tank 

cars 
drums 

drums,  cans. . 

tank  cars, 

drums,  cans 
drums,  cans. . 

drums,  cans . . 

tank  cars, 
drums,  cans 


cans,  drums 

tank  cars,  cans 
drums 


;,  drums 


defoaming  agt.,  solv.  synth.    cans,  drums, 
gums,   waxes,   resins,   disp., 
wetting  agt. j 


Source  of 
information 


D. 

C.&C. 
C.S. 

U.S.I. 

C.&C. 

U.S.I. 

C.S. 

C.&C. 

C.&C. 

C.&C. 

C.&C. 

U.S.I. 

U.S.I. 

U.S.I. 

D. 

C.&C. 

U.S.I. 

C.S. 

U.S.I. 

C.S. 

U.S.I. 

U.S.I. 

D. 

C.&C. 

U.S.I. 

C.&C. 
C.&C. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

279 
280 
281 
282 
283 
284 

285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 


Trade  name 


2-Ethylhexoic  acid 

Ethylidene  diacetate. . . 

2-Ethyl-3-propylacro- 

lein 
Ethyl  silicate 

"    sodium  oxal- 
acetate 
Ethylene 

"        chlorhydrin, 
anhydrous 

"        diamine, 

anhydrous 

"        dichloride  . . . 

"       glycol 

««  •< 

"     silicate 
"       oxide 

"Flexol"  plasticizer 

3GH 
"Flexol"  plasticizer 

3GO 
Furfural 

Furfuryl  alcohol 

Fusel  oil 

Glaurin 

or-d-Glucose  penta- 

acetate 
/S-d-Glucose  penta- 

acetate 
Glucose  pentabutyrate. 

Glucose  pentapalmitate 

Glucose  penta- 

propionate 
Glycerin  dichloro- 

hydrin 
Glycerin-a-monochloro- 

hydrin 
Glycerol  dichlorhydrin 

Glyceryl  laurate 

"       monoricin- 

oleate 
"       monostearate 


Chemical  name 
or  synonyms 


2-ethylhexoic  acid 

ethylidene  diacetate . . . . 
2-ethyl-3-propylacrolein. . 

ethyl  silicate 

sodium  ethyl  oxalacetate 
ethylene 

"         chlorhydrin 
anhydrous 

"         diamine, 

anhydrous 

"         dichloride 

"         glycol 

"      silicate.. 
"         oxide 

di-2-ethylbutyrate 

triethylene  glycol 
di-2-ethyl  hexoate 

triethylene  glycol 
2-furancarbonal 

2-furfuraldehyde 
2-f  urancarbinol 

isoamyl  alcohol 

diethylene  glycol 
monolaurate 
a-d-glucose  pentaacetate 

0-d-glucose  pentaacetate 

glucose  pentabutyrate . . . 

glucose  pentapalmitate .  . 

glucose  pentapropionate . 

glycerin  dichlorohydrin . . 

glycerin-a-monochloro- 
hydrin 
l,3-dichloro-2-propanol.  . 

glyceryl  laurate 

"       monoricinoleate . 

"       monostearate .  . . 


Formula 


CH3(CH2)3CH(C2H6)COOH. . . . 

CH3CH(OCOCH3)2 

CH3C2H4CH:C(C2H6)CHO. .    . 

(C2H5)4S:04 

C2H6OOCC(ONa)CHCOOC2H5 . 
C2H4 

H0CH2CH2C1 

H2NCH2CH2NH2 

C1CH2CH2C1 

HOCH2CH2OH 

HOCH2CH2OH 

(HOCH2CH20)4Si 

(CH2)2:0 

C5HiiCOOC2H4(OC2H4>i» 

OOCCsHn 
C7Hi5COOC2H4(OC2BU)2 

OOCC7H15 
C4H3OCHO 

C4H3OCH2OH 

CsHnOH 

CnH23COOC2H4OC2H40H 

Ci6H220n 

Ci6H220n 

C2oH42On 

C86Hl620ll 

C2iH320n 

CH2C1CHC1CH20H 

CH2OHCH(OH)CH2Cl 

CH2C1CH0HCH2C1 

CH0OHCHOHCH2OOC- 

(CH2)toCH3 
CH2OHCHOHCH2OOC(CH2)7 

CHCHCH2CHOH(CH2)5CH3 
C^OHCHOHCHjOOCCnH^.. . 
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ORGANIC  COMPOUNDS  (Continued) 


Physical  form  and  color 


liq 

w.  wh.  liq 

yel.  liq 

col.  liq 

It.  yel.  fine  gran.  powd. 
col.  gas 


w.  wh.  liq 

col.  liq 

col.  liq 

w.  wh.  liq 

w.  wh.  liq 

col  liq 

col.  gas;  col.  liq.-low  temp. 


liq. 


Hq 

yel.-amber  liq 

yel.-dk.  amber  liq. 

w.  wh.  liq 

It.  yel.  oily  liq. . . . 


Odor 


mild 

heavy,  pleas,  char. 

powerful 

faint 


none, 
faint . 


faint  ethereal. . 
ammoniacal. . . 
chloroform-like . 

mild,  n.  res 

mild.  n.  res 


mild 

mild 

almond. 

mild 

n.  res... 


Purity 


95-100. 
90.0+ . 
90-100. 


98 

66  by  wt. 
99 


98.5-100. 
98.5-100. 

99+ 

>95 


Sp.gr. 


0.904-.909? 

20 


0. 847-. 853 
0.933-938 


1 .  260°760mm  g/1 


1.202-1.208? 

20 

0.987^ 
1.255-1.257? 

20 

1.1150-1.1158? 

20 

1.1151-1.1156? 

20 


0-8707| 
0.9947^ 
0. 9655-. 9705 

20 


1.130g 

.811-. 815^ 
.0980f* 


sld. 


vise,  oil 

waxy  sld 

vise,  oil 

col.  liq 

col.  liq 

dk.  amber-colored  liq 

cream-colored  semi-sld 

amber  colored,  oily  liq. . .  . 
cream-colored  wax-like  sld. 


fa.chloroform-like 

none 

char,  chlorohy.drin-like . 
v.  faint 


fa. 


fa.  fatty . 


tech. 
tech. 


1.362 j 
1.320? 
1.35lg 

0.98? 


1.02 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
t  Theoretical. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °G 

Flash 
point,  °F 

279 

2-Ethylhexoic  acid 

Ethylidene  diacetate 

-118.1 

226.9 

166 

220-230 

260 

280 

?81 

2-Ethyl-3-propylacrolein .  .  . 

175 

85-185. . 

155 

28? 

Ethyl  silicate 

168.1 

160-170 

125 

283 

"     sodium  oxalacetate.  . 

284 

Ethylene 

-169.4 

-62.6 

10.8 

-103.9 

285 

286 

chlorhydrin,  anhy- 
drous 

diamine,      anhy- 
drous 

dichloride 

glycol 

128.7 

117.2 

83.5 

<122-none;  <132- 

97% 
<115-none;  >122- 

none 
<82.5-none;  >84- 

none 
<190-none;  <202- 

95% 
<190-none  >210- 

none 

140 
110 

287 

-35.5 

-12 

-12 

70 

288 

197.2 

197 

240 

289 

260 

290 

"      silicate.  .  .  . 

291 

oxide 

"Flexol"  plasticizer,  3GH. 
3GO. . 

-Ill 

10.7 

<20 

292 

358    . 

385 

m 

2155    

405 

294 
295 

Furfural 

Furf uryl  alcohol 

-37 

-20 

161.7 

1717» 

157-167  99% 

167-177  95% 

<110-none;  >135- 
none 

132.8 

167 

296 

Fusel  oil 

123 

297 

Glaurin 

or-d-Glucose  pentaacetate .  . 
/3-d-Glucose  pentaacetate .  . 
Glucose  pentabutyrate 

17-18 

112-113 

>280 

298 

299 

131-132 

300 

2281-6 

301 

"        pentapalmitate . . .  . 
"        pentapropionate. . . 

ca  70. . 

302 

2052 

303 

Glycerin  dichlorohydrin 

182 

200 

304 

"        -a-monochloro- 
hydrin 
Glycerol  dichlorhydrin 

Glyceryl  laurate 

213 

280 

305 

<-20 

78-5%;  104-95%.... 

195.8 

306 

24-25 

307 

"       monoricinoleate. . . 
"       monostearate 

<— 16 

308 

56-57 
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See  two  preceding  pages  for  addi- 
tional data  on  above  compounds, 


ORGANIC  COMPOUNDS  (Continued) 


Solubility, 
grams  per  100  ml 


1.2320%  by.wt.  in  w. 

5.0%  w 

0.07920%  by  wl.  in  w. 

d.w 

d.w 


oo   w. 
oo  w. 


0.8620%  by  wt.  in  w. 


oo  w 

oo  w 

oo  w.,  com.  org.  solv. 
0.0420%  by  wt.  in  w. 


oo  al.,  eth.,  8.320w 

oo  al.,  eth. ;  s.  w 

misc.  com.  org.  solv .  .  . 
s.al.,  hydrocarbons;  i.w 


s.  eth.,  acet.,  bz.;  i.w.,  pet.  eth., 

CHC13 
s.  eth.,  bz.,  acet.,  CCU,  CHCls 

i.w.,  pet.  eth 
s.  ethanol,  meth.  al.,  CHCU.  . 


i.w. 


s.  CHCls,  eth.,  al.,  meth.  al. 
i.w 
13w 


00  w. 


00  acet.,  bz.,  CCl-i,  eth.,  meth. 
al.,  12  w 

disp.  w.;  s.  al.,  veg.  oils; 
i.  hydrocarbons 

disp.w.;  s.  al.,  veg.  oils,  hydro- 
carbon 

disp.h.w.;  s.h.al.,  hydrocarbon, 
oils 


Uses 


org.  syn . 


inter,  anhydride  mfg.,  acety- 
lating  agt.,  solv. 
warning  agt.,  insecticides .... 

perservative,  w. -proofing  agt. . 

mfg.  dyes 


fuel  gas  for  welding,  ripening 
agt.,  gen.  anaesthesia,  synth. 
base  mat. 

chem.  syn 


neutralizing  agt.,  corrosion 

inhibitor 
solv.  for  oils,  fats,  waxes,  extr. 

spotting  agt. 
prep  of  esters,  liq.  coolant. . . 

anti-freeze  syn.  resins 


fumigant,  org.  syn 

plasticizer,  soft,  agt 

plasticizer 

solv.,  resins,  org.  syn 
solv.,  resins,  wetting  agt , 
lacq 


emulsifying,  lubricant, 
plasticizer,  solvent 


emulsifying,  disp.  agt 

emulsifying  agt 

emulsifying,  thick,  disp.  agt. 


Shipping 
container 


cans,  drums, 
steel  drums .  , 
cans,  drums, 
cans,  drums. 

barrels 

cylinders 


jugs,  carboys, 
drums 
cans,  drums .  . . 

cans,  drums 
tank  cars 
cans,  drums. . . 

tank  cars,  cans . 

research  quant 

cylinders 

cans,  drums.  . . 

cans,  drums .  . . 

cans,  drums, 

tanks 
cars,  tanks, 

drums 
tank  cars, 

drums,  cans 
drums,  cans .  . . 


drums,  cans, 
drums,  cans, 
drums,  slabs. 


Source  of 
information 


C.  &C. 
S.C.L. 
C.  &C. 
C.  &C. 
U.S.I. 
U.S.I. 

c.  &c. 
c.  &c. 
c.  &c. 
c.  &c. 

U.S.I. 

c.  &c. 
c.  &c. 
c.  &c. 
c.  &c. 

Q.O. 

Q.O. 

U.S.I. 

G. 

C.P. 

C.P. 

C.P. 

C.P. 

C.P. 

S.D. 

S.D. 

D. 

G. 

G. 

G. 


237 


PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

309 
310 
311 
312 
313 

314 
315 
316 
317 
318 
319 

320 
321 
322 
323 
324 
325 
326 
327 

328 
329 
330 
331 

332 
333 
334 
335 
336 
337 


Trade  name 


Glyceryl  myristate 

"       palmitate 

Glycol  diacetate 

Heptadecanol 

Hexachlorocy  clohexa-2 , 
5-diene-l-one 

n-Hexaldehyde 

Hexamelhyl  mannitol. . 

Hexamethyl  sorbitol. . . 

n-Hexanol 

Hydroxyacetic  acid — 

p-Hydroxybenzalde- 
hyde 

p-Hydroxybenzoic  acid 

p-Hydroxybenzoic  acid, 

ethyl  ester 
p-Hydroxybenzoic  acid, 

methyl  ester 
4-Hydroxybenzo- 

phenone 
Hydroxyethyl  ethylene 

diamine 
/S-Hydroxyphenetole. . . 

4-Hydroxypropio- 
phenone 
Indalone 

x-Iodo  asprin  (acetyl-x- 
iodosalicylic  acid) 
x-Iodosalicylic  acid 

Isobutane,  Pure 

Isobutyl  carbinol 

Isocrotyl  chloride 

Isopentane,  Pure 

Isophorone 

Isopropanol 

Isopropyl  acetate 


Chemical  name 
or  synonyms 


glyceryl  myristate 

"       palmitate 

glycol  diacetate 

heptadecanol 

hexachlorophenol 

n-hexaldehyde 

hexamethyl  ether  of  man- 
nitol 

hexamethyl  ether  of  sor- 
bitol 

n-hexanol 

glycolic  acid 

p-hydroxybenzaldehyde . . . 

p-hydroxybenzoic  acid. . . . 

ethyl-p-hydroxybenzoate. . 

methyl-p-hydroxybenzoate 

4-hydroxybenzophenone.. . 

hydroxyethyl  ethylene 
diamine 
/3-phenoxy  ethanol 

4-hydroxypropiophenone . . 

a,a,-dimethyl-«'-carbo- 
butoxy-dihydro-7-pyrone 

acetyl-z-iodosalicylic  acid 

x-iodosalicylic  acid 

isobutane 

(isoamyl  alcohol) 
(3-methyl-l-butanol) 

isocrotyl  chloride 

isopentane 

isophorone 

isopropyl  alcohol 

acetate 


Formula 


CH2OHCHOHCH2OOC(CH2)i2 

CH3 
CH2OHCHOHCH2OOC(CH2)i4 

CH3 
(CH3COO)2C2H4 

C17H35OH 

ChCeCUrO 

CH3CH2CH2CH2CH2CHO 

C6H806(CH3)6 

C6H806(CH3)6 

CH3(CH2)4CH2OH 

OHCH2COOH 

OHC6H4CHO 

OHC6H4COOH 

OHC6H4COOC2H5 

OHC6H4COOCH3 

C6H6COC6H4OH 

H2NCH2CH2NHCH2CH2OH. . . 

C6H6OCH2CH2OH 

CH3CH2COC6H4OH 

OC(CH3)CH2C:OCH: 

CCOOC4H9 
IC6H3COOHOCOCHj 

IC6H3COOHOH 

(CH3)2CHCH3 

(CH3)2CHCH2CH2OH 

CH3C(CH3)CHC1 

(CH3)*CHCH2CH3 

COCH:C(CH3)CH2C(CH3)2CH2 

1 1 

(CH3)2CHOH 

C3H7OH 

CH3COOCH(CH3)2 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

309 
310 
311 
312 
313 

314 
315 
316 
317 
318 
319 

320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 

332 
333 
334 
335 
336 
337 


Physical  form  and  color 


It.  colored,  wax-like  sld 

cream-colored,  wax-likd  sld . 
w.  wh.  liq 


Hq. 


wh.-grayish  yel  cr.  powd. 

col.  liq 

col.-pa.  yel.  liq 

col.-pa.  yel.  liq 

col.  liq 

wh.  yel.  cr 

wh.-pk.  powd 


wh.-buff  cr.  sld 

wh.  cr 

wh.  cr 

yel.-tan  gran 

col.  hyg 

col.-pa.  straw-colored  liq. 

tan.  gran 

amber  liq 

wh.  cr 

wh.  powd 

flammable  col.  gas 

w.  white 


col.  liq 

col.  liq.  or  gas. 

Hq 

col.  liq 

w.  wh.  liq. . . . 
w.  wh.  liq 


Odor 


v.  faint 

fa.  fatty . . 

none 

mild 

pung.  char 


sharp  aldehyde . 
si.  ethereal 

si.  ethereal 

mild 

char 

fa.  pleas 


none 

none 

fa 

mild  amm. 

faint 

faint 

mild 


char 

sweet,  non-corrosive  . . 


pleas,  char . 

n.  res 

mild,  n.  res. 


Purity 
% 


tech . . . 
tech . . . 
98-100. 


90-100. 


99-100. 


100. 


99. 


99 

98  by  wt. 
95 


Sp.gr. 


0.954" 
0.916" 
1.104-1.109 
0.8475| 


0.820-0.826 
1.02 
1.02 
0.819-0.823' 


20 


1.0280-1.0330 

i.ioeg 


1.08£ 


0.559^ 

4 

0.81-0.82^ 

20 


0.919^ 
0.619^ 
0.9229 

0.7863-0.7893 
.786-.  790^ 

20 

0.866-0.871 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

47-48 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

309 

Glyceryl  myristate 

"       palmitate 

310 

54-55 

311 

41.5 

190.5 

308.5 

183-195 

220 

312 

310 

313 

Hexachlorocyclohexa-2,5- 
diene-1-one 

104.9-105.9.. 

314 

-59.2 

7 

128.6 

134-610 

90-150 

90 

315 

Hexamethyl  mannitol 

sorbitol 

n-Hexanol    

316 

0 

-44.6 

76.2-77.9.... 

134-610 

817 

157.2 

<153->  160  none.... 

165 

SIR 

Hydroxyacetic  acid 

p-Hydroxybenzaldehyde . .  . 

p-Hydroxybenzoic  acid .... 

p-Hydroxybenzoic  acid, 

ethyl  ester 
p-Hydroxy  benzoic  acid, 

methyl  ester 
4-Hydroxybenzophenone . . . 

Hydroxyethyl  ethylene  dia- 
mine 
jS-Hydroxyphenetole 

4-Hydroxypropiophenone .  . 

Indalone 

319 

116.4-117.0.. 

3*>0 

213.8-215.0.. 

T>1 

114.5-115.0.. 

399 

126-127 

323 

125.6-131.0.. 

324 

243.7 

232-250 

131.5-5%; 

133.8-95% 

275 

W\ 

12.5 

244  4 

326 

137.0-148.8.. 

327 

113 

315 

328 

x-Iodo  aspirin  (acetyl-x- 
iodosalicylic  acid) 
x-Iodosalicylic  acid 

Isobutane,  Pure 

Isobutyl  carbinol 

161-168...... 

329 

189.4-197.2.. 

330 

-144 

-117.2 

-12.1 

-117 

331 

130.5 

68 

128-132 

132 

332 

Isocrotyl  chloride 

35 

333 

Isopentane,  Pure 

Isophorone 

-159 

-8.1 

-89.5 

-89.5 

-69.3 

28 

334 

215.2 

82.4 

82.3 

88.4 

205-220 

81.6-83.1 

<80.5-none;  >82.5- 
none 
84.5-90.0 

205 

335 

Isopropanol 

70 

336 

<( 

71 

337 

Isopropyl  acetate 

60 
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OEGANIC  COMPOUNDS  (Continued) 


No. 

309 
310 
311 
312 
313 

314 
315 
316 
317 
318 
319 

320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 

332 
333 
334 
335 
336 
337 


Solubility, 
grams  per  100  ml 


disp.  h.w.;  s.h.al.,  hydrocarbon, 

oils 
disp.h.w.;  s.h.al.,  hydrocarbon, 

oils 
16.442o%  by  wt.  in  w 


<0.0120%  by  wt.  inw. 


s.  al. ,  ethylene  dichloride, 
CHCI3,  monochlorobz.pet.- 
eth.;  i.w. 

0.542o%  by  wt.  in  w 


00  w.,  org  solv 

00  w.,  org  solv 

0  5820%  by  wt.  in  w. 


s.w.,  eth.;  i.CCU;  g.  per  100  g.: 

90  al.,  59  acet. 
g.  per  100  g.:  90  meth.al.,  70 

acet.,  18  eth.,  4  bz.,   1  w.; 

v.  s.  al. 
g.  per  100  g.:  50  meth.,  30  acet., 

23  eth.,  5  w.;  i.bz.,  CCU 
g.  per  100  g.:  72  acet.,  83  meth., 

45  eth.,  1  CCU,  1  bz.,   .1  w. 
g.  per  100  g.:  <1  bz.,  50  acet., 

25  eth.,  59  meth.al.,  .2  w. 
g.  per  100  g.:  25  acet.,  8  eth.,  1 

meth.al.,  i.  w.,  bz.,  CCU 
»  w 


00  meth.al.,  isopropyl  eth.,  CCU, 
bz.,  acet.;  g.  per  100  g.:  2  w. 

g.  per  100  g.:  meth.al.,  8  acet., 
4eth.;i.  w.,  CCU,  bz. 

misc.com.org.  solv 


sl.s.  eth.,  al.;  i.  w.,  CCU,  bz 


g.  per  100  g.:  72  eth.,  6  al.;  i.  w, 
CCU,  bz. 


s. meth.al.,  ethyl  eth.,  acet., 
bz.,  gasoline,  ethyl  acetate; 
si.  s.w. 

<0.1w 


imm.  w 

1.2%  by  wt.  in  w. . . 

*  w 

00  25  w 

2.9120%  by  wt.  in  w. 


Uses 


emulsifying,  thick. agt 

emulsifying,  thick.disp.agt. . . 
solv.  inks,  lacq.,  perfume  fix. 
perfume  fix.,  plasticizer  inter. 


org.  syn 

solubilizer  blending  agt . 
solubilizer  blending  agt. 


synthesize    hypnotics,    anti- 
septics and  pharm. 


org.  syn. 


light  screen,  insect  repellent, 
solv. 


reagent;  refrigerant 

photo,  chem.  syn.  pharm 


blending  agt ;  research 

solv.  "vinylite"*  resins,  lacq. 

solv.  gams,  alkaloids,  oils; 
germicide 

solv.  cosmetics,  gums,  alka- 
loids, oils,  derivative  base 

solv 


Shipping 
container 


drums,  slabs, 
drums,  slabs, 
cans,  drums, 
cans,  drums. 


cans,  drums. 


cans,  drums. 


cans,  drums. 


drums,  cans. 


cylinders 

cans,  drums. 


cans,  drums .  . . 

drums 

cans,  drums . . . 

tank  cars, 
drums,  cans 
cans,  drums . . . 


Source  of 
information 


G. 

G. 

C.  &C. 

C.  &  C. 

D. 

C.  &C. 

At. 

At. 

C.  &C. 

D. 

D. 

D. 
D 
D 
D. 

C.  &  C. 

D. 

D. 

U.S.I. 

D. 

D. 

P.P. 

Sh. 

S.D. 
P.P. 

c.  &c. 
c.  &c. 

U.S.I. 

c.&c. 


Trade  mark. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

338 
339 

340 
341 

342 
343 
344 

345 
346 

347 

348 
349 
350 
351 
352 
353 
354 
355 
356 
357 

358 
359 

360 
361 
362 
363 
364 


Trade  name 


Isopropyl  acetate . . . . 

41  «( 

alcohol 

"        benzene 

"        ether 

Malonic  acid 

Mannitol 

"      hexaacetate. 

44       monoborate 

Melaniline 
octadecanoate 
Mesityl  oxide 

<<         tt 

it        <( 

Methallyl  alcohol .  . . . 

"       chloride . .  . 

Methane,  Pure 

Methanol 

ti 

Methyl  acetate 

44     ,  C.P. 

"  ,tech. 
"      acetoacetate. 

"      acetone 

44       amyl  acetate 


Chemical  name 
or  synonyms 


isopropyl  acetate. 


isopropanol . 


isopropyl  benzene. 
44        ether... 


malonic  acid, 
d-mannitol . . 


mannitol  hexaacetate . 


44        monoborate 

melaniline  octadecanoate. 

mesityl  oxide 

4-methyl-3-pentenone-2 . . 

mesityl  oxide 

isobutenol 

isobutenyl  chloride 

methane 

methyl  alcohol 


acetate . 


acetoacetate. 
acetone . 


isobutyl  carbinol 
acetate 
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Formula 


CH3COOCH(CH3)2. 
(CH3)2CHCOOCH3 

CH3COOCH(CH3)2 
CH3CH(OH)CH3.. 


C6H5CH(CH3)2 

(CH3)2CHOCH(CH3K 
(CH3)2CHOCH(CH3)2. 


CH2(COOH)2. 
C6H8(OH)6... 


CeHsCMCHaCO)* 


CeHisOsB 

(CgH5NH)2CNHCi7H36COOH. 

(CH3)2G:CHCOCH3 

CH3COCHC(CH3)2 

(CH3)2CCHCOCH3 

CH2C(CH3)CH2OH 

CH2C(CH3)CH2C1 

CH4 

CH3OH 

CH3OH 


CH3OH 

CH3COOCH3. 


CH3COOCH3 

CH3COOCH3 

CH3COCH2COOCH3. 
CH3COCH2CH3 


CH3COOCH(CH3)- 
CH2CH(CH3)2 


ORGANIC  COMPOUNDS  (Continued) 


Physical  form  and  color 


col.  liq. 
liq 


w.  wh.  liq. 
w.  wh.  liq. 


col.  liq 

col.  liq 

w.  wh.  liq. 


wh.  cr 

col.  cr.  powd 

wh.  cr 


col.  cr.  powd 

amber  balsam 

col.  liq 

straw  y el.  liq 

straw  colored  liq . . 
col.  liq.,  poisonous. 

col  -straw  liq 

col.  gas 

col.  liq 

w.  wh.  liq 


w.  wh.  liq. 
col.  liq 


w.  wh.  mobile  liq 
w.  wh.  mobile  liq. 

col.  liq 

w.  wh.  liq 

w.  wh.  liq 


Odor 


none, 
char. 


mild,  n.  res 

pleas,  si.  bitter  taste . 


aromatic 

ethereal 

pung.  ethereal. 


none;  fa.  sweet  taste, 
none;  bitter  taste. . . 


none,  sharp  taste . 

fa.  fatty 

mild 

peppermint 

mild,  ethereal 

char 

char 

char,  pleas 


no  foreign  odor 

no  foreign  odor 
ester 


fragrant  ester, 
fragrant  ester. 


n.  res 

mild,  agreeable 


Purity 


95  by  wt. 

85-88.... 


85-88. 


99.... 
ca.  99. 


100. 


95  by  wt. 


98 

95 

99 

99.85.... 
99.8-100. 


99.8  by  wt 
99 


97 

82-85.. 
95-100. 


95 


Sp.gr. 


0.866-0.871: 


0.8608-0.8648^ 


.860-.870^0 
0.785-0.787^ 


0.862 

0.722-0.726^ 

0.7238^ 

4 


1.5116-20 


0. 852-0. 85S 
0.8546 j 
0.853-0.863^ 

20 

0.852-0.856^ 

20 

0. 926-0. 929^ 
0 .  554°  76m* 
0.7929^ 

20 

.792-. 793?? 


.7962^ 

4 

0.930-0.940 


.930-.940|j 
.904-. 914^ 
1.074-1.079^ 

.83-. 88^ 

20 

0.855-0.860^ 


See  two  following  pages  for  addi- 
tional data  on  above  compounds 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

338 

-73.4 

-73.4.. 

88.6 

<84.5-none;  >90- 

none 
<81.5-none;91.5- 

95%;  >95-none 

<81-none;  91-90% 
>95-none 
<81-none;  >83-none 

54 

339 

36 

340 

ii            << 

-73.4 

-89.5 

89.0 

59 

341 

82.3 

56 

342 

"         benzene 

152.5 

130 

343 

44         ether 

-86.5 

-86.8 

131.2-136.8 

68.4 

<63-none;  >69-none 
<66-none;  >70-none 

15 

344 

68.4760 

16 

345 

346 

167 

347 

44       hexaacetate 

44       monoborate 

Melaniline  octadecanoate .  . 

121-124 

348 

78-80 

349 

350 

Mesityl  oxide      

-46.4 

-59     

128.0 

129.5 

123-132 

90 

351 

<120-none;  >135- 

none 
110-40%;  126-131- 

60% 
<109-none;  >116- 

none 
< 69 -none;  >77-none 

83 

352 

ii        ii 

-59 

128.7 

115 

78 

353 

Methallyl  alcohol   .       .... 

92 

354 

44        chloride 

72.2 

14 

355 

Methane,  Pure 

182.6 

-95.8 

-97.8 

-97.8 

-98.9 

-98.1 

-98.1 

-31.9 

161.4 

356 

Methanol 

64.5  

64.5-65.0 

60 

357 

Methanol 

64  5 

<64-none;  >66-none 

<64-none;  >65- 
95%;  66-none 
55-none;  58-none. . .  . 

55-5S 

60 

358 

ii 

64  5 

52 

359 

Methyl  acetate 

57  1 

(approx.) 
25 

360 

"     ,C.P 

44       acetate,  tech 

44       acetoacetate 

44       acetone 

57.1 

-16 

361 

57.1 

52-58  

-16 

362 
363 

171.7 

<91-10%;  90-95- 

85% 

170 

364 

44       amyl  acetate 

-55.8 

146.3 

<140-none;  >150- 
none 

110 
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tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


No. 

Solubility, 
grams  per  100  ml 

Uses 

Shipping 
container 

Source  of 
information 

338 

solv 

tank  cars, 

drums 
tank  cars, 

drums,  tank 

wagons,  cans 
tank  cars, 

drums,  cans 
tank  cars, 

drums 

research  quant. 

cans,  drums, 

tank  cars 
tank  cars, 

drums 

S.C. 

33  Q 

3.225  w 

lacq.  solv 

St. 

340 

4.025  w 

nitrocellu.  solv 

solv.,  thinner  lacq.;  germicide, 
preservative,  dehydrating 
agt.,  mfg.  pectin;  antifreeze; 
rubb.  al. 

chem.  syn 

U.S.I. 

341 

oo  25  w 

S.C. 

34? 

i.w 

c.  &  c. 

343 

1  2220%  by  wt.  in  w 

dewaxing  agt.,  solv. 

c.  &  c 

344 

.7220 w 

solv.  oils,  waxes,  ethylcellu.; 
extr.,  delusterizing  agt,  for 
art.  silk 

S.C. 

345 

v.s.w.;  s.  acet.,  g.  per  100  g.: 
42al.,8eth.;i.bz.,CCl4 
s.w    

D. 

346 

fermentation    industries,    re- 
sins, pharm.,  form,  deriva- 
tives 

lacq.  hardener,  plasticizer 

cans,  barrels..  . . 

At. 

347 

eth.,  ketones;  si.  s.  other  org. 
solv;  i.w. 
s.w.;  sl.s.  ketones,  polyhydric 

s.h.al.,  acet.,  ethyl  acetate, 

naphtha,  c.  toluene;  i.w. 

2.7820%  by  wt.  in  w 

At. 

348 
34Q 

electrolytic  condensors;  syn. 
of  mannitol 

At. 
G. 

350 

inter,  org.  syn 

cans,  drums.  . .  . 

tank  cars, 
drums 
drums 

C.  &C. 

351 
35? 

3.120  by  wt.  in  w;  w.  in  comp. 
3.120  by  wt. 
3.4%  by  vol.  in  w 

solv.    thinners,    lacq.    nitro., 

gums,  resins 
industrial  soiv.,  chem.  syn., 

rust  remover 
mfg.  synth.  chem.,  plastics. . . 

fumigant;  synthesis 

research 

S.C. 
C.S. 

353 

15  w      

drums,  tins 

drums,  tins 

cylinders 

cans,  drums, 

tanks 
tank  cars, 

drums 

tank  cars, 
drums,  cans 

tanks 

drums 

drums 

cans,  drums.  . .  . 

tank  cars, 
drums  cans 

cans,  drums, 
cars 

S.C. 

354 

<0.1 

S.C. 

355 

imm.  w 

p.p. 

356 

oo  w.,  eth.al.,  org.  comp 

oo  w.,  org.  solv 

00  25  yf 

org.  syn.,  antifreeze 

c.  &c. 

357 

358 

solv.  antifreeze,   synth.  per- 
fume, resins,  flavors,  pharm., 
refrig. 

solv.    embalming   fluid,   org. 
deriv.  base 

solv.cellu. nitrate,  acetate, 
form.lacq.,  varnishes, 
plastics,  perfumes 

lacq.solv.,  thinner;  org.  syn., 
extr.fats,  oils 

lacq.solv.,  thinner;  org.  syn. 
extr.fats 

org.  syn 

C.S. 
U.S.I. 

35Q 

24.220%  by  wt,  in  w 

c.  &c. 

360 
361 
369 

31.920  w.,  al.,eth.,  com.hydro- 

carbon  solv. 
31.920w.  al.,eth.,  com.hydro- 

carbon  solv. 
44.520%  by  wt.  in  w 

misc.  com.org.  sclv 

0  1320%  by  wt  in  w 

N. 
N. 

c.  &c. 

363 

solvent       

U.S.I. 

364 

h.boil.solv 

c.  &c. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Chemical  name 
or  synonyms 

Formula 

Mol. 
wt. 

365 

366 

Methyl  amyl  alcohol .  . 

"          "     carbinol . 

"       n-amyl  ketone 

N-Methylaniline 

Methyl"  Carbitol"*... 

"                "  acetate 

"       "Cellosolve"*. 

"       "Cellosolve"* 

acetate 
"       chloride 

"       chloroform. . .  . 

"       dioxolane 

"       ethyl  ketone. . . 

<<           <i         << 

"       formate 

oc-Methyl-rf-glucoside . . 

MethyI-3-hydroxy- 

butyrate 
4-Methyl-2-hydroxy 

quinoline 
Methyl  isobutyl  ketone 

<•             «           << 
"       lactate 

"       phthalate 

1-Methyl-l-phenyl- 

ethylene 
a-Methyl  tetraacetyl- 

d-glucoside 
Methyl  tetramethyl 

glucoside 
Monoacetone  glucose . . 

Monochlorobenzene . . . 

Monoethanolamine .... 

Monoethylamine 

Monoisopropanolamine 

4fmethyl  pentanol-2 

methyl  amyl  carbinol 

"       n-amyl  ketone 

A^-methylaniline 

(CH3)2CHCH2CH(OH)CH3 

CH3(CH2)4CHOHCH3 

102.17 
116.20 

367 

CH3CO(CH2)4CH3 

114.18 

368 

CeHsNHCHs 

107.15 

369 
370 

diethylene    glycol    mono- 
methyl  ether 

CH3OCH2CH20CH2CH2OH 

CH3COOC2H40C2H4OCH3 

CH3OCH2CH2OH:.... 

120.15 
162.18 

371 

ethlene  glycol  monomethyl 
ether 

ethylene  glycol  mono- 
methyl  ether  acetate 

methyl  chloride 

1,1,1-trichloroethane 

methyl  dioxolane 

76.09 

37? 

CH3COOCH2CH2OCH3 

118.13 

373 

CH3C1 

50.49 

374 

CH3CC13 

133.42 

375 

OCH2CH2OCH(CH3) 

88.10 

376 

"      ethyl  ketone 

"      formate 

a-methyl-d-glucoside 

methyl-3-hydroxybutyrate 

4-methyl-2-hydroxy 
quinoline 
hexone 

1                  1 

CH3COCH2CH3 

72.10 

377 

CH3COC2H5 

72.10 

378 

HCOOCH3 

60.05 

379 

CvHuOe.... 

194.18 

380 
381 
38? 

CH3CHOHCH2COOCH3 

C6H4N:C(OH)CH:C(CH3) 

1 1 

(CH3)2CHCH2COCH3 

118.13 
160.19 
100.16 

383 

4-methylpentanone-2 

methyl  lactate 

(CH3)2CHCH2COCH3 

100.16 

384 

104.10 

385 

dimethyl  phthalate 

a-methyl  sterene 

C6H4(C02CH3)2 

194  18 

386 

118.17 

387 

a-methyl    tetraacetyl-d- 

glucoside 
methyl  tetramethyl 

glucoside 
monoacetone  glucose 

monochlorobenzene 

2-hydroxyethyl  amine .... 

ethylamine 

362.33 

388 

250  29 

389 

220.22 

390 

112.56 

391 

HOCH2CH2NH2 

61.08 

39? 

C2H6NH2 

45.08 

393 

monoisopropanolamine. . .  . 

CH3CH(OH)CH2NH2 

75.11 

♦  < 

frade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


Physical  form  and  color 


w.  wh.  liq 

col.  liq 

w.  wh.  liq 

straw  colored  liq 

col.  liq 

col.  liq 

w.  wh.  liq 

col.  liq 

col.  gas  under  press.-w.  wh.  liq. 

cl.  col.  liq 

col.  liq 

col.  liq 


liq. 


w.  wh.  col.  liq 

sld 

col.  liq , 

sld 

w.  wh.  liq 

w.  wh.  liq 

w.  wh.  liq 


Odor 


mild 

mild 

agreeable 

char,  amine-like 

mild,  n.res 

mild 

mild,  n.  res 

pleas,  ester 

ethereal,  fa.  sweet 

mild,  chloroform-like. 


typical  ketone,  less  pung. 
than  acet. 


char. 


pleas,  ethereal. 


Purity 

% 


99. 


95-100. 


99 

-89.5. 
95-100. 
99.87.. 


98. 


95-100  by  wt. 


Sp.gr. 


0.806-.811; 
0.816-.821 


20 


0.816-0.821: 


985 


25 


1.030-1.040^ 

20 

1.0396 

0.961-0. 966^j 

1.003-1.008 

0.9092*-' 

1.332^ 

0.982 

0.8047^ 


0.8037-0.8067; 


95-.  98^ 

20 


1.0559 


w.  wh.  liq. 

col.  liq 

sld 

vise.  oil.. . 

sld 

cl.  col.  liq. 
w.  wh.  liq. 

w.  wh 

Hq 


mild,  n.  res. 


none 

styrene-like 


95 

99  by  wt. 
95  by  wt. 

99-100... 


0.799-0.804^ 

20 

0.8004^? 

4 

1.087-1.097 


1 . 192-1 . 194; 


908| 


aromatic 

distinct  amm. 


tech . . . 
97-100. 
100.... 


1 .  107^ 

4 

1.017-1.027 


20 


sl.  amm. 


0.79-0.80 
0.981 


20 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


Trade  name 


Methyl  amyl  alcohol 

"  "     carbinol 

"       n-amyl  ketone 

JV-Methylaniline 

Methyl  "Carbitol* 

"  "         acetate. . 

44       "Cellosolve"*. 

44         acetate 

44       chloride 

44       chloroform 

44       dioxolane 

44       ethyl  ketone 


"       formate 

cr-Methyl-d-glucoside 

Methyl-3-hydroxybutyrate 

4-Methyl-2-hydroxy 
quinoline 
Methyl  isobutyl  ketone. . .  . 


lactate . 


44       phthalate 

1-Methyl-l-phenylethylene 

a-Methyl  tetraacetyl-d- 
glucoside 

Methyl  tetramethyl 
glucoside 
Monoacetone  glucose 


Monochlorobenzene 

Monoethanolamine .... 

Monoethylamine 

Monoisopropanolamine , 


Melting 
point,  °C 


■26.9. 
■20... 


■89.5. 
-65.1. 
-97.7. 


■86.4. 
■86.4. 


165-166. 


222.... 
-77.2. 
-83.5. 


<-20... 
100-101 . 
145-1505. 
157-158. 

-45 

9.9 

-80.6... 


Boiling 
point,  °C 


131.8. 
160.4. 
150.6. 


193.2... 
209.1... 
125.0... 
144.5... 
-24.22. 


81-82. 
79.6.. 


31.8. 


174.9. 


116.0. 
115.9. 
144.8. 

282... 


130.6. 
170.5. 


45^ 


Distillation 
range,  °C 


<125-none;  >135- 
none 
147-154 


<147-none;  <149- 
5%;  <  152-95% 

194.9-5%;  195.7 
95% 

<185-none; 
> 195-none 

203-212 


<122-none; 

> 126-none 
<132-none 

> 152 -none 
-23.7-24.7. 


74-5%;  74. 8-95% 


<79-none; 
>80.5-none 

78-5%;  82- 
85%;84-none 

<31.5-none; 
>35.0-none 


<lll-none;  >117- 

none 
<114-none;  >117- 

none 
<115-none;  141- 

145-60%   >155- 

none 
<186-none  >194- 

none 
164.9-5% 

166.2-95% 


130.6-131.8.. 
165-173,  90% 


Flash 
point,  °F 


130 
160 
120 
185 
200 
180 
115 
140 
632 
none 


34 
24 
-25. 


180 


75 
81 
142 

310 
129.2 


87.8. 

200 

<0 


*  Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


Solubility, 
grams  per  100  ml 


1.55*%  by  wt.  in  w. 

0.3520%  by  wt.  in  w. 
0.4320%  by  wt.  in  w. 


.01  w.,  meth.al.,  eth.,  CCU,  bz. 
acet 
oo  w.;  misc. most  org.  solv 


oo   W 

oo    w 

oo  w.;  misc.  com.org.solv 

3033~2ow 

acet.,  al.,  bz.,  CCU,  eth.;  i.w.. 

59.02O%  by  wt.  in  w 

misc.  nitro.lacq.solv. ;  imm.w.. 

23.425w 


28.95  w. 


s.meth.al,  ethanol,  w.;  i.eth. 
acet. 
oo  w 


1.9820w.,  misc.  most  org.solv. 


v.s.  w.,  most  org.liq. 


misc.com.org.solv.;  imm.gas.  . 

oo     acet.,     bz.,     CCh,     eth., 

meth.al.;  i.w. 
s.CHCIs,  acet.,  eth.,  CCh,  et. 

acet. 
5  w.;  S.CHCI3;  sl.s.  eth.,  pet. 

eth. 
s.w.,  ethanol,  meth.  al 


s.  al.,  eth.;  i.w. 


s.w.;  meth.  al.,  ethyl  eth.,  acet., 
bz.,  gasoline,  ethyl  acetate 
00  w 


Uses 


lacq.form.,  prep.esters. 


plasticizer,  xanthates,  drugs, 
pharm.,  wetting  agt. 
solv.rubber,  nitrocellu.,  syn. 


solv.dyes,  org.syn. 
lacq.solv 


rapid  drying,  varnishes, 
enamels;  dyeing  leather 
solv.  cellu.acetate 


refrigerant . 


solv.cellu.esters. 


solv.,  dewaxing  lubr.  oil, 
plastics;  art.leather,  airplane 
dopes;  synth.rubber 

lacq.,  dewaxing,  solv.,  art 
leather  airplane  dopes;  print- 
ing; solv.  synth.rubber 

fumigants,  larvacide 


chem.inter . 
chem.syn .  , 


lacq.solv.extr. 


solv.cellu.acetate,   natural  & 

synth.  resins,  gums,  waxes 
solv.cellu.acetate 


plasticizer. 


mfg.  sulfur  dyes,  poison  gases, 
phenol,  aniline 
extr.  CO2 


mfg.  dyestuff  inter 

prep,  soaps  with  fatty  acids 


Shipping 
container 


cans,  drums. 

drums 

cans,  drums. 


cans,  drums.  .  . 
research  quant, 
cans,  drums.  . . 
cans,  drums. . . 
steel  cylinders . 


research  quant, 
tank  cars 


tank  cars, 
tank  wagons, 
drums,  cans 

drums,  cans.  . 


research  quant, 
research  quant, 
cans,  drums.  .  . 


tank  cars, 
drums,  cans 


tank  cars 

cans,  drums.  .  . 
cans,  drums.  .  . 
research  quant. 


Source  of 
information 


C.  &C. 

c.  &c. 

c.  &c. 

D. 
C.&C. 

c.&c. 
c.&c. 
c.&c. 

An. 
D. 

C.&C. 
S.C. 

St. 

C.S. 
C.P. 

c.&c. 
c.&c. 
c.&c. 

S.C. 
C.S. 

U.S.I. 

D. 

C.P. 

C.P. 

C.P. 

S.P. 

c.&c. 

Sh. 

c.&c. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

394 
395 

396 
397 
398 
399 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 

412 
413 
414 
415 
416 
417 

418 

419 
420 
421 


Trade  name 


Monomethylamine .  . .  . 
Mono-n-Butylamine. . . 

Morpholine 

ethanol .  . . 

ethanol 
ethyl  ether 
1-Naphthyl  acetic  acid 

Neohexane,  Pure 

meta-Nitro  acet-para- 

toluide 
meta-Nitro  para- 

toluidine 
Nonaethylene  glycol 

hexaricinoleate 
Nonaethylene  glycol 

monostearate 

Octaldehyde 

Octyl  acetate 

"     amine 

Paraldehyde,  U.S.P.XI 
Grade 
tech 

Pentachloroethane 
Pentachlorophenol 

Pentaerythritol 

Pentaerythritol    tetra- 
acetate 
n-Pentane,  Pure 

Pentaphen 

Perchlorobenzene 

Petrohol91% 

Petrohol99% 

Phenetole 

Phenoxyacetic  acid 

0-Phenoxy  phenetole . 


Chemical  name 
or  synonyms 


monomethylamine 

1-amino  butane 

morpholine 

ethanol 

<<  «i 

ethyl  ether 
ce-naphthalene  acetic  acid 

2,  2  dimethyl  butane 

me/a-nitro  acet-para- 
toluide 
3-nitro-4-amino  toluene . . 

nonaethylene  glycol  hexa- 
ricinoleate 

nonaethylene  glycol 
monostearate 

2-ethylhexanal 

octyl  acetate 

"     amine 

paraldehyde. 

ii 

pentachloroethane 

pentachlorophenol 

pentaerythritol 

pentaerythritol  tetra 
acetate 
n-pentane 

p-tert-amy\  phenol 

hexachlorobenzene 

propanol-2 

propanol-2 

phenetole 

phenoxyacetic  acid 

l,2,diphenoxy  ethane 
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Formula 


CH3NH2 

C4H9NH2 

0:(CH2CH2)2:NH 

CH2CH20CH2CH2NCH2CH20H 

1 1 

CH2CH2OCH2CH2NC2H40C2H6 . 

1 1 

Ci2Hio02 

(CH3)3CCH2CH3 

CH3CONHC6H3N02CH3 

C6H3CH3NH2N02 

Cl26H23o022 

HOCH2CH2(OCH2CH2)  8OCi  7- 
H3&CO 
C4H9CH(C2H5)CHO 

CH3COOCH2CH(C2H5)C4H9. . . . 

CH3(CH2)3CH(C2H5)CH2NH2. . . 

(CH3CHO)3 

(CH3CHO)3 

CHC12CC13 

CUCeOH 

C(CH2OH)4 

C(CH2OOCH3)4 

CH3(CH2)3CH3 

C3HnC6H40H 

Cede 

CH3CH(OH)CH3 

CH3CH(OH)CH3 

C6H60C2H6 

CeHsOCEbCOOH 

C6H6OCH2CH2OC6H6 


Mol. 
wt. 


31.06 
73.14 

87.12 
131.17 
159.23 

186.20 

86.17 
194.19 
152.15 
2096.7 
680.5 
128.21 
172  26 
129.24 
132.16 
132.16 

202.31 
266.35 

136.15 

304.29 

72.09 

164.24 

284.80 
60.09 

60.09 

122.16 
152.14 
214.25 


ORGANIC  COMPOUNDS  (Continued) 


No. 

394 
395 

396 
397 
398 
399 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 

412 
413 
414 
415 
416 
417 

418 

419 
420 
421 


Physical  form  and  color 


flam.  gas. 
w.  wh 


col.  liq. 


liq. 


liq... 
w.  cr. 


flammable  paraffin 

yel.  cr 

orange-red  monocl.  cr. 

amber  liq 

cream-colored  soft  sld 

col.  liq 

col.  liq 

Hq 

w.  wh.  liq. 

w.  wh.  liq 


col.  liq. 
wh.  cr. 


wh.  cr.  powd 

wh.  cr.  powd 

flammable  col.  liq.  or 

yel.  liq 

wh.-pa.  yel  need 

Hq 


Hq 


col.  refractive  liq. 

It.  tan  cr 

wh.  cr 


Odor 


strongly  amm. 
amm 


sharp,  amm. 


typical  nitro-comp . 

fa.  fatty 

fa.  fatty 

mild  char 

ester , 

si.  amm 

pleas , 


Purity 


98-100. 


99. 


mild  pleas, 
phenolic . . 


ca  98. 


99. 


none 

none 

sweet,  non-corrosive. 


char. 


char. 


pleas,  char, 
none 


99. 


90.9. 


99. 


Sp.  gr. 


.699=^? 

15 

0.74-0.76^ 

20 


0.999-1.004 

1.0724 

0.9648 


0.649- 


1.312 

0.96025 

1.0053" 

0.8196 

0. 870-0. 875|- 

0.792 

•904f5 


1.670ff 


1.35^ 

4 


0.626y 
0.92-0. 93 »5 


,818-. 8192; 


0. 786-. 7937 


.964 


25 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 

point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

394 

Monomethylamine 

Mono-n-Butylamine 

Morpholine 

-92.5 

-50.5 

-3.1 

-6.0  to 

-5.5768 

77.8 

32.5 

395 

not<73.0;not>86.0 
120-132 

<40 

396 

128.9 

225.5   

100 

•w 

Morpholine  ethanol 

210 

398 

Morpholine   ethanol  ethyl 
ether 
1-Naphthyl  acetic  acid 

Neohexane,  Pure 

meta-Nitro  acet-para- 
toluide 
mefa-Nitro-para-toluidine .  . 

Nonaethylene  glycol 

hexaricinoleate 
Nonaethylene  glycol  mono- 

stearate 
Octaldehyde 

206.2 

399 

132.4-135.3.. 

400 

-98 

82-84 

49.5.... 

-54 

401 

40?, 

114-115 

403 

404 

25-30.  .  . 

405 

164.1 

198.6 

167-168 

150-165 

<192-none; 
>202-none 

125 

406 

Octyl  acetate 

190 

407 

"     amine 

408 

Paraldehyde,  U.S.P.  XI. 
Grade 
Paraldehyde,  tech 

Pentachloroethane 

Pentachlorophenol 

Pentaerythritol . . 

11  min 

10  (approx.).. 

<-20 

124.5 

124.5 

120-125 

111.2 

409 
410 

100-127 

159-5%;  161.4-95% 

111.2 
none 

411 

187.1-189.1. 

41? 

257... 

27630. 

413 

Pentaerythritol  tetra  ace- 
tate 
n-Pentane,  Pure 

80-81 

130 

2253« 

414 

36.0... 

-59 

415 

Pentaphen 

not  <91.. 

232 

416 

Perochlorobenzene 

Petrohol  91% . 

229.9-230.6. 

417 

-85.8. . 

79.5-80.7 

63 

418 

99%...... 

-85.8 

80.5-82.5 

59 

419 

Phenetole  . . . 

<-20.. 

73-5%;  74. 8-95%... 

145.4 

420 

Phenoxyacetic  acid 

/3  Phenoxy  phenetol. 

99.9-101.5.  . 

421 

95.9-98.0.... 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

394 
395 

396 
397 
398 
399 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 

412 
413 

414 
415 
416 
417 

418 

419 
420 
421 


Solubility, 
grams  per  100  ml 


v.s.w.,  al;  s.  eth. 


s.w.,  bz.,  acet.,  methyl  al.,  gaso- 
line, ethyl  acetate,  ethyl  eth. 


oo  w. 
oo  w. 
oo   W. 


g.  per  100  g.:  83  meth.  al.,  22 
eth.,  1  CCh,  7  bz.,  71  acet., 
.04  w. 

imm.  w 


s.  al.,  meth.  al.,  eth.;  sl.s.w. . .  . 

s.al.,  con.  H2SO4;  v.sl.s.  h.w. . . 

disp.  w.,  s.  org.  solv.;  i.al 

disp.  w.,  s.al.,  acet.,  ethyl  ace- 
tate, toluene,  h.naphtha 
0.072o  w 


11.720w,  00  com.  solv. 
11.720w 


00  meth.  al.,  eth.,  CCU,  bz., 

acet.;  i.w. 
g.  per  100  g.:  53  acet.,  11  bz., 

4  CCU,  148  eth.,  57  meth. 

al,  .002  w. 
5.5625w.;  v.sl.s.al.;  i.eth 

v.s.al.;  s.  eth.;  v.sl.s.w 

imm.  w 


s.  10%  KOH,  oil,  al.,  eth.,  bz. 

chloroform,  acet.;  i.w. 
v.s.eth.;  s.  CCU;  sl.s.bz.;  i.w. 

al. 

00  25w 


oo25w 


00  bz.,  acet.,  CCU,  eth.,  meth. 

al.;  i.w 
v.s.al.;  g.  per  100  g.:  29  eth.,  3 

bz.,  1  w.;i.CCU 
g.  per  100  g.:  23  acet.,  27  bz.,  7 

CCh,  9  eth.,  2  meth.  al.;  i.w. 


Uses 


tanning,  dy  est  tiffs. 


raw  mat.  mfg  pharm.,  dye- 
stuffs,  rubber  chem.,  emulsi- 
fying agt.,  desizing  agt. 

corrosion  inhibitor,  solv.  dyes, 
resins,  waxes,  shellacs 

syn.  drugs,  rubber  accel 


syn.  drugs,  rubber  accel. 


research . , 
dye  inter. 


hansa    yellows,    toluidine 

toners, 
lubricant,  water-oil  emulsifier, 

hydraulic  fluids 
soapless  emulsifier,  thickener. 


blend,  perfumes 

solv.  nitro.  &  resins , 

chem.  syn 

soporific. 


Shipping 
container 


drums,  bottles, 
cans,  drums .  . . 

cans,  drums.  .  . 
research  quant . 
research  quant . 


mfg.  resins,  plastics;  tanning 
leather;  sacq.  solv.,  plasti- 
cizer 


prep,  alkyd  resins;  org.  syn..  . 

plasticizer  cellu.  acetate,  ni- 
trate lacq.,  plastics 
lab.  reagent 


germicide,  fumigant,  pharm. 


solv.,  antiseptics,  cosmetics, 
solv.  antiseptics,  cosmetics . 


cans,  drums. 

drums 

barrels 

drums 

drums 

drums 

cans,  drums, 
drums 


drums,  tank 

cars 
drums,  tank 

cars 


cartons,  drums 
barrels 
cartons,  drums. 

cans,  drums.  .  . 

cans,  bottles, 
barrels 


Source  of 
information 


tank  cars,  drums 

tank  wagons, 

cans 
tank  cars,  drums 

tank  wagons, 

cans 


C.S. 
Sh. 

C.&C. 
C.&C. 
C.&C. 
D. 

P.P. 

Pa. 

Pa. 

G. 

G. 

C.&C. 

C.&C. 

C.&C. 

N. 

N. 

D. 
D. 

N. 

N. 

P.P. 

Sh. 

D. 

St. 

St. 

D. 
D. 
D. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 

No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

394 

Monomethylamine 

Mono-n-Butylamine 

Morpholine 

Morpholine  ethanol 

-92.5 

-50.5 

-3.1 

-6.0  to 

_5_5768 

77.8 

32.5 

395 

not<73.0;not>86.0 
120-132 

<40 

396 

128.9 

225.5 

100 

397 

210 

398 

Morpholine   ethanol  ethyl 
ether 
1-Naphthyl  acetic  acid 

Neohexane,  Pure  . 

206.2... 

399 

132.4-135.3. 

400 

-98.  . 

49.5 

-54 

401 

meta-Nitro  acet-para- 
toluide 
meta-Nitro-para-toluidine .  . 

Nonaethylene  glycol 

hexaricinoleate 
Nonaethylene  glycol  mono- 

stearate 
Octaldehyde 

82-84 

402 

114-115 

403 

404 

25-30. 

405 

164.1 

198.6 

167-168. . 

150-165 

<192-none; 
>202-none 

125 

406 

Octyl  acetate 

190 

407 

"     amine 

408 

Paraldehyde,  U.S.P.  XL 
Grade 
Paraldehyde,  tech 

Pentachloroethane 

Pentachlorophenol 

Pentaerythritol 

11  min 

10  (approx.).. 

<-20 

124.5 

124.5 

120-125 

111.2 

409 
410 

100-127 

159-5%;  161.4-95% 

111.2 
none 

411 

187.1-189.1.. 

41? 

257 

2763« 

413 

Pentaerythritol  tetra  ace- 
tate 
n-Pentane,  Pure 

80-81 

130 

2253o. . . . 

414 

36.0.... 

-59 

415 

Pentaphen 

not  <91.. 

232 

416 

Perochlorobenzene 

Petrohol  91% 

229.9-230.6. 

417 

-85.8 

79.5-80.7 

80.5-82.5 

73-5%;  74.8-95%... 

63 

418 

"       99% 

-85.8 

59 

419 

Phenetole 

<-20 

145.4 

420 

Phenoxyacetic  acid 

0  Phenoxy  phenetol 

99.9-101.5... 

421 

95.9-98.0.... 

1252 


See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


v.s.w.,  al;  s.  eth. 


s.w.,  bz.,  acet.,  methyl  al.,  gaso- 
line, ethyl  acetate,  ethyl  eth. 


oo  w. 
oo  w. 
oo   W. 


g.  per  100  g.:  83  meth.  al.,  22 
eth.,  1  CCU,  7  bz.,  71  acet., 
.04  w. 

imm.  w 


s.  al.,  meth.  al.,  eth.;  sl.s.w. . . . 

s.al.,  con.  H2SO4;  v.sl.s.  h.w. .  . 

disp.  w.,  s.  org.  solv.;  i.al 

disp.  w.,  s.al.,  acet.,  ethyl  ace- 
tate, toluene,  h.naphtha 
0.072o  w 


Solubility, 
grams  per  100  ml 

394 
395 

396 
397 
398 
399 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 

412 
413 
414 
415 
416 
417 

418 

419  00  bz.,  acet.,  CCU,  eth.,  meth. 
al.;  i.w 

420  I  v.s.al.;  g.  per  100  g.:  29  eth.,  3 

bz.,  1  w.;  i.CCU 

421  g.  per  100  g.:  23  acet.,  27  bz.,  7 
I    CCU,  9  eth.,  2  meth.  al.;  i.w. 


11.720w,  00  com.  solv. 
11.720w 


00   meth.  al.,  eth.,  CCU,  bz., 

acet.;  i.w. 
g.  per  100  g.:  53  acet.,  11  bz., 

4  CCh,  148  eth.,  57  meth. 

al,  .002  w. 
5.5625w.;  v.sl.s.al.;  i.eth 

v.s.al.;  s.  eth.;  v.sl.s.w 

imm.  w 


Uses 


tanning,  dyestuffs. 


raw  mat.  mfg  pharm.,  dye- 
stuffs,  rubber  chem.,  emulsi- 
fying agt.,  desizing  agt. 

corrosion  inhibitor,  solv.  dyes, 
resins,  waxes,  shellacs 

syn.  drugs,  rubber  accel 


syn.  drugs,  rubber  accel . 


research . 
dye  inter. 


hansa    yellows,    toluidine 

toners, 
lubricant,  water-oil  emulsifier, 

hydraulic  fluids 
soapless  emulsifier,  thickener. 


blend,  perfumes 

solv.  nitro.  &  resins . 

chem.  syn 

soporific. 


mfg.  resins,  plastics;  tanning 
leather;  sacq.  solv.,  plasti- 
cizer 


s.  10%  KOH,  oil,  al.,  eth.,  bz., 

chloroform,  acet. ;  i.w. 
v.s.eth.;  s.  CCU;  sl.s.bz.;  i.w., 

al. 

00  25w 


oo25^r 


Shipping 
container 


drums,  bottles, 
cans,  drums .  . . 

cans,  drums.  .  . 
research  quant, 
research  quant . 


cans,  drums. 

drums 

barrels 

drums 

drums 

drums 

cans,  drums, 
drums 


drums,  tank 

cars 
drums,  tank 

cars 


prep,  alkyd  resins;  org.  syn.. 

plasticizer  cellu.  acetate,  ni- 
trate lacq.,  plastics 
lab.  reagent 


germicide,  fumigant,  pharm. 


solv.,  antiseptics,  cosmetics. 


solv.  antiseptics,  cosmetics 


Source  of 
information 


cartons,  drums 
barrels 
cartons,  drums.. 

cans,  drums.  .  . . 

cans,  bottles, 
barrels 


tank  cars,  drums 

tank  wagons, 

cans 
tank  cars,  drums, 

tank  wagons, 

cans 


C.S. 
Sh. 

C.&C. 
C.&C. 
C.&C. 
D. 

P.P. 

Pa. 

Pa. 

G. 

G. 

C.&C. 

C.&C. 

C.&C. 

N. 

N. 

D. 
D. 

N. 

N. 

P.P. 

Sh. 

D. 

St. 

St. 

D. 
D. 

1). 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 

444 
445 

446 
447 
448 
449 
450 
451 


Trade  name 


Phenyl  "Cellosolve"*.. 

"      diethanolamine 

z-Phenyl  diphenyl 
ether 
Phenyl  ethane 


"       ethanolamine . . 

"       methyl 
pyrazolone 
Phenyl  morpholine 


Phorone . . . 

Phosphen  1 
2. 
3. 
4. 
5 
6 
7 


Piperazine 

Propane,  Pure 

Propionic  anhydride. 
Propiophenone 


Propyl  p-hydroxy- 
benzoate 

Propylene  chlorhydrin 

anhydrous 
Propylene  diamine, 

anhydrous 
Propylene  dibromide.  . 

Propylene  dichloride. . 

Propylene  glycol 


Propylene  glycol  di- 

ricinoleate 
"       di- 

stearate 
"  mono- 
11  stearate 


Chemical  name 
or  synonyms 


phenyl  diethanolamine 

"      xenyl  ether 

ethyl  benzene 

phenyl  ethanolamine 

"  methyl  pyrazolone 
"      morpholine 

phorone 


diphenyl  mono-(p-tert 
butyl  phenyl)  phosphate 

di-(p-terf-butylphenyl) 
monophenyl  phosphate 

diphenyl  mono(o-chloro- 
phenyl)  phosphate 

di(o-chlorophenyl)  mono- 
phenyl phosphate 

diphenyl  mono(o-xenyl) 


di(o-xenyl)  monophenyl 

phosphate 
tri-  (  p-terf -butylpheny  1) 

phosphate 
tri-o-chlorophenyl 

phosphate 
tri-o-xenyl  phosphate. . 


piperazine 

propane 

propionic  anhydride . . 

ethyl  phenyl  ketone .  . 

propyl  p-hydroxy- 
benzoate 

chlorisopropyl  alcohol . 

propylene  diamine .  .  . 

"         bromide . . . 

"  dichloride . . 
1,2-dihydroxypropane . 


propylene  glycol  diricin- 
oleate 
propylene  glycol  distearate 

propylene  glycol  mono- 
stearate 


Formula 


C6H6OC2H4OH 

C6H5N(CH2CH20H)2.... 

C6H5OC6H4C6H5 

C6H5C2H1 

C6H6NHCH2CH2OH 

C6H6N.N:C(CH3)CH2CO. 


C6H6NCH2CH2OCH2CH2 


(CH.,)2C:CHCOCH:C(CH3)2 
(CH3)3CC6H40P(OC6H5)20 . 

C26H31O4P 

C18H14O4CIP 

C18H13O4CI2P 

C24H19O4P 

C30H23PO4 

C30H39O4P 

dsHi^CIsP '. 

C36H27O4P 

NHCH2CH2NHCH2CH2... 


CH3CH2CH3 

(CH3CH2CO)2:0. 
CeHsCOOJfc.... 
CioH1203 


CH3CHOHCH2CI 

CH3CH(NH2)CH2NH2 

CH3CHBrCH2Br 

CH3CHCICH2CI 

CH3CHOHCH2OH 

CH3CHCH2(C17H320HCOO)2 
CH3CHCH2(Ci7H35COO)2. . . . 
CH3CHOHCH2OOCC17H35. . . 


•  Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

Physical  form  and  color 

Odor 

Purity 

% 

Sp.  gr. 

4?? 

w.  wh.  liq 

fa.  aromatic 

1.106-1.111 

423 

liq 

424 

It.  yel.  cr 

none 

.8662 

1.094-1.099 

425 

cl.  col.  mobile  liq 

liq 

pleas 

426 

427 

wh.  sld 

none 

428 

liq 

429 

yel.  liq 

geranium-like 

0.8791 

'•MS 

l.Mg 

1.20? 
1.20? 

4 

430 

cl.-col.pa.  straw  mobile  perm.  liq. 
cl.,  col.  vise.  per.  liq 

none 

431 

none 

432 

cl.  col.  pa.  straw  mobile  perm.  liq. 
cl.  col.-pa.  straw  mobile  perm.  liq. 
cl.  col.  mobile  liq 

433 

434 

none. . . 

435 

cl.  col.  vise,  liq 

436 

wh.  cr.  sld 

none 

437 

wh.  sld.  or  cl.  col.  sld . . . 

1.38*2 

438 

wh.  gran,  sld 

none 

439 

liq 

amine-like 

440 

col.  flammable  gas 

char,  pleas,  sweet 

pungent 

99.9.. 

0.503^ 

1.0119 

1.015 

441 

col.  liq 

95-100 

ca.  95 

442 

pa.  lemon  colored  liq 

sweet  pleas 

443 

wh.  cr 

none 

444 

w.  wh.  liq 

mila,  n.  res 

46-54 

l.Uflg 

0.8732 
1.943| 

1.157-1.163^ 

20 

1.037-1.039^ 
0.942^ 

25 

0.9662 
0.682 

445 

col.  liq 

amm 

446 

cl.  col.  heavy  liq 

sweet 

447 

w.  wh.  liq 

chloroform-like 

448 

w.  wh.  liq 

almost  none 

99 

449 

amber  oil 

fa.  fatty 

450 

cr.  colored  sld. . , 

fa.  fatty 

451 

cr.  colored  soft  sld  . 

fa.  fatty 

See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  '"F 

422 

Phenyl  "Cellosolve"* 

"       diethanolamine .... 
^-Phenyl  diphenyl  ether .  .  . 

14.0 

58 

244.7 

240-248 

250 

423 

424 

27.6 

20510 

359.6 

425 

<-70 

135-5%;  137-95%... 
280-290 

68 

426 

ethanolamine 

"       methyl  pyrazolone. . 

"       morpholine 

Phorone 

Phosphen  1 

2 

3 

15.4 

285.2 

289265 

305 

427 

128 

4?8 

57 

28.0 

<0 

26876° 

429 

197.9 

185 

430 

245-2605 

>437 

431 

<0 

<0   . 

260-2756 

482 

432 

240-2555  .... 

>419 

433 

4 

5 

6 

<0.  .  . 

255-2705 

>437 

434 

<0 

250-2855 

437 

435 

285-330 

482 

436 

7 

8 

9 

Piperazine 

Propane,  Pure 

102-105 

35 

3005 

527 

437 

255-2655 

545 

438 

113-115. .  . 

439 

104 

440 

-190 

-43 

16.4-17.5.... 
96 

—42  2  .-■ 

—  140 

441 

Propionic  anhydride 

Propiophenone 

Propyl  p-hydroxybenzoate. . 

Propylene  chlorhydrin .... 

Propylene  diamine, 
anhydrous 
Propylene  dibromide 

Propylene  dichloride 

Propylene  glycol 

Propylene  glycol 
diricinoleate 
Propylene  glycol  distearate 

Propylene  glycol  mono- 
stearate 

169.0 

215-218,  80% 

160-175 

165 

442 

215-218,  80% 

443 

444 

<-80 

<-60 

127.4. 

125 

445 

119.7 

160 

446 
447 

95.9           .    . 

139.6-5%; 
142.6-95% 
<93-none;  >99-none 

<180-none;  <195- 
90%;  >210-none 

none 
70 

448 
449 

188.2 

225 

450 

34-35  

451 

37-39 

Trade  mark. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 

444 
445 

446 
447 
448 
449 
450 
451 


Solubility, 
grams  per  100  ml 


2.672o%  by  wt.  in  wt. 
3.342o%  by  wt.  in  w. 


g.  per  100  g.:   100  eth.,   100 
CCU,  100  bz.,  100  acet.;  i.w. 
oo  eth.,  CCU,  bz.,  al.;  i.w 


4.5820%  by  wt.  in  w. 
1.020%  by  wt.  in  w. 
1.020%  by  wt.  in  w . . 
0.1150%  by  wt.  in  w. 


oe  bz.,  CCU;  v.s.al.;  s.V.M.P. 
naphtha;  i.w. 

oo  CCU,  bz.,  v.s.al.;  s.  V.M.P. 
naphtha;  i.w. 

CCU,  bz.;  v.s.al.,  sl.s. V.M.P. 
naphtha;  i.w. 

CCU,   bz.,    v.s.al;   sl.s.V.M.P. 
naphtha;  i.w. 

CCU,   bz.;   v.s.al;  sl.s.V.M.P. 
naphtha;  i.w. 

oobz.,  CCU;  v.s.al.;  s.  V.M.P. 
naphtha;  i.w. 

oobz.,  CCU,  g.  per  100  g.:  2  al.; 
i.w. 

oobz.,  CCU;  v.s.al;  sl.s.V.M.P. 
naphtha;  i.w. 

gper  100g.:8bz.,  1  CCU;  sl.s. 
V.M.P.  naphtha;  i.w.,al. 
1520%  by  wt.  in  w 


lmm.  w 

d.w 

s.  eth.,  bz.;  i.w. 


g.  per  100  g.:  105  acet.,  100 
meth.al.,  50  eth.,  3  bz., 
.5  CCU;  i.w. 

00  w 


acet.,  bz.,  CCU;  vs.eth.;  s.al;  g. 
per  100  g.  0.225  w. 
0.320%by  wt.  in  w 


s.  al.,  naphtha;  i.w. . 
s.  naphtha,  h.al.;  i.w, 


s.  acet.,  ethyl  acetate,  h.al., 
toluene,  naphtha;  i.w. 


Uses 


fixative  for  perfumes;  org.  syn. 
inter 


syn.  dyes,  inter 

inter. org.syn. ;  pharm. . 
syn. drugs,  rubber  accel . 
inter 


syn.  drugs 

refrig.,  reagent;  org.  syn. 
esterifying  agt 


chem.syn . 
chem.syn . 


cleaning  comp.,  org.  syn 
sol  v.,  anti-freeze 


hydraulic  fluids,  lubricants, 
plasticizer 


suppositories;  emulsifier  with 


Shipping 
container 


cans,  drums.  . 
cans,  drums.  . 


cans,  drums .  . . 
drums,  barrels, 
research  quant . 
cans,  drums.  .  . 


research  quant, 
cylinders 


tins,  bottles . 


jugs,  carboys, 
drums 


cans,  drums 


cans,  drums, 
tank  cars 


Source  of 
information 


C.  &C. 

c.  &  c. 

D. 
D. 

C.  &C. 
C.  &C. 

c.  &c. 
c.  &c. 

D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 
D. 

c.  &c. 
p.p. 
c.  &c. 

Pa. 
D. 

C.  &  C. 

C.  &C. 

D. 

C.  &C. 

C.  &C 

G. 

G. 

G. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No 

452 
453 
454 
455 
456 
457 

458 
459 

460 
461 
462 
463 
464 
465 
466 
467 

468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 


Trade  name 


Propylene  oxide 

"      .Technical. 

Pyrosal 

Resorcin 

Salicyl  salicylic  acid 
SOA* 


Sodium  benzene-meta- 
disulfonate 
"       diphenyl-4- 
sulfonate 

Sorbitol  hexaacetate . . , 

Span  20 

"     40 


60. 
80. 

85. 


1,2,4,5-Tetrachloro- 

benzene 
Tetrachloro  hydro- 

quinone 

2,3,4,6  Tetrachloro- 
phenol 
Tetrachloroquinone . 


Tetradecanol . 


Tetraethanolammon- 

ium  hydroxide 

Tetraethylene  glycol. . . 

Tetraethylene 
pentamme 
Tetraglycol  dichloride. 

Tetrahydrofurfuryl 

alcohol 
Tetrahydrofurfuryl 

glycolate 
Tetrahydrofurfuryl 

levulinate 
Tetrahydrofurfuryl 

oleate 
Thiodiphenylamine 


Chemical  name 
or  synonyms 


propylene  oxide 

propylene 

antipyrene  aeetyl  salicy- 
late 
meta-dihydroxy  benzene  .  . 

salicyl  salicylic  acid 

sucrose  octa  acetate 

sodium  benzene  meta- 
disulfonate 
diphenyl-4-sulfonic  acid. . . 

sorbitol  hexaacetate 

sorbitan  monolaurate 

"       monopalmitate. . . 

"       monostearate .  . . . 

"       monooleate 

"       trioleate 

1,2,4.5-tetrachlorobenzene 
tetrachloro  hydroquinone . 

2,3,4,6  tetrachlorophenol . . 

chloranil 

tetradecanol 

tetraethanolammonium 
hydroxide 
tetraethylene  glycol 

tetraethylene  pentamine . . 

tetraglycol  dichloride 

tetrahydro-2-furancar- 

binol 
tetrahydrofurfuryl 

glycolate 
tetrahydrofurfuryl 

levulinate 
tetrahydrofurfuryl  oleate. . 

phenothiazine 


Formula 


CH3CHCH20 

i I 

CH2CHCH3 

C20H20O5N2 

C6H4(OH)2 

C14H10O5 

Ci2Hh03(OOCCH3)8 

C6H4(S03Na)> 

Ci2H903SNa 

C6H806(CH3CO)6 

CeH80(OH)3(OCOCnH23)t 

C6H80(OH)3OCO(CH2)i4(CH3)  f 

C6H80(OH)3OCO(CH2)i6CH3t. . 

CeH80(OH)3OCO(CH2)7- 
CH(C8Hn)CHt 
C6H80(OH)[OCOCi7H33]3t 

C6H2CI4 

C6H2O2CI4 

C6H2OCl4 

CI4C6O2 

C14H29OH 

(HOCH2CH2)4NOH 

HO(CH2CH20)3CH2CH2OH 

NH2(CH2CH2NH)3CH2CH2NH2. 

(C1CH2CH20CH2CH2)20 

C4H7O.CH2OH 

(CH2)3CHOCH2OOC.CH2OH. . . 

(CH2)3OCHCH2OOC 
(CH2)2COCH3 
(CH2)3OCHCH2OOCC17H33 

C6H4SNHC6H4 


*  Trade  mark, 
t  Theoretical. 
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ORGANIC  COMPOUNDS  (Continued) 


No. 

452 
453 
454 
455 
456 
457 

458 
459 

460 
461 
462 
463 
464 
465 
466 
467 

468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 


Physical  form  and  color 


w.  wh.  liq 

olefin 

wh.  powd. . . 

si.  yel.  sld 

wh.  powd. . . 
wh.  cr.  powd 


It.  pk.  sld. 
fine  wh.  cr. 


wh.  cr 

amber  colored  viscous  oily  liq. 

yel.  wax 

yel.  brittle  wax 

amber-colored,  viscous  oily  liq. 

amber,  oily  liq 

It.  tan  cr 

It.  tan  powd , 


tanfl 

golden  br.  cr.  sld. 
col.  liq 


Odor 


fa.,  peculiar , 

none 

intensely  bitter  taste . 


none 
aromatic . 


none,  bitter  after-taste 

fatty 

faint,  fatty 

faint,  fatty 

fatty 

fatty 

like  p-dichlorobenzene .  . 
pung 


strong  char, 
mild  char. . 
mild 


Purity 

% 


95. 


>98. 


99  min. 


tech. 
tech. 
tech. 
tech. 
tech. 


Sp.  gr. 


0.831-0.836^ 

20 

0.520v 

4 


1.28515 


1.28  (fused) 


3426 

00-1.06 
00-1.05 
98-1.03 
00-1.05 
92-0.98 


1.63- 


0.8355 


col.  hyg.  liq 

vise.  hyg.  liq... 

liq 

col.-straw  liq . . . 

amber  liq 

amber  liq 

yeL  liq 

pa.  yel.  lust,  pi 


char,  amine-like. 


mild 

faint .  .  . 
faint .  .  . 
faint . .  . 
fa.  char. 


95  min. 


1248 

990-1.000 
186 
OHg 

™S 

10*> 

927* 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

452 

34.1 

<30-none;  >40-5% 

-35 

453 

-185.2 

61.4-63.8 

-47.6 

454 

Pyrosal                

455 

Resorcin              

109-110 

145.7-149.2. 

146-152^ 

146-1525 

456 

Salicyl  salicylic  acid 

SOA* 

457 

79-86 

26001 

d.  285 

458 

Sodium  benzene-meta- 
disulfonate 
Sodum  diphenyl-4-sulfonate 

Sorbitol  hexaacetate 

Span  20 

459 

460 

98-100 

14-16 

220-24012.  .  .  . 

461 

400 

46? 

"     40  

415 

463 

"     60 

450 

464 

"     80      

10-12 

410 

465 

"     85 

-10 

466 

1,2,4,5-Tetrachlorobenzene . 
Tetrachloro  hydroquinone . 

2,3,4,6-Tetrachlorophenol .  . 

Tetraehloroquinone 

Tetradecanol 

136.0-139  0 

none 

467 

235.0-236.1. 

468 

55-62 

none 

469 

285-287    . 

470 

263.2 

285 

471 

Tetraethanolammonium 
hydroxide 
Tetraethylene  glycol 

pentamine  . . 

47? 

-6.2 

327.3 

345 

473 

333 

1142 

280-360 

325 

474 

Tetraglycol  dichloride .  . 

>250 

475 

476 

Tetrahydrofurfuryl  alcohol . 

Te  trahydrof urf uryl 

glycolate 

levulinate 
"              "        oleate.. 

<-80 

177-8743 

170-180,99%, 

167-176 

477 

478 

479 

Thiodiphenylamine 

184.3-185.2.. 

Trade  mark. 
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See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  Continued 


Solubility 
grams  per  100  ml 


41.02°%  by  wt.  in  w 

imm.  w 

g.  per  100  g.;  126  al.,  113  bz., 

13  eth.,  480  W.f  125w.;i.CCl4 

s.w.,  al.,  eth.,  acet.,  amyl  al.; 

si.  s.  bz..  glycerine 
g.  per  100  g.:  66  acet.,  45  al., 

28  eth,  lbz.;  v.sl.  s.  CCUji.w 
g.  per  100  g.:  .09  w.,  9.0  al.; 

s.eth 

s.w 

g.  per  100  g.:  1.5  w.,  .02  acet., 
.002  bz.,  .03  CCU,  .03  eth.,  .06 
meth.  al. 

.2725  w.,  3.0100  w 

disp.w.;  s.  oil  &  org.  solv 

disp.h.  w.;  s.  warm  oils,  most 

org.  solv. 
disp.  h.w.;  s.  warm  oils,  most 

org.  solv. 
disp.w.;  s.  oils,  most  org.  solv.. 

s.oils,  org.  solv.,  sl.w.  disp 

g.  per  100  g.:  0.8  al.,  6  CC14,  58 

monochlorobenzene ;  i.w. 
g.  per  100  g.:  45  acet ,  0.2  bz, 

.04CC14,  20  eth.,  20  meth.  al.; 

i.w. 
v.s.  acet.,  al.,  bz.,  eth.,  meth.al; 

v.sl.s.w.;g.perl00g.:31CCl4 
s.  epichlorohydrin;  sl.s.  CCU; 

i.w.,  al.,  bz.,  eth. 
0.0220%  by  wt.  in  w 

oo  W 

oo  w 

ao  w.,  most  org.  solv 

sl.s.w 

oo  w.,  al.,  eth 

s.w.,  al.,  acet.,  toluene; 
i. naphtha 
oo  w.;  s.al.,  toluene,  naphtha. 

s.al,  toluene,  naphtha,  acet., 

ethyl  acetate,  i.w. 
g.  per  100  g.:  27  acet.,  3  bz.,  .6 

CC14,  7  eth.,  2  meth  al.;  i.w. 


Uses 


fumigant,  chem.  syn. 
research  


dyes,  pharm. 


anhydrous  adhesive,  water- 
proofing   paper,    insulating, 
lacq.,  plastics,  rubbing  al., 
denaturing 

grinding  aid  for  cement 


hardening  agt,,  plasticizer 

org.  syn. 
emulsifier,  wetting  &  drying 

agt;  edible 
emulsifier,  thickening  agt 


emulsifier,  thickening  agt. . .  . 

w/o  emulsifier,  edible 

w/o  emulsifier,  dispersing  agt. . 


plasticizer  inter.,  perfume 
fixatives 
textile  auxiliary 


solv.  nitro.,  gen.,  plasticizer. 

saponifying  fatty  acids 

chem.syn 


solv.,  org.syn.,  wetting  agt., 

mfg.  plasticizer 
compatible  nitro  ,  ethyl  cellu., 

cellu. acetate,  vinylite  resin 
compatible  nitro.,  ethyl  cellu., 

cellu.acetate,  vinylite 
plasticizer 


Shipping 
container 


cans,  drums . 
cylinders 


fiber  containers, 
drums 


cartons,  drums. 


fibre  drums. 


drums,  cans. 

drums,  fiber 
containers 

drums,  fiber 
containers 

drums,  cans. 

drums,  cans. 


cans,  drums.  .  . 
research  quant, 
cans,  drums .  . . 
cans,  drums.  .  . 
research  quant, 
cans,  drums .  . . 


Source  of 
information 


C.  &C. 

P.P. 

D. 

Pa. 

D. 

N. 

Pa. 
D. 

At, 
At, 
At. 
At. 
At. 
At. 
D. 
D. 

D. 

D. 

C.  &C. 

C.  &C. 

C.  &C. 

C.  &C. 

C.  &C. 

Q.O. 

G. 

G. 

G. 

D. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


Chemical  name 
or  synonyms 


No. 
480 
481 

482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 


Trade  name 


2,4,6-Tribromophenol. 
Tributyl  citrate 


Tributyl  phosphate. . 

Trichlorethylene 

2,4,5-Trichlorophenol 
1 , 1 , 2,-Trichloropr  opane 
1,2, 3  ,-Trichloropr  opane 
1,2,3-Trichloropropane 

Triethylamine 

Triethanolamine 

Triethyl  phosphate 

Triethylene  glycol 

tetramine . 
Triglycol  dichloride... . 
Triisopropanolamine. . . 

Trimethylamine 

Trimethyl  phosphate . . 

Tri-n-Butylamine 

Triphenyl  carbinol .... 
Tween20 

40 

60 

61 


81.... 

85.... 
Undecanol-2 . . 

Urethan 

Vinyl  acetate. 


chloride . 
chloride . 


2,4,6-tribromophenol . 
tributyl  citrate 


tributyl  phosphate 

1,2,2-trichlorethylene 

2,4,5-trichlorophenol 

1,1,2,-trichloropropane. . . 
1,2,3,-trichloropropane. . . 
1,2,3-trichloropropane .  . . 

triethylamine 

tri  (2-hydroxyethyl)  amine 

triethyl  phosphate 

triethylene  glycol 

tetramine. . . . 

triglycol  dichloride 

triisopropanolamine 

trimethylamine 

trimethyl  phosphate 

tributylamine 

triphenyl  methanol 


polyoxyalkylene  deriv.   of 

sorbitan  monolaurate 
polyoxyalkylene  deriv.  of 

sorbitan  monopalmitate 
polyoxyalkylene  deriv.  of 

sorbitan  monostearate 
polyoxyalkylene  deriv.  of 

sorbitan  monostearate 
polyoxyalkylene  deriv.  of 

sorbitan  monooleate 
polyoxyalklene    deriv.    of 

sorbitan  monooleate 
polyoxyalklene    deriv.    of 

sorbitan  trioleate 
undecanol-2 


ethyl  carbamate . 
vinyl  acetate . . . . 


"     chloride. 
chloroethylene . 


Formula 

MOl. 
Wt. 

CeHaOBrs 

330.83 

(CH2COOC4H9)2C(OH) 
COOC4H» 

360.44 

(C4H9)3P04 

266.32 

C1CH:CC12 

131.40 

C6H30C13 

197.46 

CH3CHCICHCI2 

147.44 

CH2CICHCICH2CI 

147.44 

CH2C1CHC1CH2C1 

147.44 

(C2H5)3N 

101  19 

(HOCH2CH2)3N 

149  19 

(C2H6)3P04 

182  16 

HOC2H40C2H4OC2H40H 

150.17 

NH2C2H4NHC2H4NHC2H4NH2. . 

146.24 

C1(CH2CH20)2CH2CH2C1 

187.07 

[CH3CH(OH)CH2l3N 

191  27 

(CH3)3N 

59.11 

(CH3)3P04 

140  08 

(C4H»)3N 

185  34 

CisHieO 

260.32 

122  6t 

1282f 

1310f 

606f 

CuH23OH 

172.30 

NH2COOC2H5 

89.09 

CH2CHOCOCH3 

86.05 

CH3COOCHCH2 

86.09 

CH2:CHC1 

62.50 

CH2CHC1 

62.50 

t  Theoretical.    . 
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ORGANIC  COMPOUNDS  (Continued) 


Physical  form  and  color 


It.  pk.  cr 

It.  straw  stable,  n.  vol.  liq. 

w.  wh.  liq 

w.  wh.  liq 

tan  fl 

cl.  col.  liq 

col.  liq 

cl.  col.  liq 

w.  wh   

vise.  hyg.  liq 

col.  liq 

col.  liq 

vise,  liq 

col.  liq 

wh.  cr.  sld 

col.  gas 

w.  wh.  liq 

l.yel 

It.  straw  colored  cr 

amber,  oily  liq 

amber,  oily  liq 

amber,  oily  liq 

yel.  waxy  solid 

amber,  oily  solid 

amber  oily  liq 

amber  oily  liq 

col.  liq 

wh.  cr 

w.  wh.  liq 


Odor 


fa.  char,  sweet  astringent 
taste 
none 


unstable  to  w.  wh.  liq. ;  stable  to  ft. 
blue  liq 
w.  wh.  cl 


col,  liq.  under  press. 


pleas 

strong  phenolic . 
sweetish  char . . . 
chloroform-like . 
sweet  char 


si.  amm 

apple-like 

almost  none . .    . 
char,  amine-like. 


si.  amm. 


pung.  amm. 
mild 


fa 

faint,  fatty, 
faint,  fatty, 
faint,  fatty, 
faint,  fatty, 
faint,  fatty, 
faint,  fatty . 
faint,  fatty . 

mild 

slight 


char,  sharp;  irritating  to 
the  eyes 
pleas 


;thyl  chloride-like 


Purity 

% 


99. 


99.95. 
99.... 


1)5 


80 

97  by  wt. 


98  by  wt. 


tech. 
tech. 
tech. 
tech. 
tech. 
tech. 
tech. 


98 

99.0+ 
99.5.. 


Sp.  gr. 


1.043-1.0497 


.973-.  983^ 

20 

1.47-1.48^ 


13432| 
1.398^ 

4 

1.388g 


0.73: 


1.1240-1.1300^ 


1.068-1.072 

1.122-1.127 

0.980-0.985 

1.195-1.120 

1.0200 

.662-5 


1.205-1.220^ 


0.782 


1.08-1.13 

1.05-1.10 

1.05-1.10 

0.98-1.03 

1.05-1.10 

1.00-1.05 

1.03-1.05 

0.8363 

1.06^-2 

4 

0.9317?? 


0. 9335-.  934.' 
0.9121^ 


■jo 


0.908 


See  two  following  pages  for  addi- 
tional data  on  above  compounds. 
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PHYSICAL  CONSTANTS  OF  INDUSTRIAL 


No. 

Trade  name 

Melting 
point,  °C 

Boiling 
point,  °C 

Distillation 
range,  °C 

Flash 
point,  °F 

480 

2,4,6  Tribromophenol 

Tributyl  citrate 

91.5-92.6.... 
-20 

<-80 

sublimes 

none 

481 

233. 522-5 

177-17827.... 
86.7 

234-236 

175-184 

86-87.5,95% 

36525 

482 
483 

"       phosphate 

Trichlorethylene 

294.8 
none 

484 

2,4,5-Trichlorophenol 

1,1,2-Trichloropropane 

1,2,3,-Trichloropropane 

60 

252 

none 

485 

<-20 

132.0-5%;  134.3- 
95% 

none 

486 

156 

174 

487 

1,2,3-Trichloropropane 

Triethylamine 

-15.... 

155.4-5%;  156- 

95% 
not  <85; 

not  >91 

none 

488 

-114.8 

21.2 

-56.4 

-7.2 

89.5 

20 

489 

Triethanol  amine 

208io 

365 

490 
401 

Triethyl  phosphate 

Triethylene  glycol 

216 

287.3 

277.5 

241.3 

305.4 

190-220;  210-5%.... 

<270-none;  <290- 
85%;  <300-95% 
260-290.. 

ca  240 
330 

4Q9 

tetramine .    . 

260 

493 

Triglycol  dichloride 

Trisopropanolamine 

Trimethylamine 

-31.5 

46-50 

-124 

-47.1 

<-70 

160-161.2. 

230-245 

250 

494 

305 

495 

3.2-3.8.765... 

496 

Trimethyl  phosphate 

Tri-n-Butylamine 

196 

190-205,  90% 

not  <303; 
not  <219 

none 

497 

214 

187 

498 

Triphenyl  carbinol 

Tween  20 

499 

610 

500 

"      40 

501 

"      60 

50? 

"      61 

503 

"      80 

504 

"      81 

550 

505 

11      85 

610 

506 

Undecanol-2 

225.4    . 

235 

507 

Urethan 

48-50 

183 

508 

Vinyl  acetate 

72.5  .. 

72-73 

-8 

509 

"     chloride 

<-60 j 

-159.7 i 

I 
1 

71.8-73.0... 

-13.9 

-14 

71-73.5 

510 

<10-95% 

<20 

511 

<-22  . 

1264 


See  two  preceding  pages  for  addi- 
tional data  on  above  compounds. 


ORGANIC  COMPOUNDS  (Continued) 


Solubility, 
grams  per  100  ml 


v.s.acet.,  al.,  eth;  v.shs.w.;  g. 
per  100  g.:  12  CC14,  50  bz. 
Limm.w 


.586  w 

0.1025%  by  wt.  in  w 

v.s.al.,  bz.,  CCU,  eth.;  i.w 

oo  acet.,  al    bz.,  CCh,  eth;  i.w 

<0.1w 

00  acet.,  al.,  bz.,  CCh,  eth.;  i.w. 


00  w.,  18;  s.  meth.al.,  ethyl  eth., 
acet.,  bz.,  gasoline,  ethyl  acetate 
00  w.,al;  sl.s.hydrocarbons .  .  .  . 


»  w.;  s.  most  org.  solv. 
<x>  w 


w. 


1.8920%  by  wt.  in  w. 
00  w 


v.s.w. 


00  w.,  most  org.  liq 

00  most  org.  solv.;  i.w 

g.  per  100  g.:  22  acet.,  16  bz., 

16  eth.,  2  CCU,  3  meth.al. 
s.w.,  most  org.  solv.;  i.  mineral, 

veget.  oils 
s.w.,  most  org.  solv.;  i.  mineral, 

veget.  oils 
s.w.,  most  org.  solv;  i.  mineral, 

veget.  oils 
s.  org.  solv.;  i.w.;  disp.  h.w 

s.w.,  most  org.  solv.;  i.  mineral, 
veget.  oils 
disp.w. ;  s.  all  org.  solv 


s.w.,  most  org.  solv.;  i.  mineral, 
veg.  oils 
<0.022o%  by  wt.  in  w 


18025w.,  12525eth 

2.5w 

00  al.,  eth. ;  i.w 

0.0920%  by  wt.  in  w 

v.s.  CCU,  eth. ;  s.al.;  sl.s.w 


Uses 


plasticizer  cellu. nitrate,  ace- 
tate, resins;  antifoaming  agt., 
lubricant,  agt. 

plasticizer  nitro.  lacq.,  plastics, 
cellu,  acetates 

solv.degreaser 


Shipping 
container 


drums,  cans, 
cans,  drums. 


prep. ammonium  comp.; 

textile 
gas    absorbent,    form    soaps, 

emulsifying  agts. 
solv.plasticizer 


solv.nitrocellu.;  chem.syn. 


detergents,    sofg.agts;    chem. 

syn.  _ 

chlorinated  solv.extr 


emulsifying  agt . 


synth.chem.base;  warning  agt 
insect  attractant 
solvent 


hydraulic  fluid  formulation 


emulsifier,  wetting,  disp.; 
solubilizing  agent 

emulsifier,  dispersing,  solubi- 
lizing agt. 

emulsifier,  dispersing,  solubi- 
lizing agt. 

emulsifier,  thick,  agt 


emulsifier,  wetting,  disp.  agt. 
emulsifier,  disp.  agt.  lubricant 

emulsifier,  wetting,  dispersing, 

solubilizing  agt. 
plasticizer     inter.,     perfume 

fixatives 
pharm 


inter,  resin,  drug  mfg. . . 
mfg.  vinyl  acetate  rosins 
mfg.  plastics 


Source  of 
information 


cans,  drums 

cans,  drums 

tank  cars 

cans,  drums. 


cans,  drums.  .  . 
cans,  drums .  . . 
cans,  drums.  .  . 
cans,  drums.  .  . 
drums,  bottles, 
drums,  cans.  . . 
cans,  drums.  .  . 


drums,  cans, 
drums,  cans, 
drums,  cans, 
drums,  cans, 
drums,  cans, 
drums,  cans, 
drums,  cans. 

drums 

drums,  cans 


drums,  tank 

cars 
drums,  tank 

cars 
cylinders. . . . 


D. 

C.S. 

C.S. 

C.  &c. 

D. 

D. 

S.D. 

D. 

Sh. 

C.&CL 

C.S. 

c.&c. 
c.  &c. 
c.&c. 
c.&c. 

C.S. 

C.S. 

Sh. 

D. 

At. 

At. 

At, 

At 

At. 

At. 

At. 

C.  &  C. 

U.S.I. 

S.C.L. 

N. 

C.  &  C. 

D. 


1265 


CONSTANTS  OF  VEGETABLE  AND  ANIMAL 


No. 


Common  name 


Scientific  name 


Claeet 


13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 


Almond 

Beef  marrow . . 
Beef  tallow 

Beechnut 

Beeswax 

Black  mustard, 
Bone  fat 


Butter  fat 


Prunus  amygdalus 

Adeps  bovis 

Adeps  bovis 

Fagus  sylvatica  F.  Americana 

Apis  mellifera 

Sinapis  nigra 

Sevum  ossis 


12     Castor . 


Candlenut .... 
Candlenut 
Carnauba  wax 


Vaccae  lactis  adeps. 

Aleurites  moluccdna 
Aleurites  triloba .... 
Corypha  cerifera 
Ricinus  communis . . 


Chaulmoogra 

Chaulmoogra 

Chinese  insect  wax 

Chinese  vegetable  tallow . 

Coconut 

Cocoa  butter  (Cacao) 

Cod  liver 

Corn  (maize) 

Cotton  seed 


Taraktogenos  Kurzii 

U.  S.  P.  10th  Revision 

Coccus  cerifera 

StilHngia  sebifera 

Cocos  butyracea,  C.  nucifera 

Theobroma  cacao 

Gadus  morrh.ua 

Zea  mais 


Cotton  seed  stearin .  .  . 

Croton 

Goose  fat 

Grape  seed 

Hazelnut 

Hemp  seed 

Horse  fat 

Human  fat 

Japan  wax 

Lard  oil 

Lard  oil  (fatty  tissue). 

Laurel  (bayberry) 

Linseed 

Menhaden 

Mutton  tallow 

Myrtle  wax 

Neat's  foot 

Nutmeg  butter  (mace) 
Olive 


Palm 

Palm  kernel 

Palm  kernel ....... 

Peach  kernel 

Peanut 

Poppy  seed 

Porpoise  (body  oil) 

Pumpkin  seed 

Rabbit  fat 

Rape  seed 

Safflower 

Seal 


53     Sesame , 


Species  Gossypium , 

Gossypium ........ 

Croton  tiglium 

Anser  cinereus.  .  .  . 

Vites  vine/era 

Corylus  avellana  .  .  . 
Cannabus  sativa .  .  . 
Equus  caballus .... 


Rhus  succedaneum 

Oleum  adipis 

Adeps 

Laurus  nobilis 

Linum  usitatissimum 

Alosa  menhaden  (Brevortia  tyrannus) 

Adeps  ovis 

Myrica  cerifera  (M.  Carolinensis) 

Oleum  pedis  bovis 

Myristica  officinalis 

Olea  Europaea  sativa 


Elaeis  guineensis 

Elaeis  guineensis  (W.  Africa).. 
Elaeis  guineensis  (S.  America). 

Amygdalus  Persica 

Arachis  hypogaea 

Papaver  somniferum 

Delphinus  phocaena 

Cucurbita  pepo 

Lepus  cuniculus 

Brassica  campestris 

Carthamus  tinctorius 

Species  Phoca 


Sesamwn  indicum 


I 

IX 

IX 

V 

XII 

II 

IX 

IX 

VI 
VI 
XI 

III 


V 

XII 

VIII 

VIII 

VIII 

VII 

V 


VIII 

V 

IX 

III 

I 

VI 

IX 

IX 

VIII 

IV 

IX 

VIII 

VI 

VII 

IX 

VIII 

IV 

VIII 

I 

VIII 
VIII 
VIII 

I 

I 

VI 
VII 
V 
IX 

II 

VI 
VII 
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OILS,  FATS  AND  WAXES 


No. 

Specific  gravity 
15° 

Solidifying 

Saponi- 
fication 
value 

Iodine 

Hehner's 

at  if.  C. 

point  °C. 

value 

number 

1 

0.914-0.921 

-15  to  -20 

183 . 3-207 . 6 

93-103.4 

96.0 

2 

0.9311-0.938 

31  to  29 

196-199.6 

39-55.4 

3 

0.895 

31  to  38 

196-200 

35 . 4-42 . 3 

'96^96 .5 

4 

0.922 

-17 

191-196 

97-111 

95-96 

5 

0.961-0.968 

60.5  to  62 

88-96 

8.8-10.7 

6 

0.915-0.919 

-17 

173-175 

99-110 

"96 

7 

0.914-0.916 

15  to  17 

190-196 

50-55 

94-95 

8 

0.907-0.912^° 

19  to  24.5 

210-230 

26-28 

87.6-89.6 

9 

0.925 

<-18 

189-195 

163-164 

95-96 

10 

0.927 

<-18 

202-204 

139-143.8 

11 

0.995-0.999 

80  to  87 

79-84 

13.5 

12 

0.960-0.967 

-12  turbid; 
-17  to  -18  solid 

175-183 

84 

13 

0.943-0.954 

20  to  25 

196-213 

97.6-110.4 

14 

ca  0.950250 

<25 

196-213 

98-104 

15 

0.809-0.811 

80  to  81 

80.4-91.7 

1.4 

16 

0.918-0.922 

24  to  34 

179-206 

23-40 . 5 

"95\3 

17 

0.926 

14  to  22 

253.4-262 

6.2-10 

82 . 3-90 . 5 

18 

0.964-0.974 

21.5  to  27.3 

192.8-195 

32.8-41.7 

94-95 

19 

0.922-0.931 

-3 

171-189 

137-166 

95.3 

20 

0.921-0.928 

-10  to  -20 

187-193 

111-128 

93-95 

21 

0. 917-0. 918|p 

+  12  to  -13 

194-196 

103-111.3 

95.7 

22 

0.9188-0.923 

16  to  22 

195 

89-103 

95.9 

23 

0 .  942-0 . 944 

-8  to  -18 

193-215 

108-109 

89.0 

24 

0 . 923-0 . 930 

22  to  24 

191-193 

58-67 

94.5-95.3 

25 

0.917-0.933 

-10  to  -17 

171-191 

94.3-135 

92 

26 

0.917 

-17  to  -18 

191-197 

87 

95.5 

27 

0.928-0.934 

-15  to  -28 

190-195 

145-161.7 

28 

0.919-0.933 

20  to  45 

195-200 

75-86 

95-98 

29 

0.9179 

15 

193.3-199 

64 

30 

0 .  970-0 . 980 

40.5  to  46 

206 . 6-237 . 5 

4.9-12.8 

"90-91 

31 

0.913-0.915 

+4  to  -2 

193-198 

62.5-79 

97 

32 

0.934-0.938 

27.1  to  29.9 

195-203 

47-66.5 

93-95 

33 

0.8801000 

24  to  25 

198-199 

68-80 

34 

0.930-0.938 

-19  to  -27 

188-195 

175-202 

94!  5-95\  5 

35 

0.923-0.933 

-5 

189-192.9 

148-185 

36 

0.937-0.953 

36  to  41 

195-196 

48-61 

""95\5 

37 

0.995 

39  to  43 

205.5-211.7 

3.9-9.5 

92-94 

38 

0.913-0.918 

-2  to  +10 

193-199 

57.5-75 

94.8-95.9 

39 

0.945-0.996 

40  to  44 

154-178 

59.3-65 

.... 

40 

0.915-0.920 

+  2  turbid; 
-  6  solid 

185-196 

79-88 

95 

41 

0.924 
0.866-0. 873 100° 

200-205 
243-255 

49.2-58.9 
10.5-17.5 

94 . 5-97 

42 

'  '  20  to  24 

91-91.5 

43 

27.4 
-20 

220.2-231.4 
191-193 

25.5-31.6 
92-99 . 7 

44 

"6'.9i8-6!925 

"64-96 

45 

0.917-0.926 

3 

186-194 

88-98 

95 

46 

0.924-0.926 

-16  to  -18 

193-195 

128-141 

95.4 

47 

0.926 

-16 

203.4 

126.9 

68.4 

48 

0.923-0.925 

-15 

188-193 

121-130 

96 

49 

0.934-0.936 

22  to  24 

199-203 

70-99 . 8 

99.5 

50 

0.913-0.917 

-10 

168-179 

94-105 

94.5-96.3 

51 

0.925-0.928 

-13  to  -18 

188-203 

122-141 

95 

52 

0.915-0.926 

3 

187.5-196.2 

130-152 

93-06 

53 

0.9!9|! 

-4  to  -16 

188-193 

103-117 

90 
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CONSTANTS  OF  VEGETABLE  AND  ANIMAL 


No. 

Common  name 

Mau- 
mene' 
num- 
ber 

Acid 
value 

Acetyl 
value 

Refractive 

index  at 

25°  C. 

1 
2 
3 

Almond 

Beef  marrow 

Beef  tallow 

51-53 

0.5-3.5 

1.6 

0.25 

16 '.  8-26!  6 
5.7-7.3 

o]  45-35]  4 
2 

"i-8 

0.12-0.8 

0.79-21.5 

"63 

2.4 

2.5-10.0 

1.1-1.9 

5.6 

1.37-2.02 

0.6-0.9 

'27-36! 9 
0.59 
0.75 

"6]45 
0-2.44 

"ii-i2 

1.56 

0.5-0.8 

26.3 

1-3.5 

5-8 

1.7-14 

3-4.4 

0.1-0.6 

17.2 

0.3-1.0 

10 

5-22 

0.33-0.55 

1-1.5 

0.8 

2.5 

1.2 

' 6 ] 2-7 ] 2 

0 . 36-1 . 0 

0.6 

"9.'8 
0.3-1.8 

j 

9.6 
"2]7-8.'6 
io\2 

ii]3 

1.9-8.6 
9.8 

"00]  2 
146-150.5 

1.4593-1.4646* 
1 . 4628 

4 

1.4698 

5 

1.4538-1.4566* 

6 

7 

Black  mustard 

Bone  fat 

Butter  fat 

43 

1.4718 

8 
q 

1.4555-1.4578* 
1.4760-1.4790 

10 
11 
12 

Candlenut 

Carnauba  wax 

Castor 

'46^47 

1.4760-1.4790 

1.4672-1.4701* 

1.4771 

13 
14 

Chaulmoogra 

Chaulmoogra 

Chinese  insect  wax. .  . 

Chinese        vegetable 
tallow   

1.4777-1.4779 

15 

16 

'*2]3-o]9 

1.97 

1.15 

7.5-11.5 

21-25 

1.4470-1.4579* 

17 

Coconut   

21 

102-ii5 
81-86 
75-90 

1.4477-1.4495* 

18 
19 

Cocoa  butter  (Cacao) 
Cod  liver 

1.4537-1.4580* 
1.4758-1.4783 

20 
21 

Corn  (maize) 

Cotton  seed 

1.4733 
1.4743-1. 4752  !6° 

22 

Cotton  seed  stearin . . 
Croton 

23 

19.8-38.6 

i3'.5-i4]5 
3.2 

17] 25-26] 5 
2]6 

"7]7-9]3 

i6.'5 

15.7 
7.6 

1.4710* 

24 
25 

Goose  fat 

Grape  seed 

53 
36 
97 

'ii-45 

103-126 
123-128 

'43-49 
4i]o-47 

1.4583-1.4626* 
1.4713-1.4725 

'26 

Hazelnut 

1.4667 

27 

Hemp  seed 

1.4740-1.4745* 

28 
29 
30 
31 

Horse  fat 

Human  fat 

Japan  wax 

Lard  oil 

1.4618-1.4696* 

1.459-1.4613* 

1.4560-1.4591* 

1.4607* 

32 
33 
34 
35 

Lard  oil  (fatty  tissue) 
Laurel  (bayberry) .... 

Linseed 

Menhaden 

1.4609-1.4620 
1.4783 

1.4797-1.4802 
1.4787 

36 
37 

38 

Mutton  tallow 

Myrtle  wax 

Neat's  foot 

1.4545-1.4585* 

1.4511* 

1.4643-1.4685 

39 
40 

Nutmeg  butter  (mace) 
Olive 

1.4704* 
1.4657-1.4667 

41 

Palm 

1.4603-1.4639* 

42 
43 

Palm  kernel 

Palm  kernel 

Peach  kernel 

Peanut 

*#42!5 

45-67 
86-88 
50-61 

' 51-64 

1.4492-1.4543* 

44 
45 

6.5 
3.5 

"ii]75 
16.1 

"4.9 

1.4682-1.4701 
">  .4620-1.4653* 

46 

Poppy  seed 

1.4739-1.4742 

47 
48 
49 
50 

Porpoise  (body  oil) .  . 

Pumpkin  seed 

Rabbit  fat 

Rape  seed 

1.4622-1.4625 

1.4724-1.4739 

1.459* 

1.4649-1.4659* 

51 
52 

Safflower 

Seal 

1 . 4769 
1.4742-1.4762 

53 

Sesame 

65.5 

87-88 

1.4704-1.4717 

54 

Soja  bean  (Soya,  Soy) 

1.4723-1.4756 
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OILS,  FATS  AND  WAXES  (Continued) 


Reichert 

Meissl 

number 

Unsaponi- 
fiable 
matter 

Insoluble  fatty  acids 

No. 

Melting 
point  °C. 

Solidifying 
point  °C. 

Iodine 
value 

Acid 
value 

1 
2 
3 
4 

0.5 

2.2 

'6!2-i!7 

17.0-34.5 

1.2 

i!4 

0.2-0.9 

6.6-7.5 

0.3-1 

0.2 

4.3 

0.95 

*i2-i3!6 

0.2-0.98 

0.46 

0.99 

l!64-2!i4 
0.25-0.55 

'    i!6 

0.95 

1.2 

6!5 

0.9-1.2 
1.1-4.2 
0.6-1.5 
0.9-1.9 
5-6.8 

6!4 

0.6 

46.9 

4.45 

0.7-2.8 

0-0.79 

0-0.2 

0.2 

1.1-1.2 

0.5-2.8 

0.75 

3!3 

0.5-1.5 

0.3-0.45 
0.5-0.9 

"54-55 
0.6 

0.2 

0! 54-2 .68 

1.5-2.8 

1.1 

6!55 

"*i!6 

0.5 

1.08 

*i!i-i.'6 

0.6 

'6!i-i!2 

0.6-1.43 

o!ii-6!65 
*  6 ! 4-i ! 0 

*6!5-6!9 
0.43 

16-17 
"i!48 

'6!3-i!o 

0.95-1.32 
1 . 27-1 . 54 

13-14 
45-46 

42.5-44 

23-24 

67.2 

16-17 

42 . 5-44 
38-41 
20-21 

85 

13 

92.2 

39-57 

24-27 
48-53 
21.8-38 
17-20 
34.5 
27-30 

'36! 6-40 

23-25 

22-25 

17-21 

31.3-53.4 

35.5 

54.5-59.6 

33-38.4 

37-46.6 

20-24 

'33! 5-49 

47-48 

29-41 

42.5 

26-30 

50 

25-28.5 

*l6-i8!9 

"26!  5 

26 ! 5-29 ! 8 
39-50 
18.5-20 
11-17 
22-23 
25-35 

26.2-27.5 

9.5-11.8 

37.9-40 

37.9-46.2 

17 

93.5-96.5 

55.5 

41.3 

114 

204 
204.5 
197.2 

<=> 

6 

7 

8 

!  9 

13.4-13.7 

28 

33-39 

13 

17.8 

87-93 

55.7-57.4 

28-31 

185.7 

179.2 

200 

210-220 

10 

11 

12 
13 

3 

86.6-88.3 

192.1 

14 

15 

16 

17 

18 
19 
20 
21 
22 

45.2-47.2; 

50.9-52.5 

21.2-25.2 

47.2-49.2 

17.5-24.3 

14-16 

32-35 

35.1 

17-19 

31-34 

18-20 

19-20 

15.6-16.6 

37.7 

30.5 

53-56.5 

27-33 

36-42.4 

34.2 

8.4-8.8 

32.6-39 

164-171 

113-125 

111-115 

94 

111-112 

65.3 

99-132 

87.5-90.1 

141 

83.9-87.1 

64 

182-208 . 5 

258 

190 

204-207 

198.4 

201. 6-203. P 

23 
24 
25 
26 
27 
28 
?9 

201 
202.4 
187.4 
200.6 

202!e 

30 

213.7 

31 

3? 

3S 

81.6-82 
179-209.8 

34 
35 

16-20.6 

196-198.8 

36 
37 

40-48 . 5 

46 

16-26.5 

40-45 

16.9-26.4 

42.5-45.5 

20-25 . 5 

34.8 

198 
230.9 

38 
39 

62-77 
31.6 

86-90 

53.3 

12 

201 . 2-206 . 3 

40 
41 
42 
43 

193 
204-207 
251-265 

44 
45 
46 
47 

13-13.5 

30.5-39 

17-19 

94.1-101.9 

95.5-103.4 

139 

126 

205-209.9 

201.6 

199 

207 

48 
49 
50 
51 
52 
53 
54 

26-28 

35-41 

11.7-13.6 

7-12 
13-17 
23-32 

21.2 

64.4-101.1 

100-106 

132.5-148.2 

186.5-201.8 

109-112 

122 

210-218 

199 
190.4-198 
196-201.6 
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CONSTANTS  OF  VEGETABLE  AND  ANIMAL 


No. 


Common  name 


Scientific  name 


Class t 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Soja  bean  (Soya,  Soy) 

Sperm 

Spermaceti 

Sunflower 

Tung  (China  wood)  . . , 
Tung  (China  wood) . . . 

Walnut 

Whale 

White  mustard  seed . . 
Wool  fat 


Soja  hispida  (Dolichos  hispida) 

Physeter  macrocephalus 

Cetacea  Oils 

Helianthus  annus 

Aleurites  Fordii 

Aleurites  montana 

Juglans  regia 

Balaena  mysticetus 

Sinapis  alba 

Adeps  lanae 


V 

X 

XII 

VI 

VI 

VI 

VI 

VII 

II 

XII 


t  Class  I,  Non-drying  vegetable  oil  of  the  olive  oil  type;  Class  II,  non- 
drying  vegetable  oil  of  the  rape  oil  type;  Class  III,  non-drying  vegetable  oil 
of  the  castor  oil  type;  Class  IV,  non-drying  animal  oil;  Class  V,  semi-drying 
vegetable  oil;  Class  VI,  drying  vegetable  oil;  Class  VII,  fish  and  marine 
animal  oil;  Class  VIII,  vegetable  fat;  Class  IX,  animal  fat;  Class  X,  sperm 
oil;  Class  XI,  vegetable  non-glyceridic  wax;  Class  XII,  animal  wax. 


No. 


Common  name 


Mau- 
mene' 
num- 
ber 


Acid 
value 


Acetyl 
value 


Refractive 

index  at 

25°  C. 


Sperm 

Spermaceti 

Sunflower 

Tung  (China  wood) 
Tung  (China  wood) 

Walnut 

Whale 

White  mustard  seed, 
Wool  fat 


96-110 
85-92 
44-49 


13.2 

5-2.8 

11 


59.8 


4.5-6.4 
2.6 


11-23 
"23 


1 . 4573 


1.4659-1.4721* 

1.515-1.520 

1.515-1.520 

1.4770 

1.4679-1.4724 

1 . 4649 

1.4784-1.4822* 


*  Refractive  index  at  40°  C. 
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OILS,  FATS  AND  WAXES  (Continued) 


No. 

Specific  gravity 
at§°C. 

Solidifying 
point  °C. 

Saponi- 
fication 
value 

Iodine 
value 

Hehner's 
number 

1 
2 
3 
4 
5 
6 

0.924-0.927 
0 . 878-0 . 884 
0.905-0.945 
0 . 924-0 . 926 
0.939-0.949 
0.925 
0.925-0.927 
0.917-0.924 
0.912-0.916 
0 . 970-0 . 973 

-10  to  -16 

15.5 

42  to  49 

-17 

2  to  3 

189-193.5 
120-137 
126-135 
188-193 
190-197 
189-195 

190.1-197 

160-202 

171-174 

82-130 

122-134 

80-84 

3.5-9.3 

129-136 

163-171 

163-164 

139-150 

90-146 

94-98.4 

17-29 

93-94 . 5 

95 

96.2 
95-96 

7 

8 

9 

10 

-27.5 
0  to  -2 

-8  to  -16 

93.4-95.4 
93-95 
96-97 

No. 


Reichert 

Meissl 

number 


Unsaponi- 
fiable 
matter 


Insoluble  fatty  acids 


Meltin 
point 


a 


Solidifying 
point  °C. 


Iodine 
value 


Acid 
value 


1 
? 

0.5 

1.10 

0.35 

0.92 

14 

8 

39-42 

51.5 

0.31 

0.4-0.8 

0.4-0.8 

0.5-1.0 

1-4 

"39-44 

13.4 

22-24 
40-43.8 

i5-20 

14-27 

15-16 

41.8 

16.1 

88-99 

23.6 

3 
4 

5 

18-19.8 
31.2-37 

i24-134 
145-159.4 

201.6 

188.8 

6 

14.3 

10-24 

9-10 

40 

150 

130.3-132 

94.7-110.4 

17 

7 

8 
9 

181-185.8 
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PHYSICAL  AND   CHEMICAL  CONSTANTS  OF 


The  following  abbreviations  are  used:  Class  I,  Resins;  Class  II,  Oleo- 
acid;  al,  alcohol;  bz,  benzene;  chl.,  chloroform;  eth.,  ether;  eth.  acet.,  ethyl 
oil  of  turpentine;  p.  sol.,  partly  soluble;  sol.,  soluble;  si.  sol.,  slightly  soluble; 


Name 


Class 


Specific 
Gravity 


Melting 

Point 

°C. 


Saponi- 
fication 
No. 


Iodine 
No. 


Acid 
No. 


Amber. 


Ammoniacum 

Anime  (East  Indian) . 
Anime  (West  Indian) 

Benzoin 

Canada  Balsam 


Caoutchouc. 
Colophony . , 


Copaiba  (Para) 

Copaiba  (Maracaibo) . 
Copaiba  (Maranham) 
Copal  (Benin) 


Copal  (Loango) 

Copal  (Sierra  Leone) 
Copal  (Manilla) .... 
Dammar 


Dragon's  Blood. 
Elemi 


Galbanilm 
Guaiacum. 
Jalap 


Mastic 


Myrrh 
Olibanum 


Sandarac 

Shellac 

Storax 

Tolu 

Turpentine  (Common) 
Turpentine  (Larch) 


III 

I 

I 

I 
II 

I 

I 


II 
II 
II 

I 


III 
I 

I 


III 
III 

I 

I 

I 

II 
II 
II 


1 . 05-1 . 10 

250-325 

85-150 

62 

1.2 
1.03 

il2 

230-40 
75-i00 

160-77 

60-90 

150-60 

155-270 

90-6 

128-37 

i.'67-.'09 

i2C^-50 

156^260 

71 
112-7 

0.9-1.0 

0.9-1.0 

0.9-1.0 

1.06-.08 

120-66 

125-150 

61 

i.oo-ios 

95-i90 

126-34 

146-50 

178 

20-65 

1.2 
1.02-.08 

120 
75-120 

150-60 
25-45 

1.11-.13 

1.2 

1.14-.15 

'85-4)0 
150 

75-225 

1.04-.07 

105-20 

82-92 

64 

1.12-.28 
1.2 

160-200 
65-120 

1.04 

135-50 

143 

1.08-.13 

194-213 

1.12 

130-230 

1.1 

154-220 
100-75 

1.1-1.2 

75-125 

15-35 

100-6 

18-27 

45-7 

90-190 

80-90 

81 
150-80 


30-68 

79-91 

72-90 

100-34 

106-15 

109-14 

128 

18-60 

i8-25 


5-65 
70-80 
12-25 

50-71 


59-72 
45-88 

140-55 

48-64 

35-175 

112-68 

110-50 

75-100 
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RESINS,   OLEO-RESINS  AND  GUM-RESINS 


Resins;  Class  III,  Gum- Resins;  a,  acid;  acet.,  acetone;  acet.  a.,  glacial  acetic 
acetate;  insol.,  insoluble;  lgr.,  ligroin;  meth.  al.,  methyl  alcohol;  oil  turp., 
w.,  water. 


Ester 

No. 


% 
Volatile 

at 
100°  C. 


%  Ash 


Solubility 


71-91 

60-70 

47-62 

100-15 

30-175 

4-8 


7-22 

2-18 

1-8 

2-18 


6-26 

50-175 

'120^5 

29 

108-31 

7-72 

1-33 

137-63 

70-185 

25-70 

5-55 

O-50 


2-15 

'i-io 

CM)!  5 


0.3 
2-7 


0.05-.1 
0.2-3.0 


0.02-.05 


0.5-2.5 


0.25-2.0 


0.1-1.0 

' i2-20 

1-30 

0.1-1.5 


0.01-.1 

3.6 
0.02-.1 


0.05-.2 


5-35 


1-25 
1-5 


0.1-.2 

1-8 

0.04-.1 

0.72-1.4 

0-2 


p.  sol.  in  CS2,  oil  turp;  si.  sol.  in  al.,  meth.  al., 
amyl  al.,  bz.,  eth;  insol.  in  acet.  a.,  acet.,  chl. 
p.  sol.  w.,  al.,  eth. 


si.  sol.  w.;  p.  sol.  al. 

sol.  in  bz.,  chl.,  eth.  acet.,  oil  turp.;  p.  sol.  in  al., 

eth.,  lgr. 
sol.  bz.;  insol.  acet. 
sol.  in  acet.,  al.,  meth.  al.,  amyl  al.,  bz.,  acet.  a., 

chl.,   eth.,   eth.    acet.,    CS2,    oil    turp.;    p.    sol. 

in  lgr. 
sol.   in  bz.,   chl.,  eth.,  oil  turp.;  p.  sol.  al..  lgr.. 

eth.  acet.,  CS2;  insol.  w. 
sol.  chl.,  eth.,  lgr.;  p.  sol.  in  al.,  eth.  acet.,  oil 

turp.;  insol.  w. 
sol.  in  bz.,  chl.,  eth.,  oil  turp.;  p.  sol.  al.,  lgr., 

eth.  acet.,  CS2;  insol.  w. 
p.  sol.  acet.  a.,  bz.,  chl.,  eth.,  oil  turp.-  insol.  in 

acet.,  al.,  meth.  al.,  lgr.,  CS2. 
98.7  %  sol.  in  eth.-al.  mixture. 
92.9%  sol.  in  eth.-al.  mixture. 

sol.  in  bz.,  chl.,  CS2;  p.  sol.  in  al.,  eth.,  acet., 

amyl  al.,  lgr. 
sol.  in  al.,  eth.,  bz.;  p.  sol.  in  chl.,  eth.  acet.,  lgr. 
sol.,  in  eth.,  chl.  bz.,  amyl  al.,  CS2;  si.  sol.  iD 

lgr.;   p.    sol.    in   acet.    a.,  acet.,  al.,  meth.  al., 

eth.  acet.,  oil  turp. 
15-20  %  sol.  in  w.;  p.  sol.  in  al. 
p.  sol.  in  al.,  bz.,  eth.,  lgr.,  CS2 
sol.  in  al.;  p.  sol.  in  acet.  a.,  eth.,  chl.;  insol.  in 

w.,  bz.,  oil  turp.,  CS2 
p.  sol.  in  acet.  a.,  acet.,  al.,  meth.  al.  chl.;  oil 

turp.;  si.  sol.  in  CS2;  sol.  in  amyl  al.,  bz.,  eth.; 

insol.  w. 
p.  sol.  in  w.,  al. 
p.  sol.  in  al.,  acet.,  meth.  al.,  amyl  al.,  chl.,  eth., 

eth.  acet.,  oil  turp.;  si.  sol.  in  acet.  a.,  bz. 
sol.  in  acet.,  amyl  al.;  p.  sol.  in  acet.  a.,  al.,  meth 

al.,  bz.,  chl.,  eth.,  lgr.,  CS2;  si.  sol.  in  oil  turp. 
p.  sol.  in  acet.  a.,  meth.  al.,  amyl.  al.,  bz.,  chl.. 

eth.,  lgr.,  eth.  acet.,  oil  turp.,  CS2 
sol.  in  acet.  a.,  al.,  meth.  al.,  amyl  al.;  si.  sol. 

in  acet.,  bz.,  oil  turp.;  insol.  in  eth.,  lgr.,  CSj 
sol  in  al.,  chl.,  eth.  acet.;  si.  sol.  in  w.;  p.  sol.  iu 

bz.,  eth.,  lgr.,  oil  turp. 
sol.  in  al.,  bz.,  chl.,  eth.,  eth    acet.,  oil  turp.;  p. 

sol.  in  lgr.,  CS2 
sol.  in  acet.  a.,  al.,  meth.  al.,  amyl  al.,  bz.,  chl., 

eth.,  eth.  acet.,  oil  turp.;  p.  sol.  in  lgr.,  CS2 
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PHYSICAL  CONSTANTS  OF  MINERALS 


The  following  table  presents  data  for  about  350  of  the  more  common 
minerals. 

In  order  to  avoid  duplication  and  save  space,  very  few  cross  references  are 
given  in  the  body  of  the  table.  If  the  name  sought  is  not  found  in  the  table, 
consult  the  synonym  index  given  below. 

Specific  gravities  are  given  at  normal  atmospheric  temperatures,  a  more 
precise  statement  being  valueless  considering  the  large  variations  in  natural 
minerals. 

Hardness  is  given  in  terms  of  Mohs'  scale.     (See  under  Hardness.) 

Indices  of  refraction  for  the  sodium  line,  \  =  5893  A,  unless  otherwise 
indicated.  Li,  X  =  6708  A.  Indices  will  invariably  be  given  in  the  order 
w,  e  or  a,  0,  y.  Uniaxial  crystals  are  considered  positive  if  e  >  o>,  negative 
if  oj  >  €.  Biaxial  crystals  are  considered  positive  if  /?  is  nearer  a  in  value 
than  it  is  y  and  negative  if  /3  is  nearer  y  than  a. 

ABBREVIATIONS 


amor 

amorphous 

between 

blue 

black 

blackish 

bluish 

brown 

brownish 

colorless 

cubic 

dark 

emerald 

exposure 

golden 

green 

greenish 

hex 

hexagonal 

internal 

intermediate 

iridescent 

light 

monoclinic 

often 

optically 

pale 

probably 

purple 

radioactive 

rarely 

reddish 

reflection 

rhbdr 

rhomb 

silv 

rhombohedral 

bet 

int 

rhombic 

bl 

inter 

iridesc 

It 

silver 

blk    . 

si 

slightly 

blksh 

somet 

st 

tarn 

sometimes 

blsh 

monocl 

oft 

steel 

br  

tarnishes 

brnsh 

opt 

tetr 

tetragonal 

col    . 

pa 

tricl 

triclinic 

cub 

prob 

purp 

(R) 

trig 

trigonal 

dk  .. 

var '. . . . 

variety 

emer    

vlt 

violet 

expos 

gold 

rar 
redsh..... . .  . 

refl 

wh 

white 

yel 

yellow 

grn 

yelsh 

yellowish 

grnsh 

SYNONYM  INDEX 


Compound  sought 

Listed 

Compound  sought 

Listed 

Aegirite 

Alalite 

Allanite 

Acmite 

Diopside 

Orthite 

-(-Fe  Bronzite 

Brown  hematite 

Calcium-c  hromium 
garnet 

Enstatite 
Limonite 

Alum  stone 

Alunite 

Hornblende 

Leu  cite 

Stibnite 

Arcanite 

Niccolite 

Anatite 

Uvarovite 

Amphibole 

Calcspar 

Calcite 

Amphigene 

Caporcianite 

Laumonite 

Ant.imonite 

Carbonado 

Diamond 

Aphthitalite 

Carbuncle,  Al-Fe  gar- 
net   

Arsenic  nickel 

Asparagus-stone 

Almandite 

Beauxite Bauxite 

Chalybite 

Siderite 

Black  hematite 

Psilomelane 

Graphite 

Biotite 

Vivianite 

Azurite 

Chalcanthite 

Chessylite 

Azurite 

Black  lead 

Chile  saltpeter 

China  clay . . . 

Soda  niter 

Black  mica 

Kaolinite 

Blue  iron  ore 

Chlorite 

Clinochlorite 

Blue  malachite 

Blue  stone 

Chrome-spinel 

Cobalt  bloom 

Picotite 
Erythrite 

Blue  vitriol 

Chalcanthite 

Cobalt  glance. . . 

Cobaltite 

Bortz 

Diamond 

Sulfur 

Copper  pyrites 

Copper  uranite 

Chalcopyrite 

Brimstone 

Torberaite  (R) 
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SYNONYM  INDEX  (Continued) 


Compound  sought 


Listed 


Compound  sought 


Listed 


Copperas 

Cromfordite 

Crysolite.. 

Cymophane 

Dark  red  silver  ore. .. 

Desmine 

Dialogite 

Dichroite 

Disthene 

Dry  bone 

Elaeolite 

Emerald 

Epsom  salt 

Erubescite 

Facellite 

Fahlerz 

Fibrolite 

Flint..... 

Fluorapatite 

Fluorspar 

Fool's  gold 

Fowlerite 

Glance 

Glaserite 

Glauber  salt 

Grammatite 

Gray  copper  ore 

Gray  manganese  ore . . 
Green    carbonate    of 

copper 

Green  lead  ore 

Harmotomite 

Hebronite 

Hessonite 

Hiddenite 

Horn  mercury 

Horn  silver 

Hyacinth. 

Hydrargillite 

Hydrohematite 

Hypersthene 

Ice  stone 

Iceland  spar 

Idocrase 

Iolite 

Iron  pyrites 

Iron  spinel 

Jargon 

Kunzite 

Lapis-Lazuli 

Lead  carbonate 

Lead  oxide 

Leonhardite 

Lime  feldspar 

Lime-soda  feldspar 

Lithiophyllite 

Lithium  mica 

Lodestone 

i  Magnesium  mica 


Melanterite 

Phosgenite 

Olivine 

Chrysoberyl 

Pyrargyrite 

Stilbite 

Rhodochrosite 

Cordierite 

Cyanite 

Smithsonite 

Nephelite 

Beryl 

Epsomite 

Bornite 

Kaliophilite 

Tetrahedrite 

Sillimanite 

Chalcedony 

Apatite 

Fluorite 

Pyrite 

Rhodonite 

Galena 

Arcanite 

Mirabilite 

Tremolite 

Tetrahedrite 

Manganite 

Malachite 

Pyromorphite 

Harmotome 

Amblygonite 

Grossularite 

Spodumene 

Calomel 

Cerargyrite 

Zircon 

Gibbsite 

Turgite 

Enstatite 

Cryolite 

Calcite 

Vesuvianite 

Cordierite 

Pyrite 

Hercynite 

Zircon 

Spodumene 

Lszurite 

Cerussite 

Litharge 

Laumontlte 

Anorthite 

Oligoclase 

Triphylite 

Lepidolite 

Magnetite 

Phlogopite 


Magnetic  pyrites 

Malacolite 

Manganblende 

Manganese-aluminum 

garnet 

Meershaum 

Menaccanite 

Microcosmic  salt 

Mispickel 

Molybdenum  glance . . 

Needle  zeolite 

Nickelin 

Nigrine 

Niobite 

Noumeite 

Oetahedrite 

Peanut  ore 

Pearl  spar 

Pencil  stone  agalmatol- 

ite 

Peridot 

Pistacite 

Plumbago 

Polianite 

Potassium  feldspar 

Purple  copper  ore 

Red  copper  ore 

Red  zinc  ore 

Rock  salt 

Ruby 

Ruby  silver  ore 

Sapphire 

Silver  glance 

Soapstone. 

Soda-microcliue 

Sodium  feldspar 

Spathic  iron 

Sphene. 

Stassfurtite 

Steatite 

Stream  tin 

Tabular  spar 

Tincal 

Tinstone 

Titanic  iron  ore 

Troosite,    var.    cont. 

Mn 

Qrao. 

Vermilion,  natural .... 

Websterite 

Wernerite 

Wheel  ore 

White  iron  pyrites 

White  lead  ore 

White  mica 

Wood  tin 

Zincblende 

Zinc-spinel 

Zinc  vitriol 


Pyrrhotite 

Diopside 

Alabandite 


Spessartite 

Sepiolite 

Ilmenite 

Stercorite 

Arsenopyrite 

Molybdenite 

Natrolite 

Niccolite 

Rutile 

Columbite 

Garnierite 

Anatase  _ 

Wolframite 

Dolomite 

Pyrophyllite 

Olivine 

Epidote 

Graphite 

Pyrolusite 

Orthoclase 

Bornite 

Cuprite 

Zincite 

Halite 

Corundum 

Proustite 

Corundum 

Argentite 

Talc 

Anorthoclase 

Albite 

Siderite 

Titanite 

Boracite 

Talc 

Cassiterite 

Wollastonite 

Borax 

Cassiterite 

Ilmenite 

Willemite 

Trona 

Cinnabar 

Aluminite 

Scapolite 

Bournonite 

Marcasite 

Cerussite 

Muscovite 

Cassiterite 

Sphalerite 

Gahnite 

Goslarite 
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PHYSICAL  CONSTANTS 


No. 


Synonym 


Formula 


Sp  gr. 


Acmite 

Actinolite 

Agate    See  chalcedo 

Alabandite 

Albite. 

Almandite 

Aluminite 

Alunite 


Alunogenite . 
Amblygonite . 


Analcite... 
Anatase. . . 
Andalusite. 
Andesine . . 
Andradite. . 


Anglesite 

Anhydrite 

Anorthite 

Anorthoclase. . 
Anthophyllite. 


Antigorite. 
Apatite.. . 


Apophyllite. 
Aragonite. . 


Arcanite. . . . 

Argentite 

Arsenic 

Arsenopyrite . 
Atacamite. . . 

Augelite 

Augite 


Autunite. 
Axinite. . 
Azurite . . 


Baddeleyite. 

Barite. 

Barysilite. . . 

Bauxite 

Beccarite... 
Benitoite. .. 
Bertrandite. 

Beryl 

Beryllonite. . 
Biotite 


aegirite. 


ny 

manganblende 

sodium  feldspar 

carbuncle,  Al-Fe  garnet. 

websterite 

alum  stone 


alunogen . 
hebronite. 


analcime . . . 
octahedrite. 


feldspar  group 

common   garnet,   black 
garnet 


lime  feldspar. 


feldspar    group,    soda- 
microcline 


fluorapatite,  asparagus- 
stone 


aphthitalite,  glaserite 

silver  glance 

native  arsenic . 

mispickel 


lime  uranite. 


blue  malachite,  chessy- 
iite 


bary tes . 


beauxite. 


black  mica . 


Na2O.Fe2O3.4SiO? ."..'... 
Ca(Mg,  Fe)3(Si03J4 

MnS 

Na2O.Al203.6Si02 

Al203.3Fe0.3Si02.! 

AI2O3.SO3.9H2O 

K2AU(OH)i2(S04)4 

Al2(S04)3.18H20 

AlP04.LiF 

Na2O.Al2O3.4SiO2.2H2O 

Ti02 

Al2Si05or  Al203.Si02... 
(CaO,Na20)Al203.4Si02 
3CaO.Fe203.3Si02 

PbS04 

CaS04 

CaO.Al203.2Si02 

(Na,K)2O.Al203.6Si02.. 

(Mg,Fe)Si03 

3Mg0.3Si02.2H20 

CaF2.3Ca3P208 

K20.8Ca0.16Si02.- 

I6H2O 
CaC03 

(K,Na)2S04 

Ag2S 

As 

FeS2.FeAs2'. . . . . . . . . . . : 

3CuO.CuCl2.3H2O 

2AI2O3.P2O5.3H2O 

CaMg(Si03)2-f(Mg,Fe)- 
(AlFe)2SiOG 
CaO.2UO3.P2O5.8H2O... 

HCa3Al2BSi4016 

2CuC03.Cu(OH)2: 

Zr02 .: 

BaS04 . 

Pb3Si207 

A1203.2H20 

Zr02.Si02 

BaTiSi309 

4Be0.2Si02.H20 

3BeO.Al203.6Si02 

NaB9P04 

(K,H)2(Mg,Fe)2(Al,- 
Fe)2(Si04J3 


3.5-3.56 
2.9-3.2 

3.95-4.04 
2.61-2.64 
3.688-4.33 
1.66 

2.58-2.75 

1.6-1.8 
2.98-3.15 

2.22-2.29 

3.82-3.95 

3.1-3.2 

2.647-2.69 

3.64-3.9 

6.12-6.39 

2.899-2.985 

2.703-2.763 

2.56-2.651 

2.857-3.2 

2.55-2.62 
3.151-3.270 

2.3-2.4 

2.85-2.94 

2.662 

7.24-7.40 

5.64-5.78 

5.89-6.20 

3.77-3.94 

2.77 

3.2-3.6 

3.05-3.19 

3.22-3.314 

3.77-3.83 

5.50-6.03 

4.3-4.6 

6.53-6.707 

2.55 

6.54-6.74 

3.64-3.65 

2.571-2.60 

2.63-2.91 

2.845 

2.69-3.16 
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OF  MINERALS 


No. 


Hard- 
ness 


Crystalline  form  and  color 


Index  of  refract. 

(Na);  n;  co,  e; 

«.  /3,  7 


Angle  of 
the  optic 
axes,  2V 


6.0-6.5 
5-6 

3.5-4.0 

6.0-6.5 

7.0-7.5 

1-2 

3.5-4.0 

1.5-2.0 
6 

5.0-5.5 

5.5-6.0 

7.0-7.5 

5-6 

6.5-7.0 

2.75-3.0 

3.0-3.5 

6.0-6.5 

6.0-6.5 

5.5-6.0 

3-4 
4-5 

4.5-5.0 

3.5-4.0 


2.0-2.5 

3-4 

5.5-6.0 

3.0-3.5 

4.5-5.0 

5-6 

2.0-2.5 
6.5-7.0 
3.5-4.0 

6.5 

2.5-3.5 
3 
1-3 


6.0-6.5 

6-7 

7.5-8.0 

5.5-6.0 

2.5-3.0 


monocl.,  blk.,  brnsh.  or  redsh. 
monocl.,  grn.,  gray-grn.  or  br. 

cub.,  iron-blk. 

trie!.,  gray,  or  rarely  colored 

cub.,  deep  red  to  brnsh.-red  or  blk. 

monocl. 

hex.  (trig.),  col.,  wh.,  yelsh.,  gray  or 
redsh. 

monocl.  wh.,  yelsh.  or  redsh. 

tricl.,  wh.  to  grnsh.,  blsh.,  yelsh.,  gray- 
ish or  brnsh.  wh. 

cub.,  col.  or  wh.,  yelsh,  redsh  or  grnsh. 

tetr.,  br.,  bl.,  blk. 

rhomb.,  gray,  redsh.,  grnsh.,  blsh. 

tricl.,  wh.,  gray,  grnsh.,  yelsh.,  flesh  red 

cub.,  brnsh.  red.  br.,  blk.,  also  yel.  or 
grn. 

rhomb,  or  monocl.,  wh.,  gray,  yel.,  bl., 
grn.,  (col.) 

rhomb,  or  monocl.,  col.,  wh.,  gray,  bl., 
br.  or  redsh. 

tricl.,  col.,  wh.  or  grayish,  (yelsh.  blsh. 
or  redsh.) 

tricl. 

rhomb.,  br.,  yelsh.  or  grnsh.,  to  emer. 
grn. 
rhomb.,  brnsh.  grn. 
hex.,  br.,  grn.,  gray,  yel.,  red  or  wh. 

tetr.,  col.  or  wh.,  grn.,  yel.  or  redsh. 

rhomb.,  col.,  wh.,  yel.,  redsh.,  blsh.  or 
blk. 
rhbdr.,  wh. 
cub.,  dk.  lead  gray 
hex.,  tin-wh.,  tarn.  dk.  gray  to  blk. 
rhomb.,  silver-wh.  to  grayish-wh. 
rhomb.,  bright  or  blksh.  grn. 
monocl.,  col.  to  wh. 
monocl.,  dk.  grn.  to  blk. 

rhomb.,  yel. 

tricl.,  br.,  bl.,  gray,  yel. 

monocl.,  bl. 

monocl.,  col.-yel.,  br.,  blk. 

rhomb.,  col.,  wh.,  yel.,  bl.,  br„  or  red 

trig.,  whr 

amor.,  wh.5  br.,  yel.  or  redsh. 


hex.,  trig.,  bl.,  col. 
rhomb.,  col.,  pa.  yel. 
hex.,  grn.,  bl.,  yel.,  redsh. 
rhomb.,  col.  to  wh.,  pa.  yel. 
monocl.,  blk.  or  dk.  br.  or  grn. 
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1.763,  1.799,  1.813 
1.611,  1.627,  1.636 

(Li)  2.70 

1.525,  1.529,  1.536 

1.801 

1.459,  1.464,  1.470 

1.572,  1.592 

1.474,  1.476,  1.483 
1.579,  1.593,  1.597 

1.4874 
2.554,  2.493 

1.632,  1.638,  1.643 
1.549,  1.553,  1.556 
1.857 

1.8771,  1.8823,  1.8937 

1.5693,  1.5752,  1.6130 

1.5755,  1.5832,  1.5885 

1.523,  1.529,  1.531 

1.633,  1.642,  1.657 

1.490,  1.502,  1.511 

1.634,  1.632 

1.537,  1.535 

1.5299,  1.6809,  1.6854 

1.4935,  1.4947,  1.4973 


1.831,  1.861,  1.880 
1.574,  1.576,  1.588 
1.712,  1.717,  1,733 

1.553, 1.575,  1.577 
1.678,  1.685,  1.688 
1.730,  1.'758,  1.838 

2.13,  2.1'9,  2.20 

1.6369,  1.6381,  1.6491 

2.070,  2.050 

1.570 

19272,  1.9277,  1.9820 

1.757,  1.804 

1  591,  1.605,  1.614 

1.581,  1.575 

1.5520,  1.5579,  1.5608 

1.541,  1.574,  1.574 


62     13 
75 


70 


W 


84    30 


75    24 
43    41 

77 


83    54 


IS 


50    49 
60 


11 


37    28 


74    51 
67  '  56 


PHYSICAL  CONSTANTS  OF 


No. 

Name 

Synonym 

Formula 

Sp.  gr. 

1 

Bismuth     

native  bismuth 

Bi... 

MgSO4.Na2SOi.4H2O 
MgrChBicOso 

9.70-9.83 

9, 

Bloedite 

blodite. 

stassfurtite 

2.22-2.28 

3 

Boracite 

2.9-3.0 

4 

Borax 

tincal 

purple  copper  ore,  eru- 
bescite 
wheel  ore 

Na2B4O7.10H2O 

FeS.2Cu2S.CuS 

PbCuSbSs 

1.69-1.72 

*) 

Bornite. . . 

4.9-5.4 

6 

Bournonite 

Brochantite 

5.7-5.9 

7 

CuS04.3Cu(OH)2 

AgBr 

3.8-3.9 

8 

Bromyrite 

5.8-6.0 

q 

Brookite 

Ti02 

3.87-4.084 

10 

Brucite 

MgO.H20 

2.38-2.4 

n 

Bunsenite 

NiO 

6.398 

1? 

Cacoxenite 

FeP04.Fe(OH)3.4£H20. 
CaC03 

3.38 

13 
14 

Calamine    See  hemi 
Calcite 

Caledonite 

morphite,  smithsonite 
calcspar,  iceland  spar. . . 

2.711 

15 

2(Pb,Cu)0.S03.H20. . . . 
HgCl 

6.4 

16 

Calomel 

horn  mercury 

6.482 

17 

Cancrinite . . . 

4Na2O.Ca0.4Al203.- 
2CO2.9SiO2.3H2O 

KCl.MgCl2.6H2O 

K2O.2U2O3.V2O5.3H2O?. 

2.42-2.50 

18 

Carnallite 

1.60 

19 

Carnotite 

20 

Cassiterite 

Celestite 

incl.    tinstone,    stream 
tin,  wood  tin 
celestine 

SnSn04 

6.8-7.1 

21 

SrS04 

3.84-3.97 

?2 

Cerargyrite 

Cenissite 

Chabazite 

horn  silver 

AgCl 

5.552 

23 

white  lead  ore 

PbC03 

6.46-6.57 

24 

CaAl2Si60iG.8H20 
(+Na,K) 
CuS04.5H20 

2.06-2.16 

W> 

'Chalcanthite 

Chalcedony 

Chalcopyrite 

Chiolite . . . 

blue  vitriol,  blue  stone. . 
flint,  agate 

2.12-2.30 

26 

Si02 

2.55-2.63 

27 

copper  pyrites 

CuFeS2 

4.1-4.3 

28 

5NaF.3AlF3 

2.84-3.005 

29 

Chondrodite 

[Mg(F,OH)]2Mga[Si04]2. 
FeO.Cr203 

3.10-3.22 

30 

Chromite 

4.32-4.57 

31 

Chrysoberyl 

Chrysocolla 

cymophane 

BeO.Al203 

3.50-3.84 

32 

CuSi03.2H20 

2.40-2.42 

33 

Cinnabar 

natural  vermilion 

HgS 

8.0-8.2 

34 

Claudetite 

As203 

3.85^1.151 

35 

Cleveite  (R) 

Clinochlorite 

Cobaltite 

A  cryst.  var.  of  uraninite 

clinochlore 

cobalt  glance 

7.49 

36 
37 

H*Mg5Al2Si30is. 

CoAsS 

2.65-2.78 
6.0-6.3 

38 

Colemanite 

Ca2BfiOii.5H->0 

2.417-2428 

39 

Columbite 

niobite 

(Fe,Mn)(Cb,Ta)2Oe. 

CuS04.2CuCl2.19Cu- 
(Ofl)2.H20 

2Fe203.5S03.18H20 

Cu 

5.26-7  30 

40 

Connellite 

3.4 

41 

Copiapite 

2.1-2.2 

42 

Copper 

8.8-8.9 

43 

Coquimbite 

Fe2(S04)3.9H20 "... 

4(Mg,Fe)0.4Al203.- 

10SiO2.H2O 
AI2O3 

2.07-2.105 

44 

Cordierite 

iolite,  dichroite 

ruby,  sapphire 

2.57-2.66 

45 

Corundum 

3.95-4.10 
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MINERALS  (Continued) 


No. 


Hard- 
ness 


Crystalline  form  and  color 


Index  of  refract. 

(Na);  n;  co,  c; 

a.  0.  7 


Angle  of 
the  optic 
axes,  2V 


1 

2.0-2.5 

2 

2.5 

3 

7 

4 

2.0-2.5 

5 

3 

6 

2.5-3.0 

7 

3.5-4.0 

8 

2-3 

9 

5.5-6.0 

10 

2.5 

11 

5.5 

12 

3-4 

13 

14 

3 

15 

2.5-3.0 

16 

1-2 

17 

5-6 

18 

1 

19 

1-2 

20 

6-7 

21 

3.0-3.5 

22 

1-1.5 

23 

3.0-3.5 

24 

4-5 

25 

2.5 

26 

6 

27 

3.5-4.0 

28 

3.5-4 

29 

6.0-6.5 

30 

5.5 

31 

8.5 

32 

2-4 

33 

2.0-2.5 

34 

2.5 

35 

5.5 

36 

2.0-2.5 

37 

5-6 

38 

4.0-4.5 

39 

6 

40 

41 

2.5 

42 

2.5-3.0 

43 

2.0-2.5 

44 

7.0-7.5 

45 

9 

hex.,  redsh.  wh. 

monocl.,  col.  to  grnsh.,  yelsh  or  red 
rhomb.,  wh.,  gray,  yel.  or  grn. 
monocl.,  wh.,  grayish,  blsh.  or  grnsh. 
cub.,  dk.  redsh.  br.,  tarn,  blue,  purp.  or 
iridesc. 

rhomb.,  st.  gray  to  iron  blk. 
rhomb.,  emer.  to  blksh.  grn. 
cub.,  yel.  to  grn.  or  gray 
rhomb.,  br.,  yelsh,  redsh.  to  iron  blk. 
trig.,  wh.,  gray,  blue  or  grn. 
cub.,  grn. 
hex.,  yel.  or  brnsh. 

hex.,  col.,  wh.  or  yelsh.;  rar.  pa.  gray, 
red,  grn.,  bl.,  vlt. 
rhomb.,  deep  grn. 
tetr.,  wh.,  yelsh,  gray  or  br. 
hex.,  wh.,  gray,  yel.,  grn.,  bl.,  redsh. 

rhomb.,  wh.  or  redsh. 

hex.,  rhomb.,  yel. 

tetr.,  br.  or  blk.,  somet.  red,  gray,  wh. 

or  yel. 
rhomb.,  col.,  wh.  or  yel.,  oft.  blsh., 

redsh.  or  grnsh. 
cub.  wh.,  gray,  yelsh.,  grnsh.,  turns  vlt., 

br.  or  blk.  in  light 
rhomb.,  col.,  wh.  or  gray 
hex.  (rhbdr.),  col.,  wh.,  redsh.,  yelsh. 

or  br. 
tricl.,  bl.  or  grnsh.  bl. 
wh.,  grayish  bl.,  br.-blk. 

tetr.,  brass  to  gold.  yel.  tarn,  to  bl., 
purp.  tints 
tetr.,  wh. 

monocl.,  wh.,  yel.,  red.-br. 
cub.,  blk.-brnsh.  blk. 
rhomb.,  grn.-yel. 
amor.,  tetr.  or  hex.,  grn.-bl.-blk. 
hex.,  scarlet,  redsh.-br.,  blk. 
monocl. 
cub. 

monocl.,  grn.  to  yelsh.  or  wh. 
cub.,  silv.  wh.,  redsh.  or  grayish 
mopocl.,  col.  to  wh.  or  yelsh. 
rhomb.,  br.  to  blk. 
hex,,  blue 

monocl.,  yel. 

cub.,  red 

hex.  (trig.),  wh.,  yelsh.,  brnsh. 

rhomb.,  lt.-dk.  blue 

hex.  (trig,  rhbdr.)  col.,  red,  yel.,  bl., 
br.  or  gray 
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1.486,  1.488,  1.489 
1.662,  1.667,  1.673 
1.4468,  1.4686,  1.4715 


1.730,  1.778,  1.803 

2.253 

2.583,  2.586,  2.741 

1.559,  1.580 

(Li)  2.18 

1.582,  1.645 

1.6583,  1.4864 

1.818,  1.866,  1.909 
1.97325,  2.6559 
1.524,  1.496 

1.466,  1.475,  1.494 
1.750,  1.925,  1.95 
1.997,  2.093 

1.6220,  1.6237,  1.6309 

2.0710 

1.8037,  2.0763,  2.0780 
1.480,  1.482 

1.5140,  1.5368,  1.5433 
1.537        (1.533-1.539), 
1.530 


349,  1.342 

607,  1.619,  1.639 


747,  1.748,  1.757 
46-1.57 
854,  3.201 
871,  1.92,  2.01 


1.585,  1.586,  1.596 


5863,  1.5920,  1.6139 
26,  2.29,  2.34 
724,  1.746 


1.530,  1.543,  1.595 
L 


.5519,  1.5575 
.534,  1.538,  1.540 


.768,  1.760 


83    33 
39 


77 


70 


51     12 


8    34 

65  ± 

56    2 


80 
2.16 


55    20 


70    23 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonym 


Formula 


Sp.  gr. 


28 
29 

30 

31 

32 
33 

34 

35 
36 

37 
§8 

3!) 

40 
41 
42 
43 
44 
45 

46 


Cotunnite . . 
Cristobalite. 

Crocoite 

Cryolite  — 


Cryolithionite. 

Cuprite 

Cyanite 

Danburite 

Datolite 

Derbylite 

Diamond 


Dipspore . 
Diopside. 


Dioptasite 
Dolomite . . 


Douglasite . 
Dysanalite . 
Eglestonite . 
Embolite . . . 
Emery 


Enargite . 
Ery  thrite . 
Euclasite . 
Eudialite. 

Eulytite.. 
Enstatite. 


Epidote. 


Epsomite 

Fayalite 

Feldspars    See  oriho 

Ferberite 

Fluorite 

Forsterite , 

Franklinite 

Gahnite 

Galena 

Ganomalite 

Garnet    See  alman 
Garnierite 


Gay-Lussite . 

Gehlenite 

Geikielite 

Gibbsite 

Glauberite . . . 
Glaucophane. 


Gold. 


crocoisite . 
ice  stone. 


red  copper  ore . 
disthene 


bortz,  carbonado. 


malacolite,  alalite 


dioptase . . 
pearl  spar. 


mix.  of  corundum,  mag- 
netite, hematite,  quartz 
and  spinel 


cobalt  bloom. 


+Fe,  bronzite,  hypers 
thene 
pistacite 


epsom  salt 

clase,  microline,  albiie,  labi 
fluorspar 


zinc-spinel 

galenite,  glance. 


dite,  andradite,  grossularit 
noumeite 


hydrargillite. 


glaucophanite . 
native  gold . . . 


PbCb 

SiO-2 

PbCr04 

NasAlFeor  3NaF.AlF3.. 

3NaF.3LiF.2AlF3 

Cu20 

Al2Si05or  Al203.Si02... 

CaO.B203.2Si02 

Ca(B.OH;Si04 

6FeO.Sb203.5Ti02 

C 

A1203.H20 

CaMg(Si03)2 

H2O.CuO.SiO2 

CaCOsMgCOa 

2KCl.FeCl2.2H2O 

CaO,FeO,Ti02)  etc 

Hg4Cl20 

Ag(Br,Cl) 

3Cu2S.As2S5 

Co3(As04)2.8H20 

Be(A10H)Si04 

6Na20.6(Ca,Fe)0.- 
20(Si,Zr)O2.NaCl 

3Si02.2Bi203 

MgO.Si02 

4Ca0.3(AlFe)203.- 
6Si02.H20 

MgS04.7H20 

Fe2Si04..... 

adorite,  andesirie,  anorthocl 

FeW04 

CaF2 

Mg2Si04 

(Fe,Mn,Zn)(Fe02)2 

ZnAl204 

PbS 

4CaO.6PbO.6SiO2.H2O.. 

e,  spessartitc,  uvarovite 

H2(Ni,Mg)Si04     (vari- 
able) 

CaCO3.Na2CO3.5H2O... 

CaO.MgO.Al2O3.SiO2... 

(Mg,Fe)O.Ti02 

AI2O3.3H2O 

Na>S04.CaS04 

NaAl(Si03)2.(Fe,Mg)- 
Si03 

Au 


5.84 

2.27-2.34 
5.9-6.1 
2.95-3.00 

2.777-2.778 

5.85-6.15 

3.559-3.675 

2.93-3.02 

2.89-3.00 

4.512-4.530 

3.150-3.525 

3.3-3.5 
3.20-3.38 

3.05-3.35 
2.80-2.99 

2.16 

4.02-4.26 

8.327 

5.31-5.81 

3.75-4.31 


4.43-4.55 
2.912-2.948 
3.051-3.103 
2.8-3.1 

6.106 
3.10-3.43 

3.07-3.50 

1.68 

3.91-4.34 
ase  or  anorthile 
6.801-7.109 
2.97-3.25 
3.191-3.33 
5.07-5.22 
4.478-4.602 
7.3-7.6 
5.57-5.7 

2.27-2.87 

1.93-1.95 
2.9-3.07 
3.98-4.0 
2.3-2.42 

2.7-2.85 
2.991-3.15 

14.56-19.33 
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MINERALS  (Continued) 


No. 

Hard- 
ness 

Crystalline  form  and  color 

Index  of  refract. 

(Na);  n;  a>,  e; 

a,  £,  7 

Angle  of 
the  optio 
axes,  2V 

1 

1 

soft 

rhomb.,  wh.,  yelsh. 

2.1992,  2.2172,  2.2596 

2 

6-7 

pseudo-isometric? 

1.486 

3 

2.5-3.0 

monocl.,  red. 

(Li):  2.31,  2.37,  2.66 

4 

2.5 

monocl.,  col.  to  wh.;  rar.  redsh  ,  brnsh. 
or  blk. 

(i  1.364 

5 

2.5-3.0 
3.5-4.0 

1.339 
2.705 

6 

cub.,  red.;  rar.  br.-blk. 

7 

4-7 

tricl.,  bl.,  gray,  wh.,  grn.  or  blk. 

1.712,  1.720,  1.728 

82 

8 

7 

rhomb.,  yel.-col. 

1.632,  1.634,  1.636 

88 

9 

5.0-5.5 

monocl.,  col.,  wh.,  yelsh.,  redsh.,  grnsh. 

1.625,  1.653,  1.669 

74 

10 

5 

rhomb.,  blk. 

(Li):  2.45,2.51 

11 

10 

cub.,  col.  or  si.  yelsh.,  also  yel.,  red, 
grn.,  blue  or  blk. 

2.4173 

12 

6.5-7.0 

rhomb.,  gray,  wh.,  pink,  yel.,  br. 

1.702,  1.722,  1.750 

84 

13 

5-6 

monocl.,  It.  to  dk.  grn.,  col.,  gray,  yel., 
rar.  bl. 

1.664,  1.671,  1.694 

59 

14 

5 

trig.,  emer.  grn. 

1.644,  1.697 

15 

3.5-4.5 

hex.  (trig,  rhbdr.),  wh.,  yel.,  redsh.,  br., 
blk.,  rar.  col. 

1.6817,  1.5026 

16 

1.488,  1.500 
2.330 

17 

5-6 

cub.,  iron  blk. 

18 

2-3 

cub.,  brnsh.,  yel.,  blk.  on  expos 

(Li)  2.49 

19 

1-1.5 

grayish  grn.  to  yelsh-grn.,  yel. 

2.15 

.......  •. 

'Ml 

7-9 

dk.  gray  to  blk. 

rhomb.,  gray  to  blk. 

monocl.,  red.,  pink  or  pearl  gray 

?:\ 

3 

22 

1.5-2.5 

1.6263,  1.6614,  1.6986 

23 

7.5 

monocl.,  col.,  pa.  grn  ,  blue 

1.652,  1.655,  1.671 

24 

5-6 

hex.,  red  to  br. 

1.606,  1.611 

25 

4.5 

cub.,  br.  to  yel.  or  col. 

2.05 

26 

5-6 

rhomb.,  grayish  or  yelsh.,  wh.,  grnsh. 
or  brnsh. 

1.650,  1.653,  1.658 

31 

27 

6-7 

monocl.,  yelsh  to  blksh.  grn  ;  rar.  red 
or  col. 

1.729,  1.754,  1.768 

28 

2.0-2.5 

rhomb.,  col.  or  wh. 

1.4326,  1.4554,  1.4609 

51     25 

29 
30 
31 

6.5 

rhomb.,  yel.-blk. 

1.835,  1.877,  1.886 

4.0-4.5 

monocl.,  br.  to  blk. 

(Li)  /?  2.40 

32 

4 

cub.,  col.,  oft.  yel.,  bl.,  grn.,  vlt.;  rar.  red 

1.4339 

33 

6-7 

rhomb.,  wh.,  grnsh,  yelsh. 

1.635,  1.651,  1.670 

34 

5.5-6.5 

cub.,  iron  blk. 

(Li)  2.360 

35 

7.5-8.0 

cub.,  grn.,  br.,  blk. 

1.780 

36 

2.5 

cub.,  lead  gray  to  blk. 

3.912 

37 

38 
39 

3 

tetr.,  col.,  gray. 

1.910,  1.91,  1.945 

2-3 

amor.,  bright  grn.,  pa.  grn.  to  wh. 

1.59 

40 

2-3 

monocl.,  wh.  to  yelsh 

1.4435,  1.5156,  1.5233 

33     46 

41 

5.5-6.0 

tetr.,  grayish  grn.  to  br. 

1.666,  1.661 

4? 

6 

hex.  (trig.),  bluish  or  brnsh.  blk. 

2.31,  1.95 

43 

2.5-3.5 

monocl.,  wh.,  grnsh. ,  redsh.  to  yel. 

1.566,  1.566,  1.587 

44 

2.5-3.0 

monocl.,  pa.  yel.,  gray,  or  red 

1.515,  1.532,  1.536 

7 

45 
46 

6.0-6.5 
2.5-3.0 

cub.,  yel. 

1.621,  1.638,  1.638 

43    58 
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PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonym 


Formula 


Sp.  gr. 


1 
2 
3 

4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

14 
15 

16 
17 

18 
19 
20 


33 
34 
35 
36 
37 
38 

39 

40 


Goslarite. 
Gothite.. 
Graphite. 


Grossularite. . 
Gummite  (R) . 


Gypsum. 
Halite... 


Hambergite. 

Hanksite 

Harmotome . 


Hausmannite . 
Haiiynite  — 


Helvite . 


Hematite ...... 

Hemimorphite . 

Hercynite 

Herderite 

Heulandite 

Hopeite 

Hornblende 


Hiibnerite 

Hutchinsonite. 


Hydronephelite. 
Hydrotalcite 


Ilmenite . 


Iodyrite 

Jarosite 

Kainite 

Kaliophilite . 
Kaolinite. . . 


Kieserite . . . 
Labradorite . 


Lanarkite. . 
Lanthanite . 
Laubanite. . 
Laumontite. 
Laurionite . . 
Lazuli  te 


Lazurite... 
Leadhillite. 


zinc  vitriol 

plumbago,  black  lead. 
hessonite 


rock  salt. 


harmotomite. 


calamine. . 
iron  spinel 


amphibole. 


menaccanite,  titanic  iron 
ore 
iodargyrite 


phacellite 

china  clay,  kaolin . 


Labrador  feldspar,  inter, 
bet.  albite  and  anor- 
thite 


leonhardite,  caporcianite 


lapis-lazuli. 


ZnS04.7H20 

Fe203.H20 

C  (traces  of  Fe,  Si02|- 

etc.) 

3CaO.Al203.3Si02 

(Pb,Ca,Ba)SiU30i2.- 

5H20(?) 

CaS04.2H20 

NaCl 

Be2HB04 

9Na2S04.2Na2C03.KCl. 
(K2,Ba)O.Al203.5Si02.- 

5H20 

Mn304 

5(Na2,Ca)0.3.41203.- 

6Si02.2S03 
3(Be,Mn,Fe)2Si04.(Mn, 

Fe;S 

FesOj 

2ZnO.Si02.H20 

FeAl204 

CaP04.BeFOH 

CaO.Al203.6Si02.5H20. 

3ZnO.P205.4H20 

Ca(Mg,Fe)3(Si02)4,Al2- 

(Mg,Fe)2(A103)2- 

(Si03)2,Fe(Mg,Fe)2- 

(Fe03)2(Si03)2 

MnO.W03 

(Tl,Ag,Cu)2S.As2S3  + 

PbS.As2S3(?) 
HNa2Al3Si3Oi2.3H20. . . 
MgC03.5Mg(OH)2.2Al- 

(OH)3.4H20 
FeO.Ti02 

Agl 

K2Fe6(OH)i2.(S04)4 

MgS04.KC1.3H20 

KAlSi04 

Al203.2Si02.2H20 

MgS04.H20 

NaAlSi308,  CaAl2Si208, 
ratio  1:1  to  1:3 

Pb20.(S04) 

La2(C03)3.9H20 

Ca2Al2Si5Oi5.6H20 

CaO.Al203.4Si02.4H20 

PbCl2.Pb(OH)2 

(Fe,Mg)O.Al203.P205.- 

H20 
3Na203.3Al203.6Si02. 

2Na2S 
Pb(OH)2.PbS04.- 

2PbC03 


1.9-2.1 
4.0^1.4 
2.09-2.25 

3.4-3.6 
3.9-5.16 

2.314-2.328 
2.135-2.170 

2.347-2.36 

2.562 

2.345-2.50 

4.722-4.856 
2.4-2.5 

3.16-3.37 

4.9-5.3 

3.45 

3.91-3.95 

2.952-3.012 

2.16-2.249 

3.03 

3.0-3.5 


7.2-7.5 
4.6 

2.263-2.48 
2.04-2.091 

4.44-4.90 

5.60-5.707 

3.15-3.26 

2.067-2.188 

2.49-2.67 

2.60-2.63 

2.57 
2.70-2.72 


6.3-6.8 

2.6-2.74 

2.23 

2.23-2.42 

6.24 

3.057-3.122 

2.38-2.45 

6.26-6.44 
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MINERALS  (Continued) 


Hard- 


Crystalline  form  and  color 


Index  of  refract. 
(Na);  n;  at,  «; 


Angle  of 
the  optic 
axes,  2V 


2.0-2.5 
5.0-5.5 
1-2 

6.5-7  0 
2.5-3.0 

1.5-2.0 
2.5 

7.5 

3.0-3.5 

4.5 

5.0-5.5 
5.5-6.0 

6.0-6.5 

5.5-6.5 

4.5-5.0 

7.5-8.0 

5 

3.5-4.0 

2.5-3.0 

5-6 


4.5-5.5 
1.5-2.0 

4.5-6.0 

2 

5-6 

1 

2.5-3.5 

2.5-3.0 

6 

2.0-2.5 

3.0-3.5 
5.0-6.0 


2.0-2.5 

2.5-3.0 

4.5-5.0 

3-4 

3.0-3.5 

5-6 

5.0-5.5 

2.5 


rhomb.,  wh.  or  yelsh. 
rhomb.,  yel.,  red  or  br. 
hex.,  blk.,  dk.  gray. 

cub.,  yel.,  grn.,  br.,  red  or  wh. 
gumlike  masses,  redsh.  yel.  to  brnsh. 

monocl.,  wh.;  oft.  yeL,  red,  br.,  blk. 
cub.,  col.-yelsh.;  oft.  redsh.-bl.,  gray  or 
blk. 
rhomb.,  grayish  wh, 
hex.,  wh.  to  yel. 
monocl.,  wh.,  gray,  yel.,  red  or  br. 

tetr.,  brnsh.-blk.  to  blk. 
cub.,  bl.,  grn.,  red,  yel. 

cub.,  yel.,  yelsh.-br.,  grn.  or  redsh.-br. 

hex.  (trig.),  st.  gray-blk. 

rhomb,  wh.,  yel.,  br.,  blsh.  or  grnsh. 

cub.,  blk. 

monocl.,  yel.,  grnsh.  wh. 

monocl.,  wh.,  red,  gray,  brown 

rhomb.,  grayish  wh. 

monocl.,  dk.  grn.  to  bk. 


monocl.,  brnsh.  red,  yel.  to  blk. 
rhomb.,  scarlet  to  red 

hex.,  wh.,  dk.  gray 
hex.,  wh. 

hex.  (trig.),  iron-brnsh.  blk. 

hex.,  pa.  yel.  or  grn. 
rhomb.,  ocher-yel.,  br. 
monocl.,  wh.-gray  or  redsh. 
hex.  or  fine  threads,  col. 
monocl.,    wh.,    yelsh.,    redsh.,    blsh. 
grnsh.,  brnsh. 
monocl.,  col.-wh.  or  yelsh. 
tricl.,  gray,  br.  or  grnsh. 


monocl.,  grnsh.,  wh.,  pa.  yel.  or  gray 

rhomb.,  grayish  wh.,  pink,  yelsh. 

wh. 

monocl,  wh.,  yel.,  gray  or  red 

rhomb.,  col. 

monocl.,  azure-blue 

cub.,  dk.-lt.  bl.,  vlt.  or  grnsh.  bl. 

monocl. 
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1.457,  1.480,  1.484 
2.26,  2.39,  2.40 


1.735 
1.61 

1.5205,  1.5226,  1.5296 
1.5442 

1.5595,  1.5908,  1.6311 
1.481,  1.461 
1.503,  1.505,  1.508 

(Li):  2.46,  2.15 
1.496 

1.739 

(Li):  3.01,  2.94 

1.614,  1.617,  1.636 

1.800 

1.592,  1.612,  1.621 

1.498,  1.499,  1.505 

1.572,  1.590,  1.590 

1.629,  1.642,  1.653 


2.170,  2.220,  2.320 
3.078,  3.176,  3.188 

1.490,  1.502 
1.512,  1.498 


2.21,  2.22 
1.820,  1.715 
1.494,  1.505,  1.516 
1.537,  1.533 
1.561,  1.565,  1.567 

1.523,  1.535,  1.586 
1.559,  1.563,  1.568 


1.93,  1.99,  2.02 
1.520,  1.587,  1.613 
1.475,  1.486 
1.513,  1.524,  1.525 
2.0767,2.1161,2.1580 
1.603,  1.632,  1.639 

1.500 

1.87,  2.00,  2.01 


58  5 


43 


46  10 
68  '  i  ' 


54  44 

84 


69 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonym 


Formula 


Sp.  gr. 


1 
2 

3 

4 
5 
6 

7 

8 
9 

10 
11 
12 
13 

14 
15 
16 
17 

18 
19 

20 
21 
22 
23 
24 
25 

26 

27 
28 
29 
30 

31 
32 
33 
34 

35 
36 
37 

38 
39 
40 

41 

42 
43 

44 


Lepidocrocite. 
Lepidolite — 


Leucite — 
Lewisite. . . 
Limonite . . 
Litharge . . . 
Magnesite. 

Magnetite. 
Malachite. 


Manganite. . 
Manganosite. 
Marcasite.. . 
Marialite 


Marshite... 
Mascagnite. 
Matlockite . 
Meionite. . . 
Melanterite . 
Melilite 


Mellite.... 
Mendipite. 
Microcline . 
Microlite.. 
Miersite . . . 
Milarite... 


Mimetite 

Mirabilite . . . 
Moissanite. . 
Molybdenite. 
Monazite 


Monetite 

Monticellite. 
Montroydite . 
Muscovite. .. 


Nantokite. 
Natrolite. , 
Nephelite . 


Newberyite . 
Niccolite. . . 
Noselite 


Oligoclase . 

Olivenite. . 
Olivine 


Opal. 


lithium  mica, 
amphigene. . . 


brown  hematite 

lead  oxide,  lithargite. 


lodestone 

green  carbonate  of  cop- 
per 
gray  manganese  ore 


white  iron  pyrites. 


copperas . 


glauber  salt 

carborundum,  artificial . 
molybdenum  glance. . . . 


white  mica . 


needle  zeolite 

nepheline,  elaeolite. 


arsenic  nickel,  nickelin. 
nosean 


lime-soda  feldspar, 
chrysolite,  peridot. 


Fe203.H20 

KLi[Al(OH,F)2]Al- 
(Si03)3 

K20.Al203.4Si02 

5Ca0.2Ti02.3Sb205. . . . 

2Fe203.3H20 

PbO 

MgC03 

Fe304 

CuC03.Cu(0H)2 

Mn203.H20 

MnO 

FeS2 

3Na02.3Al2OU8Si02. 
2NaCl 

Cul 

(NH4)2S04 

PbO.PbCfe 

4Ca0.3Al203.6Si02 

FeS04.7H20 

Na2(Ca,Mg)n(Al,Fe)4- 

(Si04)9 

Al203.Ci209.18H20 

2Pb0.PbCl2 

K2O.Al203.6Si02 

6Ca0.3Ta205.CbOF3.... 

4AgI.dll 

K20.4Ca0.2Al203.- 

24Si02.H20 

9Pb0.3As205.PbC!2 

Na2SO4.10H2O 

SiC 

MoS2..... 

(Ce,Nd,Pr(La)P04 

(+Th3[P04]4) 
HCaP04 

CaMgSi04 

HgO 

K20.3Al203.6Si02.2H20 

CuCl 

Na2O.Al203.3Si02.2H20 
(Na,K)8ALsSi9034  or 

NaAlSi04 

HMgP04.3H20 

NiAs 

5Na20.3Al203.6Si02.- 

2S03 
NaAlSi3Os  -f  CaAl2Si2- 

Os 

4Cu0.As205.H20 

(Mg,Fe)2Si04 

Si02.xH20 


4.09 
2.799-2.9 

2.45-2.51 

4.950 

3.6-4.0 

9.13 

2.95-3.2 

4.967-5.180 
3.90-4.03 

4.2-4.4 
5.18 

4.61-4.90 
2.50-2.692 

5.59-5.62 

1.76-1.77 

7.21 

2.70-2.815 

1.89-1.90 

2.9-3.4 

1.55-1.65 
7-7.1 

2.54-2.57 
5.405-5.562 
5.64 
2.5-2.59 

6.98-7.25 

1.40-1.481 

3.2 

4.7-4.8 

5.2(4.9-5.3) 

2.75-2.863 
3.03-3.25 
11.14 
2.76-3.00 

3.930 

2.18-2.25 

2.55-2.65 

2.10 

7.33-7.67 

2.25-2.4 

2.62-2.672 

4.1-44 
3.26-3.40 

2.1-2.3 
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MINERALS  (Continued) 


No. 


Hard- 


Crystalline  form  and  color 


Index  of  refract. 

(Na);  n;  co,  e; 

a.  0,  7 


1 

2 

2.5-4.0 

3 

5.5-6.0 

4 

5.5 

5 

5.0-5.5 

6 

2 

7 

3.5-4.5 

8 

5.5-6.5 

9 

3.5-4.0 

10 

4-5 

11 

5-6 

12 

6.0-6.5 

13 

5.5-6.0 

14 

2.5-3.0 

15 

2.0-2.5 

16 

2.5-3.0 

17 

5.5-6.0 

18 

2 

19 

5-6 

20 

2.0-2.5 

21 

2.5-3.0 

22 

6.0-6.5 

23 

5.5 

24 

2 

25 

5.5-6.0 

26 

3.5 

27 

1.5-2.0 

28 

9.5 

29 

1.0-1.5 

30 

5.0-5.5 

31 

3.5 

32 

5.0-5.5 

33 

1.5-2.0 

34 

2.5-3.0 

35 

2.0-2.5 

36 

5.0-5.5 

37 

5.5-6.0 

38 

3.0-3.5 

39 

5.0-5.5 

40 

5.5 

41 

6-7 

42 

3 

43 

6.5-7.0 

44 

5.5-6.5 

rhomb. 

monocl.,  pink,  oft.  wh.-gray  or  vlt. 

cub.,  wh.,  gray 
cub.,  yel. 

prob.  amor.,  br.-yelsh. 
tetr.,  yel. 

hex.  (trig,  rhbdr.),  col.,  wh.-yelsh.,  br.- 
blk. 
cub.,  iron  blk. 
monocl.,  lt-dk.  grn. 

rhomb.,  iron  blk.  to  steel  gray 
cub.,  emer.  grn.,  blk.  on  expos, 
rhomb.,  pa.  yel.  to  steel  grav 
tetr. 

cub.,  br. 

rhomb.,  lem.  yel.,  yelsh.,  gray 

tetr.,  yelsh.  or  grnsh. 

tetr.  col.  to  wh. 

monocl.,  var.  shades  of  grn.  to  yel. 

tetr.,  wh.,  yel.,  grnsh.,  redsh.,  br. 

tetr.,  yel. 

rhomb.,  wh. 

tricl.,  wh.,  yelsh.,  gray,  grn.  or  red. 

cub.,  yel.,  br.,  rar.  red 

cub.,  bright  yel. 

hex.  col.,  grn.,  glassy 

hex.,  yel.,  br.,  wh.  or  col. 
monocl.,  wh. 
hex.,  grn.,  bluish-blk. 
hex.,  blue  gray 
monocl.,  red  or  yelsh.  br 

tricl.,  yel.,  wh. 
rhomb.,  col.  to  gray 
rhomb.,  orange  red 

monocl.,  col.  or  pa*  yel.,  gray  or  br.; 
rar.  rose 

cub.,  col.  to  wh.  or  grayish 
rhomb,  wh.  also  redsh.,  yelsh.,  grnsh. 
hex.  col.  wh.,  yelsh.,  gray  or  red 

rhomb.,  wh.  cryst. 
hex.,  It.  copper-red 
cub.,  grayish,  blsh.,  brnsh. 

tricl.,  wh.,  gray,  grnsh.,  redsh. 

rhomb.,  olv.  grn.,  dk.  grn.  to  br. 
rhomb.,  olv.  grn.,  or  grayish  grn.  to 

yelsh.  br. 
amor.,  col.,  wh.,  yel.,  br.,  red,  grn.;  int. 

refl. 

1  285 


1.94,  2.20,  2.51 
1.560,  1.598,  1.605 

1.508,  1.509 
2.20 


2.510,  2.610,  2.710 
1.700,  1.509 


1.655,  1.875,  1.909 

2.24,  2.24  (Li),  2.53 
2.16 


1.539,  1.537 

2.346 

1.5209,  1.5230,  1.5330 

2.150,  2.040 

1.597,  1.560 

1.4713,  1.4782,  1.4856 

1.634,  1.629 

1.539,  1.511 

2.24,  2.27,  2.31 

1.522,  1.526,  1.530 

1.925 

2.20 

1.532,  1.529 

2.135,  2.118 
1.394,  1.396,  1.398 
2.654,  2.697 


1.786,  1.788,  1.837 

1.515,  1.518,  1.525 
1.651,  1.662,  1.668 
2.37,  2.50,  2.65 
1.561,  1.590,  1.594 

1.93 

1.480,  1.482,  1.493 

1.542,  1.538 

1.514,  1.518,  1.533 


1.495 

1.539,  1.543,  1.547 

1.747,  1.788,  1.829 
1.662,  1.680,  1.699 

1.41-1.46 


Angle  of 
the  optic 
axes,  2V 


85    27 


83 


76 


14 


40(?) 
63  ' ' ' 


88    54 


PHYSICAL  CONSTANTS 


No. 

Name 

Synonym 

Formula 

Sp.  gr. 

1 

Orpiment 

As2S3 

3.4-3.5 

fl 

Orthite 

allanite 

Ca2(Al,Ce,Fe)2(A1.0H)- 

(Si04)3 

K2O.Al203.6Si02 

CaO.2CeOF.3C02 

HNaCa2(Si03)3 

Pb0.2PbCl2 

3.0-4.2 

3 
4 

Orthoclase 

Parisite 

potassium  feldspar 

2.56 
4.320-4.42 

5 

Pectolite 

2.74-2.88 

6 

Penfieldite 

7 

Penninite 

5(Mg,Fe)O.Al203.3Si02.- 
4H20 

PbCl2.CaO.H2O 

MgO 

2.6-2.85 

8 

Percylite 

4.675-4.71 

q 

Periclase 

3.64-3.674 

10 

Perovskite 

CaO.Ti02 

3.95-4.039 

n 

Petalite 

Li2O.Al203.8Si02 

3Fe203.2As203.13H20... 
2BeO.Si02 

2.386-2.465 

1? 

Pharmocosiderite. . . 

2.9-3.0 

13 

Phenacite 

2.944-3.041 

14 
15 

Phlogopite 

Phosgenite 

Picotite 

Pitchblende  (R)     S 

Platinum 

Pleonaste 

Pollucite 

magnesium  mica 

cromfordite 

chrome-spinel 

(K,H)3Mg3AKSi04)3...- 
(+Na,Fe,F) 
PbCl2,PbC03 

2.737-2.869 
6.0-6.305 

16 

(Mg,Fe)0.(Al,Cr)203... 
Pt 

4.08 

17 

18 

ee  uraninite 

native  platinum. 

iron-magnesium  spinel . . 

13.35-19.00 

19 
?0 

(Mg,Fe)O.Al203 

2Cs20.2Al203.9Si02.- 
H2O 
CaO.Mo03 

3.5-3.6 
2.868-2.901 

?1 

Powellite 

4.356-4.526 

?? 

Prehnite .... 

2CaO.Al2O3.3SiO2.H2O.. 
3Ag2S.As2S3 

2.80-2.95 

?3 

Proustite 

Pseudobrookite. . . . 

ruby  silver  ore 

5.51-5.64 

24 

2Fe203.3Ti02 

4.4-4.9 

25 

Psilomelane 

Pyrargyrite 

Pyrite.... 

Pyrochlorite 

Pyrochroite 

black  hematite 

Mn02,BaO,H20,K20,- 
etc                    ■  : 
Ag6Sb2S6 

3.7-4.7 

26 

dark  red  silver  ore 

iron  pyrites,  fool's  gold. . 
pyrochlore 

5.77-5.86 

27 

FeS2 

4.95-5.17 

?8 

RNb206.R(Ti,Th)03.... 
Mn(OH)2 

4.2-4.36 

29 

3.258 

30 

Pyrolusite 

Pyromorphite 

Pyrophyllite 

Pyrrhotite 

Quartz 

polianite 

Mn02(+nH20) 

PbCl2.3Pb3(P04)2 

Al2O3.4SiO2.H2O 

FesSe  to  FeieSiT 

Si02 

4.73-4.86 

31 
32 

33 
34 

green  lead  ore 

pencil  stone  agalmato- 
lite 
magnetic  pyrites 

6.50-7.12 
2.66-2.90 

4.53^.66 
2.59-2.660 

35 

Raspite 

PbO.WOs 

36 

Realgar 

AsS  .. 

3.56 

37 

Rhodochrosite 

Rhodonite 

dialogite 

f  owlerite 

mgnne 

MnCOs 

3.30-3.76 

38 

MnO.Si02 

Ti02 

3.40-3.68 

39 

Rutile 

4.18-5.13 

40 

Sassolite 

B(OH)3 

1.48 

41 

42 

Scapolite 

Scheelite 

wernerite 

nNa4Al3Si9024Cl  + 

mCa4AleSi6025 
(^aW04 

2.6-2.8 
5.88-6.14 

43 

Schorlomite 

3CaO.(Fe,Ti)203.3(Si,- 
Ti)02 
CaO.Al2O3.3SiO2.3H2O. . 

3.783-3.88 

44 

Scolecite 

2.16-2.4 
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OF  MINERALS  (Continued) 

No. 

Hard- 
ness 

Crystalline  form  and  color 

Index  of  refract. 

(Na);  n;  at,  c; 

a,  /3,  7 

Angle  of 
the  optio 
axes,  2V 

2 

3 

4 
5 
6 

1.5-2.0 
5.5-6.0 

6 

4.5 
4.5-5.0 

monocl.,  lem.  yel. 
monocl.,  br.  to  blk. 

monocl.,  col.,  wh.,  pa.  yel.,  flesh  red  to 

gray. 

trig.,  rhbdr.,  brnsh.,  yel. 
monocl.,  col.,  wh.,  grayish  wh. 
hex.,  wh. 
pseudo-rhbdr.,  grn.,  vlt.,  pink,  rose  red; 

rar.  yelsh.  or  silver  wh. 
cub.,  blue 
cub. 

cub.,  yel.,  redsh.  br.,  grayish  blk. 
monocl.,  col.,  wh.,  gray;  rar.  redsh  or 

grnsh. 

monocl.,  grn.,  yelsh.  br. 
tricl.,  col.,  yel.,  red,  br. 
monocl.,  wh.-gray.,  yelsh.  br.  to  brnsh. 

red 

tetr.,  col.,  gray  or  yel. 
yelsh.  br.,  grnsh.  br.  to  blk. 

cub.,  silvery  metal 
br.,  blk.,  dk.  grn. 
cub.,  col. 

tetr.,  yel.,  grn.  or  blsh. 
rhomb.,  It.  grn.,  wh.  or  gray 
hex.,  scarlet  to  vermilion 
rhomb.,  dk.  br.  to  blk. 
cryptocryst.,  iron  blk.  to  gray 

hex.  (trig.),  dk.  red  to  gray  or  blk. 

cub.,  pa.  brass  to  gold  yel. 

cub.  br.-blk. 

trig.,  rhbdr.,  wh. ;  dk.  on  expos. 

rhomb.,  blk.,  steel  gray 

hex.,  grn.,  yel.,  gray,  br.  or  wh. 

monocl.,  wh.,  grn.,  yelsh.,  grayish 

hex.,  yel.,  red  to  dk.  br. 

hex.  (trig.),  col.  or  yel.,  rose,  br.,  grn., 

bl.,  gray 
monocl.,  brnsh.  yel. 
monocl.,  red,  yel. 

hex.  (trig),  red,  pink,  gray,  br. ;  rar.  col. 
tricl.,  rei,  pink,  yelsh.,  grnsh.,  brnsh., 

blk. 
tetr.,  redsh.  br.,  red,  yelsh.,  blsh.,  vlt., 

blk. 

tricl.,  wh.  scales 
tetr.,  col.,  wh.,  gray,  grnsh.,  blsh.,  redsh. 

tetr.,  col.,  wh.,  yel.,  br.,  grn.,  redsh. 
blk. 

monocl. 

(Li)  0  2.72 
0  1.682 

1.518,  1.524,  1.526 

1.5690,  1.6700 
1.595,  1.606,  1.634 
2.13,  2.21 
1.576,  1.579 

2.05 

1.7364 

0  2.38 

1.504,  1.510,  1.516 

0  1.676 
1.6542,  1.6700 
1.562,  1.606,  1.606 

2.114,  2.140 
2.950 

69    43 
60 

7 

8 

9 

10 

11 

12 
13 
14 

15 
16 

2.0-2.5 

2.0-2.5 
5.5-6.0 
5.5 
6.0-6.5 

2  5 

7.5-8.0 

2.5-3.0 

2.75-3.0 

83  '  34 

17 

18 

4-6 

19 

20 

21 
22 
23 
24 
fl5 

6.5 

3.5 

6.0-6.5 

2.0-2.5 

6 

5-6 

2.5 

6.0-6.5 

5.0-5.5 

2.5 

2.0-2.5 

3.5-4.0 

1-3 

3.5^.5 

7 

1.521 

1.967,  1.978 
1.616,  1.626,  1.649 
3.0877,  2.7924 
(Li):  2.38,  2.39,  2.42 

67 

26 
?.7 

(Li):  3.084,  2.881 

28 
29 
30 

1.960-2.000 
1.723,  1.681 

31 
32 

33 

2.042,  2.050,  2.050 
1.552,  1.588,  1.600 

34 
35 

1.544,  1.553 

2.27,  2.27,  2.30 
(Li):  2.46,  2.59,  2.61 
1.817,  1.5973 
1.733,  1.740,  1.744 

2.6158,  2.9029 

1.340,  1.456,  1.459 
1.570,  1.549 

1.918,  1.934 
1.980 

1.512,  1.519,  1.519 

36 
37 
38 

39 

40 
4*1 

42 
43 

44 

1.5-2.0 
3.5-4  5 
5.5-6.5 

6.0-6.5 

1 
5-6 

4.5-5.0 
7.0-7.5 

5.0-5.5 

36 
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PHYSICAL  CONSTANTS 


No. 


Name 


Synonym 


Formula 


Sp.  gr. 


1 

2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 
21 
22 

23 

24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 

38 

39 
40 

41 

42 

43 
44 


45 
46 


Scorodite 

Selenite,  colorless  tr 

Sellaite.... 

Senarmontite 

Sepiolite 

Serpentine 


Siderite. 

Sillimanite . . 

Silver. 

Smaltite. . . . 
Smithsonite . 

Sodalite 

Soda  niter.. 
Spessartite.  . 


Sphalerite 

Spinel 

Spodumene 

Stauroljte 

Stercorite 

Stibiotantalite . 

Stibnite 

Stilbite 


Stolzite 

Strengite 

Strontianite . 
Struvite 


Sulfur 

Sylvite 

Talc 

Tantalite 

Tapiolite 

Terlinguaite . 
Tetrahedrite . 
Thaumasite. 


Thenardite. . .  . 
Thermonatrite . 
Thomsenolite . . 
Thomsonite . . . 


Thorianite  (R). 
Thorite  (R) . . . 


Titanite. 
Topaz . . 


Torbernite  (R). 
Tourmaline 


Tremolite . 
Tridymite. 


ansparent  gypsum,  which 


meerschaum 

incl.  chrysotile  or  asbes- 
tos and  verd-antique 
spathic  iron,  chalybite . 

fibrolite 

native  silver 


calamine,  dry  bone. 


Chile  saltpeter. ...... 

manganese-aluminum 
garnet 
zincblende 


hiddenite,  kunzite . 
microcosmic  salt . . 


antimomte . 
desmine . . . 


brimstone 

sylvine 

soapstone,  steatite. 


gray  copper  ore,  fahlerz . 


sphene. 


copper  uranite . 
grammatite 


FeAs04.4H20 

see 

MgF2 

SD2O3 

2MgO.3SiO2.2H2O 

3MgO.2SiO2.2H2O 

FeC03 

Al203.Si02 

Ag 

Co  As2 

ZnCOs 

Na4(AlCl)Al2(Si04)3... 

NaN03 

3MnO.Al203.3Si02 

ZnS 

MgO.Al203 

Li2O.Al203.4Si02 

5Al2O3.2FeO.4SiO2.H2O 
HNa(NH4)P04.4H20.. 
Sb203.Ta205 

Sb2S3 

(Na2,Ca)0.Al203.6Si02. 

6H2O 

PbO.WOs 

FeP04.2H20 

SrC03 

(NH4)20.2MgO.P205.- 

12H2O 

S 

KC1 

3MgO.4SiO2.H2O 

(Fe,Mn)[(Cb,Ta)03]2.. 

Fe(Ta,Nb)206 

Hg2C10 

4Cu2S.Sb2S3 

3CaO.SiO2.CO2.SO3.- 

15H20 

Na2S04 

Na2C03.H20 

NaF.CaF2.AlF3.H2O... 
(Na2Ca)O.Al203.2Si02.- 

3H20 
(ThU)02(+He,Ce,La,- 

Pb,  Fe) 
ThSi04(4-He) 

CaO.Ti02.Si02 

(AlF)2Si04  or  [A1(F,- 
OH)]2Si04 

Cu(U02)2P208.12H20.. 

(H,Li,Na,K)9Al3[B.- 
OH]2Si40i9(+Fe203,- 
FeO.MgO.MnO)? 

CaMg3(Si04)3 

Si02 


3.1-3.3 

2.972-3.170 
5.22-5.30 
2.02 
2.50-2.65 

3.00-3.88 

3.23-3.25 

10.1-11.1 

6.4-6.6 

4.30-4.45 

2.14-2.40 

2.24-2.290 

4.0-4.3 

3.90-4.11 

3  5-4.1 

/S2.644-2.649 

3.65-3.77 

1.615 

6.6-7.9 

4.52-4.62 

2.09-2.24 

7.87-8.13 
2.84-2.87 
3.680-3.714 
1.65-1.72 

2.05-2.09 

1.988 

2.7-2.8 

6.5-8.20 

7.3-7.8 

8.723-8.728 

4.4-5.1 

1.83-1.877 

2.68-2.69 
1.5-1.6 
2.93-3.0 
2.196-2.4 

9.32-9.33 

blk.  4.5-5 
yel.  5.2-5.4 
3.40-3.56 
3.4-3.65 

3.22-3.60 
2.9-3.2 


2.9-3.2 
2.28-2.33 
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MINERALS  (Continued) 


No. 


Hard- 


Crystalline  form  and  color 


Index  of  refract. 

(Na);  n;  <o,  e; 

a,  0,7 


Angle  of 
the  optic 
axes,  2V 


1 

3.5-4  0 

2 

3 

5 

4 

2.0-2.5 

5 

2.0-2.5 

6 

2.5-4.0 

7 

3.5-4.5 

8 

6.0-7.5 

9 

2.5-3.0 

10 

5.5-6.0 

11 

4.5-5.0 

12 

5.5-6.0 

13 

1.5-2.0 

14 

15 

3.5-4.0 

16 

8 

17 

0  5.5-6.0 

18 

7.0-7.5 

19 

2 

20 

5.0-5.5 

21 

2 

22 

3.5-4.0 

23 

2.75-3.0 

24 

3-4 

25 

3.5-4.0 

26 

2 

27 

1.5-2.5 

28 

2 

29 

1.0-1.5 

30 

6 

31 

6 

32 

2-3 

33 

3.0-4.5 

34 

3.5 

35 

2-3 

36 

1.0-1.5 

37 

2 

38 

5.0-5.5 

39 

6.5 

40 

4.5-5.0 

41 

5.0-5.5 

42 

8 

43 

2.0-2.5 

44 

7.0-7.5 

45 

5-6 

46 

7 

rhomb.,  grn.,  br. 

tetr.,  col. 

cub.,  col.  to  grayish 
monocl.,  wh.,  yelsh.,  grayish 
monocl.  (opt.),  fibrous  var.,  asbestos; 
gray  to  grnsh.  or  brnsh. 
hex.,  brnsh.  to  blk.,  gray,  grn.,  wh. 
rhomb.,  gray,  br.,  yelsh.,  grnsh. 
cub.,  wh.;  tarn,  to  gray  or  blk. 
cub.,  tin  wh.  to  It.  steel  gray 
hex.  (trig.),  wh.-yel.  or  br.;  rar.  grn.,  bl. 
cub.,  bl.,  wh.,  grn.,  redsh.  or  gray 
hex.,  col.,  wh.,  yelsh.,  gray,  redsh.,  br. 
cub.,  dk.  red  to  brnsh.  red 

cub.,  wh.,  yel.,  br.,  blk. 

cub.,  col.  or  red,  bl.,  grn.,  yel.,  br.,  blk. 

monocl.,  wh.,  gray,  grn.,  pink  or  purp. 

rhomb.,  redsh.  br.,  blk.,  yelsh.  br.,  gray 

monocl.,  wh. 

rhomb.,  br.,  redsh.  yel.,  yel. 

rhomb.,  lead  gray  or  blk. 

monocl.,  col.,  wh.,  also  br.,  yel.,  redsh. 

tetr.,  grn.  to  gray  or  br. 
rhomb.,  pa.  red 

rhomb.,  col.,  wh.,  gray,  yel.,  grn. 
rhomb.,  wh.  or  yelsh. 

rhomb.,  yel. 

cub.,  col.,  wh.,  blsh.  or  yelsh.-red 

monocl.,  wh.,  grnsh.  wh.,  It.  grn. 

rhomb.,  blk.  to  redsh.  br. 

tetr.,  blk. 

monocl.,  yel.  to  olive  grn. 

cub.,  st.  gray  to  iron  blk. 

hex. 

rhomb.,  wh.  to  brnsh. 

rhombic 

monocl. 

rhomb.,  wh.,  redsh.  grn.  to  br. 

cub.,  blk. 

tetr.,  blk.  or  or.  yel.  (orangite) 

monocl.,  yel.,  grn.,  br.,  redsh.  or  blk. 
rhomb.,  col.  or  yel.,  It.  blue,  grn.  or  pink 

Brazil 
tetr.,  grn. 
hex.  (rhbdr.),  blk.-br.-bl.-grn.,  red;  rar. 

wh.  or  col. 

monocl.,  wh.,  gray,  grnsh.,  yelsh. 
rhomb.,  col.  or  wh. 


1  289 


1.765,  1.774,  1.797 

1.378,  1.390 
2.087 
/3,  1.55 
1.490-1.571 

1.875,  1.633 
1.638,  1.642,  1.653 
0.18 


1.818,  1.618 
1.483 

1.5874,  1.3361 
1.811 


2.368 
1.723 
1.660, 
1.736, 
1.439, 


.666,  1.676 
.741,  1.746 
.441,  1.469 
2.374,  2.404,  2.457 
3.194,  4.046,  4.303 
1.494,  1.498,  1.500 


2.2685,  2.182 
1.730,  1.732,  1.762 
1.516,  1.664,  1.666 
1.495,  1.496,  1.504 

1.95047,2.03832,2.24052 

1.4903 

1.539,  1.589,  1.589 

2.26,  2.29,  2.34 

(Li):  2.270,  2.420 

(Li):  2.35,  2.64,  2.66 


1.507,  1.468 

1.464,  1.474,  1.485 
1.420,  1.495,  1.518 
1.407,  1.414,  1.415 
1.497,  1.503,  1.525 


1.900,  1.907,  2.034 
1.619,  1.620,  1.627 
1.6294,  1.6308,  1.6375 
1.592,  1.582 
1.6366,  1.6193  (col.) 


1.609,  1.623,  1.635 
1.469,  1.47,  1.473 


25-30 


30 


68    58 


53     50 


23     9 
65     17 
4!)     31 


PHYSICAL  CONSTANTS  OF 


No. 


Name 


Synonym 


Formula 


Sp.  gr. 


7 
8 

9 
!10 
11 
12 

13 

14 

* 

15 

16 

17 

18 

19 
20 
21 

22 
23 
24 
25 
26 


Triphylite-lithio- 

phyllite 
Trogerite(R).... 

Trona 

Turgite 

Turquois 


Uraninite  (R), 


Uranite  lime  (R)    S 
Uvarovite 


Valentinite 

Vanadinite 

Variscite 

Vesuvianite idocrase . 


Villiaumite. 
Vivianite . . . 


Wagnerite. 
Wavellite . . 
Whewellite . 
Willemite. . 


Witherite 

Wolframite . . . 
Wollastonite . . 

Wulfenite 

Xenotime 

Zeunerite  (R) . 

Zincite 

Zircon 


urao 

hydrohematite . 


pitchblende;  inch  cleve- 
ite(+Th,A,He),niven- 
ite  (+Yt),  Broggerite 
(+TW 

ee  autunite 

calcium-chromium  gar- 
net 


blue  iron  ore. 


troosite,  var.  cont.  Mn . 


peanut  ore . . 
tabular  spar. 


enotimite. 


red  zinc  ore 

hyacinth,  jargon . 


Li(Fe,Mn)P04 

(U02)3As20s.l2H20.... 
Na2CO3.HNaCO3.2H2O 

2Fe203.H20 

H5(CuOH)[Al(OH)2]6- 
(P04)4 
U03.U02,PbO,  etc 


3CaO.Cr203.3Si02. 


Sb203 

9pbo.3v205.pbd2. 

A1P04.2H20 

Ca«[Al(OH,F)]Al2- 
(Si04)5 

NaF 

Fe3(P04)2.8H20.... 


Mg3P208MgF2... 
4AIP04.2A1(0H)3 

CaC204.H20 

Zn2Si04,  (+Mn). 


9H20 


BaO.C02 

(Fe.Mn)W04 

CaSiOs 

PbMo04 

Y203.P205 

Cu(U02)2As20«.8H20. 

ZnO 

ZrSi04 


3.42-3.56 

3.3 

2"  11-2. 147 

4.29-5.00 

2.60-2.89 

6.5-9.7 


3.418-3.81 


5.586 
6.7-7.2 
2.47-2.54 
3.35-3.45 

2.79 
2.58-2.693 

2.985-3.14 
2.316-2.356 
2.23 
3.89-4.19 

4.28-4.35 

7.14-7.54 

2.80-2.92 

6.7-7.0 

4.45-4.56 

3.28 

5.43-5.70 

4.02-4.86 
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MINERALS  (Continued) 


No. 


Hard- 
ness 


Crystalline  form  and  color 


Index  of  refract. 

(Na);  n;  co,  e; 

«,  /3,  7 


Angle  of 
the  optic 
axes,  2V 


1 

4.5-5.0 

2 

soft 

3 

2.5-3.0 

4 

5.5-6.0 

5 

5 

6 

5.5 

7 

8 

6.5-7.5 

9 

2.5-3.0 

10 

3 

11 

4 

12 

6.5 

13 

3.5 

14 

1.5-2.0 

15 

5.0-5.5 

16 

3.5-4.0 

17 

2.5 

18 

5.5 

19 

3.00-3.75 

20 

5.0-5.5 

21 

4.5-5.0 

22 

2.5-3.0 

23 

4-5 

24 

2.0-2.5 

25 

4.0-4.5 

26 

7.5 

rhomb.,  grnsh.  gray,  bluish,  pink,  yel. 
to  br. 
monocl. 

monocl.,  gray  or  yelsh.  wh. 
dk.  redsh.  blk.  or  br.,  red. 
tricl.,  blue,  grn. 

cub.  or  amor.,  gray,  br.-blk. 


cub.,  emer.  grn. 

rhomb.,  wh.,  gray 

hex.,  yel.,  br.  or  red 

rhomb.,  grn. 

tetr.,  yel.,  grn.,  br.,  rar.  bl.,  red.,  blk. 

cub. 

monocl.,  col.  to  bl.  or  blsh.  grn.  on 

expos. 

monocl.,  col.,  yel.,  grayish,  grnsh.,  redsh. 
rhomb.,  col.,  gray.,  yel.,  grn.,  blue,  blk. 
monocl.,  col. 
hex.  (trig.-rhbdr.),  wh.  or  grn.  yel.- 

redsh.-br. 

rhomb.,  col.,  grayish  wh.  or  yelsh. 
monocl.,  dk.  gray  or  brnsh.  blk. 
monocl.,  wh  -gray,  yel.,  red  or  br. 
tetr.,  yel.,  red,  grn.,  gray,  wh. 
tetr.,  yel.-br.,  brnsh.  red-gray 
tetr. 

hex.,  red  or  yel. 
tetr.,  col.,  pa.  yel.,  gray,  yelsh.  grn., 

br.,  redsh.-br. 


1.688,  1.688,  1.692 

1.585,  1.630,  1.630 
1.410,  1.492,  1.542 
(Li):  2.450,  2.550,  2.550 
1.61,  1.62,  1.65 


1.838 

2.18,  2.35,  2.35 
2.354,  2.299 
1.551,  1.558,  1.582 
1.716,  1.718 


1.336 
1.579, 


.603,  1.633 


1.569,  1.570,  1.582 
1.525,  1.534,  1.552 
1.491,  1.555,  1.650 
1.694,  1.723 

1.529,  1.676,  1.677 
2.310,  2.360,  2.460 
1.616,  1.629,  1.631 
(Li):  2.402,  2.304 
1.721,  1.816 
1.643-1.623 
2.008,  2.029 
1.9239,  1.9682 


37    49 


40 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 

ALLOYS* 


Composition 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  °C. 

Aluminum 

99.2A1  

Aluminum  2S 

2.71 
2.96 

2.00 
2.74 
2.58 
2.80 

9.70 

8.59 
8.38 
8.40 
8.76 

23.94  X  10-6 
24 
26 

21.96 

"24  "" 

'"23:04' 
21.96 
26 

"26  "" 

14.4  X  10-6 
16.9  X  10-6 
15.8  X  10-6 
14.6X10-6 

660 

97A1,  3Cu    

640 

95A1,  5Cu 

Lynite,  body  alloy 

Zeppelin  rod 

650 

95A1,  4.2Cu,  0.6Mn,  0.5Si, 
0  4Fe               

95A1,  2Cu,  1.5Mg,  0.8Fe, 
0.2Si,  O.OIMn 

Lynite,  piston 

94A1,  4Cu,  0.5Mg,  0.5Mn, 
coated  with  99.7  +  Al. . 

Alclad  17  ST 

538-46 

93A1,  7-8.5Cu,  >  1.7  other 
elements    

Lynite,  146 

92A1,  9.3-1  lCu,  >2  other 
elements 

Lynite,  122 

90A1,  7.8Cu,  1.5Zn,  1.3Fe 
89A1,  HCu,  0.5Mg 

Lynite,  crank  case 

Lynite,  piston 

89A1,  12-14Cu,  >2  other 
elements  .                  ... 

Lynite,  109 

99A1,  0.4Fe,  0.4Si,  O.lZn, 
0.06Cu 

Zeppelin  braces 

Magnalium 

90  Al,  lOMg 

600 

70A1,  30Mg 

Magnalium 

435 

98A1,  1.25Mn 

Aluminum  Alloy  3S 

Aluminum-silicon  43 

640-55 

95A1,  5Si 

577-630 

91A1,  9Zn  . 

650 

90A1,  7.8Zn,  0.7Cu,  0.5Fe, 
0.4Si,  0.3Mn,  O.lSn 

89A1,   9Zn,   0.7Cu,  0.5Si, 
0.5Mn,  0.4Fe,  0.2Sn.... 

77A1,  21Zn,  l.lCu,  0.5Fe, 
Pb,  Sn    

Zeppelin  angles 

Zeppelin  channels 

Liberty  pistons 

70A1,  30Zn 

610 

Bismuth 
53Bi,  32Pb,  15Sn 

Eutectic  fusible  alloy . . . 
Eutectic  fusible  alloy . . . 
Rose  metal 

96 

52Bi,  40Pb,  8Cd. 

91.5 

50Bi,  27.1Pb,  22.9Sn 

50Bi,27Pb,13Sn,10Cd.... 
50Bi.  25Pb,  12.5Sn,  12.5Cd 

Eutectic    fusible    alloy; 

Lipowitz  alloy 

Wood's  metal 

70-4 
70 

40Bi,  40Pb,  20Sn... 

Bismuth  solder 

111 

54Bi,  26Sn,  20Cd 

Eutectic  fusible  alloy . . . 
Fusible  tea  spoons 

Ignition  pin  alloy 

Ignition  pin  alloy 

Stellite  No.  1  Alloy 

Stellite  No.  6  Alloy 

Stellite  No.  12  Alloy... 
Stellite  Star  J-Metal.... 
Stellite  "2400"  Alloy... 

103 

45Bi,  17Sn,  30Pb,  5-10Hg 

Cerium 

70-3Ce,  17-24Zn,  1.6-6Fe, 
0-2.4A1,  Mn 

61Ce,  37Fe 

Cobalt 

Co,  Cr,  W  Alloy 

1250 

Co,  Cr,  W  Alloy 

1275 

Co,  Cr,  W  Alloy 

1263 

Co,  Cr,  W  Alloy 

1270 

Co,  Cr,  W  Alloy 

*  See  also  Supplementary  Table  following  this  table* 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 


Name 


Sp.  gr. 


Thermal 
expansion 
coefficient 

per  °C. 


Melting 
point  °C. 


Copper 

99.9  +  Cu 

99.90  +  Cu,  0.01P 

90Cu,  10A1 

90Cu,  9A1,  lFe 

80-90Cu,8-10Al,  6-7Fe... 
88-96.1Cu,2.3-10.5Al,Fe, 

Sn 

50Cu,  25Au,  25Ag 

47Cu,  33Au,  20Ag 

40Cu,  31Au,  19Ag,  lOPd 

77Cu,  15Pb,  8Sn 

95Cu,  5Mn 

82-6Cu,  4-15Mn,  2-12Ni, 

Fe 

82Cu,  15Mn,  3Ni 

70Cu,  25Mn,  5Ni 

61Cu,  26Mn,  13A1 

88.5Cu,  5Ni,  5Sn,  1.5Si... 

80Cu,20Ni 

75  Cu,  25Ni 

75Cu,  20Ni,  5Zn 

65Cu,  18Ni,  17Zn 

60Cu,  40Ni 

55-65Cu,  12-18N1,  11-17- 

Zn,  8-12Fe,0.5-lSi.... 

57Cu,  20Ni,  20Zn,  3A1.... 

55Cu,  18Ni,  27Zn 

45-60Cu,  40-55Ni,  0-1.4- 

Mn,  O.lC.Fe 

45Cu,  33Ni,  16Sn,  5.5Zn, 

IBi 

67-81Cu,  19-30Pt,  0-4Zn 
94.8-96Cu,3-4Si,l-1.2Mn 

98.55Cu,  1.40Sn 

95.5Cu,  4.3Sn,  0.2P 

95Cu,  4Sn,  lZn 

92-7Cu,  l-8Sn,  0-2Zn.... 

91.6Cu,8.25Sn,0.15P 

90Cu,  lOSn,  trace  P 

90Cu,  lOSn 

88Cu,  lOSn,  2Zn 


82Cu,  16Sn,  2Zn.. 
83Cu,  14Sn,  3.5Pb. 


83Cu,  14Sn,  3.5Zn 

83Cu,  14Sn,3Zn,0.8Pb... 

79.7Cu,  lOSn,  9.5Sb,  0.8P 

78Cu,22Sn 

67Cu,  33Sn 

58Cu.  28Sn,  9.5Pt,  3.5Zn, 
1.5As 


Deoxidized  copper. 
Deoxidized  copper. 
Aluminum  bronze. 

Resistac 

Ampco  Metal 


Aluminum  bronze. . 
Cooper's  pen  metal. 

Gold  8  carat 

Palladium  gold 

"B"  Alloy,  P.R.R.. 
Manganese  bronze. , 


Manganin 

Manganin 

Manganin 

Magnetic  alloy 

Barberite 

Nickeline 

Nickel  coinage,  U.S.A. 


Nickel  silver  18%  A... 
Constantan 

Glass  mold  alloy,  U.S.P. 

1,360,773 

Typewriter  metal 

Nickel  silver  18 %B... 


Constantan. 


Sea  water  bronze. 
Cooper's  gold 


Phono-electric  wire 

Phosphor  bronze  30 

Coinage  bronze 

Medal  bronze 

Phosphor  bronze  47 

Phosphor  bronze  209... 

Bronze,  gun  metal 

U.S.  Government 

bronze,  spec.  G 

Bronze  bearings 

Naval  journal  bearing, 

spec.  HX 

Naval  journal  bearing, 

spec.  H 

U.S.  Government 

bronze,  spec.  H 

Phosphor  bronze 

Bell  metal 

Bronze,  speculum  metal 


Cooper's  mirror. 


8.50 
8.91 
7.6 

'7l20 

7.50-8.19 


8.8 


8.80 
8.5 

'8 '.58 
8.75 
8.4 


8.69 


8.46 

'SM 

8.96 

SM 
9.00 

8.8 


8.8 
8.7 
8.6 


17.71X10-6 
17.71 
16.5 


16.40 
18.36 


16.99 
18/90" 

18 '"" 


18.6 


1082 
1082 
1050 
1066 
649 

1038-71 


1060 


1070 
1185 
1205 
1150 
1110 
1280 


1055 


1000 
1050 ' 


1000 


870 
745 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  °C. 

Copper 
90Cu,  lOZn 

Commercial  bronze;  red 
brass 

8.80 
8.83 
8.75 

*8.i7 

'8.40 

'8!45 

i7-!i7 

18.18X10"« 

18.18 
18.72 

"io'.29' 
20.16 

"i8"5*" 

"i8!4" 

1050 

89Cu,  9Zn,  2Pb 

85Cu,  15Zn 

Hardware  bronze 

Red  brass 

1050 
1030 

85Cu,  13Zn,  2Sn 

Pen  metal 

84Cu,  16Zn 

Medal  metal 

70Cu,  29Ni,  lSn 

Adnic 

1205 

70Cu,  29Zn,  lSn.. 

Admiralty 

935 

67-72Cu,  28-33Zn,  Pb,  Fe 

Spring  brass 

67-70Cu,  30-33Zn,  Pb,  Fe 
67Cu,  33Zn 

Cartridge  brass 

Brass,  ordinary  yellow . . 
Ship  nail  brass 

940 

6*Cu,  25Zn,  8.5Pb,  2.5Sn. 

61.2Cu,     37.3Zn,     0.9Sn, 
0  4Pb  0  2Fe 

61Cu,  39Zn  

Pin  wire  brass 

905 

60-lCu,    31-7Zn,    1.4Sn, 
0.7-.9Pb 

Pewter,  for  clock  work . . 
Muntz  metal 

60Cu,  40Zn 

840 

60Cu,  25Zn,  15Ni  . 

German  silver 

60Cu,  19Zn,  10A1,  6Fe,  5- 
Mn 

Hytensl  bronze 

980 

58Cu,  42Zn 

Solder,  very  refractory . . 
Chinese  silver 

850 

58Cu,  17.5Zn,  11.5Ni,  11- 
Co,  2Ag 

57Cu,  28Zn,  15Sn 

55Cu,  45Zn 

Solder,  very  soft,  white 
For  brazing 

880'" 

55Cu,  25Zn,  20Ni 

German  silver,  common 
formula 

53Cu,43Zn,  1.3Sn,0.3Pb. 

53Cu,  39Zn,  2.7Sn,  2.5Ni, 

1.7Mn,  0.2A1 

Solder,  hard  yellow 

Manganin 

52Cu,  26Zn,  22Ni 

German  silver 

51Cu,  32Zn,  9.5Pb,  6.4Ni, 
1.6Sn 

Dienett's  German  silver 

Solder,  refractory 

Solder,  hard 

50Cu,  50Zn 

900 

50-7Cu,  43-50Zn  . , 

50-62Cu,     20-32Zn,     12- 
30Ni 

German  silver,  Birming- 
ham  

50-60Cu,  20-5Zn,  20-5Ni 

German  silver,  Austrian 
(Gersdorf ) 

46Cu,  34Zn,  20Ni 

Gold 
79Au,  21A1 

German  silver,  best 

Roberts-Austen  (purple 
gold) 

750 

92Au,  8Cu 

Standard    gold,    Great 
Britain 

900 

90Au,  lOCu  . 

Coinage 

940 

84Au,  16Cu.., 

Jewelry 

895 

75 Au,  24Cu... 

Jewelry 

925 

67Au,  25Cu,  8Ag 

Pen  metal 

67Au,  8-27Cu,  6.6-26Ag. . 

Gold  16  carat 

62Au,  13Cu,  HAg 

Gold  15  carat 

58Au,  14-28Cu,4-28Ag... 

Gold  14  carat 

50Au,  50Cu 

Dark  red  gold 

1000 

50Au,  35Cu,  15Ag 

Gold  solder  12  carat 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 

t 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  C 

Gold 

42Au,  38-46Cu,  12-20Ag.. 
86Au,5.7-17Fe,0-8.6Ag.. 

Gold  10  carat 

Gray  gold 

22.38 

7.86 
7.70 
6.30 
7.83 
7.60 
7.0 

7.83 
7.75 
7.75 
7.75 

7\75 

7.75 

XlO-e 

"ti'.o" 
"ii!2" 

11.99 

11.00 

11.00 

9.99 

1  

75Au,  25Fe 

Blue  gold 

White  gold 

1165 

75-85Au,  8-10Ni,  2-9Zn.. 

90Au,  lOPd 

White  gold,  palladium 
gold 

1265 

60-90Au,  10-40Pd 

Rhotanium 

80Au,  20Pd 

Palau 

Platinum  gold,  white. . . 
Gold  22  carat  dental, 

dark 

-Gold  22  carat 

1375 

60Au,  40Pt 

1500 

92Au,  4.9Ag,  3  lCu 

91.66Au,  4.16Ag,  4.16Cu.. 

92Au,  0-8.3Ag.0-8.3Fe... 
84Au,  8.3-1  lAg,  6-8.3Cu. 

Pale  yellow  gold 

Gold  20  carat 

75Au,  17Ag,  8.3Cu 

75Au,  10-20Ag,  5-15Cu... 

Gold  solder  16  carat 

Gold  18  carat 

63-75Au,    13-31Ag,    6.3- 
12Cu 

Gold  solder  18  carat 

Platinum  substitute,  elec- 
trical   

70Au,  25Ag,  5Ni  or  Pt. . . . 

68Au,  25Ag,  7.5Pt 

Platinumsubstitute,  elec- 
trical   

63Au,  23Ag,  15Cu 

58Au,  30Ag,  12Cu 

55Au,  32 Ag,  14Cu 

50  Au,  33 Ag,  17Cu 

41Au,    37Ag,    21Cu,    0.6 
brass 

Gold  solder,  best 

Gold  14  carat  dental 

Gold  solder,  easy  melt. . 
Gold  solder  14  carat 

Gold  solder  10  carat 

Gold  solder  8  carat 

40Au8  37Ag.  23Cu 

Iridium 
95Ir,  5Pt 

Iron 

99.94Fe,  0.025S,  0.017Mn, 
0.012C,  0.005P 

Armco  ingot  iron 

Wrought  iron 

1530 

98.5Fe 

1510 

80Fe,20Al 

Ferro-aluminum 

Steel 

1480 

99Fe,  1C 

1430 

97Fe,  3C 

Cast  iron,  white 

Cast  iron,  gray 

K.  S.  Magnet  steel 

Toncan  copper;  molyb- 
denum iron 

1150 

94Fe,  3.5C,  2.5Si 

Fe,  30-40Co,  5-9W,  1.5-3- 

Cr,0.4-0.8C 

Fe,0.45Cu,0.07Mo,0.03C 

1230 
1525 

Fe,     +  lOCr,     <  0.5Mn, 
4-  0.25C 

Stainless  steel 

1510 

90-2Fe,    +8Cr,     0.4Mn, 
<  0.12C 

Stainless  steel 

1450 

90Fe,      +8Cr,      0.4Mn, 
<  0.12C 

Stainless  iron 

1450 

88Fe,16-7Cr,0.4Mn,0.1C 
max 

Stainless  iron 

Carpenterstainless  steel  2 

Defirust  rustless  iron . . . 

86-8Fe,  12-4Cr,  0.3C 

86-8Fe,  12-4Cr,  <0.5Mn, 
<  0.1C,  trace  Ni 

1425 
1480 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  °a 

Iron 

86-8Fe,  12-4Cr,  0.1C 

Carpenter  stainless  steel 
1 

7.78 
7.78 

7.64 

7.75 

7.75 

7.86 

7.86 

7.75 
7.75 

7.75 

7.61 

7.75 
7.64 

7.72 
7.83 
7.64 

7.86 
7.75 
7.70 
7.83 
7.89 
7.89 
7. 86-. 95 

7.86 

.  XlO-e 

10.19 

10.89 

9.99 
10.91 

10.89 

10.89 

10.30 
10.91 

9.99 

11.00 

10.91 
11.00 

10.80 
9.99 

16.99 

17.30 
15.98 

1490 

85-9  Fe,  10-4  Cr,<0.5Mn, 
<0.13C 

Stainless  iron 

1490 

82-6Fe,  12-6Cr,  <0.5Ni, 
<0.05Si,       <0.5Mn, 
<0.12C 

Ascoloy  33 

1495 

86.7Fe,  12.5Cr,   0.35Mn, 
0.35Ni,  0.12C 

Sterling  stainless  steel  T 
Stainless  I 

1430 

86.4Fe,  13.5Cr,0.1C 

84-6Fe,    12.5-4.5Cr,    0.5- 
Mn   max.,   0.5Si   max., 
0.5Ni  min.,  0.12-0.18C. 

EnduroS15 

1475 

84-6Fe,  12.5-^.5Cr,  0.5Mn 
max.,  0.5Si  max.,  0.25Ni, 
0.05-.12C 

Enduro  S 

1500 

85.8Fe,    13.5Cr,   0.35Mn, 
0.35C 

Sterling  stainless  steel  A 
Stainless  A 

1425 

85.6Fe,  14Cr,  0.35C 

85Fe,   13-4Cr,  2Ni  max., 
0.3-.6Mn,  0.12Cmax... 

Enduro  KM1 

1490 

82-4Fe,  16-8Cr,  <0.5Mn, 
C 

Duraloy  B 

Crocar 

1510 

84.3Fe,  12Cr,  2.15C,  0.75- 
V,  0.75Co 

82-4Fe,  16-8Cr,  <0.5Mn, 
<0.1C,  trace  Ni 

Special  defirust  rustless 
iron 

1480 

81-3Fe,   16.5-8.5Cr,  0.75- 
Si,  0.1C  max 

Enduro  A 

1510 

82.8Fe,  16.5Cr,0.65C... 

82.5Fe,     16.5Cr,     0.65C, 

0.35Mn 

Stainless  B 

Sterling  stainless  steel  B 
Sweetaloy  16 

1425 

82Fe,      16-8Cr,     0.5Mn, 
0.5Ni,  0.35C  

1495 

79-82Fe,  16-9Cr,  <0.5Mn, 
<0.5Ni,<0.5Si,<0.12C 

Ascoloy  66 

79-82Fe,  16.5-8.5Cr,  0.5- 
Mn     max.,     0.5-1.25Si 
max.,  0.25Ni  max.,  0.1C 
max 

Enduro  A 

Delhi  hard 

1490 

79-81Fe,  16.5-18Cr,  1-1.1 
C,  0.75-lSi,  0.35-.5Mn. 

1500 

78.7Fe,  20Cr,  lCu,  0.3C. 

Carpenter  stainless  steel 
3 

1475 

71-6Fe,    17-9Cr,   7-10Ni, 
<0.05Mn,0.2C 

71-5Fe,     17-9Cr,    8-9Ni, 
<0.5Mn,  0.06-.25C 

Defistain  rustless  iron . . 
Midvale  V2A 

1455 
1450 

70-5Fe,  25-300,  <0.5Mn, 
0.25C,  trace  Ni 

Defiheat  rustless  iron. . . 
Allegheny  metal 

Enduro  KA2 

1595 

70-5Fe,  17-20Cr,  7-10Ni. 
<0.5Mn,  <0.5Si,  <0.2C 

69-75Fe,  16.5-9.5Cr,  7-10 
Ni,  0.75Si  max.,  0.5Mn 
max.,  0.15C  max 

1430-70 
1400 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 


Name 


Sp.  gr. 


Thermal 

expansion 

coefficient 

per  °C. 


Melting 
point  °C 


Iron 

74Fe.  18Cr,  8Ni,  0.18C... 
71-4Fe,  17.5-19Cr,  8-9Ni 

0.5Mn,  0.15C  max 

73.5Fe,  18Cr,  8Ni,  0.35Mn 

0.15C 

73Fe,  18Cr,  9Ni,  0.5Mn,  C 
70-3Fe,  27-30Cr,  0.5Mn,  C 
72.4Fe,  18Cr.  9.5Ni,  0.1C 

70-2Fe,  17.5-19Cr,  8-9Ni, 

2-2.5Si,  0.1-.2C 

68-72Fe,  26-300,  <lMn 

<0.6Ni,<0.6Si,<0.25C 
70Fe,  28Cr,  0.5Mn,  0.5Ni, 

0.5C 

70Fe,  19Cr,9Ni,lCu,lMo, 

0.2C 

69Fe,  18-20O,  8-10Ni,  0.5 

Mn,  0.15C 

68.1Fe,    20Cr,    7Ni,    4W, 

0.35C,0.5Mn 

60-6Fe,   22-5Cr,    10-3Ni, 

<lMn,  <0.5Si,<0.2C. 
57-62Fe,  28-30Cr,  8-10Ni, 

1.5Si,  0.5-.7C,  0.4-.5Mn 
60Fe,  28Cr,  lONi,  0.5Mn, 

0.35C 

50-4Fe,  25-6Cr,  19-21Ni, 

2-3Si,0.2C 

85-8Fe,  ll-4Mn,l-1.3C. 


86Fe,  13Mn,  1C 

96.5Fe,  3.5Ni 

95.1Fe,  3Ni,  1.5Cr,  0.4C 
79Fe,    15Ni,   2.5Cr,   3Si, 

0.6C 

74.2Fe,  25Ni,  0.8C 

70.9Fe,20Ni,8Cr,0.75Mn, 

0.4C 

70Fe,  25Ni,  5Si,  0.25C.... 

67.8Fe,  32Ni,  0.2C 

67Fe,  22Ni,  lOCr,  0.5Mn, 

0.2C 

63.8Fe,  36Ni,  0.2C 

57-61Fe.  24-6Ni,  10-2Cr, 

4.5-5.5Si,  0.15C 

51-8Fe,   25-8Ni,    13-5Cr, 

3-4W,  l-1.5Mn,  0.4-0.5- 

C 

57Fe,25Ni,  15Cr,0.3C... 
47-56Fe,  33-9Ni,  10-2Cr, 

l.l-1.8Mn,  0.25-.35C 
53-6Fe,   24-6Ni,    17-8Cr, 

2^Si,  0.15-.25C 


Stainless  N . . . 
Rezistal  KA2. 


Sterling  nirosta  steel . . . 

Duraloy  18-8 

Duraloy  A 

Carpenter  stainless  steel 
4 


Rezistal  2C 
Ascoloy  55 . . . 
Sweetaloy  19. 
Stainless  U... 
Sweetaloy  17. 
MidvaleHR. 
Ascoloy  44 . . . 

Misco  C 

Sweetaloy  22 . 


Rezistal  7. 

Rol-Man 

steel 

Manganese  steel 

Nickel  steel 

Nickel-chrome  steel 


Durimet  D.. 
Ferro-nickel. 


Cyclops  17  Metal 

Durimet  A 

Ferro-nickel,  valve  steel 


Sweetaloy  18. 
Invar 


Rezistal  255C. 


MidvaleATV3. 
Pyrasteel 


MidvaleATVl. 
Rezistal  4 


7.86 

7.92 
7.86 
7.61 

7.72 

7.86 

7.61 

7.86 


7.86 
8.03 
7.86-.95 
7.89 
7.97 


7.81 


8.1 

8.00 
7.89 
8.0 

7.97 
8.0 

7.81 


8.11 
7.89 

8.06 

7.78 


18.00  X  10-« 

15.98 

16.99 
14.99 


15.98 
10.19 
11.00 
18.00 
15.98 

16.20 


18 


18.90 
0.8 


17.10 


16.29 


1425 
1475 
1510 

1400 


1495 


1450 


1400-25 

1540 

1495 


1290 

1510 
1530 


1450 
1500 

1425-80 

1500 

1480 

1450 
1495 


1450 
1450 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  °C. 

Iron 

53  85Fe,  46Ni,  0.15C 

Platinite 

8.2 

7.81 

7.97 
7.81 

7.89 

7.97 

7.83 
7.00 

7.61 

ii'6' 
io?i" 

ii'35 
*9'4* 

8.86 

8.03 
8.4 
8.50 
8.50 

7.5X10  ■ 

13.50 
12.19 

15.59 
15.59 

"27\66" 
"i9i5" 

"28'.98" 
"25.6" 

**24 '"' 

"13*66' 
13.21 

1470 

47-52Fe,  34-6Ni,  10-2Cr, 
4.5-5.5Si,  0.15C 

Rezistal  355C 

Fe,  35-7Ni,  15-7Cr,  1.4- 

1.6Si,  0.6-.8Mn,  0.5-.7C 

50Fe,  35Ni,  15Cr 

Standard  Misco 

Chromax  castings 

Durimet  B 

1540 
1480 

48Fe,  35Ni,  12Cr,  5Si,  0.25 
C 

1500 

45Fe,  36Ni,  18Cr,  0.5Mn, 
0.3C 

Sweetaloy  20 

1495 

97.6Fe,  2Si,  0.4C 

Silicon  steel 

73-97Fe,     l-24Si,    2-3C, 
0.1P,  0.04-.14S 

84.86Fe,  13.5Si,  1C,  0.4Mn, 
0.18P,  0.05S 

Meehanite  metal 

Tantiron 

1315 

84.3Fe,  14.5Si,  0.85C,  0.35 
Mn 

Duriron 

1265 

94.5Fe,  5W,  0.5C 

Tungsten  steel 

75Fe,  18W,  6Cr,  0.3V,  0.7C 

66Fe,  17W,  lOCr,  3.5C,  2.5 

Mo 

High  speed  steel 

Cristite  1 

Lead 

99.8Pb,  0.2As 

Lead  shot 

94Pb,  6Sb 

Battery  plates 

300 

92-4Pb,  6-8Sb 

Antimonial  lead. 

Magnolia 

245-90 

90Pb,  lOSb 

270 

85Pb,  15Sb 

250 

84.33Pb,  14.38Sb,  0.61Fe, 
0.68Zn 

Car  box  metal. 

82Pb,  15Sb,  3Sn 

Tvpe  metal 

75Pb,  19Sb,  5Sn,  lCu 

White  metal 

238 

70Pb,  18Sb,  lOSn,  2Cu.... 

Type  metal 

92Pb,  8Cd 

Aluminum  solder,  U.S.P. 
1,333,666 

310 

99.93Pb,  0.08Cu 

Chemical  lead 

327 

87Pb,  13Sn,  lCu 

Lead  foil  (Calin) 

Marine  babbitt 

Solder,  plumber's 

Type  metal,  common.   . 
Type  metal,  standard. . . 
Solder,  half  and  half 

Bismuth  amalgam. . . . ; : 
Dentist's  amalgam 

Nickel 

72Pb,  21Sn,  7Sb 

67Pb,    33Sn 

56-60Pb,     10-40Sn,    4.5- 
30Sb 

275 

58Pb,26Sn,  15Sb,  lCu.... 
50Pb,  50Sn 

225 

Mercury 

80Hg,  20Bi 

90 

70Hg,30Cu 

Nickel 

99-99.5Ni(+Co),     1.-0.25- 
C,    l-0.25Si,    l-0.3Mn, 
l-0.55Fe,  l-0  25Cu 

1450 

Ni-Cr  steel  alloy  of  high  Si 
content 

El  comet  . . 

80Ni.  20O 

Chromel  A 

80Ni,  20Cr 

Tophet  A... 

1345 

80Ni,  20Cr 

Nichrome  IV. . 

1395 

1298 


COMPOSITION   AND   PHYSICAL   PROPERTIES    OF 
ALLOYS  (Continued) 


Composition 

Name 

Sp.  gr. 

Thermal 

expansion 

coefficient 

per  °C. 

Melting 
point  °C. 

Nickel 

58Ni,  22Cr,  6-7Cu,  4Mo, 
2W,  lMn,  6-7Fe       . 
60N1,  20Cr,  lOFe,  1.75Mn, 
0.*C     

Illium  (Illium  G) 

Firearmor. . 

8.31 

8.00 

8.61 
7.81 

8.80 
8.90 

'o\24 

8.47 
8.19 
8.08 
8.17 
8.80 

7.92 

&\9i 

1.79 
1.83 

1.80 
1.76 

1.80 
1.82 
1.81 
1.80 

l6!3 

xio-« 

13.50 

13.99 

10.66 
11.59 

....... 

*   13.70* 

12.10 
13.70 
10.71 

0.000027 
0.000027 

0.000027 
0.000027 

0.000027 
0.000027 
0.000027 
0.000027 

7.5-8.8 
8.8 

8.8 
18 

1300 
1330 

73Ni,  17.5Co,  6.5Fe,  2.5- 
Ti,  0.2Mn 

Konel 

1450-1500 

90Ni,  3Cu,  1.5A1.  10+  Si. 

Hastelloy  D 

1160 

60-70Ni.  25-35Cu,  l-3Fe. 
0.25-2Mn,      0.02-1.5Si, 
0.5-.3C 

60Ni,  33Cu,  6.5Fe 

Monel  metal 

Monel  metal 

1330 
1360 

75Ni,  12Fe,  HCr,  2Mn... 
6lNi,  23Fe,  16Cr 

Nichrome  wire  or  ribboi: 
Chrome!  C 

60-2Ni,  23-6Fe,  10-llCr, 
2-2.5 W,  1.2-1.5Mn,  0.3- 
.35C 

MidvaleBTG 

1450 

60Ni,  28Fe,  12Cr 

60Ni,  25Fe,  15Cr.  0.7C... 
60Ni,  24Fe,  16C-,0.1C... 

TophetC 

Nichrome  castings .... 
Nichrome 

1350 
1350  ' 

60Ni,  20Fe,  20Mo 

Hastelloy  A 

1300 

35Ni,  17Fe,  15Cr,  1.75Mn, 
0.5C 

Zorite 

1300 

Ni,  2-6Mn,  Fe,  Cu 

Ni,  Fe,  Mo 

Spark  plug  wire 

Hastelloy  C 

1350  " 

60Ni,  20Pt,  lOPd,  10V.... 
(Magnesium 

93.8Mg.  6A1,  0.2Mn 

Palau 

Dowmetal  E 

616 

90.8Mg,  6A!.  0.2Mn,  3Zn  . 

Dowmetal  H 

613 

92.6Mg,      6.5A1,      0.2Mn, 
0.7Zn 

Dowmetal  J 

618 

98.5Mg,  1.5Mn 

Dowmetal  M 

649 

90.8Mg,      8.5A1,     0.2Mn, 
0.5Zn 

Dowmetal  0 

610 

88.9Mg,  10A1,  O.lMn,  lZn. 
90.2Mg  9A!,  0.2Mn,  0.6Zn 

Dowmetal  P 

596 

Dowmetal  R 

604 

98.8Mg,  3A1,  0.2Mn,  3Zn. . 
Palladium 
67Pd,  33Ag 

Dowmetal  X 

635 

Palladium  alloy 

Palladium  alloy 

Platinum-iridium 

Platinum-iridium 

Platinum-iridium  (natu- 
ral)   

1415 

9flPd,  lORh 

Platinum 

80-lOOPt,  0-20Ir 

90Pt,  lOlr 

55Pt,     28Ir,     7Rh,     3Cu, 
4Fe,  Pd,  As 

80-100Pt,  0-20Rh 

90Pt,  lORh 

Platinum-rhodium      for 

thermocouples 

Platinum-rhodium 

Cooper  s  pen  metal.  .  .  . 

Standard  silver 

Standard  cadmium  silver 
Silver-rupee 

50Pt.  38 Ag,  12Cu 

Silver 
92.5Ag,  7.5Cu 

920 

92.5Ag,  5.75Cu,  1.75Cd.  . 
92 Ag  8Cu 

920 ' ' 

90Ag,  lOCu 

Silver  U.S.coins 

890 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 

Name 

Sp.  gr. 

Thermal 
expansion 
coefficient 

per  °C. 

Melting 
point  °C. 

Silver 
80Ag,  20Cu 

Jewelry 

16.6 

'7.53 
'7.70 
'7l35 

18  X  10-6 


6.50 

;;;;;;;; 


820 

80Ag,  13Cu,  6.8Zn 

70-5Ag,  20-3Cu,  5-7.5Zn. 

66Ag,  23Cu,  lOZn 

63Ag,  30Cu,  7.5Zn 

55Ag,  29Cu,  12Au,  5.5Zn.. 

Silver  solder,  hard 

Silver  solder,  medium. . . 

Silver  solder,  French 

Silver  solder,  common . . 

Gold  solder,  very  easy 

melt 

70Ag,  25Pd,  5Co 

Platinum         substitute 
(Cooper's) 

73Ag,  27Pt 

Platinum  solder 

Platinum         substitute 

(Cooper's) 

Platinum  silver 

Silver  solder,  Bu.  Stands. 

Tantalum 

1160 

70  Ag,  25Pt,  5Ni 

66.7Ag,  33.3Pt 

1230 

40Ag,  40Sn,  14Cu,  6Zn... 
Tantalum 
99.5Ta 

2850 

Tin 

78Sn,  9A1,  8Zn,  5Cd 

Aluminum    solder,    Bu. 
Stands.  SN1 

70-94Sn,  3.7-15Sb,  1.8-5- 

Cu,  0-9Pb,  0-5Zn 

90-lSn,  7-8Sb,  1.4Cu 

90Sn,  lOSb 

Brittania  metal,  German 
Brittania  metal,  plate. . 
Brittania 

255*" 

90Sn,  7Sb,  3Cu 

Babbitt 

1    85-90Sn,   9-1 lSb,   0-3Zn, 
0.2-lCu 

Brittania  metal,  cast . . . 

Brittania  metal,  English 
Babbitt  metal 

85-90Sn,   5-10Sbt   l-3Cu, 
0-3Zn,  0-2Bi 

89Sn,  7.3Sb,  3.7Cu 

85-8Sn,   5.6-15Sb,    l-5Bi, 

0.1-3.7  Cu,  0-1.5Zn.... 

82Sn,  12Sb,  6Cu 

Brittania  metal,  spoons . 
White  metal 

80Sn,  20Sb 

320 

75Sn,  12.5Sb,  12.5Cu 

Antifriction 

233 

72Sn,  24Sb,  3.9Cu 

68Sn,  32Cd 

Brittania    metal,    plate 
(Ludenscheidt) 

180* ' ' 

85Sn,  6.8Cu,  6Bi,  1.7Sb    . 

Pewter 

83Sn,  8.4Cu,  8.3Sb... 

Hard  babbitt 

97Sn,  3Cu 

Rhine  metal 

300 

74-89Sn,  0-20Pb,  0-7.6Sb, 
0-3.5Cu,  Zn 

Pewter 

88Sn,  8Pb,  4Cu,  0.5Sb.... 

Tinfoil 

67Sn,  33Pb 

Solder,  tinman's 

Tinsel 

180 

60Sn,  40Pb 

50Sn,  32Pb,  18Cd 

86Sn,  9Zn,  5A1 

Eutectic  fusible  alloy . . . 

Aluminum    solder,    Bu. 

Stands.  SN4 

145 

86Sn,  9Zn,  5A1,  0.25P 

73Sn,21Zn,5Pb,lP,Sn... 
69Sn,  26Zn,  2.4A1,  2.4P. . . 

Aluminum    solder,    Bu. 

Stands.  SN3 

Aluminum  solder,  Seifert 

Aluminum    solder,    Bu. 

Stands.  SN2 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (Continued) 


Composition 


Name 


Sp.  gr. 


Thermal 
expansion 
coefficient 

per  °C. 


Melting 
point  °C. 


Tin 

62Sn,  15Zn,   11A1,  8.3Pb, 
2.5Cu,  1.2Sb 

55Sn,  33Zn,  11A1,  lCu.... 

48Sn,  48Zn,  3Cu,  lPb,  lSb 

41Sn,  28Zn,  3Cu,  0.6Mn, 

0.1A1 

Tungsten 

W2C j 

W,  0.5-0. 75ThG2 

WC  +  13%Co 

Zinc 
96Zn,  4A1,  .05Mg 

95Zn,4Al,  lCu,  .05Mg... 
93Zn,  4A1,  3Cu,  .05Mg.... 

95Zn,  5A1 

90Zn,  6Al,4Cu 

65Zn,  20AI,  15Cu 

50Zn,  30AI,  20Cu 

75Zn,  20Cd,  5A1 

67Zn,33Cu 

60Zn,40Cu 

50Zn,44Cu,3.3Sn,1.2Pb.. 
45-57Zn,  35-45Cu,  8-10Ni 

69Zn,  26Sn,  5Cu,  3Sb 

63Zn,  21Sn,  12Pb,  3.2Cu.. 
50Zn,49Sn,0.7Sb,0.2Cu.. 


Aluminum  solder,  Ster- 
ling  

Aluminum  solder,  So- 
luminum 

Brittania  metal,  cast. . . 

Aluminum  solder,  U.S.P. 
1,332,899 


Blackor Amt^ 

Tungsten  filaments . 
Carboloy 


ASTM  Alloy  XXIII... 
SiE  Alloy  903 
Zamak-3 

Zamak-5 

ASTM  Alloy  XXI 

SAE  Alloy  902 
Zamak-2 

Aluminum  solder,  Geo 
physical  Lab.,  Car- 
negie Inst 

Aluminum  solder,  Wii3t 
No.2 

Aluminum  solder,  Wiist 

Aluminum  solder,  Bu. 
Stands.  ZN1 

Solder,  readily  fusible. . 

Solder,  white 

Solder,  nearly  white 

Solder,  brazing 

Zinc  babbitt 

Battery  plates 

Aluminum  solder, 
Roesch 


I     14.0 


14.10 
6.7 


6.7 
6.8 


6.80 


X10-6 


6 

26.9 


27.4 
.27.7 


28 


20 
21 


380.9 


380.6 
379.5 


380 


795 
840 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 

ALLOYS 

Supplementary  Table 


Composition 

Name 

Sp. 
gr. 

Thermal 

expansion 

coeff.  per  °C. 

Melting 
point  °C. 

Aluminum 

98.8A1,  1.2Mn 

Wrought  Aluminum  alloy 
3S 

97.75A1, 1.3Mg,0.25Cr,0.7Si 

Wrought  Aluminum  alloy 
53S 

98.4A1,  l.OSi,  0.6Mg 

98.15A1,  l.OSi,  0.6Mg,  0.25Cr 

Aluminum  alloys  51S 

Wrought  Aluminum  alloy 
A51S 

97.25A1,  2.5Mg,  0.25Cr 

Wrought  Aluminum  Alloy 
52S 

97.2A1,  2.5Cu,  0.3Mg 

96.2A1,  3.8Mg 

Aluminum  alloys  A17S.  . . 
Sand-casting  Aluminum 
alloys  214 

96A1,  4.0Cu 

Sand-casting  Aluminum 
alloys  195 

95A1,  4.0Cu,  0.5Mn,  0.5Mg 

Wrought  Aluminum  alloy 
17S 

93.5A1,  4.0Cu,  0.5Mg,  2.0Ni 

Wrought  Aluminum  alloy 
18S 

1 

93.4A1, 4.5Cu,  0.6Mn,  1.5Mg 

Wrought  Aluminum  allov 
24S 

93.2A1,  1.3Cu,  o.OSi,  0.5Mg 
92.7A1,  7.0Si,  0.3Mg 

Sand-casting  Aluminum 
alloys  355 

Sand-casting  Aluminum 
alloys  356 



91.6A1, 1.4Cu,  5.0Si,  0.75Mn, 
0.5Mg,  0.75Ni 

Wrought  Aluminum 
alloy  A355 . . 

90.0A1,  lOMg 

Sand- casting  Aluminum 
alloy  220 



89.3A1,  7.5Cu,  1.2Fe,  2.0Zn. . 

Sand-casting  Aluminum 
alloy  112 

87.5A1,  12.5Si,0.8Ni 

85.4A1,  0.8Cu,  12.0Si,  l.OMg, 
0.8Ni 

Aluminum  Alloys,  47 

Aluminum  Alloys,  32S. . .  . 

High    carbon    ferrochro- 
minm 

Chromium 

66-700, 4-6C,24-30Fe.... 

1200-1300 

67-72Cr,  0.06-2.00C,  32.94- 
26Fe 

Low  carbon  ferrochromium 

Tin-Silicon  Bronze 

Silicon  Bronze 

8.78 
8.55 

7.70 

8.33 

1255-1350 

Copper 

97.6Cu,  1.4Sn,  l.OSi 

97.0Cu,  3Si 

17.9  X  10-6 
17.9  X  10-6 

17.9X10-6 

1041 
1024 

90.85Cu,  7.15A1,  2.0Si 

Aluminum  Silicon  Bronze 
Rod 

990 

67.0Cu,  31.0Zn,  2.0A1 

Aluminum  Brass  Conden- 
ser Tubing 

970 

70.0Cu,  30.0Ni 

Cupro   Nickel  Condenser 
Tubing 

8.94   16.0" 

1227 

62.25Cu,  35.75Zn,  2.0Pb.... 
60.75Cu,  35.85  Zn,3.4Pb.... 
6O.OC11,  39.0Zn,  l.OSn 

Leaded  Brass  Sheet 

Free  Turning  Brass  Rod . . 
Naval  Brass 

8.50 
8.50 
8.42 

20  .'4X10-6 
21.1  X  10-6 

921 

885 
888 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (CONTINUED) 


Composition 

Name 

Melting 
point  °C. 

Iron 

98.755-98.355Fe,  .90-1.05C,  .25-.50Mn,  .040P, 
.055S   

Steel,  S.A.E.  No.  1095 

Steel,  S.A.E.  No.  X4130 .... 

Steel,  S.A.E.  No.  5140 

Natl.  Emergency  Steel, 
NE8613 

98.31-97.61Fe,     .25-.35C,     .80-1.10Cr,     .40- 
.60Mn,  .15-.25Mo,  .040P,  .050S 

98. 16-97. 46Fe,     .35-.45C,     .80-1.10Cr,     .60- 
.90Mn,  .040P,  .050S 

98.03-97.13Fe,  .12-.17C,  .40-.60Cr,  .70-.90Mn, 
.15-.25Mo,  .40-.60Ni,  .20-.35Si 

98.01-97.21Fe,  .35-.45C,  .60-.90Mn,  .80-1. lOCr, 
.15-.25Mo,  .040P,  .050S 

Steel,  S.A.E.  No.  4140 

Natl.  Emergency  Steel, 

NE1350 

Natl.  Emergency  Steel, 
NE9630 

97.72-97.22Fe,    .48-.53C,    1.60-1.90Mn,    .20- 
.35Si 

97.72-96.97Fe,     .28-.33C,     .40-.60Cr,     1.20- 
1.5Mn,  .40-.60Si 

97.91-97.21Fe,     .45-.55C,     .80-1.10Cr,     .60- 
.90Mn,  .035P,  .040S,  0.15V 

Steel,  S.A.E.  No.  6150 

Steel,  S.A.E.  No.  3140 

Steel,  S.A.E.  No.  X3 140.... 

Steel,  S.A.E.  No.  4640 

Natl.  Emergency  Steel, 
NE52100C 

97.51-96.31Fe,  .35-.45C,  .45-.75Cr,  .60-.90Mn, 
1.00-1.50Ni,  .040P,  .050S 

97.36-96.16Fe,  .35-.45C,  .60-.90Cr,  .60-.90Mn, 
1.00-1.50Ni,  .040P,  .050S 

97.21-96.36Fe,  .35-.45C,  .50-.80Mn,  .20-.30Mo, 
1.65-2.00Ni,  .040P,  .050S 

96.87-96.07Fe, .95-1.10C,  .25-45  Mn,  .20-.35Si, 
1.30-1.60O,  0.35Ni,  O.O8M0 

96.76-95.46Fe,  .35-.45C,  .60-.90Cr,  .50-.80Mn, 
.20-.30Mo,  1.50-2.00Ni,  .040P,  .050S 

96.57-95.60Fe,  .38-.45C,  .95-1.0A1, 1.40-1.80Cr, 
.40-70  Mn,  .30-.45Mo 

Steel,  S.A.E.  No.  X4340.... 
Nitriding  Steels  N135,  Modi- 
fied  

95.71-94.81Fe,    .35-.45C,    .60-.90Mn,    3.25- 
3.75Ni,  .040P,  .050S 

Steel,  S.A.E.  No.  2340 

Steel,  S.A.E.  No.  3312 

Steel,  S.A.E.  No.  2515 

Nitriding  Steels,  N125N.... 

Steel,  S.A.E.  No.  71660 

Spiegeleisen 

94.94-93.64Fe,  0.17C,  1.25-1.75Cr,  .30-.60Mn, 
3.25-3.75Ni,  .040P,  .050S 

94.76-93.86Fe,    .10-.20C,    .30-.60Mn,    4.75- 
5.25Ni,  .040P,  .050S 

93.85-92. 18,Fe,   .20-.37C,    1.10-1.40A1,    1.00- 
1.30Cr,  .40-.70Mn,  .20-.30Mo,  3.25-3.75Ni 

81.20-77.00Fe,  .50-.70C,  3.00-4.00Cr,  .30Mn, 
15.00-18.00W 

80.5-65Fe,  4.5-5C,  15-30Mn              

1065-1225 

73.91-68.49Fe,  .08C,  17.00-20.00Cr,  .20-.70Mn, 
.75Mo,  8.00-10.00Ni,  .030P,  .030S 

Steel,  S.A.E.  No.  30905 

Enduro  18-8-B 

71.11-65.61Fe,     0.08C,     17.5-20Cr,     1.25Mn, 
8-10Ni,  2-3Si,  .03P,  .03S 

67.9Fe,  .10C,  17Cr,  3.0Mo,  12Ni. . 

Stainless  316 

63.55-39.5Fe,  0.2-3.5C,  35-45V 

Ferrovanadium 

.425-1475 

56.75-52.75Fe,  0.25C,  24-26Cr,  19-21Ni 

Stainless  310 

Magnesium 

98.5Mg,  1.5Mn 

Wrought  Magnesium  Alloys 
No.  AM3S 

95.8Mg,  3A1,  lZn,  0.2Mn 

Wrought  Magnesium  Alloys 
No.  AM52S 

93 .  7Mg,  2.5A1,  0.3Mn,  3.5Cd 

Dowmetal  L 

93.1Mg,  6.5A1,  0.2Mn,  0.2Si 

DowmetalEX 

91.6Mg,  7A1,  1.2Zn,  0.2Mn 

Wrought  Magnesium  Alloys 
No.  AM-C57S 

91Mg,  3.5A1,  0.5Mn,  5Sn 

Wrought  Magnesium  Alloys 
No.  AM65S 

90.8Mg,  8.5A1,  0.5Zn,  0.2Mn 

Wrought  Magnesium  Alloys 
No.  AM-C58S 
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COMPOSITION  AND  PHYSICAL  PROPERTIES  OF 
ALLOYS  (CONTINUED) 


Composition 


Magnesium 

90.8Mg,  6A1,  3Zn,  0.2Mn 

89.8Mg,  10A1,  0.2Mn 


89.4Mg,  10A1,  O.IMn,  0.5Si 
89.3Mg,  10A1,  0.2Mn,  0.5Si. 

88.8Mg,  9A1,  2Zn,  0.2Mn... 


Manganese 

80-85Mn,  0.3-1.0C,  19.7-14Fe 

78-82Mn,  6-8C,  16-10Fe 

Molybdenum 

55-65Mo,  45-35Fe 

Silicon 

74-79Si,  26-21Fe 

Tungsten 

78-83W,  1.0C,  21-16Fe |  Ferrotungsten 


Name 


Casting   Magnesium  Alloys 

No.  AM265 

Casting  Magnesium  Alloys 

No.  AM240 

Dowmetal  K 

Casting  Magnesium  Alloys 

No.  AM230 

Casting  Magnesium  Alloys 

No.  AM260 


Low  carbon  ferromanganese 
Standard  ferromanganese . . 


Ferromolybdenum 
75%  Ferrosilicon.. 


Melting 
point  °C. 


1255 
1625 
1175 
1800-1900 
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PROPERTIES  OF  COMMERCIAL  PLASTICS 

Compiled  by  Laucblin  M.  Currie — 1943 


Trade  Names     Type 


Trade  Names  of  Plastics 

Composition 


No.       Made  By 


Alvar 

T.P. 

Ameroid 

T.P. 

Bak  elite 

T.S. 

Bakelite 

T.S. 

Bakelite 

T.P. 

Bakelite 

T.P. 

Beetle 

T.S. 

Butacite 

T.P. 

Catalin 

T.S. 

Catalin 

T.S. 

Celluloid 

T.P. 

Crystalite 

T.P. 

Durez 

T.S. 

Durite 

T.S. 

Durite 

T.S. 

Ethocel 

T.P. 

Ethofoil 

T.P. 

Fibestos" 

T.P. 

Formica 

T.S. 

Formvar 

T.P. 

Gelva 

T.P. 

Haveg 

T.S. 

Indur 

T.S. 

Koroseal 

T.P. 

Loalin 

T.P. 

Lucite 

T.P. 

Lumarith 

T.P. 

Lustron 

T.P. 

Makalot 

T.S. 

Marblette 

T.S. 

Melmac 

T.S. 

Micarta 

T.S. 

Nitron 

T.P. 

Nixonoid 

T.P. 

Nixonite 

T.P. 

Opalon 

T.S. 

Parlon 

T.P. 

Plaskon 

T.S. 

Plaskon 

T.S. 

Plastacele 

T.P. 

Plexiglas 

T.P. 

Plioform 

T.P. 

Pliolite 

T.P. 

Prystal 

T.S. 

Protectoid 

T.P. 

Pyralin 

T.P. 

Resinox 

T.S. 

Saflex 

T.P., 

T.S. 

Saflex  F 

T.P. 

Saran 

T.P. 

Styron 

T.P. 

Tenite 

T.P. 

Tenite  II 

T.P. 

Textolite 

T.S. 

Tornesit 

T.P. 

Vinylite  A 

T.P. 

Vinylite  Q 

T.P. 

Vinylite  V 

T.P. 

Vinylite  X 

T.P. 

Polyvinyl  acetal  11 

Casein  2 
Phenol  Formaldehyde                           7,  9 

Urea  Formaldehyde  17 

Cellulose  acetate  3 

Polystyrene  14 

Urea  Formaldehyde  17 

Polyvinyl  Acetal  11 
Phenol  Formaldehyde                           7,  9 

Melamine  Formaldehyde  18 

Cellulose  Nitrate  3 
Acrylate  and  Methacrylate  Resin          1 

Phenol  Formaldehyde  7 

Phenol  Formaldehyde  7 

Phenolic  Furfural  10 

Ethylcellulose  6 

Ethylcellulose  6 

Cellulose  Acetate  3 
Phenol  Formaldehyde  (Lamination)      8 

Polyvinyl  Formal  11 

Polyvinyl  acetate  12 
Phenol  Formaldehyde  (Lamination)      8 

Phenol  Formaldehyde  7 

Modified  Polyvinyl  Chloride  13A 

Polystyrene  14 

Methyl  Methacrylate  Resin  1 

Cellulose  Acetate  3 

Polystyrene  14 

Phenol  Formaldehyde  7 

Phenol  Formaldehyde  9 

Melamine  Formaldehyde  18 
Phenol  Formaldehyde  (Lamination)      8 

Cellulose  Nitrate  5 

Cellulose  Nitrate  5 

Cellulose  Acetate  3 

Phenol  Formaldehyde  (cast)  9 

Rubber  Derivative  16 

LTrea  Formaldehyde  17 

Melamine  Formaldehyde  18 

Cellulose  Acetate  3 
Acrylate  and  Methacrylate  Resin          1 

Rubber  Derivative  15 

Rubber  Derivative  15 

Phenol  Formaldehyde  (cast)  9 

Cellulose  Acetate  3 

Cellulose  Nitrate  5 

Phenol  Formaldehyde  7 

Polyvinyl  Butyrals  11 

Polyvinyl  Formals  11 

Vinylidene  Chloride  19 

Polystyrene  14 

Cellulose  Acetate  3 

Cellulose  Acetate  Butyrate  4 
Phenol  Formaldehyde                           7,  8 

Rubber  Derivative  16 

Polyvinyl  Acetate  12 

Polyvinyl  Chloride  13A 
Vinyl  chloride-acetate  copolymer        13 

13A 

Polyvinyl  Butyral  11 


S 
A 
B 
B 
B 
B 
Be 
Du 
Ca 
Ca 
Ce 
Rh 
Dz 
Dr 
Dr. 
D,  H 
D 
Mo 
F 
S 

s 

Ha 

R 

Gr 

Ca 

Du 

Ce 

Mo 

M 

Ma 

Be 

W 

Mo 

N 

N 

Mo 

H 

P 

P 

Du 

Rh 

Gy 

Gy 

Ca 

Ce 

Du 

Mo 

Mo 

Mo 

D 

D 

T 

T 

Ge 

H 

C 

C 

C 
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PROPERTIES  OF  COMMERCIAL  PLASTICS  (Continued) 


Code 
Designation 


Manufacturers  of  Plastics 

Manufacturer 


Producers 
of 


A  American  Plastics  Corp.  2 

50  Union  Square,  New  York  City 
B  Bakelite  Corporation  3,  7,  9,  14,  17 

30  E.  42  Street,  New  York  City 
Be  Beetle  Products  Division  17,  18 

American  Cyanamid  Company 

30  Rockefeller  Plaza,  N.Y  C. 
C  Carbide  and  Carbon  Chemicals  Corp.  ]  l    12,  13,  13A 

30  East  42  St.,  New  York  City 
Ca  Catalin  Corporation  7,  9,  14,  18 

No.  1  Park  Ave.,  New  York  City 
Ce  Celanese  Corporation  of  America  3,  5 

180  Madison  Avenue,  New  York  City  16 
D  Dow  Chemical  Company  6,  14,  19 

Midland,  Michigan 
Du  E.  I.  duPont  de  Nemours  and  Co.  1,  3,  5,  11 

Plastics  Department 

10th  and  Market  Street 

Wilmington,  Del. 
Dz  Durez  Plastics  and  Chemicals,  Inc.  7 

North  Tonawanda,  N.  Y. 
Dr  Durite  Plastics  7,  10 

5010  Summerdale  Ave. 

Philadelphia,  Pa. 
F  Formica  Insulation  Company  8 

4671  Spring  Grove  Avenue 

Cincinnati,  Ohio 
Ge  General  Electric  Co.,  Plastic  Dept.  7,  8 

No.  1  Plastics  Ave.,  Pittsfield,  Mass. 
Gr  B.  F.  Goodrich  Company  13A 

Akron,  Ohio 
Gy  Goodyear  Tire  and  Rubber  Co.,  Inc.  15 

Akron,  Ohio 
Ha  Haveg  Corporation  8 

East  Newark,  Delaware 
H  Hercules  Powder  Co.  3,  6,  1(5 

999  Market  Street 

Wilmington,  Del. 
M  Makalot  Corporation  7 

262  Washington  Street 

Boston,  Mass. 
Ma  Marblette  Corporation  9 

37-21  30th  Street 

Long  Island  City,  N.Y. 
Mo  Monsanto  Chemical  Co.  3,  5,  7,  11 

Plastics  Division 

Springfield,  Mass. 
N  Nixon  Nitration  Works  3,  5 

Nixon,  N.  J. 
P  Plaskon  Company,  Inc.  17,  18 

2121  Sylvan  Ave.,  Toledo,  Ohio 
R  Reilly  Tar  and  Chem.  Corporation  7 

500  Fifth  Ave.,  New  York  City 
Rh  Rohm  and  Haas  Co.,  Inc.  1 

222  W.  Washington  Square 

Philadelphia,  Pa. 
Sc  Shawinigan  Chemicals,  Ltd.  11,  12 

P.  O.  Box  6072,  Montreal,  Canada 
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PROPERTIES  OF  COMMERCIAL  PLASTICS  (Continued) 
Manufacturers  of  Plastics  (Continued) 


Code 

Producers 

Designation 

Manufacturer 

of 

S 

Shawinigan  Products  Corp. 
3o0  Fifth  Avenue 
New  York  City 

11,  12 

T 

Tennessee  Eastman  Corp. 
Kingsport,  Tenn. 

3,4 

W 

Micarta  Division 

8 

Westinghouse  Elect,  and  Mfg. 

Co. 

TrafTord,  Pa. 

1807 


PROPERTIES  OF 


GROUP  NUMBER 

1 

2 

Resin  Group  and 
Sub-Group  or  Filler 

ACRYLATE  & 
METHACRYLATE 

CASEIN 

Type 

Thermoplastic 

Thermoplastic 

Typical 
Trade 
Names 

Crystalite 

Lucite 

Plexiglas 

Ameroid 

1 

Forms  Available 

Cs,I,Lq,P,R,S,T.. 

Transparent 

R,  S,  T 

9 

Cs— cast  forms,  F — film,  I— impreg- 
nating   varnishes,    L — laminations, 
Lq — lacquers,   P — powder  or  gran- 
ules, R — rods,  S — sheets,  T — tubes 
Clarity    .            

Translucent.  .  . 

3 

Color  Possibilities 

Unlimited 

Unlimited 

4 

Odor.                                  

None 

None 

5 

Taste 

None 

None 

6 

Working  Properties 

Usually  machined  . .  . 
Poor 

a 

Molding  Qualities 

Good  to  excellent 

280-370°F 

b 

Compression  Molding — Temp.  °F.  .  . 

Compression  Molding — 
Pressure,  lbs. /in.2 

Injection  Molding — Temp.  °F 

Injection  Molding — 
Pressure,  lbs./m.2 
Compression  Ratio — 

Vol.  Dry  Powder /Vol.  Solid 

Shrinkage  Allowance  in  Molding 

Tendency  to  Cold  Flow . 

200-225°F 

c 

1000-7000 

2000-2500 

d 

325-500°F 

10,000-30,000 

7 

1.6-2.5 

8 

0.001-0.006 

9 

Very  slight. . .  . 

10 

Machining  Qualities 

Fair  to  excellent 

B,  I,  E-Special  Tech- 
nique 

1.16-1.20 

Good 

11 

Other  Forming  Qualities 

Sw-Limited 

V 

B — blowing,  E — extrusion,  I— injec- 
tion,    Sh — shearing,    Sp — spinning, 
Sw — swaging,  T.M. — transfer  mold- 
ing 

Physical  Properties 

Specific  Gravity , 

1.34-1.35 

13 

Specific  Volume — in.3/lbs 

Refractive  Index — nD 

Electrical  Properties  (See  Note  2) 

D.C.  Resistivity— 30°C,  ohm-cm. . .  . 

Dielectric  Strength— Volts/Mil 

Dielectric  Constant— 60-1000  Cycle. 

Dielectric  Constant — 106  Cycle 

Power  Factor— 60-1000  Cycle 

23.8-23.0 

20.7-20.5 

14 

1.49-1.51 

15 

1015 

b 

500 

400-700 

3-3.7 

2.7-3.3 

6.1-6.8 

d 

0.05-0.07 

0.015-0.03 

0.052 
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COMMERCIAL  PLASTICS  (Continued) 


3 

4 

5 

CELLULOSE  ACETATE 

CELLULOSE 

ACETO- 
BUTYRATE 

CELLULOSE 

SHEET 

MOLDED 

NITRATE 

Thermoplastic 

Thermoplastic 

Thermoplastic 

Thermoplastic 

Bakelite                      Fibestos 
Lumarith                     Hercules 
Plastacele                     Nixonite 
Protectoid                      Tenite 

Tenite  II 

Celluloid 
Nitron 

Nixonoid 
Pyralin 

1 

F,  R,  S,  T 

P,  F,  S,T,R 

Transparent 

Unlimited 

None  to  very  slight . 
None  to  very  slight . 

P,  S 

F,  L,  Lq,  P,  R,  S,  T 

2 

3 

Transparent 

Unlimited 

Transparent 

Unlimited 

None  to  slight 

None  to  slight 

Transparent 

Unlimited 

4 
5 
6 

None  to  very  slight. 
None  to  very  slight. 

Slight  camphor 

Slight  camphor 

a 

Excellent 

Fair  to  excellent .... 
180-390°F 

Fair  to  excellent .... 

260-370°F 

500-5000 

310-420°F 

Good 

b 

200-320°F 

135-250°F 

500-5000 

500-5000 

300-450°F 

1500-5000 

d 

8000-32,000 

2.0-2.8 

8000-32,000 

7 

2.0-2.4 

8 

0.002-0.010 

Very  slight 

Good  to  excellent . . . 
B,  Sw,  Sp 

1.27-1.60 

0.001-0.010 

0.001-0.010 

9 

Slight    

Very  slight 

Very  slight 

10 
11 

Fair  to  excellent .... 

E,  I,  Sh,  Sp,  T.M. 

good 

Good  to  excellent . . . 
E,  I,  Sp,  Sw,  T.M. 

1.14-1.23 

24.3-22.5 

1.47-1.49 

108-1012— 50%R.H.. 

250-900  

3.4-6.4(60) 

3  2-6  2 

o!oi-6.o6  (60) !..'.'!! 

0.01-0.55 

Good  to  excellent . . 
All  generally  excel- 
lent 

12 

1.27-1.60 

1.35-1.60 

13 

21  8-17  3 

21.8-17.3... 

20.5-17.3 

14 

1  47-1.51 

1.46-1.50 

1.46-1.58 

15 

1Q10-1013 

10io_ioi3 

10l0-10" 

b 

290-1800 

290-900 

300-1500 

c 

3.5-7.5(60) 

3  0-5  3 

3.0-6.4  (60) 

3.2-6.2 

6.7-8.8  (60) 

6.15-6.2 

d 

0.02-0.07  (60) 

n  f)4  0  OQ 

0.01-0.06  (60) 

0  01-0  06 

0.06-0.15  (60) 

0.07-0.10 
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PROPERTIES  OF 


GROUP  NUMBER 

1 

2 

Resin  Group  and  Sub-Group 
or  Filler 

ACRYLATE  & 
METHACRYLATE 

CASEIN 

16 
a 

Thermal  Properties 

Burning  Rate;. 

Slow 

Very  slow 

b 

Heat  Distortion 

Softening  Point 

Specific  Heat — cal./gm.  °C. .    

50-85°C 

149°C 

c 

66-123°C 

94°C 

d 

0.35-0.40 

e 

'  Thermal  Conductivity — 

cal./sec.  cm.  °C 

(1-10)  X  10~4 

(8-9)  X  10-8/°C 

4-6 

f 

Thermal  Expansion 

(4.1-6.8)  X10-V°C. 
5.1-5.7 

17 

a 

Mechanical  Properties 

Modulus  of  Elasticity — 105  lbs./in.2. . 
Tensile  Strength— lbs./in.2 

b 

4000-10,000.. 

7,600-10,000 .  . 

c 

Elongation — % 

Compression  Strength — lbs./in.2  .     . 
Hardness — Brinell  No 

1-15 

2.5 

d 

10,000-15,000 

18-20 

27,000-53,000 

23 

f 

2.5  mm.  ball,  25  kg.  load 
Impact  Strength,  Izod 

0.2-0.4 

1.0    ... 

18 
a 

b 

19 

Physical  Chemical  Properties 

Effect  of  Sunlight 

Ultra  Violet  Light. 

Effect  of  Aging — Room  Temp 

Effect  of  Water— Hot 

Effect  of  Water— Cold 

Very  slight 

Transmits  most 

None 

Slight  fading 

Slight  fading 

Drier — harder 

70 

Softens 

Softens 

Softens  slowly . 

91 

Water  Absorption — % 

24  Hour  Immersion — 25°C    

General  Resistance  to 

Acids — Weak 

Acids — Strong 

0.3-0.5 

7-14 

22 
a 
b 

Excellent  

Excellent  except  oxi- 
dizing 

Excellent 

Excellent . 

Swells  or  dissolves. . . . 

Dissolves 

Dissolves 

Dissolves 

Good  

Excellent 

Excellent 

Excellent 

Good 

Decomposes 

c 
d 
e 
f 

Alkalies — Weak 

Alkalies — Strong 

Alcohols 

Ketones 

Softens 

Decomposes 

Good 

Good 

g 
h 

J 
k 
1 

Esters 

Hydrocarbons — Aromatic 

Hydrocarbons — Aliphatic 

Oils — Mineral 

Oils — Animal 

Oils — Vegetable 

Good 

Good 

Good 

Good 

Good 

Good 
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COMMERCIAL  PLASTICS  (Continued) 


16 


17 


18 


CELLULOSE  ACETATE 


SHEET 


1.5-2.0  (slow)   .    . 

50-100°C 

60-120°C 

0.3-0.4 

(4.5-8.7)  X  10-*. 

(5-16)  X  10-VT. 

1.0-3.5 

3000-11,000.   .. 
7.5-55 

4000-30,000    

6-11  (10  kg.) 

1.5-4.0 

Very  slight 

Slight  yellowing  . 

Slight  shrinkage  . 
Softens  and  swells 
Swells  slightly  . . . 
2-5. 


Fair 

Decomposes 

Fair 

Decomposes 

Soluble 

Soluble... 
Soluble 

Good 

Good 

Good 

Good 

Good 


MOLDED 


1.5-2.5  (slow)    . 

41-102°C 

60-130°C  

0.3-0.45 

(4.0-8.7)  X  10-4 

(8-i6)  x  io-y°c 

0.6-4.0 

1700-10,000.. 

8-80 

5000-27,000  . 
1.5-15  (10kg.).. 


0.3-4.6 

Very  slight 

Slight  yellowing. .. 

Slight  shrinkage .  . 
Softens  and  swells. 
Swells  slightly .  .  . 
1.0-4.7 


Fair 

Decomposes 

Fair 

Decomposes 
Soluble..  . 
Soluble .  . 
Soluble ... 

Good 

Good 

Good 

Good 

Good 


CELLULOSE 

ACETO- 
BUTYRATE 


1.5  (slow) 

47-102°C 

60-127°C 

0.3-0.4 

(4-8)  X10-4 

(11-17)  X  10--V°C 

0.6-3.5 

2400-7500 

13-82         

7200-22,500  .... 
6-12  

0.5-7.5 

Slight,  varies. 

Slight 

Slight 

0.8-2.1.    '.'..'."..'. 

Fair 

Decomposes 

Fair 

Decomposes 

Poor 

Soluble 

Soluble 

Good 

Good 

Good 

Good 

Good 


CELLULOSE 
NITRATE 


Very  high 

43-66°C... 
60-90°C... 

0.34-0.38 

(3.1-5.5)  XIO"4... 

(6.5-16)  X  10--7°C. 

1.5-4 

5000-12,000 

4-60         

20,000-30,000.  . 
8-11  (10  kg.)  


2.0-8.0 

Yellows,      becomes 

brittle 
Yellows,      becomes 

brittle 
Hardens  slightly.    . 

Softens 

Slight 

0.6-2.6 


Fair  to  good 

Attacked   by   oxid 
izing  acids 
Fair  to  good . 
Decomposes . 
Soluble . 
Soluble . 
Soluble . 
Good.. 
Good.. 
Good.. 
Good ... 
Good. 
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PROPERTIES  OF 


GROUP  NUMBER 

6 

Resin  Group  and 
Sub-Group  or  Filler 

ETHYL 
CELLULOSE 

Wood  Flour  Filled 

Type 

Thermoplastic 

Thermosetting 

Typical 
Trade 
Names 

Ditzler 

Ethocel 

Ethofoil 

Lumarith 

Nixon,  Hercules 

Molded  and 
Cast 

1 

Forms  Available 

F,I,Lq,P,R,S,T... 
Transparent 

P,  R,  S,  T 

? 

Cs — cast  forms,  F — film,  I — impreg- 
nating   varnishes,    L — laminations, 
Lq — lacquers,   P — powder  or  gran- 
ules, R — rods,  S — sheets,  T — tubes 
Clarity 

Opaque .   , 

3 

Color  Possibilities 

Odor 

Unlimited 

Limited ■ 

4 

None    to    noticeable 

aldehydic 
None    to    noticeable 

aldehydic 

Good  to  excellent .... 
320-380°F 

None  to 

5 

Taste 

None 

6 

Working  Properties 

a 

Molding  Qualities 

Excellent . 

b 

Compression  Molding — Temp.  °F. . . 
Compression  Molding — 
Pressure,  lbs. /in.2 

280-360°F 

c 

1000-5000 
350-460°F 

2000-4500 

d 

Injection  Molding — Temp.  °F 

Injection  Molding — 
Pressure,  lbs./in.2 
Compression  Ratio — 

Vol.  Dry  Powder/Vol.  Solid 

Shrinkage  Allowance  in  Molding 

Tendency  to  Cold  Flow 

275-375°F 

e 
7 

3000-30,000 

2.2-2.7. 

2000-10,000 

1.8-5.7 

8 
q 

0.001-0.008 

Slight 

0.005-0.010 

None 

10 

Machining  Qualities 

Good.. 

Good  to  fair. . . 

11 

Other  Forming  Qualities 

B,E,I,Sp,Sw,T.M.. 

1.05-1.25 

26.4-22.2.  .  . 

T.M.,1 

1*> 

B — blowing,  E — extrusion,  I — injec- 
tion,   Sh — shearing,    Sp — spinning, 
Sw — swaging,  T.M. — transfer  mold- 
ing 

Physical  Properties 

Specific  Gravity 

1.25-1.52...    . 

13 

Specific  Volume — in.3/lbs 

22.2-18.2.  . 

14 

Refractive  Index — nD 

1.47 

15 

a 
b 

Electrical  Properties(See  Note  2) 
D.C.  Resistivity— 30°C,  ohm-cm.. . . 

Dielectric  Strength — Volts/Mil 

Dielectric  Constant— 60-1000  Cycle . 

Power  Factor— 60-1000  Cycle 

Power  Factor — 106  Cycle 

lO^-lO15 

400-1700 

1010-1012 

275-500 

c 

2.5-4.0  (1000) 

2.0-3.5 

4-15 

4-8 

d 

0.005-0.038  (1000) . . . 
0.007-0.03   . 

0.04-0.30 

0.035-0.10 
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COMMERCIAL  PLASTICS  (Continued) 

;  i 


PHENOL-FORMALDEHYDE  COMPOUNDS 


MOLDED 

LAMINATED 

Mineral  Filled 

Macerated  Fabric 
Filler 

Paper  Base 

Fabric  Base 

Thermosetting 

Thermosetting 

Thermosetting 

Laminated  Products — Bakelite,  Durez,  Durite,  Micarta,  Catalin,  Haveg,  Indur,  Makalot, 

Resinox,  Textolite,  Formica 
Products — Bakelite,  Catalin,  Gemstone,  Marblette,  Opalon,  Prystal 


i     1 


P,  R,  S,T. 


Opaque . 
Limited 


P,  R,  S,  T. 


Opaque . 
Limited . 


L,  S,  T. 


Opaque . 
Limited. 


L,  S,  T 


Opaque . 
Limited . 


Slight — Some  Characteristically  Phenolic — Most  Phenolic  When  Hot 


None. 


Poor  to  excellent .  . 

270-350°F 

2000-6000  


275-350°F.. 
2000-15,000. 

2.0-12.5... 


0.001-0.007.. 

None 

Poor  to  good . 
T.M.,  I 


1.59-2.09. 
17.4-13.3 


None. 


Poor  to  good . 
270-350°F . . . 
2000-8000... 


2.5-17.8 1.5-3 


0.003-0.007. 

None 

Fair  to  good . 
T.M 


1.36-1.47. 

20.4-18.8. 


None. 


275-350°F 
1000-3000. 


None... ..... 

Fair  to  good . 


1.30-1.40. 
21.3-19.8. 


None. 


275-350°F. 
1000-3000. 


1.5-3 


None 

Fair  to  good . 


1.30-1.40. 
21.3-19.8. 


109-1015.  .  . 
225-450. .. 

4.5-50 

4-20 

0.01-0.30.. 
0.005-0.20. 


10M011.. 
150-450.. 
4.5-10... 

4-6 

0.08-0.30. 
0.03-0.10. 


1010-1013. 
400-1300. 


3.6-5.5... 
0.02-0.08 


10lo-10u. 
150-600. 


4.5-7... 
0.02-0!08. 
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PROPERTIES  OF 


GROUP  NUMBER 

6 

Resin  Group  and  Sab-Group 
or  Filler 

ETHYL 
CELLULOSE 

Wood  Flour  Filled 

16 

Thermal  Properties 

Burning  Rate 

2.0-6.7 

Very  low 

b 
c 
H 

Heat  Distortion 

Softening  Point 

Specific  Heat — cal./gm.  °C 

45-93°C 

93-135°C 

0.25-0.46 

(3.8-6.3)  X  10-4 

(10-14)  X10-V°C 

1.7-5.0 

115-140°C 

None 

0.35-0.40 

e 

Thermal  Conductivity — 
cal  /sec.  cm.  °C 

(4-12)  X  10-4 

f 
17 

a 

Thermal  Expansion 

Mechanical  Properties 

Modulus  of  Elasticity— 105  lbs. /in.2. . 
Tensile  Strength — lbs. /in.2 

(3.0-7.5)  X  10-V°C. 
8-15  . 

b 

2000-12,000 

2-40. 

10,000-20,000 

4000-11  000 

c 
d 

e 

Elongation — %    ...    

Compression  Strength — lbs. /in.2    . . . 
Hardness — Brinell  No 

0.6 

16,000-36,000       .    .. 
30-45 

f 

2.5  mm.  ball,  25  kg.  load 
Impact  Strength,  Izod   

0.6-6.5 

0  15-0  45 

18 
a 
b 

19 

20 

Physical  Chemical  Properties 

Effect  of  Sunlight 

Ultra  Violet  Light 

Effect  of  Aging — Room  temp 

Effect  of  Water— Hot 

Effect  of  Water— Cold 

Water  Absorption — % 

24  Hour  Immersion — 25°C. 
General  Resistance  to 

Acids — Weak. ..... 

Acids — Strong.    .         

Alkalies — Weak...    .             ..       .    . 

Alkalies — Strong              

Alcohols 

Ketones 

Esters .  •     

Hydrocarbons — Aromatic 

Hydrocarbons — Aliphatic 

Oils — Mineral 

Oils — Animal     

Oils — Vegetable 

Slight 

Slight 

None  to  slight 

None 

None 

0.7-2.0 

Fair  to  good 

None 

21 

22 
a 

0.2-0.75 

Good 

b 

Poor ... 

Good 

Good 

Fair 

Fair 

Poor 

< De 

d 
e 

f 

g 
h 

Decomposed 

Good 

Excellent 

Excellent 
Excellent   ... 

Excellent 

Excellent 

Excellent   . 
Excellent 

Poor 

i 
i 

k 
1 

Good 

Fair  to  good 

Poor.  . ... . .   . 

Poor  to  fair 
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COMMERCIAL  PLASTICS  (Continued) 


PHENOL-FORMALDEHYDE  COMPOUNDS 


MOLDED 


Mineral  Filled 


16 


Nil 

115-160°C... 

None     

0.25-0.35 

(8-20)  X  10~4. 


(1.5-4.0)  X  10-V°C 


17 


10-45 

3500-10,000... 

0.6  

10,000-36,000. 


0.11-1.50. 


Macerated 
Fabric  Filled 


Approximately  Nil. 

115-160°C 

None 

0.30-0.35 

(3-7)  X10-* 


(1-6)  X10-5/°C... 


7-12 

5000-8000 

0.7 

20,000-32,000. 
32-40 


0.4-4. 


LAMINATED 


Paper  Base 


Very  low 

>160°C 

None 

0.3-0.4 

(5-8)  X  10~4. 


;i.7-2.5)  X  io-v°c 


4-30 

7000-18,000  . . 


20,000-40,000, 
24-40 


0.3-7.6 


Fabric  Base 


Very  low 

>160°C 

None 

0.3-0.4 

(5-8)  X  10-*. 


(1.7-3)  X  lO-VC. 

3.5-15 

8000-15,000 


20,000-44,000 
30-45 


0.8-15.0. 


None. 


0.01-0.3. 


Light  Shades  May  Discolor  and 
Surface  Resistance  Be  Reduced 

I  None Mechanical  and  Electrical  properties  improved 

Insulation  Value  Reduced > 

Insulation  Value  Reduced —  — ► 

0.5-2.5 0.3-9.0. 


Good. 


Good. 


Good. 


0.3-9.0 


Good. 


composed  by  Oxidizing  Acids — Reducing  and  Organic  Acids  No  Effect 
Little  to  Marked  Effect— Depending  on  Alkali 


Decomposed . 

Good 

Excellent . . 
Excellent . . . 
Excellent. .  . 

Excellent 

Excellent . . . 
Excellent  — 
Excellent..  . 


Decomposed . 

Good 

Excellent . . . 
Excellent. .  . 
Excellent .  .  . 

Excellent 

Excellent .  .  . 
Excellent.  .  . 
Excellent .  .  . 


Decomposed. 

Good 

Excellent.  .  . 
Excellent.  .  . 
Excellent .  .  . 
Excellent .  . . 
Excellent . . . 
Excellent .  .  . 
Excellent . .  . 


Decomposed . 

Good 

Excellent . . . 
Excellent . . . 
Excellent . . . 
Excellent . . . 
Excellent . .  . 
Excellent.  .  . 
Excellent .  . . 
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PROPERTIES  OF 


GROUP  NUMBER 


Resin  Group  and  Sub-Group 
or  Filler 


Type 


Typical 
Trade 

Names 


Forms  Available 

Cs — cast  forms,  F — film,  I— impreg- 
nating varnishes,  L — laminations, 
Lq — lacquers,  P — powder  or  granules, 
R — rods,  S — sheets,  T — tubes 

Clarity 

Color  Possibilities 

Odor 


°F. 


Taste 

Working  Properties 

Molding  Qualities 

Compression  Molding — Temp 
Compression  Molding — 
Pressure,  lbs. /in.2 

Injection  Molding — Temp.  °F 

Injection  Molding — 
Pressure,  lbs. /in.2 

Compression  Ratio — 
Vol.  Dry  Powder  /Vol.  Solid 

Shrinkage  Allowance  in  Molding 

Tendency  to  Cold  Flow 

Machining  Qualities 

Other  Forming  Qualities. .••.••• 

B — blowing,  E — extrusion,  I— injec- 
tion, Sh — shearing,  Sp — spinning, 
Sw — swaging,  T.M. — transfer  mold- 
ing 

Physical  Properties 

Specific  Gravity . . . 

Specific  Volume — in.3/lbs 

Refractive  Index — nD 

Electrical  Properties  (See  Note  2) 
D.C.  Resistivity— 30°C.  ohm-cm. . . . 

Dielectric  Strength— Volts/Mil 

Dielectric  Constant— 60-1000  Cycle. 

Dielectric  Constant — 106  Cycle 

Power  Factor— 60-1000  Cycle 

Power  Factor — 106  Cycle 


PHENOL- 
FORMALDEHYDE 
COMPOUNDS 

(Contd.) 

CAST  UNFILLED" 


Thermosetting 


See  7  &  8 


Cs. 


Transparent 

Unlimited 

Most  phenolic  when 
hot 
None 


Not  moldable . 


None 

Fair  to  excellent . 

May  be  softened  and 

bent     into     simple 

shapes 


1.20-1.70. 
23.0-16.3 
1.5-1.7.. 


10 


PHENOLIC 

FURFURAL 

FILLED 


Thermosetting 


Durite 


108-1014 


76-450... 
5-31 

4.7-14.5. 

0.01-0.50. 

0.01-0.13. 


Cs,  I,  Lq,  P. 


Opaque . 
Limited. 


Fair  to  excellent . 

300-400°F 

500-10,000 


250-375°F . 
300-30,000. 

2.5-15.0... 


0.002-0.006. 

None 

Fair  to  good . 
E,  T.M 


1.3-2.0.. 
21.3-13.9. 


109-1012. 


200-600.... 
4-20  (1000) 

5-18 

0.04-0.15.. 
0.035-0.10. 
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COMMERCIAL  PLASTICS  (Continued) 


11                                             12 

13 

VINYL  RESINS 

POLYVINYL 
ACETALS  UNFILLED 

POLYVINYL 
ACETATE 

COPOLYVINYL 
CHLORIDE-ACETATE 

Thermoplastic 

Thermoplastic 

Thermoplastic 

Alvar 

Formvar 

See  Note  1. 

Gelva 
Vinylite  A 

Vinylite  V 

1 

? 

F,I,Lq,  P,  S 

Transparent  to  opaque .... 
Unlimited 

I,Lq,.P 

Transparent 

F,  I,  L,  Lq,  P,  R,  S,  T 

Transparent  to  opaque .... 

3 

Unlimited 

None.. 

None 

Poor 

Unlimited 

4 

None 

None 

5 

None 

None 

6 

Fair  to  excellent 

210-335°C 

Good  to  excellent 

b 

240-340°C 

150-3500 

500-2000 

d 

250-340°F 

250-340°F 

15  000-30,000 

3,000-30,000 

7 

2.00 

8 

0.001  max 

g 

Slight 

Appreciable 

Slight 

10 

Good  to  excellent 

11 

B,  E,  I,  Sh,  Sw,  Sp,  T.M. 

12 

1  05-1  23 

1.19 

all  good 
1.34-1.37 

13 

26  4-22  5 

23.2 

20.7-20.2 

14 

146-1.50 

1.467 

1.53 

15 

5X  1010-  >  IO14— 50% 

R.H. 
360-1600  

1014-1016 

b 

950-1200 

2.8-3.7 

400-500,  W thick.      . 

2  7-5  6 (60) 

3.1-3.6 

Q  QV1^  Q2 

3.0-3.4 

d 

0  007  0  1 1  5 

0  007 

0.01-0.04  (60) 

n  no7-ft  ofi 

0.01-0.02 

1.  Of  the  acetals,  polymerized  vinyl  butyral  is  plasticized  and  sheeted  for  use  in  safety 
glass  lamination.     Typical  trade-names:  Saflex,  Butacite,  Vinylite  X. 
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PROPERTIES  OF 


16 


17 


c 
d 
e 

f 
18 


19 
20 

21 

22 
a 
b 
c 
d 
e 
f 
g 
h 
i 

i 

k 

1 


GROUP  NUMBER 


Resin  Group  and 
Sab-Group  or  Filler 


Thermal  Properties 

Burning  Rate 

Heat  Distortion 

Softening  Point 

Specific  Heat — cal./gm.  °C 

Thermal  Conductivity — 
cal./sec.  cm.  °C 

Thermal  Expansion 

Mechanical  Properties 

Modulus  of  Elasticity— 105  lbs./in.2. 

Tensile  Strength— lbs./in.2 

Elongation — % 

Compression  Strength — lbs./in.2 

Hardness— Brinell  No 

2.5  mm.  ball,  25  kg.  load 

Impact  Strength,  Izod 

Physical  Chemical  Properties 

Effect  of  Sunlight 


Ultra  Violet  Light. 


Effect  of  Aging — Room  temp . 

Effect  of  Water— Hot 

Effect  of  Water— Cold 

Water  Absorption— % 

24  Hour  Immersion — 25°C . 
General  Resistance  to 

Acids — Weak 

Acids — Strong 

Alkalies — Weak 

Alkalies — Strong 

Alcohols 

Ketones 

Esters 

Hydrocarbons — Aromatic.  . 

Hydrocarbons — Aliphatic .  . 

Oils — Mineral 

Oils — Animal 

Oils — Vegetable 


PHENOL- 
FORMALDEHYDE 
COMPOUNDS 

(Contd.) 


CAST 
UNFILLED 


Very  low. 
35-90°C. 


0.3-0.4.. 
(3-5) X 10" 


(4-15)X10-5/°C 

1.3-15 

3000-12,000 


13,000-33,600 
30-45 


0.1-1.5 

Color  may  fade . 


Hardens  slightly Hardens  slightly . 

Insulation  value  reduced 


10 


PHENOLIC 

FURFURAL 

FILLED 


Very  low 

132-146°C 

Chars  204-290T 

0.3-0.4 

(3.5-20)  X IO-4 ... 


(2-4.5)  X10-V°C. 

7-45 

5000-11,000 


24,000-36,000 . 
30-46  (50  kg.) 


0.3-4.6 

Light  shades  discolor. 


0.01-0.6. 


0.1-1.4 


Good Good. 

Decomposed  by  oxidizing  acids 
Good. 
Decomposed . 

Good 

Excellent . . . 
Excellent .  .  . 
Excellent . .  . 
Excellent.  .  . 
Excellent . .  . 
Excellent.  .  . 
Excellent .  .  . 


Decomposed . 

Good 

Excellent. .  . 
Excellent . .  . 
Excellent.  .  . 
Excellent.  .  . 
Excellent.  .  . 
Excellent.  .  . 
Excellent.  .  . 
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COMMERCIAL  PLASTICS  (Continued) 


n 

12 

13 

VINYL  RESINS 

POLYVINYL 
ACETALS  UNFILLED 

POLYVINYL 

ACETATE 

COPOIYVINYL 
CHLORIDE-ACETATE 

16 
a 

Slow 

47-100°C 

47-200°C 

About  0.30 

(3.4-4.4)  XIO-4 

(7.8-22.3)  X105/°C 

3.5-4.0 

Slow 

40-50°C 

65-175°C   

0.389 

3.8XIO-4     

8.6X10-5/°C 

Nil 

b 
c 

60-69°C  

60-65°C 

d 

0.244 

e 

(3.5-4.1)  X IO-4 

f 
17 
a 

6.9X10-V°C 

3.5-4.1 

b 

c 

2000-12,000 

4-450 

1500-5000 

8000-10,000 

None 

d 

e 

12-25 

f 

0.44-1.2 

0.2-1.2 

18 
a 

b 

19 

Slight 

Slight 

Slight 

None 

Slight 

None 

Softens  and  whitens 

Softens  and  whitens 

2 

Good 

Poor 

Good 

Poor 

Soluble 

Soluble 

Soluble 

Soluble 

Excellent 

Excellent 

Excellent 

Darkens  on  prolonged  ex- 
posure 

Darkens  on  prolonged  ex- 
posure 

None  to  slight 

?0 

Softens 

?A 

Butyrals  absorb  18% 

0.6-5.0 

Attacked , 

Attacked 

Excellent 

Good       

None 

0.05-0.15 

22 
a 
b 
c 
d 

Excellent 

Excellent 

Excellent 

Excellent 

e 

Fair  to  soluble 

Excellent 

f 

g 
h 

Swells 

Swells 

Swells 

Poor — dissolves 

Poor — dissolves 

Poor — swells 

i 

i 
k 

Depends 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

l 

Excellent 

Excellent 

Excellent 
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PROPERTIES  OF 


12 
13 
14 
15  . 

a 
b 

c 


GROUP  NUMBER 


Resin  Group  and  Sub-Group 
or  Filler 


Type 


Typical 
Trade 

Names 


Forms  Available 

Cs — cast  forms,  F — film,  I — impreg- 
nating varnishes,  L — laminations, 
Lq — lacquers,  P — powder  or  granules, 
R — rods,  S — sheets,  T — tubes 

Clarity........ 

Color  Possibilities 

Odor 

Taste 

Working  Properties 

Molding  Qualities 

Compression  Molding — Temp.  °F . 
Compression  Molding — 
Pressure,  lbs. /in.2 

Injection  Molding — Temp.  °F 

Injection  Molding — 
Pressure,  lbs./in.2 

Compression  Ratio — 
Vol.  Dry  Powder /Vol.  Solid 

Shrinkage  Allowance  in  Molding 

Tendency  to  Cold  Flow 

Machining  Qualities 

Other  Forming  Qualities 

B — blowing,  E — extrusion,  I — injec- 
tion, Sh — shearing,  Sp — spinning, 
Sw — swaging,  T.M. — transfer  mold- 
ing 

Physical  Properties 

Specific  Gravity. 

Specific  Volume — in.3/lbs 

Refractive  Index — nD 

Electrical  Properties  (See  Note  2) 
D.C.  Resistivity— 30°C,  ohm-cm. . . . 

Dielectric  Strength— Volts/Mil 

Dielectric  Constant— 60-1000  Cycle. 

Dielectric  Constant— 106  Cycle 

Power  Factor— 60-1000  Cycle 

Power  Factor— 106  Cycle 
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POLYVINYL 

CHLORIDE 

(&  COPOLYMER) 

PLASTICIZED 


Thermoplastic 


Koroseal 

Vinylite 

(Copolymer) 


14 


POLYSTYRENE 


Thermoplastic 


Bakelite 
Loalin 

Lustron 
Styron 


Cs,  F,  I,  L,  Lq,  P,  R, 

S,  T 


Transparent — opaque 

Unlimited 

Varies 

Varies 


Fair  to  good. 
250-350°C .  . 
500-1000... 


F,  I,  L,  Lq,  P,  R,  S,  T 


Transparent . 
Unlimited. . . 

None 

None 


250-350°F. .  . 
18,000-30,000 


0.016-0.10.  . 

Slight 

Fair  to  good . 
E,I 
Calendering . 


Excellent.  .  . 

240-375°F. . 

,  1000-10,000. 


300-500°F. . . 
10,000-40,000. 


1.2-1.7.. 

23.0-16.3. 

1.544.... 


2.0-2.3 


5  X  lO^-lO^  (25°C.) 

300-2000 

6.5-12(60) 

4.2 

0.055-0.136(60)..    .. 
0.100 


0.002-0.008 

Very  slight 

Fair  to  good 

B,  E,  I,  T.M. 
Compression  molding . 


1.054-1.070... 

26.3-25.9 

1.592-1.597.  .  . 

10i7-10i9 

See  Note  2..  . 

2.5-2.7 

2  5-2  7 

o!oo(X)6-b!ooo8 

0.0001-0.0008. 


2.  In  general  for  all  plastics,  dielectric  strength  is  a  function  of  the  thickness.  For  poly- 
styrene in  particular:  Instantaneous  Dielectric  Strength — 0.005  in.  thick  =  3500v/mil; 
0.015  in.  thick  =  2200  v/mil;  0.125  in.  thick  =  500-700  v/mil.  Complete  information 
concerning  thicknesses  tested  is  not  available  for  other  plastics. 
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COMMERCIAL  PLASTICS  (Continued) 


15                                           16 

17 

RUBBER  COMPOUNDS 

UREA 
FORMALDEHYDE 

MODIFIED  ISOM- 
ERIZED  RUBBER 

CHLORINATED 

Thermoplastic 

Thermoplastic 

Thermosetting 

Plioform 
Pliolite 

Tornesit 
Parlon 

Bakelite 
Beetle 
Plascon 

1 

Lq,  P,  F 

Transparent 

P 

I,  L,  P 

9, 

Translucent 

Translucent 

1 

Unlimited 

Pastels 

Unlimited  pastels . .  . 

4 

None 

Slight 

None 

5 

None 

Slight 

None    

6 
a 

Good 

Fair 

Excellent 

b 

260-300°F 

280-380°F 

280-330°F 

1200-4000  .. 

2000-6000 

1500-6000 

d 

300-400°F 

3,000-10,000 

7 

30 

2.2-2.6 

2.2-3.0 

8 

0  000 

0.005-0.011 

9 

Slight 

Fair 

Slight 

None 

10 

Good 

Fair 

11 

12 

1  06 

1.64 

1.45-1.55 

13 

26.1 

16.9 

1.56 

19.1-17.9 

14 

1.54-1.6 

15 

a 

(5-7)  X  lOis 

2.5  X  10i3 

2300 

3 

10M013 

b 

650-720 

2  7(60) 

6.6-9.5  (60) 

5.5-7.7 

d 

0  006  (60) 

0.003  (60) .... 

0.035-0.10  (60) 

0  002 

0.006 

0.01-0.035 
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PROPERTIES  OF 


10 


17 


18 


19 
20 

21 

22 
a 
b 
c 
d 
e 
f 
g 
h 
i 
J 
k 
1 


GROUP  NUMBER 


Resin  Group  and 
Sub-Group  or  Filler 


Thermal  Properties 

Burning  Rate 

Heat  Distortion 

Softening  Point 

Specific  Heat — cal./gm.°C 

Thermal  Conductivity — 

cal./sec.  cm.°C 

Thermal  Expansion 

Mechanical  Properties 

Modulus  of  Elasticity— 105  lbs./in.*. . 

Tensile  Strength— lbs./ui.2 

Elongation — % > 

Compression  Strength — lbs./in.2 

Hardness — Brinell  No 

2.5  mm.  b-.ll,  25  kg.  load 

Impact  Strength,  Izod 

Physical  Chemical  Properties 

Effect  of  Sunlight 

Ultra  Violet  Light 

Effect  of  Aging — Room  temp 

Effect  of  Water— Hot 

Effect  of  Water— Cold 

Water  Absorption — % 

24  Hour  Immersion — 25°C 
General  Resistance  to 

Acids — Weak 

Acids — Strong 

Alkalies — Weak 

Alkalies — Strong 

Alcohols 

Ketones 

Ester , 

Hydrocarbons — Aromatic 

Hydrocarbons — Aliphatic 

Oils — Mineral 

Oils — Animal 

Oils — Vegetable 


13A 


POLYVINYL 

CHLORIDE 

(&  COPOLYMER) 

PLASTICIZED 


Depends  on  plasticizer 
77-121°C 


0.30-0.51    

(3.9-4.0)  X IO-4... 

(7-25)Xl0-V°C 


850-9000 
Up  to  550. 


Does  not  shatter 

None  to  slight  fading. 


None . . 
Slight. 
None. . 
0.1-0.6. 


Excellent 

Good  to  excellent 

Excellent   

Good  to  excellent 

Varies 

Soluble 

Soluble 

Poor — swells  .... 

Varies 

Varies 

Varies 

Varies 


14 


POLYSTYRENE 


Slow 

72-88°C 

88-121°C 

0.31-0.33 

(1.9-3.2)  X10~4. 

(6-8)X10-V°C. 


1.7-6 

3000-10,000. .  . . 
1.5-5 

11,0000-17^000. 
20-30 


0.2-0.5 

Slight  yellowing. 


None 

None  to60°C. 

None 

0.00-0.06.  ... 


Excellent 

Good 

Excellent 

Excellent 

Excellent ....... 

Swells 

Soluble 

Soluble 

Fair  to  good  

Poor  to  excellent. 
Poor  to  excellent . 
Poor  to  excellent. 
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COMMERCIAL  PLASTICS  (Continued) 


15 


16 


17 


RUBBER  COMPOUNDS 


16 


17 


18 


19 

20 

21 

22 


MODIFIED 
ISOMERIZED  RUBBER 


Slow 

75-105°C. 
75-105°C. 


(2.6-2.9)  X10-4. 
(7-8)X10-y°C 
4.7 


4300 

0.013 

8500-11,000. 
85-90  (Shore) 

2.6-6.2 

Slight  craze . . . 


CHLORINATED 


Nil 

60°C... 
80-1 10°C. 
0.37-0.43 . 
3.0X10-4. 


(12-13)  X10-6/°C. 


1-6 

2700-5000. 
0.5-2.2... 


70-80  (Shore) 

0.14-2.8 

Darkens 


UREA 
FORMALDEHYDE 


Very  low. . 
127-138°C 

None 

0.4 


7.1X10"4 

(2.5-3.0)  xio-y°c 


12-16 

5500-13,000 

<1 

24,000-35,000 

48-54  (10  mm.  500  kg.) 


0.14-0.36 

None 

Hardens  slightly . 


None.  . 
Softens . 


0.02 


Good 

Good  for  HC1,  H2SO4. 

Good 

Good 

Good 

Good 

Good 

Poor 

Poor 

Poor 

Poor 

Poor 


Slight  embrittlement . 

Varies 

None 

0.1-0.3 


Excellent . 
Excellent . 
Excellent. 
Excellent . 
Excellent. 
Poor.. .. 

Poor 

Poor.  . 
Good  . . . 
Good  . .  . 
Poor    . . . 
Poor.  .    . 


0.75-3.0. 


Good 

Decomposes 

Depends  on  alkali . 

Decomposes 

Good  to  excellent. 
Good  to  excellent . 
Good  to  excellent. 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 
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PROPERTIES  OF 


GROUP  NUMBER 

18 

19 

Resin  Group  and  Sub-Group 
or  Filler 

MELAMINE 

FORMALDEHYDE 

FILLED 

VINYLIDENE 
CHLORIDE 

Type 

Thermosetting 

Thermoplastic 

Typical 
Trade 
Names 

Catalin 
Melmac 
Plaskon 

Saran 
Velon 

1 

Forms  Available 

I,  L,  P,  Lq... 

Cs — cast  forms,  F — film,  I — impreg- 
nating   varnishes,    L — laminations, 
Lq — lacquers,  P — powder  or  granules, 
R — rods,  S — sheets,  T — tubes 
Clarity 

F,  P,  R,  S,  T... 

?, 

Opaque  to  translucent 
Dark  to  unlimited. . .  . 

None 

None 

Opaque  to  translucent 

3 

Color  Possibilities 

Dark  to  unlimited 

4 

Odor 

Slight 

5 

Taste 

Working  Properties 

Slight 

6 

Excellent 

280-340°F 

a 
b 

Molding  Qualities 

Compression  Molding — Temp.  °F . .  . 

Compression  Molding — 
Pressure,  lbs. /in.2 

Injection  Molding — Temp.  °F 

Injection  Molding — 
Pressure,  lbs./in.2 
Compression  Ratio — 

Vol.  Dry  Powder  /Vol.  Solid 

Shrinkage  Allowance  in  Molding 

Tendency  to  Cold  Flow 

Good — special     tech- 
nique 
220-350°F 

1000-6000 

500-5000 

d 

290-330°F.  (T.M.)... 
5000-18,000  (T.M.) . . 

2-12 

0.004-0.012 

None 

Fair 

T.M 

1.49-1.86 

300-400°F 

e 

7 
8 

10,000-30,000 

2 

0.004-0.12 

9 

Slight 

10 

Machining  Qualities  

Good 

11 

Other  Forming  Qualities 

E,  I,  Sh,  T.M. 

12 

B — blowing,  E — extrusion,  I— injec- 
tion,   Sh — shearing,    Sp — spinning, 
Sw — swaging,  T.M. — transfer  mold- 
ing 

Physical  Properties 

Specific  Gravity 

Specific  Volume — in.3/lbs 

special  technique 
1.68-1.75 

13 
11 

18.6-14.9 

1.6 

2.4  X  10u 

390 

6.4-11.6.. 

16.5-15.8 

1.60-1.63 

15 
a 
b 

Electrical  Properties  (See  Note  2) 
D.C.  Resistivity— 30°C.  ohm-cm. . . . 

Dielectric  Strength— Volts/Mil 

Dielectric  Constant— 60-1000  Cycle. 

Power  Factor— 60-1000  Cycle 

1014-1016 

350-500 

2.5-5.0 

6.7 

0.07-0.17  (60) 

0.041 

2.5-5.0 . 

d 

0.03-0.15 

0.03-0.15 
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COMMERCIAL  PLASTICS  (Continued) 


GROUP  NUMBER 

18 

19 

Resin  Group  and  Sub-Group 
or  Filler 

MELAMINE 

FORMALDEHYDE 

FILLED 

VINYLIDENE 
CHLORIDE 

16 
a 

Thermal  Properties 

Burning  Rate 

Very  low 

Self  extinguishing 

h 

Heat  Distortion 

Softening  Point 

130-141°C 

66-82°C 

c 

None 

116-138°C. 

d 
e 

Specific  Heat — cal./gm.°C 

Thermal  Conductivity — 

cal./sec.  cm.°C. 
Thermal  Expansion 

0.32 

2.2  X  10-4  . 

f 

(1.8-4.5)  X10-V°C 
12-16 

15.8  X  10"5/oC  . 

17 

a 

Mechanical  Properties 

Modulus  of  Elastcity— 105  lbs./in.2 . . 
Tensile  Strength— lbs./in,2 

0.2-2.0..  . 

b 

5500-7000 

<0.5 

30,000 

4000-7000  .. 

c 
H 

Elongation — % 

Compression  Strength — lbs./in.2 

Hardness — Brinell  No 

10-40 

7500-8500. . . 

e 

f 

2.5  mm.  ball,  25  kg.  load 

Impact  Strength,  Izod 

Physical  Chemical  Properties 

Effect  of  Sunlight 

Ultra  Violet  Light 

0.27-0.90 

None 

2-8 

18 
a 
b 

Darkens  slightly 

Darkens  slightly 

19 
20 

Effect  of  Aging — Room  Temp 

Effect  of  Water— Hot 

Effect  of  Water— Cold 

Hardens  slightly 

None 

None 

0.07-0.6 

Slight 

Slight  under  74°C... 
None 

n 

Water  Absorption — % 

<0.1 

22 

24  Hour  Immersion — 25°C. 
General  Resistance  to 

Excellent 

Excellent 

b 

Acids — Strong 

Good  to  decompose . . 
Good  to  excellent .... 
Good  to  excellent .... 
Excellent 

Good  to  excellent .... 

Alkalies — Weak 

Excellent 

d 

Alkalies — Strong  

Good  except  NH3. . . . 

Alcohols 

Excellent . 

f 

Ketones       .         

Excellent 

Good 

g 

Excellent 

Good 

Hydrocarbons — Aromatic 

Hydrocarbons — Aliphatic 

Oils — Mineral    

Excellent 

Good 

Excellent 

Excellent 

Excellent 

Excellent 

k 

Excellent 

Excellent 

1 

Excellent 

Excellent 
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PROPERTIES  OF  RUBBER  STOCKS  (Continued) 
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PROPERTIES  OF  RUBBER  STOCKS  (Continued) 
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PROPERTIES  OF  WOODS 
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PROPERTIES  OF  WOODS  (Continued) 
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PROPERTIES  OF  WOODS  (Continued) 
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PROPERTIES  OF  WOODS  (Continued) 
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PROPERTIES  OF  PIGMENTS  (Continued) 
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COMMON   NAMES  OF  CHEMICALS,  THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULA 


Common  Name 


Chemical  Name 


Formula 


Acetic  ether 

Acid  of  sugar 

Aldehyde 

Alum 

Alum  flour 

Alum  meal 

Alumina 

Alumino-f  erric 

Alundum 

Aniline 

Aniline  salt 

Antichlor 

Antif  ebrin 

Antimony  bloom 

Antimony  black 

Antimony  glance 

Antimony  red 

Antimony  vermilion . . . .  / 

Antimony  white 

Antimony  yellow 

Aqua  fortis 

Aqua  regia 

Argol 

Arsenic  glass 

Aspirin 

Azurite 

Bakelite 

Baking  soda 

Barium  white 

Baryta 

Barytes 

Bauxite 

Beet  sugar 

Bentonite 

Benzine 

Benzol 

Bichrome 

Bitter  salt 

Black  ash 

Blanc-fixe 

Bleaching  powder 

Blende 

Blue  copperas 

Blue  stone 

Blue  vitriol 

Blue  salts 

Blue  verditer 

Bone  ash 

Bone  black 

Boracic  acid 

Borax 

Bremen  blue 

Brimstone 


Ethyl  acetate 

Oxalic  acid 

Acetaldehyde 

Generally   refers   to   potas- 
sium aluminum  sulfate 

Aluminum  oxide 

A  mixture  of  aluminum  and 
sodium  sulfates 

Fused  alumina 

Phenyl  amine 

Aniline  hydrochloride . . . 

Sodium  thiosulf ate 

Acetanilide 

Antimony  trioxide 

Antimony  trisulfide 


CH3CO2C2H6 

(C02H)2 

CHsCHO 

K2Al2(S04)4-24H2O 

AI2O3 


Antimonous  oxysulfide .... 

Antimonous  oxide 

Basic  lead  antimonate 

Nitric  acid 

Nitric  acid  and  hydrochloric 
acid 

Crude  potassium  acid  tar- 
trate 

Arsenous  oxide. 

Acetyl-salicylic  acid 


Basic  copper  carbonate 

Resin  from  phenol  +  form- 
aldehyde 

Sodium  bicarbonate 

Barium  sulfate 

Barium  oxide 

Barium  sulfate  (natural) . . . 

Hydrated  alumina 

Sucrose 

Impure  aluminum  silicate. 

Gasoline,  petrol 

Benzene 

Potassium  dichromate 

Magnesium  sulfate 

Impure  sodium  carbonate. . 

Barium  sulfate  (artificial) . . 

Calcium  chloro-hypochlo- 
rite 

Natural  zinc  sulfide 


AI2O3 

C6H5NH2 

CeHsNHrHCl 

Na2S203-5H20 

CeHeNHCOCHa 

Sb2Os 

Sb2S3 

Sb2S3  +  Sb2Oa 

Sb2Oa 

PbO-Sb2Os 

HNO3 

HNOs  +  3HC1 

KHC4EUO6 

As203 

C6H4(C02H) 
(OCOCH3) 
2CuC03Cu(OH)a 


NaHCOa 
BaS04 

BaO 

BaS04 

Al20r2H20 

C12H22O11 


CeHe 

K2Cr207 

MgS04-7H20 


Copper  sulfate , 


Nickel  sulfate 

Basic  copper  carbonate 

Impure  calcium  phosphate 

Crude  animal  charcoal 

Boric  acid 

Sodium  tetraborate 

Basic  copper  carbonate .... 
Sulfur 


BaS04 
CaOCla 

ZnS 

CuS04-5H20 

NiS04-7H20 
2CuC03-Cu(OH): 


C 

H3BO3 

Na2B4O710H2O 

xCuC08yCu(OH)2 

S 
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COMMON  NAMES  OF  CHEMICALS,  THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULA  (Continued) 


Common  Name 


Chemical  Name 


Formula 


Burnt  alum 

Burnt  lime 

Burnt  ochre \ 

Burnt  ore / 

"  Butter  of" 

Cadmium  yellow 

Calamine 

Calcite 

Caliche 

Calomel 

Camphor,  artificial 

Cane  sugar 

Carbolic  acid 

Carbonic  acid \ 

Carbonio  anhydride . .  . .  J 

Carnallite 

"Caustic" 

Ceruse 

Chalk 

Chili  niter   \ 

Chili  saltpeter / 

China  clay 

Chinese  red 

Chinese  white 

Chloramine  T 

Chloride  of  lime 

Chloride  of  soda 

Chrome  alum 

Chrome  green 

Chrome  red 

Chrome  yellow 

Chromic  acid 

Cinnabar 

Cobalt  black 

Cobalt  green 

Common  salt 

Copperas 

Corn  sugar 

Corrosive  sublimate 

Corundum 

Cream  of  tartar 

Cresylic  acid 

Cupf  erron 

Dekaline 

Derby  red 

Derinatol 

Dextrose 

Dutch  liauid   


Anhydrous   potassium   alu- 
minum sulfate 
Calcium  oxide 


Ferric  oxide 

Refers  to  the  chloride 

Cadmium  sulfide 

Zinc  silicate 

Mineral  calcium  carbonate 
Impure  sodium  nitrate.  .  .  . 

Mercurous  chloride 

Pinene  hydrochloride 

Sucrose 

Phenol 


K2A12(S04)4 
CaO 

Fe20a 


Carbon  dioxide 


Magnesium  potassium  chlo- 
ride 

Refers  to  the  hydroxide  of 
a  metal 

Basic  lead  carbonate .... 

Calcium  carbonate 

Sodium  nitrate 


CdS 

2ZnOSi02-H20 

CaC03 

NaNOa 

HgCl 

CioHnCl 

C12H22O11 

C6H5OH 

co2 

MgCl2KCl-6H20 


Aluminum  silicate 

Basic  lead  chromate 

Zinc  oxide 

Sodium  p-toluene-sulfochlo 

ramide 
Calcium      chloro-hypochlo 

rite 
Sodium   hypochlorite   solu 

tion 
Potassium    chromium    sul 

fate 

Chromium  oxide 

Basic  lead  chromate 

Lead  chromate . 

Chromium  trioxide 

Mercuric  sulfide 

Cobalt  oxide 

Cobalt  zincate 

Sodium  chloride 

Ferrous  sulfate 

Glucose 

Mercuric  chloride 

Aluminum  oxide 

Potassium     hydrogen     tar- 
trate 
Mixture    of    o,    m,    and    p- 

cresol 
Nitrosophenylhy  drox- 

ylamine 
Decahydronaphthalene.  . .  . 

Basic  lead  chromate 

Basic  bismuth  gallate 

Glucose 

Ethylene  chloride 


2PbCOaPb(OH)2 
CaCOa 

NaNOa 

Al20a-2Si02-2H20 
PbCr04PbO 
ZnO 
(CH3C6H4S02NC1- 

Na)-3H20 
CaOCh 

NaOCl 

K2Cr2(S04)4-24H20 

Cr2Oa 

PbCr04-PbO 

PbCr04 

CrOa 

HgS 

CoO 

CoZn02 

NaCl 

leS04-7H20 

CeH^Oe-HaO 

HgCb 

Al2Oa 

KHC4H  <06 

CH3C6H4OH 

C6H6N(NO)OH 

CioHis 

PbOPbCr04 

Bi(OH)2C7H606 

Celi^Oe-KUO 

(CII2C1)2 


1339 


COMMON  NAMES  OF  "CHEMICALS,  THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULA  (Continued) 


Common  Name 


Chemical  Name 


Formula 


Eau-de-Javelle 

Eau-de-Labarraque 

Emerald  green 

Emery  powder 

Epsom  salts 

Essence  of  bitter  almonds 

Essence  of  mirbane 

Everitt's  salt 

Feldspar 

Ferro  prussiate 

Fixed  white 

Flowers  of  sulfur 

"Flowers  of  "  a  metal  is  a 

Fluorspar 

Formalin 

Formin 

Freezing  salt 

French  chalk 

French  verdigris 

Fruit  sugar 

Fuller's  earth 

Fulminate  of  mercury. . .  . 

Fusel  oil 

Gasoline 

Galena 

Glauber's  salt 

Glucose 

Glycerin 

Grain  alcohol 

Grape  sugar 

Green  verditer 

Green  vitriol 

Gypsum 

Hartshorn  salt 

Heavy  spar 

Hexamine 

Horn  silver 

Hydrosulfite 

Hypo 

Iron  black 

Indian  red 

Iron  mordant 

Kainit 

Kaolin 

Kieselguhr 

Kieserite 

King's  yellow 

Lampblack 


Potassium  hypochlorite 

solution 

Sodium  hypochlorite  solu- 
tion 

Copper  aceto-arsenite 


Impure  aluminum  oxide . .  . 

Magnesium  sulfate 

Benzaldehyde 

Nitrobenzene 

Potassium  ferrous  ferro- 
cyanide 

Potassium  aluminum  sili- 
cate 

Potassium  f errocyanide .... 

Barium  sulfate 

Sulfur 

synonym  for  the  oxide 

Calcium  fluoride 

Forty  per  cent  solution  of 
formaldehyde     in     water 

Hexamethylene  tetramine 

Crude  sodium  chloride 

Hydrated  silicate  of  mag- 
nesium 

Basic  copper  acetate 

Fructose 

Hydrated  magnesium  and 
aluminum  silicates 

Mercuric  fulminate 

Mixed  amyl  alcohols 

Benzine,  petrol 

Natural  lead  sulfide 

Sodium  sulfate 

Dextrose 

Glycerol 

Ethyl  alcohol 

Glucose 

Basic   copper  carbonate . . . 

Ferrous  sulfate 

Calcium  sulfate 

Ammonium  carbonate  car- 
bamate 

Barium  sulfate 

Hexamethylene  tetramine 

Silver  chloride 

Sodium  hyposulfite 


Sodium  thiosulfate 

Precipitated  antimony . . . 

Ferric  oxide 

Ferric  sulfate 

Double  salt  of  potassium 
magnesium  sulfate  and 
magnesium  chloride 

Aluminum  silicate 

Siliceous  earth 

Mineral  magnesium  sulfate 

Arsenous  sulfide 

Impure  carbon 


KOC1 
NaOCl 

Cu(C2H302)2-3Cu- 

As204 
AI2O3 

MgS04-7H20 
CeHsCHO 
C6H5NO2 
K2Fe2(CN)e 

^SisOrAhSisOi 

K4Fe(CN)6 
BaS04 

S 

CaF2 
HCHO 

(CH2)6N4 

NaCl 

Mg3Si40n-H20 

Cu2(C2H302)2(OH)2 
C6Hi206 


Hg(ONC)2 
C5HuOH 


PbS 

Na2SO4-10H2O 

C6Hi206-H20 

C3H6(OH)3 

C2H5OH 

C6Hi206-H20 

CuC03-Cu(OH)2 

FeS04-7H20 

CaS04-2H20 

NH4HC03-NH4C02- 

NH2 
BaS04 
(CH2)6N4 
AgCl 
Na2S204 

Na2S20s-5H20 

Sb 

Fe2Os 
Fe2(S04)3 

K2Mg(S04)2-MgClt- 
6H20 

Al203-2SiOs-2H20 

Si02 
MgS04 
As2S3 
C 
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COMMON  NAMES  OF  CHEMICALS,  THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULA  (Continued) 


Common  Name 


Chemical  Name 


Formula 


Lanolin 

'Laughing  gas 

Lemon  chrome 

Levulose 

Lime 

Litharge 

Lithopone 

Liver  of  sulfur 

Lunar  caustic 

Lysol 

Magnesia 

Magnesite 

Malachite 

Manganese  black 

Marble 

Marsh  gas 

Massicot 

Methanol 

Metol 

Microcosmic  salt 

Milk  of  barium 

Milk  of  lime 

Milk  of  magnesium 

Milk  of  sulfur 

Milk  sugar 

Minium 

Mohr's  salt 

Molybdenite 

"Muriate  of"  a  metal.  .  .  . 

Muriatic  acid 

Naphtha  (Petroleum) 

Naphtha  (Solvent) 

Natron 

Niter 

Nitro-lime 

Nitrous  ether 

Nordhausen  acid 

Oil  of  bitter  almond 

Oil  of  garlic 

Oil  of  mirbane 

Oil  of  mustard,  artificial . . 

Oil  of  pears 

Oil  cf  pineapple 

Oil  of  vitriol ;••.•• 

Oil  of  wintergreen,  artificial 

Oleum 

Olifiant  gas 

Orpiment 

Paris  blue 

Paris  green 

Pearl  ash 

Permanent  white 


Mixt.    of    cholesterol   and 
esters 

Nitrous  oxide 

Barium  chromate 

Fructose 

Calcium  oxide 

Lead  monoxide 

Zinc  sulfide  +  barium  sul- 
fate 

Mixed  potassium  sulfides . 

Silver  nitrate 

Cresol  soap  solution 

Magnesium  oxide 

Magnesium  carbonate .... 

Basic  copper  carbonate . . . 

Manganese  dioxide 

Calcium  carbonate 

Methane 

Lead  monoxide 

Methyl  alcohol 

p-~Methylaminophenol 
sulfate ; 

Sodium  ammonium  hydro- 
gen phosphate 

Barium  hydroxide 

Calcium  hydroxide 

Magnesium  hydroxide . . . 

Precipitated  sulfur 

Lactose 

Lead  tetroxide 

Ferrous  ammonium  sulfate 

Molybdenum  disulfide 

Chloride  of  the  metal 

Hydrochloric  acid 

A  petroleum  distillate .... 

A  coal  tar  distillate 

Sodium  carbonate 

Potassium  nitrate 

Calcium  cyanamide 

Ethyl  nitrite 

Fuming  sulfuric  acid   .... 

Benzaldehyde 

Allyl  sulfide 

Nitrobenzene 

Allyl  isothiocyanate 

Amyl  acetate 

Ethyl  butyrate .••••-. 

Concentrated  sulfuric   acid 

Methyl  salicylate 

Fuming  sulfuric  acid .... 

Ethylene 

Arsenic  trisulfide 

Ferric  f errocyanide 

Copper  aceto-arsenite .  .  . 


Potassium  carbonate, 
Barium  sulfate 


N2O 

BaCKh 

CeHnOe 

CaO 

PbO 

ZnS  +  BaS04 


AgNOa 


MgO 
MgCOa 

CuCOaCu(OH)i 
Mn02 
CaCOa 
CH4 
PbO 
CH3OH 
(CH*NHC6H4OH)2- 

H2SO4 
Na(NH4)HP04- 

4H2O 
Ba(OH)2 
Ca(OH)2 
Mg(OH)2 
S 

Ci2H220irH20 
Pb304 
Fe(NH4)2(S04)r- 

6H2O 
M0S2 


HC1 


Na2CO3-10H2O 

KNO3 

CaNCN 

C2H5ONO 

H2SO4  +  SOa 

CcHsCHO 

(C3H5)2S 

C6H5NO2 

C3H5NCS 

CH3CO2C6H11 

C3H7CO2C2H5 

H2S04 

o-HOC6H4C02CH» 

H2S04  +  SOa 

C2H4 

AS2S3 

Fe4[Fe(CN)6l3 

Cu(C2H302)2- 

3CuA820« 
K2CO3 
BaS04 
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COMMON  NAMES  OF  CHEMICALS,  THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULAE  (Continued) 


Common  Name 


Chemical  Name 


Formula 


Petroleum  ether , 

Phenic  acid 

Phosgene 

Pnosphate  rock 

Picric  acid 

Plaster  of  Paris 

Plumbago 

Precipitated  chalk , 

Prussian  blue , 

Prussic  acid 

Putty  powder , 

Pyrites 

Pyroligneous  acid 

Pyroligneous  spirit 

Pyrolusite 

Quick  lime , 

Quicksilver , 

Quinol , 

Realgar , 

Rectified  spirit , 

Red  antimony , 

Red  lead 

Red  liquor , 

Red  precipitate 

Red  prussiate  of  potash . 

Rochelle  salt 

Rock  salt 

Rouge 

Saccharin 


Sal  ammoniac. 
Salol 


Salt 

Salt  cake 

Salt  of  amber 

Salt  of  lemon 

Salt  of  sorrel 

Salt  of  tartar 

Salt  of  wormwood. 

Salt  peter 

Salvarsan 


Satin  white.... 
Scheele's  green. 
Schlippe's  salt. , 

Silica , 

Slaked  lime. . . . 
Soda  (washing) 
Soda  crystals . . , 
Soda  lime , 


Sodium  hyposulfite 

Soft  soap 

Soluble  glass 

Soluble  tartar 

Spirit  of  hartshorn 

Spirit  of  salt 

Spirit  of  wine 


Benzine 
Phenol 

Carbonyl  chloride 

Calcium  phosphate 

s^/m-Trinitrophenol 

Calcium  sulfate 

Graphite 

Calcium  carbonate 

Ferric  f errocyanide 

Hydrocyanic  acid 

Impure  stannic  oxide 

Ferrous  di-sulfide 

Crude  acetic  acid 

Methyl  alcohol. 

Manganese  dioxide 

Calcium  oxide 

Mercury 

Hydroquinone 

Arsenic  disulfide 

Alcohol  90-5% 

Antimony  oxysulfide 

Lead  tetroxide 

Aluminum  acetate  solution 

Oxide  of  mercury 

Potassium  f erricyanide .... 
Potassium  sodium  tartrate 

Sodium  chloride 

Ferric  oxide 

Benzoic  sulfimide 


Ammonium  chloride. 
Phenyl  salicylate 


Sodium  chloride 

Impure  sodium  sulfate. 
Succinic  acid 


Potassium  acid  oxalate. 
Potassium  carbonate. . . 


Potassium  nitrate 

3,     3'-Diamino-4,     4'-dihy- 

droxy-arsenobenzene    di- 

hydrochloride 

Calcium  sulfate 

Copper  hydrogen  arsenite. 
Sodium  thioantimonate. . . . 

Silicon  dioxide 

Calcium  hydroxide 

Sodium  carbonate 

Sodium  carbonate 

Mixture    of    calcium    oxide 

and  sodium  hydroxide 

Sodium  thiosulfate 

Potash  soap 

Sodium  silicate 

Potassium  tartrate 

Ammonia  solution 

Hydrochloric  acid 

Ethyl  alcohol 


CeHeOH 

COCh 

Ca3(P04)2 

C6H2(N02)30H 

CaS044H20 

C 

CaCOs 

Fe4[Fe(CN)6]3 

HCN 

Sn02 

FeSa 

CH3CO2H 

CH3OH 

Mn02 

CaO 

Hg 

C6H4(OH)2(l,  4> 

As2S2 

C2H5OH 

Sb203-2Sb3S 

Pb304 

Al(C2H302)a 

HgO 

K3Fe(CN)6 

KNaC4H40e-4H*0 

NaCl 

Fe203 

o-CeH4-S02-NHCO 


NH4C1 
C6H4(OH)(C02C6- 

H6)(l,  2) 
NaCl 
Na2S04 
(CH2C02H)2 

KHC204-H20 

K2C03 

KNO3 

[(HO)(NH2)CcH3- 
As]2-2HC1 

CaS04-2H20 

CuHAsOs 

Na3SbS4-9H20 

Si02 

Ca(OH)2 

Na2CO.vl0H2O 

Na2CO3-10H2O 

CaO  +  NaOH 

Na2S203-5H20 


Na2Si03  +  H2O 

2K2C4H406-H20 

NH4OH 

HC1 

C2H5OH 
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COMMON   NAMES  OF  CHEMICALS,   THEIR  CORRECT 
CHEMICAL  NAMES  AND  FORMULA  (Continued) 


Common  Name 


Chemical  Name 


Formula 


Stassf  urtite 

Sugar  of  lead 

Sugar  of  milk 

Sulfuric  ether 

Superphosphate 

Sylvine 

Sylvinite 

Table  salt 

Talc 

Tartar 

Tartar  emetic 

Tetralin 

Tin  crystals 

Tin  white 

T.  N.  T 

Toluol 

Trona 

Turnbull's  blue 

Ultramarine  yellow .... 

Unslaked  lime 

Vanillin 

Venetian  red 

Verdigris 

Vermilion 

Vitriol 

"Vitriolate  of" 

Washing  soda 

Water  glass 

White  acid 

White  arsenic 

White  lead 

White  vitriol 

Whiting 

Witherite 

Wood  alcohol 

Wood  naphtha 

Wood  spirit 

Xylol 

Yellow  prussiate  of  potash 

Zinc  blende 

Zinc  vitriol 

Zinc  white 


Magnesium      borate      and 
chloride  double  salt 

Lead  acetate 

Lactose  — 

Diethyl  ether 

Impure  calcium  acid  phos 
phate 

Potassium  chloride 

Sylvine  with  rock  salt .... 

Sodium  chloride 

Hydrated    magnesium    sili 
cate 

Crude  potassium  bitartrate 

Potassium    antimonyl    tar- 
trate 

Tetrahydronaphthalene 

Stannous  chloride 

Stannic  hydroxide 

Trinitrotoluene 


Toluene 

Natural  sodium   carbonate 


Ferrous  ferri cyanide 

Barium  chromate 

Calcium  oxide 

Methyl    ether    of    protoca- 
techualdehyde 

Ferric  oxide 

Basic  copper  acetate.  .  .  . 


Red  mercuric  sulfide .... 

Sulfuric  acid 

"Sulfate  of" 

Sodium  carbonate 

Sodium    silicates    dissolved 

in  water 
Hydrofluoric  acid  and  am 

monium  fluoride 

Arsenous  oxide 

Basic  lead  carbonate 

Zinc  sulfate 

Calcium  carbonate 

Barium  carbonate 


Methyl  alcohol. 


Xylene 

Potassium  ferrocyanide, 
Mineral  zinc  sulfide.  .  .  . 

Zinc  sulfate 

Zinc  oxide 


2Mg3B2Oi6-MgCl2 

Pb(C,H302)2-3H20 
Ci2H220irH20 
(C2H6)20 
CaH4(P04)2 

KC1 


NaCl 
Mg3Si40irH20 


KHC4H4O6 
2K(SbO)C4H40«- 

H2O 
C10H12 
SnCh 
Sn(OH)4 
C6H2(CH3)(N02)3 

(1,  2,  4,  6) 
C6H5CH3 
Na2COs.NaHCOi. 

3H20 
Fe3[Fe(CN)6]2 
BaCr04 
CaO 
C6H3(OH)(OCH8)- 

CHO(l,  2,  4) 
Fe203 
2Cu(C2H302)2  -h 

CuO(?) 
HgS 
H2SO4 


Na2CO3-10H2O 


H2F2  -{-  NH4F 

As203 

2PbCOa  -f  Pb(OH): 

ZnS04-7H20 

CaCOs 

BaCOa 

CH3OH 

C6H4(CH3)2 

K4Fe(CN)6-3H20 

ZnS 

ZnS04-7H20 

ZnO 


Pigments  named  in  the  above  list  refer  to  the  pure  substance  and  not  to 
mixtures  often  sold  under  the  same  name. 
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TRADE  NAMES   OF  DYESTUFF  INTERMEDIATES 


Trade  Name 


A  acid 

Alizarin 

Amino-G  acid 

Amino-R  acid 

Andresen's  acid 

Anisidine 

Anthrachrysone 

Anthraflavic  acid 

Anthranilic  acid 

Anthrarufin 

Armstrong's  acid 

Badische  acid 

Bayer's  acid 

Benzidine 

Bronner's  acid 

/3  acid 

Chromotrope  acid 

Chrysazin 

Cleve's  acids 

Cleve's  acid 

Cleve's  acid 

Cleve's  acid 

Cleve's  acid 

Cresotic  acids 

Croceine  acid 

Danl's  acid 

Dahl's  acid  II 

Danl's  acid  III 

Disulpho  acid  S 

DTS 

5  acid 

Ebert  and  Merz's  acid. 
Ebert  and  Merz's  acid. 
Ewer  and  Pick's  acid.  . 

e  acid 

F  **cid 

Freund's  acid 

G  acid 

Gallic  acid 

7-acid 

H  acid 

Histazarin 

Isoanthraflavic  acid .  . 

J  acid 

K  acid 

Kalle's  acid 

Ketone  base 

Koch's  acid 

L  acid 

Laurent's  acid 

Lepidine 

Leucotrope 

M  acid 

Mesidine 

Metanilic  acid 

Michler's  ketone 

Naphthazarin 

Naphthionic  acid.  .  .  . 

o-Naphthionic 

Naphthol  A.  S 


Chemical  Name 


1, 7-Dihydroxynaphthalene-3,  6-disulfonic  acid 
1,  2-dihydroxyanthraquinone 
2-Naphthylamine-6,  8-disulfonic  acid 
2-Naphthylamine-3,  6-disulfonic  acid 
l-Naphthol-3,  8-disulfonic  acid 
o-Aminophenol  methyl  ether 

1,  3,  5,  7-Tetrahydroxyanthraquinone 

2,  6-Dihydroxyanthraquinone 
o-Aminobenzoic  acid 

1,  5-Dihydroxyanthraquinone 
Naphthalene- 1,  5-disulfonic  acid 
2-Naphthylamine-8-sulfonic  acid 
2-Naphthol-8-sulfonic  acid 
p,  p'  -Diamino-diphenyl 
2-Naphthylamine-6-sulfonic  acid 
Anthraquinone-2-sulfonic  acid 
1,  8-Dihydroxynaphthalene-3,  6-disulfomc  acid 

1,  8-Dihydroxyanthraquinone 
l-Naphthylamine-6-  and  -7-sulfomc  acida 
l-Naphthylamine-5-sulfonic  acid 
l-Naphthylamine-6-sulfonic  acid 
l-Naphthylamine-3-sulfonic  acid 
l-Naphthylamine-7-sulfonic  acid 
Cresol  carboxylic  acids 
2-Naphthol-8-sulfonic  acid 
2-Naphthylamine-5-sulfonic  acid 
l-Naphthylamine-4,  6-disulfonic  acid 
l-Naphthylamine-4,  7-disulfonic  acid 
l-Naphthylamine-4,  8-disulfonic  acid 
Dehydrothio-p-toluidine  sulfonic  acid 

-Naphthol-4,  8-disulfonic  acid 
-Naphthylamine-4,  8-disulfonic  acid 

Naphthalene-2,  7-disulfonic  acid 

Naphthalene-2,  6-disulfonic  acid 

Naphthalene-1,  6-disulfonic  acid 

l-Naphthol-3,  8-disulfonic  acid 

l-Naphthylamine-3,  8-disulfonic  acid 

2-Naphthol-7-sulfonic  acid 

l-Naphthylamine-3,  6-disulfonic  acid 

2-Naphthol-6,  8-disulfonic  acid 

3,  4,  5-Trihydroxybenzoic  acid 

2-Amino-8-naphthol-6-sulfonic  acid 

l-Amino-8-naphthol-3,  6-disulfonic  acid. 

2,  3-Dihydroxyanthraquinone 
2,  7-Dihydroxyanthraquinone 
2-Amino-5-naphthol-7-sulfonic  acid 
l-Amino-8-naphthol-4,  6-disulfonic  acid 
l-Naphthylamine-2,  7-disulfonic  acid 
Tetramethyldiaminobenzophenone 
l-Naphthylamine-3,  6,  8-trisulfonic  acid 
l-Naphthol-5-sulfonic  acid 
l-Naphthylamine-5-sulfonic  acid 
4-Methylquinoline 

Phenyldimethylbenzylammonium  chloride 
l-Amino-5-naphthol-7-sulfonic  acid 

2,  4,  6-Trimethylaniline 
Aniline-m-sulfonic  acid 
Tetramethyldiaminobenzophenone 
5,  6-Dihydroxy-l,  4-naphthoquinone 
1  -Naphthylamine-4-sulf onic  acid 
i-Naphthylamine-2-sulfonic  acid 
Anilide  of  -hydroxynaphthoic  acid 


{I 
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TRADE  NAMES  OF  DYESTUFF  INTERMEDIATES 

(Continued) 


Trade  Name 

Chemical  Name 

Naphthoresorcin 

1,  3-Dihydroxynaphthalene 

l-Naphthol-4-sulfonic  acid 

1,  7,  3,  6-Dihydroxysulfonaphthoic  acid 

p-Nitrosodimethylaniline 

Nevile  and  Winther's  acid  .  . 

Nigrotic  acid 

Nitroso  base 

N W  acid 

Nevile  and  Winther's  acid 

Peri  acid 

l-Naphthylamine-8-sulfonic  acid 

p-Phenetidine 

p-Aminophenol  ethyl  ether 
2-Phenylamino-8-naphthol-6-sulfonic  acid 
Phenyl-l-naphthylamine-8-sulfonic  acid 
Carbonyl  chloride 

Phenyl-gamma  acid 

Phenyl  Peri  acid 

Phosgene 

Phthalic  acid 

o-Benzenedicarboxylic  acid 
2-Amino-4,  6-dinitrophenol 

Picramic  acid 

Picric  acid 

2,  4,  6-Trinitrophenol 

Primuline  base 

p-Toluidine  heated  with  sulfur 

Purpurin 

1,  2,  4-Trihydroxyanthraquinone 
1,  2,  3-Trihydroxybenzene 
2-Methylquinoline 

Pyrogallol 

Quinaldine 

Quinazarin 

1,  4-Dihydroxyanthraquinone 
2-Naphthol-3,  6-disulfonic  acid 

R  acid 

2  R  acid 

2-Amino-8-naphthol-3,  6-disulfonic  acid 

Red  acid 

1,  5-Dihydroxynaphthalene-3,  7-disulfonic  acid 

RG  acid 

l-Naphthol-3,  6-disulfonic  acid 

Resorcinol 

1,  3-Dihydroxybenzene 

S  acid 

l-Amino-8-naphthol-4-sulfonic  acid 

2  S  acid 

l-Amino-8-naphthol-2,  4-disulfonic  acid 

Salicylic  acid 

o-Hydroxybenzoic  acid 

Schaffer's  acid 

2-Naphthol-6-sulfonic  acid 

Schollkopf's  acid 

[  l-Naphthol-4,  8-disulfonic  acid 

•1  l-Naphthylamine-4,  8-disulfonic  acid 

Sulfanilic  acid 

[  l-Naphthylamine-8-sulfonic  acid 
Aniline-p-sulfonic  acid 

Thiocarbanilide 

Diphenylthiourea 

Tobias  acid 

2-Naphthylamine-l -sulfonic  acid 

Tolidine 

Di-p-aminoditolyl 

Toluidine 

Amino  toluene 

Xylidine 

Amino  xylene 

Yellow  acid 

1,  3-Dihydroxynaphthalene-5,  7-disulfonic  acid 
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Pronunciation  Committee  of  the  American  Chemical  Society*  as  published 
in  News  Edition,  Industrial  and  Engineering  Chemistry,  12,  202  (1934). 

Generalizations 

(1)  Accenting  names  of  chemical  substances  on  the  final 
syllable  is  to  be  discouraged  in  all  cases  where  the  preference 
for  such  an  accent  is  not  emphatic.  The  names  amine,  arsine, 
quinone,  and  sulfone  and  words  ending  in  these  names  (also 
the  suffix  -phenone)  represent  most  of  the  exceptions.  The 
general  trend  of  the  accent  in  the  English  language  is  recognized 
by  authorities  to  be  away  from  the  end  and  toward  the  begin- 
ning of  the  word.  However,  when  the  last  syllable  of  a  word  is 
a  significant  suffix,  as  -al  for  aldehydes,  it  is  not  slurred  by 
chemists. 

(2)  In  the  interest  of  uniformity  and  in  accordance  with  a 
general  trend  of  English  pronunciation  in  America,  the  ending 
-ide  should  be  pronounced  -Id.  This  appears  to  be  uniformly 
the  practice  in  inorganic  chemistry.  Many  organic  names 
are  so  pronounced  also.  Certain  organic  terms,  however,  are 
pronounced  -Id  by  many,  as  acetanilide,  imide,  phthalimide, 
lipide,  amide,  and  several  words  ending  in  -amide. 

(3)  For  chemical  names  ending  in  -ine,  usage  is  divided 
between  the  pronunciations  -en  and  -In,  with  a  tendency  in 
favor  of  -en.  Since  a  distinction  in  spelling  is  made  by  many 
between  names  of  bases  ending  in  -ine  and  names  of  nonbases 
ending  in  -in,  the  pronunciation  -en  for  the  ending  -ine  is  to 
be  encouraged.  (It  is  unfortunate  that  this  conflicts  in  sound 
with  the  pronunciation  of  the  ending  -ene,  but  it  is  believed  that 
this  will  cause  confusion  only  with  a  very  few  words,  as  benzine 
and  benzene,  fluorine  and  fluorene.  As  to  the  pronunciation 
-In,  usage,  at  least  in  America,  is  very  strongly  against  it,  and 
it  would,  conflict  with  the  pronunciation  of  the  new  ending  -yne 
adopted  for  names  of  acetylene  hydrocarbons.)  Quinine, 
because  of  strong  popular  usage,  is  an  exception. 

(4)  The  pronunciation  -61  for  the  ending  of  names  of  alcohols 
and  phenols  (except  the  word  alcohol  itself!),  whether  regret- 
table or  not,  seems  firmly  fixed  and  should  be  recognized. 
Emphasis  on  a  significant  ending  is  probably  an  influence  in 
this  practice.  Chemical  terms  not  belonging  to  the  above 
classes,  but  generally  pronounced  -61,  should  be  spelled  with  a 
final  e;  examples,  mole,  pyrrole.  This  is  in  accordance  with  the 
recommendation  of  the  International  Committee  on  Organic 
Nomenclature.  For  sol  and  words  ending  in  -sol,  the  spelling 
-ol  and  the  pronunciation  -61  should  be  encouraged. 

(5)  The  ending  -yl  should  be  pronounced  -11.  The  pronuncia- 
tion -el  is  apparently  a  Germanism  and,  although  still  in  use 

*  The"members  of  this  committee  are  Austin  M.  Patterson,  C.  A.  Jacob- 
Bon,  H.  E.  Howe,  Arthur  B.  Lamb,  E.  J.  Crane,  Chairman,  and  the  Board 
of  Associate  Editors  of  the  Journal  of  the  Americal  Chemical  Society. 
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to  some  extent  is  to  be  discouraged.  The  pronunciation 
-ll,  apparently  common  in  England,  is  seldom  heard  in  the 
United  States. 

(6)  The  ending  -He  (as  in  nitrile).  Usage  is  divided  among 
the  pronunciations  -ll,  -il,  and  -el.  The  second  of  these  is 
identical  with  the  pronunciation  recommended  for  -yl,  and  the 
third  is  apparently  a  Germanism.  The  pronunciation  -ll 
should  be  favored. 

(7)  The  endings  -acic,  -alio,  -ante,  -arte,  -elic,  enic,  -eric, 
-ettCy  -idic,  -ilic,  -inic,  -isic,  -onic,  -opic,  -oric.  A  rather  exten- 
sive study  of  the  pronunciation  of  such  endings  shows  a  pref- 
erence for  a  short  vowel  preceding  -ic  in  all  but  a  few  cases. 
This  result  is  in  accord  with  age-old  general  English  usage  and 
is  to  be  approved.  Acetic  (o-se'tfk)  is  a  very  emphatic  exception. 
Other  exceptions  are  cetic  (se'tik)  and  eerie  (se'rlk)  and  adjec- 
tives derived  from  the  names  of  unsaturated  hydrocarbons 
(because  of  the  influence  of  the  significant  -ene  ending). 

(8)  The  ending  -olic.  This  ending  is  an  exception  to  the  rule 
for  words  ending  in  -ic  [compare  (7)],  perhaps  owing  to  the 
influence  of  words  ending  in  -ol.  Inasmuch  as  ten  cases  out  of 
twelve  studied  favor  the  long  o,  some  of  them  by  very  large 
majorities,  it  is  recommended  that  this  ending  be  uniformly 
pronounced  -o'lik. 

(9)  Adjectives  ending  in  -ic  should  be  accented  on  the  next 
to  the  last  syllable,  as  glyceric,  not  glyceric.  In  names  of 
salts  the  accent,  following  the  trend  indicated  in  (1)  above, 
usually  moves  one  syllable  (occasionally  more)  towards  the 
beginning  of  the  word,  as  gly 'cerate,  salicylate. 

(10)  The  ending  -ime.  In  oxime,  at  least,  this  should  be 
pronounced  -era,  to  accord  with  usage,  though  this  is  contrary 
to  the  normal  English  trend. 

(11)  The  ending  -oin  should  be  pronounced  as  two  syllables, 
-6-ln,  with  the  accent  coming  on  the  preceding  syllable  (as, 
ben'zo-hi,  fu'ro-m).  In  certain  words  where  the  addition  of 
a  chemical  suffix  causes  two  vowels  to  come  together  there  is 
a  natural  tendency  to  merge  them  and  thus  change  their  sound, 
as  thebaine,  linalool.  While  concession  must  be  made  to  usage 
in  particular  cases,  as  cocaine,  the  pronunciation  of  such  vowels 
separately  is  to  be  encouraged.  The  use  of  the  dieresis  is  help- 
ful, as  linalool. 

(12)  Words  ending  in  -valent  should  be  so  pronounced  that 
the  last  two  syllables  are  -va/lent;  as  tri-va/lmt  (not  trrv'a-lent). 

The  Word  List 

The  words  listed  below  are,  except  for  a  few  deletions,  the 

ones  on  which  the  committee's  study  was  based.     After  each 

word  there  is  given  one  or  more  pronunciations   (shown  by 

respelling  and  the  use  of  symbols  as  explained  at  the  head  of 
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the  list) .  When  only  a  single  pronunciation  is  shown  this  means 
that  usage  and  perhaps  other  influences  are  so  strongly  in  favor 
of  it  that  no  alternative  is  proposed.  When  more  than  one 
pronunciation  is  shown  an  attempt  has  been  made  to  place 
these  in  the  order  of  preference.  The  provision  of  two,  occa- 
sionally three,  pronunciations  indicates  that  usage  is  divided 
without  a  marked  show  of  preference  (this  is  true  of  many 
words  throughout  the  English  language),  or  that  there  is  some 
conflict  between  usage  and  the  other  influences  properly  taken 
into  consideration.  The  word  " usage  "  in  parentheses  following 
a  pronunciation  signifies  that  usage  supports  it  to  a  considerable 
extent,  notwithstanding  other  dictates. 

Again  let  it  be  said  that  there  is  no  attempt  to  proclaim  "This 
pronunciation  is  right  and  this  one  is  wrong/ '  Usage,  chemical 
nomenclature  considerations,  derivation,  and  the  rules  of  good 
English  (a  compromise  has  sometimes  been  necessary)  suggest 
certain  preferences  and  these  we  have  tried  to  ascertain. 

Key  to  Pronunciation 

The  symbols  used  in  the  respelling  for  pronunciation  have 
the  following  values:  ale,  senate,  am,  Account,  arm;  eve,  event, 
end,  recent,  maker;  ice,  ill;  old,  6bey,  orb,  Sdd,  cdnnect;  use, 
unite,  urn,  tip,  circus;  food;  oil;  chair;  go;  thin. 


abietic 

acetal 

acetaldehyde 

acetaldoxime 

acetamide 

acetanilide 

acetic 

acetoacetate 

acetoacetic 

acetone 

acetonitrile 

acetonyl 

acetophenone 

acetoxime 

acetyl 

acetylene 

aci- 

acrolein 

acyclic 

acyl 

adiabatic 

adrenaline 

alantolic 


ab'I-St'Ik 

as'e>al 

fis'et-aTde-hld 

as'St-al-d6k'sem 

as'St-am'Id 

as'St-an'Uid 

d-se'tlk 

as'6-t6-as'6-tat 

as'6-to-a-se'tlk 

as'£-ton 

as'e-t6-ni'tril 

(X-set'6-ntt 

as'S-t6-f£-non' 

as'£t-6k'sem 

as'g-tu 

#-s&t'I-len 

as'I- 

tf-kro'16-m 

a-si'klik 

as'Il 

ad'I-tf-bat'Ik 

ad-ren'#-len 

fil'an-to'Hk  i 
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as'et-amld  (usage) 

#-sSt'#-mid 
as'&t-an'i-Hd  (usage) 

&-se't6-as'S-tat 
#-se't6-#-se't!k 

as'S-t6-ni'trfl  (usage) 

as'£-t6-nll 

<X-se't6-fS-non' 


ad-ren'tf-hn  (usage) 
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alizarin 

<S-Hz'd-rm 

alkaline 

al'kd-lm 

al'kd-lin 

allotropy 

#4ot'r6-pI 

al'6-tro'p* 

allylamine 

STll-d-men' 

aluminum 

<X-l6o'mI-n#m 
(usage) 

d-lu'mi-n#m 

amide 

am'id 

am'id  (usage) 

amido 

#-me'dS 

am'I-d6 

amine 

&-men' 

amino 

#-me'nS 

ammine 

am'en 

ammino 

am'I-n5 

d-me'no  (usage) 

amyl 

am'Il 

anhydride 

an-hi'drid 

aniline 

an'I-len 

an'i-lln  (usage) 

anisic 

a-nls'Ik 

anthranil 

an'thrd-nfl 

anthranilate 

an-thran'I-lafc 

anthranilic 

an'thrd-nn'ik 

antimonic 

an'tl-mon'ik 

an'ti-mo'nfk  (usage) 

antimonyl 

an'tl-mo-nil 

aqua 

ak'wa 

aqueous 

a'kwe-#s 

arabitol 

d-rab'*-tol 

arabonic 

ar'd-bon'Ik 

arachidic 

ar'd-kld'Ik 

arecoline 

#-re'ko-len 

d-re'kS-lm  (usage) 

arsenic  (acid) 

ar-sen'Ik 

ar's£-nik  (usage) 

arsine 

ar-sen' 

arsonic 

ar-son'Ik 

asphalt 

as'folt 

assay 

as'a  (usage) 

&-S8l' 

asymmetric 

a/sI-mSt'rlk 

as'i-meVrik 

atropine 

at'ro-pen 

auricyanide 

6'rl-si'd-nid 

6'ri-si'd-nid  (usage) 

avitaminosis 

a-vi  'td-mm-o'sls 

azelaic 

az'e-la'Ik 

azide 

az'id 

azine 

az'en 

azobenzene 

az'6-ben'zen 

barium 

ba'rf-#m 

bar'*-#m 

behenic 

b6-hen'Ik 

benzamide 

ben-zam'id 

ben-zam'fcl  (usage) 

benzanilide 

ben-zan'I-lid 

ben-zan'i-lfcl  (usage) 

benzene 

ben'zen 

benzil 

ben'zfl 

benzilic 

ben-zu'ik 

benzine 

ben'zen 
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benzohydrol 

benzoin 

benzophenone 

benzoyl 

benzyl 

betaine 

betulinamaric 

biuret 

bivalent 

borneol 

boron 

bromal 

bromide 

bromine 

buret 

butadiene 

butanolide 

butyl 

butyronitrile 

cacodyl 

cacodylate 

caffeine 

calorimetric 

camphanic 

campholenic 

campholic 

caproate 

caprylate 

carbamate 

carbamide 

carbanilide 

carbethoxy 

carbinol 

carbonyl 

cataphoresis 

catechol 

cerebroside 

eerie 

cetic 

cetyl 

chalcone 

chelidonic 

chloral 

chloride 

chlorophyllide 

cholesterol 

cholic 


ben'zo-hi'drol 

b&n'z6-m 

ben'zo-f^-non' 

ben'zo-H 

ben'zn 

be'ta-en 

beVu-lm-a-mar'Ik 

bl'u-rSt'  (usage) 

bi-va'lent 

bor'nS-ol 

bo'r5n 

bro'mal 

bro'mid 

bro'men 

bu-rSt' 

bu'ta-di'en 

bu-tan'6-lid 

bu'til 

bu'ti-rd-nftnl 

kak'6-dll 

kak'6-dH-at 

kaf'e-en 

kal'6-rf-meYrfk 

kam-fan'Ik 

kam'fo-le'nlk 

kam-fo'Hk 

kap'ro-at 

kap'ri-lat 

kar'ba-mat 

kar-bam'id 

kar-ban'i-lid 

kar'b£th-5k'si 

kar'bl-nol 

kar'bo-nn1 

kat'a-fo-re'sfe 

kat'e-chol 

ser'e-bro-sld 

se'rlk 

se't& 

se'til 

kal'kon 

kel'I-don'Ik 

klo'ral 

klo'rid 

klo'ro-M'id 

ko-les'ter-ol 

ko'llk 
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ben 'z 6-hi-drol'  (usage) 
ben'z6-el  (usage) 

bl'u-rSt 
bor'on 


bu-tan'6-lld  (usage) 

bu'tl-r6-nl'trll  (usage) 

kak'6-dfl'at 
kaf'e-m  (usage) 
kaf'en  (popular) 

kam'fo-len'Ik 


kar-bam'at  (usage) 
kar-bam'id  (usage) 
kar-ban'1-lld  (usage) 


kat'6-kol  (usage) 

se-re'br6-sid 

ser'Ik 

sStll 

chal'kon  (usage) 

ke'tt-ddn'Ik  (usage) 
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choline 

choloidanic 

chromyl 

cinene 

cinnamal 

cinnamate 

cinnamic 

citrate 

clupeine 

cobalticyanide 

cocaine 

codeine 

colchicine 

colloid 

comenic 

coniceine 

coniine 

constitutive 

convallamarin 

coumaric 

coumarin 

creatine 

cresol 

cresyl 

crotonic 

cyanamide 

cyanogen 

cyclic 

cyclohexane 

cysteine 

decyl 

decylene 

desoxy 

diacetyl 

diazo 

dichromate 

diethylamine 

dinaphthol 

dioxindole 

diphenic 

diphenylethane 

dipropargyl 

distillate 

dynamite 

elaidic 

elemolic 

enol 


ko'len 

kSl'oi-dan'Ik 

kro'mn1 

si'nen 

sln'a-mal 

sm'a-mat 

sl-nam'Ik 

sft'rat 

kloo'pe-en 

ko-b  61  'tl-sl'#-nid 

ko-kan'  (popular) 

ko'de-en 

kSl'chl-sen  (usage) 

k61'oid 

ko-men'Ik 

ko-nls'e-en 

ko'nl-en 

k5n'stl-tu'tlv 

k<3n-v  al  'a-mar'in 

koo-mar'Ik 

koo'md-ila 

kre'd-ten 

kre'sol 

kres'H 

kro-t6n'Ik 

si'an-am'id 

sl-an'6-jen 

si'kllk 

si'kl6-heVsan 

sls'te-en 

des'Il 

des'Uen 

des-Sk's! 

di-as'e-tll 

dl-az'6 

di-kro'mat 

di-Sth'n-a-men' 

di-naf'thol 

di'ok-sm'dol 

dl-fen'Ik 

di-fen'n-Sth'an 

di'pro-par'ju 

dfe'tUat 

di'nd-mit 

el'a-Id'ik 

ei'6-m6'ttk 

e'nol 
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sm'en 
s*-nam'at 


kd-bol'tl-si'd-nld  (usage) 
ko'ka-en 


kSl'kl-sen 


k<5n-stlt'u-tiv 

ku-mar'Ik  (usage) 
kii'md-rm  (usage) 
kre'd-tln  (usage) 

kie'su 

si'an-am'id  (usage) 
si-an'd-mid 


dl-5k'sm-d5l 


dis'tl-lat 
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enolic 

enterokinase 

enzyme 

enzymic 

ephedrine 

ergosterol 

erythrose 

ethoxide 

ethyl 

ethylidene 

ferricyanide 

fluorene 

fluorescein 

fluorine 

formamide 

fructose 

fulminic 

fumaric 

furan 

furfural 

furoin 

galalith 

geraniol 

gitogenic 

gluconic 

glucosamine 

glucoside 

glutamic 

glutaric 

glutathione 

glyceric 

glycine 

glycolic 

glycyl 

glycyrrhetic 

glyoxal 

glyoxyl 

guaiacol 

guanidine 

guanine 

gulose 

hafnium 

halide 

halogen 

haloid 

haloquinonoid 

hematin 

hemoglobin 


e-no'Hk 
en'ter-6-ki'nas 
en'zlm 
en-zl'mflc 
£f'e-dren 
er-g6s'ter-ol 
er'I-thros 
£th-6k'sld 
Sth'H 

Sth-fl'I-den 
feVi-si'a-nid 
floo'6-ren 
floo'6-res'6-ui 
floo'6-ren 
form-am'ld 
fruk'tos 
ful-mm'Ik 
fti-mar'Ik 
fu'ran 
fur'f&r-al 
fu'ro-m 
gal'tf-llth 
je-ra'nl-ol 
jlVo-jen'Ik 
gloo-kSn'Ik 
gloo  'kos-a-men# 
gloo'ko-sid 
gloo-tam'Ik 
gloo-tar'Ik 
gloo'ta-thl'on 
gll-ser'Ik 
gli'sen 
gll-ko'llk 
gli'sll 

ghVI-reYik 
gll-Sk'sal 
gli-Sk'stt 
gwl'a-kol 
gwa'nl-den 
gwa'nen 
gti'los 
haf'nl-#m 
haFid 
hal'6-jen 
hal'oid 

hal'o-kwm'6-noid 
hem'#-tm  (usage) 
he'mo-glo'bln 
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en'ter-6-km'as 

S-f8d'rm  (usage) 
£-rith'ros 

Sth'H-I-den 

floo-or'e-sen  (usage) 
form-am'ld  (usage) 


gll-sen'  (usage) 
gli-kSl'Ik  (usage) 


gli'dk-sal'  (usage) 


halld  (usage) 

ha'loid 

hal'6-kwl-no'noid 
he'ma-tm 
hem'6-glo'bhi 
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heroine 

hydantoin 

hydrazide 

hydrazine 

hydrazo 

hydrazoic 

hydriodic 

hydrofluoric 

hydroquinone 

hydrosol 

hydroxylamine 

hyenic 

hypoiodous 

iatrochemistry 

idose 

illinium 

imide 

imido 

imino 

indigotin 

indoxyl 

inositol 

iodine 

iodoso 

iodous 

ionone 

irone 

isatide 

isatin 

iso 

isotropic 

itaconic 

labile 

lauronolic 

leucine 

linalool 

linalyl 

linoleic 

linolenic 

lipase 

lipide 

lipoid 

litharge 

lutidine 

maleic 

malic 

malonic 

malonyl 


her'6-en 

hi-dan'to-m 

hi'dra-zld 

hi'dra-zen 

hi-draz'6 

hi-dra-zo'ik 

hi'dri-odlk 

hI'dr6-fl6o-6r'ik 

hi'dro-kwl-non' 

hi'dro-s6l 

hi-dr  ok  'sll -a-men' 

hi-en'Xk 

ta'po-i-o'd-fts 

i-at  'r  6-kem'Is-trI 

I'dos 

I-M4m 

fan'id 

I-me'do 

I-me'no 

m-dlg'6-tm 

In-d6k'sn 

m-o'si-tol 

i'6-den 

I'o-do'so 

T-6'd#s 

i'6-non'  (usage) 

I-ron'  (usage) 

I'sa-tid 

l'sa-tm 

I'so 

I'so-trop'Ik 

It'a-kon'ik 

la'bll 

16'ro-no'llk 

loosen  (usage) 

lm-al'6-ol 

lm'a-hl 

lm'6-le'ik 

lm'6-len'ik 

li'pas 

li'pld 

li'poid 

Hth'arj 

loo'tl-den  (usage) 

ma-le'Ik 

mal'Ik 

mtf-lSn'Ik 

mal'6-nfl 
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her'6-hi  (usage) 


Im'Id  (usage) 

hn'*-no 
m'dl-go'tm 


I's6-trd'plk 


lu'sen 


lm'6-le'n¥k  (usage) 

Hp'ld  (usage 
llp'oid  (usage) 

lu'tl-dcn 


m#-lo'n!k  (usage) 


THE  PRONUNCIATION  OF  CHEMICAL  WORDS 

(Continued) 

mandelic 

man-del'Ik 

manganese 

man'ga-nes 

manganic 

man-gan'Ik 

mannonic 

ma-n6n'Ik 

margaric 

mar-gar'Ik 

mar-gar'Ik  (usage) 

meconic 

me-kon'Ik 

melissyl 

me-lis'H 

mellophanic 

meTo-fan'Ik 

menthol 

men'thol 

mercaptal 

mer-kap'tal 

mercaptan 

mer-kap'tan 

mercuric 

mer-ku'rik 

mercurous 

mer-ku'rfts 

mesaconic 

mes'd-kon'Ik 

mesityl 

mes'I  til 

mesitylene 

me-slt'11-en 

mesitylenic 

me-srt'I-le'nlk 

me-srt'Uen'& 

mesotartaric 

mes'6-tar-tar'ik 

meVo-tar-tarlk  (usage) 

mesothorium 

meV6-tho'ri-#m 

mesoxalic 

mSs'Sk-sallk 

meVdk-sarik  (usage) 

metarsenic 

meVar-sen'Ik 

methanol 

mSth'o-nol 

methyl 

mSth'tt 

methylal 

mSth'u-al 

meWll-al'  (usage) 

methylamine 

m&th'Il-a-men' 

micro 

mi'kro 

mole 

mol 

molecule 

morS-kul 

monacetin 

m6n-as'e-thi 

mo-nas'e-tm 

mono 

m6n'6 

mo'no 

monoxide 

mSn-Sk'sId 

mo-nSk'sid 

morphine 

m  or  'fen 

naphthalide 

naf'tha-lld 

naf'tha-Hd  (usage) 

naphthenic 

n&f-the'nlk 

naf-then'Ik 

naphthol 

naf'thol 

nascent 

nas'ent 

na's£nt 

neurine 

noo'ren  (usage) 

nu'ren 

niton 

ni'ton 

nitrato 

ni-tra'to 

nitrile 

ni'tril 

ni'tril  (usage) 

nitro 

ni'tro 

nitrosamine 

ni'tro-sa-men' 

nitro  syl 

ni'tro-sft 

ni-tro'sfl  (usage) 

nitroxyl 

nl-trSk'stt 

nonane 

no'nan 

nucleic 

nu-kle'Ik 

nucleotide 

nu'kle-o-tld 

oleic 

6-le'Ik 
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(Continued) 


orcinol 

ortho 

osazone 

osmium 

oxalic 

oxazine 

oxide 

oxime 

oxindole 

oxozonide 

ozone 

palladio 

pelargonic 

pentitol 

peptide 

periodic  (acid) 

permutite 

peroxide 

phenate 

phenazine 

phenetidine 

phenol 

phenolic 

phenolphthalein 

pheophorbide 

phloretic 

phlorizin 

phosphatide 

phosphorous 

phthalein 

phthalic 

phthalide 

phthalimide 

phytol 

phytosterol 

picric 

pilocarpine 

pimalic 

pimaric 

pimelic 

pinacolone 

piperamide 

piperidine 

polymerism 

polymerize 

porphyrin 

praseodymium 


6r's*-nol 

6r'th6 

6'sa-zon 

&z'ml-um 

6k-sal'Ik 

5k'sa-zen 

Sk'sid 

ftk'sem 

6k-sm'dol 

tik-so'zo-nld 

6'zon 

pa-la'dI-6 

peTar-gSn'Ik 

pen'tl-tol 

pep'tld 

pur'I-odlk 

pur'mu-tit 

per-5k'sld 

fe'nat 

fen'a-zen 

fen-eTI-den 

fe'nol 

fe-no'lik 

le'nol-thal'e-in 

fe'S-f6r'bid 

flo-reVIk 

fl6r'l-zm 

fSs'fa-tid 

f6s-fo'r#s 

thal'e-m 

th&llk 

thalld 

thal-mi'id 

fi'tol 

fi-tos'ter-6l 

p&'rik 

pi'lo-kar'pen 

pI-maHk 

pl-mar'ik 

pl-mel'Ik 

pm-ak'6-lon 

prp'er-am'id 

pl-per'I-den 

pSri-mer-Iz'm 

pSn-mer-iz 

por'ft-rm 

pra'z€-6-dXm'I-#m 
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o'sd-zon'  (usage) 


6k'sm-dol 


fen'at 


fe'nol-thal'en  (usage) 


f6s'f6-r#s  (usage) 
thal'en  (usage) 


thal-im'Id  (usage) 


prp'er-am'id  (usage) 

p¥-p8r'a-mid 
pip'er-*-den 
po-Hm'er-Iz'm 
p6-llm'er-iz 


THE  PRONUNCIATION  OF  CHEMICAL  WORDS 

(Continued) 


propiolic 

pro'pf-o'llk 

propionamide 

pro'pl-on-am'id 

pro'pI-Sn-am'Id  {u, 

propionic 

pro'pI-Sn'Ik 

propionyl 

pro'pl-o-nfl 

propyl 

pro'pil 

propylidene 

pro-pIFI-den 

pro'pll-l-den 

protein 

pro'te-m 

ptomaine 

to'man  {popular) 

to'ma-en 

pyrazoline 

plr-az'6-len 

pyrogallol 

pi'rd-gaTol 

pyrrole 

pfr'ol 

pfr-ol'  {usage^ 

pyrrolidine 

pl-ro'li-den 

pi-r6l'I-den 

pyruvic 

pl-roo'vik 

quadrivalent 

kwod'ri-va'lent 

quinine 

kwi'nin  {popular) 

kwm'en 

quinone 

kwm-on' 

quinonoid 

kwin'6-noid 

kwl-no'noid 

racemize 

ras'e-miz 

resorufin 

reVo-roo'fm 

rhamnitol 

ram'ni-tol 

ribonic 

rl-bon'Ik 

ribose 

ri'bos 

ricin 

ri'sln 

rosaniline 

roz-an'I-len 

roz-an'I-lm  {usage) 

rosolic 

roz-o'Hk 

roz-6nk  {usage) 

sabinene 

sab'i-nen 

saccharic 

sa-kar'ik 

saccharide 

sak'a-rid 

salicylate 

sal'I-sil-at 

s<X-Hs'I-lat 

saligenin 

sa-lrj'e-nin 

samarium 

sa-mar'i-#m 

s#-ma'rl-#m 

santalic 

san-tal'Ik 

sebacic 

se-bas'Ik 

selenate 

sel'e-nab 

selenic 

se-len'Ik 

sS-le'nlk  {usage) 

selenide 

sel'^-md 

semicarbazide 

sem'I-kar'b#-zid 

sem'i-kar'b#-zid 

serine 

s&r'en 

skatole 

ska'tol 

solute 

sSl'ut 

stannonic 

sta-n5n1k 

stearic 

ste-ar'flc 

stearin 

ste'a  rin 

stearolic 

ste'-a-ro'llk 

stibine 

stlb'en 

strontium 

strSn'shI-#m 

strychnine 

strfk'nen 

strik'nm  {usage) 

styrene 

sti'ren 
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sulfuric 

sulfonal 

sulfone 

sulfonic 

sulfurous 

sulfuryl 

tartaric 

taurocholic 

terephthalic 

tetrolic 

thebaine 

theine 

titanic 

titanium 

titanous 

titanyl 

titer 

titrate 

trional 

trivalent 

univalent 

uranyl 

urea 

ureide 

valeric 

valine 

vanadate 

vanillin 

veratrole 

vinyl 

vitamin 

vitellin 

xenon 

xylitol 


sul-fm'Ik 

sul'fo-nal 

sul-fon' 

siil-fSn'Ik 

sul-fu'r#s 

sul'fu-ru 

tar-tar'Ik 

to'ro-ko'llk 

ter'Sf-thal'Ik 

te-tro'llk 

the'ba-en 

the'en 

ti-tan'Ik 

ti-ta'nl-#m 

ti-tan'#s 

ti'tan-Il 

ti'ter 

tl'trat 

tri'6-nal 

tri-va'lent 

u'nl-va'l&it 

ii'ra-nfl 

u-re'a 

ii're-id 

va-ler'Ik 

val'en 

van'a-dat 

van'I-lm 

ver'a-trol 

vi'nll 

vi'ta-mui 

vi-tel'm 

ze'n5n 

zl'U-tol 


sul'fon 


tar-tar'Ik  (usage) 


va'len 
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FLAME  AND  BEAD  TESTS 

Flame  Colorations 
Violet 

Potassium  compounds.  Purple  red  through  blue  glass. 
Easily  obscured  by  sodium  flame.  Bluish  green  through  green 
glass.  Rubidium  and  Caesium  compounds  impart  same  flame 
as  potassium  compounds. 

Blues 

Azure, — Copper  chloride.  Copper  bromide  gives  azure  blue 
followed  by  green.  Other  copper  compounds  give  same  colora- 
tion when  moistened  with  hydrochloric  acid. 

Light  Blue. — Lead,  Arsenic,  Selenium. 

Greens 

Emerald. — Copper  compounds  except  the  halides,  and  when 
not  moistened  with  hydrochloric  acid. 

Pure  Green. — Compounds  of  thallium  and  tellurium. 

Yellowish. — Barium  compounds.  Some  molybdenum  com- 
pounds. Borates,  especially  when  treated  with  sulphuric  acid 
or  when  burned  with  alcohol. 

Bluish. — Phosphates  with  sulphuric  acid. 

Feeble. — Antimony  compounds.     Ammonium  compounds. 

Whitish. — Zinc. 

Reds 

Carmine. — Lithium  compounds.  Violet  through  blue  glass. 
Invisible  through  green  glass.     Masked  by  barium  flame. 

Scarlet. — Strontium  compounds.  Violet  through  blue  glass. 
Yellowish  through  green  glass.     Masked  by  barium  flame. 

Yellowish. — Calcium  compounds.  Greenish  through  blue 
glass.     Green  through  green  glass.     Masked  by  barium  flame. 


Yellow.- 


Yellow 
-All  sodium  compounds. 


Invisible  with  blue  glass. 


Borax  Beads 


Abbreviations   employed:   s.,   saturated;   s.s.,   supersaturated;    n.s.,    not 
saturated;  h.,  hot;  c,  cold. 


Substance 

Oxidizing  flame 

Reducing  flame 

Aluminum 

Colorless     (h.c,    n.s.); 
opaque  (s.s.) 

Colorless;  yellow  or  brown- 
ish (h.,  8.8.) 

Colorless  (n.s.) 

Colorless;  yellow  or  brown- 
ish (h.,  s.s.) 

Colorless 

Colorless  (n.s.) 

Red  (h.) 

Green  (c.) 

Blue  (h.c.) 

Green  (h.);  blue  (c.) 

Colorless;  opaque  (s.) 

Antimony 

Gray  and  opaque 

Bismuth 

Gray  and  opaque 

Cadmium 

Grav  and  opaque 

Cerium 

Colorless  (h.c.) 

Chromium 

Cobalt 

Green 
Blue  (h.c.) 

Copper 

Red     (c):     opaque     (s.s.): 

colorless  (h.) 
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FLAME  AND  HEAD  TESTS  (Continued) 
Borax  Beads  (Continued) 


Substance 

Oxidizing  flame 

Reducing  flame 

Iron 

Yellow    or    brownish    red 
(h.,  n.s.) 

Colorless;  yellow  or  brown- 
ish (h.,  s.s.) 

Colorless  (n.s.) 

Violet  (h.c.) 

Colorless 

Brown;  red  (c.) 

Colorless     (h.c);     opaque 
(s.s.) 

Colorless  (n.s.) 

Colorless  (n.s.) 

Colorless     'vh.c);     opaque 
(s.s.) 

Colorless 

Colorless 

Yellow    or    brownish    (h., 
n.s.) 

Colorless 

Green  (s.s.) 

Lead 

Gray  and  opaque 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Colorless  (h.c.) 
Yellow  or  brown  (h.) 
Gray  and  opaque 

Silicon 

Colorless;  opaque  (s.) 

Silver 

Gray  and  opaque 

Strontium 

Tin 

Titanium 

Colorless;  opaque  (s.) 
Yellow  (h.);  violet  (c.) 

Tungsten 

Uranium 

Brown 
Green 

Vanadium 

Green 

Beads  of  Microcosmic  Salt 
NaNH4HP04 

Substance 

Oxidizing  flame 

Reducing  flame 

Aluminum 

Colorless;  opaque  (s.) 
Colorless  (n.s.) 
Colorless;  opaque  (s.) 
Colorless  (n.s.) 
Colorless  (n.s.) 
Colorless;  opaque  (s.) 
Yellow    or    brownish    red 

(h.,  s.) 
Red  (h.,  s.);  green  (c.) 
Blue  (h.c.) 
Blue  (a);  green  (h.) 
Yellow  or  brown  (h.,  s.) 

Colorless  (n.s.) 
Colorless;  opaque  (s.) 
Violet  (h.c.) 
Colorless;  green  (h.) 
Yellow  (c);  red  (h.,  s.) 

(Swims  undissolved) 

Colorless;  not  clear  (s.s.) 

Antimony 

Gray  and  opaque 

Barium 

Colorless;  not  clear  (s.s.) 

Bismuth 

Gray  and  opaque 

Cadmium 

Gray  and  opaque 

Calcium 

Colorless;  not  clear  (s.s.) 

Cerium 

Colorless 

Chromium 

Cobalt 

Green  (c.) 
Blue  (h.c.) 

Copper 

Red  and  opaque  (c.) 

Iron 

Colorless;  yellow  or  brown- 

Lead  

ish  (h.) 
Gray  and  opaque 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Colorless;  not  clear  (s.s.) 

Colorless 

Green  (h.) 

Yellow  (c.) ;  red  (h.) ;  gray 

Silicon 

and  opaque 
(Swims  undissolved) 

Silver 

Gray  and  opaque 

Strontium 

Colorless;  opaque  (s.) 
Colorless;  opaque  (s.) 
Colorless  (n.s.) 

Green;    yellow   or   brown- 
ish (h.,  s.) 
Yellow 
Colorless  (n.s.) 

Colorless;  not  clear  (s.s.) 

Tin 

Colorless 

Titanium 

Violet      (c);      yellow      or 

Uranium 

brownish  (h.) 
Green  (h.) 

Vanadium 

Green 

Zinc 

Gray  and  opaque 

Sodium  Carbonate  I 

Sead 

Manganese 

Green 

Colorless 
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PREPARATION  OF  REAGENTS 

The  following  pages  present  directions  for  the  preparation 
of  various  reagents.  The  collection  has  been  prepared  with  the 
active  collaboration  of  W.  D.  Bonner,  R.  K.  Carleton,  L.  L. 
Carrick,  Giles  B.  Cooke,  E.  J.  Cragoe,  Thos.  De  Vries,  James  L. 
Kassner,  Thos.  W.  Mason,  F.  C.  Mathers,  M.  G.  Mellon, 
W.  C.  Pierce,  J.  H.  Reedy,  Arthur  A.  Vernon  and  S.  R.  Wood. 
Many  others  have  contributed  valuable  suggestions. 


Volumes  have  been  stated  in  milliliters  (ml)  and  liters  (1). 
One  milliliter  is  equivalent  to  1.000027  cubic  centimeters  (cm3 
or  cc).     Masses  are  indicated  in  grams  (g). 

The  relation  to  molar  solution  (M)  or  normal  solution  (N) 
is  indicated  in  many  cases. 

Distilled  water  should  be  used. 

LABORATORY  REAGENTS  FOR  GENERAL  USE 

DILUTE  ACIDS,  3  molar.  Use  the  amount  of  concentrated 
acid  indicated  and  dilute  to  one  liter. 

Acetic  acid,  3  N.     Use  172  ml  of  17.4  M  acid  (99-100%). 

Hydrochloric  acid,  3  N.  Use  258  ml  of  11.6  M  acid  (36  % 
HC1). 

Nitric  acid,  3  N.     Use  195  ml  of  15.4  M  acid  (69  %  HN03). 

Phosphoric  acid,  9  N.  Use  205  ml  of  14.6  M  acid  (85  % 
H3P04). 

Sulfuric  acid,  6  N.  Use  168  ml  of  17.8  M  acid  (95% 
H2SO4). 

DILUTE  BASES. 

Ammonium  hydroxide,  3  M,  3  N.  Dilute  200  ml  of  con- 
centrated solution  (14.8  M,  28%  NH3)  to  1  liter. 

Barium  hydroxide,  0.2  M,  0.4  N.  Saturated  solution, 
63  g  per  liter  of  Ba(OH)2.8H20.  Use  some  excess,  filter  off 
BaC03  and  protect  from  C02  of  the  air  with  soda  lime  or 
ascarite  in  a  guard  tube. 

Calcium  hydroxide,  0.02  M,  0.04  N.  Saturated  solution, 
1.5  g  per  liter  of  Ca(OH)2.  Use  some  excess,  filter  off  CaC03 
and  protect  from  C02  of  the  air. 

Potassium  hydroxide,  3  M,  3  N.  Dissolve  176  g  of  the 
sticks  (95  %)  in  water  and  dilute  to  1  liter. 

Sodium  hydroxide,  3  M,  3  N.  Dissolve  126  g  of  the  sticks 
(95  %)  in  water  and  dilute  to  1  liter. 

GENERAL  REAGENTS.  (See  also  Standard  Solutions  for 
Volumetric  Analysis,  and  Decinormal  Solutions  of  Salts  and  Other 
Reagents.)  _       rtrt         . 

Aluminum  chloride,  0.167  M,  0.5  N.     Dissolve  22  g  of 

A1CU  in  1  liter  of  water. 
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LABORATORY  REAGENTS  (Continued) 

Aluminum  nitrate,  0.167  M>  0.5  N.  Dissolve  58  g  of 
A1(N03)3.7.5H20  in  1  liter  of  water. 

Aluminum  sulfate,  0.083  M,  0.5  N.  Dissolve  56  g  of 
A12(S04)3.18H20  in  1  liter  of  water. 

Ammonium  acetate,  3  M,  3  N.  Dissolve  230  g  of 
NH4C2H3O2  in  water  and  dilute  to  1  liter. 

Ammonium  carbonate,  1.5  M.  Dissolve  144  g  of  the 
commercial  salt  (mixture  of  (NH4)2C03.H20  and  NH4C02NH2) 
in  500  ml  of  3  N  NH4OH  and  dilute  to  1  liter. 

Ammonium  chloride,  3  M,  3  N.  Dissolve  160  g  of  NH4C1 
in  water.     Dilute  to  1  liter. 

Ammonium  molybdate. 

1.  0.5  M,  1  N.  Mix  well  72  g  of  pure  M0O3  (or  81  g  of 
H2M0O4)  with  200  ml  of  water,  and  add  60  ml  of  cone,  ammo- 
nium hydroxide.  When  solution  is  complete,  filter  and  pour 
nitrate,  very  slowly  and  with  rapid  stirring,  into  a  mixture  of 
270  ml  of  cone.  HNO3  and  400  ml  of  water.  Allow  to  stand 
over  night,  filter  and  dilute  to  1  liter. 

2.  The  reagent  is  prepared  as  two  solutions  which  are  mixed 
as  needed,  thus  always  providing  fresh  reagent  of  proper 
strength  and  composition.  Since  ammonium  molybdate  is  an 
expensive  reagent,  and  since  an  acid  solution  of  this  reagent  as 
usually  prepared  keeps  for  only  a  few  days,  the  method  proposed 
will  avoid  loss  of  reagent  and  provide  more  certain  results  for 
quantitative  work. 

Solution  1.  Dissolve  100  g  of  ammonium  molybdate  (C.P. 
grade)  in  400  ml  of  water  and  80  ml  of  15  M  NH4OH.  Filter  if 
necessary,  though  this  seldom  has  to  be  done. 

Solution  2.  Mix  400  ml  of  16  M  nitric  acid  with  600  ml  of 
water. 

For  use,  mix  the  calculated  amount  of  solution  1  with  twice 
its  volume  of  solution  2,  adding  solution  1  to  solution  2  slowly, 
with  vigorous  stirring.  Thus,  for  amounts  of  phosphorus  up  to 
20  mg,  10  ml  of  solution  1  to  20  ml  of  solution  2  is  adequate. 
Increase  amount  as  needed. 

Ammonium  nitrate,  1  M,  1  N.  Dissolve  80  g  of  NH4NO3 
in  1  liter  of  water. 

Ammonium  oxalate,  0.25  M,  0.5  N.  Dissolve  35.5  g  of 
(NH4)2C204.H20  in  water.     Dilute  to  1  liter. 

Ammonium  sulfate,  0.25  M,  0.5  N.  Dissolve  33  g  of 
(NH4)2S04  in  1  liter  of  water. 

Ammonium  sulfide,  colorless. 

1.  3  M.  Treat  200  ml  of  cone.  NH4OH  with  H2S  until 
saturated,  keeping  the  solution  cold.  Add  200  ml  of  cone. 
NH4OH  and  dilute  of  1  liter. 

2.  6  N.  Saturate  6  N  ammonium  hydroxide  (40  ml  cone, 
ammonia  solution  +  60  ml  H20)  with  washed  H2S  gas.  The 
ammonium  hydroxide  bottle  must  be  completely  full  and  must 
be  kept  surrounded  by  ice  while  being  saturated  (about  48  hours 
for  two  liters).  The  reagent  is  best  preserved  in  brown,  com- 
pletely filled,  glass-stoppered  bottles. 
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LABORATORY  REAGENTS  (Continued) 

Ammonium  sulfide,  yellow.  Treat  150  ml  of  cone- 
NH4OH  with  H2S  until  saturated,  keeping  the  solution  cool. 
Add  250  ml  of  cone.  NH4OH  and  10  g  of  powdered  sulfur. 
Shake  the  mixture  until  the  sulfur  is  dissolved  and  dilute  to 
1  liter  with  water.  In  the  solution  the  concentration  of 
(NH4)2S2,  (NH4)2S  and  NH4OH  are  0.625,  0.4  and  1.5  normal 
respectively.  On  standing,  the  concentration  of  (NH4)2S2 
increases  and  that  of  (NH4)2S  and  NH4OH  decreases. 

Antimony  pent  a  chloride,  0.1  M,  0.5  N.  Dissolve  30  g  of 
SbCh  in  1  liter  of  water. 

Antimony  trichloride,  0.167  M,  0.5  N.  Dissolve  38  g  of 
SbCl3  in  1  liter  of  water. 

Aqua  regia.  Mix  1  part  concentrated  HN03  with  3  parts  of 
concentrated  HC1.  This  formula  should  include  one  volume 
of  water  if  the  aqua  regia  is  to  be  stored  for  any  length  of  time. 
Without  water,  objectionable  quantities  of  chlorine  and  other 
gases  are  evolved. 

Barium  chloride,  0.25  M ,  0.5  N.  Dissolve  61  g  of  BaCl>. 
2H20  in  water.     Dilute  to  1  liter. 

Barium  hydroxide,  saturated  solution,  0.1  ikf,  about  0.2  N. 
Dissolve  32  g  of  Ba(OH)2.8H20  in  1  liter  of  water. 

Barium  nitrate,  0.25  M,  0.5  N.  Dissolve  65  g  of  Ba(N03)2 
in  1  liter  of  water. 

Bismuth  chloride,  0.167  Af,  0.5  N.  Dissolve  53  g  of 
BiCl3  in  1  liter  of  dilute  HC1.     Use  1  part  HC1  to  5  parts  water. 

Bismuth  nitrate,  0.083  M,  0.25  N.  Dissolve  40  g  of 
Bi(N03)3.5H20  in  1  liter  of  dilute  HN03.  Use  1  part  of  HN03 
to  5  parts  of  water. 

Cadmium  chloride,  0.25  M,  0.5  N.  Dissolve  46  g  of 
CdCl2  in  1  liter  of  water. 

Cadmium  nitrate,  0.25  M,  0.5  N.  Dissolve  77  g  of 
Cd(N03)2.4H20  in  1  liter  of  water. 

Cadmium  sulfate,  0.25  M,  0.5  N.  Dissolve  70  g  of  CdS04. 
4H20  in  1  liter  of  water. 

Calcium  chloride,  0.25  My  0.5  N.  Dissolve  55  g  of 
CaCl2.6H20  in  water.     Dilute  to  1  liter. 

Calcium  nitrate,  0.25  M,  0.5  N.  Dissolve  41  g  of  Ca(N03)  > 
in  1  liter  of  water. 

Chloroplatinic  acid. 

1.  0.0512  M,  0.102  N.  Dissolve  26.53  g  of  H2PtCl6.6H20  in 
water.     Dilute  to  100  ml.     Contains  0.100  g  Pt  per  ml. 

2.  Make  a  10  %  solution  by  dissolving  1  g  of  H2PtClr,.6H20  in 
9  ml  of  water.  Shake  thoroughly  to  insure  complete  mixing. 
Keep  in  a  dropping  bottle. 

Chromic  chloride,  0.167  M,  0.5  N.  Dissolve  26  g  of 
CrCl3  in  1  liter  of  water. 

Chromic  nitrate,  0.167  My  0.5  N.  Dissolve  40  g  of 
Cr(N03)3  in  1  liter  of  water. 

Chromic  sulfate,  0.083  M,  0.5  N.  Dissolve  60  g  of 
Cr2(S04)3.18H20  in  1  liter  of  water. 

Cobaltous  nitrate,  0.25  M,  0.5  N.  Dissolve  73  g  of 
Co(N03)2.6H20  in  1  liter  of  water. 
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Cobaltous  sulfate,  0.25  M,  0.5  N.  Dissolve  70  g  of 
CoS04.7H20  in  1  liter  of  water. 

Cupric  chloride,  0.25  M,  0.5  N.  Dissolve  43  g  of  CuCl2.- 
2H20  in  1  liter  of  water. 

Cupric  nitrate,  0.25  M,  0.5  N.  Dissolve  74  g  of  Cu(N03)2.- 
6H20  in  1  liter  of  water. 

Cupric  sulfate,  0.5  M,  1  JV.  Dissolve  124.8  g  of  CuS04.- 
5H20  in  water  to  which  5  ml  of  H2S04  has  been  added.  Dilute 
to  1  liter. 

Ferric  chloride,  0.5  Mt  1.5  N.  Dissolve  135.2  g  of  FeCl3.- 
6H20  in  water  containing  20  ml  of  cone.  HC1.  Dilute  to 
1  liter. 

Ferric  nitrate,  0.167  M,  0.5  N.  Dissolve  67  g  of  Fe(N03)3.- 
9H20  in  1  liter  of  water. 

Ferric  sulfate,  0.25  M,  0.5  N.  Dissolve  140.5  g  of  Fe2- 
(S04)3.9H20  in  water  containing  100  ml  of  cone.  H2S04.  Dilute 
to  1  liter. 

Ferrous  ammonium  sulfate,  0.5  1,  1  N.  Dissolve  196  g 
of  Fe(NH4S04)2.6H20  in  water  containing  10  ml  of  cone. 
H2S04.  Dilute  to  1  liter.  Prepare  fresh  solutions  for  best 
results 

Ferrous  sulfate,  0.5  M,  1  N.  Dissolve  139  g  of  FeS04.7H20 
in  water  containing  10  ml  of  cone.  H2S04.  Dilute  to  1  liter. 
Solution  does  not  keep  well. 

Lead  acetate,  0.5  M,  1  N.  Dissolve  190  g  of  Pb(C2H302)2.- 
3H20  in  water.     Dilute  to  1  liter. 

Lead  nitrate,  0.25  ikf,  0.5  N.  Dissolve  83  g  of  Pb(N03)2 
in  1  liter  of  water. 

Lime  water.     See  Calcium  hydroxide. 

Magnesium  chloride,  0.25  M,  0.5  N.  Dissolve  51  g  of 
MgCl2.6H20  in  1  liter  of  water. 

Magnesium  chloride  reagent.  Dissolve  50  g  of  MgCl2.- 
6H20  and  100  g  of  NH4C1  in  500  ml  of  water.  Add  10  ml  of 
cone.  NH4OH,  allow  to  stand  over  night  and  filter  if  a  precip- 
itate has  formed.  Make  acid  to  methyl  red  with  dilute  HC1. 
Dilute  to  1  liter.  Solution  contains  0.25  M  MgCl2  and  2  M 
NH4C1.  Solution  may  also  be  diluted  with  133  ml  of  cone. 
NH4OH  and  water  to  make  1  liter.  Such  a  solution  will  con- 
tain 2  M  NH4OH. 

Magnesium  nitrate,  0.25  M,  0.5  N.  Dissolve  64  g  of 
Mg(N03)2.6H20  in  1  liter  of  water. 

Magnesium  sulfate,  0.25  M,  0.5  N.  Dissolve  62  g  of 
MgS04.7H20  in  1  liter  of  water. 

Manganous  chloride,  0.25  M,  0.5  N.  Dissolve  50  g  of 
MnCl2.4H20  in  1  liter  of  water. 

Manganous  nitrate,  0.25  M,  0.5  N.  Dissolve  72  g  of 
Mn(N03)2.6H20  in  1  liter  of  water. 

Manganous  sulfate,  0.25  M,  0.5  N.  Dissolve  69  g  of 
MnS04.7H20  in  1  liter  of  water. 

Mercuric  chloride,  0.25  M>  0.5  N.  Dissolve  68  g  of 
HgCl2  in  water.     Dilute  to  1  liter. 
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Mercuric    nitrate,   0.25    M,    0.5   N.     Dissolve   81    g   of 
Hg(N03)2  in  1  liter  of  water. 

Mercuric  sulfate,  0.25  M,  0.5  N.     Dissolve  74  g  of  HgS04 
in  1  liter  of  water. 

Mercurous  nitrate.     Use  1  part  HgN03,  20  parts  water 
and  1  part  HN03. 

Nickel  chloride,  0.25  M,  0.5  N.     Dissolve  59  g  of  NiCl2.- 
6H20  in  1  liter  of  water. 

Nickel  nitrate,  0.25  M,  0.5  N.     Dissolve  73  g  of  Ni(N08)2.- 
6H20  in  1  liter  of  water. 

Nickel  sulfate,  0.25  M,  0.5  N.     Dissolve  66  g  of  NiS04.6H20 
in  1  liter  of  water. 

Potassium   bromide,   0.5   M,   0.5   N.     Dissolve   60  g  of 
KBr  in  1  liter  of  water. 

Potassium  carbonate,   1.5  M,  3  N.     Dissolve  207  g  of 
K2CO3  in  1  liter  of  water. 

Potassium  chloride,  0.5  M ,  0.5  N.  Dissolve  37  g  of  KC1 
in  1  liter  of  water. 

Potassium  chromate,  0.25  M,  0.5  N.  Dissolve  49  g  of 
K2Cr04  in  1  liter  of  water. 

Potassium  cyanide,  0.5  M,  0.5  N.  Dissolve  33  g  of  KCN 
in  1  liter  of  water. 

Potassium  dichromate,  0.125  M.  Dissolve  37  g  of 
K2Cr207  in  1  liter  of  water. 

Potassium  ferricyanide,  0.167  ikf,  0.5  N.  Dissolve  55 
g  of  K3Fe(CN)6  in  1  liter  of  water. 

Potassium  ferrocyanide,  0.5  M,  2  N.  Dissolve  211  g  of 
K4Fe(CN)6.3H20  in  water.     Dilute  to  1  liter. 

Potassium  iodide,  0.5  My  0.5  N.  Dissolve  83  g  of  KI  in 
1  liter  of  water. 

Potassium  nitrate,  0.5  M,  0.5  N.  Dissolve  51  g  of  KN03 
in  1  liter  of  water. 

Potassium  sulfate,  0.25  M,  0.5  N.  Dissolve  44  g  of  K2S04 
in  1  liter  of  water. 

Silver  nitrate,  0.5  M,  0.5  N.  Dissolve  85  g  of  AgN03  in 
water.     Dilute  to  1  liter. 

Sodium  acetate,  3  M,  3  N.  Dissolve  408  g  of  NaC2H302.- 
3H20  in  water.     Dilute  to  1  liter. 

Sodium  carbonate,  1.5  M,  3  N.  Dissolve  159  g  of  Na2C03, 
or  430  g  of  Na2CO3.10H2O  in  water.     Dilute  to  1  liter. 

Sodium  chloride,  0.5  M,  0.5  N.  Dissolve  29  g  of  NaCl 
in  1  liter  of  water. 

Sodium  cobaltinitrite,  0.08  M  (reagent  for  potassium). 
Dissolve  25  g  of  NaN02  in  75  ml  of  water,  add  2  ml  of  glacial 
acetic  acid  and  then  2.5  g  of  Co(N03)2.6H20.  Allow  to  stand 
for  several  days,  filter  and  dilute  to  100  ml.  Reagent  is  some- 
what unstable. 

Sodium  hydrogen  phosphate,  0.167  M,  0.5  N.  Dissolve 
60  g  of  Na2HP04.12H20  in  1  liter  of  water. 

Sodium  nitrate,  0.5  M,  0.5  N.  Dissolve  43  g  of  NaN03 
in  1  liter  of  water. 
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Sodium  sulfate,  0.25  My  0.5  N.  Dissolve  36  g  of  Na2S04 
in  1  liter  of  water. 

Sodium  sulfide,  0.5  M,  1  N.  Dissolve  120  g  of  Na2S.9H20 
in  water  and  dilute  to  1  liter.  Or,  saturate  500  ml  of  1  M 
NaOH  (21  g  of  95%  NaOH  sticks)  with  H2S,  keeping  the 
solution  cool,  and  dilute  with  500  ml  of  1  M  NaOH. 

Stannic  chloride,  0.125  M,  0.5  N.  Dissolve  33  g  of 
SnCl4  in  1  liter  of  water. 

Stannous  chloride,  0.5  M,  1  N.  Dissolve  113  g  of  SnCl2.- 
2H20  in  170  ml  of  cone.  HC1,  using  heat  if  necessary.  Dilute 
with  water  to  1  liter.  Add  a  few  pieces  of  tin  foil.  Prepare 
solution  fresh  at  frequent  intervals. 

Stannous  chloride  (for  Bettendorf  test).  Dissolve  113  g  of 
SnCl2.2H20  in  75  ml  of  cone.  HC1.     Add  a  few  pieces  of  tin  foil. 

Strontium  chloride,  0.25  M,  0.5  N.  Dissolve  67  g  of 
SrCl2.6H20  in  1  liter  of  water. 

Zinc  nitrate,  0.25  My  0.5  N.  Dissolve  74  g  of  Zn(N03)2.- 
6H20  in  1  liter  of  water. 

Zinc  sulfate,  0.25  M,  0.5  N.  Dissolve  72  g  of  ZnS04.7H2O 
in  1  liter  of  water. 


SPECIAL  SOLUTIONS  AND  REAGENTS 

Aluminon  (qualitative  test  for  aluminum).  Aluminon  is  a 
trade  name  for  the  ammonium  salt  of  aurin  tricarboxylic  acid. 
Dissolve  1  g  of  the  salt  in  1  liter  of  distilled  water.  Shake  the 
solution  well  to  insure  thorough  mixing. 

Bang's  reagent  (for  glucose  estimation).  Dissolve  100  g 
of  K2C03,  66  g  of  KC1  and  160  g  of  KHC03  in  the  order  given 
in  about  700  ml  of  water  at  30°  C.  Add  4.4  g  of  CuS04  and 
dilute  to  1  liter  after  the  C02  is  evolved.  This  solution  should 
be  shaken  only  in  such  a  manner  as  not  to  allow  entry  of  air. 
After  24  hours  300  ml  are  diluted  to  1  liter  with  saturated  KC1 
solution,  shaken  gently  and  used  after  24  hours;  50  ml  equiva- 
lent to  10  mg  glucose. 

Barfoed's  reagent  (test  for  glucose).     See  Cupric  acetate. 

Baudisch's  reagent.     See  Cupferron. 

Benedict's  solution  (qualitative  reagent  for  glucose). 
With  the  aid  of  heat,  dissolve  173  g  of  sodium  citrate  and  100  g 
of  Na2C03  in  800  ml  of  water.  Filter,  if  necessary,  and  dilute 
to  850  ml.  Dissolve  17.3  g  of  CuS04.5H20  in  100  ml  of  water. 
Pour  the  latter  solution,  with  constant  stirring,  into  the 
carbonate-citrate  solution,  and  make  up  to  1  liter. 

Benzidine  hydrochloride  solution  (for  sulfate  determina- 
tion). Make  a  paste  of  8  g  of  benzidine  hydrochloride  (Ci2H8- 
(NH2)2.2HC1)  and  20  ml  of  water,  add  20  ml  of  HC1  (sp.  gr. 
1.12)  and  dilute  to  1  liter  with  water.  Each  ml  of  this  solution 
is  equivalent  to  0.00357  g  of  H2S04. 

Bertrand's  reagent  (glucose  estimation).  Consists  of  the 
following  solutions: 
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(a)  Dissolve  200  g  of  Rochelle  salts  and  150  g  of  NaOH  in 
sufficient  water  to  make  1  liter  of  solution. 

(b)  Dissolve  40  g  of  CuS04  in  enough  water  to  make  1  liter 
of  solution. 

(c)  Dissolve  50  g  of  Fe2(S04)3  and  200  g  of  H2S04  (sp.  gr. 
1.84)  in  sufficient  water  to  make  1  liter  of  solution. 

(d)  Dissolve  5  g  of  KMn04  in  sufficient  water  to  make  1  liter 
of  solution. 

Rial's  reagent  (for  pentose).  Dissolve  1  g  of  orcinol 
(CH3.C6H3(OH)2)  in  500  ml  of  30  %  HC1  to  which  30  drops  of  a 
10%  solution  of  FeCl3  has  been  added, 

Boutron-Boudet  soap  solution. 

(a)  Dissolve  100  g  of  pure  castile  soap  in  about  2500  ml  of 
56  %  ethyl  alcohol. 

(b)  Dissolve  0.59  g  of  Ba(N03)2  in  1  liter  of  water. 
Adjust  the  castile  soap  solution  so  that  2.4  ml  of  it  will  give  a 

permanent  lather  with  40  ml  of  solution  (b).  Wnen  adjusted, 
2.4  ml  of  soap  solution  is  equivalent  to  220  parts  per  million  of 
hardness  (as  CaC03)  for  a  40  ml  sample. 

See  also  Soap  solution. 

Brucke's  reagent  (protein  precipitation).  See  Potassium 
iodide-mercuric  iodide. 

Clarke's  soap  solution  (or  A.P.H.A.  standard  method). 
Estimation  of  hardness  in  water. 

(a)  Dissolve  100  g  of  pure  powdered  castile  soap  in  1  liter 
of  80  %  ethyl  alcohol  and  allow  to  stand  over  night. 

(b)  Prepare  a  standard  solution  of  CaCl2  by  dissolving  0.5  g 
of  CaC03  in  HC1  (sp.  gr.  1.19),  neutralize  with  NH4OH  and 
make  slightly  alkaline  to  litmus,  and  dilute  to  500  ml.  One 
ml  is  equivalent  to  1  mg  of  CaC03. 

Titrate  (a)  against  (b)  and  dilute  (a)  with  80%  ethyl  alcohol 
until  1  ml  of  the  resulting  solution  is  equivalent  to  1  ml  of  (b) 
after  making  allowance  for  the  lather  factor  (the  amount  of 
standard  soap  solution  required  to  produce  a  permanent  lather 
in  50  ml  of  distilled  water).  One  ml  of  the  adjusted  solution 
after  subtracting  the  lather  factor  is  equivalent  to  1  mg  of 
CaC03. 

See  also  Soap  solution. 

Cobalticyanide  paper  (RinnmamVs  test  for  Zn).  Dissolve 
4  g  of  K3Co(CN)6  and  1  g  of  KC103  in  100  ml  of  water.  Soak 
filter  paper  in  solution  and  dry  at  100°  C.  Apply  drop  of  zinc 
solution  and  burn  in  an  evaporating  dish.  A  green  disk  is 
obtained  if  zinc  is  present. 

Cochineal.  Extract  1  g  of  cochineal  for  four  days  with  20 
ml  of  alcohol  and  60  ml  of  distilled  water.     Filter. 

Congo  red.  Dissolve  0.5  g  of  congo  red  in  90  ml  of  distilled 
water  and  10  ml  of  alcohol. 

Cupferron  (Baudisch's  reagent  for  iron  analysis).  Dis- 
solve 6  g  of  the  ammonium  salt  of  nitroso-phenyl-hydroxyl- 
amine  (cupferron)  in  100  ml  of  H20.  Reagent  good  for  one 
week  only  and  must  be  kept  in  the  dark. 
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Cupric  acetate  (Barfoed's  reagent  for  reducing  mono- 
saccharides). Dissolve  66  g  of  cupric  acetate  and  10  ml  of 
glacial  acetic  acid  in  water  and  dilute  to  1  liter. 

Cupric  oxide,  ammoniacal;  Schweitzer's  reagent  (dis- 
solves cotton,  linen  and  silk,  but  not  wool). 

1.  Dissolve  5  g  of  cupric  sulfate  in  100  ml  of  boiling  water, 
and  add  sodium  hydroxide  until  precipitation  is  complete. 
Wash  the  precipitate  well,  and  dissolve  it  in  a  minimum  quan- 
tity of  ammonium  hydroxide. 

2.  Bubble  a  slow  stream  of  air  through  300  ml  of  strong 
ammonium  hydroxide  containing  50  g  of  fine  copper  turnings. 
Continue  for  one  hour. 

Cupric  sulfate  in  glycerin-potassium  hydroxide  (reagent 
for  silk).  Dissolve  10  g  of  cupric  sulfate,  CuS04.5H20,  in  100 
ml  of  water  and  add  5  g  of  glycerin.  Add  KOH  solution  slowly 
until  a  deep  blue  solution  is  obtained. 

Cupron  (benzoin  oxime).  Dissolve  5  g  in  100  ml  of  95% 
alcohol. 

Cuprous  chloride,  acidic  (reagent  for  CO  in  gas  analysis). 

1.  Cover  the  bottom  of  a  two-liter  flask  with  a  layer  of  cupric 
oxide  about  one-half  inch  deep,  suspend  a  bunch  of  copper  wire 
so  as  to  reach  from  the  bottom  to  the  top  of  the  solution,  and 
fill  the  flask  with  hydrochloric  acid  (sp.  gr.  1.10).  Shake 
occasionally.  When  the  solution  becomes  nearly  colorless, 
transfer  to  reagent  bottles,  which  should  also  contain  copper 
wire.  The  stock  bottle  may  be  refilled  with  dilute  hydrochloric 
acid  until  either  the  cupric  oxide  or  the  copper  wire  is  used  up. 

Copper  sulfate  may  be  substituted  for  copper  oxide  in  the 
above  procedure. 

2.  Dissolve  340  g  of  CuCl2.2H20  in  600  ml  of  cone.  HC1  and 
reduce  the  cupric  chloride  by  adding  190  ml  of  a  saturated 
solution  of  stannous  chloride  or  until  the  solution  is  colorless. 
The  stannous  chloride  is  prepared  by  treating  300  g  of  metallic 
tin  in  a  500  ml  flask  with  cone.  HC1  until  no  more  tin  goes  into 
solution. 

3.  (Winkler  method).  Add  a  mixture  of  86  g  of  CuO  and 
17  g  of  finely  divided  metallic  Cu,  made  by  the  reduction  of 
CuO  with  hydrogen,  to  a  solution  of  HC1,  made  by  diluting  650 
ml  of  cone.  HC1  with  325  ml  of  water.  After  the  mixture  has 
been  added  slowly  and  with  frequent  stirring,  a  spiral  of  copper 
wire  is  suspended  in  the  bottle,  reaching  all  the  way  to  the 
bottom.  Shake  occasionally,  and  when  the  solution  becomes 
colorless,  it  is  ready  for  use. 

Cuprous  chloride,  ammoniacal  (reagent  for  CO  in  gas 
analysis). 

1.  The  acid  solution  of  cuprous  chloride  as  prepared  above  is 
neutralized  with  ammonium  hydroxide  until  an  ammonia  odor 
persists.  An  excess  of  metallic  copper  must  be  kept  in  the 
solution. 

2.  Pour  800  ml  of  acidic  cuprous  chloride,  prepared  by  the 
Winkler  method,  into  about  4  liters  of  water.     Transfer  the 
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precipitate  to  a  250  ml  graduate.  After  several  hours,  siphon 
off  the  liquid  above  the  50  ml  mark  and  refill  with  7.5  %  NH4OH 
solution  which  may  be  prepared  by  diluting  50  ml  of  cone. 
NH4OH  with  150  ml  of  water.  The  solution  is  well  shaken  and 
allowed  to  stand  for  several  hours.  It  should  have  a  faint  odor 
of  ammonia. 

Dichlorofluoreseein  indicator.  Dissolve  1  g  in  1  liter  of 
70  %  alcohol  or  1  g  of  the  sodium  salt  in  1  liter  of  water. 

Dimethylglyoxime  (diacetyl  dioxime),  0.01  N.  Dissolve 
0.6  g  of  dimethylglyoxime,  (CH3CNOH)2,  in  500  ml  of  95  % 
ethyl  alcohol.  This  is  an  especially  sensitive  test  for  nickel, 
a  very  definite  crimson  color  being  produced. 

Diphenylamine  (reagent  for  rayon).  Dissolve  0.2  g  in 
100  ml  of  concentrated  sulfuric  acid. 

Diphenylamine  sulfonate  (for  titration  of  iron  with 
K2Cr207).  Dissolve  0.32  g  of  the  barium  salt  of  diphenylamine 
sulfonic  acid  in  100  ml  of  water,  add  0.5  g  of  sodium  sulfate  and 
filter  off  the  precipitate  of  BaS04. 

Diphenylcarbazide.  Dissolve  0.2  g  of  diphenylcarbazide 
in  10  ml  of  glacial  acetic  acid  and  dilute  to  100  ml  with  95  % 
ethyl  alcohol. 

Esbach's  reagent  (estimation  of  protein).  To  a  water 
solution  of  10  g  of  picric  acid  and  20  g  of  citric  acid,  add  suffi- 
cient water  to  make  one  liter  of  solution. 

Eschka's  compound.  Two  parts  of  calcined  ("light") 
magnesia  are  thoroughly  mixed  with  one  part  of  anhydrous 
scdium  carbonate. 

Fehling's  solution  (reagent  for  reducing  sugars). 

(a)  Copper  sulfate  solution.  Dissolve  34.66  g  of  CuS04.- 
5H20  in  water  and  dilute  to  500  ml. 

(b)  Alkaline  tartrate  solution.  Dissolve  173  g  of  potassium 
sodium  tartrate  (Rochelle  salts,  KNaC4H406.4H20)  and  50  g 
of  NaOH  in  water  and  dilute  when  cold  to  500  ml. 

For  use,  mix  equal  volumes  of  the  two  solutions  at  the  time 
of  using. 

Ferric-alum  indicator.  Dissolve  140  g  of  ferric-ammo- 
nium sulfate  crystals  in  400  ml  of  hot  water.  When  cool, 
filter,  and  make  up  to  a  volume  of  500  ml  with  dilute  (6  N) 
nitric  acid. 

Folin's  mixture  (for  uric  acid).  To  650  ml  of  water  add 
500  g  of  (NH4)2S04,  5  g  of  uranium  acetate  and  6  g  of  glacial 
acetic  acid.     Dilute  to  1  liter. 

Formaldehyde-sulfuric  acid  (Marquis'  reagent  for  alka- 
loids). Add  10  ml  of  formaldehyde  solution  to  50  ml  of  sulfuric 
acid. 

Froehde's  reagent.     See  Sulfomolybdic  acid. 

Fuchsin  (reagent  for  linen).  Dissolve  1  g  of  fuchsin  in 
100  ml  of  alcohol. 

Fuchsin-sulfurous  acid  (Schiff's  reagent  for  aldehydes). 
Dissolve  0.5  g  of  fuchsin  and  9  g  of  sodium  bisulfite  in  500  ml 
of  water,  and  add  10  ml  of  HC1.  Keep  in  well-stoppered 
bottles  and  protect  from  light. 
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Gunzberg's  reagent  (detection  of  HC1  in  gastric  juice). 
Prepare  as  needed  a  solution  containing  4  g  of  phloroglucinol 
and  2  g  of  vanillin  in  100  ml  of  absolute  ethyl  alcohol. 

Hager's  reagent.     See  Picric  acid. 

II anus  solution  (for  iodine  number).  Dissolve  13.2  g  of 
resublimed  iodine  in  one  liter  of  glacial  acetic  acid  which  will 
pass  the  dichromate  test  for  reducible  matter.  Add  sufficient 
bromine  to  double  the  halogen  content,  determined  by  titration 
(3  ml  is  about  the  proper  amount).  The  iodine  may  be  dis- 
solved by  the  aid  of  heat,  but  the  solution  should  be  cold 
when  the  bromine  is  added. 

Iodine,  tincture  of.  To  50  ml  of  water  add  70  g  of  I2 
and  50  g  of  KI.     Dilute  to  1  liter  with  alcohol. 

Iodo-potassium  iodide  (Wagner's  reagent  for  alkaloids). 
Dissolve  2  g  of  iodine  and  6  g  of  KI  in  100  ml  of  water. 

Litmus  (indicator).  Extract  litmus  powder  three  times  with 
boiling  alcohol,  each  treatment  consuming  an  hour.  Reject 
the  alcoholic  extract.  Treat  residue  with  an  equal  weight  of 
cold  water  and  filter;  then  exhaust  with  five  times  its  weight 
of  boiling  water,  cool  and  filter.     Combine  the  aqueous  extracts. 

Magnesia  mixture  (reagent  for  phosphates  and  arsenates). 
Dissolve  55  g  of  magnesium  chloride  and  105  g  of  ammonium 
chloride  in  water,  barely  acidify  with  hydrochloric  acid,  and 
dilute  to  1  liter.  The  ammonium  hydroxide  may  be  omitted 
until  just  previous  to  use.  The  reagent,  if  completely  mixed 
and  stored  for  any  period  of  time,  becomes  turbid. 

Magnesium  reagent.     See  S  and  O  reagent. 

Magnesium  uranyl  acetate.  Dissolve  100  g  of  U02- 
(C2Hs02)2.2H20  in  60  ml  of  glacial  acetic  acid  and  dilute  to  500 
ml.  Dissolve  330  g  of  Mg(C2H302)2.4H20  in  60  ml  of  glacial 
acetic  acid  and  dilute  to  200  ml.  Heat  solutions  to  the  boiling 
point  until  clear,  pour  the  magnesium  solution  into  the  uranyl 
solution,  cool  and  dilute  to  1  liter.  Let  stand  over  night  and 
filter  if  necessary. 

Mar  me' s  reagent.     See  Potassium-cadmium  iodide. 

Marquis'  reagent.     See  Formaldehyde- sulfuric  acid. 

Mayer's  reagent  (white  precipitate  with  most  alkaloids 
in  slightly  acid  solutions).  Dissolve  1.358  g  of  HgCl2  in  60 
ml  of  water  and  pour  into  a  solution  of  5  g  of  KI  in  10  ml  of 
H20.     Add  sufficient  water  to  make  100  ml. 

Methyl  orange  indicator.  Dissolve  1  g  of  methyl  orange 
in  1  liter  of  water.     Filter,  if  necessary. 

Methyl  orange,  modified.  Dissolve  2  g  of  methyl  orange 
and  2.8  g  of  xylene  cyanole  FF  in  1  liter  of  50  %  alcohol. 

Methyl  red  indicator.  Dissolve  1  g  of  methyl  red  in  600 
ml  of  alcohol  and  dilute  with  400  ml  of  water. 

Methyl  red,  modified.  Dissolve  0.50  g  of  methyl  red  and 
1.25  g  of  xylene  cyanole  FF  in  1  liter  of  90  %  alcohol.  Or,  dis- 
solve 1.25  g  of  methyl  red  and  0.825  g  of  methylene  blue  in 
1  liter  of  90  %  alcohol. 
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Millon's  reagent  (for  albumins  and  phenols).  Dissolve 
1  part  of  mercury  in  1  part  of  cold  fuming  nitric  acid.  Dilute 
with  twice  the  volume  of  water  and  decant  the  clear  solution 
after  several  hours. 

Mixed  indicator.  Prepared  by  adding  about  1.4  g  of  xylene 
cyanole  FF  to  1  g  of  methyl  orange.  The  dye  is  seldom  pure 
enough  for  these  proportions  to  be  satisfactory.  Each  new  lot 
of  dye  should  be  tested  by  adding  additional  amounts  of  the 
dye  until  a  test  portion  gives  the  proper  color  change.  The  acid 
color  of  this  indicator  is  like  that  of  permanganate;  the  neutral 
color  is  gray ;  and  the  alkaline  color  is  green.  Described  by  Hick- 
man and  Linstead,  J.  Chem.  Soc.  (Lon.),  121*  2502  (1922). 

Molisch's  reagent.     See  a-Naphthol 

a-Naphthol  (Molisch's  reagent  for  wool).  Dissolve  15  g  of 
tt-naphthol  in  100  ml  of  alcohol  or  chloroform. 

Nessler's  reagent  (for  ammonia).  Dissolve  50  g  of  KI  in 
the  smallest  possible  quantity  of  cold  water  (50  ml).  Add  a 
saturated  solution  of  mercuric  chloride  (about  22  g  in  350  ml 
of  water  will  be  needed)  until  an  excess  is  indicated  by  the 
formation  of  a  precipitate.  Then  add  200  ml  of  5  N  NaOH  and 
dilute  to  1  liter.     Let  settle,  and  draw  off  the  clear  liquid. 

Nickel  oxide,  ammoniacal  (reagent  for  silk).  Dissolve 
5  g  of  nickel  sulfate  in  100  ml  of  water,  and  add  sodium  hydro- 
xide solution  until  nickel  hydroxide  is  completely  precipitated. 
Wash  the  precipitate  well  and  dissolve  in  25  ml  of  concentrated 
ammonium  hydroxide  and  25  ml  of  water. 

/>-Nitrobenzene-azo-resorcinol  (reagent  for  magnesium). 
Dissolve  1  g  of  the  dye  in  10  ml  of  N  NaOH  and  dilute  to  1  liter. 

Nitron  (detection  of  nitrate  radical).  Dissolve  10  g  of  nitron 
(C2oHi6N4,  4,  5-dihydro-l,  4-diphenyl-3,  5-phenylimino-l, 
2,  4-triazole)  in  5  ml  of  glacial  acetic  acid  and  95  ml  of  water. 
The  solution  may  be  filtered  with  slight  suction  through  an 
alundum  crucible  and  kept  in  a  dark  bottle. 

a-Nitroso-g-naphthol.  Make  a  saturated  solution  in  50  % 
acetic  acid  (1  part  of  glacial  acetic  acid  with  1  part  of  water). 
Does  not  keep  well. 

Nylander's  solution  (carbohydrates).  Dissolve  20  g  of 
bismuth  subnitrate  and  40  g  of  Rochelle  salts  in  1  liter  of  8  % 
NaOH  solution.     Cool  and  filter. 

Obermayer's  reagent  (for  indoxyl  in  urine).  Dissolve 
4  g  of  FeCl3  in  one  liter  of  HC1  (sp.  gr.  1.19). 

Oxine.  Dissolve  14  g  of  HC9H6ON  in  30  ml  of  glacial  acetic 
acid.     Warm  slightly,  if  necessary.     Dilute  to  1  liter. 

Oxygen  absorbent.  Dissolve  300  g  of  ammonium  chloride 
in  one  liter  of  water  and  add  one  liter  of  concentrated  ammo- 
nium hydroxide  solution.  Shake  the  solution  thoroughly.  For 
use  as  an  oxygen  absorbent,  a  bottle  half  full  of  copper  turnings 
is  filled  nearly  full  with  the  NH4CI-NH4OH  solution  and  the 
gas  passed  through.  ,.  x-n  j        * 

Pasteur's  salt  solution.  To  one  liter  of  distilled  water 
add  2.5  g  of  potassium  phosphate,  0.25  g  of  calcium  phosphate, 
0  25  g  of  magnesium  sulfate  and  12.00  g  of  ammonium  tartrate. 

1371 


SPECIAL    SOLUTIONS   AND   REAGENTS    (Continued) 

Pavy's  solution  (glucose  reagent).  To  120  ml  of  Fehling's 
solution,  add  300  ml  of  NH4OH  (sp.  gr.  0.88)  and  dilute  to 
I  liter  with  water. 

Phenanthroline  ferrous  ion  indicator.  Dissolve  1.485  g 
of  phenanthroline  monohydrate  in  100  ml  of  0.025  M  ferrous 
sulfate  solution. 

Phenolphthalein.  Dissolve  1  g  of  phenolphthalein  in 
50  ml  of  alcohol  and  add  50  ml  of  water. 

Phenol  sulfonic  acid  (determination  of  nitrogen  as  nitrate). 
Dissolve  25  g  of  phenol  in  150  ml  of  cone.  H2S04,  add  75  ml  of 
fuming  H2SO4  (15%  SO3),  stir  well  and  heat  for  two  hours 
at  100°  C. 

Phloroglucinol  solution  (pentosans).  Make  a  3  %  phloro- 
glucinol  solution  in  alcohol.     Keep  in  a  dark  bottle. 

Phosphomolybdic  acid  (Sonnenschein's  reagent  for  alka- 
loids). 

1.  Prepare  ammonium  phosphomolybdate  and  after  washing 
with  water,  boil  with  nitric  acid  and  expel  NH3;  evaporate  to 
dryness  and  dissolve  in  2  N  nitric  acid. 

2.  Dissolve  ammonium  molybdate  in  HN03  and  treat  with 
phosphoric  acid.  Filter,  wash  the  precipitate,  and  boil  with 
aqua  regia  until  the  ammonium  salt  is  decomposed.  Evaporate 
to  dryness.  The  residue  dissolved  in  10  %  HNO3  constitutes 
Sonnenschein's  reagent. 

Phosphoric  acid — sulfuric  acid  mixture.  Dilute  150  ml 
of  cone.  H2SO4  and  100  ml  of  cone.  H3PO4  (85  %)  with  water  to 
a  volume  of  1  liter. 

Phosphotungstic  acid  (Scheibler's  reagent  for  alkaloids). 

1.  Dissolve  20  g  of  sodium  tungstate  and  15  g  of  sodium 
phosphate  in  100  ml  of  water  containing  a  little  nitric  acid. 

2.  The  reagent  is  a  10  %  solution  of  phosphotungstic  acid  in 
water.  The  phosphotungstic  acid  is  prepared  by  evaporating 
a  mixture  of  10  g  of  sodium  tungstate  dissolved  in  5  g  of  phos- 
phoric acid  (sp.  gr.  1.13)  and  enough  boiling  water  to  effect 
solution.     Crystals  of  phosphotungstic  acid  separate. 

Picric  acid  (Hager's  reagent  for  alkaloids,  wool  and  silk). 
Dissolve  1  g  of  picric  acid  in  100  ml  of  water. 

Potassium  antimonate  (reagent  for  sodium).  Boil  22  g 
of  potassium  antimonate  with  1  liter  of  water  until  nearly 
all  of  the  salt  has  dissolved,  cool  quickly,  and  add  35  ml  of  10  % 
potassium  hydroxide.     Filter  after  standing  over  night. 

Potassium-cadmium  iodide  (Marine's  reagent  for  alka- 
loids). Add  2  g  of  Cdl2  to  a  boiling  solution  of  4  g  of  KI  in 
12  ml  of  water,  and  then  mix  with  12  ml  of  saturated  KI 
solution. 

Potassium  hydroxide  (for  C02  absorption).  Dissolve  360 
g  of  KOH  in  water  and  dilute  to  1  liter. 

Potassium  iodide-mercuric  iodide  (Brucke's  reagent  for 
proteins).  Dissolve  50  g  of  KI  in  500  ml  of  water,  and  saturate 
with  mercuric  iodide  (about  120  g).     Dilute  to  1  liter. 
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Potassium  pyrogallate  (for  oxygen  absorption).  For  mix- 
tures of  gases  containing  less  than  28  %  oxygen,  add  -100  ml  of 
KOH  solution  (50  g  of  KOH  to  100  ml  of  water)  to  5  g  of 
pyrogallol.  For  mixtures  containing  more  than  28%  oxygen 
the  KOH  solution  should  contain  120  g  of  KOH  to  100  ml  of 
water. 

Pyrogallol,  alkaline. 

(a)  Dissolve  75  g  of  pyrogallic  acid  in  75  ml  of  water. 

(b)  Dissolve  500  g  of  KOH  in  250  ml  of  water.  When  cool, 
adjust  until  sp.  gr.  is  1.55. 

For  use,  add  270  ml  of  solution  (b)  to  30  ml  of  solution  (a). 

Rosolic  acid  (indicator).  Dissolve  1  g  of  rosolic  acid  in 
10  ml  of  alcohol  and  add  100  ml  of  water. 

S  and  O  reagent  (Suitsu  and  Okuma's  test  for  Mg).  Dis- 
solve 0.5  g  of  the  dye  (o-p-dihydroxy-monazo-p-nitrobenzene) 
in  100  ml  of  0.25  N  NaOH. 

Scheibler's  reagent.     See  Phosphotungstic  acid. 

Schiff's  reagent.     See  Fuchsin-sulfurous  acid. 

Schweitzer's  reagent.     See  Cupric  oxide,  ammoniacal. 

Soap  solution  (reagent  for  hardness  in  water).  Dissolve 
100  g  of  dry  castile  soap  in  1  liter  of  80%  alcohol  (5  parts 
alcohol  to  1  part  water).  Allow  to  stand  several  days  and 
dilute  with  70  %  to  80  %  alcohol  until  6.4  ml  produces  a  perma- 
nent lather  with  20  ml  of  standard  calcium  solution.  The 
latter  solution  is  made  by  dissolving  0.2  g  of  CaC03  in  a  small 
amount  of  dilute  HC1,  evaporating  to  dryness  and  making  up 
to  1  liter. 

Sodium  bismuthate  (oxidation  of  manganese).  Heat 
20  parts  of  NaOH  nearly  to  redness  in  an  iron  or  nickel  crucible 
and  add  slowly  10  parts  of  basic  bismuth  nitrate  which  has 
been  previously  dried.  Add  two  parts  of  sodium  peroxide,  and 
pour  the  brownish-yellow  fused  mass  on  an  iron  plate  to  cool. 
When  cold,  break  up  in  a  mortar,  extract  with  water,  and 
collect  on  an  asbestos  filter. 

Sodium  hydroxide  (for  C02  absorption).  Dissolve  330  g 
of  NaOH  in  water  and  dilute  to  1  liter. 

Sodium  nitroprusside  (reagent  for  hydrogen  sulfide  and 
wool).  Use  a  freshly  prepared  solution  of  1  g  of  sodium  nitro- 
prusside in  10  ml  of  water. 

Sodium  oxalate,  according  to  Sorensen  (primary  standard). 
Dissolve  30  g  of  the  commercial  salt  in  1  liter  of  water,  make 
slightly  alkaline  with  sodium  hydroxide,  and  let  stand  until 
perfectly  clear.  Filter  and  evaporate  the  nitrate  to  100  ml. 
Cool  and  filter.  Pulverize  the  residue  and  wash  it  several 
times  with  small  volumes  of  water.  The  procedure  is  repeated 
until  the  mother  liquor  is  free  from  sulfate  and  is  neutral  to 
phenolph  thalein . 

Sodium  plumbite  (reagent  for  wool).  Dissolve  5  g  of 
sodium  hydroxide  in  100  ml  of  water.  Add  5  g  of  litharge  and 
boil  until  dissolved. 
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Sodium  polysulflde.  Dissolve  480  g  of  Na2S.9H20  in  500 
ml  of  water,  add  40  g  of  NaOH  and  18  g  of  sulfur.  Stir  thor- 
oughly and  dilute  to  1  liter  with  water. 

Sonnenschein's  reagent.     See  Phosphomolybdic  acid. 

Starch  solution. 

1.  Make  a  paste  with  2  g  of  soluble  starch  and  0.01  g  of 
Hgl2  with  a  small  amount  of  water.  Add  the  mixture  slowly  to 
1  liter  of  boiling  water  and  boil  for  a  few  minutes.  Keep  in  a 
glass  stoppered  bottle.  If  other  than  soluble  starch  is  used, 
the  solution  will  not  clear  on  boiling;  it  should  be  allowed  to 
stand  and  the  clear  liquid  decanted. 

2.  A  solution  of  starch  which  keeps  indefinitely  is  made  as 
follows:  Mix  500  ml  of  saturated  NaCl  solution  (filtered),  80 
ml  of  glacial  acetic  acid,  20  ml  of  water  and  3  g  of  starch. 
Bring  slowly  to  a  boil  and  boil  for  two  minutes. 

3.  Make  a  paste  with  1  g  of  soluble  starch  and  5  mg  of  Hgl2, 
using  as  little  cold  water  as  possible.  Then  pour  about  200  ml 
of  boiling  water  on  the  paste  and  stir  immediately.  This  will 
give  a  clear  solution  if  the  paste  is  prepared  correctly  and  the 
water  actually  boiling.  Cool  and  add  4  g  of  KI.  Starch  solu- 
tion decomposes  on  standing  due  to  bacterial  action,  but  this 
solution  will  keep  a  long  time  if  stored  under  a  layer  of  toluene. 

Stoke's  reagent.  Dissolve  30  g  of  FeSO/and  20  g  of 
tartaric  acid  in  water  and  dilute  to  1  liter.  Just  before  using, 
add  concentrated  NH4OH  until  the  precipitate  first  formed  is 
redissolved. 

Sulfanilic  acid  (reagent  for  nitrites).  Dissolve  0.5  g  of 
sulfanilic  acid  in  a  mixture  of  15  ml  of  glacial  acetic  acid  and 
135  ml  of  recently  boiled  water. 

Sulfomolybdic  acid  (Froehde's  reagent  for  alkaloids  and 
glucosides).  Dissolve  10  g  of  molybdic  acid  or  sodium  molyb- 
date  in  100  ml  of  cone.  H2S04. 

Tannic  acid  (reagent  for  albumen,  alkaloids  and  gelatin). 
Dissolve  10  g  of  tannic  acid  in  10  ml  of  alcohol  and  dilute  with 
water  to  100  ml. 

Titration  mixture.     See  Zimmermann-Reinhardt  reagent. 

o-Tolidine  solution  (residual  chlorine  in  water  analysis). 
Prepare  1  liter  of  dilute  HC1  (100  ml  of  HC1  (sp.  gr.  1.19)  in 
sufficient  water  to  make  1  liter).  Dissolve  1  g  of  o-tolidine  in 
100  ml  of  the  dilute  HC1  and  dilute  to  1  liter  with  dilute  HC1 
solution. 

Trinitrophenol  solution.     See  Picric  acid. 

Turmeric  paper.  Impregnate  white,  unsized  paper  with 
the  tincture,  and  dry. 

Turmeric  tincture  (reagent  for  borates).  Digest  ground 
turmeric  root  with  several  quantities  of  water  which  are  dis- 
carded. Dry  the  residue  and  digest  it  several  days  with  six 
times  its  weight  of  alcohol.     Filter. 

Uffelmann's  reagent  (turns  yellow  in  presence  of  a  lactic 
acid).  To  a  2  %  solution  of  pure  phenol  in  water,  add  a  water 
solution  of  FeCl3  until  the  phenol  solution  becomes  violet 
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Wagner's  reagent.    See  Iodo-potassium  iodide. 

Wagner's  solution  (used  in  phosphate  rock  analysis  to 
prevent  precipitation  of  iron  and  aluminum).  Dissolve  25  g 
of  citric  acid  and  1  g  of  salicylic  acid  in  water  and  dilute  to  1 
liter.     Use  50  ml  of  the  reagent. 

Wij's  iodine  monochloride  solution  (for  iodine  number). 
Dissolve  13  g  of  resublimed  iodine  in  1  liter  of  glacial  acetic 
acid  which  will  pass  the  dichromate  test  for  reducible  matter. 
Set  aside  25  ml  of  this  solution.  Pass  into  the  remainder  of 
the  solution  dry  chlorine  gas  (dried  and  washed  by  passing 
through  H2S04  (sp.  gr.  1.84))  until  the  characteristic  color  of 
free  iodine  has  been  discharged.  Now  add  the  iodine  solution 
which  was  reserved,  until  all  free  chlorine  has  been  destroyed. 
A  slight  excess  of  iodine  does  little  or  no  harm,  but  an  excess 
of  chlorine  must  be  avoided.  Preserve  in  well  stoppered, 
amber  colored  bottles.  Avoid  use  of  solutions  which  have  been 
prepared  for  more  than  30  days. 

Wij's  special  solution  (for  iodine  number — Analyst  58, 
523-7,  1933).  To  200  ml  of  glacial  acetic  acid  that  will  pass  the 
dichromate  test  for  reducible  matter,  add  12  g  of  dichloroamine 
T  (paratoluene-sulfonedichloroamide),  and  16.6  g  of  dry  KI 
(in  small  quantities  with  continual  shaking  until  all  the  KI 
has  dissolved).  Make  up  to  1  liter  with  the  same  quality  of 
acetic  acid  used  above  and  preserve  in  a  dark  colored  bottle. 

Zimmermann-Reinhardt  reagent  (determination  of 
iron).  Dissolve  70  g  of  MnS04.4H20  in  500  ml  of  water,  add 
125  ml  of  cone.  H2S04  and  125  ml  of  85  %  H3PO4,  and  dilute  to 
1  liter. 

Zinc  chloride  solution,  basic  (reagent  for  silk).  Dis- 
solve 1000  g  of  zinc  chloride  in  850  ml  of  water,  and  add  40  g  of 
zinc  oxide.     Heat  until  solution  is  complete. 

Zinc  uranyl  acetate  (reagent  for  sodium).  Dissolve  10  g 
of  U02(C2H302)2.2H20  in  6  g  of  30  %  acetic  acid  with  heat,  if 
necessary,  and  dilute  to  50  ml.  Dissolve  30  g  of  Zn(C2H302)2.- 
2H20  in  3  g  of  30%  acetic  acid  and  dilute  to  50  ml.  Mix  the 
two  solutions,  add  50  mg  of  NaCI,  allow  to  stand  over  night 
and  filter. 
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STANDARD  SOLUTIONS  FOR  VOLUMETRIC 
ANALYSIS 

Acids 

Hydrochloric  acid,  normal.  (36.465  g  per  liter)  (a)  180.15 
g  of  constant  boiling  point  (760  mm)  acid  diluted  to  1  liter  gives 
an  exactly  normal  solution,  (b)  Concentrated  HC1  diluted  to 
d  1.020  is  approximately  normal,  (c)  Concentrated  HC1  con- 
tains about  one-third  of  its  weight  of  HC1  and  120  g  diluted  with 
water  to  1  liter  will  give  an  acid  slightly  greater  than  normal. 
Solutions  prepared  as  in  (b)  or  (c)  are  most  accurately  stand- 
ardized by  precipitation  as  AgCl. 

Hydrochloric  acid  solutions,  standard,  by  the  method  of 
G.  A.  Hulett  and  W.  D.  Bonner.  Jour.  Am.  Chem.  Soc.  31, 
390  (1909).  Standard  HC1  is  easily  prepared  by  starting  with 
HC1  of  about  d  1.10,  made  up  with  an  ordinary  hydrometer, 
distilling  off  and  discarding  the  first  three-fourths  of  the  liquid 
taken;  the  distillate  which  is  then  collected  does  not  differ  by 
more  than  one  part  in  10,000  from  the  values  in  the  table  below. 
This  constant  boiling  acid  is  not  hygroscopic  or  noticeably 
volatile  and  is  easily  weighed  in  a  small  flask.  By  the  use  of  a 
capillary  pipette,  to  adjust  the  last  amount  of  acid,  it  is  a  very 
simple  matter  to  weigh  out  180.15  g  to  less  than  10  mg  and  this 
furnishes  sufficient  acid  to  make  a  liter  of  normal  solution  with 
an  accuracy  that  is  seldom  attained  even  with  very  elaborate 
precautions. 

Constant  Boiling  Hydrochloric  Acid 

Bonner-Titus,  J.A.C.S.,  52,  633,  1930;  Bonner- Wallace,  J.A.C.S.,  52,  1747 


Pres- 
sure 

B.P. 

Den- 
sity 

HC1 

Pres- 
sure 

B.P. 

Den- 
sity 

% 
HC1 

g  f  or  1  1 

of  N 
sol. 

100 
200 
300 
400 
500 

62.4 
75.9 
84.9 
92 . 080 
97.578 

1 . 1095 
1 . 1058 
1.1031 
1.1010 
1 . 0993 

22.97 

22.202 

21.660 

21.235 

20.916 

600 
700 
760 
800 
1000 
1200 

102.209 
106.424 
108 . 584 
110.007 
116.185 
122.38 

1.0980 
1 . 0966 
1 . 0959 
1 . 0955 
1 . 0933 
1.0917 

20.638 
20.360 
20.222 
20.155 
19.734 
19.42 

176 . 52 

178.93 
180.15 
180.74 

Slightly  different  figures  are  given  for  a  range  near  atmos- 
pheric pressure  by  Hollingsworth  and  Foulk. 


Bar. 

pressure 

%  HC1 

by  weight 

Wt.  HC1  sol. 
for  1  mole  HC1 

770 
760 
750 
740 
730 

20.197 
20.221 
20.245 
20.269 
20.293 

180.407 
180.193 
179.979 
179.766 
179.555 
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Nitric  acid,  normal.  (63.016  g  per  liter)  Use  a  colorless 
acid,  d  1.3  ± ,  free  from  chlorine  and  nitrous  acid;  a  yellow  color 
due  to  lower  oxides  of  nitrogen  is  removed  by  adding  about 
2  volumes  of  water,  boiling,  cooling  and  then  diluting  to  volume. 
65  ml  or  93  g  of  acid,  d  1.42  diluted  to  1  liter  gives  an  acid 
slightly  greater  than  normal.  Standardize  by  titration  with 
standard  alkali. 

Oxalic  acid,  normal.  H2C204  (63.023  g  of  H2C2O4.2H2O  or 
45.008  g  of  H2C2O4  per  liter)  Because  of  the  uncertainty  in  the 
amount  of  water  of  crystallization,  standards  in  dry  climates 
cannot  be  prepared  directly  by  dissolving  a  weighed  quantity 
of  acid.  However,  in  a  humid  atmosphere  finely  ground  oxalic 
acid  crystals  may  be  exposed  to  the  air  for  a  few  hours,  and 
brought  to  the  proper  composition.  Unless  this  is  done  it  is 
necessary  to  standardize  the  solution  against  alkali  of  known 
concentration  using  phenolphthalein  as  an  indicator.  Deci- 
normal  or  less  concentrated  solutions  are  unstable  and  should 
be  prepared  fresh  when  needed;  more  concentrated  solutions 
may  deposit  some  of  the  acid  when  cooled  to  low  temperatures 
but  they  are  fairly  stable  at  room  temperature  when  protected 
from  light. 

Potassium  acid  phthalate,  decinormal.  (KHC8H404, 
10.207  g  per  500  ml)  This  monobasic  acid  is  recommended  for 
the  preparation  of  standard  acid  solutions,  since  it  has  a  high 
equivalent  weight,  is  anhydrous,  stable,  non-hygroscopic,  and 
can  be  purchased  with  a  purity  factor  of  99.95  %.  Spread 
10-11  g  of  the  salt  in  a  thin  layer  on  a  watch  glass  and  dry  at 
110-120°  C  in  an  electric  oven  for  2-3  hours.  Cool  in  a  desic- 
cator and  weigh  to  the  nearest  milligram.  Transfer  the  salt  to 
a  500  ml  volumetric  flask,  with  aid  of  a  funnel,  and  reweigh  the 
watch  glass  with  any  adhering  powder.  Dissolve  the  salt  in 
the  flask,  dilute  to  volume,  and  mix  thoroughly.  Compute 
the  normality  of  the  solution  by  the  equation 

Weight  of  salt  X  purity 
Normality  = 10207 

Potassium  acid  phthalate  is  suitable  for  the  titration  of  carbon- 
ate-free strong  bases,  using  phenolphthalein  indicator,  but  is 
not  suitable  for  titration  of  ammonium  hydroxide. 

Succinic  acid,  decinormal.  H2C4H4O4  (5.9023  g  per  liter) 
Dry  5-6  g  of  pure  succinic  acid  in  an  open  weighing  bottle  at 
105°  for  about  10  hours;  cool  in  a  desiccator.  Weigh  out 
accurately  2.9512  g,  brush  into  a  400  ml  beaker  and  dissolve  in 
150-200  ml  of  water;  pour  the  solution  into  a  500  ml  graduated 
flask,  rinsing  out  the  beaker  several  times  to  insure  complete 
transference  of  the  acid.  Dilute  to  exactly  500  ml  and  mix 
thoroughly.     This  prepares  an  exact  decinormal  solution. 

Sulfuric  acid,  normal.  (49.04  g  per  liter)  Take  30  ml  of 
pure,  concentrated  H2SO4,  d  1.84  and  pour  it  cautiously  and 
slowly  into  about  3-4  volumes  of  water,  cool,  mix  thoroughly 
and  dilute  to  1  liter.     Standardize  by  titration  with  standard 

1377 


SOLUTIONS  FOR  VOLUMETRIC  ANALYSIS 

(Continued) 

NaOH  or  KOH  solutions  with  phenolphthalein  as  indicator. 
For  a  decinormal  solution  use  3  ml  H2SO4  per  liter  and  proceed 
as  above.  Sulfuric  acid  is  obtained  easily  in  a  pure  form;  the 
normal  acid  solution  is  not  affected  by  boiling  (advantage  over 
similar  HNO3  or  HC1  solutions);  when  used  with  lime  or  similar 
compounds,  it  gives  precipitates  and  for  such  cases  HC1  is 
preferable. 

Bases 

For  the  titration  of  weak  acids,  bases  should  be  made  free  of 
carbonate  and  used  with  phenolphthalein  indicator.  Such 
solutions  should  be  stored  in  siphon-equipped  bottles  and  pro- 
tected from  carbon  dioxide  by  a  soda-lime  tube  on  the  air  inlet. 
The  burette  used  for  the  titration  should  be  capped  by  a  one- 
hole  stopper  bearing  a  small  tube  of  soda  lime.  If  a  base  is  to 
be  used  only  for  the  titration  of  strong  acids,  it  is  unnecessary 
to  remove  carbonate  or  to  protect  the  solution  from  carbon 
dioxide,  since  absorption  of  the  latter  does  not  change  the 
alkaline  value  of  the  solution.  Bases  containing  carbonate 
should  be  used  with  methyl  orange  indicator. 

Potassium  hydroxide,  normal.  (56.108  g  per  liter)  Dis- 
solve 64  g  of  potassium  hydroxide,  of  assay  value  85  %  or  better, 
in  water  and  dilute  to  1  liter.  Standardize  as  directed  for 
sodium  hydroxide. 

Sodium  hydroxide,  decinormal.  Carbonate  free.  Pre- 
pare the  carbonate  free  solution  by  one  of  the  folio  wing  methods: 

1.  Dissolve  6  g  of  sodium  hydroxide  in  200  ml  of  water, 
heat  to  boiling,  and  slowly  add  to  the  boiling  solution  5  ml  oi 
5  %  barium  chloride  solution.  Allow  the  precipitate  to  settle, 
add  a  few  drops  of  barium  chloride  solution  and  notice  whether 
a  fresh  precipitate  forms.  If  more  precipitate  is  formed,  add 
another  5  ml  of  the  reagent,  and  again  test  for  completeness  of 
precipitation  of  carbonate.  Continue  in  this  manner  until  no 
further  precipitate  forms.  Allow  the  precipitate  to  settle, 
decant  off  two-thirds  of  the  clear  solution,  and  dilute  to  1  liter 
with  freshly  boiled  water.  Standardize  by  titrating  weighed 
0.6-0.8  g  portions  of  dry  potassium  acid  phthalate,  dissolved 
in  100  ml  of  water.     Use  phenolphthalein  indicator. 

2.  (Recommended  method)  Dissolve  7  g  of  sodium  hydroxide 
in  7  ml  of  water  and  filter  the  viscous  liquid  through  an  asbestos 
mat  in  a  Gooch  crucible,  with  aid  of  suction.  Catch  the  filtrate 
in  a  small  dry  test  tube.  Do  not  wash  the  residue.  Pour  off 
two-thirds  of  the  clear  filtrate  and  dilute  to  1  liter  with  freshly 
boiled  water. 

3.  Place  within  an  empty  vacuum  desiccator  a  beaker  of 
water  and  a  dry  beaker  containing  2.3  g  of  sodium  metal,  cut 
into  thin  shavings.  The  sodium  must  be  clean  and  free  of  oil. 
Connect  the  desiccator  to  a  water  aspirator  pump  and  evacuate. 
In  the  atmosphere  of  water  vapor  thus  formed,  the  sodium 
metal  quickly  reacts  to  form  sodium  hydroxide.  Continue  to 
evacuate  the  desiccator  until  all  the  metal  has  dissolved  and  a 
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clear  solution  remains  in  the  beaker.     Dilute  all  this  solution 
to  1  liter  with  freshly  boiled  water. 

Sodium  hydroxide,  normal.  (40.005  g  per  liter)  Dissolve 
42  g  of  sodium  hydroxide  sticks  or  pellets,  of  assay  value  95  % 
or  better,  in  water  and  dilute  to  1  liter.  Standardize  with 
normal  hydrochloric  acid  or  sulfuric  acid,  using  methyl  orange 
indicator. 

Oxidizing  and  Reducing  Solutions 

Arsenite,  alkaline,  decinormal.  Asm->Asv  (4.9465  g 
As203  per  liter;  equivalent  to  0.0126932  g  I  or  0.0035457  g  CI 
per  ml)  Dissolve  4.9465  g  of  pure  sublimed  As203  in  a  concen- 
trated solution  of  4  g  of  NaOH,  add  100  ml  of  a  saturated 
NaHC03  solution  and  dilute  to  1  liter.  Do  not  warm  the 
solution  above  60°  C  when  dissolving  the  AS2O3.  Standardize 
against  standard  iodine  solution  with  a  starch  indicator. 

Ceric  sulfate  (oxidizing  agent).  Ceric  sulfate  is  a  strong 
oxidizing  agent  in  acid  solutions,  is  stable  over  a  long  period, 
can  be  used  to  titrate  reducing  agents  in  the  presence  of  HC1 
and  has  only  one  valence  change  from  4  to  3.  It  can  be  used  as 
a  volumetric  reagent  in  acid  medium  only  since  perceric  com- 
pounds are  formed  in  an  alkaline  medium.  It  cannot  be  used 
as  its  own  indicator  if  the  solution  is  colored. 

1.  The  solution  is  made  up  for  use  by  adding  64-66  g  of 
ceric  ammonium  sulfate,  Ce(S04)2.2(NH4)2S04.2H20  or  35-40  g 
of  ceric  sulfate,  Ce(S04)2,  to  a  solution  of  500  ml  of  H2O  and 
28  ml  of  concentrated  H2S04.  The  solution  should  be  stirred 
until  all  is  dissolved  and  500  ml  more  of  distilled  water  added. 

2.  Alternative  method.  To  35  g  of  ceric  oxide  in  a  600  ml 
beaker,  add  46  ml  of  concentrated  H2S04.  Carefully  add  50 
ml  of  water  and  heat  at  boiling  for  five  minutes.  Cool  some- 
what and  add,  carefully,  450  ml  of  water.  Digest  until  solution 
is  complete.  Filter,  if  necessary,  dilute  to  1000  ml  and 
standardize. 

The  solution  can  be  standardized  against  arsenious  oxide 
dissolved  in  NaOH  and  acidified  with  H2S04;  against  sodium 
oxalate  or  electrolytic  iron  by  the  Zimmermann-Reinhardt 
Method,  using  sodium  diphenylamine  sulfonate  as  indicator. 
The  indicator  acid  is  tri-ortho-phenanthroline  ferrous  sulfate, 
(Ci2H8N2.H20)FeS04.  The  reaction  involved  in  the  stand- 
ardization with  sodium  oxalate  is  H2C204  +  2Ce(S04)2  = 
2C02  +  Ce2(S04)3  +  H2S04. 

An'amount  of  sodium  oxalate  is  weighed  out  which  will  require 
25-35  ml  of  0.1  N  ceric  sulfate  solution  for  titration.  To  this  is 
added  10-20  ml  of  concentrated  HC1,  5  ml  of  0.005  M  iodine  chlo- 
ride and  enough  water  to  make  a  volume  of  100  ml.  The  solution 
should  be  heated  to  50°  C,  1  drop  of  indicator  added,  and  the 
solution  titrated  with  ceric  sulfate  until  the  solution  becomes 
pale  blue  in  color  and  there  is  no  return  of  any  pink  color  after 
one  minute.     The  temperature  should  not  fall  below  45°  C. 

Ceric  sulfate  may  be  used  to  titrate  ferrous  chloride  according 
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to     the     reaction:     2FeCl2  +  2Ce(S04)2  +  2HC1  =  2FeCl3  + 
Ce2(S04)3  +  H2SO4. 

Calcium  may  be  precipitated  as  the  oxalate,  dissolved  in 
dilute  HC1  and  titrated  with  eerie  sulfate.  Chromium, 
arsenic,  ferrocyanide  and  hydrogen  peroxide  may  be  titrated 
with  eerie  sulfate. 

Iodine,  decinormal.  I2->2HI  (12.6932  g  per  liter)  Dissolve 
about  13.5  g  of  pure  sublimed  iodine  in  a  solution  of  24  g  of  KI 
in  200  ml  of  H20  and  dilute  to  1  liter.  The  solution  is  stand- 
ardized by  adding  the  iodine  to  a  known  volume  of  standard 
thiosulfate  with  a  few  drops  of  starch  solution  for  the  indicator. 

Potassium  dichromate,  decinormal.  Crvi— ►Cr111  (4.904 
g  per  liter)  Grind  about  5  g  of  potassium  dichromate,  of  the 
purest  grade  obtainable,  spread  in  a  thin  layer  on  a  watch  glass, 
and  dry  in  an  electric  oven  at  120-140°  C  for  2-4  hours.  Cool 
in  a  desiccator  and  weigh  to  the  nearest  milligram.  Transfer 
the  powder  to  a  1  liter  volumetric  flask,  with  the  aid  of  a  funnel, 
and  reweigh  the  watch  glass  with  any  adhering  powder.  Add 
water  to  the  flask,  shake  until  the  sample  is  dissolved,  dilute  to 
volume  and  mix  thoroughly.  Compute  the  normality  from  the 
equation 

XT          ...          Weight  potassium  dichromate 
Normality  =  49.04 

If  pure  dichromate  is  not  available  the  solution  may  be 
standardized  by  iron  wire  or  against  an  iron  ore  of  known 
analysis.  Weigh  out  three  0.2  g  samples  of  clean,  bright  iron 
wire  (prepared  "for  standardization' ',  with  purity  factor  of 
99.8  %)  and  transfer  each  to  a  500  ml  Erlenmeyer  flask.  Dis- 
solve the  wire  in  10  ml  of  concentrated  hydrochloric  acid, 
keeping  the  flask  covered  with  a  small  watch  glass  until  solution 
is  complete.  Disregard  a  small  residue  of  carbon  which  may 
remain  in  the  solution  as  black  particles.  Rinse  off  the  watch 
glass,  heat  the  solution  nearly  to  boiling  and  add  stannous 
chloride  solution  (5  g  of  salt  dissolved  in  10  ml  of  concentrated 
hydrochloric  acid,  and  diluted  to  100  ml)  a  drop  at  a  time  until 
the  solution  is  colorless.  Avoid  an  excess  of  over  one  drop  of 
stannous  chloride.  Cool  completely  and  pour  in  10  ml  of  satu- 
rated mercuric  chloride  solution.  Allow  to  stand  2  minutes, 
then  add  a  well  cooled  solution  of  5  ml  of  85  %  phosphoric  acid 
in  200  ml  of  3  AT  sulfuric  acid  (8:100).  Add  6-8  drops  of  an 
indicator  solution  (containing  3  g  of  the  sodium  or  barium  salt 
of  diphenylamine  sulfonic  acid  per  liter)  and  titrate  with 
dichromate  solution  to  the  first  appearance  of  a  purple  or 
violet  tinge.  The  titration  should  be  made  slowly,  since  the 
reaction  proceeds  rather  slowly.  Run  a  blank.  From  the  net 
volume  of  dichromate,  compute  the  normality  by  the  equation 
^  ,.  Weight  of  iron  wire  X  purity  of  iron 

ma    y  "     Volume  of  dichromate  X  0.05584 

Potassium  permanganate,  decinormal.  Mnvii— >MnH 
(3.1606  g  per  liter)  Dissolve  3.3  g  of  dry  KMn04  in  1  liter  of 
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distilled  water  and  allow  to  stand  at  least  24  hours  in  a  clean 
glass-stoppered  bottle.  The  reasons  for  not  using  the  freshly 
prepared  solution  are:  1st,  the  reducing  agents  in  the  water 
(dust,  etc.)  are  thus  all  oxidized,  and  2nd,  any  MnC>2  formed 
by  this  reduction  is  permitted  to  settle.  The  solution  is  then 
carefully  siphoned  through  a  clean  glass  tube  into  clean  beakers, 
discarding  the  first  25  ml  of  solution  and  the  last  inch  of  the 
solution  in  the  bottle  which  contains  the  precipitated  Mn02; 
the  KMn04  solution  should  never  be  permitted  to  come  in 
contact  with  rubber,  filter  paper  or  other  organic  matter. 
The  solution  in  the  beakers  is  now  poured  back  into  a  clean 
bottle  and  standardized  against  sodium  oxalate.  Weigh  out 
several  0.25-0.30  g  samples  of  sodium  oxalate  having  an  assay 
value  of  99.95  %,  transfer  each  portion  to  a  600  ml  beaker,  and 
dissolve  in  250  ml  of  dilute  sulfuric  acid  (5:95).  Stir  until  the 
oxalate  has  dissolved,  then  add  rapidly*  from  a  burette  about 
95%  of  the  amount  of  permanganate  needed  for  complete 
oxidation  of  the  sample  (a  preliminary  titration  is  made  with 
one  sample  to  determine  the  approximate  amount  of  permanga- 
nate needed).  Allow  the  solution  to  stand  until  the  permanga- 
nate is  decolorized,  then  heat  to  55-60°  C  and  complete  the 
titration  at  this  temperature,  stirring  gently  with  a  thermo- 
meter and  allowing  each  drop  to  become  decolorized  before  add- 
ing the  next.  The  end  point  is  shown  by  a  faint  pink  tinge 
which  persists  for  30  seconds.  Run  a  blank  on  250  ml  of  dilute 
sulfuric  acid,  heated  to  60°  C.  From  the  net  volume  of  perman- 
ganate, compute  the  normality  by  the  equation 

vr  v+  Weight  sodium  oxalate  X  purity 

Volume  permanganate  X  0.067 

Sodium  thiosulfate,  decinormal.  2Na2S203— >Na2S406 
(24.8192  g  of  Na2S203.5H20  per  liter)  Do  not  dry  the  sodium 
thiosulfate  in  an  oven  as  it  can  be  obtained  almost  pure;  weigh 
out  25.0  g  and  dilute  to  exactly  1  liter.  After  mixing  thor- 
oughly, the  solution  is  allowed  to  stand  two  weeks.  If  free 
sulfur  has  separated,  the  clear  liquid  is  siphoned  off.  The 
solution  is  standardized  indirectly  by  titration  with  potassium 
dichromate  (see  above).  Dissolve  5  g  of  K.I  and  4  g  of  NaHC03 
in  300  ml  of  H20  in  a  500  ml  Erlenmeyer  flask  at  room  tempera- 
ture and  then  add  HC1  slowly,  swirling  the  flask,  until  there  is 
no  more  evolution  of  C02  and  then  add  about  10  ml  more  acid; 
add  35  ml  of  0.1  N  K2Cr207,  mixing  the  solutions,  rinse  the 
sides  of  the  flask  with  a  few  ml  of  water,  allowing  it  to  form  a 
layer  over  the  solution  without  mixing;  stopper  the  flask  and 
allow  to  stand  about  10  minutes.  Then  with  thorough  mixing 
run  in  thiosulfate  until  the  solution  is  a  light  yellow,  add  a  few 
drops  of  starch  solution  and  continue  with  a  slow  addition  of 
thiosulfate  until  the  bright  blue  color  has  disappeared  and  only 
the  pale  green  color  of  CrCl3  remains. 

*  The  method  given  for  standardization  is  based  upon  the  directions  of 
Fowler  and  Bright,  Bur.  Stand.  J.  Res.,  15,  493  (1935). 
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REAGENTS  FOR  SEMI-MICRO  QUALITATIVE 
ANALYSIS 

Compiled  by  D.  W.  Pearce 

The  following  reagents  have  been  found  extremely  sensitive 
as  confirmatory  tests  for  the  ions  indicated.  In  most  cases 
separation  from  other  ions  by  micro  or  semi-micro  technique 
should  precede  the  test.  For  interferences,  references  to 
original  literature,  and  detailed  procedures  see  Feigl,  "Quali- 
tativ  Analyse  mit  Hilfe  von  Tupfelreactionen",  or  Engelder, 
Dunkelberger  and  Schiller,  "  Semi- Micro  Qualitative  Analysis". 
Also  see  table,  Organic  Analytical  Reagents,  for  other  reagents. 

Ammonium  molybdate.  Dissolve  15  g  of  ammonium 
molybdate  in  300  ml  of  water,  add  100  ml  of  nitric  acid  (1:2) 
and  saturate  with  ammonium  nitrate.  Fine  yellow  precipitate 
for  H2PO4-  (cold)  or  H2ASO4""  (60°  C)  in  nitric  acid  solution. 

Aniline  sulfate.  Concentrated  solution  of  aniline  sulfate 
in  concentrated  sulfuric  acid.  Reagent  gives  instant  blue 
color  with  C103~;  other  strong  oxidants  as  N03~  give  the  blue 
color  much  more  slowly. 

Benzidine  acetate — cupric  acetate,  (a)  Dilute  47.5  ml 
of  saturated  benzidene  acetate  solution  to  100  ml.  (b)  Dis- 
solve 0.286  g  of  cupric  acetate  in  100  ml  solution.  Solution 
(a)  +  solution  (b)  on  spot  paper  gives  blue  color  with  HCN 
vapors. 

a-Benzoinoxime.  5%  alcoholic  solution.  Green  precipi- 
tate with  Cu++  in  slightly  ammoniacal  solution. 

Bettendorf's  reagent.  Saturated  solution  of  SnCU  in  con- 
centrated HC1.  Brown  color  or  black  precipitate  upon  adding 
As+3  (immediate)  or  As+5  (on  standing),  to  excess  of  the  reagent. 

Brucine  reagent.  0.02  g  of  brucine  dissolved  in  100  ml  of 
concentrated  sulfuric  acid.  Test  solution  -f-  concentrated  sul- 
furic acid  +  brucine  reagent  gives  fleeting  red  color  with 
NO3-,  NO2-,  or  CIO3-. 

Cacothelin.  Fresh,  saturated  aqueous  solution  of  cacothe- 
lin.  Use  a  drop  of  reagent  on  test  paper,  warm  till  only 
slightly  damp;  drop  of  Sn+2  (reduced  by  means  of  Mg  powder) 
gives  violet  color.     Antimony  does  not  interfere. 

Cinchonin — potassium  iodide  reagent.  One  gram  of 
cinchonin  is  dissolved  in  100  ml  of  water  upon  the  addition  of 
a  few  drops  of  HNO3  and  warming;  add  2  g  of  KI.  Bright 
red-orange  precipitate  with  Bi+++,  brown  with  Cu++,  yellow 
with  Pb++,  white  with  Cd++,  and  cream  with  Hg++,  in  slightly 
acid  solution. 

Cobalticyanide  paper  (Rinnmann's  green  test).  Saturate 
quantitative  filter  paper  in  a  solution  of  4  g  of  K3Co(CN)6  and 
1  g  of  KCIO3  in  100  ml  of  water.  Dry.  Add  drop  test  solu- 
tion and  ash  the  paper  in  a  crucible  over  flame.  Green  ash — 
presence  of  Zn++. 

^-Dimethylaminobenzylidenerhodanine.  Saturated 
solution  of  the  crystals  in  acetone.     (Dissolve  equi-molecular 
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REAGENTS  FOR  SEMI-MICRO  QUALITATIVE 
ANALYSIS  (Continued) 

amounts  of  rhodamine  and  p-dimethylaminobenzaldehyde  in 
glacial  acetic  acid,  warm  on  steam  bath.  Product  may  be 
crystallized  out  on  addition  of  water.)  Reagent  for  detection 
of  Ag+  (and  Hg++)  in  nitric  acid  solution.  Red-violet 
precipitate. 

Dimethylglyoxime.  1  g  dissolved  in  100  ml  of  alcohol. 
In  presence  of  much  Co++  first  add  slight  excess  NaCN,  warm 
till  decidedly  orange,  add  reagent  and  AgN03.  Pink  to  red 
precipitate — presence  of  Ni++. 

Diphenylcarbazide.  1  %  alcoholic  solution,  freshly  pre- 
pared. Violet  or  blue  precipitate  in  neutral  or  slightly  acid 
solution  of  Hg(N03)2. 

P-Nitrobenzeneazoresorcinol.  0.001  g  dissolved  in  100 
ml  of  2  AT  NaOH.     Sky  blue  precipitate  with  Mg++. 

Potassium  thiocyanate.  Saturated  aqueous  solution. 
With  HC1  solution  of  CO++  yields  deep  blue  color;  best  observed 
when  extracted  with  amyl  alcohol-ether  (1:6).  Fe+++,  if 
present,  to  be  reduced  with  crystal  of  Na2S203. 

Rhodamine  B.  Dissolve  0.01  g  of  tetraethylrhodamine  in 
100  ml  of  water.  Violet  color  with  Sb+5  (oxidized  with  KNO2 
crystal).     Tin  does  not  interfere. 

Sodium  nitroprusside.  Freshly  prepared  1  %  aqueous 
solution.     Deep  violet  color  with  S       (alkaline). 

Sulfanilic  acid — a-naphthylamine.  (a)  0.4  g  of  sulfanilic 
acid  in  100  ml  of  10%  acetic  acid,  (b)  0.5  g  of  a-naphthyl- 
amine boiled  in  100  ml  of  water;  filter.  Acetic  acid  +  solution 
(a)  +  solution  (b)  gives  brilliant  red  color  with  NOi". 

Tetramethyldiaminodiphenylmethane.  Acetic  acid 
solution.  Blue  color  as  sensitive  test  for  Pb++.  (Must  be 
previously  oxidized  to  PbC>2  in  ammonia  solution  with  H2O2 
and  the  latter  decomposed  by  warming  or  standing.) 

Zinc  uranyl  acetate.  Dissolve  10  g  of  uranyl  acetate,  with 
warming,  in  6  g  of  30  %  acetic  acid;  dilute  to  50  ml.  Treat  30  g 
of  zinc  acetate  with  3  g  of  30%  acetic  acid;  dilute  to  50  ml. 
Mix  the  two  solutions,  add  a  trace  of  NaCl,  let  stand  24  hours 
and  filter  out  the  precipitate.  Yellowish-green  crystalline 
precipitate  with  Na+. 

Zirconium  alizarin  sulfonate  reagent,  (a)  Dissolve 
0.05  g  of  zirconium  nitrate  in  50  ml  of  H2O  and  10  ml  of  con- 
centrated HC1.  (b)  Dissolve  0.05  g  of  alizarin  red  S  in  50  ml 
of  H20.  Mix  (a)  and  (b)  to  make  the  reagent.  Gives  imme- 
diate yellow  color  with  F~  (oxalates  or  phosphates  interfere, 
giving  yellow  color  slowly). 
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ACID  DILUTION  BY  VOLUME 

The  volume  of  pure  acid  (or  water)  which  must  be  added  to  50  cm3  of  water 
{or  acid)  to  give  solutions  of  specific  gravity  shown.  Temperature  20°C. 
Taken  from  curves  prepared  by  W.  W.  Stiles,  based  on  experimental  determi- 
nations.    The  values  are  approximate  only. 


Sulfuric  Acid 

Sulfuric  Acid 

Hydrochl 

oric  acid 

Nitric  acid 

Acid 

Acid 

Acid 

Acid 

Sp.gr. 

cm3 

Sp.  gr. 

cm3 

Sp.  gr. 

cm3 

Sp.  gr. 

cm3 

0.9982 

0.0 

0.9982 

0.0 

0.9982 

0.0 

1.45 

38.4 

1.000 

0.4 

1.00 

0.2 

1.01 

0.2 

1.46 

40.2 

1.005 

1.4 

1.01 

1.1 

1.02 

0.5 

1.47 

42.3 

1.010 

2.7 

1.02 

1.9 

1.03 

0.9 

1.48 

44.5 

1.015 

4.1 

1.03 

3. 

1.04 

1.3 

1.49 

46.6 

1.020 

5.6 

1.04 

4.1 

1.05 

1.7 

1.50 

48.7 

1.025 

7.1 

1.05 

5.2 

1.06 

2.2 

1.030 

8.6 

1.06 

6.4 

1.07 

2.7 

Sp.  gr. 

Water 

1.035 

10.2 

1.07 

7.7 

1.08 

3.2 
3.7 

cm3 

1.040 
1.045 

11.8 
13.8 

1.08 
1.09 

9.1 

1.09 

1.51 

49.3 

10.6 

1.10 

4.3 

1.52 

47.2 

1.050 

15.9 

1.10 

12. 

1.11 

4.9 

1.53 

45.2 

1 .  055 

18.4 

1.11 

13.5 

1.12 

5.5 

1.54 

43.3 

1.060 

21.1 

1.12 

15.1 

1.13 

6.2 

1.55 

41.4 

1.065 

24. 

1.13 

16.8 

1.14 

6.9 

1.56 

39.5 

1.070 

26.8 

1.14 

18.5 

1.15 

7.6 

1.57 

37.7 

1.075 

30. 

1.15 

20.3 

1.16 

8.3 

1.58 

36.0 

1.080 

33.7 

1.16 

22.3 

1.17 

9.0 

1.59 

34.3 

1.085 

37.9 

1.17 

24.4 

1.18 

9.7 

1.60 

32.8 

1.090 

42.2 

1.18 

26.7 

1.19 

10.5 

1.61 

31.4 

1.095 

47.0 

1.19 

29.3 

1.20 

11.3 

1.62 

30.0 

1.100 

47.8 

1.20 

32.1 

1.21 

12.1 

1.63 

28.6 

1.21 

35.1 

1.22 

12.9 

1.64 

27.2 

Sp.  gr. 

Water 

1.22 

38.3 

1.23 

13.7 
14.5 

1.65 
1.66 

25.9 
24.6 

cm3 

1.23 
1.24 

41.8 

1.24 

1.105 

42.2 

45.6 

1.25 

15.3 

1.67 

23.3 

1 

110 

37.6 

1.25 

49.4 

1.26 

16.1 

1.68 

22.0 

1 

115 

33.7 



1.27 

16.9 

1.69 

20.7 

1 

120 

30.0 

Sp.  gr. 

Water 

1.28 

17.8 
18.7 

1.70 
1.71 

19.4 
18.1 

1 
1 

125 
130 

26.4 
23.2 

cm3 

1.29 

1.26 

46.9 

1.30 

19.6 

1.72 

16.9 

1 

135 

20.0 

1.27 

43.2 

1.31 

20.6 

1.73 

15.6 

1 

140 

17.2 

1.28 

39.3 

1.32 

21.6 

1.74 

14.3 

1 

145 

14.8 

1.29 

35.5 

1.33 

22.7 

1.75 

13.0 

1 

150 

12.4 

1.30 

31.7 

1.34 

23.8 

1.76 

11.7 

1 

155 

10. 

1.31 

28.2 

1.35 

25.0 

1.77 

10.4 

1 

160 

8. 

1.32 

24.9 

1.36 

26.2 

1.78 

9.1 

1 

165 

5.9 

1.33 

21.8 

1.37 

27.4 

1.79 

7.6 

1 

170 

3.9 

1.34 

18.8 

1.38 

28.6 

1.80 

6.0 

1 

175 

2.1 

1.35 

15.9 

1.39 

29.8 

1.81 

4.4 

1 

180 

0.6 

1.36 

12.9 

1.40 

31.1 

1.82 

2.8 

1 

185 

0.0 

1.37 

9.9 

1.41 

32.5 

1.83 

.5 

1.38 

7.1 

1.42 

33.9 

1 

1.39 

4.5 

1.43 

35.4 

1  40 

2.1 

1.44 

36.8 

1.408 

0.0 
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ORGANIC  ANALYTICAL  REAGENTS 

Compiled  bv  John  H.  Yoe 


Determination 

Reagent 

Reference 

Aldehydes 

Dimethyl-dihydro- 

Ind.  Eng.  Chem.,  Anal.  Ed.  3,  365 

resorcin  (Dimedon) 

(1931) 

Aluminum 

Alizarin  S 

J.  Am.  Chem.  Soc.  50,  748  (1928) 

Ammonium     salt      of 

49,  2395  (1927) 

aurin      tricarboxylic 

55,  2437  (1933) 

acid  ("Aluminon") 

Ammonium     salt     of 

Bull.   soc.    chim.    Belg.,   36,    288 

nitrosophenyl         hy- 

(1927) 

droxylamine    ("Cup- 

ferron") 

Eriochrome  cyanine 

Z.  anaL  Chem.  96,  91  (1934) 

Hematoxylin 

Ind.  Eng.  Chem.  16,  233  (1924) 

8-Hydroxyquinoline 

J.  Am.  Chem.  Soc.  50,  1900  (1928) 

Quinalizarine 

J.  Am.  Phar.  Assoc.  17,  260  (1928) 

Ammonia 

Tannin — AgNC>3 

Snell,  Vol.  I,  p.  659  (7) 

Antimony 

Hexamethylene- 
tetramine 

Z.  anal.  Chem.  67,  298  (1925) 

Phenylthiohydantoic 

Compt.  rend.  176,  1221  (1923) 

acid 

Pyridine 

Analyst  53,  373  (1928) 

Pyrogallol 

Z   anal.  Chem.  64,  44  (1924) 

Arsenic 

Cocaine-molybdate 
Quinine  arsenomolyb- 

Biochem.  Z.  185,  14  (1927) 

Analyst  47,  317  (1922) 

date 

Strychnine-molybdate 

Ann.  chim.  applicata  23,  517 

(1933) 
J.  Am.  Chem.  Soc.  50,  393  (1928) 

Beryllium 

Curcumin 

8-Hydroxyquinoline 

Bur.  Standards  J.  Research  3,  91 

(1929) 
Siemens-Konzerns,   Beryllium,   p. 

1,    2,    5,    8-Tetrahy- 

droxyanthraquinone 

25  (1932) 

(Quinalizarin) 

Bismuth 

Cinchonine.  ......    . 

Scott,  p.  77  (1) 

Dimethylglyoxime 

Z.  anal.  Chem.  72,  11  (1927) 

8-Hydroxyquinoline 

Pyrogallol 

Thiourea 

72,  177  (1927) 

65,  448  (1925) 

94,  161  (1933) 

Boron 

Curcumin 

Chem.  News  87,  27  (1903) 

Mannitol 

Scott,  p.  90  (1) 

Methyl  alcohol 

J.  Am.  Chem.  Soc.  50,  1385  (1928) 

Turmeric 

Ind.  Eng.  Chem.,  Anal.  Ed.  4,  180 

(1932) 
Snell,  Vol.  I,  p.  548  (7) 

Bromine 

Fluorescein 

Fuchsin 

p   546  (7) 

Phenol  red 

p.  549  (7) 

Cadmium 

Allylthiourea 

Helvetica    Chim.    Acta,    12,    713 
(1929) 

Ethylenediamine 

Z.  anal.  Chem.  77,  340  (1929) 

Hexamethylenetetra- 

C.  A.,  24,  311  (1930) 

mine  alliodide 

/3-Naphthoquinoline 

Analyst  58,  667  (1933) 

Phenyl-trimethyl- 

58,  667  (1933) 

ammonium  iodide 

Pyridine 

Z.  anal.  Chem.  73,  279  (1928) 

Calcium 

Alizarin 

Biochem.  J.  16,  494  (1922);  Yoe, 
Vol.  I,  p.  139  (2) 

l-amino-2-naphthol- 

J.  Biol.  Chem.  81,  1  (1929) 

4-sulfonic  acid 
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ORGANIC  ANALYTICAL  REAGENTS  (Continued) 


Determination 


Calcium  (Cont.). 


Cerium. 
Chlorate 
Chlorine 


Chromium. 


Cobalt 


Columbium 


Copper. 


Reagent 


Ammonium  oxalate 
Ammonium  stearate 

Antipyrine 
Picrolonic  acid 
Sodium  sulforicinate 

Gallic  acid 

Aniline  hydrochloride 

Benzidine  hydro- 
chloride 

Dimethyl-p-phenyl- 
ene-diamine 

Oleic  acid 

Sodium  sulforicinate 

Thymolphthalein 

o-Tolidine 

1,  8-Dihydroxynaph- 
thalene-3,  6-Disul- 
fonate 

s-Diphenylcarbazide 

Pyrogallol     dimethyl 
ether 

Cysteine  hydro- 
chloride 

Dimethylglyoxime 

3,  5-Dimethylpyrazole 

Dinitrosoresorcinol 
a-Nitroso-/S-naphthol 
Nitroso-R-salt 
Phenylthiohydantoic 

acid 
Ammonium     salt     of 

nitrosophenyl        hy- 

droxylamine  ("Cup- 

ferron") 
ra-Benzamino-semi- 

carbazide 
Benzidine 

a-Benzionoxime 

(Cupron) 
Diacetyl-dioxime 
p-Dimethylamino- 

benzalrhodanine 
Dinitrosoresorcinol 
s-Diphenylcarbazide 
Diphenylthiocar- 

bazone 
Hydroquinone 
Isatin 

«-Naphthol 
3-Naphthol 
Phenolphthalein 
Phenylthiohydantoic 

acid 
Piperidinium  piperi- 

dyl-dithi  of  ormate 
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Reference 


Snell,  Vol.  I,  p.  463  (7) 

J.    Biol.    Chem.    29,    169    (1917); 

Yoe,  Vol.  II,  p.  119  (3) 
Snell,  Vol.  I,  p.  462  (7) 
Biochem.  Z.  265,  85  (1933) 

137,  157  (1923);  Yoe, 

Vol.  II,  p.  125  (3) 
Snell,  Vol.  I,  p.  366  (7) 
p.  588  (7) 
Ind.  Eng.  Chem.,  Anal.  Ed.  4,  2 

(1932) 
Chem.  Weekblad.  23,  203  (1926) 

J.  Soc.  Chem.  Ind.  42,  427A 

(1923) 
Biochem.  Z.,  137,  157  (1923) ;  Yoe, 

Vol.  II,  p.  125  (3) 
Ind.  Eng.  Chem.  19,  112  (1927) 
Yoe,  Vol    I,  p.  157  (2) 
Ind.  Eng   Chem.  5,  298  (1913) 


J.  Am.  Chem.  Soc.  50,  2363  (1928) 
C.  A   4,  3178  (1910) 

J.  Biol.  Chem.  83,  367  (1929/ 

J.  Am.  Chem.  Soc  43,  482  (1921) 
Ind.    Eng.    Chem.,    Anal.    Ed.    2, 

38  (1930) 
J.  Am.  Chem.  Soc.  45,  1439  (1923) 
Chem    Zeit   46,  430  (1922) 
J.  Am.  Chem  Soc  43,  746  (1921) 
44,2219(1922) 

Hillebrand  and  Lundell,  p.  109  (5) 


Snell,  Vol.  I,  p    166  (7) 

Z.  anal   Chem.  67,  31  (1925) 
Ber  56,  2083  (1923) 

Analyst  54,  333  (1929) 

J.  Am.  Chem.  Soc.  52,  2222  (1930) 

47,  1268  (1925) 
Chem.  Weekblad.  21,  20  (1924) 
J.  Assoc    Official  Agr.  Chem.  18, 

192  (1935) 
Bull,  soc    chim.  31,  1176  (1922) 
Rec.  trav.  chim.  42,  199  (1923) 
Bull.  soc.  chim.  31,  1176  (1922) 
Am   J.  Pharm.  105,  62  (1933) 
Compt.  rend.  173,  1082  (1921) 
J.  Am.  Chem.  Soc.  44,  225  (1922) 

Analyst  56,  736  (1931) 


ORGANIC  ANALYTICAL  REAGENTS  (Continued) 


Determination 


Copper  (Cont.) 


FluoricU : 


Gold 


Hydrogen  sulfide 

Iodine 

Iridium 

Iron 


Lead. 


Reagent 


Potassium  ethyl 

xanthate 
Pyridine 
Salicylic  acid 
Sodium  diethyldithio- 

carbamate 
o-Tolidine 
Urobilin 
Acetylacetone 

Alizarin   sodium   sul- 
fonate— Zr(N03)4 
Quinali  zarine — 

Zr(N03)4 
Benzidine 
Formaldehyde 
w-Phenylenediamine 

sulfate 
Phenylhydrazine 
o-Tolidine 
p-phenylenedimethyl- 

diamine  sulfate 
o-Tolidine 
Benzidine 
Acetylacetone 
Alloxantin 
Ammonium     salt     of 

nitrosophenyl        hy- 

droxylamine  ("  Cup- 

ferron") 
Cysteine 

Dimethyl  glyoxime 
Dinitrosoresorcinol 
Diphenylamine 
a,  a'-Dipyridyl 
Hexamethylenetetra- 

mine 
7-Iodo-8-hydroxy- 

quinoline-5-sulfonic 

acid 
Isonitrosoaceto- 

phenone 
a-Nitroso-/3-naphthol 
o-Phenanthroline 

Pyramidone 
Pyrocatechol 
Salicylic  acid 
Salicylsulfonic  acid 
Sulfosalicylic  acid 
Thioglycollic  acid 
Ammonium    thiocya- 

nate  and  pyridine 
Aniline 

s-Diphenylcarbazide 
Diphenylthiocarba- 

zone  (Dithizone) 
Hematein 
Tetramethyldiamido- 

diphenyl  methane 


Reference 


Yoe,  Vol.  I,  p.  184  (2) 

Z.  anal.  Chem.  67,  27  (1925) 
Yoe,  Vol.  I,  p.  183  (2) 
Analyst  54,  650  (1929) 

Z.  anal.  Chem.  67,  31  (1925) 
Chem.  Weekblad.  27,  552  (1930) 
Ind.  Eng.  Chem.,  Anal.  Ed.  5,  300 

(1933) 
Ind.  Eng.  Chem.,  Anal.  Ed.  7,     23 

(£935) 
Ind.  Eng.  Chem,,  Anal.  Ed.  6,     61 

(1934) 
Bull.  Chim.  Farm.  52,  461  (1912) 
Bull.  soc.  chim.  31,  717  (1922) 
Chem.  Zeit.  36,  934  (1912) 

Ann.  Chim.  anal.  12,  90  (1907) 
Analyst  44,  94  (1919) 
Yoe,  Vol.  I,  p.  375  (2) 

J.  Am.  Chem.  Soc.  47,  1000  (1925) 
Snell,  Vol.  I,  p.  425  (7) 
J.  Am.  Chem   Soc.  ?6,  967  (1904) 
Compt.  rend.  180,  5x9  (1925) 
Ind.  Eng.  Chem.  3,  629  (1911) 


Biochem.  Z.  187,  255  (1927) 
Z.  anorg.  Chemie  89,  401   (1914) 
J.  Am.  Chem.  Soc.  47,  1268  (1925) 
46,  z03    (1924) 
Snell,  Vol    I,  p.  310  (7) 
Bull.  soc.  chim.  Rom.  2,  89  (1921) 

J.  Am  Chem.  Soc.  59,  872  (1937) 


Ber.  60,  527  (1927) 

Bull.  soc.  chim.  35,  641  (1924) 
Ind.    Eng.    Chem.,    Anal.    Ed.    9, 

67  (1937) 
Pharm.  Weekblad.  63,  1121  (1926) 
Helv.  chim.  Acta  9,  835  (1926) 
J.  Chem.  Soc.  93,  93  (1908) 
Snell,  Vol.  I,  p.  302  (7) 
Biochem.  Z.  181,  391  (1927) 
J.  Am.  Chem.  Soc.  49,  1916  (1927) 
Z.  anal.  Chem.  72,  289  (1927) 

Ind.  Eng.  Chem.  11,  1055  (1919); 

Yoe,  Vol.  I,  p.  257  (2) 
Yoe,  Vol.  I,  p.  255  (2) 
Snell,  Vol.  I,  p.  202  (7) 

Yoe,  Vol.  I,  p.  257  (2) 
Snell,  Vol.  I,  p.  200  (7) 
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ORGANIC  ANALYTICAL  REAGENTS  (Continued) 


Determination 

Reagent 

Reference 

Lithium 

Ammonium  stearate 

J.  Am.  Chem.  Soc.  52,  2754(1930) 

Magnesium 

Curcumin 

Ind.    Eng.    Chem.,    Anal.    Ed.    4, 
426  (1932) 

Dimethylamine 

Z.  anorg.  Chem.  26,  347  (1901) 

Hydroquinone 

Yoe,  Vol.  I,  p.  264  (2) 

8-Hydroxyquinoline 

Z.  anal.  Chem.  71,  122  (1927) 

p-Nitrobenzene- 

J.  Am.  Chem.  Soc.  51,  1456  (1929) 

azoresorcinol 

Oleic  acid 

Yoe,  Vol.  I,  p.  270  (2) 

Titan  yellow 

C.  A.  23,  1838  (1929) 

Manganese 

Benzidine 

Snell,  Vol.  I,  p.  343  (7) 

o-Tolidine 

"        p.  341  (7) 

Mercury 

2>-Dimethylamino- 
benzalrhodamine 

J.  Am.  Chem.  Soc.  52,  2222  (1930) 

s-Diphenylcarbazide 

Z.  angew.  Chem.  39,  791  (1926) 

Potassium  diphenyl- 

Snell,  Vol.  I,  p.  180  (7) 

carbazone 

Strychnine  sulfate 

p.  185  (7) 

Molybdenum  — 

a-Benzoin-oxime 
(Cupron) 

B.  S.  J.  Research  9,  1  (1932) 

Ethyl  ether 

Blair,  7th  Ed.,  p.  210  (4) 

Phenylhydrazine 

Ber.  30,  512  (1903) 

Potassium  ethyl 

J.  Am.  Chem.  Soc.  44,  1462  (1922) 

xanthate  and 

chloroform 

Tannic  acid 

Chem.  Eng.  Mining  Rev.  11,  258 

(1919) 
Analyst  38,  316  (1913) 

Nickel 

a-Benzil-dioxime 

Dicyandiamidine  sul- 

Chem. Zeit.  31,  335,  911  (1907) 

fate 

Dimethylglyoxime 

Chem.  Weekblad.  21,  358  (1924) 

Formaldoxime 

Snell,  Vol.  I,  p.  319  (7) 

Potassium  dithiooxa- 

J.  Am.  Chem.  Soc.  54,  1866  (1932) 

late 

Nitrate 

Brucine 

Yoe,  Vol.  I,  p.  318  (2) 

Diphenylamine      sul- 

J. Am,  Chem.  Soc.  55,  1448  (1933) 

fonic  acid 

Diphenylbenzidine 

Yoe,  Vol.  I,  p.  316  (2) 

Diphenyl-endo-anilo- 

Fales,  Inorg.  Quant.  Anal.  p.  271 

hydrotriazole 

(1925) 

("Nitron") 

Phenoldisulfonic  acid 

Yoe,  Vol.  I,  p.  313  (2) 

Pyrogallol 

p.  319  (2) 

Strychnine  sulfate 

p.  320  (2) 

2:4-Xylenol 

J.    Assoc.    Off.    Agri.    Chem.    18, 

459  (1935) 
Yoe,  Vol.  I,  p.  311  (2) 

Nitrite 

Antipyrin 

Dimethylaniline 

p.  311  (2) 

Dimethyl-a-Naph- 

Ind.    Eng.    Chem.,    Anal.    Ed.   1% 

thylamine 

28  (1929) 

Diphenylamine  sulfate 

Yoe,  Vol.  I,  p.  654  (2) 

a-Naphthylamine  and 

J.  Pharmacol.  51,  398  (1934) 

/3-Naphthylamine-6, 

8-Disulfonic  acid 

a-Naphthylamine 

Yoe,  Vol.  I,  p.  309  (2). 

hydrochloride 

m-Phenylenediamine 

p.  310  (2) 

Sulfanilic  acid  and 

p.  308  (2) 

a-naphthylamine 

Osmium 

Thiourea 

Compt.  rend.  167,  235  (1918) 
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ORGANIC  ANALYTICAL  REAGENTS  (Continued) 


Determination 


Oxygen .  .  . 
Phosphate 


Phosphorus 
Potassium . 

Selenium .  .  . 


Silver 


Sodium. . 

Sulfide... 
Sulfur.  .  . 

Tantalum 

Tellurium 

Thorium. 
Tin 


Titanium 


Reagent 


Tungsten 


Indigo  carmine 
Pyrogallol 

1,2,  4-Aminonaphtho- 

sulfonic  acid 
Hydroquinone 
Quinine-molybdate 
Strychnine-molybdate 
Hydrazine  sulfate 
6-Chloro-5-nitrotolu- 

ene-3-sulfonic  acid 
Dipicrylamine 
Picric  acid 
Codeine  phosphate 
Hydroquinone 
Hydroxylamine 

hydrochloride 
Pyrrol 
Chromotropic  acid 

Dichlorofluorescein 

p-Dimethylamino- 
benzalrhodanine 

Methylamine 

Dihydroxy-tartaric 
acid 

Uranyl  zinc  acetate 

p-Aminodimethyl- 
aniline 

p-Phenylenedimethyl- 
diamine  hydro- 
chloride 

Ammonium  salt  of 
nitrosophenyl  hy- 
droxylamine ("Cup- 
ferron") 

Hydrazine  hydro- 
chloride 

Hydroquinone 

Phenylarsonic  acid 

Ammonium  salt  of 
nitrosophenyl  hy- 
droxylamine ("Cup- 
ferron") 

Cacotheline 

Ammonium  salt  of 
nitrosophenyl  hy- 
droxylamine ("Cup- 
ferron") 

5,  7-Dibromo-8- 
hydroxyquinoline 

Dihydroxymaleic  acid 

Gallic  acid 

8-Hydroxyquinoline 

Tannic  acid 

Thymol 

Benzidine 

Cinchonine 

Hydroquinone 


Reference 


Snell,  Vol.  I,  p.  137  (7) 
Dennis,     Gas     Analysis, 

(1929) 
Yoe,  Vol.  I,  p.  348  (2) 


P. 


174 


pp.  346  and  353  (2) 

p.  343  (2) 
Yoe,  Vol.  II,  p.  142  (3) 
Yoe,  Vol.  I,  p.  341  (2) 
Mikrochem.  14,  368  (1934) 

Z.  angew.  Chem.  49,  827  (1936) 
J.  Am.  Chem.  Soc.  53,  539  (1931) 
Arch.  Pharm.  252,  161  (1914) 
Am.  J.  Sci.  15,  253  (1928) 
J.  Am.  Chem.  Soc.  47,  2456  (1925) 

Snell,  Vol.  I,  p.  604  (7) 
Helvetica    Chim.    Acta    12,    714 

(1929) 
J.  Am.  Chem.  Soc.  51,  3273  (1929) 
52,  2222  (1930) 

Mikrochemie  7,  233  (1929) 

J.  Russ.  Phys.  Chem.  Soc.  60,  661 

(1928) 
J.  Am.  Chem.  Soc.  51,  1664  (1929) 
Snell,  Vol.  I,  p.  593  (7) 

Yoe,  Vol.  I,  p.  373  (2) 


Hillebrand  and  Lundell,  p.  113  (5) 


J.  Am.  Chem.  Soc.  47,  2456  (1925) 

Am.  J.  Sci.  15,  253  (1928) 

J.  Am.  Chem.  Soc.  48,  895  (1926) 

Hillebrand  and  Lundell,  p.  113  (5) 


Ind.    Eng.    Chem.,    Anal.    Ed.    7, 

26  (1935) 
Hillebrand    and    Lundell,    p.    113 

(5);    Z.    anal.    Chem.    83,    345 

(1931) 

Z.  anorg.  Chem.  204,  215  (1932) 

Snell,  Vol.  I,  p.  365  (7) 
p.  365  (7) 
Z.  anal.  Chem.  81,  1  (1930) 
Analyst  55,  605  (1930) 
Yoe,  Vol.  I,  p.  381  (2) 
Ber.  38,  783  (1905) 
Hillebrand  and  Lundell,  p.  553  (5) 
Z.  angew.  Chem.  44,  237  (1931) 
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ORGANIC  ANALYTICAL  REAGENTS  (Continued) 


Determination 

Reagent 

Reference 

Tungsten  (Cont.) 

Phenylhydrazine 

Bull.    soc.    chim.    Belg.    38,    385 

hydrochloride 

(1929) 

Rhodamine  B 

Snell,  Vol.  I,  p.  379  (7) 

Uric  acid 

Ann.  chim.  anal.  9,  371  (1904) 

Uranium 

o-Hydroxy  benzoic 
acid 

Snell,  Vol.  I,  p.  394  (7) 

Sodium  salicylate 

Chem.  Zeit.  43,  739  (1919) 

Urea 

Xanthydrol 

Mikrochem.  14,  132  (1934) 

Vanadium 

Aniline 

C.  A.  24,  567  (1930) 

Diphenylamine 

Yoe,  Vol.  I,  p.  715  (2) 

Diphenylbenzidine 

Ind.  Eng.  Chem.  20,  764  (1928) 

Safranine 

Vol.  Anal.,  Vol.  II,  p.  326  (6) 

Strychnine 

Yoe,  Vol.  I,  p.  393  (2) 

Zinc 

Diphenylamine 
Diphenylbenzidine 

J.  Am.  Chem.  Soc.  49,  2214  (1927) 

49,  356  (1927) 

Diphenylthiocarba- 

Ind.  Eng.  Chem.,  Anal.  Ed.  9,  127 

zone  (Dithizone) 

(1937) 

8-Hydroxyquinoline 

Z.  anal.  Chem.  71,  171  (1927) 

Pyridine 

73,  356  (1928) 

Resorcinol 

Yoe,  Vol.  I,  p.  396  (2) 

Urobilin 

J.  Ind.  Hyg.  7,  273  (1925) 

Zirconium 

Ammonium     salt     of 
nitrosophenyl        hy- 
droxylamine  ("Cup- 
ferron") 

Hillebrand  and  Lundell,  p.  109  (5) 

Phenylarsonic  acid 

J.  Am.  Chem.  Soc.  48,  895  (1926) 

(1)  Scott,  Standard  Methods  of  Analysis,  1927. 

'2)  Yoe,  Photometric  Chemical  Analysis,  Vol.  I,  Colorimetry,  1928. 

(3)  Yoe,  Photometric  Chemical  Analysis,  Vol.  II,  Nephelometry,  1929. 

(4)  Blair,  Chemical  Analysis  of  Iron. 

(5)  Hillebrand  and  Lundell,  Applied  Inorganic  Analysis,  1929. 

(6)  Kolthoff  and  Furman,  Volumetric  Analysis,  1929. 

(7)  Snell  and  Snell,  Colorimetric  Methods  of  Analysis,  Vol.  I,  Inorganic, 
1936. 
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VOLUMETRIC  PRIMARY  STANDARDS 

Compiled  by  John  H.  Yoe 

The  1937  International  atomic  weights  were  used  in  computing  the  equivs>. 
lent  weights. 


Primary  standard 


Formula 


Eq.  wt. 
mol  wt. 


Equiva- 
lent 
weight 


A.  Acidimetry 


s-Diphenylguanidine 

Mercuric  oxide 

Potassium  acid  carbonate. .  . 

Potassium  iodate 

Sodium  carbonate 

Sodium  oxalate  (1) 

Sodium  tetraborate  (borax) . 


NH:C[NHC6H5]2 

HgO 

KHCOa 

KIO3 

Na2C03 

Na2C204 

Na2B407. 


IOH2O 


211.25 

108.31 

100.12 

35.67 

53.00 

67.01 

190.72 


B 

>.  Alkalimetry 

Benzoic  acid  (1) 

CeHsCOOH 

122.12 

Hydrazine  sulfate ...      . 

N2H4.H2S04 

65.06 

Oxalic  acid  (cryst.)  (2) 

H2C2O4.2H2O 

63.03 

Potassium  acid  oxalate 

KHC2O4 

128.12 

Potassium  acid  phthalate  (1) .  . 

KHC8H404 

204.22 

Potassium  acid  tartrate. 

KHC4H4O6 

188.18 

Potassium  tetraoxalate 

KH3(C204)2.2H20 

84.73 

Sodium  tetraborate  (borax) . . . 

Na2B4O7.10H2O 

1 
2 

190.72 

C.  Oxidimetry 

Ferrous  sulfate  (3) 

Ferrous  ammonium  sulfate  (3) 

Iron  wire  (4)    . 

Oxalic  acid  (cryst.)  (2) 

Potassium  f errocyanide 

Potassium  iodate 

FeS04.7H20 

FeS04.(NH4)2S04.6H20 

Fe 

H2C2O4.2H2O 

K4Fe(CN)6.3H20 

KIO3 

KI 

Ag 

Na2C204 

2 

278.01 
392 . 14 
55.84 
63.03 
422 . 38 
107.01 

Potassium  iodide 

Silver  .    .           

Sodium  oxalate  (1) 

83.01 

107 . 88 

67.01 

D.  Iodimetry 


Arsenious  oxide  (1) 

Copper 

Hydrazine  sulfate 

Iodine  (resublimed)   (5) 

Iodine  cyanide 

Oxalic  acid  (cryst.)  (2) . 
Potassium  bromate. .  .  . 
Potassium  diiodate 
Potassium  dichromate. 
Potassium  ferricyanide 
Potassium  iodate  .  .    . 
Sodium  thiosulfate 


AS2O3 

Cu 

N2H4.H2SO4 

I 

ICN 

H2C2O4.2H2O 

KBrOs 

KH(I03)2 

K2Cr207 

K3Fe(CN)6 

KIO3 

Na2S203.5H20 


49 . 455 

63.57 

32.531 

126.92 
76 . 464 
63.03 
27 . 835 
32 . 496 
49.035 

329 . 24 
35 . 669 

248.19 
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VOLUMETRIC  PRIMARY  STANDARDS  (Continued) 


Primary  standard 


Formula 


Eq.  wt. 


mol.  wt. 


Equiva- 
lent 
weight 


Ee  Silver  Nitrate 


Potassium  bromide 
Potassium  chloride 
Sodium  chloride.  .  . 


119.01 
74.55 
58.45 


F.  Alkali  Thiocyanates 


Mercury ....... 

Mercuric  oxide 

Silver 

Silver  nitrate.  . 


100.31 
108.31 
107.88 
169.89 


G.  Miscellaneous 


For  the  determination  of  substances  that  must  pass  through  complicated 
reactions,  it  is  best  to  standardize  against  a  standard  sample  of  the  substance 
that  has  been  carried  through  all  steps  of  the  analysis.  The  U.  S.  Bureau 
of  Standards  can  supply  at  a  nominal  fee  a  large  number  of  standard  samples 
of  irons  and  steels  (representing  a  wide  range  in  composition),  iron  ores, 
manganese  ore,  zinc  ore,  etc. 

(1)  May  be  obtained  from  the  U.  S.  Bureau  of  Standards. 

(2)  Difficult  to  obtain  with  exactly  two  molecules  of  water  but  a  valuable 
primary  standard  when  carefully  prepared. 

(3)  The  pure  salt  is  hard  to  obtain  and  to  keep  without  slight  oxidation  or 
loss  of  water,  hence  other  standards  are  recommended. 

(4)  Possesses  many  disadvantages  and  is  not  recommended. 

(5)  The  last  few  drops  of  iodine  are  decolorized  very  slowly.  Titrate  till 
the  pale  yellow  color  persists  at  least  two  minutes.  Starch  retards  the 
reaction  and  should  be  avoided. 


CORRECTION  FOR  CAPILLARY  DEPRESSION   OP 
MERCURY  IN  A   GLASS  TUBE 

Correction  to  be  added. 


Diam. 

Height  of  meniscus  in  centimeters 

. 

of 
tube. 

0.04 

0.06 

0.08 

0.10 

0.12 

0.14 

0.16 

0.18 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

0.4 

0.083 

0.122 

0.154 

0.198 

0.237 

0.5 

.047 

.065 

.086 

.119 

.145 

0.180 

0.6 

.027 

.041 

.056 

.078 

.098 

.121 

0.143 

0.7 

.018 

.028 

.040 

.053 

.067 

.082 

.097 

.113 

0.8 

.020 

.029 

.038 

.046 

.056 

.065 

0.077 

0.9 

0.015 

0.021 

0.028 

0.033 

0.040 

0.046 

0.052 

1.0 



.015 

.020 

.025 

.029 

.033 

.037 

1.1 

•    •  •  • 

.010 

.014 

.018 

.021 

.024 

.027 

1.2 

•  t » 1 1 

.007 

.010 

.013 

.015 

.018 

.019 

1.3 



.004 

.007        .010 

.012 

.013 

.014 
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TRUE  CAPACITY  OF  GLASS  VESSELS  FROM  THE 
WEIGHT  OF  THE  CONTAINED  WATER  OR  MER- 
CURY WHEN  WEIGHED  IN  AIR  WITH  BRASS 
WEIGHTS* 

A  glass  vessel  containing  G  grams  of  water  at  a  temperature  of  t°C  has,  at 
the  same  temperature,  a  capacity  V  =  Wt  X  G  cubic  centimeters.  Similarly 
when  filled  with  G  grams  of  mercury  at  a  temperature  of  t°C  the  capacity  at 
the  same  temperature  is  given  by  V  =  Mt  X  G  cubic  centimeters. 

A  glass  vessel  containing  G  grams  of  water  at  a  temperature  of  t°C  has  a 
capacity  at  a  temperature  of  18°C  given  by  V  =  W^o  X  G  cubic  centimeters. 
Similarly  when  filled  with  G  grams  of  mercury  at  a  temperature  of  t°C  the 
capacity  at  a  temperature  of  18°C  is  given  by  V  =  M^o  X  G  cubic  centi- 
meters. The  true  volume  at  temperature  of  25°C  when  the  weighing  is  made 
at  t°  is  similarly  obtained  by  use  of  the  values  under  W^o  and  M^o  for  water 
and  mercury  respectively. 


t°C. 

Wt 

Mt 

Wlso 

Mlso 

W*o 

M^o 

0 

1.001193 

0.0735501 

1.001643 

0.0735832 

1.001818 

0.0735960 

1 

1.001133 

0.0735636 

1.001559 

0.0735949 

1.001734 

0.0736077 

2 

1.001092 

0.0735771 

1.001492 

0.0736066 

1.001668 

0.0736194 

3 

1.001068 

0.0735907 

1 . 001443 

0.0736183 

1.001618 

0.0736311 

4 

1.001060 

0.0736037 

1.001410 

0.0736294 

1.001586 

0.0736423 

5 

1.001068 

0.0736172 

1.001394 

0.0736411 

1.001569 

0.0736540 

6 

1.001092 

0.0736308 

1.001392 

0.0736529 

1.001568 

0.0736657 

7 

1.001131 

0.0736492 

1 . 001406 

0.0736695 

1.001581 

0.0736824 

8 

1.001184 

0.0736628 

1.001435 

0.0736812 

1.001610 

0.0736941 

9 

1.001252 

0.0736763 

1.001477 

0.0736929 

1.001652 

0.0737058 

10 

1.001333 

0.0736894 

1.001534 

0.0737042 

1.001709 

0.0737171 

11 

1.001428 

0.0736975 

1.001603 

0.0737104 

1.001779 

0.0737233 

12 

1.001536 

0.0737111 

1.001686 

0.0737222 

1.001862 

0.0737351 

13 

1.001657 

0.0737241 

1.001782 

0.0737333 

1.001957 

0.0737463 

14 

1.001790 

0.0737377 

1.001890 

0.0737451 

1.002066 

0.0737581 

15 

1.001935 

0.0737513 

1 . 002010 

0.0737569 

1.002186 

0.0737698 

16 

1.002092 

0.0737644 

1.002143 

0.0737681 

1.002318 

0.0737810 

17 

1.002261 

0.0737780 

1.002286 

0.0737798 

1 . 002462 

0.0737927 

18 

1.002441 

0.0737911 

1.002441 

0.0737911 

1.002617 

0.0738039 

19 

1.002633 

0.0738047 

1.002608 

0.0738028 

1 . 002783 

0.0738157 

20 

1.002835 

0.0738183 

1.002785 

0.0738146 

1.002960 

0.0738275 

21 

1.003047 

0.0738314 

1.002972 

0.0738258 

1.003148 

0.0738398 

22 

1.003271 

0.0738450 

1.003170 

0.0738376 

1 . 003346 

0.0738505 

23 

1.003504 

0.0738581 

1.003379 

0.0738489 

1.003554 

0.0738618 

24 

1.003748 

0.0738717 

1.003597 

0.0738607 

1.003773 

0.0738736 

25 

1.004001 

0.0738848 

1 . 003825 

0.0738719 

1.004001 

0.0738848 

26 

1.004264 

0.0738985 

1 . 004063 

0.0738837 

1 . 004239 

0.0738966 

27 

1.004537 

0.0739116 

1.004310 

0.0738950 

1 . 004486 

0. 0739079 

28 

1 . 004819 

0.0739253 

1.004567 

0.0739068 

1 . 004743 

0.0739197 

29 

1.005110 

0.0739384 

1.004833 

0.0739181 

1 . 005009 

0.0739310 

30 

1.005410 

0.0739520 

1.005109 

0.0739299 

1.005284 

0.0739428 

*  Assuming  25  X  10~6  as  the  coefficient  of  cubic  expansion  for  glass. 

Reduction  of  Weighings  to  Vacuo 

If  the  apparent  mass  of  a  body  is  m,  its  density  dm,  the  density  of  the 
weights  dxo  and  the  density  of  the  air  da  the  true  mass  in  vacuo  is, 


M  =  m  +  mda  Q-  -  i-) 
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DECI-NORMAL   SOLUTIONS  OF  SALTS  AND 
OTHER  REAGENTS 

The  weight  in  grams  of  the  compound  in  1  c.c.  of  the  following  deci-normal  solutions  is 
found  by  dividing  the  H  equivalent  in  the  last  column  by  1000- 


Name 


Acetic  acid 

Ammonia 

Ammonium 

Ammonium  chloride 

Ammonium  sulfate 

Ammonium  sulfocyanate 

Barium 

.Barium  carbonate 

Barium  chloride 

Barium  hydroxide 

Barium  oxide 

Bromine 

Calcium 

Calcium  carbonate 

Calcium  chloride 

Calcium  chloride 

Calcium  hydroxide 

Calcium  oxide 

Chlorine 

Citric  acid 

Cobalt 

Copper. 

Copper  Oxide 

Copper  sulfate 

Cyanogen ...... 

Hydrochloric  acid 

Hydrocyanic  acid 

Iodine 

Lactic  acid 

Malic  acid 

Magnesium 

Magnesium  carbonate 

Magnesium  chloride 

Magnesium  chloride 

Magnesium  oxide 

Manganese 

Manganese  sulfate 

Mercuric  chloride 

Nickel 

Nitric  acid 

Nitrogen 

Nitrogen  pentoxide 

Oxalic  acid 

Oxalic  acid 

Oxalic  anhydride 

Phosphoric  acid 

Potassium 

Potassium  bicarbonate 

Potassium  carbonate 

Potassium  chloride 

Potassium  cyanide 

Potassium  hydroxide 

Potassium  oxide 

Potassium  permanganate  for  Co 
estimation 


Formula 


HC2H302  . . . 

NH3 

NH4 

NH4CI 

(NH4)2S04... 
NH4CNS.... 

Ba 

BaC03 

BaCl2.2H20. 
Ba(OH)2.... 

BaO 

Br 

Ca 

CaCOs 

CaCl2 

CaCl2.6H20  . 
Ca(OH)2. . . . 

CaO 

CI 

C6H807.H20. 

Co 

Cu 

CuO 

C11SO4.5H2O. 

CN 

HC1 

HCN 

I 

CsHeOs 

C4H606 

Mg 

MgCOs 

MgCl2 

MgCl2  6H20. 

MgO 

Mn 

MnS04 

HgCl2 

Ni 

HNO3 

N 

N205 

H2C204 

H2C204.2H20 

C203 

H3P04 

K 

KHCOs 

K2C03 

KC1 

KCN 

KOH 

K20 

KMn04 

1394, 


At.  or 
mol. 
wt, 


60.03 

17.03 

18.04 

53.50 

132.14 

76.11 

137.36 

197  36 

244.31 

171.38 

153.36 

79.92 

40.08 

100.08 

110.99 

219.09 

74.10 

56.08 

35.46 

210.08 

58.94 

63.57 

79.57 

249.71 

26.01 

36.47 

27.02 

126.93 

90.05 

134.05 

24.32 

84.32 

95.23 

203.33 

40.32 

54.93 

150.99 

271.52 

58.69 

63.02 

14.01 

108.02 

90.02 

126.05 

72.00 

98.04 

39.10 

100.11 

138.20 

74.56 

65.11 

56.11 

94.20 

158.03 


Hydrogen 
equivalent 


HC2H302  .... 

NH3 

NH4 

NH4C1 

KNHO2SO4... 

NH4CNS 

£Ba 

£BaC03 

iBaCl22H20.. 
*Ba(OH)a.... 

|BaO 

Br 

£Ca 

£CaC03 

|CaCl2 

iCaCl2.6H20.. 
*Ca(OH)2.... 

£CaO 

CI 

^C6H807.H20. 

£Co 

£Cu 

£CuO 

|CuS04.5H20. 

CN 

HC1 

HCN 

I 

C3H603 

£C4H605 

mg 

^MgCOs 

^MgCl2 

£MgCl2.6H20. 

*MgO 

*Mn 

|MnS04 

£HgCl2 

*Ni 

HNOs 

N 

IN2O5 

|H2C204 

£H2C204.2H20 

^C203 

JH3P04 

K 

KHCOs 

§K2C03 

KC1 

KCN 

KOH 

|K20 

iKMn04 


OneH 
equiv. 
in  gms. 


6.003 
1.703 
1.804 
5.350 
6.607 
7.611 
6.868 
9.868 

12.216 
8.569 
7.668 
7.992 
2.004 
5.004 
5.550 

10.954 
3.705 
2.804 
3.546 
7.003 
2.948 
3.179 
3.979 

12.485 
2.601 
3.647 
2.702 

12.693 
9.005 
6.702 
1.216 
4.216 
4.762 

10.167 
2.016 
2.747 
7.550 

13.576 
2.935 
6.302 
1.401 
5.401 
4.501 
6.302 
3.600 
3.268 
3.910 

10.011 
6.910 
7.456 
6.511 
5.611 
4.710 
2.634 


DECI-NORMAL  SOLUTIONS  OF  SALTS  AND 
OTHER  REAGENTS    (Continued.) 


Name 

Formula 

At.  or 
mol. 
wt. 

Hydrogen 
equivalent 

OneH 

equiv. 
in  gms. 

Potassium  permanganate  for  Mn 

estimation 
Potassium  tartrate 

KMn04 

K2H4C4O6.... 

Ag 

AgNOs 

Na     

158.03 

226.23 

107.88 

169  89 
23.00 
84.00 

105.99 
58.45 
40.00 
61.99 
78.05 

118.05 
98.08 
80.06 

150.05 
65.38 

287.55 

-£KMn04 

5.268 

iK2H4C406 

Ag 

11.312 

Silver 

10.788 

Silver  nitrate 

AgN03 

16.989 

Sodium 

Na 

2.300 

Sodium  bicarbonate 

NaHCO.3 

Na2C03 

NaCl 

NaOH 

Na20 

Na2S 

H2C4H4O4.... 

H2SO4 

S03 

C4H606 

Zn 

NaHCOs.. 

8.400 

Sodium  carbonate 

Sodium  chloride 

|Na2C03 

NaCl 

5.300 

5.845 

Sodium  hydroxide 

NaOH 

4.000 

Sodium  oxide 

|Na20 

3.100 

Sodium  sulfide 

iNa2S 

3.903 

Succinic  acid 

£HoC4H404 

5.902 

Sulfuric  acid 

£H2S04... 

4.904 

Sulfur  trioxide 

|S03 

£C4H606 

4.003 

Tartaric  acid 

7.502 

Zinc 

|Zn 

£ZnS04.7H20 

3.269 

Zinc  sulfate 

Z11SO4.7H2O  . 

14.377 

REDUCTIONS  OF  WEIGHINGS  IN  AIR  TO  VACUO 

When  the  weight  M  in  grams  of  a  body  is  determined  in  air,  a  correction  is  necessary  for 
the  buoyancy  of  the  air.  The  following  table  is  computed  for  an  air  density  of  0.0012. 
The  corrected  weight  =  M+kM  /1000.  values  of  k  being  found  in  the  table. 


Correction  factor,  k. 

Density  of  body 

weighed 

Pt  Ir  weights 

Brass  weights 

Quartz  or  Al 
weights 

.5 

+2.34 

+2.26 

+  1.95 

.6 

+  1.94 

+  1.86 

+  1.55 

.7 

+  1.66 

+  1.57 

+  1.26 

.75 

+  1.55 

+  1.46 

+  1.15 

.80 

+  1.44 

+  1  36 

+  1.05 

.85 

+  1  36 

+  1.27 

+0.96 

.90 

+  1.28 

+  1.19 

+    .88 

.95 

+  1.21 

+  1   12 

+    -81 

1.00 

+  1   14 

+  1.06 

+    .75 

1.1 

+  1.04 

+0.95 

+    .64 

1.2 

+0.94 

+    .86 

+    .55 

1.3 

+    .87 

+    .78 

+    -47 

1.4 

+    .80 

+    .71 

+    .40 

1.5 

+    -75 

+    .66 

+    .35 

1.6 

+    .69 

+     61 

+    .30 

1.7 

+    .65 

+    .56 

+    .25 

1.8 

+    .62 

+    .52 

+    -21 

1.9 

+    .58 

+    .49 

+    .18 

2.0 

+    .54 

+    .46 

+    .15 

2.5 

+    .43 

+    -34 

+    .03 

3.0 

+    -34 

+    .26 

—   .05 

4.0 

+    -24 

4-    .16 

—   .15 

6.0 

+    -14 

+    .06 

—   .25 

8.0 

+    .09 

+    .01 

—   .30 

10.0 

+    .06 

—   .02 

—   .33 

15.0 

+     03 

—   .05 

—   .37 

20.0 

+    .004 

—   .08 

—   .39 

22.0 

—   .001 

-   .09 

—   .40 
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DECI-NORMAL  SOLUTIONS  OF  OXIDATION  AND 
REDUCTION    REAGENTS 


Name 


Antimony 

Arsenic 

Arsenic  trisulfide 

Arsenous  oxide 

Barium  peroxide 

Barium  peroxide,  hydrated 

Calcium 

Calcium  carbonate 

Calcium  hypochlorite 

Calcium  oxide 

Chlorine 

Chromium  trioxide 

Ferrous  ammonium  sulfate 

Hydroferrocyanic  acid 

Hydrogen  peroxide 

Hydrogen  sulfide 

Iodine 

Iron 

Iron  oxide,  ferrous 

Iron  oxide,  ferric 

Lead  peroxide 

Manganese  peroxide 

Nitric  acid. 

Nitrogen  trioxide 

Nitrogen  pentoxide 

Oxalic  acid 

Oxalic  acid 

Oxygen 

Potassium  bichromate 

Potassium  chlorate 

Potassium  chromate 

Potassium  ferrocyanide 

Potassium  ferrocyanide 

Potassium  iodide 

Potassium  nitrate 

Potassium  perchl orate 

Potassium  permanganate . . 

Sodium  chlorate 

Sodium  nitrate 

Sodium  thiosulfate 

Stannous  chloride 

Stannous  oxide 

Sulfur  dioxide 

Tin 


At.  or 

Formula 

mol. 

wt. 

Sb 

121.76 

As 

74.93 

AS2S3 

246.04 

AS2O3 

197.86 

Ba02 

169.36 

Ba02.8H20. . . 

313.48 

Ca 

40.08 
100.08 

CaCOs 

Ca(C10)2 

142.99 

CaO 

56.08 

35.46 

100.01 

CI 

CrOs 

FeS04(NH4)2 

392.13 

S04.6H20 

H4Fe(CN)6... 

215.92 

H202 

34.02 

H2S 

34.08 
126.93 

55.84 

71.84 

159.68 

I 

Fe 

FeO 

Fe203 

Pb02 

239.22 
86.93 

Mn02 

HNOs 

63.02 

N203 

76.02 
108.02 

N2O5 

C2H204 

90.02 

C2H204.2H20. 

126.05 

0 

16.00 

294.22 

K2Cr207 

KCIO3 

122.56 

K2Cr04 

194.21 

K4Fe(CN)6... 

368.29 

K4Fe(CN)6. 

422.33 

3H20 

KI 

166.03 
101.11 

KNO3 

KC104 

138.56 

KMn04 

158.03 

NaC103 

106.45 

NaNOs 

85.01 

Na2S203.5H20 

248.19 

S11CI2 

189.61 

SnO 

134.70 

S02 

64.06 
118.70 

Sn 

Hydrogen 
equivalent 


ISb 

|As 

£As2S3 

iAs203 

^Ba02 

-|Ba02.8H20 

iCa 

ICaCOs 

iCa(C10)2 

|CaO 

CI 

iCrOs 

FeS04(NH4)2S04. 
6H20 

H4Fe(CN)6 

|H202 

£H2S 

I 

Fe 

FeO 

£Fe203 

§Pb02 

§Mn02 

IHNOs 

iN203 

£N205 

^-C2H204 

|C2H204.2H20... 

10 

|K2Cr207 

IKCIO3 

iK2Cr04 

K4Fe(CN)e 

K4Fe(CN)6.3H20. 

KI 

IKNO3..... 

|KC104 

iKMn04 

INaClOs 

^NaNOs 

Na2S203.5H20... 

|SnCl2 

^SnO 

^S02 

£Sn 


OneH 
equiv. 
ingms. 


6.089 
3.747 
6.151 
4.947 
8.468 
15.674 
2.004 


004 
574 
804 
546 
334 
213 


21.592 
1.701 
1.704 

12.693 
5.584 
7.184 
7.984 

11.961 
4.347 
2.101 
1.800 
1.800 
4.501 
6.302 
0.800 
4.904 
2.043 
6.474 

36.829 

42.233 

16.603 
3.370 
1.732 
3.161 
1.774 
2.834 

24.819 
9.481 
6.735 
3.203 
5.935 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS 

Aluminum 

(1)  A12(S04)3  +  6K0H  =  2A1(0H)3  +  3K2S04 

.ATI      Al2(S04j3       A1203       Al 

K0H  = 6 =  ~6~  =  T 

Antimony 

(2)  SbCU  +  2KI  =  SbCl3  +  2KC1  +  I2 

T    _  Sb       Sb205 
1  ~  T        ~4~ 

(3)  Sb203  +  2I2  +  2H20  =  Sb205  +  4HI 

T       Sb2Q3       Sb 
4  2 

(4)  (a)  Sb2S3  +  6HC1  =  2SbCl3  +  3H2S 
(b)  3H2S  +  3I2  ■=  6HI  +  3S 

j       H2S       Sb2S3       Sb 

~2~  ~  ~ 6~  ~  ~3 

(5)  5Sb2(S04)3  +  4KMn04  +  24H20  =  10H3SbO4  + 

2K2S04  +  4MnS04  +  9H2S04 
4KMn04  =  Sb2(SQ4)3  =  Sb.Os  _  Sb 
20         "         4  4      ~~   2 

Arsenic 

(6)  As203  +  2H20  +  2I2  =  As205  +  4HI 

T       As2Q3       As 
4       "2 

(7)  AsCl3  +  I2  +  2HC1  =  AsCl6  +  2HI 

T       AsCl3       As 
~^~  ~    2 

(8)  As2S3  same  as  reaction  4 
Boron 

(9)  (a)  Na2B407  +  2HC1  +  5H20  -  2NaCl  +  4H3B03 
(b)  H3B03  +  NaOH  =  NaB02  +  2H20 

NaOH  =  H3B03  =  B 
Cadmium 

(10)  CdS  +  2HC1  +  I2  =  CdCl2  +  2HI  +  S 

CdS       Cd       S 
1  2  2         2 

'  (11)  5CaC204  +  2KMn04  +  8H2S04  =  5CaS04  +  K2S04 

+  2MnS04  +  8H20  +  10CO2 

2KMn04       CaC2Q4  _  CaCQ3  =  CaO 

10      .  ~~        2        :=       2  2 

(12)  CaC03  +  2HC1  =  CaCl2  +  C02  +  H20 

CaC03       CaO 


HC1  = 


2  2 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 
Carbon 

(13)  Na2C03  +  H2SO4  =  Na2S04  +  H20  +  C02 

H2S04       Na2CQ3 
2  2 

(14)  2NaHC03  +  H2S04  =  Na2S04  +  2H20  +  2C02 

H2S04       NaHCQ3 
2  1 

(15)  KHC204  +  KOH  =  K2C204  +  H20 

KOH  =  KHC204 

(16)  H2C204.2H20  +  2NaOH  =  Na2C204  +  4H20 

NaOH  =  H2C2°"2H2° 

(17)  C6H5COOH  +  NaOH  =  C6H6COONa  +  H20 

NaOH  =  CeH^COOH 

(18)  5Na2C204  +  2KMn04  +  8H2S04  =  5Na2S04  + 

K2S04  +  2MnS04  +  10CO2  +  8H20 
2KMn04  =  Na2C2Q4 

10        ="         2 

Chlorine 

(19)  NaCl  +  AgN03  =  AgCl  +  NaN03 

NaCl  =  CI 

(20)  (a)  CI  +  KI  =  KC1  +  I 

(b)  I2  +  2Na2S203  =  Na2S406  +  2NaI 
I  =  CI 

(21)  CaOCl2  +  2HC1  =  CaCl2  +  H20  +  Cl3 

T       n        CaOCl2 
1  ~  u  ~        2 
C  h  r  o  TYh  i  u  m 
J  (22)  K2Cr207  +  6FeCl2  +  14HC1  =  6FeCl3  +  2KC1  + 

2CrCl3  +  7H20 
K2Cr2Q7       Cr2Q3       Cr 
e  "         6         ==      6  3 

(23)  K2Cr207  +  6KI  +  7H2S04  =  4K2S04  +  Cr2(S04)3  + 

7H20  +  3Ia 
K2Cr2Q7       Cr2Q3       Cr 
6  6       ==    3 

Copper  (KMn04  Method) 

(24)  (a)  2CuS04  +  2KCNS  +  H2S03  +  H20  =  2CuCNS 

+  K2S04  +  2H2S04 

(b)  CuCNS  +  NaOH  =  NaCNS  +  CuOH 

(c)  5NaCNS  +  6KMn04  +  4H2S04  -  3K2S04  + 

6MnS04  +  5NaCN  +  4H20 

6KMnQ4  __  NaCNS       CuSQ4  =  Cu 
30        :=        6  6         =    6 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 

(25)  (Iodide  Method) 

2CuS04  +  4KI  =  2CuI  +  2K2S04  +  I2 
I  =  CuS04  =  Cu 

(26)  (KCN  Method) 

(a)  2CuS04  +  2NH4OH  =  (NH4)2S04  + 

„  ,   „  Cu2S04(OH)2 

(b)  Cu2S04(OH)2  +  6NH3  +  (NH4)  2S04  - 

2Cn(NH3)4S04.H20 

(c)  2Cu(NH3)4S04.H20  +  7KCN  =  K3NH4Cu2(CN)6 

+  NH4CNO  +  2K2S04  +  6NH3  +  H20 
KCN         Cu(NH3)4S04H20       CuS04       Cu 
2  7  7       ~    7 

Iodine 

(27)  I2  +  2Na2S203  =  Na2S406  +  2NaI 

I  =  Na2S203 

(28)  KIO3  +  5KI  +  6HC1  =  6KC1  +  3H20  +  3I2 

KIO3  =  5KI 
6  6 

(29)  10KI  +  2KMn04  +  8H2S04  =  6K2S04  +  2MnS04  + 

8H20  +  5h 
2KMn04 
10 
Iron 

(30)  6FeCl2  +  K2Cr207  +  14HC1  -  6FeCl3  +  2KC1  + 

2CrCl3  +  7H20 
K2Cr2Q7       6FeCl2       Fe2Q3       Fe 
6  6         =      2        =    1 

(31)  10FeSO4  +  2KMn04  +  8H2S04  =  5Fe2(S04)3  + 

K2S04  +  2MnS04  +  8H20 
2KMn04       10FeSO4       Fe2Q3  =  Fe 
10        :=        10  2  1 

(32)  2FeCl3  +  2KI  =  2KC1  +  2FeCl2  +  I2 

I  =  FeCl3  =  Fe  = 


Fe203 


Lead 

(33)  2Pb(C2H302)2  +  K2Cr207  +  H20  =  2PbCr04  + 

2KC2H302  +  2HC2H302 

2Pb       K2Cr207  ,  .  .,    ,.  .  .     !     As 

——  as (as  precipitating  agent  for  lead) 

(34)  2PbCr04  +  6KI  +  16HC1  =  2PbCl2  +  6KC1  +     OT 

.    2CrCl3  +  8H20  +  3I2 

PbCrQ4       Pb       K2Cr2Q7 
1  3  3  6 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 

Ivl  (Z'flQCL7l6S6 

(35)  Mn02  +  H2SO4  +  H2C204  =  MnS04  +  2C02  +  2H20 

2KMnQ4       C2H2Q4       MnQ2     *Mn 
10  2  =       2  2 

(36)  (Bismuthate  Method) 

(a)  2Mn(N03)2  +  5NaBi03  +  I6HNO3  =  5NaN03 

+  5Bi(N03)3  +  7H20  +  2HMn04 

(b)  2HMn04  +  5Na3As03  +  4HN03  =  5Na3As04  + 

2Mn(N03)2  +  3H20 
2HMn04       Na3AsQ3       Mn 
10  2  5 

(37)  (Persulfate  Method) 

(a)  2Mn(N03)2  +  5(NH4)2S208  +  8H20  = 

5(NH4)2S04  +  4HN03  +  5H2S04  +  2HMn04 

(b)  2HMn04  +  10FeSO4  +  7H2S04  =  5Fe2(S04)3  + 

2MnS04  +  8H20 
2HMn04       10FeSO4       Mn 
10  10  5 

(38)  (Volhard's  Method) 

3MnS04  +  2KMn04  +  2H20  =  5Mn02  + 

K2S04  +  2H2S04         or 
6MnS04  +  5ZnS04  +  4KMn04  +  14H20  = 

4KHS04  +  7H2S04  +  5Zn(OH)2.2Mn02 
2KMn04       3MnS04       3Mn 
10  10  10 

(39)  (Ford  Williams  Method) 

Mn02  +  2FeS04  +  2H2S04  =  MnS04  +  Fe2(S04)3 

+  2H20 
2FeSQ4       MnQ2       Mn 
2  2  2 

Molybdenum 

(40)  (a)  2Mo03  +  3Zn  -  Mo203  +  3ZnO 

(b)  5Mo203  +  6KMn04  +  9H2S04  =  10MoO3  + 

3K2S04  +  6MnS04  +  9H20 
6KMn04  =  Mo203  =  Mo03       Mo 
30  6  3       ==    3 

Nickel  (KCN  Method) 

(41)  (a)  2NiS04  +  12NH4OH  =  2Ni(NH3)6S04  +  12H20 
(b)  Ni(NH3)6S04  +  4KCN  =  K2Ni(CN)4  +  K2S04 

+  6NH3 

4KCN       Ni(NH3)6SQ4       Ni 

8  8  8 

Oxygen 

(42)  5H202  +  2KMn04  +  4H2S04  =  2KHS04  +  2MnS04 

+  8H20  +  502 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 

2KMn04       H202 


10  2 

Phosphorus 

(43)  (a)  H3PO4  +  12(NH4)2Mo04  +  21HN03  = 

(NH4)3P04.12Mo03  +  2INH4NO3  +  12H,0 
(b)  2(NH4)3P04.12Mo03  +  46NaOH  +  H20  = 
2(NH4)2HP04  +  (NH4)2Mo04  +  23Na2Mo04  +  23H20 

NaOH  =  2(NH4)3PQ4.12MoQ3  =  P2O  5       _P 
1  46  46         23 

(44)  (a)  2(NH4)3P04.12Mo03  +  46NH4OH  +  H20  = 

24(NH4)2Mo04  +  2(NH4)2HP04  +  23H20 

(b)  (NH4)2Mo04  +  H2S04  =  (NH4)2S04  +  H2Mo04 

(c)  2Mo03  +  3Zn  +  3H2S04  =  3ZnS04  +  3H20  + 

Mo203 

(d)  5Mo203  +  6KMn04  +  9H2S04  =  IOM0O3  + 

3K2S04  +  6MnS04  +  9H20 

6KMn04       Mo203       (NH4)3P04.12Mo03 


30  6  36 

P        P.O; 


36         72 

(45)   (No  ferric  alum  present) 
(a-b-c)  as  in  Reaction  44 

(d)  12Mo203  +  O  =  Mo24037 

(e)  Mo24037  +  14KMn04  +  21H2S04  =  24Mo03  + 

7KoS04  +  14MnS04  +  21H,0 


14KMn04       Mo2403 

7 

(NH4)3P04.12]\Io03 

70                  70 

35 

P        P205 

35         70 

Sulfur 

(46)  H2S  +  I2  =  2HI  +  S 

H2S 
2 

S 
2 

(47)  H2S04  +  2NaOH  =  Na2S04 

+  2H20 

TVT        ATT                    Na 

NaOH  =  — 

iS04 

(48)  NaHS04  +  NaOH  =  Na2S04  +  H20 

NaOH  =  NaHS04 

(49)  Na2S03  +  I2  +  H20  =  Na,S04  +  2HI 

Na2SQ3       S02       S 
1  =         2  2      "  2 

(50)  2Na2S203  +  Ii  -  Na2S406  +  2NaI 

I  =  Na2S2Os 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 
Tin 

(51)  SnCl2  +  I2  +  2HC1  =  SnCl4  +  2HI 

T       SnCl2       Sn 
2  2 

A  vtCLTVhUTTb 

(52)  (a)  Ti2(S04)3  +  Fe2(S04)3  =  2Ti(S04)2  +  2FeS04 
(b)  10FeSO4  +  2KMn04  +  8H2S04  =  5Fe2(S04)3  + 

K2SO4  +  2MnS04  +  8H20 
2KMnQ4       FeSQ4       Ti2(SQ4)3       Ti 
10         =        1  2  1 

T  XLTLO  stSTb 

(53)  W03  +  2NaOH  =  Na2W04  +  H20 

NaOH       WO3       W 
1        =       2  2 

Tj  TQ/fiiXLTYh 

(54)  (a)  U308  +  4H2S04  =  2U02S04  +  U(S04)2  +  4H20 

(b)  5U(S04)2  +  2KMn04  +  2H20  =  2KHS04  + 

2MnS04  +  H2S04  +  5U02S04 
2KM11O4  =  U(SQ4)2  =  UO2  _.  U 
10        ="        2  2         2 

(c)  U308  =  2U03  +  U02 

2KMn04  =  U308  =  3U 
10  2      ==    2 

Vanadium 

(55)  (a)  V205  +  S02  *±  V204  +  S03 

(b)  5V204  +  2KMn04  +  3H2S04  =  5V205  + 
;  K2S04  +  2MnS04  +  3H20 

2KMn04       V2Q4       V2O5  =  V 
10  2  2  1 

(56)  (a)  V205  +  3Zn  +  3H2S04  =  V202  +  3H20  + 

3Zno04 

(b)  V202  +  3Fe203  =  6FeO  +  V205 

(c)  10FeSO4  +  2KMn04  +  8H2S04  =  5Fe2(S04)3  + 

K2SOi  +  2MnS04  +  8H20 

2KMn04       FeSQ4       V2Q5       V 
10  1        =      6      :    3 

57)   (a)  As  in  Reaction  56 

(b)  5V202  +  6KMn04  +  9H2S04  =  5V205  + 

3K2S04  +  6MnS04  +  9H20 

6KMn04       V2Q5       V2Q2       V 
30  6  6       "   3 

(58)  V2O6  +  2KI  +  2HCI  =  V204  +  2KC1  +  H20  +  I« 

V205       V 


I  = 


2  1 
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VOLUMETRIC  QUANTITATIVE  REACTIONS  WITH 
GRAM  EQUIVALENTS  (Continued) 


Zinc 

(59)   (a) 
(b) 


Fe2(S04)3  +  Zn  =  ZnS04  +  2FeS04 
10FeSO4  +  2KMn04  +  8H2S04  =  5Fe2(S04)3  + 

K2S04  +  2MnS04  +  8H2G 
2KMn04  =  FeSQ4       Zn 
10  12 

(60)  3ZnCl2  +  2K4Fe(CN)6  =  K2Zn3(Fe(CN)6)2  +  6KC1 
K4Fe(CN)g       3ZnCl2       Zn 
3  ~        6  2 

EFFICIENCY  OF  DRYING  AGENTS 

Compiled  by  John  H.  Yoe 

A.   Drying  agents  depending  upon  chemical  action  (absorption)   for  their 
efficiency:* 


Substance 

Weights  of  residual  water 

vapor  in  dried  air — 

mg  per  liter 

Authority 

p2o6 

Mg(C104)2anh 

Mg(C104)2.3H20..... 
BaO 

Much  less  than  1  mg  in 
40,000  liters 
Unweighable  in  210  liters 
Unweighable  in    57  liters 

Morley 

Willard  and  Smith 
Willard  and  Smith 
Booth  and  Mclntire 

CaS04.|H20 

Smith 

KOH  (fused) 

H2SO4 

0.002 

0.003 

0.008 

0.16 

0.2 

0.2 

Baxter  and  Starkweather 
Baxter  and  Starkweather 

MgO 

NaOH  (fused) 

CaBr2 

CaO 

B2O3 

Dover  and  Marden 
Baxter  and  Starkweather 
Baxter  and  Warren 
Dover  and  Marden 
Walton  and  Rosenbaum 

Ba(C104)2  anh 

Smith 

CaCh  (granuloT-) 

CaCl2  (fused) 

ZnCl2 

ZnBr2.. 

CuS04  anh 

0.14  to  0.25 
0.36 
0.8 
1.1 
1.4 

McPherson 

Baxter  and  Starkweather 
Baxter  and  Warren 
Baxter  and  Warren 
Dover  and  Marden 

B.  Drying  agents  depending  upon  physical  action  (adsorption)  for  their 
efficiency:* — Alumina  (low  temperature  fired),  asbestos,  charcoal,  clay 
and  porcelain  (low  temperature  fired),  glass  wool,  kieselguhr,  silica  gel, 
refrigeration. 

*  It  should  be  noted  that  the  efficiency  of  some  drying  agents  (e.  g.  AI2O3. 
ZH2O  and  anhydrous  CaCh,  and  probably  also  BaO,  anhydrous  Mg(C104)2, 
Mg(C104)2.3H20,  anhydrous  Ba(C104)2,  and  CaS04.iH20)  depends  upon 
both  adsorption  and  absorption. 
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A  METHOD  OF  BALANCING  EQUATIONS  FOR 
OXIDATION-REDUCTION  REACTIONS 

On  the  left-hand  side  of  the  equation  write  the  formulae  for 
all  the  compounds  entering  into  the  reaction.  On  the  right- 
hand  side  write  the  formulae  for  all  the  compounds  formed  in 
the  reaction. 

Determine  the  L.  C.  M.  (least  common  multiple)  of  the  num- 
bers representing  the  changes  in  valence  per  molecule  of  the 
oxidizing  and  reducing  agents. 

The  quotient  obtained  in  dividing  the  L.  C.  M.  by  the  num- 
ber representing  the  valence  change  per  molecule  is  the  number 
of  molecules  of  that  compound  required,  or  formed. 

The  reaction  between  FeS04,  KMn04,  and  H2S04  serves  to 
illustrate.  Following  the  rule  as  given  above  we  write,  KMn04 
+  FeS04  +  H2SO4— >K2S04  +  MnSOs*  +  Fe2(S04)3  +  H20. 

The  valence  change  of  manganese  is  five,  that  of  iron  is  two 
per  molecule  of  Fe2(S04)3.  The  L.  C.  M.  of  these  two  numbers 
is  ten. 

The  quotient  obtained  by  dividing  the  L.  C.  M.  by  the  val- 
ence change  of  manganese  is  two.  Therefore  two  molecules  of 
KMn04  are  required.  The  quotient  obtained  by  dividing  the 
L.  C.  M.  by  the  valence  change  of  iron  per  molecule  of  Fe2 
(S04)3  is  five.  Five  molecules  of  Fe2(S04)3  are  formed.  Ten 
molecules  of  FeS04  are  needed.  From  the  two  molecules  of 
KMn04  used  one  molecule  of  K2S04  is  formed,  as  well  as  two 
molecules  of  MnS04. 

Eighteen  sulfate  radicals  are  used  in  forming  the  salts;  ten  of 
these  radicals  are  supplied  by  the  FeS04  used,  the  other  eight 
must  be  supplied  by  the  free  acid.  The  sixteen  hydrogens 
form  eight  molecules  of  water. 

The  complete  equation  is,  therefore, 

2KMn04  +  10FeSO4  +  8H2S04— >-K2S04  +  2MnS04  + 

oTe2(S04)3  +  8H20. 
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SOLUBILITY  CHART 
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Abbreviations:  W,  soluble  in  water;  A,  insoluble 
I,  insoluble  in  both  water  and  acids;  d,  decompose 


SOLUBILITY 

in  water  but  soluble  in  acids;  w,  sparingly 
;s  in  water.     *  Certain  salts  occur  in  two 


No. 

1 

2 


Al 


NH4 


Sb 


Ba 


Bi       |       Cd  Ca 


Acetates 

-(C2H3O2) 

Arsenate 

(As04) 
Arsenite 

(As03) 
Benzoate 
-(C7H5O2) 
Bromide 

Carbonate 

Chlorate 
-(CIO3) 
Chloride 

Chromate 

(Cr04) 
Citrate 
-(CeHsO) 
Cyanide 

Ferricy'de    . 

(Fe(CN)e) 
Ferrocy'de 

(Fe(CN)6) 
Fluoride 

Formate 

-(CHO2) 

Hydroxide 

Iodide 

Nitrate 

Oxalate 

-(C204) 

Oxide 

Phosphate 

Silicate, 
-(Si03) 
Sulfate 

Sulfide 

Tartrate 

-(C4H406) 

Thiocy'te 


W 

Al(-)3 
a 
Al(-) 


W 

AlBr3 


W 

Al(-)3 
W 
AlCb 


w 

Al(-) 


w 

Al4(-)3 
W 
AIF3 

w 

Al(-)3 

A 
Al(OH)3 

W 
AII3 

w 

A1(N03)3 

A 
Al2(-)3 

A1203 
A 

A1P04 

I 

Al2(-)3 
W 

A12(S04)3 

d 
AI2S3 

w 
Al2(-)3 


W 

NH4(-) 

W 

(NH4)3(-) 

W 
NH4As02 

W 

NH4(-) 

W 

NH4Br 

W 

(NH4)2C03 

W 

NH4(-) 

W 

NH4C1 

W 

(NHOi(-) 
W 

(NH4)3(-) 

W 
NH4CN 

W 

(NH4)3(-) 

W 

(NH4)4(-) 

W 

NH4F 

W 

NH4(-) 

W 

NH4OH 

W 

NH4I 

W 

NH4N03 

W 

(NH4)2(-) 


W 

NH4H2P04 


W 

(NH4)2S04 

W 

(NH4)2S 

W 

(NH4)2(-) 

W 

NH4CNS 


A 

Sb(-) 

A 

Sb(-) 


d 

SbBr3 


W 

SbCl3 


w 

SbF3 


Sbla 


w 

Sb203 


A 

Sb2(S04)3 

A 
Sb^ 

W 

Sb2(-)3 


w 

Ba(-)2 
w 

Ba3(-)2 


W 

Ba(-)2 

W 

BaBr2 

w 

BaCOs 
W 

Ba(-)2 

W 

BaCl2 

A 

Ba(-) 

w 

Ba3(-)2 
W 

Ba(CN)2 

w 

Ba3(-)2 

W 

Ba2(-) 

w 

BaF2 

W 

Ba(-)2 

W 

Ba(OH)2 

W 

Bal2 

W 

Ba(N03)2 

w 
Ba(-) 

W 

BaO 

A 

Ba3(P04)2 
W 

Ba(-) 

BaS04 

d 

BaS 

w 

Ba(-) 

W 

Ba(CNS)2 


w 

Bi(-)3 

W 

Cd(-)2 

w 

Ca(-)2 

A 

Bi(-) 

A 

Cd3(-)2 

w 

Ca3(-)2 
w 

Ca3(-)2 

A 

Bi(-)3 

w 

Cd(-)2 

W 

Ca(-)2 

d 

BiBr3 

w 

CdBr2 

W 

CaBr2 

A 

CdC03 

W 

CaC03 

W 

Bi(-)3 

w 

Cd(-)2 

w 

Ca(-)2 

d 

Bids 

w 

CdCl2 

W 

CaCl2 

A 

Cd(-) 

W 

Ca(-) 

A 

Bi(-) 

A 

Cd3(-)2 

w 

Ca3(-)2 

w 

Bi(CN)3 

w 

Cd(CN)2 

W 

Ca(CN)2 

A 

Cd3(-)2 

W 

Ca3(-)2 

A 

Cd2(-) 

W 

Ca2(-) 

W 

BiF3 

w 

CdF2 

w 

CaF2 

W 

Bi(-)3 

w 

Cd(-)2 

W 

Ca(-)2 

A 

Bi(OH)3 

A 

Cd(OH)2 

W 

Ca(OH)2 

A 

Bil3 

W 

Cdl2 

W 

Cal2 

d 

Bi(N03)3 

w 

Cd(N03)2 

W 

Ca(N03)2 

A 

Bi2(-)3 

w 

Cd(-) 

A 

Ca(-) 

A 

Bi203 

A 

CdO 

w 

CaO 

A 

BiP04 

A 

Cd3(P04)2 

Ca3(P04)2 

A 

Cd(-) 

w 

Ca(-) 

d 

Bi2(S04)3 

w 

CdS04 

w 

CaS04 

A 

Bi2S3 

A 

CdS 

w 

CaS 

A 

Bi2(-)3 

A 

Cd(-) 

w 

Ca(-) 

W 

Ca(CNS)2 
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CHART 


soluble  in  water  but  soluble  in  acids;  a,  insoluble  in  water  and  only  sparingly  soluble  in  acids; 
modifications. 


No. 

Cr 

Co 

Cu 

An' 

Au'" 

H 

Fe" 

[     Fe"' 

1 

W 

Cr(-)3 

W 

Co(-)i 

w 

Cu(-)2 

W 

C2H402 

W 

Fe(-)t 

W 

Fe2(-)« 

?, 

A 

Co3(-)2 

A 

Cu3(-)2 

w 

H3As04 

A 

Fe3(-)2 

A 

Fe(-) 

3 

A 

Co3H6(-)4 

A 

CuH(-) 

4 

W 

C0(-)2 

w 

Cu(-)2 

W 

C7H602 

W 

Fe(-)2 

A 

Fe2(-)« 

5 

W(I)* 
CrBr3 

w 

CoBr2 

W 

CuBr2 

w 

AuBr 

W 

AuBr3 

w 

HBr 

W 

FeBr2 

W 

FeBr3 

6 

W 

CrCOs 

A 

CoC03 

w 

FeCOa 



7 

Co(-)2 

W 

Cu(-)2 

W 

HC103 

W 

Fe(-)2 

W 

Fe(-)a 

8 

I 

CrCIs 

w 

CoCl2 

w 

CuCl2 

w 

AuCl 

W 

AuCl3 

w 

HC1 

W 

FeCl2 

W 

FeCl3 

3 

A 

Co(-) 

A 

Fe2(-)3 

10 

w 

Co3(-)2 

W 

CeHgO; 

W 

Fe(-) 

11 

A 

Cr(CN)2 

A 

Co(CN)2 

A 

Cu(CN)2 

w 

AuCN 

W 

Au(CN)3 

w 

HCN 

a 

Fe(CN)2 

1? 

I 

C03(-)2 

I 

Cu3(-)2 

W 

Hs(-) 

I 

Fe3(-)2 

13 

I 

C02(-) 

I 

Cu2(-) 

W 

H4(-) 

Fe2(-) 

a 

Fe4(-)a 

14 

W(a)* 
CrF3 

w 

CoF2 

w 

CuF2 

W 

HF 

w 

FeF2 

w 

FeF3 

15 

W 

Co(-)2 

W 

Cu(-)2 

W 

CH202 

W 

Fe(-)2 

W 

Fe(-)3 

16 

A 

Cr(OH)3 

A 

Co(OH)2 

A 

Cu(OH)2 

W 

AuOH 

A 

Au(OH)3 

A 

Fe(OH)2 

A 

Fe(OH)3 

17 

W 

Crl> 

W 

C0I2 

a 

Cul 

a 

Aul 

a 

Aul3 

w 

HI 

W 

Fel2 

W 

Fel3 

18 

W 

Cr(N03)3 

w 

Co(N03)2 

W 

Cu(N03)2 

W 

HN03 

Fe(NOs)2 

W 

Fe(NQj, 

19 

W 

Cr(-) 

A 

Co(-) 

A 

W 

C2H204 

A 

Fe(-) 

W 

Fe2(-V 

20 

a 

Cr203 

A 

CoO 

A 

CuO 

Au20 

A 

Au2t»3 

w 

H202 

A 

FeO 

Fe203 

21 

Cr2(P04)2 

A 

Co3(P04)2 

A 

Cu3(P04)2 

w 

H3P04 

A 

Fe3(P04)2 

w 

FeP04 

22 

A 

Co2Si04 

A 

Cu(-) 

I 

H2Si03 

23 

W(I)* 
Cr2(S04)3 

w 

CoS04 

W 

CuS04 

W 

H2S04 

W 

FeS04 

w 

Fe2(S04h 

24 

d 

Cr2S3 

A 

CoS 

A 

CuS 

I 
Au2S 

T 
A112S3 

w 

H2S 

A 

FeS 

d 

Fe2S3 

25 

w 

Co(-) 

w 

Cu(-) 

w 

C4H606 

w 

Fe(-) 

W 

Fe2(-)3 

26 

w 

Co(CNS)2 

d 

CuCNS 

w 

CNSH 

W 

Fe(CNS)2 

W 

Fe(CNS), 
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No. 

Pb 

Mg 

Mn 

Hg' 

Hg" 

Ni 

K 

1 

Acetate 
-(C2H302) 

W 

Pb(-)2 

W 

Mg(-)2 

W 

Mn(-)2 

w 

Hg(-) 

W 

Hg(-)2 

W 

Ni(-)2 

W 

K(-) 

2 

Arsenate 
-(As04) 

A 

PbH(-) 

A 

Mg3(-) 

w 

MnII(~) 

A 

Hgs(-) 

w 

Hg3(-)2 

A 

Ni3(-)2 

W 

KaC-) 

3 

Arsenite 
-(AaOs) 

W 

Mg3(-)2 

A 

Mn3H6(-)4 

A 

Hg3(-) 

A 

Hg3(-) 

A 

Ni3HG(-)4 

W 

KsAsOs 

4 

Benzoate 
-(C7H5O2) 

w 

Pb(-)2 

W 

Mg(-)2 

W 
Mn(-)2 

A 

Hg2(-)2 

w 

Hg(-)2 

w 

Ni(-)2 

W 

K(-) 

5 

Bromide 

W 

PbBr2 

W 

MgBr2 

W 

MnBr2 

A 

HgBr 

W 

HgBr2 

W 

NiBr2 

W 

KBr 

6 

Carbonate 

A 

PbC03 

w 

MgC03 

MnC03 

A 

Hg2C03 

w 

NiC03 

W 

K2C03 

7 

Chlorate 
-(ClOs) 

w 

pb(-)2 

W 

Mg(-)2 

W 

Mn(-)2 

W 

Hg(-) 

W 

Hg(-)2 

W 

Ni(-)2 

w 

K(-) 

8 

Chloride 

w 

PbCl2 

W 

MgCl2 

W 

MnCl2 

a 

HgCl 

W 

HgCl2 

W 

NiCl2 

W 

KC1 

9 

Chromate 
-(Cr04) 

A 

Pb(-) 

W 

Mg(-) 

w 

Hg2(-) 

w 

Hg(-) 

A 

Ni(-) 

W 

K2(-) 

10 

Citrate 
-(CeEUO;) 

W 

Pb3(-)2 

W 

Mg3(-)2 

w 
MnH(-) 

w 

Hg3(-) 

W 

Ni3(-)2 

W 

Kg(-) 

11 

Cyanide 

Pb(CN)2 

W 

Mg(CN)2 

A 

HgCN 

W 

Hg(CN)2 

Ni(CN)2 

W 

KCN 

12 

Ferricy'de 

-Fe(CN)6 

w 

Pb3(-)2 

W 

Mg3(— )2 

A 

Hg3(-)2 

I 

Ni3(-)2 

W 

Ks(-) 

13 

Ferrocy'de 

-Fe(CN)6 

Pb2(-) 

W 

Mg2(-) 

A 

Mn2(-) 

I 
Hg2(-) 

I 
Ni2(-) 

W 

K4(-) 

14 

Fluoride 

w 

PbF2 

w 

MgF2 

A 

MnF2 

d 

HgF 

(1 

HgF2 

w 

NiF2 

W 

KF 

15 

Formate 
-(CHO2) 

W 

Pb(~)2 

W 

Mg(-)2 

W 

Mn(-)2 

w 

Hg(-) 

W 

Hg(-)2 

W 

Ni(-)2 

W 

K(-) 

16 

Hydroxide 

Pb(OH)2 

A 

Mg(OH)2 

A 

Mn(OH)2 

A 

Hg(OH)2 

Ni(OH)2 

W 

KOH 

17 

Iodide 

w 

Pbl2 

W 

Mgl2 

W 

Mnl2 

A 

Hgl 

w 

Hgl2 

W 

Nil2 

W 

KI 

18 

Nitrate 

W 

Pb(N03)2 

W 

Mg(N03)2 

W 

Mn(N03)2 

W 

HgN03 

W 

Hg(N03)2 

W 

Ni(N03)2 

W 

KNO3 

19 

Oxalate 
-(C2O4) 

A 

Pb(-) 

w 

Mg(-) 

w 

Mn(-) 

Hg2(a-) 

A 

Hg(-) 

A 

Ni(-) 

w 

K2(-) 

20 

Oxide 

w 

PbO 

A 

MgO 

A 

MnO 

A 

Hg20 

w 

HgO 

A 

NiO 

W 

K2O 

21 

Phosphate 

A 

Pb3(P04)2 

w 

Mg3(P04)2 

w 

Mn3(P04)2 

A 

Hg3P04 

A 

Hg3(P04)2 

A 

Ni3(P04)2 

w 

KaP04 

22 

Silicate 
-(Si03) 

A 

Pb(-) 

A 

Mg(-) 

I 
Mn(-) 

W 

K2(-) 

23 

Sulfate 

w 

PbS04 

W 

MgS04 

W 

MnS04 

w 

Hg2S04 

d 

HgS04 

W 

NiS04 

W 

K2S04 

24 

Sulfide 

A 

PbS 

d 

MgS 

A 

MnS 

I 

Hg:S 

I 
HgS 

A 

NiS 

w 

K2S 

25 

Tartrate 
-(C4H4O6) 

A 

Pb(-) 

w 

Mg(-) 

w 

Mn(-) 

I 

Hg2(-) 

A 

Ni(-) 

w 

Ka(-) 

26 

Thiocy'te 

w 

Pb(CNS)2 

W 

Mg(CNS)2 

W 

Mn(CNS)2 

A 

HgCNS  1 

Hg(CNS)2 

W 

KCNS 

1408 


CHART  (Continued) 


No. 

Ag 

Na 

Sn"" 

Sn" 

Sr 

Zn 

Pt 

1 

w 

Ag(-) 

W 

Na(-) 

W 

Sn(-)4 

d 

Sn(-)2 

W 

Sr(-)2 

W 

Zn(-)2 

2 

A 

Ag3(-) 

W 

Na3(-) 

w 

SrH(-) 

A 

Zn3(-)2 

3 

A 

Ag3(-) 

W 

Na2H(-) 

A 

Sn3(— )2 

w 

Sr3(-)2 

4 

w 

Ag(-) 

W 

Na(-) 

W 

Zn(-)2 

5 

a 

AgBr 

W 

NaBr 

W 

SnBr4 

W 

SnBr2 

W 

SrBr2 

W 

ZnBr2 

w 

PtBr4 

tf 

A 

Ag2C03 

W 

Na2C03 

w 

SrC03 

w 

ZnC03 

7 

W 

Ag(-) 

W 

Na(-) 

W 

Sn(-)2 

W 

Sr(-)2 

W 

Zn(-)2 

8 

a 

AgCl 

W 

NaCl 

W 

SnCl4 

W 

SnCl2 

W 

SrCl2 

W 

ZnCl2 

W 

PtCl4 

9 

w 

Ag2(-) 

W 

Na2(-) 

W 

Sn(-)2 

A 

Sn(-) 

w 

Sr(-) 

w 

Zn(-) 

10 

w 

Ag3(-) 

W 

Na3(-) 

A 

SrH(-) 

w 

Zn3(-)2 

11 

a 

AgCN 

W 

NaCN 

W 

Sr(CN)2 

A 

Zn(CN)2 

I 

Pt(CN)2 

12 

I 

Ag3(-) 

W 

Na3(-) 

A 

Sn3(-)2 

W 

Sr3(-)2 

A 

Zn3(-)2 

13 

I 

Ag4(-) 

W 

Na4(-) 

a 

Sn2(-) 

W 

Sr2(-) 

I 

Zn2(-) 

14 

W 

AgF 

W 

NaF 

W 

SnF4 

W 

SnF2 

w 

SrF2 

W 

ZnF2 

w 

PtF4 

15 

W 

Ag(-) 

W 

Na(-) 

W 

Sr(-)2 

W 

Zn(-)2 

16 

W 

NaOH 

w 

Sn(OH)4 

A 

Sn(OH)2 

W 

Sr(OH)2 

A 

Zn(OH)2 

A 

Pt(OH)4 

17 

I 

Agl 

W 

Nal 

d 

Snl4 

W 

Snl2 

W 

Srl2 

W 

Znl2 

I 

Ptl2 

18 

W 

AgN03 

W 

NaN03 

d 

Sn(N03)2 

W 

Sr(NOs)2 

W 

Zn(N03)2 

W 

Pt(N03)4 

19 

a 

Ag2(-) 

W 

Na2(-) 

A 

Sn(-) 

w 

Sr(-) 

A 

Zn(-) 

20 

w 

Ag20 

d 

Na20 

A 

Sn02 

A 

SnO 

W 

SrO 

w 

ZnO 

A 

PtO 

21 

A 

Ag3P04 

W 

Na3P04 

A 
Sn3(P04)2 

A 

Sr3(P04)2 

A 

Zn3(P04)2 

22 

W 

Na2(-) 

A 
Sr(-) 

A 
Zn(-) 

23 

w 

Ag2S04 

W 

Na2S04 

W 

Sn(S04)2 

W 

SnS04 

w 

SrS04 

W 
ZnS04 

w 

Pt(S04)2 

24 

A 

Ag2S 

W 

Na2S 

A 

SnS2 

A 

SnS 

W 

SrS 

A 

ZnS 

I 

PtS 

?5 

w 

Ag2(-) 

W 

Na2(-) 

W 

Sn(-) 

w 

Sr(-) 

w 

Zn(-) 

?6 

I 
AgCNS 

W 

NaCNS 

W 

Sr(CNS)2 

W 

Zn(CNS)2 
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SOLUBILITY  OF  INORGANIC  COMPOUNDS 
(Continued) 
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SOLUBILITY  OP 

ft,  the  absorption  coefficient,  is  the  volume  of  gas  when  reduced  to  0°  and  760 
mm.,  absorbed  by  one  volume  of  water  when  the  pressure  of  the  gas  itself,  without 
the  aqueous  tension,  amounts  to  760  mm. 

g  is  the  weight  of  gas  in  grams  dissolved  in  100  grams  of  water  when  the  total 
pressure  (i.e.,  the  sum  of  the  partial  pressure  of  the  gas  plus  the  aqueous  tension 
at  the  given  temperature)  is  760  mm. 


Nitrogen  * 


Temp. 
C 


0 
1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
35 
40 
45 
50 
60 
70 
80 
90 
100 


0.02354 

0.02297 

0.02241 

0.02187 

0.02135 

0.02086 

0.02037 

0.01990 

0.01945 

0.01902 

0.01861 

0.01823 

0.01786 

0.01750 

0.01717 

0.01685 

0.01654 

0.01625 

0.01597 

0.01570 

0.01545 

0.01522 

0.01498 

0.01475 

0.01454 

0.01434 

0.01413 

0.01394 

0.01376 

0.01358 

0.01342 

0.01256 

0.01184 

0.01130 

0.01088 

0.01023 

0.00977 

0.00958 

0.0095 

0.0095 


002942 

002869 

002798 

002730 

002663 

002600 

002537 

002477 

002419 

002365 

002312 

002263 

002216 

002170 

002126 

002085 

002045 

002006 

001970 

001935 

001901 

001869 

001838 

001809 

001780 

001751 

001724 

001698 

001672 

001647 

001624 

001501 

001391 

001300 

001216 

001052 

000851 

000660 

00038 

00C00 


Oxygen 


04889 
04758 
04633 
04512 
,04397 
,04287 
,04180 
, 04080 
,03983 
,03891 
,03802 
03718 
,03637 
03559 
03486 
03415 
03348 
03283 
03220 
03161 
03102 
03044 
02988 
02934 
02881 
02831 
02783 
02736 
02691 
02649 
02608 
02440 
02306 
02187 
02090 
01946 
01833 
01761 
0172 
0170 


006945 
006756 
006574 
006400 
006232 
006072 
005918 
005773 
005632 
005498 
.005368 
005246 
005128 
005014 
004906 
004802 
004703 
004606 
004514 
004426 
004339 
004252 
004169 
004087 
004007 
003931 
003857 
003787 
003718 
003651 
003588 
003315 
003082 
002858 
002657 
002274 
001856 
001381 
00079 
00000 


Hydrogen 


02148 

02126 

02105 

02084 

02064 

02044 

02025 

02007 

01989 

01972 

01955 

01940 

01925 

01911 

01897 

01883 

01869 

01856 

01844 

01831 

01819 

01805 

01792 

01779 

01766 

01754 

01742 

01731 

01720 

01709 

01699 

01666 

01644 

01624 

01608 

01600 

0160 

0160 

0160 

0160 


0001922 

0001901 

0001881 

0001862 

0001843 

0001824 

0001806 

0001789 

0001772 

0001756 

0001740 

0001725 

0001710 

0001696 

0001682 

0001668 

0001654 

0001641 

0001628 

0001616 

0001603 

0001588 

0001575 

0001561 

0001548 

0001535 

0001522 

0001509 

0001496 

0001484 

0001474 

0001425 

0001384 

0001341 

0001287 

0001178 

000102 

000079 

000046 

000000 


Carbon 
Dioxide 


713 
646 
584 
527 
473 
424 
377 
33i 
282 
237 
194 
154 
117 
083 
050 
019 
985 
956 
928 
902 
878 
854 
829 
804 
781 
759 
73? 
718 
699 
682 
665 
592 
530 
479 
436 
359 


,3346 
3213 
,3091 
2978 
,2871 
2774 
,2681 
2589 
2492 
,2403 
2318 
2239 
2165 
2098 
,2032 
1970 
1903 
1845 
1789 
1737 
1688 
1640 
1590 
1540 
1493 
1449 
1406 
1366 
1327 
1292 
1257 
1105 
0973 
0860 
0761 
0576 


Atmospheric  Nitrogen  98.815%  Vol.  N,  +  1.185%  Vol.  A 
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GASES  IN  WATER 

I  ia  the  volume  of  gas  in  c.c.  dissolved  by  one  volume  of  water  when  the  total 
pressure  (i.e.,  the  sum  of  the  partial  pressure  of  the  gas  plus  the  aqueous  tension 
at  the  given  temperature)  is  760  mm. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

35 

40 

45 

50 

60 

70 

80 

90 

100 


Carbon 
Monoxide 


03537 

03455 

03375 

03297 

03222 

03149 

03078 

03009 

02942 

02878 

02816 

02757 

02701 

02646 

02593 

02543 

02494 

02448 

02402 

02360 

02319 

02281 

02244 

02208 

02174 

02142 

02110 

02080 

02051 

02024 

01998 

01877 

01775 

01690 

01615 

01488 

01440 

01430 

0142 

0141 


004397 

004293 

004191 

004092 

003996 

003903 

003813 

003725 

003640 

003559 

003479 

003405 

003332 

003261 

003194 

003130 

003066 

003007 

002947 

002891 

002838 

602789 

002739 

002691 

002646 

002603 

002560 

002519 

002479 

002442 

002405 

002231 

002075 

001933 

001797 

001522 

001276 

000980 

00057 

00000 


Hydrogen 
Sulfide 


a 


.670 

.522 

.379 

.241 

.107 

.977 

.852 

.732 

.616 

.505 

.399 

.300 

.206 

.115 

.028 

.945 

.865 

.789 

.717 

.647 

.582 

.517 

.456 

.396 

.338 

.282 

.229 

.177 

.128 

.081 

.037 

.831 

.660 

.516 

.392 

.190 

.022 

.917 

.84 

.81 


Sulfur 
Dioxide 


,7066 
,6839 
,6619 
,6407 
,6201 
6001 
5809 
5624 
5446 
5276 
5112 
4960 
4814 
4674 
4540 
4411 
4287 
4169 
4056 
3948 
3846 
3745 
3648 
3554 
3463 
3375 
3290 
3208 
3130 
3055 
2983 
2648 
2361 
2110 
1883 
1480 
1101 
,0765 
,041 
.000 


789 
210 
691 
230 
828 
485 
200 
973 
805 
697 
647 
655 
723 
849 
033 
276 
578 
939 
360 
838 
374 
970 
617 
302 
026 
786 
584 
422 
314 
210 
161 
489 
766 


Nitric  Oxide 


Air** 


0.07381 

0.07184 

C. 06993 

0.06809 

0.06632 

0.06461 

0.06298 

0.06140 

0.05990 

0.05846 

0.05709 

0.05587 

0.05470 

0.05357 

0.05250 

0.05147 

0.05049 

0.04956 

0.04868 

0.04785 

0.04706 

0.04625 

0.04545 

0.04469 

0.04395 

0.04323 

0.04254 

0.04188 

0.04124 

0.04063 

0.04004 

0.03734 

0.03507 

0.03311 

0.03152 

0.02954 

0.02810 

0.02700 

0.0265 

0.0263 


009833 

009564 

009305 

009057 

008816 

008584 

008361 

008147 

007943 

007747 

007560 

007393 

007233 

007078 

006930 

006788 

006652 

006524 

006400 

006283 

006173 

006059 

005947 

005838 

005733 

005630 

005530 

005435 

005342 

005252 

005165 

004757 

004394 

004059 

003758 

003237 

002668 

001984 

00113 

00000 


.18 
.42 
.69 
.99 
.32 
.68 
.06 
.47 
.90 
.36 
,84 
.34 
.87 
.41 
.97 
.55 
.14 
.75 
.38 
.02 
.68 
.34 
.01 
.69 
,38 
,08 
.79 
,50 
.21 
.92 
,64 


o! 

^2 


34.91 
34.87 
34.82 
34.78 
34.74 
34. 6S 
34.65 
34. 6G 
34.56 
34.52 
34.47 
34.43 
34.38 
34.34 
34.30 
34.25 
34.21 
34.17 
34.12 
34.08 
34.03 
33.99 
33.95 
33.90 
33.86 
33.82 
33.77 
33.73 
33.68 
33.64 
33.60 


**  Cubic  centimeters  of  air  (free  from  CO2  and  NH»)  dissd.  in  lOOO^c.c.  HaO 
with  barometer  at  760  mm.  (total  pressure). 
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SOLUBILITY  OF  AMMONIA  IN  WATER 


Press. 

0°C 

20°C 

40°C 

NH3,mm 

g/g 

cm3/cm3 

g/g 

cm3/cm3 

g/g 

cm3/cm3 

700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 

! 

61< 

i.i 

l. 

i.. 

i.. 

I.- 

i. 

i. 

i. 

i. 

397 
394 
192 

288 
588 
188 
588 
388 

r78 

347 

i3 

14 
15 

16 
18 
19 
20 
22 
23 
24 

12 
40 
69 
95 
27 
58 
90 
21 
40 
31 

0.497 
0.544 
0.588 
0.629 
0.669 
0.707 
0.745 
0.781 
0.815 
0.847 
0.877 
0.906 
0.934 
0.959 
0.984 
1.007 
1.029 
1.052 
1.074 
1.096 
1.117 
1.140 
1.162 
1.185 
1.207 
1.230 

652.9 

714.6 

772.4 

826.2 

878.8 

928.8 

978.7 

1025.9 

1070.6 

1112.6 

1152.1 

1190.1 

1226.9 

1259.7 

1292.6 

1322.8 

1351.7 

1381.8 

1410.8 

1439.6 

1467.3 

1497.4 

1526.4 

1556.6 

1585.5 

1615.7 

61329 
61386 
61433 
61472 
6 '.508 
6.543 
61577 

6l6ii 

61644 
61676 
6 '.706 
61732 
61758 
61784 

*429l6 
*504l6 
'56514 
'6i6*.3 
'663 '.3 
' 70916 
'75314 
*797l8 
*840l9 
*882l7 
'92117 
'95518 
'989*.8 
i023l7 

SOLUBILITIES  OF  VARIOUS  GASES  IN  WATER 

Henry's  Law  Constant  K 
Compiled  by  Hardin  B.  Jones,  PhD. 


Gas 
References 


Argon 

1,  8,  14,  15,  17 
Carbon  dioxide . 
6,  7,  9,  12 
Helium 

1,  3,  8,   12,   14 
15,  18,  21 

Hydrogen 

6,  12 

Krypton 

2,  14,  15 

Neon 

(2),  8 

Nitrogen 

12,    16,   20,   22, 

23,24 

Oxygen 

6,  10,  12,  13 


K  X  10-7        K  =  P/X 


P  =  partial  pressure  mm.  of  Hg 
X  =  mole  fraction 


t  =  0° 


1.65 
.0555 
10.0 

4.42 
0.853 
7.68 
4.09 

1.91 


10e 


2.18 

.0788 
10.5 

4.82 
1.20 
8.49 

4.87 

2.48 


20c 


2.58 
.108 
10.9 

5.20 
1.52 
9.14 
5.75 

2.95 


30c 


3.02 

.139 
11.1 

5.51 
1.85 
9.45 
6.68 

3.52 
1424 


38c 


3.41 

.168 
11.0 

5.72 
2.13 
9.76 
7.51 

4.04 


40° 


3.49 
.173 
10.9 

5.78 
2.18 
9.80 
7.60 

4.14 


50° 


3.76 
.217 
10.5 

5.82 
2.43 
10.0 
8.20 

4.50 


60° 

70° 

80° 

3.92 

4.12 

4.25 

.258 

10.3 

9.88 

5.80 

5.77 

5.73 

2.66 

2.83 

2.94 

8.70 

9.20 

4.84 

5.13 

5.28 

SOLUBILITIES  OF  VARIOUS  GASES  IN  WATER 

(Continued) 


Gas 

K  X  10"7        K  =  P/X        P  =  partial  pressure  mm.  of  Hg 
X  =  mole  fraction 

References 

t  =  0° 

10° 

20° 

30° 

38° 

40° 

50° 

60° 

70° 

80° 

Radon 

.186 

.392 

.074 

.0555 

.370 

.286 

.555 

.108 

.0716 

.552 

.391 

.742 

.155 

.0900 

.753 

.529 
.945 
.210 
.112 
1.00 

.651 
1.12 
.242 
.131 
1.21 

.683 
1.16 
.246 
.133 
1.23 

.839 
1.31 
.279 

.976 
1.46 

1.07 
1.59 

2,  14,  15 
Xenon 

1  66 

2,  14,  15 
Nitrous  oxide. . . 
6,  9,  10,  12 

Acetylene 

5,25 

Ethylene 

5,  10 
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INDICATORS 

R.  T.  Thomson's  table,  showing  the  hydrogen  atoms  replaced  by  NaOB 
or  KOH  when  a  compound  neutral  to  the  indicator  is  formed.  The  blank 
spaces  indicate  that  the  end-reaction  is  obscure. 

(From  Cohn's  Indicators  and  Test-papers,  John  Wiley  and  Sons,  pub- 
lishers, by  permission.) 


Acid 


Sulphuric 

Hydrochloric . . . 

Nitric 

Thiosulphuric .  . 

Carbonic 

Sulphurous.  .  .  . 
Hydrosulphuric. 
Phosphoric.  .  .  . 

Arsenic 

Arsenous 

Nitrous 

Silicic 

Boric . . 

Chromic 

Oxalic 

Acetic 

Butyric 

Succinic 

Lactic 

Tartaric 

Citric 


Formula 

Methyl- 

orange 

Cold 

Phenolphthalein 

Litmus 

Cold 

Boiling 

Cold 

Boiling 

H2SO4 

2 

2 

2 

2 

2 

HC1 

1 

1 

1 

1 

1 

HNO3 

1 

1 

1 

1 

1 

H2S2O3 

2 

2 

2 

2 

2 

H2CO3 

0 

1  dilute 

0 

0 

H2SO3 

1 

2 

H2S 

0 

1  dilute 

0 

0 

H3P04 

1 

2 

HsAsO* 

1 

2 

HsAsOs 

4 

0 

0 

HNO2 

indicator 
destroyed 

1 

1 

H4Si04 

0 

0 

0 

H3BO3 

0 

H2Cr04 

1 

2 

2 

H2C2O4 

2 

2 

2 

2 

HC2H3O2 

1 

1 

nearly 

HC4H7O2 

1 

..       1 

nearly 

H2C4H4O4 

2 

..       2 

nearly 

HCsHsOs 

1 

1 

H2C4H4O6 

2 

2 

H3C6H5O7 

, , 

3 

TABLE  OF  INDICATORS 

Due  to  hydrolysis  of  the  salt  formed,  the  composition  of  a 
weak  acid  solution  titrated  against  a  strong  base  is  basic 
(when  equivalent  amounts  of  acid  and  base  are  present) 
and  of  a  weak  base  against  a  strong  acid  is  acid.  A  truly 
neutral  titrated  solution  has  the  same  concentration  of 
hydrogen  ions  [H+]  and  hydroxyl  ions  [OH~]  as  water.  Water 
has  a  concentration  of  [H+]  ion  of  10~7  and  of  [OH~]  ion  of 
10-7  at  25°C.  As  an  index  of  the  acid  intensity  the  expression 
pH  is  employed  and  is  equal  to  the  logarithm  of  the  reciprocal 

of  the  hydrogen  ion  concentration;  i.  e.,  pH  =  log  ■R+    per 

liter.  From  this  it  follows  that  the  pH  of  a  neutral  solution 
is  the  same  as  that  of  water;  viz.,  7;  an  acid  solution  has  a 
pH  less  than  7  and  a  basic  solution  has  a  pH  greater  than  7. 
Those  indicators  in  the  table  below  with  a  *  are  the  Sorensen 
selected  indicators;  those  with  a  #  are  the  Clark  and  Luba 
selected  indicators;  those  with  the  ##  are  Cohen's  supple- 
ment to  the  Clark  and  Lubs  selection;  those  with  the  E  are 
the  Eastman  indicators. 
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TABLE  OF  INDICATORS  (Continued) 


Indicator 


Synonym 


pH  Range 


Observer 


Mauveine 

o-Naphtholbenzein 


Methyl  Red  (para) 
Methyl  Violet 


Iodeosin. 


Benzoyl  Auramine . . 
Quinaldine  Red .... 
Diphenylamino-az  o- 

benzene 
Tropeolin  00 


Metanil  Yellow. .  .  . 
Meta  Cresol  Purple. 


Tetraiodofluorescein . 


Orange     IV;     diphenylamino 
azo-p-benzene     sulfonic     acid 
Diphenylamino  -  azo  -  m  -  ben- 
zene sulfonic  acid 


Thymol  Blue Thymolsulfonphthalein 


Benzylaniline-azo- 
benzene  sulfonic 
acid 

Ethyl  Orange 


Benzopurpurin  4B. 

Benzylaniline-azo- 
benzene 

Red  Cabbage  Ex- 
tract 

m-Chloro-diethyl 
aniline-azo-p- 
benzene  sulfonic 
acid 

p-Dimethylamino- 
azo-benzene 

Congo  Red 


2,  5-Dinitrohydro- 
quinone 

Bromophenol  Blue. 

Methyl  Orange1.. . 


o-Naphthylamino- 
azo-p-benzene 
sulfonic  acid 

o-Naphthylamino- 
azo-benzene 

Brom  Cresol  Green 

p-Sulfo-o-methoxy- 
benzene-azo-di- 
methyl-a-napthy- 
lamine 

Iodeosin 


0.1-2.9  * 
0-1 


E 


Diethylaniline  orange;  sodium 
(or  ammonium)  diethylani- 
line-azo-benzene  sulfonate 


Wild   cabbage;   sea   cabbage 
Brassica  oleracea 


Butter    yellow;    benzene-azo- 

dimethylaniline 
Sodium  tetrazodiphenyl- 

naphthionate 


Tetrabromophenolsulfon- 
phthalein 

Tropeolin  D;  orange  III; 
Helianthine;  Lunge's  Indi- 
cator 


See  iodeosin  above. 


8-9  } 

0-2  E 

0-2  E 

0.1-3.1  * 

0.3-0  \E 

4-5  JE 

0.1-1  E 

1.2  E 

1.2-2.1  * 

1.4-2.6  * 

1-3  E 

1.2-2.3  *E 

1.2-2.8  \„j, 
7.4-9.0  J## 

1.2-2.8  # 
8.0-9.6 

1.9-3.3  * 


2-4  E 

2-4  E 
2.3-3.3  * 

2.4-4.5 

2.6-4.0  * 


2.9-4.0  * 
3-4  E 
3-5  E 

3-9 


3.0-3.6  #E 

2.9-4.0  E 
3.1-4.4  * 

3.5-5.7  * 


3.7-5.0  * 

3.8-5.4## 
4.0-4.6  E 


Walbum 


4-5  \ 
0.3-0  / 


E 


Prideaux 

Henderson 

and 

Forbes 


1  Methyl  Orange  may  be  used  in  the  presence  of  carbon  dioxide  or  hydro 
gen  sulfide. 
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TABLE  OF  INDICATORS  (Continued) 


Indicator 


Synonym 


pH  Range      Observer 


Dinitrohydroqui- 
none  Acetate 

Sodium  Alizarin- 
sulfonate 

Dichlorofluorescein 

Lacmosol 

Methyl  Red 


Lacmoid 

Tetrabromo-m-cre- 

sol-sulfon- 

phthalein 
Azolitmin  (Litmus) 
Cochineal 


Chlor  Phenol  Red. 
Propyl  Red 


Dried   female   insect,    Coccus 
cacti  Lin.:  carminic  acid 


Hematoxylin . . 
p-Nitrophenol , 


From  logwood, 
campechia  L. 


Haematoxylon 


Sodium  Alizarinsul- 

fonate 
Brom  Phenol  Red.  . 
Bromocresol  Purple, 


Alizarin 


Dinitrobenzoyle- 
neurea 


Bromothymol  Blue. 

Anisolesulfon- 
phthalein 


Dibromo-o-cresolsulfonphtha- 

lein 
Roots  of  madder; 

Rubia  tinctorum,  Lin. 

Dihydroxyanthraquinone ; 

Schaal's  Indicator. 


4.5-8.3 
4.7-6.2 

4.8-6.4## 
4.8-6.4  E 

5-6  E 

5.0-7.0  * 

5-6  E 

4-5 

5-6  E 

5.2-6.8  ## 

5.2-6.8  #E 


Hottinger 


Sorensen 


Sorensen 
Sorensen 


Lubs  and 
Clark 


5.5-6.8 
10.1-12 


M 


7-8  E 
6-8 


Dibromothymolsulfonphthalein   6.0-7.6  #E 


Sorensen 


Bogart 

and 

Scatchard 


Curcumin 


Brilliant  Yellow 
Neutral  Red. .  .  . 

Phenol  Red 

Rosolic  acid 


Turmeric  Yellow;  curcum- 
min;  roots  of  Curcuma 
longa  L. 


Cyanin . 


jS-Naphthol- 
phthalein 


Cresol  Red 

Meta  Cresol  Purple 


Toluylene  Red 
Phenolsulfonphthalein 
Aurin;     aurin    red;     corallin 

p-rosolic  acid 
Quinoline  Blue;  diamyl- 

cyanine  iodide 


o-Cresolsulfonphthalein 


Tropeolin  000. 


Orange  I;  Orange  B;  sodium- 
naphthol-azo-benzene  sul- 
fonate; von  Muller's  indi- 
cator 

~1428 


6-8  E 

6.8  E 

6-8  E 
6.8-8.0  *E 
6.8-8.4  #E 
6.9-8.0  *E 

7-8 

7.2-8.6 


7-9  E 

7.2-8.8  #E 

7.4-9.0  \m 

1.2-2.8  l™ 

7.6-8.'9  * 


Prideaux 

Sorensen 

and 

Palitzsch 


TABLE  OF  INDICATORS  (Continued) 


Indicator 


Synonym 


pH  Range 


Observer 


Thymol  Blue 


a-Naphtholbenzein 
Cresolphthalein .  . . 


Phenolphthalein2. .  . 

Dinitrohydro- 

quinone  Acetate 
Alizarin  Yellow  R . . 

Tetranitroplrenol- 
sulfonphthalein 
Thymolphthalein. . . . 


Alizarin  Yellow  G. 


Alizarin  Blue  S 
Poirrier's  Blue. 
Tropeolin  0 . . . . 


See  thymol  blue  above. 


o-Cresolphthalein 

Dihydroxyphthalophenone ; 
Luek's  indicator 


Sodium   p-nitrobenzene-azo- 
salicylate 


Sodium  Indigodisul- 

f  onate 

1 ,3,5~Trinitrobenzene 


p-nitrobenzene-azo-salicylic 
acid 


Resorcine-azo-benzene-sul- 
fonic  acid 


8.0-9.6  \  Mr? 

1.2-2.8  f  #±J 

8.9  E 

8.2-9.8  # 

8-10  E 

8.3-10  *E 

9-10  E 

9-10  E 

9-10  E 

9.3-10.5  * 

10-11  E 

10.1-12.1  * 

11-13 
11-13 
11.1-12.7  *E 

12-14  E 

14-14.3  E 


Prideaux 
Prideaux 


Phenolphthalein  may  be  used  in  the  presence  of  weak  acids. 
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PREPARATION  OF  CLARK  AND  LUBS  INDICATOR 

SOLUTIONS 

To  prepare  a  0.04%  indicator  reagent,  0.1  gram  of  the  dry 
indicator  is  mixed  in  a  mortar  with  the  number  of  cubic  centi- 
meters of  0.01  N  sodium  hydroxide  as  given  in  the  table  below 
and  the  mixture  diluted  to  250  cc  with  water.  Such  solutions 
give  satisfactory  results  when  five  drops  of  indicator  are  added 
to  10  cc  of  the  solution  to  be  tested. 


Indicator 

0.01  N 

NaOH 

cc 

Indicator 

0.01  AT 

NaOH 

cc 

Brom  cresol  green 

Brom  cresol  purple. .  .  . 

14.3 
18.5 
14.9 
19.5 
16.0 

Chlor  phenol  red 

Cresol  red 

23.6 
26.2 

Brom  phenol  blue 

Brom  phenol  red 

Brom  thymol  blue 

Meta  cresol  purple 

Phenol  red 

26.2 

28.2 

Thymol  blue 

21.5 

CONVERSION  FACTORS— pH  TO  E.  M.  F. 

When  the  half-cell: 

KC1  (saturated) |KC1  (0.12V),  HgCl  (s)|Hg  is  used  as  a  stand- 
ard of  reference  and  it  is  assumed,  arbitrarily  that  in  the  cell: 
Pt,  H2  (1  atmosphere)  I H+  (unknown  activity) |KC1  (saturated) 
A  B 

|KC1  (0.12V),  HgCl  (s)|Hg 
C  D 

the  potential  difference  at  B  remains  constant  with  variations 
of  "H  (unknown  activity)"  and  that  the  sum  of  the  potential 
differences  at  B,  C  and  D  is  2  as  follows:  (cf.  Clark:  Deter- 
mination of  Hydrogen  Ions,  3d  Ed.,  1928). 


t°c 

18 

20 

25 

30 

Potential  difference  (2)  volts. . .  . 

0.3380 

0.3379 

0.3376 

0.3371 

t°C 

35 

38 

40 

Potential  difference  (2)  volts 

0.3365 

0.3361 

0.3358 

then, 
pH  =  q  Q0019832  X  T  wliere  ^  *■  tlie  aDsomte  temperature. 


CONVERSION  FACTORS— pH  TO  E.M.F.   (Continued) 

Calomel  Electrode 

The  voltage  of  the  calomel  electrode  at  25°C.  is  for  the  half, 
cell: 

HgHgCl,  (N)  KC1||  =  +0.2822 
HgHgCl,  (0.12V  KC1)||  =  +0.3376 
HgHgCl,  (saturated)  KCH|  =  +0.2458 

From  this  the  relation  of  the  &  M.  F.  and  pH  (of  a  cell  com- 
posed of  a  hydrogen  electrode  and  one  of  the  calomel  elec- 
trodes) is  given  by: 


PH  = 


E.  M.  F.  -  s 
0.0591 


(at  25°C.) 


QUINHYDRONE    ELECTRODE 

The  normal  electrode  potential  (Eh)  of  the  quinhydrone 
electrode  referred  to  the  normal  hydrogen  electrode  at  t°C. 
is  given  by  the  expression: 

Eh  =  0.7177  -  0.00074Z 


McILVAINE'S  STANDARD  BUFFER  SOLUTIONS 

Stock  solution  A:  0.1  molar  citric  acid  (C6H807)  solution. 
Stock  solution  B:  0.2  molar  disodium  phosphate  (Na2HP04) 
solution. 


pH 

Soln.  A 
cc 

Soln.  B 
cc 

PH 

Soln.  A 
cc 

Soln.  B 

CO 

2.2 

19.60 

0.40 

5.2 

9.28 

10.72 

2.4 

18.76 

1.24 

5.4 

8.85 

11.15 

2.6 

17.82 

2.18 

5.6 

8.40 

11.60 

2.8 

16.83 

3.17 

5.8 

7.91 

12.09 

3.0 

15.89 

4.11 

6.0 

7.37 

12.63 

3.2 

15.06 

4.94 

6.2 

6.78 

13.22 

3.4 

14.30 

5.70 

6.4 

6.15 

13.85 

3.6 

13.56 

6.44 

6.6 

5.45 

14.55 

3.8 

12.90 

7.10 

6.8 

4.55 

15.45 

4.0 

12.29 

7.71 

7.0 

3.53 

16.47 

4.2 

11.72 

8.28 

7.2 

2.61 

17.39 

4.4 

11.18 

8.82 

7.4 

1.83 

18.17 

4.6 

10.65 

9.35 

7.6 

1.27 

18.73 

4.8 

10.14 

9.86 

7.8 

0.85 

19.15 

5.0 

9.70 

10.30 

8.0 

0.55 

19.45 
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pH  VALUES  FOR  POTENTIOMETER  READINGS 

Harold  V.  Gaskill 

The  following  table  presents  pH  values  for  various  potentiometer  readings 
using  the  quinhydrone  half-cell  and  saturated  calomel  half-cell  at  25°C.     The 
argument  is  potential  in  millivolts  and  the  table  entries  are  in  terms  of  pH. 
The  table  was  constructed  upon  the  following  formula: 

=  0.4538  -  Eq 
p  0.0591 

in'which  Eq  is  the  observed  potential  in" volts.1 

The  temperature  factor  is  0.77  millivolts  per  degree,  to  be  added   above 
25°C  and  subtracted  below  25°C. 

Polarity  is  reversed  above  7.68  pH. 


Milli- 
volts 

.0     .1    .2    .3    .4 

.5    .6    .7    .8    .9 

0 

7.6785  7.6768  7.6751  7.6734  7.6717 

7.6700  7.6683  7.6667  7.6650  7.6633 

1 

7.6616  7.6599  7.6582  7.6565  7.6548 

7.6531  7.6514  7.6497  7.6480  7.6464 

2 

7.6447  7.6430  7.6413  7.6396  7.6379 

7.6362  7.6345  7.6328  7.6311  7.6294 

3 

7.6277  7.6260  7.6244  7.6227  7.6210 

7.6193  7.6176  7.6159  7.6142  7.6125 

4 

7.6108  7.6091  7.6074  7.6057  7.6040 

7.6024  7.6007  7.5990  7.5973  7.5956 

5 

7.5939  7.5922  7.5905  7.5888  7.5871 

7.5854  7.5837  7.5821  7.5804  7.5787 

6 

7.5770  7.5753  7.5736  7.5719  7.5702 

7.5685  7.5668  7.5651  7.5634  7.5617 

7 

7.5601  7.5584  7.5567  7.5550  7.5533 

7.5516  7.5499  7.5482  7.5465  7.5448 

8 

7.5431  7.5414  7.5398  7.5381  7.5364 

7.5347  7.5330  7.5313  7.5296  7.5279 

9 

7.5262  7.5245  7.5228  7.5211  7.5194 

7.5178  7.5161  7.5144  7.5127  7.51K) 

10 

7.5093  7.5076  7.5059  7.5042  7.5025 

7.5008  7.4991  7.4975  7.4958  7.4941 

11 

7.4924  7.4907  7.4890  7.4873  7.4856 

7.4839  7.4822  7.4805  7.4788  7.4771 

12 

7.4755  7.4738  7.4721  7.4704  7.4687 

7.4671  7.4653  7.4636  7.4619  7.4602 

13 

7.4585  7.4568  7.4551  7.4535  7.4518 

7.4501  7.4484  7.4467  7.4450  7.4433 

14 

7.4416  7.4399  7.4382  7.4365  7.4348 

7.4332  7.4315  7.4298  7.4281  7.4264 

15 

7.4247  7.4230  7.4213  7.4196  7.4179 

7.4162  7.4145  7.4128  7.4112  7.4095 

16 

7.4078  7.4061  7.4044  7.4027  7.4010 

7.3993  7.3976  7.3959  7.3942  7.3925 

17 

7.3909  7.3892  7.3875  7.3858  7.3841 

7.3824  7.3807  7.3790  7.3773  7.3756 

18 

7.3739  7.3722  7.3705  7.3689  7.3672 

7.3655  7.3638  7.3621  7.3604  7.3587 

19 

7.3570  7.3553  7.3536  7.3519  7.3502 

7.3486  7.3469  7.3452  7.3435  7.3418 

20 

7.3401  7.3384  7.3367  7.3350  7.3333 

7.3316  7.3299  7.3282  7.3266  7.3249 

21 

7.3232  7.3215  7.3198  7.3181  7.3164 

7.3147  7.3130  7.3113  7.3096  7.3079 

22 

7.3062  7.3046  7.3029  7.3012  7.2995 

7.2978  7.2961  7.2944  7.2927  7.2910 

23 

7.2893  7.2876  7.2859  7.2843  7.2826 

7.2809  7.2792  7.2775  7.2758  7.2741 

24 

7.2724  7.2707  7.2690  7.2673  7.2656 

7.2639  7.2623  7.2606  7.2589  7.2572 

25 

7.2565  7.2538  7.2521  7.2504  7.2487 

7.2470  7.2453  7.2436  7.2420  7.2403 

26 

7.2386  7.2369  7.2352  7.2335  7.2318 

7.2301  7.2284  7.2267  7.2250  7.2233 

27 

7.2216  7.2200  7.2183  7.2166  7.2149 

7.2132  7.2115  7.2098  7.2081  7.2064 

28 

7.2047  7.2030  7.2013  7.1997  7.1980 

7.1963  7.1946  7.1929  7.1912  7.1895 

29 

7.1878  7.1861  7.1844  7.1827  7.1810 

7.1793  7.1777  7.1760  7.1743  7.1726 

30 

7.1709  7.1692  7.1675  7.1658  7.1641 

7.1624  7.1607  7.1590  7.1573  7.1557 

31 

7.1540  7.1523  7.1506  7.1489  7.1472 

7.1455  7.1438  7.1421  7.1404  7.1387 

32 

7.1370  7.1354  7.1337  7.1320  7.1303 

7.1286  7.1269  7.1252  7.1235  7.1218 

33 

7.1201  7.1184  7.1167  7.1150  7.1134 

7.1117  7.1100  7.1083  7.1066  7.1049 

34 

7.1032  7.1015  7.0998  7.0981  7.0964 

7.0947  7.0931  7.0914  7.0897  7.0880 

1  From  formula  number  1,  p.  405,  Clark,  W.  M.,  The  determination  of 
hydrogen  ions,  Baltimore,  1928;  and,  Baver,  L.  D.,  Soil  Science,  1926,  21,  3, 
167-180. 
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Milli- 
volts 

0     .1    .2    .3    .4 

.5    .6    .7    .8    .9 

35 

7.0863  7.0846  7.0829  7.0812  7.0795 

7.0778  7.0761  7.0744  7.0727  7.0711 

36 

7.0694  7.0677  7.0660  7.0643  7.0626 

7.0609  7.0592  7.0575  7.0558  7.0541 

37 

7.0524  7.0508  7.0491  7.0474  7.0457 

7.0440  7.0423  7.0406  7.0389  7.0372 

33 

7.0355  7.0338  7.0321  7.0304  7.0288 

7.0271  7.0254  7.0237  7.0220  7.0203 

39 

7.0186  7.0169  7.0152  7.0135  7.0118 

7.0101  7.0084  7.0068  7.0051  7.0034 

40 

7.0017  7.0000  6.9983  6.9966  6.9949 

6.9932  6.9915  6.9898  6.9881  6.9865 

41 

6.9848  6.9831  6.9814  6.9797  6.9780 

6.9763  6.9746  6.9729  6.9712  6.9695 

42 

6.9678  6.9661  6.9645  6.9628  6.9611 

6.9594  6.9577  6.9560  6.9543  6.9526 

43 

6.9509  6.9492  6.9475  6.9458  6.9442 

6.9425  6.9408  6.9391  6.9374  6.9357 

44 

6.9340  6.9323  6.9306  6.9289  6.9272 

6.9255  6.9238  6.9222  6.9205  6.9188 

45 

6.9171  6.9154  6.9137  6.9120  6.9103 

6.9086  6.9069  6.9052  6.9035  6.9019 

46 

6.9002  6.8985  6.8968  6.8951  6.8934 

6.8917  6.8900  6.8883  6.8866  6.8849 

47 

6.8832  6.8815  6.8799  6.8782  6.8765 

6.8748  6.8731  6.8714  6.8697  6.8680 

48 

6.8663  6.8646  6.8629  6.8612  6.8595 

6.8579  6.8562  6*8545  6.8528  6.8511 

49 

6.8494  6.8477  6.8460  6.8443  6.8426 

6.8409  6.8392  6.8376  6.8359  6.8342 

50 

6.8325  6.8308  6.8291  6.8274  6.8257 

6.8240  6.8223  6.8206  6.8189  6.8172 

51 

6.8156  6.8139  6.8122  6.8105  6.8088 

6.8071  6.8054  6.8037  6.8020  6.8003 

52 

6.7986  6.7969  6.7953  6.7936  6.7919 

6.7902  6.7885  6.7868  6.7851  6.7834 

53 

6.7817  6.7800  6.7783  6.7766  6.7749 

6.7733  6.7716  6.7699  6.7682  6.7665 

54 

6.7648  6.7631  6.7614  6.7597  6.7580 

6.7563  6.7546  6.7530  6.7513  6.7496 

55 

6.7479  6.7462  6.7445  6.7428  6.7411 

6.7394  6.7377  6.7360  6.7343  6.7326 

56 

6.7310  6.7293  6.7276  6.7259  6.7242 

6.7225  6.7208  6.7191  6.7174  6.7157 

57 

6.7140  6.7123  6.7106  6.7090  6.7073 

6.7056  6.7039  6.7022  6.7005  6.6988 

58 

6.6971  6.6954  6.6937  6.6920  6.6903 

6.6887  6.6870  6.6853  6.6836  6.6819 

59 

6.6802  6.6785  6.6768  6.6751  6.6734 

6.6717  6.6700  6.6683  6.6667  6.6650 

60 

6.6633  6.6616  6.6599  6.6582  6.6565 

6.6548  6.6531  6.6514  6.6497  6.6480 

61 

6.6464  6.6447  6.6430  6.6413  6.6396 

6.6379  6.6362  6.6345  6.6328  6.6311 

62 

6.6294  6.6277  6.6260  6.6244  6.6227 

6.6210  6.6193  6.6176  6.6159  6.6142 

63 

6.6125  6.6108  6.6091  6.6074  6.6057 

6.6040  6.6024  6.6007  6.5990  6.5973 

64 

6.5956  6.5939  6.5922  6.5905  6.5888 

6.5871  6.5854  6.5837  6.5821  6.5804 

35 

6.5787  6.5770  6.5753  6.5736  6.5719 

6.5702  6.5685  6.5668  6.5651  6.5634 

66 

6.5617  6.5601  6.5584  6.5567  6.5550 

6.5533  6.5516  6.5499  6.5482  6.5465 

67 

6.5448  6.5431  6.5414  6.5398  6.5381 

6.5364  6.5347  6.5330  6.5313  6.5296 

88 

6.5279  6.5262  6.5245  6.5228  6.5211 

6.5194  6.5178  6.5161  6.5144  6.5127 

69 

6.5110  6.5093  6.5076  6.5059  6.5042 

6.5025  6.5008  6.4991  6.4975  6.4958 

70 

6.4941  6.4924  6.4907  6.4890  6.4873 

6.4856  6.4839  6.4822  6.4805  6.4788 

71 

6.4771  6.4755  6.4738  6.4721  6.4704 

6.4687  6.4670  6.4653  6.4636  6.4619 

72 

6.4602  6.4585  6.4568  6.4551  6.4535 

6.4518  6.4501  6.4484  6.4467  6.4450 

73 

6.4433  6.4416  6.4399  6.4382  6.4365 

6.4348  6.4332  6.4315  6.4298  6.4281 

74 

6.4264  6.4247  6.4230  6.4213  6.4196 

6.4179  6.4162  6.4145  6.4128  6.4112 

75 

6.4095  6.4078  6.4061  6.4044  6.4027 

6  4010  6.3993  6.3976  6.3959  6.3942 

78 

6.3925  6.3909  6.3892  6.3875  6.3858 

6.3841  6.3824  6.3807  6.3790  6.3773 

77 

6.3756  6.3739  6.3722  6.3705  6.3689 

6  3672  6.3655  6.3638  6.3621  6.3604 

78 

6.3587  6.3570  6.3553  6.3536  6.3519 

6.3502  6.3486  6.3469  6.3452  6.3435 

79 

6.3418  6.3401  6.3384  6.3367  6.3350 

6.3333  6.3316  6.3299  6.3282  6.3266 

80 

6.3249  6.3232  6.3215  6.3198  6.3181 

6.3164  6.3147  6.3130  6.3113  6.3096 

81 

6.3079  6.3062  6.3046  6.3029  6.3012 

6.2995  6.2978  6.2961  6.2944  6.2927 

82 

6.2910  6.2893  6.2876  6.2859  6.2843 

6.2826  6.2809  6.2792  6.2775  6.2758 

83 

6.2741  6.2724  6.2707  6.2690  6.2673 

6.2656  6.2639  6.2623  6.2606  6.2589 

84 

6.2572  6.2555  6.2538  6.2521  6.2504 

6.2487  6.2470  6.2453  6.2436  6.2420 
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85 

6.2403  6.2386  6.2369  6.2352  6.2335 

6.2318  6.2301  6.2284  6.2267  6.2250 

86 

6.2233  6.2216  6.2200  6.2183  6.2166 

6.2149  6.2132  6.2115  6.2098  6.2081 

87 

6.2084  6.2047  6.2030  6.2013  6.1997 

6.1980  6.1963  6.1946  6.1929  6.1912 

88 

6.1895  6.1878  6.1861  6.1844  6.1827 

6.1810  6.1793  6.1777  6.1760  6.1743 

89 

6.1726  6.1709  6.1692  6.1675  6.1658 

6.1641  6.1624  6.1607  6.1590  6.1573 

90 

6.1557  6.1540  6.1523  6.1506  6.1489 

6.1472  6.1455  6.1438  6.1421  6.1404 

91 

6.1387  6.1370  6.1354  6.1337  6.1320 

6.1303  6.1286  6.1269  6.1252  6.1235 

92 

6.1218  6.1201  6.1184  6.1167  6.1150 

6.1134  6.1117  6.1100  6.1083  6.1066 

93 

6.1049  6.1032  6.1015  6.0998  6.0981 

6.0964  6.0947  6.0931  6.0914  6.0897 

94 

6.0880  6.0863  6.0846  6.0829  6.0812 

6.0795  6.0778  6.0761  6.0744  6.0727 

95 

6.0711  6.0694  6.0677  6.0660  6.0643 

6.0626  6.0609  6.0592  6.0575  6.0558 

96 

6.0541  6.0524  6.0508  6.0491  6.0474 

6.0457  6.0440  6.0423  6.0406  6.0389 

97 

6.0372  6.0355  6.0338  6.0321  6.0304 

6.0288  6.0271  6.0254  6.0237  6.0220 

98 

6.0203  6.0186  6.0169  6.0152  6.0135 

6.0118  6.0101  6.0084  6.0068  6.0051 

99 

6.0034  6.0017  6.0000  5.9983  5.9966 

5.9949  5.9932  5.9915  5.9898  5.9881 

100 

5.9865  5.9848  5.9831  5.9814  5.9797 

5.9780  5.9763  5.9746  5.9729  5.9712 

101 

5.9695  5.9678  5.9661  5.9645  5.9628 

5.9611  5.9594  5.9577  5.9560  5.9543 

102 

5.9526  5.9509  5.9492  5.9475  5.9458 

5.9442  5.9425  5.9408  5.9391  5.9374 

103 

5.9357  5.9340  5.9323  5.9306  5.9289 

5.9272  5.9255  5.9238  5.9222  5.9205 

104 

5.9188  5.9171  5.9154  5.9137  5.9120 

5.9103  5.9086  5.9069  5.9052  5.9035 

105 

5.9019  5.9002  5.89S5  5.8968  5.8951 

5.8934  5.8917  5.8900  5.8883  5.8866 

106 

5.8849  5.8832  5.8815  5.8799  5.8782 

5.8765  5.8748  5.8731  5.8714  5.8697 

107 

5.86S0  5.8663  5.8646  5.8629  5.8612 

5.8595  5.8579  5.8562  5.8545  5.8528 

108 

5.8511  5.8494  5.8477  5.8460  5.8443 

5.8426  5.8409  5.8392  5.8376  5.8359 

109 

5.8342  5.8325  5.8308  5.8291  5.8274 

5.8257  5.8240  5.8223  5.8206  5.8189 

110 

5.8172  5.8156  5.8139  5.8122  5.8105 

5.8088  5.8071  5.8054  5.8037  5.8020 

111 

5.8003  5.7986  5.7969  5.7953  5.7936 

5.7919  5.7902  5.7885  5.7868  5.7851 

112 

5.7834  5.7817  5.7800  5.7783  5.7766 

5.7749  5.7733  5.7716  5.7699  5.7682 

113 

5.7665  5.7648  5.7631  5.7614  5.7597 

5.7580  5.7563  5.7546  5.7530  5.7513 

114 

5.7496  5.7479  5.7462  5.7445  5.7428 

5.7411  5.7394  5.7377  5.7360  5.7343 

115 

5.7326  5.7310  5.7293  5.7276  5.7259 

5.7242  5.7225  5.7208  5.7191  5.7174 

116 

5.7157  5.7140  5.7123  5.7106  5.7090 

5.7073  5.7056  5.7039  5.7022  5.7005 

117 

5.6988  5.6971  5.6954  5.6937  5.6920 

5.6903  5.6887  5.6870  5.6853  5.6836 

118 

5.6819  5.6802  5.6785  5.6768  5.6751 

5.6734  5.6717  5.6700  5.6683  5.6667 

119 

5.6650  5.6633  5.6616  5.6599  5.6582 

5.6565  5.6548  5.6531  5.6514  5.6497 

120 

5.6480  5.6464  5.6447  5.6430  5.6413 

5.6396  5.6379  5.6362  5.6345  5.6328 

121 

5.6311  5.6294  5.6277  5.6260  5.6244 

5.6227  5.6210  5.6193  5.6176  5.6159 

122 

5.6142  5.6125  5.6108  5.6091  5.6074 

5.6057  5.6040  5.6024  5.6007  5.5990 

123 

5.5973  5.5956  5.5939  5.5922  5.5905 

5.5888  5.5871  5.5854  5.5837  5.5821 

124 

5.5804  5.5787  5.5770  5.5753  5.5736 

5.5719  5.5702  5.5685  5.5668  5.5651 

125 

5.5634  5.5617  5.5601  5.5584  5.5567 

5.5550  5.5533  5.5516  5.5499  5.5482 

126 

5.5465  5.5448  5.5431  5.5414  5.5398 

5.5381  5.5364  5.5347  5.5330  5.5313 

127 

5.5296  5.5279  5.5262  5.5245  5.5228 

5.5211  5.5194  5.5178  5.5161  5.5144 

128 

5.5127  5.5110  6.5093  5.5076  5.5059 

5.5042  5.5025  5.5008  5.4991  5.4975 

129 

5.4958  5.4941  5.4924  5.4907  5.4890 

5.4873  5.4856  5.4839  5.4822  5.4805 

130 

5.4788  5.4771  5.4755  5.4738  5.4721 

5.4704  5.4687  5.4670  5.4653  5.4636 

131 

5.4619  5.4602  5.4585  5.4568  5.4551 

5.4535  5.4518  5.4501  5.4484  5.4467 

132 

5.4450  5.4433  5.4416  5.4399  5.4382 

5.4365  5.4348  5.4332  5.4315  5.4298 

133 

5.4281  5.4264  5.4247  5.4230  5.4213 

5.4196  5.4179  5.4162  5.4145  5.4128 

134 

5.4112  5.4095  5.4078  5.4061  5.4044 

5.4027  5.4010  5.3993  5.3976  5.3959 
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Milli- 
volts 

0     .1    .2    .3    .4 

.5    .6    .7    .8    .9 

135 

5.3942  5.3925  5.3909  5.3892  5.3875 

5.3858  5.3841  5.3824  5.3807  5.3790 

136 

5.3773  5.3756  5.3739  5.3722  5.3705 

5.3689  5.3672  5.3655  5.3638  5.3621 

137 

5.3604  5.3587  5.3570  5.3553  5.3536 

5.3519  5.3502  5.3486  5.3469  5.3452 

138 

5.3435  5.3418  5.3401  5.3384  5.3367 

5.3350  5.3333  5.3316  5.3299  5.3282 

139 

5.3266  5.3249  5.3232  5.3215  5.3198 

5.3181  5.3164  5.3147  5.3130  5.3113 

140 

5.3096  5.3079  5.3062  5.3046  5.3029 

5.3012  5.2995  5.2978  5.2961  5.2944 

141 

5.2927  5.2910  5.2893  5.2876  5.2859 

5.2843  5.2826  5.2809  5.2792  5.2775 

142 

5.2758  5.2741  5.2724  5.2707  5.2690 

5.2673  5.2656  5.2639  5.2623  5.2606 

143 

5.2589  5.2572  5.2555  5.2538  5.2521 

5.2504  5.2487  5.2470  5.2453  5.2436 

144 

5.2420  5.2403  5.2386  5.2369  5.2352 

5.2335  5.2318  5.2301  5.2284  5.2267 

145 

5.2250  5.2233  5.2216  5.2200  5.2183 

5.2166  5.2149  5.2132  5.2115  5.2098 

146 

5.2081  5.2064  5.2047  5.2030  5.2013 

5.1997  5.1980  5.1963  5.1946  5.1929 

147 

5.1912  5.1895  5.1878  5.1861  5.1844 

5.1827  5.1810  5.1793  5.1777  5.1760 

148 

5.1743  5.1726  5.1709  5.1692  5.1675 

5.1658  5.1641  5.1624  5.1607  5.1590 

149 

5.1573  5.1557  5.1540  5.1523  5.1506 

5.1489  5.1472  5.1455  5.1438  5.1421 

150 

5.1404  5.1387  5.1370  5.1354  5.1337 

5.1320  5.1303  5.1286  5.1269  5.1252 

151 

5.1235  5.1218  5.1201  5.1184  5.1167 

5.1150  5.1134  5.1117  5.1100  5.1083 

152 

5.1066  5.1049  5.1032  5.1015  5.0998 

5.0981  5.0964  5.0947  5.0931  5.0914 

153 

5.0897  5.0880  5.0863  5.0846  5.0829 

5.0812  5.0795  5.0778  5.0761  5.0744 

154 

5.0727  5.0711  5.0694  5.0677  5.0660 

5.0643  5.0626  5.0609  5.0592  5.0575 

155 

5.0558  5.0541  5.0524  5.0508  5.0491 

5.0474  5.0457  5.0440  5.0423  5.0406 

156 

5.0389  5.0372  5.0355  5.0338  5.0321 

5.0304  5.0288  5.0271  5.0254  5.0237 

157 

5.0220  5.0203  5.0186  5.0169  5.0152 

5.0135  5.0118  5.0101  5.0084  5.0068 

158 

5.0051  5.0034  5.0017  5.0000  4.9983 

4.9966  4.9949  4.9932  4.9915  4.9898 

159 

4.9881  4.9865  4.9848  4.9831  4.9814 

4.9797  4.9780  4.9763  4.9746  4.9729 

160 

4.9712  4.9695  4.9678  4.9661  4.9645 

4.9628  4.9611  4.9594  4.9577  4.9560 

161 

4.9543  4.9526  4.9509  4.9492  4.9475 

4.9458  4.9442  4.9425  4.9408  4.9391 

162 

4.9374  4.9357  4.9340  4.9323  4.9306 

4.9289  4.9272  4.9255  4.9238  4.9222 

163 

4.9205  4.9188  4.9171  4.9154  4.9137 

4.9120  4.9103  4.9086  4.9069  4.9052 

164 

4.9035  4.9019  4.9002  4.8985  4.8968 

4.8951  4.8934  4.8917  4.8900  4.8883 

165 

4.8866  4.8849  4.8832  4.8815  4.8799 

4.8782  4.8765  4.8748  4.8731  4.8714 

166 

4.8697  4.8680  4.8663  4.8646  4.8629 

4.8612  4.8595  4.8579  4.8562  4.8545 

167 

4.8528  4.8511  4.8494  4.8477  4.8460 

4.8443  4.8426  4.8409  4.8392  4.8376 

168 

4.8359  4.8342  4.8325  4.8308  4.8291 

4.8274  4.8257  4.8240  4.8223  4.8206 

169 

4.8189  4.8172  4.8156  4.8139  4.8122 

4.8105  4.8088  4.8071  4.8054  4.8037 

170 

4.8020  4.8003  4.7986  4.7969  4.7953 

4.7936  4.7919  4.7902  4.7885  4.7868 

171 

4.7851  4.7834  4.7817  4.7800  4.7783 

4.7766  4.7749  4.7733  4.7716  4.7699 

172 

4.7682  4.7665  4.7648  4.7631  4.7614 

4.7597  4.7580  4.7563  4.7546  4.7530 

173 

4.7513  4.7496  4.7479  4.7462  4.7445 

4.7428  4.7411  4.7394  4.7377  4.7360 

174 

4.7343  4.7326  4.7310  4.7293  4.7276 

4.7259  4.7242  4.7225  4.7208  4.7191 

175 

4.7174  4.7157  4.7140  4.7123  4.7106 

4.7090  4.7073  4.7056  4.7039  4.7022 

176 

4.7005  4.6988  4.6971  4.6954  4.6937 

4.6920  4.6903  4.6887  4.6870  4.6853 

177 

4.6836  4.6819  4.6802  4.6785  4.6768 

4.6751  4.6734  4.6717  4.6700  4.6683 

178 

4.6667  4.6650  4.6633  4.6616  4.6599 

4.6582  4.6565  4.6548  4.6531  4.6514 

179 

4.6497  4.6480  4.6464  4.6447  4.6430 

4.6413  4.6396  4.6379  4.6362  4.6345 

180 

4.6328  4.6311  4.6294  4.6277  4.6260 

4.6244  4.6227  4.6210  4.6193  4.6176 

181 

4.6159  4. 6142  4.6125  4.6108  4.6091 

4.6074  4.6057  4.6040  4.6024  4.6007 

182 

4.5990  4.5973  4.5956  4.5939  4.5922 

4.5905  4.5888  4.5871  4.5854  4.5837 

183 

4.5821  4.5804  4.5787  4.5770  4.5753 

4.5736  4.5719  4.5702  4.5685  4.5668 

184 

4  5651  4.5634  4.5617  4.5601  4.5584 

4.5567  4.5550  4.5533  4.5516  4.5499 
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pH  VALUES  FOR  POTENTIOMETER  READINGS 

(Continued) 


Milli- 
volts 

0     .1    .2    .3    .4 

.5    .6    .7    .8    .9 

185 

4.5482  4.5465  4.5448  4.5431  4.5414 

4.5398  4.5381  4.5364  4.5347  4.5330 

186 

4.5313  4.5296  4.5279  4.5262  4.5245 

4.5228  4.5211  4.5194  4.5178  4.5161 

187 

4.5144  4.5127  4.5110  4.5093  4.5076 

4.5059  4.5042  4.5025  4.5008  4.4991 

188 

4.4975  4.4958  4.4941  4.4924  4.4907 

4.4890  4.4873  4.4856  4.4839  4.4822 

189 

4.4805  4.4788  4.4771  4.4755  4.4738 

4.4721  4.4704  4.4687  4.4670  4.4653 

190 

4.4636  4.4619  4.4602  4.4585  4.4568 

4.4551  4.4535  4.4518  4.4501  4.4484 

191 

4.4467  4.4450  4.4433  4.4416  4.4399 

4.4382  4.4365  4.4348  4.4332  4.4315 

192 

4.4298  4.4281  4.4264  4.4247  4.4230 

4.4213  4.4196  4.4179  4.4162  4.4145 

193 

4.4128  4.4112  4.4095  4.4078  4.4061 

4.4044  4.4027  4.4010  4.3993  4.3976 

194 

4.3959  4.3942  4.3925  4.3909  4.3892 

4.3875  4.3858  4.3841  4.3824  4.3807 

195 

4.3790  4.3773  4.3756  4.3739  4.3722 

4.3705  4.3689  4.3672  4.3655  4.3638 

196 

4.3621  4.3604  4.3587  4.3570  4.3553 

4.3536  4.3519  4.3502  4.3486  4.3469 

197 

4.3452  4.3435  4.3418  4.3401  4.3384 

4.3367  4.3350  4.3333  4.3316  4.3299 

198 

4.3282  4.3266  4.3249  4.3232  4.3215 

4.3198  4.3181  4.3164  4.3147  4.3130 

199 

4.3113  4.3096  4.3079  4.3062  4.3046 

4.3029  4.3012  4.2995  4.2978  4.2961 

POLARITY  REVERSED 


0 

7.6785  7.6802  7.6819  7.6836  7.6853 

7.6870  7.6887  7.6903  7.6920  7.6937 

1 

7.6954  7.6971  7.6988  7.7005  7.7022 

7.7039  7.7056  7.7073  7.7090  7.7106 

2 

7.7123  7.7140  7.7157  7.7174  7.7191 

7.7208  7.7225  7.7242  7.7259  7.7276 

3 

7.7293  7.7310  7.7326  7.7343  7.7360 

7.7377  7.7394  7.7411  7.7428  7.7445 

4 

7.7462  7.7479  7.7496  7.7513  7.7530 

7.7546  7.7563  7.7580  7.7597  7.7614 

5 

7.7631  7.7648  7.7665  7.7682  7.7699 

7.7716  7.7733  7.7749  7.7763  7.7783 

6 

7.7800  7.7817  7.7834  7.7851  7.7868 

7.7885  7.7902  7.7919  7.7936  7.7953 

7 

7.7969  7.7986  7.8003  7.8020  7.8037 

7.8054  7.8071  7.8088  7.8105  7.8122 

8 

7.8139  7.8156  7.8172  7.8189  7.8206 

7.8223  7.8240  7.8257  7.8274  7.8291 

9 

7.8308  7.8325  7.8342  7.8359  7.8376 

7.8392  7.8409  7.8426  7.8443  7.8460 

10 

7.8477  7.8494  7.8511  7.8528  7.8545 

7.8562  7.8579  7.8595  7.8612  7.8629 

11 

7.8646  7.8663  7.8680  7.8697  7.8714 

7.8731  7.8748  7.8765  7.8782  7.8799 

12 

7.8815  7.8832  7.8849  7.8866  7.8883 

7.8900  7.8917  7.8934  7.8951  7.8968 

13 

7.8985  7.9002  7.9019  7.9035  7.9052 

7.9069  7.9086  7.9103  7.9120  7.9137 

14 

7.9154  7.9171  7.9188  7.9205  7.9222 

7.9238  7.9255  7.9272  7.9289  7.9306 

15 

7.9323  7.9340  7.9357  7.9374  7.9391 

7.9408  7.9425  7.9442  7.9458  7.9475 

16 

7.9492  7.9509  7.9526  7.9543  7.9560 

7.9577  7.9594  7.9611  7.9628  7.9645 

17 

7.9661  7.9678  7.9695  7.9712  7.9729 

7.9746  7.9763  7.9780  7.9797  7.9814 

18 

7.9831  7.9848  7.9865  7.9881  7.9898 

7.9915  7.9932  7.9949  7.9966  7.9983 

19 

8.0000  8.0017  8.0034  8.0051  8.0068 

8.0084  8.0101  8.0118  8.0135  8.0152 

SO 

8.0169  8.0186  8.0203  8.0220  8.0237 

8.0254  8.0271  8.0288  8.0304  8.0321 

21 

8.0338  8.0355  8.0372  8.0389  8.0406 

8.0423  8.0440  8.0457  8.0474  8.0491 

22 

8.0508  8.0524  8.0541  8.0558  8.0575 

8.0592  8.0609  8.0626  8.0643  8.0660 

23 

8.0677  8.0694  8.0711  8.0727  8.0744 

8.0761  8.0778  8.0795  8.0812  8.0829 

24 

8.0846  8.0862  8.0880  8.0897  8.0914 

8.0931  8.0947  8.0964  8.0981  8.0998 

25 

8.1015  8.1032  8.1049  8.1066  8.1083 

8.1100  8.1117  8.1134  8.1150  8.1167 

26 

8.1184  8.1201  8.1218  8.1235  8.1252 

8.1269  8.1286  8.1303  8.1320  8.1337 

27 

8.1354  8.1370  8.1387  8.1404  8.1421 

8.1438  8.1455  8.1472  8.1489  8.1506 

28 

8.1523  8.1540  8.1557  8.1573  8.1590 

8.1607  8.1624  8.1641  8.1658  8.1675 

29 

8.1692  8.1709  8.1726  8.1743  8.1760 

8.1777  8.1793  8.1810  8.1827  8.1844 
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APPROXIMATE  pH  VALUES 

The  following  tables  give  approximate  pH  values  for  a  number  of  sub- 
stances such  as  acids,  bases,  foods,  biological  fluids,  etc.     All  values  are 
rounded  off  to  the  nearest  tenth  and  are  based  on  measurements  made  at 
25°  C.     A  few  buffer  systems  with  their  pH  values  are  also  given. 
From  Modern  pH  and  Chlorine  Control,  W.  A.  Taylor  &  Co.,  by  permission 


ACIDS 


Hydrochloric,  N 0.1 

Hydrochloric,  0.1N 1.1 

Hydrochloric,  0.01N 2.0 

Sulfuric,  N 0.3 

Sulfuric,  0.1N 1.2 

Sulfuric,  0.01N 2.1 

Orthophosphoric,  0.1N 1.5 

Sulfurous,  0.1N 1.5 

Oxalic,  0.1N 1.6 

Tartaric,  0.1N 2.2 

Malic,  0.1N 2.2 

Citric,  0.1N 2.2 


Formic,  0.1N 

Lactic,  0.1N 

Acetic,  N 

Acetic,  0.1N 

Acetic,  0.01N 

Benzoic,  0.01N 

Alum,  0.1N 

Carbonic  (saturated) . . 
Hydrogen  sulfide,  0.1N 
Arsenious  (saturated) . . 
Hydrocyanic,  0.1N. . . . 
Boric,  0.1N 


2.3 

2.4 
2.4 
2.9 
3.4 
3.1 
3.2 
3.8 
4.1 
5.0 
5.1 
5.2 


Sodium  hydroxide,  N 14.0 

Sodium  hydroxide,  0. IN 13.0 

Sodium  hydroxide,  0.01  N 12.0 

Potassium  hydroxide,  N 14.0 

Potassium  hydroxide,  0.1N.  . .  .  13.0 

Potassium  hydroxide,  0.01N.  .  .  12.0 

Sodium  metasilicate,  0.1N 12.6 

Lime  (saturated) 12.4 

Trisodium  phosphate,  0.1N. ...  12.0 

Sodium  carbonate,  0.1  N 11.6 


Ammonia,  N 

Ammonia,  0.1N.  ...    

Ammonia,  0.01  N 

Potassium  cyanide,  0. 1 N 

Magnesia  (saturated) 

Sodium  sesquicarbonate,  0.1M 
Ferrous  hydroxide  (saturated) . 
Calcium  carbonate  (saturated) 

Borax,  0.1N 

Sodium  bicarbonate,  0.1N 


11.6 

11.1 

10.6 

11.0 

10.5 

10.1 

9.5 

9.4 

9.2 

8.4 


BIOLOGIC    MATERIALS 


Blood,  plasma,  human 7.3-7-5 

Spinal  fluid,  human 7 . 3-7 .  5 

Blood,  whole,  dog 6.9-7.2 

Saliva,  human 6 . 5-7 . 5 

Gastric  contents,  human.  .  .  1.0-3.0 


Duodenal  contents,  human  4.8-8.2 

Feces,  human 4.6-8.4 

Urine,  human 4.8-8.4 

Milk,  human 6.6-7.6 

Bile,  human 6.8-7.0 


FOODS 


Apples 2 

Apricots 3 

Asparagus 5 

Bananas 4 

Beans 5 

Beers 4 

Beets 4 

Blackberries 3 

Bread,  white 5 

Butter 6 

Cabbage 5 

Carrots 4 

Cheese 4 

Cherries 3 

Cider 2 

Corn 6 

Crackers 6 

Dates 6 

Eggs,  fresh  white 7 

Flour,  wheat 5 

Gooseberries 2 

Grapefruit 3 

Grapes 3 

Hominy  (lye) 6 

Jams,  fruit 3 

Jellies,  fruit 2 

Lemons 2 

Limes 1 

Maple  syrup 6 


.9-3.3 
.6-4.0 
.4-5.8 
.5-4.7 
.0-6.0 
.0-5.0 
.9-5.5 
.2-3.6 
.0-6.0 
.1-6.4 
.2-5.4 
.9-5.3 
.8-6.4 
.2-4.0 
.9-3.3 
.0-6.5 
.5-8.5 
.2-6.4 
.6-8.0 
.5-6.5 
.8-3.0 
.0-3.3 
.5-4.5 
.8-8.0 
.5-4.0 
.8-3.4 
.2-2.4 
.8-2.0 
.5-7.0 


Milk,  cows 6.3-6.6 

Olives 3.6-3.8 

Oranges 3.0-4.0 

Oysters 6 . 1-6 . 6 

Peaches 3 . 4-3 . 6 

Pears 3.6-4.0 

Peas 5.8-6.4 

Pickles,  dill 3.2-3.6 

Pickles,  sour 3  0-3.4 

Pimento 4.6-5.2 

Plums 2.8-3.0 

Potatoes 5 . 6-6 . 0 

Pumpkin 4.8-5.2 

Raspberries.  , 3 . 2-3 . 6 

Rhubarb 3.1-3.2 

Salmon 6 . 1-6 . 3 

Sauerkraut 3 . 4-3 . 6 

Shrimp 6.8-7.0 

Soft  drinks 2.0-4.0 

Spinach 5 . 1-5 . 7 

Squash 5 . 0-5 . 4 

Strawberries 3 . 0-3 .  5 

Sweet  potatoes 5 . 3-5 . 6 

Tomatoes 4 . 0-4 . 4 

Tuna 5.9-6.1 

Turnips 5.2-5.6 

Vinegar 2 . 4-3 . 4 

Water,  drinking 6.5—8.0 

Wines 2.8-3.8 
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APPROXIMATE  pH  VALUES  (Continued) 

BUFFER    SYSTEMS 

The  following  table  gives  some  common  buffer  systems  and  the  approxi- 
mate pH  of  maximum  buffer  capacity.  The  zone  of  effective  buffer  action 
will  vary  with  concentration  but,  for  concentrations  approximately  0.1 
molar,  the  general  average  will  be  ±  1.0  pH  from  the  value  given. 

Glycocoll-sodium  chloride-hydrochloric  acid 2.0 

Potassium  acid  phthalate-hydrochloric  acid 2.8 

Primary  potassium  citrate 3.7 

Acetic  acid-sodium  acetate , 4.6 

Potassium  acid  phthalate-sodium  hydroxide 5.0 

Secondary  sodium  citrate 5.0 

Potassium  acid  phosphate-disodium  phosphate 6.8 

Potassium  acid  phosphate-sodium  hydroxide 6.8 

Boric  acid-borax 8.5 

Borax 9.2 

Boric  acid-sodium  hydroxide 9.2 

Sodium  bicarbonate-sodium  carbonate 10.2 

Disodium  phosphate-sodium  hydroxide 11.5 
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POLAROGRAPHIC  ANALYSIS 

Courtesy  E.  H.  Sargent  and  Co.,  155-165  East  Superior  Street,  Ckicago, 
Illinois. 

All  values  in  the  following  tables  are  volts  referred  to  the  normal  calomel 
electrode. 


Table  I 
Cathodlc  Reduction  Potentials  of  Metals  (Half  Wave) 

Name 

Val- 
ence 

Neutral 

or 

acid 

Alkali 

Ammo- 
nia- 

Ammo- 
nium 

Chlo- 
ride 

Cya- 
nide 

Citrate 
or 
Tar- 
trate 

Thio- 
cya- 
nate 

Ammo- 

nium- 

Car- 

bonate 

Pyri- 
dine 

Aluminum.  . . 
Ammonium.  . 
Antimony.. . . 

Barium 

Bismuth 

Cadmium 

Calcium 

Cgsium 

Chromium . .  . 
Chromium. .  . 
Chromium. .  . 

Cobalt 

Cobalt 

Copper 

Copper 

Gallium 

Gold 

Gold 

Hydrogen 

Indium 

Iron 

Iron 

Lead 

Lithium 

Manganese. . . 
Manganese.. . 
Manganese. . . 
Manganese. . . 

Nickel 

Potassium .  . . 

Radium 

Rhenium .... 
Rubidium.  .  . 
Selenium .... 

Sodium 

Strontium.  .  . 

Tellurium 

Thallium.  . . . 

Tin.. 

Titanium 

Uranium 

Uranium 

Vanadium .  . . 
Zinc 

3 

1 
3 
2 
3 
2 
2 

2 
3 
6 
2 
3 
2 

3 

3 

3 
2 
3 
2 
1 
2 
3 
4 
6 
2 
1 
2 
7 
1 
4 
1 
2 
4 
1 
2 
4 
4 
6 
5 
2 

-1.7 

-2.09 

-0.2 

-1.94 

-0.1 

-0.68 

-2.23 

-2.1 

-1.42 

-0.7 

-L23' 

-0.4 

-0.03 

-0.03 

-1.23 

— i '  60 

-0.63 

—  1  33 
-0.K?) 
-0.46 
-2.31 
-1.53 

—  1 '  09 

-2.17 
-1.88 
-1.2 
-2.07 

— 2"i5 

-2.13 

-o!5o' 

-0.47 
-0.98 

—6!  i4* 

-ils' 

-o!so 
-2!o" 

-0.36 
-1.44 

-\.2 
-0.55 

-L2- 
-1.56 

-6^81 
-2.31 
-1.7 
-1.3 

-q.2 

—2^17 

-\2 
-2.07 

— 2*i5 

-2.13 
-0.7 
-0.50 
-1.1 

-0.9 
-L41 

-0*85 

-L74 

—  1.46 

-0.36 

-1.32 

-0.4 

-0.27 

-0.54 

-L52 

—  i*69 

-1.13 

-\.2 
-1.6 

-6 '75 
-0.50 

-L23 
-1.38 

-l!l3 

— i!i3 

-L23 
-1.5 

-0^73 
-L36 

-1.43 
-6.50 

-6^35 
-0.80 

-0.U 
—0.14 

-0^6 
-Ll' 

-1.6 

"-0.9 
-0.50 

-L07 

-L58 
-0^74 

-L45 
-0.83 

-i'ii 

-6^82 
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POLAROGRAPHIC  ANALYSIS  (Continued) 

Table  II 
Cathodic  Reduction  Potentials  of  Anions  (Half  Wave) 

Bromate  (alkaline) — 1.7 

Bromate  (acid) —0.17 

Iodate  (alkaline) — 1.1 

Iodate  (neutral) —1.1 

Nitrate  (in  N/10  lanthanum  chloride) —  1.3 

Nitrite  (in  N/10  lanthanum  chloride) — 1.3 

Sulfite  (acid) -0.2 

Table  III 
Anodic  Oxidation  Potentials  of  Metals  (Half  Wave) 


Metal 

Valence 

Normal 
Alkali 

Normal 

Ammonia 

•with 

Ammonium 

Chloride 

Molar 
Citrate 

or 
Tartrate 

Iron 

Manganese 

Tin 

2 
2 
2 

-6.6 

+  0.1 

-6.4 

-0.5 

Table  IV 
Reversible  Redox  Potentials  of  Metals 


Metal 

Valence 

Neutral 

or 

Acid 

Normal 
Alkali 

Normal 

Ammonia 

with 

Ammonium 

Chloride 

Molar 
Citrate 

or 
Tartrate 

Copper 

Iron 

1,  2 

2,  3 
3,4 

-0.06 

-0.9 

-0.25 

-0.21 
-0.49 

Titanium 

-0.48 

Table  V 
Anodic  Depolarization  Potentials  of  Anions  (Half  Wave) 


Bromide +0.09 

Chloride +0.22 

Cyanide -0.37 

Hydroxide +0 .  05 

Iodide -0.09 


Sulfide -0.63 

Sulfite -0.04 

Thiocyanate +0. 15 

Thiosulfate -0.27 


Table  VI 
Reduction  Potentials  of  Dissolved  Gases  (Half  Wave) 

Oxygen -0.3  to  -0.4 

Sulfur  dioxide -0.3 

Hydrogen  peroxide — 1.1 
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POLAROGRAPHIG  ANALYSIS  (Continued) 

Table  VII 
Tangent  Potentials  of  Organic  Substances 

(Concentrations,  10~4  N) 


Acetaldehyde 

Acetoin 

Acetone 

Acetophenone 

Acetylacetone 

Acetylene  dicarboxy- 
lic  acid 

Acetylene  dicarboxy- 
lic  acid 

Acotinic  acid 

Albumin  in  ammo- 
nium ion 

Aminoazobenzene  (p) 

Azobenzene 

Benzaldehyde 

Benzil 

Benzilidene  acetone .  . 
Benzoin 

Benzophenone 

Benzoylacetone 

Butyraldehyde 

Cinnamic  acid 

ti  it 

Citraconic  acid 

Crotonaldehyde 

Cystine 

Diacetyl 

Dibenzoylmethanc .  . 
Dimethylaminoazo- 

benzene 

Dinitrobenzene  (o) . .  . 
(m) .  , 
(p).. 
Dinitropheno!: 

2:4:1 

2:5:1 

2:6:1 

Diphenyl  triketone . . 
Formaldehyde 

Fructose 

Fumaric  acid 


pH 


3.9 

7 

2 

2 

2 

3.9 

2 

3.9 


7 
1 
7 

4 

7 

3.9 

3.9 

2 

3.9 

2 

3.9 

3.9 

2 

2 

7 

1.5 

7 

1 

3.9 

1 

7 

2 

2 


7 

3.9 
3.9 
3.9 

3.9 

3.9 

3.9 

2 

3.9 

7 

7 

1 


Volts 


1.61 
■1.83 
1.14 
1.28 
1.12 
1.32 
1.20 
•1.24 

■0.45 

-1.90 
■0.66 
■2.1 

-1.60 
■0.48 
■0.18 
■1.26 
■0.20 

1.06 
■0.95 
■1.19 
-0.90 
■1.01 
■0.95 
-1.7 

1.10 
-1.8 
-0.66 
-1.34 
■0.4 
-0.8 
-0.40 
-0.82 

-0.56 
■0.15  & 
-0.20  & 
-0.18  & 

-0.13  & 

-0.19 

-0.12  & 

-0.25 

-1.50 

-1.64 

-1.80 

-0.54 


-0.31 
-0.33 
-0.35 

-0.31 

-0.23 


Fumaric  acid 

Furf  urol 

Glyceric  aldehyde .... 

Hematin 

Hymetomelanic  acid. 
Hydroxybenzalde- 

hyde  (o) 

Hydroxybenzo- 

phenone  (p) 

Isovaleric  aldehyde . . . 
Maleic  acid 

Mesaconic  acid 

Methemoglobin 

Methylene  blue 

Nicotinic  acid 

*  u  u 

Nitraniline  (e) 

(m) 

(P) 

Nitrobenzene 

Nitrophenol  (o) 

(m) 

."    .      (P) 

Oxalic  acid 

Oxyhemaglobin 

Propionic  aldehyde . . . 

Pyridine 

Pyroracemic  acid .... 

Pyruvic  acid 

Quinhydrone 

Quinine 

Quinoline 

*  Riboflavin 

Saccharin 

Sorbinic  acid 

Sorbose 

*  Thiamine 

Trimethyl  azonium 

iodide 

Vitamin  C 

Tetramethyl  and 
tetraethyl     ammo- 
nium    ions,     half 
wave  potential —2.8 


PH 


3.9 
3.9 
3.9 
3.9 
13 

3.9 


3.9 

3.9 

1 

7 

1 

7 

3.9 

3.9 

3.9 

7 

1 

1 

1 

3.9 

3.9 

3.9 

3.9 

3.9 
3.9 
3.9 

1 
7 
1 
7 

3.9 
13 
4 
7 
1 
7 
7 
7 
7 

12.5 

7 


Volts 


-1.70 
-1.23 
-1.45 
-1.37 
-1.4 

-1.26 

-1.2 

-1.61 

-0.54 

-1.90 

-0.66 

-1.8 

-1.26 

-0.11  &  -1.2 

—  1.03 

-1.74 

-0.193 

-0.112 

-0.183 

-0.35 

-0.32 

-0.33 

-0.40 

-1.2 

-0.06 

-1.61 

-1.30 

-0.39 

-1.4 

-0.4 

-1.4 

-0.02 

-1.5 

-1.07 

-0.39 

-1.0 

-1.8 

-1.90 

-1.80 

-1.29 

-1.7 
-1.80 


*  Half  wave. 


Table  VIII 

Anode  Potentials  in  the  Presence  of  Stated  Anions 

At  Normal  Concentration 


Chloride 0.0 

Bromide —0. 12 

Sulfate +0.20 

Nitrate +0.30 

Hydroxide -0.16 
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Sulfite.. 
Iodide.  . 
Cyanide. 
Sulfide.. 


-0.25 
-0.30 
-0.58 
-0.90 


STANDARD  OXIDATION-REDUCTION  POTENTIALS 

Values,  in  Volts,  Referred  to  the  Hydrogen-Hydrogen 

Ion  Couple  as  Zero,   are  for  Unit  Activities  and 

Temperature  of  25°  C. 

(From  Latimer  and  Hildebrand,  Reference  Rook  of  Inorganic  Chemistry, 
The  Macmillan  Co.,  Publishers,  by  permission.) 


Reaction 


Eo 


Reaction 


Eo 


Li=Li++E~ 

Rb=Rb++E" 

K=K++E- 

Sr=Sr+++2E- 

Ba=Ba+++2E- 

Ca=Ca+++2E- 

Na=Na++E~ 

Mg  =  Mg+++2E- 

A1  =  A1++++3E- 

Be=Be+++2E- 

U=U+H-4E" 

Mn  =  Mn+++2E- 

CN-+20H-=CNO-+H20+ 

2E- 

Fe+20H-=Fe(OH)2+2E- 

£H2+OH-=H20+E- 

T1+I-=T1I+E- 

Hg+HS-+OH-=HgS+H20+ 

2E~ 

Zn  =  Zn+++2E- 

Zn+30H-=HZn02-+H20+ 

2E" 

H2Te=Te+2H++2E- 

Fe(OH)2+OH-=Fe(OH)3+E-. 

Cr  =  Cr+++2E- 

Pb+20H-=PbO+H20+2E".  . 

S~=S+2E- 

H2Se=Se+2H++2E" 

Ga=Ga++++3E~ 

Ag-r2CN-=Ag(CN)2-+E-. . . . 

Fe  =  Fe+++2E- 

Cr++  =  Cr++++E- 

H2  =  2H+(10"7M)+2E- 

Cd=Cd+++2E- 

In  =  In++++3E- 

Ti++  =  Ti+++-fE- 

2Cu+2OH-=Cu20+H20+2E" 

T1=T1++E" 

Pb+S04-=PbS04+2E- 

P+4H20 = H3P04+5H++5E- . 

Co(CN)6 = Co(CN)6 — +E " 

Co=Co+++2E- 

Ni  =  Ni+++2E- 

V++=V++++E_ 

Cu+I-=CuI+E- 

Ag+I-=AgI+E- 

Cu20+20H-=2Cu0+H20+ 

2E- 

Sn  =  Sn+++2E~ 

ph  =  Pb+++2E- 

9OH--j-NH3=N03-+6H20+ 

8E~ 

2Hg+2I-=Hg2I2+2E- 

2Ag+H2S= Ag2S+2H+^2?i-  . 
Cu+H2S  =  CuS+2H++2E-. . . 


+2.957 

+2.924 

+2.922 

+2.92 

+2.90 

+2.87 

+2.712 

+2.40 

+1.7 

+  1.69 

+  1.4 

+  11 

+0.97 

+0.86 

+0.828 

+0.77 

+0.77 
+0.758 

+0.72 

ca  +0.7 

+0.65 

+0.6 

+0.58 

+0.51 

ca  +0.5 
+0.5 
+0.5 
+0.44 
+0.4 
+0.414 
+0.397 
+0.38 
+0.37 
+0.34 
+0.336 
+0.31 
+0.3 
+0.3 
+0.29 
+0.22 
+0.2 
+0.17 
+0.15 

+0.15 
+0.13 
+0.12 

+0.12 
+0.04 
+0.036 
+0.02 


H2=2H++2E- 

20H-+N02- = N03"+H20+ 

2E- 

HCN+H20=HCNO+2H++ 

2E- 

Sb+3H20=H3Sb03+3H++3E- 
W+3H20=W03+6H++6E~. . . 
WO++++2H20=W03+4H++ 

F~ 
Ti++++H26 = TiO^+2H++EJ 
Hg+20H- = HgO+H20+2E" . 

Ag+Br-=AgBr+E~ 

2Hg+2Br-=Hg2Br2+2E- 

Sn++=Sn+++++2E- 

H20+H2S03=S04— +4H++ 

2E-. 

Cu+=Cu+++E- 

H2S=S+2H++2E" 

Bi=Bi++++3E" 

2Ta+5H20 = Ta205+  10H++ 

10E- 

Pt+4Cl-=PtCl4— +2E" 

Ag+Cl-=AgCl+E- 

As+3H20=H3As03+3H++3E- 
Mo+3H20=Mo03+6H++6E" 

2Hg+2Cl-=Hg2Cl2+2E- 

Pb0+20H-=Pb02+H20+2E- 
V+H20=V0^+2H++4E-. . . . 

Cu=Cu+++2Fr 

V++++H20= V0+++2H++E"  . 

40H-  =  02+2H20+4E- 

PtCl  — +2Cl-=PtCl6— +2E". . 
U+4+2H20 = U02+++4H++2E- 
S+3H20=H2S03+4H++4E". . 

Fe(CN)6 =Fe(CN)6 — +E" 

H3As03+H20 = H3As04+2H++ 

2E- 

Ni(OH)2+20H"=Ni02-2H20 

+2E" 

2Ag+C03— =Ag2C03+2E~. . . . 
MoO++++2H20 = Mo03+4H+ 

+E- 

Cu=Cu++E~ 

2I"=I2+2E- 

3I-=I3~+2E- 

Hg2Cl2+2Cl-=2HgCl2+2E-. . 

Mn04— =  Mn04-+E- 

H202=02+2H++2E" 

Ag+Br03-=AgBr03+E- 

C6H4(0H)2=C6E402    (quinone) 

+2H++2E" 

Mn02+4OH-=Mn04~+2H20 

+2E" 

Fe'H-=Fe++++E- 

Se+3H20 = H2Se03+4H++4E 


0.000 

0.0 

0.0 
0.0 
0.0 

0.0 
-0.04 
-0.099 
-0.10 
-0.13 
-0.13 

-0.14 
-0.17 
-0.17 

-0.2 

-0.2 

-0.2 

-0.223 

-0.24 

-0.25 

-0.270 

-0.3 

-0.3 

-0.344 

-0.4 

-0  40 

-0  40 

-0.41 

-0.47 

-0  49 

-0.49 

—0  4° 
-0.50 

-0  5 

-0.51 

-0.535 

-0.54 

-0.63 

-0.66 

-0.68 

-0.68 

-0.70 

-0.71 
-0.74 
-0.74 
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STANDARD  OXIDATION-REDUCTION  POTENTIALS 

(Continued) 


Reaction 


E0 


Reaction 


H3Sb03+H20=H3Sb04+2H++ 

2E- 

2Hg=Hg2+++2E- 

Ag=Ag++E- 

CuI=Cu+++I-+E- 

Hg=Hg+++2E" 

2H20+NH4+=HN02+7H++ 

6E" 

30H-=H02-+H20+2E- 

Co04-20H-=Co02-fH20+2E- 

Hg2++=2Hg+++2E- 

C1-+20H-=C10-+H20+2E- . 
NO+2H20 = N03-+4H++3E- . 
HN02+H20 = N03-+3H  ++ 

2E" 

NO+H20=HN02+H++E-. . . 

I-+H20=HIO+H++2E- 

Os02Cl4— +2H20=Os04+4H+ 

-h4Cl-+2E- 

2Br"=Br2+2E- 

I-+3H20=I03-+6H++6E-. . . 
VO+++2H20  =  HVOa+3H+ + 

F~ 

Ti+=Ti++++2EJ.".V.  '.".'!.*!!!! 

H2Se03-f  H20 = H2Se04+2H++ 
2E- 

2H20=02+4H++4E" 

PdCU— +2Cl-=PdC]6— +2E-. 

Cr++++4H20  =  HCr04-+7H++ 
3E~ 

Br-+H20  =  HBrO+H++2E-. . 


-0.75 

-0.798 

-0.799 

-0.85 

-0.86 

-0.86 

-0.87 

-0.9 

-0.92 

-0.94 

-0.94 

-0.95 
-0.98 
-0.99 

■1.0 

-1.065 

-1.09 

1.1 
•1.2 

■1.2 
1.23 
1.3 


-1 


Mn^+2H20=Mn02+4H++ 

2E- 

CI-+4H2O = C104-+8H++8E" 

2C1-=C12+2E- 

2  Au+3H20 = Au203+6H++6E- 
I-+4H20  =  I04-+8H++8E-. . . 
Br-4-3H20=Br03-+6H++6E- 
Pb+++2H20  =  Pb02+4H++ 

2E~ 

CI  -+3H20 = C103  -+6H++6E- 
C1-+H20  =  HC10+ H++2E-. . . 

Mn++=Mn++++E- 

Au=Au++E~ 

2S04— +2H+=H2S208+2E-. .  . 
C6++++2H20  =  Ce02+4H++E" 
Mn+++4H20  =  Mn04-+8H++ 

5E- 

Mn02+2H20 = Mn04-+4H+-|- 

3E- 

Fe+-H-+4H20=Fe04— +8H++ 

3E- : 

Bi+^-+6H20=HBi03+5H++ 

2E- 

PbS04+2H20=Pb02+4H++ 

S04— +2E" 

2H20=H202+2H++2E- 

Co++=Co++++E- 

Ni+++4H20=Ni02-2H20+ 

4H++2E- 

02+H20=03+2H++2E- 

2F-=F2+2E- 


-1.33 

-1.35 

-1.359 

-1.362 

-1.4 

-1.42 

-1.44 

-1.45 

-1.50 

ca 

-1.5 

ca 

-1.5 

ca 

-1.5 

-1.5 

-1.52 

-1.6a 

ca 

-1.7 

ca 

-1.7 

-1.7 

-1.78 

-1.8 

-1.8 

-1.9 

-2.8' 

SOLUBILITY  OF  CANE  SUGAR  IN  WATER 

Grama  of  sugar  in  100  grams  of  water,  temperature  in  degrees  Centigrade. 


CijH^Qii. 


0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

179.2 

190.5 

203.9 

219.5 

238.1 

260.4 

287.3 

320.5 

362.1 

415.7 

The  values  below  give  the  per  cent  by 

weight  of  sugar  in  the  final  solution : 

Temp.,  °C. 

Per  cent 
sugar 

Temp.,  CC. 

Per  cent 
sugar 

Temp.,  °C. 

Per  cent 
sugar 

0 
5 
10 
15 
20 
25 
30 

64.18 

64.87 
65.58 
66.53 
67.09 
67.89 
68.80 

35 
40 
45 
50 
55 
60 
65 

69.55 
70.42 
71.32 
72.25 
73.20 
74.18 
75.88 

70 
75 
80 
85 
90 
95 
100 

76.22 
77.27 
78.36 
79.46 
80.61 
81.77 
82.97 
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POTENTIALS    OF 


ELECTROCHEMICAL 

AT  25°  C 


REACTIONS 


Compiled  by  Thos.  DeVries 

The  reactions  are  classified  according  to  the  main  element  or  radical  enter- 
ing into  the  reaction.  Radicals  are  found  under  the  name  of  the  parent 
element.  The  sign  of  the  potential  is  the  sign  on  the  electrode,  according 
to  the  "European  system". 


Reaction 


Ag(s)=Ag++e 

Ag+=Ag+++e 

Ag(s)+Br-=AgBr(s)+e 

Ag(s)+Br03-=AgBr03(s)+e 

Ag(s)+Cl-=AgCl(s)+e 

Ag(s)+2CN"= Ag(CN)2-+e 

2Ag(s)+C03— =Ag2C03(s)+2e. . . 
2Ag++Cr04— =Ag2Cr04(s)+2e. . 
2Ag(s)+H2S(g) = Ag2S(s)+2H+ 

+2e 

Ag(s)+I-=AgI(s)+e 

Al(s)=Al++++3e 

Al-Hg+30H-=Al(OH)3(s)+3e. . . 
As(s)+2H20(1) =HAs02+3H+ 

+3e 

As(s)+3H20=H3As03+3H++3e.. 
H3As03+H20=H3As04+2H++2e 

Au(s)  =  Au++e 

Au(s)=Au++++3e 

2Au(s)+3H20(l) = Au203(s)+ 

6H++6e 

Ba(s)=Ba+++2e 

Ba-Hg=Ba+++2e 

Be(s)=Be+++2e 

Bi(s)=Bi++++3e 

Bi(s)+Cl-+H20(l)  =BiOCl(s) 

+2H++3e 

Bi(s)+4Cl-=BiClr+3e 

Bi++++6H20=HBi03+5H++2e. . 

Br-=|Br2(l)+e 

Br-+3H20=Br03-+6H++6e 

Br-+H20=HBrO+H++2e 

§Br2(l)+3H20(l)  =Br03-+6H+ 

+5e 
C6H4(6h)2= C6H4bV+2H++2e." ". ". 

Ca(s)  =  Ca+++2e 

Calomel  electrode,  sat.  KC1 

Calomel  electrode,  normal  KC1 

Calomel  electrode,  molal  KC1 

Calomel  electrode,  decinormal  KC1 

Cd(s)  =  Cd+++2e 

Cd-Hg=Cd+++2e 

Cd-Hg+(2Br"  in  CdBr2.4H20 

sat.) =CdBr2.4H20+2e 

Cd-Hg+(2C1-  in  CdCl2  sat.)  = 

CdCl2(s)+2e 

Cd-Hg+(2I-inCdI2sat.)  = 

Cdl2(s)+2e 

Cd-Hg+20H- = CdO(s)  +H20(1) 

+2e : 

Cd-Hg+20H-=Cd(OH)2(s)+2e. . 


Poten- 
tial, 
volts 


+0.7996 

+1.914 

+0.0713 

+0.680 

+0.2221 

-0.5 

+0.500 

+0.4463 

-0.0366 
-0.1523 
-1.7 
-1.62 

+0.2375 

+0.24 

+0.49 

+1.5(?) 

+1.36 

+1.363 

-2.90 

-1.5700 

-1.69 

+0.277 

+0.1588 

+0.1678 

+1.7(?) 

+1.0648 

+1.42 

+1.33 

+1.491 

+0.6992 

-2.763 

+0.2446 

+0.2809 

+0.2816 

+0.3334 

-0.4024 

-0.3519 

-0.4182 

-0.4034 

-0.4588 

-0.726 
-0.761 


Reaction 


Cd-Hg+(S04-  in  CdS04.8/3H20 

sat.)  =  CdS04.8/3H20+2e 

Ce+++=Ce+-H-++e(H2S04  soln.) . . . 
Ce+++=Ce+^++e(HN03  soln.). . . 
Ce++++2H20  =  Ce02+4H++e. . . . 

Cl-=iCl2+e 

Cl-+H20=HC10+H++2e 

Cl-+3H20=C103-+6H++6e 

Cl-+4H20=C104-+8H++8e 

Cl-+20H-=C10-+H20+2e 

CN-+20H-=CNO-+H20+2e. . . 
HCN+H20=HCNO+2H++2e. . . 

Co(s)  =  CO+++2e 

Co++=Co++++e 

Co(€N)6 =Co(CN)6 — +e. . . . 

CoO(s)+20H-=Co02(s)+H2O 

+2e 

Cr(s)  =  Cr+++2e 

Cr++=Cr++++e 

Cr++++4H20 = HCr  04"+7H++3e. 

Cu(s)  =  Cu++e 

Cu(s)=Cu+++2e 

Cu(sat.  amalgam) =Cu+++2e 

Cu+=Cu+++e 

Cu(s)+Cl-=CuCl(s)+e 

Cu  (s) +H2S(g)  =  CuS(s)  +2H++2e 

Cu(s)+I-=CuI(s)+e 

2Cu(s)+20H-=Cu20(s)+H20(l) 

+2e 

CuCl2-=Cu+++2Cl-+e 

Cu-Hg+(S04—  in  CuS04.5H20 

sat.)=CuS04.5H20(s)+2e 

CuI(s)  =  Cu+++I-+e 

Cu20(s)+20H-=2CuO(s,  aged) 

+H20(l)+2e 

Cu20(s)+20H-+H20(l)  = 

2Cu(OH)2(s)+2e 

2F-=F2+2e 

Fe(s)  =  Fe+++2e 

Fe"*"4" = Fe++++e 

Fe++++4H20=Fe04— +8H++3e  .' 
Fe(s)+20H-=Fe(OH)2(s)+2e. . . . 

Fe(CN)G =Fe(CN)6 — +e. . . . 

Fe(OH)2(s)+OH-=Fe(OH)3(s)+e 
K4Fe(CN)6=K3Fe(CN)6+K++e. . 

Ga(s)=Ga++++3e 

|H2(g)=H++e 

H2(g)=2H+(10-W)+2e 

§H2(g)+OH-=H20(l)+e 

2H20=H202+2H++2e 

2H2O=02(g)+4H++4e 


Poten- 
tial, 
volts 


-0.4346 
+1.44 
+1.6095 
+1.5 
+1.3583 
+1.50 
+1.45 
+1.35 
+0.94 
-0.97 
0.0 
-0.29 
+1.817 
-0.3 

+0.9 

-0.557 

-0.400 

+1.3 

+0.51 

+0.3452 

+0.3495 

+0.17 

+0.1287 

-0.259 

-0.17 

-0.344 
+0.455 

+0.2684 
+0.85 

-0.154 

-0.082 

+2.88 

-0.441 

+0.782 

+1.7(?) 

-0.86 

+0.36 

-0.65 

+0.4866 

-0.5 

0.0000 
-0.4141 
-0.8295 
+1.78 
+1.23 
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POTENTIALS    OF    ELECTROCHEMICAL    REACTIONS 
AT  25°  C  (Continued) 


Reaction 


H20(l)=0(g)+2H++2e 

H202=02(g)+2H-H-2e 

2Hg(l)=Hg2+++2e 

Hg++«*Hg*+++e 

2Hg(l)+2B*--=Hg2Br2(s)+2e 

2Hg(l)+2Cl-=Hg2Cl2(s)-f2e 

Hg(l)+HS-+OH--HgS(6)-f 

H20+2e 

2Hg(l)+2I-=Hg2l2(s)+2e, 

Hg2Cl2(s)+2Cl-=2HgCl2+2e 

Hg(l)+20H-=HgO(s,  red)+ 

H20(l)+2e 

Hg(l)H-20H-=HgO(s,  yellow) 

+H20(l)+2e 

2Hg(l)+S04-=Hg2S04(s)+2e. .  . 
Hg(l),  HgO(s),  Ba(OH)2(s),  H20 . . 
Hg(l),  HgO(s),  Ca(OH)2(s),  H20.  . 

I-=|I2(s)+e 

3I-=I3"+2e 

I-+H20=HIO+H++2e 

I-+3H20=I03-+6H+H-6e 

I-+4H20=I04-+8H++8e 

iI2(s)+3H20=I03-+6H++5e. . . . 

In(s)=In++++3e 

IrCle — =IrCl6~+e 

K(s)=K++e 

Li(s)=Li++e 

Mg(s)  =  Mg+++2e 

Mn(s)  =  Mn+++2e 

Mn++=Mn++++e 

Mn+++2H20=Mn02(s)+4H++2e 
Mn+++4H20=Mn04-+8H++5e.. 
Mn02(s)  +2H20 = Mn04"+4H+ 

+3e 

Mn02(s) +40H- = Mn04  ~+2H20 

+2e 

Mn04— =Mn04"+e 

Mo(s)  +3H20  =  Mo03(s) +6H+ 

+6e 

Mo(CN)8 =Mo(CN)8— +e.. . 

MoO++++2H20 = Mo03(s) +4H+ 

+e 

Na(s)=Na++e 

Na-Hg+(C1-  in  NaCl  sat.)  = 

NaCl(s)+e 

NH3-f90H-=N03-+6H20+8e.. . 
NH4++2H20=HN02+7H++6e.. . 

NO+H20=HN02+H++e 

NO+2H20=N03"+4H++3e 

N02-+20H-=N03-+H20+2e. . . 
HN02+H20=N03-+3H++2e. . . . 

Ni(s)=Ni+++2e 

Ni-H-+4H20=Ni02.2H20+4H+ 

_i_2e 
NiCOHJzCsj+iO^^Nib^iHzb 

+2e 

02(g)+H20=03(g)+2H++2e. . . . 
30H"=H02-+H20+2e 


Poten- 
tial, 
volts 


+2.419 

+0.68 

+0.7986 

+0.9011 

+0.1385 

+0.2676 

-0.77 

-0.0416 

+0.63 

+0.0969 

+0.0976 

+0.6141 

+0.1462 

+0.192 

+0.5356 

+0.54 

+0.99 

+1.09 

+1.4 

+1.195 

-0.340 

+0.97 

-2.9241 

-2.9595 

-2.40 

-1.1 

+1.5(?) 

+1.236 

+1.509 

+1.691 

+0.71 
+0.664 

+0.25 
+0.7260 

+0.5 

-2.7146 

-1.8378 
-0.12 
+0.86 
+0.98 
+0.94 
0.0 
+0.95 
-0.227 

+1.8 

+0.49 
+2.07 

+0.87 


Reaction 


40H-=02+2H20+4e 

Os02Cl4— +2H20  ~  Os04+4H+ 

+4Cl-+2e 

P(s)+4H20=H3PQ4+5H++5e. . . 

Pb(s)  =  Pb+++2e 

Pb-Hg+2Cl-=PbCl2(s)+2e 

Pb-Hg+2I-=PbI2(s)+2e 

Pb(s)+20H-^PbO(s,  red)+ 

H20(l)+2e 

Pb(s)+20H-=PbO  (Si  yellow) 

+H20(l)+2e.. 

Pb(s)+20H-=PbO(s)+H20(l) 

+2e 

Pb-Hg+20H-=Pb(OH)2(s)+2e. . 
Pb(s) +H2S(g) = PbS(s) +2H++2e . 

Pb(s)+S04— =PbS04(s)+2e 

Pb-Hg+S04— =PbS04(s)+2e. . . . 
Pb+++2H20 = Pb02(s) +4H++2e. . 
PbO(s)+20H-=Pb02(s)+H20(l) 

+2e 

PbS04(s)+2H20(l) =Pb02(s)+ 

4H++S04— +2e 

PdCl4— +2Cl-=PdCl6— +2e 

Pt(s)+4Cl-=PtCl4— +2e 

PtCl4— +2Cl-=PtCl6— +2e 

[Pt(CN)4]— +2C1"= 

[Pt(CN)4Cl2]— +2e 

Quinhydrone  electrode,  H+(a=l). . 

Rb(s)=Rb++e 

S— =S(rhombic)+2e 

S(rhombic)  +3H20 = H2S03+ 

4H++4e 

H2S=S(rhombic)+2H++2e 

2S04— +2H+=H2S208+2e 

H2S03+H20=S04~+4H++2e. . . 
Sb(s)  +H20(1)  =  SbO++2H++3e .  . 
Sb(s)+3H20=H3Sb03+3H++3e. . 
2Sb(s)+3H20(l)=Sb203(s)+6H+ 

+6e 

H3Sb03+H20  =  H3Sb04+2H++2e 
Se(s)+3H20=H2Se03+4H++4e. . 

H2Se=Se+2H++2e 

H2Se03+H20 = H2Se04+2H++2e . 

Sn(s)=Sn+++2e 

Sn++=Sn+++++2e(0.1  M  HC1) . . . . 
Sn++=Sn+++++2e(0.53  M  HC1) . . . 
Sn++=Sn+++++2e(2.0  M  HC1) .... 

Sr-Hg  =  Sr+++2e 

2Ta(s)+5H2O=Ta2O5+10H++10e 

Te(s)=Te+++++4e 

H2Te=Tei-2H++2e 

Ti++=Ti++++e 

Ti++++H20=TiO+++2H++e. . . . 

Ti++,-+2SO  — =Ti(S04)2+e 

Ti(s)=Tl++e 

Tl+=Tl++++2e 

Tl-Hg=Tl++e 

Tl(s)+I-=TlI(s)+e 


Poten- 
tial, 
volts 


+0.40 

+1.0(?) 

-0.3 

-0.126 

-0.2623 

-0.3580 

-0.5786 

-0.575 

-0.576 

-0.568 

+0.070 

-0.3447 

-0.3505 

+1.467 

+0.27 

+1.6797 
+1.3 
+0.2(?) 
+0.717 

+0.879 
+0.6992 
-2.9259 
-0.51 

+0.47 
+0.17 
+1.5(?) 
+0.14 
-0.212 
0.0(?) 

+0.1445 

+0.75 

+0.74 

-0.5(?) 

+1.2(?) 

-0.136 

+0.070 

+0.144 

+0.133 

-1.7932 

+0.2(?) 

-0.5682 

-0.7(?) 

+0.37 

+0.01 

+0.04 

-0.336 

+1.2466 

-0.3360 

-0.7715 
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POTENTIALS 


OF    ELECTROCHEMICAL 
AT  25°  C  (Continued) 


REACTIONS 


Reaction 


Poten- 
tial, 
volts 


Reaction 


Poten- 
tial, 

volts 


Tl-Hg+Cl-=TlCl(s)+e 

Tl-Hg+Br-=TlBr(s)+e 

Tl-Hg+S04— =Tl2S04(s)+2e. . . 

U=U+++++4e 

U+++++2H2O=U02+++4H++2e. 
U(S04)2+2H20(1)  =U02S04+ 

4H++S04-+2e 

V++=V++++e 

V++++H20=VO+++2H++e. . . . 
V(s)+H20=VO+++2H++4e. . . . 
VO+++2H20=HV03+3H++e. . . 
VOS04+2H20(l)  =HV03+H2S04 

+e 


-0.5545 

-0.6058 

-0.4360 

-1.4 

+0.41 

+0.358 

-0.2 

+0.4 

+0.3 

+1.1 

+0.92 


HVO)2S04+£S04-=VOS04+e.. . 
VS04+H2(X1) =KVO)2S04+2H+ 

+^S04-+e 

W(s)+3H20=W03(s)+6H++6e. . 

W(CN)8 =W(CN)8 — +e 

WO++++2H20=W03+4H++e. . . 

Zn(s)  =  Zn+++2e 

Zn-Hg  =  Zn+++2e 

Zn(s)+20H-=ZnO(s)+H20(l).  .  . 
Zn(s)  +30H" = HZn02-+H20+2e. 
Zn-Hg+(S04—  in  ZnS04.7H20 

sat.)=ZnS04.7H20(s)+2e 


+0.30 

-0.21 
0.0(?) 

+0.485 
0.0(?) 
-0.7614 
-0.7614 
-1.248a 
-0.72 

-0.799a 
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DEGREE   OF  IONIZATION 

In  Normal  Solution  at  18°  Unless  Indicated 

Acids 

Nitric  acid 0.82  f  Permanganic  acid 0.933 

Hydrochloric  acid 0.784  f  Hydriodic  acid 0.901 

Sulfuric  acid 0 .  510  t  Hydrobromic  acid 0 .  899 

Hydrofluoric  acid 0 .  070  t  Perchloric  acid 0 .  880 

•Oxalic  acid 0.500  f  Chloric  acid 0.878 

*  Tartaric  acid 0.082  f  Hydrochloric  acid 0.876 

Acetic  acid 0 .  004  f  Phosphoric  acid    0 .  170 

*  Carbonic  acid    0.0017 

*  Hydrogen  sulfide 0 .  0007 

*  Boric  acid 0.0001 

*  Hydrocyanic  acid 0 .  0001 

*  In  o.l  M.  solution;  primary  ionization, 
t  In  N/2  solution,  at  25°. 

Bases 

Potassium  hydroxide 0.77  X  Strontium  hydroxide 0.93 

Bodium  hydroxide 0 .  73  t  Barium  hydroxide 0.92 

Barium  hydroxide 0 .  69  t  Calcium  hydroxide , . .  0 .  90 

Lithium  hydroxide 0 .  63 

Ammonium  hydroxide 0 .  004 

Tetramethyl  ammonium 

hydroxide 0 .  96 

t  In  N/64  solution,  at  25°. 

Salts 

Approximate  degree  of  ionization  for  active  salts  in  N/10  solution: 

Type  R+R-  (e.g.  KC1) 0.86 

Type  R++  (R~)2  (e.g.  BaCl2)    0.72 

Type  (R+)2R-  -  (e.g.  K2S04) 0.72 

Type  R++  R-  -  (e.g.  CuS04) 0.45 
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SOLUBILITY   PRODUCT 

The  solubility  product  (or  ion  product  constant)  is  the  product 
of  the  concentrations  of  the  ions  in  the  saturated  solution  of  a 
difficultly  soluble  salt.  The  concentrations  are  expressed  as 
moles  per  liter  of  solution.  The  number  of  cations  (or  anions) 
resulting  from  the  dissociation  of  one  molecule  of  the  salt,  ap- 
pears in  the  formula  for  calculations  of  the  solubility  product  as 
the  exponent  of  the  concentration  of  the  cation  (or  anion). 

If  two  solutions,  each  containing  one  of  the  ions  of  a  difficultly 
soluble  salt,  are  mixed,  no  precipitation  takes  place  unless  the 
product  of  the  ion  concentrations  in  the  mixture  is  greater  than 
the  solubility  product. 

In  a  solution  containing  two  salts  which  yield  a  common  ion 
the  ratio  of  solubilities  of  the  two  salts  is  the  ratio  of  the  solu- 
bility products. 


Solubility 

Solubility 

Substance 

product  at 
temperature 

Substance 

product  at 
temperature 

noted 

noted 

Aluminum  hy- 

4X10-13 (15°) 

Calcium  oxalate, 

1.78X10'9  (18°) 

droxide 

CaC204.H20 

Aluminum  hy- 

1.1X10"15 (18°) 

Calcium  oxalate, 

2.57X10-9  (25°) 

droxide 

CaC204.H20 

Aluminum  hy- 

3.7X10-" (25°) 

Calcium  sulfate .  . 

6.1X10-5  (10°) 

droxide 

Calcium  tartrate, 

0.77X10"6  (18°) 

Barium  carbonate 

7X10-9  (16°) 

CaC4H406.2H20 

Barium  carbonate 

8.1  X10-9  (25°) 

Cobalt  sulfide. .  .  . 

3X10"26  (18°) 

Barium  chromate 

1.6X10"1"  (18°) 

Cupric  iodate .... 

1.4X10-7  (25°) 

Barium  chromate 

2.4  X10"10  (28°) 

Cupric  oxalate .  .  . 

2.87X10-8  (25°) 

Barium  fluoride .  . 

1.6X10"6  (9.5°) 

Cupric  sulfide.  .  .  . 

8.5X10-45  (18°) 

Barium  fluoride .  . 

1.7X10"6  (18°) 

Cuprous  bromide. 

4.15X10-8  (18-20°) 

Barium  fluoride.  . 

1.73X10-8  (25.8°) 

Cuprous  chloride . 

1.02X10"6  (18-20°) 

Barium  iodate, 

8.4  X10"11  (10°) 

Cuprous  iodide . . . 

5.06XlO"i2  (18-20°) 

Ba(I03)a.2H20 

Cuprous  sulfide  .  . 

2X10"47  (16-18°) 

Barium  iodate, 

6.5X10"10  (25°) 

Cuprous  thiocy- 

1.6X10"11  (18°) 

Ba(I03)i».2H20 

anate 

Barium  oxalate, 

1.62X10"7  (18°) 

Ferric  hydroxide  . 

1.1X10-36  (18°) 

BaC204.3|H20 

Ferrous  hydrox- 

1.64 X10"14  (18°) 

Barium  oxalate, 

1.2X10-7  (18°) 

ide 

BaC204.2H20 

Ferrous  oxalate  .  . 

2.1  X10-7  (25°) 

Barium  oxalate, 

2.18X10-7  (18°) 

Ferrous  sulfide  .  .  . 

3.7X10"19  (18°) 

BaC2CMH20 

Lead  carbonate  .  . 

3.3  X10"14  (18°) 

Barium  sulfate . .  . 

0.87  X10"10  (18°) 

Lead  chromate.  .  . 

1.77X10-14  (18°) 

Barium  sulfate .  .  . 

1.08X10"10  (25°) 

Lead  fluoride  .... 

2.7X10-8  (9°) 

Barium  sulfate .  .  . 

1.98X10"10  (50°) 

Lead  fluoride  .... 

3.2X10-8  (18°) 

Cadmium  oxalate 

1.53X10"8  (18°) 

Lead  fluoride  .... 

3.7X10-8  (26.6°) 

CdC204.3H20 

Lead  iodate 

5.3  X10-14  (9.2°) 

Cadmium  sulfide . 

3.6X10"29  (18°) 

Lead  iodate 

1.2X10-13  (18°) 

Calcium  carbon- 

0.99X10"8 (15°) 

Lead  iodate 

2.6X10"13  (25.8°) 

ate  (calcite) 

Lead  iodide 

7.47X10"9  (15°) 

Calcium  carbon- 

0.87X10-8 (25°) 

Lead  iodide 

1.39X10-8  (25°) 

ate  (calcite) 

Lead  oxalate 

2.74X10-H  (18°) 

Calcium  fluoride 

3.4X10-11  (18°) 

Lead  sulfate 

1.06X10-8  (18°) 

Calcium  fluoride 

3.95X10"11  (26°) 

Lead  sulfide 

3.4X10-28  (18°) 

Calcium  iodate, 

22.2X10-8  (10°) 

Lithium  carbonate 

1.7X10-3  (25°) 
2.5X10-"  (25°) 

Ca(I03)2.6H20 

Magnesium  am- 

Calcium iodate, 

64.4X10-8  (18°) 

monium  phos- 

Ca(I03)2.6H20 

phate 

1448 


SOLUBILITY  PRODUCT  (Continued) 


Substance 


Solubility 

product  at 

temperature 

noted 


Substance 


Solubility- 
product  at 
temperature 
noted 


Magnesium  car- 
bonate 

Magnesium  fluor- 
ide 

Magnesium  fluor- 
ide 

Magnesium  hy- 
droxide 

Magnesium  oxa- 
late 

Manganese  hy- 
droxide 

Manganese  sul- 
fide 

Mercuric  sulfide. 

Mercurous  bro- 
mide 

Mercurous  chlo- 
ride 

Mercurous  iodide 

Nickel  sulfide.. . . 

Potassium  acid 
tartrate  [K+] 
[HC4H4O6-] 

Silver  bromate. . . 

Silver  bromate. . . 

Silver  bromide. . . 

Silver  bromide. .  . 

Silver  carbonate. 


2.6X10-5  (12°) 

7.1X10-9  (18°) 

6.4X10-9  (27°) 

1.2X10-11  (18°) 

8.57X10-5  (18°) 

4X10-14  (18°) 

1.4X10-15  (18°) 

4X10-53  to 

2X10-49  (18°) 
1.3X10-21  (25°) 

2X10-18  (25°) 

1.2X10-28  (25°) 
1.4X10-24  (18°) 

3.8X10-4  (18°) 

3.97X10-5  (20°) 
5.77X10-5  (25°) 
4.1X10-13  (18°) 
7.7X10-13  (25°) 
6.15X10-12  (25°) 


Silver  chloride. . . 

Silver  chloride. . . 

Silver  chloride. . . 

Silver  chloride. . . 

Silver  chloride. . . 

Silver  chromate. . 

Silver  chromate.. 

Silver  cyanide 
[Ag+][Ag(CN)-2] 

Silver  dichromate 

Silver  hydroxide . 

Silver  iodate 

Silver  iodide 

Silver  iodide 

Silver  sulfide. . . . 

Silver       thiocya- 
nate 

Silver      thiocya- 
nate 

Strontium      car- 
bonate 

Strontium  fluor- 
ide 

Strontium  oxalate 

Strontium  sulfate 

Strontium  sulfate 

Zinc  hydroxide.  . 

Zinc  oxalate, 
ZnC204.2H20 

Zinc  sulfide 


0.21X10-10  (4.7°) 
0.37X10-10  (9.7°) 
1.56X10-10  (25°) 
13.2X10-io  (50°) 
21.5X10-10  (100°) 
1.2X10-12  (14.8°) 
9X10-12  (25°) 
2.2X10-12  (20°) 

2X10-7  (25°) 
1.52X10-8  (20°) 
0.92X10-8  (9.4°) 
0.32X10-16  (13°) 
1.5X10-16  (25°) 
1.6X10-49  (18°) 
0.49X10-12  (18°) 

I.I6XIO-12  (25°) 

1.6X10-9  (25°) 

2.8X10-9  (18°) 

5.61X10-8  (18°) 
2.77X10-7  (2.9°) 
3.81X10-7  (17.4°) 
1.8X10-14  (18-20°) 
1.35X10-8  (18°) 

1.2X10-23  (18°) 


TABLE  FOR  TRANSFORMING  EXPRESSION 
OF  RESULTS  OF  WATER  ANALYSIS 

Compiled  by  Dr.  R.  E.  Brewer.    (Based  on  Equivalents  of  CaCOs) 


p.© 

!§ 

a  © 
P.© 

boT 

bo  §3 
P, 

8-d 

ftw> 

•go; 

OP 

•s  5P 

£  B 

English  or 

Clark 

degrees 

rl    BO 

8  8 

£  be 

0"0 

p.p.m 

1 
1 

10 
10 
1000 
17.1 

14.3 
14.3 
17.8 

0.10 
0.10 
1.00 
1.00 
100.0 
1.71 
1.43 
1.43 
1.78 

1.0 
1.0 
10.0 
10.0 
1000.0 
17.1 
14.3 
14.3 
17.8 

0.001 

0.001 

0.010 

0.010 

1.000 

0.0171 

0.0143 

0.01*3 

0.0178 

0.0583* 
0.0583 
0.583 
0.583 
58.300 
1.000 
0.829 
0.829 
1.044 

0.07 
0.07 
0.70 
0.70 
70.00 
1.2 
1.00 
1.00 
1.24 

0.07 
0.07 
0.70 
0.70 
70.00 
1.2 
1.00 
1.00 
1.24 

0.10 
0.10 
1.00 
1.00 
100.00 
1.71 
1.43 
1.43 
1.78 

0.056 

mg  / 1 

0.056 

p./lOO.OOO 

0.560 

French  degrees 

Gr./U.'s.'gai.V.V.'..' 

Gr./Eng.  gal 

Clark  degrees 

German  degrees 

0.560 
56.000 
0.958 
0.80 
0.80 
1.00 

*  Variously  reported. 


1449 


DISSOCIATION  CONSTANTS  OF  BASES 


Name 


Acetamide 

Acetanilide 

a- Alanine 

o-Aminobenzoiu 

Ammonium  Hydroxide 

Aniline 

Arsenious  Oxide 

Beryllium  Hydroxide . . . 

Brucine 

Butylamine  (sec.) 

Caffeine 

Cinchonine 

Cocaine 

Diethylbenzylamine 

Diethylamine 

Diisoamylamine 

Diisobutylamine 

Dimethylamine 

Dimethylbenzylamine .  . 

Dipropylamine 

Ethylamine 

Ethylenediamine 

Hydrazine 

Isoamylamine 

Isobutylamine 

Isopropylamine 

Lead  Hydroxide 

Methylamine 

Methyldiethylamine .  .  . 

a-Naphthylamine 

/3-Naphthylamine 

o-Phenylenediamine 

Phenylhydrazine 

Piperidine 

Propylamine  (norm.)... 

Pyridine 

Quinine 

Quinoline 

Semicarbazide 

Silver  Hydroxide 

Strychnine 

Tetramethylenediamine 

Thiourea 

m-Toluidine 

o-Toluidine 

©-Toluidine 

Triethylamine 

Triisobutylamine 

Trimethylamine 

Trimethylenediamine. .  . 

Tripropylamine 

Urea 

Zinc  Hydroxide 


Formula 


C2H5ON... 
CsH9ON... 
C3H7O2N... 
C7H7O2N... 
NH4OH .  .  . 

C6H7N 

AS2O3 

Be(OH)2... 

C23H26O4N2 

C4H11N.... 

C8H10O2N4. 

C19H22ON2 

C17H21O4N 

C11H17N..  . 

C4H11N.... 

C10H23N .  .  . 

CsHigN.... 

C2H7N 

C9H13N.... 
CeHisN 

C2H7N 

C2H8N2.... 
N2H4.H2O. . 
C5H13N.... 
C4H11N.... 

C3H9N 

Pb(OH)2... 

CH5N 

C5H13N.... 
C10H9N.... 
C10H9N.... 
C6H8N2.... 
C6H8N2.... 
C5H11N.... 

C3H9N 

C5H5N 

C20H24O2N2 

C9H7N 

CH5ON3... 

AgOH 

C21H22O4N2 
C4H12N2... 
CH4N2S.  .  . 

C7H9N 

C7H9N 

C7H9N 

CeHisN.... 
C12H27N... 

C3H9N 

C3H10N2.  .. 
C9H21N.... 
CH4ON2. . . 
Zn(OH)2... 


Constant 

for 
first  OH 


3.1X10"15 
4.1X10"14 
5.1X10"12 
1.4X10 -12 
1.8X10  "6 
4.6X10'10 
1X10"14 


7.2X10 

4.4X10 

4.1X10 

1.6X10 

4X10 

3.6X10 

1.26X10 

9.6X10 

4.8X10 

5.2X10 

1.05X10 

1.02X10 

5.6X10 

8.5X10 

3X10 

5X10 

3.1X10 

5.3X10 


5X10 
2.7X10 
9.9X10 

2X10 
3.3X10 
1.6X10 
1.6X10 
4.7X10 
2.3X10 
2.2X10 

1X10 
2.7X10 
1.1X10 

1X10 
5.1X10 
1.1X10 
5.5X10 
3.3X10 

2X10 
6.4X10 
2.6X10 
7.4X10 
3.5X10 
5.5X10 
1.5X10 


Temp. 
°C. 


25 
40 
25 
25 
25 
25 
25 


25 
25 
40 
15 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


25 
25 
25 
25 
25 
40 
25 
25 
25 
15 
25 
40 
25 
15 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 


Constant 

for 
second  OH 


5X10-" 
2.5X10-U 


3.3X10-1° 


3X10-8 


3.3  XIO-" 


6X10"" 


Temp. 
°C. 


25 
25 


15 


25 


1.5X10-' 


15 


15 


25 
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DISSOCIATION  CONSTANTS  OF  ACIDS 


Acid 


Acetic 

a- Alanine 

Arsenic 

Arsenious 

Barbituric 

Benzoic 

Boric.  . .  . 

Bromacetic ........ 

tt-Brompropionic . . . 
/S-Brompropionic . . . 

Butyric 

Carbonic 

Chloracetic 

a-Chlorpropionic . . . 
0-Chlorpropionic. . . 
Citric 

Dichloracetic 

Formic 

Fumaric 

Hippuric. . 

Hydrocyanic 

Hydroquinone 

Hydrosulfuric 

Hydrazoic 

Hypochlorous 

Iodic 

Isobutyric 

Isovaleric 

Lactic 

Maleic 

Malic 

Malonic 

Mandelic 

a-Naphthoic 

/3-Naphthoic 

Nicotinic 

Nitrous 

Oxalic 

Periodic 

Phenol 

Phosphoric 

Phosphorous 

Phthalic 

Picolinic 

Picric 

Propionic 

Pyromucic 

Pyrophosphoric 

Pyrotartaric 

Salicylic 

Selenious 

Succinic 

Sulf  anilic 

Sulfuric 


Formula 


C  2H  4O  2 
C3H7O2N. 
H3ASO4.  . 


HAs02.... 
C4H403N.. 
C7H602.  .  . 
H3BO3.... 
C2H302Br. 
C3H502Br. 
C3H502Br. 
C4H802.  .. 
H2C03.... 
C2H302C1. 
C3H502C1 . 
C3H502C1 . 
C6H807.  .  . 

C2H2O2CI2. 
CH2O2.... 
C4H4O4 .  .  . 

CgHgOsN.. 

CHN 

C6H602.  .  . 

H2S 

HN3 

HOC1 

HIO3 

C4H8O2.  .  . 
C5H10O2. . . 
C3He03.  .  . 
C4H4O4.  .  . 
C4H605... 
C3H404... 
C8H803.... 
C11H8O2. . . 
fCnH802... 
C6H5O2N.. 

HNO2 

H2C204.  .  . 

HIO4 

CeHeO.... 
H3P04.... 


H3P03 

C8H604.  .  . 

C6H5O2N. 

C6H30vN3 

C3H602.  .. 

C5H403... 

H4P20v... 


C6H804... 
C7H6O3... 
H2Se03. . . . 
C4H604.  .  . 
CeHvOsNS. 
H2SQ4 


Constant 

for  the 

first 

hydrogen 


1.75X10-5 

9X10-10 

5X10-3 

6XIO-10 
1.05X10-4 

6.3X10-5 
6.4  X10"10 
1.38X10- 
1.08X10" 

9.8X10" 
1.48X10" 

3.5X10" 

1.4X10" 
1.47X10- 
8.59X10" 

8.4X10" 

5X10- 
1.76X10" 

1x10- 

2.3X10" 
7.2X10- 

1.1x10- 

9.1X10" 
1.9X10" 
3.7X10" 
1.9X10" 
1.5X10" 
1.7X10" 

1.38X10" 

1.5X10" 

4X10- 

1.61X10- 

4.29X10" 
2X10- 
6.8X10- 
1.4X10- 
4X10- 
6.5X10" 
2.3X10- 

1.3X10- 
1.1X10 

7X10-3 
1.26X10 

3X10-6 
1.6X10 
1.4X10 
7.1X10-4 
1.4X10 


8.7X10-5 

1.06X10 

3X10 

6.6X10 

6.2X10 


Temp. 
°C. 


25 
25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
18 
25 
25 
25 
25 

25 
25 
25 
25 
25 
18 
18 
25 
17 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
18 
25 
25 
25 
18 

25 
25 
25 
18 
25 
25 
18 


25 
25 
25 
25 


Constant 
for  the 
second 

hydrogen 


4X10-5 
X IO-10  (3H) 


4.4X10-H 


1.8X10- 
4X10-«  (3H) 


3X10" 


1.2X10-15 


2.6X10"7 

9X10-6 

2.1  X10"6 


6.1X10-5 


7.5X10-8 

4.8X10"i3(3H) 

2X10-5 

3.1X10-6 


1.1X10-2 
2.9X10"7(3H) 
3.6X10"9(4H) 

1X10-13 

5X10-8 

2.8X10-6 

2X10-2 


Temp. 
°C. 


25 
25 


25 


25 


25 
25 
25 


25 


18 
18 
25 
25 


18 
18 
18 

20 
25 
25 

18 
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DISSOCIATION 

CONSTANTS   OF 

ACIDS   (Continued) 

Acid 

Formula 

Constant 

for  the 

first 

hydrogen 

Temp. 
°C. 

Constant 
for  the 
second 

hydrogen 

Temp, 
°C. 

Sulf  UTOUS 

H2SO3 

C4H606.  ... 
H2Te04.... 
H2Te03.... 
C2HO2CI3.  . 
C5H4O3N4.. 
C6H10O2. .  .  . 

1.7X10-2 

1.1X10-3 

6X10-7 

3X10-3 

2X10-1 

1.5X10-e 

1.6X10-5 

25 
25 
25 
25 
18 
25 
25 

5X10-6 

6.9X10-6 

4X10-" 

2X10-* 

25 

Tartaric 

25 

Telluric 

25 

Tellurous 

25 

Trichloracetic 

Uric 

Valeric 
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PROPERTIES  OF  THE  AMINO  ACIDS 


Compiled  by  M.  S.  Dunn 
with  the  cooperation  of  Frank  J.  Ross  and  M.  Palmer  Stoddard 

Data  are  given  in  the  following  tables  for  the  dl,  d(  +  ),  d(-),  l(  +  ),  and 
l(-)  forms  of  the  amino  acids  which  are  considered  to  be  constituents  of 
native  proteins.  All  of  the  naturally  occurring  forms  of  the  amino  acids 
have  the  "V*  configuration  around  the  alpha  carbon  atom.  The  symbols 
(  +)  and  (  — )  refer  to  the  direction  of  rotation  in  water  at  25°C.  The  values 
quoted  are  those  considered  to  be  most  reliable. 

Composition  of  the  Amino  Acids 

The  molecular  weights  and  percentage  composition  of  the  amino  acids 
given  in  the  following  table  were  calculated  from  the  1939  International 
Atomic  Weights. 


Amino  acid 


Alanine 

Arginine 

Aspartic  acid 

Cystine1 

Diiodotyrosine2.  . .  . 

Glutamic  acid 

Glycine 

Histidine 

Hydroxy  glutamic 

acid 

Hydroxyproline.  .  .  . 

Isoleucine 

Leucine \ 

Lysine 

Methionine3 

Norleucine 

Phenylalanine 

Proline 

Serine 

Threonine 

Thyroxine4 

Tryptophane 

Tyrosine 

Valine 


Empirical 
formula 


C3H7O2N 

C6H14O2N4 

C4H7O4N 

C6Hi204N2S2 

C9H903NI2 

C5H9O4N 

C2H5O2N 

C6H9O2N3 

C5H9O5N 

C5H9O3N 

C6H13O2N 

C6H13O2N 

C6H14O2N2 

C5H11O2NS 

C6H13O2N 

C9H11O2N 

C5H9O2N 

C3H7O3N 

C4H9O3N 

C15H11O4NI4 

C11H12O2N2 

C9H11O3N 

C5H11O2N 


Molec- 
ular 
weight 


89.095 
174.205 
133.105 
240 . 29 
433.01 
147.131 

75.068 
155.157 

163.131 

131.131 

131.173 

131.173 

146.189 

149.21 

131.173 

165.187 

115.131 

105.095 

119.121 

776.927 

204 . 223 

181.187 

117.147 


Percentage  Composition 


Car- 
bon 


40.440 
41.365 
36.092 
29.989 
24.962 
40.814 
31.998 
46.443 

36.811 
45.794 
54.935 
54.935 
49.292 
40.245 
54.935 
65.435 
52.158 
34.283 
40.329 
23.188 
64.689 
59.657 
51.260 


Hydro- 
gen 


7.920 
8.102 
5.302 
5.034 
2.095 
6.167 
6.715 
5.848 

5.562 
6.919 
9.991 
9.991 
9.654 
7.432 
9.991 
6.713 
7.881 
6.715 
7.617 
1.427 
5.926 
6.120 
9.466 


Oxy- 
gen 


35.917 
18.369 
48.082 
26.634 


085 
499 

628 


20.624 

49 . 040 
36.605 
24.395 
24.395 
21.889 
21.446 
24.395 
19.372 
27.794 
45.673 
40.295 
8.238 
15.669 
26.492 
27.316 


Nitro. 
gen 


15.723 
32.164 
10.524 
11.659 
3.235 
9.521 
18.660 
27.085 

8.587 
10.682 
10.679 
10.679 
19.164 

9.388 
10.679 

8.480 
12.167 
13.329 
11.759 

1.803 
13.718 

7.731 
11.958 


1  26.68  per  cent  sulfur. 
*  65.345  per  cent  iodine. 


2  58.622  per  cent  iodine.     3  21.486  per  cent  sulfur. 
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PROPERTIES  OF  AMINO  ACIDS 
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IONIZATION  CONSTANTS  AND  pH  VALUES  AT  THE 

ISOELECTRIC  POINTS  OF  THE  AMINO  ACIDS  IN 

WATER  AT  25°C  (Continued) 
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Ionization  Constants  of  the  Amino  Acids  in  Aqueous 
Ethanol  Solutions 


Amino  acid 

pKi 

pKi 

pKz 

Volume 
per  cent 
ethanol 

Tempera- 
ture 
°C 

Ref. 

No. 

Alanine 

3.55 
3.34 
2.85 
3.16 
2.66 
2.96 
3.46 
3.79 
3.00 
3.69 
2.75 
3.56 
3.04 
3.60 

10.02 
9.40 
5.20 
5.63 
9.82 
9.76 
9.82 
9.99 
5.85 
9.81 
8.95 
8.95 

10.55 
9.73 

10.51 
10.75 

*9.'45 

i6.'53 
10.49 

72 
72 
72 
72 
10 
40 
72 
90 
72 
72 
48 
84 
72 
72 

25 

25 

25 

25 

19.5 

19.5 

25 

19.5 

25 

25 

25 

25 

25 

25 

1 

Arginine 

1 

Aspartic  acid 

1 

Glutamic  acid 

Glycine 

2 
2 

Histidine 

2 
1 
2 

1 

Isoleucine 

1 

Lysine 

1 

Proline 

1 
1 

Valine 

1 
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Ionization  Constants  of  the  Amino  Acids  in  Aqueous 
Formaldehyde  Solution0 


Amino  acid 


dZ-Alanine 

Z(-f  )-Arginine 

Z(  4-) -Aspartic  acid 


Z( -f- ) -Glutamic  acid. 


Glycine 

Z(  — )-Histidine 

Z(  —  )-Hydroxyproline . 

Z(  —  )-Leucine 

dZ-Leucine 

Z(  +  )-Lysine 

Z(  +  )-Norleucine 

dZ-Norleucine 

Z(  —  )-Phenylalanine. . 
dZ-Phenylalanine.  .  .  .  . 

Z(-)-Proline 

cZZ-Serine 

Z(  — )-Trytophane.  . .  . 
Z(  —  )-Tyrosine 


dZ-Valine , 


Mole  per  cent  formaldehyde 


0.99        3.95         5.60  10.0         17.9 


8.36 


7.16 


8.44 
8.44 


8.42 
8.42 


8.09 
6.66 


8.52 


7.42 
3.45(c> 


6.08 
7.90<<> 

7.  50  ' 

7.48 
7.350 
7.48 
7.48 


7.16 
5* '74 

7.65 


6.96W 
3.40W 
7.21W 

6.91<d> 

5.92ft) 
7.90^) 
7.19«*> 
6.92W 

7'.15W 

7'.i6ft) 

6.62W) 
6.80ft) 
7.78W 
5.63ft) 
6.88W) 
7.50^) 

7.47ft) 


6.56 


^3.8«) 
6.85</> 

^4.2(«) 
6.8^/) 
5.34 


6.62 
6.60 


6.61 
6.61 

5.9<c) 
6.35 


6.2C> 
>9</) 


6.10 


5.04 


6.20 
6.20 


6.21 
6.'i3 


4.94 


6.52 


<<*)  Dunn  and  Weiner  (1),  pKi  at  22°. 
ft)  Dunn  and  Loshakoff  (2),  pKi  at  22°. 

<c)  Levy  (3)  pKi  at  30°  for  arginine  and  pKz  at  30°  for  histidine  and  lysine. 
W>  Levy  and  Silberman  (4),  pKi  at  30°,  pKz  at  30°  for  histidine  and  lysine. 
<e)  Harris  (5),  pKi  at  25°  for  aspartic  acid,  glutamic  acid,  phenylalanine 
and  tyrosine. 

tf)  Harris  (5),  pKz  at  30°  for  aspartic  acid,  glutamic  acid,  and  tyrosine. 
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Specific  Rotations  of  the  Amino  Acids  Using  Sodium 

Light  (5893  A) 

Abbreviations 

c — grams  of  solute  per  100  ml.  of  solution. 
d — density  of  the  solution, 
p — grams  of  solute  per  100  grams  of  solution. 
I — length  of  the  tube  in  decimeters. 
a — observed  rotation  in  angular  degrees. 
[a] — specific  rotation  in  angular  degrees  calculated  from 

.    .t         a  X  100  a  X  100        ,  .  .     .  ,  .    ?  ,  ^  . 

fa'x  =  \7T~~  =  — s/  a  s/  7  wnere  * 1S  temperature  in  °C  and  X  is  wave 

c   X  t  p  X  tt  X  ' 

length  of  the  incident  light  in  Angstroms. 

A — prepared  from  a  protein  or  other  naturally  occurring  material. 
B — prepared  by  resolution  of  the  inactive  synthetic  form. 
C — prepared  by  resolution  of  the  inactive  racemized  form. 
D — prepared  from  the  inactive  synthetic  form  by  a  biological  method. 
E — prepared  from  the  inactive  racemized  form  by  a  biological  method. 
? — source  not  given. 


CD 

C 

Solvent 

d 

V 

Moles 

acid  or 

base  per 

mole 

I 

Temp. 
°C. 

a 

M 

Ref. 
No. 

3 

C 

amino 
acid 

Z(+)-Alanine 


790 
3 

781 


0.97ATHC1 

Water 

3  N  NaOH 


1.033 
1.03 


5.605 
1.00 


B\  1.344  16JVHC1 


1.5 

0 
15 

d(—)-  Alanine 

I I     39.4  12 

Z(+)-Arginine 


15 
22 
20 


+1.70 
+0.55 


+14. 
+2. 
+3, 


A\  0 
A\  0 


6.0  NRCl 

Water 

0. 50  .V  NaOH 


6.0#HC1 

Water 

3  N  NaOH 


997411.02  JVHC1 
400    0.20  N  NaOH 


A 
A 
A 

1.6&3 

3.48 

0.87 

A 
A 
A 

2.002 

1.3300 

1.3300 

63 

0 

10 

Z(+)-Aspartic  acid 


001 


30.4  1-0.3921   -14 

+1.777 


4.001 

3 

3 


39 

0 

30 

d(— )-Aspartic  acid 
CI  4.289  10.97  N  HC1       jl.  032  14.156  |      3      11 

l(— )-Cystine 
11.018110.97971     24.6  12 

I I I     12       [2 

rf(+)-Cystine 

! II         1    24      1... 

l( — )-Diiodotyrosine 

]1.05     14.84     I      9.4  II 
|0.9779|4.51     I  132      |l 

Z(+)-Glutamic  acid 


23.4 

20 

20 


24.0 

18 
18 


+1.972 


+26. 
+12. 
+11. 

+24. 
+4. 
-1. 


20      1-1.09  1  -25.5  1 


CI lltfHCl 


A\  5 

A\  4 


08     I  l.liVHCl 
41      13.4ArNH4OH| 


24 .  351  —4 .  2771  —214 . 

18.5    -70 


20      1 1+223 


20      1+0.15  1     +2 
20       +0.10        +2, 


10 


89 1     11 
27      11 


.002 
.471 
.471 


6.0ATHC1 

Water 

1  N  NaOH 


87 

0 

10 


4.001 
2 

2 


Cl  5.425  10.37  AT  HCi 


480  I6.0ATHC1 

128    Water 

775    0 .50  N  NaOH 


d(— )-Glutamic  acid 
l;.  0233 15.3011  1     1       |1 
l(— )-Histidine 


1.0012 


1.127 


63 

0 

10 


4.001 

4 

2 


22.4 

18 

18 

20 

22.7 

25.00 

20 


+1.25 


+31 
+11 
+10 


1.63  1  —30.051      8 


+0.766 
—  1.714 


+13 
-39 
-10 
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Specific  Rotations  of  the  Amino  Acids  Using  Sodium 
Light  (5893  A)  (Continued) 


c 

Solvent 

d 

V 

Moles 

acid  or 

base  per 

mole 

I 

Temp. 
°C. 

a 

[a] 

Ref. 
No. 

§ 

CO 

amino 
acid 

d(+)-Histidine 

?  1  4.000 

I1.0JVHC1 
|  Water 

1 1 

1      4      11 
0        2 

|  20 
23 

[-0.407 

1+2.11 

1   -10.2 

|  +39  8 

1     14 

B  1  2.66 

| 1 

14 

Z(+)-Hydroxyglutamic  acid 

A  1  1  33 

6.0iVHCl 
Water 

1 

73       12.0 
0        2  0 

20 
20 

1+0.47 
+0.10 

1  +17.6 
+1  2 

1     15 

A  1  4.0 

| 

15 

l(— )-Hydroxyproline  (a) 

A 

1.31 

1.001 

0.655 

l.Otf  HC1 

Water 

0.50tfNaOH 

10 

0 

10 

2 

4.001 

2 

20 

22.5 

20 

-i.  009 

-47.3 
-75.2 
-70.6 

6 

A 

7 

A 

d 

d(+)-Hydroxyproline  (a) 

B\  4.48 

Water 

1.03     |4.35     |      0      |1 

1  21 

1+3.37  1  +75.2 

1  16 

(— )-Hydroxyproline  (b) 

B\  2.617 

|  Water 

11.014  |2.581  I      0      (I 
(+)-Hydroxyproline  (6) 

1  18 

1  —  1.52 

1  -58.1 

1     16 

B  12.530 

Water 

1.013  12.998  1       0       11 
f(+)-Isoleucine 

17 

+1.48 

+58.5 

16 

A 

5.09 
3.10 
3.34 

6.1i\THCi 

Water 

0.33iVNaOH 

1.098 
1.008 
1.017 

4.64 
3.08 
3.28 

15 
0 
1.3 

1 
2 
2 

20 
20 
20 

+2.07 
+0.70 
+0.74 

+40.61 
+11.29 
+11.09 

17 
17 
18 

d(— )-Isoleucine 

B\  4.53 
fi|  3.12 

6.1#HCi 
Water                 1 

1.083  14.18     1     17      11 
1.006  |3.10           0       |2 

d( — )-aWo-Isoleucine 

20 
20 

-1.85  1 
-0.66 

-40.86 
-10.55 

17 

17 

D\  5.14     1 
5  1  2.00     1 

6.0  N  HQ        1 
Water 

1.094  14.70 

15.0  12 
0      |l        | 
-Isoleucine 

20      | 

20       | 

-3.80  | 
-0.2851 

-36.951 
-14.2 

19 
20 

l(+)-allc 

B  1  3  97    I 

6.0#HC1         1 
Water 

| 1 

20      11        1 

0     |i       1 

Leucine 

20       J 
20       1 

+1.50  1 
+0.28  | 

+38.1  1 
+14.0 

20 

£  1  2.00 

1 1 

20 

/(-)- 

4 

1.999 
2.001 
1.31 

6.0JVHC1 

Water 

3.00iVNaOH 

38 

0 

30 

4.001 
4.001 

2 

25.9 
24.7 
20 

+1.212 
-0.863 

+15.1 

-10.8 

+7.6 

5 

d 

5 

A 

3 

<*(+)• 

•Leucine 

?  1  4.0      1 
?  1 | 

6.0ATHC1         1 
Water 

1.1      13.664  I     19      12 
|2.08     |      0      |2        | 

/(+)-Lysine 

20      1 
20       [ 

+1.26  1 
+0  43  1 

-15.6  1 
+10.34[ 

21 

38 

4  1  2.00     1 

6.0JVHC1         1 
Water 

0.27tfHCi       I 

1 1 

43      14        I 

0      |2        | 
-Lysine 

2      12        1 

22.9  1 
20      1 

20      ] 

+1.6521 
+1.90  | 

-0.9391 

+25.9  1 
+14.6  1 

-23.48| 

5 

A  |  6.496  1 

::;:::| 1 

22 

B\  2.00    ! 

d(-) 
! 1 

23 

B\  0.80     I 

Water                | 

0.2001  N  HC1  | 

Water 

O.etfNaHCOa 

| | 

ethionine 

0       |2        | 
ethionine 

4      12 

25.     1 

25 
25 
25 

-0.13  1 

-0.34 
+0.13 
-0.12 

-8.111 

-21.18 

+8.12 
-7.47 

24 

#     0  80 

d(+)-M 

24 

B 

0.80 
0.80 

0 
11 

2 
2 

24 

B 

24 
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Specific  Rotations  of  the  Amino  Acids  Using  Sodium 
Light  (5893  A)  (Continued) 


Solvent 


d 

V 

Moles 
acid  or 
base  pe; 

mole 
amino 

acid 

I 

Temp. 
°C. 

a 

M 

Ref. 
No. 


B\  4 
B\  0. 


B\  4 
B\  0 


25     I6  0JVHC1 
70     I  Water 


69     |6.0JVHC1 
96      Water 


1.10 


1.10 


)3.86     |     18      )2 
|0.753  1      0      |2 

|  20 
1  20 

1+1.81  | 
|+0.095[ 

d{  — )-Norleucine 

14.26    1     16      12 
|0.959  |      0      \2 

1  20 
1  20 

1-2.10  | 

1-0.0871 

B\  1.936  1  Water 


B\  3 
B\  2 


814  15.4  #HC1 
043    Water 


/(+)-Norleucine 

: . 86    |     18      12 

1.753  I      0      |2 

d(— )-Norleucine 
.26  1  16  12 
1.959  |      0      \2 

l(— )-Phenylalanine 
11.0040)1.928  |      0      |2 

d(+)-Phenylalanine 

1.089513.501  |     23      12 
1.0045|2.034  |      0      \2 

Z(-)-Proline 


+21.3  1  25 

+6.261  26 

-22.4  |  25 

-4.49  I  26 


20      1-1.36  I  -35.14|     27 


575 
001 
42 


0.50  #HC1 

Water 

0.6JVKOH 


1.031 


B\  3.90     | Water 


1.01 


B)  9 
B  10 


B\    9 
B\  10 


B\ 
B\ 

B\ 
B\ 
A 


344  \INECI 
414    Water 


359  IIjVHCI 

412    Water 


I  Water 

I  Water 
1  Water 

I  Water 


2.35 

d(+)-Proline 
13.865  |      0      |1 
l(— )-Serine 

1.046518.929  I       1      II 
1.0414[9.997  I      0      |2 
d(+)-Serine 

1.046518.943  I       1      11 
1.0414|9.998  I      0      |2 

d(— )-Threonine 
(1.092  |      0      12 

Z(+)  -Threonine 
11.331  |  0  [2 
( — )  -a/ Jo-Threonine 

11.634  1      0      |2 

( +)-oWo-Threonine 

11.643  1      0      12 

Z(?)-Thyroxine 


2 

4.001 

1 


20 
20 


20 

23.4 

20 


+0.54 
+1.43 


+7.071     28 
+35.0  |     27 


-3.402 
-2.25 


-52.6 
-85.0 
-93.0 


25 

20 


25 
20 


+1.35 
-1.42 


-1.34 
+1.43 


I 


02 

004 

426 


0.13  JVNaOH 
in  70%  EtOH 
by  weight 

0.50iVHCl 

Water 

0.5iVNaOH 


3 

3 

1 

-0.147 

—4.4 

J(-)-T 

ryptopha 
10 
0 
4.2 

ne 
2 

4.001 
1 

'20 
22.7 
20 

-L266 
+0.15 

+2.4 
-31.5 
+6.17 

1.0243 

2.368 

C\  0.50241Water 


B\  4 
A\  0 


40    |6.3iVHCl 
906  l3.0ATNaOH 


B\  5.148416.3  N  HC1 


d(+)-Tryptophane 

1 1      0      12 

l(— )-Tyrosine 

1.116  13.94     |     28      ]2 

| 1    60      (3 

d(+)-Tyrosine 
1.117514.60711    24      [2 
1459 


20      |+0. 


6 

7 
29 


I  20      1+3.18  1  +81.5  I    29 


+14.451     30 
-6.83      30 


-14.32]     30 
+6.871     30 


26      1-0.6251  -28.3  1     31 

26      1+0.7801  +28.4  1     31 
26      1-0.3021     -9.1  1     31 

26      1+0.3201     +9.6  1     31 

32 


6 

7 
33 


25      1+0.326|  +32.45]     34 
0.76 


-8.64]     35 
—  13.2         3 


+8.641     35 


Specific  Rotations  of  the  Amino  Acids  Using  Sodium 
Light  (5893  A)  (Continued) 


c 

Solvent 

d 

P 

Moles 

acid  or 

base  per 

mole 

I 

Temp. 
°C. 

a 

[«] 

Ref. 
No. 

S3 

amino 
acid 

xn 

/(+)-Valine 

B\  3.4 

5|  3.58 

6  OiVHCl 
Water 

1.1 
1.007 

3.05     1     20      12 
3.56     1      0       |2 

d(—)-  Valine 

20       1+1.93 
20      1+0.46 

+28.8  1     36 
+6.421     36 

B 

E 

3.2       1 
6.24 

6.0JVHC1 

Water 

1.1 

1.00 

2.91     1     21       12 
6.24           0       |l 

20      1-1.86 
20       [-0.37 

-29.041     36 
-6.06|     37 
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Solubilities  of  the  Amino  Acids  in  Grams  per  100  Grams 

of  Water 


Amino  acid 


dl-  Alanine 

Z(4-)-Alanine 

dZ-Aspartic  acid 

Z(  +  )-Aspartic  acid 

Z(-)-CystineJ  X  102 

dZ-Diiodotyrosine  X  10.  .  . 
Z(  —  )-Diiodotyrosine  X  10. 

eZZ-Glutamic  acid 

Z(+)-Glutamic  acid 

Glycine 

Z(  —  )-Histidine 

Z(  —  )-Hydroxyproline  (a).. 

cZZ-Isoleucine 

Z(  +  )-Isoleucine 

cZZ-Leucine 

Z  (  —  )-Leucine 

cZZ-Methionine 

(ZZ-Norleucine. 

dZ-Phenylalanine 

Z(  — )-Phenylalanine 

Z(-)-Proline  X  10"1 

cZZ-Serine 

Z(  —  )-Tryptophane.  ...... 

dZ-Tyrosine  X  10 

Z(-)-Tyrosine  X  10 

d(  +  )-Tyrosine  X  10 

dl-  Valine 

Z(  +  )-Valine 


Temperature,  °C. 


11     16 


25c 


73 

262 

209 

502 

149 

204 

855 

341 

18 


86 

826 

791 

797 

270 

818 

843 

997 

983 

74 

204 

823 

147 

196 

196 

98 

34 


16 

0 

0 

1 

0 

0. 

2. 

0. 
24. 

4. 
36. 

2. 

4. 

0. 

2. 

3. 

1. 

1. 

2. 
16. 

5. 

1. 

0. 

0. 

0. 

7. 

8. 


.72 
.65 
.778 
.500 
.096 
.340 
.617 
.054 
.864 
.99 
.19 
.11 
229 
117 
991 
426| 
381 
149 
411 
965 
23 
023 
136 
351 
453 
453 
09 
85 


50c 


09 

79 

000 

199 

394 

773 

862 

934 

186 

10 


18 

034 

818 

406 

887f 

070 

727 

187 

431 

67 

34 

706 

836 

052 

052 

11 

62 


75c 


31 

28, 
4. 

2. 
5. 


89 
51 

456 
875 
229 


5. 

11. 

5. 

54. 


62 
86 
532 
39 


67* 

607 

076 

276 

823 

52 

861 

708 

624 

90* 

21 

795 


2.438 


61 

24* 


100c 


44, 

37, 
8. 
6. 

11. 


04 

30 

594 

893 

42 


17. 
28. 
14. 
67. 


00 

49 
00 

17 


802 

255 

206 

638 

60 

229 

886 

900 


32. 

4. 


24 

987 


650 


81 


Ref. 

No. 


*  Value  at  65°. 

t  Dunn  and  Stoddard  (7)  report  2.19  g.  at  25°  for  Z(  —  )-leucine  rendered 
methionine-free  by  repeated  recrystallization  from  6  N  HC1.  Hlynka  (8) 
found  2.20  g.  at  25°  and  2.66  g.  at  50°  for  /(  — )-leucine  rendered  methionine- 
free  [by  S.  W.  Fox  (9)]  by  fractional  crystallization  of  the  formyl  derivative 
and  identical  values  for  eZ(  +  )-leucine  obtained  by  resolution  of  the  dl-form. 

J  The  following  values  were  found  by  Loring  and  du  Vigneaud  (10): 
cZZ-cystine  (0.0049g),  d  (-f-)-cystine  (0.0108  g),  and  raeso-cystine  (0.0056  g) 
at  25°. 
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Solubilities  of  the  Amino  Acids  in  Grams  per  100  Grams 
of  Water-Ethanol  Mixtures 


Grams 

Grams 

Per  cent 
ethanol 

Temp. 
°C 

amino  acid 
per  100 

Ref. 
No. 

Per  cent 
ethanol 

Temp. 
°C 

amino  acid 
per  100 

Ref. 
No. 

by  volume 

grams 

by  volume 

grams 

solvent 

solvent 

eft-Alanine 

Glycine 

24.93 

0.00 

3.84 

24.93 

0.02 

3.95 

50.10 

0.00 

1.16 

50.10 

0.02 

1.03 

74.50 

0.00 

0.305 

74.50 

0.02 

0.200 

95.14 

0.00 

0.0167 

95.09 

0.01 

0.0080 

10 

25 

12.25 

10 

25 

17.13 

2 

24.93 

24.97 

7.09 

24.93 

24.97 

8.72 

50.10 

24.97 

2.52 

50.10 

24.97 

2.47 

74.20 

24.97 

0.573 

74.20 

24.97 

0.448 

95.14 

25.09 

0.0329 

95.14 

25.09 

0.0172 

25.28 

45.16 

10.6 

24.93 

44.98 

15.0 

50.10 

44.96 

4.25 

50.10 

44.98 

4.62 

74.20 

44.98 

0.949 

74.20 

44.97 

0.756 

95.14 

45.19 

0.0545 

95.14 

45.19 

0.0294 

24.93 

64.96 

15.9 

24.93 

65.11 

24.5 

50.10 

64.94 

6.68 

50.10 

65.10 

8.03 

74.20 

64.94 

1.48 

74.20 

65.07 

1.23 

95.09 

65.15 

0.0851 

95.14 

65.00 

0.0488 

cZZ-Aspartic  acid 

Z(  +  )-Isoleucine 

24.93 

0.03 

0.0703 

50.10 

0.03 

0.0267 

80 

20          1        0.46       14 

74.20 

0.02 

0.0111 

80 

78-80  |        1.16        1     4 

24.55 

25.06 

0.266 

50.25 

74.28 

25.06 
25.14 

0.0992 
0.317 

Z(  +  )-o^o-Isoleucine 

95.14 

25.07 

0.0020 

24.74 

45.25 

0.680 

80 

20                 0.81        14 

50.18 

45.25 

0.255 

80 

78-80   1        1.97            4 

74.28 

45.27 

0.0608 

95.14 

45.21 

0.0042 

dZ-Leucine 

24.93 

64.91 

1.53 

50.10 

64.91 

0.588 

24.93 

0.00 

0.251 

74.20 

65.07 

0.132 

50.10 

0.00 

0.118 

95.14 

65.00 

0.0129 

74.50 

0.00 

0.0693 

Z(  +  )-Aspartic  acid 

95.14 
10 

0.00 
25 

0.0116 
0.771 

24.93 

24.97 

0.493 

20 

25 

0.204 

3 

50.10 

24.97 

0.3i8 

50 

25 

0.0633 

3 

74.20 

24.97 

0.175 

70 

25 

0.0224 

3 

95.14 

25.09 

0.0258 

90 

25 

0.0034 

3 

24.93 

45.24 

0.853 

l( 

+)-Glutamic  acid 

50.10 
74.50 

45.24 
45.18 

0.633 
0.323 

95.14 

45.18 

0.0471 

24.74 

0.01 

0.0855 

24.93 

65.16 

1.45 

50.18 

0.01 

0.0371 

50.10 

65.20 

1.16 

74.28 

0.03 

0.0163 

74.20 

65.15 

0.584 

24.56 

25.05 

0.292 

95.09 

65.07 

0.0844 

50.25 

25.08 

0.131 

74.35 

25.07 

0.0370 

95.14 

25.04 

0.0044 

Z(  — )-Leucine 

24.55 

45.01 

0.811 

50.18 

45.27 

0.378 

20 

25 

1.33 

2 

74.35 

44.93 

0.0885 

60 

25 

0.641 

2 

95.14 

45.20 

0.0127 

90 

i  25 

0.123 

2 
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Solubilities  of  the  Amino  Acids  in  Grams  per  100  Grams 
of  Water-Ethanol  Mixtures  (Continued) 


Grams 

Grams 

Per  cent 
ethanol 

Temp. 
°C 

amino  acid 
per  100 

Ref. 
No. 

Per  cent 
ethanol 

Temp. 
°C 

amino  acid 
per  100 

Ref. 
No. 

by  volume 

grams 

by  volume 

grams 

solvent 

solvent 

eft-Norleucine 

il-allo-Threoiiiiie 

24.93 

0.00 

0.275 

95 

25 

0.03* 

6 

50.10 

0.00 

0.147 

74.50 

0.00 

0.0995 

Z(  —  )-Tyrosine 

95.14 

0.00 

0.0192 

95 

17 

0  10 

7 

24.93 

25.69 

0.625 

■*•  • 

\J  .   1U 

* 

50.10 

25.69 

0.453 

dZ-Tyrosine 

74.20 

24.97 

0.266 

95.14 

25.09 

0.0417 

95.09 

0.00 

0.0031 

8 

24.93 

44.97 

1.12 

25.28 

24.85 

0.0285 

8 

50.10 

44.96 

0.918 

50.99 

24.75 

0.0226 

8 

74.20 

44.96 

0.518 

74.63 

24.75 

0.0117 

8 

95.14 

45.18 

0.0759 

95.09 

25.24 

0.0032 

8 

24.93 

65.17 

2.02 

25.28 

45.15 

0.0630 

8 

50.10 

65.17 

1.76 

50.99 

45.16 

0.0513 

8 

74.20 

65.17 

0.944 

74.63 

44.93 

0.0230 

8 

95.14 

65.01 

0.134 

95.09 

44.98 

0.0035 

8 

95.09 

65.06 

0.0067 

8 

Z(-)-F 

roline 

eft!- Valine 

100 

19 

1.5     |       5 

24.93 
50.10 

0.02 
0.02 

2.10 
0.769 

dl-Se 

rine 

74.20 

0.02 

0.269 

24.93 

0.00 

0.1530 

95.14 

0.01 

0.0277 

50.10 

0.00 

0.146 

10 

25 

5.50 

74.50 

0.00 

0.0304 

25.28 

24.85 

3.30 

95.14 

0.00 

0.0008 

50.99 

24.85 

1.53 

24.93 

25.14 

1.54 

74.35 

24.93 

0.570 

50.10 

25.14 

0.461 

95.14 

25.04 

0.0569 

74.50 

25.10 

0.0840 

24.55 

44.91 

5.10 

95.14 

25.09 

0.0028 

50.25 

44.92 

2.74 

24.93 

45.15 

3.14 

74.35 

44.92 

0.999 

50.10 

45.04 

0.985 

95.14 

45.21 

0.0979 

74.20 

45.04 

0.185 

24.55 

65.07 

7.44 

95.14 

45.18 

0.0058 

50.10 

64.94 

4.49 

24.93 
50.10 

65.26 
65.25 

5.99 
1.88 

74.20 
95.09 

64.34 
65.15 

1.62 
0.167 

74.50 

65.24 

0.318 

J(+)-\ 

raline 

95.14 

65.01 

0.0152 

20 

25 

5.11 

2 

dl-Thn 

jonine 

40 

25 

2.93 

2 

60 

25 

1.61 

2 

95 

25 

0.07*     |      6 

80 

25 

0.52 

2 

*  Grams  per  100  ml.  of  solution. 
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Solubilities  of  the  Amino  Acids  in  Grams  per  100  Grams 
of  Organic  Solvent 


Grams 

Grams 

Solvent 

amino 
acid  per 

Temp. 

Ref. 

No. 

Solvent 

amino 
acid  per 

Temp. 
°C 

Ref. 
No. 

100  grams 

100  grams 

solvent 

solvent 

cZZ-Alanine 

Z(-r-)-aZZo-Isoleucme 

Ethanol         |  0.0087     |   25 
Z(  +  )-Aspartic  acid 

1 

Ethanol 

0.13          1   20 

5 

Ethanol 

0.19          1   78-80 

5 

Ethanol         |  0.000196|   25 

2 

l(  —  )-Leucine 

Z(+)-Glutamic  acid 

Ethanol 

0.0217     |  25 

1 

Ethanol        1   0.0003471   25 

2 

dZ-Norleucine 

Ethanol        |  0.0056     |  44.93 

3 

Acetone 

0.00132 

25 

4 

Glycine 

Butanol 

0.00545 

25 

4 

Acetone 

0.000291 

25 

4 

Ethanol 

0.0173 

25 

1 

Butanol 

0.000892 

25 

4 

Formamide 

0.201 

25 

4 

Ethanol 

0.0037 

25 

1 

Methanol 

0.142 

25 

4 

Formamide 

0.558 

25 

4 

Z(-)-Proline 

Methanol 

0.0407 

25 

4 

Ethanol 

1.5            |    19 

6 

Z(  +  )-Isoleucine 

dZ-Valine 

Ethanol         1   0.09          1   20 

5 

Ethanol 

0.0136           0.03 

3 

Ethanol         |  0.13          |   78-80 

5 

Ethanol 

0.019       1  25 

1 
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Densities  of  Crystalline  Amino  Acids 


Amino  acid 

dl-  Alanine 

^(-f-)- Alanine 

eZZ-/3-Alanine . 

cZZ-a-Amino-n-butyric  acid 
of-Aminoisobutyric    acid.  . 

Z(  +  )-Arginine 

Z(  +  )-Aspartic  acid , 

dZ-Glutamic  acid 

Z(-f-) -Glutamic  acid 

Glycine* , 


Den- 

Ref. 

sity 

No. 

1.424 

1 

1.401 

2 

1.404 

1 

1.231 

1 

1.278 

1 

1.1 

3 

1.66 

3 

1.460 

4 

1.538 

4 

1.601 

3 

1.607 

1 

Amino  acid 


dZ-Leucine. . . . 
Z(  —  )-Leucine. 
dZ-Methionine. 
cZZ-Norleucine. 


dZ-Serine 

l(  —  )-Tyrosine 

dl-  Valine 

Z(  +  )- Valine.. 


Den- 
sity 


1.191 
1.165 
1.340 


1.169 
1.174 
1.537 
1.456 
1.316 
1.230 


Ref. 
No. 


*  The  density  of  glycine  at  50°  is  1.5753  according  to  Houck  (6)  who  con- 
cluded that  the  figure  1.1607,  reported  by  Curtius  (7)  and  reproduced  in 
chemical  handbooks,  is  a  typographical  error. 
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ELECTROMOTIVE  FORCE  SERIES  OF  ELEMENTS 

Compiled  by  Giles  B.  Cooke 
Standard  Electrode  Potentials  at  25°C 


Element 

Ion 

Electrode  reaction 

Electrode 
potential 

Li 

Li+ 

Li        =  Li+ 

+    e 

+  2.9595 

Rb 

Rb+ 

Rb      =  Rb+ 

+    e 

2 . 9259 

K 

K+ 

K        =  K+ 

+    e 

2.9241 

*Sr 

Sr++ 

£Sr      =  £Sr++ 

+    e 

2.92 

*Ba 

Ba++ 

^Ba     =  £Ba++ 

4-    e 

2.90 

*Ca 

Ca++ 

£Ca    =  iCa++ 

+    e 

2.87 

Na 

Na+ 

Na      =  Na+ 

+    e 

2.7146 

*Mg 

Mg++ 

£Mg   =  |Mg++ 

+    e 

2.40 

*A1 

A1+++ 

iAl      =  Ul+++ 

+    e 

1.70 

*Be 

Be++ 

£Be     =  £Be++ 

+    e 

1.69 

*u 

XJ++++ 

£U      =  iU++++ 

■f    e 

1.40 

*Mn 

Mn++ 

|Mn   =  |Mn++ 

+    e 

1.10 

*Te 

Te= 

|Te=  =  £Te 

+    e 

0.827 

Zn 

Zn++ 

§Zn     =  £Zn++ 

+    e 

0.7618 

Cr 

Cr++ 

|Cr     =  |Cr++ 

+    e 

0.557 

*S 

s- 

2»5=           =      2*5 

+    e 

0.51 

*Ga 

Ga+++ 

iGa    =  iGa+++ 

+    e 

0.50 

Fe 

Fe++ 

±Fe     =  ^Fe++ 

+    e 

0.441 

*Cd 

Cd++ 

|Cd    =  £Cd++ 

+    e 

0.401 

*In 

In+++ 

iln      =  iln+++ 

+    e 

0.336 

*T1 

Tl+ 

Tl        =  Tl+ 

+    e 

0.330 

Co 

Co++ 

£Co     =  £Co++ 

+    e 

0.278 

Ni 

Ni++ 

£Ni     =  |Ni++ 

+    e 

0.231 

Sn 

SnH  + 

£Sn     =  £Sn++ 

+    e 

0.136 

Pb 

Pb++ 

£Pb     =  |Pb++ 

+    e 

0.122 

*Fe 

Fe+++ 

*Fe     =  iFe+++ 

+    e 

0.045 

H2 

H+ 

^H2     =  H+ 

+    e 

0.0000 

*Sb 

Sb+++ 

^Sb     =  iSb+++ 

+    e 

-0.10 

*Bi 

Bi+++ 

m   =  ^Bi+++ 

+    e 

-0.226 

*As 

As+++ 

iAs     =  £As+++ 

+    e 

-0.30 

Cu 

Cu++ 

hCxi    =  £Cu++ 

+    e 

-0.344 

*o2 

OH- 

OH-  =  i02  +  £H20  4     e 

-0.397 

Po  (18°C) 

Po++++ 

|Po     =  iPo++++ 

+    e 

-0.40 

Cu 

Cu+ 

Cu      =  Cu+ 

+    e 

-0.470 

I2 

I- 

I-        =  II2 

+    e 

-0.5345 

*Te 

Te++++ 

iTe     =  £Te++++ 

+    e 

-0.558 

Ag 

Ag+ 

Ag       =  Ag+ 

+    e 

-0.7978 

Hg 

Hg++ 

2Hg    =  Hg2++ 

+  2e 

-0.7986 

*Pb 

Pb++++ 

£Pb     =  iPb++++ 

+    e 

-0.80 

*Pd 

Pd++ 

£Pd     =  iPd++ 

•    +    e 

-0.820 

*Pt 

Pt 

iPt     =  £Pt++++ 

+    e 

-0.863 

Br2 

Br- 

Br-     =  |Br2 

+    e 

- 1 . 0648 

Cl2 

ci- 

CI"      =  IGk 

+    e 

- 1 . 3583 

*Au 

Au+++ 

^Au    =  £Au+++ 

+    e 

- 1 . 360 

*Au 

Au+ 

Au      =  Au+ 

+     e 

-1.50 

*F2 

F- 

F-       =  |F2 

+    e 

-1.90 

*  These  values  are  doubtful  but  they  indicate  the  relative  activity  of  the 
elements  and  are  therefore  included. 

1.  Action  of  Metals  on  Salts. — Any  metal  will  replace  any  other  metal 
below  it  in  the  series  thus: 

Mg  +  FeS04  ->  MgSCh  +  Fe 
Zn  +  CuS04  -4  ZnS04  +  Cu 
Sn  +  2AgN03  ->  Sn(N03)2  +  2Ag 
Cu  +  Hg(N03)2  ->  Cu(N03)2  +  Hg 
This  is  the  fundamental  principle  of  the  Daniell  Cell.     The  voltage  of  such 
a  cell  depends  upon  the  difference  between  the  electrode  potentials  of  the 
metals  employed.     Thus  the  Zn-Cu  couple  gives  a  greater  E.M.F.  than  the 
Zn-Pb  couple  or  the  Fe-Cu  couple. 
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ELECTROMOTIVE  FORCE  SERIES  OF  ELEMENTS 

(Continued) 

2.  Action  of  Metals  on  Acids. — Metals  above  H2  react  with  HC1  and 
dilute  H2SO4,  replacing  the  H2 

Zn  +  dil.  H2S04  -*  ZnS04  +  H2 
Sn  +  2HC1  -»  SnCl2  +  H2 

Cu  +  dil.  H2SO4  — *  no  reaction 
Metals  above  Pt  react  with  HNO3  and  hot  cone.  H2SO4 

2Ag  +  2  cone.  H2SO4  ->  Ag2S04  +  SO2  +  2H20 
3Zn  +  8  cone.  HNO3  -*  3Zn(N03)2  +  2NO  +  4H20 
3Cu  +  8  dil.  HNO3     -»  3Cu(N03)2  +  2NO  +  4H20 
The  acid  first  oxidizes  the  metal  and  the  reaction  may  be  explained  as 
follows: 

Some  of  the  acid  takes  on  water  and  ionizes  thus: 

2HN03  +  4H20  «=±  10OH-  +  2N+++++ 
Nitrogen  gains  3  electrons  and  copper  loses  2  electrons: 

2(N+*+  +  3e)  +  3(Cu  -  2e)  -»  3Cu++  +  2N++ 
Some  of  the  acid  ionizes  as  follows: 
6HN03*=;6H+  +  6NO3- 
3Cu++  +  6NO3-  -►  3Cu(N03)2 
10O H-  +  6H+  +  2N++  ->  2NO  +  8H2O 
added  3Cu  +  8HNO3  -*  3Cu(N03)2  +  2NO  +  4H20 

3.  In  Regard  to  Ease  of  Reduction  of  Oxides. — The  metallic  oxides 
down  to  and  including  Mn  can  not  be  completely  reduced  to  the  metal  state, 
even  in  a  current  of  hydrogen.  The  oxides  of  Cd  and  succeeding  metals 
are  easily  reduced,  and  far  down  the  list,  the  oxides  of  silver,  platinum, 
mercury,  and  gold  are  reduced  (decomposed  into  metal  and  oxygen)  even 
by  heat  alone. 

4.  In  Regard  to  Ease  of  Rusting.  (Oxidation  in  the  Air.) — The  alkali 
and  alkaline-earth  metals  rust  very  rapidly  and  with  considerable  evolution 
of  heat.  All  the  metals  down  to  copper  rust  with  comparative  ease.  The 
metals  below  copper  do  not  rust.  Assuming  the  electrolytic  theory  of  the 
process  of  rusting  to  be  true,  these  facts  are  just  about  what  might  have 
been  predicted. 

5.  In  Regard  to  the  Occurrence  of  the  Metals  in  the  Free  State  in 
Nature. — Natural  waters  are  frequently  dilute  solutions  of  carbonic,  nitric, 
humic,  etc.,  acids.  As  such  they  contain  displaceable  hydrogen.  Metals 
above  hydrogen  in  the  E.M.F.  series  scarcely,  if  ever,  occur  in  the  free  state 
in  nature,  but  are  practically  without  exception  found  in  the  combined 
state,  as  sulfides,  carbonates,  etc.  Metals  below  hydrogen  are  frequently 
found  in  the  free  state  in  nature.  Thus  gold  is  found  in  the  form  of  nuggets 
of  metallic  gold.  However,  metals  below  hydrogen  are  also  found  in  the 
combined  state,  as  cinnabar,  HgS,  etc. 

6.  In  Regard  to  Action  of  the  Metals  on  Water. — The  alkali  and 
alkaline-earths  metal  displace  hydrogen  from  water,  even  in  the  cold, 
and  with  evolution  of  much  heat.  Mg  and  succeeding  metals  will  dis- 
place hydrogen  from  steam.  Metals  at  the  bottom  of  the  list  will  not 
displace  hydrogen  from  steam. 

7.  In  Regard  to  the  Solubility  and  Stability  of  Hydroxides. — The 
alkali  metal  oxides  have  great  avidity  for  water,  forming  hydroxides.  The 
alkaline-earth  metal  oxides  react  with  less  readiness,  forming  hydroxides. 
MgO  reacts  slowly  and  incompletely  with  water,  forming  the  hydroxide. 
All  the  other  metallic  oxides  and  hydroxides  are  insoluble  in  water  and 
have  no  perceptible  reaction  therewith.  When  a  solution  of  NaOH  acts  on 
solutions  of  salts  of  the  metals,  the  alkali  metal  salts  are  not  precipitated. 
The  alkaline-earth  metal  salts  are  not  precipitated  unless  in  very  con- 
centrated solution.  All  the  other  metal  solutions  are  acted  upon,  with 
precipitation  of  hydroxides,  except  in  the  case  of  copper  which  first  gives 
copper  hydroxide  (blue),  and  which,  on  warming,  changes  to  copper  oxide 
(black).  Also  in  the  case  of  arsenic,  no  precipitate  falls,  sodium  arsenite 
being  formed.  In  the  case  of  the  last  metals  in  the  series,  the  oxide  is 
precipitated,  instead  of  the  hydroxide,  thus  NaOH  acting  on  salts  of  Sb, 
Hg,  Ag,  Pd,  Pt,  and  Au,  causes  a  precipitation  of  the  oxides  of  theae  metals. 
Bismuth,  as  an  exception,  gives  a  normal  hydroxide. 
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ELECTROMOTIVE  FORCE  SERIES  OF  ELEMENTS 

(Continued) 

8.  In  Regard  to  Carbonates. — The  alkali  metals  form  normal  stable, 
soluble  carbonates,  not  easily  decomposed  on  heating.  The  alkaline-earth 
metals  form  normal  carbonates,  which  are  insoluble  in  water,  and  which 
decompose  upon  heating,  leaving  the  oxide,  carbon  dioxide  being  evolved. 
When  sodium  carbonate  solution  acts  on  solutions  of  all  the  other  metals, 
as  a  rule,  a  basic  carbonate  is  precipitated,  being  insoluble  in  water,  and 
decomposed  by  heat  into  oxide  and  carbon  dioxide.  If  the  solution  is  cold, 
Ag,  Hg,  Cd,  Fe,  and  Mn  give  normal  carbonates.  If  the  solution  is  warm, 
Sb,  Hg,  Ag,  Pd,  Pt,  and  Au  give  a  precipitate  of  the  oxide,  instead  of  the 
carbonate,  thus  showing  the  instability  of  the  carbonates  of  the  lowest 
metals  in  the  series. 

9.  In  Regard  to  Nitrates. — The  nitrates  of  the  alkali  metals  decompose 
when  strongly  heated  forming  the  nitrite  and  oxygen.  The  nitrates  of  the 
heavy  metals,  down  to  and  including  copper,  decompose  when  heated 
forming  the  oxide  of  the  metal,  oxygen  and  nitrogen  dioxide.  Mercury 
nitrate  when  heated  yields  mercury,  oxygen  and  nitrogen  dioxide. 
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REDUCTION  VALUES  FOR  GLUCOSE  IN  BLOOD 

Amounts  of  Glucose  Corresponding  to  Titration  Values  when  0.1  c.c.  Blood 
is  Used  in  the  Method  of  Hagedorn  and  Jensen.  Biochem.  Zeit.  135,  46; 
137,92  (1923). 


Milligrams  of  Glucose  in  0.1  c.c.  of  Blood 


c.c.  of  0.005N 

Na2S203 


0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 


Hundredths  of  1  c.c.  of  0.005  N  Sodium  Thiosulfate,Na2S20;j 


0.385 

0.355 

0.331 

0.310 

0.290 

0.270 

0.251 

0.232 

0.213 

0.195 

0.177 

0.159 

0.1410 

0.124 

0.106 

0.088 

0.070 

0.052 

0.034 

0.017 


382 
352 
329 
308 
288 
268 
249 
230 
211 
193 
175 
157 
139 
122 
104 
086 
068 
050 
032 
015 


.379 
.350 
.327 
.306 
.286 
.266 
.247 
.228 
.209 
.191 
.173 
.155 
.138 
.120 
.102 
.084 
.066 
.048 
.031 
.014 


376 
348 
325 
304 
284 
264 
245 
226 
208 
190 
172 
154 
136 
119 
101 
083 
065 
047 
029 
012 


373 
345 
323 
302 
282 
262 
243 
224 
206 
188 
170 
152 
134 
117 
099 
081 
063 
045 
027 
010 


370 
343 
321 
300 
280 
260 
241 
222 
204 
186 
168 
150 
132 
115 
097 
079 
061 
043 
025 
008 


.367 
.341 
.318 
.298 
.278 
.259 
.240 
.221 
.202 
.184 
.166 
.148 
.131 
.113 
.095 
.077 
.059 
.041 
.024 
.007 


364 
338 
316 
296 
276 
257 
238 
219 
200 
182 
164 
146 
129 
111 
093 
075 
057 
039 
022 
005 


361 
336 
314 
294 
274 
255 
236 
217 
199 
181 
163 
145 
127 
110 
092 
074 
056 
038 
020 
003 


0.358 
0.333 
0.312 
0.292 
0.272 
0.253 
0.234 
0.215 
0.197 
0.179 
0.161 
0.143 
0.125 
0.108 
0.090 
0.072 
0.054 
0.036 
0.019 
0.002 


Procedure 

Into  a  test  tube  (15X150  mm.)  pipette  lc.c.0.1  normal  NaOH 
and  5  c.c.  0.45%  zinc  sulfate  solution;  0.1  c.c.  of  blood  from  a 
capillary  pipette  is  added  being  washed  out  with  the  mixture 
in  the  test  tube;  heat  for  3  minutes  in  a  boiling  water  bath; 
filter  through  cotton  into  a  test  tube  (30X90  mm.)  and  wash 
the  filter  with  two  3  c.c.  portions  of  water.  Add  2  c.c.  of  alka- 
line ferri cyanide  solution  (1.65  g  potassium  ferricyanide,  10.6  g 
anhydrous  sodium  carbonate  in  1000  c.c.  of  water)  and  heat 
in  a  boiling  water  bath  for  15  minutes;  cool  and  add  3  c.c.  of  the 
iodide-sulfate  solution  (5  g  potassium  iodide,  10  g  zinc  sulfate, 
50  g  sodium  chloride  and  sufficient  water  to  make  200  c.c.)  and 
2  c.c.  of  3%  acetic  acid  solution.  Titrate  with  0.005  normal 
sodium  thiosulfate  using  starch  indicator.  The  method  is 
based  upon  the  reduction  of  alkaline  ferricyanide  by  glucose 
and  the  subsequent  titration  of  the  excess  unreduced  ferri" 
cyanide  according  to  the  following  equation:  2H3Fe(CN)6-l- 
2HI=2H4Fe(CN)6+I2 
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REDUCTION  VALUES  FOR  GLUCOSE  (Continued) 

Amounts  of  Glucose  Corresponding  to  Titration  Values  when  5  c.c.  of  1:10 
Blood  Filtrate  and  5  c.c.  of  Copper  Reagent  (Modified*)  are  Heated  in  a 
Water  Bath  for  15  Minutes.      M.  Somogyi,  Jour.  Biol.  Chem.  70,  599  (1926). 


Milligrams  of  Glucose  in  100  c.c. 

of  Blood 

c.c.  of 

Tenths  of  1  c.c. 

of  0.005  N  Sodium  Thiosulfate 

,  Na2S203 

0.005N 

Na2S203 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

21 

23 

26 

29 

31 

34 

36 

39 

1 

41 

44 

46 

49 

51 

53 

56 

58 

61 

63 

2 

65 

68 

70 

72 

75 

77 

80 

82 

84 

86 

3 

89 

92 

94 

97 

99 

101 

103 

106 

108 

110 

4 

113 

115 

117 

119 

121 

124 

126 

128 

130 

132 

5 

135 

137 

139 

141 

143 

146 

148 

150 

152 

154 

6 

157 

159 

161 

163 

165 

168 

170 

172 

174 

176 

7 

179 

181 

183 

185 

187 

190 

192 

194 

196 

199 

8 

201 

203 

205 

207 

210 

212 

214 

216 

218 

221 

9 

223 

225 

227 

230 

232 

234 

237 

239 

241 

243 

10 

245 

248 

250 

252 

254 

256 

259 

261 

263 

265 

11 

267 

270 

272 

274 

276 

279 

281 

283 

285 

288 

12 

290 

292 

294 

296 

299 

301 

303 

305 

308 

310 

13 

312 

314 

316 

318 

321 

323 

326 

328 

330 

332 

14 

334 

337 

339 

341 

343 

345 

347 

350 

352 

354 

15 

356 

359 

361 

363 

365 

367 

370 

372 

374 

376 

16 

378 

381 

383 

386 

388 

390 

392 

394 

396 

398 

17 

400 

To  5  c.c.  of  the  copper  reagent  in  a  test  tube  (250  X  25  mm)  are  added 
5  c.c.  of  the  sugar  solution  containing  between  0.1  and  2.0  mg  of  glucose;  mix; 
heat  for  15  minutes  in  a  boiling  water  bath;  cool  to  35°C;  with  mixing  add 
1  c.c.  of  5N  H2S04  and  2  minutes  later  titrate  with  0.005  normal  Na2S2C>3.  A 
blank  titration  using  5  c.c.  of  water  in  place  of  the  blood  is  run  at  the  same  time. 

Amounts  of  Glucose  Corresponding  to  Titration  Values  when  2  c.c.  of  1:15 
Blood  Filtrate  and  2  c.c.  of  Copper  Reagent  (Modified*)  are  Heated  in  a 
Water  Bath  for  15  Minutes.      M.  Somogyi,  Jour.  Biol.  Chem.  70,  599  (1926). 


Milligrams  of  < 

jlucose  in  100  c.c. 

of  Blood 

c.c.  of 

Tenths  of  1  c.c. 

of  0.005  N  Sodium  Thiosulfate 

Na2S203 

0.005N 

Na2S203 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 





42 

53 

63 

74 

83 

91 

100 

108 

1 

117 

125 

134 

142 

150 

159 

168 

176 

185 

193 

2 

202 

210 

219 

227 

236 

245 

253 

262 

270 

279 

3 

288 

296 

305 

313 

322 

330 

339 

347 

355 

364 

4 

373 

381 

390 

399 

407 

416 

424 

433 

441 

450 

5 

458 

To  2  c.c.  of  0.0667  normal  H2SC>4  in  a  test  tube  add  0.2  c.c.  of  blood,  rins- 
ing the  pipette  several  times  with  the  liquid  in  the  test  tube;  add  exactly 
0.8  c.c.  of  2.5%  sodium  tungstate  solution;  centrifugate;  fasten  a  small  tuft 
of  absorbent  cotton  over  the  end  of  a  2  c.c.  pipette  and  with  this  pipette 
remove  2  c.c.  of  the  blood  filtrate  in  the  test  tube  and  deliver  it  into  a 
16  X  150  mm  test  tube;  add  exactly  2  c.c.  of  the  sugar-copper  reagent;  mix; 
heat  in  a  boiling  water  bath  for  15  minutes;  cool  to  35°C;  add  1  c.c.  2  normal 
H2S04  and  titrate  with  0.005  normal  Na2S20r>.  A  blank  using  0.2  c.c.  of 
water  in  place  of  the  blood  is  run  at  the  same  time. 

*  Modified  tartrate-carbonate  copper  reagent. — Copper  sulfate  (crystal- 
line) 6.5  g;  Rochelle  salt  12  g;  sodium  carbonate  (anhydrous)  20  g;  potassium 
iodide  10  g;  potassium  iodate  0.8  g;  potassium  oxalate  18  g,  sodium  bicar- 
bonate 25  g;  water  sufficient  to  make  one  liter  of  solution. 
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CUPROUS  OXIDE  EQUIVALENT  OF  DEXTROSE,  IN- 
VERT  SUGAR,  LACTOSE  AND   MALTOSE 

(Munson  and  Walker,  Jour.  Amer.  Chem.  Soc.  28,  663  (1906.) 
Add  exactly  25  c.c.  of  Fehling  Solution  A  and  25  c.c.  of  Fehling  Solution  B 
(see  under  Special  Solutions  and  Reagents)  to  50  c.c.  of  reducing  sugar  solution 
(if  a  smaller  volume  of  sugar  solution  is  used,  add  sufficient  water  to  make  the 
final  solution  100  c.c.) ;  heat  the  solution  at  such  a  rate  that  boiling  begins  in 
four  minutes  and  continue  boiling  for  exactly  2  minutes,  keeping  the  beaker 
covered  with  a  watch  glass;  filter  immediately  on  a  Gooch  crucible  using  suc- 
tion; wash  thoroughly  with  water  at  60°C,  then  with  10  c  c.  of  alcohol  and 
finally  with  10  c.c.  of  ether;  dry  for  30  minutes  in  an  oven  at  100°C,  cool  in  a 
desiccator  and  weigh  as  cuprous  oxide. 

(Expressed  in  Milligrams) 


<0 

•fi 

o 

O    £} 

go 
0 

<0 

0)0 

GO     £« 

go 

3 
m 

6 

as  rn 

S  a 
1° 

O 
«)  Si 

ISO 

•fl 

o 

SO 

go 

oO 

go 

u 

03 
bO 

S3 

> 

O 

corn 

1° 

S 
'olO 

Q 

el 
»— i 

Co 

h3 

a 

o 

50 
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03 
Hi 

2 

10 

4.0 

4.5 

3.8 

5.9 

21.3 

22.3 

30.1 

37.6 

11 

4.5 

5.0 

4.5 

6.7 

51 

21.7 

22.8 

30.7 

38.4 

12 

4.9 

5.4 

5.1 

7.5 

52 

22.2 

23.2 

31.4 

39.2 

13 

5.3 

5.8 

5.8 

8.3 

53 

22.6 

23.7 

32.1 

40.0 

14 

5.7 

6.3 

6.4 

9.1 

54 

23.0 

24.1 

32.7 

40.8 

15 

6.2 

6.7 

7.1 

9.9 

55 

23.5 

24.6 

33.4 

41.6 

16 

6.6 

7.2 

7.8 

10.6 

56 

23.9 

25.0 

34.0 

42.4 

17 

7.0 

7.6 

8.4 

11.4 

57 

24.3 

25.5 

34.7 

43.2 

18 

7.5 

8.1 

9.1 

12.2 

58 

24.8 

25.9 

35.4 

44.0 

19 

7.9 

8.5 

9.7 

13.0 

59 

25.2 

26.4 

36.0 

44.8 

20 

8.3 

8.9 

10.4 

13.8 

60 

25.6 

26.8 

36.7 

45.6 

21 

8.7 

9.4 

11.0 

14.6 

61 

26.1 

27.3 

37.3 

46.3 

22 

9.2 

9.8 

11.7 

15.4 

62 

26.5 

27.7 

38.0 

4^.1 

23 

9.6 

10.3 

12.3 

16.2 

63 

27.0 

28.2 

38.6 

47.9 

24 

10.0 

10.7 

13.0 

17.0 

64 

27.4 

28.6 

39.3 

48.7 

25 

10.5 

11.2 

13.7 

17.8 

65 

27.8 

29.1 

40.0 

49.5 

26 

10.9 

11.6 

14.3 

18.6 

66 

28.3 

29.5 

40.6 

50.3 

27 

11.3 

12.0 

15.0 

19.4 

67 

28.7 

30.0 

41.3 

51.1 

28 

11.8 

12.5 

15.6 

20.2 

68 

29.2 

30.4 

41.9 

51.9 

29 

12.2 

12.9 

16.3 

21.0 

69 

29.6 

30.9 

42.6 

52.7 

30 

12.6 

13.4 

16.9 

21. S 

70 

30.0 

31.3 

43.3 

53.5 

31 

13.1 

13.8 

17.6 

22.6 

71 

30.5 

31.8 

43.9 

54.3 

32 

13.5 

14.3 

18.3 

23.3 

72 

30.9 

32.3 

44.6 

55.1 

33 

13.9 

14.7 

18.9 

24.1 

73 

31.4 

32.7 

45.2 

55.9 

34 

14.3 

15.2 

19.6 

24.9 

74 

31.8 

33.2 

45.9 

56.7 

35 

14.8 

15.6 

20.2 

25.7 

75 

32.2 

33.6 

46.6 

57.5 

36 

15.2 

16.1 

20.9 

26.5 

76 

32.7 

34.1 

47.2 

58.2 

37 

15.6 

16.5 

21.5 

'27.3 

77 

33.1 

34.5 

47.9 

59.0 

38 

16.1 

16.9 

22.2 

28.1 

78 

33.6 

35.0 

48.5 

59.8 

39 

16.5 

17.4 

22.8 

28.9 

79 

34.0 

35.4 

49.2 

60.6 

40 

16.9 

17.8 

23.5 

29.7 

80 

34.4 

35.9 

49.9 

61.4 

41 

17.4 

18.3 

24.2 

30.5 

81 

34.9 

36.3 

50.5 

62.2 

42 

17.8 

18.7 

24.8 

31.3 

82 

35.3 

36.8 

51.2 

63.0 

43 

18.2 

19.2 

25.5 

32.1 

83 

35.8 

37.3 

51.8 

63.8 

44 

18.7 

19.6 

26.1 

32.9 

84 

36.2 

37.7 

52.5 

64.6 

45 

19.1 

20.1 

26.8 

33.7 

85 

36.7 

38.2 

53.1 

65.4 

46 

19.6 

20.5 

27.4 

34.4 

86 

37.1 

38.6 

53.8 

66.2 

47 

20.0 

21.0 

28.1 

35.2 

87 

37.5 

39.1 

54.5 

67.0 

48 

20.4 

21.4 

28.7 

36.0 

88 

38.0 

39.5 

55.1 

67.8 

49 

20.9 

21.9 

29.4 

36.8 

89 

38.4 

40.0 

55.8 

68.6 
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CUPROUS  OXIDE  EQUIVALENT  OF  DEXTROSE,  IN- 
VERT SUGAR,  LACTOSE  AND   MALTOSE   (Continued) 
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91 
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141 

61.8 

64.0 

90.2 

109.8 

92 

39.8 

41.4 

57.8 

70.9 

142 

62.2 

64.5 

90.8 

110.5 

93 

40.2 

41.8 

58.4 

71.7 

143 

62.7 

65.0 

91.5 

111.3 

94 

40.6 

42.3 

59.1 

72.5 

144 

63.1 

65.4 

92.2 

112.1 

95 

41.1 

42.7 

59.7 

73.3 

145 

63.6 

65.9 

92.8 

112.9 

96 

41.5 

43.2 

60.4 

74.1 

146 

64.0 

66.4 

93.5 

113.7 

97 

42.0 

43.7 
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198.1 

269.1 

320.8 

458 

219.6 

225.5 

303.1 

360.3 

409 

193.1 

198.6 

269.8 

321.6 

459 

220.2 

226.1 

303.8 

361.0 

410 

193.7 

199.1 

270.5 

322.4 

460 

220.7 

226.7 

304.5 

361.8 

411 

194.2 

199.7 

271.2 

323.2 

461 

221.3 

227.2 

305.1 

362.6 

412 

194.7 

200.2 

271.8 

324.0 

462 

221.8 

227.8 

305.8 

363.4 

413 

195.2 

200.8 

272.5 

324.8 

463 

222.4 

228.3 

306.5 

364.2 

414 

195.8 

201.3 

273.2 

325.6 

464 

222.9 

228.9 

307.2 

365.0 

415 

196.3 

201.8 

273.9 

326.3 

465 

223.5 

229.5 

307.9 

365.8 

416 

196.8 

202.4 

274.6 

327.1 

466 

224.0 

230.0 

308.6 

366.6 

417 

197.4 

202.9 

275.2 

327.9 

467 

224.6 

230.6 

309.2 

367.3 

418 

197.9 

203.5 

275.9 

328.7 

468 

225.1 

231.2 

309.9 

368.1 

419 

198.4 

204.0 

276.6 

329.5 

469 

225.7 

231.7 

310.6 

368.9 

420 

199.0 

204.6 

277.3 

330.3 

470 

226.2 

232.3 

311.3 

369.7 

421 

199.5 

205.1 

277.9 

331.1 

471 

226.8 

232.8 

312.0 

370.5 

422 

200.1 

205.7 

278.6 

331.9 

472 

227.4 

233.4 

312.6 

371.3 

423 

200.6 

206.2 

279.3 

332.7 

473 

227.9 

234.0 

313.3 

372.1 

424 

201.1 

206.7 

280.0 

333.4 

474 

228.5 

234.5 

314.0 

372.9 

425 

201.7 

207.3 

280.7 

334.2 

475 

229.0 

235.1 

314.7 

373.7 

426 

202.2 

207.8 

281.3 

335.0 

476 

229.6 

235.7 

315.4 

374.4 

427 

202.8 

208.4 

282.0 

335.8 

477 

230.1 

236.2 

316.1 

375.2 

428 

203.3 

208.9 

282.7 

336.6 

478 

230.7 

236.8 

316.7 

376.0* 

429 

203.8 

209.5 

283.4 

337.4 

479 

231.3 

237.4 

317.4 

376.8 

430 

204.4 

210.0 

284.1 

338.2 

480 

231.8 

237.9 

318.1 

377.6 

431 

204.9 

210.6 

284.7 

339.0 

481 

232.4 

238.5 

318.8 

378.4 

432 

205.5 

211.1 

285.4 

339.7 

482 

232.9 

239.1 

319.5 

379.2 

433 

206.0 

211.7 

286.1 

340.5 

483 

233.5 

239.6 

320.1 

380.0 

434 

206.5 

212.2 

286.8 

341.3 

484 

234.1 

240.2 

320.8 

380.7 

435 

207.1 

212.8 

287.5 

342.1 

485 

234.6 

240.8 

321.5 

381.5 

436 

207.6 

213.3 

288.1 

342.9 

486 

235.2 

241.4 

322.2 

382.3 

437 

208.2 

213.9 

288.8 

343.7 

487 

235.7 

241.9 

322.9 

383.1 

438 

208.7 

214.4 

289.5 

344.5 

488 

236.3 

242.5 

323.6 

383.9 

439 

209.2 

215.0 

290.2 

345.3 

489 

236.9 

243.1 

324.2 

384.7 

490 

237.4 

243.6 

324.5 

385.5 
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GRAVIMETRIC  FACTORS  AND  THEIR  LOGARITHMS 

Computed  from  the  International  atomic  weights  of  1936*  by  Eric  A.  Arnold. 

To  facilitate  the  use  of  the  table  the  group  of  substances  weighed  given  under  each  element  as 
well  as  the  substances  sought  under  each  substance  weighed  are  arranged  in  the  alphabetical  order 
of  their  formulae. 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Aluminum: 
Al= 

26.97 
Al 


AI4C3. 
AlCb. 
AIF3.. 
AI2O3. 


AIPO4... 


A12(S04)3 
A12(S04)3. 
I8H2O. 
CaF2.... 
K2S04A12 

(804)8. 

24H20. 
(NH4)2 

S04A12 

(S04)3. 

24H20. 
P205,.... 
Ammonium: 
NH4= 

18.0404 
Ag.... 


AI2O3 

AIPO4 

A1203 

A1203 

CaF2 

Al 

AI4C3 

AICI3 

AIPO4 

A12(S04)3. . 
A12(S04)3. 

I8H2O.. 
K2S04A12. 

(S04)3. 

24H20.. 
(NH4)2S04. 

A12(S04)3. 

24H20.. 

Al 

A1203 

P205 

A1203 


AI2O3. 
AIF3. 


A1203 


A1203. 
A1P04 


AgBr.. 
AgCL. 
Agl... 
BaS04. 
Br.... 
CI 


HC1.... 

I 

MgNH4 

PO4. 

6H20. 


N. 


NH4Br.... 
NH4C1.... 

NHJ 

NH4Br.... 
NH4C1.... 

NHJ 

(NH4)2S04. 
NH4Br.... 

NH4 

NHiCL... 
NH4C1.... 
NH4I 


NH3 

NH4... 

(NH4)20. 

NH3 

NH4  . 


8899 

5217 

4167 

38225 

3948 

52913 

70586 

6161 

3926 

3561 


6.5373 


9.3071 


8940 

22116 

41796 

58204 

29797 


0.15297 
0.71696 


0.10745 


0.11244 
1.7181 


0.90801 

0.49590 

1.3437 

0.52161 

0.37323 

0.61738 

0.56611 

1.2257 

0.50880 

1.5088 

1.4671 

1.1421 


0.069396 
0.073503 
0 . 10610 
1.2159 
1.2879 


-10 


10.27643 

10.65530 

10.15128 

9.58235 

10.14451 

9.72357 

9.84872 

10.41765 

10.37887 

10.52583 

10.81540 


10.96881 


10.94909 
9.34470 
9.62113 
9.76495 
9.47417 

9.18460 
9.85549 


9.03119 


9.05091 
10.23505 


9.95809 

9.69539 

10.12831 

9.71735 

9.57197 

9.79055 

9.75290 

10.08840 

9.70654 

10.17863 

10.16646 

10.05772 


8.84133 

8.86631 

9.02571 

10.08490 

10.10987 


Ammonium: 
N 


NH3 


NH4. 


NH4Br 
NH4C1. 


(NH4)2. 
C03.. 
NH4. 
HCO*. . 
NH4I.. 


NH4NOa 


NH4C1 

NH4N03.... 
(NH4)20.... 
(NH4)2S04.. 
MgNH4P04. 

6H20 

N 

NH4 

NH4C1 

(NH4)2C03.. 
NH4HC03. . 
NH4N03.... 
(NH4)20.... 
NH4OH... 
(NH4)2PtCl6 
(NH4)2S04.. 

N205 

Pt 

SO3 

CI 

MgNH4P04. 

6H2O 

N 

NH3 

NH4C1 

(NH4)2PtCl6 

Pt 

Ag 

AgBr 

Br 

Ag 

AgCl 

CI 

HC1 

N 

NH3 

NH4 

(NH4)20.... 
NH4OH... 
(NHOtPt. 

CU 

Pt 

NH3 

NH3 

Ag 

Agl 

I 

NH3 

(NH4)2PtCl6 

N2O5 

Pt 


8191 
7145 
8590 
7166 

410 

82244 

0592 

1409 

8208 

6417 

6998 

5289 

0578 

036 

8791 

1709 

7312 

3502 

9654 

605 

77648 

94412 

9654 

307 

4109 

1013 

9171 

81583 

0165 

6793 

66278 

68162 

26184 

31838 

33722 

48676 

65514 

1502 
8247 


0.35450 

0.21544 

0.74420 

1.6198 

0.87555 

0.21278 

2.7737 

0.67469 

1.2194 


-10 
10.58196 
10.75698 
10.26927 
10.67363 

11.15867 
9.91510 
10.02497 
10.49706 
10.45038 
10.66668 
10.67208 
10.18437 
10.31340 
11.11513 
10  58873 
10.50118 
10.75824 
10.37111 
10.29346 

11.13369 

9.89013 

9.97503 

10.47209 

11.09016 

10.73327 

10.04191 

10.28265 

9.91160 

10.30461 

10.42803 

9.82137 

9.83354 

9.41804 

9.50294 

9.52791 

9.68731 

9.81634 

10.61807 
10.26118 

9.54962 

9.33332 
9.87169 

10.20945 
9.94228 
9.32792 

10.44305 
9.82911 

10.08616 


♦Revised,  atomic  weights  1939. 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Ammonium: 
(NH4)20. 

MgNH4P04. 

6H2O 

N 

9.4253 

0.53793 

0.65407 

2.0544 

8.5262 

2.0740 

3.7486 

0.39967 

0.48596 

0.51473 

1.5264 

6.3348 

2.7851 

0.076713 

0.081253 

0.24095 

0.36054 

0.11729 

0.15786 

0.29758 

1.7664 
0.74221 
0.21202 
0.25779 

3.3605 

1.4774 

0.60587 

0.31537 

1.4822 

0.48216 

0.17448 

0.18481 

0.54804 

0.82004 

0.26677 

0.35905 

0.67685 

0.42549 

1.6505 

0.36462 
0.43649 
0.46045 
0.50863 

2.7426 
1.1971 
1.2628 
1.3285 

-10 

10.97429 

9.73073 

9.81563 

10.31269 

10.93076 

10.31681 

10.57387 

9.60171 

9.68660 

9.71158 

10.18366 

10.80174 
10.44485 

8.88487 
8.90984 
9.38193 
9.55695 
9.06924 
9.19826 
9.47360 

10.24710 
9.87053 
9.32637 
9.41127 

10.52640 

10.16951 
9.78238 
9.49882 

10.17089 
9.68319 
9.24176 
9.26673 
9.73882 
9.91384 
9.42613 
9.55515 
9.83049 
9.62889 

10.21762 

9.56184 
9.63997 
9.66318 
9.70640 

10.43816 
10.07813 
10.10134 
10.12337 

Antimony: 
Sb 

Sb203.... 

Sb204.... 

Sb205.... 
SD2S3 .... 

Sb2S5 .... 

Arsenic: 
As=  74.91 
As 

AsOs.... 

As04 

As203. . . . 

AS2O5 

Sb2S3 

1.3950 
1.6583 

2.2910 

0.83535 

1.0549 

1.1098 

1.1653 

1.3852 

2.1718 

0.79188 

0.94797 

1.0520 

1.1046 

1.3132 

0.75272 

0.90109 

0.95054 

1.2482 

1.9661 

0.71687 

0.85817 

0.90527 

0.95237 

0.60304 

0.72191 

0.76153 

0.80115 

1.3204 
1.5340 
1.6420 
2.0700 
4.6740 
2.0722 

2.5401 

2.8487 
1.2630 

1.5481 
2.5206 
1.1175 

1.3698 

0.75736 

1.1618 

1.2436 

1.5677 

3.5399 

1.5694 

1.9238 

0.65190 

0.86076 

-10 
10.14456 

Sb2S5 

10.21965 

KSbOC4H406. 

*H20 

Sb 

NH3 

10.36003 

NH4CI 

(NH4)2PtCl6... 
N2O5 

9.92187 

Sb204 

10.02321 

Sb205 

10.04523 

Pt 

Sb2S3 

10.06643 

NH4OH. . 

N 

Sb2S5 

10.14152 

NH3 

NH4 

KSbOC4H406. 

§H20 

Sb 

10.33682 

NH4CI '.. 

(NH4)2Pt. 
Cle 

9.89866 

SD2O3 

9.97679 

Sb205 

10.02203 

Pt 

Sb2S3 

10.04322 

(NH4)2Pt. 

NH3 

10.11831 

Cl5 

Sb 

9.87663 

NH4 

Sb203 

9.95477 

NH4CI 

NH4NO3 

(NH4)20 

NH4OH 

(NH4)2S04 

BaS04 

H2SO4 

N 

NH3 

(NH4)2Pt. 
Cle 

Sb204 

9.97797 

(NH4)2. 

Sb2S5 

KSbOC4H406. 
(WH2O .... 

Sb 

Sb203 

10.09629 

10.29360 
9.85544 
9.93357 

SO4.... 

Sb204 

9.95678 

Sb205 

9.97881 

Sb 

Sb203 

9.78035 
9 . 85848 

Sb2Q4... 

9.88169 

Sb205 

As203 

9.90371 

Pt 

SO3 

N206 

NH3 

10.12070 

NH4NO3 

(NH4)20 

NH3 

As205 

10.18582 

AS2S3 

10.21537 

Pt 

AS2S5 

BaS04 

Mg2As207 

MgNH4As04. 

£H20 

BaS04 

Mg2As207 

MgNH4As04. 

|H20 

BaS04 

10  31596 

S03 

Antimony: 

NH4 

NH4CI 

NH4NO3 

(NH4)20 

NH4OH 

(NH4)2S04 

NH3 

(NH4)2S04 

Sb 

Sb203 

10.66969 
10.31644 

10.40485 
10.45464 
10.10139 

10.18980 
10.40150 

Sb= 

121.76 
KSbOC4. 

H406. 

£H20. . 

Mg2As207 

MgNH4As04. 

*H20 

As 

AS2O5 

10.04824 

10.13666 

9.87930 

10.06512 

As2S3 

10.09466 

Sb204 

As2S5 

10.19526 

Sb2S3 

BaS04 

10.54899 

Sb 

KSbOC4H406. 

£H20 

Sb203 

Mg2As207 

MgNH4As04. 

§H20 

As 

10.19574 
10.28415 

Sb204 

9.81418 

Sb205 

As203 

9.93488 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Arsenic: 
AS2O5. . . . 

AS2S3 

1.0704 
1.3494 
3.0470 
1.3509 

1.6559 

0.60902 

0.80415 

0.93423 

1.2607 

1.2620 

0.48310 

0.63788 

0.74107 

0 . 79324 

0.21395 

0.35104 

0.39674 

0.28250 

0.32819 

0.48257 

0.79179 

0.89487 

0.63718 

0.74026 

0.79237 

0.39369 
0.64595 
0.73004 
0.51982 
0.60390 

1.4369 

1.8446 

2.0342 

1.6993 

0.94765 

1.2165 

1.1207 

0.95544 

0.69595 

1.0552 

1.2837 

1.3143 

0.77702 

1 . 1827 

0.22298 

0.54213 

0.82202 

0.77898 

0.60528 

1.5934 

0.76088 
0.89304 
1.2870 

-10 
10.02955 
10.13014 
10.48387 
10.13062 

10.21903 
9.78463 
9.90534 
9.97045 
10.10059 
10.10107 
9.68404 
9.80474 
9.86986 
9.89941 
9.33031 
9.54536 
9.59850 
9.45101 
9.51613 
9.68356 
9.89861 
9.95176 
9.80426 
9.86938 
9.89893 

9.59515 
9.81020 
9.86334 
9.71585 
9.78097 

10.15742 

10.26589 
10.30840 
10.23028 
9.97665 
10.08512 
10.04950 

9.98020 

9.84258 

10.02335 

10.10847 

10.11868 

9.89043 

10.07286 

9.34827 

9.73411 

9.91488 

9.89153 

9.78196 

10.20233 

9.88132 

9.95087 

10.10957 

Barium: 
BaO 

Ba02 

BaS 

BaSiFe. .  . 

BaS04... 

CO2 

Beryllium: 
.  (glucinum) 

Be=9.02 

Be 

BeCl2. . . . 

BeO 

BeS04. 

4H20. . 
Bismuth: 
Bi= 

209.00 
Bi 

BiAs04 . . 

Bi(N03)3. 
5H20. . 

Bi203. . . . 

BiOCl.... 

BiONOs.. 

Bi2S3 

Boron: 
B=  10.82 
B 

BaCr04 

BaSiFe 

BaS04 

1.6521 

1.8220 

1.5220 

0.28697 

1.3782 

1.3778 

0.49159 

0.62759 

0.54885 

0.58847 

0.89227 

1.0466 

0.84556 

1.1198 

0.65701 

0.72556 

0.72582 

4.4847 

3.4847 

2.7738 

0.31301 

0.36051 

3.1948 

7.0801 

0.14124 

1.6646 

1.1148 

1.2462 

1.2301 

0.60073 

0.66971 

0.48031 
0.53691 
0.89700 
1.4932 

2.0820 
1.1178 
1.2318 
1.1034 
0.80244 

1.8625 

0.89458 

1.1019 

0.81182 

0.90749 

0.81294 

0.90630 

3.2181 

-10 
10.21804 

AS2S5 

10.26055 

BaS04 

10 . 18243 

Mg2As207 

MgNH4As04. 
*H20 

As 

C02 

9.45784 

BaS04 

10.13933 

BaS04 

10.13917 

AS2S3. . . . 

Ba 

9.69160 

As203 

BaF2. 

9.79767 

As205 

BaO 

9.73945 

AS2S5 

Mg2As207 

As 

Ba 

9.76972 

BaCl2 

9.95050 

AS2S5. . . . 

BaCl2.2H20. . . . 
BaCOs 

Ba(N03)2 

BaO 

10  01980 

AS2O3 

9  92714 

As205 

10.04913 

As2S3 

9.81757 

BaS04. .. 

As 

Ba02 

9.86067 

As03 

BaS 

9.86083 

As04 

BaCOs 

BaO 

10.65173 

As203 

10.54216 

As205 

BeO 

Mg2As207 

As 

As03 

As04 

10.44308 

As203 

BeO 

9.49556 

As->05 

Be 

9.55692 

As2S3 

BeClo 

10.50444 

MgNH4. 
As04. 
§H20 

As 

BcS04.4H20.... 
BeO. . . 

10.85004 
9.14996 

As03 

BiAs04 

Bi2Os 

As04 

As203 

As205 

10  22132 

Barium: 

BaC03 

10.04721 

Ba= 

BiOCl 

10.09559 

137.36 

Bi2S3 

10.08994 

Ba 

Bi 

9 . 77868 

BaCr04 

BaSiFe 

BaS04 

Bi2Os 

9.82589 

Bi203    . 

9.68152 

BaCl2. . . . 

BaC03 

BaCr04 

BaS04 

BiOCl 

9.72990 

Bi 

BiAs04 

Bi(N03)3. 

5H20 

BiOCl 

BiONOs 

Bi2S3 

Bi 

Bi(N03)3. 

5H20 

Bi203 

9.95279 
10  17411 

BaCl2. 
2H20. . 

BaS04 

10  31848 

BaC03. . . 

Ba 

10.04838 

BaCl2 

10  09054 

BaCr04 

Ba(HC03)2.... 
BaO 

10.04273 
9.90441 

BaS04 

10.27010 

C02 

Ba 

BaCl2... 

9.95162 

BaCr04. . 

BiON03 

Bi203 

BiOCl 

Bi 

Bi203 

10.04216 
9.90946 

BaF2 

BaC03 

BaO 

BaSiFe 

BaCOs 

BaS04. . . : 

BaCOs 

9.95784 
9.91006 
9.95727 

Ba(HC 

03)2.... 
Ba(N03)2 
BaO 

B203 

10.50760 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Boron: 
B 

KBF4 

11.637 
0.81317 
0.59198 
0.31074 
1.2298 
1.6893 
1.1149 
1.7761 
3.6162 

2.7386 

0.89696 

0.56303 

2.0360 

0.085930 

0.27653 

0.49116 

0.75732 

0.36515 
1.3204 

0.74079 

1.1857 

0.75013 

0.42555 

0.68114 

0.43091 

0.55754 

1.3499 

2.3499 

1.7936 

0.10011 

0.84337 

1.4681 

1.3331 

2.3206 

9.9895 

1.6309 

2.1032 

1.1423 

1.2852 

1.8546 

0.61318 

0.70045 

0.78806 

1.1372 

0.47546 

0.54313 

0.61106 

0.88176 

0.87540 

1.4276 

1.8412 

1.1251 

-10 

11.06585 

9.91018 

9.77230 

9.49240 

10.08982 

10.22770 

10.04723 

10.24947 

10.55825 

10.43753 
9.95277 
9.75053 

10.30878 
8.93415 
9.44175 
9.69122 

9.87928 

9.56247 
10.12072 

9.86969 

10.07398 

9.87514 

9.62895 

9.83324 

9.63439 

9.74628 

10.13031 

10.37105 

10.25372 

9.00046 

9.92602 

10.16676 

10.12486 

10.36561 

10.99954 

10.21241 

10.32289 

10.05779 

10.10897 

10.26824 

9.78759 

9.84538 

9.89656 

10.05582 

9.67711 

9.73490 

9.78608 

9.94535 

9.94221 

10.15462 

10.26510 

10.05118 

Cadmium: 

CdO 

CdS 

CdSO*. . . 

Calcium: 
Ca=  40.08 
BaS04... 

Ca 

Ca3(As 

04)2... 
CaCb.... 

CaCOs. . . 

CaF2.... 

Ca- 

(HC03)2 

Ca(N03)2 
CaO 

Ca3(P04)2 

CdS04 

Cd 

1.6235 

0.77809 

1.2689 

1.6365 

0.88884 

1.4430 

0.53921 

0.87938 

1.1341 

0.61596 

0.69300 

0.30906 

0.58324 

0.73761 

2.7693 

2.4973 

1.9481 

1.3992 

3.3967 

1.7693 

0.77993 

0.36110 

0.90176 

0.50525 

1.2266 

0.63890 

0.40044 

1.1089 

1.6197 

0.56030 

1.3602 

1.7202 

0.43970 

0.72865 

0.51332 

1.7436 

0.61740 

0.34592 

0.65825 

0.71469 

1.9792 

1.7848 

1.3923 

2.8908 

1.8438 

2.4276 

3.0701 

1.2645 

0.78477 

0.71897 

1.4276 

0.54236 

1.3166 

0.71760 

12.099 
0.45764 

-10 
10.21044 

B02 

B2O3 

B2O3 

9.89103 

B03 

CdCl2 

10.10344 

B2O3 

B 

BO2 

Cd(N03)2 

CdO 

10.21392 
9.94882 

B03 

CdS04 

Cd 

10  15927 

B4O7 

9.73176 

H3BO3 

CdCl2 

9.94418 

KBF4 

Cd(N03)2 

CdO 

10.05465 

Na2B407. 

IOH2O 

B2O3 

9.78956 

CdS 

9.84073 

B4O7 

CaS 

H3BO3... 

B203 

KBF4 

9.49004 

KBF4.... 

B 

B2O3 

CaS04 

CaS04.2H20... 
CaCl2 

9.76585 
9.86783 

H3BO3 

Na2B407. 
IOH2O 

B2O3 

KBF4 

Br 

10.44237 

CaCOs 

CaF2 

10.39746 
10.28961 

Na2B407. 

CaO 

10.14588 

IOH2O. 

CaS04 

CI 

10.53106 
10.24780 

Bromine: 
Br= 

79.916 

Mg2AS207 

Ca 

9.89206 
9.55763 

Ag 

CaC03 

CaO 

9  95509 

BrOs 

9.70351 

HBr 

CaS04 

CI 

10.08869 

AgBr.... 

Br 

9.80543 

Br03 

HBr 

Ca 

9.60254 

CaCl2 

Ca(HCOs)a.... 
CaO     .... 

10  04491 

AgCl 

Br 

Br 

10  20944 

Ag 

9.74842 

AgBr 

CaS04 

CaS04.2H20... 
CO2.. 

10.13360 

AgCl 

0 

10.23557 
9.64316 

BrOs.... 

Ag 

HC1.. 

9.86252 

AgBr 

Ca. 

9.71039 

HBr 

Ag 

CaS04 

CaCOs 

CaO 

10.24145 

AgBr 

0.. 

Br 

9.79056 

Cadmium: 

CdCl2 

9.53898 

Cd= 

N2O5 

9.81839 

112.41 

Ca 

9.85412 

Cd... 

CaCl2    

10.29649 

Cd(N03)2 

CdO 

CaCOs 

CaF2    

10.25158 
10.14373 

CdS 

Ca(HC03)2.... 

Ca3(P04)2 

CaS04 

CaS04.2H20... 
CI 

10.46102 

CdCh.... 

CdS04 

Cd 

10.26571 
10.38518 

CdO 

10.48716 

CdS ... . 

10.10192 

CdS04 

Cd 

CO2 

9.89474 

Cd(N03)2 

MgO 

9.85671 

CdO 

SOs 

10.15461 

CdS 

CaO 

9.73429 

CdO 

CdS04 

Cd 

CaS04 

Mg2P207 

(NH4)3P04. 

I2M0O3 

P2Os 

10.11947 
9.85588 

CdCl2 

Cd(N03)2 

CdS 

11.08274 
9.66052 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Calcium: 
CaS... 
CaS04. 


CaS04. 
2H20. 


CaW04.. 
CI 

C02 

HC1 

Mg2AS207 

MgO.... 
Mg2P207. 
(NH4)3 

P04. 

12Mo03 
N205.... 

P2O5 

SO3...... 

W03 

Carbon: 
C=  12.01 
Ag 


AgCN... 


AgCNS.. 
BaC03. . . 


BaO. 


BaS04. 
C 


CaCOs. . . 
Ca 

(HC03)2 
CaO 


CN 

CNS.,. 


Sought 


BaS04 

BaS04 

Ca 

CaCl2 

CaCOs 

CaF2 

CaO 

Ca3(P04)2.. 
SO3 

BaS04 

CaC03 

CaO 

SO3 

VVO3 

Ca 

CaCl2 

CaO 

CaCOs 

CaO 

CaCOs 

Ca3(As04)2. 

CaO 

Ca3(P04)2.. 

Ca3(P04)2.. 
Ca(N03)2. . . 
Ca3(P04)2.. 

CaO 

CaS04 

CaS04.2H20 
CaW04 

CN 

HCN 

KCN 

CN 

HCN 

KCN 

CNS 

C 

C02 

co3 

C02 

C02,  bicar- 
bonate . . . 

CNS 

BaCOs 

C02 

C02 

C02 

CO2 

CO2,  bicar- 
bonate . . . 

Ag 

AgCN 

AgCNS.... 
BaS04 


Loga- 

Factor 

rithm 

-10 

3.2357 

10.50996 

1.7146 

10.23415 

0.29440 

9.46894 

0.81529 

9.91131 

0.73520 

9.86640 

0.57353 

9.75855 

0.41193 

9.61482 

0.75951 

9.88053 

0.58807 

9.76943 

1.3557 

10.13217 

0.58134 

9.76443 

0.32572 

9.51284 

0.46500 

9.66745 

0.80528 

9.90595 

0.56519 

9.75220 

1.5652 

10.19457 

0.79082 

9.89808 

2.2743 

10.35684 

1.2743 

10.10526 

1.3724 

10.13748 

1.2822 

10.10794 

1.3909 

10.14329 

1.3935 

10.14412 

0.082654 

8.91726 

1.5192 

10.18161 

2.1851 

10.33948 

0.70047 

9.84539 

1.7005 

10.23057 

2.1505 

10.33255 

1.2418 

10.09405 

0.24118 

9.38233 

0.25052 

9.39884 

0.60358 

9.78073 

0.19431 

9.28850 

0.20184 

9.30501 

0.48630 

9.68690 

0.34996 

9.54401 

0.060850 

8.78426 

0.22298 

9.34827 

0.30405 

9.48294 

0.28697 

9.45784 

0.57394 

9.75887 

0.24881 

9.39587 

16.434 

11.21574 

3.6644 

10.56401 

0.43970 

9.64316 

0.54294 

9.73475 

0.78477 

9.89474 

1.5695 

10.19577 

4.1464 

10.61767 

5.1464 

10.71150 

2.8575 

10.45599 

4.0191 

10.60413 

Weighed 


Carbon: 
CNS. 
CO2. 


C03 


CS2CO3 . . 
CsHC03. 
CuCNS. . 
FeC03. . . 
Fe 

(HC03)2 
HCN.... 

KCN. . . . 

K2CO.3. . . 
KHCO3. . 

K20 

Li2C03. . . 
LiHCOs.. 
Li20..... 
MgCOs.. 
Mg 

(HC03)2 
MgO.... 
MnCOs. . 


Sought 


CuCNS.... 

BaC03 

Ba(HC03)2. 

BaO 

C 

CaCOs 

Ca(HC03)2. 

CaO 

C03 

CS2CO3 

CsHCOs.... 

FeCOs 

Fe(HC03)2. 

K2CO3 

KHCO3.... 

K2O 

Li2C03 

LiHCOs. . . . 

Li20 

MgCOs.... 
Mg(HC03)2. 

MgO 

MnC03.... 
Mn(HC03)2. 

MnO 

Na2C03.... 
NaHCOs... 

Na20 

(NH4)2C03. 
NH4HCO3. . 

PbCOa 

Rb2C03.... 
RbHCOs... 

Rb?.0 

SrCOs 

Sr(HC03)2. . 

SrO 

BaCOs 

C02 

C02 

CO2 

CNS 

C02 

C02 

Ag 

AgCN 

Ag 

AgCN 

CO2 

CO2 

CO2 

CO2 

C02 

C02 

C02 

C02 

C02 

CO2 


Factor 


Loga- 
rithm 


0946 

4847 

9470 

4847 

27289 

2743 

8418 

2743 

3636 

4035 

4065 

6324 

0209 

1402 

2748 

1402 

6789 

5442 

67894 

9162 

6628 

91616 

6117 

0105 

6117 

4086 

9090 

4086 

1834 

7964 

0718 

2481 

3287 

2481 

3547 

3820 

3547 

2890 

73338 

13507 

22694 

47743 

37989 

49484 

9917 

9544 

6568 

0564 

31845 

43960 

46724 

59562 

64760 

4729 

52188 

60141 

0915 

38290 


-10 
10.32109 
10.65173 
10.46938 
10.54216 
9.43599 
10.35684 
10.26525 
10.10526 
10.13467 
10.86944 
10.64409 
10.42034 
10.30554 
10.49696 
10.35694 
10.33046 
10.22503 
10.18869 
9.83183 
10.28243 
10.22083 
9.96197 
10.41692 
10.30331 
10.20728 
10.38177 
10.28081 
10.14880 
10.33913 
10.25440 
10.78332 
10.72000 
10.52228 
10.62820 
10.52565 
10.37695 
10.37193 
10.51706 
9.86533 
9.13056 
9.35591 
9.67891 
9.57966 

9.69446 

10.60116 

10.69499 

10.21927 

10.31310 

9.50304 

9.64306 

9.66954 

9.77497 

9.81131 

10.16817 

9.71757 

9.77917 

10.03803 

9.58308 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Carbon: 
Mn 

(HC03)2 
MnO.... 
Na2C03. . 
NaHCOa. 
Na20. . . . 
(NH4)2. 

C03... 
NH4 

HCO3.. 
PbCOa. . . 
Rb2C03.. 
RbHC03. 
Rb20. . . . 
SrC03... 
Sr 
(HC03)2 

SrO 

Cerium: 
Ce= 

140.13 
Ce 


Ce2. 

(C204)3. 
3H20. . 

Ce(N03)4 


Ce(N03)4 
(NH4 
N03)2. 
H20. . . 


Ce02 


Ce203 


Ce2(S04); 


1  Sought 


C02 
C02 
C02 
C02 
C02 

C02 

C02 
co2 
co2 
co2 

C02. 
C02 

C02 
C02 


Ce2(C204)3. 

3H20 

Ce(N03)4 

Ce(N03)4. 

(NH4N03)2. 

H20 

Ce02 

Ce203 

Ce2(S04)3 


Ce 

Ce2(S04); 

Ce 

Ce02. . . . 
Ce203. . . 


Ce 

Ce02 

Ce203 

Ce 

Ce(N03)4 

Ce(N03)4. 

(NH4N03)2 

H2O 

Ce203 

Ce 

Ce(N03)4 

Ce(N03)4. 

(NH4N03)2. 

H20 

Ce02 

Ce2(S04)3 

Ce 

Ce2(C204)3. 

3H20 

Ce203 


Factor 


0.49738 
0.62047 
0.41517 
0.52383 
0.70991 

0.45800 

0.55668 
0.16470 
0.19054 
0.30041 
0.23540 
0.29809 

0.41981 
0.42468 


2.1350 
2.7700 


4.0411 
1.2284 
1.1713 
2.0283 


0.46837 
0.94998 
0.36101 
0.44345 
0.42284 


0.24746 
0.30397 
0.28984 
0.81409 
2.2551 


3.2898 
0.95352 
0.85377 
2.3650 


3.4502 
1.0487 
1.7317 
0.49303 

1.0527 
0.57748 


Loga- 
rithm 


-10 

9.69669 
9.79272 
9.61823 
9.71919 
9.85120 

9.66087 

9.74560 
9.21668 
9.28000 
9.47772 
9.37180 
9.47435 

9.62305 
9.62807 


10.32941 
10.44248 


10.60650 
10.08933 
10.06866 
10.30712 


9.67059 
9.97772 
9.55752 
9.64684 
9.62617 


9.39350 
9.48283 
9.46216 
9.91067 
10.35316 


10.51717 
9.97933 
9.93134 

10.37383 


10.53784 

10.02067 

10.23847 

9.69288 

10.02228 
9.76153 


Weighed 


Cesium: 
Cs= 

132.91 
AgCl... 
CI 


Cs. 


CsCl 


Cs2COa 


Cs20. 


Cs2PtCle 


Cs2S04 


S03.... 
Chlorine: 
Cl= 

35.457 
Ag 


AgCl.. 


BaCr04. 

Ca 

CI 


CIO3. 


Sought 


CsCl. . . . 

Cs 

CsCl.... 

CI 

CsCl.... 
Cs2C03. . 
Cs20. . . . 
Cs2PtCl6. 
Cs2S04. . 
AgCl.... 

CI 

Cs 

Cs20.... 
Cs2PtCl6 
Cs2S04. . 


Cs2PtCl6 
Cs2S04. . 

Cs 

CsCl.... 
Cs2PtCl6 , 
CS2SO4. . 

S03 

Cs 

CsCl.... 
Cs2C03. . 
Cs20. . . . 


CsCl.. 
Cs2C03 
Cs20. . 
Cs20. . 


CI 

HCL... 
CI 

C103. . . . 
C104. . . 

HCL... 

CI 

CI 

Ag 

AgCl... 
BaCr04 . 

Ca 

HCL... 

K 

KC1..., 

Li 

Mg.... 
MgCla.. 
Mn02. . 
Na.... 
NaCl .  . 
NH4. . . 
PbCr04 
AgCl... 


Factor 


.1746 

.7485 

.7485 

.26677 

.2668 

.2258 

.0602 

.5348 

.3614 

.85134 

.21059 

.78941 

.83692 

.0010 

.0747 

.81582 

.0679 

.1106 

.94323 

.1949 

.3909 

.2841 

.28408 

.39451 

.49976 

.48358 

.41826 

.73455 

.93051 

.90038 

.77877 

.5201 


.32867 

.33802 

.24737 

.58224 

.69387 

.25440 

.27988 

.7693 

.0426 

.0426 

.5729 

.56519 

.0284 

.1026 

.1026 

.19573 

.34295 

.3430 

.2259 

.64859 

.6486 

.50880 

.5579 

.7175 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Chlorine: 
C103 

KC1 

0.89331 

0.70041 

1.4412 

0.74960 

0.58773 

2.9584 

3.9308 

1.4671 

1.8119 

0.90692 

0.47559 

1.1194 

1.3340 

5.1091 

2.9159 

0.74463 

0.81576 

1.5418 

0.60658 

1.4277 

1.7015 

1.9654 

0.68162 

0.55191 
0.21940 

0.20527 
0.39472 
0.45787 
0.30000 

1 .4139 

4.8716 

1.4614 

6.2146 

2.5334 

0.76002 

1.9418 

1.4709 

3.2319 

2.1840 

2.7861 

3.3334 

0.68425 

1.3157 

1.5262 

4.2523 

0.70725 

0.90223 

0.51498 

1.6643 

0.67985 

2.1972 

0.16091 

0.30942 

0.35892 

0.23516 

-10 

9.95100 

9.84535 

10.15872 

9.87483 

9.76918 

10.47106 

10.59448 

10.16646 

10.25813 

9.95757 

9.67724 

10.04900 

10.12517 

10.70834 

10.46477 

9.87194 

9.91156 

10.18803 

9 . 78289 

10.15465 

10.23082 

10.29346 

9.83354 

9.74187 
9.34123 

9.31233 
9.59629 
9.66074 
9.47712 

10.15043 
10.68767 
10.16478 
10.79341 
10.40371 

9.88083 
10.28821 
10.16759 
10.50945 
10.33926 
10.44500 
10.52288 

9.83522 
10.11917 
10.18362 
10.62863 

9.84957 
9.95532 
9.71179 

10.22124 
9.83241 

10.34187 
9.20659 
9.49055 
9.55500 
9.37137 

Chromium: 
PbCr04.. 

Cobalt: 
Co= 

58.94 
Co 

Co(N03)2. 
6H2O. . 

Co(N02)3. 
(KN02)3 

CoO 

C03O4.... 

C0SO4. . . 

C0SO4. 
7H20. . 

(CoS04)2. 
(K2S04)3 

Columbium: 
(niobium) 
Cb= 
92.91 

Cb 

Cb205... 

Copper: 
Cu=  63.57 
Cu 

CU2C2. 
H3O2. 

(As02)3 

CuCNS. . 

Cr2(S04)3. 

I8H2O 

K2Cr04 

K2Cr207 

Co(N03)2. 

6H2O 

Co(N02)3. 

(KN02)3.... 
CoO 

1.1084 

0.60084 

0.45513 

4.9381 

7.6735 
1.2715 
1.3620 
2.6298 
4.7695 

7.0644 

0.20251 

0.13032 
0.16570 
0.78650 

6.0352 
1.0712 
2.0683 

5.5562 

0.73424 

0.93356 

0.38026 

0.48348 

0.20967 

0.26658 

0.14155 
0.17998 

1.4305 
0.69904 

3.9871 
1.9136 
1.2517 
1 . 1258 
1.2522 

3.9281 

0.25081 

0.91868 
0.52257 

-10 

NaCl 

10.04468 

CIO4 

AgCl 

9.77876 

KCi 

9.65813 

NaCl 

HC1 

Ag 

AgCl 

K 

NH4CI 

(NH4)2S04 

CI 

10.69356 

KC1 

CI 

10.88499 

C103 

10 . 10430 

C104. . 

C03O4 

10.13416 

Li 

CI 

C0SO4 

CoS04.7H20... 

(CoS04)2. 
(K2S04)3.... 

Co 

10.41962 

Mg 

CI 

10.67847 

MgCl2... 

CI 

Mn02.... 

CI 

10.84908 

Na 

CI 

NaCl  . 

CI 

9.30644 

C103 

Co 

C104 

9.11501 

NH4    . 

CI.. 

CoO 

9.21931 

NH4CI 

HC1. 

Co 

9  89570 

(NH4)2 
SO4.... 

HC1 

Co(N02)3. 

(KN02)3.... 
C03O4 

10.78069 

PbCr04 

CI.. 

10  02986 

Chromium: 
Cr= 

52.01 
BaCr04 

Cr 

C0SO4 

(CoS04)2. 

(K2S04)3.... 
Co 

10.31562 

10.74477 

9 . 86584 

CrOs. . . 

CoO 

9  97014 

Cr04 

Co 

9.58008 

Cr203  . 

CoO 

9 . 68438 

Cr2(S04)3. 

I8H2O 

BaCr04 

Cr203  . 

Co 

9.32153 

Cr 

CoO 

9  42583 

Cr03 

PbCr04 

BaCr04 

Cr203 

Co 

9  15092 

CoO 

9.25523 

Cr04.... 

K2Cr04 

K2Cr207 

PbCr04 

BaCr04 

PbCr04 

BaCr04 

Cr 

Cb205 

10  15550 

Cr203 

Cb 

9  84450 

Cu2C2H302. 

(As02)3 

CuCNS 

CuO 

Cu20 

Cr03 

Cr04 

Cr2(S04)3 
I8H2O. 

PbCr04 

BaCr04 

PbCr04 

Cr03 

10.60065 
10.28185 
10.09750 
10.05148 

K2Cr04. . 

Cu2S 

10.09766 

K2Cr207 . 
PbCr04. . 

PbCr04 

Cr03 

PbCr04 

Cr 

CuS04. 
5H20 

Cu 

Mg2As207 

Cu 

10.59419 

CrOs 

9.39935 

Cr04. . . 

9.96316 

Cr203 

9.71815 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Copper: 

CuCNS.. 

CuO 

0.65410 

0.79892 

1.5288 

1.0004 

3.1383 

0.88822 

1.1122 

0.79862 

0.99962 

0.89912 

3.1371 

0.25457 
0.31865 
0.31877 

1.0885 

1.1435 
0.87448 

1.5934 

0.62759 

0.40799 

0.42963 

0.51563 

0.37241 

0.50841 

0.48668 

0.51250 

0.61508 

0.60647 

0.27912 

0.29393 

2.4511 

2.0547 

3.5826 

1.2638 

1.9320 

2.3276 

1.9512 

3.4021 

1.8347 

3.6004 

1.2001 

1.9394 

1.6258 

0.79125 

0.27774 

0.83323 

1.5287 

0.72226 

0.98601 

1.8956 

0.51759 

0.54505 

-10 

9.81564 

9.90250 

10.18436 

10.00016 

10.49669 
9.94852 

10.04618 
9.90234 
9.99984 
9.95382 

10.49652 

9.40581 
9.50331 
9.50348 

10.03684 

10.05825 
9.94175 

10.20233 

9.79767 

9.61065 

9.63310 

9.71233 

9.57103 

9.70621 

9.68724 

9.70970 

9.78893 

9.78281 

9.44580 

9.46825 

10.38935 

10.31276 

10.55420 

10.10169 

10.28602 

10.36690 

10.29030 

10.53175 

10.26356 

10.55636 

10.07924 

10.28767 

10.21107 

9.89831 

9.44364 

9.92076 

10.18433 

9.85869 

9.99388 

10.27774 

9.71398 

9.73644 

Fluorine: 
K2SiF6. . . 

SiF4 

SiFe 

Gallium: 
Ga= 

69.72 
Ga 

Ga203... 
Ga2S3.... 
Germanium: 
Ge= 

72.60 
Ge 

Ge02.... 
K2GeF6. . 
Gold: 
Au= 

197.2 
Au 

AuCl3.... 
HAuCU. 

4H20. . 
KAu(CN)4 

H20. . . 
Hydrogen: 
H= 

1.0081 
AgCNS.. 
BaS04. . . 
CuCNS. . 
H 

HCNS... 

H20 

O 

Indium: 
In= 

114.76 
In 

In203. . . . 
In2S3 .... 
Iodine: 
1=126.92 
Ag 

AgCl . . 

H2SiF6 

KF 

0.65414 

0.52754 

0.64499 

2.6852 

1.3845 

1.9669 

1.6489 

1.0142 

1.5504 

1.3442 

1.6898 

0.74392 

0.59180 

1.4408 
3.6473 
0.69407 
0.27418 

1.5394 

2.0898 

1.8174 
0.64960 

0.47852 

0.55025 

0.35603 

0.25313 

0.48571 

8.9357 

7.9357 

2.8087 

2.9505 

2.0588 

0.11191 

0.12601 

1.2091 
1.4190 
0.82704 
0.70470 

1.1858 
1.1765 
0  88547 

-10 

9.81567 

CuO. 

Cu 

9.72226 

CuCNS 

Cu2S 

SiFe 

9.80965 

BaSiFe 

H2SiF6 

BaSiFe 

CaF2 

10.42897 

C112O 

CuS04. 

5H20 

Cu 

10.14131 
10.20379 
10.21719 

CU2S 

H2SiFe 

K2SiF6 

Ga203 

10.00612 

C112S 

Cu 

10.19045 

CuO 

Cu20 

CuS04. 
5H20 

Cu 

10.12847 

CuS04. 

Ga2S3 

10.22782 

5H20. . 

Ga 

9.87153 

CuO 

Ga 

9.77218 

Cu2S 

Ge02 

Mg2As207 

Erbium: 

CU2C2H3O2. 
(As02)3 

Er203 

Er 

10.15860 

Er= 

167.2 

K2GeF6 

Ge 

10.56197 
9.84140 

Er 

Ge 

9.43803 

Er203. . . . 

AuCl3 

Fluorine: 
F=  19.000 
BaF2.  ... 

BaSiFe 

BaF2 

F 

HF 

H2SiF6 

SiF4 

10.18735 

BaSiFe . . 

HAuCU. 

4H20 

KAu(CN)4. 

H20 

Au 

10.32010 

10.25944 
9  81265 

SiF6 

Au 

CaF2 

F 

HF     

9.67990 

Au 

H2SiF6 

SiFe 

F 

HF 

BaSiFe 

CaF2 

9  74056 

CaS04 
F 

HCNS 

HCNS 

HCNS 

H20 

9.55149 
9  40335 

CaS04 

H2SiFe 

K2SiFe 

BaSiFe 

CaF2 

CaS04 

K2SiF6 

H2SiF6 

H2SiF6 

BaSiFe 

CaF2 

9.68638 
10.95113 

O 

10.89959 

HF 

AgCNS 

BaS04 

10.44851 
10.59665 

2HF 

CuCNS 

H 

H 

10.31362 
9.04887 
9  10041 

6HF 

H2S1F6. . . 

In203 . 

F 

10  08247 

2HF 

In2S3  . 

10  15200 

6HF 

In  . 

9  91753 

K2SiF6 

SiF4 

In 

HI 

9.84800 

SiFe 

KF 

K2SiF6 

F 

HF 

10  07402 

K2SiF6... 

I 

10  07050 

I.. 

9  94717 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Iodine: 
Agl 

HI 

0.54484 

0.54055 

0.74497 

0.81312 

0.71090 

0.77905 

0.84329 

1.8354 

0.41703 

1.4092 

2.5898 

0.84998 

1 . 1293 

1.8500 

0.42034 

1.4203 

2.6104 

1.3423 

1.0306 

1.8941 

1.2298 

0.94422 

1.7353 

1.4067 

1.0800 

1.9848 

1.2836 

0.98551 

1.8112 

2.3979 

2.3790 

0.70965 

0.70406 

0.97032 

1.0591 

0.92594 

1.0147 

0.38613 

0.38309 

0.52796 

0.57626 

0.50382 

0.55211 

0.44247 

1.8346 

2.6324 

2.0209 

1.6324 

3.1855 

1.2865 

1.4298 

2.7009 

1.5741 

2.7203 

4.9788 

7.0225 
0.79707 

-10 

9.73627 

9.73283 

9.87214 

9.91015 

9.85181 

9.89156 

9.92598 

10.26373 

9.62017 

10.14896 

10.41327 

9.92941 

10.05283 

10.26717 

9.62360 

10.15239 

10.41670 

10.12786 

10.01308 

10.27740 

10.08985 

9.97507 

10.23938 

10.14819 

10.03342 

10.29773 

10.10844 

9.99366 

10.25797 

10.37983 

10.37640 

9.85104 

9 . 84761 

9.98692 

10.02493 

9.96658 

10.00634 

9.58673 

9.58330 

9.72260 

9.76062 

9.70227 

9.74203 

9.64588 
10.26355 
10.42034 
10.30554 
10.21281 
10.50317 
10.10942 
10.15528 
10.43151 
10.19704 
10.43461 

10.69712 

10.84649 
9.90150 

Iron: 
FeCl3. . . . 

Fe7(CN)18, 
Prussian 
blue.. . 

FeC03. . . 

Fe. 

(HC03)2 

FeO 

Fe203. . . . 

Fe304. . . . 
FeP04. . . 

FeS 

FeS04 . . . 

FeS04. 
7H20. . 

FeS04. 

(NH4)2. 

S04. 

6H2O.. 

Fe2(S04)3 
Mg2As207 
S03 

Lanthanum: 
La= 

138.92 
La 

Fe203 

0.49220 

2.2600 

0.54507 

0.37989 

0.62011 

0.68917 

0.49484 

0.31393 

0.40388 

0.44885 

0.61261 

0.77728 

1.6126 

2.4760 

1.1114 

2.0994 

1.2236 

1.1144 

0.69940 

2.0317 

1.4510 

2.2279 

2.9922 

0.89980 

0.96660 

1.8890 

1.1010 

1.9026 

3.4821 

4.9115 

2.5041 

1.0346 

0.37024 

0.47633 

0.52940 

O  63527 

0.81729 

0.90830 

0.36761 

0.52561 

0.52706 

0.20085 
0.28718 

0.14240 

0.20360 

0.39934 

1.2546 

0.89733 

1.8973 

1.1728 

-10 

9.69214 

I 

Ag 

IO3 

I04 

10.35412 

I2O5 

CN 

9 . 73645 

I2O7 

C02.... 

9.57966 

HI 

Ag 

FeO 

9.79247 

Agl 

Fe203 

9.83832 

Pd 

CO2 

Pdl2        

9.69446 

Til 

Fe 

FeO   

9. 49683 

I 

Ag    

9.60625 

AgCl 

Fe203 

9.65210 

Agl 

C02 

9.78719 

Pd 

Fe 

9.89058 

Pdl2 

FeC03 

Fe(HC03)2.... 
Fe2Os 

10.20753 

Til . . . 

10.39375 

I03 

Agl 

10.04585 

Pdl2 

FeP04 

FeS 

10.32209 

Til 

10.08762 

I04 

Agl 

S03 

10.04705 

Pdl2 

Fe 

9.84472 

Til . . 

FeCb.. 

10.30786 

I2O5 

Agl 

FeCOa 

Fe(HC03)2.... 
Fe(HC03)3.... 
FeO 

10.16168 

Pdl2 

10.34790 

Til 

10.47599 

I207 

Agl 

9.95415 

Pdl2 

Fe304 

9.98525 

Til 

FeP04 

10.27624 

Pd.. 

HI.  . 

FeS 

10.04177 

I 

FeS04 

10.27934 

Pdl2 

HI 

FeS04.7H20... 
FeS04. 
(NH4)2S04. 

6H2O 

Fe2(S04)3 

Fe203 

10.54185 

I 

IO3 

IO4 

10.69122 

I205 

10.39866 

I2O7. 

10.01475 

Til 

HI.. 

Fe 

9.56849 

I 

FeO 

9.67791 

I03. 

Fe203 

9.72378 

IO4 

Fe 

FeO 

9.80296 

I2O5. . . 

9.91238 

I20? 

Fe203 

9.95823 

Iron: 

Fe7(CN)i8, 
Prussian  blue. 

Fe7(CN)18 

FeC03 

Fe(HC03)2.... 

FeO 

Fe(HC03)2.... 
FeO   . 

Fe 

9.56539 

Fe=  55.84 

Fe203 

9.72066 

Ag 

CN... 

SO3 

9.72186 

Fe 

9.30288 

C02.. 

Fe203 

9.45815 

Fe 

Fe 

9.15351 

Fe203 

Fe203 

9.30878 

FeP04 

FeS 

FeS04  .. 

Fe203 

9.60134 

FeAs04 

FeO 

10.09850 
9.95295 

FeS04. 

7H20 

FeS04(NH4)2 

S04.6H20... 

Mg2As207 

FeS04 

10.27814 

FeAs04... 

La203 

10.06921 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Lanthanum: 
La203 

La 

0.85269 

1.2992 
1.3422 
1.2896 

1.2478 
1.5599 
1.0772 
1 . 1544 
1.1642 
1.1547 
1.4636 

0.85204 
0.79945 
0.74503 
0.80256 
0.77543 
0.83530 
1.1349 

0.80141 
1.2501 
1.1729 
0.64108 

1.1737 

0.79994 

0.69058 

0.70708 

0.93828 

0.67389 

0.72220 

0.91560 

0.92832 

1.2460 

1.1972 

1.4481 

1.4839 

1.0717 

1.0720 

1.3587 

0.86623 

1.3847 

0.93311 

1.2678 

1.4143 

1.3270 

0.85899 

0.86601 

0.93288 

1.2675 

0.76968 

0.68325 

1.2509 
0.88113 

-10 
9.93079 

10.11369 
10.12783 
10.11046 

10.09614 
10.19309 
10.03230 
10.06237 
10.06601 
10.06248 
10.16542 

9.93046 
9.90279 
9.87217 
9.90448 
9.88954 
9.92184 
10.05496 

9.90386 
10.09694 
10.06928 

9.80691 

10.06954 

9.90306 

9.83922 

9.84947 

9.97233 

9.82859 

9.85865 

9.9^171 

9.96770 

10.09552 

10.07816 

10.16078 

10.17141 

10.03007 

10.03017 

10.13312 

9.93763 

10.14135 

9.96993 

10.10305 

10.15053 

10.12286 

9.93399 

9.93752 

9.96983 

10.10294 

9.88631 

9.83458 

10.09721 
9.94504 

Lead: 
PbS04 

Lithium: 
Li  =6.940 
C02... 

Li 

LiCl 

Li2C03... 

LiHCOs.. 
Li20 

Li3P04. . . 

Li2S04. . . 

Li2S04. 

H20. . . 
SO3 

Magnesium: 
Mg= 

24.32 
BaS04. . . 

(PbC03)2. 

Pb(OH)2 

PbCr04 

Pb(N03)2 

PbO 

0.85256 

1.0658 

1.0922 

0.73601 

0.78877 

0.75360 

0.78897 

1.6789 

1.5442 

0.67894 

6.1091 

5.3235 

2.1527 

5.5620 

7.9207 

0.16369 

0.87141 

0.35238 

0.91044 

1.2966 

0.59562 

0.18785 

1.1476 

1.8394 

0.40438 

1.0448 

0.64760 

0.54364 

0.21984 

0.56800 

1.4729 

0.46452 

2.8378 

2.4729 

4.5487 

2.5837 

3.6794 

2.6794 

0.17979 

1.0984 

0.95712 

1.7606 

0.38705 

1.4241 

1.6575 

0.12625 

0.77128 

0.27178 

0.70220 

0.72822 

0.60333 
0.37322 
1.3732 

0.51572 
1  1.0560 

-10 

Lead: 
Pb= 

207.21 
BaS04 

PbS04 

PbCl2 

9.93072 
10.02767 
10.03829 

9  86688 

Pb 

Pb02 

9.89695 

PbC03 

(PbC03)2. 

Pb(OH)2.... 

PbCr04 

PbO 

Pb02 

Pb(OH)2 

PbS 

Pb304 

9  87714 

PbS 

9.89706 

Li2C03 

LiHC03 

Li20 

10.22503 

10.18869 

9.83183 

LiCl 

10.78598 

Pb(C2H30 

2)2.3H20 

PbCl2. . . . 

PbS04 

PbCr04 

PbS04 

Pb 

Li2C03 

Li20 

Li3P04 

Li2S04 

Li 

Li2C03 

Li20 

10.72620 
10.33299 
10.74523 
10.89877 
9.21402 

PbC03  . 

PbO 

Pb 

9.94022 
9.54702 

PbO 

Li3P04 

Li2S04 

C02 

Li 

9.95925 

(PbC03)2. 
Pb(OH)2. 

PbS04 

Pb 

10.11279 

9.77497 
9.27380 

PbCr04 

PbS04 

Pb 

LiCl 

10.05978 

PbCr04. . 

LiHCOs 

Li20 

10.26469 
9.60679 

Pb(C2H302)2. 

3H20 

(PbC03)2. 

Pb(OH)2.... 
PbO 

Li3P04 

C02 

10.01903 
9.81131 

Li2C03 

Li20 

9.73531 
9.34211 

Li3P04 

CO2 

9.75435 

Pb304 

10.16817 

PbS04 

PbO 

Li 

9.66701 

Pb(N03)2 

LiCl 

10.45298 

Pb02 

Li2C03. . . 

10.39321 

PbO 

PbS04 

Pb 

LiHC03 

L13PO4 

Li2S04 

SO3 

10.65789 
10.41224 

PbCl2 

10.56578 

PbC03 

PbCr04 

Pb(N03)2 

Pb02 

10.42803 

Li        

9.25477 

LiCl 

10.04075 

Li2C03 

9.98097 

PbS 

LiHCOs 

Li20 

10.24565 

PbS04 

Pb 

9.58776 

Pb02 .... 

Li2S04 

Li2S04.H20. . . . 
Li 

10 . 15354 

Pb(N03)2 

PbO 

10.21944 
9.10123 

PbS04 

PbCr04 

PbS04 

Pb 

LiCl 

9.88721 

PbsCk. . . 

Li20 

9.43422 

Pb(OH)2. 

Li3P04 

S03 

9.84646 
9.86226 

PbS 

Pb 

Li3P04 

Li20 

PbO 

9.78056 

PbS04 

BaS04 

Pb 

9.57197 

PbS04... 

Li2S04 

MgS04 

MgS04.7H20... 

10.13774 

Pb(C2H302)2. 

3H20 

PbC03 

9.71242 
10.02367 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Magnesium 
Br 

CI 

C02 

I 

Mg 


MgBr2. . . 
MgBr2. 
6H2O. . 

MgCl2... 

MgCl2. 
6H2O. . 

MgCl2. 

KC1. 

6H2O. . 
MgC03.. 


Mg. 
(HC03)2 


Mgl2... 
MgO... 


Mg2P207. 


MgS04.. 


MgS04. 
7H20. 


Sought 


Mg 

MgBr2 

MgBr2.6H20. 

Mg 

MgCl2 

MgCl2.6H20. 

MgC03 

MgO 

Mg 

Mgl2 

Br 

CI 


MgCOs. 
MgO.... 
Mg2P207 
MgS04. . 
Br 


Br 

CI 

Mg2P207. 

CI 

Mg2P207. 


Mg2P207... 

CO2 

Mg 

Mg(HC03)2. 

MgO 

Mg2P207... 


MgC03 . 
MgO... 
Mg2P207 
I 


C02 

Mg 

MgCOs 

Mg(HC03)2. . 
Mg2P207.... 

MgS04 

S03 

Mg 

MgCb 

MgCl2.6H20. 
MgCkKCl. 

6H20 

MgCOs 

Mg(HC03)2. . 

MgO 

MgS04 

MgS04.7H20. 

BaS04 

Mg 

MgO 

Mg2P207.... 
S03 


BaS04 


Factor 


15216 
1522 

8285 

34295 

3430 

8673 

9162 

91616 

095808 

0958 

5720 

9159 

438 

4675 

6579 

5765 

9498 

86794 

54690 
74463 

1687 

34876 
54738 


40053 

52188 

28839 

7355 

47812 

3198 

57620 

27549 

76047 

91257 

0915 

60317 

0915 

6299 

7604 

9856 

9856 

21851 

85565 

8269 

4967 

75768 

3150 

36226 

0816 

2147 

9390 

20203 

33494 

92457 

66506 


0.94696 


Loga- 
rithm 


10 


-10 

18230 

06151 

26209 

53523 

1280b 

45747 

28243 

96197 

98140 

03973 

81770 

46477 

01860 

54002 

21956 

66053 

69459 

93849 

73791 
87194 
06770 

.54253 

,73829 


60263 
71757 
45998 
23943 
67954 
12051 

76057 
44011 
88108 
96027 
03803 
78044 
32046 
55989 
44097 
47503 
29790 
33947 
93230 
26171 

39737 
.87949 
11892 
55903 
03406 
34531 
.28758 
30541 
,52497 
.96594 
.82286 

.97633 


Weighed 


Magnesium: 
MgS04. 
7H20.  . 


S03 


Manganese: 
Mn= 

54.93 
BaS04. . . 
C02 


Mn. 


MnCOs. 


Mn. 
(HC03)2 


MnO.... 


Mn02. . 
Mn203. . 

Mn304. . 


Mn2P207 


MnS. 


MnS04.. 


Sought 


Mg2P207 

S03 

MgO 

MgS04 

MgS04.7H20... 


MnS04 

MnCOs 

MnO 

MnC03 

MnO 

Mn203 

Mn304 

Mn2P207... 

CO2 

Mn 

Mn(HC03)2. 

MnO 

Mn304 

Mn2P207... 

MnS 

MnS04 

MnC03 .... 

MnO 

Mn304 

CO2 

Mn 

MnCOs.... 
Mn(HC03)2. 

Mn203 

Mn304 

Mn2P207... 

MnS 

MnS04 

S03 

Mn304 

Mn2P207... 

Mn 

MnO 

Mn304 

Mn 

MnCOs.... 
Mn(HCOs)2. 

MnO 

Mn02 

Mn203 

MnS04 

Mn 

MnCOs.... 

MnO 

Mn02 

MnS04 

Mn 

MnCOs.... 

MnO 

MnS04 

BaS04 

Mn 


Factor 


45153 

32480 

50362 

5036 

0789 


64686 

6117 

6117 

0925 

2913 

4369 

3884 

5835 

38290 

47790 

5396 

61710 

66351 

2346 

75683 

3136 

64950 

40081 

43095 

62047 

77443 

6205 

4949 

1128 

0752 

0007 

2264 

1287 

1287 

87730 

6325 

.69593 

89864 

,96621 

72027 

,5071 

3205 

93007 

1399 

0350 

.9799 

38708 

80995 

49982 

61257 

0640 

.63145 

3213 

81538 

7357 

5459 

36380 


Loga- 
rithm 


-10 

9.65469 

9.51161 

9.70210 

10.17714 

10.48839 


9.81081 

10.41692 

10.20728 

10.32066 

10.11102 

,10.15743 

10.14251 

10.41220 

9.58308 

9.67934 

10.18742 

9.79036 

9.82184 

10.09154 

9.87900 

10.11848 

9.81258 

9.60294 

9.63443 

9.79272 

9.88898 

10.20964 

10.39706 

10.04641 

10.03149 

10.30118 

10.08864 

10.32812 

10.05259 

9.94315 

10.21284 

9.84257 

9.95359 

S. 98507 

9.85749 

10.17816 

10.36557 

9.96851 

10.05685 

10.01493 

10.29663 

9.58780 

9.90846 

9.69882 

9.78716 

10.02694 

9.80034 

10.12100 

9.91136 

10.23948 

10.18919 

9.56086 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


MnS04. 


S03. 


Mercury: 
Hg= 

200.61 
Hg 


HgCl, 


HgCl2... 


HgrCN)2 
HgN03.. 

Hg(N03)2 

Hg(N03)2. 

H20. . . 

HgO 


Hg20. . 
HgS. . . 


HgS04., 
Molybde- 
num: 

Mo= 
95.95 

Mo.... 


M0O3. 


M0S3. 


Sought 


MnO... 
Mn304 . . 
Mn2P207 

MnS 

SO3 

MnO... 
MnS04. . 


HgCl.. 

HgCl2. 

HgO. . , 

HgS.. 

Hg..., 

HgCl2. 

HgNOs 

HgO. . . 

Hg20. 

HgS.. 

Hg... 

HgCl.. 

HgS.. 

HgS... 

HgCl.. 

HgS.. 

HgS.. 


HgS 

Hg 

HgCl 

HgS 

HgCl 

HgS 

Hg 

HgCl 

HgCl2 

Hg(CN)2 

HgN03 

Hg(N03)2 

Hg(N03)2.H20. 

HgO 

Hg20 

HgS04 

HgS 


M0O3 

M0S3 

PbMo04.... 

Mo 

M0S3 

(NH4)2Mo04 
(NH4)3P04. 

I2M0O3. . . 
PbMo04.... 

Mo 

M0O3 

(NH4)2Mo04 


Factor 


0.46977 
0.50509 
0.93986 
0.57613 
0.53023 
0.88596 
1, 


1.1767 

1.3535 

1.0798 

1.1598 

0.84980 

1.1502 

1.1125 

0.91758 

0.88369 

0.98561 

0.73883 

0.86941 

0.85690 

0.92093 

0.89890 

0.88596 

0.71673 

0.67905 
0.92613 
1.0898 
1.0741 


1316 
1153 
86221 
0146 
1670 
0859 
1287 
3952 
1.4727 
0.93098 
0.89659 
1.2751 
0.78427 


1.5003 

2.0024 

3.8266 

0.66655 

1.3347 

1.3618 

1.0863 

2.5506 

0.49940 

0.74923 

1.0203 


Loga- 
rithm 


-10 
9.67188 
9.70337 
9.97306 
9.76052 
9.72447 
9.94741 
10.27553 


10.07068 

10.13146 

10.03333 

10.06439 

9.92932 

10.06077 

10.04629 

9.96264 

9.94630 

9.99371 

9.86854 

9.93923 

9.93293 

9.96423 

9.95371 

9.94742 

9.85536 

9.83190 

9.96667 

10.03736 

10.03106 

10.05370 

10.04741 

9.93561 

10.00629 

10.06707 

10.03577 

10.05258 

10.14464 

10.16810 

9.96894 

9.95259 

10.10553 

9.89447 


10.17617 
10.30155 
10.58281 
9.82383 
10.12538 
10.13411 

10.03596 

10.40664 

9.69845 

9.87462 

10.00873 


Weighed 


Molybde- 
num: 
(NH4)2. 
Mo04. 


(NH4)3. 

P04. 

I2M0O3. 

PbMo04 


Neody- 
mium: 
Nd= 
144.27 

Nd 

Nd203.. 
Nickel: 
Ni= 

58.69 
Ni 


Ni(C4H7 
N202)2, 
Ni-gly- 
oxime. . 

Ni(N03)2. 
6H20. . 


NiO.... 


NiS04. 


NiS04. 
7H20. 


Nitrogen: 
N= 

14.008 
AgN02.. 

HN02.. 
HNO3.. 


Sought 


M0O3 

M0S3 

(NH4)3P04. 

I2M0O3. . . 
PbMo04.... 

M0O3 

(NH4)2Mo04 

Mo 

M0O3 

(NH4)2Mo04 


Nd203. 
Nd... 


Ni(C4H7N202)2, 

Ni-glyoxime . 

Ni(N03)2.6H20 

NiO 

NiS04 

NiS04.7H20... 


Ni 

NiO 

Ni 

NiO 

NiS04 

Ni 

Ni(C4H7N202)2, 

Ni-glyoxime . 

Ni(N03)2.6H20 

NiS04 

NiS04.7H20... 

Ni 

Ni(N03)2.6H20 

NiO 

NiS04.7H20... 

Ni 

NiO 

NiS04 

HNO2 

N203 

AgN02 

N 

NH3 

NH4Ci 

(NH4)2PtCl6... 


Factor 


0.73432 
0.98010 

0.79771 
1.8730 


0.92054 

1.2536 

0.26133 

0.39206 

0.53391 


1.1664 
0.85737 


4.9227 
4.9549 
1.2726 
2.6367 
4.7855 


0.20314 
0.25852 

0.20182 
0.25684 
0.53215 
0.78578 

3.8682 

3.8935 

2.0719 

3.7604 

0.37926 

1.8792 

0.48265 

1.8149 

0.20896 
0.26593 
0.55098 


0.30552 

0.24698 

3.2731 

0.22229 

0.27028 

0.84895 

3.5233 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor  • 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Nitrogen: 
HN03... 

NO 

0.47620 
1.5490 
0.63523 
0.53418 
4.4986 
6.0683 
1.2159 
3.8191 
15.850 
4.7166 
3.2844 
4.4266 
2.7133 
3.8555 
6.9685 
2.8577 
0.16479 
0.63535 
3.6998 
0.82244 
3.6406 
3.1709 
1.1779 
0.26184 
1.1591 
1.0095 

0.28382 
0.063092 
0.27928 
0.24325 

0.21202 

0.81743 

2.1000 

1.5332 

2.0664 

1.2666 

1.7998 

0.30447 

0.65223 

0.22591 

0.27468 

0.86275 

0.48394 

1.5742 

4.0488 

0.36855 

0.78952 

1.8720 

0.25937 

1.5739 

0.31537 

0.99055 

4.1110 

1.2233 

0.55562 

1.8074 

0.74119 

0.64556 

0.14350 

-10 

9.67779 
10.19007 

9.80293 

9.72769 
10.65308 
10.78307 
10.08490 
10.58196 
11.20003 
10.67363 
10.51646 
10.64607 
10.43350 
10.58608 
10.84314 
10.45601 

9.21693 

9.80301 
10.56818 

9.91510 
10.56117 
10.50118 
10.07112 

9.41804 
10.06412 
10.00413 

9.45305 
8.79997 
9.44604 
9.38605 

9.32637 

9.91245 

10.32221 

10.18560 

10.31521 

10.10264 

10.25522 

9.48354 

9.81440 

9.35393 

9.43883 

9.93588 

9.68479 

10.19707 

10.60733 

9.56650 

9.89736 

10.27231 

9.41392 

10.19699 

9.49882 

9.99587 

10.61395 

10.08755 

9.74478 

10.25706 

9.86993 

9.80993 

9.15686 

Nitrogen: 
Pt 

SO3 

Osmium: 
Os= 
190.2 

Os 

Os04.... 
Palladium: 
Pd= 

106.7 
K2PdCl6. 

Pd 

PdCl2. 
2H20. . 

Pdl2 

Pd(N03)2 
Phosphorus: 
P=  30.98 
Ag3P04.. 

Ag4P207.. 

AM)*.... 
AIPO4... 

Ca3(P04)2 
FeP04... 

Mg2P207. 

Na2HP04 

Na2HP04. 
12H20. 

NaNH4. 
HP04. 
4H20. . 

(NH4)a. 
P04. 
I2M0O3 

P 

NO3 

0.63523 

0.55328 

1.5742 

0.34994 

1.3492 

1.3365 
0.74823 

0.26834 

0.53729 

3.7267 

2.0023 

3.3790 

2.1623 

1.8612 
0.49942 
0.29594 
0.46247 

0.074005 

0.22689 

0.16956 

0.10233 

0.31373 

0.23446 

1.3926 

0.77884 

0.58204 

0.45764 

0.62976 

0.47063 

1.2757 

3.2181 

1.8786 

0.27835 

0.85337 

0.63774 

0.78390 

0.49992 

0.31074 
0.19817 

0.53231 
0.33947 

0.016509 
0.050615 
0.037826 
13.513 

-10 

9.80293 

Pt 

N2O5 

9.74294 

S03 

HNO3 

10.19707 

KNO3... 

N2O5 

N 

9.54399 

N 

HNO3 

N2O5 

Os04 

10.13007 

NaN03 

NH3 

NH4C1 

(NH4)2Pt.Cl6 . . 

(NH4)2S04 

N02 

10.12597 

Os 

9.87403 

Pd 

N03 

N2O3 

N2O5 

9.42868 

Pt 

PdCl2.2H20.... 

KaPdCle 

PdCl2.2H20.... 
Pdl2 

9.73021 

S03 

10.57132 

NaNOa .  . 

N 

10.30153 

N2O5 

10.52879 

NH3 

HNO3 

N 

Pd(N03)2 

K2PdCl6 

Pd 

10.33491 

N03 

10.26979 

N2O5 

9.69847 

NH4CI... 

HNO3 

Pd 

9.47121 

N 

Pd.., 

9  66509 

N03 

P 

P04 

N2O5 

(NHOiPt. 
Cle.... 

HNO3 

8.86926 
9.35581 

N 

P205. . 

9.22932 

N03 

P 

9.01001 

N2O5 

N 

N2O5 

P04 

9.49656 

(NH4)2 
S04 

P205 

P205 

9.37007 
10.14382 

P04 

9.89145 

NO 

HNO3 

P205. . . . 

9.76495 

N02 

P2Oo.  . 

9.66052 

N03 

P04 

9.79917 

N2O3 

P0O5 

Na2HP04 

Na2HP04. 

12H20 

NaNH4HP04. 

4H20 

P 

9  67268 

N2O5 

10 . 10574 

N02 

N 

NO 

10.50760 

N03 

N 

NH3 

10  27384 

NH4C1 

NO 

9.44459 

P04 

9  93114 

Pt 

P2Oo 

9.80464 

N2O3.... 

AgN02 

N 

Mg2P207 

P205 

Mg2P207 

P205. .   . 

9.89426 
9  69890 

NO 

N2O5.... 

KNO3 

9  49240 

N 

9.29704 

NaN03 

NH3. . . 

Mg2P207 

P205 

NH4C1 

(NH4)2PtCl6... 

(NH4)2S04 

NO 

9.72616 
9.53080 

P    

Pt 

8.21773 

SO3 

P04 

8.70428 

Pt 

HNO3 

P205 

8.57779 

N 

Ag3P04 

11.13074 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Phosphorus: 
P 


P04, 


P206 


P2O5. 
24Mo03 


U2P20i 


Platinum: 
Pt= 

195.23 
H2PtCk 
6H20. . 

K2PtCl6 . 


(NH4)2Pt 
Cle.... 


Pt. 


PtCU 


Sought 


Ag4P207 

Mg2P207.... 
(NH4)3P04. 

12M0O3. . . 

P205 

P205.24Mo03 

U2P2OU 

Ag3P04 

Ag4P207 

A1P04 

FeP04 

Mg2P207 

(NH4)3P04. 

12Mo03. . . . 
P205.24Mo03 . 

U2P20n 

Ag3P04 

Ag4P207 

A1203 

A1P04 

Ca3(P04)2..., 

FeP04 

Mg2P207 

Na2HP04 

Na2HP04. 

I2H2O 

NaNH4HP04. 

4H20 

(NH4)3P04. 

12MoOs. . . . 

P 

P205.24Mo03 . 
U2P20n 


P.... 

P04. 

P205. 

P.... 

P04.. 

P205. 


K2PtCl6 

Pt 

H2PtCl6.6H20 

Pt 

PtCl4........ 

PtCl4.5H20. . . 

Pt 

PtCl4 

PtCU 

H2PtCl6.6H20. 

K20 

K2PtCU 

(NH4)2PtCl6. . 

PtCU 

PtCl4.5H20. . . 

K2PtCU 

(NH4)2PtCl6. . 


Factor 


9.7721 
3.5926 

60.571 
2.2912 

58.050 

11.525 
4.4075 
3.1874 
1.2840 
1.5879 
1.1718 

19.757 

18.934 
3.7592 
5.8977 
4.2651 
0.71809 
1.7181 
2.1851 
2.1248 
1.5680 
2.0003 

5.0462 

2.9458 

26.437 
0.43646 

25.336 
5.0303 

0.017227 

0.052814 

0.039469 

0.086767 

0.26601 

0.19880 


0.93839 

0.37683 

1.0657 

0.40157 

0.69330 

0.87859 

0.43965 
0.75905 
0.91875 
2.6537 
0.48247 
2.4902 
2745 
7265 
1879 
4424 
3174 


Loga- 
rithm 


-10 
10.98999 
10.55541 

11.78227 

10.36005 

11.76380 

11.06165 

10.6441 

10.50344 

10.10855 

10.20083 

10.06886 

11.29572 
11.27725 
10.57510 
10.77068 
10.62993 
9.85618 
10.23505 
10.33948 
10.32732 
10.19536 
10.30110 

10.70296 

10.46920 

11.42221 

9.63995 

11.40375 

10.70159 

8.23620 
8 . 72275 
8.59625 
8.93835 
9.42490 
9.29841 


9.97238 
9.57615 
10.02762 
9.60376 
9.84092 
9.94379 

9.64311 

9.88027 

9.96320 

10.42385 

9.68347 

10.39624 

10.35689 

10.23716 

10.34002 

10.15908 

10.11973 


Weighed 


Platinum: 
PtCU... 
PtCU. 
5H20. 

PtCU. . . 
Potassium: 
K= 

39.096 
Ag 


AgBr. 
AgCl. 


AgCN 
Agl.. 


BaCr04. 
BaS04.. 

Br 


CaF2.. 
CaS04. 
CI 


C02 
I... 
K.. 


K3As04. 
KBr. . . . 


KBr03. 
KC1.... 


Sought 


Pt 

K2PtCl6. . . 

Pt 

(NH4)2PtCl 


KBr 

KC1 

KCIO3... 
KCIO4... 
KCN.... 

KI 

KBr 

KBr03. . . 

KC1 

KCIO3... 
KCIO4... 
KCN .... 

KI 

KIO3.... 
K2Cr04.. 
K2Cr207. . 
KHSO4.. 

K2S 

K2SO4... 

K 

KBr 

KF.2H20. 
KF.2H2O. 

K 

KC1 

KCIO3... 
KCIO4... 

K20 

K2CO3... 

K20 

KI 

KIOs.... 

Br 

CI 

KBr 

KC1 

KCIO3... 
KCIO4... 

KI 

KNOs. . . . 

K2O 

K2PtCl6. . 
K2S04... 

Pt 

Mg2As207 . 

Ag 

AgBr , 

Br 

K 

K20 

AgBr 

Ag 

AgCl 


Factor 


0.57922 

1.1382 

0.45706 

1.0884 


.1032 
.69107 
.1360  " 
.2843 
.60358 
.5389 
.63373 
.88933 
.52012 
.85500 
96662 
48630 
70705 
91148 
76648 
58060 
.58334 
.47233 
.74652 
.4892-1 
.4892 
.4111 
.3828 
.1026 
1026 
.4564 
9076 
3283 
1402 
.1402 
.3080 
6862 
0441 
,90692 
0441 
9069 
1347 
5439 
2464 
5860 
2046 
2176 
2285 
4968 
60590 
90646 
5780 
67150 
32850 
39572 
1244 
4470 
9226 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Potassium: 
KC1.... 


KClOs. . 


KCIO4.  . 


KCN.. 
K2CO3. 


K2Cr04. 
K2Cr207 


KF.2H20 

K2HAs04. 
KHCO3. . 


KHSO4 
KI 


KIOs... 
KMn04. . 
K2Mn04 . 
KN02... 
KNO3... 


Sought 


CI 

K 

KCIO3... 
KC104... 
K2C03... 
K2Cr207. . 
IIHCO3.. 
KNO3... 

K20 

K2PtCl6. . 
K2S04... 

Pt 

Ag 

AgCl 

CI 

KC1 

Ag 

AgCl 

CI 

K 

KC1 

K20 

Ag 

AgCN.... 

C02 

KC1 

K20 

KOH.... 
K2PtCl6. . 
K2S04... 
BaCr04.  . 
BaCr04.. 

KC1 

K20 

CaF2 

CaS04... 
Mg"2As207 

KC1 

K20 

K2PtCl6. . 
K2S04... 
BaS04... 
K2S04.... 

Ag 

Agl 

K. '.'.'.'.'.'. 

K20 

Agl 

I 

Mn203 . . . 

MnS 

Mn203 . . . 

MnS 

K0SO4... 

N203 

K 

KC1 

K20 

K2PtCl6. . 
K2S04... 


Factor 


47559 

52441 

6438 

8584 

92687 

9732 

3429 

3561 

63171 

2605 

1686 

3093 

88027 

1696 

28932 

60833 

77862 

0345 

25591 

28217 

53808 

33991 

6568 

0564 

31845 

0789 

68155 

81191 

5178 

2609 

3047 

7224 

50680 

32015 

41475 

72316 

71170 

74468 

47042 

4280 

87027 

7143 

63986 

64982 

4143 

76450 

23550 


0971 

59304 

49947 

55048 

40041 

44130 

0238 

44661 

38669 

73739 

46582 

4043 

86175 


Loga- 
rithm 


-10 

9.67724 

9.71967 

10.21586 

10.26915 

9.96702 

10.29517 

10.12803 

10.13230 

9.80052 

10.51329 

10.06768 

10.11705 

9.94462 

10.06803 

9.46138 

9.78414 

9.89132 

10.01474 

9.40809 

9.45052 

9.73085 

9.53137 

10.21927 

10.31310 

9.50304 

10.03298 

9.83350 

9.90951 

10.54627 

10 . 10066 

10.11550 

10.23612 

9 . 70483 

9.50535 

9.61779 

9.85924 

9.85230 

9.87197 

9.67249 

10.38526 

9.93965 

10.23408 

9.80609 

9.81279 

10.15055 

9.88338 

9.37198 

9.45283 

10.04025 

9.77308 

9.69851 

9.74074 

9.60251 

9.64473 

10.01020 

9.64993 

9.58736 

9.86770 

9.66822 

10.38098 

9.93538 


Weighed 


Potassium: 
KNO3.. 


K2O. 


KOH. . . 
K2PtCl6. 


K2S, 


K2Si03. 
K2S04. 


K2S04.A12 

(S04)3. 

24H2Q. 
K2S04. 

Cr2. 

(S04)3. 

24H20. 
Mg2As207 

M112O3. . . 


Sought 


N 

NH3 

NO 

N205 

CI 

C02 

K 

KBr 

KC1 

KCIO3... 
KC104... 
K2C03... 
K2Cr207.. 
KHCO3.. 

KI 

KNO3.... 

KOH 

K2PtCl6. . 
K2S04.... 

N205 

K2C03... 

K20 

K 

KC1 

K2C03... 
KHCO3.. 
KNO3..., 

K20 

K2S04... 
K2S04.A12 

(S04)3. 

24H20 .  . 
K2S04.Cr2 

(S04)3. 

24H20.. 
BaS04.... 
K2S04.... 

Si02 

BaS04.... 

K 

KC1 

K2CO3.... 
KHCO3... 
KHSO4... 
KN02.... 

KNO3 

K20 

K2PtCle. . . 

K2S 

SO3 


K2PtCl6. 


K2PtCl6. . 
K3As04.. 
K2HAs04. 
KMn04.. 
K2Mn04 . 


Factor 


.13855 

. 16846 

.29680 

.53418 

.75287 

.46724 

.83013 

.5270 

.5830 

.6022 

.9419 

.4672 

.1235 

.1257 

.5251 

.1468 

.1913 

.1614 

.8500 

.1468 

.2317 

.83944 

. 16083 

.30670 

.28427 

.41185 

.41593 

. 19375 

,35842 


1.9515 


0545 
1171 

5805 

38936 

3396 

44873 

85569 

79312 

1491 

5628 

97679 

1604 

54055 

7900 

63272 

45945 


0.51242 


0.48673 

1.6504 

1.4051 

2.0021 

2.4974 


Loga- 
rithm 


-10 

9.14161 

9.22650 

9.47247 

9.72769 

9.87672 

9.66954 

9.91915 

10.40261 

10.19948 

10.41534 

10.46863 

10.16650 

10.49465 

10.32751 

10.54717 

10.33178 

10.07601 

10.71277 

10.26716 

10.05947 

10.09049 

9.92399 

9.20638 

9.48671 

9.45373 

9.61474 

9.61902 

9.28723 

9.55439 


10.29037 


10.31271 

10.32575 

10.19879 

9.59035 

10.12696 

9.65198 

9.93232 

9.89934 

10.06035 

10.19391 

9.98980 

10.06462 

9.73284 

10.44561 

9.80121 

9.66224 


9.70963 


9.68729 
10.21760 
10.14770 
10.30149 
10.39749 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Potassium: 
MnS.... 

N 

NH3. . . . 

NO 

N203... 
N2O5... 

Pt 

Si02 

S03 

Praseodym- 
ium: 
Pr= 
140.92 

Pr 

Pr203. . . . 
Rhodium: 
Rh= 

102.91 
NasRhCl, 
Rh 

RhCls... 
Rubidium: 
Rb= 

85.48 
AgCl.... 


CI., 
Rb. 


RbCl.... 

Rb2C03. . 

RbHC03. 
Rb20.... 

Rb2PtCl6. 


Sought 


KMn04. 
K2Mn04 
KN03... 
KN03. . . 
KN03... 
KNO2. . . 
KNO3. . . 
K20.... 

K 

KC1.... 
K2Si03. . 
K2S04.. 


Pr203 
Pr... 


Rh 

Na3RhCl< 
RhCl3. . . 
Rh 


Rb 

RbCl.... 

Rb 

RbCl.... 

AgCl 

CI 

RbCl.... 
Rb2C03.. 
Rb20.... 
Rb2PtCl6. 
Rb2S04.. 

AgCl 

CI 

Rb 

Rb2C03.. 
Rb20.... 
Rb2PtCl6. 
Rb2S04.. 

Rb 

RbCl.... 
RbHC03. 
Rb2PtCl6. 
Rb2S04. . . 
Rb2COs.. 
Rb2PtCl6. 
Rb2S04.. 

Rb 

RbCl.... 
Rb2PtCl6. 
Rb2S04.. 

Rb 

RbCl... 
Rb2C03.. 


Factor 


1.8166 
2.2660 
7.2176 
5.9360 
3.3692 
2.2391 


8720 

87202 

40051 

76375 

5683 

1765 


1.1703 
0.85447 


0.26755 
3.7377 
2.0336 
0.49173 


.59636 

.84372 

.4108 

.4108 

.6768 

.41480 

.4148 

.3510 

.0936 

.3864 

.5619 

.1852 

.29319 

.70681 

.95492 

.77296 

.3935 

.1040 

.74018 

.0472 

.2685 

.5065 

.1561 

.78830 

.9759 

.91134 

.91442 

.2937 

.0966 

.4282 

.29530 

.41779 

.39896 


Loga- 
rithm 


-10 

10.25926 

10.35527 

10.85839 

10.77350 

10.52753 

10.35007 

10.27231 

9.94053 

9.60262 

9.88295 

10.40965 

10.33776 


10.06830 
9.93170 


9.42740 
10.57260 
10.30827 

9.69173 


9.77551 

9.92620 

10.38216 

10.53286 

10.22449 

9.61784 

10.15069 

10.13066 

10.03885 

10.52973 

10.19365 

10.07380 

9.46714 

9.84931 

9.97997 

9.88816 

10.37904 

10.04295 

9.86934 

10.02003 

10.10331 

10.39907 

10.06299 

9.89669 

10.29577 

9.95968 

9.96115 

10.11184 

10.49088 

10.15480 

9.47027 

9.62096 

9.60093 


Weighed 


Rubidium: 
Rb2PtCl6 

Rb2S04.. 


Selenium: 
Se= 

78.96 
H2Se03.. 
H2Se04.. 
Se 


Sought 


Se02 

Se03 

Silicon: 
Si=  28.06 
BaSiFe... 

H2Si03... 

K2SiF6... 


Si... 
SiF4. 


Si02. 


SiOs 

Si04 

Si20 

Si(OH)4.. 
Silver: 
Ag= 

107.880 
Ag 


AgBr. . 
AgCl.. 


RbHCOa 
Rb20... 

Rb 

RbCl..., 
Rb2C03. 
RbHCOa. 
Rb20.... 


Se 

Se 

H2Se03. 
H2Se04. 
Se02. . . 
Se03. . . 

Se 

Se 


SiF4... 

Si02... 

Si02 . . . 

SiF4... 

Si02..., 

Si02... 

BaSiFe. 

K2SiF6. , 

Si02... 

BaSiFe. 

H2Si03. . 

K2SiFe. 

Si 

SiF4..., 

Si03.... 

Si04... 

Si20.... 

Si(OH)4. 

Si02... 

Si02.... 

Si02.... 

Si02.... 


AgBr... 
AgCl.... 
AgCN.. 

Agl 

AgN03. . 
Ag20. . . . 
Ag3P04. . 
Ag4P207. 

Br 

CI 

I 

Ag 

Br 

Ag 

AgN03.. 
Ag20.... 


Factor 


0.50610 

0.32294 

0.64025 

0.90583 

0.86499 

1.0973 

0.70017 


0.61221 

0.54464 

1.6334 

1.8361 

1.4053 

1.6079 

0.71161 

0.62193 


.37241 

.21495 

.76925 

.47246 

.27269 

.1404 

.6852 

.1166 

.57717 

.6523 

.3000 

.6672 

.46720 

.7326 

.2664 

.5328 

.60040 

.5999 

.78964 

.65240 

.6656 

.62502 


1.7408 

1.3287 

1.2412 

2.1765 

1.5748 

1.0742 

1.2935 

1.4031 

0.74079 

0.32867 

1.1765 

0.57445 

0.42555 

0.75263 

1.1852 

0.80844 


-10 
9.70423 
9.50912 
9.80635 
9.96705 
9.98701 
10.04032 
9.84520 


9.78690 

9.73611 

10.21310 

10.26389 

10.14776 

10.20626 

9.85224 

9.79374 


9.57103 

9.33233 

9.88607 

9.67436 

9.43567 

10.33050 

10.42897 

10.32564 

9.76130 

10.66767 

10.11393 

10.56433 

9.66950 

10.23870 

10.10257 

10.18549 

9.77844 

10.20410 

9.89743 

9.81451 

10.22156 

9.79590 


10.24075 

10.12342 

10.09383 

10.33776 

10.19722 

10.03107 

10.11176 

10.14710 

9.86969 

9.51676 

10.07059 

9.75925 

9.62895 

9.87658 

10.07380 

9.90765 


1490 


GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Silver: 
AgCl... 

AgCN.. 
Agl.... 

AgN03.. 

Ag20... 

Ag3P04. 
Ag4P207. 
Br 

CI 

I 

Sodium: 

Na= 

22.997 
Ag 


AgBr. 
AgCl. 


Agl... 
BaS04. 


B2O3.. 
Br.... 


CaCl2.. 
CaC03 
CaF2.. 
CaO... 
CaS04. 
CI 

C02... 
H3BO3 


I 

KBF4. 


Br 

CI 

** 

fr:::::::::: 

Ag 

AgCl 

Ag 

AgCl 

Ag 

Ag 

Ag 

AgBr 

AgCl 

Ag 

AgCl 

Ag 

Agl 

NaBr 

NaCl 

Nal 

NaBr 

NaCl 

NaC103 

NaC104 

Nal 

NaHS04 

NaHS04.H20. 

Na2S 

Na2S03 

Na2S03.7H20. 

Na2S04 

Na2SO4.10H2O 

Na2B407 

Na2B407. 

10H2O 

Na 

NaBr 

Na20 

NaCl 

Na2C03 

NaF 

Na2COs 

Na2C03 

Na 

NaCl 

Na20 

Na2C03 

Na20 

Na2B407 

Na2B407. 

10H2O 

Na 

Nal 

Na20 

Na2B407 

Na2B407. 

10H2O 


0.55754 

0.24737 

0.80569 

0.45945 

0.54055 

0.63501 

0.84371 

0.93096 

.2369 

77311 

.71269 

.3499 

.3499 

7936 

.0426 

.0426 

0.84998 

1.8500 


0.95396 

0.54184 

1.3897 

0.54800 

0.40781 

0.74268 

0.85431 

0.63849 

0.51437 

0.59156 

0.33439 

0.54003 

1.0803 

0.60858 

1.3804 

1.4451 

2.7386 

0.28776 

1.2878 

0.38787 

1.0533 

1.0591 

1.0757 

1.8902 

0.77864 

0.64859 

1.6486 

0.87421 

2.4086 

1.4086 

0.81363 

1.5419 

0.18119 

1.1812 

0.24422 

0.39962 

0.75732 


-10 

.74628 

.39334 

.90617 

.66224 

.73283 

.80278 

.92620 

96893 

09235 

88824 

85290 

13031 

37105 

25372 

48324 

60666 

92941 

26717 


Sodium: 
Mg2As207 

MgCl2... 
MgaPijO?. 


N.. 

Na. 


.97953 
73387 
.14291 
.73878 
.61046 
.87080 
.93161 
80515 
71128 
77200 
52426 
73242 
03355 
.78432 
14001 
.15990 

.43753 
45904 
10984 


02254 
02493 
03171 
27651 
89134 
81197 
21711 
94162 
38177 
14880 
91043 

18806 
25814 
07232 
38779 
60165 


Na2B407 


Na^O. 
10H2O. 


NaBr... 


NaCl.. 


NaClOa. . 
NaC104. . 
Na2C03.. 


9.87928 


Na^AsOs. . . 
Na2HAs04. . . 

NaCl 

Na2HP04.... 
Na^PCk 

12H20.... 
NaNHaP04. 

4H20 

Na4P207. 

10H2O.... 

NaN03 

Br 

CI 

I 

NaBr 

NaCl 

Na2C03 

NaHC03.... 

Nal 

Na20 

Na2S04 

(U02)3ZnNa 

(C2H302)9. 

6H20 

B203 

H3B03 

KBF4 

B203 

H3B03 

KBF4 

Ag 

AgBr 

Br 

Na 

Na20 

(U02)3ZnNa 

(C2H302)9. 

6H20 

Ag 

&*:.-.:::: 

Na 

NaC103 

NaC104 

Na2C03 

NaHCOs.... 
Na2HP04. . . . 

Na20 

Na2S04 

(U02)3ZnNa 

(C2H302)9. 

6H20 

AgCl 

NaCl 

AgCl 

NaCl 

CaCOs 

CaO 

CaS04 

C02 


0946 
1977 
2276 
2757 


3.2181 
1.8786 


.0041 
0683 
4751 
5418 
5190 
4751 
.5418 
3047 
6533 
.5190 
3479 
.0885 


882 
69199 
2291 
5024 

36515 

64854 

3204 

0483 

8248 

77654 

22346 

30120 


945 

8456 

4521 

60658 

39342 

8212 

0949 

90673 

4373 

2145 

53028 

2151 


313 

3465 

54910 

1705 

47735 

94421 

52904 

2843 

41517 


-10 
10.03925 
10.07833 
10.08905 
10.10574 

10.50760 

10.27384 

10.30192 
10.78307 
10.54096 
10.18803 
10.74186 
10.65080 
10.40514 
10.36262 
10.56269 
10.81418 
10.12965 
10.48975 


11.82531 

9.84010 

10.08957 

10.39835 

9.56247 

9.81194 

10.12072 

10.02047 

10.26122 

9.89016 

9.34920 

9.47885 


11.17451 
10.26613 
10.38954 

9.78289 

9.59486 
10.26035 
10.32116 

9.95748 
10.15754 
10.08439 

9.72451 
10.08461 


11.42017 

10.12920 
9.73965 

10.06839 
9.67884 
9.97507 
9.72349 

10.10866 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Loga- 

Loga- 

Weighed 

Sought 

Factor 

rithm 

Weighed 

Sought 

Factor 

rithm 

Sodium: 

-10 

Sodium: 

-10 

Na2C03  . 

Na 

0.43389 

1.1029 

1.5851 

0.58483 

0.75478 

1.3401 

9.63738 

10.04252 

10.20007 

9.76703 

9.87782 

10.12713 

Na20.... 

CI 

C02 

1.1439 

0.70991 

4.0946 

0.74191 

3.3201 

1.8858 

10.05838 

NaCl   

9.85120 

NaHC03 

Na20   

I 

10.61221 

Na 

9.87035 

NaOH 

Na2S04 

NaBr 

10.52115 

NaCl 

10.27549 

(U02)3ZnNa 

Na2C03 

1.7099 

10.23297 

(C2H302)9. 

NaHCOs 

2.7104 

10.43304 

6H20 

29.019 

11.46269 

Na2HP04 

2.2903 

10.35988 

Na2C03. 

Nal 

4.8365 

10.68453 

10H2O. 

Na2S04 

0.49640 

9.69584 

NaNOs 

2.7424 

10.43812 

NaF 

CaF2 

0.92959 

9.96829 

NaOH 

Na2S04 

1.2906 
2.2914 

10.11080 

(U02)3ZnNa 

10.36010 

(C2H302)9. 

N205 

1.7424 

10.24114 

6H20 

36.624 

11.56376 

S03 

1.2914 

10.11107 

Na2. 

(U02)3ZnNa 

HAsOs. 

Mg2As207 

0.91359 

9.96075 

(C2H302)9. 

Na2. 

6H20 

49.620 

11.69566 

HAs04. 

Mg2As207 

0.83496 

9.92167 

NaOH. . . 

Na2C03 

1.3249 

10.12218 

NaHCOs. 

NTa 

0.27372 
0.69576 

9.43731 

9.84246 

Na20 

0.77483 

9.88920 

NaCl 

(U02)3ZnNa 

Na2C03 

0.63086 

9.79993 

(C2H302)9. 

Na20 

0.36895 

9.56696 

Na4P207 . 

6H20 

Na2HP04 

38.447 
1.0677 

11.58486 

(U02)3ZnNa 

10.02847 

(C2H302)9. 

Na2HP04. 

6H20 

18.307 

11.26262 

12H20 

2.6936 

10.43033 

Na2HP04. 

Mg2P207 

0.78390 

9.89426 

Na4P207. 

NaCl 

0.82340 
0.43663 
0.93655 

9.91561 
9.64012 
9.97153 

10H2O. 

Na2S.... 
Na2S03.. 

Mg2P207 

BaS04 

BaS04 

0.49898 

2.9905 

1.8517 

9.69808 

Na20 

10.47574 

Na4P207 

10.26758 

P205 

0.49992 

9.69890 

Na2S03. 

S02 

0.50819 

9.70603 

Na2HP04. 

12H20. 

Mg2P207 

0.31074 

9.49240 

7H20. . 

BaS04 

0.92565 

9.96645 

Na4P207 

0.37125 

9.56967 

S02 

0.25404 

9.40490 

P205 

0.19817 
0.61558 

9.29704 
9.78928 

Na2S04.. 

BaS04 

Na 

1.6432 
0.32378 

10.21568 

NaHSOs . 

S02 

9.51025 

NaHS04 . 

BaS04 

1.9441 

10.28872 

NaCl 

0.82298 

9.91539 

NaHS04. 

Na2C03 

0.74622 

9.87287 

H20. . . 

BaS04 

1.6905 

10.22800 

Na2C03. 

Nal 

Ag 

0.71960 
1.5662 
0.84660 
0.15340 

9.85709 

10.19485 

9.92768 

9.18582 

10H2O 

Na20 

2.0145 

0.43641 

0.56359 

10.30416 

Agl... 

9.63990 

i  ..:::..:::. 

S03 

9.75096 

Na 

(U02)3ZnNa 

Na20 

0.20676 

9.31547 

(0^80^9. 

(U02)3ZnNa 

6H20 

21.655 

11.33556 

(C^sO^. 

Na2S04. 

6H20 

10.260 

11.01113 

10H2O. 

BaS04 

0.72442 

9.85999 

NaNH4. 

NH3 

NaNH4HP04. 

HP04. 

4H20 

12.276 

11.08906 

4H20. . 

Mg2P207 

0.53231 

9.72616 

NaNOs 

4.9908 

10.69817 

NH3 

0.08146 
0.33947 
0.16479 

8.91094 
9.53080 
9.21693 

NO 

N2Os.... 

NaNOs 

NaN03 

Na20 

2.8327 
1.5739 
0.57393 

10.45221 

P205 

10  19699 

NaN03.. 

N 

9.75886 

Na20 

0.36465 

9.56188 

P205 

Na2HP04 

2.0003 

10.30110 

NH3 

0  20037 

9.30183 

Na2HP04. 

NO 

0.35301 

9.54779 

12H20 

5.0462 

10.70296 

N2Ob 

0.63535 

9.80301 

NaNH4HP04. 

(U02)3ZnNa 

4H20 

2.9458 

10.46920 

(C2H302)g. 

S02 

NaHS03 

1.6245 

10.21072 

6H20 

18.094 

11.25754 

Na2SOs 

1.9677 

10.29397 

Na20. . . . 

Br 

2.5782 

10.41131 

Na2SOs. 
7H20 

3.9364 

10  59510 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Sodium: 
S03 

Na20 

0.77434 
1.7743 

0.014952 
0.066910 
0.038004 
0.034460 
0.027305 
0.054623 
0.097470 
0.055267 
0.020153 
0.026010 
0.046179 

3.3547 

1.2944 

2.2944 

1.6848 

2.4152 

1.1826 

2.0962 

0.93122 

0.65364 

1.1586 

0.29809 

0.59354 

1.0739 

1.4201 

1.4335 

0.70191 

1.2442 

0.70417 
0.49426 

0.41404 

0.69758 

0.48964 

0.86791 

0.77256 

0.84560 

1.5299 

1.4247 

2.0232 

2.0423 

1.7726 

0.43584 

0.47705 

0.86311 

0.80375 

1.1522 

0.56416 

0.41556 
0.39098 

-10 

9.88893 

10.24904 

8.17469 
8.82549 
8.57983 
8.53731 
8.43624 
8.73738 
8.98887 
8.74246 
8.30434 
8.41514 
8.66444 

10.52565 

10.11207 

10.36067 

10.22655 

10.38296 

10.07283 

10.32143 

9.96905 

9.81534 

10.06394 

9.47435 

9.77345 

10.03095 

10.15232 

10.15641 

9.84628 

10.09488 

9.84768 
9.69396 

9.61704 

9.84359 

9.68988 

9.93848 

9.88793 

9.92717 

10.18466 

10.15372 

10.30604 

10.31012 

10.24860 

9.63933 

9.67857 

9.93606 

9.90512 

10.06152 

9.75140 

9.61864 
9.59215 

Sulfur: 
BaS04. . . 

CdS 

FeS2 

H2S 

H2SO3... 
H2SO4... 

(NH4)2. 
SO4 

S 

SO2 

S03 

SO4 

Tantalum: 
Ta= 

180.88 
Ta 

TaCU.... 

Ta204 .  . . 
Ta206... 

Tellurium: 
Te= 

127.61 
H2Te04. . 
H2Te04. 

2H20. . 
Te 

Te02. . . . 
Te03.... 
(Te02)2. 

S03.... 
Thallium: 
Tl= 

204.39 
Tl 

FeS2 

0.25696 

0.14599 

0.35162 

0.42017 

0.13735 

0.27444 

0.34299 

0.41153 

0.23587 

0.22191 

3.8916 

2.4064 

6.8499 

4.2396 

2.3494 

2.8439 

2.3800 

1.3473 

0.81630 

0.74221 

0.60587 

2.5577 

7.2807 

4.5062 

3.6438 

2.9156 

0.42563 

1.6505 

2.4299 

1.9801 

1.2211 

0.50502 

0.61670 

1.0376 

0.81891 

1.6215 

0.96378 

0.65905 

0.55565 

1.5173 

1.7997 

1.2508 

1.3761 

1.5645 

0.79951 

0.72667 

0.63920 

1.1735 
1.1468 

-10 

9.40987 

Na2S04 

Na 

H2S 

9  16431 

(U02)3. 

ZnNa 
(C2H3 

02)9. 

H2S03 

H2SO4 

S 

9.54608 
9.62343 
9  13783 

SO2 

9  43845 

6H2O  . 

SO3 

9.53528 

NaBr . . 

S04 

9.61440 

NaCl 

H2S 

9  37267 

Na2C03 

NaF 

S 

9  34619 

BaS04 

As2S3 

10.59013 

NaHC03 

Nal 

10  38136 

BaS04 

CdS 

SO3 

10.83569 

NaNOs 

Na20 . . 

10.62733 
10  37096 

Strontium: 

Sr=  87.63 

NaOH 

Na2S04 

SrCOs 

SrO 

BaS04 

BaS04 

(NH4)2S04 

SOs 

10.45392 

10.37657 

10.12947 

9  91185 

C02 

S03 

H2SO4 

9  87053 

SrS04 

SO3 

9  78238 

Sr 

SrCOs 

AS2S3 

BaS04 

CdS 

10.40785 

Sr(N03)2 

SrO 

10.86217 
10  65381 

SrS04 

BaS04 

BaS04 

H2S 

10.56155 

SrCl2.... 

SrCOs 

SrO 

10.46472 
9  62904 

SrS04 

(NH4)2S04 

BaS04 

TaCls 

10.21762 

SrCOs... 

C02 

10.38560 

Sr 

SrCl2 

Sr(HC03)2 

Sr(N03)2 

SrO 

10  29669 

Ta2Os 

10.08677 

SrS04 

SrC03 

SrO 

Ta 

9.70331 

Sr 
(HC03)2 

Ta205 

Ta2Os 

9.79007 
10.01602 

Ta 

9.91323 

Sr 

Sr 

SrC03 

TaCU 

10.20993 

(N03)2.. 

Ta204 

Te 

9.98398 

SrO.. 

SrO 

SrS04 

SO3 

Sr 

9  81892 

Te 

SrCl2 

SrC03 

9.74480 

H2Te04 

H2Te04.2H20. . 
Te02 

10.18108 

Sr(HC03)2 

Sr(N03)2 

SrS04 

10.25520 
10.09718 

Te03 

10.13866 

SrS04. . . . 

S03 

(Te02)2S03.... 
Te 

10.19436 

Sr 

9.90282 

SrCl2 

Te 

9.86134 

SrC03 

Te 

Sr(N03)2 

SrO 

9.80564 

T1C1 

Sulfur: 
S=  32.06 
AS2S3 .... 

H2S 

10.06947 

S 

TI2CO3 

10.05949 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Weighed 


Sought 


Factor 


Loga- 
rithm 


Thallium: 
Tl 


T1C1 

T12C03.. 

Tl2Cr04. 
T1HS04. 
Til 


TINO3. . 
T120.... 

TUPtCle. 


Tkso*. . . 

Thorium: 
Th= 
232.12 

Th 

ThCU... 

Th(N03)4. 

6H2O. . 

Th02. . . . 


Tin: 
Sn= 

118.70 
Sn 


SnCl2. . . 

SnCl2. 
2H20. 

SnCU. . . 

Sna4. 
(NH4 
Cl)2.. 


SnO. 


Tl2Cr04. 
T1HS04. 

Til 

TINO3.. 
T120. . . . 
Tl2PtCl6. 
T12S04.. 

Tl 

Tl2PtCl6. 

Tl 

TlijPtCle. 

Tl 

Tl 

Tl 

Tl2PtCl6. 

Tl 

TbPtCle. 

Tl 

TlzPtCle. 

Tl 

T1C1.... 
T12C03.. 

Til 

TINO3.. 
T120. . . . 
T12S04.. 

Tl 

Tl^tCle. 


Th02. 
Th02. 


Th02.... 

Th 

ThCU. . . . 

Th(N03)4. 
6H20.. 


SnCl2 

SnCl2.2H20. 

SnCU 

SnCU. 
(NH4C1)2. 

SnO 

Sn02 

Sn 

Sn02 


Sn... 
SnOa. 
Sn... 
Sn02. 


Sn... 
SnOa. 
Sn... 


1.2838 


.4749 
6210 
.3034 


1.0391 

1.9980 

1.2350 

0.85217 

1.7027 

0.87199 

1.7423 

0.77894 

0.67800 

0.61691 

1.2326 

0.76724 

1.5330 

0.96233 

1.9228 

0.50049 

0.58732 

0.57397 

0.81129 

0.65234 

0.52008 

0.61811 

0.80972 

1.6178 


1.1379 
0.70630 

0.44899 
0.87884 
1.4158 

2.2272 


1.5974 
1.9010 
2.1948 

3.0962 

1.1348 

1.2696 

0.62601 

0.79477 

0.52604 
0.66786 
0.45561 
0.57844 


0.32297 
0.41004 
0.88122 


-10 

10.10850 

10.16877 

10.20977 

10.11507 

10.01667 

10.30060 

10.09166 

9.93053 

10.23113 

9.94051 

10.24111 

9.89150 

9.83123 

9.79023 

10.09083 

9.88493 

10.18553 

9.98333 

10.28393 

9.69940 

9.76887 

9.75889 

9.90917 

9.81447 

9.71607 

9.79106 

9.90834 

10.20894 


10.05609 
9.84899 

9.65224 

9.94391 

10.15101 

10.34776 


10.20342 
10.27898 
10.34140 

10.49083 

10.05492 

10.10366 

9.79658 

9.90024 

9.72102 
9.82468 
9.65860 
9.76226 


9.50917 
9.61283 
9.94508 


Tin: 

SnO 

Sn02.... 


Titanium: 
Ti= 
47.90 

Ti 

Ti02 

Tungsten: 
W= 

183.92 
W 


Sn02 

Sn 

SnCl2 

SnCl2.2H20. 

SnCU 

SnCU. 

(NH4C1)2. 
SnO 


Ti02. 
Ti... 


W02 .... 
W03 . . . . 
Uranium: 
U= 238.07 
U 


W02. 
W03. 
W... 
W... 


U02. 


U308 


U02. 

(N03)2. 
6H20. . 
(U02)2 
P207... 
U2P20n.. 

Vanadium: 
V=  50.95 

V 

V04 

V205... 


U02 

U308 

(U02)2P207. 
U2P20n.... 

U 

U308 

U2P20ll.... 

U 

U02 

U02(N03)2. 
6H20.... 


U308. 


U 

U 

U02... 


Ytterbium: 

Yb= 
173.04 

Yb 

Yb203... 
Yttrium: 

Y=  88.92 

Y 

Y203.... 
Zinc: 

Zn= 
65.38 

BaS04. . 


V206. 
V206. 
V.... 
VO4. 


Yb203. 
Yb... 


Y2Oa. 
Y... 


Zn 


1.1188 

0.78766 

1.2582 

1.4973 

1.7288 

2.4388 
0.89383 


1.6681 
0.59950 


1.1740 
1.2610 
0.85180 
0.79303 


1.1344 

1.1792 

1.4998 

1.4998 

0.88151 

1.0395 

1.3221 

0.84802 

0.96200 


ZnS 

ZnS04.7H20 . . . 
ZnNH4P04.... 


0.55903 

0.66677 
0.66677 
0.75639 


1.7851 
0.79121 
0.56020 
1.2639 


1.1387 
0.87820 


1.2699 
0.78746 


0.41744 
1.2319 

2.7287 


-10 
10.04875 
9.89634 
10.09976 
10.17532 
10.23774 

10.38717 
9.95125 


10.22221 
9.77779 


10.06966 

10.10071 

9.93034 

9.89929 


10.05477 

10.07159 

10.17602 

10.17602 

9.94523 

10.01682 

10.12125 

9.92841 

9.98318 

10.25256 


9.74744 


9.82398 
9.87875 


10.25166 
9.89829 
9.74834 

10.10171 


10.05641 
9.94359 


10.10377 
9.89623 


9.62060 
10.09058 
10.43595 
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GRAVIMETRIC  FACTORS  AND  THEIR 
LOGARITHMS— (Continued) 


Weighed 

Sought 

Factor 

Loga- 
rithm 

Weighed 

Sought 

Factor 

Loga- 
rithm 

Zinc: 
Zn 

ZnO 

1.2447 

2.3304 

1.4904 

0.59709 

0.64902 

0.36648 

0.45615 

0.80339 

1.6748 

1.5408 

2.1922 

1.8722 

1.1973 

3.5335 

-10 

10.09507 

10.36743 

10.17329 

9.77604 

9.81225 

9.56405 
9.65912 
9.90493 
10.22396 
10.18775 
10.34088 
10.27235 
10.07822 
10.54820 

Zinc: 
Zn2P207.. 

ZnS 

ZnS04. 
7H20. . 

Zirconium: 
Zr= 
91.22 

Zr 

Zr02 

Zn 

0.42912 

0.53413 

2.3955 

0.67098 

0.83518 

2.9511 

0.81174 
0.28301 
0.33886 

1.3508 
0.74030 

-10 
9.63257 

Zn2P207 

ZnS 

ZnO 

BaS04 

Zn 

ZnO 

ZnS04.7H20... 

BaS04 

ZnO 

9.72765 
10.37940 

ZnCl2.  .. 

ZnO 

9  82671 

ZnC03  . . 

ZnO 

9  92178 

ZnNH4. 
P04... 

Zn 

10.46998 

ZnO 

ZnO 

Zn 

9.90942 
9  45180 

ZnCl2 

ZnS 

Zr02 

9.53002 

ZnCOs 

ZnNH4P04.... 

Zn2P207 

ZnS 

10  13059 

ZnS04.7H20... 

Zr 

9.86941 
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HEAT  OF  FORMATION  AND  SOLUTION 

The  following  table  gives  the  heat  of  formation  of  compounds 
from  the  elements  in  their  standard  states  (18°  C,  1  atm.)  and 
the  heat  of  solution  in  water  in  kilogram  calories  (mean)  per 
gram-formula  weight.  To  convert  to  B.T.U.  multiply  by 
3.9685.     To  convert  to  kilojoules  multiply  by  4.186. 

Values  given  are  for  18°  C  and  1  atm.  unless  otherwise 
indicated.  The  heat  of  solution  is  given  in  most  cases  for  a 
definite  number  of  water  molecules  to  one  of  the  substance. 
Where  this  is  not  stated  the  dilution  is  understood  to  be  such 
that  additional  dilution  produces  a  negligible  thermal  effect. 

The  symbol  °o  indicates  that  the  substance  is  formed  in  an 
11  infinite  "  amount  of  water. 


Name 


Formula 


Heat  of 

Physical 

forma- 

Water 

state 

tion. 
Kilo-cal. 

mols 

Heat  of 
solution. 
Kilo-cal. 


Acetic  acid 


HC2H3O2. 


Acetylene. 
Aluminum 

bromide... 


C2H2 


carbide, 
chloride. 


fluoride. 


hydroxid( 
iodide... 


nitride 

oxide    (corundum) 

oxide  (powder) 

silicate 

sulfate 


sulfide. 


AlBr3. 

AI4C3. 
AICI3. 


AICI3.6H2O. 

AIF3 

A1F3.5H20. 

A1(0H)3.... 
Alls 


A1N 

A1203 

AI2O3 

Al2Si2a.. 

A12(S04)3. 


A12(S04)3.18H20. 
A12S3 


Alum,  see  under  appropriate  metal 


Ammonia . 


Ammonium 

acetate 

bromide 


carbonate 

carbonate,  acid . 
chloride 


chloroplatinite. 
chromate 


cyanate 

cyanide 

dichromate. 


NH3. 


NH4C2H302. 

NH4Br 

NHs  +  HBr. 
(NH4)2C03.. 
NH4HC03. . 
NH4C1 


(NH4)2Pt014 

(NH4)2Cr04. 


NH4CNO... 

NH4CN 

(NH4)2Cr207. 


solid70 
liquid 
200 


solid 

dil.  sol. 

solid 

solid 

600 

solid 

solid 

solid 

ppt. 

solid 

dil.  sol. 

solid 

solid 

amorph. 

solid 

solid 

dil.  sol. 

solid 

solid 

liquid 

gas 

200 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

OO 

solid 

solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

600 


120.2 

117.71 

118.07 

-  54.337 

+126.6 
211.9 
81.48 
166.8 
244.68 
641.82 
329.03 
375.39 
304.66 
71.21 
160.3 
131.4 
399.05 
389.49 
767.5 
714.46 
883.88 
2106.6 
126.4 

15.84 
10.94 
19.43 

150.25 
64.708 
45.5 
223.4 
203.1 
75.080 
71.279 
194.0 
274.31 
267.62 
68.9 
0.956 
420.07 
407.41 

150 

-2.157° 

3000 

+85.39° 

+77.90 

450 

+  13.116° 

2200 

+88.899° 

+8.1 
+75.03 

200 

200 
200 

+8.45918° 
+0.25024° 

1200 
200 

-6.6915° 
-3.895i8° 

700 

-8.411 
-5.7318° 

400 
550 

-4.349 
-12.916° 

1496 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Ammonium 

ferrocyanide 

fluoride 

(NH4)4Fe(CN)6.3H20.... 
NH4F 

solid 

solid 

dil.  sol. 

solid 

200 

solid 

200 

solid 

solid 

400 

solid 

solid 

400 

solid 

solid 

dil.  sol. 

dil.  sol. 

dil.  sol. 

solid 

400 

solid 

800 

solid 

dil.  sol. 

200 

solid 

dil.  soL 

solid 

dil.  sol. 

dil.  sol. 

solid 

dil.  sol. 

dil.  sol. 

solid 

liquid 

solid 

liquid 

solid 

liquid 

gas 

solid 

dil.  sol. 

gas 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

dil.  sol. 

solid 

liquid 

solid 

liquid 

216.0 
111.71 
110.20 
619.36 
87.814 
48.555 
44.994 
87.93 
62.15 
57.491 
267.15 
339.07 
226.69 
78.304 
382.80 
339.07 
397.61 
38.95 
277.66 
275.29 
240.43 
240.98 
38.95 
35.675 
55.245 
64.76 
56.15 
210.20 
208.70 
179.2 
19.4 
216.56 

166.8 

61.41 

58.28 

91.398 

88.292 

107.31 

104.88 
93.812 

216.5 

214.8 
-34.815 
+44.21 

165.4 

211.2 

230.8 

227.96 
89.200 
35.84 

214.98 

214.6 
46.36 
43.49 
72.40 
71.390 

-6.6914° 
—  1  51 

(NH4)2SiF6 

fluosilicate 

1200 

—8  367° 

hydroxide 

NH4OH 

iodide 

NHJ 

200 

—3  56018° 

NH4NO3 

nitrate 

200 
400 

—6  33218° 

nitrite 

NH4NO2 

—4  75512° 

(NH4)2C204 

oxalate 

-7  89 

(NH4)2C204.H20 

-11  5 

oxalate,  acid 

NH4HC204 

perchlorate . . . 

NH4CIO4 

220 
1000 

— 6.35620° 

persulfate  . 

(NH4)2S208 

— 9.0818° 

phosphate,     mono- 

NH4H2PO4  

(NH4)3P04 

phosphate,    ortho- 

selenide 

(NH4)2Se 

sulfate 

(NH4)2S04 

400 

— 2.3918° 

NH4IISO4 

sulfate,  acid 

200 

— 0.02418° 

NH4HS 

sulf  hydrate 

-3.3 

(NHO2S 

sulfide 

sulfide,  penta- 

(NH4)2S6 

sulfite 

(NH4)2S03 

1000 
440 

— 8.613° 
-1.5318° 

NH4HSO3 

sulfite,  acid 

sulfocyanate 

NH4CNS 

-5.6631*° 

Antimonic  acid, 

H3Sb04 

ortho- 
Antimonous  acid. 

H3Sb03 

Antimony 

bromide 

SbBr3 

SbCl3 

SbCU 

chloride,  tri- 

chloride, penta-. . . 

SbF3 

fluoride  . 

200 

-1.67 

SbH3; 

Sbl3 

hydride  (stibine) . . 
iodide      

oxide,  tri-  . . 

Sb203 

oxide,  tetra 

Sb204 

oxide,  penta-. 

Sb2Os 

SbOCl 

oxychloride  (ous) 

sulfide  (black) 

Arsenic 
acid,  ortho- 

H3As04 

300 

-0.40618- 

AsBr3 

bromide  (ous) 

AsCl3            

chloride  (ous) 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Arsenic 

hydride  (arsine) . . . 

AsH3 

gas 

solid"100 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

gas 

solid 

dil.  sol. 

solid 

ppt. 

solid 

400 

solid 

ppt. 

solid 

solid 

solid 

2000 

solid 

ppt. 

solid 

dil.  sol. 

dil.  sol. 

solid 

ppt. 

solid 

solid 

solid 

400 

solid 

dil.  sol. 

dil.  sol. 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

1600 

solid 

solid 

solid 

ppt. 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

-  43.49 

+366.79 

14.3 

147.9 

148.6 

217.90 

223.9 

267.86 

19.1 

176.8 

358.4 

817.69 

180.4 

185.4 

326.4 

290.85 

174.0 

246.8 

205.33 

207.55 

349.08 

334.05 

57.11 

59.02 
135.0 
556.51 
287.70 
677.42 

40.86 
225.86 
237.49 
799.05 
174.4 
180.9 
414.10 
482.20 
245.16 
236.6 
316.37 
144.8 
155.08 
238.28 
228.44 

90.80 
185.7 
256.87 
397.37 
133.1 
151.7 
210.3 
735.9 
424.6 
991.64 
284.83 

88.17 

AsH3.6H20 

iodide  (ous)  . 

ASI3 

oxide,  tri- 

AS203 

AS205 

As4Oe 

AS2S2 

oxide,  penta- 

+5.998 

oxide . . . 

sulfide,  di- 

Arsenious  acid, 

H3As03 

Ba(C2H302)2 

ortho- 
Auric,  see  gold 
Barium 

acetate 

600 

+5.26110 

arsenate 

Ba3(As04)2 

BaBr2 

BaBr2.2H20 

BaCOs 

Ba(C103)2 

Ba(C103)2.H20 

BaCl2 

BaCl2.2H20 

BaO04 

Ba(CN)2 

Ba2Fe(CN)6 

Ba2Fe(CN)fi.6H20 

BaF2 

BaSiFe 

BaR2 

Ba(OH)2 

Ba(OH)2.8H20 

Ba(BrO)2 

Ba(C10)2 

Ba(H2P02)2 

Ba(H2P02)2.H20 

Ba(I03)2 

Ba(I03)2.H20 

Bal2 

Ba(N03)2 

Ba3N2 

Ba(N02)2 

Ba(N02)2.H20 

BaC204.H20 

BaO 

Ba02      

bromide 

400 

+4.971»0 

carbonate 

400 

-4.1821s° 

chlorate 

600 
600 
400 

-6.6910° 

chloride 

-ll^1*0 

+2.08*3° 

chromate .   . 

400 

-4.9221*0 

cyanide 

+1.7689° 

f errocyanide . 

fluoride 

-11.514° 

fluosilicate 

hydride 

hydroxide 

660 

+11.40l5° 

hypobromite 

660 

-14.5^° 

hypochlorite 

hypophosphite . 

iodate 

400 

+0.287is° 

iodide 

+10.3018° 

nitrate 

400 

-9. 462*8° 

nitride 

nitrite 

800 
800 

-5  687 12° 

oxalate 

-8.6012° 

oxide 

600 

+35.8416° 

oxide,  di- 

perchlorate 

Ba(C104)2 

800 

-1.6710° 

phosphate,  mono-. 

BaH4(P04)2 

BaHP04 

phosphate,  di- 

phosphate,  tri-. . . . 

Ba3(P04)2 

platinochloride  . . . 

BaPtCle    . 

5000 

+9  0819° 

selenide 

BaSe 
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HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Barium 

silicate  .... 

BaSiOs 

fused 
ppt. 
dil.  sol. 
dil.  sol. 
solid 
dil.  sol. 
ppt. 

solid 
solid 
dil.  sol. 
ppt. 
sol. 

dil.  sol. 
solid 
solid 

solid 
dil.  sol. 
solid 
solid 
solid 
dil.  sol. 

liquid 

liquid 

gas 

gas 

solid 

200 

gas 

solid 

gas 

liquid 

dil.  sol. 

solid 

400 

ppt. 

solid 

400 

solid 

solid 

1200 

ppt. 

solid 

400 

400 

solid 

solid 

solid 

ppt. 

solid 

400 

solid 

solid 

solid 
dil.  sol. 

356.04 

345.28 

339.31 

136.2 

111.1 

118.5 

279.57 

112.5 
188.1 
240.84 
206.7 
67.38 
184.7 
276.47 
567.51 

90.61 
171.1 
135.5 

87.69 
251.61 
246.12 

42.77 
93.67 
89.13 
256.87 
279.81 
12.7 

-  26.691 
+    2.581 

-  7.646 
0.700 

25.57 

75.79 
76.23 

178.7 
92.999 
96.08 

269.99 

-  36.80 
172.50 
133.57 

48.387 
47.431 
117.06 
395.63 
65.23 
16.7 
22. 

217.92 

228.61 

33.93 

15.8 

97.468 
90.80 

sulfate              .... 

BaS04 

Ba(SH)2 

sulf  hydrate 

sulfide 

BaS 

BaSOa 

BeCla.... 

sulfite 

Beryllium 

chloride 

BeCl2.4H20 

BeF2 

fluoride 

hydroxide 

Be(OH)2 

Bel2... 

iodide 

nitrate. . . . 

Be(N03)2 

sulfate.  . . 

BeS04.. 

BeS04.4H20 

+  1.10 

Bismuth 

chloride 

BiCl3 

Bi(OH)3 

hydroxide 

oxide 

Bi203 

oxychloride 

BiOCl 

Boric  acid 

H3B03 

400 

-5.40118° 

BBr3 

BC13 

BF3 

Boron 

bromide 

400 

+83.63 

chloride 

fluoride 

+24  37 

oxide 

B203 

Bromic  acid 

HBr03 

Br 

Br2 

Bromine  (atomic). 

Bromine 

BrCl 

chloride 

Bromous  acid. . . . 

HBrO 

Cadmium 
bromide 

CdBr2 

400 

+0.4318° 

CdC03 

carbonate 

chloride 

CdCl2 

400 

+3  10618° 

CdCJ2.2£H20 

400 

-2.93918° 

cyanide 

Cd(CN)2 

fluoride 

CdF2 

Cd(OH)2 

hydroxide       (ord. 

ppt.) 
iodide 

Cdl2 

Cd(N03)2 

nitrate 

400 

-0.95619° 

Cd(N03)2.4H20 

400 

-5.04219° 

oxide 

CdO 

selenide 

CdSe 

CdS04 

sulfate 

400 

+10.6818° 

CdS 

sulfide 

telluride 

CdTe 

Caesium 

bromide 

CsBr 

110 

-6.73825° 

L499 


HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution, 
Kilo-cal. 

Caesium 

CS2CO3 

solid 
dil.  sol. 
solid 
dil.  sol- 
solid 
400 
solid 
400 
solid 
400 
solid 
dil.  sol. 
solid 
400 
solid 
solid 
solid 
440 
solid 
220 
solid 
dil.  sol. 

solid 

dil.  sol. 

solid 

fused 

fused 

fused 

solid 

ppt. 

solid 

dil.  sol. 

solid 

solid 

colloid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

ppt. 

solid 

solid 

solid 

dil.  sol. 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

400 

solid 

solid 

solid 

ppt, 

solid 

solid 

solid 

273.14 

285.21 

231.3 

227.0 

106.48 

101.77 

131.97 

140.38 

100.26 

116.82 

83.752 

75.75 
121.79 
112.19 

82.20 
137.64 
340.98 
335.96 
275.27 
271.69 

87.46 
114.70 

357.95 
364.88 
427.48 
549.59 
692 . 96 
836.33 
1486.3 
793.31 
162.2 
186.9 
598.09 

14.6 
287.93 
190.7 
265.23 
623.44 

85.07 

60.45 
963.21 
286.26 
326.88 

45.88 
236.1 
238.76 
181.60 
128.6 
156.3 
701.56 
225.3 
229.15 
509.92 
109.0 
405.50 
333.3 
151.71 
155.8 
718.52 

220 

+  11.8315° 

CsHC03 

CsCl 

CsF 

CsOH 

Csl 

carbonate,  acid 

220 

-4.3015° 

chloride 

220 

-4.588,'9° 

fluoride 

110 

+8.36315° 

hydroxide 

110 

+16.4i»° 

110 

-8.24l5° 

CsN03 

CsaO 

nitrate 

400 

-9.6062O° 

oxide,  mono- 

600 

+83 .  15l8° 

oxide,  tetra-.  . . 

Cs-04 

sulfate. 

Cs>S04  . 

220 

-4.9715° 

CsHS04  . 

sulfate,  acid 

220 

-3.728l5° 

Cs2S 

sulfide 

+27.24 

Ca(C2H302)2 

Calcium 

acetate. 

440 

+6.93lt5° 

Ca(C2H302)2.H20 

CaO.Al203     . 

aluminate,   mono- 

600 

+5.8517° 

aluminate,  di- 

2CaO.Al203     . 

aluminate,  tri-. . 

3CaO.Al203 

aluminum  silicate 

3CaO.A!203.2Si02 

Ca3(As04)2 

arsenate 

bromide 

CaBr2 

+24.37 

CaBr2.6H>0 

400 

- 1 .  1020° 

carbide 

CaC2 

carbonate 

CaCOs.... 

chloride 

CaCl2 

400 
300 
400 

+  17.99'*° 

CaCl2.H20 

+  11.7118° 

CaCl2.6H20 

-4  56418° 

cyanamide 

CaCN2 

cyanide 

Ca(CN)2 

Ca2Fe(CN)6.12H20 

CaF2 

ferrocyanide 

fluoride 

-4.54W0 

formate 

Ca(CH02)2.... 

360 

+0.66916° 

hydride 

CaH2 

hydroxide 

Ca(OH)2 

Ca(C10)2 

hypochlorite 

iodide 

Cal2 

400 

+27  69l8° 

CaI2.8H20 

"400 

+  1.7420° 

nitrate 

Ca(N03)2... 

+3.943W0 

Ca(N03)2.4H20 

400 

—7  2419° 

nitride 

Ca3N2 

nitrite 

Ca(N02)2.4H20 

oxalate 

CaC204    . 

oxide 

CaO... 

peroxide 

Ca02 

Ca02.8H20 

1500 


HEAT  OF 

'  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Calcium 

phosphate,  mono-. 

CaH4(P04)2 

ppt. 

solid 

ppt. 

solid 

fused 

solid 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

00 

liquid 

gas 

gas 

sat. 

liquid 

gas 

gas 

gas 

gas 

liquid 

gas 

liquid 

dil.  sol. 

dil.  sol. 

600 

solid 

dil.  sol. 

400 

gas 

gas 

liquid 

gas 

200 

dil.  sol. 

dil.  sol. 
dil.  sol. 

solid 
solid 
solid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

ppt. 

solid 

amorph. 

solid 

743.13 
982.1 
432.50 
88.41 
375.15 
224.6 
335.72 
477.80 
137.4 
113.50 
119.71 
270.49 

6.0 

-  1.150 
+  94.385 

99.140 

-  22.0 

-  28.67 
+  28.428 

22.0 
52.09 
57.993 
25.400 
33 . 190 
167.53 
164.9 
283.39 
234.9 
792.84 
19.1 

-  28.746 

-  18.26 

-  30.11 

-  23.49 
+  29.773 

206.69 

146.5 
135.0 

544.57 
542.42 
139.55 

580.41 
577.30 
854.01 
435.37 
99.64 
118.3 
389.73 
245.88 
267.39 
266.19 
136.0 

phosphate,  tri- .... 

Ca3(P04)2 

phosphate,  acid. .  . 

CaHP04 

selenide 

CaSe 

silicate 

CaSiOa 

silicide 

CaSi2 

sulfate  (anhydrite) 

CaS04... 

+5.26 

CaS04.2H20 

-0.24 

sulf  hydrate 

Ca(SH)2 

sulfide 

CaS 

CaS203 

thiosulfate 

Carbon 

dichloride 

C2C14 

C02 

dioxide 

disulfide 

CS2 

+4.755 

CO 

monoxide 

oxybromide 

COBr2 

oxychloride 

COCl2 

CC14 

tetrachloride 

H2C03 

Carbonic  acid. . . . 

Cerium 

Ce 

chloride  (ous) 

CeCls.. 

oxide  (ic) 

Ce02. 

sulfate  (ous) 

Ce2(S04)3 

Chloric  acid 

HC103 

Chlorine  (atomic).. 

CI 

oxide,  mono- 

CbO 

800 

+9.4391*0 

oxide,  di- 

CIO2 

HCIO 

Chlorous        acid, 

hypo- 
Chromic  acid. . 

H2Cr04 

Chromium 

bromide  (ic)  (blue) 

CrBr3 

bromide  (ic) 

[CrBr2]Br 

(Cr.4H2O.Br2)Br.2H20... 
(Cr.6H20)Br3 

(green) 
bromide  (ic) 

250 
150 

+0.669 
-14.34 

chloride  (ic)  (rose) 

CrCl3 

+30.59 

(forms  green  sol- 
ution) 
chloride  (ic)  (green) 
chloride  (ic)  (gray) 

(CrCl2.4H20)C1.2H20.... 
(Cr.6H20)Cl3 

-0.048 
+12.02 

chloride  (ic) 

chloride  (ic) 

(Cr.4H2O.Cl)Cl2.6H20. . . 
(Cr.4H2O.Cl)Cl2 

0 

+8.36 

chloride  (ous) 

CrCl2 

+18.6 

CrCl2.4H20 

+1.9 

hydroxide  (ic) 

oxide  (ic) 

Cr(OH)3 

Cr203  

Cr03 

oxide,  tri- 

80 

+2.4611*0 

1501 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal 

Chromium 

sulfate  (ic)  (violet) 
sulfate  (ic)  (green) 
sulfate  (ic)  (violet) 

sulfate  (ic) 

sulfate  (ic)  (green) 
Cobalt 
bromide  (ous) 

Cr2(S04)3 

dil.  sol. 
dil.  sol. 
solid 
solid 
solid 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

ppt. 

ppt. 

dil.  sol. 

solid 

solid 

solid 

amorph. 

solid 

solid 

ppt. 

800 

solid 

PPt. 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

400 

solid 

solid 

ppt. 

400 

solid 

800 

solid 

solid 

solid 

400 

solid 

dil.  sol. 

solid 

ppt. 

solid 

dil.  sol. 

solid 

solid 

200 

solid 

solid 

solid 

solid 

solid 

753.89 
730.95 
1701.1 
1771.1 
1127.4 

54.96 

73.36 

485.07 

76.942 

172.81 

219.36 

128.32 

42.77 

104.2 

531.19 

57.49 

50.18 

192.6 

13.4 

11.5 

225.09 

707.29 

19.8 

11.5 

214.6 
217.0 
285.07 
197.6 
332.86 
295.10 
32.02 
40.14 
315.18 
24.61 
141.5 
22.2 
51.422 
62.605 
195.03 
32.50 
-  27.96 
+139.8 
179.5 
179.9 
461.17 
104.97 

3.10 

9.08 

15.8 

72.40 

82.796 

290.56 

503.80 

34.89 

39.90 

160.57 

Cr2(S04)3 

(Cr.6H20)2(S04)3.2H20.  . 
(Cr.6H20)2(S04)3.3H20.. 
Cr2(S04)3.6H20 

CoBr2 

+10.11 

+8.29 
+13.4 

+18.4 

CoBr2.6H20 

""400 

-1.29 

chloride  (ous) 

CoCl2 

+18.4517° 

fluoride  (ous) 

hydroxide  (ic) 

hydroxide  (ous) .  . . 

iodide  (ous) 

nitrate 

CoF2 

Co(OH)3 

Co(OH)2 

CoI2. 

Co(N03)2 

300 
400 

+11.9518° 

Co(N03)2.6H20 

-4.9718° 

oxide  (ous) 

CoO    . 

C03O4  .. 

oxide  (ous)  (ic) 

selenide 

CoSe 

C0SO4 

sulfate 

CoS04.7H20 

800 

-3.560190 

sulfide 

CoS    . 

telluride 

CoTe... 

Copper 
acetate  (ic) 

Cu(C2H302)2 

320 

+2.3916° 

Cu(C2H302)2.H20 

CuCl2.2NH4Cl 

am.  chloride  (ic) . . . 

400 
550 

+0.16718° 
+4.7815° 

am.  sulfate  (ic)  . . . 

CuCl2.2NH4C1.2H20 

CuS04.4NH3 

-6.21 

bromide  (ic) . . 

CuBr2 

400 

+8.24420° 

CuBr2.4H20 

-1.43 

bromide  (ous) 

CuBr 

carbonate 

CuC03 

chlorate  (ic) 

Cu(C103)2 

chloride  (ic) 

CuCl2 

600 

+  11.1118° 

CuCl2.2H20 

200 

+3.70418° 

chloride  (ous) 

CuCl 

cyanide  (ous) 

CuCN 

fluoride  (ic) 

CuF2 

formate  (ic) 

Cu(CH02)2 

600 

+0.52615° 

Cu(CH02)2.4H20 

Cu(OH)2 

hydroxide    (ic^ 

500 

-7.8910° 

(green) 
iodide  (ic) 

Cul2 

Cul 

iodide  (ous) 

nitrate 

Cu(N03)2... 

280 

+10.478° 

Cu(N03)2.3H20 

"466 

-2.39 

Cu(N03)2.6H20... 

- 10 .  7018° 

oxide  (ic) 

CuO 

oxide  (ous) 

Cu20 

oxychloride 

CuCl2.3CuO 

1502 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 


Name 


Formula 


Heat  of 

Physical 

forma- 

Water 

state 

tion. 
Kilo-cal. 

mols 

Heat  of 
solution. 
Kilo-cal. 


Copper 
selenate= 

selenide  (ic) 

selenide  (ous) 

sulfate  (ic) 

sulfate  (ous) 

sulfide  (ic) 

sulfide  (ous) 

telluride 

Cyanic  acid 

Cyanogen 

chloride 

Iodide 

Dysprosium 

sulfate 

Erbium  acetate. . 

Ethane 

Ethyl  alcohol 

Ethylene 

Ferric  and  Ferrous 

salts,  see  under  Iron 

Fluosilicic  acid . . . 

Gold 

bromide  (ic) 

bromide  (ous) 

chloride  (ic) 

chloride  (ous) 

iodide  (ous) 

Hydrazine 

sulfate 

Hydrazoicacid. . . 
Hydrobromic  acid 


Hydrochloric  acid 
Hydrocyanic  acid 

Hydrof  erri- 
cyanide  acid 

Hydroferro- 
cyanic  acid .... 

Hydrofluoric  acid 

Hydriiodic  acid. . 

Hydrogen  (atomic) 
oxide  (water) 


CuSe04 

CuSe04.5H20. 

CuSe 

Cu2Se 

CuS04 


CuS04.5H20. 

CU2S04 

CuS 

Cu2S 

Cu2Te 

HCNO 

C2N2 


CNCl. 


CNI. 


Dy2(S04)3  +  8H20. .  . 
Er(C2H302)3  +  4H20. 

C2H6 

C2H6OH 


C2H4 


H2SiF6 

H2SiF6.4H20. 

AuBr3 

AuBr 

AuCl3 

AuCl 

Aul 

N2H4 

N2H4.H2S04. 


HN3. 
HBr. 


HBr.2H20. 
HC1 


HCN 

H3Fe(CN)6. 

H4Fe(CN)e. 
HF 


HI. 


H... 
H20. 


400 

solid 

ppt. 

solid 

solid 

800 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

liquid 

gas 

liquid 

gas 

solid 

dil.  sol. 


liquid 


200 
liquid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

dil.  sol. 

gas 

00 

solid-150 


gas 

dil.  sol. 
dil.  sol. 


solid 
dil.  sol. 
liquid 
600 


liquid 
gas 


128.6 
473.1 

4.78 

7.41 

178.7 

194.65 

539.33 

173.5 

11.61 

18.97 

4.06 

36.56 

-  65.47 

-  70.73 

-  28.20 

-  36.56 

-  42.29 

-  44.92 


23.4 
65.902 
55.795 
-     9.56 


545.04 
789.25 

13.38 

4.54 

27.00 

10.27 

0.96 

-  3.250 
+224.37 

215.77 

-  54.48 
+    8.650 

28.602 
164.40 
22.03 
39.558 

-  30.108 

-  23.90 
-148.1 


-122.8 

—  122.3 

+  94.86 
75.699 
63.991 

-  5.926 
13.333 

-  50.42 
+68.387 
57.826 


+ 


800 


800 


100 

1200 
1500 


2000 


900 


1200 


200 


200 


200 


200 


-2.652 


+15.8918° 
-2!796i8°' 


-2.7720° 

+6.3 
+0.7 


+7.9 
-3.75218° 


+4.44418° 


-8.5311°° 


+19.8818° 


+17.4418° 


+5.97 
+0.4061°° 


+4.54 
+i9]24i8°' 


1503 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Hydrogen 
peroxide 

H2O2 

H2Se 

liquid 

gas 

200 

dil.  sol 

gas; 

liquid 

gas 

dil.  sol. 

gas 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

gas 

gas 

liquid 

solid 

liquid 

solid 

solid 

solid 
solid 
solid 

1800 
1000 
solid 

solid 

1000 

dil.  sol. 

solid 

ppt. 

600 

solid 

solid 

solid 

solid 

solid 

solid 

ppt. 

150 

1200 

ppt. 

ppt. 

1000 

dil.  sol. 

800 

solid 

44.516 
32.903 
44.970 

-  13.4 

-  15.8 
+    9.56 

5.26 
9.869 

-  33.93 
+166.1 

27.60 

97.25 
112.8 
44.68 
86.74 
128.6 
145.28 
32.50 
66.91 
23.90 
56.392 

-  25.470 

-  15.1 
+    2.63 

6.69 
4.54 
16.7 
42.055 

20.5 
60.45 
5.02 

357.23 
458.55 
1295.8 

927.36 

95.10 
77.90 
185.2 
179.2 
67.38 
96.30 
277.90 
532.62 
81.864 
227.7 
370.37 
-319.00 
+242.53 
177.1 
197.37 
135.87 
49.46 
47.55 
158.4 
782.80 

200 

+0.454150 

selenide 

+2.39180 

H2S 

sulfide 

H2Te 

telluride 

+4.564 

Hydro  sulf  urous 

H2S2O4 

acid 
Hydroxylamine .  . 

NH2OH 

Indium 

bromide 

InBr3 

InCl 

chloride,  mono- .... 

chloride,  di- 

InCl2 

chloride,  tri- 

InCl3 

Inl3 

iodide 

In203 

oxide,  sesqui- 

Iodic  acid 

HIOs 

-2.15 

Iodine  (atomic) . . 

I.. 

Iodine 

I2 

bromide,  mono-.  . . 

IBr 

chloride,  mono-.  . . 

Id... 

ICb 

chloride,  tri- 

oxide,  penta- 

I2O5 

1500 

-1.7918° 

Iridium 

chloride,  di- 

IrCl2 

chloride,  tri- 

IrCla 

oxide,  di- 

Ir02 

Iron 

acetate  

Fe(C2H302)3 

ammonium  sulfate 

Fe2(S04)3.(NH4)2S04 

FeNH4(S04)2.12H20 

FeS04.(NH4)2S04.6H20. . 

FeBr3 

ammonium  sulfate 

(ic)   . 
ammonium  sulfate 

(ous) 
bromide  (ic) 

bromide  (ous) 

FeBr2  . 

carbonate  (ous) . . . 

FeC03  .. 

Fe(C103)3 

chlorate  (ic) 

chloride  (ic) 

FeCl3 

i2oo 

1200 
400 
300 
400 

+31.78 

FeCl3.2£H20 

+21.018° 

FeCl3.6H20 

+5.7321° 

chloride  (ous) 

FeCl2            

+17.9018° 

FeCl2.2H20 

+8.6200 

FeCl2.4H20 

+2.748l8° 

ferrocyanide  (ic) . . . 

Fe4[Fe(CN6]3 

fluoride  (ic) 

FeF3     

fluoride  (ous) 

FeF2 

hydroxide  (ic) 

Fe(OH)3 

hydroxide  (ous) .  . . 

Fe(Orl)2 

iodide  (ic) 

Fel3 

iodide  (ous) 

Fel2 

Fe(N03)3 

nitrate  (ic) 

Fe(N03)3.9H20.. 

150 

-9.08 

1 504. 


HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 


Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Iron 

nitrate  (ous) 

Fe(N03)2 

dil.  sol. 
solid 

solid 
solid 

solid 

solid 

ppt. 

solid 

1200 

solid 

400 

solid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

solia 

ppt. 

solid 

solid 

400 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

ppt. 

solid 

3pt. 

solid 

solid 

120.2 
190.7 

64.04 
265.95 

266.91 

19.1 

14.3 

264.52 

641.77 

217.23 

231.95 

715.11 

23.06 

35.60 

7.65 

266.67 
456.87 
987.10 
1530.0 
162.0 
317.33 

234.00 
446.12 
66.261 
56.225 
168.9 
85.664 
79.116 
218.2 
159.40 
137  6 
41.840 
108.292 
100.67 
-100.60 
+206.2 
52.473 
62.60 
51.255 
174.19 
119.7 
171.3 
142.65 
195.9 
247.79 
3.6 
231.8 
12.4 
23.7 
214.6 
22.2 
-  28.67 
-h    5.5 

oxide    (ic)     (ordi- 

Fe203  

nary) 
oxide  (ous) 

FeO 

oxide     (ous)     (ic) 

Fe304 

(fused) 
oxide     (ous)     (ic) 

Fe304 

(magnetite) 
selenide  (ous) 

FeSe 

FeSi03 

silicate 

sulfate  (ic) 

Fe2(S04)3 

sulfate  (ous) 

FeS04 

110 

+14  90114° 

FeS04.7H20 

200 

-4  3214° 

sulfide  (ous) 

FeS 

FeS2 

sulfide,  di-  (pyrite) 

telluride  (ous) 

FeTe 

Lanthanum 

chloride 

LaCl3 

1200 

+31.3016° 

oxide 

La203 

sulfate 

La2(S04)3 

La2(S04)3.8H20 

2400 

+4.068° 

sulfide,  di- 

LaS2 

sulfide 

La2S3 

Lead 

acetate 

Pb(C2H302)2 

220 
100 

+1.41"° 

bromide 

Pb(C2H302)2.3H20 

PbBr2 

-5.50"° 

carbonate 

PbC03 

2500 

-10.04'8o 

chloride 

PbCl2. . 

chromate 

PbCr04 

PbF2 

-6.55 

fluoride 

hydroxide  . . 

Pb(OH)2. .  . . 

iodide 

Pbl2 

nitrate 

Pb(N03)2 

400 

-7.59918° 

PbNe 

nitride 

oxalate . . 

PbC204 

>  oxide,  mono- 

PbO 

oxide,  di- 

Pb02  

Pb20 

oxide,  sub- 

oxide, (red) 

Pb304 

oxybromide  . 

PbBr2.PbO 

PbBr22PbO. . 

oxychloride  . 

PbCl2.PbO 

PbCl2.2PbO 

PbCl2.3PbO 

oxviodide 

PbI2  +  PbO. 

phosphite . . . 

PbHPOs.   . 

selenide 

PbSe 

PbS04 

sulfate    . 

sulfide 

PbS 

Pb(CNS)2 i 

PbTe i 

sulfocyanate 

telluride 

1505 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 


Name 


Formula 


Heat  of 

Physical 

forma- 

Water 

state 

tion. 
Kilo-cal. 

mols 

Heat  of 

solution. 
Kilo-cal. 


Lead 

thiosulfate 

Lithium 
bromide 

carbide 

carbonate 

carbonate,  acid .... 
chloride 

cyanide 

fluoride 

fluosilicate 

hydride 

hydroxide 

iodide 

nitrate 

nitride 

oxide 

selenide 

silicate 

sulfate 

sulf  hydrate 

sulfide 

Magnesium 

ammonium  arse- 
nate 

ammonium  phos- 
phate 

ammonium  sulfate 

ammonium  sulfite 

arsenate 

arsenate,  acid 

bromide 

carbonate 

chloride 

cyanamide 

cyanide 

dithionate 

fluoride 

hydroxide  (brucite) 

hydroxide 

iodide 

nitrate 

nitride 

oxide  (bomb) 


PbS2Oa 
LiBr. . 


Li2C2 . . . 
Li2C03.. 
Li2C03.. 
LiHCOs. 
LiCl.... 


LiCN. 
LiF. . 


Li2SiF6 


LiH.. 
LiOH. 


Lil. 


LiN03. 


LiN03.3H20. 

Li3N 

Li20 

Li2Se 


Li2SiOa. 


Li2S04 

Li2S04.H20. 

LiSH 

Li2S 


MgNH4As04.6H20  . 
MgNH4P04.6H20. . 


MgS04.(NH4)2S04.6H20.. 
3MgS03.(NH4)2S03.6H20. 

Mg3(As04)2 

MgHAs04 

MgBr2 


MgC03 

MgCl2 

MgCl2.6H20. . 

MgCN2 

Mg(CN)2 

MgS206.6H20. 

MgF2 

Mg(OH)2 

Mg(OH)2 

Mgl2 


Mg(N03)2 

Mg(N03)2.6H20. 

Mg3N2 

MgO 


solid 

solid 

200 

solid 

solid 

dil.  sol. 

500 

solid 

200 

solid 

dil.  soL 

solid 

dil.  sol. 

solid 

solid 

00 

solid 

200 

solid 

00 

solid 

solid 

solid 

solid 

dil.  sol. 

fused 

solid 

solid 

solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

400 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

PPt. 

solid 

ppt. 

solid 

dil.  sol. 

400 

solid 

solid 


147.2 

83.728 

95.064 

13.6 
290.8 
293.91 
232.3 

97.420 
106.04 

31.30 
145.54 
144.49 
677.49 
679.31 

21.5 
116.4 
121.00 

64.994 

79.759 
115.82 
116.27 
328.32 

45.88 
141.7 

95.34 
106.1 
372.76 
434.89 
337.9 
409.08 

64.11 
115.4 

763.92 

901.56 

1016.5 
1375.6 
731.43 
322.8 
124.0 
167.3 
267.39 
153.2 
596.37 
59.26 
40.38 
797.38 
263.80 
223.4 
218.6 
86.74 
136.7 
209.51 
623.90 
118.3 
145.76 


850 


220 


200 


110 
800 


2000 
110 


200 
400 


220 


400 


800 
200 


400 


400 


+11.25>4° 


+37.04"° 
+3.0615° 


+8.50718° 


-1.0315° 
+L816" 


+31.30180 
+4.46824° 


+14.7718° 
+6 '.  4302'i'° 


+  131.2 
+31. 30i5° 
+  10.662o° 


+6.380 
+3.41718° 


-9.80 


+43.251*° 


+35. 986i  «e 
+2.93918° 


-2.96319° 


+49.70 


•4.22918° 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Magnesium 

phosphate 

Mg3(P04)2 

colloid 

solid 

solid 

400 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

400 

solid 

solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

ppt. 

ppt. 

dil.  sol. 

solid 

400 

solid 

ppt. 

solid 

solid 

solid 

amorph. 

solid 

solid 

ppt. 

solid 

solid 

solid 

400 

solid 

solid 

solid 

ppt. 

solid 

dil.  sol. 

gas 

liquid 

gas 

dil.  sol. 

solid 
solid 
solid 

915.18 
346.48 
301.08 
321.33 
803.85 
82.20 
238.5 
671.21 
117.3 

272.88 
285.31 
556.99 

90.80 
106.8 

12.4 
212.9 
112.69 
128.79 
400.72 
736.20 
206.0 
260.46 
242.3 
386.38 
219.8 
163.4 

76.46 
136.2 
149.1 
565.59 
259.50 
227.0 

90.8 
125.4 
115.89 

327.84 
733.10 

27. 

23.9 
299.40 
247.07 
261.01 
321.39 
602.87 
744.81 

47.31 

60. 
123.3 

19.1 

60.001 

50.896 

61.89 

198.1 
203.35 
41.58 

silicate 

MgSi03 

sulfate 

MgS04 

400 

+20.318° 

MgS04.7H20 

400 

-3.87118° 

sulfide       

MgS 

MgSOa 

sulfite         

MgS03.6H20 

Mg(SH)2 

sulf  hydrate 

Manganese 
acetate 

Mn(C2H302)2 

Mn(C2H302)2.4H20 

MnBr2 

500 

+12.217° 

bromide 

600 

+1.67i«0 

Mn3C 

carbide 

carbonate       

MnC03 

chloride 

MnCl2 

350 

+16.01)8° 

MnCl2.4H20 

400 
400 

+1.5318° 

dithionate 

fluoride,  di- 

MnS206.6H20 

MnF2 

-1.9' 8° 

fluoride,  sesqui-. .  . 

MnF3 

formate 

Mn(CH02)2 

Mn(CH02)2.2H20 

Mn(OH)3 

500 
300 

+4.3024° 

hydroxide 

-2.8724° 

hydroxide  (ous).  . . 

Mn(OH)2 

iodide 

Mnl2 

nitrate 

Mn(N03)2 

300 

+12  69i*° 

Mn(N03)2.6H20 

400 

-6.141i8° 

oxalate 

MnC204 

oxide  (ic) 

Mn203 

oxide  (ous) 

MnO 

oxide,  di- 

Mn02 

oxide,  di-  (hydrated 

Mn02... 

ppt.) 
oxide  (ous)  (ic) .... 

Mn304 

phosphate 

Mn3(P04)2 

selenide 

MnSe 

MnSi03 

silicate 

sulfate  (ous) 

MnS04 

400 

+13.7918° 

MnS04.H20 

400 
400 

+7.79018° 

MnS04.5H20 

+0.0478"<8° 

MnS04.7H20 

sulfide  (ous) 

MnS 

HMn04 

Manganic  acid . . . 

Methane 

CH4 

Methyl  alcohol. . . 

CH3OH 

Hg(C2H302)2 

Mercury 
acetate  (ic) 

+2.01 

acetate  (ous) 

Hg2(C2H302)«  . 

bromide  (ic) 

HgBr2 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 


Name 


Formula 


Heat  of 

Physical 

forma- 

Water 

state 

tion. 
Kilo-cal. 

mols 

Heat  of 
solution. 
Kilo-cal. 


Mercury 

bromide  (ous) 

chloride  (ic) 

chloride  (ous) 

cyanide  (ic) 

dimercuri-diammo- 
nium  chloride 

dimercuri-tetra 
ammonium 
chloride 

fulminate  (ic) 

iodide  (ic)  (red) . . . 

iodide  (ic)  (yellow) 

iodide    (ous)    (yel- 
low) 

nitrate  (ic) 

nitrate  (ous) 

nitride  (ous) 

oxalate  (ic) 

oxide  (ic)  (red) 

oxide  (ous) 

oxybromide  (ic) . . . 

oxychloride  (ic) . .  . 


selenide  (ic) 

sulfate  (ic) 

sulfate  (ous) 

sulfide  (red) 

sulfide  (black) 

sulfocyanate 

Molybdenum 

oxide,  di- 

oxide,  tri- 

Molybdic  acid  . . 

Neodymium 

chloride 

iodide 

oxide 

sulfate 

sulfide 

Nickel 
bromide 

bromide  ammonia 
chloride 

chloride  ammonia 

cyanide 

dithionate 


Hg<jBr2 

HgCl2 

Hg2Cl2 

Hg(CN)2 

NHg2Cl.NH4Cl 

NHg2C1.3NH4Cl 

HgC2N202 

Hgl2 

Hgl2 

Hg2I2 

Hg(N03)2 

Hg2(N03)2 

Hg2(N03)2.2H20 

Hg2Ne 

HgC204 

HgO 

Hg20 

HgBr2.HgO 

HgBr2.3HgO 

HgCl2.HgO 

HgCl2.2HgO 

HgCl2.3HgO 

HgCl2.4HgO 

HgSe 

HgS04 

Hg2S04 

HgS 

HgS 

Hg(CNS)2 

Mo02 

M0O3 

H2Mo04 

NdCb 

Ndl3 

Nd203 

Nd2(S04)3 

Nd2S3 

NiBr2 

NiBr2.6NH3 

NiCl2 

NiCl2.6H20 

NiCl2.6NH3 

Ni(CN)2 

NiS2Oe 

NiS20c.6H20 
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ppt. 
solid 
ppt. 
solid 
solid 

solid 


solid 
solid 
solid 
solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

ppt. 

solid 

solid 

solid 

amorph. 

solid 

solid 
solid 
solid 
dil.  sol. 

solid 
dil.  sol. 
solid 
dil.  sol. 
solid 
solid 
dil.  sol. 
solid 

solid 

dil.  sol. 

solid 

solid 

800 

solid 

solid 

solid 

dil.  sol. 

solid 


49.22 

53.429 

63.01 

■  62.13 

141.5 

289.6 


-  64.52 
25.33 
22.2 
28.865 

58.1 
59.499 
207.9 

-  97.49 
160.10 

21.7 
21.5 
64.52 
108.2 
75.75 
97.73 
118.5 
139.3 
5.26 
162.5 
171.59 
10.90 
10.5 

-  50.42 

131.4 
174.0 

+247.07 
246.60 

246.60 

282.20 

155.3 

204.3 

434.89 

919.48 

956.04 

262.61 

53.29 
72.40 
221.7 
74.983 
94.266 
505.55 
248.75 

-  23.25 
+290.09 

702.75 


300 


2000 


2000 
500 


400 


400 


400 


-3.32118° 


3.11 


+35.60 


+48. 98>»0 
+3o!56'" 


+18.9 


+19.16'8° 
i  J5*° 


-2. 413'9° 


HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Nickel 

fluoride 

NiF2 

dil.  sol. 

ppt. 

ppt. 

dil.  sol. 

solid 

solid 

solid 

solid 

ppt. 

400 

solid 

ppt. 

solid 

liquid 

gas 

00 

gas 

gas 

gas 

liquid 

gas  (ideal) 

gas  (ideal) 

solid 

gas 

gas 

gas 

solid 

solid 

200 

solid 
liquid4^ 
solid 
dil.  sol. 
solid 
gas 
gas 
dil.  sol. 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

ppt. 

ppt, 

solid 

solid 

liquid 

200 

solid 

dil.  sol. 

solid 
solid 
solid 

171.4 

196.66 
129.80 
41.82 
102.7 
532.26 
57.83 
13.4 
14.8 
227.05 
710.11 
20.8 
10.8 
42.366 
35.341 
49.797 
-129.0 

-  21.5 

-  17.0 

-  18.73 

-  7.431 

-  1.86 
+  14.6 

-  1.2 

-  17.54 

-  12.66 

-  42.29 

-  31.78 
-f  28.91 

93.43 
90.036 
197.04 
194.5 
339.79 

-  81.48 

-  34.41 

-  32.50 

105.4 
158.2 
73.84 
121.6 
27.96 
43.49 

-  49.0 
+  17.7 

168.0 
91.76 
17.92 
21.5 
19.4 

SO   fi7 

100.4 
45.40 

25.57 
31.06 
12.07 

hydroxide  (ic) 

Ni(OH)3 

hydroxide  (ous) .  . . 

Ni(OH)2 

Nil2 

Ni(N03)2 

Ni(N03)2.6H20 

NiO 

iodide 

nitrate 

280 
400 

+11.718° 

oxide 

-7.47918° 

selenide 

NiSe 

NiS04 

sulfate.  . . 

NiS04.7H20 

800 

-4.25319° 

sulfide 

NiS 

telluride 

NiTe 

HN03 

N 

Nitric  acid 

+7.16910° 

Nitrogen  (atomic). 

oxide  (ic)      

NO 

N2O 

oxide  (ous) 

N02 

oxide,  tetra- 

N2O4 

N2O5 

NOBr 

oxide,  penta- 

oxybromide 

400 

+I6.68W0 
+29.79710° 

oxychloride 

NOC1 

selenide 

NSe 

sulfide 

NS 

Nitrous  acid 

HN02 

Osmium 

oxide,  tetra- 

0s04 

H2C204 

H2C2O4.2H2O 

Oxalic  acid. ..... 

300 
300 

—2  2718° 
-8.57820° 

Oxygen  (atomic).. 

0 

(ozone) 

03 

Palladium 

am.  chloride 

PdCl2.2NH3 

+1.9 

PdCl2.4NH3.... 

am.  iodide 

PdI2.2NH3 

PdI2.4NH3  .... 

bromide 

PdBr2 

chloride 

PdCl2 

cyanide 

Pd(CN)2 

hydride 

Pd2H 

hydroxide  (ic) 

Pd(OH)4 

hydroxide  (ous).  . . 

Pd(OH)2 

iodide 

Pdl2 

oxide,  mono- 

PdO 

Perchloric  acid . . . 

HCIO4 

500 

+20.319° 

HCIO4.2H2O 

+7.65 

Periodic  acid 

HIOi 

Phosphonium 

bromide 

PH3.HBr 

—3  03 

chloride 

PH3HC1... 

iodide 

PH3.HI 

-4  78 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 

mols 

Heat  of 
solution. 
Kilo-cal. 

Phosphoric  acid 

HP03 

solid 

solid 

liquid 

400 

solid 

liquid 

solid 
liquid 
solid 
liquid 
dil.  sol. 

liquid 

solid 

liquid 

gas 

solid 

gas 

solid 
solid 
solid 
solid 
solid 
solid 
liquid 

dil.  sol. 
solid 
dil.  sol. 
solid 

solid 

solid 

solid 

dil.  sol. 

solid 

ppt. 

solid 

solid 

solid 
solid 
400 
400 
dil.  sol. 

400 

800 

solid 

solid 

00 

dil.  sol. 

solid 

dil.  sol. 

solid 

dil.  sol. 

224.90 
303.13 
300.74 
306.17 
531.64 
529.37 

141.36 
139.02 
228.94 
225.86 
384.23 

45.40 
60.69 
76.94 
70.01 
106.6 
-     5.97 

+  11.9 

11.0 

19.8 

75.03 

365.83 

106.8 

147.15 

115.4 
733.8 
165.6 
571.57 

40.14 
35.84 
62.60 
81.96 
425.81 
87.69 
16.7 
17.0 

174.48 
1439.9 
389.73 
335.01 
280.77 

275.99 
230.1 
83.107 
94.027 
88.889 
208.4 
248.51 
236.1 
221.0 
210.5 

150 

200 

-f-9.749 

H3PO4 

+2.70019° 

H4P2O7 

+5.35220° 

dvto  . 

150 
150 
150 
150 

+8.005 

Phosphorous  acid 

hvDO- 

H3PO2 

+10.23 
-0.16712° 

ortho- 

H3PO3 

+2 .  17i»° 
+0.11919° 

pyro- 

H4P2O6 

+2.93919° 

Phosphorus 

bromide,  tri- 

PBr3 

bromide,  penta- . . . 
chloride,  tri- 

PBr6... 

PCI3 

1000 

+65.13819° 

PCU 

chloride,  penta-. .  . 

1000 

+123.4422° 

hydride          (phos- 

PH3 

phine) 
hydride  (solid) .... 

P2H 

iodide,  tri- 

Pis.  . . . 

iodide,  tetra- 

P2I4 

nitride. 

P3N5  .. 

oxide,  penta- 

oxybromide 

P2O5.... 

POBr3.. 

oxychloride 

POCI3 

1000 

+72.18720° 

Platinic  acid 

bromo-  . . 

H2PtBr6. 

H2PtBr6.9H20 

-2.87 

chloro- 

H2PtCl6  .. 

H2PtCl6.6H20 

500 
1000 

+4.349 

Platinum 

bromide 

PtBr4 

PtCl2. .  . . 

+9.80 

chloride,  di-  . . 

chloride,  tetra- 

PtCU. . 

PtCl4.5H20 

400 

-1.84 

hydroxide 

Pt(OH)2 

iodide 

Ptl4 

oxide,  mono- 

PtO 

Potassium 

acetate 

KC2H3O2 

200 
1200 

+3.3520° 

aluminum  sulfate . . 
arsenate  (tribasic) . 

KA1(S04)2.12H20 

K3As04 

-10.1118° 

arsenate  (dibasic) . . 

K2HASO4 

arsenate       (mono- 

KH2ASO4  

-4.78 

basic) 

KH2ASO3 

arsenite,  ortho- 

bromate 

KBr03 

400 
200 

-10.018° 

bromide 

KBr.  . . 

-5  06618° 

K2PdBr4 

bromopalladite 

bromoplatinate 

K2PtBr6 

-12.26 

K2PtBr4 

bromoplatinite 

-10.56 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Potassium 

carbonate 

K2CO3 

solid 

400 

solid 

200 

solid 

00 

solid 

00 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

800 

solid 

dil.  sol. 

solid 

200 

solid 

00 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

solid 

400 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

00 

400 

dil.  sol. 

solid 

solid 

00 

dil.  sol. 

solid 

solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 

274.96 

281.46 

231.3 

225.8 

89.869 

79.379 

104.30 

99.879 

279.57 

266.91 

365.59 

290.09 

275.03 

261.41 

247.79 

299.64 

286.26 

254.72 

242.53 

329.51 

324.30 

100.12 

94.86 

28.20 

25.09 

481.72 

463.35 

1323.5 
48.98 
34.41 
131.7 
119.24 
340.98 
985.19 
134.10 
138.21 
277.11 
219.36 
681.96 
667.63 
14.1 
102.01 
114.85 
86.141 
202.9 
121.48 
78.758 
73.62 
71.92 
260.69 

702.27 
642.78 
1073.6 
137.9 
229.9 
159.9 
266.67 
336.44 

400 

+6.499^° 

KHCO3 

carbonate,  acid .... 

220 

—5  329J6° 

KCIO3 

chlorate 

400 

—  10  27]8° 

KC1 

chloride 

200 

—4  444,8° 

KzIrCle 

chloriridate 

K3IrCl6 

-3.11 

chloropalladate .... 

K2PdCle 

—  15  1 

K2PdCl4 

chloropalladite 

300 

—  13  6219° 

KzPtCle 

chloroplatinate 

chloroplatinite. .  . . 

K2PtCl4 

-13.76 
-12  11 

K2OO4 

chromate 

540 

-5  26 

KCNO 

cyanate 

400 

—5  16120° 

KCN 

cyanide 

200 

-2.8718° 

K2O2O7 

dichromate 

1000 

-17.4418° 

r  thionate,  di- 

KFe(S04)2.12H20 

K3Fe(CN)« 

dithionate,  see  unde 

ferric  sulfate 

ferricyanide 

400 

-16.0 
-14.313° 

K4Fe(CN)6 

ferrocyanide 

1000 

-12.417° 

K4Fe(CN)6.3H20...- 

K2Fe(S04)2.6H20 

KF 

ferrous  sulfate 

fluoride 

1000 

iio 

-i6.5i7° 

-11.0 

+4.110150 

KF.2H2O 

110 

400 

—2  215° 

fluoride,  acid. . 

KHF2 

-5.9715° 

fluosilicate 

K2SiF6 

KH 

hydride 

hydroxide 

KOH 

175 

+  12.95210 

KCIO 

hypochlorite 

hypophosphite .  . . . 

KH2PO2 

iodate 

KIO3 

400 
400 

-6.76218° 

iodide 

KI 

-5.114180 

KI3 

iodide,  tri- 

magnesium      chlo- 

KCLMgCh  

"600 
600 

-f28.2018° 

ride  (melt) 
magnesium  sulfate 

KCl.MgCl2.6H2O 

K2Mg(S04)2 

-3.08150 
+  10. 5*9° 

mercuric  bromide. . 

K2Mg(S04)2.6H20 

KBr.HgBro 

-10.0118° 

2KBr.HgBr> 

660 

700 

1000 

600 

-9.74918° 

mercuric  chloride . . 

KCl.HgCl2 

-9.5614° 

2KCl.HgCl2 

2KCl.HgCl2.H2O 

-15.03"° 
-16.3918° 

1511 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 


Name 


Formula 


Physical 
state 


Heat  of 
forma- 
tion. 
Kilo-cal. 


Water 
mols 


Heat  of 
solution. 
Kilo-cal. 


Potassium 

nitrate 

KNOs 

solid 

00 

dil.  sol. 

solid 

solid 

solid 

solid 

dil.  sol. 

00 

dil.  sol. 

solid 

solid 

dil.  sol. 

dil.  sol. 

dil.  sol. 

solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

00 

solid 

800 

solid 

dil.  sol. 

400 

solid 

solid 

400 

solid 

solid 

solid 

solid 

solid 

600 

solid 

400 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

118.78 

110.11 

85.78 

320.43 

264.52 

465.00 

86.26 

112.07 

99.236 

97.73 

194.3 

444.69 

430.11 

479.33 

426.05 

372.05 

367.27 

350.06 

85.3 

728.32 

1071.5 

1422.2 

-0.4 

+6.69 

97.49 

255.92 

338.62 

331.93 

272.88 

269.75 

466.91 

463.09 

63.967 

80.29 

88.17 

110.59 

243.49 

457.59 

113.7 

151.3 

265.95 

267.39 

334.53 

207.74 

54.24 

42.06 

419.36 

416.49 

456.87 

369.18 

357.71 

407.91 

394.27 

395.46 

398.09 

388.05 

503.7 

266.67 

261.65 

200 

-8.459180 

KNO2 

nitrite               .... 

K2C2O4 

"366 

-4  78 

oxalate,  acid 

oxalate,  tetra- 

oxide 

perchlorate 

KHC2O4 

KHC2O4.H2C2O4 

K20 

KCIO4 

-9.56 
-15.8 
+75. 03"° 

KIO4 

periodate 

permanganate 

persulfate 

KMn04 

K2S2O8 

3300 

-14.69° 

K3P04 

phos.  ortho- 

phos.  hydrogen 

phos.  dihydrogen . . 

K2HPO4 

KH2PO4 

-4.78 

K2HPO3 

phosphite 

selenide 

K2Se 

1800 
4000 
4000 

+8.6O130 

K2Se.9H20 

-19.  I140 

K2Se.l4H20 

-20.313° 

K2Se.l9H20 

-29.3914° 

silver  bromide 

AgBr +  KBr 

silver  cyanide 

KAg(CN)2 

400 

-8.554n° 

silver  iodide 

KI.AgI 

silver  iodide 

3KI.AgI 

sulfate 

K2SO4 

400 

-6.54718° 

KHSO4 

sulfate,  acid ... 

200 

-3.799170 

K2S2O7 

sulfate,  pyro- 

-3.82 

KHS 

sulf  hydrate 

KHS.iH20... 

1000 

+0.765170 

sulfide,  mono- 

K2S 

+22.5 

K2S.2H2O 

1200 

1000 

100 

"306 

+3.8218° 

K2S.5H2O 

-5.2616° 

sulfide,  tetra- 

K2S4 

+1.2">° 

K2S4.£H20 

-2.2012° 

sulfite 

K2SO3 

+I.4120 

K2SO3.H2O 

sulfite,  acid 

KHSO3 

sulfocyanate 

KCNS 

100 

-12.2 

K2C4H4O6 

tartrate 

400 

-2.844180 

K2C4H406.^H20 

400 

-6.14118° 

tartrate,  acid 

KHC4H4O6 

K2S2O6 

dil.  sol. 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

thionate,  di- 

thionate,  tri- 

K2S3O6 

500 
500 

-12.4518° 

thionate,  tetra- 

K2S4O6 

-13.1417° 

thionate,  penta- . . . 

K2S5O6    . 

-10.0 

K2S60g.^H20 

2000 
800 

-13.1410° 

thiosulfate 

K2S2O3 

-5.0210° 

151 


HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Potassium 

thiosulfate 

K2S2O3.H2O         

solid 
solid 
solid 

solid 
dil.  sol. 
solid 
dil.  sol. 
so'id 
solid 

solid 

400 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

400 

solid 

400 

solid 

solid 

dil.  sol. 

solid 

200 

solid 

solid 

solid 

solid 

440 

solid 

330 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

solid 

liquid 

solid 

dil.  sol. 

gas 

liquid 

solid 

solid 
colloid 

liquid 
solid 
liquid 
gas 

336.20 
572.05 
1002.2 

240.38 

273.84 

747.20 

315.41 

215.1 

416.97 

96.06 

89.61 

273.84 

282.68 

230.6 

225.8 

104.97 

100.53 

133.31 

139.12 

101.20 

80.77 

74.31 

119.62 

110.99 

82.92 

107.05 

135.0 

339.98 

333.45 

274.10 

270.32 

87.69 

112.31 

56.87 

42.77 

62.84 

52.57 

130.23 

126.64 

128.03 

123.92 

34.89 

22.15 

46.165 

56.416 
333.81 

91.52 
1.43 
149.1 
142  7 

600 
600 

2500 

-6.2114° 

zinc  sulfate 

Praseodymium 

chloride 

K2Zn(S04)2 

K2Zn(S04;2.6H20 

PrCl3 

+7.90918° 
-11.8018° 

+33.4518° 

PrCl3.7H20 

Pr(N03)2 

Pr02 

nitrate 

2000 

+5.26170 

oxide         

oxide,  tri-        

Pr203     . 

Rubidium 

bromide 

RbBr 

110 

-5.95i5° 

RD2CO3             

carbonate 

+8  746 

RbHC03 

carbonate,  acid. . 

110 

-4.731150 

RbCl 

chloride  

400 

—4  2321° 

RbF 

fluoride 

110 

+5. 806i60 

RbOH 

hydroxide 

110 
110 

+14. 27i5° 

iodide        

Rbl 

-6.499,5° 

RbNOs 

nitrate 

400 

-8.7692i° 

Rb20 

oxide,  mono- 

+80. 05i9° 

oxide,  di- 

Rb202 

oxide,  tetra-. . . 

Rb204 

sulfate           

RD2SO4 

220 

-6.667i8° 

RbHS04 

sulfate,  acid 

220 

-3.728i5° 

Rb2S 

sulfide 

+24.61 

RbCNS 

sulfocyanate 

-14.3 

RuCls 

Ruthenium 

chloride 

oxide,  di- 

Ru02 

Selenic  acid 

H2Se04 

400 
400 

+13.36 

Selenious  acid. .  . 

H2Se03 

Se2 

+16.7 
-4.110 

Selenium 

chloride,  mono-  . . . 

Se2Cl2. . . 

chloride,  tetra-  . . . 

SeCl4... 

hydride,  see  hydro- 
gen selenide 

nitride,  see  nitrogen 
selenide 

oxide,  di-    .... 

Se02 

-0.908 

Silicic  acid,  ortho- 

H4Si04  . 

Silicon 

bromide,  tetra 

SiBr4 

2000 

+19.8»° 

carbide 

SiC 

chloride,  tetra 

SiCl4... 

1513 


HEAT  OF  FORMATION  AND   SOLUTION   (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Silicon 

fluoride,  tetra 

SiF4 

gas 

gas 

solid 

fused 

solid 

solid 

361.29 
11.9 
27.72 
198.3 
201.34 
32.02 
28.91 

97.01 
23.85 

-  83.87 
+120.9 

1.67 

-  5.73 
+  30.59 

23.7 

-  33.45 
+  48.698 

191.26 
14.93 
30.11 
24.66 

-  66.19 
+  12.7 

159.6 
6.953 
5.400 
12.23 
14.41 

-  0.956 
+  166.1 

161.5 
5.02 

-  21.03 

+171.16 
175.10 
384.71 
271.69 
32.26 
358. 
381.60 
1214.8 
329.03 
273.12 
271.69 
231.5 
742.18 
752.45 
1462.14 
86.333 
86.15 
227.72 
220.8 
230.8 
649.71 
-4.78 
+270.56 
276.18 

hydride 

SiH4 

iodide,  tetra-    .... 

Sil4 

12,000 

+20  59° 

oxide,  di- 

SiOa 

oxide,  di-  (a  quartz) 

S1O2 

sulfide  (white). . .  . 
sulfide  (yellow) 

SiS2 

+9  3210° 

SiS2 

solid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

solid 

ppt. 

solid 

400 

solid 

solid 

solid 

solid 

solid 

solid 

dil.  sol. 

ppt. 

solid 

dil.  sol. 

solid 

solid 

solid 

400 

solid 

solid 

solid 

solid 

500 

solid 

400 

300 

400 

300 

solid 

dil.  sol. 

solid 

solid 

200 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

400 

+10.810° 

Silver 

acetate 

AgC2H302 

-4.397 

bromide 

AgBr 

carbide 

Ag2C2 

Ag2C03 

AgC103 

AgCl 

carbonate 

chlorate 

-7.53 

chloride 

cyanate 

AgCNO 

cyanide 

AgCN 

fluoride 

AgF... 

+4.301'°° 

AgF.2H20  . 

-1  410° 

iodide 

Agl 

nitrate. . 

AgN03 

400 

-5  472 18° 

AgN3 

nitride 

nitrite 

AgN02... 

-8.84 

oxalate 

Ag2C204.... 

oxide 

Ag20... 

oxide,  per 

Ag202 

perchlorate 

AgC104 

+2.17 

AgSe 

selenide. . . 

sulfate . . . 

Ag2S04 

Ag2S 

sulfide 

sulfocyanate. . . . 

AgCNS 

Sodium 
acetate 

NaC2H30o    . . 

200 

+3.94318° 

NaC2H302.3H20 

NaA102 

aluminate  . . 

400 

-4.588 

amide 

NaNH2 

+31.0621° 

arsenate 

Na3As04  . . 

Na3As04.12H20 

Na2HAs04 

arsenate  (disodium) 

600 

_  12. 718° 

arsenate,  acid 

NaH2As04 

arsenite 

Na2HAs03 

borate 

NaB02 

borate,  tetra- 

Na2B407 

+  10.27 

Na2B4O7.10H2O 

1600 
200 

-25.85418° 

bromide 

NaBr... 

-0.191180 

NaBr.2H20 

300 
800 

_4  71is<> 

bromoplatinate    . 

Na2PtBr6 

+9.94018° 

Na2PtBr6.6H20 

800 

-8.6018° 

carbide 

Na2C2 

carbonate 

Na2C03 

400 

+5.63918° 

1514 


HEAT  OF  FORMATION  AND  SOLUTION  (Co 

nt.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 

solution. 
Kilo-cal. 

Sodium 
carbonate 

Na2C03.H20    

solid 

solid 

solid 

200 

solid 

dil.  sol. 

solid 

00 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

800 

solid 

solid 

dil.  sol. 

solid 

200 

solid 

solid 

dil.  sol. 

solid 
dil.  sol. 
solid 
400 
solid 
dil.  sol. 
solid 
solid 

00 

solid 

dil.  sol. 

solid 

200 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

OO 

solid 

dil.  sol. 

solid 

450 

solid 

400 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

900 

solid 

342.32 
976.16 
227.5 
223.35 
82.34 
77.06 
98.36 
97.08 
271.93 
280.29 
701.32 
227.0 
237.0 
316.61 
319.00 
1018.4 
97.01 
92.23 
22.9 
22.5 
57.59 
163.7 
458.86 

136.30 

135.70 

157.01 

156.49 

660.94 

658.31 

13.14 

101.91 

112.04 

173.24 

83.39 

69.46 

70.870 

211.64 

167.0 

267.62 

574.91 

361.77 

112.45 

107.33 

86.50 

83.15 

316.01 

310.44 

257.83 

252.33 

330.23 

99.16 

100.60 

97.25 

118.42 

447.08 

471.30 

1306.3 

400 
400 

+2.2518° 

Na2CO3.10H2O           

—  16  1518° 

carbonate,  acid 

NaHCOa. 

—4  3015° 

NaC103 

chlorate  

NaCl 

chloride 

200 

—  1  28118° 

NaoPtCle  .. 

chloroplatinate .... 

800 

+8  50718° 

Na2PtCl6.6H20 

900 

—  i6  6118° 

chloroplatinite . .  . . 

Na2PtCl4  . 

+  10  04 

Na2Cr04 

chromate  . . 

600 

+2  39n° 

NaO04.10H»0 

1200 
2000 

-15  79n° 

cyanate 

NaCNO 

-4.803130 

NaCN 

NaCN.iH20 

cyanide 

100 

-0.5029° 

110 
100 

-1.06° 

dichromate 

NaCN.2H20 

Na2Cr207 

-4.4214° 

dithionate,  see  unde 
fluoride 

r  thionale,  di- 
NaF. 

400 

—0  47812° 

NaCH02.  . 

formate 

150 

-6  52612° 

Na2SiF6 

fluosilicate  . 

NaH 

NaOH 

hydride 

hydroxide 

200 
160 

+26.0518° 
+  10.3022° 

NaOH.H20 

NaOCl 

Nal. 

hypochlorite 

180 

+7.19222° 

iodide 

200 

+1  41018° 

NaI.2H20  .. 

200 

-4.01418° 

iodoplatinate 

Na2PtI6 

Na2Mn04 

Na2S04.MnS04 

manganate 

manganese  sulfate. 

+  12.9 

molvbdate 

Na2Mo04 

NaNOs 

NaN02 

nitrate 

200 

-5.018170 

nitrite 

250 

-3.513 

Na2C204 

oxalate 

1500 

-5.50 

NaHC204 

oxalate,  acid 

300 

-5.50 

NaHC204.H20 

Na->0 

oxide  . . 

300 
"400 

-9.56 
+56  39 

perchlorate.  . . 

NaC104 

-3.58'°° 

Na202 

peroxide 

phos.  (trisod.) 

Na3P04 

Na3P04.12H20 

600 

-14.618° 

1515, 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 

solution. 
Kilo-cal. 

Sodium 

phos.  (disod.) 

Na2HP04 

solid 

600 

solid 

solid 

solid 

1600 

solid 

solid 

1200 

solid 

solid 

dil.  sol. 

solid 

solid 

600 

solid 

300 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

00 

solid 

solid 

800 

solid 

400 

solid 

solid 

400 

solid 

solid 

solid 

dil.  sol. 

dil.  sol. 

solid 

solid 

800 

solid 

600 

solid 

solid 

dil.  sol. 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

414.98 
420.62 
557.78 
910.88 
755.08 
767.03 
1462.4 
657.83 
655.68 
1079.8 
335.44 
344.57 
344.57 
286.50 
287.22 
463.56 
364.61 
261.41 
201.84 

69.53 
403.83 
714.22 
1190.0 

44.68 
368.94 
326.31 
326.67 
1029.6 
265.19 
266.86 

57.11 

61.458 
199.8 

89.85 
105.21 
417.92 
453 . 766 
737.40 
105.62 
107.3 

98.93 
259.26 
261.89 
751.50 
205.0 

42.77 
412.19 
411.23 
553.89 
360.58 
355.08 
431.78 
394.98 
537.64 
376.35 
591.40 
377.06 
523.54 

400 

+5.6391*0 

Na2HP04.2H20 

400 
400 
800 

-0.38218° 

Na2HP04.7H20 

-11.518° 

phos.,  pyro- 

Na4P20v 

+11.8518° 

Na4P2O7.10H2O 

800 

-11.661*0 

phos.,  pyro- (disod.) 

Na2H2P207. . 

-2  27 

Na2H2P207.6H20 

Na2HP03 

phosphite 

"500 

-13.91 
+9.15214° 

Na2HP03.5H20. . 

500 
500 

-4.58815° 

phosphite,  acid .... 

NaH2P03 

+0.74115° 

NaH2P03.2£H20 

500 

-5.2615° 

Na2Se04  .. 

selenate. . 

selenate,  acid 

NaHSe04... 

selenide 

Na2Se 

200 
3000 

+  i8.59i4° 

NaoSe.4£H20    

-7.89 

Na2Se.9H->0 

-10.5 

selenide,  acid 

Na2Se.l6H20 

NaHSe 

Na2Si03 

Na2S04         

-22.014° 

silicate 

sulfate           

400 

'466 

200 

+0.55"° 

Na2SO4.10H2O 

-is!96i3°' 

sulfate,  acid  . 

NaHS04 

+  1.2"° 

NaHS2 

NaHS.2H20 

Na2S 

sulf  hydrate 

600 

+4.30i«o 

sulf  hydrate 

sulfide,  mono- 

400 

-1.5318° 
+  15.5 

Na2S.4*H20 

Na2S.5H20 

Na2S.9H20 

Na2S2 

Na2S3 

Na2S4 

Na2S03 

sulfide,  di-          ... 

1000 
1000 
1000 

-5.02"0 
-6.6913° 
-16.713° 

sulfide,  tri- 

sulfide,  tetra- 

sulfite 

1200 

+9.80"° 
+2.39io° 

Na2S03.7H20 

NaHS03. 

sulfite,  acid 

500 

-10.99io° 

sulfocyanate 

tartrate 

NaCNS 

Na2C4H40e 

100 

-3.321i8° 
-1.12 

Na2C4H406.2H20 

NaHC4H406 

tartrate,  acid . . 

-5.878 
-5.663 

NaHC4H406.H20 

Na2S206 

thionate,  di- 

"466 
iooo 

-8.531 
-5.687i9° 

Na2S206.2H20 

-11.66 

thionate,  tri- 

Na2S306 

Na2S306.3H20 

-io.ou° 

thionate,  tetra- 

Nao8406    

Na2S40e.2H20 

600 

-9.8010° 
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HEAT  OF  FORMATION  AND  SOLUTION   (Cont.) 

Name 

^ormula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Sodium 

thiosulfate 

Na2S203 

solid 
dil.  sol. 
solid 
solid 
dil.  sol. 
solid 
solid 
solid 

solid 

dil.  sol. 

solid 

ppt. 

solid 

dil.  sol. 

solid 

ppt. 

solid 

2000 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

PPt, 

solid 

solid 

solid 

solid 

dil.  sol. 

soljd 

solid 

1000 

solid 

solid 

solid 

ppt, 

solid 

fused 

solid 

dil.  sol. 

solid 

dil.  sol. 

liquid 

liquid 

gas 

liquid 

solid 

liquid 

gas 

2000 

solid 

liquid 

gas 

200 

liquid 

gas 

254.24 
255.92 
609.32 
388.05 
383.99 
420.31 
449.23 
133.5 

359.62 
365.35 
394.27 
795.70 
171.09 
187.34 
604.07 
291.28 
197.85 
209.14 
626.81 

60.69 
338.35 
404.54 
687.22 
288.89 

42.06 
228.7 
800.48 
136.2 
156.8 
639.91 
234.4 
229.82 
515.65 
140.7 
153.2 
979.7 

90.08 
363.20 
341.22 
137.9 
113.02 
-  18.4 

+    2.01 
14.34 
5.64 
14. 
0.0 
75.269 
69.3 
77.850 
103.2 
101.1 
91.52 
139.1 
87.69 
80.76 

440 

+1.715° 

Na2S203.5H20 

400 

-11.3718° 

tungstate 

Na2W04 

uranate 

Na2U04 

+4.06 

vanadate 

Na3V04 

Stannic  acid 

Sn024-H20 

Stannic  and  Stann< 
Strontium 
acetate 

>us  salts,  see  under  Tin 
Sr(C2H302)2 

200 
"226 

+5  56812° 

arsenate 

SrCGtHtOsMHsO 

Sr3(As04)2 

+52. SP**' 

bromide 

SrBr2 

400 

+16.018° 

SrBr2.6H20 

400 

-6.45218° 

carbonate 

SrC03 

chloride 

SrCl2 

400 

+11.1618° 

SrCl2.6H20 

400 

-7.  SOS180 

cyanide 

Sr(ON)2 

dithionate 

Sr(CN)2.4H20 
SrS20G. .  .  . 

200 

-4.1588° 

SrS20e.4H20 

400 

-9.24718° 

fluoride 

SrF2 

hvdride 

SrH2    .... 

hydroxide 

Sr(OH)2 

1100 
1100 

+10.3215° 

Sr(OH)2.8H20 

-14.2715° 

iodide 

Srl2 

+20.4512° 

SrI2.7H20 

"400 

-4.46815° 

nitrate 

Sr(N03)2 

-4.66018° 

Sr(N03)2.4H20 

400 
1100 

-12.3118° 

oxide 

SrO.. 

+29.9915° 

peroxide  . . 

Sr02. . 

phosphate 

Sr3(P04)2 

selenide 

SrSe 

silicate 

SrSi03 

sulfate.  . . 

SrS04  .... 

sulf  hydrate 

Sr(SH)2 

sulfide,  mono- 

SrS 

HCNS 

Sulfocyanic     acid 
Sulfur 

bromide,  mono-. . . 

chloride,  mono-. . . 

S2C12.... 

S2C14 

chloride,  di- 

iodide,  mono- 

oxide,  di- 

so2 

so3 

oxide,  tri- 

i600 

+  8.554 
+37.28 

S02C12 

+39.16420° 
+49.22 

oxychloride  (ic). .  . 

800 

+62.84 

1*517 


HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal'. 

Water 
mols 

Heat  of 
solution 
Kilo-cal. 

Sulfur 

oxychloride  (ous) . . 

SOCI2 

liquid 

gas 

liquid 

gas 

solid 

liquid 

00 

liquid 

dil.  sol. 

liquid 

1500 

200 

solid 
dil.  sol. 

solid 
solid 
solid 
solid 
solid 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

dil.  sol. 

solid 

solid 

solid 

solid 

800 

solid 

solid 

400 

dil.  sol. 
dil.  sol. 
dil.  sol. 

solid 
dil.  sol. 

48.03 
41.58 
161.8 
148.9 
192.24 
189.75 
210.28 
264.83 
309.92 
293.91 
138.6 
145.09 

300.12 
169.2 

77.42 
78.304 

144.8 
83.15 

145.6 

41.052 

56.416 

48.698 

38.47 

80.74 

89.176 

364.90 
77.300 

145.07 
56.87 
30.11 
58.806 
48.841 
-  54.72 
+  42.151 
11.9 

217.78 

209.51 
22.0 
7.17 

274.31 
261.89 
262.37 
267.62 

281.01 
351.26 
855.20 
335.01 
392 . 12 
487.70 
336.20 

S205C12 

pentoxydichloride  . 

H2S04 

Sulfuric  acid. .... 

H2SO4.H2O 

200 

+17.75'*° 

per- 

H2S2O8 

pyro- 

H2S04.S03  .. 

thio- 

Sulf urous  acid . . . 

EbSOs 

(See  also  thionic  acids) 
Tantalum 
oxide 

Ta205 

Telluric  acid 

H2Te04 

Tellurium 
chloride 

TeCU. . 

oxide,  di- 

Te02 

Te02.H20 

oxide,  tri- 

Te03.. 

Tellurous  acid  . . . 

H2Te03. .  . 

Thallium 

bromide,  mono-.  . . 

TIBr 

bromide,  tri- 

TlBr3 

chloride,  mono-. . . 

T1C1 

chloride,  tri- 

TICI3 

4500 
300 

-10. 04^° 
+  8.435 

T1CI3.4H20 

300 

-  2.13 

fluoride 

TIF 

hydroxide  (ic) 

Tl(OH)3 

hydroxide  (ous) .  . . 
iodide 

TIOH 

Til 

235 

-3.15418° 

nitrate  (ous) 

T1N03 

300 

-  9.96418° 

T1N3 

nitride 

oxide  (ous) 

selenide.  . 

T120 

Tl2Se. . . 

570 

-  3.082'8» 

sulfate  (ous) 

T12S04 

1600 

-  8.26818° 

T12S 

sulfide  . . 

telluride 

Tl2Te. . 

Thionic  acid 

thionic,  di-. 

H2S20e 

thionic,  tri- 

H&306 

H2S40e 

thionic,  tetra- 

thionic,  penta-.  . . . 
(See  also  sulfuric  acid 
Thorium 

bromide 

H2S606 

») 

ThBr4 

+70.180 

Th(C03)2 

carbonate 

chloride 

ThCU 

solid 
dil.  sol. 
solid 
ppt. 

+56.6315° 

ThCl4.2H20 

+41.076.. 

hydroxide  (dried 

Th(OH)4 

ppt.) 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 


Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Thorium 

iodide 

Thl4 

dil.  sol. 
solid 
dil.  sol. 
solid 

solid 

liquid 

solid 

liquid 

solid 

solid 

colloid 

solid 

solid 

solid 

solid 

600 

liquid 

solid 

amorph. 

solid 
solid 
solid 
solid 
dil.  sol. 

solid 
solid 
solid 
•solid 

dil.  sol 

solid 
solid 
solid 
dil.  sol. 
solid 

solid 

liquid 

liquid 

solid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

400 

ppt. 

solid 

400 

291.76 
330.95 
661.89 
930.23 

95.10 
92.23 
61.41 
127.4 
81.147 
223.7 
136.37 
35.84 
138.1 
69.77 
360.17 
356.80 

183.5 
217.4 
214.1 

126.2 

191.4 

311.11 

280.05 

280.05 

256  63 
290  09 
845.17 
439.91 

476.47 
617.69 
322.10 
756.75 
449.46 
649.94 

147.2 

187.1 

162.01 

209.08 

349.58 

409.08 

437.28 

201.2 

261.17 

332.62 

403.59 

77.90 

92.95 

193.3 

99.547 

115.27 

oxide 

Th02 

sulfate 

Th(S04)2..            

Th(S04)2.4H20 

+  5.02 

Tin 

bromide  (ic) 

SnBr4 

+16.5 

SnBr2 

bromide  (ous)  .... 

"250 
300 
200 

-  1  67 

chloride  (ic) 

SnCU 

+29  91720° 

chloride  (ous) 

SnCl2 

+  0.35818° 

SnCl2.2H20... 

—  5  2818° 

hydroxide  (ous).  . . 

Sn(OH)2 

iodide  (ous) 

Snl2 

oxide  (ic)  (fused) . . 

Sn02 

oxide  (ous) 

SnO 

pot.  chloride 

K2SnCl6 

800 

-  3.36912° 

TiCl4 

Titanium 

chloride,  tetra-. . . . 

2000 

+57.8318° 

oxide,  di- 

Ti02 

W02 

Tungsten 

oxide,  di- 

oxide,  tri- 

W03  . 

oxide,  penta- . . . 

W2O5. .  . . 

Tungstic  acid .... 

H2\V04.... 

U02 

Uranium 

oxide,  di- 

oxide,  tri-. . .  . 

UO3. . 

oxide  (ous)  (ic) . . . . 

UaOs 

oxide,  per 

U04.2H20 

Uranyl 
acetate 

U02(C2H302)2 

U02(C2H302)2.2H20 

U02(N03)2 

nitrate 

1000 
220 
220 

-  4.3018° 

+  18.912° 

sulfate 

U02(N03)2.6H20 

U02S04. 

-  5.44812° 

U02S04.3H20 

1000 

+  5.0218° 

Vanadium 

chloride,  di- 

VC12 

chloride,  tri- 

VC13  . 

chloride,  tetra-. . . . 

VCU 

oxide,  di- 

V202  .. 

oxide,  tri- 

V2O3... 

oxide,  tetra-. . 

V204 

oxide,  penta- 

V205    . 

oxytrichloride 

VOCI3 

Water,  see  hydrogen 
Zinc 
acetate 

)xide 

Zn(C2H302)2 

720 
800 
500 

+  9.8022° 

bromide 

Zn(C2H302)2.H20 

Zn(C2H30c)2.2H20 

ZnBr2    

+  6.93*»° 
+  4.3010° 
+15.03 

ZnCOs 

carbonate 

chloride 

ZnCl2 

600 

+15.7218° 
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HEAT  OF  FORMATION  AND  SOLUTION  (Cont.) 

Name 

Formula 

Physical 
state 

Heat  of 
forma- 
tion. 
Kilo-cal. 

Water 
mols 

Heat  of 
solution. 
Kilo-cal. 

Zinc 

cyanide 

Zn(CN)2 

ZnC4Hio 

solid 

liquid 

dil.  sol. 

400 

solid 

solid 

amorph 

solid 

solid 

400 

solid 

solid 

solid 

ppt. 

solid 

solid 

400 

solid 

solid 

solid 

solid 

fused 

-  16.2 

+    7.41 

192.31 

310.87 

723.54 

158.4 

221.87 

252.33 

49.70 

136.11 

552.24 

84.35 

33.45 

31.30 

286.50 

229.51 

248.05 

659.26 

731.00 

45.88 

33.21 

178.7 

ethyl 

fluoride 

Z11F2 

ZnS2Oe 

dithionate 

hydroxide 

Z11S2O6.6H2O 

Zn(OH)2 

-2.25 

Zn(OH)2.H20 

ZnC\\2H20 

iodide 

Znl2 

Zn(N03)2 

Zn(N03)2.6H20 

ZnO 

+11.7 

nitrate 

oxide  (fused) 

400 

-5.85418° 

selenide 

ZnSe 

ZnSi03 

silicate 

sulfate 

ZnS04... 

400 

+  18.5417° 

ZnS04.6H20 

ZnS04.7H20 

ZnS 

ZnTe 

Zr02 

sulfide 

400 
400 

-6.83618° 

-4.27718° 

telluride 

Zirconium 

oxide 
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HEAT  OF  COMBUSTION 

For  Organic  Compounds 

The  heat  of  combustion  is  given  in  kilogram  calories  per  gram  molecular 
weight  of  the  substance  when  combustion  takes  place  at  atmospheric  pressure 
and  20°  C.  The  final  products  of  combustion  are  gaseous  carbon  dioxide, 
liquid  water  and  nitrogen  gas  for  C,  H,  N  compounds.  For  method  of 
computing  heats  of  formation  see  statement  following  this  table. 

Selections  from  a  compilation  by  Kharasch,  Bureau  of  Standards  Journal 
of  Research  2,  359  (1929). 


Name 


Formula 


Phy- 
sical 
state 


Heat  of 
combus- 
tion, kg. 
calories 


Acetaldehyde 

Acetamide 

Acetanilide 

Acetic  acid. 

Acetic  anhydride 

Acetone 

Acetonitrile 

Acetophenone 

Acetylacetone 

Acetylene 

Acrolein. 

Acrylic  acid 

Adipic  acid 

Alanine 

Aldol,  see  fi-hydroxybutyr-aldehyde 
Alizarin,  see  Dihydroxyanthraquinone 


CH?CHO 

CH3CONH2 

CHsCONHCeH*.... 

CH3CO2H 

(CH3CO)20 

(CH3)2CO 

CH3CN 

C6H6COCH3 

CH3COCH2COCH3. 

(CH)2 

CH2:CHCHO 

CH2:CHC02H 

(CH2)4(C02H)2 

CH3CH(NH2)C02H 


Aliyl  alcohol 

Allylene 

p-Aminoazobenzene 

p-Aminophenol 

Amygdalin 

Amyl  acetate 

Amyl  alcohol  (ferm.) 

Amylene 

Anethole 

Aniline 

p-Anisidine 

Anisole 

Anthracene 

Anthraquinone 

Arabinose 

Arabitol 

Arachidic  acid 

Azelaic  acid 

Azobenzene 

Azoxybenzene 

Behenic  acid 

Benzalacetone 

Benzaldehyde 

Benzamide 

Benzanilide 

Benzene 

Benzenediazonium  nitrate.  . 

Benzidine 

Benzil 

*  Benzoic  acid 

Benzoic  anhydride 

Benzoin 

Benzonitrile 

Benzophenone 


CH2:CHCH2OH 

CH3C:CH 

H2NC6H4N2C6H6 

HOC6H4NH2 

C2oH27OiiN 

C4H9C02C2H6 

(CH3)2CH2CH2CH2OH 

CsHio 

C10H12O 

C6H6NH2 

CH3OC6H4NH2 

CeHsOCHs 

C6H4:(CH)2:C6H4 

CkH802 

C5H10O5 

C5Hl206 

C2oH4o02 

(CH2)7(C02H)2 

(C6H5N)2 

(C6H6N)20 

C22H4402 

CcH6CH:CHCOCH3... 

CeHsCHO 

C6H5CONH2 

CeHsCONHCeHs 

CeH6 

C6H5N2N03 

(C6H4NH2)2 

(CeHsCOh 

C6H5C02H 

(C6H5CO)20 

CeHs.CHOH.COCeHs.. 

CeHsCN 

(C6H6)2CO 


liquid 

solid 

solid 

liquid 

liquid 

liquid 

liquid 

solid 

liquid 

gas 

liquid 

liquid 

solid 

solid 


liquid 

gas 

solid 

solid 

solid 

liquid 

liquid 

liquid 

solid 

liquid 

solid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

liquid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

liquid 

solid 


279.0 

282.6 
1,010.4 
209.4 
431.9 
426.8 
302.4 
988.9 
615.9 
312.0 
389.6 
327.5 
669.0 
387.7 


442.4 

465.1 
1,574.0 

760.0 
2,348.4 
1,042 

793 

803 
1,324 

811 

924.0 

905.1 
1,700.4 
1,544.5 

559.9 

661.2 
3,025.9 
1,141.7 
1,545.9 
1,534.5 
3,338.4 
1,257.4 

841.3 

847.6 
1,575.5 

782.3 

782.6 
1,560.9 
1,624.6 

771.2 
1,555.1 
1,671.4 

865.5 
1,556.5 


•  Accepted  value  by  Int.  Union  of  Pure  and  Appld.  Chern.,  Lyons,  192a 

1521 


HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Name 


Benzoyl  chloride. . . . 
Benzoyl  peroxide. .  . 

Benzyl  alcohol 

BenzyJamine 

Benzyl  carbylamine. 
Benzyl  chloride 

Benzyl  cyanide 

Borneol 

Brucine 

n-Butyl  alcohol. 


CeHsCOCl.... 
(CeHsCOhCh. 
C6H5CH2OH.. 
C6H5CH2NH2. 
C6H5CH2NC 
C6H5CH2CI... 
C6H5CH2CN.. 
CioHisO 

C23H2604N2.      . 

C4H90H 

tert. -Butyl  alcohol,  see  Trimethyl  carbinol 


Formula 


n-Butylamine 

sec.-Butylamine 

feri.-Butylamine 

Jer£.-Butylbenzene 

n-Butyramide 

n-Butyric  acid 

n-Butyronitrile 

Caffeine 

Camphene 

Camphor 

Cane  sugar,  see  Sucrose 

Capric  acid 

Caproic  acid 

Carbon  disulfide 

Carbon  subnitride 

Carbon  tetrachloride. . . 

Carbonyl  sulfide 

Carvacrol 

Cetyl  alcohol 

Cetyl  palmitate 

Chloracetic  acid 

o-Chlorobenzoic  acid.  .  . 

Chloroform 

Chrysene 

Cinnamic  acid  (trans) . . 
Cinnamic  aldehyde.  .  .  . 
Cinnamic  anhydride.  .  . 

d-Citrene 

Citric  acid  (anhydr.) . . . 

Codeine 

Coniine 

Creatine  (anhydr.) 

Creatinine 

o-Cresol 

o-Cresol 

m-Cresol 

p-Cresol 

p-Cresol 

m-Cresolmethyl  ether.  . 

Crotonaldehyde 

Cyanoacetic  acid 

Cyanogen 

Cycloheptanol 


Cyclohexanol. 

Cycloheptene . 
Cycloheptane. 


C4H9NH2 

(CH3)(C2H5):CHNH2. 

(CH3)3CNH2... 

C6H5C(CH3)3 

C3H7CONH2 

C3H7C02H 

C3H7CN 

C8H10O2N4 

C10H16 

CioHieO 


C9H18O2 

C5H11CO2H 

CS2 

(C.CN)2 

CCU 

COS 

C10H14O 

Ci6H340 

C32H640 

CICH2CO2H   

CIC6H4CO2H 

CHC13 

CuHio 

C6H5CH:CHC02H. 
C6H5CH:CHCHO. 

Ci8Hi403 

C10H16 

CgHsOt 

Ci8H2i03N.H20.   .. 

CsHwN 

C4H902N3 

C4H7ON3 

CH3Cf,H4OH 

CH3CeH40H 

CHaCcHUOH 

CH3CeH40H 

CH3CeH40H 

CH3C6H40CH3.... 

C3H5CHO 

NCCH2CO2H 

(CN)j 

CH2(CH2)5CHOH. 


CH2(CH2)4CHOH 


A 


7H12.. 

(CHi)7. 


Phy- 
sical 
state 

Heat  of 

combus- 
tion, kg. 
calories 

liquid 

782.8 

solid 

1,551.7 

liquid 

894.3 

liquid 

969.4 

liquid 

1,046.5 

liquid 

886  4 

liquid 

1,023.5 

liquid 

1,469.6 

solid 

2,933.0 

liquid 

638.6 

liquid 

710.6 

liquid 

713.0 

liquid 

716.0 

liquid 

1,400.4 

solid 

596.0 

liquid 

524.3 

liquid 

613.3 

solid 

1,014.2 

solid 

1,468.8 

solid 

1,411.0 

solid 

1,458.1 

liquid 

831.0 

liquid 

246.6 

solid 

514.8 

liquid 

37.3 

gas 

130.5 

liquid 

1,354.5 

solid 

2,504.5 

solid 

4,872.8 

solid 

171.0 

solid 

734.5 

liquid 

89.2 

solid 

2,139.1 

solid 

1,040.2 

liquid 

1,112.3 

solid 

2,091.3 

liquid 

1,473.0 

solid 

474.5 

solid 

2,327  6 

liquid 

1,275.5' 

solid 

559.8 

solid 

563.4 

liquid 

882.6 

solid 

879.5 

liquid 

880.5 

liquid 

882.5 

solid 

880.0 

liquid 

1,057.0 

liquid 

542.1 

solid 

298  8 

gas 

258.3 

liquid 

1,050.2 

liquid 

890.7 

liquid 

1,049.9 

liquid 

1,087.3 
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HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Cyclohexane •  •  •  •  l(CH: 

Cyclohexene,  see  Tetrahydrobenzene 

Cyclopentane KCHjjs 

Cyclopropane,  see  Trimethylene 


937.8 


;liquid|    783.6 


Cymene. 


(cis) 


C6H4(CH3)  (CH3CHCH3)— 

(1,  4) 

C10PI18 

C10H18 


liquid 


liquid 
liquid 


Decahydronaphthalene 
Decahydronaphthalene 
{Irons) 

Decane 

Dextrose,  see  Glucose 

Diallyl f(CH3CH:CH2)2.  .  .  |vapor 

Diamyl  ether (C5H1O2O lliquid 


C10H22 liquid 


Diamylcne 

Dibenzyl 

Dibenzyl  amine 

1C10H20 

(C6HoCH2)2 

(CeHsCHihNH 

C6H4CI2 

(CiHshCHCC^H 

(C2H5)2NH 

C6H5N(C2H6)2 

CO(OC2H5)2 

(C2H.O2O 

(C2ll5)2CO 

CH2(C02C2ll6)2 

(CO.C2H5)2 

(CH2C02C2Hhv. 

CeHs 

C10H10 

C10H10 

Ci4Hr,02(OH)2—  (1,  2) 

[(CH3J2CHCH2CH2J2 

[(CH3)2CHCH2j2 

[(CH3)2CHl2 

[(CH3)2CH]2CO 

(CH3)2NH 

C6H6N(CH3)2 

CO(OCH3)2 

(CH3)20 

liquid 

solid 

solid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

solid 

solid 

liquid 

liquid 

vapor 

liquid 

liquid 

liquid 

liquid 

gas 

liquid 

solid 

liquid 

liquid 

solid 

solid 

liquid 

liquid 

liquid 

liquid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

o-Dichlorobenzene 

Diethylacetic  acid 

Diethyl  amine 

Diethylaniline 

Diethyl  carbonate - 

Diethyl  ether 

Diethyl  ketone 

Diethyl  malonate 

Diethyl  oxalate 

Diethyl  succinate 

Dihydrobenzene 

Ai-Dihydronaphthalene 

Ai-Dihydronaphthalene. . 
Dihydroxyanthraquinone 

Diisoamyl 

Diisobutylene 

Diisopropyl 

Diisopropyl  ketone 

Dimethyl  amine 

Dimethylaniline 

Dimethyl  carbonate 

Dimethyl  ether 

Dimethylethyl  carbinol 

Dimethyl  fumarate 

C2H5(CH3)2CHOH 

(CHC02CH3)2 

2,  5-Dimethylhexane 

3,  4-Dimethylhexane 

Dimethyl  maleate 

(CH3)>CH.C2H4.CH(CH3)  >.  . 

[(C2H5)(CH3)CH]2 

(CHC02CH3)2 

(CChCHs^         

Dimethyl  oxalate.  . 

2,  2-Dimethylpentane 

(CHshC.CsHy 

2,  3-Dimethylpentane 

2,  4-Dimethylpentane.  . 

3,  3-Dimethylpentane. 

Dimethyl  phthalate 

Dimethyl  succinate 

m-Dinitrobenzene 

(CH3)2CHCH(CH3)C2H5. .  .  . 
(CH3)2CHCH2CH(CH3)2 

(CH3)2C(C2H5)2 

C6H4(C02CH3)2 

(CH2C02CH3)2 

C6H4(N02)2 

Dinitrophenol 

C6H3(OHHN02)2— (1,  2,  4).. 
C6H3(CH3)(N02)2— (1,  2.  4). 

(C6H5)2 

(C6H5)2NH 

(CeHshCHOH .. 

(C6H5)2CH2 

(C6H5)2N.NO 

Dinitrotoluene 

Diphenyl ... 

Diphenyl  amine 

Diphenyl  carbinol 

Diphenylmethane 

Diphenylnitrosamine 

1,402.8 

1,502.5 
1,499.5 

1,610.2 

903.4 

1,609.3 

1,582.2 

1,810.6 

1,853.0 

671.8 

830.8 

716.9 

1,451.6 

647.9 

651.7 

735.6 

860.4 

716.0 

1,007.3 

S47.8 

1,296.3 

1,298.3 

1,448.9 

1,615.8 

1,252.4 

993.9 

1,045.5 

416.7 

1,142.7 

340.8 

347.6 

784.6 

664.3 

1,303.3 

1,303.7 

669.2 

401.9 

1,148.9 

1,148.9 

1,148.9 

1,147.9 

1,119.7 

703.3 

696.8 

648.0 

852.8 

1,493.6 

1,536.2 

1,615  4 

1,655.0 

1,532.6 
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HEAT  OF  COMBUSTION  (Continued) 

For  Organic  Compounds 


Name 


Formula 


Phy- 
sical 
3tate 


Heat  of 
combus- 
tion, kg. 
calories 


Dipropargyl j  (CH;C.CH2)2 

Dipropyl  ketone (C3H7)2CO 

Dulcitol CeHi406 

Durene IC6H2(CH3)4— (1,  2,  4,  5) 

Eicosane JC20H42 

Erythritol JC4H10O4 

Ethane !C2H6 

Ethine,  see  Acetylene 

Ethyl  acetate 

Ethyl  acetoacetate 

Ethyl  alcohol 

Ethyl  amine 

Ethylaniline 

Ethylbenzene 

Ethyl  benzoate 

Ethyl  bromide 

Ethyl  n-butyrate 

Ethyl  carbylamine 

Ethyl  chloride 

Ethylcycloheptane 

Ethyl  formate 

3-Ethylhexane 

Ethyl  iodide 

Ethyl  isobutyrate 

Ethyl  isocyanate !C2H6NCO. 

Ethyl  nitrate C2H3ON02. . . 

Ethyl  nitrite 1C2H5ONO 

3-Ethylpentane !(C2H5)3CH 

Ethyl  propionate C2H5CO2C2H5 

Ethyl  salicylate ;HOC6H4C02C2H6. 

Ethyl  valerate !C4H9C02C2H6. . . . 

Ethylene !CH2:CH2 

Ethylene  chloride ;(CH2C1)2 

Ethylene  diamine i(CH2NH2)2 


CH3C02C2H5 

CH3COCH2C02C2H6.. 

C2H5OH 

C2H5NH2 

C6H5NHC2H6 

C2H5C6H5 

C6H5C02C2H5 

C2H6Br 

C3H7C02C2H6 

C2H5NC 

C2H5C1 

CoHsCtHu 

HCO2C0H5 

(C2H5)2CH.C3H7 

C2H5I 

(CH3)2CHCH2C02C2H5. 


Ethylene  glycol. . 
Ethylene  iodide.  . 
Ethylene  oxide. . . 


(CH2OH)2. 
(CH2D2... 
CH2CH20. 


CH- 


Ethylidene  chloride. .  .  . 

Eugenol 

Fenchane 

Fluorene 

Fluorobenzene 

Formaldehyde 

Formamide 

Formic  acid 

J-Fructose 

Fumaric  acid  (trans) .    . 

Furfural 

Galactose jC6Hi20c 

Gallic  acid |C6H2(OH)3C02H- 

d-Glucose !C6Hi20g 

Glutaric  acid 

Glycerol 

Glyceryl  tributyrate.  .  . 

Glycine 

Glycogen. 

Glycollic  acid 

Glycylglycine 


CHCI2. 

C10H12O2. . .  . 

C10H18 

(C6H4)2:CH2. 

CeHsF 

CH2O 

HCONH2 

HCO2H 

C6H12O6 

,(CHC02H)2. 
C4H3OCHO. 


■(1,  3,  5,  6) 


(CH2)3(C02H)2... 
(CH2OH)2CHOH. 

C15H20O6 

H2NCH2C02H.  .. 
(CeHio06)x  per  kg 

CH2OHC02H 

C4H803N2 


vapor 

liquid 

solid 

solid 

solid 

solid 

gas 

iliquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
vapor 
liquid 
liquid 
vapor 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
vapor 
vapor 
liquid 
liquid 
liquid 
liquid 
gas 
vapor 
liquid 
liquid 
solid 
liquid 

liquid 
liquid 
liquid 
solid 
liquid 
?as 
solid 
liquid 
solid 
solid 
liquid 
solid 
solid 
solid 
solid 
liquid 
liquid 
solid 
solid 
isolid 
solid 


882.9 
1,050.5 

729.1 
1,393.6 
3,183.1 

504.1 

368.4 


536.9 
690.8 
327.6 
408.5 

1,121 

1,091 

1,098 
340 
851 
477 
316.7 

1,406.8 
391.7 

1,302.3 
356.0 
845.7 
424.5 
322.4 
332.6 

1,149.9 
690.8 

1,051.2 

1,017.5 
331.6 
271.0 
452.6 
281.9 
324.  S 
302.1 


267.1 

1,286.6 

1,502.6 

1,584.9 

747.2 

134.1 

134.9 

62.8 

675.6 

320.0 

559.5 

670.7 

633.7 

673.0 

514.9 

397.0 

1,941.1 

234.5 

4,186.8 

166.6 

470.7 
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HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Name 


Formula 


Phy- 
sical 
state 


Heat  of 
combus- 
tion, kg. 
calories 


n-Heptaldehyde 

n-Heptane 

Heptine-1 

n-Heptyl  alcohol 

Heptyl  amine 

Heptylic  acid 

n-Hexane 

Hexachlorbenzene 

Hexachlorethane 

Hexadecane 

Hexahydronaphthalene 

Hexamethylbenzene 

Hexamethylenetetramine. . . 

Hexamethylethane 

Hexyl  amine 

Hexylene 

Hippuric  acid 

Hydantoic  acid 

Hydrazobenzene 

Hydroquinol 

Hydroquinoldimethyl  ether. 

p-Hydroxyazobenzene 

o-Hydroxybenzaldehyde. . .  . 
m-Hydroxybenzaldehyde .  .  . 
p-Hydroxybenzaldehyde 
m-Hydroxybenzoic  acid. ... 
p-Hydroxybenzoic  acid 

f-Hydroxybutyraldehyde 
ndigo 

Indole 

Inositol 

Iodoform 

Isoamyl  amine 

Isobutane 

Isobutyl  alcohol 

Isobutyl  amine 

Isobutylene 

Isobutyraldehyde 

Isobutyramide 

Isobutyric  acid 

Isoeugenol 

Isopentane 

Isopentane 

Isophthalic  acid 

Isopropyl  alcohol. 

Isopropylbenzene 

Isopropyltoluene 


Isopropyltoluene,  see  Cymene 

Isosafrole i 

Lactic  acid I 

Lactose  (anhydr.) 

Laurie  acid 

Leucine 

d-Limonene 

Maleic  acid  (c%s) 

Maleic  anhydride 

J-Malic  acid 


CH3(CH2)6CHO 

C7H16 

CHjC(CH2)4CH3 

CH3(CH2)6CH2OH 

C7H15NH2 

C7H14O2 

CeHi4 

CeCU 

C2C16 

;Cl6H34 

'CioHu 

C6(CH3)6 

(CH2)6N4 

[(CH3)3C]2 

CeHi3NH2 

C6H12 

C6H6CONHCH2C02H... 

C3H603N2 

(C6H6NH)2 

C6H4(OH)2 

(CH30)2C6H4 

HOC6H4N2C6H6 

C6H4(OH)CHO 

C6H4(OH)CHO 

C6H4(OH)CHO 

!IOC6H4C02H 

HOC6H4C02H 

ch3chohch2c:;o.... 

Ci6Hio02N2 

CsHtN 

C6Hi206 

,CHI« 

(CH3)2CHC2H4NH2 

!(CH3)3CH 

(CH3)2CH2CH2OH 

C4H9NH2 

(CH3)2C:CH2 

(CH3)2CHCHO 

(CH3)2CHCONH2 

(CH3)2CHC02H 

CioHi202 

;c5Hi2 

I  C5HH2 

>C6H4(C02Hh 

i<CH3hCHOH... 

UCHahCHCeHs 

iC6H4(CH3)(CH3CHCH3)- 
(1,  3) 


liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

liquid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

gas 

liquid 

liquid 

gas 

vapor 

solid 

liquid 

liquid 

•?as 

liquid 

solid 

liquid 

liquid 

liquid 


1C10H10O2 

!CH3CHOHC02H 

|Ci2H22On   

!Ci2H2402 

;C6Hi302N 

C10H16 

(CHC02H)2 

(CHCO)20 

:(CHOHCH2):(C02H)2. 


liquid 

liquid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 


1,062.4 

1,149.9 

1,091.2 

1,104.9 

1,178.9 

986.1 

989.8 

509.0 

110.0 


2,559. 
1,419. 


1,711.9 
1,006.7 
1,301.8 
1,022.2 

952.6 
1,012.4 

308.6 
1,597.3 

683.7 
1,014.7 
1,502.0 

796.0 

788.7 

792.7 

726.1 

725.4 

546.6 
1,815.0 
1,022.2 

662.1 

161.9 

866.8 

683.4 

638.2 

713.6 

647.2 

596.8 

595.9 

517.4 
1,277.6 

843. 5(7; 

838. 3(?* 

768.3 

474.8 
1,247.3 
1,409.5 


1,233.9 
326.0 

1,350.8 

1,771.7 
855.6 

1,471.2 
326.1 
333.9 
320.1 


HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Malonic  acid 

Maltose 

Mandelic  acid 

d-Mannitol 

Menthene 

Menthol 

Mesitylene 

Mesityl  oxide. 

Mesotartaric  acid 

Methane 

Methyl  acetate 

Methyl  alcohol 

Methyl  amine 

Methylaniline 

Methyl  benzoate 

Methyl  bromide 

Methyl  butyl  ketone. . . . 
Methyl  tert-buty\  ketone 

Methyl  butyrate 

Methyl  carbylamine.  .  .  . 

Methyl  chloride 

Methyl  cinnamate 

Methylcyclobutane 

Methylcycloheptane.  .  .  . 
Methylcyclohexane.  .  .  . 
Methylcyclopentane.  .  .  . 


Methyldiethyl  carbinoi . 

Methylene  chloride 

Methylene  iodide 

Methylethyl  ether 

Methylethyl  ketone. . .  . 

Methyl  formate 

2-Methylheptane 

2-Methylhexane 

3-Methylhexane 

Methylhexyl  ketone.  .  . . 

Methyl  iodide 

Methyl  isobutyrate 

Methyl  isocyanate 

Methylisopropyl  ketone 

Methyl  lactate 

Methyl  propionate 

Methylpropyl  ketone. . . 

Methyl  salicylate 

Milk  sugar,  see  Lactose 

Morphine 

Mucic  acid , 

Myristic  acid 

Naphthalene 

a-Naphthoic  acid 

^-Naphthoic  acid 

a-Naphthol 

<3-Naphthol. , 

a-Naphthonitrile 

/S'Naphthonitrile 

a-Naphthoquinone 

^-Naphthoquinone 

a-Naphthyl  amine 


C17H19O3N.H2O 

CeHioOg 

Ci4H::,02 

CioHs 

C1CH7CO2H.. 
C10H7CO2H 

C10H7OH 

C10H7OH 

C10H7CN 

C10H7CN 

C10H6O2 

CioFsOz 

C10H7NH2 


CH2(C02H)2 isolid 

C12H22O11 Isolid 

C6H5CHOHC02H 

CeHuOe 

CioHis 

C10H20O , 

(CH3)3C6H3—  (1,  3,  5)... 

(CH3)2C:CHCOCH3 

(CHOH)2(C02H)2 

CH4 

CH3C02CH3 

CH3OH 

CH3NH2 

CeHsNHCHa 

C6H5C02CH3 

CH3Br 

CH3COC4H9 

Pinacoline 

C3H7COC2H3 

CH3NC 

CH3CI 

C10H10O2 

CH3CHCH2CH2CH2 

CH3C7Hl3 

CHsCeHu 

CH3CH.C3He.CH2 

CH3(C2H6)2CHOH 

CH2CI2 

CH2I2 

CH3OC2H5 

CH3COC2H5 

HC02CH3 

(CHshCH.CsHu 

(CH3)2CHC4H9 

(C2H5)(CH3)CHC3H7.... 

CH3COC6H13 

CH3I 

(CH3)2CHC02CH3 

CH3NCO 

CH3COCH(CH3)2 

CH3CHOHC02CH3 

C2H5CO2CH3 

CH3COC3H7 

HOC6H4C02CH3 


solid 

solid 

liquid 

solid 

liquid 

liquid 

solid 

gas 

liquid 

liquid 

liquid 

liquid 

liquid 

vapor 

liquid 

liquid 

liquid 

gas 

solid 

liquid 

liquid 

liquid 

liquid 

liquid 
vapor 
liquid 
vapor 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
liquid 
vapor 
liquid 
liquid 

solid 
sol'd 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 


207.2 

1,350.2 

890.3 

727.6 

1,523.2 

1,508.8 

1,243.6 

846.7 

276.0 

210.8 

381.2 

170.9 

256.1 

973.5 

943.5 

184.0 

895.2 

692.8 

320.1 

164.2 

1,213.0 

784.2 

1,244.5 

1,091.8 

937.9 

927.0 

106.8 

178.4 

503.4 

582.3 

233.1 

1 , 306 . 1 

1,148.9 

1,148.9 

1,205.1 

194.7 

694.2 

269.4 

733.9 

497.2 

552.3 

735.6 

898.3 

2,146.3 
483.6 
2,085.8 
1,232.5 
1,231.8 
1,227.6 
1,185.4 
1,187.2 
1,326.2 
1,321.0 
1,100.8 
lv106.4 
1,263.5 
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HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Name 

Formula 

Phy- 
sical 
state 

Heat  of 
combus- 
tion, kg. 
calories 

0-Naphthyl  amine 

C10H7NH2 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

solid 

liquid 

1,261.0 

Narceine 

C23H27O8N.2H2O 

C22H23O7N 

2,802.9 

Narcotine. . 

2,644.5 

Nicotine 

o-Nitraniline 

m-Nitraniline.  .           

C10H14N2 

CeH4(NH2)(N02) 

C6H4(NH2)(N02)...  . 

1,427.7 
765.8 
765.2 

p-Nitraniline 

C6H4(NH2)(N02) 

O2NC6H4CHO 

C6H6N02 

O2NC6H4CO2H 

C2H6NO2 

761.0 

m-Nitrobenzaldehyde 

Nitrobenzene 

ra-Nitrobenzoic  acid 

Nitroethane 

800.4 
739.2 
729.1 
322.2 

Nitroglycerine,  see  TrinitroyLycerol 


Nitromethane. 

o-Nitrophenol 

m-Nitrophenol 

p-Nitrophenol 

Nitropropane 

o-Nitrotoluene 

p-Nitrotoluene 

Octahydronaphthalene 

n-Octane 

Octyl  alcohol 

Oleic  acid 

Oxalic  acid 

Oxamide 

Palmitic  acid 

Papaverine 

Pentamethylbenzene . 

n-Pentane 

n-Pentane 

Phenacetin 

Phenanthraquinone . 


CH3NO2 

HOC6H6N02. 
HOC6H4NO2. 
HOC6H4NO2. 

C3H7NO2 

CH3C6H4NO2. 
CH3C6HfiN02. 

C10H16 

CsHi8 

CsHisO 

C18H34O2. 
(C02H)2... 
(CONH2)2..  .  . 

C16H32O2 

C20H21O4N  .    , 
C6H(CH3)6 

CBH12 

C6Hi2 

C10H13O2N.. 
CuHsOi 


Phenanthrene jCuHi 

Phenetole C6H6OC2H6.    . 

Phenol C6H6OH 

Phenylacetic  acid C6H5CH2CO2H.  .  .  . 

Phenylacetylene C6H6C:  CH 

Phenylalanine C9H11O2N 

p-Phenylenediamine |CeH4(NH2)2 

Phenylethylene,  see  Styrrve 

Phenylglycine ;C2H5NHCH2C02H 

Phenylhydrazine C6H5N2H3 


Phenylhydroxylamine  OH5NHOH. .  . . 

Phenyl  iodide C6H5I 

Phloroglucinol C6H3(OH)3 

Phthalic  acid C6H4(C02H)2. . 

Phthalic  anhydride C6H4(CO)20 

Phthalimide .C8H502N 

Picric  acid C6H2(OH)(N02j 

Pinacoline |CH3C0C(CH3)3. 

Piperidine jCeHnN 

Piperonal |CsH603 

Propane 1 C3H8 

Propine,  see  Allylene 

Propionaldehyde C2H5CHO 

Propionamide C2H5CONH2. . .  . 

Propionic  acid C2HBCO2H 

Propionic  anhydride (C2H6CO)20.  .  .  , 


■(1.  2,  4,  6) 


liquid 
solid 
solid 
solid 
liquid 
liquid 
I  solid 
liquid 
liquid 
liquid 
liquid 
solid 
solid 
solid 
solid 
solid 
^as 
jliquid 
solid 
solid 
solid 
liquid 
solid 
solid 
liquid 
solid 
solid 

solid 

solid 

liquid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

liquid 

solid 

gas 

I  liquid 
solid 
liquid 
liquid 


169.4 
689.1 
684.4 
688.8 
477.9 
897.0 
888.6 

1,461.7 

1,302 

1,262 

2,657 

60 

203 

2,398.4 

2,478.1 

1,554.0 
838.3 
833.4 

1,285.2 

1,544.0 

1,692.5 

1,060 
732 
930 

1,024 

1,111 


843.4 

955.1 
875.4 
803.7 
770.7 
635.: 
771.0 
783.4 
849.5 
611.8 
891.8 
826.6 
870.7 
526.3 

434.2 
439.9 
367.2 
746.6 
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HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Comfounds 


Name 


Formula 


Phy- 
sical 
state 


Heat  of 
combus- 
tion, kg. 
calories 


Propionitrile 

n- Propyl  alcohol  

Propyl  amine 

n-Propylbenzene 

Propyl  bromide 

Propyl  carbylamine 

Propyl  chloride 

Propylene 

Propylene  glycol 

n- Propyl  iodide 

n-Propyltoluene 

Pseudocumene 

Pyridine 

Pyrocatechol 

Pyrogallol 

Pyrrole 

Quercitol 

Quinoline 

Quinone       

Raffinose 

Retene 

Resorcinol 

Resorcincldimethj'l  ether. . . 

Rhamnose 

Saf  role 

Salicylaldehyde 

*  Salicylic  acid 

Sarcosine 

Sebacic  acid 

Skatole 

d-Sorbose 

Starch 

Stearic  acid 

Strychnine 

Styrene. 

Suberic  acid 

Succinic  acid 

Succinic  acid  nitrite 

Succinic  anhydride 

Succinimide 

Sucrose 

Sylvestrene . . 

d-Tartaric  acid 

d,  Z-Tartaric  acid  (anhydr.) . 

Terephthalic  acid 

Terpin  hydrate 

Terpineol 

Tetrahydrobenzcue 

Tetrahydronaphthalene 

Tetramethylmethane 

Tetraphenylmethane 

Tetryl 

Thebaine 

Thiophene 

Thujane. 

Thymol.. 

Thymol 

Thymoquinone 


C2H5CN 

C3H7OH 

C3H7NH2 

C3H7C6H5 

C3H7Br 

C3H7NC 

C3H7CI 

CH3CH:CH2 

CH3CHOHCH2CH 

C3H7I 

C6H4(CH3)(C3H7)- 
C6H3(CH3)3— (1,  2, 

C6H5N 

C6H4(OH)2 

C6H3(OH),       

C4H6N 

C6H1206 

C9H7N 

0:C6H4:0 

C18H32O16 

CisHis 

C6H4(OH)2 

(CH30)2C6ll4 

CcHi206 

C10H10O2 

see  o-liydroxybenzaldehyde 

HOC6H4CO2H— (1,  2) 
CH3NHCH2CO2H..  . 

(CH2)8(C02H)2 

C9H9N 

CeHisOe •  ... 

(CeHio06)x  per  k<*   .  . 

C18H36O2 

C21H22O2N2 

C6H5CH:CH2 

(CH2)6(C02H)2 

(CH2C02H)2 

(CH2CN)2 

(CH2CO)20 

C4H502N 

C12H22O11     

C10H16 

(CHOH)2(C02H)2.... 
(CHOH)2(C02H)2..  .. 

C6H4(C02H)2 

C10H22O3 

CicHisO 

CeHio 

CioHi2 

(CH3)4C 

(C6H6)4C 

C7H5N608 

C19H21O3N 

C4H4S 

C10H18. 

C10H14O 

C10H14O 

C10H12O2. 


(1,  3). 

4) 


liquid 

liquid 

liquid 

liquid 

vapor 

liquid 

vapor 

gas 

liquid 

liquid 

liquid 

liquid 

liquid 

solid 

solid 

liquid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

solid 

liquid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

solid 

solid 

liquid 

solid 

solid 

solid 

liquid 

solid 

solid 

solid 

solid 

solid 

liquid 

liquid 

gas 

solid 

solid 

solid 

liquid 

liquid 

liquid 

solid 

solid 


456.4 
480.5 
558.3 

1,246.4 
497.3 
639.6 
478.3 
490.2 
431.0 
514.3 

1,405.4 

1,241.7 
658.5 
684.8 
638.7 
567.7 
704.2 

1,123.5 
656.6 

2,025.5 

2,306.8 
683.0 

1,022.6 
718.2 

1,244.1 

723.1 

401.1 

1,297.3 

1,170.5 

668.3 

4,178.8 

2,711.8 

2,685.7 

1,047.1 

985.2 

357.1 

545.7 

369.6 

437.9 

1,349.6 

1,464.7 

275.1 

278.4 

770.4 

1,451.0 

1,469.5 

891.9 

1,352.4 

842.6 

3,102.4 

842.3 

2,441.3 

670.5 

1,506.4 

1,353.4 

1,349.7 

1,271.3 


*  Recommended  as  a  secondary  thermochemical  standard. 
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HEAT  OF  COMBUSTION  (Continued) 
For  Organic  Compounds 


Name 


Formula 


Phy- 
sical 
state 


Heat  of 
combus- 
tion, kg. 
calories 


Toluene 

o-Toluic  acid 

m-Toluic  acid 

p-Toluic  acid 

o-Toluidine 

m-Toluidine 

p-Toluidine 

o-Tolunitrile 

Toluquinone 

Triaminotriphenyl  carbinol 

Tribenzyl  amine 

Trichloracetic  acid 

Triethyl  amine 

Triethyl  carbinol 

Triisoamyl  amine 

Triisobutyl  amine 

Trimethyl  amine 

2,  2,  3-Trimethylbutane.  .  . 

Trimethyl  carbinol 

Trimethylene 

Trimethylethylene   

Trimethylethylene 

2,  2,  4-Trimethylpentane.  . 

Trinitrobenzene 

Trinitroglycerol 

Trinitrotoluene 

Triphenyl  amine 

Triphenylbenzene 

Triphenyl  carbinol 

Triphenylmethane 

Triphenyl  methyl 

Tyrosine 

Undecylic  acid 

Urea 

Urethane 

Uric  acid 

n- Valeric  acid 

Vanillin 

o-Xylene 

m-Xylene 

p  -Xylene 

Xylose 


CHaCeHs 

CH3C6H4C02H 

CH3C6H4C02H 

CH3C6H4C02H 

CH3CcH4NH2 

CH3C6H4NH2 

CH3C6H4NH2 

CH3C6H4CN 

C7H602 

(CeHUNHahCOH 

(C6H5CH2)3N 

C13C.C02H 

(C2H5)3N 

(C2H5)3CHOH 

f(CH3)2CHCH2CH2]3N.. 

[(CH3)2CHCH2j3N 

(CH3)3N 

(CH3)3C.CH(CH3)2 

(CH3)3COH 

CH2CH2CH2 

(CH3)2C:CHCH3 

(CH3)2C:CHCH3 

(CH3)3C.CH2CH(CH3)2.. 
C6H3(N02)3— (1,  3,5)... 

C3H5(N03)3 

C6H2(CH3)(N02)3— 

(1,  2,  4,  6) 

(CJIshN 

CeHsCCsHsJo—  (1,  3,  o).. 

(CeHohCHOH 

(C6H5)3CH 

(C6H6)3C 

C9Hn03N 

CuH2202 

(NH2)2CO 

NH2C02C2H& 

C5H403N4 

C4H9C02H 

C6H3(OH)(OCH3)CHO— 

(1,  2,  4) 

(CH3)2C6H4 

(CH3)2C6H4 

(CH3)2C6H4 

C5H10O5 


liquid 

solid 

solid 

solid 

liquid 

liquid 

solid 

liquid 

solid 

solid 

solid 

solid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

liquid 

gas 

liquid 

vapor 

liquid 

solid 

liquid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

solid 

liquid 

solid 

liquid 
liquid 
liquid 
solid 


934.2 

928.9 

928.6 

926.9 

964.3 

965.3 

958.4 

1,030.3 

803 . 2 

2,483.5 

2,762.1 

92.8 

1,036.8 

1,080.0 

2,459.3 

1,973.6 

578.6 

1,147.9 

629.3 

496.8 

796.0 
803.6 
1,303.9 
663.7 
368.4 
820.7 

2,267.8 

2,936.7 

2,340.8 

2,388.7 

2,378.5 

1,070.2 

1,615.9 

151.6 

397.2 

460.2 

681.6 

914.1 

1,091.7 

1,088.4 

1,089.1 

561.5 
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HEAT  OF  FORMATION 

For  Organic  Compounds 

The  heat  of  formation  of  a  compound  "A"  is  equal  to  the 
sum  of  the  heats  of  formation  of  the  products  of  combustion 
minus  the  heat  of  combustion  (see  preceding  table)  of  the 
compound  "A."     The  heat  of  formation  of: 

Free  elements 0        kg-cal 

C02  (gas) 94.38 

|H20  (liquid  from  1  H) 34. 19 

HF  (dilute  aqueous  solution) 75.6 

S02  (gas) 69 . 3 

HBr  (aqueous  solution) 28 .  54 

HC1  (aqueous  solution) 39 .  46 

HNO3  (aqueous  solution) 49 .  80 

H2SO4  (aqueous  solution) 207 . 5 

Example  I 

To  calculate  the  heat  of  formation  of  methane  (CH4)  where 

Heat  of  combustion  of  methane  =  210.8 
Heat  of  formation  of  C02  =    94 .  38 

Heat  of  formation  of  |H20  =     34. 19 

and  where  the  combustion  occurs  according  to  the  equation: 

CH4  +  202  =  C02  (gas)  +  2H20  (liquid) 

Then   the  heat  of  formation   of   CH4  =  94.38  +  4(34  19)  - 
210.8  =  +20.34  kg-cal.  per  gram  molecular  weight. 

Example  II 

To  calculate  the  heat  of  formation  of  ethylene  (C2H4)  where 
Heat  of  combustion  of  ethylene  =  331.6 
and  the  combustion  occurs  according  to  the  equation: 

C2H4  +  302  =  2C02  +  2H20 

The  heat  of  formation  of  C2H4  =  2(94.38)  +  4(34.19)  - 
331.6  =  —6.08  kg-cal.  per  gram  molecular  weight. 

Example  III 

To  calculate  the  heat  of  formatioD  of  ethylamine  (C2H5NH2) 
where 

Heat  of  combustion  of  ethylamine  =  408.5 

and  the  combustion  occurs  according  to  the  equation: 

C2H5NH2  +  3.7502  =  2C02  +  3.5(H20)  +  N2 

The  heat  of  formation  of  C2H5NH2  =  2(94.38)  +  7(34.19)  + 
0(N2)  —  408.5  =  +19.59  kg-cal.  per  gram  molecular  weight. 
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COMBUSTION  CONSTANTS  OF  GASES 


The  flue  products  are  based  upon  air  with  21  %  oxygen  and  79  %  nitrogen;  flame  tempera- 
tures are  not  corrected  for  dissociation;  the  high  or  gross  heat  value  is  one  which  would  be 
obtained  by  burning  in  a  Junker's  calorimeter;  it  includes  the  heat  of  condensation  of  the 
water  formed  by  combustion  and  assumes  that  all  products  of  combustion  are  cooled  to 
the  initial  temperature;  the  low  or  net  heat  value  assumes  that  all  of  the  products  of  com- 
bustion except  water  have  been  cooled  to  the  initial  temperature;  the  difference  between  the 
gross  and  the  net  is  equal  to  the  heat  of  vaporization  of  water  at  the  initial  temperature. 


>> 

3 

J2 
"a 

a 

'8 

"o 

a 

d  2 

"o 

S 

o 

o 

p. 

CO 

-t-3 

~^9 
PQ 

3*a 


C2H2 
NH3 
Benzene ....  ICeHe 


Acetylene . 
Ammonia. 


Butane 

Butylene 

Carbon  dioxide. . 
Carbon  monoxide. 

Ethane 

Ethylene 

Hydrogen . .  . 
Hydrogen  sulfide 

Methane 

Naphthalene 

Nitrogen 

Oxygen 

Propane 

Propylene 

Toluene 

Xylene 

Water 


C4H10 
C4H8 
C02 
CO 

C2H6 

C2H4 

H2 

H2S 

CH4 

CioHs 

N2 

02 

CaHs 

C3H6 

C-Hs 

CsHio 

H20 


26.02 

0.8981 

0.06858 

17.03 

0.5878 

0.04489 

78.05 

2.6940 

0.2057 

58.08 

2.0047 

0.15309 

56.06 

1.9352 

0.14778 

44.00 

1.5288 

0.11598 

28.00 

0.9665 

0.07381 

30.05 

1.0371 

0.07920 

28.03 

0.9676 

0.07389 

2.02 

0.0695 

0.00531 

34.08 

1.1767 

0.08986 

16.03 

0.5534 

0.04226 

128.06 
28.02 

0.9671 

0.07385 

32.00 

1 . 1046 

0.08435 

44.06 

1.5210 

0.11615 

42.05 

1.4513 

0.11083 

92.06 

3.1778 

0.2427 

106.08 

3.6616 

0.27962 

18.02 

0.6219 

0.04749 

562,000 


1,113,000 
1,237,000 
1,171,000 


122.400 
668,300 
622,400 
123,100 


543,000 


1,356,000 
1,142,000 
1,095,000 


122,400 
611,300 
584,400 
104,100 


384,000   316,000 
2,219,000  2,143,000 


952,000 
893,000 
,685,000 
,955,000 


876,000 

836,000 

1,609,000 

1,860,000 


1456 


3658 
3204 
3033 


317.1 
1731 
1613 

318.8 


995 


2465 
2313 
4364 
5064 


HEAT  OF  COMBUSTION  OF  LIQUID  FUELS 


Fuel 

B.t.u. 
per 
lb 

Gram- 
calor- 

Ultimate analysis 

Lbs. 
per 

gal- 
lon 

Spe- 
cific 

ies  per 
gram 

C 

H 

S 

N 

O 

grav- 
ity at 
60°  F 

Alcohol,     fuel     or 
denatured 

11.620    G.45G 

18,910,10.506 
19,130  10,628 
18,755  10,419 
19,  502' 10, 834 
19,505  10,836 
19.460  10.811 
19,510  10  839 
19,200  10,667 
20,750,11,528 

6.836 

7.636 
7.670 
8.120 
7.236 
6.769 
7.286 
7.228 
7.184 
6.152 
7.956 
8.223 
7.428 
7.462 
6.822 

0.820 

Crude  oil,  Califor- 
nia   

Kansas 

Mexico 

! 
84.00  12.70 
84   15,13.00 
83   70  10  90 

0.75 
1.90 
4   15 
0.40 
0  06 
1.75 

1.70 
0.45 

1.20 

0.917 
0.921 
0  975 

Oklahoma.  .  .  . 
Pennsylvania . 

Texas 

Wyoming .... 

85  70 

86  06 
85.05 

13.11 
13.88 
12.30 

0.30 
0.00 
0.70 

6!66 

0.00 

0 .  869 
0.813 
0.875 
0.868 

Gas  oil 



0.863 

Gasoline 

84  90  14   760  08 

0.739 

Fuel  oil,  California 

18, 835i  10, 464  84.67 
18,510  10.283  84  02 

12.36ll.16 
10 .  06  4  93 

0.9554 

Mexico 

0.987 

Mid-continent 
Furnace  oil 

19,376 
19,025 
19,810 

10 , 764 
10,569 
11,006 

85.62 

11.98 

0.35 

0.50 

0.60 

0.892 
0.896 

Kerosene 

0  819 
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COMBUSTION  CONSTANTS  OF  GASES  (Continued) 


; 

Cu.  ft.  pei 

1 

cu.  ft.  fuel 

gas  or 

I 

I 

mol.  per 

1 

moL 

Requires 

j 

| 

for  com- 

1 

■Sri 

|    . 

%i 

* 

bustion 

j 

■s.S 

3'o 

-2.9 

■*s 

-2.S 

a> 

.■+»© 

^}W 

+iO 

-♦->'  o 

g 

3°o 

vw  CO 

fejb 

<^-  CO 

t-  c 
O,co 

'43  D 

B 

.    0] 

•   a 

«-  C. 

s. -S3 

*!  2* 

=?  o  >> 

3    2 

=»"S 

8  F 

O 

-*»   C   c3 

PQW 

PQW 

J  5 

< 

Acetylene  

1396 

1483 

1433 

1567 

1514 

4770 

?,  5 

11.90 

Ammnnui      

Benzene 

3509 
2955 
2834 

3722 
3261 
3087 

3577 
3010 

2887 

3933 
3445 
3262 

3774 
3180 
3050 

4110 
3870 
4030 

7.5 
6.5 
6  0 

35  70 

Butane 

30  95 

Butylene 

28.58 

Carbon  dioxide 

Carbon  monoxide . . 

317.1 
1582 

322.6 
1762 

322.6 
1612 

341.0 

1862 

341.0 
1703 

4475 
3820 

0.5 
3.5 

2  38 

Ethane 

16.67 

Ethylene 

1514 

1641 

1541 

1734 

1631 

4250 

3.0 

14.29 

Hydrogen 

269.1 

324.5 

274.5 

343.0 

290.0 

4010 

0.5 

2.38 

Hydrogen  sulfide 

1  5 

7  14 

Methane 

896 

1012 

912 

1069 

963 

3750 
4100 

2.0 
13  0 

9.52 

Naphthalene 

57.10 

Nitrogen 

i 

Oxygen 

Propane 

2266 
2164 

2509 
2354 

2309 
2204 

2652 
2487 

2440 
2328 

3840 

4090 

5.0 
4.5 

23 .  80 

Propylene 

21.43 

Toluene. . .                               

4165 
4815 

4441 
5153 

4241 
4902 

4693 
5446 

4481 
5181 

4050 
4010 

9.0 
10.5 

42.87 

Xylene  . 

50  00 

Water 

i 
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COMBUSTION  CONSTANTS  OF  GASES  (Continued) 

Cu.  ft.  per  cu 
ft.  fuel  gas  or 
mol.  per  mol. 

Ignition  temp,  at  atmospheric 
pressure 

Inflamma- 
bility in  air 
at  atmos- 
pheric pres- 
sure and 

Flue  products 

In  air 

In  oxygen 

ordinary 
temp 

6 
o 

O 

w 

9 
Q 

bC 

V 

Q 

0 

d 

tab 
9 

Q 

1 

'1 
If 

Acetylene 

2.0 

1.0 

9.40 

763-824 

406-440 

781-824 

416-440 

Ammonia . 

Benzene 

6.0 
4.0 
4.0 

3.0 

28  20 

1364 

740 

1224 

662 

1.4 

5.5 

Butane 

5.0  24.45 
4.0  22.58 

Butylene 

Carbon  dioxide. . . . 

Carbon  monoxide. . 
Ethane 

1.0 

2.0 
2.0 

3.6 
2.0 
1.0 
1.0 

2.0 
4.0 

1.88 

13.17 

11.29 

1.88 

5.64 

7.52 
45.00 

1191-1216 

968-1166 

1008-1018 

1076-1094 

644-658 
520-630 
542-547 
580-590 

1179-1216 
968-1166 
932-966 

1076-1094 

637-658 
520-630 
500-519 
580-590 

J6.3 
3.3 
3.4 
6.2 

71.2 
10.6 

Ethylene 

Hydrogen 

14.1 
71.4 

Hydrogen  sulfide . . . 

1.0 

S02 
1.0 
10.0 

Methane 

1202-13  12 

650-750 

1033-1292 

556-700 

5.8 

13.3 

Naphthalene 

Nitrogen 

Oxygen . . 

...1 

Propane 

3.0 
3.0 
7.0 
8.0 

4.0 
3.0 
4.0 
5.0 

I8.8O1 
16.93 
33.87 
39.50 

914-1058 

190-570 

Propylene 

1 

Toluene. 

Xylene 

Water 

1490 

810 

1026 

552 

:::::■ 

.... 

i 
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FUEL  GASES 
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HEATS  OF  COMBUSTION  AND  COMPOSITION   OF 
REPRESENTATIVE  COALS 

Analysis  on  coal  "as  received."    First  name  is  that  of  the  county,  second  name  that  of 
the  mine. 


Ultimate  analysis 


Proximate  analysis 


^    fc* 


V3     QJ 

>   G3 

s 


o 


Alabama: 

Bibb,  Belle  Ellen 

Jefferson  Bessemer 

Shelby,  Aldrich 

Alaska: 

Moose  Creek 

Arkansas: 

Hartford,  Central  No.  10 

Huntington,  No.  6  Cen- 
tral  

Colorado: 

Gunnison,  Somerset 

Weld.  Erie 

Illinois: 

Christian,  Pana 

Franklin,  Orient 

Williamson  Herrin 

Indiana: 

Green  Jason  ville 

Knox,  South  Bruceville. . 

Sullivan,  Vandalia 

Iowa: 

Lucas  Chariton \ 

Polk.  Altoona j 

Kansas: 

Cherokee,  Stone  City. 

^  Crawford,  Edison 

Kentucky: 

Christian.  Mannington . . 

Webster 

Maryland: 

Allegany,  Frostburg 

Allegany,  Ocean 

Montana: 
Carbon,  Washoe 

Musselshell,  Roundup. . . 
New  Mexico: 

San  Juan,  Farmington. . 
North  Dakota: 

Ward,  Burlington 

Williams,  Wheelock 

Ohio: 

Columbian,  New  Salis- 
bury  

Jefferson,  Yellow  Creek . 
Oklahoma: 

Coal,  Lehigh 

Latimer,  Degnan 

Pittsburg,  Ridgway 


Bituminous 


Semi- 
bituminous 

Bituminous 
Sub- 
bituminous 

Bituminous 


14,140 
1  \  620 
13,6.50 

12,150 

13,270 

13,700 


12,630 
9.520 


78.3 
SI. 7 

5.0 


5.3 

4.7 
5.2 


67.6>5.3 


77.4 
78.7 


70.6 
54.8 


Semi- 
bituminous 
Semi- 
bituminous 

Sub- 
bituminous 


Bituminous 
Lignite 


10  8(10  59.8 
12,160  69.0 

1 1,860  67   1 


Bituminous 


11.540 
11.540 
11420 

10.240 
10,240 

13,080 
12.500 

11.680 
12,500 

13,430 

14.190 

10,550 

10,690 

11,630 

6.010 
5,990 


12,730 
12,720 

11.260 
13  630 
13,280 
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64.5 
62.3 
63.8 

55.8 
54.7 

71.8 
68.8 


70.4 
76.9 
81.0 

59.8 
62.0 


37.4 
35.2 


4   1 
4  4 


5.5 
6.3 


5.6 
5.4 
5  2 

5.8 
5.5 

5.9 

5.7 
5.5 

5.2 
4.9 


1.4 
1.5 
1.0 

1. 

1.6 

1  6 


5  1  ?.6 


4.3 
4.5 

5.6 

5.6 


6.4 
7.1 


1.9 
1.9 

1.3 
1.0 


0.6 
0.5 


69.9  5.2  1.4 
69.7,5.2  1.4 


62.85.0 


73.815.4 


1.5 


7.6 

6.5 

10.0 

15.9 

5.3 

4.4 


12  7 
33  8 


19  1 
15.0 
16.7 


1.2 

0.8 
C.3 
11 
1.9 


0.4 
0.3 


3  7 
1.0 
0  9 


3.2 
2.4 
2.3 

4  7 

2.9 

3.2 


4.3 

24.6 


13.0 
7  3 
9.4 


31.0 
24.4 

38.6 

35.5 
19.3 

18.1 


59.6    6.5 


68.4 
51.9 

50.9 

67.3 

69.7 


39.7  46.7 

29.8  42.0 


0  39.3 


47 
49.0 

19  8  1.1  13  5  36  3  42.9 
17.1  3.2  9  538.341.4 
20.9  1.3114.9.34  3  44 

21.5  3  2  15  4  30.5  41  5 
.8  6.2,13.9  37.0  35.2 

3  3    5.l'34 


10.2 
8.7 


12.6 
4.9 
4.0 

21.0 

22.7 


45.0 
47.5 


8.3 


4  6 

3  1 

1.1 

1.1 
1.0 

1.1 
0.7 
1.3 

0.2 


3.9.34.2 

.7 


5  52.2 
50.1 


9.2133 
5.4  34. 


2.2 
1.2 

10.5 

13.6 
6.9 
36. 


46.4 
50.4 


17 
17.9 


34.7 
32.9 
38.1 


0 
24.9127.7 


1.342.1|25.0 


4.3 
8.0(5.1 

I 


14  5 
9.6 


4.3 
0.9 
1.7 


3.5 
3.4 

6.6 
3.7 

3.8 


36.7 
36.3 

38.6 
36.8 
38.0 


4.S 
7.2 

8.9 

10.5 

9.0 


9.3 
3.6 


10.7 
8.1 
8.6 

7.3 

10.9 
6.7 

12.6 
14.0 

8.3 
11.8 

10.7 
9.3 

10.9 

7.; 


11.2 

8.1 

11.9 

10  4 

8  5 


10  9 
10  7 

11.9 

5.6 
7.6 


HEATS  OF  COMBUSTION  AND  COMPOSITION  OF 
REPRESENTATIVE  COALS  (Continued) 


&T3 


pq 


Ultimate  analysis 


Proximate  analysis 


c? 


Oregon: 
Coos,  Beaverhill 

Pennsylvania: 
Armstrong,     Montgom- 

eryville 

Armstrong,  W.  Kittann- 

ing 

Bedford,  Hopewell 

Cambria,  Bakerton 

Cambria,  Nanty  Glo 

Cambria,  Windber 

Jefferson,  Punxsutawney 
Somerset,  Seanor 

Rhode  Island: 

Providence,  Cranston . . . 
Texas: 

Webb,  Dolores 

Virginia: 

Montgomery,  Blacks- 
burg 

Pulaski,  Gun  tan  Park. . . 

Tazewell,  Pocahontas . . . 

Wise,  Josephine 

Washington: 

Kittitas,  Ellensburg 

Thurston,  Tono 

West  Virginia: 

Brook,  Collier 

Grant,  Bismarck 

Mineral,  Emoryville. . . . 

Ohio,  Elm  Grove 

Wyoming- 
Lincoln,  Elkol 

Lincoln,  Green  River 


Sub- 
bituminous 


Cannel 

Bituminous 

Semi- 
bituminous 

Bituminous 
Semi- 
bituminous 

Anthracite 

Cannel 


Semi- 
bituminous 
Semi- 
anthracite 
Semi- 
bituminous 
Bituminous 


Sub- 
bituminous 

Bituminous 
Semi- 
bituminous 

Bituminous 

Sub- 
bituminous 
Bituminous 


9,030 


10,460 

13,040 
13,810 
14,460 

14,380 
14,620 
13,860 
13,740 


11,620 
11,070 

12,740 

10,960 

14,610 

13,270 

11,010 
8,700 


51.1 


56.9 

71.4 
77.4 


83.9 
76.6 

78.5 


82.4 
59.3 

75.3 


84.0 

73.7 

61.3 
49.9 


5.5 


4.5 

5.3 
4.1 


1.2 


28.2 


5.6 

9.1 

3.4 


4.3 
5.1 

4.3 


0.5 
5.8 

3.6 


0.1 
1.2 

0.9 


12,940172.1 
13,590  .... 


12,600 
13,200 

10,080 


72.8 
57.8 


13,310:74.5 


4.7 
5.1 

5.5 

6.3 

5.3 


5.3 

6 . 3 

5.3 


1.2 
1.6 

1.5 

0.9 

1.4 


1.4 

0.9 
1.3 


2.4 
7.2 
4.5 


1.8 
12.7 

4.8 


5.2 


14.4 
32.4 


10.5 


31.1 
12.5 


0.8 


3.7 

3.1 
1.0 
1.1 

1.9 
1.2 
2.0 
2.5 


0.9 
2.1 

0.5 

0.8 

0.5 

0.9 

1.4 
1.2 


16.1 


1.8 

3.4 
1.6 
2.2 

2.5 
2.6 
2.6 
2.4 


4.5 
4.4 

1 

3. 
3. 
2. 


2.6 
2.7 

2.5 

3.6 

0.7 

1.0 


31.1 


32.8 

35.5 
16.3 
22.2 

20.0 
17.0 
30.4 
17.3 


3.0 
46.0 

14.0 

9.4 

20.3 

33.8 

30.4 
34.8 

37.4 
16.7 

16.1 
41.4 

35.4 

38.4 


39. 


37.3 

51.3 
70.0 
70.3 

71.o 
73.7 
59 
71.4 


78.7 
30.5 

OS 

62.2 

72.2 

53.6 

43.4 
33.3 

50.1 
71.0 

65.9 
45.6 

40.6 

52.5 


13.2 


28.2 

9.7 

12.1 

5.3 

6.1 
6.9 
7.9 
9.0 


13.8 
19.0 

15.2 

24.0 

4.5 

10.0 

15.9 
10.3 

8.1 
9.3 

15.6 
8.1 

3.2 

5.5 
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HEAT  OF  COMBUSTION,  VARIOUS  SUBSTANCES 


Approximate  values  of  heat  of  combustion  in  kilogram  calories  per  gram  of 
substance.     Products  of  combustion  are  gaseous  unless  otherwise  stated. 


Substance 


Asphalt 

Bagasse  (refuse  from  sugar  cane) 

12%  H>0 

Bamboo,  10.5%  H2O 

Buckwheat  hulls,  10%  H2O  .  . 

Butter 

Carbon: 

amorphous 

charcoal 

diamond 

graphite 

Casein 

Charcoal,  4  %  H2O 

Coconut  shells,  13  %  HaO 

Copper  (to  CuO) 

Dynamite,  75  % 

Egg  white 

Egg  yolk 

Fats,  animal,  mean 

Gunpowder 

Hemoglobin 

Hydrogen,  to  liquid 

Hydrogen,  to  gas 

Iron  (to  Fe2C>3) 


10 


Leather,  cuttings  13.7%  H2O 

Magnesium  (to  MgO) 

Nitrocellulose,  11.29%  N 

Oak  bark,  7%  H2O 

Oil: 

cotton  seed 

lard 

linseed 

olive 

paraffin 

petroleum: 

crude 

heavy 

light 

rape 

sperm 

Paraffin  (to  CO2,  H2O  1) 

Paraffin  (to  CO2,  H2O  g) 

Pitch 

Rubber 

Sulfur: 

monoclinic 

rhombic 

Tallow 

Woods: 

beech,  13%  H20 

birch,  12%  H20 

oak,  13%  H2O 

pine,  12%  H2O 


Kg-cal.  per 

gram  of 

substance 

9.530 

4.045 

4.110 

4.219 

9.200 

8.080 

8.100 

7.860 

7.900 

5 .  860 

7.260 

4.200 

.590 

1.290 

5.700 

8.100 

9.500 

1.720-0.750 

5.900 

33 . 900 

29.150 

1.582 

4.729 

6.080 

2 .  576 

4.522 

9.500 

9 .  300 

9 .  434 

9.400 

9.800 

11.500 

10.200 

10.000 

9.500 

10.000 

11.140 

10.340 

8.400 

3.349 

2.240 

2.200 

9.500 

4.170 

4.210 

3.990 

4.420 

Observer 


Slossen,  Colburn 
Aufhauser — 1931,  1935 
Aufhauser— 1931,  1935 


Mean 
Mean 
Berthelot 
Berthelot 


Freise— 1932 
Thomsen 
Roux,  Sarran 


Mean 
Berthelot 

Aufhauser 

Ball— 1931 
Fieldner 


Mean 

Caldwell,  Mattiello— 1932 

Mean 

Mohler 

Mean 
Mean 

Mean 

Stohmann 

Gibson 

Stohmann 

Stohmann 

Aufhauser 

Thomsen 

Mean 

Stohmann 

Gottlieb 
Gottlieb 
Gottlieb 
Gottlieb 
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FREE  ENERGY 


The  free  energy  change  of  a  chemical  reaction  is  the  sum  of  the  free 
energies  of  formation  from  their  elements  of  the  products  of  the  reaction  less 
the  free  energy  of  formation  of  the  reacting  substances. 

The  free  energy  values  A  F°  given  in  the  following  table  refer  to  the 
energy  of  formation  from  the  elements  in  their  standard  states  at  25°  C. 
The  free  energy  of  all  elements  in  their  standard  states  and  of  H+  is  taken  as 
zero. 

Values  are  in  kilogram  calories  per  mole  at  25  °C. 


Substance 


Ag+ 

AgBr  (s) 

AgCN  (s) 

Ag(CN)2- 

AgCl  (s) 

Agl  (s) 

AgN02  (s) 

Ag(S03)2— 

Ag20  (s) 

AU2O3  (s) 

Br  (g) 

Br2  (g) 

(s) 

(aq) 

Br" 

Br3- 

Br03- 

C  (diamond) 

CCh  (1) 

CH3CO2"",  acetate  ion. .  .  . 

CH4  (g) 

CH4O,  methyl  alcohol  (g) 
(1) 

CN~ 

(CN)2(g) 

CNI  (s) 

CNO- 

CO  (g) 

COCh  (g) 

CO(NH2),>,  urea  (.■    

(aq).  .     . 

COS  (g) 

C02  (g) 

(aq) 

C03— 

CS2  (g) 

(1) 

C2H2,  acetylene  (g) 

C2H4,  ethylene  (g) 

C2H4O2,  acetic  acid  (g) .  . 

(f)    - 
(aq). 

(C2H5)20,  ether  (g) ! 

(1) I 

C2H5OH.  ethyl  alcohol  (g)i 

mi 

C2H6.  ethane  (^ I 

CeHe,  benzene  (g) 

(1) 

Ci2H220u,  sucrose  (s).. 
Ca  (/3) 


A  F° 

kg  cal. 


18.448 

-22.910 

38.499 

72.047 

-26.220 

-15.820 

4.900 

-226.545 

-2.395 

19.100 

18.250 

.755 

.314 

.977 

-24.595 

-25.230 

2 .  300 

.390 

-15.  600 

-89.720 

-11.617 

-38.890 

-39.960 

39 . 370 

92.000 

42.790 

-23.750 

-32.510 

-48.770 

-47.280 

-48.840 

-39.600 

-94.260 

-  92 . 250 

-125.760 

17.600 

17.150 

50 . 840 

12.300 

-91.230 

-94.500 

-96.210 

-28.090 

-28.300 

-38.690 

-45.100 

-10.700 

30.640 

27.100 

-371.600 

.078 


Substance 


Cd  (g) 

0) 

Cd++ 

CdBr2.4H20  (s) 

CdCh  (s) 

Cdl>  (s) 

CI2  (1) 

(aq) 

ci- 

CIO" 

CIO.3- 

CIO4- 

Cu  (g) 

(1) 

Cu++ 

CuCl  (s) 

CuO  (s) 

Cu(OH)2  (s) 

CuS 

C11SO4  (s) 

CuS04.H20  (s) 

CuS04.3H20  (s) 

C11SO4.5H2O  (s) 

C112O  (s) 

Cu2S  (a) 

(0) 

Fe++ 

Fe+++ 

H2  (aq) 

H+ 

HBr  (g) 

(aq) 

HBrO  (aq) 

HBrOs  (aq) V. 

HCN  (g) 

(1) 

(aq) 

HCNO  (aq) 

HCOOH,  formic  acid  (1). . 
(aq) 

HCO3- 

HC1  (g) 

(aq) 

HCIO  (aq) 

HCIO.3  (aq) 

HF  (g) 

(aq) 

(HF)«(g) 

HI  (g) 

(aq) 

HIO  (aq) 


A  F° 
kg  cai. 


18.616 

.563 

-18.348 

-72.070 

-82.260 

-48.169 

1.146 

1.650 

-31.345 

-6.500 

-.250 

-9.000 

63.210 

4.300 

15.912 

-28.440 

-30.300 

-85.090 

-11.620 

-155.850 

-216.610 

-331.530 

-445.960 

-35.000 

-19.110 

-18.970 

-  20 . 240 

-3.120 

4.182 

0 

-12.540 

-24.574 

-19.680 

2.300 

28.910 

28.870 

27.510 

-29.100 

-84.040 

-87.920 

-140.000 

-22.741 

-31.345 

-19.018 

-.250 

-64.91 

1.000 

-210.000 

.315 

-12.361 

-23.170 


1538 


FREE  ENERGY  (Continued) 


Substance 


HIOs  (aq) 

HNO2  (aq) 

HNO3  (g) 

(aq) 

H02- 

HPbCb  (aq) 

HPb02- 

HS- 

HSO3- 

H2C03  (aq) 

H2C2O4,  oxalic  acid  (s). 
H2O  (g) 

(1) 

(s) 

H2O2  (g) 

(1) 

(aq) 

H2S  (g) 

(aq) 

H2SO3  (aq^ 

H2SO4  (aq) 

Hg  (g) 

(s) 

Hg2++ 

HgBr  (s) 

HgCl  (s) 

HgCh  (g) 

0) 

(s) 

Hgl  (s) 

HgO  (red) 

HgtCl.  (s) 

HK2S04  (s) 

I  (g) 

I2  (1) 

(aq) 

I" 

I3- 

IO:r 

K+ 

KCIO3  (s) 

N2  (aq) 

NH3  (g) 

(1) 

(s) 

(aq) 

NH4+ 

NH4CI  (s) 

NH4OH  (aq) 

NO  (g) ....  . 

(1) 

(s) 

NOC1  (g) 

NO2  (g) 


-31 
-13 

-18 
-26 
-15 
-104 
-80. 
2 
-123 
-148 
-165 
-54 
-56 
-56 
-24 
-28 
-31 
-7, 
-6 
-126 
-176 
7 . 

36' 
-21 
-25 
-34 
-41  . 
-43 
-13. 
-13. 
-50. 
-102. 

15. 

3^ 
-12. 
-12. 

-31. 

-67. 

-69. 

4. 

-3. 

-2. 

-1. 

-6. 

-18. 

-47. 

-62. 

20. 

24. 

26. 

16. 

11. 


580 

070 

210 

500 

610 

700 

602 

980 

920 

810 

900 

507 

560 

418 

730 

230 

470 

840 

490 

330 

500 

632 

1493 

854 

351 

163 

569 

932 

550 

290 

808 

274 

100 

470 

920 

926 

361 

315 

580 

431 

250 

358 

910 

620 

585 

300 

930 

810 

860 

869 

594 

398 

010 

920 


Substance 


N02- 

NO3- 

N2O4  (g) 

Na+ 

NaCl  (s) 

02(aq) 

08(g) 

OH" 

Pb  (g) 

0) 

Pb++ 

PbBr2  (s) 

PbCOs  (s) 

PbCh  (s) 

PbCh- 

PbI->  (s) 

PbO  (red) 

(yellow ) 

PbOH  + 

Pb(OH)2  (aq) 

PbOa  (s) 

PbS  (s) 

PbS04   (s) 

Pb3(C03)2(OH)2  (s) 

Pb304    (S) 

S  (g) 

(X)  (1) 

(monocij 

s— 

S2(g) 

Se  (g) 

Ss(g) 

S02(g) 

(aq) 

SO2CI2  (g) 

SOs(g) 

SO3— 

SO4— 

S2O3— 

SiCU   (1) 

Sn  (gray) 

Sn++ 

SnCU  (1) 

Tl  (a) 

(0) 

(1) 

TIBr  (s) 

T1C1  (s) 

Til  (s) 

TlOH  (s) 

ThO  (s) 

Zn  (g) 

Zn++ 

ZnO  (s) 


A  F° 
kg  cal. 


-8 

-26 

22 

-62 

-91 

3 

32 

-37 

41 

-5 
-62 
-149 
-75 
-104 
-41 
-45 
-44 
-53 
-96 
-52 
18 
-176 
-407 
-147 
30 


23 

18 

11 

10 

-69 

-69 

-71 

-85 

-116 

-176 

-125 

-113 

-3 
-113 


-39 
-44 
-30 
-45 
-32 
22 
-17 
-75 


.500 

.500 

.640 

.588 

.792 

.904 

.400 

.455 

.764 

.533 

.551 

.063 

.000 

.056 

.700 

.510 

.050 

.896 

.440 

.888 

.070 

.000 

.500 

.700 

.342 

.240 

.094 

.0183 

.450 

.280 

.900 

.000 

.660 

.770 

.560 

.890 

.680 

.500 

.110 

.710 

.0095 

.138 

.210 

.004 

.035 

.468 

.770 

.195 

.020 

.400 

.410 

.885 

.492 

.720 
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VITAMINS 


Til 


= 

O 

xfi 


d 

ft'ri 


-3    CO  -*a      - 

d  -*^>  CU   C 

d  c  ^  £? 

-*2  Jt   CU 

C    (-1  °    CO 

£  a  m  « 

aj  bfi  d  O 


wwodh 


CO   ft  0  R* 


CO 

cu 

»6 
d  ^-^j  ».t:  d 


Is 

<c  d 
cu  g 


1    m    1     1 

e3        fcn-* 

t-  ep  cu  ~ 

—  t*^   C3  ""* 
d°.>- 

£*«s  o,c 

>T    NJ    CU  -M 


I    "^    CO      I 

£  c3  cc  c3 

«  cu  £>  rt 

cu"d     . 
5  d  02     . 


O    CU 
CO    C 

w  d 


!m-.2 


CO    1 

—  x> 

1 

- 

~ 

£ 

-r 

CU 

> 

c 

X 

'3 

kj 

< 

-. 

■/. 

«J-> 

►«• 

gj 

0 

M 

9} 

> 

d 

0 

'8 

0 

BD 

- 

u 

93 

ft 

0 

as 

cu 

0 

no 

n 

— 

Q, 

d 

ft 
03 

■/. 
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Chief  natural 
sources 

Wheat  germ  oil 

Corn  oil 

Lettuce 

Spinach 

Egg  yolk 

Meat 

Legume 

Seeds 

§1 

No  definite  deficiency 
symptoms    in    hu- 
mans.    Has    been 
used  with  success  in 
habitual  and  threat- 
ened abortion  as  well 
as      certain      neuro- 
muscular disorders. 
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t— 1 

Has  anti-oxidant  proper- 
ties. 

Has  not  been  demon- 
strated to  be  effective  in 
humans  but  has  been 
shown  to  prevent  steril- 
ity in  male  and  female 
rats. 

Important  in  muscular  and 
nervous  systems. 
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D3  (activated  7-dihydro- 
cholesterol)  derived 
mainly  from  animal 
sources. 

Vitamin  D  is  fat  soluble, 
heat  stable  and  not 
readily  destroyed  by  oxi- 
dation. 

Can  be  produced  in  many 
foodstuffs  by  irradiation 
or  exposure  to  sunlight. 
Light  energy  activates 
sterols  present  to  active* 
vitamin  D.  In  similar 
fashion  sterols  beneath 
skin  are  activated  to  form 
vitamin  D  upon  exposure 
to  ultra  violet  or  sunlight. 

Activated  ergosterol  dis- 
solved in  vegetable  oils 
=  viosterol. 

Has  chromane  structure 
(C20H50O2). 

Thick  viscous  oil-soluble 
in  fat  solvents. 

Heat  stable  and  resistant 
to  mild  oxidation. 

Ferric  salts  and  rancid  fats 
destroy  physiological  ac- 
tivity. Obtained  from 
natural  sources  in  un- 
saponifiable  fraction. 
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Vitamin  A 
Vitamin  Bi 


Riboflavin 
Niacin  ) 

Niacin  amide  J  > 
Pantothenic  acid 
Choline 
Pyridoxine 
Vitamin  C 


Vitamin  D 

(For  humans  and 
four-footed  animals) 

Vitamin  E 


*  Note. — One  microgram 


VITAMINS  (Continued) 
Vitamin  Unit  Table 

1  International  Unit  =  1  USP  Unit 

Activity  of  0.6  micrograms*  of  beta-carotene 

1  International  Unit  =  1  USP  Unit 

Activity  of  3.0  micrograms  of  crystalline  thiamin 
chloride 

Quantities  expressed  in  micrograms  or  milligrams 

Quantities  expressed  in  micrograms  or  milligrams 

Quantities  expressed  in  micrograms  or  milligrams 
Quantities  expressed  in  milligrams 
Quantities  expressed  in  micrograms  or  milligrams 
Expressed  in  milligrams 

1  International  Unit  =  1  USP  Unit  and  is  equal 
to   activity   of   0.05   milligrams   of  synthetic 
ascorbic  acid. 
1  International  Unit  =  1  USP  Unit 

Potency  of  0.025  micrograms  of  pure  Vitamin 
D2    (calciferol)     made    by    irradiation    of 
ergosterol. 
Measured  in  micrograms  or  milligrams 

One    I.U     is   the  alpha  tocopherol  activity  of 
0.1  gm  of  the  International  standard  solution 
containing    1    mg.    of   pure  synthetic   alpha 
tocopherol  acetate. 
=  0.000001  grams. 


A  =  Vitamin  A 
B  =  Vitamin  Bi 
C  =  Vitamin  C 
D  =  Vitamin  D 


Abbreviations 


E  =  Vitamin  E 

K  =  Vitamin  K 

N  =  Nicotinic  Acid  or  Niacin 

R  =  Riboflavin 


Reaction  indicates  the  type  and  degree  of  reaction  of  the  food  in  the  body. 
The  relative  acidity  or  basicity  is  indicated#by  the  designation  h,  high;  m. 
medium;  and  1,  low 
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"8 


si 


"2  ."2 
'8*3 

« 


■—I                   o3       ■— i  i—i  r— i  o3  o3  c3  03  o3 

*"■'"■'     »,     ...     ,-.  «H      tH      fH  U,  •     U, 

*-> ,_-^_t)CO  .+3  +3  ^  -u  .  -ti    o 

"So  "2  "2  "2  ^3'5'S'«  333  3  •  S'S 

oj  o  o  o^  o  c3  c3  o3  ^^^  *  •  ®  o3 


a? 

3 

d 

d 
© 

Q 

© 

O 

O 

> 

< 
© 


© 

o 


O  "*H 

M  II 


u   ® 
II     II 


.5  « 


«     1 

o  ^ 


31 


M 


a)  JVC  >- 


ttpq 

« 


K 


00  T* 

oo 
oo 


iO00 

oo 


CM 

©  co 

©T* 

oo 


O  CM  y     — 

COi-H  LOTt^ 

oooo 
ocoo 
oooo 


00 

CO  GO 

OOrH^H 


-a    art 

^pqpqpq 

M  «*T    M    fed 


co      to 

t^  LOi-H 

ooo 
ooo 
ooo 


CM  ©O 

ooo 


thnn 

HHO 


c 
oo 

O       ONOS 

to  oocoo 
o  oooo 
o     oooo 


CM  CM 

Oi  ©  ©  co  »o 

O  Or-I^Tj< 

o  oooo 


OH 

1-*  O  O  r-i  CM 

r-t  ©  ©  t~)  CM 


CM  CO        (MHi^cmHCiioCO^ 

ion      OHioccrfaHooo-'tH 


OOO  C'OCC^f 
CC-itH  ^coooc 
co  Tt<  co      co  co  cm  cm 


6.5 


CO       «o  CM  ©  Tt<  r-  »0  t*  CM       CO  iO 

«tf  CO  O  L1INCO  l>  ©  LO 


»0  ©  CM        iOhh© 

o©oo     oooot^co 


©CO 
00  t* 


CM  —i  00  00  00  iO 
CO   (N     t* 


■  co©' 
COCO' 


CO 

t^co 


tCCMi-nOOOt-iLOOOCMOOOS 
CMCMCM©r-iCMCM'^CO'-iCM 


|o:i 

•  ..   -jS 

I'S'ej'd 

!a?8 

_  ^  ° 


CO 

bfi  fl 

e3  O 

o3^H 


c3 


^J  O 


ft?^ 


O 
C  co. 


©•9 


5  s 
a>  ..  ^  fl'ci  ••  fl 


-    e3   O 


S^v2^a«o©^j      o  >>o  o  a>  3  S-fc.j2  floods  « 


QQ 


1562 


DEHYDRATION  OF  METALLIC  SULPHATES 


Metallic 
sulphates. 


CaS04.2H>0..  .  . 

CaS04.H20 

2CaS04.H20..  . 
MgS04.7H20.  .  . 
MgS04.6H20.  . 
MgS04.2H20.  . 

MgS04.H20 

CdS04.§H20... 
CdS04.2H20... 

CdS04.H20 

CoS04.7H20..  .  . 
C0SO4.4H2O.. 

C0SO4.H2O 

NiS04.7H20.  . 
NiS04.4H>0.  . 

NiS04.H20 

ZnS04.7H20.  . 

ZnS04.6H20 

ZnS04.2H20.  . 

ZnS04.H20 

MnS04.5H20.  . 

MnS04.2H20..  .  . 

MnSOi.H20.  .  . 

CuS04.5H20.... 

CuS04.3H20... 

CuS04.H20... 

A12(S04)3.16H2C 

A12(S04)3.13H20 

Al2(SO4)3.10H2O 

A12(S04)3.7H20. 

Al2(S04)3.4H20. 

A12(S04)3.H20.  . 

FeS04.7H20 

FeS04.4H20.  .  .  . 
FeS04.H20 


Temp,  of 
beginning 
of   decom- 
position, 
°C. 


38 

80 

149 

19 

38 

112 

203 

30 

41 

170 

14 

58 

276 

40 

106 

279 

25 

28 

115 

225 

25 

60 

152 

27 

93 

155 

51 

82 

97 

109 

180 

316 

21 

80 

406 


Products 
formed. 


CaS04.H::0 

2CaS04.H20 

CaS04 

MgS04.6H20.... 
MgS04.2H20.... 

MgS04.HaO 

MgS04 

CdS04.2H20.  .  .  . 

CdS04.H20 

CdS04 

CoS04.4H20.  . 

CoS04.H20 

CoS04 

NiS04.4H20.     .. 

NiS04.H>0 

NiS04 

ZnS04.6H20 

ZnS04.2H20 

ZnS04.H20 

ZnS04 

MnS04.2H20... 

MnS04.H20 

MnS04 

CuS04.3H>0.  .  .  . 

CuS04.H20 

CuS04 

A12(S04;3.13H20. 
Al2(SO4)3.10H2O, 
A12(S04)3.7H20.. 
A12(S04)3.4H20.. 
A12(S04)3.H20... 

A12(S04)3 

FeS04.4H20 

FeS04.H20 

Fe203,  SO3 


Color  of 
products. 


White 
White 
White 
White 
White 
White 
White 
White 
vVhite 
vVhite 
lose 
Lilac 
Lilac 
Green 
Yellow 
Orange 
White 
White 
White 
vVhite 

Pale  peach  blossom 
Paler  than  above 
Paler  than  above 
Blue 

Pale  blue 
vVhite 
White 
White 
White 
White 
White 
White 

Light  apple  green 
White  < 
Yellowish  green 
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DECOMPOSITION  OF  ANHYDROUS  METALLIC 
SULPHATES 


Metallic 
sulphate. 


Temp,  at 
beginning 
of  decom- 
position, °C. 


FeSCh 

Fe203,  2S03... 
Bi2(S04)3    .  ... 

A12(S04)3 

PbSO* 

CuS04     

MnSOi 

ZnS04 

2CuO,  SOa...  . 

NiS04 

C0SO4 

3ZnO,  2S03.  .  . 

CdS04 

5Bi203,  4(S03); 
5CdO,  80s...-. 

MgS04 

Ag2SQ4 

6PbO,  5S03.  .  . 

CaS04 

BaSCh 


Temp,  of 
energetic 
decomposi- 
tion, °C. 


167 
492 
570 
590 
037 
653 
699 
702 
702 
703 
720 
755 
827 
870 
878 
890 
917 
952 
1200 
1510 


480 
560 
639 
639 
705 
670 
790 
720 
736 
764 
770 
767 
846 
890 
890 
972 
925 
962 


Products  of 
decomposition. 


Fe2Oa,  2SO4.... 

Fe203 

5Bi203,  4(SOs)3. 

AhOa 

6PbO,  5S03..    . 

2CuO,  SOs 

MnsOi 

3ZnO,  2S03...  . 

CuO 

NiO 

CoO 

ZnO 

5CdO,  S03  .  .  .  . 

Bi203(?) 

CdO 

MgO 

Ag 

2PbO,  S03(?)  .  . 

CaO 

BaO 


Color  of 
product. 


Yellow  brown 

Red 

White 

White 

White 

Ornage 

Dark  red  to  black 

White 

Black 

Brownish  green 

Brown  to  black 

White 

White 

Yellow 

Brown 

White 

Silver  white 

White  to  yellow 

White 

White 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

The  following  collections  of  tables  gives  the  specific  gravity,  grams  per 
liter,  pounds  per  cubic  foot,  and  pounds  per  gallon  for  a  large  number  of 
substances  in  aqueous  solution.  The  three  latter  quantities  have  been 
computed  from  the  per  cent  of  the  substance  in  solution  and  the  specific 
gravity,  assuming  the  density  of  water  at  4°  C.  as  unity.  The  U.  S.  gallon, 
cubic  foot,  and  pound  avoirdupois  equivalents  were  used.  The  degree 
Baume  corresponding  to  the  specific  gravity  is  given  according  to  the 
relation, 

«•  "  ^  ~  s^F." 

The  per  cent  by  weight  is  indicated  in  every  case. 

The  substances  are  arranged  in  alphabetical  order.  The  specific  gravity 
of  alcohol  solutions  will  be  found  in  a  separate  group.  Another  table  gives, 
with  less  detail,  the  specific  gravity  of  solutions  of  many  other  substances. 

Tables  indicated  by  the  symbol  *  have  been  computed  on  the  basis  of 
values  for  the  specific  gravity  found  in  the  International  Critical  Tables. 

ACETIC  ACID 

Specific  Gravity  of  Aqueous  Acetic  Acid  Solutions 

ATy  C* 


Be.    i 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

HC2H3O2 

liter 

cu.  ft. 

gal. 

0.9982 

0 

0.9996 

1 

"9^996 

6^6240 

0. 0834 

'  0.2 

1.0012 

2 

20.02 

1.250 

0.1671 

0.4 

1.0025 

3 

30.08 

1.877 

0.2510 

0.6 

1.0040 

4 

40.16 

2.507 

0.3351 

0.8 

1.0055 

5 

50.28 

3.139 

0.4196 

1.0 

1.0069 

6 

60.41 

3.771 

0.5042 

1.2 

1.0083 

7 

70.58 

4.406 

0.5890 

1.4 

1 . 0097 

8 

80.78 

5.043 

0.6741 

1.6 

1.0111 

9 

91.00 

5.681 

0.7594 

1.8 

1.0125 

10 

101.3 

6.321 

0.8450 

2.0 

1.0139 

11 

111.5 

6.962 

0.9307 

2.2 

1.0154 

12 

121.8 

7.607 

1.017 

2.4 

1.0168 

13 

132.2 

8.252 

1.103 

2.6 

1.0182 

14 

142.5 

8.899 

1.190 

2.8 

1.0195 

15 

152.9 

9.547 

1.276 

3.0 

1.0209 

16 

163.3 

10.20 

1.363 

3.2 

1.0223 

17 

173.8 

10.85 

1.450 

3.3 

1.0236 

18 

184.2 

11.50 

1.538 

3.5 

1.0250 

19 

194.8 

12.16 

1.625 

3.7 

1 . 0263 

20 

205.3 

12.81 

1.713 

3.9 

1.0276 

21 

215.8 

13.47 

1.801 

4.1 

1.0288 

22 

226 . 3 

14.13 

1.889 

4.2 

1.0301 

23 

236.9 

14.79 

1.977 

4.4 

1.0313 

24 

247 . 5 

15.45 

2.0G6 

4.6 

1.0326 

25 

258.2 

16.12 

2.  154 

4.7 

1.0338 

26 

268.8 

16.78 

2.243 

4.9 

1.0349 

27 

279.4 

17.44 

2 .  332 

5.1 

1.0361 

28 

290.1 

18.11 

2.421 

5.2 

1.0372 

29 

300.8 

18.78 

2.510 

5.4 

1 . 0384 

30 

311.5 

19.45 

2 .  600 

5.5 

1.0395 

31 

322.2 

20.12 

2 .  689 

5.7 

1.0406 

32 

333.0 

20.79 

2.779 

5.8 

1.0417 

33 

343.8 

21.46 

2 .  869 

6.0 

1.0428 

34 

354.6 

22.13 

2 .  959 

6.1 

1.0438 

35 

365 . 3 

22.81 

3.049 

6.2 

1 . 0449 

36 

376.2 

23.48 

3 .  139 

6.4 

1.0459 

37 

387.0 

24.16 

3 .  229 

6.5 

1.0469 

38 

397.8 

24.83 

3.320 

6.6 

1  0479 

39 

408  7 

25.51 

3.411 

6.8 

1 . 0488 

40 

419.5 

26.19 

3.501 
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ACETIC  ACID  (Continued) 
Specific  Gravity  of  Aqueous  Acetic  Acid  Solutions 

20° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

HC2H3O2 

liter 

cu.  ft. 

gal. 

~   6.9 

1.0498 

41 

430.4 

26.87 

3.592 

7.0 

1.0507 

42 

441.3 

27.55 

3.683 

7.1 

1.0516 

43 

452.2 

28.23 

3.774 

7.2 

1.0525 

44 

463.1 

28.91 

3.865 

7.4 

1.0534 

45 

474.0 

29.59 

3.956 

7.5 

1.0542 

46 

484.9 

30.27 

4.047 

7.6 

1.0551 

47 

495.9 

30.96 

4.138 

7.7 

1.0550 

48 

506.8 

31.64 

4.230 

7.8 

1 . 0567 

49 

517.8 

32.32 

4.321 

7.9 

1.0575 

50 

528.8 

33.01 

4.413 

8.0 

1 . 0582 

51 

539 . 7 

33.69 

4.504 

8.1 

1 . 0590 

52 

550.7 

34.38 

4.596 

8.2 

1 . 0597 

53 

561.6 

35.06 

4.687 

8.3 

1 . 0604 

54 

572.6 

35.75 

4.779 

8.4 

1.0611 

55 

583.6 

36. 4C 

4.870 

8.4 

1.0618 

56 

594.6 

37.12 

4.962 

8.5 

1 . 0624 

57 

605.6 

37.80 

5.054 

8.6 

1.0631 

58 

616.6 

38.49 

5.146 

8.7 

1 . 0637 

59 

627.6 

39.18 

5.237 

88 

1.0642 

60 

638 . 5 

39.86 

5.329 

8.8 

1.0648 

61 

649.5 

40.55 

5.420 

8.9 

1  0653 

62 

660.5 

41.23 

5.512 

9.0 

1 . 0658 

63 

671.5 

41.92 

5.603 

9.0 

1 . 0662 

64 

682.4 

42.60 

5.695 

9.1 

1 . 0066 

65 

693 . 3 

43.28 

5.786 

9.1 

1 .0671 

66 

704 . 3 

43.97 

5.877 

9.2 

1 . 0675 

67 

715.2 

44.65 

5.969 

9.2 

1.0678 

68 

726.1 

45.33 

6.059 

9.3 

1 . 0682 

69 

737.1 

46.01 

6.151 

9.3 

1 . 0685 

70 

748.0 

46.69 

6.242 

9.3 

1 . 0687 

71 

758.8 

47.37 

6.332 

9.4 

1  .  0690 

72 

769.7 

48.05 

6.423 

9.4 

1 . 0693 

73 

780.6 

48.73 

6  514 

9  4 

1 . 0694 

74 

791.4 

49.40 

6.604 

9.4 

1.0696 

75 

802.2 

50.08 

6.695 

9  5 

1 . 0698 

76 

813.0 

50.76 

6.785 

9  5 

1 . 0699 

77 

823.8 

51.43 

6.875 

9.5 

1 . 0700 

78 

834.6 

52.10 

6.965 

9  5 

1 . 0700 

79 

845.3 

52.77 

7  054 

9.5 

1 . 0700 

80 

856.0 

53.44 

7.143 

9.5 

1 . 0699 

81 

8G6.6 

54.10 

7  232 

9.5 

1.0698 

82 

877.2 

54.76 

7.321 

9.4 

1 . 0696 

83 

887.8 

55 .  42 

7.409 

9.4 

1.0693  . 

84 

898.2 

56.07 

7.496 

9.4 

1.0689 

85 

908.6 

56.72 

7.582 

9.3 

1 . 0685 

86 

918.9 

57.36 

7.668 

9.2 

1 . 0680 

87 

929.2 

58.00 

7.754 

9.2 

1.0675 

88 

939.4 

58.64 

7.839 

9.1 

1 . 0668 

89 

949.5 

59.27 

7.923 

9.0 

1.0661 

90 

959.5 

59.90 

8.007 

8.9 

1.0652 

91 

969.3 

60.51 

8.089 

8.8 

1.0643 

92 

979.2 

61.13 

8171 

8.6 

1 . 0632 

93 

988.8 

61.73 

8.252 

8.5 

1.0619 

94 

998.2 

62.31 

8.330 

8.3 

1 . 0605 

95 

1007 

62.89 

8.408 

8.1 

1.0588 

96 

1016 

63.45 

8.482 

7.8 

1.0570 

97 

1025 

64.01 

8.556 

7.6 

1 . 0549 

98 

1034 

64.54 

8.627 

7.2 

1.0524 

99 

1042 

65.04 

8.695 

6.9 

1.0498 

100 

1050 

65.54 

8.761 
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ALBUMEN 

Specific  Gravity  op  Aqueous  Albumen  Solutions 

at  15.5°  C. 


Be. 


Sp.  gr. 


Per  cent 
Albumen 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.37 

0.77 

1.12 

1.85 

3  66 

5.32 

7.06 

8.72 

10.42 

13.12 

13.78 

15.48 

17.16 

18.90 


1.0026 

1 

1.0054 

2 

1.0078 

3 

1.0130 

5 

1.0261 

10 

1.0384 

15 

1.0515 

20 

1.0644 

25 

1.0780 

30 

1.0919 

35 

1 . 1058 

40 

1 . 1204 

45 

1 . 1352 

50 

1.1511 

55 

10.03 
20.11 
30.23 
50.65 
102.6 
155.8 
210.3 
266.1 
323.4 
382.2 
442.3 
504.2 
567.6 
633 . 1 


0.6259 

1.255 

1.887 

3.162 

6.406 

9.724 

13.13 

16.61 

20.19 

23.86 

27.61 

31.47 

35.43 

39.52 


0.0837 
0.1678 
0.2523 
0.4227 
0.8563 
1.300 


755 
221 

699 
189 
691 
207 
737 
283 


ALUMINUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Aluminum  Chloride 

18° 
Solutions  at  —^  C* 

4 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

A1C1.3 

liter 

cu.  ft. 

gal. 

1.1 

1.0075 

1 

10.08 

0.6290 

0.0841 

2.3 

1.0164 

o 

20.33 

1.269 

0.1696 

4.8 

1.0344 

4 

41.38 

2.583 

0.3453 

7  3 

1.0526 

6 

63.16 

3.943 

0.5271 

9.6 

1 .0711 

8 

85.69 

5.349 

0.7151 

12.0 

1.0900 

10 

109.0 

6.805 

0.9096 

14.3 

1 . 1093 

12 

133.1 

8.310 

1.111 

16.6 

1 . 1290 

14 

158.1 

9.867 

1.319 

18.8 

1.1491 

16 

183.9 

11.48 

1.534 
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ALUMINUM  CHLORIDE 
Specific    Gravity   of   Aluminum   Chloride    Solutions   at 

15°  C.   (Gerlach) 


Be. 

Sp.  gr. 

Per  cent 
AhCle 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.0072 

1 

10.07 

0.6288 

0.0841 

2.1 

1.0144 

2 

20.29 

1.267 

0.1693 

3.1 

1.0216 

3 

30.65 

1.913 

0  2558 

4.1 

1.0289 

4 

41.16 

2.570 

0.3437 

5.0 

1.0360 

5 

51.80 

3.234 

0.4323 

6.0 

1  0435 

6 

62.61 

3.909 

0.5225 

7.0 

1  0510 

7 

73.57 

4.593 

0.6140 

8.0 

1.0585 

8 

84.68 

5.286 

0.7067 

9.0 

1.0659 

9 

95.93 

5.989 

0.8006 

9.9 

1.0734 

10 

107.3 

6.701 

0.8958 

10.9 

1.0812 

11 

118.9 

7.425 

0.9925 

11.9 

1.0890 

12 

130.7 

8.158 

1.091 

12.8 

1.0968 

13 

142.6 

8.901 

1.190 

13.7 

1.1047 

14 

154.7 

9.655 

1.291 

14.7 

1.1125 

15 

166.9 

10.42 

1.393 

15.6 

1.1207 

16 

179.3 

11.19 

1  496 

16.6 

1.1290 

17 

191.9 

11.98 

1.602 

17.5 

1 . 1372 

18 

204.7 

12.78 

1.708 

18.4 

1.1455 

19 

217.6 

13.59 

1.816 

19.3 

1.1537 

20 

230.7 

14.40 

1.926 

20.2 

1.1623 

21 

244.1 

15.24 

2.037 

21.2 

1.1709 

22 

257.6 

16.08 

2.150 

22.1 

1.1795 

23 

271.3 

16.94 

2.264 

23.0 

1.1882 

24 

285.2 

17.80 

2.380 

23.8 

1.1968 

25 

299.2 

18.68 

2.497 

24.8 

1.2058 

26 

313.5 

19.57 

2.616 

25.7 

1.2149 

27 

328.0 

20.48 

2.737 

26.5 

1.2241 

28 

342.7 

21.40 

2.860 

27.4 

1.2331 

29 

357.6 

22.32 

2.984 

28.3 

1.2422 

30 

372.7 

23.26 

3.110 

29.2 

1.2518 

31 

388 . 1 

24.23 

3.238 

30.1 

1.2615 

32 

403.7 

25.20 

3.369 

30.9 

1.2712 

33 

419.5 

26.19 

3.501 

31.8 

1.2808 

34 

435.5 

27.19 

3.634 

32.6 

1.2905 

35 

451.7 

28.20 

3.769 

33.5 

1.3007 

36 

468.3 

29.23 

3.908 

34.4 

1.3109 

37 

485.0 

30.28 

4.048 

35.2 

1.3211 

38 

502.0 

31.34 

4.189 

36.1 

1.3313 

39 

519.2 

32.41 

4.333 

36.9 

1.3415 

40 

536.6 

33.50 

4.478 

37.8 

1.3522 

41 

554.4 

34.61 

4.627 
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ALUMINUM  SULFATE 

Specific  Gravity  of  Aqueous  Aluminum  Sulfate  Solutions 

i  ^° 


Be. 

Sp.  gr. 

Per  cent 
A12(S04)3 

G.  per       i 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.3 

1.0093 

1 

10.09 

0.6301 

0.0842 

2.8 

1.0195 

2 

20.39 

1.273 

0.1702 

5.6 

1.0404 

4 

41.62 

2.598 

0.3473 

8.4 

1.0618 

6 

63.71 

3.977 

0.5317 

11.2 

1.0837 

8 

86.70 

5.412 

0.7235 

13.9 

1 . 1062 

10 

110.6 

6.906 

0.9232 

16.6 

1.1293 

12 

135.5 

8.460 

1.131 

19.2 

1.1529 

14 

161.4 

10.08 

1.347 

21.8 

1.1770 

16 

188.3 

11.76 

1.572 

24.3 

1.2017 

18 

216.3 

13.50 

1.805 

26.8 

1.2272 

20 

245 . 4 

15.32 

2.048 

29  3 

1.2534 

22 

275.7 

17.21 

2.301 

31.7 

1.2803 

24 

307.3 

19.18 

2 .  564 

34.1 

1.3079 

26 

340.1 

21  .23 

2.838 

B6 

Sp.  gr. 

Per  Cent 
A12(S04)3 
+  18H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.3 

1.0093 

1.948 

19.66 

1.227 

0.1641 

2.8 

1.0195 

3.896 

39.72 

2.479 

0.3314 

5.6 

1.0404 

7.791 

81.06 

5.060 

0.6765 

8.4 

1.0618 

11.69 

124.1 

7.747 

1.036 

11.2 

1.0837 

15.58 

168.9 

10.54 

1.409 

13.9 

1 . 1062 

19.48 

215.5 

13.45 

1.798 

16.6 

1 . 1293 

23.37 

264.0 

16.48 

2.203 

19.2 

1 . 1529 

27.27 

314.4 

19.63 

2.624 

21.8 

1.1770 

31.16 

366.8 

22.90 

3.061 

24.3 

1.2017 

35.06 

421.3 

26.30 

3.516 

26.8 

1.2272 

38.96 

478.1 

29.84 

3.990 

29.3 

1.2534 

42.85 

537.1 

33.53 

4.482 

31.7 

1.2803 

46.75 

598.5 

37.36 

4.995 

34.1 

1.3079 

50.64 

662.4 

41.35 

5.528 
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ALUMINUM  SULFATE 
Specific    Gravity    of    Aluminum    Sulfate    Solutions    at 

15°  C.     (Larsson) 
Alum-maker's  Table 


Sp.  gr. 

100  kg.  of  solution  contain 

Be. 

Kg.  sulfate 

Kg.  sulfate 

Kg.  sulfate 

Kg. 

Kg. 

with 

with 

with 

AI2O3 

SO3 

13  per  cent 
AI2O3 

14  per  cent 
AI2O3 

15  per  cent 
Al2Oa 

0.7 

1 .  005 

0.14 

0.32 

1.1 

1.0 

0.9 

1.4 

1.010 

0.27 

0.64 

2.1 

2.0 

1.8 

2.3 

1.016 

0.41 

0.95 

3.1 

2.9 

2.7 

3.0 

1.021 

0.55 

1.27 

4.2 

3.9 

3.6 

3.7 

1.026 

0.68 

1.59 

5.3 

4.9 

4.6 

4.4 

1.031 

0.81 

1.89 

6.3 

5.8 

5.4 

5.0 

1.036 

0.94 

2.20 

7.3 

6.7 

6.3 

5.6 

1.040 

1.07 

2.50 

8.3 

7.7 

7.2 

6.2 

1.045 

1.20 

2.80 

9.3 

8.6 

8.0 

6.9 

1 .  050 

1.33 

3.11 

10.3 

9.5 

8.9 

7.6 

1.055 

1.46 

3.40 

11.2 

10.4 

9.7 

8.1 

1.059 

1.58 

3.69 

12.2 

11.3 

10.6 

8.7 

1 .  064 

1.71 

3.98 

13.1 

12.2 

11.4 

9.2 

1.068 

1.83 

4.27 

14.1 

13.1 

12.2 

9.9 

1 .  073 

1.96 

4.56 

15.1 

14.0 

13.1 

10.5 

1.078 

2.08 

4.84 

16.0 

14.8 

13.9 

11.0 

1.082 

2.20 

5.12 

16.9 

15.7 

14.6 

11.6 

1.087 

2.32 

5.40 

17.8 

16.5 

15.4 

12.2 

1.092 

2.44 

5.67 

18.7 

17.4 

16.2 

12.7 

1.096 

2.55 

5.95 

19.6 

18.3 

17.0 

13.3 

1.101 

2.67 

6.22 

20.5 

19.1 

17.8 

13.8 

1.105 

2.78 

6.49 

21.4 

19.9 

18.6 

14.4 

1.110 

2.90 

6.76 

22.3 

20.7 

19.3 

14.8 

1.114 

3.01 

7.02 

23.2 

21.5 

20.1 

15.4 

1.119 

3.13 

7.29 

24.1 

22.4 

20.9 

15.9 

1.123 

3.24 

7.55 

24.9 

23.1 

21.6 

16.5 

1.128 

3.35 

7.81 

25.8 

23.9 

22.3 

16.9 

1.132 

3.46 

8.06 

26.6 

24.7 

23.1 

17.5 

1.137 

3.57 

8.32 

27.5 

25.5 

23.8 

17.9 

1.141 

3.68 

8.58 

28.3 

26.3 

24.5 

18.4 

1.145 

3.79 

8.83 

29.1 

27.1 

25.3 

18.9 

1.150 

3.89 

9.07 

30.0 

27.8 

26.0 

19.4 

1.154 

4.00 

9.32 

30.8 

28.6 

26.7 

19.9 

1 .  159 

4.11 

9.57 

31.6 

29.3 

27.4 

20.3 

1 .  163 

4.21 

9.82 

32.4 

30.1 

28.1 

20.9 

1.168 

4.32 

10.06 

33.2 

30.8 

28.9 

21.3 

1.172 

4.42 

10.29 

34.0 

31.6 

29.5 

21.7 

1.176 

4.52 

10.53 

34.8 

32.3 

30.1 
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ALUMINUM  SULFATE  (Continued) 

Specific    Gravity    of    Aluminum    Sulfate    Solutions    at 

15°  C.     (Larsson) 
Alum-maker's  Table 


Sp.  gr. 

100  liters  of  solution  contain 

B6. 

Kg.  sulfate 

Kg.  sulfate 

Kg.  sulfate 

Kg. 

Kg. 

with 

with 

with 

AI2O3 

SO3 

13  per  cent 
AI2O3 

14  per  cent 
AI2O3 

15  per  cent 
Al2Oa 

0.7 

1.005 

0.14 

0.33 

1.1 

1 

0.9 

1.4 

1.010 

0.28 

0.65 

2.2 

2 

1.9 

2.3 

1.016 

0.42 

0.98 

3.2 

3 

2.8 

3.0 

1.021 

0.56 

1.31 

4.3 

4 

3.7 

3.7 

1.026 

0.70 

1.63 

5.4 

5 

4.7 

4.4 

1.031 

0.84 

1.96 

6.5 

6 

5.6 

5.0 

1.036 

0.98 

2.28 

7.5 

7 

6.5 

5.6 

1.040 

1.12 

2.61 

8.6 

8 

7.5 

6.2 

1.045 

1.26 

2.94 

9.7 

9 

8.4 

6.9 

1.050 

1.40 

3.26 

10.8 

10 

9.3 

7.6 

1.055 

1.54 

359 

11.8 

11 

10.3 

8.1 

1.059 

1.68 

3.91 

12.9 

12 

11.2 

8.7 

1.064 

1.82 

4.24 

14.0 

13 

12.1 

9.2 

1.068 

r       1.96 

4.57 

15.1 

14 

13.1 

9.9 

1.073 

2.10 

4.89 

16.2 

15 

14.0 

10.5 

1.078 

2.24 

5.22 

17.2 

16 

14.9 

11.0 

1.082 

2.38 

5.55 

18.3 

17 

15.9 

11.6 

1.087 

2.52 

5.87 

19.4 

18 

16.8 

12.2 

1.092 

2.66 

6.20 

20.5 

19 

17.7 

12.7 

1.096 

2.80 

6.52 

21.5 

20 

18.7 

13.3 

1.101 

2.94 

6.85 

22.6 

21 

19.6 

13.8 

1.105 

3.08 

7.18 

23.7 

22 

20.5 

14.4 

1.110 

3.22 

7.50 

24.8 

23 

21.5 

14.8 

1.114 

3.36 

7.83 

25.9 

24 

22.4 

15.4 

1.119 

3.50 

8.16 

26.9 

25 

23.3 

15.9 

1.123 

3.64 

8.4S 

28.0 

26 

24.3 

16.5 

1.128 

3.78 

8.81 

29.1 

27 

25.2 

16.9 

1.132 

3.92 

9.13 

30.2 

28 

26.1 

17.5 

1 .  137 

4.06 

9.46 

31.2 

29 

27.1 

17.9 

1.141 

4.20 

9.79 

32.3 

30 

28.0 

18.4 

1.145 

4.34 

10.11 

33.4 

31 

28.9 

18.9 

1.150 

4.48 

10.44 

34.5 

32 

29.9 

19.4 

1.154 

4.64 

10.76 

35.5 

33 

30.8 

19.9 

1.159 

4.76 

11.09 

36.6 

34 

31.7 

20.3 

1.163 

4.90 

11.42 

37.7 

35 

32.7 

20.9 

1.168 

5.04 

11.74 

38.8 

36 

33.6 

21.3 

1.172 

5.18 

12.07 

39.9 

37 

34.5 

21.7 

1.176 

5.32 

12.4° 

40.9 

38 

35.5 
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AMMONIA 

Specific     Gravity     of     Aqueous     Ammonium     Hydroxitb 

20° 
Solutions  at  —r=  C* 
4 


Be. 

Sp.  gr. 

Per  cent 
NH3 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

10.9 

0.9939 

1 

9.939 

0.6205 

0.0829 

11.5 

0.9895 

2 

19.79 

1.235 

0.1652 

11.7 

0.9811 

4 

39.24 

2.450 

0.3275 

13.9 

0.9730 

6 

58.38 

3.644 

0.4872 

15.1 

0.9651 

8 

77.21 

4.820 

0.6443 

16.2 

0.9575 

10 

95.75 

5.977 

0.7991 

17.3 

0.9501 

12 

114.0 

7.117 

0.9515 

18.5 

0.9430 

14 

132.0 

8.242 

1 .  102 

19.5 

0  9362 

16 

149.8 

9.351 

1.250 

20.6 

0.9295 

18 

167.3 

10.44 

1.396 

21.7 

0.9229 

20 

184.6 

11.52 

1.540 

22.8 

0.9164 

22 

201.6 

12.59 

1.682 

23.8 

0.9101 

24 

218.4 

13.64 

1.823 

24.9 

0.9040 

26 

235.0 

14.67 

1.961 

25.9 

0.8980 

28 

251.4 

15.70 

2.098 

27.0 

0.8920 

30 

267.6 

16.71 

2.233 

Values  Determined  in  Sealed  Tubes,  at 


15° 


C. 


Be\ 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

NHj 

liter 

cu.  ft. 

gal. 

34.9 

0.849 

45 

382.1 

23.85 

3.188 

38.3 

0.832 

50 

416.0 

25.97 

3.472 

41.8 

0.815 

55 

448.3 

27.98 

3.741 

45.9 

0.796 

60 

477.6 

29.82 

3.985 

50.4 

0.776 

65 

504.4 

31.49 

4.209 

55.4 

0.755 

70 

528.5 

32.99 

4.410 

61.0 

0.733 

75 

549.8 

34.32 

4.588 

66.9 

0.711 

80 

568.8 

35.51 

4.747 

73.5 

0.688 

85 

584.8 

36.51 

4.880 

80.5 

0.665 

90 

598.5 

37.36 

4.995 

88.1 

0.642 

95 

609.9 

38.07 

5.090 

96.5 

0.618 

100 

618.0 

38.58 

5.157 
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AMMONIUM   HYDROXIDE 

Specific  Gravity  of  Aqueous  Solutions  at  15°  C. 


Specific 

Per  cent 

Total  NH3 

Specific 

Per  cent 

Total  Nil, 

gravity 

NH3 

g.  per  liter 

gravity. 

NHa 

g.  per  liter 

1.000 

0.00 

0.0 

0.940 

15.63 

146.9 

0.  998 

0.45 

4.5 

0.938 

16.22 

152.1 

0.996 

0.91 

9.1 

0.936 

16.82 

157.4 

0.994 

1.37 

13.6 

0.934 

17.42 

162.7 

0.992 

1.84 

18.2 

0. 932 

18.03 

168. 1 

0.990 

2.31 

22.9 

0.930 

18.64 

173.4 

0.988 

2.80 

27.7 

0.928 

19.25 

178.6 

0.986 

3.30 

32.5 

0.926 

19.87 

184 . 2 

0.984 

3.80 

37.4 

0.924 

20.49 

189.3 

0.982 

4.30 

42.2 

0.922 

21.12 

194.7 

0.980 

4.80 

47.0 

0.920 

21.75 

200.1 

0.978 

5.30 

51.8 

0.918 

22.39 

205.6 

0.976 

5.80 

56.6 

0.916 

23.03 

210.9 

0.971 

6.30 

61.4 

0.914 

23.68 

216.3 

0.972 

6.80 

66.1 

0.912 

24.33 

221.9 

0.970 

7.31 

70.9 

0.910 

24.99 

227.4 

0.968 

7.82 

75.7 

0.908 

25.65 

232.9 

0.966 

8.33 

80.5 

0.906 

26.31 

238.3 

0.964 

8.84 

85.2 

0.904 

26.98 

243.9 

0.962 

9.35 

89.9 

0.902 

27.65 

249.4 

0.960 

9.91 

95.1 

0.900 

28.33 

255.0 

0.958 

10.47 

100.3 

0.898 

29.01 

260.5 

0.956 

11.03 

105.4 

0.896 

29.69 

266.0 

0.954 

11.60 

110.7 

0.894 

30.37 

271.5 

0.952 

12.17 

115.9 

0.892 

31.05 

277.0 

0.950 

12.72 

121.0 

0.890 

31.75 

282.6 

0.948 

13.31 

126.2 

0.888 

32.50 

288.6 

0.946 

13.88 

131.3 

0.886 

33.25 

294.6 

0.944 

14.46 

136.5 

0.884 

34.10 

301.4 

0.942 

15.04 

141.7 

0.882 

34.95 

308.3 

AQUA  AMMONIA 

Authority  —  W.  C.  Ferguson 

This  table  has  been  approved  and  adopted  as  a  standard  by 
the  Manufacturing  Chemists'  Association  of  the  United  States. 

Specific  Gravity  determinations  were  made  at  60°  F  ,  com- 
pared with  water  at  609  F. 

From  the  Specific  Gravities,  the  corresponding  degrees  Baiune 
were  calculated  by  the  following  formula: 


Baume 


140 


Sp.  Gr. 


130. 


Baume  Hydrometers  for  use  with  this  table  must  be  graduated 
by  the  above  formula,  which  formula  should  always  be  printed 
<m  the  scale. 

Atomic  weights  from  F.  W.  Clarke's  table  of  1901.     O  =  16. 

Allowance  for  Temperature 

The  coefficient  of  expansion  for  Ammonia  Solutions  varying 
with  the  temperature,  correction  must  be  applied  according  to 
the  following  table: 


Corrections  to  be  added  for  each 
degree  below  60°  F. 

Correct] 

ons  to  be  subtracted  for  each 
degree  above  60°  F. 

Degrees 
liaume 

40°  F. 

50°  F. 

70°  F. 

80°  F. 

90°  F. 

100°  F 

It 
16 
18 
20 
22 
26 

0.015  Be. 
0.021    " 
0.027    " 
0.033    " 
0.039   " 
0.053    " 

0.017  Be. 
0.023    " 
0.029    " 
0.036    " 
0.012    " 
0.057    " 

0.020  Be. 
0.026    " 
0.031    " 
0.037    " 
0.043    44 
0.057    " 

0.022  Be. 
0.028    " 
0.033    " 
0.038    " 
0.045    44 
0.050    " 

0.024  Be. 
0.030    " 
0.035    " 
0.040   " 
0.047    <4 

0.026  B6 
0.032    44 
0.037    " 
0.042    " 

Be.* 

Sp.  gr. 

Per  cent 
NH3. 

Be.° 

Sp.  gr 

Per  cent 

NHj. 

10.00 

1 . 0000 

0.00 

12  25 

0.9842 

3.73 

10.25 

0.9982 

0.40 

12.50 

0.9S25 

4.16 

10.50 

0.9904 

0.80 

12.75 

0.9807 

4.59 

10.75 

0.9947 

1.21 

13.00 

0.9790 

5.02 

11.00 

0.9929 

1.62 

13.25 

0.9773 

5.45 

J  1.25 

0.9912 

2.04 

13.50 

0.9756 

5.88 

11.50 

0.9894 

2.46 

13.75 

0.9739 

6.31 

11.75 

0.9876 

2.88 

14.00 

0.9722 

6.74 

12.00 

0.9859 

3.30 

14.25 

0.9705 

7.17 
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AQUA 

AMMONIA    (Continued) 

Be.° 

Sp.  Gr. 

1 

Per  cent 
NH3. 

Be.° 

Sp.  gr. 

Per  cent 
NH3. 

14.50 

— 
0.9689 

7.61 

22.00 

0.9211 

21.60 

14.75 

0.9672 

8.05 

22.25 

0.9195 

22.08 

15.00 

0.9655 

8.49 

22.50 

0.9180 

22.56 

15.25 

0.9639 

8.93 

22.75 

0.9165 

23.04 

15,50 

0.9622 

9.38 

23.00 

0.9150 

23.52 

15.75 

0.9605 

9.83 

23.25 

0.9135 

24.  UJ 

16.00 

0.9589 

10.28 

23.50 

0.9121 

24.50 

16.25 

0.9573 

10.73 

23.75 

0.91013 

24.99 

16.50 

0.9556 

11.18 

24.00 

0.90U1 

25.48 

16.75 

0.9540 

11.64 

24.25 

0.9076 

25.97 

17.00 

0.9524 

12.10 

24.50 

0.9061 

26.46 

17.25 

0.9508 

12.56 

24.75 

0.9047 

26.95 

17.50 

0.9492 

13.02 

25.00 

0.9032 

27.44 

17.75 

0.9475 

13.49 

25.25 

0.9018 

27.93 

18.00 

0.9459 

13.96 

25.50 

0.9003 

28.42 

18.25 

0.9444 

14.43 

25.75 

0.8989 

28.91 

18.50 

0.9428 

14.90 

26.00 

0.8974 

29.40 

18.75 

0.9412 

15.37 

26.25 

0.8960 

29.89 

19.00 

0.9396 

15.84 

26.50 

0.8946 

30.38 

19.25 

0.9380 

16.32 

26.75 

0.8931 

30.87 

19.50 

0.9365 

16.80 

27.00 

0.8917 

31.36 

19.75 

0.9349 

17.28 

27.25 

0.8903 

31.85 

20.00 

0.9333 

17.76 

27.50 

0.8889 

32.34 

20.25 

0.9318 

18.24 

27.75 

0.8875 

32.83 

20.50 

0.9302 

18.72 

28.00 

0.8861 

33.32 

20.75 

0.9287 

19.20 

28.25 

0.8847 

33.81 

21.00 

0.9272 

19.68 

28.50 

0.8833 

34.30 

21.25 

0.9256 

20.16 

28.75 

0.8819 

34.79 

21.50 

0.9241 

20.64 

29.00 

0.8805 

35.28 

21.75 

0.9226 

21.12 

1575 


AMMONIUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Ammonium  Chloride  Solu- 

20° 

4° 


TIONS    AT 


C. 


Be. 

Sp.  gr. 

Per  cent 
NH4C1 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.2 

1.0013 

1 

10.01 

0.6251 

0.0836 

0.6 

1.0045 

2 

20.09 

1.254 

0.1677 

1.5 

1.0107 

4 

40.43 

2 .  524 

0.3374 

2.4 

1.0168 

6 

61.01 

3.809 

0.5091 

3.2 

1.0227 

8 

81.82 

5 .  108 

0.6828 

4.0 

1.0280 

10 

102.9 

6.421 

0.8584 

4.8 

1.0344 

12 

124.1 

7.749 

1.036 

5.6 

1.0401 

14 

145.6 

9.090 

1.215 

6.3 

1  0457 

16 

167.3 

10.44 

1.396 

7.1 

1.0512 

18 

189.2 

11.81 

1.579 

7.8 

1.0567 

20 

211.3 

13.19 

1.764 

8.5 

1.0621 

22 

233.7 

14.59 

1.950 

9.2 

1.0674 

24 

256.2 

15.99 

2.138 

AMMONIUM  NITRATE 
Specific   Gravity   of   Aqueous   Ammonium   Nitrate   Solu 

TIONS    AT    -Yo-    C. 

4° 


Be. 


bp.  gr. 


Per  cent 
NH4NO3 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.3 

1.0023 

1 

10.02 

0.6257 

0.0836 

0.9 

1.0064 

2 

20.13 

1.257 

0.1080 

2.1 

1.0147 

4 

40.59 

2.534 

0.3387 

3.3 

1.0230 

6 

61.38 

3.832 

0.5122 

4.4 

1.0313 

8 

82.50 

5.150 

0.6885 

5.5 

1.0397 

10 

104.0 

6.491 

0.8677 

6.7 

1.0482 

12 

125.8 

7.852 

1.050 

7.8 

1.0567 

14 

147.9 

9.235 

1.235 

8.9 

1.0653 

16 

170.4 

10.64 

1.422 

10.0 

1.0740 

18 

193.3 

12.07 

1.613 

11.1 

1.0828 

20 

216.6 

13.52 

1.807 

12.2 

1.0916 

22 

240.2 

14.99 

2.004 

13.2 

1.1005 

24 

264.1 

16.49 

2.204 

14.3 

1 . 1095 

26 

288.5 

18.01 

2.407 

15.4 

1.1186 

28 

313.2 

19.55 

2.614 

16.4 

1.1277 

30 

338.3 

21.12 

2.823 

19.0 

1.1512 

35 

402.9 

25.15 

3.362 

21.6 

1.1754 

40 

470.2 

29.35 

3.924 

24.2 

1.2003 

45 

540.1 

33.72 

4.508 

26 .7 

1.2258 

50 

612.9 

38.26 

1             ...  — 

5.115 

157o 


AMMONIUM  NITRATE 

Specific   Gravity  of  Aqueous  Ammonium  Nitrate   Solu- 
tions at  17.5°  C.   (Gerlach) 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

NH4NO3 

liter 

cu.  ft. 

gal. 

0.6 

1.0042 

1 

10.04 

0.6269 

0.0838 

1.2 

1.0085 

O 

20.17 

1.259 

0.1683 

1.8 

1.0127 

3 

30.38 

1.897 

0.2535 

2.4 

1.0170 

4 

40.68 

2.540 

0.3395 

3.0 

1.0212 

5 

51.06 

3.188 

0.4261 

3.6 

1.0255 

6 

01.53 

3.841 

0.5135 

4.2 

1.0297 

7 

72  08 

4.500 

0.6015 

4.8 

1.0340 

8 

82 .  72 

5.164 

0.6903 

5.3 

1.0382 

9 

93.44 

5.833 

0.7798 

5.9 

1.0425 

10 

104.3 

6.508 

0.8700 

6.5 

1.0468 

11 

115.1 

7.188 

0.9609 

7.1 

1.0512 

12 

12(3.1 

7.875 

1.053 

7.6 

1.0555 

13 

137.2 

8.566 

1.145 

8.2 

1.0599 

14 

148.4 

9.263 

1.238 

8.8 

1.0642 

15 

159.6 

9.965 

1.332 

9  3 

1.0686 

16 

171.0 

10.67 

1.427 

9.9 

1.0729 

17 

182.4 

11.39 

1.522 

10.4 

1.0773 

18 

193.9 

12.11 

1.618 

10.9 

1.0816 

19 

205.5 

12.83 

1.715 

11.5 

1.0860 

20 

217.2 

13.56 

1.813 

12.0 

1.0905 

21 

229.0 

14.30 

1.911 

12.6 

1.0950 

22 

240.9 

15.04 

2.010 

13.1 

1.0995 

23 

252.9 

15.79 

2.110 

13.7 

1 . 1040 

24 

2(55.0 

16.54 

2.211 

14.2 

1 . 1085 

25 

277.1 

17.30 

2.313 

14.7 

1.1130 

26 

239. 4 

18.07 

2.415 

15.2 

1.1175 

27 

301.7 

18.84 

2.518 

15.8 

1 .  1220 

28 

314.2 

19.61 

2.622 

16.3 

1 . 1265 

29 

326 . 7 

20.39 

2.726 

16.8 

1.1310 

30 

339.3 

21.18 

2.832 

17.3 

1 . 1358 

31 

352.1 

21.98 

2.938 

17.9 

1.1406 

32 

365.0 

22.79 

3.046 

18.4 

1.1454 

33 

378.0 

23.60 

3.154 

18.9 

1.1502 

34 

391.1 

24.41 

3.264 

19.5 

1.1550 

35 

404.3 

25.24 

3.374 

20.0 

1 . 1598 

36 

417.5 

26.07 

3.484 

20.5 

1.1646 

37 

430.9 

26.90 

3.596 

21.0 

1 . 1 694 

38 

444.4 

27.74 

3.708 

21.5 

1 . 1 743 

39 

457.9 

28.59 

3.822 

22.0 

1  . 1 790 

40 

471.6 

29.44 

3.936 

22.5 

1 .1841 

41 

485 . 5 

30.31 

4.051 

23.1 

1 . 1892 

42 

499.5 

31.18 

4.168 

1577 


AMMONIUM  NITRATE  (Continued) 
Specific  Gravity  of  Aqueous  Ammonium  Nitrate  Solu- 
tions at  17.5°  C.  (Gerlach) 


Re. 


Sp.  gr. 


Per  cent 
NH4NO3 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


23  6 

24.1 
24.6 
25.1 
2.5.6 
26.1 
26.6 
27.1 
27.6 


28 

28 

29 

29 

30 

30 

31 

31 

32.0 

32.5 

33.0 

33.5 

34.0 


1.1942 

43 

1 . 1994 

44 

1.2045 

45 

1.2096 

46 

1.2147 

47 

1.2198 

48 

1.2249 

49 

1.2300 

50 

1.2353 

51 

1.2407 

52 

1.2460 

53 

1.2514 

54 

1.2567 

55 

1.2621 

56 

1.2674 

57 

1.2728 

58 

1.2781 

59 

1.2835 

60 

1.2888 

61 

1.2942 

62 

1.3005 

63 

1.3059 

64 

513.5 
527.7 
542.0 
556.4 
570.9 
585.5 
600.2 
615.0 
630.0 
645.2 
660.4 
675.8 
691.2 
706.8 
722.4 
738.2 
754 . 1 
770.1 
786.2 
802.4 
819.3 
835.8 


32.06 
32.94 
33.84 
34.74 
35.64 
36.55 
37.47 
38.39 
39.33 
40.28 
41.23 
42.19 
43.15 
44.12 
45.10 
46.09 
47.07 
48.08 
49.08 
50.09 
51.15 
52.17 


4.285 
4.404 
4.523 
4.643 
4.764 
4.886 
5  009 
5  132 

5  258 
5.384 
5.511 
5.639 
5.768 
5.898 
6.029 
6.161 

6  293 
6.427 
6.561 
6.696 
6.837 
6.975 


1578 


AMMONIUM  SULFATE 
Specific    Gravity   of   Aqueous   Ammonium    Sulfate  Solu- 

TIONS    AT    -jo     C* 


B6. 


Sp.  gr. 


Per  cent 

(NH4)^0. 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.6 
1.5 


3 

4 

6 

7 

9 
10.8 
12.3 
13.7 
15.0 
16.3 
17.6 
18.9 
20  1 
21.3 
24.2 
26.9 
29.5 
31.9 


1 

0041 

1 

0101 

1 

0220 

1 

0338 

1 

0456 

1 

0574 

1 

0691 

1 

0808 

1 

0924 

1 

1039 

1 

1154 

1 

1269 

1 

1383 

1 

1496 

1 

1609 

I 

1721 

1 

2000 

1 

2277 

1 

2552 

1 

2825 

1 

2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
35 
40 
45 
50 


10  04 
20.20 
40.83 
62.03 
83.65 
105.7 
128.3 
151.3 
174.8 
198.7 
223.1 
247.9 
273  2 
298  9 
325  1 
351.6 
420.0 
491 . 1 
564 . 8 
641  3 


0 

1 

2 

3 

5 

6 

8 

9 

10 

12 

13 

15 

17 

18 

20 

21 

26 

30 

35 

40 


.6283 

.621 

.552 

.872 

.222 

.601 

.009 

.446 

.91 

.40 

.93 

.48 

.05 

.66 

.29 

.95 

.22 

.66 

.26 

.03 


0.08379 

0.1686 

0.3412 

0.5176 

0.6981 

0.8824 


071 
263 
459 
658 
862 
069 
280 
494 
713 
2.934 
3.505 
4.098 
4.714 
5.351 
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AMMONIUM  SULFATE 

Specific  Gravity  of  Aqueous  Ammonium   Sulfate   Solu- 
tions at  19°  C.   (Schiff) 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

(NH4)2S04 

liter 

cu.  ft. 

gal. 

0.8 

1.0057 

1 

1 

10.06 

0.6278 

0.0839 

1.6 

1.0115 

2 

20 .  23 

1.263 

0.1688 

2.5 

1.0172 

3 

30.52 

1.905 

0.2547 

3.3 

1 . 0230 

4 

40.92 

2 .  555 

0.3415 

4.0 

1.0287 

5 

51.44 

3.211 

0.4292 

4.8 

1.0345 

6 

62 .  07 

3.875 

0.5180 

5.6 

1.0403 

7 

72.82 

4.546 

0.6077 

6.4 

1 . 0460 

8 

83 .  68 

5.224 

0.6983 

7.1 

1.0518 

9 

94.66 

5.909 

0.7900 

7.9 

1.0575 

10 

105.8 

6.602 

0.8825 

8.6 

1.0632 

11 

117.0 

7.301 

0 . 9760 

9.4 

1 . 0690 

12 

1 28 . 3 

8.008 

1.071 

10.1 

1.0747 

13 

139.7 

8.722 

1.166 

10.8 

1  0805 

14 

151.3 

9.443 

1.262 

11.5 

1.0862 

15 

162.9 

10.17 

1.360 

12.2 

1 . 0920 

16 

174.7 

10.91 

1.458 

12.9 

1 . 0977 

17 

186.6 

11.65 

1.557 

13.6 

1 . 1035 

18 

198.6 

12.40 

1.658 

14.3 

1 .1092 

19 

210.7 

13.16 

1.759 

14.9 

1  1149 

20 

223 . 0 

13.92 

1.861 

15.6 

1 . 1207 

21 

235.3 

14.69 

1.964 

16.3 

1 . 1265 

22 

247.8 

15.47 

2.068 

16.9 

1.1323 

23 

260.4 

16.26 

2.173 

17.6 

1.1381 

24 

273.1 

17.05 

2.279 

18.2 

1 . 1439 

25 

286.0 

17.85 

2.387 

18.9 

1.1496 

26 

298.9 

18.66 

2.494 

19.5 

1 . 1554 

27 

312.0 

19.47 

2.603 

20.1 

1.1612 

28 

325.1 

.  20.30 

2.713 

20.8 

1.1670 

29 

338 . 4 

21.13 

2.824 

21.3 

1.1724 

30 

351.7 

21.96 

2.935 

21.9 

1.1780 

31 

365.2 

22.80 

3.048 

22.5 

1 . 1836 

32 

378 . 8 

23.64 

3.161 

23.1 

1.1892 

33 

392.4 

24.50 

3.275 

23.6 

1.1948 

34 

406.2 

25.36 

3.390 

24.2 

1 . 2004 

35 

420.1 

26.23 

3.506 

24.8 

1 . 2060 

36 

434 . 2 

27.10 

3.623 

25.3 

1  2116 

37 

448.3 

27.99 

3.741 

25.9 

1.2172 

38 

462.5 

28.87 

3.860 

26.4 

1 . 2228 

39 

476.9 

29.77 

3.980 

27.0 

1 . 2284 

40 

491.4 

30.67 

4.101 

27.5 

1.2343 

41 

506 . 1 

31.59 

4 .  223 

28.1 

1 . 2402 

42 

520.9 

32.52 

4.347 

28.6 

1.2462 

43 

535 . 9 

33 .  45 

4.472 

29.2 

1 . 2522 

44 

551.0 

34.40 

4.598 

29.8 

1 . 2583 

45 

566 . 2 

35 .  35 

4.725 

30.3 

1 . 2644 

46 

581  .6 

36.31 

4.854 

30.9 

1 . 2705 

47 

597 .  1 

37.28 

4.983 

31.4 

1 .2766 

48 

612.8 

38 .  25 

5.114 

32.0 

1 . 2828 

49 

628.6 

39.24 

5.246 

32.5 

1 . 2890 

50 

644.5 

40.23 

5.378 

1  580 


Specific    Gravity 


ARSENIC  ACID 

of    Aqueous    Arsenic    Acid    Solutions 
15° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 
H3As04 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1 . 0057 

1 

10.06 

0.6278 

0.0839 

1.8 

1.0124 

2 

20 .  25 

1.264 

0.1690 

3.7 

1 . 0260 

1 

41.04 

2.562 

0.3425 

5.6 

1 .  0398 

6 

62.39 

3.895 

0 . 5206 

7.4 

1 .  0538 

8 

84.30 

5.263 

0.7035 

9.3 

1.0681 

10 

106.8 

6.668 

0.8914 

11.1 

1.0826 

12 

129.9 

8.110 

1.084 

12.9 

1.0975 

14 

153.7 

9.592 

1.282 

14.7 

1.1128 

16 

178.0 

11.12 

1.486 

16.5 

1.1285 

18 

203 . 1 

12.68 

1.695 

18.3 

1.1447 

20 

228.9 

14.29 

1.911 

20.2 

1.1614 

22 

255.5 

15.95 

2.132 

22.0 

1.1785 

24 

282.8 

17.66 

2.360 

23.8 

1.1961 

26 

311.0 

19.41 

2.595 

25.6 

1.2143 

28 

340.0 

21.23 

2.837 

27.4 

1.2331 

30 

369.9 

23.09 

3.087 

32.0 

1 . 2829 

35 

449.0 

28.03 

3.747 

36.6 

1 . 3370 

40 

534.8 

33.39 

4.463 

41.1 

1.3959 

45 

628.2 

39.21 

5.242 

45.7 

1.4602 

50 

730.1 

45.58 

6.093 

50.3 

1 .  5304 

55 

841.7 

52.55 

7.024 

54.8 

1.6070 

60 

964.2 

60.19 

8.046 

59.2 

1 . 6904 

65 

1099 

68.59 

9.169 

63.6 

1.7811 

70 

1247 

77.83 

10.40 

Be. 

Sp.  gr. 

Per  cent 
As:>05 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0057 

0.810 

8.143 

0 . 5083 

0 . 0680 

1.8 

1.0124 

1.62 

1 6 .  39 

1.023 

0.1368 

3.7 

1.0260 

3.24 

33 .  23 

2.074 

0.2773 

5.6 

1 . 0398 

4.86 

50.51 

3.153 

0.4216 

7  4 

1 . 0538 

6.48 

68.26 

4.261 

0.5696 

9.3 

1.0681 

8.10 

86.48 

5.399 

0.7217 

11.1 

1.0826 

9.72 

105.2 

6.566 

0.8778 

12  9 

1.0975 

11.3 

124.4 

7.766 

1.038 

14.7 

1.1128 

13.0 

144.2 

8.999 

1.203 

16.5 

1.1285 

14.6 

164.5 

10.27 

1.373 

18.3 

1 . 1447 

16.2 

185.4 

11.57 

1.547 

20.2 

1.1614 

17.8 

206.9 

12.91 

1.726 

22.0 

1.1785 

19.4 

229.0 

14.30 

1.911 

23.8 

1.1961 

21.1 

251.8 

15.72 

2.101 

256 

1.2143 

22.7 

275.3 

17.19 

2.297 

27.4 

1.2331 

24.3 

299.5 

18.70 

2.500 

32.0 

1 . 2829 

28.3 

363 . 6 

22.70 

3.034 

36.6 

1 . 3370 

32.4 

433 . 0 

27.03 

3.614 

41.1 

1.3959 

36.4 

508.6 

31.75 

4.244 

45.7 

1 . 4602 

40.5 

591.1 

36.90 

4.933 

50.3 

1 . 5304 

44.5 

681.5 

42.54 

5.687 

54.8 

1 . 6070 

48.6 

780.7 

48.74 

6.515 

59.2 

1 . 6904 

52.6 

889.6 

55.54 

7.424 

63.6 

1.7811 

56.7 

1009 

63.02 

8.424 

iOOi 


BARIUM  CHLORIDE 

Specific  Gravity  op  Aqueous  Barium  Chloride  Solutions 

20°  c. 


AT 


Be. 

Sp.  gr. 

Per  cent 
BaCl2 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.3 

1.0159 

2 

20   32 

1.268 

0.1696 

4.8 

1.0341 

4 

41.30 

2.582 

0  3452 

7.3 

1  0528 

G 

63.17 

3.943 

0.5272 

9.8 

1.0721 

8 

85.77 

5.354 

0.7158 

12.2 

1 .0921 

10 

109  2 

6.818 

0  9114 

14.7 

1.1128 

12 

133.5 

8.336 

1.114 

17.2 

1 . 1342 

14 

158.8 

9.913 

1   325 

19 .6 

1    1564 

lo 

185.0 

11.55 

1    544 

22  0 

1    1793 

18 

212.3 

13.25 

1    771 

24  .5 

1   2031 

20 

240.6 

15.02 

2  008 

26.9 

1.2277 

22 

270.1 

16.86 

2.254 

29.3 

I  2531 

24 

300 . 7 

18.77 

2.510 

31.7 

I   2793 

26 

332  6 

20 .  76 

2.776 

Be. 


Sp.  gr. 


I'cr  cent 

BaCl2  + 

2H2Q 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.3 

4.8 
7.3 
9.8 
12.2 
14.7 
17.2 
19.6 
22.0 
24.5 
26.9 
29.3 
31.7 


1.0159 
1.0341 
1.0528 
1.0721 
1.0921 
1.1128 
1 . 1342 
1.1564 
1.1793 
1.2031 
1.2277 
1.2531 
1.2793 


2  346 
4 .  692 
7.038 
9.384 
11.73 
14.08 
16.42 
18.77 
21.11 
23.46 
25.81 
28.15 
30.50 


23.83 

48.52 
74.10 
100.6 
128.1 
156.6 
186.3 
217.0 
249.0 
282.2 
316.8 
352.8 
390.2 


1.488 
3.029 
4.626 
6.281 
7.997 
9.778 
11.63 
13.55 
15.54 
17.62 
19.78 
22.02 
24.36 


0.1989 

0.4049 

0.6184 

0.8396 

1.069 

1.307 

1.554 

1.811 

2.078 

2.355 

2.644 

2.944 

3.256 


1582 


CADMIUM  NITRATE 

Specific  Gravity  of  Aqueous  Cadmium  Nitrate  Solutions 

AT   f   Q. 


BS. 

Sp.  gr. 

Per  cent 
Cd(N03)2 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.2 

1.0154 

2 

20.31 

1.268 

0 . 1695 

4.6 

1.0326 

4 

41.30 

2.578 

0.3447 

6.9 

1.0502 

6 

63.01 

3.934 

0.5259 

9.3 

1.0683 

8 

85.46 

5.335 

0.7132 

11.6 

1.0869 

10 

108.7 

6.785 

0.9070 

13.9 

1.1061 

12 

132.7 

8.286 

1.108 

16.2 

1.1261 

14 

157.7 

9.842 

1.316 

18.6 

1 . 1468 

16 

183.5 

11.45 

1.531 

20.9 

1 . 1682 

18 

210.3 

13.13 

1.755 

23.2 

1 . 1904 

20 

238.1 

14.86 

1.987 

28.9 

1.2488 

25 

312.2 

19.50 

2.605 

34.5 

1.3124 

30 

393.7 

24.58 

3.286 

40.1 

1.3822 

35 

483.8 

30.20 

4.037 

45.6 

1.4590 

40 

583.6 

36.43 

4.870 

51.1 

1.5438 

45 

694.7 

43.37 

5.797 

56.4 

1.6356 

50 

817.8 

51.05 

6.825 

1583 


CALCIUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Calcium  Chloride  Solutions 

2(T 
4° 


AT 


c. 


Be\ 

Sp.  gr. 

Per  cent 
CaCl2 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.1 

1.0148 

2 

20.30 

1.267 

0.1694 

4.4 

1.0316 

4 

41.26 

2.576 

0.3444 

6.7 

1 

0486 

6 

62.92 

3.928 

0.5251 

9.0 

1 

0659 

8 

85.27 

5.323 

0.7116 

11.2 

1 

0835 

10 

108.4 

6.764 

0.9042 

13.4 

1 

1015 

12 

132.2 

8.252 

1.103 

15.5 

1 

1198 

14 

156.8 

9.787 

1.308 

17.7 

1 

1386 

16 

182.2 

11.37 

1.520 

19.8 

1 

1578 

1*8 

208.4 

13.01 

1.739 

21.9 

1 

1775 

20 

235.5 

14.70 

1.965 

27.0 

1 

2284 

25 

307.1 

19.17 

2.563 

31.9 

1 

2816 

30 

384.5 

24.00 

3.209 

36.6 

1 

3373 

35 

468.1 

29.22 

3.906 

41.1 

1 

3957 

40 

558.3 

34.85 

4.659 

Be. 

Sp.  gr. 

Per  cent 

CaCh  + 

6H2O 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.1 

1.0148 

3.948 

40.06 

2.501 

0.3343 

4.4 

1.0316 

7.896 

81.46 

5.085 

0.6800 

6.7 

1.0486 

11.84 

124.2 

7.753 

1.036 

9.0 

1.0659 

15.79 

168.3 

10.51 

1.405 

11.2 

1.0835 

19.74 

213.9 

13.35 

1.785 

13.4 

1.1015 

23.69 

260.9 

16.29 

2.177 

15.5 

1.1198 

27.64 

309.5 

19.32 

2.583 

17.7 

1 . 1386 

31.58 

359.6 

22.45 

3.001 

19.8 

1.1578 

35.53 

411.4 

25.68 

3.433 

21.9 

1.1775 

39.48 

465.9 

29.02 

3.879 

27.0 

1.2284 

49.35 

606.2 

37.84 

5.059 

31.9 

1.2816 

59.22 

759.0 

47.38 

6.334 

36.6 

1.3373 

69.09 

923.9 

57.68 

7.710 

41.1 

1.3957 

78.96 

1102.0 

68.80 

9.197 

1584 


CHROMIC  ACID 

Specific   Gravity   of   Aqueous   Chromic   Acid   Solutions 

at  -jf  C 


Be. 


Sp.  gr. 


Per  cent 
CrOa 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.9 
2.0 
4.2 
6.2 
8.2 
10.2 
12.3 
14.4 
16.3 
18.4 
20.3 
22.2 
24.2 
26.2 
28.1 
29.9 
34.6 
39.2 
44.0 
48.7 
53.3 
57.8 


1.006 

1 

1.014 

2 

1.030 

4 

1.045 

6 

1.060 

8 

1.076 

10 

1.093 

12 

1.110 

14 

1.127 

16 

1.145 

18 

1.163 

20 

1.181 

22 

1.200 

24 

1.220 

26 

1.240 

28 

1.260 

30 

1.313 

35 

1.371 

40 

1.435 

45 

1.505 

50 

1.581 

55 

1.663 

60 

! 

10.06 
20.28 
41.20 
62.70 
84.80 
107.6 
131.2 
155.4 
180.3 
206.1 
232.6 
259.8 
288.0 
317.2 
347.2 
378.0 
459.6 
548.4 
645.8 
752.5 
869.6 
997.8 


0.6280 

1.266 

2.572 

3.914 

5.294 

6.717 

8.188 

9.701 

11.26 

12.87 

14.52 

16.22 

17.98 

19.80 

21.67 

23.60 

28.69 

34.24 

40.31 

46.98 

54.28 

62.29 


0.0840 

0.1692 

0.3438 

0.5232 

0.7077 

0.8979 

1.095 

1.297 

1.505 

1  .  720 

1.9'1 

2.168 

2.403 

2.647 

2.897 

3.154 

3.835 

4.577 

5.389 

6.280 

7.257 

8.327 


1535 


CHROMIUM  SULFATE 

Specific  Gravity  of  Aqueous  Chromium  Sulfate  Solutions 

150  n  * 
at  -jo    C* 


Be. 

Sp.  gr. 

Per  cent 

Cr2(S04>8 

(green) 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.2 

1.0081 

1 

10.08 

0.6293 

0.0841 

2.5 

1.0172 

2 

20.34 

1.270 

0.1698 

5.0 

1.0358 

4 

41.43 

2.586 

0.3458 

7.6 

1.0551 

6 

63.31 

3.952 

0.5283 

10.1 

1.0751 

8 

86.01 

5.369 

0.7178 

12.7 

1.0958 

10 

109.6 

6.841 

0.9145 

15.2 

1.1172 

12 

134.1 

8.369 

1.119 

17.7 

1.1392 

14 

159.5 

9.956 

1.331 

20.2 

1.1618 

16 

185.9 

11.60 

1.551 

22.7 

1.1851 

18 

213.3 

13.32 

1.780 

25.1 

1.2091 

20 

241.8 

15.10 

2.018 

27.5 

1.2339 

22 

271.5 

16.95 

2.265 

29.9 

1.2594 

24 

302.3 

18.87 

2.522 

32.2 

1.2856 

26 

334.3 

20.87 

2.789 

34.5 

1.3125 

28 

367.5 

22.94 

3.067 

36.8 

1.3401 

30 

402.0 

25.10 

3.355 

42.3 

1.4123 

35 

494.3 

30.86 

4.125 

47.6 

1.4893 

40 

595.7 

37.19 

4.971 

Be. 


Sp.  gr. 


Per  cent 

Cr2(S04)3 
(violet) 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.3 

2.7 
5.5 
8.3 
11.0 
13.6 
16.2 
18.8 
21.3 
23.8 
26.3 
28.8 
31.3 
33.7 
36.2 


1 

0091 

1 

0191 

1 

0395 

1 

0604 

1 

0817 

1 

1034 

1 

1257 

1 

1486 

1 

1722 

1 

1966 

1 

2218 

1 

2479 

1 

2750 

1 

3032 

1 

3325 

1 

2 

4 

0 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 


10.09 
20.38 
41.58 
63.62 
86.54 
110.3 
135.1 
160.8 
187.6 
215.4 
244.4 
274.5 
306.0 
338.8 
373.1 

Tom' 


0.6300 

1.272 

2.596 

3.972 

5.402 

6.888 

8.433 

10.04 

11.71 

13.45 

15.25 

17.14 

19.10 

21.15 

23.29 


0.084 

0.1701 

0.3470 

0.5310 

0.7222 

0.9208 

1.127 

1.342 

1.565 

1.797 

2.039 

2.291 

2.554 

2.828 

3.114 


CITRIC  ACID 

Specific    Gravity   op   Citric   Acid    Solutions   at   15* 

(Gerlach) 


Q 


Be. 

Sp.  gr. 

Per  cent 
CbHsOt 
+  H2O 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.1 

1.0074 

2 

20.15 

1.258 

0.1681 

2.1 

1.0149 

4 

40.60 

2.534 

0.3388 

3.2 

1.0227 

6 

61.36 

3.831 

0.5121 

4.3 

1.0309 

8 

82.47 

5.148 

0.6883 

5.5 

1.0392 

10 

103.9 

6.487 

0.8672 

6.5 

1.0470 

12 

125.6 

7.843 

1.048 

7.6 

1.0549 

14 

147.7 

9.220 

1.232 

8.6 

1.0632 

16 

170.1 

10.62 

1.420 

9.7 

1.0718 

18 

192.9 

12.04 

1.610 

10.8 

1.0805 

20 

216.1 

13.49 

1.803 

11.8 

1.0889 

22 

239.6 

14.95 

1.999 

12.8 

1.0972 

24 

263.3 

16.44 

2.198 

13.9 

1.1060 

26 

287.6 

17.95 

2.400 

15.0 

1.1152 

28 

312.3 

19.49 

2.606 

16.0 

1 . 1244 

30 

337.3 

21.06 

2.815 

17.1 

1 . 1333 

32 

362.7 

22.64 

3.026 

18.1 

1 . 1422 

34 

388.3 

24.24 

3.241 

19.1 

1.1515 

36 

414.5 

25.88 

3.459 

20.1 

1.1612 

38 

441.3 

27.55 

3.682 

21.2 

1.1709 

40 

468.4 

29.24 

3.909 

22.3 

1.1814 

42 

496.2 

30.98 

4.141 

23.1 

1.1899 

44 

523.6 

32.68 

4.369 

24.2 

1.1998 

46 

551.9 

34.45 

4.606 

25  2 

1.2103 

48 

580.9 

36.27 

4.848 

26.2 

1.2204 

50 

610.2 

38.09 

5.092 

27.2 

1.2307 

52 

640.0 

39.95 

5.341 

28.2 

1.2410 

54 

670.1 

41.83 

5.592 

29.1 

1.2514 

56 

700.8 

43.75 

5.848 

30.2 

1.2627 

58 

732.4 

45.72 

6.112 

31.2 

1.2738 

60 

764.3 

47.71 

6.378 

32.2 

1.2849 

62 

796.6 

49.73 

6.648 

33.1 

1.2960 

64 

829.4 

51.78 

6.922 

34.1 

1.3071 

66 

862.7 

53.85 

7.199 

1587 


COPPER  NITRATE 

Specific  Gravity  op  Aqueous  Cupric  Nitrate  Solutions 

20° 


AT 


p-a* 


Be. 


Sp.  gr. 


Per  cent 
Cu(N03)2 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 

2.1 

4.5 

6.9 

9.4 

11.7 

14.0 

16.2 

18.6 

20.9 

23.1 

28.8 


1 

007 

1 

1 

015 

2 

1 

032 

4 

1 

050 

6 

1 

069 

8 

1 

088 

10 

1 

107 

12 

1 

126 

14 

1 

147 

16 

1 

168 

18 

1 

189 

20 

1 

248 

25 

10.07 
20.30 
41.28 
63.00 
85.52 
108.8 
132.8 
157.6 
183.5 
210. 2 
237.8 
312.0 


0.6286 

1.267 

2.577 

3.933 

5.339 

6.792 

8.293 

9.841 

46 

12 


11 
13 


14.85 
19.48 


0.0840 

0 . 1694 

0.3445 

0.5258 

0.7137 

0.9080 

1.109 

1.316 

1.532 

1.754 

1.984 

2.604 


COPPER  SULFATE 

Specific  Gravity  of  Aqueous  Copper  Sulfate  Solutions 

2CT 

4° 


AT 


c. 


Be. 


Sp.  gr. 


Per  cent 
CuS04 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.3 

2.7 
5.6 
8.5 
11.2 
14.0 
16.8 
19.4 
22.1 
24.8 


1.009 

1 

1.019 

2 

1.040 

4 

1.062 

6 

1.084 

8 

1.107 

10 

1.131 

12 

1.154 

14 

1.180 

16 

1.206 

18 

10.09 
20.38 
41.60 
63.72 
86.72 
110.7 
135.7 
161.6 
188.8 
217.1 


0.6299 

1.272 

2.597 

3.978 

5.414 

6.911 

8.473 

10.09 

11.79 

13.55 


0.0842 

0.1701 

0.3472 

0.5318 

0.7237 

0.9238 

1.133 

1.348 

1.576 

1.812 


1588 


COPPER  SULFATE  (Continued) 

Specific   Gravity  of  Aqueous  Copper  Sulfate  Solutions 

AT  -J,-  a* 


Be. 


Sp.  gr. 


Per  cent 

CuS04  + 

5H20 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.3 

2.7 
5.6 
8.5 
11.2 
14.0 
16.8 
19.4 
22.1 
24.8 


1.009 

1.564 

1.019 

3.129 

1.040 

6.257 

1.062 

9.386 

1.084 

12.51 

1.107 

15.64 

1.131 

18.77 

1.154 

21.90 

1.180 

25.03 

1.206 

28.16 

15.78 
31.88 
65.07 
99.68 
135.7 
173.2 
212.3 
252.7 
295.3 
339.6 


0.9853 

1.990 

4.062 

6.223 

8.469 

10.81 

13.25 

15.78 

18.44 

21.20 


0.1317 

0.2661 

0.5431 

0.8318 

1.132 

1.445 

1.772 

2.110 

2.465 

2.834 


Specific  Gravity  of  Aqueous  Copper  Sulfate  Solutions 

AT    18°    C.     (SCHIFF    AND    GERLACH) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

CuS04 

liter 

cu.  ft. 

gal. 

0.9 

1.0063 

0.6393 

6.433 

0.4016 

0.0537 

1.8 

1.0126 

1.279 

12.95 

0.8082 

0 . 1080 

2.7 

1.0190 

1.918 

19.54 

1.220 

0.1631 

3.6 

1.0254 

2.557 

26.22 

1.637 

0.2188 

4.5 

1.0319 

3.196 

32.98 

2.059 

0.2753 

5.4 

1.0384 

3.836 

39.83 

2.486 

0.3324 

6.2 

1.0450 

4.475 

46.76 

2.919 

0.3902 

7.1 

1.0516 

5.114 

53.78 

3.357 

0.4488 

8.0 

1.0582 

5.753 

60.88 

3.801 

0.5081 

8.8 

1.0649 

6.393 

68.08 

4.250 

0.5681 

9.7 

1.0716 

7.032 

75.35 

4.704 

0.6289 

10.6 

1.0785 

7.671 

82.73 

5.165 

0.6904 

11.4 

1.0854 

8.311 

90.20 

5.631 

0.7528 

12.3 

1.0923 

8.950 

97.76 

6.103 

0.8158 

13.1 

1.0993 

9.589 

105.4 

6.581 

0.8797 

13.9 

1.1063 

10.23 

113.2 

7.064 

0.9443 

14.8 

1.1135 

10.87 

121.0 

7.554 

1.010 

15.6 

1.1208 

11.51 

129.0 

8.051 

1.076 

16.5 

1.1281 

12.15 

137.0 

8.554 

1.143 

17.3 

1 . 1354 

12.79 

145.2 

9.062 

1.211 

18.1 

1 . 1427 

13.42 

153.4 

9.577 

1.280 

18.9 

1.1501 

14.06 

161.7 

10.10 

1.350 

19.8 

1 . 1585 

14.70 

170.3 

10.63 

1.421 

1589 


COPPER  SULFATE  (Continued) 
Specific  Gravity  of  Aqueous  Copper  Sulfate  Solutions 

AT    19°    C.    (SCHIFF    AND    GeRLACH) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

CuS04 

liter 

cu.  ft. 

gal. 

20.6 

1.1659 

15.34 

178.9 

11.17 

1.493 

21.5 

1 . 1738 

15.98 

187.6 

11.71 

1.566 

22.3 

1.1817 

16.62 

196.4 

12.26 

1.639 

23.1 

1 . 1898 

17.26 

205.4 

12.82 

1.714 

24.0 

1.1980 

17.90 

214.4 

13.39 

1.790 

24.8 

1.2063 

18.54 

223.6 

13.96 

1.866 

25.6 

1.2146 

19.18 

232.9 

14.54 

1.944 

Specific  Gravity  of  Aqueous  Copper  Sulfate  Solutions 

AT    18°    C.    (SCHIFF    AND    GeRLACh) 


Be. 

Sp.  gr. 

Per  cent 

CuS04  + 

5H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.9 

1.0063 

1 

10.06 

0.6282 

0.0840 

1.8 

1.0126 

2 

20.25 

1.264 

0 . 1690 

2.7 

1.0190 

3 

30.57 

1.908 

0.2551 

3.6 

1.0254 

4 

41.02 

2.561 

0.3423 

4.5 

1.0319 

5 

51.60 

3.221 

0.4306 

5.4 

1.0384 

6 

62.30 

3.889 

0.5199 

6.2 

1.0450 

7 

73.15 

4.567 

0.6105 

7.1 

1.0516 

8 

84.13 

5.252 

0.7021 

8.0 

1.0582 

9 

95.24 

5.945 

0.7948 

8.8 

1.0649 

10 

106.5 

6.648 

0.8887 

9.7 

1.0716 

11 

117.9 

7.359 

0.9837 

10.6 

1.0785 

12 

129.4 

8.079 

1.080 

11.4 

1.0854 

13 

141.1 

8.809 

1.178 

12.3 

1.0923 

14 

152.9 

9.546 

1.276 

13.1 

1.0993 

15 

164.9 

10.29 

1.376 

13.9 

1 . 1063 

16 

177.0 

11.05 

1.477 

14.8 

1.1135 

17 

189.3 

11.82 

1.580 

15.6 

1 . 1208 

18 

201.7 

12.59 

1.684 

16.5 

1.1281 

19 

214.3 

13.38 

1.789 

17.3 

1 . 1354 

20 

227.1 

14.18 

1.895 

18.1 

1 . 1427 

21 

240.0 

14  98 

2.003 

18.9 

1.1501 

22 

253.0 

15  80 

2.112 

19.8 

1.1585 

23 

266.5 

16.63 

2.224 

20.6 

1 . 1659 

24 

279.8 

17.47 

2.335 

21.5 

1 . 1738 

25 

293.5 

18.32 

2.449 

22.3 

1.1817 

26 

307.2 

19.18 

2.564 

23.1 

1 . 1898 

27 

321.2 

20.05 

2.681 

24.0 

1 . 1980 

28 

335.4 

20.94 

2.799 

24.8 

1.2063 

29 

349.8 

21.84 

2.919 

25.6 

1.2146 

30 

364.4 

22.75 

3.041 

1590 


CUPRIC  CHLORIDE 

Specific  Gravity  of  Aqueous  Cupric  Chloride  Solutions 

at  -^  C.* 


Be. 

Sp.  gr. 

Per  cent 
C11CI2 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1 

10.07 

0.6286 

0.0840 

2.4 

1.017 

2 

20.34 

1.270 

0.1697 

5.0 

1.036 

4 

41.44 

2.587 

0.3458 

7.7 

1.056 

6 

63.36 

3.955 

0.5288 

10.1 

1.075 

8 

86.00 

5.369 

0.7177 

12.7 

1.096 

10 

109.6 

6.842 

0.9146 

15.2 

1.117 

12 

134.0 

8.368 

1.119 

17.6 

1.138 

14 

159.3 

9.946 

1.330 

20.0 

1.160 

16 

185.6 

11.59 

1.549 

22.3 

1.182 

18 

212.8 

13.28 

1.776 

24.7 

1.205 

20 

241.0 

15.04 

2.011 

Specific  Gravity  of  Aqueous  Cupric  Chloride  Solutions 
at  17.5°  C.  (Franz) 


Be. 

Sp.  gr. 

Per  cent 
CuCh 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.3 

1.0091 

1 

10.09 

0.6300 

0.0842 

2.6 

1.0182 

2 

20.36 

1.271 

0.1699 

3.9 

1.0273 

3 

30.82 

1.924 

0.2572 

5.1 

1.0364 

4 

41.46 

2.588 

0.3460 

6.3 

1.0455 

5 

52.28 

3.263 

0.4363 

7.5 

1.0548 

6 

63.29 

3.951 

0.5282 

8.7 

1.0641 

7 

74.49 

4.650 

0.6216 

9.9 

1.0734 

8 

85.87 

5.361 

0.7166 

11.1 

1.0827 

9 

97.44 

6.083 

0.8132 

12.2 

1.0920 

10 

109.2 

6.817 

0.9113 

13.8 

1 . 1049 

11 

121.5 

7.587 

1.014 

15.3 

1.1178 

12 

134.1 

8.374 

1.119 

16.8 

1 . 1307 

13 

147.0 

9.176 

1.227 

18.2 

1 . 1436 

14 

160.1 

9.995 

1.336 

19.6 

1.1565 

15 

173.5 

10.83 

1.448 

21.0 

1.1696 

16 

187.1 

11.68 

1.562 

22.4 

1 . 1827 

17 

201.1 

12.55 

1.678 

23.7 

1.1958 

18 

215.2 

13.44 

1.796 

25.1 

1.2089 

19 

229.7 

14.34 

1.917 

26.4 

1.2223 

20 

244.5 

15.26 

2.040 

27.7 

1.2362 

21 

259.6 

16.21 

2.166 

29.0 

1.2501 

22 

275.0 

17.17 

2.295 

1591 


CUPRIC  CHLORIDE  (Continued) 

Specific  Gravity  of  Aqueous  Cupric  Chloride  Solutions 
at  17.5°  C.   (Franz) 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

CuCh 

liter 

cu.  ft. 

gal. 

30.3 

1.2640 

23 

290.7 

18.15 

2.426 

31.5 

1.2779 

24 

306.7 

19.15 

2.559 

32.8 

1.2918 

25 

323.0 

20.16 

2.695 

34.0 

1.3058 

26 

339.5 

21.19 

2.833 

35.1 

1.3198 

27 

356.3 

22.25 

2.974 

36.3 

1.3338 

28 

373.4 

23.31 

3.117 

37.4 

1.3478 

29 

390.9 

24.40 

3.262 

38.5 

1.3618 

30 

408.5 

25.50 

3.409 

39.8 

1.3784 

31 

427.3 

26.68 

3.566 

41.1 

1.3950 

32 

446.4 

27.87 

3.725 

42.3 

1.4116 

33 

465.8 

29.08 

3.887 

43.5 

1.4287 

34 

485.8 

30.32 

4.054 

44.6 

1.4447 

35 

505.6 

31.57 

4.220 

45.8 

1.4615 

36 

526.1 

32.85 

4.391 

46.9 

1.4782 

37 

546.9 

34.14 

4.564 

48.0 

1.4949 

38 

568.1 

35.46 

4.741 

49.1 

1.5116 

39 

589.5 

36.80 

4.920 

50.1 

1 . 5284 

40 

611.4 

38.17 

5.102 

FERRIC  CHLORIDE 

Specific  Gravity  of  Aqueous  Ferric  Chloride  Solutions 

20°  c  * 


AT 


Be. 


Sp.  gr. 


Per  cent 
FeCh 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 

2.1 

4.5 

6.8 

9.1 

11.4 

13.7 

15.9 

18.0 

20.2 

22.3 

27.5 

32.7 

37.8 

42.7 

47.4 

51.5 


1.007 

1 

1.015 

2 

1.032 

4 

1.049 

6 

1.067 

8 

1.085 

10 

1.104 

12 

1.123 

14 

1.142 

16 

1.162 

18 

1.182 

20 

1.234 

25 

1.291 

30 

1.353 

35 

1.418 

40 

1.485 

45 

1.551 

50 

10.07 
20.30 
41.28 
62.94 
85.36 
108.5 
132.5 
157.2 
182.7 
209.2 
236.4 
308.5 
387.3 
473.6 
567.2 
668.3 
775.5 


0.6286 

1.267 

2.577 

3.929 

5.329 

6.773 

8.270 

9.815 

11.41 

13.06 

14.76 

19.26 

24.18 

29.56 

35.41 

41.72 

48.41 


0.0840 

0.1694 

0.3445 

0.5253 

0.7124 

0.9055 

1.106 

1.312 

1.525 

1.745 

1.973 

2.574 

3.232 

3.952 

4.733 

5.577 

6.472 
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FERRIC  CHLORIDE 

Specific  Gravity  of  Aqueous  Ferric  Chloride  Solutions 
at  17.5°  C.   (Franz) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Fe2Cl6 

liter 

cu.  ft. 

gal. 

1.1 

1.0073 

1 

10.07 

0.6288 

0.0841 

2.1 

1.0146 

2 

20.29 

1.267 

0 . 1693 

3.1 

1.0219 

3 

30.66 

1.914 

0.2558 

4.1 

1.0292 

4 

41.17 

2.570 

0.3436 

5.1 

1.0365 

5 

51.83 

3.235 

0.4325 

6.1 

1.0439 

6 

62.63 

3.910 

0.5227 

7.0 

1.0513 

7 

73.59 

4.594 

0.6141 

8.0 

1.0587 

8 

84.70 

5.287 

0.7068 

9.0 

1.0661 

9 

95.95 

5.990 

0.8007 

9.9 

1.0734 

10 

107.3 

6.701 

0.8958 

10.9 

1.0814 

11 

119.0 

7.426 

0.9927 

11.9 

1.0894 

12 

130.7 

8.161 

1.091 

12.9 

1.0974 

13 

142.7 

8.906 

1.191 

13.8 

1 . 1054 

14 

154.8 

9.661 

1.291 

14.8 

1.1134 

15 

167.0 

10.43 

1.394 

15.7 

1.1215 

16 

179.4 

11.20 

1.497 

16.6 

1.1297 

17 

192.0 

11.99 

1.603 

17.6 

1 . 1378 

18 

204.8 

12.79 

1.709 

18.4 

1.1458 

19 

217.7 

13.59 

1.817 

19.4 

1.1542 

20 

230.8 

14.41 

1.926 

20.5 

1.1644 

21 

244.5 

15.26 

2.041 

21.6 

1 .  1746 

22 

258.4 

16.13 

2.157 

22.6 

1.1848 

23 

272.5 

17.01 

2.274 

23.7 

1.1950 

24 

286.8 

17.90 

2.393 

24.7 

1.2052 

25 

301.3 

18.81 

2.514 

25.7 

1.2155 

26 

316.0 

19.73 

2.637 

26.7 

1.2258 

27 

331.0 

20.66 

2.762 

27.7 

1.2365 

28 

346.2 

21.61 

2.889 

28.7 

1.2464 

29 

361.5 

22.56 

3.016 

29.6 

1.2568 

30 

377.0 

23.54 

3.146 

30.6 

1.2673 

31 

392.9 

24.53 

3.279 

31.5 

1.2778 

32 

408.9 

25.53 

3.412 

32.5 

1.2883 

33 

425.1 

26.54 

3.548 

33.4 

1.2988 

34 

441.6 

27.57 

3.685 

34.3 

1.3093 

35 

458.3 

28.61 

3.824 

35.1 

1.3199 

36 

475.2 

29.66 

3.965 

36.0 

1.3305 

37 

492.3 

30.73 

4.108 

36.9 

1.3411 

38 

509.6 

31.81 

4.253 

37.7 

1.3517 

39 

527.2 

32.91 

4.399 

38.6 

1.3622 

40 

544.9 

34.02 

4.547 

39.5 

1.3746 

41 

563.6 

35.18 

4.703 

40.5 

1.3870 

42 

582.5 

36.37 

4.861 

1593 


FERRIC  CHLORIDE  (Continued) 

Specific  Gravity  of  Aqueous  Ferric  Chloride  Solutions 
at  17.5°  C.   (Franz) 


Be. 

Sp.  gr. 

Per  cent 
Fe2Cl6 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

41.4 

1.3994 

43 

601.7 

37.56 

5.022 

42.3 

1.4118 

44 

621.2 

38.78 

5.184 

43.2 

1.4242 

45 

640.9 

40.01 

5.348 

44.1 

1.4367 

46 

660.9 

41.26 

5.515 

44.9 

1.4492 

47 

681.1 

42.52 

5.684 

45.8 

1.4617 

48 

701.6 

43.80 

5.855 

46.6 

1.4742 

49 

722.4 

45.09 

6.028 

47.5 

1.4867 

50 

743.4 

46.41 

6.203 

48.4 

1.5010 

51 

765.5 

47.79 

6.388 

49.3 

1.5153 

52 

788.0 

49.19 

6.576 

50.2 

1.5296 

53 

810.7 

50.61 

6.765 

51.1 

1.5439 

54 

833.7 

52.05 

6.957 

51.9 

1.5582 

55 

857.0 

53.50 

7.152 

52.8 

1.5729 

56 

880.8 

54.99 

7.351 

53.7 

1.5876 

57 

904.9 

56.49 

7.552 

54.5 

1.6023 

58 

929.3 

58.02 

7.755 

55.3 

1.6170 

59 

954.0 

59.56 

7.962 

56.1 

1.6317 

60 

979.0 

61.12 

8.170 

FERRIC  NITRATE 

Specific  Gravity  of  Aqueous  Ferric  Nitrate 

18°  n* 
AT  -y    a* 


Solutions 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 
cu.  ft. 

Lbs.  per 

Fe(N03)3 

liter 

gal. 

0.9 

1.0065 

1 

10.07 

0.6283 

0.0840 

2.1 

1.0144 

2 

20.29 

1.267 

0.1693 

4.3 

1.0304 

4 

41.22 

2.573 

0.3440 

6.5 

1.0468 

6 

62.81 

3.921 

0.5242 

8.7 

1.0636 

8 

85.09 

5.312 

0.7101 

10.9 

1.0810 

10 

108.1 

6.748 

0.9021 

13.1 

1.0989 

12 

131.9 

8.232 

1.101 

15.2 

1.1172 

14 

156.4 

9.764 

1.305 

17.3 

1 . 1359 

16 

181.7 

11.35 

1.517 

19.5 

1.1551 

18 

207.9 

12.98 

1.735 

21.6 

1.1748 

20 

235.0 

14.67 

1.961 

26.9 

1.2281 

25 

307.0 

19.17 

2.562 

1594 


FERRIC  NITRATE 

Specific   Gravity  of  Aqueous  Ferric  Nitrate  Solutions 
at  17.5°  C.   (Franz) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

FeCN03)3 

liter 

cu.  ft. 

gal. 

1.2 

1.0080 

1 

10.08 

0.6293 

0.0841 

2.3 

1.0160 

2 

20.32 

1.269 

0 . 1696 

3.4 

1.0240 

3 

30.72 

1.918 

0.2564 

4.5 

1.0320 

4 

41.28 

2.577 

0.3445 

5.6 

1.0398 

5 

51.99 

3.246 

0.4339 

6.5 

1.0472 

6 

62.83 

3.922 

0.5244 

7.5 

1.0546 

7 

73.82 

4.608 

0.6161 

8.5 

1.0620 

8 

84.96 

5.304 

0.7090 

9.4 

1.0694 

9 

96.25 

6.008 

0.8032 

10.4 

1.0770 

10 

107.7 

6.723 

0.8988 

11.4 

1.0852 

11 

119.4 

7.452 

0.9962 

12.4 

1.0934 

12 

131.2 

8.191 

1.095 

13.4 

1.1016 

13 

143.2 

8.940 

1.195 

14.3 

1 . 1098 

14 

155.4 

9.699 

1.297 

15.3 

1.1182 

15 

167.7 

10.47 

1.400 

16.3 

1 . 1268 

16 

180.3 

11.25 

1.505 

17.3 

1 .  1354 

17 

193.0 

12.05 

1.611 

18.3 

1 . 1440 

18 

205.9 

12.85 

1.718 

19.2 

1.1526 

19 

219.0 

13.67 

1.828 

20.1 

1.1612 

20 

232.2 

14.50 

1.938 

21.2 

1.1712 

21 

246.0 

15.35 

2.053 

22.2 

1.1812 

22 

259.9 

16.22 

2.169 

23.3 

1.1912 

23 

274.0 

17.10 

2.286 

24.3 

1.2012 

24 

288.3 

18.00 

2.406 

25.3 

1.2110 

25 

302.8 

18.90 

2.527 

26.3 

1.2212 

26 

317.5 

19.82 

2.650 

27.3 

1.2314 

27 

332.5 

20.76 

2.775 

28.2 

1.2416 

28 

347.6 

21.70 

2.901 

29.2 

1.2518 

29 

363.0 

22.66 

3.029 

30.1 

1.2622 

30 

378.7 

23.64 

3.160 

31.1 

1.2730 

31 

394.6 

24.64 

3.293 

32.1 

1.2838 

32 

410.8 

25.65 

3.428 

33.0 

1.2946 

33 

427.2 

26.67 

3.565 

33.9 

1.3054 

34 

443.8 

27.71 

3.704 

34.9 

1.3164 

35 

460.7 

28.76 

3.845 

35.8 

1.3280 

36 

478.1 

29.85 

3.990 

36.8 

1.3396 

37 

495.7 

30.94 

4.136 

37.7 

1.3512 

38 

513.5 

32.05 

4.285 

38.6 

1.3628 

39 

531.5 

33.18 

4.435 

39.5 

1.3746 

40 

549.8 

34.32 

4.589 

40.4 

1.3864 

41 

568.4 

35.49 

4.744 

41.3 

1.3982 

42 

587.2 

36.66 

4.901 

1595 


FERRIC  NITRATE  (Continued) 

Specific  Gravity  of  Aqueous  Ferric  Nitrate  Solutions 
at  17.5°  C.  (Franz) 


Be. 


Sp.  gr. 


Per  cent 
Fe(N03)3 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


42.2 

43.0 
43.9 
44.8 
45.6 
46.5 
47.3 
48.2 
49.1 
50.1 
51.0 
51.9 
52.8 
53.8 
54.7 
55.7 
56.6 
57.5 
58.5 
59.5 
60.4 
61.4 
62.3 


1.4100 

43 

1.4218 

44 

1.4338 

45 

1.4465 

46 

1.4592 

47 

1.4719 

48 

1.4846 

49 

1.4972 

50 

1.5122 

51 

1.5272 

52 

1.5422 

53 

1.5572 

54 

1.5722 

55 

1.5892 

56 

1.6062 

57 

1.6232 

58 

1.6402 

59 

1.6572 

60 

1.6764 

61 

1.6956 

62 

1.7148 

63 

1.7340 

64 

1.7532 

65 

606.3 
625.6 
645.2 
665.4 
685.8 
706.5 
727.5 
748.6 
771.2 
794.1 
817.4 
840.9 
864.7 
890.0 
915.5 
941.5 
967.7 
994.3 

1023 

1051 

1080 

1110 

1140 


37.85 
39.05 
40.28 
41.54 
42.81 
44.11 
45.41 
46.73 
48.15 
49.58 
51.03 
52.49 
53.98 
55.56 
57.15 
58.77 
60.41 
62.07 
63.84 
65.63 
67.44 
69.28 
71.14 


5.060 
5.221 
5.384 
5.553 
5.723 
5.896 
6.071 
6.247 
6.436 
6.627 
6.821 
7.017 
216 
427 
640 
857 
8.076 
8.298 
8.534 
8.773 
9.016 
9.261 
9.510 


1596 


FERRIC  SULFATE 

Specific  Gravity  of  Aqueous  Ferric  Sulfate  Solutions 

17.5° 

4° 


AT 


c* 


Be. 


Sp.  gr. 


Per  cent 

Fe2(S04)3 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 
2.3 

4.7 
6.9 
9.1 

11.2 

13.5 

15.8 

17.9 

20 

22 

28 

34 

39 

44 

50 

55 

59.9 

64.4 


1.007 

1 

1.016 

2 

1.033 

4 

1.050 

6 

1.067 

8 

1.084 

10 

1.103 

12 

1.122 

14 

1.141 

16 

1.161 

18 

1.181 

20 

1.241 

25 

1.307 

30 

1.376 

35 

1.449 

40 

1.528 

45 

1.613 

50 

1.703 

55 

1.798 

60 

10.07 
20.32 
41.32 
63.00 
85.36 
108.4 
132.4 
157.1 
182.6 
209.0 
236.2 
310.3 
392.1 
481.6 
579.6 
687.6 
806.5 
936.7 
1079 


0 

6286 

1 

269 

2 

579 

3 

933 

5 

329 

6 

767 

8.263 

9 

806 

11 

40 

13 

05 

14 

.75 

19 

.37 

24 

.48 

30.06 

36 

.18 

42 

.92 

50 

.35 

58 

.47 

67 

.35 

0.0840 

0.1696 

0.3448 

0.5258 

0.7124 

0.9046 

1.105 

1.311 

1.524 

1.744 

1.971 

2.590 

3.272 

4.019 

4.837 

5.738 

6.730 

7.817 

9.003 


1597 


FERROUS  SULFATE 

Specific  Gravity  of  Aqueous  Ferrous  Sulfate  Solutions 

18° 

4° 


AT 


c* 


Be\ 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

FeS04 

liter 

cu.  ft. 

gal. 

0.1 

1.0007 

0.2 

2.001 

0 . 1249 

0.0167 

0.4 

1.0028 

0.4 

4.011 

0.2504 

0.0335 

0.7 

1.0046 

0.6 

6.028 

0.3763 

0.0503 

0.9 

1.0065 

0.8 

8.052 

0.5027 

0.0672 

1.2 

1.0085 

1.0 

10.09 

0.6296 

0.0842 

2.6 

1.0180 

2 

20.36 

1.271 

0.1699 

5.2 

1.0375 

4 

41.50 

2.591 

0.3463 

7.9 

1.0575 

6 

63.45 

3.961 

0.5295 

10.6 

1.0785 

8 

86.28 

5.386 

0.7200 

13.2 

1 . 1000 

10 

110.0 

6.867 

0.9180 

15.8 

1.1220 

12 

134.6 

8.405 

1.124 

18.3 

1.1445 

14 

160.2 

10.00 

1.337 

20.8 

1.1675 

16 

186.8 

11.66 

1.559 

23.2 

1.1905 

18 

214.3 

13.38 

1.788 

25.5 

1.2135 

20 

242.7 

15.15 

2.025 

Be. 

Sp.  gr. 

Per  cent 

FeS04  + 

7H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.1 

1.0007 

0.366 

3.663 

0.2287 

0.0306 

0.4 

1 

0028 

0.732 

7.341 

0.4583 

0.0613 

0.7 

1 

0046 

1.10 

11.03 

0.6887 

0.0921 

0.9 

1 

0065 

1.46 

14.74 

0.9200 

0.1230 

1.2 

1 

0085 

1.83 

18.46 

1.152 

0.1540 

2.6 

1 

0180 

3.66 

37.26 

2.326 

0.3110 

5.2 

1 

0375 

7.32 

75.95 

4.742 

0.6339 

7.9 

1 

0575 

11.0 

116.1 

7.249 

0.9691 

10.6 

1 

0785 

14.6 

157.9 

9.858 

1.318 

13.2 

1 

1000 

18.3 

201.3 

12.57 

1.680 

15.8 

1 

1220 

22.0 

246.4 

15.38 

2.056 

18.3 

1 

1445 

25.6 

293.3 

18.31 

2.447 

20.8 

1 

1675 

29.3 

341.9 

21.34 

2.853 

23.2 

1 

1905 

32.9 

392.2 

24.48 

3.273 

25.5 

1 

2135 

36.6 

444.2 

27.73 

3.707 

1598 


FORMIC  ACID 

Specific    Gravity   op   Aqueous    Formic   Acid    Solutions 

4o      I* 


AT 


Be. 

Sp.  gr. 

Per  cent 
HCO2H 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.9982 

0 

'6.3 

1.0019 

1 

"i6]02 

0.6255 

61 0836 

0.6 

1.0044 

2 

20.09 

1.254 

0.1676 

1.0 

1.0070 

3 

30.21 

1.886 

0.2521 

1.3 

1.0093 

4 

40.37 

2.520 

0.3369 

1.6 

1.0115 

5 

50.58 

.  3.157 

0.4221 

2.0 

1.0141 

6 

60.85 

3.798 

0.5078 

2.4 

1.0170 

7 

71.19 

4.444 

0.5941 

2.8 

1.0196 

8 

81.57 

5.092 

0.6807 

3.1 

1.0221 

9 

91.99 

5.743 

0.7677 

3.5 

1.0246 

10 

102.5 

6.396 

0.8551 

3.8 

1.0271 

11 

113.0 

7.053 

0.9429 

4.2 

1.0296 

12 

123.6 

7.713 

1.031 

4.5 

1.0321 

13 

134.2 

8.376 

1.120 

4.8 

1.0345 

14 

144.8 

9.041 

1.209 

5.2 

1.0370 

15 

155.6 

9.711 

1.298 

5.5 

1.0393 

16 

166.3 

10.38 

1.388 

5.8 

1.0417 

17 

177.1 

11.06 

1.478 

6.1 

1.0441 

18 

187.9 

11.73 

1.568 

6.4 

1.0464 

19 

198.8 

12.41 

1.659 

6.8 

1.0488 

20 

209.8 

13.09 

1.750 

7.1 

1.0512 

21 

220.8 

13.78 

1.842 

7.4 

1.0537 

22 

231.8 

14.47 

1.935 

7.7 

1.0561 

23 

242.9 

15.16 

2.027 

8.0 

1.0585 

24 

254.0 

15.86 

2.120 

8.3 

1.0609 

25 

265.2 

16.56 

2.213 

8.6 

1.0633 

26 

276.5 

17.26 

2.307 

8.9 

1.0656 

27 

287.7 

17.96 

2.401 

9.3 

1.0681 

28 

299.1 

18.67 

2.496 

9.6 

1.0705 

29 

310.4 

19.38 

2.591 

9.9 

1.0729 

30 

321.9 

20.09 

2.686 

10.2 

1.0753 

31 

333.3 

20.81 

2.782 

10.5 

1.0777 

32 

344.9 

21.53 

2.878 

10.7 

1.0800 

33 

356.4 

22.25 

2.974 

11.0 

1.0823 

34 

368.0 

22.97 

3.071 

11.3 

1.0847 

35 

379.6 

23.70 

3.168 

11.6 

1.0871 

36 

391.4 

24.43 

3.266 

11.9 

1.0895 

37 

403.1 

25.17 

3.364 

12.2 

1.0919 

38 

414.9 

25.90 

3.463 

12.5 

1 . 0940 

39 

426.7 

26.64 

3.561 

12.7 

1.0963 

40 

438.5 

27.38 

3.660 

13.1 

1.0990 

41 

450.6 

28.13 

3.760 

13.4 

1.1015 

42 

462.6 

28.88 

3.861 

13.6 

1 . 1038 

43 

474.6 

29.63 

3.961 

13.9 

1.1062 

44 

486.7 

30.38 

4.062 

14.2 

1 . 1085 

45 

498.8 

31.14 

4.163 

14.5 

1.1108 

46 

511.0 

31.90 

4.264 

14.7 

1.1130 

47 

523.1 

32.66 

4.365 

15.0 

1.1157 

48 

535.5 

33.43 

4.469 

15.4 

1.1185 

49 

548.1 

34.21 

4.574 

15.6 

1 . 1207 

50 

560.4 

34.98 

4.676 

15.8 

1.1223 

51 

572.4 

35.73 

4.777 

16.0 

1 . 1244 

52 

584.7 

36.50 

-4.879 

16.3 

1 . 1269 

53 

597.3 

37.28 

4.984 

16.6 

1.1295 

54 

609.9 

38.08 

5.090 

1599 


FORMIC  ACID   (Continued) 
Specific    Gravity    op    Aqueous    Formic    Acid 

AT  -p-  a* 


Solutions 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

HCO2H 

liter 

cu.  ft. 

gal. 

16.9 

1 . 1320 

55 

622.6 

38.87 

5.196 

17.2 

1.1342 

56 

635.2 

39.65 

5.300 

17.4 

1.1361 

57 

647.6 

40.43 

5.404 

17.6 

1.1381 

58 

660.1 

41.21 

5.509 

17.8 

1.1401 

59 

672.7 

41.99 

5.613 

18.1 

1.1424 

60 

685.4 

42.79 

5.720 

18.3 

1 . 1448 

61 

698.3 

43.59 

5.828 

18.6 

1 . 1473 

62 

711.3 

44.41 

5.936 

18.8 

1.1493 

63 

724.1 

45.20 

6.042 

19.1 

1.1517 

64 

737.1 

46.01 

6.151 

19.4 

1.1543 

65 

750.3 

46.84 

6.261 

19.6 

1 . 1565 

66 

763.3 

47.65 

6.370 

19.8 

1 . 1584 

67 

776.1 

48.45 

6.477 

20.0 

1.1604 

68 

789.1 

49.26 

6.585 

20.3 

1.1628 

69 

802.3 

50.09 

6.696 

20.6 

1.1655 

70 

815.9 

50.93 

6.808 

20.8 

1.1677 

71 

829.1 

51.76 

6.919 

21.1 

1 . 1702 

72 

842.5 

52.60 

7.031 

21.4 

1.1728 

73 

856.1 

53.45 

7.145 

21.6 

1.1752 

74 

869.6 

54.29 

7.257 

21.8 

1.1769 

75 

882.7 

55.10 

7.366 

22.0 

1 . 1785 

76 

895.7 

55.91 

7.474 

22.1 

1.1801 

77 

908.7 

56.73 

7.583 

22.3 

1.1818 

78 

921.8 

57.55 

7.693 

22.5 

1.1837 

79 

935.1 

58.38 

7.804 

22.7 

1 . 1860 

80 

948.8 

59.23 

7.918 

22.9 

1 . 1876 

81 

962.0 

60.05 

8.028 

23.1 

1.1896 

82 

975.5 

60.90 

8.141 

23.3 

1.1914 

83 

988.9 

61.73 

8.252 

23.5 

1 . 1929 

84 

1002 

62.55 

8.362 

23.7 

1.1953 

85 

1016 

63.43 

8.479 

23.9 

1.1976 

86 

1030 

64.30 

8.595 

24.1 

1.1994 

87 

1043 

65.14 

8.708 

24.3 

1.2012 

88 

1057 

65.99 

8.821 

24.5 

1 . 2028 

89 

1070 

66.83 

8.933 

24.6 

1 . 2044 

90 

1084 

67.67 

9.046 

24.8 

1.2059 

91 

1097 

68.51 

9.158 

25.0 

1.2078 

92 

1111 

69.37 

9.273 

25.2 

1.2099 

93 

1125 

70.24 

9.390 

25.3 

1.2117 

94 

1139 

71.10 

9.505 

25.6 

1.2140 

95 

1153 

72.00 

9.625 

25.7 

1.2158 

96 

1167 

72.86 

9.740 

25.9 

1.2170 

97 

1180 

73.69 

9.851 

26.0 

1.2183 

98 

1194 

74.53 

9.964 

26.2 

1 . 2202 

99 

1208 

75.41 

10.08 

26.3 

1.2212 

100 

1221 

76.24 

10.19 

1600 


GLYCEROL 
Specific  Gravity  of  Aqueous  Glycerol  (Glycerin)  Solu- 

20° 

TIONS    AT   -^o-    C* 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

CsHsOa 

liter 

cu.  ft. 

gal. 

0.9982 

0 

o'.i 

1.0006 

1 

"io!6i 

'6.6246 

'6.0835 

0.4 

1.0030 

2 

20.06 

1.252 

0.1674 

0.8 

1.0053 

3 

30.16 

1.883 

0.2517 

1.1 

1.0077 

4 

40.31 

2.516 

0.3364 

1.5 

1.0101 

5 

50.51 

3.153 

0.4215 

1.8 

1.0125 

6 

60.75 

3.792 

0.5070 

2.1 

1.0149 

7 

71.04 

4.435 

0.5929 

2.5 

1.0173 

8 

81.38 

5.081 

0.6792 

2.8 

1.0197 

9 

91.77 

5.729 

0.7659 

3.1 

1.0221 

10 

102.2 

6.381 

0.8530 

3.5 

1.0246 

11 

112.7 

7.036 

0.9406 

3.8 

1.0271 

12 

123.3 

7.694 

1.029 

4.1 

1.0295 

13 

133.8 

8.355 

1.117 

4.5 

1.0320 

14 

144.5 

9.019 

1.206 

4.8 

1.0345 

15 

155.2 

9.687 

1.295 

5.2 

1.0370 

16 

165.9 

10.36 

1.385 

5.5 

1.0395 

17 

176.7 

11.03 

1.475 

5.8 

1.0420 

18 

187.6 

11.71 

1.565 

6.2 

1.0445 

19 

198.5 

12.39 

1.656 

6.5 

1.0470 

20 

209.4 

13.07 

1.747 

6.8 

1.0495 

21 

220.4 

13.76 

1.839 

7.2 

1.0520 

22 

231.4 

14.45 

1.931 

7.5 

1.0545 

23 

242.5 

15.14 

2.024 

7.8 

1.0571 

24 

253.7 

15.84 

2.117 

8.2 

1.0597 

25 

264.9 

16.54 

2.211 

8.5 

1.0622 

26 

276.2 

17.24 

2.305 

8.8 

1.0648 

27 

287.5 

17.95 

2.399 

9.2 

1 . 0674 

28 

298.9 

18.66 

2.494 

9.5 

1.0700 

29 

310.3 

19.37 

2.590 

9.8 

1.0727 

30 

321.8 

20.09 

2.686 

10.2 

1.0753 

31 

333.3 

20.81 

2.782 

10.5 

1 . 0780 

32 

345.0 

21.53 

2.879 

10.8 

1.0806 

33 

356.6 

22.26 

2.976 

11.2 

1 . 0833 

34 

368.3 

22.99 

3.074 

11.5 

1.0860 

35 

380.1 

23.73 

3.172 

11.8 

1.0887 

36 

391.9 

24.47 

3.271 

12.1 

1.0914 

37 

403.8 

25.21 

3.370 

12.5 

1.0941 

38 

415.8 

25.95 

3.470 

12.8 

1.0968 

39 

427.8 

26.70 

3.570 

13.1 

1.0995 

40 

439.8 

27.46 

3.670 

13.4 

1 . 1022 

41 

451.9 

28.21 

3.771 

13.8 

1.1049 

42 

464.1 

28.97 

3.873 

14.1 

1 . 1075 

43 

476.2 

29.73 

3.974 

14.4 

1.1102 

44 

488.5 

30.49 

4.077 

14.7 

1.1128 

45 

500.8 

31.26 

4.179 

15.0 

1.1155 

46 

513.1 

32.03 

4.282 

15.3 

1.1182 

47 

525.6 

32.81 

4.386 

15.6 

1.1209 

48 

538.0 

33.59 

4.490 

16.0 

1.1236 

49 

550.6 

34.37 

4.595 

16.3 

1.1263 

50 

563.2 

35.16 

4.700 

16.6 

1.1290 

51 

575.8 

35.94 

4.805 

16.9 

1.1317 

52 

588.5 

36.74 

4.911 

17.2 

1 . 1344 

53 

601.2 

37.53 

5.017 

17.5 

1.1371 

54 

614.0 

38.33 

5.124 

1601 


GLYCEROL  (Continued) 
Specific   Gravity  op  Aqueous  Glycerol  (Glycerin)  Solu- 

20° 

TIONS   AT   -jf    C.* 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

C3H8O3 

liter 

cu.  ft. 

gal. 

17.8 

1 . 1398 

55 

626.9 

39.13 

5.232 

18.1 

1.1425 

56 

639.8 

39.94 

5.339 

18.4 

1 . 1452 

57 

652.8 

40.75 

5.447 

18.7 

1.1479 

58 

665.8 

41.56 

5.550 

19.0 

1.1506 

59 

678.9 

42.38 

5.665 

19.3 

1.1533 

60 

692.0 

43.20 

5.775 

19.6 

1.1560 

61 

705.2 

44.02 

5.885 

19.9 

1.1587 

62 

718.4 

44.85 

5.995 

20.2 

1.1614 

63 

731.7 

45.68 

6.106 

20.5 

1.1642 

64 

745.1 

46.51 

6.218 

20.8 

1 . 1670 

65 

758.6 

47.35 

6.330 

21.0 

1.1697 

66 

772.0 

48.19 

6.443 

21.3 

1.1724 

67 

785.5 

49.04 

6.555 

21.6 

1.1752 

68 

799.1 

49.89 

6.669 

21.9 

1.1780 

69 

812.8 

50.74 

6.783 

22.2 

1.1808 

70 

826.6 

51.60 

6.898 

22.5 

1 . 1836 

71 

840.4 

52.46 

7.013 

22.8 

1.1863 

72 

854.1 

53.32 

7.128 

23.1 

1 . 1890 

73 

868.0 

54.18 

7.243 

23.3 

1.1917 

74 

881.9 

55.05 

7.359 

23.6 

1 . 1944 

75 

895.8 

55.92 

7.476 

23.9 

1.1971 

76 

909.8 

56.80 

7.592 

24.2 

1.1998 

77 

923.8 

57.67 

7.710 

24.4 

1.2025 

78 

938.0 

58.55 

7.827 

24.7 

1.2052 

79 

952.1 

59.44 

7.945 

25.0 

1.2079 

80 

966.3 

60.32 

8.064 

25.2 

1.2106 

81 

980.6 

61.22 

8.183 

25.5 

1.2133 

82 

994.9 

62.11 

8.303 

25.8 

1.2160 

83 

1009 

63.01 

8.423 

26.0 

1.2187 

84 

1024 

63.91 

8.543 

26.3 

1.2214 

85 

1038 

64.81 

8.664 

26.5 

1.2241 

86 

1053 

65.72 

8.785 

26.8 

1 . 2268 

87 

1067 

66.63 

8.907 

27.1 

1.2294 

88 

1082 

67.54 

9.028 

27.3 

1.2320 

89 

1096 

68.45 

9.150 

27.6 

1.2347 

90 

1111 

69.37 

9.273 

27.8 

1.2374 

91 

1126 

70.29 

9.397 

28.1 

1.2401 

92 

1141 

71.22 

9.521 

28.3 

1.2428 

93 

1156 

72.15 

9.645 

28.6 

1.2455 

94 

1171 

73.09 

9.770 

28.8 

.1 .  2482 

95 

1186 

74.03 

9.896 

29.1 

1 . 2508 

96 

1201 

74.96 

10.02 

29.3 

1 . 2534 

97 

1216 

75.90 

10.15 

29.5 

1.2559 

98 

1231 

76.83 

10.27 

29.8 

1.2584 

99 

1246 

77.77 

10.40 

30.0 

1.2609 

100 

1261 

78.71 

10.52 

1602 


HYDROCHLORIC  ACID 

Specific  Gravity  op  Aqueous  Hydrochloric  Acid  Solu* 

4°    <-• 


TIONS    AT 


Be. 

Sp.  gr. 

Per  cent 
HC1 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.5 

1.0032 

1 

10.03 

0.6263 

0.0837 

1.2 

1.0082 

2 

20.16 

1.259 

0.1683 

2.6 

1.0181 

4 

40.72 

2.542 

0.3399 

3.9 

1.0279 

6 

61.67 

3.850 

0.5147 

5.3 

1.0376 

8 

83.01 

5.182 

0.6927 

6.6 

1.0474 

10 

104.7 

6.539 

0.8741 

7.9 

1.0574 

12 

126.9 

7.921 

1.059 

9.2 

1.0675 

14 

149.5 

9.330 

1.247 

10.4 

1.0776 

16 

172.4 

10.76 

1.439 

11.7 

1.0878 

18 

195.8 

12.22 

1.634 

12.9 

1.0980 

20 

219.6 

13.71 

1.833 

14.2 

1.1083 

22 

243.8 

15.22 

2.035 

15.4 

1.1187 

24 

268.5 

16.76 

2.241 

16.6 

1.1290 

26 

293.5 

18.32 

2.450 

17.7 

1.1392 

28 

319.0 

19.91 

2.662 

18.8 

1.1493 

30 

344.8 

21.52 

2.877 

19.9 

1.1593 

32 

371.0 

23.16 

3.096 

21.0 

1.1691 

34 

397.5 

24.81 

3.317 

22.0 

1.1789 

36 

424.4 

26.49 

3.542 

23.0 

1 . 1885 

38 

451.6 

28.19 

3.769 

24.0 

1 . 1980 

40 

479.2 

29.92 

3.999 

1603 


HYDROCHLORIC  ACID 

Authority — W.  C.  Ferguson 

This  table  has  been  approved  and  adopted  as  a  standard  by 
the  Manufacturing  Chemists'  Association  of  the  United  States. 

Specific  Gravity  determinations  were  made  at  60°  F.,  com- 
pared with  water  at  60°  F. 

From  the  Specific  Gravities,  the  corresponding  degrees  Baume 
were  calculated  by  the  following  formula: 


Baume  =  145  — 


145 


Sp.  Gr. 


Baume  Hydrometers  for  use  with  this  table  must  be  graduated 
by  the  above  formula  which  formula  should  always  be  printed 
on  the  scale. 

Atomic  weights  from  F.  W.  Clarke's  table  of  1901.     O  =  16. 


Allowance  for  Temperature 

10°  -  15°  Be.— 1/40°  Be.  or  .0002  Sp.  Gr.  for  1°  F. 
15°  -  22°  Be.— 1/30°  Be.  or  .0003  '  "  "  1°  F. 
22°  -  25°  Be.— 1/28°  Be.  or  .00035  "      "      kk    1°  F. 


Be.° 

Sp.  gr. 

Tw.° 

Per  cent 
HC1 

Be.° 

Sp.  gr. 

Tw.° 

Per  cent 
HC1 

1.00 

1.0069 

1.38 

1.40 

10.25 

1.0761 

15.22 

15.22 

2.00 

1.0140 

2.80 

2.82 

10.50 

1.0781 

15.62 

15.62 

3.00 

1.0211 

4.22 

4.25 

10.75 

1.0801 

16.02 

16.01 

4.00 

1.0284 

5.68 

5.69 

11.00 

1.0821 

16.42 

16.41 

5.00 

1.0357 

7.14 

7.15 

11.25 

1.0841 

16.82 

16.81 

5.25 

1.0375 

7.50 

7.52 

11.50 

1.0861 

17.22 

17.21 

5.50 

1.0394 

7.88 

7.89 

11.75 

1.0881 

17.62 

17.61 

5.75 

1.0413 

8.26 

8.26 

12.00 

1.0902 

18.04 

18.01 

6.00 

1.0432 

8.64 

8.64 

12.25 

1.0922 

18.44 

18.41 

6.25 

1.0450 

9.00 

9.02 

12.50 

1.0943 

18.86 

18.82 

6.50 

1.0469 

9.38 

9.40 

12.75 

1.0964 

19.28 

19.22 

6.75 

1.0488 

9.76 

9.78 

13.00 

1.0985 

19.70 

19.63 

7.00 

1.0507 

10.14 

10.17 

13.25 

1 . 1006 

20.12 

20.04 

7.25 

1.0526 

10.52 

10.55 

13.50 

1 . 1027 

20.54 

20.45 

7.50 

1.0545 

10.90 

10.94 

13.75 

1 . 1048 

20.96 

20.86 

7.75 

1.0564 

11.28 

11.32 

14.00 

1 . 1069 

21.38 

21.27 

8.00 

1.0584 

11.68 

11.71 

14.25 

1 . 1090 

21.80 

21.68 

8.25 

1.0603 

12.06 

12.09 

14.50 

1.1111 

22.22 

22.09 

8.50 

1.0623 

12.46 

12.48 

14.75 

1.1132 

22.64 

22.50 

8.75 

1.0642 

12.84 

12.87 

15.00 

1.1154 

23.08 

22.92 

9.00 

1.0662 

13.24 

13.26 

15.25 

1.1176 

23.52 

23.33 

9.25 

1.0681 

13.62 

13.65 

15.50 

1.1197 

23.94 

23.75 

9.50 

1.0701 

14.02 

14.04 

15.75 

1.1219 

24.38 

24.16 

9.75 

1.0721 

14.42 

14.43 

16.0 

1 . 1240 

24.80 

24.57 

10.00 

1.0741 

14.82 

14.83 

16.1 

1.1248 

24.96 

24.73 

1604 


HYDROCHLORIC 

ACID 

(Continued) 

BS.° 

Sp.  gr. 

Tw.° 

Per  cent 
HC1 

Be.° 

Sp.  gr. 

Tw.° 

Per  cent 
HC1 

16.2 

1.1256 

25.12 

24.90 

20.9 

1.1684 

33.68 

33.12 

16.3 

1.1265 

25.30 

25.06 

21.0 

1.1694 

33.88 

33.31 

16.4 

1.1274 

25.48 

25.23 

21.1 

1.1703 

34.06 

33.50 

16.5 

1.1283 

25.66 

25.39 

21.2 

1.1713 

34.26 

33.69 

16.6 

1.1292 

25.84 

25.56 

21.3 

1.1722 

34.44 

33.88 

16.7 

1.1301 

26.02 

25.72 

21.4 

1.1732 

34.64 

34.07 

16.8 

1.1310 

26.20 

25.89 

21.5 

1.1741 

34.82 

34.26 

16.9 

1.1319 

26.38 

26.05 

21.6 

1.1751 

35.02 

34.45 

17.0 

1.1328 

26.56 

26.22 

21.7 

1.1760 

35.20 

34.64 

17.1 

1.1336 

26.72 

26.39 

21.8 

1.1770 

35.40 

34.83 

17.2 

1.1345 

26.90 

26.56 

21.9 

1.1779 

35.58 

35.02 

17.3 

1.1354 

27.08 

26.73 

22.0 

1.1789 

35.78 

35.21 

17.4 

1.1363 

27.26 

26.90 

22.1 

1.1798 

35.96 

35.40 

17.5 

1.1372 

27.44 

27.07 

22.2 

1.1808 

36.16 

35.59 

17.6 

1.1381 

27.62 

27.24 

22.3 

1.1817 

36.34 

35.78 

17.7 

1.1390 

27.80 

27.41 

22.4 

1.1827 

36.54 

35.97 

17.8 

1.1399 

27.98 

27.58 

22.5 

1.1836 

36.72 

36.16 

17.9 

1.1408 

28.16 

27.75 

22.6 

1.1846 

36.92 

36.35 

18.0 

1.1417 

28.34 

27.92 

22.7 

1.1856 

37.12 

36.54 

18.1 

1.1426 

28.52 

28.09 

22.8 

1.1866 

37.32 

36.73 

18.2 

1.1435 

28.70 

28.26 

22.9 

1.1875 

37.50 

36.93 

18.3 

1.1444 

28.88 

28.44 

23.0 

1.1885 

37.70 

37.14 

18.4 

1.1453 

29.06 

28.61 

23.1 

1.1895 

37.90 

37.36 

18.5 

1.1462 

29.24 

28.78 

23.2 

1.1904 

38.08 

37.58 

18.6 

1.1471 

29.42 

28.95 

23.3 

1.1914 

38.28 

37.80 

18.7 

1.1480 

29.60 

29.13 

23.4 

1.1924 

38.48 

38.03 

18.8 

1.1489 

29.78 

29.30 

23.5 

1.1934 

38.68 

38.26 

18.9 

1.1498 

29.96 

29.48 

23.6 

1.1944 

38.88 

38.49 

19.0 

1.1508 

30.16 

29.65 

23.7 

1.1953 

39.06 

38.72 

19.1 

1.1517 

30.34 

29.83 

23.8 

1.1963 

39.26 

38.95 

19.2 

1.1526 

30.52 

30.00 

23.9 

1.1973 

39.46 

39.18 

19.3 

1.1535 

30.70 

30.18 

24.0 

1.1983 

39.66 

39.41 

19.4 

1.1544 

30.88 

30.35 

24.1 

1.1993 

39.86 

39.64 

19.5 

1.1554 

31.08 

30.53 

24.2 

1.2003 

40.06 

39.86 

19.6 

1.1563 

31.26 

30.71 

24.3 

1.2013 

40.26 

40.09 

19.7 

1.1572 

31.44 

30.90 

24.4 

1.2023 

40.46 

40.32 

19.8 

1.1581 

31.62 

31.08 

24.5 

1.2033 

40.66 

40.55 

19.9 

1.1590 

31.80 

31.27 

24.6 

1.2043 

40.86 

40.78 

20.0 

1.1600 

32.00 

31.45 

24.7 

1.2053 

41.06 

41.01 

20.1 

1.1609 

32.18 

31.64 

24.8 

1.2063 

41.26 

41.24 

20.2 

1.1619 

32.38 

31.82 

24.9 

1.2073 

41.46 

41.48 

20.3 

1.1628 

32.56 

32.01 

25.0 

1.2083 

41.66 

41.72 

20.4 

1.1637 

32.74 

32.19 

25.1 

1.2093 

41.86 

41.99 

20.5 

1.1647 

32.94 

32.38 

25.2 

1.2103 

42.06 

42.30 

20.6 

1.1656 

33.12 

32.56 

25.3 

1.2114 

42.28 

42.64 

20.7 

1.1666 

33.32 

32.75 

25.4 

1.2124 

42.48 

43.01 

20.8 

1.1675 

33.50 

32.93 

25.5 

1.2134   42.68 

43.40 
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HYDROCYANIC  ACID 

Specific  Gravity  of  Aqueous  Hydrocyanic  Acid  Solutions 

AT   -jy    C* 


Per  cent 

G.  per 

Lbs.  per 
cu.  ft. 

Lbs.  per 

Be\ 

Sp.  gr. 

HCN 

liter 

gal. 

54.4 

0.759 

80 

607.2 

37.91 

5.067 

56.2 

0.752 

82 

616.6 

38.49 

5.146 

57.9 

0.745 

84 

625.8 

39.07 

5.222 

59.7 

0.738 

86 

634.7 

39.62 

5.297 

61.5 

0.731 

88 

643.3 

40.16 

5.368 

63.4 

0.724 

90 

651.6 

40.68 

5.438 

65.3 

0.717 

92 

659.6 

41.18 

5.505 

66.9 

0.711 

94 

668.3 

41.72 

5.577 

68.9 

0.704 

96 

675.8 

42.19 

5.640 

70.9 

0.697 

98 

683 . 1 

42.64 

5.700 

72.6 

0.691 

100 

691.0 

43.14 

5.767 

Specific  Gravity  of  Aqueous  Hydrocyanic  Acid  Solutions 

15°  n 
at  ^  C. 


Be. 


Sp.  gr. 


Per  cent 
HCN 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


10.3 
10.6 
11.0 
11.4 
12.3 
13.2 
14.2 
15.2 
16.4 


0.998 

1 

0.996 

2 

0.993 

4 

0.989 

6 

0.984 

8 

0.978 

10 

0.971 

12 

0.964 

14 

0.956 

16 

9.98 
19.92 
39.72 
59.34 
78.72 
97.80 
116.5 
135.0 
153.0 


0.6230 

1.244 

2.480 

3.704 

4.914 

6.105 

7.274 

8.425 

9.549 


0.0833 

0 . 1662 

0.3315 

0.4952 

0.6569 

0.8162 

0.9724 

1.126 

1.276 
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HYDROFLUORIC  ACID 

Specific  Gravity  of  Aqueous  Hydrofluoric  Acid  Solution 

0° 

AT   j5    C* 


Be. 

Sp.  gr. 

Per  cent 
HF 

Grams  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.8 

1.020 

5 

51.00 

3.184 

0.4256 

5.6 

1.040 

10 

104.0 

6.492 

0.8679 

8.2 

1.060 

15 

159.0 

9.926 

1.327 

10.7 

1.080 

20 

216.0 

13.48 

1.803 

13.1 

1.099 

25 

274.8 

17.15 

2.293 

15.4 

1.119 

30 

335.7 

20.96 

2.801 

17.7 

1.139 

35 

398.7 

24.89 

3.327 

19.9 

1.159 

40 

463.6 

28.94 

3.869 

21.9 

1.178 

45 

530.1 

33.09 

4.424 

24.0 

1.198 

50 

599.0 

37.39 

4.999 

25.9 

1.217 

55 

669.4 

41.78 

5.586 

27.6 

1.235 

60 

741.0 

46.26 

6.184 

28.8 

1.248 

65 

811.2 

50.64 

6.770 

29.7 

1.258 

70 

880.6 

54.97 

7.349 

30.0 

1.261 

72 

907.9 

56.68 

7.577 

30.1 

1.262 

74 

933.9 

58.30 

7.793 

30.1 

1.262 

76 

959.1 

59.87 

8.004 

30.0 

1.261 

78 

983.6 

61.40 

8.208 

29.8 

1.259 

80 

1007 

62.88 

8.405 

29.5 

1.255 

82 

1029 

64.24 

8.588 

28.6 

1.246 

84 

1047 

65.34 

8.734 

27.4 

1.233 

86 

1060 

66.20 

8.849 

25.5 

1.213 

88 

1067 

66.64 

8.908 

21.9 

1.178 

90 

1060 

66.18 

8.848 

11.9 

1.089 

95 

1035 

64.58 

8.633 

0.07 

1.0005 

100 

1001 

62.46 

8.349 

Specific  Gravity  of  Aqueous  Hydrofluoric  Aero  Solutions 

AT  -J3-  a* 


Be. 

Sp.  gr. 

Per  cent 
HF 

Grams  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.4 

1.017 

5 

50.85 

3.174 

0.4244 

4.9 

1.035 

10 

103.5 

6.461 

0.8637 

7.3 

1.053 

15 

158.0 

9.860 

1.318 

9.5 

1.070 

20 

214.0 

13.36 

1.786 

11.5 

1.086 

25 

271.5 

16.95 

2.266 

13.3 

1.101 

30 

330.3 

20.62 

2.756 

15.1 

1.116 

35 

390.6 

24.38 

3.260 

16.7 

1.130 

40 

452.0 

28.22 

3.772 

18.1 

1.143 

45 

514.4 

32.11 

4.292 

19.5 

1.155 

50 

577.5 

36.05 

4.819 

1607 


HYDROFLUOSILICIC  ACID 

Specific    Gravity    op    Aqueous    Hydrofluosilicic    Acid 
Solutions  at  17.5°  C.   (Stolba) 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

H2SiF6 

liter 

cu.  ft. 

gal. 

0.6 

1.0040 

0.5 

5.020 

0.3134 

0.0419 

1.2 

1.0080 

1.0 

10.08 

0.6293 

0.0841 

1.7 

1.0120 

1.5 

15.18 

0.9476 

0.1267 

2.3 

1.0161 

2.0 

20.32 

1.269 

0.1696 

2.9 

1.0201 

2.5 

25.50 

1.592 

0.2128 

3.4 

1.0242 

3.0 

30.73 

1.918 

0.2564 

4.0 

1.0283 

3.5 

35.99 

2.247 

0.3004 

4.6 

1.0324 

4.0 

41.30 

2.578 

0.3446 

5.1 

1.0366 

4.5 

46.65 

2.912 

0.3893 

5.7 

1.0407 

5.0 

52.04 

3.248 

0.4342 

6.2 

1.0449 

5.5 

57.47 

3.588 

0.4796 

6.8 

1.0491 

6.0 

62.95 

3.930 

0.5253 

7.3 

1.0533 

6.5 

68.46 

4.274 

0.5714 

7.9 

1.0576 

7.0 

74.03 

4.622 

0.6178 

8.4 

1.0618 

7.5 

79.64 

4.971 

0.6646 

9.0 

1.0661 

8.0 

85.29 

5.324 

0.7118 

9.5 

1.0704 

8.5 

90.98 

5.680 

0.7593 

10.1 

1.0747 

9.0 

96.72 

6.038 

0.8072 

10.6 

1.0791 

9.5 

102.5 

6.400 

0.8555 

11.2 

1.0834 

10.0 

108.3 

6.763 

0.9041 

11.7 

1.0878 

10.5 

114.2 

7.130 

0.9532 

12.2 

1.0922 

11.0 

120.1 

7.500 

1.003 

12.8 

1.0966 

11.5 

126.1 

7.873 

1.052 

13.3 

1.1011 

12.0 

132.1 

8.249 

1.103 

13.8 

1.1055 

12.5 

138.2 

8.627 

1.153 

14.4 

1.1100 

13.0 

144.3 

9.008 

1.204 

14.9 

1.1145 

13.5 

150.5 

9.393 

1.256 

15.4 

1.1190 

14.0 

156.7 

9.780 

1.307 

16.0 

1.1236 

14.5 

162.9 

10.17 

1.360 

16.5 

1.1281 

15.0 

169.2 

10.56 

1.412 

17.0 

1 . 1327 

15.5 

175.6 

10.96 

1.465 

17.5 

1.1373 

16.0 

182.0 

11.36 

1.519 

18.0 

1.1419 

16.5 

188.4 

11.76 

1.572 

18.5 

1.1466 

17.0 

194.9 

12.17 

1.627 

19.0 

1.1512 

17.5 

201.5 

12.58 

1.681 

19.6 

1.1559 

18.0 

208.1 

12.99 

1.736 

20.1 

1.1606 

18.5 

214.7 

13.40 

1.792 

20.6 

1.1653 

19.0 

221.4 

13.82 

1.848 

21.1 

1.1701 

19.5 

228.2 

14.24 

1.904 

21.6 

1.1748 

20.0 

235.0 

14.67 

1.961 

22.1 

1 . 1796 

20.5 

241.8 

15.10 

2.018 

22.6 

1 . 1844 

21.0 

248.7 

15.53 

2.076 

1608 


HYDROFLUOSILICIC  ACID  (Continued) 

Specific    Gravity    of    Aqueous    Hydrofluosilicic 
Solutions  at  17.5°  C.  (Stolba) 


Ac*d 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

H2SiF6 

liter 

cu.  ft. 

gal. 

23.1 

1 . 1892 

21.5 

255.7 

15.96 

2.134 

23.6 

1.1941 

22.0 

262.7 

16.40 

2.192 

24.1 

1.1989 

22.5 

269.8 

16.84 

2.251 

24.6 

1.2038 

23.0 

276.9 

17.28 

2.311 

25.0 

1.2087 

23.5 

284.0 

17.73 

2.370 

25.5 

1.2136 

24.0 

291.3 

18.18 

2.431 

26.0 

1.2186 

24.5 

298.6 

18.64 

2.492 

26.5 

1.2235 

25.0 

305.9 

19.09 

2.553 

27.0 

1.2285 

25.5 

313.3 

19.56 

2.614 

27.5 

1.2335 

26.0 

320.7 

20.02 

2.676 

27.9 

1.2385 

26.5 

328.2 

20.49 

2.739 

28.4 

1.2436 

27.0 

335.8 

20.96 

2.802 

28.9 

1.2486 

27.5 

343.4 

21.44 

2.865 

29.3 

1.2537 

28.0 

351.0 

21.91 

2.929 

29.8 

1.2588 

28.5 

358.8 

22.40 

2.994 

30.3 

1.2639 

29.0 

366.5 

22.88 

3.059 

30.7 

1.2691 

29.5 

374.4 

23.37 

3.124 

31.2 

1.2742 

30.0 

382.3 

23.86 

3.190 

31.7 

1.2794 

30.5 

390.2 

24.36 

3.256 

32.1 

1.2846 

31.0 

398.2 

24.86 

3.323 

32.6 

1.2898 

31.5 

406.3 

25.36 

3.391 

33.0 

1.2951 

32.0 

414.4 

25.87 

3.459 

33.5 

1.3003 

32.5 

422.6 

26.38 

3.527 

34.0 

1.3056 

33.0 

430.8 

26.90 

3.596 

34.4 

1.3109 

33.5 

439.2 

27.41 

3.665 

34.8 

1.3162 

34.0 

447.5 

27.94 

3.735 
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MAGNESIUM  CHLORIDE 
Specific  Gravity  of  Aqueous  Magnesium  Chloride  Solu- 

TIONS   AT   -jz-    C* 


Be. 


Sp.  gr. 


Per  cent 
MgCh 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.1 

4.4 

6.6 

8.8 

10.9 

13.1 

15.1 

17.2 

19.2 

21.1 

26.0 

30.7 


1.0146 

2 

1.0311 

4 

1.0478 

6 

1.0646 

8 

1.0816 

10 

1.0989 

12 

1.1164 

14 

1.1342 

16 

1.1523 

18 

1.1706 

20 

1.2184 

25 

1.2688 

30 

20.29 
41.24 
62.87 
85.17 
108.2 
131.9 
156.3 
181.5 
207.4 
234.1 
304.6 
380.6 


1.267 
2.575 
3.925 
5.317 
6.752 
8.232 
9.757 
11.33 
12.95 
14.62 
19.02 
23.76 


0.1693 

0.3442 

0.5247 

0.7107 

0.9026 

1.100 

1.304 

1.514 

1.731 

1.954 

2.542 

3.177 


B6. 

Sp.  gr. 

Per  cent 

MgCh  + 

6H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.1 

1.0146 

4.270 

43.32 

2.705 

0.3616 

4.4 

1.0311 

8.540 

88.06 

5.497 

0.7349 

6.6 

1.0478 

12.81 

134.2 

8.380 

1.120 

8.8 

1.0646 

17.08 

181.8 

11.35 

1.518 

10.9 

1.0816 

21.35 

230.9 

14.42 

1.927 

13.1 

1.0989 

25.62 

281.6 

17.58 

2.350 

15.1 

1.1164 

29.89 

333.7 

20.83 

2.785 

17.2 

1.1342 

34.16 

387.5 

24.19 

3.233 

19.2 

1.1523 

38.43 

442.8 

27.65 

3.696 

21.1 

1 .  1706 

42.70 

499.9 

31.21 

4.172 

26.0 

1.2184 

53.38 

650.4 

40.60 

5.427 

30.7 

1.2688 

64.05 

812.7 

50.73 

6.782 
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MAGNESIUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Magnesium  Chloride  Solu- 
tions AT   14°   C.    (OUDEMANS) 


Be\ 

Sp.  gr. 

Per  cent 

MgCl2  + 

6H2O 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.5 

1.0033 

1 

10.03 

0.6263 

0.0837 

1.1 

1.0073 

2 

20.15 

1.258 

0.1681 

1.6 

1.0113 

3 

30.34 

1.894 

0.2532 

2.2 

1.0154 

4 

40.62 

2.536 

0.3390 

2.8 

1.0194 

5 

50.97 

3.182 

0.4254 

3.3 

1.0234 

6 

61.40 

3.833 

0.5124 

3.9 

1.0274 

7 

71.92 

4.490 

0.6002 

4.4 

1.0314 

8 

82.51 

5.151 

0.6886 

5.0 

1.0355 

9 

93.20 

5.818 

0.7777 

5.5 

1.0395 

10 

104.0 

6.489 

0.8675 

6.0 

1.0435 

11 

114.8 

7.166 

0.9579 

6.6 

1.0476 

12 

125.7 

7.848 

1.049 

7.1 

1.0517 

13 

136.7 

8.535 

1.141 

7.7 

1.0558 

14 

147.8 

9.227 

1.234 

8.2 

1.0599 

15 

159.0 

9.925 

1.327 

8.7 

1.0641 

16 

170.3 

10.63 

1.421 

9.3 

1.0682 

17 

181.6 

11.34 

1.515 

9.8 

1.0724 

18 

193.0 

12.05 

1.611 

10.3 

1.0765 

19 

204.5 

12.77 

1.707 

10.8 

1.0807 

20 

216.1 

13.49 

1.804 

11.4 

1.0849 

21 

227.8 

14.22 

1.901 

11.9 

1.0891 

22 

239.6 

14.96 

2.000 

12.4 

1.0933 

23 

251.5 

15.70 

2.098 

12.9 

1.0976 

24 

263.4 

16.44 

2.198 

13.4 

1.1018 

25 

275.5 

17.20 

2.299 

13.9 

1.1061 

26 

287.6 

17.95 

2.400 

14.4 

1.1103 

27 

299.8 

18.71 

2.502 

14.9 

1.1146 

28 

312.1 

19.48 

2.604 

15.4 

1.1189 

29 

324.5 

20.26 

2.708 

15.9 

1.1232 

30 

337.0 

21.04 

2.812 

16.4 

1.1275 

31 

349.5 

21.82 

2.917 

16.9 

1.1319 

32 

362.2 

22.61 

3.023 

17.4 

1.1363 

33 

375.0 

23.41 

3.129 

17.9 

1.1407 

34 

387.8 

24.21 

3.237 

18.4 

1.1451 

35 

400.8 

25.02 

3.345 

18.9 

1 . 1495 

36 

413.8 

25.83 

3.453 

19.4 

1 . 1540 

37 

427.0 

26.66 

3.563 

19.8 

1.1584 

38 

440.2 

27.48 

3.673 

20.3 

1.1628 

39 

453.5 

28.31 

3.784 

20.8 

1.1673 

40 

466.9 

29.15 

3.897 

21.3 

1.1718 

41 

480.4 

29.99 

4.009 

21.7 

1.1763 

42 

494.0 

30.84 

4.123 

22.2 

1.1809 

43 

507.8 

31.70 

4.238 

22.7 

1 . 1855 

44 

521.6 

32.56 

4.353 

23.2 

1.1901 

45 

535.5 

33.43 

4.469 

23.6 

1.1948 

46 

549.6 

34.31 

4.587 

24.1 

1 . 1995 

47 

563.8 

35.19 

4.705 

24.6 

1 . 2042 

48 

578.0 

36.08 

4.824 
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MAGNESIUM  CHLORIDE  (Continued) 
Specific  Gravity  of  Aqueous  Magnesium  Chloride  Solu- 
tions  AT   14°   C.    (OUDEMANS) 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

MgCl2 

liter 

cu.  ft. 

gal. 

0.5 

1.0033 

0.47 

4.699 

0.2934 

0.0392 

1.1 

1.0073 

0.94 

9.436 

0.5891 

0.0787 

1.6 

1.0113 

1.41 

14.21 

0.8871 

0.1186 

2.2 

1.0154 

1.87 

19.02 

1.188 

0.1588 

2.8 

1.0194 

2.34 

23.87 

1.490 

0.1992 

3.3 

1.0234 

2.81 

28.76 

1.795 

0.2400 

3.9 

1.0274 

3.28 

33.68 

2.103 

0.2811 

4.4 

1.0314 

3.75 

38.65 

2.413 

0.3225 

5.0 

1.0355 

4.22 

43.65 

2.725 

0 . 3643 

5.5 

1.0395 

4.68 

48.69 

3.039 

0.4063 

6.0 

1.0435 

5.15 

53.76 

3.356 

0.4487 

6.6 

1.0476 

5.62 

58.88 

3.676 

0.4914 

7.1 

1.0517 

6.09 

64.04 

3.998 

0.5344 

7.7 

1.0558 

6.56 

69.23 

4.322 

0.5777 

8.2 

1.0599 

7.03 

74.46 

4.649 

0.6214 

8.7 

1.0641 

7.49 

79.74 

4.978 

0.6655 

9.3 

1.0682 

7.96 

85.05 

5.310 

0.7098 

9.8 

1.0724 

8.43 

90.41 

5.644 

0.7545 

10.3 

1.0765 

8.90 

95.80 

5.980 

0.7995 

10.8 

1.0807 

9.37 

101.2 

6.320 

0.8448 

11.4 

1.0849 

9.84 

106.7 

6.661 

0.8905 

11.9 

1.0891 

10.3 

112.2 

7.006 

0.9365 

12.4  * 

1.0933 

10.8 

117.8 

7.352 

0 . 9829 

12.9 

1.0976 

11.2 

123.4 

7.702 

1.030 

.13.4 

1.1018 

11.7 

129.0 

8.054 

1.077 

13.9 

1.1061 

12.2 

134.7 

8.409 

1.124 

14.4 

1.1103 

12.6 

140.4 

8.765 

1.172 

14.9 

1.1146 

13.1 

146.2 

9.125 

1.220 

15.4 

1.1189 

13.6 

152.0 

9.487 

1.268 

15.9 

1.1232 

14.1 

157.8 

9.862 

1.317 

16.4 

1.1275 

14.5 

163.7 

10.22 

1.366 

16.9 

1.1319 

15.0 

169.6 

10.59 

1.416 

17.4 

1.1363 

15.5 

175.6 

10.96 

1.466 

17.9 

1.1407 

15.9 

181.7 

11.34 

1.516 

18.4 

1.1451 

16.4 

187.7 

11.72 

1.567 

18.9 

1.1495 

16.9 

193.8 

12.10 

1.617 

19.4 

1.1540 

17.3 

200.0 

12.48 

1.669 

19.8 

1.1584 

17.8 

206.2 

12.87 

1.721 

20.3 

1.1628 

18.3 

212.4 

13.26 

1.773 

20.8 

1.1673 

18.7 

218.7 

13.65 

1.825 

21.3 

1.1718 

19.2 

225.0 

14.05 

1.878 

21.7 

1.1763 

19.7 

231.4 

14.45 

1.931 

22.2 

1 . 1809 

20.1 

237.8 

14.85 

1.985 

22.7 

1 . 1855 

20.6 

244.3 

15.25 

2.039 

23.2 

1.1901 

21.1 

250.8 

15.66 

2.093 

23.6 

1.1948 

21.5 

257.4 

16.07 

2.148 

24.1 

1 . 1995 

22.0 

264.1 

16.48 

2.204 

24.6 

1.2042 

22.5 

270.7 

16.90 

2.259 
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MAGNESIUM  SULFATE 
Specific  Gravity  of  Aqueous  Magnesium  Sulfate  Solu< 

tions  at  -j5-  c* 


Be" 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

MgS04 

liter 

cu.  ft. 

gal. 

2.6 

1.0186 

2 

20.37 

1.272 

0.1700 

5.5 

1.0392 

4 

41.57 

2.595 

0.3469 

8.2 

1.0602 

6 

63.61 

3.971 

0.5309 

10.9 

1.0816 

8 

86.53 

5.402 

0.7221 

13.6 

1 . 1034 

10 

110.3 

6.889 

0.9208 

16.2 

1 . 1256 

12 

135.1 

8.432 

1.127 

18.7 

1 . 1484 

14 

160.8 

10.04 

1.342 

21.3 

1.1717 

16 

187.5 

11.70 

1.564 

23.3 

1.1955 

18 

215.2 

13.43 

1.796 

26.1 

1.2198 

20 

244.0 

15.23 

2.036 

28.5 

1.2447 

22 

273.8 

17.09 

2.285 

30.8 

1.2701 

24 

304.8 

19.03 

2.544 

33.1 

1.2961 

26 

337.0 

21.04 

2.812 

B6. 

Sp.  gr. 

Per  cent 

MgS04  + 

7H20 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

2.6 

1.0186 

4.095 

41.71 

2.604 

0.3481 

5.5 

1.0392 

8.190 

85.11 

5.314 

0.7103 

8.2 

1.0602 

12.29 

130.3 

8.131 

1.087 

10.9 

1.0816 

16.38 

177.2 

11.06 

1.479 

13.6 

1.1034 

20.48 

225.9 

14.10 

1.886 

16.2 

1 . 1256 

24.57 

276.6 

17.27 

2.308 

18.7 

1 . 1484 

28.67 

329.2 

20.55 

2.747 

21.3 

1.1717 

32.76 

383.9 

23.96 

3.203 

23.3 

1.1955 

36.86 

440.6 

27.51 

3.677 

26.1 

1.2198 

40.95 

499.5 

31.18 

4.169 

28.5 

1.2447 

45.05 

560.7 

35.00 

4.679 

30.8 

1.2701 

49.14 

624.2 

38.96 

5.209 

33.1 

1.2961 

53.24 

690.0 

43.08 

5.758 
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NICKEL  CHLORIDE 
Specific  Gravity  of  Aqueous  Nickel  Chloride  Solutions 

4° 


AT 


C. 


Be. 


Sp.  gr. 


Per  cent 
NiCl2 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.2 

2.6 

5.2 

7.8 

10.5 

13.1 

15.7 

18.1 

20.8 

23.3 

25.7 

31.7 

37.8 


1.008 

1 

1.018 

2 

1.037 

4 

1.057 

6 

1.078 

8 

1.099 

10 

1.121 

12 

1.143 

14 

1.167 

16 

1.191 

18 

1.215 

20 

1.280 

25 

1.353 

30 

10.08 
20.36 
41.48 
63.42 
86.24 
109.9 
134.5 
160.0 
186.7 
214.4 
243.0 
320.0 
405.9 


0.6293 

1.271 

2.589 

3.959 

5.384 

6.861 

8.398 

9.990 

11.66 

13.38 

15.17 

19.98 

25.34 


0.0841 
0.1699 
0.3462 
0.5293 
0.7197 
0.9171 
123 
335 
558 
789 
028 
2.670 
3.387 
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NICKEL  NITRATE 

Specific  Gravity  of  Aqueous  Nickel  Nitrate  Solutions 

4° 


AT 


C- 


Be\ 


Sp.  gr. 


Per  cent 

Ni(N03)2 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 

2.1 

4.6 

6.9 

9.4 

11.7 

14.0 

16.3 

18.7 

21.0 

23.3 

28.9 

34.4 

39.7 


1.007 

1 

1.015 

2 

1.033 

4 

1.050 

6 

1.069 

8 

1.088 

10 

1.107 

12 

1.127 

14 

1.148 

16 

1.169 

18 

1.191 

20 

1.249 

25 

1.311 

30 

1.377 

35 

10.07 
20.30 
41.32 
63.00 
85.52 
108.8 
132.8 
157.8 
183.7 
210.4 
238.2 
312.3 
393.3 
482.0 


0.6286 

1.267 

2.579 

3.933 

5.339 

6.792 

8.293 

9.850 

11.47 

13.14 

14.87 

19.49 

24.55 

30.09 


0.0840 

0.1694 

0.3448 

0.5258 

0.7137 

0.9080 

1.109 

1.317 

1.533 

1.756 

1.988 

2.606 

3.282 

4.022 


NICKEL  SULFATE 

Specific  Gravity  of  Aqueous  Nickel  Sulfate  Solutions 

18° 

4° 


AT 


c. 


Bd. 


Sp.  gr. 


Per  cent 
NiS04 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.3 

2.8 

5.8 

8.6 

11.4 

14.3 

17.0 

19.8 

22.4 

25.1 


1.009 

1 

1.020 

2 

1.042 

4 

1.063 

-> 
o 

1.085 

8 

1.109 

10 

1.133 

12 

1.158 

14 

1.183 

16 

1.209 

18 

10.09 
20.40 
41.68 
63.78 
86.80 
110.9 
136.0 
162.1 
189.3 
217.6 


0.6299 
1.274 


602 
982 
419 
923 
8.488 
10.12 
11.82 
13.59 


0.0842 

0.1702 

0.3478 

0.5323 

0.7244 

0.9255 

1.135 

1.353 

1.580 


1.816 


1615 


NITRIC  ACID 
Specific    Gravity    op    Aqueous    Nitric    Acid    Solutions 

C* 


AT 


20° 

4° 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

HNOs 

liter 

cu.  ft. 

gal. 

0.5 

1.0036 

1 

10.04 

0.6265 

0.0838 

1.3 

1.0091 

2 

20.18 

1.260 

0.1684 

2.1 

1.0146 

3 

30.44 

1.900 

0.2540 

2.9 

1.0201 

4 

40.80 

2.547 

0.3405 

3.6 

1.0256 

5 

51.28 

3.201 

0.4279 

4.4 

1.0312 

6 

61.87 

3.862 

0.5163 

5.2 

1.0369 

7 

72.58 

4.531 

0.6057 

5.9 

1.0427 

8 

83.42 

5.207 

0.6961 

6.7 

1.0485 

9 

94.37 

5.891 

0.7875 

7.5 

1.0543 

10 

105.4 

6.582 

0.8798 

8.2 

1.0602 

11 

116.6 

7.280 

0.9732 

9.0 

1.0661 

12 

127.9 

7.986 

1.068 

9.8 

1.0721 

13 

139.4 

8.701 

1.163 

10.5 

1.0781 

14 

150.9 

9.422 

1.260 

11.3 

1.0842 

15 

162.6 

10.15 

1.357 

12.0 

1.0903 

16 

174.4 

10.89 

1.456 

12.8 

1.0964 

17 

186.4 

11.64 

1.555 

13.5 

1 . 1026 

18 

198.5 

12.39 

1.656 

14.2 

1 . 1088 

19 

210.7 

13.15 

1.758 

15.0 

1.1150 

20 

223.0 

13.92 

1.861 

15.7 

1.1213 

21 

235.5 

14.70 

1.965 

16.4 

1.1276 

22 

248.1 

15.49 

2.070 

17.1 

1 . 1340 

23 

260.8 

16.28 

2.177 

17.9 

1 . 1404 

24 

273.7 

17.09 

2.284 

18.6 

1 . 1469 

25 

286.7 

17.90 

2.393 

19.4 

1 . 1534 

26 

299.9 

18.72 

2.503 

20.0 

1 . 1600 

27 

313.2 

19.55 

2  614 

20.7 

1 . 1666 

28 

326.6 

20.39 

2.726 

21.4 

1.1733 

29 

340.3 

21.24 

2.840 

22.1 

1.1800 

30 

354.0 

22.10 

2.954 

22.8 

1.1867 

31 

367.9 

22.97 

3.070 

23.5 

1.1934 

32 

381.9 

23.84 

3.187 

24.2 

1.2002 

33 

396.1 

24.73 

3.305 

24.9 

1.2071 

34 

410.4 

25.62 

3.425 

25.6 

1.2140 

35 

424.9 

26.53 

3.546 

26.2 

1 . 2205 

36 

439.4 

27.43 

3.667 

26.8 

1 . 2270 

37 

454.0 

28.34 

3.789 

27.5 

1 . 2335 

38 

468.7 

29.26 

3.912 

28.1 

1 . 2399 

39 

483.6 

30.19 

4.035 

28.7 

1 . 2463 

40 

498.5 

31.12 

4.160 

29.3 

1.2527 

41 

513.6 

32.06 

4.286 

29.8 

1.2591 

42 

528.8 

33.01 

4.413 

30.4 

1 . 2655 

43 

544.2 

33.97 

4.541 

31.0 

1.2719 

44 

559.6 

34.94 

4.670 

31.6 

1.2783 

45 

575.2 

35.91 

4.800 

32.1 

1.2847 

46 

591.0 

36.89 

4.932 

32.7 

1.2911 

47 

606.8 

37.88 

5.064 

33.2 

1.2975 

48 

622.8 

38.88 

5.197 

33.8 

1.3040 

49 

639.0 

39.89 

5.332 

34.3 

1.3100 

50 

655.0 

40.89 

5.466 

34.8 

1.3160 

51 

671.2 

41.90 

5.601 

35.3 

1.3219 

52 

687.4 

42.91 

5.736 

35.8 

1.3278 

53 

703.7 

43.93 

5.873 

36.3 

1.3336 

54 

720.1 

44.96 

6.010 
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NITRIC  ACID  (Continued) 
Specific    Gravity    of    Aqueous    Nitric    Acid 

at  -gr  C* 


Solutions 


B4. 

Sp.  gr. 

Per  cent 
HNOs 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

.ubs.  per 
gal. 

36.7 

1.3393 

55 

736.6 

45.98 

6.147 

37.2 

1.3449 

56 

753.1 

47.02 

6.285 

37.6 

1.3505 

57 

769.8 

48.06 

6.424 

38.1 

1.3560 

58 

786.5 

49.10 

6.563 

38.5 

1.3614 

59 

803.2 

50.14 

6.703 

38.9 

1.3667 

60 

820.0 

51.19 

6.843 

39.3 

1.3719 

61 

836.9 

52.24 

6.984 

39.7 

1.3769 

62 

853.7 

53.29 

7.124 

40.1 

1.3818 

63 

870.5 

54.34 

7.265 

40.4 

1.3866 

64 

887.4 

55.40 

7.406 

40.8 

1.3913 

65 

904.3 

56.46 

7.547 

41.1 

1.3959 

66 

921.3 

57.51 

7.688 

41.5 

1.4004 

67 

938.3 

58.57 

7.830 

41.8 

1.4048 

68 

955.3 

59.63 

7.972 

42.1 

1.4091 

69 

972.3 

60.70 

8.114 

42.4 

1.4134 

70 

989.4 

61.76 

8.257 

42.7 

1.4176 

71 

1006 

62.83 

8.399 

43.0 

1.4218 

72 

1024 

63.91 

8.543 

43.3 

1.4258 

73 

1041 

64.98 

8.686 

43.6 

1.4298 

74 

1058 

66.05 

8.830 

43.9 

1.4337 

75 

1075 

67.13 

8.973 

44.1 

1.4375 

76 

1093 

68.20 

9.117 

44.4 

1.4413 

77 

1110 

69.28 

9.262 

44.7 

1.4450 

78 

1127 

70.36 

9.406 

44.9 

1.4486 

79 

1144 

71.44 

9.550 

45.1 

1.4521 

80 

1162 

72.52 

9.694 

45.4 

1.4555 

81 

1179 

73.60 

9.839 

45.6 

1.4589 

82 

1196 

74.68 

9.983 

45.8 

1.4622 

83 

1214 

75.76 

10.13 

46.1 

1.4655 

84 

1231 

76.85 

10.27 

46.3 

1.4686 

85 

1248 

77.93 

10.42 

46.5 

1.4716 

86 

1266 

79.01 

10.56 

46.7 

1 . 4745 

87 

1283 

80.08 

10.71 

46.8 

1.4773 

88 

1300 

81.16 

10.85 

47.0 

1.4800 

89 

1317 

82.23 

10.99 

47.2 

1.4826 

90 

1334 

83.30 

11.14 

47.4 

1.4850 

91 

1351 

84.36 

11.28 

47.5 

1.4873 

92 

1368 

85.42 

11.42 

47.6 

1.4892 

93 

1385 

86.46 

11.56 

47.8 

1.4912 

94 

1402 

87.51 

11.70 

47.9 

1.4932 

95 

1419 

88.56 

11.84 

48.0 

1.4952 

96 

1435 

89.61 

11.98 

48.2 

1.4974 

97 

1452 

90.67 

12.12 

48.4 

1.5008 

98 

1471 

91.82 

12.27 

48.7 

1.5056 

99 

1491 

93.05 

12.44 

49.2 

1.5129 

100 

1513 

94.45 

12.63 
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NITRIC  ACID 

Authority  —  W.  C.  Ferguson 

This  table  has  been  approved  and  adopted  as  a  Standard 
by  the  Manufacturing  Chemists'  Association  of  the  United 
States. 

Specific  Gravity  determinations  were  made  at  60°  F.,  com- 
pared with  water  at  60°  F. 

From  the  Specific  Gravities,  the  corresponding  degrees  Baume' 
were  calculated  by  the  following  formula: 


Baume  =  145  - 


145 


Sp.  Gr. 


Baume  Hydrometers  for  use  with  this  table  must  be  graduated 
by  the  above  formula,  which  formula  should  always  be  printed 
on  the  scale. 

Atomic  weights  from  F.  W.  Clarke's  table  of  1901.     O  =  16. 


Allowance  for  Temperature 

At  10° -20°     Be.  —  1/30°  Be.  or  .00029  Sp.  Gr. 
20°-30°     Be.—  1/23°  Be.  or  .00044    "     " 
30° -40°     Be.—  1/20°  Be.  or  .00060    "     " 
40° -48.5°  Be.—  1/17°  Be.  or  .00084    "     " 


=  1°F. 
=  1°F. 
=  1°F. 
=  1°F. 


Be.° 

Sp.  gr. 

Tw.° 

Per  cent 
HNOs. 

Be\° 

Sp.  gr. 

Tw.° 

Per  cent 
HNO*. 

10.00 

1.0741 

14.82 

12.86 

15.25 

1.1176 

23.52 

19.70 

10.25 

1.0761 

15.22 

13.18 

15.50 

1.1197 

23.94 

20.02 

10.50 

1.0781 

15.62 

13.49 

15.75 

1.1219 

24.38 

20.36 

10.75 

1.0801 

16.02 

13.81 

16.00 

1.1240 

24.80 

20.69 

11.00 

1.0821 

16.42 

14.13 

16.25 

1.1262 

25.24 

21.03 

11.25 

1.0841 

16.82 

14.44 

16.50 

1.1284 

25.68 

21.36 

11.50 

1.0861 

17.22 

14.76 

16.75 

1.1306 

26.12 

21.70 

11.75 

1.0881 

17.62 

15.07 

17.00 

1.1328 

26.56 

22.04 

12.00 

1.0902 

18.04 

15.41 

17.25 

1.1350 

27.00 

22.38 

12.25 

1.0922 

18.44 

15.72 

17.50 

1.1373 

27.46 

22.74 

12.50 

1.0943 

18.86 

16.05 

17.75 

1.1395 

27.90 

23.08 

12.75 

1.0964 

19.28 

16.39 

18.00 

1.1417 

28.34 

23.42 

13.00 

1.0985 

19.70 

16.72 

18.25 

1.1440 

28.80 

23.77 

13.25 

1.1006 

20.12 

17.05 

18.50 

1.1462 

29.24 

24.11 

13.50 

1.1027 

20.54 

17.38 

18.75 

1.1485 

29.70 

24.47 

13.75 

1.1048 

20.96 

17.71 

19.00 

1.1508 

30.16 

24.82 

14.00 

1.1069 

21.38 

18.04 

19.25 

1.1531 

30.62 

25.18 

14.25 

1.1090 

21.80 

18.37 

19.50 

1.1554 

31.08 

25.53 

14.50 

1.1111 

22.22 

18.70 

19.75 

1.1577 

31.54 

25.88 

14.75 

1.1132 

22.64 

19.02 

20.00 

1.1600 

32.00 

26.24 

15.00 

1.1154 

23.08 

19.36 

20.25 

1.1624 

32.48 

26.61 
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NITRIC  ACID   (Continued) 


Be. 


20.50 
20.75 
21.00 
21.25 
21.50 
21.75 
22.00 
22.25 
22.50 
22.75 
23.00 
23.25 
23.50 
23.75 
24.00 
24.25 
24.50 
24.75 
25.00 
25.25 
25.50 
25.75 
26.00 
26.25 
26.50 
26.75 
27.00 
27.25 
27.50 
27.75 
28.00 
28.25 
28.50 
28.75 
29.00 
29.25 
29.50 
29.75 
30.00 
30.25 
30.50 
30.75 
31.00 
31.25 


Sp.  gr. 


1.1647 
1.1671 
1.1694 
1.1718 
1.1741 
1.1765 
1.1789 
1.1813 
1.1837 
1.1861 
1.1885 
1.1910 
1.1934 
1.1959 
1.1983 
1.2008 
1.2033 
1.2058 
1.2083 
1.2109 
1.2134 
1.2160 
1.2185 
1.2211 
1.2236 
1.2262 
1.2288 
1.2314 
1.2340 
1.2367 
1.2393 
1.2420 
1.2446 
1.2473 


2500 
2527 
2554 
2582 
2609 
2637 
2664 
1.2692 
1.2719 
1.2747 


Tw.c 


32.94 
33.42 

33.88 
34.36 
34.82 
35.30 
35.78 
36.26 
36.74 
37,22 
37.70 
38.20 
38.68 
39.18 
39.66 
40.16 
40.66 
41.16 
41.66 
42.18 
42.68 
43.20 
43.70 
44.22 
44.72 
45.24 
45.76 
46.28 
46.80 
47.34 
47.86 
48.40 
48.92 
49.46 
50.00 
50.54 
51.08 
51.64 
52.18 
52.74 
53.28 
53.84 
54.38 
54.94 


Per  cent 
HNO 


26.96 
27.33 
27.67 
28.02 
28.36 
28.72 
29.07 
29.43 
29.78 
30.14 
30.49 
30.86 
31.21 
31.58 
31.94 
32.31 
32.68 
33.05 
33.42 
33.80 
34.17 
34.56 
34.94 
35.33 
35.70 
36.09 
36.48 
36.87 
37.26 
37.67 
38.06 
38.46 
38.85 
39.25 
39.66 
40.06 
40.47 
40.89 
41.30 
41.72 
42.14 
42.58 
43.00 
43.44 


Be.e 


31.50 
31.75 
32.00 
32.25 
32.50 
32.75 
33.00 
33.25 
33.50 
33.75 
34.00 
34.25 
34.50 
34.75 
35.00 
35.25 
35.50 
35.75 
36.00 
36.25 
36.50 
36.75 
37.00 
37.25 
37.50 
37.75 
38.00 
38.25 
38.50 
38.75 
39.00 
39.25 
39.50 
39.75 
40.00 
40.25 
40.50 
40.75 
41.00 
41.25 
41.50 
41.75 
42.00 
42.25 


Sp.  gr. 


1.2775 

1.2804 

1.2832 

1.2861 

1.2889 

1.2918 

1.2946 

1.2975 

1.3004 

1.3034 

1.3063 

1.3093 

1.3122 

1.3152 

1.3182 

1.3212 

1.3242 

1.3273 

1.3303 

1.3334 

1.3364 

1.3395 

1.3426 

1.3457 

1.3488 

1.3520 

1.3551 

1.3583 

1.3615 

1.3647 

1.3679 

1.3712 

1.3744 

1.3777 

1.3810 

1.3843 

1.3876 

1.3909 

1.3942 

1.3976 

1.4010 

1.4044 

1.4078 

1.4112 


Tw.° 


Per  cent 
HNO». 


55.50 

56.08 
56.64 
57.22 
57.78 
58.36 
58.92 
59.50 
60.08 
60.68 
61.26 
61.86 
62.44 
63.04 
63.64 
64.24 
64.84 
65.46 
66.06 
66.68 
67.28 
67.90 
68.52 
69.14 
69.76 
70.40 
71.02 
71.66 
72.30 
72.94 
73.58 
74.24 
74.88 
75.54 
76.20 
76.86 
77.52 
8.18 
78.84 
79.52 
80.20 
80.88 
81.96 
82.24 


43.89 

44.34 

44.78 

45.24 

45.68 

46.14 

46.58 

47.04 

47.49 

47.95 

48.42 

48.90 

49.35 

49.83 

50.32 

50.81 

51.30 

51.80 

52.30 

52.81 

53.32 

53.84 

54.36 

54.89 

55.43 

55.97 

56.52 

57.08 

57.65 

58.23 

58.82 

59.43 

60.06 

60.71 

61.38 

62.07 

62.77 

63.48 

64.20 

04.93 

65.67 

66.42 

67.18 

67.95 
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NITRIC   ACID   (Continued) 


Be. 


42.50 
42.75 
43.00 
43.25 
43.50 
43.75 
44.00 
44.25 
44.50 
44.75 
45.00 
45.25 


Sp.  gr. 


1.4146 
1.4181 
1.4216 
1.4251 
1.4286 
1.4321 
1.4356 
1.4392 
1.4428 
1.4464 
1.4500 
1.4536 


Tw/ 


82.92 
83.62 
84.32 
85.02 
85.72 
86.42 
87.12 
87.84 
88.56 
89.28 
90.00 
90.72 


Per  cent)  I 
HNOa. 


68.73 

69.52 
70.33 
71.15 
71.98 

72.82 
73.67 
74.53 
75.40 

76.28 
I  77.17 
I  78.07 


Be.°        Sp.gr. 


45.50 
45.75 
46.00 
46.25 
46.50 
46.75 
47.00 
47.25 
47.50 
47.75 
48.00 
48.25 
48.50 


1.4573 
1.4610 
1.4646 
1.4684 
1.4721 
1.4758 
1.4796 
1.4834 
1.4872 
1.4910 
1.4948 
1.4987 
1.5026 


Tw.1 


Per  cent 
I  HNO,. 


91.46 
92.20 
92.92 
93.68 
94.42 
95.16 
95.92 
96.68 
97.44 
98.20 
98.96 
99.74 
100.52 


79.03 
80.04 
81.08 
82.18 
83.33 
84.48 
85.70 
86.98 
88.32 
89.76 
91.35 
93.13 
95.11 
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OXALIC  ACID 

Specific    Gravity    of    Aqueous    Oxalic    Acid    Solutions 
at  17.5°  C.   (Gerlach) 


Be\ 


Sp.  gr. 


Per  cent 

H2C204  + 

2H20 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.4 
4.9 
5.4 
5.8 
6.3 


1.0035 

1 

1.0070 

2 

1.0105 

3 

1.0140 

4 

1.0175 

5 

1.0210 

6 

1.0245 

7 

1.0280 

8 

1.0315 

9 

1.0350 

10 

1.0385 

11 

1.0420 

12 

1.0455 

13 

10.04 
20.14 
30.32 
40.56 
50.88 
61.26 
71.72 
82.24 
92.84 


103.5 
114.2 
125.0 
135.9 


0.6265 

1.257 

1.892 

2.532 

3.176 

3.824 

4.477 

5.134 

5.795 

6.461 

7.131 

7.806 

8.485 


0.0837 

0.1681 

0.2530 

0.3385 

0.4246 

0.5112 

0.5985 

0.6863 

0.7747 

0.8637 

0.9533 

1.043 

1.134 


Be1. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

H2C2O4 

liter 

cu.  ft. 

gal. 

0.5 

1.0035 

0.71 

7.166 

0.4474 

0.0598 

1.0 

1.0070 

1.43 

14.38 

0.8979 

0.1200 

1.5 

1.0105 

2.14 

21.65 

1.351 

0.1807 

2.0 

1.0140 

2.86 

28.97 

1.808 

0.2417 

2.5 

1.0175 

3.57 

36.33 

2.268 

0.3032 

3.0 

1.0210 

4.28 

43.75 

2.731 

0.3651 

3.5 

1.0245 

5.00 

51.21 

3.197 

0.4274 

4.0 

1.0280 

5.71 

58.73 

3.666 

0.4901 

4.4 

1.0315 

6.43 

66.30 

4.139 

0.5533 

4.9 

1.0350 

7.14 

73.91 

4.614 

0.6168 

5.4 

1.0385 

7.86 

81.58 

5.093 

0.6808 

5.8 

1.0420 

8.57 

89.30 

5.574 

0.7452 

6.3 

1.0455 

9.28 

97.06 

6.059 

0.8100 
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PERCHLORIC  ACID 

Specific    Gravity  of  Aqueous    Perchloric    Acn>  Solutions 

.  at  ^  a* 


Sp.  gr, 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

HC104 

liter 

cu.  ft. 

gal. 

1.005 

1 

10.05 

.6274 

.0839 

1 

Oil 

2 

20.22 

1.262 

.1687 

1 

023 

4 

40.91 

2.554 

.3414 

1 

035 

6 

62.09 

3.876 

.5181 

1 

047 

8 

83.77 

5.229 

.6991 

1 

060 

10 

106.0 

6.615 

.8843 

1 

073 

12 

128.7 

8.035 

1.074 

1 

086 

14 

152.0 

9.490 

1.269 

1 

100 

16 

175.9 

10.98 

1.468 

1 

114 

18 

200.4 

12.51 

1.673 

1 

128 

20 

225.6 

14.08 

1.882 

1 

143 

22 

251.4 

15.69 

2.098 

1 

158 

24 

277.9 

17.35 

2.319 

1 

174 

26 

305.2 

19.05 

2.547 

1 

190 

28 

333.2 

20.80 

2.781 

1 

207 

30 

362.0 

22.60 

3.021 

1 

224 

32 

391.6 

24.45 

3.268 

1 

242 

34 

422.2 

26.36 

3.523 

1 

260 

36 

453.7 

28.32 

3.786 

1 

279 

38 

486.2 

30.35 

4.057 

1 

299 

40 

519.6 

32.44 

4.336 

1 

352 

45 

608.4 

37.98 

5.078 

1 

410 

50 

705.2 

44.02 

5.885 

1 

473 

55 

810.3 

50.58 

6.762 

1 

539 

60 

923.3 

57.64 

7.705 

1 

606 

65 

1044. 

65.16 

8.711 

1 

674 

70 

1172. 

73.13 

9.777 

Specific  Gravity  of  65  to  75%  Solution  at 


25c 


C. 


Based  on  values  reported  by  G.  Frederick  Smith  and  O.  E. 
Goehler,  Ind.  and  Eng.  Chem.  3,  61,  1931 


1.597 

65.0 

1038. 

64.79 

8.661 

1.603 

65.5 

1050. 

65.56 

8.764 

1.610 

66.0 

1063. 

66.34 

8.868 

1.617 

66.5 

1075. 

67.12 

8.973 

1.624 

67.0 

1088. 

67.91 

9.078 

1.630 

67.5 

1101. 

68.70 

9.184 

1.637 

68.0 

1113. 

69.50 

9.290 

1.644 

68.5 

1126. 

70.30 

9.397 

1.651 

69.0 

1139. 

71.10 

9.504 

1.657 

69.5 

1152. 

71.91 

9.613 

1.664 

70.0 

1165. 

72.72 

9.722 

1.671 

70.5 

1178. 

73.54 

9.831 

1.678 

71.0 

1191. 

74.36 

9.940 

1.684 

71.5 

1204. 

75.18 

10.05 

1.691 

72.0 

1218. 

76.01 

10.16 

1.698 

72.5 

1231. 

76.84 

10.27 

1.704 

73.0 

1244. 

77.68 

10.38 

1.711 

73.5 

1258. 

78.52 

10.50 

1.718 

74.0 

1271. 

79.36 

10.61 

1.725 

74.5 

1285. 

80.21 

10.72 

1.731 

75.0 

1298. 

81.06 

10.84 

1622 


PHOSPHORIC  ACID 

Specific  Gravity  of  Aqueous  Phosphoric  Acid  Solutions 

20°  c* 


AT 


Be1. 


Sp.  gr. 


Per  cent 
H3PO4 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.6 
1.3 
2.8 
4.3 
5.8 
7.3 
8.8 
10.3 
11.8 
13.3 
14.8 
16.3 
17.8 
19.2 
20.7 
22.2 
25.8 
29.4 
32.9 
36.4 
39.9 
43.3 
46.7 
50.0 
53.2 
56.2 
59.2 
62.0 
63.1 
64.2 
65.3 
66.4 
67.5 


1.0038 

1 

1.0092 

2 

1.0200 

4 

1.0309 

6 

1.0420 

8 

1.0532 

10 

1.0647 

12 

1.0764 

14 

1.0884 

16 

1 . 1008 

18 

1.1134 

20 

1 . 1263 

22 

1.1395 

24 

1.1529 

26 

1 . 1665 

28 

1.1805 

30 

1.216 

35 

1.254 

40 

1.293 

45 

1.335 

50 

1.379 

55 

1.426 

60 

1.475 

65 

1.526 

70 

1.579 

75 

1.633 

80 

1.689 

85 

1.746 

90 

1.770 

92 

1.794 

94 

1.819 

96 

1.844 

98 

1.870 

100 

10.04 
20.18 
40.80 
61.85 
83.36 
105.3 
127.8 
150.7 
174.1 
198.1 
222.7 
247.8 
273.5 
299.8 
326.6 
354.2 
425.6 
501.6 
581.9 
667.5 
758.5 
855.6 
958.8 

1068 

1184 

1306 

1436 

1571 

1628 

1686 

1746 

1807 

1870 


0.6266 

1.260 

2.547 

3.861 

5.204 

6.575 

7.976 

9.408 

10.87 

12.37 

13.90 

15.47 

17.07 

18.71 

20.39 

22.11 

26.57 

31.31 

36.32 

41.67 

47.35 

53.41 

59.85 

66.68 

73.93 

81.55 

89.62 

98.10 
101.7 
105.3 
109.0 
112.8 
116.7 


0.0838 

0.1684 

0.3405 

0.5162 

0.6957 

0.8789 

1.066 

1.258 

1.453 

1.654 

1.858 

2.068 

2.282 

2.501 

2.726 

2.955 

3.552 

4.186 

4.856 

5.570 

6.329 

7.140 

8.001 

8.914 

9.883 

10.90 

11.98 

13.11 

13.59 

14.07 

14.57 

15.08 

15.61 


1623 


PHOSPHORIC  ACID 

Specific  Gravity  of  Aqueous  Phosphoric  Acid  Solutions 

2A°C* 
40 


AT 


Be\ 

Sp.  gr. 

Per  cent 
P2O5 

G.  per 

liter 

Lbs.  per 

cu.  ft. 

Lbs.  per 
gal. 

0.6 

1.0038 

0.72 

7.271 

0.4539 

0.0607 

1.3 

1.0092 

1.4 

14.62 

0.9128 

0 . 1220 

2.8 

1.0200 

2.9 

29.56 

1.845 

0.2466 

4.3 

1.0309 

4.3 

44.81 

2.797 

0.3739 

5.8 

1.0420 

5.8 

60.39 

3.770 

0.5039 

7.3 

1.0532 

7.2 

76.29 

4.763 

0.6367 

8.8 

1.0647 

8.7 

92.55 

5.778 

0.7724 

10.3 

1.0764 

10.1 

109.2 

6.815 

0.9110 

11.8 

1.0884 

11.6 

126.1 

7.875 

1.053 

13.3 

1 . 1008 

13.0 

143.5 

8.960 

1.198 

14.8 

1.1134 

14.5 

161.3 

10.07 

1.346 

16.3 

1 . 1263 

15.9 

179.5 

11.21 

1.498 

17.8 

1.1395 

17.4 

198.1 

12.37 

1.653 

19.2 

1.1529 

18.8 

217.1 

13.56 

1.812 

20.7 

1 . 1665 

20.3 

236.6 

14.77 

1.975 

22.2 

1.1805 

21.7 

256.5 

16.02 

2.141 

25.8 

1.216 

25.4 

308.3 

19.25 

2.573 

29.4 

1.254 

29.0 

363.4 

22.68 

3.032 

32.9 

1.293 

32.6 

421.5 

26.31 

3.517 

36.4 

1.335 

36.2 

483.5 

30.19 

4.035 

39.9 

1.379 

39.8 

549.4 

34.30 

4.585 

43.3 

1.426 

43.5 

619.8 

38.69 

5.172 

46.7 

1.475 

47.1 

694.5 

43.36 

5.796 

50.0 

1.526 

50.7 

773.8 

48.31 

6.458 

53.2 

1.579 

54.3 

857.9 

53.55 

7.159 

56.2 

1.633 

58.0 

946.4 

59.08 

7.898 

59.2 

1.689 

61.6 

1040 

64.92 

8.679 

62.0 

1.746 

65.2 

1138 

71.06 

9.500 

63.1 

1.770 

66.6 

1180 

73.64 

9.844 

64.2 

1.794 

68.1 

1222 

76.26 

10.19 

65.3 

1.819 

69.5 

1265 

78.97 

10.56 

66.4 

1.844 

71.0 

1309 

81.72 

10.92 

67.5 

1.870 

72.4 

1355 

84.57 

11.30 

1624 


POTASSIUM  BROMIDE 

Specific  Gravity  of  Aqueous  Potassium  Bromide  Solutions 

20° 

4° 


AT 


c. 


Be\ 


Sp.  gr. 


Per  cent 
KBr 


G.  per 

liter 


Lbs.  per 

cu.  ft. 


Lbs.  per 
gal. 


0.8 

1.8 

3.9 

5.9 

8.0 

10.0 

12.0 

14.0 

16.0 

18.0 

20.0 

22.0 

24.0 

25.9 

27.9 

29.9 

34.7 

39.5 


1.0054 

1 

1.0127 

2 

1.0275 

4 

1.0426 

6 

1.0581 

8 

1.0740 

10 

1.0903 

12 

1.1070 

14 

1.1242 

16 

1.1419 

18 

1.1601 

20 

1.1788 

22 

1.1980 

24 

1.2178 

26 

1.2383 

28 

1.2593 

30 

1.3147 

35 

1.3746 

40 

10.05 
20.25 
41.10 
62.56 
84.65 
107.4 
130.8 
155.0 
179.9 
205.5 
232.0 
259.3 
287.5 
316.6 
346.7 
377.8 
460.1 
549.8 


0.6276 

1.264 
2.566 
3.905 
5.284 
6.705 
8.168 
9.675 

11.23 

12.83 

14.48 

16.19 

17.95 

19.77 

21.64 

23.58 

28.73 

34.32 


0.0839 

0 . 1690 

0.3430 

0.5220 

0.7064 

0.8963 

1.092 

1.293 

1.501 

1.715 

1.936 

2.164 

2.399 

2,642 

2.893 

3.153 

3.840 

4.589 


POTASSIUM  CARBONATE 

Specific  Gravity  of  Aqueous  Potassium  Carbonate  Solu- 

20° 

4° 


TIONS    AT 


c. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2CO3 

liter 

cu.  ft. 

gal. 

1.0 

1.0072 

1 

10.07 

0.6288 

0.0841 

2.3 

1.0163 

2 

20.33 

1.269 

0.1696 

4.8 

1.0345 

4 

41.38 

2.583 

0.3453 

7.3 

1.0529 

6 

63.17 

3.944 

0.5272 

9.7 

1.0715 

8 

85.72 

5.351 

0.7154 

12.0 

1.0904 

10 

109.0 

6.807 

0.9100 

14.3 

1.1096 

12 

133.2 

8.312 

1.111 

16.6 

1.1291 

14 

158.1 

9.868 

1.319 

18.8 

1.1490 

16 

183.8 

11.48 

1.534 

21.0 

1.1692 

18 

210.5 

13.14 

1.756 

1625 


POTASSIUM  CARBONATE  (Continued) 
Specific  Gravity  of  Aqueous  Potassium  Carbonate  Solu- 

20° 

4° 


TIONS   AT 


C* 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2COs 

liter 

cu.  ft. 

gal. 

23.1 

1 . 1898 

20 

238.0 

14.86 

1.986 

25.2 

1.2107 

22 

266.4 

16.63 

2.223 

27.3 

1.2320 

24 

295.7 

18.46 

2.468 

29.3 

1.2536 

26 

325.9 

20.35 

2.720 

31.3 

1.2756 

28 

357.2 

22.30 

2.981 

33.3 

1.2979 

30 

389.4 

24.31 

3.249 

38.0 

1.3548 

35 

474.2 

29.60 

3.957 

42.5 

1.4141 

40 

565.6 

35.31 

4.720 

46.8 

1.4759 

45 

664.2 

41.46 

5.543 

50.9 

1.5404 

50 

770.2 

48.08 

6.427 

POTASSIUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Potassium  Chloride    Solu- 

20°  n* 

TIONS    AT   -jf    C. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

KC1 

liter 

cu.  ft. 

gal. 

0.7 

1.0046 

1 

10.05 

0.6271 

0.0838 

1.6 

1.0110 

2 

20.22 

1.262 

0.1687 

3.4 

1.0239 

4 

40.96 

2.557 

0.3418 

5.2 

1.0369 

6 

62.21 

3.884 

0.5192 

6.9 

1.0500 

8 

84.00 

5.244 

0.7010 

8.6 

1.0633 

10 

106.3 

6.638 

0.8874 

10.3 

1.0768 

12 

129.2 

8.067 

1.078 

12.0 

1.0905 

14 

152.7 

9.531 

1.274 

13.7 

1 . 1043 

16 

176.7 

11.03 

1.475 

15.4 

1.1185 

18 

201.3 

12.57 

1.680 

17.0 

1 . 1328 

20 

226.6 

14.14 

1.891 

18.6 

1 . 1474 

22 

252.4 

15.76 

2.107 

20.2 

1 . 1623 

24 

279.0 

17.41 

2.328 

1626 


POTASSIUM  CHROME  ALUM 

Specific   Gravity   of  Aqueous  Potassium   Chrome 

15° 
Solutions  at  -^-  C* 


Alum 


Be*. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2Cr2(S04)4 

liter 

cu.  ft. 

gal. 

1.0 

1.007 

1 

10.07 

0.6286 

0.0840 

2.3 

1.016 

2 

20.32 

1.269 

0.1696 

4.8 

1.034 

4 

41.36 

2.582 

0.3452 

7.2 

1.052 

6 

63.12 

3.940 

0.5267 

9.5 

1.070 

8 

85.60 

5.344 

0.7143 

11.9 

1.089 

10 

108.9 

6.798 

0.9088 

14.3 

1.109 

12 

133.1 

8.308 

1.111 

16.6 

1.12y 

14 

158.1 

9.867 

1.319 

18.9 

1.150 

16 

184.0 

11.49 

1.536 

21.2 

1.171 

18 

210.8 

13.16 

1.759 

23.5 

1.193 

20 

238.6 

14.90 

1.991 

25.8 

1.216 

22 

267.5 

16.70 

2.233 

28.0 

1.239 

24 

297.4 

18.56 

2.482 

30.2 

1.263 

26 

328.4 

20.50 

2.740 

32.5 

1.289 

28 

360.9 

22.53 

3.012 

34.7 

1.315 

30 

394.5 

24.63 

3.292 

40.2 

1.383 

35 

484.1 

30.22 

4.040 

45.4 

1.456 

40 

582.4 

36.36 

4.860 

50.4 

1.533 

45 

689.9 

43.07 

5.757 

55.2 

1.615 

50 

807.5 

50.41 

6.739 

m. 

Sp.  gr. 

Per  cent 

K2Cr2(S04)4 
+  24H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1.763 

17.76 

1.108 

0.1481 

2.3 

1.016 

3.527 

35.83 

2.237 

0.2991 

4.8 

1.034 

7.053 

72.93 

4.553 

0.6087 

7.2 

1.052 

10.58 

111.30 

6.948 

0.9287 

9.5 

1.070 

14.11 

150.9 

9.423 

1.260 

11.9 

1.089 

17.63 

192.0 

11.99 

1.603 

14.3 

1.109 

21.16 

234.7 

14.65 

1.958 

16.6 

1.129 

24.69 

278.7 

17.40 

2.326 

18.9 

1.150 

28.21 

324.4 

20.25 

2.708 

21.2 

1.171 

31.74 

371.7 

23.20 

3.102 

23.5 

1.193 

35.27 

420.7 

26.26 

3.511 

25.8 

1.216 

38.79 

471.7 

29.45 

3.937 

28.0 

1.239 

42.32 

524.3 

32.73 

4.376 

30.2 

1.263 

45.85 

579.0 

36.15 

4.832 

32.5 

1.289 

49.37 

636.4 

39.73 

5.311 

34.7 

1.315 

52.90 

695.3 

43.43 

5.805 

40.2 

1.383 

61.72 

853.5 

53.28 

7.123 

45.4 

1.456 

70.53 

1026.9 

64.11 

8.570 

50.4 

1.533 

79.35 

1216.4 

75.94 

10.15 

55.2 

1.615 

88.17 

1423.9 

88.89 

11.88 

1627 


POTASSIUM  CHROMATE 

Specific  Gravity  op  Aqueous  Potassium  Chromate  Solu- 
tions at  -^o    C* 


Be. 


Sp.  gr. 


Per  cent 
K2OO4 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 

2.1 

4.4 

6.6 

8.8 

11.0 

13.2 

15.3 

17.4 

19.5 

21.6 

23.6 

25.6 

27.6 

29.6 

31.6 


1.0066 

1 

1.0147 

2 

1.0311 

4 

1.0477 

6 

1.0647 

8 

1.0821 

10 

1.0999 

12 

1.1181 

14 

1.1366 

16 

1.1555 

18 

1.1748 

20 

1 . 1945 

22 

1.2147 

24 

1.2354 

26 

1.2566 

28 

1.2784 

30 

10.07 
20.29 
41.24 
62.86 
85.18 
108.2 
132.0 
156.5 
181.9 
208.0 
235.0 
262.8 
291.5 
321.2 
351.8 
383.5 


0.6284 

1.267 

2.575 

3.924 

5.317 

6.755 

8.240 

9.772 

11.35 

12.98 

14.67 

16.41 

18.20 

20.05 

21.96 

23.94 


0.0840 

0.1694 

0.3442 

0.5246 

0.7108 

0.9030 

1.101 

1.306 

1.518 

1.736 

1.961 

2.193 

2.433 

2.681 

2.936 

3.201 


Specific     Gravity    of    Potassium    Chromate     Solutions 
at  19.5°  C.  (Schiff) 


Be\ 

Sp.  gr. 

Per  cent 
K2Cr04 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.2 

1.0080 

1 

10.08 

0.6293 

0.0841 

2.3 

1.0161 

2 

20.32 

1.269 

0.1696 

3.4 

1.0243 

3 

30.73 

1.918 

0.2564 

4.6 

1.0325 

4 

41.30 

2.578 

0.3447 

5.7 

1.0408 

5 

52.04 

3.249 

0.4343 

6.8 

1.0492 

6 

62.95 

3.930 

0.5254 

7.9 

1.0576 

7 

74.03 

4.622 

0.6178 

9.0 

1.0663 

8 

85.30 

5.325 

0.7119 

10.1 

1.0750 

9 

96.75 

6.040 

0.8074 

11.2 

1.0837 

10 

108.4 

6.765 

0.9044 

12.3 

1.0925 

11 

120.2 

7.502 

1.003 

13.4 

1.1014 

12 

132.2 

8.251 

1.103 

14.4 

1.1104 

13 

144.4 

9.011 

1.205 

15.5 

1.1195 

14 

156.7 

9.784 

1.308 

1628 


POTASSIUM  CHROMATE  (Continued) 

Specific    Gravity    of    Potassium    Chromate    Solutions 
at  19.5°  C.  (Schiff) 


Be\ 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2Cr04 

liter 

cu.  ft. 

gal. 

16.5 

1.1287 

15 

169.3 

10.57 

1.413 

17.6 

1.1380 

16 

182.1 

11.37 

1.519 

18.6 

1.1474 

17 

195.1 

12.18 

1.628 

19.7 

1.1570 

18 

208.3 

13.00 

1.738 

20.7 

1.1667 

19 

221.7 

13.84 

1.850 

21.8 

1.1765 

20 

235.3 

14.69 

1.964 

22.8 

1.1864 

21 

249.1 

15.55 

2.079 

23.8 

1 . 1964 

22 

263.2 

16.43 

2.197 

24.8 

1.2066 

23 

277.5 

17.32 

2.316 

25.8 

1.2169 

24 

292.1 

18.23 

2.437 

26.9 

1.2274 

25 

306.9 

19.16 

2.561 

27.9 

1.2379 

26 

321.9 

20.09 

2.686 

28.9 

1.2485 

27 

337.1 

21.04 

2.813 

29.8 

1.2592 

28 

352.6 

22.01 

2.942 

30.8 

1.2700 

29 

368.3 

22.99 

3.074 

31.8 

1.2808 

30 

384.2 

23.99 

3.207 

32.8 

1.2921 

31 

400.6 

25.01 

3.343 

33.8 

1.3035 

32 

417.1 

26.04 

3.481 

34.7 

1.3151 

33 

434.0 

27.09 

3.622 

35.7 

1.3268 

34 

451.1 

28.16 

3.765 

36.7 

1.3386 

35 

468.5 

29.25 

3.910 

37.6 

1.3505 

36 

486.2 

30.35 

4.057 

38.6 

1.3625 

37 

504.1 

31.47 

4.207 

39.5 

1.3746 

38 

522.3 

32.61 

4.359 

40.4 

1.3868 

39 

540.9 

33.76 

4.514 

41.4 

1.3991 

40 

559.6 

34.94 

4.670 

POTASSIUM  DICHROMATE 

Specific    Gravity    of    Aqueous    Potassium     Dichromate 

20° 
Solutions  at  -j©   C.* 


Be\ 

Sp.  gr. 

Per  cent 
K2Cr207 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0052 

1 

10.05 

0.6275 

0.0839 

1.7 

1.0122 

2 

20.24 

1.264 

0.1689 

3.7 

1.0264 

4 

41.06 

2.563 

0.3426 

5.7 

1 ,0408 

6 

62.45 

3.898 

0.5211 

7.6 

1.0554 

8 

84.43 

5.271 

0.7046 

9.5 

1.0703 

10 

107.0 

6.682 

0.8932 

1629 


POTASSIUM  HYDROXIDE 

Specific    Gravity    op    Aqueous    Potassium    Hydroxide 

15° 
Solutions  at  -j^-  C* 


B6. 

Sp.gr. 

Per  cent 
KOH 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.2 

1.0083 

1 

10.08 

0.6295 

0.0841 

2.5 

1.0175 

2 

20.35 

1.270 

0.1698 

3.8 

1.0267 

3 

30.80 

1.923 

0.2570 

5.0 

1.0359 

4 

41.44 

2.587 

0.3458 

6.3 

1.0452 

5 

52.26 

3.262 

0.4361 

7.5 

1.0544 

6 

63.26 

3.949 

0.5280 

8.7 

1.0637 

7 

74.46 

4.648 

0.6214 

9.9 

1.0730 

8 

85.84 

5.359 

0.7164 

11.0 

1.0824 

9 

97.42 

6.081 

0.8130 

12.2 

1.0918 

10 

109.2 

6.816 

0.9111 

13.3 

1.1013 

11 

121.1 

7.563 

1.011 

14.5 

1.1108 

12 

133.3 

8.321 

1.112 

15.6 

1.1203 

13 

145.6 

9.092 

1.215 

16.7 

1.1299 

14 

158.2 

9.875 

1.320 

17.8 

1.1396 

15 

170.9 

10.67 

1.427 

18.8 

1 . 1493 

16 

183.9 

11.48 

1.535 

19.9 

1.1590 

17 

197.0 

12.30 

1.644 

20.9 

1 . 1688 

18 

210.4 

13.13 

1.756 

22.0 

1.1786 

19 

223.9 

13.98 

1.869 

23.0 

1 . 1884 

20 

237.7 

14.84 

1.983 

24.0 

1.1984 

21 

251.7 

15.71 

2.100 

25.0 

1.2083 

22 

265.8 

16.59 

2.218 

26.0 

1.2184 

23 

280.2 

17.49 

2.339 

27.0 

1.2285 

24 

294.8 

18.41 

2.461 

27.9 

1 . 2387 

25 

309.7 

19.33 

2.584 

28.9 

1 . 2489 

26 

324.7 

20.27 

2.710 

29.8 

1 . 2592 

27 

340.0 

21.22 

2.837 

30.8 

1.2695 

28 

355.5 

22.19 

2.966 

31.7 

1.2800 

29 

371.2 

23.17 

3.098 

32.6 

1.2905 

30 

387.2 

24.17 

3.231 

33.6 

1.3010 

31 

403.3 

25.18 

3.366 

34.5 

1.3117 

32 

419.7 

26.20 

3.503 

35.4 

1 . 3224 

33 

436.4 

27.24 

3.642 

36.2 

1.3331 

34 

453.3 

28.30 

3.783 

37.1 

1.3440 

35 

470.4 

29.37 

3.926 

38.0 

1.3549 

36 

487.8 

30.45 

4.070 

38.8 

1 . 3659 

37 

505.4 

31.55 

4.218 

39.7 

1.3769 

38 

523.2 

32.66 

4.366 

40.5 

1.3879 

39 

541.3 

33.79 

4.517 

41.4 

1.3991 

40 

559.6 

34.94 

4.670 

42.2 

1.4103 

41 

578.2 

36.10 

4.825 

43.0 

1.4215 

42 

597.0 

37.27 

4.982 

43.8 

1.4329 

43 

616.1 

38.46 

5.142 

44.6 

1.4443 

44 

635.5 

39.67 

5.303 

45.4 

1.4558 

45 

655.1 

40.90 

5.467 

46.2 

1.4673 

46 

675.0 

42.14 

5.633 

47.0 

1.4790 

47 

695.1 

43.39 

5.801 

47.7 

1.4907 

48 

715.5 

44.67 

5.971 

48.5 

1 . 5025 

49 

736.2 

45.96 

6.144 

49.2 

1.5143 

50 

757.2 

47.27 

6.319 

50.0 

1.5262 

51 

778.4 

48.59 

6.496 

50.7 

1.5382 

52 

799.9 

49.93 

6.675 

1630 


POTASSIUM  IODIDE 

Specific  Gravity  of  Aqueous  Potassium  Iodide  Solutions 

20°  c* 
40   c. 


AT 


Be. 

Sp.  gr. 

Per  cent 
KI 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0055 

1 

10.06 

0.6277 

0.0839 

1.9 

1.0130 

2 

20.26 

1.265 

0.1691 

4.0 

1.0281 

4 

41.12 

2.567 

0.3432 

6.1 

1.0437 

6 

62.62 

3.909 

0.5226 

8.2 

1.0597 

8 

84.78 

5.292 

0.7075 

10.3 

1.0761 

10 

107.6 

6.718 

0.8980 

12.3 

1.0930 

12 

131.2 

8.188 

1.095 

14.4 

1.1104 

14 

155.5 

9.705 

1.297 

16.5 

1 . 1284 

16 

180.5 

11.27 

1.507 

18.6 

1.1469 

18 

206.4 

12.89 

1.723 

20.6 

1.1660 

20 

233.2 

14.56 

1.946 

23.7 

1.1857 

22 

260.9 

16.28 

2.177 

24.8 

1.2060 

24 

289.4 

18.07 

2.415 

26.8 

1.2270 

26 

319.0 

19.92 

2.662 

28.9 

1.2487 

28 

349.6 

21.83 

2.918 

30.9 

1.2712 

30 

381.4 

23.81 

3.183 

36.0 

1.3308 

35 

465.8 

29.08 

3.887 

41.1 

1.3959 

40 

558.4 

34.86 

4.660 

46.2 

1.4672 

45 

660.2 

41.22 

5.510 

51.2 

1.5458 

50 

772.9 

48.25 

6.450 

56.2 

1.6327 

55 

898.0 

56.06 

7.494 

1631 


POTASSIUM  NITRATE 
Specific  Gravity  of  Aqueous  Potassium  Nitrate  Solutions 

20° 

4° 


AT 


c. 


R£ 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

KNOa 

liter 

cu.  ft. 

gal. 

0.6 

1.0045 

1 

10.05 

0.6271 

0.0838 

1.5 

1.0108 

2 

20.22 

1.262 

0.1687 

3.3 

1.0234 

4 

40.94 

2.556 

0.3416 

5.1 

1.0363 

6 

62.18 

3.882 

0.5189 

6.8 

1.0494 

8 

83.95 

5.241 

0.7006 

8.6 

1.0627 

10 

106.3 

6.634 

0.8868 

10.3 

1.0762 

12 

129.1 

8.062 

1.078 

12.0 

1.0899 

14 

152.6 

9.525 

1.273 

13.7 

1 . 1039 

16 

176.6 

11.03 

1.474 

15.3 

1.1181 

18 

201.3 

12.56 

1.680 

17.0 

1.1326 

20 

226.5 

14.14 

1.890 

18.6 

1 . 1473 

22 

252.4 

15.76 

2.106 

20.2 

1.1623 

24 

279.0 

17.41 

2.328 

POTASSIUM  SULFATE 
Specific  Gravity  of  Aqueous  Potassium  Sulfate  Solutions 

20° 

4° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2SO4 

liter 

cu.  ft. 

gal. 

0.9 

1.0063 

1 

10.06 

0.6282 

0.0840 

2.1 

1.0145 

2 

20.29 

1.267 

0 . 1693 

4.4 

1.0310 

4 

41.24 

2.574 

0.3442 

6.6 

1.0477 

6 

62.86 

3.924 

0.5246 

8.8 

1.0646 

8 

85.17 

5.317 

0.7107 

11.0 

1.0817 

10 

108.17 

6.753 

0.9027 

1632 


POTASSIUM  TARTRATE 

Specific  Gravity  of  Aqueous  Potassium  Tartrate    Solu- 

20° 


tions 


at  ^  a* 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

K2C4H4O6 

liter 

cu.  ft. 

gal. 

0.7 

1.0048 

1 

10.05 

0.6273 

0.0839 

1.6 

1.0114 

2 

20.23 

1.263 

0.1688 

3.5 

1.0248 

4 

40.99 

2.559 

0.3421 

5.4 

1.0383 

6 

62.30 

3.889 

0.5199 

7.2 

1.0519 

8 

84.15 

5.253 

0.7023 

8.9 

1.0657 

10 

106.6 

6.653 

0.8894 

10.7 

1.0798 

12 

129.6 

8.089 

1.081 

12.5 

1.0941 

14 

153.2 

9.562 

1.278 

14.2 

1.1087 

16 

177.4 

11.07 

1.480 

16.0 

1.1236 

18 

202.3 

12.63 

1.688 

17.7 

1.1387 

20 

227.7 

14.22 

1.901 

19.4 

1.1540 

22 

253.9 

15.85 

2.119 

21.0 

1.1696 

24 

280.7 

17.52 

2.343 

22.7 

1 . 1855 

26 

308.2 

19.24 

2.572 

24.3 

1.2017 

28 

336.5 

21.01 

2.808 

26.0 

1.2181 

30 

365.4 

22.81 

3.050 

30.0 

1.2606 

35 

441.2 

27.54 

3.682 

33.9 

1.3051 

40 

522.0 

32.59 

4.357 

37.7 

1.3516 

45 

608.2 

37.97 

5.076 

41.4 

1.4001 

50 

700.1 

43.70 

5.842 

Be. 

Sp.  gr. 

Per  cent 

K2C4H406 

+  *H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.7 

1.0048 

1.040 

10.45 

0.6522 

0 . 0872 

1.6 

1.0114 

2.080 

21.03 

1.313 

0.1755 

3.5 

1.0248 

4.159 

42.62 

2.661 

0.3557 

5.4 

1.0383 

6.239 

64.78 

4.044 

0 . 5406 

7.2 

1.0519 

8.319 

87.50 

5.462 

0.7302 

8.9 

1.0657 

10.40 

110.8 

6.918 

0.9247 

10.7 

1.0798 

12.48 

134.7 

8.411 

1.124 

12  5 

1.0941 

14.56 

159.3 

9.943 

1.329 

14.2 

1 . 1087 

16.64 

184.5 

11.52 

1.539 

16.0 

1.1236 

18.72 

210.3 

13.13 

1.755 

17.7 

1.1387 

20.80 

236.8 

14.78 

1.976 

19.4 

1 . 1540 

22.88 

264.0 

16.48 

2.203 

21.0 

1.1696 

24.96 

291.9 

18.22 

2.436 

22.7 

1 . 1855 

27.03 

320.5 

20.01 

2.675 

24.3 

1.2017 

29.12 

349.9 

21.84 

2.920 

26.0 

1.2181 

31.19 

380.0 

23.72 

3.171 

30.0 

1.2606 

36.39 

458.8 

28.64 

3.829 

33.9 

1.3051 

41.59 

542.8 

33.89 

4.530 

37.7 

1.3516 

46.79 

632.4 

39.48 

5.278 

41.4 

1.4001 

51.99 

727.9 

45.44 

6.075 

1633 


SODIUM  ARSENATE 

Specific  Gravity  of  Aqueous  Di-sodium  Arsenate   Solu 

14° 
—  C  * 


TIONS    AT 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2HAs04 

liter 

cu.  ft. 

gal. 

1.2 

1.0083 

1 

10.08 

0.6295 

0.0841 

2.5 

1.0175 

2 

20.35 

1.270 

0.1698 

5.1 

1.0365 

4 

41.46 

2.588 

0.3460 

7.7 

1.0563 

6 

63.38 

3.957 

0.5289 

10.3 

1.0768 

8 

86.14 

5.378 

0.7189 

12.9 

1.0980 

10 

109.8 

6.854 

0.9163 

15.5 

1.1197 

12 

134.4 

8.388 

1.121 

18.0 

1.1419 

14 

159.9 

9.980 

1.334 

20.5 

1 . 1645 

16 

186.3 

11.63 

1.555 

Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2HAs04 

liter 

cu.  ft. 

gal. 

1.2 

1.0083 

2.163 

21.80 

1.361 

0.1819 

2.5 

1.0175 

4.325 

44.01 

2.747 

0.3672 

5.1 

1.0365 

8.650 

89.66 

5.597 

0.7482 

7.7 

1.0563 

12.98 

137.1 

8.556 

1.144 

10.3 

1.0768 

17.30 

186.3 

11.63 

1.555 

12.9 

1.0980 

21.63 

237.4 

14.82 

1.982 

15.5 

1.1197 

25.95 

290.6 

18.14 

2.425 

18.0 

1.1419 

30.28 

345.7 

21.58 

2.885 

20.5 

1 . 1645 

34.60 

402.9 

25.15 

3.363 

1634 


SODIUM  ARSENATE 
Specific   Gravity  of  Aqueous  Di-sodium  Arsenate  Solu- 
tions at  14°  C.  (Schiff) 


Be\ 

Sp.  gr. 

Per  cent 
Na2HAs04 
+  12H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.6 

1.0042 

1 

10.04 

0.6269 

0.0838 

1.2 

1.0084 

2 

20.17 

1.259 

0 . 1683 

1.8 

1.0126 

3 

30.38 

1.896 

0.2535 

2.4 

1.0168 

4 

40.67 

2.539 

0.3394 

3.0 

1.0212 

5 

51.06 

3.188 

0.4261 

3.6 

1.0256 

6 

61.54 

3.842 

0.5135 

4.2 

1.0300 

7 

72.10 

4.501 

0.6017 

4.8 

1.0344 

8 

82.75 

5.166 

0.6906 

5.4 

1.0389 

9 

93.50 

5.837 

0.7803 

6.0 

1.0434 

10 

104.3 

6.514 

0.8707 

6.6 

1.0479 

11 

115.3 

7.196 

0.9619 

7.2 

1.0525 

12 

126.3 

7.885 

1.054 

7.8 

1.0571 

13 

137.4 

8.579 

1.147 

8.4 

1.0618 

14 

148.7 

9.280 

1.241 

9.0 

1.0665 

15 

160.0 

9.987 

1.335 

9.6 

1.0712 

16 

171.4 

10.70 

1.430 

10.2 

1.0759 

17 

182.9 

11.42 

1.526 

10.8 

1.0807 

18 

194.5 

12.14 

1.623 

11.4 

1.0855 

19 

206.2 

12.88 

1.721 

12.0 

1.0904 

20 

218.1 

13.61 

1.820 

12.6 

1.0953 

21 

230.0 

14.36 

1.920 

13.2 

1 . 1002 

22 

242.0 

15.11 

2.020 

13.8 

1 . 1052 

23 

254.2 

15.87 

2.121 

14.4 

1.1102 

24 

266.4 

16.63 

2.224 

15.0 

1.1153 

25 

278.8 

17.41 

2.327 

15.6 

1.1204 

26 

291.3 

18.19 

2.431 

16.2 

1.1255 

27 

303.9 

18.97 

2.536 

16.8 

1 . 1306 

28 

316.6 

19.76 

2.642 

17.3 

1 . 1358 

29 

329.4 

20.56 

2.749 

17.9 

1.1410 

30 

342.3 

21.37 

2.857 

18.5 

1 . 1463 

31 

355.4 

22.18 

2.965 

19.1 

1.1516 

32 

368.5 

23.01 

3.075 

19.7 

1.1569 

33 

381.8 

23.83 

3.186 

20.2 

1 . 1623 

34 

395.2 

24.67 

3.298 

20.8 

1.1677 

35 

408.7 

25.51 

3.411 

21.4 

1.1731 

36 

422.3 

26.36 

3.524 

22.0 

1.1786 

37 

436.1 

27.22 

3.639 

22.5 

1.1838 

38 

449.1 

28.03 

3.748 

23.1 

1.1896 

39 

464.0 

28.96 

3.872 

23.7 

1.1952 

40 

478.1 

29.85 

3.990 

1635 


SODIUM  ARSENATE 

Specific  Gravity  op  Aqueous  Tri-sodium  Arsenate  Solu« 

17° 

TIONS    AT  -^o-    C* 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na3As04 

liter 

cu.  ft. 

gal. 

1.4 

1.0097 

1 

10.10 

0.6303 

0.0843 

2.9 

1.0207 

2 

20.41 

1.274 

0.1704 

6.0 

1.0431 

4 

41.72 

2.605 

0.3482 

9.0 

1.0659 

6 

63.95 

3.992 

0.5337 

11.9 

1.0892 

8 

87.14 

5.440 

0.7272 

14.7 

1.1130 

10 

111.3 

6.948 

0.9288 

17.5 

1.1373 

12 

136.5 

8.520 

1.1389 

Bl 

Sp.  gr. 

Per  cent 
Na3As04 
+  12H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.4 

1.0097 

2.040 

20.59 

1.286 

0.1719 

2.9 

1.0207 

4.079 

41.64 

2.599 

0.3475 

6.0 

1.0431 

8.158 

85.10 

5.313 

0.7102 

9.0 

1.0659 

12.237 

130.4 

8.143 

1.089 

11.9 

1.0892 

16.317 

177.7 

11.09 

1.483 

14.7 

1.1130 

20.396 

227.0 

14.17 

1.894 

17.5 

1 . 1373 

24.4752 

278.4 

17.38 

2.323 

Specific  Gravity  of  Aqueous  Tri-sodium  Arsenate  Solu- 
tions at  17°  C.   (Schiff) 


Be1. 

Sp.  gr. 

Per  cent 
Na3As04 
+  I2H2O 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0053 

1 

10.05 

0.6276 

0.0839 

1.5 

1.0107 

2 

20.21 

1.262 

0.1687 

2.3 

1.0161 

3 

30.48 

1.903 

0.2544 

3.1 

1.0215 

4 

40.86 

2.551 

0.3410 

3.8 

1.0270 

5 

51.35 

3,206 

0.4285 

4.6 

1.0325 

6 

61.95 

3.867 

0.5170 

5.3 

1.0380 

7 

72.66 

4.536 

0.6064 

1636 


SODIUM  ARSENATE  (Continued) 

Specific  Gravity  of  Aqueous  Tri-sodium  Arsenate  Solu- 
tions at  17°  C.   (Schiff) 


Be\ 


Sp.  gr. 


Per  cent 
Na3AsO< 
+  12H20 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


6.0 

6.8 

7.5 

8.3 

9.0 

9.7 

10.4 

11.1 

11.8 

12.5 

13.2 

13.9 

14.6 

15.3 

16.0 


1.0435 

8 

1.0491 

9 

1.0547 

10 

1.0603 

11 

1.0659 

12 

1.0716 

13 

1.0773 

14 

1.0830 

15 

1.0887 

16 

1.0945 

17 

1 . 1003 

18 

1.1061 

19 

1.1120 

20 

1.1179 

21 

1 .  1238 

22 

83.48 
94.42 


105.5 

116.6 

127.9 

139.3 

150.8 

162 

174 

186 

198 

210 

222 

234.8 

247.2 


5.211 
5.894 
6.584 
7.281 
7.985 
8.697 
9.415 
10.14 
10.87 
11.62 
12.36 
13.12 
13.88 
14.66 
15.43 


0.6967 

0.7880 

0.8802 

0.9733 

1.067 

1.163 

1.259 

1.356 

1.454 

1.553 

1.653 

1.754 

1.856 

1.959 

2.063 


SODIUM  BROMIDE 

Specific  Gravity  of  Aqueous  Sodium  Bromide    Solutions 

20° 

4° 


AT 


C. 


Be. 


Sp.  gr. 


Per  cent 
NaBr 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0 

2 

4 

6 

8.6 
10.8 
13.0 
15.1 
17.3 
19.4 
21.5 
23.7 
25.8 
27.9 
30.0 
32.1 
37.3 
42.4 


1.0060 

1 

1.0139 

2 

1.0298 

4 

1.0462 

6 

1.0631 

8 

1.0803 

10 

1.0981 

12 

1.1164 

14 

1 . 1352 

16 

1 . 1546 

18 

1.1745 

20 

1.1951 

22 

1.2163 

24 

1.2382 

26 

1.2608 

28 

1.2841 

30 

1.3462 

35 

1.4138 

10 

10.06 
20.28 
41.19 
62.77 
85.05 
108.0 
131.8 
156.3 
181.6 
207.8 
234.9 
262.9 
291.9 
321.9 
353.0 
385.2 
471.2 
565.5 


0.6280 
1.266 
2.571 
3.919 


5.309 
6.744 
8.226 
9.757 
11.34 
12.97 
14.66 
16.41 
18.22 
20.10 
22.04 
24.05 
29.41 
35.30 


0.0840 

0 . 1692 

0.3438 

0.5238 

0.7097 

0.9015 

1.100 

1.304 

1.516 

1.734 

1.960 

2.194 

2.436 

2.687 

2.946 

3.215 

3.932 

4.719 


1637 


SODIUM  CARBONATE 

Specific  Gravity  op  Aqueous  Sodium  Carbonate  Solutions 

at  -g-  C* 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2C03 

liter 

cu.  ft. 

gal. 

1.2 

1.0086 

1 

10.09 

0.6296 

0.0842 

2.7 

1.0190 

2 

20.38 

1.272 

0.1701 

5.6 

1.0398 

4 

41.59 

2.596 

0.3471 

8.3 

1.0606 

6 

63.64 

3.973 

0.5311 

10.9 

1.0816 

8 

86.53 

5.402 

0.7221 

13.5 

1 . 1029 

10 

110.3 

6.885 

0.9204 

16.0 

1 . 1244 

12 

134.9 

8.423 

1.126 

18.5 

1.1463 

14 

160.5 

10.02 

1.339 

Be. 

Sp.  gr. 

Per  cent 
Na2C03 
+  IOH2O 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.2 

1.0086 

2.70 

27.23 

1.700 

0.2272 

2.7 

1.0190 

5.40 

55.02 

3.435 

0.4592 

5.6 

1.0398 

10.80 

112.3 

7.010 

0.9370 

8.3 

1.0606 

16.20 

171.8 

10.72 

1.434 

10.9 

1.0816 

21.60 

233.6 

14.58 

1.949 

13.5 

1 . 1029 

27.00 

297.7 

18.59 

2.485 

16.0 

1.1244 

32.40 

364.3 

22.74 

3.040 

18.5 

1 . 1463 

37.80 

433.3 

27.05 

3.616 

1638 


SODIUM  CHLORIDE 

Specific  Gravity  of  Aqueous  Sodium  Chloride  Solutions 

4° 


AT 


c. 


B6. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

NaCl 

liter 

cu.  ft. 

gal. 

0.8 

1.0053 

1 

10.05 

0.6276 

0.0839 

1.8 

1.0125 

2 

20.25 

1.264 

0 . 1690 

3.8 

1.0268 

4 

41.07 

2.564 

0.3428 

5.8 

1.0413 

6 

62.48 

3.900 

0.5214 

7.7 

1.0559 

8 

84.47 

5.273 

0.7049 

9.6 

1.0707 

10 

107.1 

6.684 

0.8935 

11.5 

1.0857 

12 

130.3 

8.133 

1.087 

13.3 

1 . 1009 

14 

154.1 

9.622 

1.286 

15.1 

1.1162 

16 

178.6 

11.15 

1.490 

16.9 

1.1319 

18 

203.7 

12.72 

1.700 

18.7 

1.1478 

20 

229.6 

14.33 

1.916 

20.4 

1.1640 

22 

256.1 

15.99 

2.137 

22.2 

1 . 1804 

24 

283.3 

17.69 

2.364 

23.9 

1 . 1972 

26 

311.3 

19.43 

2.598 

SODIUM  CHROMATE 

Specific  Gravity  of  Aqueous  Sodium  Chromate  Solutions 

18^ 

4° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2Cr04 

liter 

cu.  ft. 

gal. 

1.1 

1.0074 

1 

10.07 

0.6289 

0.0841 

2.3 

1 

0163 

2 

20.33 

1.269 

0 . 1696 

4.8 

1 

0344 

4 

41.38 

2.583 

0.3453 

7.3 

1 

0529 

6 

63.17 

3.944 

0.5272 

9.7 

1 

0718 

8 

85.74 

5.353 

0.7156 

12.1 

1 

0912 

10 

109 . 1 

6.812 

0.9106 

14.5 

1 

1110 

12 

133.3 

8.323 

1.113 

16.8 

1 

1312 

14 

158.4 

9.886 

1.322 

19.1 

1 

1518 

16 

184.3 

11.50 

1.538 

21.4 

1 

1728 

18 

211.1 

13.18 

1.762 

23.6 

1 

1942 

20 

238.8 

14.91 

1.993 

25.8 

1 

2160 

22 

267.5 

16.70 

2.233 

27.9 

1 

2383 

24 

297.2 

18.55 

2.480 

30.0 

1 

2611 

26 

327.9 

20.47 

2.736 

1639 


SODIUM  DICHROMATE 

Specific  Gravity  op  Aqueous  Sodium  Dichromate  Solu- 

15° 


TIONS    AT 


c. 


Be. 


Sp.  gr. 


Per  cent 
Na2Cr207 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.9 

1.9 

3.8 

5.7 

7.7 

9.5 

11.2 

12.9 

14.6 

16.2 

17.8 

19.2 

20.6 

22.0 

23.5 

24.9 

28.4 

31.6 

34.5 

37.0 


1.006 

1 

1.013 

2 

1.027 

4 

1.041 

6 

1.056 

8 

1.070 

10 

1.084 

12 

1.098 

14 

1.112 

16 

1.126 

18 

1.140 

20 

1.153 

22 

1.166 

24 

1.179 

26 

1.193 

28 

1.207 

30 

1.244 

35 

1.279 

40 

1.312 

45 

1.342 

50 

10.06 
20.26 
41.08 
62.46 
84.48 
107.0 
130.1 
153.7 
177.9 
202.7 
228.0 
253.7 
279.8 
306.5 
334.0 
362.1 
435.4 
511.6 
590.4 
671.0 


0.6280 
1.265 
565 
899 
274 
680 
8.121 
9.596 
11 


11 

12.65 

14.23 

15.84 

17.47 

19.14 

20.85 

22.60 

27.18 

31.94 

36.86 

41.89 


0.0840 

0.1691 

0.3428 

0.5212 

0.7050 

0.8929 

1.086 

1.283 

1.485 

1.691 

1.903 

2.117 

2.335 

2.558 

2.788 

3.022 

3.634 

4.269 

4.927 

5.600 


1640 


SODIUM  HYDROXIDE 
Specific  Gravity  of  Aqueous  Sodium  Hydroxide  Solutions 

at  t~    C* 


Be. 

Sp.  gr. 

Per  cent 
NaOH 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.4 

1.0095 

1 

10.10 

0.6302 

0.0842 

2.9 

1.0207 

2 

20.41 

1.274 

0 . 1704 

4.5 

1.0318 

3 

30.95 

1.932 

0.2583 

6.0 

1.0428 

4 

41.71 

2.604 

0.3481 

7.4 

1.0538 

5 

52.69 

3.289 

0.4397 

8.8 

1.0648 

6 

63.89 

3.988 

0.5332 

10.2 

1.0758 

7 

75.31 

4.701 

0.6284 

11.6 

1.0869 

8 

86.95 

5.428 

0.7256 

12.9 

1.0979 

9 

98.81 

6.168 

0.8246 

14.2 

1.1089 

10 

110  9 

6.923 

0.9254 

16.8 

1.1309 

12 

135.7 

8.472 

1.133 

19.2 

1.1530 

14 

161.4 

10.08 

1.347 

21.6 

1.1751 

16 

188.0 

11.74 

1.569 

23.9 

1 .  1972 

18 

215.5 

13.45 

1.798 

26.1 

1.2191 

20 

243.8 

15.22 

2.035 

28.2 

1.2411 

22 

273.0 

17.05 

2.279 

30.2 

1.2629 

24 

303.1 

18.92 

2.529 

32.1 

1.2848 

26 

334.0 

20.85 

2.788 

34.0 

1.3064 

28 

365.8 

22.84 

3.053 

35.8 

1.3279 

30 

398.4 

24.87 

3.324 

37.6 

1.3490 

32 

431.7 

26.95 

3.602 

39.1 

1.3696 

34 

465.7 

29.07 

3.886 

40.7 

1.3900 

36 

500.4 

31.24 

4.176 

42.2 

1.4101 

38 

535.8 

33.45 

4.472 

43.6 

1.4300 

40 

572.0 

35.71 

4.773 

45.0 

1.4494 

42 

608.7 

38.00 

5.080 

46.3 

1.4685 

44 

646.1 

40.34 

5.392 

47.5 

1.4873 

46 

684.2 

42.71 

5.709 

48.8 

1.5065 

48 

723.1 

45.14 

6.035 

49.9 

1.5253 

50 

762.7 

47.61 

6.364 

1641 


SODIUM  NITRATE 

Specific   Gravity  op  Aqueous  Sodium  Nitrate  Solutions 

20° 

4° 


AT 


C. 


Be\ 


Sp.  gr. 


Per  cent 
NaNOa 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.7 

1.7 

3.6 

5.5 

7.3 

9.2 

11.0 

12.8 

14.6 

16.4 

18.1 

19.9 

21.6 

23.3 

25.0 

26.7 

30.8 

34.9 

39.0 


1.0049 

1 

1.0117 

2 

1.0254 

4 

1.0392 

6 

1.0532 

8 

1.0674 

10 

1.0819 

12 

1.0967 

14 

1.1118 

16 

1 . 1272 

18 

1.1429 

20 

1 . 1589 

22 

1.1752 

24 

1.1917 

26 

1.2085 

28 

1.2256 

30 

1.2701 

35 

1.3175 

40 

1.3683 

45 

10.05 
20.23 
41.02 
62.35 
84.26 
106.7 
129.8 
153.5 
177.9 
202.9 
228.6 
255.0 
282.0 
309.8 
338.4 
367.7 
444.5 
527.0 
615.7 


0.6273 

1.263 

2.561 

3.892 

5.260 

6.663 

8.105 

9.585 

11.11 

12.67 

14.27 

15.92 

17.61 

19.34 

21.12 

22.95 

27.75 

32.90 

38.44 


0.0839 

0.1689 

0.3423 

0.5203 

0.7031 

0.8908 

1.083 

1.281 

1.485 

1.693 

1.908 

2.128 

2.354 

2.586 

2.824 

3.068 

3.710 

4.398 

5.138 


SODIUM  NITRITE 

Specific  Gravity  of  Aqueous  Sodium  Nitrite    Solutions 

15° 
4° 


AT 


c* 


Be. 


Sp.  gr. 


Per  cent 

NaNQ2 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.8 

1.8 

3.7 

5.5 

7.4 

9.2 

10.9 

12.7 

14.4 

16.1 

17.7 


1.0058 

1 

1.0125 

2 

1.0260 

4 

1.0397 

6 

1.0535 

8 

1.0675 

10 

1.0816 

12 

1.0959 

14 

1.1103 

16 

1 . 1248 

18 

1 . 1394 

20 

10.06 
20.25 
41.04 
62.38 
84.28 
106.8 
129.8 
153.4 
177.6 
202.5 
227.9 


0 

.6279 

1 

.264 

2 

.562 

3 

.894 

5 

.261 

6 

.664 

8 

.103 

9 

.578 

11 

.09 

12 

.64 

14 

.23 

0.0839 

0 . 1690 

0.3425 

0.5206 

0.7033 

0.8909 

1.083 

1.280 

1.483 

1.690 

1.902 


1642 


SODIUM  POTASSIUM  TARTRATE 
Specific  Gravity  of  Aqueous  Sodium  Potassium  Tartrate 

20° 


(Rochelle  Salt)  Solutions  at 


C. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

NaKC4H406 

liter 

cu.  ft. 

gal. 

0.7 

1.0049 

1 

10.05 

0.6273 

0.0839 

1.7 

1.0116 

2 

20.23 

1.263 

0.1688 

3.6 

1.0252 

4 

41.01 

2.560 

0.3422 

5.4 

1.0390 

6 

62.34 

3.892 

0 . 5202 

7.3 

1.0530 

8 

84.24 

5.259 

0.7030 

9.1 

1.0673 

10 

106.7 

6.663 

0.8907 

11.0 

1.0818 

12 

129.8 

8.104 

1.083 

12.8 

1.0965 

14 

153.5 

9.583 

1.281 

14.5 

1.1114 

16 

177.8 

11.10 

1.484 

16.3 

1.1265 

18 

202.8 

12.66 

1.692 

18.0 

1.1419 

20 

228.4 

14.26 

1.906 

19.7 

1.1576 

22 

254.7 

15.90 

2.125 

21.4 

1 . 1735 

24 

281.6 

17.58 

2.350 

23.1 

1.1896 

26 

309.3 

19.31 

2.581 

24.8 

1 . 2059 

28 

337.7 

21.08 

2.818 

26.4 

1.2225 

30 

366.8 

22.90 

3.061 

28.0 

1 . 2394 

32 

396.6 

24.76 

3.310 

29.6 

1 . 2566 

34 

427.2 

26.67 

3.565 

31.2 

1 . 2742 

36 

458.7 

28.64 

3.828 

Be. 


Sp.  gr. 


Per  cent 

NaKC4H40< 

+  4H2Q 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lb.  per 
gal. 


0.7 

1.0049 

1.343 

13.50 

0.8425 

0.1127 

1.7 

1.0116 

2.686 

27.17 

1.696 

0.2267 

3.6 

1.0252 

5.372 

55.07 

3.438 

0.4596 

5.4 

1.0390 

8.058 

83.72 

5.227 

0.6986 

7.3 

1.0530 

10.74 

113.1 

7.063 

0.9441 

9.1 

1.0673 

13.43 

143.3 

8.948 

1.196 

11.0 

1.0818 

16.12 

174.3 

10.88 

1.455 

12.8 

1.0965 

18.80 

206.2 

12.87 

1.721 

14.5 

1.1114 

21.49 

238.8 

14.91 

1.993 

16.3 

1.1265 

24.17 

272.3 

17.00 

2.273 

18.0 

1.1419 

26.86 

306.7 

19.15 

2.560 

19.7 

1.1576 

29.55 

342.0 

21.35 

2.854 

21.4 

1.1735 

32.23 

378.2 

23.61 

3.157 

23.1 

1.1896 

34.92 

415.4 

25.93 

3.466 

24.8 

1 . 2059 

37.60 

453.5 

28.31 

3.784 

26.4 

1.2225 

40.29 

492.5 

30.75 

4.110 

28.0 

1.2394 

42.98 

532.6 

33.25 

4.445 

29.6 

1 . 2566 

45.66 

573.8 

35.82 

4.788 

31.2 

1 . 2742 

48.35 

616.1 

38.46 

5.141 

1643 


SODIUM  SILICATE 

Specific  Gravity  of  Aqueous  Sodium  Silicate  Solutions 

20°  p* 


AT 


Be\ 


Sp.  gr. 


Per  cent 
Na20  + 
3.9Si02 


G.  per 
liter 


Lbs.  per 

CU;  ft. 


Lbs.  per 
gal. 


0.9 

2.0 

4.2 

6.4 

8.6 

10.7 

12.9 

14.6 

17.1 

19.2 

21.3 

23.3 

25.3 

27.3 

29.3 

31.3 

33.3 


1.006 

1 

1.014 

2 

1.030 

4 

1.046 

6 

1.063 

8 

1.080 

10 

1.098 

12 

1.116 

14 

1.134 

16 

1.153 

18 

1.172 

20 

1.191 

22 

1.211 

24 

1.232 

26 

1.253 

28 

1.275 

30 

1.298 

32 

10.06 
20.28 
41.20 
62.76 
85.04 
108.0 
131.8 
156.2 
181.4 
207.5 
234.4 
262.0 
290.6 
320.3 
350.8 
382.5 
415.4 


0.6280 

1 

.266 

2 

.572 

3 

.918 

5 

.309 

6 

.742 

8.225 

9 

.754 

11 

.33 

12 

.96 

14 

63 

16 

36 

18 

14 

20 

00 

21 

90 

23 

88 

25 

93 

0.0840 

0.1692 

0.3438 

0.5237 

0.7097 

0.9013 

1.100 

1.304 

1.514 

1.732 

1.956 

2.187 

2.425 

2.673 

2.928 

3.192 

3.466 


Be. 

Sp.  gr. 

Per  cent 
Na20  + 
3.36Si02 

G.  per 

liter 

Lbs.  per 
cu.  it. 

Lbs.  per 
gal. 

0.9 

1.006 

1 

10.06 

0.6280 

0.0840 

2.0 

1.014 

2 

20.28 

1.266 

0 . 1692 

4.2 

1.030 

4 

41.20 

2.572 

0.3438 

6.5 

1.047 

6 

62.82 

3.922 

0.5243 

8.9 

1.065 

8 

85.20 

5.319 

0.7110 

11.1 

1.083 

10 

108.3 

6.761 

0.9038 

13.3 

1.101 

12 

132.1 

8.248 

1.103 

15.5 

1.120 

14 

156.8 

9.789 

1.309 

17.7 

1.139 

16 

182.2 

11.38 

1.521 

19.9 

1.159 

18 

208.6 

13.02 

1.741 

22.0 

1.179 

20 

235.8 

14.72 

1.968 

24.2 

1.200 

22 

264.0 

16.48 

2.203 

26.3 

1.222 

24 

293.3 

18.31 

2.447 

28.4 

1.244 

26 

323.4 

20.19 

2.699 

30.6 

1.267 

28 

354.8 

22.15 

2.961 

32.6 

1.290 

30 

387.0 

24.16 

3.230 

34.7 

1.314 

32 

420.5 

26.25 

3.509 

36.7 

1.339 

34 

455.3 

28.42 

3.799 

38.8 

1.365 

36 

491.4 

30.68 

4.101 

40.9 

1.393 

38 

529.3 

33.05 

4.417 

1644 


SODIUM  SILICATE 
Specific  Gravity  of  Aqueous  Sodium  Silicate  Solutions 

2CP 

4° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 
Na20  + 
2.40SiO2 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1 

10.07 

0.6286 

0.0840 

2.3 

1.016 

2 

20.32 

1.269 

0 . 1696 

4.8 

1.034 

4 

41.36 

2.582 

0.3452 

7.2 

1.052 

6 

63.12 

3.940 

0.5268 

9.6 

1.071 

8 

85.68 

5.349 

0.7150 

12.0 

1.090 

10 

109.0 

6.805 

0.9096 

14.4 

1.110 

12 

133.2 

8.315 

1.112 

16.7 

1.130 

14 

158.2 

9.876 

1.320 

19.0 

1.151 

16 

184.2 

11.50 

1.537 

Be\ 

Sp.  gr. 

Per  cent 
Na20  + 
2.44Si02 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

32.2 

1.285 

28 

359.8 

22.46 

3.003 

34.2 

1.309 

30 

392.7 

24.52 

3.277 

36.3 

1.334 

32 

426.9 

26.65 

3.562 

38.4 

1.360 

34 

462.4 

28.87 

3.859 

40.5 

1.387 

36 

499.3 

31.17 

4.167 

42.5 

1.415 

38 

537.7 

33.57 

4.487 

44.7 

1.445 

40 

578.0 

36.08 

4.824 

Be. 

Sp.  gr. 

Per  cent 
Na20  + 
2.06SiO2 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1 

10.07 

0.6286 

0.0840 

2.3 

1.016 

2 

20.32 

1.269 

0.1696 

4.9 

1.035 

4 

41.40 

2.584 

0.3455 

7.4 

1.054 

6 

63.24 

3.948 

0.5278 

9.9 

1.073 

8 

85.84 

5.359 

0.7164 

12.3 

1.093 

10 

109.3 

6.823 

0.9121 

14.7 

1.113 

12 

133.6 

8.338 

1.115 

17.1 

1.134 

14 

158.8 

9.911 

1.325 

19.6 

1.156 

16 

185.0 

11.55 

1.544 

21.9 

1.178 

18 

212.0 

13.24 

1.770 

24.2 

1.200 

20 

240.0 

14.98 

2.003 
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SODIUM  SILICATE  (Continued) 
Specific  Gravity  of  Aqueous  Sodium  Silicate  Solutions 

20° 

4° 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 
Na20  + 
2.06SiO2 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

26.4 

1.223 

22 

269.1 

16.80 

2.245 

28.7 

1.247 

24      . 

299.3 

18.68 

2.498 

30.9 

1.271 

26 

330.5 

20.63 

2.758 

33.1 

1.296 

28 

362.9 

22.65 

3.028 

35.2 

1.321 

30 

396.3 

24.74 

3.307 

37.3 

1.346 

32 

430.7 

26.89 

3.594 

39.2 

1.371 

34 

466.1 

29.10 

3.890 

41.2 

1.397 

36 

502.9 

31.40 

4.197 

43.1 

1.423 

38 

540.7 

33.76 

4.513 

45.0 

1.450 

40 

580.0 

36.21 

4.840 

49.6 

1.520 

45 

684.0 

42.70 

5.708 

54.0 

1.594 

50 

797.0 

49.75 

6.651 

58.3 

1.673 

55 

920.2 

57.44 

7.679 

Be. 


Sp.  gr. 


Per  cent 
Na20  + 
1.69Si02 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.0 
2.4 
5.0 
7.7 
10.4 
12.9 
15.4 
17.9 
20.3 
22.7 
25.2 
27.5 
29.8 
32.1 
34.3 
36.6 
38.8 
41.0 
43.2 
45.4 


1.007 

1 

1.017 

2 

1.036 

4 

1.056 

6 

1.077 

8 

1.098 

10 

1.119 

12 

1.141 

14 

1.163 

16 

1.186 

18 

1.210 

20 

1.234 

22 

1.259 

24 

1.284 

26 

1.310 

28 

1.337 

30 

1.365 

32 

1.394 

34 

1.424 

36 

1.456 

38 

10.07 
20.34 
41.44 
63.36 
86.16 
109.8 
134.3 
159.7 
186.1 
213.5 
242.0 
271.5 
302.2 
333.8 
366.8 
401.1 
436.8 
474.0 
512.6 
553.3 


0.6286 


270 
587 
955 
379 
854 
8.383 
9.972 
11.62 
13.33 
15.11 
16.95 
18.86 
20.84 
22.90 
25.04 
27.27 
29.59 
32.00 
34.54 


0.0840 

0.1697 

0.3458 

0.5288 

0.7190 

0.9163 

1.121 

1.333 

1.553 

1 .782 

2.020 

2.266 

2.522 

2.786 

3.061 

3.347 

3.645 

3.955 

4.278 

4.617 
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SODIUM  SULFATE 

Specific  Gravity  op  Aqueous  Sodium  Sulfate  Solutions 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2S04 

liter 

cu.  ft. 

gal. 

1.1 

1.0073 

1 

10.07 

0.6288 

0.0841 

2.3 

1.0164 

2 

20.33 

1.269 

0.1696 

4.9 

1.0348 

4 

41.39 

2.584 

0.3454 

7.4 

1.0535 

6 

63.21 

3.946 

0.5275 

9.8 

1.0724 

8 

85.79 

5.356 

0.7160 

12.2 

1.0915 

10 

109.2 

6.814 

0.9109 

14.5 

1.1109 

12 

133.3 

8.322 

1.112 

16.8 

1.1306 

14 

158.3 

9.881 

1.321 

19.0 

1.1506 

16 

184.1 

11.49 

1.536 

21.2 

1 . 1709 

18 

210.8 

13.16 

1.759 

23.3 

1.1915 

20 

238.3 

14.88 

1.989 

25.4 

1.2124 

22 

266.7 

16.65 

2.226 

27.5 

1.2336 

24 

296.1 

18.48 

2.471 

Be. 

Sp.  gr. 

Per  cent 

Na2S04 

+  IOH2O 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.1 

1.0073 

2.268 

22.85 

1.426 

0.1907 

2.3 

1 

0164 

4.536 

46.11 

2.878 

0.3848 

4.9 

1 

0348 

9.073 

93.88 

5.861 

0.7835 

7.4 

1 

0535 

13.61 

143.4 

8.950 

1.197 

9.8 

1 

0724 

18.15 

194.6 

12.15 

1.624 

12.2 

1 

0915 

22.68 

247.6 

15.46 

2.066 

14.5 

1 

1109 

27.22 

302.4 

18.88 

2.523 

16.8 

1 

1306 

31.75 

359.0 

22.41 

2.996 

19.0 

1 

1506 

36.29 

417.6 

26.07 

3.485 

21.2 

1 

1709 

40.85 

478.1 

29.84 

3.989 

23.3 

1 

1915 

45.36 

540.5 

33.74 

4.511 

25.4 

1 

2124 

49.90 

605.0 

37.77 

5.049 

27.5 

1 

2336 

54.44 

671.5 

41.92 

5.604 
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SODIUM  SULFATE 

Specific  Gravity  of  Aqueous  Sodium  Sulfate    Solutions 
at  15°  C.  (Gerlach) 


B6. 

Sp.  gr. 

Per  cent 

Na2S04 

+  IOH2O 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.6 

1.004 

1 

10.04 

0.6268 

0.0838 

1.2 

1.008 

2 

20.16 

1.259 

0.1682 

1.9 

1.013 

3 

30.39 

1.897 

0.2536 

2.3 

1.016 

4 

40.64 

2.537 

0.3392 

2.8 

1.020 

5 

51.00 

3.184 

0.4256 

3.4 

1.024 

6 

61.44 

3.836 

0.5127 

4.0 

1.028 

7 

71.96 

4.492 

0.6005 

4.5 

1.032 

8 

82.56 

5.154 

0.6890 

5.0 

1.036 

9 

93.24 

5.821 

0.7781 

5.6 

1.040 

10 

104.0 

6.492 

0.8679 

6.1 

1.044 

11 

114.8 

7.169 

0.9584 

6.5 

1.047 

12 

125.6 

7.843 

1.048 

7.2 

1.052 

13 

136.8 

8.538 

1.141 

7.7 

1.056 

14 

147.8 

9.229 

1.234 

8.2 

1.060 

15 

159.0 

9.926 

1.327 

8.7 

1.064 

16 

170.2 

10.63 

1.421 

9.4 

1.069 

17 

181.7 

11.34 

1.517 

9.9 

1.073 

18 

193.1 

12.06 

1.612 

10.4 

1.077 

19 

204.6 

12.77 

1.708 

11.0 

1.082 

20 

216.4 

13.51 

1.806 

11.5 

1.086 

21 

228.1 

14.24 

1.903 

12.0 

1.090 

22 

239.8 

14.97 

2.001 

12.5 

1.094 

23 

251.6 

15.71 

2.100 

12.9 

1.098 

24 

263.5 

16.45 

2.199 

13.5 

1.103 

25 

275.8 

17.21 

2.301 

14.0 

1.107 

26 

287.8 

17.97 

2.402 

14.5 

1.111 

27 

300.0 

18.73 

2.503 

15.1 

1.116 

28 

312.5 

19.51 

2.608 

15.5 

1.120 

29 

324.8 

20.28 

2.711 

16.1 

1.125 

30 

337.5 

21.07 

2.817 
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Specific 


SODIUM  SULFATE 

Gravity  of  Aqueous  Sodium  Sulfate  Solutions 
at  15°  C.  (Gerlach) 


Be. 


Sp.  gr. 


Per  cent 

Na2S04 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.6 

1.004 

0.44 

4.440 

0.2772 

0.0371 

1.2 

1.008 

0.88 

8.916 

0.5566 

0.0744 

1.9 

1.013 

1.33 

13.44 

0.8390 

0.1122 

2.3 

1.016 

1.77 

17.97 

1.122 

0.1500 

2.8 

1.020 

2.21 

22.55 

1.408 

0 . 1882 

3.4 

1.024 

2.65 

27.17 

1.696 

0.2268 

4.0 

1.028 

3.10 

31.82 

1.987 

0.2656 

4.5 

1.032 

3.54 

36.51 

2.279 

0.3047 

5.0 

1.036 

3.98 

41.24 

2.574 

0.3441 

5.6 

1.040 

4.42 

45.99 

2.871 

0.3838 

6.1 

1.044 

4.86 

50.79 

3.171 

0.4238 

6.5 

1.047 

5.31 

55.56 

3.469 

0.4637 

7.2 

1.052 

5.75 

60.48 

3.776 

0.5047 

7.7 

1.056 

6.19 

65.38 

4.082 

0.5456 

8.2 

1.060 

6.63 

70.32 

4.390 

0.5868 

8.7 

1.064 

7.08 

75.29 

4.700 

0.6283 

9.4 

1.069 

7.52 

80.37 

5.017 

0.6707 

9.9 

1.073 

7.96 

85.42 

5.332 

0.7128 

10.4 

1.077 

8.40 

90.50 

5.650 

0.7552 

11.0 

1.082 

8.85 

95.70 

5.974 

0.7987 

11.5 

1.086 

9.29 

100.9 

6.296 

0.8417 

12.0 

1.090 

9.73 

106.1 

6.620 

0.8850 

12.5 

1.094 

10.2 

111.3 

6.947 

0.9287 

12.9 

1.098 

10.6 

116.5 

7.275 

0.9726 

13.5 

1.103 

11.1 

122.0 

7.613 

1.018 

14.0 

1.107 

11.5 

127.3 

7.946 

1.062 

14.5 

1.111 

11.9 

132.7 

8.282 

1.107 

15.1 

1.116 

12.4 

138.2 

8.627 

1.153 

15.5 

1.120 

12.8 

143.6 

8.967 

1.199 

16.1 

1.125 

13.3 

149.3 

9.318 

1.246 
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SODIUM  SULFIDE 

Specific  Gravity  op  Aqueous  Sodium  Sulfide  Solutions 

18° 

4° 


AT 


c. 


Be. 


Sp.  gr. 


Per  cent 

Na2S 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


1.4 

3.0 

6.1 

9.1 

12.1 

14.9 

17.7 

20.4 

23.0 

25.6 


1.0098 

1 

1.0211 

2 

1.0440 

4 

1.0672 

6 

1.0907 

8 

1.1146 

10 

1.1388 

12 

1.1634 

14 

1 . 1885 

16 

1.2140 

18 

10.10 
20.42 
41.76 
64.03 
87.26 
111.5 
136.7 
162.9 
190.2 
218.5 


0.6304 

1 

.275 

2 

.607 

3 

.997 

5 

.447 

6 

.958 

8 

.531 

10 

.17 

11 

.87 

13 

.64 

0.0843 

0.1704 

0.3485 

0.5344 

0.7282 

0.9302 

1.140 

1.359 

1.587 

1.824 


SODIUM  SULFITE 

Specific  Gravity  of  Aqueous  Sodium  Sulfite  Solutions 

19° 

4° 


AT 


C. 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2S03 

liter 

cu.  ft. 

gal. 

1.1 

1.0078 

1 

10.08 

0.6291 

0.0841 

2.5 

1.0172 

2 

20.34 

1.270 

0.1698 

5.1 

1.0363 

4 

41.45 

2.588 

0.3459 

7.6 

1.0556 

6 

63.34 

3.954 

0.5286 

10.1 

1.0751 

8 

86.01 

5.369 

0.7178 

12.6 

1.0948 

10 

109.5 

6.835 

0.9136 

14.9 

1.1146 

12 

133.8 

8.350 

1.116 

17.2 

1 .  1346 

14 

158.8 

9.916 

1.326 

19.4 

1.1549 

16 

184.8 

11.54 

1.542 

21.7 

1.1755 

18 

211.6 

13.21 

1.766 
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SODIUM  SULFITE,  ACID  (BISULFITE) 

Specific  Gravity  of  Aqueous  Sodium  Bisulfite  and 

15.6° 


Proportion  of  NaHS03  at 


15.6° 


C. 


Be\ 

Sp.  gr. 

Per  cent 

Grams  per 

Lbs.  per 

Lbs.  per 

NaHS03 

liter 

cu.  ft. 

gal. 

0 

1 .  0000 

0.00 

0.00 

0.0000 

0.0000 

1 

1.0069 

1.02 

10.27 

0.6411 

0.0857 

2 

1.0140 

2.04 

20.69 

1.291 

0.1726 

3 

1.0211 

3.06 

31.25 

1.951 

0.2607 

4 

1.0284 

4.08 

41.96 

2.619 

0.3502 

5 

1 .  0357 

5.11 

52.92 

3.304 

0.4417 

6 

1.0432 

6.15 

64.16 

4.005 

0.5354 

7 

1 .  0507 

7.19 

75.55 

4.716 

0.6304 

8 

1 . 0584 

8.24 

87.21 

5.444 

0.7278 

9 

1 .  0662 

9.30 

99.16 

6.190 

0.8275 

10 

1.0741 

10.36 

111.3 

6.947 

0.9286 

11 

1.0821 

11.42 

123.6 

7.714 

1.031 

12 

1 .  0902 

12.48 

136.1 

8.493 

1.135 

13 

1.0985 

13.56 

149.0 

9.299 

1.243 

14 

1 . 1069 

14.65 

162.2 

10.12 

1.353 

15 

1.1154 

15.75 

175.7 

10.97 

1.466 

16 

1.1240 

16.85 

189.4 

11.82 

1.581 

17 

1.1328 

17.96 

203.5 

12.70 

1.698 

18 

1.1417 

19.08 

217.8 

13.60 

1.818 

19 

1.1508 

20.20 

232.5 

14.51 

1.940 

20 

1 . 1600 

21.32 

247.3 

15.44 

2.064 

21 

1.1694 

22.44 

262.4 

16.38 

2.190 

22 

1 . 1789 

23.57 

277.9 

17.35 

2.319 

23 

1 . 1885 

24.71 

293.7 

18.33 

2.451 

24 

1 . 1983 

25.85 

309.8 

19.34 

2.585 

25 

1.2083 

26.99 

326.1 

20.36 

2.722 

26 

1.2185 

28.13 

342.8 

21.40 

2.860 

27 

1.2288 

29.27 

359.7 

22.45 

3.001 

28 

1 . 2393 

30.43 

377.1 

23.54 

3.147 

29 

1.2500 

31.57 

394.6 

24.63 

3.293 

30 

1 . 2609 

32.71 

412.4 

25.75 

3.442 

31 

1.2719 

33.86 

430.7 

26.88 

3.594 

32 

1 . 2832 

35.01 

449.2 

28.04 

3.749 

33 

1.2946 

36.25 

469.3 

29.30 

3.916 

34 

1.3063 

37.51 

490.0 

30.59 

4.089 

35 

1.3182 

38.78 

511.2 

31.91 

4.266 

36 

1.3303 

40.06 

532.9 

33.27 

4.447 

37 

1.3426 

41.30 

554.5 

34.61 

4.627 

38 

1.3551 

42.52 

576.2 

35.97 

4.808 

39 

1.3680 

43.72 

598.1 

37.34 

4.991 
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SODIUM  SULFITE,  ACID  (BISULFITE)   (Continued) 

Specific  Gravity  of  Aqueous  Sodium  Bisulfite  and 

15  6° 
Proportion  of  S02  at  .,   '  0  C. 

lo. o 


Be. 

Sp.  gr. 

Per  cent 
S02 

Grams  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0 

1.0000 

0.00 

0.000 

0.0000 

0.0000 

1 

1 

0069 

0.63 

6.323 

0.3947 

0.0528 

2 

1 

0140 

1.26 

12.78 

0.7976 

0.1066 

3 

1 

0211 

1.88 

19.20 

1.198 

0.1602 

4 

1 

0284 

2.51 

25.81 

1.611 

0.2154 

5 

1 

0357 

3.15 

32.62 

2.037 

0.2723 

6 

1 

0432 

3.79 

39.54 

2.468 

0.3299 

7 

1 

0507 

4.43 

46.55 

2.906 

0.3884 

8 

1 

0584 

5.07 

53.66 

3.350 

0.4478 

9 

1 

0662 

5.72 

60.99 

3.807 

0.5089 

10 

1 

0741 

6.38 

68.53 

4.278 

0.5719 

11 

1 

0821 

7.03 

76.07 

4.749 

0.6348 

12 

1 

0902 

7.68 

83.73 

5.227 

0.6987 

13 

1 

0985 

8.35 

91.72 

5.726 

0.7655 

14 

1 

1069 

9.02 

99.84 

6.233 

0.8332 

15 

1 

1154 

9.70 

108.2 

6.754 

0.9029 

16 

1 

1240 

10.37 

116.6 

7.276 

0.9727 

17 

1 

1328 

11.06 

125.3 

7.821 

1.046 

18 

1 

1417 

11.75 

134.1 

8.374 

1.119 

19 

1 

1508 

12.43 

143.0 

8.930 

1.194 

20 

1 

1600 

13.12 

152.2 

9.501 

1.270 

21 

1 

1694 

13.81 

161.5 

10.08 

1.348 

22 

1 

1789 

14.51 

171.1 

10.68 

1.428 

23 

1 

1885 

15.21 

180.8 

11.28 

1.509 

24 

1 

1983 

15.91 

190.6 

11.90 

1.591 

25 

1 

2083 

16.61 

200.7 

12.53 

1.675 

26 

1 

2185 

17.32 

211.0 

13.17 

1.761 

27 

1 

2288 

18.02 

221.4 

13.82 

1.848 

28 

1 

2393 

18.73 

232.1 

14.49 

1.937 

29 

1 

2500 

19.43 

242.9 

15.16 

2.027 

30 

1 

2609 

20.14 

253.9 

15.85 

2.119 

31 

1 

2719 

20.84 

265.1 

16.55 

2.212 

32 

1 

2832 

21.55 

276.5 

17.26 

2.308 

33 

1 

2946 

22.31 

288.8 

18.03 

2.410 

34 

1 

3063 

23.09 

301.6 

18.83 

2.517 

35 

1 

3182 

23.87 

314.7 

19.64 

2.626 

36 

1 

3303 

24.66 

328.1 

20.48 

2.738 

37 

1 

3426 

25.42 

341.3 

21.31 

2.848 

38 

1 

3551 

26.17 

354.6 

22.14 

2.959 

39 

1 

3680 

26.91 

368.1 

22.98 

3.072 

1652 


SODIUM  TARTRATE 

Specific  Gravity  of  Aqueous  Sodium  Tartrate  Solutions 

AT   -J,    C* 


Be. 


Sp.  gr. 


Per  cent 
Na2C4H40. 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


0.8 

1.8 

3.8 

5.7 

7.6 

9.5 

11.4 

13.2 

15.0 

16.8 

18.6 

20.4 

22.1 

23.8 

25.5 


1.0052 

1 

1.0123 

2 

1.0266 

4 

1.0410 

6 

1.0555 

8 

1.0702 

10 

1.0851 

12 

1 . 1002 

14 

1.1156 

16 

1.1313 

18 

1.1471 

20 

1.1633 

22 

1.1797 

24 

1.1963 

26 

1.2132 

28 

10.05 
20.25 
41.06 
62.46 
84.44 
107.0 
130.2 
154.0 
178.5 
203.6 
229.4 
255.9 


283 
311 
339 


0.6275 

1.264 

2.564 

3.899 

5.271 

6.681 

8.129 

9.616 

11.14 

12.71 

14.32 

15.98 

17.67 

19.42 

21.21 


0.0839 
0.1690 
0.3427 
0.5212 
0.7047 
0.8931 
1.087 


285 
490 
699 
915 
136 
363 
596 
835 


Be. 

Sp.  gr. 

Per  cent 

Na2C4H406 

+  2H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0052 

1.186 

11.92 

0.7441 

0.0995 

1.8 

1.0123 

2.371 

24.01 

1.499 

0.2003 

3.8 

1.0266 

4.743 

48.69 

3.040 

0.4063 

5.7 

1.0410 

7.114 

74.06 

5.623 

0.6180 

7.6 

1.0555 

9.486 

100.1 

6.250 

0.8355 

9.5 

1.0702 

11.86 

126.9 

7.922 

1.059 

11.4 

1.0851 

14.23 

154.4 

9.638 

1.288 

13.2 

1.1002 

16.60 

182.6 

11.40 

1.524 

15.0 

1.1156 

18.97 

211.6 

13.21 

1.766 

16.8 

1.1313 

21.34 

241.4 

15.07 

2.015 

18.6 

1.1471 

23.71 

272.0 

16.98 

2.270 

20.4 

1.1633 

26.09 

303.5 

18.94 

2.532 

22.2 

1.1797 

28.46 

335.7 

20.96 

2.802 

23.8 

1.1963 

30.83 

368.8 

23.02 

3.078 

25.5 

1.2132 

33.20 

402.8 

25.14 

3.361 

1653 


SODIUM  THIOSULFATE 

Specific  Gravity  of  Aqueous  Sodium  Thiosulfate  (Hypo) 

20° 
Solutions  at  --^  C* 

4° 


Be 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2S203 

liter 

cu.  ft. 

gal. 

0.9 

1.0065 

1 

10.07 

0.6283 

0 . 0840 

2.1 

1.0148 

2 

20.30 

1.267 

0.1694 

4.4 

1.0315 

4 

41.26 

2.576 

0.3443 

6.7 

1 . 0483 

6 

62.90 

3.927 

0 . 5249 

8.9 

1.0654 

8 

85.23 

5.321 

0.7113 

11.1 

1.0827 

10 

108.3 

6.759 

0.9035 

13.2 

1 . 1003 

12 

132.0 

8.243 

1.102 

15.3 

1.1182 

14 

156.5 

9.773 

1.306 

17.4 

1.1365 

18 

181.8 

11.35 

1.517 

19.5 

11551 

18 

207.9 

12.98 

1.735 

21.5 

1 . 1740 

20 

234.8 

14.66 

1.959 

23.5 

1.1932 

22 

262.5 

16.39 

2.191 

25.4 

1.2128 

24 

291.1 

18.17 

2.429 

27.4 

1 . 2328 

26 

320.5 

20.01 

2.675 

29.3 

1 . 2532 

28 

350.9 

21  91 

2.928 

31.2 

1 . 2739 

30 

382.2 

23.86 

3.189 

35.8 

1.3273 

35 

464.6 

29.00 

3.877 

40.1 

1.3827 

40 

553.1 

34.53 

4.616 

Be. 

Sp.  gr. 

Per  cent 
NaoSaOa 
+  5H>0 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.9 

1 . 0065 

1.570 

15.80 

0.9863 

0.1318 

2   1 

1.0148 

3.139 

31.86 

1.989 

0.2659 

4.4 

1.0315 

6  279 

64.77 

4.043 

0.5405 

6.7 

1 . 0483 

9.418 

9873 

6.164 

0.8239 

8.9 

1.0654 

12.56 

133.8 

8  352 

1.117 

11.1 

1.0827 

15.70 

170.0 

10.61 

1.418 

13.2 

1 . 1003 

18.84 

207.3 

12.94 

1.730 

15.3 

1.1182 

21.98 

245.7 

15.34 

2.051 

17.4 

1.1365 

25.12 

285.4 

17.82 

2.382 

19.5 

1.1551 

28.25 

326.4 

20.37 

2.724 

21.5 

1.1740 

31.39 

368 . 6 

23.01 

3.076 

23.5 

1.1932 

34.53 

412.1 

25.72 

3.439 

25.4 

1.2128 

37.67 

456.9 

28.52 

3.813 

27.4 

1 . 2328 

40.81 

503.1 

31.41 

4.199 

29.3 

1.2532 

43 .  95 

550 . 8 

34.38 

4.597 

31.2 

1.2739 

47.09 

599.9 

37.45 

5.006 

35.8 

1.3273 

54.94 

729.2 

45.52 

6.085 

40.1 

1.3827 

62.79 

868.2 

54.20 

7.245 

1654 


SODIUM  THIOSULFATE 

Specific  Gravity  of  Aqueous  Sodium  Thiosulfate  (Hypo) 
Solutions  at  19°  C.  (Schiff) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Na2S203 

liter 

cu.  ft. 

gal. 

0.8 

1.0052 

0.637 

6.404 

0.3998 

0.0534 

1.5 

1.0105 

1.27 

12.88 

0.8038 

0.1075 

2.3 

1.0158 

1.91 

19.41 

1.212 

0.1620 

3.0 

1.0211 

2.55 

26.02 

1.624 

0.2172 

3.7 

1.0264 

3.19 

32.69 

2.041 

0.2728 

4.5 

1.0317 

3.82 

39.44 

2.462 

0.3291 

52 

1.0370 

4.46 

46.24 

2.887 

0.3859 

5.9 

1.0423 

5.10 

53.12 

3.316 

0.4433 

6.6 

1.0476 

5.73 

60.07 

3.750 

0.5013 

7.3 

1.0529 

6.37 

67.08 

4.187 

0.5598 

8.0 

1.0584 

7.01 

74.17 

4.630 

0.6190 

8.7 

1.0639 

7.65 

81.33 

5.077 

0.6787 

9.4 

1.0695 

8.28 

88.58 

5.529 

0.7392 

10.1 

1.0751 

8.92 

95.89 

5.986 

0.8002 

10.8 

1.0807 

9.56 

103.3 

6.447 

0.8618 

11.5 

1.0863 

10.2 

110.7 

6.912 

0.9240 

12.2 

1.0919 

10.8 

118.3 

7.382 

0.9869 

12.9 

1.0975 

11.5 

125.9 

7.857 

1.050 

13.6 

1.1031 

12.1 

133.5 

8.335 

1.114 

14.2 

1.1087 

12.7 

141.3 

8.819 

1.179 

14.9 

1.1145 

13.4 

149.1 

9.308 

1.24* 

15.6 

1.1204 

14.0 

157.0 

9.803 

1.310 

16.3 

1.1263 

14.7 

165.0 

10.30 

1.377 

16.9 

1 . 1322 

15.3 

173.1 

10.81 

1.445 

17.6 

1.1381 

15.9 

181.3 

11.32 

1.513 

18.3 

1.1440 

16.6 

189.5 

11.83 

1.581 

18. S 

1.1499 

17.2 

197.8 

12.35 

1.651 

19.5 

1.1558 

17.8 

206.2 

12.87 

1.721 

20.2 

1.1617 

18.5 

214.6 

13.40 

1.791 

20.8 

1.1676 

19.1 

223.2 

13.93 

1.862 

21.5 

1.1738 

19.7 

231.8 

14.47 

1.935 

22.1 

1.1800 

20.4 

240.6 

15.02 

2.008 

22.8 

1.1862 

21.0 

249.4 

15.57 

2.081 

23.4 

1.1924 

21.7 

258.3 

16.12 

2.155 

24.0 

1.1986 

22.3 

267.3 

16.68 

2.230 

24.7 

1.2048 

22.9 

276.3 

17.25 

2.306 

25.3 

1.2110 

23.6 

285.5 

17.82 

2.382 

25.9 

1.2172 

24.2 

294.7 

18.40 

2.459 

26.5 

1.2234 

24.8 

304.0 

18.98 

2.537 

27.1 

1.2297 

25.5 

313.4 

19.56 

2.615 

27.7 

1.2362 

26.1 

322.9 

20.16 

2.695 

28.3 

1 . 2427 

26.8 

332.5 

20.76 

2.775 

28.9 

1.2492 

27.4 

342.2 

21.36 

2.856 

29.5 

1.2558 

28.0 

352.0 

21.98  • 

2.938 

30.1 

1.2624 

28.7 

361.9 

22.59 

3.020 

30.7 

1.2690 

29.3 

371.9 

23.22 

3.103 

31.3 

1.2756 

29.9 

381.9 

23.84 

3.187 

31.9 

1.2822 

30.6 

392.1 

24.48 

3.272 

32.5 

1.2888 

31.2 

402.3 

25.12 

3.357 

33.1 

1.2954 

31.9 

412.6 

25.76 

3.443 

1655 


SODIUM  THIOSULFATE 

Specific  Gravity  op  Aqueous  Sodium  Thiosulfate  Solu- 
tions at  19°  C.   (Schiff) 


Be. 

Sp.  gr. 

Per  cent 
Na2S203 
+  5H20 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.8 

1.0052 

1 

10.05 

0.6275 

0.0839 

1.5 

1.0105 

2 

20.21 

1.262 

0.1687 

2.3 

1.0158 

3 

30.47 

1.902 

0.2543 

3.0 

1.0211 

4 

40.84 

2.550 

0.3409 

3.7 

1.0264 

5 

51.32 

3.204 

0.4283 

4.5 

1.0317 

6 

61.90 

3.864 

0.5166 

5.2 

1.0370 

7 

72.59 

4.532 

0.6058 

5.9 

1.0423 

8 

83.38 

5.205 

0.6959 

6.6 

1.0476 

9 

94.28 

5.886 

0.7868 

7.3 

1 . 0529 

10 

105.3 

6.573 

0.8787 

8.0 

1.0584 

11 

116.4 

7.268 

0.9716 

8.7 

1 . 0639 

12 

127.7 

7.970 

1.065 

9.4 

1.0695 

13 

139.0 

8.680 

1.160 

10.1 

1.0751 

14 

150.5 

9.396 

1.256 

10.8 

1.0807 

15 

162.1 

10.12 

1.353 

11.5 

1 . 0863 

16 

173.8 

10.85 

1.450 

12.2 

1.0919 

17 

185.6 

11.59 

1.549 

12.9 

1.0975 

18 

197.6 

12.33 

1.649 

13.6 

1 . 1031 

19 

209.6 

13.08 

1.749 

14.2 

1.1087 

20 

221.7 

13.84 

1.850 

14.9 

1.1145 

21 

234.0 

14.61 

1.953 

15.6 

1 . 1204 

22 

246.5 

15.39 

2.057 

16.3 

1.1263 

23 

259.0 

16.17 

2.162 

16.9 

1.1322 

24 

271.7 

16.96 

2.268 

17.6 

1.1381 

25 

284.5 

17.76 

2.374 

18.3 

1 . 1440 

26 

297.4 

18.57 

2.482 

18.9 

1 . 1499 

27 

310.4 

19.38 

2.591 

19.5 

1.1558 

28 

323.6 

20.20 

2.701 

20.2 

1.1617 

29 

336.9 

21.03 

2.811 

20.8 

1.1676 

30 

350.3 

21.87 

2.923 

21.5 

1.1738 

31 

363.9 

22.72 

3.037 

22.1 

1.1800 

32 

377.6 

23.57 

3.151 

22.8 

1 . 1862 

33 

391.4 

24.44 

3.267 

23.4 

1.1924 

34 

405 . 4 

25.31 

3.383 

24.0 

1.1986 

35 

419.5 

26.19 

3.501 

24.7 

1 . 20*8 

36 

433 . 7 

27.08 

3.620 

25.3 

1.2110 

37 

448.1 

27.97 

3.739 

25.9 

1.2172 

38 

462.5 

28.87 

3.860 

26.5 

1.2234 

39 

477.1 

29.79 

3.982 

27.1 

1.2297 

40 

491.9 

30.71 

4.105 

27.7 

1.2362 

41 

506.8 

31.64 

4.230 

28.3 

1.2427 

42 

521.9 

32.58 

4.356 

28.9 

1.2492 

43 

537.2 

33.53 

4.483 

29.5 

1.2 558 

44 

552.8 

34.49 

4.611 

30.1 

1.2624 

45 

568.1 

35.46 

4.741 

30.7 

1 . 2690 

46 

583 . 7 

36.44 

4.871 

31.3 

1 . 2756 

47 

599.5 

37.43 

5.003 

31.9 

1.2822 

48 

615.5 

38.42 

5.136 

32.5 

1 . 2888 

49 

631.5 

39.42 

5.270 

33.1 

1.2954 

50 

647.7 

40.43 

5.405 

1656 


STANNIC  CHLORIDE 
Specific  Gravity  of  Aqueous  Stannic  Chloride  Solutions 

40   <- 


AT 


Be. 

Sp.  gr. 

Per  cent 
SnCh 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1 

10.07 

0.6286 

0.0840 

2.1 

1.015 

2 

20.30 

1.267 

0.1694 

4.4 

1.031 

4 

41.24 

2.574 

0.3442 

6.5 

1.047 

6 

62.82 

3.922 

0.5243 

8.7 

1.064 

8 

85.12 

5.314 

0.7103 

10.9 

1.081 

10 

108.1 

6.748 

0.9021 

13.1 

1.099 

12 

131.9 

8.233 

1.101 

15.2 

1.117 

14 

156.4 

9.762 

1.305 

17.2 

1.135 

16 

181.6 

11.34 

1.515 

19.4 

1.154 

18 

207.7 

12.97 

1.733 

21.4 

1.173 

20 

234.6 

14.65 

1.958 

23.4 

1.192 

22 

262.2 

16.37 

2.188 

25.4 

1.212 

24 

290.9 

18.16 

2.427 

27.4 

1.233 

26 

320.6 

20.01 

2.675 

29.5 

1.255 

28 

351.4 

21.94 

2.933 

31.5 

1.278 

30 

383.4 

23.93 

3.200 

36.6 

1.337 

35 

468.0 

29.21 

3.905 

41.7 

1.403 

40 

561.2 

35.03 

4.68? 

46.7 

1.475 

45 

663.8 

41.44 

5.539 

51.8 

1.555 

50 

777.5 

48.54 

6.488 

56.8 

1.644 

55 

904.2 

56.45 

7.546 

61.8 

1.742 

60 

1045 

65.25 

8.722 

66.7 

1.851 

65 

1203 

75.11 

10.04 

71.4 

1.971 

70 

1380 

86.13 

11.51 

Be. 

Sp.  gr. 

Per  cent 

SnCU 
+  5H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.007 

1.35 

13.55 

0.8460 

0.1131 

2.1 

1.015 

2.69 

27.32 

1.705 

0.2280 

4.4 

1.031 

5.38 

55.50 

3.465 

0 . 4632 

3.5 

1.047 

8.07 

84.54 

5.278 

0.7055 

8.7 

1.064 

10.8 

114.5 

7.151 

0.9560 

10.9 

1.081 

13.5 

145.5 

9.082 

1.214 

13.1 

1.099 

16.1 

177.5 

11.08 

1.481 

15.2 

1.117 

18.8 

210.4 

13.14 

1.756 

17.2 

1.135 

21.5 

244.4 

15.26 

2.039 

19.4 

1.154 

24.2 

279.5 

17.45 

2.333 

21.4 

1.173 

26.9 

315.8 

19.71 

2.635 

23.4 

1.192 

29.6 

352.9 

22.03 

2.945 

25.4 

1.212 

32.3 

391.5 

24.44 

3.267 

27.4 

1.233 

35.0 

431.4 

26.93 

3.600 

29.5 

1.255 

37.7 

472.9 

29.52 

3.946 

31.5 

1.278 

40.4 

516.0 

32.21 

4.306 

36.6 

1.337 

47.1 

629.7 

39.31 

5.255 

41.7 

1.403 

53.8 

755-2 

47.15 

6.303 

46.7 

1.475 

60.6 

893.2 

55.78 

7.454 

51.8 

1.555 

67.3 

1046 

65.32 

8.732 

56.8 

1.644 

74.0 

1217 

75.96 

10.15 

61.8 

1.742 

80.7 

1407 

87.81 

11.74 

66.7 

1.851 

87.5 

1619 

101.1 

13.51 

71.4 

1.971 

94.2 

1857 

115.9 

15.49 

1657 


Specific 


STANNOUS  CHLORIDE 

Gravity   op  Aqueous  Stannous  Chloride 


Solu- 


tions at 


15° 


Be. 

Sp.  gr. 

Per  cent 
SnCh 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.0068 

1 

10.07 

0.6285 

0.0840 

2.1 

1.0146 

2 

20.29 

1.267 

0.1693 

4.3 

1.0306 

4 

41.22 

2.573 

0.3440 

6.5 

1.0470 

6 

62.82 

3.922 

0.5243 

8.7 

1.0638 

8 

85.10 

5.313 

0.7102 

10.9 

1.0810 

10 

108.1 

6.748 

0.9021 

13.0 

1.0986 

12 

131.8 

8.230 

1.100 

15.2 

1.1167 

14 

156.3 

9.760 

1.305 

17.3 

1.1353 

16 

181.6 

11.34 

1.516 

19.4 

1 . 1545 

18 

207.8 

12.97 

1.734 

21.5 

1.1743 

20 

234.9 

14.66 

1.960 

23.6 

1.1948 

22 

262.9 

16.41 

2.194 

25.8 

1.2159 

24 

291.8 

18.22 

2.435 

27.8 

1.2377 

26 

321.8 

20.09 

2.686 

29.9 

1 . 2603 

28 

352.9 

22.03 

2.945 

32.0 

1.2837 

30 

385.1 

24.04 

3.214 

37.3 

1.3461 

35 

471.1 

29.41 

3.932 

42.5 

1.4145 

40 

565.8 

35.32 

4.722 

47.7 

1.4897 

45 

670.4 

41.85 

5.594 

52.8 

1.5729 

50 

786.5 

49.10 

6.563 

57.9 

1.6656 

55 

916.1 

57.19 

7.645 

63.1 

1.7695 

60 

1062 

66.28 

8.860 

68.1 

1.8865 

65 

1226 

76.55 

10.23 

Be. 

Sp.  gr. 

Per  cent 

SnCh 
+  2H20 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

1.0 

1.0068 

1.19 

11.98 

0.7480 

0.1000 

2.1 

1.0146 

2.38 

24.15 

1.508 

0.2015 

4.3 

1.0306 

4.76 

49.06 

3.063 

0.4094 

6.5 

1.0470 

7.14 

74.76 

4.667 

0.6239 

8.7 

1.0638 

9.52 

101.3 

6.322 

0.8452 

10.9 

1.0810 

11.9 

128.6 

8.031 

1.074 

13.0 

1.0986 

14.3 

156.9 

9.794 

1.309 

15.2 

1.1167 

16.7 

186.0 

11.61 

1.553 

17.3 

1 . 1353 

19.0 

216.2 

13.49 

1.804 

19.4 

1.1545 

21.4 

247.3 

15.44 

2.064 

21.5 

1.1743 

23.8 

279.5 

17.45 

2.332 

23.6 

1.1948 

26.2 

312.8 

19.53 

2.610 

25.8 

1.2159 

28.6 

347.3 

21.68 

2.898 

27.8 

1.2377 

30.9 

383.0 

23.91 

3.196 

29.9 

1.2603 

33.3 

419.9 

26.22 

3.505 

32.0 

1.2837 

35.7 

458.3 

28.61 

3.825 

37.3 

1.3461 

41.7 

560.7 

35.00 

4.679 

42.5 

1.4145 

47.6 

673.3 

42.03 

5.619 

47.7 

1.4897 

53.6 

797.8 

49.80 

6.657 

52.8 

1.5729 

59.5 

935.9 

58.43 

7.810 

57.9 

1.6656 

65.5 

1090 

68.06 

9.098 

63.1 

1.7695 

71.4 

1263 

78.87 

10.54 

68.1 

1 . 8865 

77.4 

1459 

91.10 

12.18 

1658 


SUCROSE  (CANE  SUGAR) 

20° 
Specific  Gravity  of  Aqueous  Sugar  Solutions  at  -—$-  C. 


Be, 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

C12H22O11 

liter 

cu.  ft. 

gal. 

0.9982 

0 

0.3 

1.0021 

1 

"i6!62 

0. 6256 

0. 0836 

0.9 

1 . 0060 

2 

20.12 

1.256 

0.1679 

1.4 

1 . 0099 

3 

30.30 

1.891 

0.2528 

2.0 

1.0139 

4 

40.56 

2.532 

0.3384 

2.5 

1.0179 

5 

50.89 

3.177 

0.4247 

3.1 

1.0219 

6 

61.31 

3.827 

0.5117 

3.6 

1.0259 

7 

71.81 

4.483 

0.5993 

4.1 

1.0299 

8 

82.40 

5.144 

0.6876 

4.7 

1.0340 

9 

93.06 

5.810 

0.7766 

5.3 

1.0381 

10 

103.8 

6.481 

0.8664 

5.8 

1.0423 

11 

114.7 

7.157 

0.9568 

6.4 

1 . 0465 

12 

125.6 

7.839 

1.048 

7.0 

1 . 0507 

13 

136.6 

8.527 

1.140 

7.5 

1.0549 

14 

147.7 

9.220 

1.232 

8.1 

1.0592 

15 

158.9 

9.918 

1.326 

8.7 

1.0635 

16 

170.2 

10.62 

1.420 

9.2 

1.0678 

17 

181.5 

11.33 

1.515 

9.8 

1.0721 

18 

193.0 

12.05 

1.611 

10.3 

1.0765 

19 

204.5 

12.77 

1.707 

10.8 

1.0810 

20 

216.2 

13.50 

1.804 

11.4 

1.0854 

21 

227.9 

14.23 

1.902 

12.0 

1.0899 

22 

239.8 

14.97 

2.001 

12.5 

1.0944 

23 

251.7 

15.71 

2.101 

13.1 

1.0990 

24 

263.8 

16.47 

2.201 

13.6 

1 . 1036 

25 

275.9 

17.22 

2.302 

14.2 

1 . 1082 

26 

288.1 

17.99 

2.404 

14.7 

1.1128 

27 

300.5 

18.76 

2.507 

15.3 

1.1175 

28 

312.9 

19.53 

2.611 

15.8 

1.1222 

29 

325.4 

20.32 

2.716 

16.3 

1.1270 

30 

338.1 

21.11 

2.821 

16.9 

1.1318 

31 

350.8 

21.90 

2.928 

17.5 

1 . 1366 

32 

363.7 

22.71 

3.035 

18.0 

1.1415 

33 

376.7 

23.51 

3.143 

18.6 

1 . 1463 

34 

389.8 

24.33 

3.253 

19.1 

1.1513 

35 

402.9 

25.15 

3.363 

19.6 

1 . 1562 

36 

416.2 

25.98 

3.474 

20.1 

1.1612 

37 

429.7 

26.82 

3.586 

20.7 

1 . 1663 

38 

443.2 

27.67 

3.698 

21.2 

1.1713 

39 

456.8 

28.52 

3.812 

21.7 

1 . 1764 

40 

470.6 

29.38 

3.927 

22.3 

1.1816 

41 

484.5 

30.24 

4.043 

22.8 

1.1868 

42 

498.4 

31.12 

4.160 

23.3 

1 . 1920 

43 

512.6 

32.00 

4.277 

23.9 

1 . 1972 

44 

526.8 

32.89 

4.396 

24.4 

1.2025 

45 

541.1 

33.78 

4.516 

25.0 

1.2079 

46 

555.6 

34.69 

4.637 

25.5 

1.2132 

47 

570.2 

35.60 

4.759 

26.0 

1.2186 

48 

584.9 

36.52 

4.882 

26.5 

1.2241 

49 

599.8 

37.44 

5.005 

27.1 

1.2296 

50 

614.8 

38.38 

5.131 

27.6 

1.2351 

51 

629.9 

39.32 

5.257 

28.1 

1 . 2406 

52 

645.1 

40.27 

5.384 

28.7 

1 . 2462 

53 

660.5 

41.23 

5.512 

29.2 

1.2519 

54 

676.0 

42.20 

5.641 

29.7 

1.2575 

55 

691.6 

43.18 

5.772 

30.3 

1 . 2632 

56 

707.4 

44.16 

5.904 

1659 


SUCROSE  (CANE  SUGAR)   (Continued) 


20c 


Specific  Gravity  of  Aqueous  Sugar  Solutions  at  -r  C. 

4 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

C12H22O11 

liter 

cu.  ft. 

gal. 

30.8 

1.2690 

57 

723.3 

45.15 

6.036 

31.3 

1.2748 

58 

739.4 

46.16 

6.170 

31.8 

1.2806 

59 

755.6 

47.17 

6.305 

32.3 

1.2865 

60 

771.9 

48.19 

6.441 

32.8 

1.2924 

61 

788.3 

49.21 

6.579 

33.4 

1.2983 

62 

804.9 

50.25 

6.717 

33.9 

1 . 3043 

63 

821.7 

51.30 

6.857 

34.4 

1.3103 

64 

838.6 

52.35 

6.998 

34.8 

1.3163 

65 

855.6 

53.41 

7.140 

35.4 

1.3224 

66 

872.8 

54.49 

7.284 

35.9 

1 . 3286 

67 

890.1 

55.57 

7.428 

36.4 

1.3347 

68 

907.6 

56.66 

7.574 

36.9 

1 . 3409 

69 

925.2 

57.76 

7.721 

37.4 

1.3472 

70 

943.0 

58.87 

7.870 

37.9 

1.3535 

71 

961.0 

59.99 

8.019 

38.4 

1.3598 

72 

979.0 

61.12 

8.170 

38.9 

1.3661 

73 

997.3 

62.26 

8.323 

39.4 

1.3725 

74 

1016. 

63.41 

8.476 

39.9 

1.3790 

75 

1034. 

64.56 

8.631 

40.4 

1.3854 

76 

1053. 

65.73 

8.787 

40.9 

1.3920 

77 

1072. 

66.91 

8.944 

41.4 

1.3985 

78 

1091. 

68.10 

9.103 

41.8 

1.4051 

79 

1110. 

69.29 

9.263 

42.2 

1.4117 

80 

1129. 

70.50 

9.425 

42.7 

1.4184 

81 

1149. 

71.72 

9.588 

43.2 

1.4251 

82 

1169. 

72.95 

9.752 

43.7 

1.4318 

83 

1188. 

74.19 

9.917 

44.2 

1.4386 

84 

1208. 

75.44 

10.08 

44.7 

1 . 4454 

85 

1229. 

76.70 

10.25 

45.2 

1.4522 

86 

1249. 

77.97 

10.42 

45.6 

1.4591 

87 

1269. 

79.25 

10.59 

46.1 

1.4660 

88 

1290. 

80.54 

10.77 

46.6 

1.4730 

89 

1311. 

81.85 

10.94 

1660 


SULFURIC  ACID 
Specific   Gravity   op   Aqueous   Sulfuric  Acid  Solutions 

20° 

40 


AT 


c. 


Be. 

Sp.  gr. 

Per  cent 
H2SO4 

G.  per 

liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.7 

1.0051 

1 

10.05 

0.6275 

0.0839 

1.7 

1.0118 

2 

20.24 

1.263 

0.1689 

2.6 

1.0184 

3 

30.55 

1.907 

0.2550 

3.5 

1 . 0250 

4 

41.00 

2.560 

0.3422 

4.5 

1.0317 

5 

51.59 

3.220 

0.4305 

5.4 

1.0385 

6 

62.31 

3.890 

0.5200 

6.3 

1.0453 

7 

73.17 

4.568 

0.6106 

7.2 

1 . 0522 

8 

84.18 

5.255 

0.7025 

8.1 

1.0591 

9 

95.32 

5.950 

0.7955 

9.0 

1.0661 

10 

106.6 

6.655 

0.889V 

9.9 

1.0731 

11 

118.0 

7.369 

0.9851 

10.8 

1.0802 

12 

129.6 

8.092 

1.082 

11.7 

1.0874 

13 

141.4 

8.825 

1.180 

12.5 

1.0947 

14 

153.3 

9.567 

1.279 

13.4 

1 . 1020 

15 

165.3 

10.32 

1.379 

14.3 

1 . 1094 

16 

177.5 

11.08 

1.481 

15.2 

1.1168 

17 

189.9 

11.85 

1.584 

16.0 

1.1243 

18 

202.4 

12.63 

1.689 

16.9 

1.1318 

19 

215.0 

13.42 

1.795 

17.7 

1.1394 

20 

227.9 

14.23 

1.902 

18.6 

1.1471 

21 

240.9 

15.04 

2.010 

19.4 

1.1548 

22 

254.1 

15.86 

2.120 

20.3 

1.1626 

23 

267.4 

16.69 

2.231 

21.1 

1.1704 

24 

280.9 

17.54 

2.344 

21.9 

1.1783 

25 

294.6 

18.39 

2.458 

22.8 

1 . 1862 

26 

308.4 

19.25 

2.574 

23.6 

1.1942 

27 

322.4 

20.13 

2.691 

24.4 

1.2023 

28 

336.6 

21.02 

2.809 

25.2 

1.2104 

29 

351.0 

21.91 

2.929 

26.0 

1.2185 

30 

365.6 

22.82 

3.051 

26.8 

1 . 2267 

31 

380.3 

23.74 

3.173 

27.6 

1.2349 

32 

395.2 

24.67 

3.298 

28.4 

1.2432 

33 

410.3 

25.61 

3.424 

29.1 

1.2515 

34 

425.5 

26.56 

3.551 

29.9 

1 . 2599 

35 

441.0 

27.53 

3.680 

30.7 

1.2684 

36 

456.6 

28.51 

3.811 

31.4 

1 . 2769 

37 

472.5 

29.49 

3.943 

32.2 

1.2855 

38 

488.5 

30.49 

4.077 

33.0 

1.2941 

39 

504.7 

31.51 

4.212 

33.7 

1.3028 

40 

521.1 

32.53 

4.349 

34.5 

1.3116 

41 

537.8 

33.57 

4.488 

35.2 

1.3205 

42 

554.6 

34.62 

4.628 

35.9 

1 . 3294 

43 

571.6 

35.69 

4.770 

36.7 

1.3384 

44 

588.9 

36.76 

4.914 

37.4 

1.3476 

45 

606.4 

37.86 

5.061 

38.1 

1.3569 

46 

624.2 

38.97 

5.209 

38.9 

1.3663 

47 

642.2 

40.09 

5.359 

39.6 

1.3758 

48 

660.4 

41.23 

5.511 

40.3 

1.3854 

49 

678.8 

42.38 

5.665 

41.1 

1.3951 

50 

697.6 

43.55 

5.821 

41.8 

1 . 4049 

51 

716.5 

44.73 

5.979 

42.5 

1.4148 

52 

735.7 

45.93 

6.140 

43.2 

1.4248 

53 

755.1 

47.14 

6.302 

44.0 

1.4350 

54 

774.9 

48.37 

6.467 

1661 


SULFURIC  ACID  (Continued) 
Specific   Gravity   op  Aqueous   Sulfuric   Acid   Solutiohs 

20°      » 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

H2S04 

liter 

cu.  ft. 

gal. 

44.7 

1.4453 

55 

794.9 

49.62 

6.634 

45.4 

1.4557 

56 

815.2 

50.89 

6.803 

46.1 

1.4662 

57 

835.7 

52.17 

6.974 

46.8 

1.4768 

58 

856.5 

53.47 

7.148 

47.5 

1.487S 

59 

877.6 

54.79 

7.324 

48.2 

1.4983 

60 

899.0 

56.12 

7.502 

48.9 

1.5091 

61 

920.6 

57.47 

7.682 

49.6 

1.5200 

62 

942.4 

58.83 

7.865 

50.3 

1.5310 

63 

964.5 

60.21 

8.049 

51.0 

1.5421 

64 

986.9 

61.61 

8.236 

51.7 

1.5533 

65 

1010 

63.03 

8.426 

52.3 

1 . 5646 

66 

1033 

64.46 

8.618 

53.0 

1.5760 

67 

1056 

65.92 

8.812 

53.7 

1 . 5874 

68 

1079 

67.39 

9.008 

54.3 

1.5989 

69 

1103 

68.87 

9.207 

55.0 

1.6105 

70 

1127 

70.38 

9.408 

55.6 

1.6221 

71 

1152 

71.90 

9.611 

56.3 

1.6338 

72 

1176 

73.44 

9.817 

56.9 

1.6456 

73 

1201 

74.99 

10.02 

57.5 

1.6574 

74 

1226 

76.57 

10.24 

58.1 

1.6692 

75 

1252 

78.15 

10.45 

58.7 

1.6810 

76 

1278 

79.75 

10.66 

59.3 

1.6927 

77 

1303 

81.37 

10.88 

59.9 

1.7043 

78 

1329 

82.99 

11.09 

60.5 

1.7158 

79 

1355 

84.62 

11.31 

61.1 

1.7272 

80 

1382 

86.26 

11.53 

61.6 

1 . 7383 

81 

1408 

87.90 

11.75 

62.1 

1.7491 

82 

1434 

89.54 

11.97 

62.6 

1.7594 

83 

1460 

91.16 

12.19 

63.0 

1.7693 

84 

1486 

92.78 

12.40 

63.5 

1.7786 

85 

1512 

94.38 

12.62 

6^.9 

1.7872 

86 

1537 

95.95 

12.83 

64.2 

1.7951 

87 

1562 

97.49 

13.03 

64.5 

1 . 8022 

88 

1586 

99.01 

13.23 

64.8 

1.8087 

89 

1610 

100.5 

13.43 

65.1 

1.8144 

90 

1633 

101.9 

13.63 

65.3 

1.8195 

91 

1656 

103.4 

13.82 

65.5 

1 . 8240 

92 

1678 

104.8 

14.00 

65.7 

1.8279 

93 

1700 

106.1 

14.19 

65.8 

1.8312 

94 

1721 

107.5 

14.36 

65.9 

1.8337 

95 

1742 

108.7 

14.54 

66.0 

1.8355 

96 

1762 

110.0 

14.70 

66.0 

1.8364 

97 

1781 

111.2 

14.87 

66.0 

1.8361 

98 

1799 

112.3 

15.02 

65.9 

1.8342 

99 

1816 

113.4 

15.15 

65.8 

1.8305 

100 

1831 

114.3 

15.28 

1662 


TABLES   OF   THE    MANUFACTURING   CHEMISTS' 
ASSOCIATION 

SULFURIC   ACID 
Authorities  —  W.  C.  Ferguson;  H.P.Talbot 
This  table  has  been  approved  and  adopted  as  a  standard  by 
the  Manufacturing  Chemists'  Association  of  the  United  States. 
Specific  Gravity  determinations  were  made  at  60°  F.,  com- 
pared with  water  at  60°  F. 

From  the  Specific  Gravities  the  corresponding  degrees  Baum6 
were  calculated  by  the  following  formula* 


Baume  =  145  - 


145 


Sp.  Gr. 


Baume  Hydrometers  for  use  with  this  table  must  be  graduated 
oy  the  above  formula,  which  formula  should  always  be  printed 
on  the  scale. 

66°  Baume  =  Sp.  Gr.  1.8354. 

1  cu.  ft.  water  at  60°  F.  weighs  62.37  lbs.  av. 
Atomic  weights  from  F.  W.  Clarke's  table  of  1901.     O  =  16. 
H2S04  =  100  per  cent. 

H2SO4  O.  V. 

O.  V.             93.19  100.00 

60°              77.67  83.35 

50°              62.18  66.72 


60° 

119.98 

100.00 

80.06 


Acids  stronger  than   66°  Be.   should  have  their  percentage 
compositions  determined  by  chemical  analysis. 


Be.0 

Sp.  gr. 

Tw.° 

Per  cent 
H2SO 

Weight 

of 

1  cu.  ft. 

in  lbs.  av. 

Per  cent 
O.  V. 

Pounds 

O.  V. 

in  1  cu.  ft. 

*  Freezing 

(melting) 

point. 

0 

1.0000 

0.0 

0.00 

62.37 

0.00 

0.00 

32.0°F. 

1 

1.0069 

1.4 

1.02 

62.80 

1.09 

.68 

31.2    " 

2 

1.0140 

2.8 

2.08 

63.24 

2.23 

1.41 

30.5    " 

3 

1.0211 

4.2 

3.13 

63.69 

3.36 

2.14 

29.8    " 

4 

1.0284 

5.7 

4.21 

64.14 

4.52 

2.90 

28.9    " 

5 

1.0357 

7.1 

5.28 

64.60 

5.67 

3.66 

28.1    " 

6 

1.0432 

8.6 

6.37 

65.06 

6.84 

4.45 

27.2    " 

7 

1.0507 

10.1 

7.45 

65.53 

7.99 

5.24 

26.3    " 

8 

1.0584 

11.7 

8.55 

66.01 

9.17 

6.06 

25.1    " 

9 

1.0662 

13.2 

9.66 

66.50 

10.37 

6.89 

24.0    " 

10 

1.0741 

14.8 

10.77 

66.99 

11.56 

7.74 

22.8    " 

11 

1.0821 

16.4 

11.89 

67.49 

12.76 

8.61 

21.5    " 

12 

1.0902 

18.0 

13.01 

68.00 

13.96 

9.49 

20.0    " 

13 

1.0985 

19.7 

14.13 

68.51 

15.16 

10.39 

18.3    " 

14 

1.1069 

21.4 

15.25 

69.04 

16.36 

11.30 

16.6    " 

*  Calculated  from  Pickering's  results,  Journal  of  London  Chemical  Society^ 
toL  57,  p.  363. 
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SULFURIC   i 

kCID    (Continued) 

Be.° 

Sp.gr. 

Tw.° 

Per  cent 
H2SO4 

Weight 

of 

1  cu.  ft. 

in  lbs.  av. 

Per  cent 
0.  V. 

Pounds 
0.  V. 

in  1  cu.ft. 

*  Freezing 

(melting) 

point. 

15 

1.1154 

23.1 

16.38 

69.57 

17.58 

12.23 

14.7  F. 

16 

1.1240 

24.8 

17.53 

70.10 

18.81 

13.19 

12.6    " 

17 

1.1328 

26.6 

18.71 

70.65 

20.08 

14.18 

10.2   " 

18 

1.1417 

28.3 

19.89 

71.21 

21.34 

15.20 

7.7    " 

*9 

1.1508 

30.2 

21.07 

71.78 

22.61 

16.23 

4.8    " 

20 

1.1600 

32.0 

22.25 

72.35 

23.87 

17.27 

+  1.6    " 

21 

1.1694 

33.9 

23.43 

72.94 

25.14 

18.34 

-  1.8    " 

22 

1.1789 

35.8 

24.61 

73.53 

26.41 

19.42 

-  6.0   " 

23 

1.1885 

37.7 

25.81 

74.13 

27.69 

20.53 

-11 

24 

1.1983 

39.7 

27.03 

74.74 

29.00 

21.68 

-16       " 

25 

1.2083 

41.7 

28.28 

75.36 

30.34 

22.87 

-23       " 

26 

1.2185 

43.7 

29.53 

76.00 

31.69 

24.08 

-30       " 

27 

1.2288 

45.8 

30.79 

76.64 

33.04 

25.32 

-39       " 

28 

1.2393 

47.9 

32.05 

77.30 

34.39 

26.58 

-49 

29 

1.2500 

50.0 

33.33 

77.96 

35.76 

27.88 

-61 

30 

1.2609 

52.2 

34.63 

78.64 

37.16 

29.22 

-74       " 

3U 

1.2719 

54.4 

35.93 

79.33 

38.55 

30.58 

-82       " 

32 

1.2832 

56.6 

37.26 

80.03 

39.98 

32.00 

-96 

33 

1.2946 

58.9 

38.58 

80.74 

41.40 

33.42 

-97       " 

34 

1.3063 

61.3 

39.92 

81.47 

42.83 

34.90 

-91 

35 

1.3182 

63.6 

41.27 

82.22 

44.28 

36.41 

-81 

36 

1.3303 

66.1 

42.63 

82.97 

45.74 

37.95 

-70       " 

37 

1.3426 

68.5 

43.99 

83.74 

47.20 

39.53 

-60       " 

38 

1.3551 

71.0 

45.35 

84.52 

48.66 

41.13 

-53 

39 

1.3679 

73.6 

46.72 

85.32 

50.13 

42.77 

-47       " 

40 

1.3810 

76.2 

48.10 

86.13 

51.61 

44.45 

-41 

41 

1.3942 

78.8 

49.47 

86.96 

53.08 

46.16 

-35 

42 

1.4078 

81.6 

50.87 

87.80 

54.58 

47.92 

-31 

43 

1.4216 

84.3 

52.26 

88.67 

56.07 

49.72 

-27       " 

44 

1.4356 

87.1 

53.66 

89.54 

57.58 

51.56 

-23 

45 

1.4500 

90.0 

55.07 

90.44 

59.09 

53.44 

-20 

46 

1.4646 

92.9 

56.48 

91.35 

60.60 

55.36 

-14 

47 

1.4796 

95.9 

57.90 

92.28 

62.13 

57.33 

-15 

48 

1.4948 

99.0 

59.32 

93.23 

63.65 

59.34 

-18 

49 

1.5104 

102.1 

60.75 

94.20 

65.18 

61.40 

-22        " 

•  Calculated  from  Pickering's  results.  Journal  of  London  Chemical  Society 
rol.  57,  p.  363.  1664 


SULFURIC   ACID    (Continued) 


Be. 


50 
51 
52 
53 
54 

55 
56 
57 

58 
59 

60 
61 
62 
63 
64 

64i 

64± 

64f 

65 

65i 

65| 
65| 
66 


Sp.  gr. 


1.5263 
1.5426 
1.5591 
1.5761 
1.5934 

1.6111 
1.6292 
1.6477 
1.6667 
1.6860 

1.7059 
1.7262 
1.7470 
1.7683 
1.7901 

1.7957 
1.8012 
1.8068 
1.8125 
1.8182 

1.8239 
1.8297 
1.8354 


Tw. 


105.3 
108.5 
111.8 
115.2 
118.7 

122.2 
125.8 
129.5 
133.3 
137.2 

141.2 
145.2 
149.4 
153.7 
158.0 

159  1 
160.2 
161.4 
162.5 
163.6 

164.8 
165.9 
167.1 


Per  cent 
H2SO4 


62.18 
63.66 
65.13 
66.63 
68.13 

69.65 
71.17 
72.75 
74.36 
75.99 

77.67 
79.43 
81.30 
83.34 

85.66 

86.33 
87.04 

87.81 
88.65 
89.55 

90.60 
91.80 
93.19 


Weight 

of 
1  cu.  ft. 
in  lbs.  av. 


95.20 
96.21 
97.24 
98.30 
99.38 

100.48 
101.61 
102.77 
103.95 
105.16 

106.40 
107.66 
108.96 
110.29 
111.65 

112.00 
112.34 
112.69 
113.05 
113.40 

113.76 
114.12 
114.47 


Per  cent 
O.  V 


66.72 
68.31 
69.89 
71.50 
73.11 

74.74 
76.37 
78.07 
79.79 
81.54 

83.35 
85.23 

87.24 
89.43 
91.92 

92.64 
93.40 
94.23 
95.13 
96.10 

97.22 

98.51 
100.0 


Pounds 
O.  V. 

in  1  cu.ft. 


63.52 
65.72 
67.96 
70.28 
72.66 

75.10 
77.60 
80.23 
82.95 
85.75 

88.68 
91.76 
95.06 
98.63 
102.63 

103.75 
104.93 
106. 19 
107.54 
108.97 

110.60 
112.42 
114.47 


•Freezing 

(melting) 

point. 


-27 
-33 
-39 
-49 
-59 


F. 


-  7 


+12.6 
27.3 
39.1 
46.1 
46.4 

43.6 
41.1 
37.9 
33.1 
24.6 

13.4 
-  1 

-29 


•Calculated  from  Picker Qg's  results,  Journal  of  London  Chemical  Society, 
rol.  57,  p.  363. 


Per  cent 

Pounds 

60° 

in  1  cu.  ft. 

Per  cent 

Pounds 

50° 
in  1  cu.  ft 

APPROXIMATP]  BOIL- 

G0° 

50° 

ING  POINTS 

61.93 

53.34 

77.36 

66.63 

50°  Be.  295    F. 

63.69 

55.39 

79.56 

69.19 

60°    "    386    " 

65.50 

57.50 

81.81 

71.83 

61°    "    400    " 

67.28 

59.66 

84.05 

74.53 

62°    "    415     " 
63°    "    432    " 
64°    "    451    " 

69.09 

61.86 

86.30 

77.27 

70.90 

64.12 

88.56 

80.10 

65°    "    485    " 

72.72 

66.43 

90.83 

82.98 

66°    "    538    " 

74.55 

68.79 

93.12 

85.93 

76.37 

71.20 

95.40 

88.94 

78.22 

73.68 

97.70 

92.03 
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SULFURIC  ACID    (Continued) 


FIXED   POINTS 


Sp.  gr. 


1.0000 
1.0048 
1.0347 
1.0649 
1  0992 
1 .  1353 
1.1736 
1  2105 
1.2513 
1.2951 
1.3441 
1.3947 
1.4307 
1.4667 
1.4822 


Per  cent 

Per  cent 

H2SO4 

Sp.  gr. 

H2SO4 

.00 

1.5281 

62.34 

.71 

1.5440 

63.79 

5.14 

1.5748 

66.51 

9.48 

1.6272 

71.00 

14.22 

1.6679 

74.46 

19.04 

1.7044 

77.54 

23.94 

1.7258 

79.40 

28.55 

1.7472 

81.32 

33.49 

1.7700 

83.47 

38.64 

1.7959 

86.36 

44.15 

1.8117 

88.53 

49.52 

1.8194 

89.75 

53.17 

1.8275 

91.32 

56.68 

1.8354 

93.19 

58.14 

ALLOWANCE   FOR   TEM- 
PERATURE 

At  10°  Be\  .029°  Be.  or  .00023  Sp.  Gr, 

=  1°  F. 
At  20°  Be.  .036°  Be.  or  .00034  Sp.  Gr. 

=  1°F. 
At  30°  Be.  .035°  Be.  or  .00039  Sp.  Gr. 

=  1°F. 
At  40°  Be.  .031°  Be.  or  .00041  Sp.  Gr. 

=  1°F. 
At  50°  Be.  .028°  Be.  or  .00045  Sp.  Gr. 

=  1°F. 
At  60°  Be\  .026°  Be.  or  .00053  Sp.  Gr. 

=  1°F. 
At  63°  Be.   026'  Be.  or  .00057  Sp.  Gr. 

=  1°F. 
At  66°  Be.  .0235°  Be.  or  .00054  Sp.  Gr. 

-  1°  F. 


Per  cent 
60° 

Pounds 

60° 
in  1  cu.  ft. 

Per  cent 
50° 

80.06 
81.96 

76.21 

78.85 

100.00 

102.38 

83.86 
85.79 
87.72 

81.54 
84.33 
87.17 

104.74 
107.15 
109.57 

89.67 
91.63 
93.67 
95.74 
97.84 

90.10 
93.11 
96.26 
99.52 
102.89 

112.01 
114.46 
117.00 
119.59 
122.21 

100.00 
102.27 
104.67 
107.30 
110.29 

106.40 
110.10 
114.05 
118.34 
123. 14 

124.91 
127.74 
130.75 
134.03 
137.76 

111.15 
112.06 
113.05 
114.14 
115.30 

124.49 
125.89 
127.40 
129.03 
130. 75 

138.84 
139.98 
141.22 
142.57 
144.02 

116.65 
118.19 
119.98 

132.70 
134.88 
137.34 

145.71 
147.63 
149.87 

Pounds 

50° 
in  1  cu.  ft 


95.20 
98.50 

101.85 
105.33 
108. 89 

112.55 
116.30 
120.24 
124.31 
128.52 

132.91 
137.52 
142.47 
147.82 
153.81 

155.50 
157.25 
159.14 
161.17 
163.32 

16576 
16848 
171.56 
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SULFURIC  ACID,  S03 

Specific  Gravity  of  Aqueous  Sulfuric  Acid  Solutions  at 

Giving  S03  Content 


20°  r 


Per  cent 
SOa 

G.  per 

Lbs.  per 

Lbs  per 

B<§. 

Sp.  gr. 

liter 

cu.  ft. 

gal. 

SOa 

SOa 

SOa 

0.7 

1.0051 

.8163 

8.204 

.5122 

0.0685 

1.7 

1.0118 

1.633 

16.52 

1.030 

.1379 

2.6 

1.0184 

2.449 

24.94 

1.557 

.2082 

3.5 

1.0250 

3.265 

33.47 

2.090 

.2793 

4.5 

1.0317 

4.082 

42.11 

2.628 

.3514 

5.4 

1.0385 

4.898 

50.86 

3.175 

.4245 

6.3 

1.0453 

5.714 

59.73 

3.729 

.4984 

7.2 

1.0522 

6.531 

68.72 

4.290 

.5735 

8.1 

1.0591 

7.347 

77.81 

4.857 

.6494 

9.0 

1.0661 

8.163 

87.02 

5.433 

.7263 

9.9 

1.0731 

8.979 

96.32 

6.015 

.8042 

10.8 

1 . 0802 

9.796 

105.8 

6.606 

.8833 

11.7 

1 . 0874 

10.612 

115.4 

7.204 

.9633 

12.5 

1 . 0947 

11.43 

125.1 

7.810 

1.044 

13.4 

1.1020 

12.24 

134.9 

8.424 

1.126 

14.3 

1 . 1094 

13.06 

144.9 

9.045 

1.209 

15.2 

1.1168 

13.88 

155.0 

9.673 

1.293 

16.0 

1.1243 

14.69 

165.2 

10.31 

1.379 

16.9 

1.1318 

15.51 

175.5 

10.95 

1.465 

17.7 

1.1394 

16.33 

186.0 

11.62 

1.553 

18.6 

1.1471 

17.14 

196.6 

12.28 

1.641 

19.4 

1.1548 

17.96 

207.4 

12.95 

1.731 

20.3 

1.1626 

18.78 

218.3 

13.62 

1.821 

21.1 

1.1704 

19.59 

229.3 

14.32 

1.913 

21.9 

1.1783 

20.41 

240.5 

15.01 

2.007 

22.8 

1.1862 

21.22 

251.8 

15.71 

2.101 

23.6 

1.1942 

22.04 

263.2 

16.43 

2.197 

24.4 

1 . 2023 

22.86 

274.8 

17.16 

2.293 

25.2 

1.2104 

23.67 

286.5 

17.89 

2.391 

26.0 

1.2185 

24.49 

298.4 

18.63 

2.491 

26.8 

1 . 2267 

25.31 

310.4 

19.38 

2.590 

27.6 

1 . 2349 

26.12 

322.6 

20.14 

2.692 

28.4 

1 . 2432 

26.94 

334.9 

20.91 

2.795 

29.1 

1.2515 

27.75 

347.3 

21.68 

2.899 

29.9 

1.2599 

28.57 

360.0 

22.47 

3.003 

30.7 

1.2684 

29.39 

372.7 

23.27 

3.111 

31.4 

1 . 2769 

30.20 

385.7 

24.07 

3.219 

32.2 

1.2855 

31.02 

398.8 

24.89 

3.328 

33.0 

1.2941 

31.84 

412.0 

25.72 

3.438 

33.7 

1 . 3028 

32.65 

425.4 

26.45 

3.550 

34.5 

1.3116 

33.47 

439.0 

27.40 

3.664 

35.2 

1.3205 

34.29 

452.7 

28.26 

3.778 

35.9 

1.3294 

35.10 

466.6 

29.13 

3.894 

36.7 

1.3384 

35.92 

480.7 

30.01 

4.011 

37.4 

1.3476 

36.73 

495.0 

30.91 

4.131 

38.1 

1 . 3569 

37.55 

509.5 

31.81 

4.252 

38.9 

1.3663 

38.37 

524.2 

32.73 

4.375 

39.6 

1.3758 

39.18 

539.1 

33.66 

4.499 

40.3 

1.3854 

40.00 

554.1 

34.50 

4.624 

41.1 

1.3951 

40.82 

569.5 

35.55 

4.752 

41.8 

1.4049 

41.63 

584.9 

36.51 

4.881 

42.5 

1.4148 

42.45 

600.6 

37.49 

5.012 

43.2 

1.4248 

43.26 

616.4 

38.48 

5.144 

44.0 

1.4350 

44.08 

632.6 

39.49 

5.279 

44.7 

1.4453 

44.90 

648.9 

40.51 

5.415 

45.4 

1.4557 

45.71 

665.5 

41.54 

5.553 
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SULFURIC  ACID  S03  (Continued) 

Specific  Gravity  of  Aqueous  Sulfuric  Acid  Solutions  at 

20° 

-jo-  C.  GrviNG  S03  Content 


Per  cent 
SO3 

G.  per 

Lbs.  per 

Lbs.  per 

Be. 

Sp.  gr. 

liter 

cu.  ft. 

gal. 

SOs 

SOs 

SOa 

46.1 

1.4662 

46.53 

682.2 

42.59 

5.693 

46.8 

1.4768 

47.35 

699.2 

43.65 

5.835 

47.5 

1.4875 

48.16 

716.4 

44.73 

5.979 

48.2 

1.4983 

48.98 

733.9 

45.81 

6.124 

48.9 

1.5091 

49.80 

751.5 

46.91 

6.271 

49.6 

1.5200 

50.61 

769.3 

48.02 

6.420 

50.3 

1.5310 

51.43 

787.3 

49.15 

6.571 

51.0 

1.5421 

52.24 

805.6 

50.29 

6.723 

51.7 

1.5533 

53.06 

824.5 

51.45 

6.878 

52.3 

1 . 5646 

53.88 

843.3 

52.62 

7.035 

53.0 

1.5760 

54.69 

862.0 

53.81 

7.193 

53.7 

1.5874 

55.51 

880.8 

55.01 

7.353 

54.3 

1.5989 

56.33 

900.4 

56.22 

7.516 

55.0 

1.6105 

57.14 

920.0 

57.45 

7.680 

55.6 

1.6221 

57.96 

940.4 

58.69 

7.846 

56.3 

1.6338 

58.77 

960.0 

59.95 

8.014 

56.9 

1.6456 

59.59 

980.4 

61.22 

8.180 

57.5 

1 . 6574 

60.41 

1001 

62.51 

8.359 

58.1 

1.6692 

61.22 

1022 

63.80 

8.530 

58.7 

1.6810 

62.04 

1043 

65.10 

8.702 

59.3 

1.6927 

62.86 

1064 

66.42 

8.882 

59.9 

1.7043 

63.67 

1085 

67.75 

9.053 

60.5 

1.7158 

64.49 

1106   , 

69.08 

9.233 

61.1 

1.7272 

65.31 

1128 

70.42 

9.412 

61.6 

1.7383 

66.12 

1149 

71.75 

9.592 

62.1 

1.7491 

66.94 

1171 

73.09 

9.771 

62.6 

1 . 7594 

67.75 

1192 

74.42 

9.951 

63.0 

1 . 7693 

68.57 

1213 

75.74 

10.12 

63.5 

1.7786 

69.39 

1234 

77.04 

10.30 

63.9 

1.7872 

70.20 

1255 

78.33 

10.47 

64.2 

1.7951 

71.02 

1275 

79.58 

10.64 

64.5 

1.8022 

71.84 

1295 

80.82 

10.80 

64.8 

1.8087 

72.65 

1314 

82.04 

10.96 

65.1 

1.8144 

73.47 

1333 

83.18 

11.13 

65.3 

1.8195 

74.28 

1352 

84.41 

11.28 

65.5 

1.8240 

75.10 

1370 

85.55 

11.43 

65.7 

1 . 8279 

75.92 

1388 

86.61 

11.58 

65.8 

1.8312 

76.73 

1405 

87.75 

11.72 

65.9 

1.8337 

77.55 

1422 

88.73 

11.87 

66.0 

1 . 8355 

78.37 

1438 

89.79 

12.00 

66.0 

1.8364 

79.18 

1454 

90.77 

12.14 

66.0 

1.8361 

80.00 

1468 

91.67 

12.26 

65.9 

1 . 8342 

80.82 

1482 

92.57 

12.37 

65.8 

1.8305 

81.63 

1495 

93.31 

12.47 
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TANNIC  ACID 

Specific  Gravity  op  Aqueous  Tannic  Acid  Solutions  at 

15°  C.  (Trammer) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

C14H10O9 

liter 

cu.  ft. 

gal. 

0.6 

1.0040 

1.0 

10.04 

0.6268 

0.0838 

0.6 

1.0044 

1.0 

11.05 

0.6897 

0.0922 

0.7 

1.0048 

1.2 

12.06 

0.7527 

0.1006 

0.8 

1.0052 

1.3 

13.07 

0.8158 

0.1091 

0.8 

1.0056 

1.4 

14.08 

0.8789 

0.1175 

0.9 

1.0060 

1.5 

15.09 

0.9420 

0.1259 

0.9 

1.0064 

1.6 

16.10 

1.005 

0.1344 

1.0 

1.0068 

1.7 

17.12 

1.068 

0.1428 

1.0 

1.0072 

1.8 

18.13 

1.132 

0.1513 

1.1 

1.0076 

1.9 

19.14 

1.195 

0 . 1598 

1.2 

1.0080 

2.0 

20.16 

1.259 

0 . 1682 

1.2 

1.0084 

2.1 

21.18 

1.322 

0.1767 

1.3 

1.0088 

2.2 

22.19 

1.385 

0 . 1852 

1.3 

1.0092 

2.3 

23.21 

1.449 

0.1937 

1.4 

1.0096 

2.4 

24.23 

1.513 

0.2022 

1.4 

1.0100 

2.5 

25.25 

1.576 

0.2107 

1.5 

1.0104 

2.6 

26.27 

1.640 

0.2192 

1.5 

1.0108 

2.7 

27.29 

1.704 

0.2278 

1.6 

1.0112 

2.8 

28.31 

1.768 

0.2363 

1.7 

1.0116 

2.9 

29.34 

1.831 

0.2448 

1.7 

1.0120 

3.0 

30.36 

1.895 

0.2534 

1.8 

1.0124 

3.1 

31.38 

1.959 

0.2619 

1.8 

1.0128 

3.2 

32.41 

2.023 

0.2705 

1.9 

1.0132 

3.3 

33.44 

2.087 

0.2790 

1.9 

1.0136 

3.4 

34.46 

2.151 

0.2876 

2.0 

1.0140 

3.5 

35.49 

2.216 

0.2962 

2.1 

1.0144 

3.6 

36.52 

2.280 

0.3048 

2.1 

1.0148 

3.7 

37.55 

2.344 

0.3133 

2.2 

1.0152 

3.8 

38.58 

2.408 

0.3219 

2.2 

1.0156 

3.9 

39.61 

2.473 

0.3305 

2.3 

1.0160 

4.0 

40.64 

2.537 

0.3392 

2.3 

1.0164 

4.1 

41.67 

2.601 

0.3478 

2.4 

1.0168 

4.2 

42.71 

2.666 

0.3564 

2.5 

1.0172 

4.3 

43.74 

2.731 

0.3650 

2.5 

1.0176 

4.4 

44.77 

2.795 

0.3737 

2.6 

1.0180 

4.5 

45.81 

2.860 

0.3823 

2.6 

1.0184 

4.6 

46.85 

2.924 

0.3909 

2.7 

1.0188 

4.7 

47.88 

2.989 

0.3996 

2.7 

1.0192 

4.8 

48.92 

3.054 

0.4083 

2.8 

1.0196 

4.9 

49.96 

3.119 

0.4169 

2.8 

1.0200 

5.0 

51.00 

3.184 

0.4256 

... 

1.0401 

10.0 

104.0 

6.493 

0.8680 

1 
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TARTARIC  ACID 

Specific  Gravity  of  Aqueous  Tartaric  Acid  (d)  Solutions 
at  15°  C.   (Gerlach) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

H2C4H4O6 

liter 

cu.  ft. 

gal. 

0.6 

1.0045 

1 

10  05 

0.6271 

0.0838 

1.3 

1.0090 

2 

20.18 

1.260 

0 . 1684 

2.6 

1.0179 

4 

40.72 

2.542 

0.3398 

3.9 

1.0273 

6 

61.64 

3.848 

0.5144 

5.2 

1.0371 

8 

82.97 

5.179 

0.6924 

6.5 

1.0469 

10 

104.7 

6.535 

0.8737 

7.8 

1.0565 

12 

126.8 

7.915 

1.058 

9.0 

1.0661 

14 

149.3 

9.317 

1.246 

10.3 

1.0761 

16 

172.2 

10.75 

1.437 

11.5 

1.0865 

18 

195.6 

12.21 

1.632 

12.8 

1.0969 

20 

219.4 

13.70 

1.831 

14.0 

1.1072 

22 

243.6 

15.21 

2.033 

15.2 

1.1175 

24 

268.2 

16.74 

2.238 

16.5 

1.1282 

26 

293.3 

18.31 

2.448 

17.7 

1 . 1393 

28 

319.0 

19.91 

2.662 

19.0 

1.1505 

30 

345.2 

21.55 

2.880 

20.2 

1.1615 

32 

371.7 

23.20 

3.102 

21.3 

1.1726 

34 

398.7 

24.89 

3.327 

22.5 

1.1840 

36 

426.2 

26.61 

3.557 

23.8 

1.1959 

38 

454.4 

28.37 

3.792 

25.0 

1.2078 

40 

483.1 

30.16 

4.032 

26.1 

1.2198 

42 

512.3 

31.98 

4.275 

27.3 

1.2317 

44 

541.9 

33.83 

4.523 

28.5 

1.2441 

46 

572.3 

35.73 

4.776 

29.6 

1.2568 

48 

603.3 

37.66 

5.034 

30.8 

1.2696 

50 

634.8 

39.63 

5.298 

32.0 

1.2828 

52 

667.1 

41.64 

5.567 

33.1 

1.2961 

54 

699.9 

43.69 

5.841 

34.3 

1.3093 

56 

733.2 

45.77 

6.119 
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ZINC  CHLORIDE 

Specific  Gravity  op  Aqueous  Zinc  Chloride  Solutions 

AT   -js-  C.* 


Be. 


Sp.  gr. 


Per  cent 
ZnCh 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.4 
4.9 
7.3 
9.7 
11.0 
14.2 
16.4 
18.6 
20.7 
22.8 
27.9 
32.8 
37.8 
42.7 
47.6 
52.5 
57.4 
62.1 
66.7 
71.1 


1.0167 

2 

1.0350 

4 

1.0532 

6 

1.0715 

8 

1.0819 

10 

1 . 1085 

12 

1.1275 

14 

1.1468 

16 

1.1665 

18 

1.1866 

20 

1.2380 

25 

1.2928 

30 

1.3522 

35 

1.4173 

40 

1.4890 

45 

1.5681 

50 

1.655 

55 

1.749 

60 

1.851 

65 

1.962 

70 

20.33 
41.40 
63.19 
85.72 
108.2 
133.0 
157.9 
183.5 
210.0 
237.3 
309.5 
387.8 
473.3 
566.9 
670.1 
784.1 
910.3 
1049 
1203 
1373 


1.269 
2.584 
3.945 
5.351 
6.754 
8.304 
9.854 
11.45 
13.11 
14.82 
19.32 
24.21 
29.54 
35.39 
41.83 
48.95 
56.82 
65.51 
75.11 
85.74 


0.1697 

0.3455 

0.5274 

0.7154 

0.9029 

1.110 

1.317 

1.531 

1.752 

1.980 

2.583 

3.237 

3.950 

4.731 

5.592 

6.543 

7.596 

8.757 

10.05 

11.46 
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ZINC  CHLORIDE 

Specific  Gravity  of  Aqueous  Zinc  Chloride  Solutions  at 


60 
60 


5  F.  (Whitney,  Hartle,  Sakryd) 


Weight 

of  1  cu.  ft. 

in  lbs. 

Per  cent 

Lbs.  50 

Ba. 

Sp.  gr. 

Per  cent 

Lbs.  ZnCh 

50 

per  cent 

ZnCl2 

in  1  cu.  ft. 

per  cent 

ZnCh 

ZnCh 

in  1  cu.  ft. 

0 

1.0000 

0 

62.37 

0 

0 

0 

i 

1.0069 

.76 

62.80 

.4773 

1.52 

.9546 

2 

1.0140 

1.53 

63.24 

.9676 

3.06 

1.9352 

3 

1.0211 

2.29 

63.69 

1.4585 

4.58 

2.9170 

4 

1.0284 

3.05 

64.14 

1.9563 

6.10 

I    3.9126 

5 

1.0357 

3.81 

64.60 

2.4613 

7.62 

4.9226 

6 

1.0432 

4.63 

65.06 

3.0123 

9.26 

6.0246 

7 

1.0507 

5.45 

65.53 

3.5714 

10.90 

7.1428 

8 

1.0584 

6.27 

66.01 

4.1388 

12.54 

8.2776 

9 

1.0662 

7.09 

66.50 

4.7149 

14.18 

9.4298 

10 

1.0741 

7.91 

66.99 

5.2980 

15.82 

10.5978 

11 

1.0821 

8.78 

67.49 

5.9256 

17.56 

11.8512 

12 

1.0902 

9.65 

68.00 

6.5620 

19.30 

13.1240 

13 

1.0985 

10.52 

68.51 

7.2073 

21.04 

14.4146 

14 

1 .  1069 

11.39 

69.04 

7.8637 

22.78 

15.7274 

15 

1.1154 

12.26 

69.57 

8.5293 

24.52 

17.0586 

16 

1 . 1240 

13.21 

70.10 

9.2602 

26.42 

18.5204 

17 

1.1328 

14.15 

70.65 

9.9970 

28.30 

19.9940 

18 

1.1417 

15.10 

71.21 

10.7527 

30.20 

21.5054 

19 

1.1508 

16.04 

71.78 

11.5135 

32.08 

23.0270 

20 

1 . 1600 

16.98 

72.35 

12.2850 

33.96 

24.5700 

21 

1.1694 

17.96 

72.94 

13.1000 

35.92 

26 . 2000 

22 

1.1789 

18.94 

73.53 

13.9266 

37.88 

27.8532 

23 

1.1885 

19.92 

74.13 

14.7667 

39.84 

29.5334 

24 

1 . 1983 

20.90 

74.74 

15.6207 

41.80 

31.2414 

25 

1.2083 

21.88 

75.36 

16.4888 

43.76 

32.9776 

26 

1.2185 

22.88 

76.00 

17.3888 

45.76 

34.7776 

27 

1.2288 

23.88 

76.64 

18.3016 

47.76 

36 . 6032 

28 

1.2393 

24.89 

77.30 

19.2400 

49.78 

38.4800 

29 

1 . 2500 

25.89 

77.96 

20.1838 

51.78 

40.3676 

30 

1.2609 

26.90 

78.64 

21.1542 

53.80 

42.3084 

31 

1.2719 

27.91 

79.33 

22.1410 

55.82 

44.282Q 

32 

1.2832 

28.91 

80.03 

23.1367 

57.82 

46.2734 

33 

1.2946 

29.92 

80.74 

24.1574 

59.84 

48.3148 

34 

1 . 3063 

30.93 

81.47 

25.1987 

61.86 

50.3974 

35 

1.3182 

31.93 

82.22 

26.2528 

63.86 

52.5056 

36 

1.3303 

32.94 

82.97 

27.3303 

65.88 

54.6605 

37 

1.3426 

33.95 

83.74 

28.4297 

67.90 

56.8594 

38 

1.3551 

34.96 

84.52 

29 . 5482 

69.92 

59.0964 

39 

1.3679 

35.97 

85.32 

30.6896 

71.94 

61.3792 

40 

1.3810 

36.98 

86.13 

31.8509 

73.96 

63.7018 

41 

1.3942 

38.02 

86.96 

33.0622 

76.04 

66.1244 

42 

1.4078 

39.05 

87.80 

34.2859 

78.10 

68.5718 

43 

1.4216 

40.09 

88.67 

35.5478 

80.18 

71.0956 

44 

1.4356 

41.12 

89.54 

36.8188 

82.24 

73.6376 

45 

1.4500 

42.16 

90.44 

38.1295 

84.32 

76.2590 

46 

1.4646 

43.21 

91.35 

39.4723 

86.42 

78.9446 

47 

1.4796 

44.26 

92.28 

40.8431 

88.52 

81.6862 

48 

1.4948 

45.32 

93.23 

42.2518 

90.64 

84.5036 

49 

1.5104 

46.37 

94.20 

43.6805 

92.74 

87.3610 

50 

1.5263 

47.43 

95.20 

45.1534 

94.86 

90.3068 

51 

1.5426 

48.48 

96.21 

46.6426 

96.96 

93.2852 

52 

1.5591 

49.54 

97.24 

48.1727 

99.08 

96.3454 
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ZINC  CHLORIDE  (Continued) 

Specific  Gravity  of  Aqueous  Zinc  Chloride  Solutions  ai 

60° 

^5  F.  (Whitney,  Hartle,  Sakryd) 


Weight 

of  1  cu.  ft. 

in  lbs. 

Per  cent 

Lbs.  50 

B6. 

Sp.  gr. 

Per  cent 
ZnCh 

Lbs.  ZnCh 
in  1  cu.  ft. 

50 
per  cent 

per  cent 
ZnCh 

ZnCh 

in  1  cu.  ft. 

53 

1.5761 

50.60 

98.30 

49 . 7398 

101.20 

99.4796 

54 

1.5934 

51.66 

99.38 

51.3397 

103.32 

102.6794 

55 

1.6111 

52.72 

100.48 

52.9731 

105.44 

105.9462 

56 

1.6292 

53.80 

101.61 

54.6662 

107.60 

109.3324 

57 

1.6477 

54.88 

102.77 

56 . 4002 

109.76 

112.8004 

58 

1.6667 

55.97 

103.95 

58.1808 

111.94 

116.3616 

59 

1.6860 

57.06 

105.16 

60.0043 

114.12 

120.0086 

60 

1.7059 

58.15 

106.40 

61.8716 

116.30 

123.7432 

61 

1.7262 

59.23 

107.66 

63.7670 

118.46 

127.5340 

62 

1.7470 

60.30 

108.96 

65.7029 

120.60 

131.4058 

63 

1.7683 

61.37 

110.29 

67.6850 

122.74 

135.3700 

64 

1.7901 

62.44 

111.65 

69.7143 

124.88 

139.4286 

65 

1.8125 

63.52 

113.05 

71.8094 

127.04 

143.6188 

66 

1.8354 

64.68 

114.47 

74.0392 

129.36 

148.0784 

67 

1.8590 

65.85 

115.95 

76.3531 

131.70 

152.7062 

68 

1.8831 

67.02 

117.45 

78.7150 

134.04 

157.4300 

69 

1.9079 

68.19 

119.90 

81.1461 

136.38 

162.2922 

70 

1.9333 

69.36 

120.58 

83.6343 

138.72 

167.2696 

FIXED  POINTS* 


Be. 


Per  cent 
ZnCh 


5.08 

1.0363 

3.88 

10.16 

1.0754 

8.05 

15.35 

1.1184 

12.59 

20.35 

1.1633 

17.32 

25.14 

1.1707 

22.02 

30.00 

1 . 2609 

26.90 

35.07 

1.3190 

32.00 

40.15 

1.3829 

37.14 

44.99 

1.4499 

42.15 

50.14 

1.5285 

47.58 

55.05 

1.6120 

52.77 

60.13 

1.7085 

58.29 

65.11 

1.8150 

63.65 

70.05 

1.9345 

69.42 

APPROXIMATE 

ALLOWANCE    for 

temperature 

M  5°  Be. 

=  0.024°  Be. 

"  10°    " 

=  0.029°   " 

•3 

"  15°    " 

=  0.029°   " 

"  20°    " 

=  0.033°   " 

a 

"  25°    " 

=  0.033°   " 

u 

.,  30o     ,. 

=  0.033°   " 

«J 

..    350        U 

=  0.033°    " 

N 

"  40°     " 

=  0.033°    " 

r    0 

"  45°     " 

=  0.033°   " 

"  50°     " 

=  0.030°   " 

0 

"  55°     " 

=  0.028°   " 

0 

"  60°    " 

=  0.027°   " 

ft 

"65°    " 

=  0.027°   " 

fc 

"  70°    " 

=  0.024°    "  , 

*The  percentage   composition   on   all   fixed   points   were  determined   by 
actual  chemical  analysis,  both  Zinc  and  Chlorine  being  determined. 
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ZINC  NITRATE 
Specific  Gravity  of  Aqueous  Zinc  Nitrate  Solutions  at 


Be. 


Sp.  gr. 


Per  cent 
Zn(N03)2 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.2 

4.5 
6.9 
9.2 
11.5 
13.8 
16.0 
18.3 
20.6 
22.8 
28.3 
33.7 
39.0 
44.2 
49.2 
54.1 


1.0154 

2 

1.0322 

4 

1.0496 

6 

1.0675 

8 

1.0859 

10 

1.1048 

12 

1.1244 

14 

1 . 1445 

16 

1 . 1652 

18 

1 . 1865 

20 

1.2427 

25 

1.3029 

30 

1.3678 

35 

1.4378 

40 

1.5134 

45 

1.5944 

50 

20.31 
41.29 
62.98 
85.40 

108.6 

132 

157 

183 

209 


237.3 
310.7 
390.9 


478.7 
575.1 
681.0 
797.2 


1.268 
2.577 
3.931 
5.331 
6.779 
8.276 
9.827 
11.43 
13.09 
14.81 
19.39 
24.40 
29.89 
35.90 
42.51 
49.77 


0.1695 
0.3446 
0.5256 
0.7127 
0.9062 
1.106 


314 
528 
750 
980 
593 
3.262 
3.995 
4.799 
5.683 
6.653 
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ZINC  NITRATE 
Specific  Gravity  of  Aqueous  Zinc  Nitrate  Solutions  at 

17.5°  (Franz) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

Zn(N03)2 

liter 

cu.  ft. 

gal. 

1.4 

1.0099 

1 

10.10 

0.6305 

0.0843 

2.8 

1.0198 

2 

20.40 

1.273 

0.1702 

4.2 

1.0297 

3 

30.89 

1.928 

0.2578 

5.5 

1.0396 

4 

41.58 

2.596 

0.3470 

6.9 

1.0496 

5 

52.48 

3.276 

0.4380 

8.1 

1.0590 

6 

63.54 

3.967 

0.5303 

9.3 

1.0684 

7 

74.79 

4.669 

0.6241 

10.5 

1.0778 

8 

86.22 

5.383 

0.7196 

11.6 

1.0872 

9 

97.85 

6.108 

0.8166 

12.8 

1.0968 

10 

109.7 

6.847 

0.9153 

14.0 

1 . 1070 

11 

121.8 

7.602 

1.016 

15.2 

1.1172 

12 

134.1 

8.369 

1.119 

16.4 

1.1274 

13 

146.6 

9.149 

1.223 

17.5 

1.1376 

14 

159.3 

9.942 

1.329 

18.6 

1.1476 

15 

172.1 

10.75 

1.437 

19.9 

1.1586 

16 

185.4 

11.57 

1.547 

21.0 

1.1696 

17 

198.8 

12.41 

1.659 

22.2 

1.1806 

18 

212.5 

13.27 

1.773 

23.3 

1.1916 

19 

226.4 

14.13 

1.889 

24.4 

1.2024 

20 

240.5 

15.01 

2.007 

25.6 

1.2147 

21 

255.1 

15.92 

2.129 

26.8 

1.2270 

22 

269.9 

16.85 

2.253 

28.0 

1 .  2393 

23 

285.0 

17.79 

2.379 

29.1 

1.2516 

24 

300.4 

18.75 

2.507 

30.3 

1.2640 

25 

316.0 

19.73 

2.637 

31.4 

1.2766 

26 

331.9 

20.72 

2.770 

32.5 

1 . 2892 

27 

348.1 

21.73 

2.905 

33.6 

1.3018 

28 

364.5 

22.75 

3.042 

34.7 

1.3144 

29 

381.2 

23.80 

3.181 

35.7 

1.3268 

30 

398.0 

24.85 

3.322 

36.8 

1.3396 

31 

415.3 

25.92 

3.466 

37.8 

1.3524 

32 

432.8 

27.02 

3.612 

38.8 

1.3652 

33 

450.5 

28.12 

3.760 

39.8 

1.3780 

34 

468.5 

29.25 

3.910 

40.7 

1 . 3906 

35 

486.7 

30.38 

4.062 

41.7 

1.4039 

36 

505.4 

31.55 

4.218 

42.7 

1.4172 

37 

524.4 

32.73 

4.376 

43.6 

1.4305 

38 

543.6 

33.93 

4.536 

44.6 

1.4438 

39 

563.1 

35.15 

4.699 

45.5 

1.4572 

40 

582.9 

36.39 

4.864 

46.4 

1.4707 

41 

603.0 

37.64 

5.032 

47.3 

1.4844 

42 

623.4 

38.92 

5  203 

48.2 

1.4981 

43 

644.2 

40.21 

5.376 

49.1 

1.5118 

44 

665.2 

41.53 

5.551 

50.0 

1.5258 

45 

686.6 

42.86 

5.730 

50.9 

1.5403 

46 

708.5 

44.23 

5.913 

51.7 

1.5548 

47 

730.8 

45.62 

6.098 

52.6 

1.5693 

48 

753.3 

47.02 

6.286 

53.4 

1.5838 

49 

776.1 

48.45 

6.476 

54.3 

1.5984 

50 

799.2 

49.89 

6.669 
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ZINC  SULFATE 
Specific  Gravity  of  Aqueous  Zinc  Sulfate  Solutions  ai 

20°  c* 


Be\ 


Sp.  gr. 


Per  cent 
ZnSQ4 


G.  per 
liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.7 

5.6 
8.5 
11.3 
14.0 
16.8 
19.5 
22.2 


1.0190 

2 

1.0403 

4 

1.0620 

6 

1.0842 

8 

1.1071 

10 

1.1308 

12 

1.1553 

14 

1 .  1806 

16 

20.38 
41.61 
63.72 
86.74 
110.7 
135.7 
161.7 
188.9 


1.272 
2.598 
3.978 
5.415 
6.911 
8.471 
10.10 
11.79 


0.1701 

0.3473 

0.5318 

0.7238 

0.9239 

1.132 

1.350 

1.576 


Be. 


Sp.  gr. 


Per  cent 

ZnS04 

+  7H20 


G.  per 

liter 


Lbs.  per 
cu.  ft. 


Lbs.  per 
gal. 


2.7 
5.6 
8.5 
11.3 
14.0 
16.8 
19.5 
22.2 


1.0190 

3.562 

1.0403 

7.125 

1.0620 

10.69 

1.0842 

14.25 

1.1071 

17.81 

1 . 1308 

21.37 

1.1533 

24.94 

1.1806 

28.50 

36.30 
74.12 
113.5 
154.5 
197.2 
241.7 
288.1 
336.5 


2.266 
4.627 
7.085 
9.645 
12.31 
15.09 
17.99 
21.00 


0.3030 

0.6185 

0.9472 

1.289 

1.646 

2.017 

2.404 

2.808 
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ZINC  SULFATE 

Specific  Gravity  of  Aqueous  Zinc  Sulfate  Solutions  at 

15°  C.  (Gerlach) 


Be\ 

Sp.  gr. 

Per  cent 

ZnS04 

+  7H20 

G.  per 
liter 

Lbs.  per 
cu.  ft. 

Lbs.  per 
gal. 

0.9 

1.006 

1 

10.06 

0.6280 

0.0840 

1.9 

1.013 

2 

20.26 

1.265 

0.1691 

2.7 

1.019 

3 

30.57 

1.908 

0.2551 

3.4 

1.024 

4 

40.96 

2.557 

0.3418 

4.1 

1.029 

5 

51.45 

3.212 

0.4294 

4.9 

1.035 

6 

62.10 

3.877 

0.5182 

5.7 

1.041 

7 

72.87 

4.549 

0.6081 

6.5 

1.047 

8 

83.76 

5.229 

0.6990 

7.3 

1.053 

9 

94.77 

5.916 

0.7909 

8.1 

1.059 

10 

105.9 

6.611 

0.8838 

9.0 

1.066 

11 

117.3 

7.320 

0.9786 

9.9 

1.073 

12 

128.8 

8.038 

1.075 

10.6 

1.079 

13 

140.3 

8.757 

1.171 

11.4 

1.085 

14 

151.9 

9.483 

1.268 

12.1 

1.091 

15 

163.7 

10.22 

1.366 

12.8 

1.097 

16 

175.5 

10.96 

1.465 

13.5 

1.103 

17 

187.5 

11.71 

1.565 

14.4 

1.110 

18 

199.8 

12.47 

1.667 

15.1 

1.116 

19 

212.0 

13.24 

1.770 

16.0 

1.124 

20 

224.8 

14.03 

1.876 

16.7 

1.130 

21 

237.3 

14.81 

1.980 

17.5 

1.137 

22 

250.1 

15.62 

2.087 

18.1 

1.143 

23 

262.9 

16.41 

2.194 

18.9 

1.150 

24 

276.0 

17.23 

2.303 

19.7 

1.157 

25 

289.3 

18.06 

2.414 

20.4 

1.164 

26 

302.6 

18.89 

2.526 

21.2 

1.171 

27 

316.2 

19.74 

2.639 

22.0 

1.179 

28 

330.1 

20.61 

2.755 

22.6 

1.185 

29 

343.7 

21.45 

2.868 

23.5 

1.193 

30 

357.9 

22.34 

2.987 

24.2 

1.200 

31 

372.0 

23.22 

3.104 

25.1 

1.209 

32 

386.9 

24.15 

3.229 

25.8 

1.216 

33 

401.3 

25.05 

3.349 

26.5 

1.224 

34 

416.2 

25.98 

3.473 

27.2 

1.231 

35 

430.9 

26.90 

3.560 

28.1 

1.240 

36 

446.4 

27.87 

3.725 

28.6 

1.246 

37 

461.0 

28.78 

3.847 

29.5 

1.255 

38 

476.9 

29.77 

3.980 

30.2 

1.263 

39 

492.6 

30.75 

4.111 

30.9 

1.271 

40 

508.4 

31.74 

4.243 

31.7 

1.280 

41 

524.8 

32.76 

4.380 

32.4 

1.288 

42 

541.0 

33.77 

4.514 

33.0 

1.295 

43 

556.9 

34.76 

4.647 

33.8 

1.304 

44 

573.8 

35.82 

4.788 

34.3 

1.310 

45 

589.5 

36.80 

4.920 

35.2 

1.320 

46 

607.2 

37.91 

5.067 

36.0 

1.330 

47 

625.1 

39.02 

5.217 

36.6 

1.337 

48 

641.8 

40.06 

5.356 

37.3 

1.346 

49 

659.5 

41.17 

5.504 

37.8 

1 .  353 

50 

676.5 

42.23 

5.646 

38.5 

1.362 

51 

694.6 

43.36 

5.797 

39.2 

1 .  370 

52 

712.4 

44.47 

5.945 

39.9 

J.  380 

53 

731.4 

45.66 

6.104 

40.7 

A.  390 

54 

750.6 

46.86 

6.264 

41.4 

1.399 

55 

769.5 

48.03 

6.421 

41.9 

1.406 

56 

787.4 

49.15 

6.571 

42.6 

1.416 

57 

807.1 

50.39 

6  736 

43.2 

1.425 

58 

826.5 

51.60 

6.897 

44.0 

1.435 

59 

846.7 

52.85 

7.065 

44.7 

1.445 

60 

867.0 

54.12 

7.235 
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ZINC  SULFATE  (Continued) 
Specific  Gravity  op  Aqueous  Zinc  Sulfate  Solutions  at 

15°  C.  (Gerlach) 


Be. 

Sp.  gr. 

Per  cent 

G.  per 

Lbs.  per 

Lbs.  per 

ZnS04 

liter 

cu.  ft. 

gal. 

0.9 

1.006 

0.56 

5.648 

0.3526 

0.0471 

1.9 

1.013 

1.12 

11.37 

0.7101 

0.0949 

2.7 

1.019 

1.68 

17.16 

1.071 

0.1432 

3.4 

1.024 

2.25 

23.00 

1.436 

0.1919 

4.1 

1.029 

2.81 

28.89 

1.803 

0.2411 

4.9 

1.035 

3.37 

34.86 

2.177 

0.2910 

5.7 

1.041 

3.93 

40.91 

2.554 

0.3414 

6.5 

1.047 

4.49 

47.03 

2.936 

0.3924 

7.3 

1.053 

5.05 

53.21 

3.322 

0.4440 

8.1 

1.059 

5.61 

59.46 

3.712 

0.4962 

9.0 

1.066 

6.18 

65.83 

4.110 

0.5494 

9.9 

1.073 

6.74 

72.29 

4.513 

0.6033 

10.6 

1.079 

7.30 

78.75 

4.916 

0.6572 

11.4 

1.085 

7.86 

85.28 

5.324 

0.7117 

12.0 

1.091 

8.42 

91.88 

5.736 

0.7667 

12.8 

1.097 

8.98 

98.54 

6.152 

0.8224 

13.5 

1.103 

9.54 

105.3 

6.572 

0.8786 

14.4 

1.110 

10.1 

112.2 

7.003 

0.9361 

15.1 

1.116 

10.7 

119.0 

7.432 

0.9935 

16.0 

1.124 

11.2 

126.2 

7.879 

1 .  053 

16.7 

1.130 

11.8 

133.2 

8.317 

1.112 

17.5 

1.137 

12.4 

140.4 

8.767 

1.172 

18.1 

1.143 

12.9 

147.6 

9.214 

1.232 

18.9 

1.150 

13.5 

155.0 

9.673 

1.293 

19.7 

1.157 

14.0 

162.4 

10.14 

1.355 

20.4 

1.164 

14.6 

169.9 

10.61 

1.418 

21.2 

1.171 

15.2 

177.5 

11.08 

1.481 

22.0 

1.179 

15.7 

185.3 

11.57 

1.547 

22.6 

1.185 

16.3 

192.9 

12.04 

1.610 

23.5 

1.193 

16.8 

200.9 

12.54 

1.677 

24.2 

1.200 

17.4 

208.9 

13.04 

1.743 

25.1 

1.209 

18.0 

217.2 

13.56 

1.813 

25.8 

1.216 

18.5 

225.3 

14.06 

1.880 

26.5 

1.224 

19.1 

233.6 

14.59 

1.950 

27.2 

1.231 

19.7 

241.9 

15.10 

2.019 

28.1 

1.240 

20.2 

250.6 

15.65 

2.092 

28.6 

1.246 

20.8 

258.8 

16.16 

2.160 

29.5 

1.255 

2J.3 

267.7 

16.71 

2.234 

30.2 

1.263 

21.9 

276.5 

17.26 

2.308 

30.9 

1.271 

22.5 

285.4 

17.82 

2.382 

31.7 

1.280 

23.0 

294.6 

18.39 

2.459 

32.4 

1.288 

23.6 

303.7 

18.96 

2.535 

33.0 

1.295 

24.1 

312.6 

19.52 

2.609 

33.8 

1.304 

24.7 

322.1 

20.11 

2.688 

34.3 

1.310 

25.3 

331.0 

20.66 

2.762 

35.2 

1.320 

25.8 

340.9 

21.28 

2.845 

36.0 

1.330 

26.4 

350.9 

21.91 

2.929 

36.6 

1.337 

26.9 

360.3 

22.49 

3.007 

37.3 

1.346 

27.5 

370.3 

23.12 

3.090 

37.8 

1.353 

28.1 

379.8 

23.71 

3.170 

38.5 

1.362 

28.6 

390.0 

24.35 

3.254 

39.2 

1.370 

29.2 

400.0 

24.97 

3.338 

39.9 

1.380 

29.8 

410.6 

25.63 

3.427 

40.7 

1.390 

30.3 

421.4 

26.31 

3.517 

41.4 

1.399 

30.9 

432.0 

26.97 

3.605 

41.9 

1.406 

31.4 

442.0 

27.60 

3.689 

42.6 

1.416 

32.0 

453.1 

28.29 

3.782 

43.2 

1.425 

32.6 

464.0 

28.97 

3.872 

44.0 

1.435 

33.1 

475.3 

29.67 

3.967 

44.7 

1.445 

33.7 

486.8 

30.39 

4.062 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

The  Specific  Gravity  of  Aqueous  Solutions  Expressed  in  Grams  op 

the   Substance   Shown  by  the   Formula   per   100   Grams 

of  the  Aqueous  Solution 


>J 

c< 

X5 

O 

+3  +3 

CO 

58 1* 

5  ° 
S°3 1* 

O 

HI   O 

^ 

< 

< 

< 

PQ 

« 

1 

1.0070 

1.0065 

1 . 0060 

1.0059 

2 

1.0154 

1.0144 

1.0132 

1.0133 

1.0156 

3 

4 

1.0327 

1 . 0305 

1.0281 

1 . 0282 

1.0335 

5 

6 

1 . 0506 

1 . 0469 

1 . 0434 

1.0433 

1.0519 

7 

8 

1.0690 

1.0638 

1.0591 

1.0587 

1.0710 

9 

10 

1 . 0882 

1.0811 

1 . 0750 

1.0745 

1.0907 

11 

12 

1.1080 

1.0989 

1.0908 

1.1111 

13 

14 

i.i284 

1.1171 

1.1075 

1.1323 

15 

16 

1 . 1495 

1.1357 

1.1246 

1 . 1543 

17 

18 

1.1715 

1 . 1549 

1.1421 

1 . 1770 

19 

20 

1 . 1942 

1.1745 

1.1599 

1 . 2006 

21 

22 

1.1946 

1.1782 

23 

.... 

24 

i.2i53 

1.1970 

25 

i.2545 

1.2634 

26 

i.2365 

1.2161 

27 

28 

1.2582 

1 . 2356 

29 

30 

1.3205 

1.2805 

1 . 2554 

1.3325 

31 

32 

1.3036 

33 

34 

35 

1.3931 

1.3069 

1.4087 

36 

37 

38 

39 

40 

1.4743- 

1.3608 

1.4926 

42 

44 

45 

i.565 

46 

48 

50 

1.668 

55 

1.786 

60 

1.916 

65 

70 

2.2333 

75 

80 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 
(Continued) 


>> 

e* 

.Q 

e» 

~  4> 

o 

■+3  •*» 

^-^ 

•* 

O 

o  ^ 

<2s  b 

O 

W   O 

MO     O 

5rO    l« 

P4 

w 

pq 

O 

O 

O 

1 

1.0021 

1.0043 

2 

1.0154 

1.0151 

1.0060 

1.0152 

1.0100 

3 

1.0099 

4 

1.0331 

1.0320 

1.0139 

1.0326 

1.0215 

5 

1.0179 

6 

1.0513 

1.0494 

1.0219 

1.0504 

1.0331 

7 

1.0259 

8 

1.0701 

1.0674 

1.0299 

1.0688 

1.0447 

9 

1.0340 

. 

10 

i.0896 

1.0381 

1.0877 

1.0563 

11 

1.0423 

12 

1.1099 

1.0465 

1.1071 

1.0679 

13 

1.0507 

14 

1 . 1308 

1.0549 

1 . 1272 

1.0795 

15 

1.0592 

16 

1 . 1525 

1.0635 

1 . 1480 

1.0912 

17 

1.0678 

,  , 

18 

1.1750 

1.0722 

1.1696 

1 . 1029 

19 

1.0765 

20 

1 . 1984 

1.0810 

1.1919 

1.1146 

21 

1.0854 

22 

1.0899 

1 . 1263 

23 

1.0944 

24 

1.0990 

25 

1.2610 

1.1036 

1 . 2499 

26 

1.1082 

27 

1.1128 

28 

1.1175 

29 

1.1222 

30 

1 . 3289 

1.1270 

1.3125 

31 

1.1317 

32 

1.1366 

33 

1.1415 

34 

1.1464 

35 

1.404 

1.1513 

1.381 

36 

1.1563 

37 

1.1612 

38 

1.1663 

39 

1.1713 

40 

1.490 

1.1765 

i.457 

42 

1.1868 

44 

1.1973 

45 

1.587 

1 . 2025 

i.54i 

46 

1 . 2079 

48 

1.2186 

50 

1.698 

1.2296 

1.835 

55 

1.825 

1.2575 

60 

1.970 

1.2865 

65 

1.3163 

70 

1.3472 

75 

1 . 3790 

80 

1.4117 

! 

i 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 


>> 

JD 

•+3  -tf 

^ 

043 

o 

0  O 

*  0 

0 

O 

13  «h* 

-2°     In 

gal* 

wo  1° 

PW 

0 

0 

0 

0 

O 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
84 
35 
36 
37 
38 
39 
40 
42 
44 
45 
46 
48 
50 
55 
60 
65 
70 
75 
80 


1.0150 
H6323 

ilosoo 

i!0683 
i!0873 

i ! io69 

i!i273 
i!i485 

i!i703 

1A928 


1 . 2530 


1.3195 


1 . 3928 


1.4734 


1.0137 
i!029i 
i ! 0448 
i!0608 

i!o77i 

i!0937 

i!iio6 

i!i279 
i ! i455 
i!l636 


1.2106 


1.260 


1.311 

i.365 
1L422 


1.0158 
il0339 
i!6524 

iioni 
i!o9io 
i!iii2 

i!i322 

iiisio 

i!i766 

i!2o66 


1 . 2605 


1 . 3286 


1 . 4049 


1.4902 


1.0159 
i!0339 
i!0524 

i!o7i5 
i!o9i2 
lAiih 

i!i324 

i!i762 
i .'  i992 


1 . 2604 
i!3273 

iiioio 

i.4833 
i.*5748 
i .'  6762 


1.0153 
i!0328 
i!0507 
i.0690 
i.0879 

i;io75 

i;.1278 
i ! H89 
i.'i709 
i!i937 


1.2546 

i!32i9 

i 13967 

i.*480i 
i!5726 


.   1681 


SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 


>> 

Si 

-^>  -tJ 

*-** 

pi -a 

*  o 

O 

6  o 

o 

.  O 

Bgl*. 

§fc* 

Ph 

o 

o 

o 

W 

W 

1 

1 

1.0086 

1.0073 

1.0064 

1 . 0053 

1.0050 

2 
3 
4 
5 
6 

1.0182 

1.0165 

1.0145 

1.0124 

1.0109 

i!0383 

i!6350 

i!03i5 

i!6269 
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1.5953 
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60 
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1 . 6059 
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1 . 6736 

75 
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specific  Gravity  of  aqueous  solutions 
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42 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 


g.5? 

03 


M 


6  ° 
M 


M 


J5     . 

o  o 

Ills 


o 

MO      |_ 

no  2« 
M 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
42 
44 
45 
46 
48 
50 
55 
60 
65 
70 
75 
80 


1.0072 
1.0159 

i!0334 

i!o5i2 

i!0693 
i 16877 

i ! io64 

i!i254 
i!i448 

i!ie>46 

i ! i847 
i.*2052 
i!2260 
i!247i 


1.0051 
1.0120 

i!0260 

i ! 0403 

i!0549 
i!0698 
i!6850 

i ! i664 
iiiiei 


1 . 0034 
1.0090 

i!o2oi 
i!63i4 

i!0427 
i!0542 
i'.0656 
i'.0774 
i]0890 

iiioio 
i'.ii30 


1.0051 
1.0119 

i'.0256 

i!0395 

i!6536 

il0678 

i!0823 

ilo97i 

1.U20 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 
(Continued) 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 
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SPECIFIC  GRAVITY  OF  AQUEOUS  SOLUTIONS 

(Continued) 
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ETHYL  ALCOHOL 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 

Giving  the  specific  gravity  of  15.56°  C.  referred  to  water  at  the  same  tem- 
perature. To  reduce  to  specific  gravity  referred  to  water  at  4°  C.  multiply 
by  0.99908. 

(U.  S.  Department  of  Agriculture.) 


Per  cent 

Per  cent 

Grams 

Per  cent 

Per  cent 

Grams 
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alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

alcohol 

gravity. 

by 

by 

per 
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by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight. 

100  c.c. 

1.00000 

0.00 

0.00 

0.00 

0.99431 

3.90 

3.12 

3.10 

0.99984 

0.10 

0.08 

0.08 

0.99417 

4.00 

3.20 

3.18 

0 . 99968 

0.20 

0.16 

0.16 

0 . 99403 

4.10 

3.28 

3.26 

0 .  99953 

0.30 

0.24 

0.24 

0 . 99390 

4.20 

3.36 

3.34 

0 .  99937 

0.40 

0.32 

0.32 

0.99376 

4.30 

3.44 

3.42 

0 . 99923 

0.50 

0.40 

0.40 

0.99363 

4.40 

3.52 

3.50 
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0.60 

0.48 
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4.50 
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3.58 
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3.68 

3.66 

0 . 99877 
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0.64 

0.64 

0.99322 

4.70 

3.76 

3.74 

0.99861. 

0.90 

0.71 

0.71 
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3.84 
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0 . 99849 
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3.97 

0.99819 

1.20 

0.95 

0.95 

0.99268 

5.10 

4.08 

4.05 

0 . 99805 

1.30 

1.03 

1.03 

0.99255 

5.20 

4.16 

4.13 

0 .  99790 

1.40 

1.11 

1.11 

0.99241 

5.30 

4.24 

4.21 

0 .  99775 

1.50 

1.19 

1.19 

0.99228 

5.40 

4.32 

4.29 

0 .  99760 

1.60 

1.27 

1.27 

0.99215 

5.50 

4.40 

4.37 

0 . 99745 

1.70 

1.35 

1.35 

0.99202 

5.60 

4.48 

4.44 

0.99731 

1.80 

1.43 

1.43 

0.99189 

5.70 

4.56 

4.52 

0.99716 

1.90 

1.51 

1.51 

0.99175 

5.80 

4.64 

4.60 

0.99701 

2.00 

1.59 

1.59 

0.99162 

5.90 

4.72 

4.68 

0 .  99687 

2.10 

1.67 

1.66 

0.99149 

6.00 

4.80 

4.76 

0.99672 

2.20 

1.75 

1.74 

0.99136 

6.10 

4.88 

4.84 

0.99658 

2.30 

1.83 

1.82 

0.99123 

6.20 

4.96 

4.92 

0 .  99643 

2.40 

1.91 

1.90 

0.99111 

6.30 

5.05 

5.00 

0.99629 

2.50 

1.99 

1.98 

0.99098 

6.40 

5.13 

5.08 

0.99615 

2.60 

2.07 

2.06 

0.99085 

6.50 

5.21 

5.16 

0 .  99600 

2.70 

2.15 

2.14 

0.99072 

6.60 

5.29 

5.24 

0 . 99586 

2.80 

2.23 

2.22 

0.99059 

6.70 

5.37 

5.32 

0.99571 

2.90 

2.31 

2.30 

0.99047 

6.80 

5.45 

5.40 

0.99557 

3.00 

2.39 

2.38 

0.99034 

6.90 

5.53 

5.48 

0 . 99543 

3.10 

2.47 

2.46 

0.99021 

7.00 

5.61 

5.56 

0.99529 

3.20 

2.55 

2.54 

0.99009 

7.10 

5.69 

5.64 

0.99515 

3.30 

2.64 

2.62 

0.98996 

7.20 

5.77 

5.72 

0.99501 

3.40 

2.72 

2.70 

0.98984 

7.30 

5.86 

5.80 

0 . 99487 

3.50 

2.80 

2.78 

0.98971 

7.40 

5.94 

5.88 

0.99473 

3.60 

2.88 

2.86 

0.98959 

7.50 

6.02 

5.96 

0.99459 

3.70 

2.96 

2.94 

0.98947 

7.60 

6.10 

6.04 

0.99445 

3.80 

3.04 

3.02 

0.98934 

7.70 

6.18 

6.11 
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ETHYL  ALCOHOL  (Continued) 


Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per  cent 

Per  cent 

Grams 

Per  cent 

Per  cent 

Grams 

Specific 

alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

alcohol 

gravity. 

by 

by 

per 

gravity. 

by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight. 

100  c.c. 

0.98922 

7.80 

6.26 

6.19 

0.98435 

12.00 

9.67 

9.52 

0.98909 

7.90 

6.34 

6.27 

0.98424 

12.10 

9.75 

9.60 

0.98897 

8.00 

6.42 

6.35 

0.98413 

12.20 

9.83 

9.68 

0.98885 

8.10 

6.50 

6.43 

0.98402 

12.30 

9.92 

9.76 

0.98873 

8.20 

6.58 

6.51 

0.98391 

12.40 

10.00 

9.84 

0.98861 

8.30 

6.67 

6.59 

0.98381 

12.50 

10.08 

9.92 

0.98849 

8.40 

6.75 

6.67 

0.98370 

12.60 

10.16 

10.00 

0.98837 

8.50 

6.83 

6.75 

0.98359 

12.70 

10.24 

10.07 

0.98825 

8.60 

6.91 

6.83 

0.98348 

12.80 

10.33 

10.15 

0.98813 

8.70 

6.99 

6.91 

0.98337 

12.90 

10.41 

10.23 

0 . 98801 

8.80 

7.07 

6.99 

0.98326 

13.00 

10.49 

10.31 

0.98789 

8.90 

7.15 

7.07 

0.98315 

13.10 

10.57 

10.39 

0.98777 

9.00 

7.23 

7.14 

0.98305 

13.20 

10.65 

10.47 

0.98765 

9.10 

7.31 

7.22 

0.98294 

13.30 

10.74 

10.55 

0.98754 

9.20 

7.39 

7.30 

0.98283 

13.40 

10.82 

10.63 

0.98742 

9.30 

7.48 

7.38 

0.98273 

13.50 

10.90 

10.71 

0.98730 

9.40 

7.56 

7.46 

0.98262 

13.60 

10.98 

10.79 

0.98719 

9.50 

7.64 

7.54 

0.98251 

13.70 

11.06 

10.87 

0.98707 

9.60 

7.72 

7.62 

0.98240 

13.80 

11.15 

10.95 

0.98695 

9.70 

7.80 

7.70 

0.98230 

13.90 

11.23 

11.03 

0.98683 

9.80 

7.88 

7.78 

0.98219 

14.00 

11.31 

11.11 

0 . 98672 

9.90 

7.96 

7.85 

0.98209 

14.10 

11.39 

11.19 

0.98660 

10.00 

8.04 

7.93 

0.98198 

14.20 

11.47 

11.27 

0 . 98649 

10.10 

8.12 

8.01 

0.98188 

14.30 

11.56 

11.35 

0.98637 

10.20 

8.20 

8.09 

0.98177 

14.40 

11.64 

11.43 

0.98626 

10.30 

8.29 

8.17 

0.98167 

14.50 

11.72 

11.51 

0.98614 

10.40 

8.37 

8.25 

0.98156 

14.60 

11.80 

11.59 

0.98603 

10.50 

8.45 

8.33 

0.98146 

14.70 

11.88 

11.67 

0.98592 

10.60 

8.53 

8.41 

0.98135 

14.80 

11.97 

11.75 

0.98580 

10.70 

8.61 

8.49 

0.98125 

14.90 

12.05 

11.82 

0.98569 

10.80 

8.70 

8.57 

0.98114 

15.00 

12.13 

11.90 

0.98557 

10.90 

8.78 

8.65 

0.98104 

15.10 

12.21 

11.98 

0.98546 

11.00 

8.86 

8.73 

0.98093 

15.20 

12.29 

12.06 

0.98535 

11.10 

8.94 

8.81 

0.98083 

15.30 

12.38 

12.14 

0.98524 

11.20 

9.02 

8.89 

0.98073 

15.40 

12.46 

12.22 

0.98513 

11.30 

9.11 

8.97 

0.98063 

15.50 

12.54 

12.30 

0.98502 

11.40 

9.19 

9.05 

0.98052 

15.60 

12.62 

12.37 

0.98491 

11.50 

9.27 

9.13 

0.98042 

15.70 

12.70 

12.45 

0.98479 

11.60 

9.35 

9.21 

0.98032 

15.80 

12.79 

12.53 

0.98468 

11.70 

9.43 

9.29 

0.98021 

15.90 

12.87 

12.61 

0.98457 

11.80 

9.51 

9.36 

0.98011 

16.00 

12.95 

12.69 

0.98446 

11.90 

9.59 

9.44 

0.98001 

16.10 

13.03 

12.77 
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ETHYL  ALCOHOL  (Continued) 


Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Specific 
gravity. 


0.97991 
0.97980 
0.97970 
0.97960 
0.97950 
0.97940 
0.97929 
0.97917 
0.97909 
0.97899 
0.97889 
0.97879 
0.97869 
0.97859 
0.97848 
0.97838 
0.97828 
0.97818 
0.97808 
0.97798 
0.97788 
0.97778 
0.97768 
0.97758 
0.97748 
0.97738 
0.97728 
0.97718 
0.97708 
0.97698 
0.97688 
0.97678 
0.97668 
0.97658 
0.97648 
0.97638 
0.97628 
0.97618 
0.97608 
0.97598 
0 . 97588 
0.97578 


Per  cent 
alcohol 

by 
volume. 


16.20 
16.30 
16.40 
16.50 
16.60 
16.70 
16.80 
16.90 
17.00 
17.10 
17.20 
17.30 
17.40 
17.50 
17.60 
17.70 
17.80 
17.90 
18.00 
18.10 
18.20 
18.30 
18.40 
18.50 
18.60 
18.70 
18.80 
18.90 
19.00 
19.10 
19.20 
19.30 
19.40 
19.50 
19.60 
19.70 
19.80 
19.90 
20.00 
20.10 
20.20 
20.30 


Per  cent 
alcohol 

by 
weight. 


13.12 
13.20 
13.29 
13.37 
13.45 
13.53 
13.62 
13.70 
13.78 
13.86 
13.94 
14.03 
14.11 
14.19 
14.27 
14.35 
14.44 
14.52 
14.60 
14.68 
14.77 
14.85 
14.94 
15.02 
15.10 
15.18 
15.27 
15.38 
15.43 
15.51 
15.59 
15.68 
15.76 
15.84 
15.93 
16.01 
16.09 
16.18 
16.26 
16.34 
16.42 
16.51 


Grams 
alcohol 

per 
100  c.c. 


12.85 
12.93 
13.01 
13.09 
13.17 
13.25 
13.33 
13.41 
13.49 
13.57 
13.65 
13.73 
13.81 
13.89 
13.96 
14.04 
14.12 
14.20 
14.28 
14.36 
14.44 
14.52 
14.60 
14.68 
14.76 
14.84 
14.92 
15.00 
15.08 
15.15 
15.23 
15.31 
15.39 
15.47 
15.55 
15.63 
15.71 
15.79 
15.87 
15.95 
16.03 
16.10 


Specific 
gravity. 


0.97568 
0.97558 
0.97547 
0.97537 
0.97527 
0.97517 
0.97507 
0.97497 
0.97487 
0.97477 
0.97467 
0.97457 
0.97446 
0.97436 
0.97426 
0.97416 
0.97406 
0.97396 
0.97386 
0.97375 
0.97365 
0.97355 
0.97345 
0.97335 
0.97324 
0.97314 
0.97304 
0.97294 
0.97283 
0.97273 
0.97263 
0.97253 
0.97242 
0.97232 
0.97222 
0.97211 
0.97201 
0.97191 
0.97180 
0.97170 
0.97159 
0.97149 


Per  cent 
alcohol 

by 
volume. 


20.40 
20.50 
20.60 
20.70 
20.80 
20.90 
21.00 
21.10 
21.20 
21.30 
21.40 
21.50 
21.60 
21.70 
21.80 
21.90 
22.00 
22.10 
22.20 
22.30 
22.40 
22.50 
22.60 
22.70 
22.80 
22.90 
23.00 
23.10 
23.20 
23.30 
23.40 
23.50 
23.60 
23.70 
23.80 
23.90 
24.00 
24.10 
24.20 
24.30 
24.40 
24.50 


Per  cent 
alcohol 

by 
weight. 


16.59 
16.67 
16.75 
16.84 
16.92 
17.01 
17.09 
17.17 
17.26 
17.34 
17.43 
17.51 
17.59 
17.67 
17.76 
17.84 
17.92 
18.00 
18.09 
18.17 
18.26 
18.34 
18.42 
18.51 
18.59 
18.68 
18.76 
18.84 
18.92 
19.01 
19.09 
19.17 
19.25 
19.34 
19.42 
19.51 
19.59 
19.67 
19.76 
19.84 
19.93 
20.01 


Grams 
alcohol 

per 
100  c.c. 


16.18 

16.26 
16.34 
16.42 
16.50 
16.58 
16.66 
16.74 
16.82 
16.90 
16.98 
17.06 
17.14 
17.22 
17.30 
17.38 
17.46 
17.54 
17.62 
17.70 
17.78 
17.86 
17.94 
18.02 
18.10 
18.18 
18.26 
18.33 
18.41 
18.49 
18.57 
18.65 
18.73 
18.18 
18.88 
18.96 
19.04 
19.12 
19.20 
19.28 
19.36 
19.44 
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ETHYL  ALCOHOL  (Continued) 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per  cent 

Per  cent 

Grams 

Per  cent 

Per  cent 

Grams 

Specific 

alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

alcohol 

gravity. 

by 

by 

per 

gravity. 

by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight. 

100  c.c. 

0.97139 

24.60 

20.09 

19.52 

0.96681 

28.80 

23 .  64 

22.85 

0.97128 

24.70 

20.18 

19.60 

0.96669 

28.90 

23.72 

22 .  93 

0.97118 

24.80 

20.26 

19.68 

0.96658 

29.00 

23.81 

23.01 

0.97107 

24 .  90 

20 .  35 

19.76 

0.96646 

29.10 

23.89 

23.09 

0.97097 

25.00 

20.43 

19.84 

0.96635 

29.20 

23.98 

23.17 

0.97086 

25.10 

20.51 

19.92 

0.96623 

29.30 

24.06 

23.25 

0.97076 

25.20 

20.60 

20.00 

0.96611 

29.40 

24.15 

23.33 

0.97065 

25.30 

20.68 

20.08 

0.96600 

29.50 

24.23 

23.41 

0.97055 

25.40 

20.77 

20.16 

0.96587 

29.60 

24.32 

23.49 

0.97044 

25.50 

20.85 

20.24 

0.96576 

29.70 

24.40 

23.57 

0.97033 

25.60 

20 .  93 

20.32 

0.96564 

29.80 

24.49 

23.65 

0 . 97023 

25.70 

21.02 

20.40 

0.96553 

29.90 

24.57 

23.73 

0.97012 

25.80 

21.10 

20.47 

0.96541 

30.00 

24.66 

23.81 

0.97001 

25 .  90 

21.19 

20.55 

0.96529 

30.10 

24.74 

23.89 

0.96991 

26.00 

21.27 

20.63 

0.96517 

30.20 

24.83 

23.97 

0.96980 

26.10 

21.35 

20.71 

0.96505 

30.30 

24.91 

24.04 

0.96969 

26.20 

21.44 

20.79 

0.96493 

30.40 

25.00 

24.12 

0.96959 

26.30 

21.52 

20.87 

0.96481 

30.50 

25.08 

24.20 

0.96949 

26.40 

21.61 

20.95 

0.96469 

30.60 

25.17 

24.28 

0.96937 

26.50 

21.69 

21.03 

0.96457 

30.70 

25 .  25 

24.36 

0.96926 

26.60 

21.77 

21.11 

0.96445 

30.80 

25.34 

24.44 

0.96915 

26.70 

21.86 

21.19 

0.96433 

30.90 

25.42 

24.52 

0.96905 

26.80 

21.94 

21.27 

0.96421 

31.00 

25.51 

24.60 

0.96894 

26.90 

22.03 

21.35 

0.96409 

31.10 

25.60 

24.68 

0.96883 

27.00 

22.11 

21.43 

0.96396 

31.20 

25.68 

24.76 

0.96872 

27.10 

22.20 

21.51 

0.96384 

31.30 

25.77 

24.84 

0.96861 

27.20 

22.28 

21.59 

0.96372 

31.40 

25.85 

24.92 

0.96850 

27.30 

22.37 

21.67 

0.96360 

31.50 

25.94 

25.00 

0.96839 

27.40 

22.45 

21.75 

0.96347 

31.60 

26.03 

25.08 

0.96828 

27.50 

22.54 

21.83 

0.96335 

31.70 

26.11 

25.16 

0.96816 

27.60 

22.62 

21.90 

0.96323 

31.80 

26.20 

25.24 

0.96805 

27.70 

22.71 

21.98 

0.96310 

31.90 

26.28 

25.32 

0.96794 

27.80 

22.79 

22.06 

0.96298 

32.00 

26.37 

25.40 

0.96783 

27.90 

22.88 

22.14 

0.96285 

32.10 

26.46 

25.48 

0.96772 

28.00 

22.96 

22.22 

0.96273 

32.20 

26.54 

25.56 

0.96761 

28.10 

23.04 

22.30 

0.96260 

32.30 

26.63 

25.64 

0.96749 

28.20 

23.13 

22.38 

0.96248 

32.40 

26.71 

25.71 

0.96738 

28.30 

23.21 

22.45 

0.96235 

32.50 

26.80 

25.79 

0.96726 

28.40 

23.30 

22.53 

0.96222 

32.60 

26.89 

25.87 

0.96715 

28.50 

23.38 

22.61 

0.96210 

32.70 

26.97 

25.95 

0.96704 

28.60 

23.47 

22.69 

0.96197 

32.80 

27.06 

26.03 

0.96692 

28.70 

23.55 

22.77 

0.96185 

32.90 

27.14 

26.11 
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ETHYL  ALCOHOL  (Continued) 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per  cent 

Percent 

Grams 

Per  cent 

Percent} 

G  rams 

Specific 

alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

alcohol 

gravity . 

by 

by 

per 

gravity. 

by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight. 

100  c.c. 

0.96172 

33.00 

27.23 

26.19 

0.95603 

37.20 

30.88 

29.52 

0.96159 

33.10 

27.32 

26.27 

0.95589 

37.30 

30.96 

29.60 

0.96146 

33.20 

27.40 

26.35 

0.95574 

37.40 

31.05 

29.68 

0.96133 

33.30 

27.49 

26.43 

0.95560 

37.50 

31.14 

29.76 

0.96120 

33.40 

27.57 

26.51 

0.95545 

37.60 

31.23 

29.84 

0.96108 

33.50 

27.66 

26.59 

0.95531 

37.70 

31.32 

29.92 

0.96095 

33.60 

27.75 

26.67 

0.95516 

37.80 

31.40 

30.00 

0.96082 

33.70 

27.83 

26.75 

0.95502 

37.90 

31.49 

30.08 

0.96069 

33.80 

27.92 

26.82 

0.95487 

38.00 

31.58 

30.16 

0.96056 

33.90 

28.00 

26.90 

0.95472 

38.10 

31.67 

30.24 

0.96043 

34.00 

28.09 

26.98 

0.95457 

38.20 

31.76 

30.32 

0.96030 

34.10 

28.18 

27.06 

0.95442 

38.30 

31.85 

30.40 

0.96016 

34.20 

28.26 

27.14 

0.95427 

38.40 

31.94 

30.48 

0.96003 

34.30 

28.35 

27.22 

0.95413 

38.50 

32.03 

30.56 

0.95990 

34.40 

28.43 

27.30 

0.95398 

38.60 

32.12 

30.64 

0.95977 

34.50 

28.52 

27.38 

0.95383 

38.70 

32.20 

30.72 

0.95963 

34.60 

28.61 

27.46 

0.95368 

38.80 

32.29 

30.79 

0.95950 

34.70 

28.70 

27.54 

0.95353 

38.90 

32.37 

30.87 

0.95937 

34.80 

28.78 

27.62 

0.95338 

39.00 

32.46 

30.95 

0.95923 

34.90 

28.87 

27.70 

0.95323 

39.10 

32.55 

31.03 

0.95910 

35.00 

28.96 

27.78 

0.95307 

39.20 

32.64 

31.11 

0.95896 

35.10 

29.05 

27.86 

0.95292 

39.30 

32.72 

31.18 

0.95883 

35.20 

29.13 

27.94 

0.95277 

39.40 

32.81 

31.26 

0.95869 

35.30 

29.22 

28.02 

0.95262 

39.50 

32.90 

31.34 

0.95855 

35.40 

29.30 

28.09 

0.95246 

39.60 

32.99 

31.42 

0.95842 

35.50 

29.38 

28.17 

0.95231 

39.70 

33.08 

31.50 

0.95828 

35.60 

29.48 

28.25 

0.95216 

39.80 

33.17 

31.58 

0.95814 

35.70 

29.57 

28.33 

0.95200 

39.90 

33.27 

31.66 

0.95800 

35.80 

29.65 

28.41 

0.95185 

40.00 

33.35 

31.74 

0.95787 

35.90 

29.74 

28.49 

0.95169 

40.10 

33.44 

31.82 

0.95773 

36.00 

29.83 

28.57 

0.95154 

40.20 

33.53 

31.90 

0.95759 

36.10 

29.92 

28.65 

0.95138 

40.30 

33.61 

31.98 

0.95745 

36.20 

30.00 

28.73 

0.95122 

40.40 

33.70 

32.06 

0.95731 

36.30 

30.09 

28.81 

0.95107 

40.50 

33.79 

32.14 

0.95717 

36.40 

30.17 

28.88 

0  95091 

40.60 

33.88 

32.22 

0.95703 

36.50 

30.26 

28.96 

0.95075 

40.70 

33.97 

32.30 

0.95688 

36.60 

30.35 

29.04 

0.95059 

40.80 

34.06 

32.38 

0.95674 

36.70 

30.44 

29.12 

0.95044 

40.90 

34.15 

32.46 

0.95660 

36.80 

30.52 

29.20 

|  0.95028 

41.00 

34.24 

32.54 

0.95646 

36.90 

30.61 

29.29 

0.95012 

41.10 

34.33 

32.62 

0.95632 

37.00 

30.70 

29.36 

0.94996 

41.20 

34.42 

32.70 

0.95618 

37.10 

30.79 

29.44 

0.94980 

41.30 

34.50 

32.78 
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ETHYL  ALCOHOL  (Continued) 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per  cent 

Percent 

Grams 

Per  cent 

Percent 

Grams 

Specific 

alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

alcohol 

gravity. 

by 

by 

per 

gravity. 

by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight. 

100  c.c. 

0.94964 

41.40 

34.59 

32.86 

0.94258 

45.60 

38.39 

36.19 

0.94948 

41.50 

34.68 

32.93 

0.94241 

45.70 

38.48 

36.26 

0.94932 

41.60 

34.77 

33.01 

0.94223 

45.80 

38.57 

36.34 

094916 

41.70 

34.86 

33.09 

0.94206 

45.90 

38.66 

36.42 

0.94900 

41.80 

34.95 

33.17 

0.94188 

46.00 

38.75 

36.50 

094884 

41.90 

35.04 

33.25 

0.94170 

46.10 

38.84 

36.58 

0.94868 

42.00 

35.13 

33.33 

0.94152 

46.20 

38.93 

36.66 

0.94852 

42.10 

35.22 

33.41 

0.94134 

46.30 

39.03 

36.74 

094835 

42.20 

35.31 

33.49 

0.94116 

46.40 

39.12 

36.82 

094810 

42.30 

35.40 

33.57 

0.94098 

46.50 

39.21 

36.90 

0.94802 

42.40 

35.49 

33.65 

0.94080 

46.60 

39.30 

36.98 

094786 

42.50 

35.58 

33.73 

0.94062 

46.70 

39.39 

37.06 

0.94770 

42.60 

35.67 

33.81 

0.94044 

46.80 

39.49 

37.13 

0.94753 

42.70 

35.76 

33.89 

0.94026 

46.90 

39.58 

37  21 

0.94737 

42.80 

35.85 

33.97 

0.94008 

47.00 

39. 6? 

37.29 

0.94720 

42.90 

35.94 

34.04 

0.93990 

47.10 

39.76 

37.37 

0  94704 

43.00 

36.03 

34.12 

0.93971 

47.20 

39.85 

37.45 

0.94687 

43.10 

36.12 

34.20 

0.93953 

47.30 

39.95 

37.53 

091670 

43.20 

36.21 

34.28 

0.93934 

47.40 

40  04 

37.61 

0.94654 

43.30 

36.30 

34.36 

0.93916 

47.50 

40.13 

37.69 

0.94637 

43.40 

36.39 

34.44 

0.93898 

47.60 

40.22 

37.77 

0.94620 

43.50 

36.48 

34.52 

0.93879 

47.70 

40.32 

37.85 

0.94603 

43.60 

36.57 

34.60 

0  93861 

47.80 

40.41 

37  93 

0.945S6 

43.70 

36.66 

34.68 

0.93842 

47.90 

40.51 

38.01 

0.94570 

43.80 

36.75 

34.76 

0.93824 

48.00 

40.60 

38.09 

0  94553 

43.90 

36.84 

34.84 

0.93805 

48.10 

40.69 

38.17 

0.94536 

44.00 

36.93 

34.91 

0.93786 

48.20 

40.78 

38.25 

0.94519 

44.10 

37.02 

34.99 

0.93768 

48.30 

40.88 

38.33 

0.94502 

44.20 

37.11 

35.07 

0.93749 

48.40 

40.97 

38.41 

0.94484 

44.30 

37.21 

35.15 

0.93730 

48.50 

41  06 

38  49 

0.94467 

44.40 

37.30 

35.23 

0.93711 

48.60 

41.15 

38  57 

0.94450 

44.50 

37.39 

35.31 

0.03692 

48.70 

41.24 

38.65 

0.94433 

44.60 

37.48 

35.30 

0.93679 

48.80 

41.34 

38.72 

0.94416 

44.70 

37.57 

35.47 

0  93655 

48.90 

41.43 

38.80 

0.94398 

44.80 

37.66 

35.55 

0  93636 

49.00 

41.52 

38.88 

0.94381 

44.90 

37.76 

35.63 

0  93617 

49.10 

41.61 

38  96 

0.94364 

45.00 

37.84 

35.71 

0  93508 

49  20 

41.71 

39.04 

0.94346 

45.10 

37.93 

35.79 

0  93578 

49  30 

41.80 

39  12 

0.94329 

45.20 

38.02 

35.87 

0  93559 

49.40 

41.90 

39.20 

0.91311 

45.30 

38.12 

35.95 

0  93540 

49.50 

41.99 

39.28 

0.94294 

45.40 

38.21 

36.03 

0.93521 

49.60 

42  08 

39.36 

0.94276 

45.50 

38.30 

36.11 

0.93502 

1 

49.70 

42.18 

39.44 
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ETHYL  ALCOHOL  (Continued) 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per  cent 

Per  cent 

Grams 

Per  cent 

Percent   Grams 

Specific 

alcohol 

alcohol 

alcohol 

Specific 

alcohol 

alcoho 

1    alcohol 

gravity. 

by 

by 

per 

gravity. 

by 

by 

per 

volume. 

weight. 

100  c.c. 

volume. 

weight 

.    100  c.c. 

0.93482 

49.80 

42.27 

39.52 

0.8773 

75  00 

0.93463 

49.90 

42.37 

39.60 

0.8747 

76.00 

.... 

0.9344 

50.00 

* 

0.8721 

77.00 

.... 

0.9325 

51.00 

0.8694 

78  00 

0.9305 

52.00 

.... 

0.8667 

79.00 

.... 

0.9285 

53.00 

0.8639 

80.00 

0.9264 

54.00 

0.8611 

81.00 

0.9244 

55.00 

0.8583 

82.00 

0.9222 

56.00 

0.8554 

83.00 

0.9201 

57.00 

0.8525 

84.00 

0.9180 

58.00 

0.8496 

85.00 

0.9158 

59.00 

0.8465 

86.00 

0.9136 

60.00 

0.8435 

87.00 

0.9113 

61.00 

0.8404 

88.00 

0.9091 

62.00 

0.8372 

89.00 

0.9068 

63.00 

0.8339 

90.00 

.... 

0.9044 

64.00 

0.8306 

91.00 

.... 

0.9021 

65.00 

0.8272 

92.00 

.... 

0.8997 

66.00 

0.8236 

93.00 

.... 

0.8974 

67.00 

0.8199 

94.00 

0.8949 

68.00 



0.8161 

95.00 

0.8925 

69.00 

0.8121 

96.00 

0.8900 

70.00 

.... 

0.8079 

97.00 

.... 

0.8876 

71.00 

.... 

0.8035 

98.00 

.... 

0.8850 

72.00 

.... 

0.7989 

99.00 

0.8825 

73.00 

.... 

0.7939 

100.00 

0.8799 

74.00 



•  For  specific  gravity  of  mixtures  by  weight  see  following  table. 


1699 


ETHYL  ALCOHOL 

Specific  Gravity  of  Mixtures  of  Ethyl  Alcohol  and 
Water  by  Weight 

The  table  gives  the  specific  gravity  at  the  temperature  indicated  referred  to 
prater  at  4°  C. 

(U.  S.  Bureau  of  Standards.) 


Per  cent 

Per  cent 

alcohol 
by 

15°  C. 

20°  C. 

25°  C. 

alcohol 
by 

15CC. 

20°  C. 

25°  a 

weight. 

weight. 

0 

0.99913 

0.99824 

0.99708 

51 

0.91566 

0.91164 

0.90758 

1 

0.99725 

0.99636 

0.99521 

52 

0.91344 

0.90940 

0.90533 

2 

0.99543 

0.99453 

0.99338 

53 

0.91120 

0.90715 

0.90307 

3 

0.99366 

0.99274 

0.99159 

54 

0.90895 

0.90488 

0.90079 

4 

0.99197 

0.99102 

0.98984 

55 

0.90670 

0.90262 

0.89851 

5 

0.99033 

0.98936 

0.98815 

56 

0.90443 

0.90034 

0.89622 

6 

0.98877 

0.98776 

0.98651 

57 

0.90215 

0.89805 

0.89392 

n 
I 

0.98726 

0.98620 

0.98491 

58 

0.89987 

0.89576 

0.89162 

8 

0.98581 

0.98470 

0.98336 

59 

0.89758 

0.89346 

0.88931 

9 

0.98442 

0.98325 

0.98185 

60 

0.8952S 

0.89115 

0.88700 

10 

0.98307 

0.98185 

0.98038 

61 

0.89297 

0.88883 

0.88467 

11 

0.98176 

0.98047 

0.97893 

62 

0.89066 

0.88651 

0.88234 

12 

0.98049 

0.97913 

0.97752 

63 

0.88834 

0.88418 

0.88000 

13 

0.97925 

0.97781 

0.97612 

64 

0.88601 

0.88185 

0.87766 

14 

0.97803 

0.97651 

0.97474 

65 

0.88368 

0.87950 

0.87530 

15 

0.97683 

0.97522 

0.97336 

66 

0.88134 

0.87716 

0.87295 

16 

0.97563 

0.97393 

0.97199 

67 

0.87899 

0.87480 

0.87058 

17 

0.97444 

0.97264 

0.97061 

68 

0.87664 

0.87244 

0.86821 

18 

0.97324 

0.97134 

0.96922 

69 

0.87428 

0.87008 

0.86583 

19 

0.97203 

0.97003 

0.96782 

70 

0.87192 

0.86770 

0.86344 

20 

0.97080 

0.96870 

0.96640 

71 

0.86954 

0.86532 

0.86105 

21 

0.96956 

0.90736 

0.96497 

72 

0.86716 

0.86292 

0.85864 

22 

0.96S29 

0.96599 

0.96352 

73 

0.86477 

0.86052 

0.85622 

23 

0.96699 

0.96459 

0.96203 

74 

0.86237 

0.85812 

0.85380 

24 

0.96566 

0.96317 

0.96052 

75 

0.85997 

0.85570 

0.85137 

25 

0.96430 

0.96171 

0.95897 

76 

0.85755 

0.85328 

0.84893 

26 

0.96289 

0.96021 

0.95739 

77 

0.85513 

0.85084 

0.84648 

27 

0.96145 

0.95868 

0.95577 

78 

0.85270 

0.84840 

0.84403 

28 

0.95997 

0.95711 

0.95412 

79 

0.85026 

0.84595 

0.84157 

29 

0.95845 

0.95550 

0.95244 

80 

0.84781 

0.84349 

0.83909 

30 

0.95688 

0.95385 

0.95071 

81 

0.84534 

0.84101 

0.83660 

31 

0.95526 

0.95215 

0.94894 

82 

0.84286 

0.83852 

0.83410 

32 

0.95360 

0.95042 

0.94713 

83 

0.84037 

0.83602 

0.83159 

33 

0.95191 

0.94865 

0.94520 

84 

0.83786 

0.83350 

0.82906 

34 

0.95017 

0.94684 

0.94342 

85 

0.83534 

0.83097 

0.82652 

35 

0.94839 

0.94499 

0.94152 

86 

0.83279 

0.82842 

0.82396 

36 

0.94657 

0.94311 

0.93957 

87 

0.83022 

0.82583 

0.82137 

37 

0.94471 

0.94119 

0.93760 

88 

0.82762 

0.82323 

0.81876 

38 

0.94282 

0.93924 

0.93560 

89 

0.82500 

0.82060 

0.81613 

39 

0.94089 

0.93725 

0.93356 

90 

0.82235 

0.81795 

0.81348 

40 

0.93893 

0.93524 

0.93151 

91 

0.81966 

0.81527 

0.81080 

41 

0.93694 

0.93320 

0.92943 

92 

0.81694 

0.81255 

0.80809 

42 

0.93491 

0.93113 

0.92732 

93 

0.81418 

0.80979 

0.80534 

43 

0.93286 

0.92904 

0.92519 

94 

0.81138 

0.80700 

0.80256 

44 

0.93078 

0.92693 

0.92305 

95 

0.80854 

0.80417 

0.79974 

45 

0.92868 

0.92480 

0.92088 

96 

0.80564 

0.80129 

0.79689 

46 

0.92655 

0.92264 

0.91870 

97 

0.80271 

0.79838 

0.79400 

47 

0.92441 

0.92047 

0.91650 

98 

0.79972 

0.79541 

0.79106 

48 

0.92225 

0.91828 

0.91429 

99 

0.79668 

0.79240 

0.78809 

49 

0.92006 

0.91608 

0.91207 

100 

0.79358 

0.78933 

0.78507 

50 

0.91787 

0.91386 

0.90983 

i 
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ETHYL  ALCOHOL 

Specific    Gravity    of    Aqueous    Solutions    Referred    to 
Water  at  the  Same  Temperature 


Per 

cent 
alcohol 

Sp.  gr. 
15°  ^ 

Sp.  gr. 
20° 

20s  U" 

Sp.  gr. 
25° 

25*  U 

Per 

cent 
alcohol 

Sp.  gr. 
15° 

15°  °- 

Sp.  gr. 

20° 

20°"U 

Sp.  gr. 
25° 

26s  C" 

0 

1 . 00000 

1.00000 

1.00000 

51 

0.91635 

0.91322 

0.91026 

1 

0.99812 

0.99813 

0.99811 

52 

0.91412 

0.91097 

0.90799 

2 

0.99629 

0.99629 

0.99627 

53 

0.91189 

0.90872 

0.90571 

3 

0.99451 

0.99451 

0.99447 

54 

0.90964 

0.90645 

0.90343 

4 

0.99281 

0.99279 

0.99274 

55 

0.90738 

0.90418 

0.90113 

5 

0.99118 

0.99113 

0.99106 

56 

0.90512 

0.90191 

0.89883 

6 

0.98963 

0.98955 

0.98945 

57 

0.90285 

0.89962 

0 . 89654 

7 

0.98815 

0.98802 

0.98788 

58 

0.90058 

0.89733 

0 . 89423 

8 

0.98670 

0.98653 

0.98634 

59 

0.89830 

0.89502 

0.89191 

9 

0.98528 

0.98505 

0.98481 

60 

0.89601 

0.89271 

0.88959 

10 

0.98390 

0.98361 

0.98330 

61 

0.89371 

0.89040 

0.88725 

11 

0.98256 

0.98221 

0.98184 

62 

0.89139 

0.88807 

0.88491 

12 

0.98126 

0.98084 

0.98039 

63 

0.88907 

0.88574 

0.88256 

13 

0.97999 

0.97948 

0.97897 

64 

0.88674 

0.88339 

0.88020 

14 

0.97875 

0.97816 

0.97757 

65 

0.88441 

0.88104 

0.87783 

15 

0.97754 

0.97687 

0.97619 

66 

0.88207 

0.87869 

0.87547 

16 

0.97637 

0.97560 

0.97484 

67 

0.87971 

0.87632 

0.87309 

17 

0.97518 

0.97431 

0.97346 

68 

0.87736 

0.87396 

0.87071 

18 

0.97398 

0.97301 

0.97207 

69 

0.87500 

0.87158 

0.86833 

19 

0.97276 

0.97169 

0.97065 

70 

0.87263 

0.86920 

0.86593 

20 

0.97152 

0.97036 

0.96922 

71 

0.87025 

0.86680 

0.86352 

21 

0.97028 

0.96901 

0.96778 

72 

0.86785 

0.86440 

0.86110 

22 

0.96902 

0.96763 

0.96630 

73 

0.86545 

0.86200 

0.85869 

23 

0.96773 

0.96624 

0.96481 

74 

0.86304 

0.85958 

0.85626 

24 

0.96642 

0.96483 

0.96329 

75 

0.86063 

0.85716 

0.85383 

25 

0.96508 

0.96339 

0.96176 

76 

0.85822 

0.85473 

0.85140 

26 

0.96371 

0.96190 

0.96018 

77 

0.85579 

0.85230 

0.84895 

27 

0.96228 

0.96037 

0.95856 

78 

0.85336 

0.84985 

0.84650 

28 

0.96080 

0.95880 

0.95689 

79 

0.85092 

0.84740 

0.84404 

29 

0.95927 

0.95717 

0.95520 

80 

0.84846 

0.84494 

0.84157 

30 

0.95769 

0.95551 

0.95345 

81 

0.84599 

0.84245 

0.83909 

31 

0.95607 

0.95381 

0.95168 

82 

0.84350 

0.83997 

0.83659 

32 

0.95440 

0.95207 

0.94986 

83 

0.84101 

0.83747 

0.83408 

33 

0.95269 

0.95028 

0.94802 

84 

0.83850 

0.83496 

0.83156 

34 

0.95094 

0.94847 

0.94613 

85 

0.83598 

0.83242 

0 . 82902 

35 

0.94915 

0.94662 

0.94422 

86 

0.83343 

0.82987 

0.82646 

36 

0.94732 

0.94473 

0.94227 

87 

0.83086 

0.82729 

0.82389 

37 

0.94546 

0.94281 

0.94031 

88 

0.82826 

0 . 82469 

0.82128 

38 

0.94355 

0 . 94086 

0.93830 

89 

0.82564 

0.82207 

0.81865 

39 

0.94161 

0.93886 

0.93626 

90 

0.82299 

0.81942 

0.81600 

40 

0.93964 

0.93684 

0.93421 

91 

0.82030 

0.81674 

0.81331 

41 

0.93764 

0.93479 

0.93212 

92 

0.81759 

0.81401 

0.81060 

42 

0.93559 

0.93272 

0.93001 

93 

0.81484 

0!81127 

0.80785 

43 

0.93352 

0.93062 

0.92787 

94 

0.81205 

0.80848 

0 . 80507 

44 

0.93143 

0.92849 

0.92571 

95 

0.80922 

0.80567 

0.80225 

45 

0.92933 

0.92636 

0.92355 

96 

0.80636 

0.80280 

0.79939 

46 

0.92721 

0.92421 

0.92137 

97 

0 . 80344 

0.79988 

0.79648 

47 

0.92506 

0.92204 

0.91917 

98 

0.80045 

0.79688 

0.79349 

48 

0.92291 

0.91986 

0.91697 

99 

0.79739 

0.79383 

0.79045 

49 

0.92075 

0.91766 

0.91475 

100 

0.79429 

0.79074 

0.78736 

50 

0.91856 

0.91546 

0.91251 

1701 


ETHYL  ALCOHOL 

Density   of  aqueous   solutions   at  20°C  in  g/ml.     The  concentration  is 
expressed  as  per  cent  by  weight. 


Per 

cent 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

0 

0.99  823 

804 

785 

766 

748 

729 

710 

692 

673 

655 

1 

636 

618 

599 

581 

562 

544 

525 

507 

489 

471 

2 

453 

435 

417 

399 

381 

363 

345 

327 

310 

292 

3 

275 

257 

240 

222 

205 

188 

171 

154 

137 

120 

4 

103 

087 

070 

053 

037 

020 

003 

*987 

*971 

*954 

5 

0.98  938 

922 

906 

890 

874 

859 

843 

827 

811 

796 

6 

780 

765 

749 

734 

718 

703 

688 

673 

658 

642 

7 

627 

612 

597 

582 

567 

553 

538 

523 

508 

493 

8 

478 

463 

449 

434 

419 

404 

389 

374 

360 

345 

9 

331 

316 

301 

287 

273 

258 

244 

229 

215 

201 

10 

187 

172 

158 

144 

130 

117 

103 

089 

075 

061 

11 

047 

033 

019 

006 

*992 

*978 

*964 

*951 

*937 

*923 

12 

0.97  910 

896 

883 

869 

855 

842 

828 

815 

801 

788 

13 

775 

761 

748 

735 

722 

709 

696 

683 

670 

657 

14 

643 

630 

617 

604 

591 

578 

565 

552 

539 

526 

15 

514 

501 

488 

475 

462 

450 

438 

425 

412 

400 

16 

387 

374 

361 

349 

336 

323 

310 

297 

284 

272 

17 

259 

246 

233 

220 

207 

194 

181 

168 

155 

142 

18 

129 

116 

103 

089 

076 

063 

050 

037 

024 

010 

19 

0.96  997 

984 

971 

957 

944 

931 

917 

904 

891 

877 

20 

864 

850 

837 

823 

810 

796 

783 

769 

756 

742 

21 

729 

716 

702 

688 

675 

661 

647 

634 

620 

606 

22 

592 

578 

564 

551 

537 

523 

509 

495 

481 

467 

23 

453 

439 

425 

411 

396 

382 

368 

354 

340 

326 

24 

312 

297 

283 

269 

254 

240 

225 

211 

196 

182 

25 

168 

153 

139 

124 

109 

094 

080 

065 

050 

035 

26 

020 

005 

*990 

*975 

*959 

*944 

*929 

*914 

*898 

*883 

27 

0.95  867 

851 

836 

820 

805 

789 

773 

757 

742 

726 

28 

710 

694 

678 

662 

646 

630 

613 

597 

581 

565 

29 

548 

532 

516 

499 

483 

466 

450 

433 

416 

400 

30 

382 

365 

349 

332 

315 

298 

281 

264 

247 

230 

31 

212 

195 

178 

161 

143 

126 

108 

091 

074 

056 

32 

038 

020 

003 

*985 

*987 

*950 

*932 

*914 

*896 

*878 

33 

0.94  860 

842 

824 

806 

788 

770 

752 

734 

715 

697 

34 

679 

660 

642 

624 

605 

587 

568 

550 

531 

512 

35 

494 

475 

456 

438 

419 

400 

382 

363 

344 

325 

36 

306 

287 

268 

249 

230 

211 

192 

172 

153 

134 

37 

114 

095 

075 

056 

036 

017 

*997 

*978 

*958 

*939 

38 

0.93  919 

899 

879 

859 

840 

820 

800 

780 

760 

740 

39 

720 

700 

680 

660 

640 

620 

599 

579 

559 

539- 

40 

518 

498 

478 

453 

437 

417 

396 

376 

356 

335 

41 

314 

294 

273 

253 

232 

212 

191 

170 

149 

12$ 

42 

107 

086 

065 

044 

023 

002 

*981 

*960 

*939 

*918. 

43 

0.92  897 

876 

855 

834 

812 

791 

770 

749 

728 

707 

44 

685 

684 

642 

621 

600 

579 

557 

536 

515 

49a 

45 

472 

450 

429 

408 

386 

365 

343 

322 

300 

279' 

46 

257 

236 

214 

193 

171 

150 

128 

106 

085 

063 

47 

041 

019 

*997 

*976 

*954 

*932 

*910 

*889 

*867 

*845 

48 

0.91  823 

801 

780 

758 

736 

714 

692 

670 

648 

626 

49 

604 

582 

560 

538 

516 

494 

472 

450 

428 

406 

50 

384 

361 

339 

317 

295 

272 

250 

228 

206 

isa 

1702 


ETHYL  ALCOHOL  (Continued) 


Per 

cent 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

50 

0 

.91 

384 

361 

339 

317 

295 

272 

250 

228 

206 

183 

51 

160 

138 

116 

093 

071 

049 

026 

004 

*981 

*959 

52 

0 

90 

936 

914 

891 

869 

846 

824 

801 

779 

756 

734 

53 

711 

689 

666 

644 

621 

598 

576 

553 

531 

508 

54 

485 

463 

440 

417 

395 

372 

349 

327 

304 

281 

55 

258 

236 

213 

190 

167 

145 

122 

099 

076 

054 

56 

031 

008 

*985 

*962 

*939 

*917 

*894 

*871 

*848 

*825 

57 

0 

89 

803 

780 

757 

734 

711 

688 

665 

643 

620 

597 

58 

574 

551 

528 

505 

482 

459 

436 

413 

390 

367 

59 

344 

321 

298 

275 

252 

229 

206 

183 

160 

137 

60 

113 

090 

067 

044 

021 

*998 

*975 

*951 

*928 

*905 

61 

0 

88 

882 

859 

836 

812 

789 

766 

743 

720 

696 

673 

62 

650 

626 

603 

580 

557 

533 

510 

487 

463 

440 

63 

417 

393 

370 

347 

323 

300 

277 

253 

230 

206 

64 

183 

160 

136 

113 

089 

066 

042 

019 

*995 

*972 

65 

0 

87 

948 

925 

901 

878 

854 

831 

807 

784 

760 

737 

66 

713 

689 

666 

642 

619 

595 

572 

548 

524 

501 

67 

477 

454 

430 

406 

383 

359 

336 

312 

288 

265 

68 

241 

218 

194 

170 

147 

123 

099 

075 

052 

028 

69 

004 

*981 

*957 

*933 

*909 

*885 

*862 

*838 

*814 

*790 

70 

0 

86 

766 

742 

718 

694 

671 

647 

623 

599 

575 

551 

71 

527 

503 

479 

455 

431 

407 

383 

359 

335 

311 

72 

287 

263 

239 

215 

191 

167 

143 

119 

095 

071 

73 

047 

022 

*998 

*974 

*950 

*926 

*902 

*878 

*854 

*830 

74 

0 

85 

806 

781 

757 

733 

709 

685 

661 

636 

612 

588 

75 

564 

540 

515 

491 

467 

443 

419 

394 

370 

346 

76 

322 

297 

273 

249 

225 

200 

176 

152 

128 

103 

77 

079 

055 

031 

006 

*982 

*958 

*933 

*909 

*884 

*860 

78 

0 

84 

835 

811 

787 

762 

738 

713 

689 

664 

640 

615 

79 

590 

566 

541 

517 

492 

467 

443 

418 

393 

369 

80 

344 

319 

294 

270 

245 

220 

196 

171 

146 

121 

81 

096 

072 

047 

022 

*997 

*972 

*947 

*923 

*898 

*873 

82 

0 

83 

848 

823 

798 

773 

748 

723 

698 

674 

649 

624 

83 

599 

574 

549 

523 

498 

473 

448 

423 

398 

373 

84 

348 

323 

297 

272 

247 

222 

196 

171 

146 

120 

85 

095 

070 

044 

019 

*994 

*968 

*943 

*917 

*892 

*866 

86 

0 

82 

840 

815 

789 

763 

738 

712 

686 

660 

635 

609 

87 

583 

557 

531 

505 

479 

453 

427 

401 

375 

349 

88 

323 

297 

271 

245 

219 

193 

167 

140 

114 

088 

89 

062 

035 

009 

*983 

*956 

*930 

*903 

*877 

*850 

*824 

90 

0 

81 

797 

770 

744 

717 

690 

664 

637 

610 

583 

556 

91 

529 

502 

475 

448 

421 

394 

366 

339 

312 

285 

92 

257 

230 

203 

175 

148 

120 

093 

066 

038 

010 

93 

0 

80 

983 

955 

928 

900 

872 

844 

817 

789 

761 

733 

94 

705 

677 

649 

621 

593 

565 

537 

509 

480 

452 

95 

424 

395 

367 

338 

310 

281 

253 

224 

195 

166 

96 

138 

109 

080 

051 

022 

*993 

*963 

*934 

*905 

*875 

97 

0 

79 

846 

816 

787 

757 

727 

698 

668 

638 

608 

578 

98 

547 

517 

487 

456 

426 

396 

365 

335 

305 

274 

99 

243 

213 

182 

151 

120 

089 

059 

028 

*997 

*966 

100 

0 

78 

934 
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METHYL  ALCOHOL 

Specific  Gravity  of  Mixtures  of  Methyl  Alcohol  and 
Water  by  Volume  and  by  Weight 

Giving  the  specific  gravity  at  15°C  referred  to  water  at  4°C. 

(Calculated  from  values  by  Doroshevski  and  Rozhdestvenski, 
Dittmar  and  Fawsitt.) 


Per  cent 

Per  cent 

Per  cent 

Per  cent 

alcohol 

alcohol 

Specific 

alcohol 

alcohol 

Specific 

by 

by 

gravity 

by 

by 

gravity 

weight 

volume 

weight 

volume 

1 

1.25 

0.99727 

51 

58.74 

0.91653 

2 

2.50 

0.99543 

52 

59.76 

0.91451 

3 

3.75 

0.99370 

53 

60.77 

0.91248 

4 

4.99 

0.99198 

54 

61.78 

0.91044 

5 

6.22 

0.99029 

55 

62.78 

0.90839 

6 

7.45 

0.98864 

56 

63.78 

0.90631 

7 

8.68 

0.98701 

57 

64.77 

0.90421 

8 

9.91 

0.98547 

58 

65.75 

0.90210 

9 

11.13 

0.98394 

59 

66.73 

0.89996 

10 

12.35 

0.98241 

60 

67.69 

0.89781 

11 

13.56 

0.98093 

61 

68.65 

0.89563 

12 

14.77 

0.97945 

62 

69.61 

0.89341 

13 

15.98 

0.97802 

63 

70.55 

0.89117 

14 

17.18 

0.97660 

64 

71.49 

0.88890 

15 

18.38 

0.97518 

65 

72.42 

0.88662 

16 

19.58 

0.97377 

66 

73.34 

0.88433 

17 

20.77 

0.97237 

67 

74.26 

0.88203 

18 

21.96 

0.97096 

68 

75.17 

0.87971 

19 

23.15 

0.96955 

69 

7G.08 

0.87739 

20 

24.33 

0.96814 

70 

76.98 

0.87507 

21 

25.51 

0.96673 

71 

77.86 

0.87271 

22 

26.69 

0.96533 

72 

78.75 

0.87033 

23 

27.86 

0.96392 

73 

79.62 

0.86792 

24 

29.03 

0.96251 

74 

80.48 

0.86546 

25 

30.19 

0.96108 

75 

81.34 

0.86300 

26 

31.35 

0.95963 

76 

82.18 

0.86051 

27 

32.51 

0.95817 

77 

83.02 

0.85801 

28 

33.66 

0.95668 

78 

83.86 

0.85551 

29 

34.81 

0.95518 

79 

84.68 

0.85300 

30 

35.95 

0.95366 

80 

85.50 

0.85048 

31 

37.09 

0.95213 

81 

86.31 

0.84794 

32 

38.22 

0.95056 

82 

87.11 

I       0.84536 

33 

39.35 

0.94S96 

83 

87.90 

0.84274 

34 

40.48 

0.94734 

84 

88.68 

0.84009 

35 

41.59 

0.94570 

85 

89.45 

0.83742 

36 

42.71 

0.94404 

86 

90.21 

0.83475 

37 

43.82 

0.94237 

87 

90.97 

0.83207 

38 

44.92 

0.94067 

88 

91.72 

0.82937 

39 

46.02 

0.93894 

89 

92.46 

0.82667 

40 

47.11 

0.93720 

90 

93.19 

0.82396 

41 

48.20 

0.93543 

91 

93.92 

0.82124 

42 

49.28 

0.93365 

92 

94.63 

0.81849 

43 

50.35 

0.93185 

93 

95.33 

0.81568 

44 

51.42 

0.93001 

.94 

96.02 

0.81285 

45 

52.49 

0.92815        j 

95 

96.70 

0.80999 

46 

53.54 

0.92627 

96 

97.37 

0.80713 

47 

54.60 

0.92436 

97 

98.04 

0.80428 

48 

55.64 

0.92242 

98 

98.70 

0.80143 

49 

56.68 

0.92048 

99 

99.35 

0.79859 

50 

57.71 

0.91852 

100 

100.00 

0.79577 
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METHYL  ALCOHOL 

Specific  Gravity  of  Mixtures  of  Methyl  Alcohol  and 
Water  by  Volume  and  by  Weight 

Giving  the  specific  gravity  at  15.6°  C.  referred  to  water  at  the  same  tem- 
perature.   To  reduce  to  specific  gravity  of  water  at  4°C.  multiply  by  0.99908. 
(Techn.  Hogskolan,  Stockholm.) 


Per 

Per 

Per 

Per 

Per 

Per 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

wt. 

vol. 

wt. 

vol. 

wt. 

vol. 

1.0000 

0.00 

0.00 

0.9950 

2.72 

3.48 

0.9900 

5.72 

7.13 

0.9999 

0.06 

0.07 

0.9949 

2.78 

3.55 

0.9899 

5.78 

7.21 

0.9998 

0.11 

0.13 

0.9948 

2.84 

3.62 

0.9898 

5.85 

7.28 

0.9997 

0.17 

0.20 

0.9947 

2.89 

3.70 

0.9897 

5.91 

7.36 

0.9996 

0.22 

0.27 

0.9946 

2.95 

3.77 

0.9896 

5.97 

7.44 

0.9995 

0.28 

0.33 

0.9945 

3.01 

3.84 

0.9895 

6.04 

7.52 

0.9994 

0.33 

0.40 

0.9944 

3.07 

3.91 

0.9894 

6.10 

7.59 

0.9993 

0.39 

0.47 

0.9943 

3.13 

3.98 

0.9893 

6.16 

7.67 

0.9992 

0.44 

0.53 

0.9942 

3.18 

4.06 

0.9892 

6.23 

7.75 

0.9991 

0.50 

0.60 

0.9941 

3.24 

4.13 

0.9891 

6.29 

7.82 

0.9990 

0.55 

0.67 

0.9940 

3.30 

4.20 

0.9890 

6.36 

7.90 

0.9989 

0.61 

0.73 

0.9939 

3.36 

4.27 

0.9889 

6.42 

7.98 

0.9988 

0.66 

0.80 

0.9938 

3.42 

4.35 

0.9888 

6.48 

8.05 

0.9987 

0.72 

0.86 

0.9937 

3.48 

4.42 

0.9887 

6.55 

8.13 

0.9986 

0.77 

0.93 

0.9936 

3.53 

4.49 

0.9886 

6.61 

8.21 

0.9985 

0.83 

1.00 

0.9935 

3.59 

4.57 

0.9885 

6.67 

8.29 

0.9984 

0.88 

1.06 

0.9934 

3.65 

4.64 

0.9884 

6.74 

8.36 

0.9983 

0.94 

1.13 

0.9933 

3.71 

4.71 

0.9883 

6.80 

8.44 

0.9982 

0.99 

1.20 

0.9932 

3.77 

4.79 

0.9882 

6.86 

8.52 

0.9981 

1.05 

1.26 

0.9931 

3.83 

4.89 

0.9881 

6.93 

8.5& 

0.9980 

1.10 

1.33 

0.9930 

3.89 

4.94 

0.9880 

6.99 

8.67 

0.9979 

1.15 

1.40 

0.9929 

3.94 

5.01 

0.9879 

7.06 

8.75 

0.9978 

1.20 

1.47 

0.9928 

4.00 

5.08 

0.9878 

7.12 

8.83 

0.9977 

1.26 

1.54 

0.9927 

4.08 

5.16 

0.9877 

7.19 

8.90 

0.9976 

1.31 

1.62 

0.9926 

4.12 

5.23 

0.9876 

7.25 

8.98 

0.9975 

1.36 

1.69 

0.9925 

4.18 

5.30 

0.9875 

7.32 

9.06 

0.9974 

1.41 

1.76 

0.9924 

4.24 

5.38 

0.9874 

7.38 

9.14 

0.9973 

1.46 

1.83 

0.9923 

4.29 

5.45 

0.9873 

7.45 

9.22 

0.9972 

1.52 

1.90 

0.9922 

4.35 

5.52 

0.9872 

7.51 

9.29 

0.9971 

1.57 

1.97 

0.9921 

4.41 

5.60 

0.9871 

7.58 

9.37 

0.9970 

1.62 

2.05 

0.9920 

4.  <1 7 

5.67 

0.9870 

7.64 

9.45 

0.9969 

1.67 

2.12 

0.9919 

4.53 

5.74 

0.9869 

7.71 

9.53 

0.9968 

1.72 

2.19 

0.9918 

4.60 

5.82 

0.9868 

7.77 

9.61 

0.9967 

1.78 

2.26 

0.9917 

4.66 

5.89 

0.9867 

7.84 

9.68 

0.9966 

1.83 

2.33 

0.9916 

4.72 

5.96 

0.9866 

7.90 

9.76 

0.9965 

1.88 

2.40 

0.9915 

4.78 

6.04 

0.9865 

7.97 

9.84 

0.9964 

1.93 

2.47 

0.9914 

4.85 

6.11 

0.9864 

8.03 

9.92 

0.9963 

1.98 

2.55 

0.9913 

4.91 

6.18 

0.9863 

8.10 

10.00 

0.9962 

2.04 

2.62 

0.9912 

4.97 

6.25 

0.9862 

8.16 

10.07 

0.9961 

2.09 

2.69 

0.9911 

5.03 

6.33 

0.9861 

8.23 

10.15 

0.9960 

2.14 

2.76 

0.9910 

5.10 

6.40 

0.9860 

8.29 

10.23 

0.9959 

2.20 

2.83 

0.9909 

5.16 

6.47 

0.9859 

8.35 

10.31 

0.9958 

2.26 

2.90 

0.9908 

5.22 

6.55 

0.9858 

8.42 

10.38 

0.9957 

2.31 

2.98 

0.9907 

5.28 

6.62 

0.9857 

8.48 

10.47 

0.9956 

2.37 

3.05 

0.9906 

5.35 

6.69 

0.9856 

8.55 

10.55 

0.9955 

2.43 

3.12 

0.9905 

5.41 

6.77 

0.9855 

8.61 

10.63 

0.9954 

2.49 

3.19 

0.9904 

5.47 

6.84 

0.9854 

8.68 

10.71 

0.9953 

2.55 

3.26 

0.9903 

5.53 

6.91 

0.9853 

8.74 

10.79 

0.9952 

2.60 

3.34 

0.9902 

£.60 

6.98 

0.9852 

8.81 

10.87 

0.9951 

2.66 

3.41 

0.9901 

5.66 

7.06 

0.9851 

8.87 

10.95 
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METHYL  ALCOHOL   (Continued) 

Specific   Gravity  of  Mixtures  of  Methyl  Alcohol  and 
Water  by  Volume   and   by  Weight 


Per 

Per 

Per 

Per 

Per 

Per 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

wt. 

vol. 

wt. 

vol. 

wt. 

vol. 

0.9850 

8.94 

11.03 

0.9796 

12.55 

15.46 

0.9742 

16.43 

20.09 

0.9849 

9.00 

11.10 

0.9795 

12.62 

15.  55 

0.9741 

16.51 

20.17 

0.9848 

9.06 

11.18 

0.9794 

12.69 

15.63 

0.9740 

16.58 

20.26 

0.9847 

9.13 

11.26 

0.9793 

12.76 

15.72 

0.9739 

16.65 

20.35 

0.9846 

9.19 

11.34 

0.9792 

12.83 

15.80 

0.9738 

16.72 

20.43 

0.9845 

9.26 

11.42 

0.9791 

12.90 

15.89 

0.9737 

16.79 

20.52 

0.9844 

9.32 

11.50 

0.9790 

12.97 

15.97 

0.9736 

16.86 

20.60 

0.9843 

9.39 

11.58 

0.9789 

13.04 

16.06 

0.9735 

16.93 

20.69 

0.9842 

9.45 

11.66 

0.9788 

13.11 

16.14 

0.9734 

17.00 

20.77 

0.9841 

9.52 

11.74 

0.9787 

13.18 

16.23 

0.9733 

17.07 

20.86 

0.9840 

9.58 

11.82 

0.9786 

13.25 

16.31 

0.9732 

17.14 

20.94 

0.9839 

9.65 

11.90 

0.9785 

13.32 

16.40 

0.9731 

17.21 

21.03 

0.9838 

9.72 

11.98 

0.9784 

13.39 

16.48 

0.9730 

17.28 

21.11 

0.9837 

9.78 

12.06 

0.9783 

13.46 

16.57 

0.9729 

17.35 

21.20 

0.9838 

9.85 

12.14 

0.9782 

13.53 

16.65 

0.9728 

17.42 

21.28 

0.9835 

9.92 

12.23 

0.9781 

13.60 

16.74 

0.9727 

17.49 

21.37 

0.9834 

9.99 

12.31 

0.9780 

13.67 

16.82 

0.9726 

17.56 

21.45 

0.9833 

10.06 

12.39 

0.9779 

13.74 

16.91 

0.9725 

17.63 

21.54 

0.9832 

10.12 

12.47 

0.9778 

13.82 

16.99 

0.9724 

17.70 

21.62 

0.9831 

10.19 

12.55 

0.9777 

13.89 

17.08 

0.9723 

17.77 

21.71 

0.9830 

10.26 

12.63 

0.9776 

13.96 

17.16 

0.9722 

17.84 

21.79 

0.9829 

10.33 

12.71 

0.9775 

14.03 

17.25 

0.9721 

17.91 

21.88 

0.9828 

10.40 

12.79 

0.9774 

14.11 

17.33 

0.9720 

17.98 

21.96 

0.9827 

10.46 

12.87 

0.9773 

14.18 

17.42 

0.9719 

18.05 

22.05 

0.9826 

10.53 

12.95 

0.9772 

14.25 

17.50 

0.9718 

18.12 

22.13 

0.9825 

10.60 

13.04 

0.9771 

14.32 

17.59 

0.9717 

18.19 

22.22 

0.9824 

10.67 

13.12 

0.9770 

14.40 

17.68 

0.9716 

18.26 

22.30 

0.9823 

10.74 

13.20 

0.9769 

14.47 

17.76 

0.9715 

18.33 

22.39 

0.9822 

10.80 

13.28 

0.9768 

14.54 

17.85 

0.9714 

18.40 

22.47 

0.9821 

10.87 

13.36 

0.9767 

14.61 

17.93 

0.9713 

18.47 

22.56 

0.982J 

10.94 

13.44 

0.9766 

14.69 

18.02 

0.9712 

18.54 

22.64 

0.9819 

11.01 

13.52 

0.9765 

14.76 

18.10 

0.9711 

18.61 

22.73 

0.9818 

11.07 

13.61 

0.9764 

14.83 

18.19 

0.9710 

18.68 

22.82 

0.9817 

11.14 

13.69 

0.9763 

14.90 

18.27 

0.9709 

18.75 

22.90 

0.9816 

11.21 

13.78 

0.9762 

14.98 

18.36 

0.9708 

18.82 

22.99 

0.9815 

11.27 

13.86 

0.9761 

15.05 

18.44 

0.9707 

18.89 

23.07 

0.9814 

11.34 

13.94 

0.9760 

15.12 

18.53 

0.9706 

18.96 

23.16 

0.9813 

11.41 

14.03 

0.9759 

15.19 

18.62 

0.9705 

19.03 

23.24 

0.9812 

11.47 

14.11 

0.9758 

15.27 

18  70 

0.9704 

19.10 

23.33 

0.9811 

11.54 

14.20 

0.9757 

15.34 

18.79 

0.9703 

19.17 

23.41 

0.9810 

11.61 

14.28 

0.9756 

15.41 

18.88 

0.9702 

19.24 

23.50 

0.9809 

11.67 

14.36 

0.9755 

15.49 

18.96 

0.9701 

19.31 

23.58 

0.9808 

11.74 

14.45 

0.9754 

15.56 

19.05 

0.9700 

19.38 

23.67 

0.9807 

11.80 

14.53 

0.9753 

15.63 

19.14 

0.9699 

19.45 

23.75 

0.9806 

11.87 

14.62 

0.9752 

15.70 

19.22 

0.9698 

19.52 

23.84 

0.9805 

11.94 

14.70 

0.9751 

15.78 

19.31 

0.9697 

19.59 

23.92 

0.9804 

12.00 

14.78 

0.9750 

15.95 

19.40 

0 . 9696 

19.66 

24.00 

0.9803 

12.07 

14.87 

0.9749 

15.92 

19.48 

0.9695 

19.73 

24.09 

0.9802 

12.14 

14.95 

0.9748 

16.00 

19.56 

0.9694 

19.80 

24.17 

0.9801 

12.20 

15.04 

0.9747 

16.07 

19.65 

0.9693 

19.87 

24.25 

0.9800 

12.27 

15.12 

0.9746 

16.14 

19.74 

0.9692 

19.94 

24.34 

0.9799 

12.34 

15.21 

0.9745 

16.22 

19.83 

0.9691 

20.01 

24.42 

0.9798 

12.41 

15.29 

0.9744 

16.29 

19.91 

0.9690 

20.09 

24.51 

0.9797 

12.48 

15.38 

0.9743 

16.36 

20.00 

0.9689 

20.16 

24.59 
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METHYL  ALCOHOL   (Continued) 

Specific  Gravity  of  Mixtures  of  Methyl  Alcohol  and 
Water  by  Volume  and  by  Weight 


Per 

Per 

Per 

Per 

Per 

Per 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

Spe- 

cent 

cent 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

cific 

alco- 

alco- 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

gravity 

hol  by 

hol  by 

wt. 

vol. 

wt. 

vol. 

wt. 

vol. 

0.9688 

20.23 

24.67 

0.9668 

21.63 

26.35 

0.9648 

23.03 

27.99 

0.9687 

20.30 

24.76 

0.9667 

21.70 

26 .  43 

0.9647 

23.10 

28.07 

0.9686 

20.37 

24.84 

0.9666 

21.77 

26.52 

0.9646 

23.17 

28.18 

0.9685 

20.44 

24.92 

0.9665 

21.84 

26.60 

0.9645 

23.24 

28.24 

0.9684 

20.51 

25.01 

0.9664 

21.91 

26.68 

0.9644 

23.31 

28.32 

0.9683 

20.58 

25.09 

0.9663 

21.98 

26.77 

0.9643 

23.38 

28.40 

0.9682 

20.65 

25.17 

0.9662 

22.05 

26.85 

0.9642 

23 .  45 

28.48 

0.9681 

20.72 

25.26 

0.9661 

22.12 

26.94 

0.9641 

23.52 

28.56 

0.9680 

20.79 

25.34 

0.9660 

22.19 

27.02 

0.9640 

23.59 

28.64 

0.9679 

20.86 

25.42 

0.9659 

22.26 

27.10 

0.9639 

23.66 

28.72 

0.9678 

20.93 

25.51 

0.9658 

22.33 

27 .  18 

0.9638 

23.75 

28.80 

0.9677 

21.00 

25.59 

0.9657 

22.40 

27.26 

0.9637 

23.80 

28.88 

0.9676 

21.07 

25.68 

0.9656 

22.47 

27.34 

0.9636 

23.88 

28.96 

0.9675 

21.14 

25.76 

0.9655 

22.54 

27.43 

0.9635 

23.95 

29.04 

0.9674 

21.21 

25.84 

0.9654 

22.31 

27.51 

0.9634 

24.02 

29.11 

0.9673 

21.28 

25.95 

0.9653 

22.68 

27.59 

0.9633 

24.09 

29.19 

0.9672 

21.33 

26.01 

0.9652 

22.75 

27.67 

0.9632 

24.16 

29 .  27 

0.9671 

21.42 

26.10 

0.9651 

22.82 

27.75 

0.9631 

24.23 

29.36 

0.9670 

21.49 

26.18 

0.9650 

22.89 

27.83 

0..}630 

24.31 

29.43 

0.9669 

21.56 

26.26 

0.9649 

22.96 

27.91 

0.9629 

24.38 

29.51 
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IMMERSION  REFRACTOMETER  READINGS  OF  METHYL 
AND  ETHYL  ALCOHOLS  AT  20°C 

By  Leach  and  Lythgoe.     Jour.  Am.  Chem.  Soc.  27,  964  (1905) 


% 

% 

% 

Alcohol 

Methyl 

Ethyl 

Alcohol 

Methyl 

Ethyl 

Alcohol 

Methyl 

Ethyl 

by 

Alcohol 

Alcohol 

by 

Alcohol 

Alcohol 

by 

Alcohol 

Alcohol 

Weight 

Weight 

Weight 

0 

14.5 

14.5 

35 

35.8 

75.8 

70 

33.0 

100.0 

1 

14.8 

16.0 

36 

36.3 

76.9 

71 

32.3 

100.2 

2 

15.4 

17.6 

37 

36.8 

78.0 

72 

31.7 

100.4 

3 

16.0 

19.1 

38 

37.3 

79.1 

73 

31.1 

100.6 

4 

16.6 

20.7 

39 

37.7 

80.2 

74 

30.4 

100.8 

5 

17.2 

22.3 

40 

38.1 

81.3 

75 

29.7 

101.0 

6 

17.8 

24.1 

41 

38.4 

82 . 3 

76 

29.0 

101.0 

7 

18.4 

25.9 

42 

38.8 

83.3 

77 

28.3 

100.9 

8 

19.0 

27.8 

43 

39.2 

84.2 

78 

27.6 

100.9 

9 

19.6 

29.6 

44 

39 . 3 

85.2 

79 

26.8 

100.8 

10 

20.2 

31.4 

45 

39.4 

86.2 

80 

26.0 

100.7 

11 

20.8 

33.2 

46 

39.5 

87.0 

81 

25.1 

100.6 

12 

21.4 

35.0 

47 

39.6 

87.8 

82 

24.3 

100.5 

13 

22.0 

36.9 

48 

39.7 

88.7 

83 

23.6 

100.4 

14 

22.6 

38.7 

49 

39.8 

89.5 

84 

22.8 

100.3 

15 

23.2 

40.5 

50 

39.8 

90.3 

85 

21.8 

100.1 

16 

23.9 

42 . 5 

51 

39.7 

91.1 

86 

20.8 

99.8 

17 

24.5 

44.5 

52 

39 . 6 

9L.8 

87 

19.7 

99.5 

18 

25.2 

46.5 

53 

39.6 

92.4 

88 

18.6 

99.2 

19 

25.8 

48.5 

54 

39.5 

93.0 

89 

17.3 

98.9 

20 

26.5 

50.5 

55 

39 . 4 

93.6 

90 

16.1 

98.6 

21 

27.1 

52.4 

56 

39 . 2 

94.1 

91 

14.9 

98.3 

22 

27.8 

54.3 

57 

39 . 0 

94.7 

92 

13.7 

97.8 

23 

28.4 

56.3 

58 

38.6 

95.2 

93 

12.4 

97.2 

24 

29.1 

58.2 

59 

38.3 

95.7 

94 

11.0 

96.4 

25 

29.7 

60.1 

60 

37.9 

96.2 

95 

9.6 

95.7 

26 

30.3 

61.9 

61 

37.5 

96.7 

96 

8.2 

94.9 

27 

30.9 

63.7 

62 

37.0 

97.1 

97 

6.7 

94.0 

28 

31.6 

65.5 

63 

36.5 

97.5 

98 

5.1 

93  0 

29 

32.2 

67.2 

64 

36.0 

98.0 

99 

3.5 

92.  D 

30 

32.8 

69.0 

65 

35.5 

98.3 

100 

2.0 

91.0 

31 

33.5 

70.4 

66 

35.0 

98.7 

32 

34.1 

71.7 

67 

34 . 5 

99.1 

33 

34.7 

73.1 

68 

34.0 

99.4 

34 

35.2 

74.4 

69 

33.5 

99.7 

Calculation  of  the  percentage  of  ethyl  and  methyl  alcohols  in  a  mixture  with 

15  56° 
water,  assuming  a  distillate  to  have  a  sp.  gr.  of  0.97917  0  and  a  refraction 

lo .  oo 

of  30.0  at  20°  on  the  immersion  refractometer.  —  From  the  tables  of  sp.  gr.  for 
ihese  alcohols  the  density  is  found  to  correspond  to  13.70%  and  12.83%  by 
weight  of  ethyl  and  methyl  alcohol  respectively:  from  the  table  above,  the 
refractometer  readings  corresponding  to  13.70%  ethyl  and  methyl  alcohol  are 
38.16  and  22.42  respectively.  Then  (38.16  -  30.0)  /  (38.16  -22.42)  X 
100  =  51.8%,  or  51.8%  of  the  alcohol  in  the  distillate  is  methyl  alcohol. 

(12.83  X  0.518)  +13.70  X  (1  -  0.518)  =  13.25  which  is  the  %  by 
weight  of  the  mixed  alcohols  in  the  distillate,  of  which  13.25  X  0.518  ot 
6.86%  is  methyl  alcohol  and  13.25  X  (1  -  0.518)  or  6.39%  is  ethyl  alcohol 
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DENSITY  AND  SPECIFIC   GRAVITY  OF  GASES    AND 

VAPORS 


Name 


Formula 


Density 
g/1  0°C 
760  mm 


Density 

lbs./ft.a 

32°F, 

1  atm. 


Specific 
gravity 
Air  =  1 


Specific 
gravity 
02  =  1 


Acetylene 

Air 

Ammonia 

Argon 

Arsenic  fluoride 

Arsenic  hydride 

Boron  fluoride 

Butane  (n) 

Butane,  iso- 

Carbon  dioxide 

Carbon  monoxide 

Carbon  oxysulnde 

Chlorine 

Chlorine  dioxide 

Chlorine  monoxide 

Cyanogen 

Dimethylamine 

Ethane 

Ethylene 

Fluorine 

Germanium  hydride   (di- 

germane) 

Germanium  tetrahydride 

Helium 

Hydrogen 

Hydrogen  bromide 

Hvdrogen  chloride 

Hydrogen  iodide 

Hydrogen  selenide 

Hydrogen  sulfide 

Hydrogen  telluride 

Krypton 

Methane. 

Methylamine 

Methyl  chloride 

Methyl  ether 

Methyl  fluoride 

Neon 

Nitric  oxide 

Nitrogen 

Nitrogen  (atm.) 

Nitrosyl  chloride 

Nitrosyl  fluoride 

Nitrous  oxide 

Nitroxyl  chloride 

Nitroxyl  fluoride 

Oxygen 

Ozone 

Phosphine 

Phosphorus  fluoride 

Phosphorus  oxyfluoride.  . 
Phosphorus  pentafiuoride 
Propane 


C2H: 


NH3 

A 

AsF6 

AsH3 

BF3 

C4H10 

C4H10 

CO2 

CO 

COS 

Ch 

CIO  2 

Cho 

C2N2 

(CH3)2NH 
C2H6 
C2H4 
F2 

Ge2H6 

GeH4 

He 

H2 

HBr 

HC1 

HI 

H2Se 

H2S 

H2Te 

Kr 

CH4 

CH3NH2 

CHaCl 

(CHahO 
CHaF 
Ne 
NO 

N2 


NOC1 

NOF 

N2O 

N02C1 

N02F 

02 

03 

PH3 

PF3 

POF3 

PF5 

C3H8 


173 
2929 
7710 
7837 
71* 
484* 
99* 
5190t 
673 
1.9769 
1 . 2504 
2.72 
3.214 
3.0911 
3.89 
2.335* 
1.96617 
1.3566 
1 . 2604 
1 .  696 

6.7420 

3.420 

0.17847 

0.08988 

3 . 6445 

1 .6392 

5.7891 

3.670 

1.539 

5.81 

3.708 

0.7168 

1.396 

2.3076 

2.1098 

1 . 5452 

0.90035 

1.3402 

1.25055 

1.2568 

2.992 

2.176* 

1.9778 

2.57* 

2.90 

1.42904 

2.144 

1 . 5294 

3.907* 

4.8 

5.81 

2.020 


07323 

0.9073 

08071 

1 . 0000 

04813 

0 . 5963 

11135 

1.3796 

481* 

5.96* 

2175* 

2.695* 

187* 

2.31* 

15725f 

2.0854f 

1669 

2.067 

12341 

1.5290 

07806 

0.9671 

170 

2.10 

2006 

2.486 

19311 

2.39H 

243 

3.01 

1458* 

1 . 806* 

122717 

1.52117 

08469 

1.0493 

07868 

0.9749 

1059 

1.312 

42120 

5.2120 

2135 

2.645 

01114 

0.13804 

005611 

0.06952 

2275 

2.8189 

10233 

1.2678 

3614 

4.4776 

229 

2.839 

09608 

1.190 

363 

4.49 

2315 

2.868 

04475 

0.5544 

08715 

1.080 

1441 

1.7848 

1317 

1.6318 

09646 

1.1951 

05621 

0.69638 

08367 

1 . 0366 

07807 

0.96724 

07846 

0.9721 

1868 

2.314 

1358* 

1.683* 

1235 

1.5297 

160* 

1.99* 

181 

2.24 

08921 

1 . 10527 

1338 

1.658 

09548 

1.1829 

2439* 

3.022* 

30 

3.7 

363 

4.494 

1261 

1.562 

8208 

9047 

5395 

2482 

40* 

438* 

09* 

8868f 

870 

3834 

8750 

90 

249 

I611 

72 

634* 

376" 

9493 

8820 

187 


.7220 

.393 

.12489 

.06290 

.  5503 

.1471 

.0510 

.568 

.077 

.07 

.595 

.5016 

.9769 

.6148 

.4764 

.0813 

.63004 

.9378 

.87510 

.8795 

.094 

.523* 

.3840 

.798* 

.03 

.0000 

.500 

.0702 

.734* 

.4 

.066 

.414 


*  Temperature  not  stated,  probably  20°C. 
t  Both  butane  and  air  at  710  mm. 
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DENSITY  AND   SPECIFIC   GRAVITY  OF  GASES    AND 
VAPORS  (Continued) 


Name 


Formula 


Density 
g/1  0°C 
760  mm 


Density 

lbs./ft.a 

32°F, 

1  atm. 


9 

73 

3 

03 

3 

64 

5 

3 

2 

73 

2 

08 

3 

86 

4 

684 

2 

85 

1 

44 

5 

30 

2 

9269 

6 

50* 

3 

72* 

2 

580 

2 

52 

12 

9 

5 

851 

Specific 
gravity 
Air  =  1 


Specific 
gravity 
02  =  1 


Radon 

Silicane,  chloro- 

Silicane,  chloromethyl.  . 
Silicane,  dichloromethyl 

Silicane,  dimethyl 

Silicane,  methyl 

Silicane,  trifluoro- 

Silicon  fluoride 

Silicon  hexahydride 

Silicon  tetrahydride.  .  .  . 
Stibine  (15°C,  754  mm), 

Sulfur  dioxide 

Sulfur  fluoride.  .  . 

Sulfuric  oxyfluoride 

Trimethylamine 

Trimethyl  boron 

Tungsten  fluoride 

Xenon 


Ra 

SiH3Cl 
SiHoClCHs 
SiHCl2CH3 

SiH2(CH3)2 

SiHaCHa 

SiHFs 

SiF4 

Si2H6 

SiH4 

SbH3 

SO2 

SFe 

SO2F2 

(CH,)3N 

(CH3)3B 

WF6 

Xe 


.607 
189 
,227 
33 
170 
130 
241 
2924 
178 
0899 
331 
1827 
406* 
232* 
1611 
157 
805 
3653 


526 

34 

82 

1 

11 

61 

99 

623 

204 

114 

10 

2638 
5.03* 
2.88* 
1.996 
1.95 
9.98 
4.525 


6.809 

2.12 

2.55 

3.7 

1.91 

1.46 

2.70 

3.278 

1.994 

1.008 

3.71 

2 . 0482 

4.55* 

2.60* 

1.805 

1.76 

9.03 

4 .  094 


*  Temperature  not  stated,  probably  20°C. 


1710 


DENSITY  OF  ELEMENTS 


The  density  is  given  in  grams  per  cubic  centimeter  and  pounds  per  cubic  foot  at  the 
temperature  stated.  Where  no  temperature  is  given  ordinary  atmospheric  temperature 
Is  understood. 


Element 


Temp. 
°C. 


Density 
gm./c.c. 


Lbs.  per 
cu.  ft. 


Observer 


Aluminum,  hard  drawn 

liquid 

Antimony,  vacuo-distilled. . 

compressed 

amorphous 

Argon,  liquid , 

Arsenic,  metallic 

amorphous,  brown — black 
yellow 

Barium 

Bismuth,  electrolytic 

vacuo-distilled 

liquid 

solid 

Boron,  crystal 

amorphous 

Bromine,  liquid 

Cadmium,  cast 

wrought 

vacuo-distilled 

solid 

liquid 

Caesium.. 

Calcium 

Carbon,  crystal 

graphite 

Cerium,  electrolytic. 

pure 

Chlorine,  liquid 

Chromium 

pure 

Cobalt 

Columbium 

Copper,  cast 

annealed 

wrought 

hard-drawn 

vacuo-distilled 

compressed 


20 

659 

20 

20 

-i83* 

-189 

15 

"is" 

"25' 

"26' 
20 
271 
271 
271 


20 

20 
318 

318 

349 

20 


-33.6 
20' 
2l" 
15" 
26' 


20 
20 
20 


2.699 
2.382 
6.618 
6.691 
6.22 
1.3845 
1.4233 
5.73 
3.70 
2.0 
3.78 
3.5 
9.747 
9.80 
9.781 
10.00 
10.24 
9.67 
2.535 
2.45 
3.12 
8.648 
8.67 
8.648 
8.37 
7.99 
7.94 
1.873 
1.54 
3.52 
2.25 
6.79 
6.9 
1.507 
6.52-73 
6.92 
7.1 
8.71 
8.9 
8.4 

8.30-95 
8.89 
8.85-95 
8.89 
8.9326 
8.9376 


168.5 

148.7 

413.1 

417.7 

388.3 
86.4 
88.9 

357.7 

231.0 

124.9 

236.0 

218.5 

608.5 

611.8 

610.6 

624.3 

639.25 

603.7 

158.3 

152.9 

194.8 

539.9 

541.2 

539.9 

522 .5 
498.8 
495.7 

116.9 

96.  \ 
219.7 

140.5 
423.9 
430.7 

94.1 
407.0-420.1 
432.0 
443.2 
543 . 7 
555.6 
524.4 

518.1-558.7 
555.0 

552.5-558.7 
555.0 
557.6 
558.0 


Edwards,  1925-"" 

Moorman,  1921 

Kahlbaum,  1902 

Kahlbaum,  1902 

Herard 

Baly-Donnan 

Baly-Donnan 

Lashchenko,  1922 

Guenther  [1908 

Eramann  &  Reppert, 

Guntz 

Biltz  &  Hiittig,  1920 

Classen,  18*0    [1912 

Johnston  &  Adams, 

Kahlbaum,  1902 

Vincentini-Omodei 

Pliiss,  1915 

Vincentini-Omodei 

Wigand 

Moissan 

Richards-Stull 

Egerton  &  Lee,  192? 

Kahlbaum,  1902 

Vincentini-Omodei 

Vincentini-Omodei 

Arpi,  1914 

Richards-Brink 

Brink 

Wigand 

Wigand 

Muthmann-  Weiss 

Muthmann- Weiss 

Drugman-Ramsay 

Moissan 
Richards,  1907 
Tilden  [1915 

Kalmus    &    Harper, 
Muthmann- Weiss 

Dellinger,  1911 

Dellinger,  1911 
Kahlbaum,  1902 
Kahlbaum,  1902 
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DENSITY  OF  ELEMENTS  (Continued) 


Element 


Temp. 
°C. 


Density 
gm./c.c. 


Lbs.  per 
cu.  ft. 


Observer 


liquid 

Erbium 

Fluorine,  liquid 

Gallium. 

Germanium 

Glucinum  (Beryllium) . 
Gold,  cast 

cold  rolled 

wrought 

drawn  annealed 

vacuo-distilled 

compressed 

Helium,  liquid 

Hydrogen,  liquid 

Indium 

Iridium 

Iodine 

Iron,  pure 

electrolytic,  rolled. . 

gray  cast 

white  cast 

wrought 

liquid 

steel 

Krypton,  liquid 

Lanthanum 

L.ead,  vacuo-distilled. . 

compressed 

solid 

liquid 

Lithium 

Magnesium 

Manganese 

Mercury,  liquid 

solid 

Molybdenum 

Keodymium 

Nickel 

Nitrogen,  liquid 

Osmium 

Oxygen,  liquid 

Palladium 

Phosphorus,  white 

red 

metallic 

Platinum 

Potassium 

solid 

liquid 

'Praesodymium 

.Rhodium 

Rubidium 

^Ruthenium 

;  Samarium 


8.217 

4.77(?) 

-200 

1.14 

25 

5.903 

20 

5.46 

20 

1.84 

19.3 

20 

19.296 

19.33 

20 

19.26 

20 

18.88 

20 

19.27 

-269 

0.15 

-252 

0.07 

7.28 

17 

22.42 

20 

4.94 

7.85-88 

20 

7.90 

7.03-13 

7.58-73 

7.80-90 

6.88 

7.60-80 

—  146 

2.16 

6.15 

20 

11.342 

20 

11.347 

325 

11.005 

325 

10.645 

400 

10.597 

850 

10.078 

20 

0.534 

1.741 

7.42 

0 

13.596 

20 

13.546 

-38.8 

13.690 

-38.8 

14.193 

-188 

14.383 

9.01 

10.2 

6.96 

8.60-90 

-195 

0.81 

-205 

0.854 

22.5 

-184 

1.14 

12.16 

1.83 

2.20 

15 

2.34 

20 

21.37 

20 

0.87 

62.1 

0.851 

62.1 

0.83 

6.475 

12.44 

20 

1.532 

0 

12.06 

7.7-8 

513.0 

298.0 
71.2 

369.1 

340.9 

114.9 
1204.8 
1204.6 
1206.7 
1202.3 
1178.6 
1203.0 
9.4 
4.4 

454.5 
1399.6 

308.4 

490.1H191.9 

493.2 

438.9^45.1 

473.2-482.6 

486.9-493.2 

429.5 

474.4-486.9 

134.8 

383.9 

708.0 

708.4 

687.0 


664. 
661 
629 

33 
108 
463, 
848.8 
845.6 
854.6 
886.0 
897.9 
562.5 
636.8 
434.5 
536.9-555.6 

50.6 

53.3 
1404.6 

71.2 
759.1 
114.2 
137.3 
146.1 
1334.1 

54.3 

53.1 

51.8 
404.2 
776.6 

95.6 
752.9 
480.7-486.9 


Roberts- Wrightson 
St.  Meyer 
Moissan-Dewar 
Bur.  of  Stand.,  1934 
Winkler  [1913 

Fichter  &  Jablczynski, 

Rose,  1912 

[1905 
Kahlbaum  &  Sturm, 
Kahlbaum,  1902 
Kahlbaum,  1902 
Onnes 

Dewar,  1904 
Richards 
Deville-Debray 
Richards-Stull 

[1924 
Tritton    &    Hanson, 


Roberts-Austen 

Ramsay-Travers 
Muthmann- Weiss 
Kahlbaum,  1902 
Kahlbaum,  1902 
Vincentini-Omodei 
Vincentini-Omodei 
Day,   Sosman,    1914 
Day,   Sosman,    1914 
Richards-Brink,  1907 
Voigt 
Prelinger 
Regnault,  Volkmann 

Vincentini-Omodei 

Vincentini-Omodei 

Dewar,  1902 

Moissan 

Fink,  1910 

Muthmann-Weiss 

Baly-Donnan,  1902 
Baly-Donnan,  1902 
Deville-Debray 

Richards-Stull 


Hittorf 

Richards-Stull 

Richards-Brink,  1907 

Vincentini-Omodei 

Vincentini-Omodei 

Muthmann-Weiss 

Holborn-Henning 

Richards-Brink,  1907 

Toby 

Muthmann-Weiss 
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DENSITY  OF  ELEMENTS  (Continued) 


Element 


Temp. 
°C. 


Density 
gm./c.c. 


Lbs.  per 
cu.  ft. 


Observer 


Selenium 

Silicon,  crystal 

amorphous 

Silver,  cast 

wrought 

vacuo-distilled . . 
compressed. .. 

liquid 

bodium 

solid 

liquid 

solid 

Strontium 

Sulfur 

liquid 

Tantalum 

Tellurium,  crystal. 

amorphous 

Thallium 

Thorium 

Tin,  white  cast 

wrought 

crystallized 

solid 

liquid 

gray 

Titanium 

Tungsten 

Uranium 

Vanadium 

Xenon,  liquid 

Yttrium 

Zinc,  cast 

wrought 

vacuo-distilled. . 
com 

liquid... 
Zirconium. 


20 
15 


20 
20 

'20* 
97.6 
97.6 

188 


20 


226 
226 

is 

13 

26' 

109 


20 
20 


4.3-8 

2.42 

2.35 
10.42-53 
10.6 
10.492 
10.503 

9.51 

0.9712 

0.9519 

0.9287 

1.0066 

2.50-58 

2.0-1 

1.811 
16.6 

6.25 

6.02 
11.86 
11.3-11.7 

7.29 

7.30 

6.97-7.18 

7.184 

6.99 

5.8 

4.5 

18.6-19.1 
18.7 

5.69 


96 

52 

80 

04-16 

19 

92 

13 

48 


6.44 


268.4-299.6 

151.1 

146.7 

650.5-657.4 

661.7 

655.0 

655.7 

593.7 

60.6 

59.4 

58.0 

62.8 

156.1-161.1 
124.9-131.1 
112.1 
1036.3 
390.2 
375.8 
740.4 

705.4-730.4 
455.1 
455.7 

435.1-448.2 
448.5 
436.4 
362.1 
280.9 

1161.1-1192.4 
4 
3 
1 
7 
2 

439.5-447.0 
448.9 
432.0 
445.1 
404.5 
402.0 


1167. 
355. 
372. 
219. 
237. 


Richards-Stull-Brizi 
Vigoroux 


Kahlbaum,  1902 
Kahlbaum,  1902 
Wrightson 

Richards-Brink,  1907 
Vincentini-Omodei 
Vincentini-Omodei 
Dewar 
Matthiessen 

Vincentini-Omodei 


Beljankin 

Richards-Stull  [1925 
Rentschler,  Mardenv 
Matthiessen 


Vincentini-Omodei 
Vincentini-Omodei 

Mixter 

Zimmermann 
Ruff-Martin 
Hull,  1922 
Ramsay-Travers 
St.  Meyer 


Kahlbaum,  1902 
Kahlbaum,  1902 
Roberts- Wrightson 


DENSITY  OF  ALLOYS 

The  density  is  given  in  grams  per  cubic  centimeter  at  ordinary  atmospheric 
temperatures. 


Alloy. 

Composition. 

g./cm.3 

Pounds 
per  cu.  ft. 

Aluminum  and  copper 

Aluminum  and  zinc . . 
Bell  metal 

10  Al,  90  Cu 

5  Al,  95  Cu 

3  Al,  97  Cu 
91  Al,  9  Zn 
78  Cu,  22  Sn 
53  Bi,  40  Pb,  7  Sn 

7.69 
8.37 
8.69 
2.80 
8.70 
10.56 

480.06 
522.51 
542.49 
174.80 
543.11 

Bismuth,  lead  and  tin 

659.23 
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DENSITY  OF  ALLOYS    (Continued) 


Alloy. 

Composition. 

g/cm.3 

Pounds 
per  cu.  ft. 

Brass,  yellow.  .  .  . 

70  Cu,  30  Zn  cast 

8.44 

526.88 

rolled 

8.56 

534.38 

drawn 

8.70 

543.11 

red 

90  Cu,  10  Zn 

8.60 
8.20 
8.78 

536.87 

white 

50  Cu,  50  Zn 

511.01 

Bronze 

90  Cu,  10  Sn(gun  metal) 

548.11 

85  Cu,  15  Sn 

8.89 

554.98 

80  Cu,  20  Sn 

8.74 

545.61 

75  Cu,  25  Sn 

8.83 

551.23 

Cadmium  and  tin 

32  Cd,  68  Sn 

7.70 

480.69 

Constantan 

60  Cu,  40  Ni 

8.88 

554.35 

German  silver 

26.3  Cu,  36.6  Zn,  36.8  Ni 

8.30 

518.14 

52  Cu,  26  Zn,  22  Ni 

8.45 

527.51 

59  Cu,  30  Zn,  11  Ni 

8.34 

520.64 

63  Cu,  30  Zn,  6  Ni 

8.30 

518.14 

Gold  and  copper 

98  Au,  2  Cu 

18.84 

1176.12 

96  Au,  4  Cu 

18.36 

1146.16 

94  Au,  6  Cu 

17.95 

1120.56 

92  Au,  8  Cu 

17.52 

1093.72 

90  Au,  10  Cu 

17.16 

1071.25 

88  Au,  12  Cu 

16.81 

1049.40 

86  Au,  14  Cu 

16.47 

1028.17 

Invar 

63.8  Fe,  36  Ni,  0.2  C 

8.00 

499.42 

Lead  and  tin 

87.5  Pb,  12.5  Sn 

10.60 

661.73 

84  Pb,  16  Sn 

10.33 

644.87 

77.8  Pb,  22.2  Sn 

10.05 

627.39 

63.7  Pb,  36.3  Sn 

9.43 

588.69 

46.7  Pb,  53.3  Sn 

8.73 

544.99 

30.5  Pb,  69.5  Sn 

8.24 

514.40 

Magnalium 

90  Al,  10  Mg 

2.50 

156.07 

70  Al,  30  Mg 

2.00 

124.85 

Manganese  bronze 

95  Cu,  5  Mn 

8.80 

549.36 

Manganin 

84  Cu,  12  Mn,  4  Ni 

8.50 

530.63 

Monel  metal 

71  Ni,  27  Cu,  2  Fe 

8.90 

555.60 

Nickelin 

8.77 
8,80 

547.48 

Phosphor  bronze 

79.7  Cu,  Yd  Sn,  9.5  Sb,  0.8  P  ' 

549.36 

Platinum  and 

iridium 

90  Pt,  10  Ir 

21.62 

1349.67 

85  Pt,  15  Ir 

21.62 

1349.67 

66.67  Pt,  33.33  Ir 

21.87 

1365.28 

5  Pt,  95  Ir 

22.38 

1397.12 

Speculum  metal.  . 

67  Cu,  33  Sn 

8.60 

536.87 

Steel 

99  Fe,  1  C 

7.83 

488.80 

manganese 

86  Fe,  13  Mn,  1  C 

7.81 

487.55 

Wood's  metal .... 

50  Bi,  25  Pb,  12.5  Cd,  12.5  Sn 

9.70 

659.23 
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DENSITY  OF  VARIOUS  SOLIDS 

The  approximate  density  of  various  solids  at  ordinary  atmospheric 
temperature. 

In  the  case  of  substances  with  voids  such  as  paper  or  leather  the  bulk 
density  is  indicated  rather  than  the  density  of  the  solid  portion. 

(Selected  principally  from  the  Smithsonian  Tables.) 


Substance 


Agate 

Alabaster,  carbon 
ate 

sulfate 

Albite 

Amber 

Amphiboles 

Anorthite 

As-bestos 

Asbestos  slate 

Asphalt 

Basalt 

Beeswax 

Beryl 

Biotite 

Bone 

Brick 

Butter 

Calamine 

Calcspar 

Camphor 

Caoutchouc 

Cardboard 

Celluloid 

Cement,  set 

Chalk 

Charcoal,  oak.  .  .  . 

pine 

Cinnabar 

Clay 

Coal,  anthracite.  . 

bituminous .  .  .  . 

Cocoa  butter 

Coke 

Copal .  .  .  . 

Cork 

Cork  linoleum.  . .  . 

Corundum 

Diamond 

Dolomite ....... 

Ebonite 

Emery 

Epidote 

Feldspar 

Flint 

Fluorite 

Galena 

Gamboge 


2.5-2.7 

2 . 69-2 . 78 
2.2G-2.32 
2 . 62-2 . 65 
1.06-1.11 
2.9-3.2 
74-2 . 76 
0-2.8 
8 

1-1.5 
4-3.1 


Grams 
per 


Pounds 

per 
cu.  ft. 


156-168 


2 
2 
1 
1 
2 
0.96-0.97 


2 . 69-2 . 7 

2.7-3.1 

1.7-2.0 

1.4-2.2 

0.86-0.87 

4.1-4.5 

2.6-2.8 

0.99 

0.92-0.99 

0.69 

1.4 

2.7-3.0 

1.9-2.8 

0.57 

0 . 28-0 . 44 

8.12 

1.8-2.6 

1.4-1.8 

1.2-1.5 

0.89-0.91 

1.0-1.7 

1.04-1.14 

0.22-0.26 

0.54 

3.9-4.0 

3.01-3.52 

2.84 

1.15 

4.0 

3.25-3.50 

2 . 55-2 . 75 

2.63 

3.18 

7.3-7.6 

1.2 


168- 

141- 

163- 

66- 

180- 

171- 

125- 

112 

69- 

150- 

60- 

168- 

170- 

106- 

87- 

53- 

255- 

162- 

62 

57- 

43 

87 

170- 

118- 

35 

18- 

507 

112- 

87- 

75- 

56- 

62- 

65- 

14- 

34 

245- 

188- 

177 

72 

250 

203- 

159- 

164 

198 

460- 

75 


173 

•145 

•165 

69 

200 

172 

175 

94 

190 

61 

169 

190 

125 

137 

54 

280 

175 

02 


190 
175 

-28 

■162 

-112 

94 

57 

105 

71 

16 

250 
220 


218 
172 


470 


Substance 


Garnet 

Gas  carbon 

Gelatin 

Glass,  common.  .  . 

flint 

Glue 

Granite 

Graphite 

Gum  arabic 

Gypsum 

Hematite 

Hornblende 

Ice 

Ivory 

Leather,  dry 

Lime,  slaked 

Limestone 

Linoleum 

Magnetite 

Malachite 

Marble 

Meerschaum 

Mica 

Muscovite 

Ochre 

Opal 

Paper 

Paraffin 

Peat  blocks 

Pitch 

Porcelain 

Porphyry 

Pressed  wood  pulp 

board 

Pyrite 

Quartz 

Resin 

Rock  salt 

Rubber,  hard.  .  .  . 
Rubber,  soft 

commercial .... 

pure  gum 

Sandstone 

Serpentine 

Silica,  fused  trans- 
parent   

translucent .... 
Slag 


Grams 

per 
cu.  cm 


-4.3 


15 

88 

27 

4-2 

9-5 

27 

64-2.76 

30-2 . 72 

3-1.4 

31-2.33 

9-5.3 

0 

917 

83-1.92 

86 

3-1.4 

68-2.76 

18 

9-5.2 

7-4.1 

6-2 . 84 

99-1.28 

6-3.2 

76-3 . 00 

5 

2 

7  -1.15 

87-0.91 

84 

07 

3-2.5 

6-2.9 

19 

95-5.1 

65 

07 

18 

19 

1 

91-0.93 
14-2.36 
50-2 . 65 

21 
07 
0-3.9 


Pounds 

per 
cu.  ft. 


197-268 
117 

79 
150-175 
180-370 

79 
165-172 
144-170 

81-87 
144-145 
306-330 
187 

57.2 
114-120 

54 

81-87 
167-171 

74 
306-324 
231-256 
160-177 

62-80 
165-200 
172-187 
218 
137 

44-72 

54-57 

52 

67 
143-156 
162-181 

12 
309-318 
165 

67 
136 

74 

69 

57-58 
134-147 
156-165 

138 
129 
125-240 
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DENSITY  OF  VARIOUS  SOLIDS  (Continued) 


Substance 


Slate 

Soapstone 

Spermaceti 

Starch 

Sugar 

Talc 

Tallow,  beef 

mutton 

Tar 

Topaz 

Tourmaline 

Wax,  sealing. .  .  . 
Wood  (seasoned) 

alder 

apple 

ash 

balsa 

bamboo 

basswood 

beech  

birch 

blue  gum 

box 

butternut 

cedar 

cherry 

dogwood 

ebony 


Grams 

per 
cu.  cm 


2.6-3.3 

2.6-2.8 

0.95 

1.53 

1.59 

2.7-2.8 

94 

94 

02 

5-3.6 

0-3.2 

8 


0 . 42-0 . 68 

0 . 66-0 . 84 

0.65-0.85 

0.11-0.14 

0.31-0.40 

0.32-0.59 

0.70-0.90 

0.51-0.77 

1.00 

0.95-1.16 

0.38 

0 . 49-0 . 57 

0.70-0.90 

0.76 

1.11-1.33 


Pounds 

per 
cu.  ft. 


162-205 
162-175 

59 

95 

99 
168-174 

59 

59 

66 
219-223 
190-200 
112 

26-42 
41-52 
40-53 

7-9 
19-25 
20-37 
43-56 
32-48 
62 

59-72 
24 

30-35 
43-56 
47 
69-83 


Substance 


elm 

hickory .... 

holly 

juniper 

larch 

lignum  vitae 

locust 

logwood. .  .  . 
mahogany 

Honduras. 

Spanish .  . 

maple 

oak 

pear 

pine,  pitch.  . 

white .... 

yellow.  .  . 

plum 

poplar 

satinwood.  . 

spruce 

sycamore.  .  . 
teak,  Indian 

African . . . 

walnut 

water  gum.  . 
willow 


Grams 

per 
cu.  cm 


54-0.60 

60-0.93 

76 

56 

50-0.56 

17-1.33 

67-0.71 

91 

66 

85 

62-0.75 

60-0 . 90 

61-0.73 

83-0.85 

35-0.50 

37-0.60 

66-0.78 

35-0.5 

95 

48-0.70 

40-0.60 

66-0.88 

98 

64-0.70 

00 

40-0.60 


Pounds 

per 
cu.  ft. 


34-37 

37-58 

47 

35 

31-35 

73-83 

42-44 

57 

41 

53 

39-47 

37-56 

38-45 

52-53 

22-31 

23-37 

41-49 

22-31 

59 

30-44 

24-37 

41-55 

61 

40-43 

62 

24-37 


For  the  specific  gravity  of  other  substances  the  reader  is 

referred  to  the  following  tables: 

Physical  Constants  of  Inorganic  and  Metal-Organic  Conu 

pounds 

Physical  Constants  of  Organic  Compounds 

Constants  of  Vegetable  and  Animal  Oils,  Fats  and  Waxes 

Physical  and  Chemical  Constants  of  Resins,  Oleo-Resins  and 

Gum-Resins 

Physical  Constants  of  Minerals 
Composition  and  Physical  Properties  of  Alloys 
Properties  of  Commercial  Plastics 
Physical  Properties  of  Common  Woods 

DENSITY  OF  WATER 

The  temperature  of  maximum  density  for  pure  water,  free 
from  air  =  3.98°C. 

The  density  at  this  temperature  =  0.999973  g/cm3. 
The  density  of  water  at  3.98°  C  is  1.000000  g/ml. 

(International  Bureau  of  Weights  and  Measures,  1910.) 
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DENSITY  OF  VARIOUS  LIQUIDS 


(Selected  from  Smithsonian  Tables.) 


Liquid 


Acetone 

Alcohol,  ethyl 

methyl 

Benzene 

Carbolic  acid 

Carbon  disulfide 

tetrachloride 

Chloroform 

Ether 

Gasoline 


Kerosene . 

Mercury 

Milk 

Naphtha,  petroleum  ether 

wood 

Oils: 

castor 

cocoanut 

cotton  seed 

creosote 

linseed,  boiled 

olive 

Sea  water 

Turpentine  (spirits) 

Water 


Glycerin i    1.260 


Grams  per 

Pounds 

Temp. 

cu.  cm 

per  cu.  ft. 

°C 

0.792 

49.4 

20° 

0.791 

49.4 

20 

0.810 

50.5 

0 

0.899 

56.1 

0 

0.950-0.965 

59 . 2-60 . 2 

15 

1.293 

80.7 

0 

1.595 

99.6 

20 

1.489 

93.0 

20 

0.736 

45.9 

0 

0.66-0.69 

41.0-43.0 

1.260 

78.6 

0 

0.82 

51.2 

13.6 

849.0 

1.028-1.035 

64 . 2-64 . 6 

0.665 

41.5 

15 

0.848-0.810 

52 . 9-50 . 5 

0 

0.969 

60.5 

15 

0.925 

57.7 

15 

0.926 

57.8 

16 

1.040-1.100 

64 . 9-68 . 6 

15 

0.942 

58.8 

15 

0.918 

57.3 

15 

1.025 

63.99 

15 

0.87 

54.3 

t 

1.00 

62.43 

i        4 

DENSITY  OF  ALCOHOL 

Density  of  Ethyl  Alcohol  in  Grams  Per  Cubic  Centimeter, 
Computed  from  Mendeleeff's  Formula 

(Selected  from  Smithsonian  Tables.) 


Temp.  °  C 

0 

1 

2 

3 

4 

0 
10 
20 
30 

.80625 
.79788 
.78945 
. 78097 

.80541 
. 79704 
.78860 
.78012 

. 80457 
.79620 

.78775 
.77927 

. 80374 
.79535 

.78691 
.77841 

. 80290 
.79451 
. 78606 
.77756 

Temp.  °  C 

5 

6 

7 

8 

9 

0 
10 
20 
30 

. 80207 
.79367 
. 78522 
.77671 

.80123 

. 79283 
.78437 
. 77585 

. 80039 
.79198 
. 78352 
.77500 

. 79956 
.79114 
.78267 
.77414 

.79872 
. 79029 
.78182 
. 77329 
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HYDROMETERS  AND  DENSITY  UNITS 

Alcoholometer.  —  For  testing  alcoholic  solutions;  the  scale  shows  the  per 
cent  of  alcohol  by  volume;  0°-100°  is  the  per  cent. 

Ammoniameter .  —  For  testing  ammonia  solutions;  scale  0°-40°;  to  convert 
to  sp.  gr.  multiply  by  3  and  deduct  from  1000. 

Barktrometer  or  Barkometer.  —  For  testing  tanning  liquor;  scale  0°-80° 
Bk;  the  number  to  the  right  of  the  decimal  point  of  the  sp.  gr.  is  the  degree  Bk; 
thus,  1.025  sp.  gr.  is  25°  Bk. 

Baume.  —  There  are  two  kinds  in  use;  heavy  B6,  for  liquids  heavier  than 
water  and  light  B6  for  liquids  lighter  than  water.  In  the  former,  0°  corresponds 
to  a  sp.  gr.  1.000  (water  at  4°C.)  and  66°  corresponds  to  a  sp.  gr.  1.842;  in  the 
lighter  than  water  scale,  0°  Be  is  equivalent  to  the  gravity  of  a  10%  solution  of 
sodium  chloride  and  60°  B6  corresponds  to  a  sp.  gr.  of  0.745.  For  Baume  de- 
grees on  the  scale  of  densities  greater  than  unity,  the  following  equation  gives 
the  means  of  conversion: 


Sp.  gr. 


m  —  d 


where  m  =  145  (in  the  United  States) 

m  =  144  (old  scale  used  in  Holland) 
m  =  146.78  (New  scale  or  Gerlach  scale) 
Baume  reading 


Beck's  Hydrometer  has  0°  corresponding  to  sp.  gr.  1.000  and  30°  to  sp.  gr. 
0.850;  equal  divisions  on  the  scale  are  continued  as  far  as  required  in  both 
directions. 

Brix  Saccharometer  or  Balling  Saccharometer  shows  directly  the  per  cent 
of  sugar  (sucrose)  by  weight  at  the  temperature  indicated  on  the  instrument, 
usually  17.5°C;  i.e.,  degrees  Brix  is  the  per  cent  sugar. 

Carrier's  Hydrometer  floats  in  water  at  the  10°  scale  division  and  at  30° 
corresponds  to  32°  Be. 

Oleometer. — For  vegetable  and  sperm  oils;  scale  50°-0°  corresponds  to 
sp.  gr.  0.870-0.970. 

SoxhleV s  Lactometer,  for  determining  the  density  of  milk,  has  a  scale  from 
25°  (sp.  gr.  1.025)  to  35°  (sp.  gr.  1.035)  divided  into  suitable  scale  divisions. 

Twaddell  Hydrometers  have  the  scale  so  arranged  that  the  reading  multi- 
plied by  5  and  added  to  1000  gives  the  sp.  gr.  with  reference  to  water  as  1000; 
it  is  always  used  for  densities  greater  than  water. 

HYDROMETER  CONVERSION  TABLES 

Showing  the  Relation  between  Density    (C.  G.  S.)  and 
Degrees  Baume  for  Densities  less  than  Unity. 


Degrees  Baum^ 

Density. 

.00 

.01 

.02 

.03 

.04 

0.60 

103.33 

99.51 

95.81 

92.22 

88.75 

.70 

70.00 

67.18 

64.44 

61.78 

59.19 

.80 

45.00 

42.84 

40.73 

38.68 

36.67 

.90 

25.56 

23.85 

22.17 

20.54 

18-94 

1.00 

10.00 



»  « »  » i 

Degrees  Baume\ 

Density. 

.05 

.06 

.07 

.08 

.09 

0.60 

85.38 

82.12 

78.95 

75.88 

72.90 

.70 

56.67 

54.21 

51.82 

49.49 

47.22 

.80 

34.71 

32.79 

30.92 

29.09 

27.30 

.90 

17.37 

15.83 

14.33 

12.86 

11.41 

1.00 

718 


HYDROMETER  CONVERSION  TABLES 

(Continued) 

Showing  the  Relation  between  Density  (C.  G.  S.)  and  the 
Baume  and  Twaddell  Scales  for  Densities  above  Unity. 


Density. 

Degrees 
Baume\ 

Degrees 
Twaddell. 

Density. 

Degrees 
Baum6. 

Degrees 
Twaddell. 

1.00 

0.00 

0 

1.41 

42.16 

82 

1.01 

1.44 

2 

1.42 

42.89 

84 

1.02 

2.84 

4 

1.43 

43.60 

86 

1.03 

4.22 

6 

1.44 

44.31 

88 

1.04 

5.58 

8 

1.45 

45.00 

90 

1.05 

6.91 

10 

1.46 

45.68 

92 

1.06 

8.21 

12 

1.47 

46.36 

94 

1.07 

9.49 

14 

1.48 

47.03 

96 

1.08 

10.74 

16 

1.49 

47.68 

98 

1.09 

11.97 

18 

1.50 

48.33 

100 

1.10 

13.18 

20 

1.51 

48.97 

102 

1.11 

14.37 

22 

1.52 

49.60 

104 

1.12 

15.54 

24 

1.53 

50.23 

106 

1.13 

16.68 

26 

1.54 

50.84 

108 

1.14 

17.81 

28 

1.55 

51.45 

110 

1.15 

18.91 

30 

1.56 

52.05 

112 

1.16 

20.00 

32 

1.57 

52.64 

114 

1.17 

21.07 

34 

1.58 

53.23 

116 

1.18 

22.12 

36 

1.59 

53.80 

118 

1.19 

23.15 

38 

1.60 

54.38 

120 

1.20 

24.17 

40 

1.61 

54.94 

122 

1.21 

25.16 

42 

1.62 

55.49 

124 

1.22 

26.15 

44 

1.63 

56.04 

126 

1.23 

27,11 

46 

1.64 

56.58 

128 

1.24 

28.06 

48 

1.65 

57.12 

130 

1.25 

29.00 

50 

1.66 

57.65 

132 

1.26 

29.92 

52 

1.67 

58.17 

134 

1.27 

30.83 

54 

1.68 

58.69 

136 

1.28 

31.72 

56 

1.69 

59.20 

138 

1.29 

32.60 

58 

1.70 

59.71 

140 

1.30 

33.46 

60 

1.71 

60.20 

142 

1.31 

34.31 

62 

1.72 

60.70 

144 

1.32 

35.15 

64 

1.73 

61.18 

146 

1.33 

35.98 

66 

1.74 

61.67 

148 

1.34 

36.79 

68 

1.75 

62.14 

150 

1.35 

37.59 

70 

1.76 

62.61 

152 

1.36 

38.38 

72 

1.77 

63.08 

154 

1.37 

39.16 

74 

1.78 

63.54 

156 

1.38 

39.93 

>       76 

1.79 

63.99 

158 

1.39 

40.68 

:       78 

1.80 

64.44 

160 

1.40 

41.43 

80 

.... 
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ABSOLUTE   DENSITY   OF  WATER 

Density  in  Grams  per  Cubic  Centimeter,  Computed  prom 
the  Relative  Values  by  Thiesen,  Scheel  and  Dissel- 
horst  (1900),  and  the  absolute  value  at  3.98°  c.  by 
the  International  Bureau  of  Weights  and  Measures 
(1910). 


Degrees 

0 

1 

2 

3 

4 

866 

5 

872 

6 

878 

7 

8 

9 

0 

0.999841 

847 

854 

860 

884 

889 

895 

1 

900 

905 

909 

914 

918 

923 

927 

930 

934 

938 

2 

941 

944 

947 

950 

953 

955 

958 

960 

962 

964 

3 

965 

967 

968 

969 

970 

971 

972 

972 

973 

973 

4 

973 

973 

973 

972 

972 

972 

970 

969 

968 

966 

5 

965 

963 

961 

959 

957 

955 

952 

950 

947 

944 

6 

941 

938 

935 

931 

927 

924 

920 

916 

911 

907 

7 

902 

898 

893 

888 

883 

877 

872 

866 

861 

855 

8 

849 

843 

837 

830 

824 

817 

810 

803 

796 

789 

9 

781 

774 

766 

758 

751 

742 

734 

726 

717 

709 

10 

700 

691 

682 

673 

664 

654 

645 

635 

625 

615 

11 

605 

595 

585 

574 

564 

553 

542 

531 

520 

509 

12 

498 

486 

475 

463 

451 

439 

427 

415 

402 

390 

13 

377 

364 

352 

339 

326 

312 

299 

285 

272 

258 

14 

244 

230 

216 

202 

188 

173 

159 

144 

129 

114 

15 

099 

084 

069 

054 

038 

023 

007 

*991 

*975 

♦959 

16 

0.998943 

926 

910 

893 

877 

860 

843 

826 

809 

792 

17 

774 

757 

739 

722 

704 

686 

668 

650 

632 

613 

18 

595 

576 

558 

539 

520 

501 

482 

463 

444 

424 

19 

405 

385 

365 

345 

325 

305 

285 

265 

244 

224 

20 

203 

183 

162 

141 

120 

099 

078 

056 

035 

013 

21 

0.997992 

970 

948 

926 

904 

882 

860 

837 

815 

792 

22 

770 

747 

724 

701 

678 

655 

632 

608 

585 

561 

23 

538 

514 

490 

466 

442 

418 

394 

369 

345 

320 

24 

296 

271 

246 

221 

196 

171 

146 

120 

095 

069 

25 

044 

018 

*992 

*967 

*941 

*914 

*888 

*862 

*836 

*809 

26 

0.996783 

756 

729 

703 

676 

649 

621 

594 

567 

540 

27 

512 

485 

457 

429 

401 

373 

345 

317 

289 

261 

28 

232 

204 

175 

147 

118 

089 

060 

031 

002 

*973 

29 

0.995944 

914 

885 

855 

826 

796 

766 

736 

706 

676 

30 

646 

616 

586 

555 

525 

494 

464 

433 

402 

371 
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RELATIVE  DENSITY  AND  VOLUME  OF  WATER 

The  mass  of  one  cubic  centimeter  of  water  at  4°  C  is  taken  as  unity. 
The  values  given  are  numerically  equal  to  the  absolute  density  in  grama 
per  milliliter. 

(Smithsonian  Tables,   compiled  from  Various  Authors.) 


Temp. 
°  C. 

Density. 

Volume. 

Temp. 
°C. 

Density. 

Volume 

-10 

0.99815 

1.00186 

4-35 

0.99406 

1.00598 

-9 

843 

157 

36 

371 

633 

-8 

869 

131 

37 

336 

669 

-7 

892 

108 

38 

299 

706 

-6 

912 

088 

39 

262 

743 

-5 

0.99930 

1.00070 

40 

0.99224 

1.00782 

-4 

945 

055 

41 

186 

821 

-3 

958 

042 

42 

147 

861 

-2 

970 

031 

43 

107 

901 

-1 

979 

021 

44 

066 

943 

+0 

0.99987 

1.00013 

45 

0.99025 

1.00985 

1 

993 

007 

46 

0.98982 

1.01028 

2 

997 

003 

47 

940 

072 

3 

999 

001 

48 

896 

116 

4 

1.00000 

1.00000 

49 

852 

162 

5 

0.99999 

1.00001 

50 

0.98807 

1.01207 

6 

997 

003 

51 

762 

254 

7 

993 

007 

52 

715 

301 

8 

988 

012 

53 

669 

349 

9 

981 

019 

54 

621 

398 

10 

0.99973 

1.00027 

55 

0.98573 

1.01448 

11 

963 

037 

60 

324 

705 

12 

952 

048 

65 

059 

979 

13 

940 

060 

70 

0.97781 

1.02270 

14 

927 

073 

75 

489 

576 

15 

0.99913 

1.00087 

80 

0.97183 

1.02899 

16 

897 

103 

85 

0.96865 

1.03237 

17 

880 

120 

90 

534 

590 

18 

862 

138 

95 

192 

959 

19 

843 

157 

100 

0.95838 

1.04343 

20 

0.99823 

1.00177 

110 

0.9510 

1.0515 

21 

802 

198 

120 

0.9434 

1.0601 

22 

780 

221 

130 

0.9352 

1.0693 

23 

756 

214 

140 

0.9264 

1.0794 

24 

732 

268 

150 

0.9173 

1.0902 

25 

0.99707 

1.00294 

160 

0.9075 

1 . 1019 

26 

681 

320 

170 

0.8973 

1.1145 

27 

654 

347 

180 

0.8866 

1 . 1279 

28 

626 

375 

190 

0.8750 

1 . 1429 

29 

597 

405 

200 

0.8628 

1 . 1590 

30 

0.99567 

1.00435 

210 

0.850 

1.177 

31 

537 

466 

220 

0.837 

1.195 

32 

505 

497 

230 

0.823 

1.215 

33 

473 

530 

240 

0.809 

1.236 

34 

/   440 

563 

250 

0.794 

1.259 
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DENSITY  AND   VOLUME   OF   MERCURY 

Based  on  the  Density  of  Mercury  at  0°  C.  by  Thiesen  and  Scheel 

(1898) 

(Selected  from  Smithsonian  Tables.) 


Temp. 

Mass  in  gr. 

Vol.  of  1  gr. 

Temp. 

Mass  in  gr. 

Vol.  in  1  gr. 

°C. 

per  cu.cm. 

in  cu.cms. 

°C. 

per  cu.cm. 

in  cu.cms. 

-10 

13.6202 

0.0734205 

30° 

13.5217 

0.0739552 

-9 

6177 

4338 

31 

5193 

9686 

-8 

6152 

4472 

32 

5168 

9820 

-7 

6128 

4606 

33 

5144 

9953 

-6 

6103 

4739 

34 

5119 

40087 

-5 

13.6078 

0.0734873 

35 

13.5095 

0.0740221 

-4 

6053 

5006 

36 

5070 

0354 

-3 

6029 

5140 

37 

5046 

0488 

_9 

6004 

5273 

38 

5021 

0622 

-1 

5979 

5407 

39 

4997 

0756 

0 

13.5955 

0.0735540 

40 

13.4973 

0.0740891 

1 

5930 

5674 

50 

4729 

2229 

2 

5906 

5808 

60 

4486 

3569 

3 

5881 

5941 

70 

4244 

4910 

4 

5856 

6075 

80 

4003 

6252 

5 

13.5832 

0.0736209 

90 

13.3762 

0.0747594 

6 

5807 

6342 

100 

3522 

8939 

7 

5782 

6476 

110 

3283 

50285 

8 

5758 

6610 

120 

3044 

1633 

9 

5733 

6744 

130 

2805 

2982 

10 

13.5708 

0.0736877 

140 

13.2567 

0.0754334 

11 

5684 

7011 

150 

2330 

5688 

12 

5659 

7145 

160 

2093 

7044 

13 

5634 

7278 

170 

1856 

8402 

14 

5610 

7412 

180 

1620 

9764 

15 

13.5585 

0.0737546 

190 

13.1384 

0.0761128 

16 

5561 

7680 

200 

1148 

2495 

17 

5536 

7813 

210 

0913 

3865 

18 

5512 

7947 

220 

0678 

5239 

19 

5487 

8081 

230 

0443 

6616 

20 

13.5462 

0.0738215 

240 

13.0209 

0.0767996 

21 

5438 

8348 

250 

12.9975 

9381 

22 

5413 

8482 

260 

9741 

70769 

23 

5389 

8616 

270 

9507 

2161 

24 

5364 

8750 

280 

9273 

3558 

25 

13.5340 

0.0738883 

290 

12.9039 

0.0774958 

26 

5315 

9017 

300 

8806 

6364 

27 

5291 

9151 

310 

8572 

7774 

28 

5266 

9285 

320 

8339 

9189 

29 

5242 

9419 

330 

8105 

80609 

30 

13.5217 

0.0739552 

340 

12.7872 

0.0782033 

i 

350 

7638 

3464 

• 

360 

7405  1 

4900 
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DENSITY  OF  MOIST  AIR 

The  density  of  dry  air  may  be  determined  by  computation  from  the  gen- 
eral relation  D  =  Do(To/T)(P/Po)  where  Do  represents  a  known  density 
at  absolute  temperature  To  and  pressure  Po  and  D,  the  density  at  absolute 
temperature  T  and  pressure  P. 

The  density  of  moist  air  may  be  determined  by  a  similar  relation: 

D  =  1.2929  (273.13/77)  [(B  -  0.3783e)/760]  where  T  is  the  absolute 
temperature;  B,  the  barometric  pressure  in  mm,  and  e  the  vapor  pressure 
of  the  moisture  in  the  air  in  mm.  The  density  will  then  be  the  product  of 
two  terms,  each  of  which  may  be  found  by  use  of  the  tables  which  follow. 

The  first  factor,  1.2929  (273.13/77),  may  be  found  directly  in  Table  I  for 
various  temperatures.  For  convenience,  temperatures  are  given  in  the  table 
in  °C  although  the  values  of  the  factor  have  been  computed  with  absolute 
temperatures.  The  tabular  values  actually  represent  the  density  of  dry  air 
at  various  temperatures  and  760  mm  pressure. 

The  second  factor,  [(B  —  0.3783e)/760],  must  be  obtained  in  two  steps: 
First — the  numerator  of  the  expression  is  obtained  by  subtracting  0.3783e 
from  the  barometric  pressure.  The  quantity  0.3783e  may  be  found  directly 
from  the  dew  point  in  Table  II.  If  the  wet  and  dry  bulb  thermometer  read- 
ings are  known  e  may  be  found  in  the  table  Reduction  of  Psychrometric 
Observations  given  in  the  section  Hygrometric  and  Barometric  Tables. 
Q.3783e  may  then  be  found  by  calculation  or  read  from  the  table.  Second — 
the  value  of  the  whole  factor  for  any  value  of  B  —  0.3783e  may  be  obtained 
from  Table  III. 

The  product  of  the  above  two  factors  will  give  the  required  density  in  g/1. 

To  facilitate  obtaining  approximate  values  of  the  density  for  ordinary 
pressures  and  temperatures,  a  table  of  products  is  given  which  may  be  entered 
with  the  temperature  in  °C  and  the  corrected  (for  moisture)  value  of  the 
barometric  pressure  in  mm  to  obtain  density. 

As  an  illustration  of  the  use  of  the  tables,  let  it  be  desired  to  find  the  den- 
sity of  air  for  a  barometric  pressure  of  750  mm,  a  dew  point  of  10°  C,  and  air 
temperature  of  20°  C. 

From  the  dew  point,  the  value  of  0.3783e  is  found  in  Table  II  to  be 
3.48  mm.  750  —  3.48  =  746.52,  the  corrected  pressure.  The  pressure  factor 
for  this  value  found  in  Table  III  by  interpolation  is  0.98226. 

The  temperature  factor  from  Table  I  is  1.2047. 

1.2047  X  0.98224  =  1.1833  g/1. 

To  obtain  the  value  directly  from  Table  IV,  enter  it  for  20°  C  and  746.5  mm 
which  gives  by  interpolation  1.183  g/1. 

TABLE  I 

(1.2929  X  273.13/77) 
(Besides  being  a  necessary  part  of  the  determination  of  the  density  of 
moist  air,  the  values  in  this  table  are  actually  the  density  of  dry  air  in  g/1  at 
760  mm  pressure  for  various  temperatures.) 


-50 

1.5  826 

897 

969 

*042 

*115 

*189 

*264 

*339 

*415 

*491 

-40 

1.5  147 

213 

278 

345 

412 

479 

547 

616 

686 

756 

-30 

1.4  524 

584 

645 

706 

767 

829 

892 

955 

*019 

*083 

-20 

1.3  951 

*006 

*062 

*118 

*175 

*232 

*289 

*347 

*406 

*465 

-10 

1.3  420 

472 

523 

575 

628 

680 

734 

787 

841 

896 

-  0 

1.2  929 

977 

*024 

*073 

*121 

*170 

*219 

*269 

*319 

*370 

+  o 

1.2  929 

882 

835 

789 

742 

697 

651 

606 

561 

517 

10 

1.2  472 

428 

385 

342 

299 

256 

214 

171 

130 

088 

20 

1.2  047 

006 

*965 

*925 

*885 

*845 

*805 

*766 

*727 

*688 

30 

1.1  649 

611 

573 

535 

498 

460 

423 

387 

350 

314 

40 

1.1  277 

242 

206 

170 

135 

100 

065 

031 

*996 

*962 

50 

1.0  928 

895 

861 

828 

795 

762 

729 

697 

664 

632 

60 

1.0  600 

569 

537 

506 

475 

444 

413 

382 

352 

322 
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DENSITY  OF  MOIST  AIR  (Continued) 


TABLE  II 

Vapor  Pressure — Value  of  0.3783e 


Dew 

point 
°C 


Vap. 

press. 
e  mm 
(ice) 


0.3783e 


Dew 

point 

°C 


Vap. 

press. 

e  mm 

(water) 


0.3783e 


Dew 

point 
°C 


Vap. 

press. 

e  mm 

(water) 


0.3783c 


50 

45 
40 
35 
30 

25 

24 
23 
22 
21 

20 

19 
18 
17 
16 

15 

14 
13 
12 
11 

10 

9 

8 
7 
6 

5 

4 
3 
2 

1 


0.029 

0.01 

0 

.054 

.02 

1 

.096 

.04 

2 

.169 

.06 

3 

.288 

.11 

4 

0.480 

0.18 

5 

.530 

.20 

6 

.585 

.22 

7 

.646 

.24 

8 

.712 

.27 

9 

0.783 

0.30 

10 

.862 

.33 

11 

.947 

.36 

12 

1.041 

.39 

13 

1.142 

.43 

14 

1.252 

0.47 

15 

1.373 

.52 

16 

1.503 

.57 

17 

1.644 

.62 

18 

1.798 

.68 

19 

1.964 

0.74 

20 

2.144 

.81 

21 

2.340 

.89 

22 

2.550 

.96 

23 

2.778 

1.05 

24 

3.025 

1.14 

25 

3.291 

1.24 

26 

3.578 

1.35 

27 

3.887 

1.47 

28 

4.220 

1.60 

29 

4.580 

1.73 

30 

4.58 

1.73 

30 

31.86 

4.92 

1.86 

31 

33.74 

5.29 

2.00 

32 

35.70 

5.68 

2.15 

33 

37.78 

6.10 

2.31 

34 

39.95 

6.54 

2.47 

35 

42.23 

7.01 

2.65 

36 

44.62 

7.51 

2.84 

37 

47.13 

8.04 

3.04 

38 

49.76 

8.61 

3.26 

39 

52.51 

9.21 

3.48 

40 

55.40 

9.85 

3.73 

41 

58.42 

10.52 

3.98 

42 

61.58 

11.24 

4.25 

43 

64.89 

11.99 

4.54 

44 

68.35 

12.79 

4.84 

45 

71.97 

13.64 

5.16 

46 

75.75 

14.54 

5.50 

47 

79.70 

15.49 

5.86 

48 

83.83 

16.49 

6.24 

49 

88.14 

17.55 

6.64 

50 

92.6 

18.66 

7.06 

51 

97.3 

19.84 

7.51 

52 

102.2 

21.09 

7.98 

53 

107.3 

22.40 

8.47 

54 

112.7 

23.78 

9.00 

55 

118.2 

25.24 

9.55 

56 

124.0 

26.77 

10.13 

57 

130.0 

28.38 

10.74 

58 

136.3 

30.08 

11.38 

59 

142.8 

31.86 

12.05 

60 

149.6 

12.05 
12.76 
13.51 
14.29 
15.11 

15.98 
16.88 
17.83 
18.82 
19.80 

20.96 
22.10 
23.30 
24.55 
25.86 

27.23 

28.66 
30.15 
31.71 
33.34 

35.03 
36.81 
38.66 
40.59 
42.63 

44.72 
46.91 
49.18 
51.56 
54.02 

56.59 
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DENSITY  OF  MOIST  AIR  (Continued) 


TABLE  III 

Pressure  Factor.— [(B  -  0.3783e)/760] 
The  figures  in  the  body   of   the  table  give  values   of    the    whole    term 
(B  -  0.3783e)/760]   for   various    values    of    the   numerator    (B  -  0.3783e) 
expressed  at  the  left  and  top. 

Press, 
mm 
corr. 


0 

1 

2 

3 

4 

5 

6 

7 

8 

.10526 
.11842 

.13158 
.14474 
.15789 
.17105 
.18421 

.19737 
.21053 
.22368 
.23684 
.25000 

.26316 
.27632 
.28947 
.30263 
.31579 

.32895 
.34211 
.35526 
.36842 
.38158 

39474 
.40789 
.42105 
.43421 
44737 

.46053 

.47368 
.48684 
.50000 
.51316 

.52632 
.53947 
.55263 
.56579 
.57895 

.59211 
.60526 
.61842 
.63158 
.64474 

.65790 
.67105 
,68421 
.69737 
,71053 


.10658 
.11974 

.13289 
.14605 
.15921 
.17237 
.18553 

.19868 
.21184 
.22500 
.23816 
.25132 

.26447 
.27763 
.29079 
.30395 
.31711 

.33026 
.34342 
.35658 
.36974 
.38289 

.39605 
.40921 
.42237 
.43553 

.44868 

.46184 
.47500 
.48816 
.50132 
.51447 

.52763 
.54379 
.55395 
.56711 

.58026 

.59342 
.60658 
.61974 
.63289 
.64605 

.65921 
.67237 
.68553 
.69868 
.71184 


.10789 
.12105 

.13421 
.14737 
.16053 
.17368 
.18684 

.20000 
.21316 
.22632 
.23947 
.25263 

.26579 
.27895 
.29211 
.30526 
.31842 

.33158 
.34474 
.35789 
.37105 
.38421 

.39737 
.41053 
.42368 
.43684 
.45000 

.46316 
,47632 
.48947 
,50263 
51579 

,52895 
.54211 
.55526 

,56842 
,58158 

,59474 
,60789 
,62105 
,63421 
,64737 

,66053 
.67368 
,68684 
70000 


.10921 
.12237 

.13553 
.14868 
.16184 
.17500 
.18816 

.20132 
.21447 
.22763 
.24079 
.25395 

.26711 
.28026 
.29342 
.30658 
.31974 

.33289 
.34605 
.35921 
.37237 
.38553 

.39868 
.41184 
.42500 
.43816 
.45132 

.46447 
.47763 
.49079 
.50395 
.51711 

.53026 
.54342 
.55658 
.56974 

.58289 

.59605 
.60921 
.62237 
.63553 
.64868 

.66184 
.67500 
.68816 
•70132 


71316  .71447 

I 


.11053 
.12368 

.13684 
.15000 
.16316 
.17632 
.18947 

.20263 
.21579 
.22895 
.24211 
.25526 

.26842 
.28158 
.29474 
.30789 
.32105 

.33421 
.34737 
.36053 
.37368 
.38684 

.40000 
.41316 
.42632 
.43947 
.45263 

.46579 
,47895 
,49211 
,50526 
,51842 

.53158 
,54474 
,55789 
.57105 
.58421 

.59737 
,61053 
,62368 
,63684 
,65000 

66316 
67632 
68947 
,70263 
71579 


.11184 
.12500 

.13816 
.15132 
.16447 
.17763 
.19079 

.20395 
.21711 
.23026 
.24342 
.25658 

.26974 

.28289 
.29605 
.30921 
.32237 

.33553 
.34868 
.36184 
.37500 
.38816 

.40132 
.41447 
.42763 
.44079 
.45395 

.46711 
.48026 
.49342 
.50658 
.51974 

.53289 
.54605 
.55921 
.57237 
.58553 

.5986S 
.61184 
.62500 
.63816 
.65132 

.66447 
.67763 
.69079 
.70395 
.71711 


.11316 
.12632 

.13947 
•15263 
.16579 
.17895 
.19211 

.20526 
.21842 
.23158 
.24474 

.25789 

.27105 
.28421 
.29737 
.31053 
.32368 

.33684 
.35000 
.36316 
.37632 
.38947 

.40263 
.41579 
.42895 
.44211 
.45526 

.46842 
.48158 
.49474 
.50789 
.52105 

.53421 
.54737 
.56053 
.57368 

.58684 

.60000 
.61316 
.62632 
.63947 
.65263 

.66579 
.67895 
.69211 
•70526 
.71842 


.11447 
.12763 

.14079 
.15395 
.16711 
.18026 
•19342 

.20658 
.21974 
.23289 
.24605 
.25921 

.27237 
.28553 

.29868 
.31184 
.32500 

.33816 
.35132 
.36447 
.37763 
.39079 

.40395 
.41711 
.43026 
.44342 
.45658 

.46974 
.48289 
.49605 
.50921 
.52237 

.53553 
.54868 
.56184 
.57500 
.58816 

.60132 
.61447 
.62763 
.64079 
.65395 

.66711 
.68026 
.69342 
.70658 
.71974 


.11579 
.12895 

.14211 
.15526 
.16842 
.18158 
.19474 

.20789 
.22105 
.23421 
.24737 
.26053 

.27368 
.28684 
.30000 
.31316 
.32632 

.33947 
.35263 
.36579 
.37895 
.39211 

.40526 
.41842 
.43158 
.44474 
.45789 

.47105 
.48421 
.49737 
.51053 
.52368 


.11711 
.13026 

.14342 
.15658 
.16974 

.18289 
.19605 

.20921 
.22237 
.23553 

.24868 
.26184 

.27500 
.28816 
.30132 
.31447 
.32763 

.34079 
.35395 
.36711 
.38026 
.39342 

.40658 
.41974 
.43289 
.44605 
.45921 

.47237 
.48553 
.49868 
.51184 
.52500 


.53684  .53816 
.55000  .55132 
.56316.56447 


.57632 
.58947 


.57763 
.59079 


.60263  .60395 
.615/9'.61711 


.62895 
.64211 
.65526 

.66842 
.68158 


.63026 
.64342 
.65658 

.66974 
.68290 


.694741.69606 
.707901.70921 
.72105.72237 
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DENSITY  OF  MOIST  AIR  (Continued) 
TABLE  III  (Continued) 


Press. 

mm 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

corr. 

550 

.72368 

.72500 

.72632 

.72763 

.72895 

.73026 

.73158 

.73290 

.73421 

.73553 

560 

.73684 

.73816 

.73947 

.74079 

.74211 

.74342 

.74474 

.74605 

.74737 

.74868 

570 

.75000 

.75132 

.75263 

.75395 

.75526 

.75658 

.75790 

.75921 

.76053 

.76184 

580 

.76316 

.76447 

.76579 

.76711 

.76842 

.76974 

.77105 

.77237 

.77368 

.77500 

590 

.77632 

.77763 

.77895 

.78026 

.78158 

.78290 

.78421 

.78553 

.78684 

.78816 

600 

.78947 

.79079 

.79211 

.79342 

.79474 

.79605 

.79737 

.79868 

.80000 

.80132 

610 

.80263 

.80395 

.80526 

.80658 

.80790 

.80921 

.81053 

.81184 

.81316 

.81447 

620 

.81579 

.81711 

.81842 

.81974 

.82105 

.82237 

.82368 

.82500 

.82632 

.82763 

630 

.82895 

.83026 

.83158 

.83290 

.83421 

.83553 

.83684 

.83816 

.83947 

.84079 

640 

.84211 

.84342 

.84474 

.84605 

.84737 

.84868 

.85000 

.85132 

.85263 

.85395 

650 

.85526 

.85658 

.85790 

.85921 

.86053 

.86184 

.86316 

.86447 

.86579 

.86711 

660 

.86842 

.86974 

.87105 

.87237 

.87368 

.87500 

.87632 

.87763 

.87895 

.88026 

670 

.88158 

.88290 

.88421 

.88553 

.88684 

.88816 

.88947 

.89079 

.89211 

.89342 

680 

.89474 

.89605 

.89737 

.89868 

.90000 

.90132 

.90263 

.90395 

.90526 

.90658 

690 

.90790 

.90921 

.91053 

.91184 

.91316 

.91447 

.91579 

.91711 

.91842 

.91974 

700 

.92105 

.92237 

.92368 

.92500 

.92632 

.92763 

.92895 

.93026 

.93158 

.93290 

710 

.93421 

.93553 

.93684 

.93816 

.93947 

.94079 

.94211 

.94342 

.94474 

.94605 

720 

.94737 

.94868 

.95000 

.95132 

.95263 

.95395 

.95526 

.95658 

.95790 

.95921 

730 

.96053 

.96184 

.96316 

.96447 

.96579 

.96711 

.96842 

.96974 

.97105 

.97237 

740 

.97368 

.97500 

.97632 

.97763 

.97895 

.98026 

.98158 

.98290 

.98421 

.98553 

750 

.98684 

.98816 

.98947 

.99079 

.99211 

.99342 

.99474 

.99605 

.99737 

.99868 

760 

1.0000 

1.0013 

1.0026 

1.0039 

1.0053 

1.0066 

1.0079 

1.0092 

1.0105 

1.0118 

770 

1.0132 

1.0145 

1.0158 

1.0171 

1.0184 

1.0197 

1.0211 

1.0224 

1.0237 

1.0250 

780 

1.0263 

1.0276 

1.0289 

1.0303 

1.0316 

1.0329 

1.0342 

1.0355 

1.0368 

1.0382 

790 

1.0395 

1.0408 

1.0421 

1.0434 

1.0447 

1.0461 

1.0474 

1.0487 

1.0500 

1.0513 

TABLE  IV 

Density  of  Moist  Air 
Values  in  the  body  of  the  table  give  the  density  of  moist  air  in  g/1  for  a 
limited  range  of  temperatures  and  corrected  pressure  values  (B  —  0.3783e) 
The  latter  may  be  obtained  by  use  of  Table  II. 


°c 

600 

610 

620 

630 

640 

650 

660 

670 

680 

690 

5 

1.0024 

1.0191 

1.0358 

1.0525 

1.0692 

1.0859 

1.1026 

1.1193 

1.1361 

1.1528 

6 

.99876 

1.0154 

1.0321 

1.0487 

1.0654 

1.0820 

1.0986 

1.1153 

1.1319 

1.1486 

7 

.99521 

1.0118 

1.0284 

1.0450 

1.0616 

1.0781 

1.0947 

1.1113 

1.1279 

1.1445 

8 

.99165 

1.0082 

1.0247 

1.0412 

1.0578 

1.0743 

1.0908 

1.1074 

1.1239 

1.1404 

9 

.98818 

1.0047 

1.0211 

1.0376 

1.0541 

1.0705 

1.0870 

1  1035 

1.1199 

1.1364 

10 

.98463 

1.0010 

1.0175 

1.0339 

1.0503 

1.0667 

1.0831 

1.0995 

1.1159 

1.1323 

11 

.98115 

.99751 

1.0139 

1.0302 

1.0466 

1.0629 

1.0793 

1.0956 

1.1120 

1.1283 

12 

.97776 

.99406 

1.0104 

1.0267 

1.0430 

1.0592 

1.0755 

1.0918 

1.1081 

1.1244 

13 

.97436 

.99061 

1.0068 

1.0231 

1.0393 

1-0556 

1.0718 

1.0880 

1.1043 

1.1205 

14 

.97097 

.98715 

1.0033 

1.0195 

1.0357 

1.0519 

1.0681 

1.0843 

1.1004 

1.1166 

15 

.96757 

.98370 

.99983 

1.0160 

1.0321 

1.0482 

1.0643 

1.0805 

1.0966 

1.1127 

16 

.96426 

.98033 

.99641 

1.0125 

1.0286 

1.0446 

1.0607 

1.0768 

1.0928 

1.1089 

17 

.96086 

.97688 

.99290 

1.0089 

1.0249 

1.0409 

1.0570 

1.0730 

1.0890 

1.1050 

18 

.95763 

.97359 

.98955 

1.0055 

1.0215 

1.0374 

1.0534 

1.0694 

1.0853 

1.1013 

19 

.95431 

.97022 

.98613 

1.0020 

1.0179 

1.0338 

1.0497 

1.0656 

1.0816 

1.0975 
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DENSITY  OF  MOIST  AIR  (Continued) 
TABLE  IV  (Continued) 


600 


610 


620 


630 


640 


650   660 


670 


680 


690 


.95107 

.94784 
.94460 
.94144 
.93829 

.93513 
.93197 
.92889 
.92581 
.92273 

.91965 
.91665 
.91365 
.91065 
.90773 

.90473 


.96693 
.96364 
.96035 
.95714 
.95393 

.95072 
.94750 
.94437 
.94124 
.93811 

.93498 
,93193 
,92888 
,92583 
,92286 

91981 


.98278 
.97944 
.97609 
.97283 
.96957 

.96630 
.96304 
.95986 
.95668 
.95350 

.95031 
.94721 
.94411 
.94101 
.93800 

.93490 


.99864 
.99524 
.99184 
.98852 
.98521 

.98189 
.97858 
.97534 
.97211 
.96888 

.96564 
.96249 
,95934 
,95619 
95313 

94998 


1.0145 
1.0110 
1.0076 
1.0042 
1.0008 

'99748 
.99411 
.99083 
.98754 
.98426 

.98097 
.97777 
.97457 
.97137 
.96826 

.96506 


1.0303 
1.0294 
1.0233 
1.0199 
1.0165 

1.0131 
1.0096 
1.0063 
1.0030 
.99963 

.99629 
.99304 
.98979 
.98654 
.98338 

,98013 


1.0462 
1.0426 
1.0391 
1.0356 
1.0321 

1.0286 
1.0252 
1.0218 
1.0184 
1.0150 

1.0116 
1.0083 
1 .0050 
1.0017 
.99851 

.99521 


1.062011.0779 


1.0584 
1.0548 
1.0513 
1.0478 

1.0442 
1.0407 
1.0373 
1.0338 
1.0304 

1.0270 
1.0236 
1.0203 
1.0169 
1.0136 

1.0103 


1.0742 
1.0706 
1.0670 
1.0634 

1.0598 
1.0562 
1.0528 
1.0493 
1.0458 

1.0423 
1.0389 
1.0355 
1.0321 
1.0288 

1.0254 


1.0937 
1.0900 
1.0863 
1.0827 
1.0790 

1.0754 
1.0718 
1.0682 
1.0647 
1.0612 

1.0576 
1.0542 
1.0507 
1.0473 
1.0439 

1.0405 


°c 

700 

710 

720 

730 

740 

750   760 

770 

780 

790 

5 

1.1695 

1.1862 

1.2029 

1.2196 

1.2363  1.2530  1.2697 

1.2864  1.3031 

1.3198 

6 

1.1652 

1.1819 

1.1985 

1.2152 

1.2318 

1.248511.2651 

1.2817J1.2984 

1.3150 

7 

1.1611 

1.1777 

1.1943 

1.2108 

1.2274 

1.2440 

1.2606 

1.2772J1.2938 

1.3104 

8 

1.1569 

1.1735 

1.1900 

1.2065 

1.2230 

1.2396 

1.2561 

1.2726  1.2892 

1.3057 

9 

1.1529 

1.1694 

1.1858 

1.2023 

1.2188 

1.2352 

1.2517 

1.2682 

1.2846 

1.3011 

10 

1.1487 

1.1651 

1.1816 

1.1980 

1.2144 

1.2308 

1.2472 

1.2636 

1.2800 

1.2964 

11 

1.1447 

1.1610 

1.1774 

1.1937 

1.2101 

1.2264 

1.2428 

1.2592 

1.2755 

1.2919 

12 

1.1407 

1.1570 

1.1733 

1.1896 

1.2059 

1.2222 

1.2385 

1.2548 

1.2711 

1.2874 

13 

1.1368 

1.1530 

1.1692 

1.1855 

1.2017 

1.2180 

1.2342 

1.2504 

1.2667 

1.2829 

14 

1.1328 

1.1490 

1.1652 

1.1814 

1.1975 

1.2137 

1.2299 

1.2461 

1.2623 

1.2784 

15 

1.1288 

1.1450 

1.1611 

1.1772 

1.1933 

1.2095 

1.2256 

1.2417 

1.2579 

1.2740 

16 

1.1250 

1.1410 

1.1571 

1.1732 

1.1893 

1.2053 

1.2214 

1.2375 

1.2535 

1.2696 

17 

1.1210 

1.1370 

1.1530 

1.1691 

1.1851 

1.2011 

1.2171 

1.2331 

1.2491 

1.2651 

18 

1.1172 

1.1332 

1.1492 

1.1651 

1.1811 

1.1970 

1.2130 

1.2290 

1.2449 

1.2609 

19 

1.1134 

1.1293 

1.1452 

1.1611 

1.1770 

1.1929 

1.2088 

1.2247 

1.2406 

1.2565 

20 

1.1096 

1.1254 

1.1413 

1.1572 

1.1730 

1.1888 

1.2047 

1.2206 

1.2364 

1.2522 

21 

1.1058 

1.1216 

1.1374 

1.1532 

1.1690 

1.1848 

1.2006 

1.2164 

1.2322 

1.2480 

22 

1.1020 

1.1178 

1.1335 

1.1493 

1.1650 

1.1808 

1.1965 

1.2122 

1.2280 

1.2437 

23 

1.0984 

1.1140 

1.1297 

1.1454 

1.1611 

1.1768 

1.1925 

1.2082 

1.2239 

1.2396 

24 

1.0947 

1.1103 

1.1259 

1.1416 

1.1572 

1.1729 

1.1885 

1.2041 

1.2198 

1.2354 

25 

1.0910 

1.1066 

1.1222 

1.1377 

1.1533 

1.1689 

1.1845 

1.2001 

1.2157 

1.2313 

26 

1.0873 

1.1028 

1.1184 

1.1339 

1.1494 

1.1650 

1.1805 

1.1960 

1.2116 

1.2271 

27 

1.0837 

1.0992 

1.1147 

1.1302 

1.1456 

1.1611 

1.1766 

1.1921 

1.2076 

1.2230 

28 

1.0801 

1.0955 

1.1110 

1.1264 

1.1418 

1.1573 

1.1727 

1.1881 

1.2036 

1.2190 

29 

1.0765 

1.0919 

1.1073 

1.1227 

1.1380 

1.1534 

1.1688 

1.1842 

1.1996 

1.2149 

30 

1.0729 

1.0883 

1.1036 

1.1189 

1.1342 

1.1496 

1.1649 

1.1802 

1.1956 

1.2109 

31 

1.0694 

1.0847 

1.1000 

1.1153 

1.1305 

1.1458 

1.1611 

1.1764 

1.1917 

1.2069 

32 

1.0659 

1.0812 

1.0964 

1.1116 

1.1268 

1.1421 

1.1573 

1.1725 

1.1878 

1.2030 

33 

1.0624 

1.0776 

1.0928 

1.1080 

1.1231 

1.1383 

1.1535 

1.1687 

1.1839 

1.1990 

34 

1.0590 

1.0742 

1.0893 

1.1044 

1.1195 

1.1347 

1.1498 

1.1649 

1.1801 

1.1952 

35 

1.0555 

1.0706 

1.08571 

1 

1.1008 

1.1158 

1.1309 

1.1460 

1.1611 

1.1762 

1.1912 

1727 


DENSITY  OF  DRY  AIR 


At  the  Temperature  t,  and  under  the  Pressure  H  cm  of  Mercury 

the  Density  of  Air 

0.001293      H 


1  +0.00367  t  76 

(From  Miller's  Laboratory  Physics,  Ginn  &  Co,  publishers,  by  permission.) 

Pressure  H  in  Centimeters 

t 

Proportional 

Parts 

72.0 

73. C 

74.0 

75.0 

76.0 

77.0 

o 

10 

0.001182 

0.001198 

0.001215 

0.001231 

0.001247 

0.001264 

17 
cm 

11 

178 

193 

21C 

227 

243 

259 

0.1 

2 

12 

173 

190 

206 

222 

239 

255 

0.2 

3 

13 

169 

186 

202 

218 

234 

251 

0.3 

5 

14 

165 

181 

198 

214 

230 

246 

0.4 
0.5 
0.6 
0.7 

7 

8 

10 

12 

15 

0.001161 

0.001177 

0.001193 

0.001210 

0.001226 

0.001242 

0.8 

14 

16 

157 

173 

189 

205 

221 

238 

0.9 

15 

17 

153 

169 

185 

201 

217 

233 

16 

18 

149 

165 

181 

197 

213 

229 

cm 

19 

145 

161 

177 

193 

209 

225 

0.1 
0.2 
0.3 
0.4 

2 
3 
5 

6 

20 

0.001141 

0.001157 

0.001173 

0.001189 

0.001205 

0.001221 

0.5 

8 

21 

137 

153 

169 

185 

201 

216 

0.6 

10 

22 

134 

149 

165 

181 

197 

212 

0.7 

11 

23 

130 

145 

161 

177 

193 

208 

0.8 

13 

24 

126 

142 

157 

173 

189 

204 

0.9          14 
15 

25 

0.001122 

0.001138 

0.001153 

0.001169 

0.001185 

0.001200 

cm 
0.1 

1 

26 

118 

134 

149 

165 

181 

196 

0.2 

3 

27 

115 

130 

146 

161 

177 

192 

0.3 

4 

28 

111 

126 

142 

157 

173 

188 

0.4 

6 

29 

107 

123 

138 

153 

169 

184 

0.5 
0.6 
0.7 
0.8 

7 

9 

10 

12 

30 

0.001104 

0.001119  0.001134 

0.001150  0.001165 

0.001180 

0.9 

13 

DENSITY  OF  SATURATED  VAPORS  AT  THE  TEMPERA- 

TURE OF  NORMAL  EBULLITION 

Vapor 

Temp.  °  C 

Density 

Acetic  acic 
Benzene . . 

I 

118.5 
80.2 

0.00315 

0.00275 

Chloroforn 
Ether .... 

1 

61.2 
34.6 

0.00443 

0.00311 

Ethyl  alcohol 

78.3 

0.00164 

Methyl  alcohol 

64.7 

0.00121 

Water 

100.0 

0.000596 
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DENSITY  OF  GASES  IN  LIQUID  AND  SOLID  FORM 


Temperatures  marked  *  are  the  temperatures  of  normal  ebullition 

Liquid 

Solid 

Observer 

Gas 

Temp. 
°C 

D 

g/cm3 

Temp. 
°C 

D 

g/cm3 

Acetylene 

-  23.5 
+   30.3 
-147 

-  10.7 
+    16.3 
-187* 

-  60 
+   20 
-190* 

-  68 

-  33.6* 
+   20 

-  88 
-102 

-  21 

+  10 

-187* 
-269* 

-253* 

-  85.8 
+    13.6 

-  90 

-  61 
-146 
-164 
+    18 
-245.9* 
-196* 

-  20 
-1-   17 
-123 

-182.7* 

-205 
-183 

-  10* 
+   20 
-109.1* 

0.52 
0.40 
0.92 
0.65 
0.61 
1.41 

1.19 
0.77 

0.79 

0.86 

1.56 

1.41 

0.546 

0.566 

0.41 

0.21 
1.11 
0.122 

0.07 

1.194 

0.988 

0.746 

0  86 

2.6 

0  415 

0.920 

1.204 

0.804 

1.0 

0.80 

0.89 

1.14 

1.25 
1.71 
1.46 
1.38 
3.06 

.... 



Mathias,  1909 

Air  (20.9  %  oxygen) 

.    , 



Ammonia 

-233 

-    79 

"i!65*  ' 
1 .  53 

AndreefT,  1859 

Argon 

Andreeff,  1859 
Baly     &     Donnan, 

Carbon  dioxide.  .  .  . 
Carbon  monoxide.  . 

1902 
Behn, 1910 
Amagat 

Chlorine 





'  'i'.d'" 

Baly  &  Donnan 
Knietsch,  1890 

Chlorine 

Ethane 

Knietsch,  1890 

Ethylene 

Ethylene 

Cailletet    &    Math- 

Ethylene 

ias,  1886 

Fluorine 

-260 

1.3 
0.076 

Helium 

Kamerlin^-Onnes  & 

Hydrogen 

Perrier,  1910 
Dewar,  1904 

Hydrogen    chloride . 

Hydrogen  fluoride. 

Hydrogen         phos- 
phide (phosphine) 

Hydrogen  sulfide. .  . 

Krypton 

2.(?) 

Methane 

Methyl  chloride. . . . 

Neon 

-253 
-253 

1.0 

1.03 

-1.41 

Nitrogen 

Dewar,  1904 

Nitrous  oxide 

Nitrous  oxide 

Oxygen 

Cailletet  &  Mathias 
Villard,  1897 
Cailletet  &  Haute- 

Ozone,  O3 

feuille,  1881 
Kamerling-Onnes  & 

Perrier,  1910 
Baly  &  Donnan 

Sulfur  dioxide 

Xenon 

"2'7(?)' 

Pierre 

Cailletet  &  Mathias 

ELASTIC  CONSTANTS  FOR  SOLIDS 

The  following  table  gives  values  for  the  yield  point  (or  elastic  limit,  indicated  by  e.), 
ultimate  tensile  strength  Young's  modulus  and  the  modulus  of  rigidity  in  kg/mm2.  The 
Brinell  hardness  number  is  also  given,  representing  the  ratio  of  load  in  kilograms  on  a  sphere 
used  to  indent  material  to  the  spherical  area  of  the  indentation  in  square  millimeters,, 

Yield  Point,  Tensile  Strength,  Brinell  Hardness 


Yield  point 

Ultimate  tensile 
strength 

Brinell 
hard- 

Material 

Kg/mm2 

Lbs. /in.2 

Kg/mm2 

Lbs./in2 

ness 
num- 
ber 

Aluminum  99.97,  annealed. . 

X10* 

5.96 

7.95 

11.34 

14.71 

19.7-24.6 

X103 
8.48 
11.31 
16.13 
20.92 
28.02-34.99 

16 

99.5,  cast 

hot  rolled 

10.2 

13.2 

14.51 

18.77 

cold    "    

99.3,  rolled 

39 
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ELASTIC  CONSTANTS  FOR  SOLIDS  (Continued) 

Yield  Point,  Tensile  Strength,  Brinell  Hardness 

(Continued) 


Yield  point 

Ultimate  tensile 
strength 

Brinell 
hard- 

Material 

ness 

Kg/mm2 

Lbs.  /in. 2 

Kg/mm2 

Lbs./in.2 

num- 
ber 

Aluminum-copper 

X103 

X103 

Cu  .93,    cold  rolled 

18.1 

25.74 

20.4 

29.01 

Cu  1.9        "  drawn 

22.1 

31.43 

23.62 

33.59 

Cu  4.97  cast 

8.2 
25 

11.66 
35.6 

10.6 
27.9 

15.08 

39.68 

cold  drawn 

Cu  8.08,  cast 

10.2 
24.3 

14.51 
34.56 

11.65 
25.9 

16.57 
36.84 

cold  drawn 

Aluminum-iron  Fe  1 1,  rolled 

12.6 

17.92 

44 

Aluminum-magnesium 

Mg  6,  rolled    . 

28.4 

40  39 

69 

Aluminum-manganese 

Mn  8,  rolled 

15 

21.33 

50 

Aluminum-nickel 

Ni  10,  rolled 

16.5 

23.47 

53 

Aluminum-zinc 

Zn  11  %,     hard  drawn. . . 

14.3 

20.34 

15.4 

21.90 

20.15%     "        "     ... 

24.8 

35.27 

40.4 

57.46 

26.05%    "        "     ... 

34.7 

49.35 

42.2 

60.02 

Aluminum-zinc-copper 

Zn  23.48,  Cu  2.67 

31.7 

45.09 

46.6 

66.28 

Ambrac  Ni  20,  Zn  5 

53  e. 

75.4  e. 

60 

85.3 

1G0 

"30%"Ni30,  Zn5 

67  e. 

95.3  e. 

74 

105.3 

190 

Antimony  (wire) . . . 

1.1 

1.56 

Arsenic  . . 

147 

Brass,  see  Cu-Zn 

Bronze,  see  Cu-Sn 

Cadmium,  cast 

8.5 
6 

12.09 

8.5 

21-24 

Calcium,  cast. . 

42 

Cerium 

28 

Chromel  A,  rolled  hot  Ni 

82.5,  Cr  15,  Fe  1 

42-56 

59.7-  79.7 

74-88 

105  3-125.2 

175-21.0 

Chromel  B,  rolled  hot  Ni 

77.5,  Cr  20,  Fe  1 

49-63 

69.7-  89.6 

77-91 

109.5-129.4 

180-220 

Chromel  C,  Ni  61,  Cr  12,  Fe 

25,  cast 

28-42 
35-49 

39.8-  59.7 
49.8-  69.7 

35-49 

63-77 

49.8-  69.7 
89.6-109.5 

130-180 

rolled  hot 

180-200 

Chromium 

91 

Cobalt,  annealed 

26.0 

37 

48 

cast 

24 

68 

34.1 

96.7 

124 

drawn 

electrolytic   . 

270-311 

Constantan,  Ni  55,  Cu  43.9, 

Mn  1,  C  .1,  annealed. . 

14-21  e 

19.9-  29. 9e. 

42-49 

59.7-  69.7 

100-120 

cold  rolled 

21-88  e. 

29. 9-125. 2e. 

49-99 

22.77 

69.7-140.8 
32.39 

120-300 

Copper,  rolled 

99.5  sheet  "hard" 

28.1 
34.5-47.1 
22.5-24.6 

39.97 
49-67 
32-35 

wire,  hard  drawn 

"     annealed 

Copper-aluminum 

(aluminum  bronze) 

Al  1.06,  hard  rolled 

10.9 

15.50 

25 

35.6 

A14.05     "      "      ..... 

17.8 

25.32 

37.5 

53.34 

Al    9  9     "      "      

23.3 

33.14 

60.0 

85.34 

210 

quenched 

65  9 

93.73 

85.4 

121.46 

Al  11.73,  hard  rolled.  . . . 

19.9 

28.30 

53.3 

75.81 

269 
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ELASTIC  CONSTANTS  FOR  SOLIDS  (Continued) 

Yield  Point,  Tensile  Strength,  Brinell  Hardness 

(Continued) 


Material 

Yield  point 

Ultimate  tensile 
strength 

Brinell 
hard- 
ness 

Kg/mm2 

Lbs./in.2 

Kg/mm2 

Lbs /in.2 

num- 
ber 

Copper-aluminum-nickel 
Al    5.34,    Ni    7.34,    cold 

rolled 

Al    6.93,    Ni    5.62,    cold 

rolled 

Copper-nickel  (nickel-silver) 
Ni  10,  Zn  25,  hard 

81.1 

87.2 

X103 
115.35 

124.02 

84.1 

89.0 

63 
67 

77 

22.9 
30.4 
38.7 
17.7 

39 
47 
47 
47 
16 
49 
32 
37 
36.6 

62.0 
17.6 
25 

45.8 
17.6-35.2 

X103 
119.62 

126.58 

89.6 

95.3 

109.5 

32.57 
43.24 
55.04 
25.17 

55.5 

66.8 
66.8 
66.8 
22.8 
69.7 
45.5 
52.6 
52 

88.18 

25 

35.6 

65.1 

25-50 

180 

Ni  15,  Zn  28     "    

Ni  25,  Zn  20     "    

208 

Copper-tin 

Sn    4,  cast  and  annealed . 

Sn  10      "    " 

Sn  19     "    " 

Sn25     "    " 

Copper-zinc  (brass) 
Zn  10,  rolled  hard .  .  . 

120 

Zn20      "■        "    

145 

Zn30      "        "    

Zn  40 

47 
39 

66.8 
55.5 

145 
150 

Zn  50 

95 

Cupro-nickel  Ni  15,  hard. . . 

soft. . . 

Ni25    "   .... 
Delta  metal 

13  e. 
14.  le. 

54 

18  5e. 
20  e. 

76.8 

Duralumin,  cold  rolled 
A1  +  Cu  3.5-5.5,  Mn  .5- 
.8,  Mg  .5 

125 

Gold,  cast. . . . 

pure,  hard  drawn. . . 

Au  90,  Cu  10. 

Gun  metal 

Indium 

1 

Iridium,  cast 

172 

Iron,  cast 

3.5-  4.2e. 
143 

78 
14. 8-18. 3e. 

5-  6e. 
203.4 
110.9 
21-26e. 

10.5-12.7 

29.5 

80.0 
29.5-36.6 

15-18 

41.96 

113.78 

42-52 

electrolytic,  annealed. 

drawn 

wrought 

77 

Lanthanum. . . . 

37 

Lead,  cast. . . . 

1.25 
2.1 
4.50 
5.39 
7.63 
7.1 
10.7-14 
18-22 

21.8 

15.5 
16.5 
20.6 
24.6 

1.78 

3.0 

6.4 

7.67 

10.85 

10.1 

15.22-19.9 

25.6  -31.3 

31.01 

22.05 

23.47 
29.30 
34.99 

4.2 

rolled. . . 

Lead-antimony  Sb  4  5 

Sb  9.9 

Lead-tin  Sn  33.3 

Sn  50  (soft  solder) 

18 

Magnesium,  cast 

drawn,  annealed 

Magnesium-aluminum 
Al  8  Dowmetal  A,  cast. . . 

8-13 

11.4-18.5 

29.4 
60 

Magnesium- Al-Cu-Cd 
Al  8.3,  Cu  2,  Cd  1,  Zn  .5, 

58 

Al  8,  Cu  1,  Cd  1,  Dow- 

54 

Magnesium-cadmium 
Cd  5.5,  drawn 

12.4 
21.9 

17.64 
31.2 

51.9 

Magnesium-copper 
Cu  12.7,  drawn .... 

1731 


ELASTIC  CONSTANTS  FOR  SOLIDS  (Continued) 

Yield  Point,  Tensile  Strength,  Brinell  Hardness 
(Continued) 


Material 

Yield  point 

Ultimate  tensile 
strength 

Brinell 
hard- 
ness 

Kg/mm2 

Lbs./in.2 

Kg/mm2 

Lbs./in.2 

num- 
ber 

Magnesium-silicon 

Si  1.2,  drawn 

Magnesium-zinc- Al 

Zn  3,  Al  .5,  cold  drawn. . . 

22.2 

X103 
31.58 

29 

32 

45.7-59.8 
180-222 

46-  56 
53-120 
35-49 
53-120 

42.1 
51 

62.8 
127.7 
73.3 
76.3 
52.1 
58.9 
38 

56 

24.6 

34 

XIO* 
41.3 

45.5 

65-85 

256.0-315.8 

65.4-  79.6 
75.4-170.7 
49.8-  69.7 
75.4-170.7 

59.88 

72.5 

89.32 

181.63 

104.25 

108.52 

74.10 

83.77 

54.0 

79.6 
35 

48.4 

Manganese-bronze 

21.  le. 

30e 

Molybdenum,  drawn 

147 

Monel  metal,  Ni  68.4,  Cu 
29,  Fe  2,  Mn  .3.  C  .2,  Si 

J,  cast.. 

cold  drawn  or  rolled 

Nickel  99  %,  cast 

21-  28e. 
28-105e. 
14-  21 
25-105 

29.9-  39. 8e. 
39. 8-149. 3e. 
19.9-  29.9 
35.6-149.3 

110-130 

130-300 

90-110 

rolled  cold. .              

110-300 

Nickel-iron  C<.01 
Ni  1 

Ni5 

Ni  10 

Ni  18 

Ni25 

Ni50 

Nickel -manganese  Mn  3. . . . 

Mn9.24 

Palladium,  drawn 

49 

Phosphor-bronze 

Cu  +  Sn3.77,P.16,drawn 
Platinum,  annealed. . 

41.7 

59.31 

pure,  drawn 

64 

Platinum-iridium,        hard- 
worked 
lr  10 

220 

jfr  20 

100 
140 

142.2 
199.1 

330 

Ir  30 

400 

Platinum-rhodium  Rh  10. . . 

90 

Potassium 

.037 

Praseodymium 

25 

Rhodium,  cast 

139 

Ruthenium,  cast 

220 

Silver,  cast 

28.1 
31-36 

22.2 

43 

91.4 

40 
44.1-51.2 

31.58 
61.2 
130 

hard  drawn 

Silver-copper 
Cu   7.5   (sterling   silver) 
cast 

12.8 

18.21 

60 

hard  drawn 

Ag  75,  Cu  25,  hard  drawn 

Sodium 

.07 

Steel,  castings 

25.3-  27. 4e. 

26.0-  31. 6e. 
24.6-  28.  le. 

21.1-  24. 6e 
17.6-  21.  le. 
77. 3-119. 5e. 

35.2-  47.  le. 

36-  39e. 

37-  45e. 
35-  40e. 
30-  35e. 
25-  30e. 

110-170e. 
50-  67e. 

50.6-  54.8 

52.7-  63.3 
49  2-  56.2 
42.2-  49.2 
35.2-  42.2 
91.4-140.6 
71.0-  94  9 

32.5 
49.0 
50.6 
49 

78.4 
129 

72-  78 
75-  90 
70-  80 
60-  70 
50-  60 
130-200 
101-135 

46.22 
69.69 
71.97 
69.7 
111.51 
183.5 

forgings 

hard 

medium 

mild 

spring,  tempered 

16.0 

"      untempered 

Steel-C 
C  .08,  annealed 

120 

quenched 

.38,  annealed 

28.1 

39.97 

.49        "          

71 

217 

onenched 
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ELASTIC  CONSTANTS  FOR  SOLIDS  (Continued) 

Yield  Point,  Tensile  Strength,  Brinell  Hardness 
(Continued) 


Material 


Yield  point 


Kg/mm2  Lbs. /in 


Ultimate  tensile 
strength 


Kg/mm5 


Lbs./in.2 


BrmeU 
hard- 
ness 
num- 
ber 


Steel-C  (Continued) 

C1.00  quen<h-d 

1.40,  annealed 

quenched 

3teel-Cr,  quenched 

Cr  2,  C  .5,  Mn  .24 

Steel-Cr-U,    quenched,    Cr 
.78,  U17.  C.36,  Mn.53, 

Si  .25 

— Cr-V,  quenched  Cr  1.45, 
V  .19,  C  .46,  Mn  .45,  Si 

.18 

— Cu,  cdd  drawn,  Cu  .3,  C 

.72,  Mn  .83,  Si  .03 

— Mn,  forged  Mn  8.68,  C 

1.27,  Si  .19 
— Ni,  Ni  1.76,  C  .26,  cast. . . 
Ni  2.73,  C  .37,  cast  and 

forged 

Ni  3  59,  C  .20,  quenched. 

— Ni-Cr,  quenched,  Ni  3.7- 

4.1,Cr.9,C.38,Mn.7, 

Si  .15 

— Ni-Cr-U,    quenched,    Ni 
1.63,  Cr  .61,  U  .20,  C 

.36,  Mn  .78,  Si  .47 

— Ni-Cu,  quenched,  Ni  2.55, 
Cu  .6,  C  .46,  Mn  .82,  Si 

1.3 

— Ni-U,  quenched,  Ni  3.15, 
U  .40,  C  .57,  Mn  .62,  Si 

.58 

— Ni-V,  quenched,  Ni  3.15, 

V.32.C.6,  Mn  .79,  Si  1.3 

— Ti,  low  carbon,  quenched, 

Ti  2.57,  C  .135,  Mn  .31, 

P  .01,  S  .017,  Si  .14 

— Ti,  hiph  carbon,  quenched, 
Ti  8.71,  C  .65,  Mn  45,  P 

.016,  S  .011,  Si  .163 

— U,  quenched,  U  2.20,  C 

.25,  Mn  .65,  Si  .30 j 

— U,  quenched,  tempered,  U 

.29,  C  .54,  Mn  .61 

— U,  quenched,  U.  53,  C.  72, 

Mn  .54,  Si  .75 

— V,  relied,  V. 8,  C  1.04,  Mn 

.05,  Si  .1 

Tantalum 

Thorium 

Tin,  hard  drawn 

rolled 

Tin-antimony-copper  bear- 
ing alloy 

Sb  11,  Cull 

Tobin  bronze 

Tungsten,  drawn 

Zinc,  rolled 


X 10* 


143.4 


140.9 


106.5 


150 


196 


183 
194.2 


45.2 


80.3 


145 
181 
197 
92.6 


35. 9-39. 4e. 


203.96 
200.40 


151.47 

213.3 

278.8 

260.3 
276.21 

64.29 

114.21 

206.2 

257.4 

280.2 

131.70 


51-56e. 
'"i2.*8" 


150 
68.6 
131.9 

176.6 


170 


169 

207.6 
123.4 

67.5 

68.3 

138 


194 

175 

230.5 

209 
241.3 

66.2 

132.5 
160.6 
197 
233 

132.2 

93 

56.3 
7.0 
2.5 


11.5 
46.4-56.2 
420 
12-30 


X103 
213.3 
97.57 
187.60 

251.18 


241.8 


240.4 

295.27 
175.51 

96.01 

94.30 
196.3 


275.9 

248.9 

327.84 

297.3 
343.20 

94.16 

188.45 

228.42 

280.2 

331.4 

188.03 
132.3 

80.08 

10 
3.56 


16.36 
66-80 
597.4 
17.1-42,7 


402 
202 
460 

454 


444 


354 


555 


627 


143 


477 


37 
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ELASTIC  CONSTANTS  FOR  SOLIDS  (Continued) 

Young's  Modulus  and  Modulus  of  Rigidity  (Torsional) 


Material 

Young's  modulus 

Modulus  of  rigidity 

Dynes/cm2 

Lbs./in.2 

Dynes/cm2 

Lbs./in.2 

Aluminum,  cast 

X  10" 
5.6  -7.7 
6.82-7.0 
6.96 

11.81 
6.67 

6.18 

6.47 

6.47 
13.14 

7.80 

9.02 

6.93 

14.51-15.89 
12.06-12.85 

10.19-12.0 

8.24 

7.73 

6.89 

7.85 

7.0 

5.17(d) 

8.4-  9.8 
20.6 

18.3-20.4 
21.33 

1.47-  1.67 

4.18 

4.18 

16.48-17.95 
20.01-21.38 

21  28 

17^36  (19%  Ni) 

18. 14  (26%  Ni) 

11.77 

16.67 

X  106 
8-11 
9.7-10 
10.10 

16.8 
9.67 

8.96 

9.39 

9.39 
19.06 
11.31 
13.09 
10.06 

21.05-23.04 
17.49-18.63 
14.5-17 
11.95 
11 

10.00 
11.38 
10 

7.50(d) 
12-14 
29.9 
26-29 
30.94 

2.13-  2.42 

6.06 

6.06 
23.89-26.03 
29.01-31.01 

30.86 
25.17 
26.31 
17.07 
24.18 

X10" 

X106 

rolled 

99.3,  rolled 

2.37 

3  44 

Aluminum-bronze,  forged 
Cu  90,  Al  10 

Aluminum-iron  Fe  11,  rolled 

Aluminum-magnesium 

Mg  6,  rolled 

Aluminum-manganese 
Mn  8,  rolled 

Aluminum-nickel  Ni  10,  rolled.  . . 

Ambrac  (Ni  20) 

Antimony  (wire) 

1.98 
3.53 
2.40 

2.87 

Brass,  cold  rolled 

5.12 

Cadmium,  cast 

3  48 

Constantan 

Copper,  rolled. . .        

4.24 

6.14 

wire,  hard  drawn 

Cupro-nickel 

Delta  metal 

Duralumin,  cold  rolled 
Al  +  Cu  3  5-5.5,  Mn  .5-8,  Mg 
.5 

2.75 

3.98 

Gold,  pure,  hard  drawn 

Gun  metal 

Iridium,  cast 

Iron,  cast 

electrolytic 

wrought 

Iron-cobalt  Fe  70,  Co  30 

Lead,  rolled 

0.54 
1.67 

0.78 

Magnesium,  drawn,  annealed.  . . . 
Magnesium-aluminum 
Al  8  Dowmetal  A,  cast 

2.42 

Monel  metal 

6.18-6.86 
7.06-7.55 

8.96-  9.96 

Nickel 

10.24-10.95 

Nickel-iron  C<. 01 
Ni    5 

Ni  18 

Ni  25. . . 

Palladium,  drawn 

Platinum,  pure,  drawn 

4.41 
6.42 
6.47 

6.40 
9.32 

Platinum-rhodium  Rh  10 

9.39 

Rhodium,  cast. .  . 

29.42(d) 

7.75 

42.67(d) 
11.24 

Silver,  hard  drawn 

2.60 
7.79 

3.77 

Steel-C 

C  .08  annealed 

11.31 

drawn. . 

19.22 
20.01 
19.61 
18.6 

3.92-5.39 
10. 
35.5 

7.8-10.20 

27.88 
29.01 
28.45 
27.0 
5.69-7.82 
14.5 
51.49 
11.4-14.79 

.38  annealed 

8.11 
8.04 

11.76 

.67         "     

11.66 

Tantalum 

Tin,  rolled 

Tobin  bronze 

1.67 

2.42 

Tungsten,  drawn 

14.81 
2.9-3.73 

21.48 

Zinc,  rolled 

4.3-5.40 
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COMPRESSIBILITY  OF  LIQUIDS 

Contraction  in  unit  volume  per  atmosphere. 


Liquid. 

Temp. 

°c. 

Pressures  in 
atmospheres. 

Coefficient. 

j 

Observer. 

Acetone 

0. 

1-500 

82X10"6 

Amagat,  1893 

0. 

500-1000 

59. 

a 

0. 

1000-1500 

47. 

it 

99.5 

8.94-36.5 

276. 

a 

Amyl  alcohol .  . 

17.7 

8 

90.5 

Rontgen,  1891 

Benzene  CeH6. 

12.9 

0.4-18 

87. 

Suchodski,  1910 

34.9 

2-18 

100. 

u 

99.9 

4.5-19 

190. 

u 

Butyl  alcohol. . 

17.4 

8 

90. 

Rontgen 

Carbon    disul- 

'     phide.  ..... 

0. 

1-500 

66. 

Amagat,  1893 

49.2 

1000-1500 

51. 

a 

Carbon    tetra- 

chloride   

20. 

100-200 

90.7 

Richards,  1907 

Chlorobenzene 

13. 

0.4-18 

*-  67. 

Suchodski,  1910 

35. 

0.4-18 

77. 

(t 

100. 

0-4r-18 

127. 

a 

Chloroform 

0. 

20. 

40. 

60. 

100. 

101. 
128. 
162. 
204. 
211. 

Grimaldi,  1887 

a 

a 

u 

"8-9** 

Arnagat 

100. 

19-34 

206. 

it 

20. 

1-98 

94. 

Richards&Stall, 
1904 

20. 

98.7-197.4 

89. 

Richards&Stall, 
1904 

20. 

197.^296.1 

80. 

Richards&Stall, 
1904 

Ether 

12.2 

0.4-17.5 

163. 

Suchodski   1910 

34.8 

2-19 

207. 

63. 

8.6-34.3 

293. 

Amagat,  1893 

78.5 

8.6-34.3 

363. 

t( 

99. 

8.6-36.5 

523. 

(t 

Ethyl  acetate . . 

13.3 

8.1-37.4 

104. 

a 

Ethyl  alcohol.. 

28. 

150-400 

81. 

Barus,  1890 

65. 

150-400 

100. 

u 

100. 

150-400 

132. 

(( 

185. 

150-400 

245. 

(( 

310. 

150-400 

1530. 

u 

28. 

150-200 

86. 

(I 

100. 

150-200 

168. 

(t 

310. 

150-200 

4200. 

a 
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COMPRESSIBILITY  OF  LIQUIDS   (Continued) 

Contraction  in  unit  volume  per  atmosphere. 


Liquid. 

Temp. 
1     °C. 

Pressures  in 
atmospheres. 

Coefficient. 

Observer. 

Ethyl  alcohol: 

0. 

1-50 

96.X10"6 

Amagat,  1893 

20. 

1-50 

112. 

a 

40. 

1-50 

125. 

a 

0. 

100-200 

85. 

a 

0. 

300-400 

73. 

it 

0. 

500-600 

64. 

it 

0. 

900-1000 

52. 

a 

Ethyl  bromide . 

10.1 

1-500 

89.6 

Amagat 

10.1 

500-1000 

63.4 

a 

13.7 

0.4-18.5 

113. 

Suchodski,  1910 

35. 

2-19 

138. 

n 

Ethyl  chloride . 

0. 

1-500 

103. 

Amagat,  1893 

0. 

500-1000 

69.2 

a 

11. 

8.5-34.2 

128. 

a 

62. 

12.7-32.8 

255. 

a 

99. 

12.8-34.5 

495. 

it 

Ethyl  iodide... 

10.6 

1-500 

73.8 

Amagat 

500-1000 

56.2 

ti 

Fluor-benzene . 

13.9 

0.4-18 

88. 

Suchodski,  1910 

35.3 

0.4-18 

103. 

a 

99.7 

4.3-18.5 

190. 

a 

Glycerine 

14.9 

1-10 

22. 

De  Metz,  1890 

Mercury 

0. 

3.92 

Amagat 
Richards,  1907 

15. 

'  ioo-^oo* ' 

3.76 

Methyl  acetate 

14.3 

8.1-37.5 

97. 

Amagat 

99. 

8.3-37 

250. 

n 

Methyl  alcohol 

0. 

1-500 

79.4 

ti 

0. 

500-1000 

58.3 

a 

14.7 

8.5-371 

104. 

ti 

100. 

8.7-37.3 

221. 

ft 

Nitric  acid .... 

20.3 
65. 

1-32 
20-100 

338. 

88. 

Palmitic  acid . . 

Barus,  1890  " 

100. 

20-100 

99. 

u 

Paraffine 

64. 

20-100 

84. 

tt 

100. 

20-100 

107.              i 

it 

Oil,  almond.  .  . 

17. 

55. 

Quincke 

olive 

20.5 

63. 

a 

turpentine.. . 
Toluene . 

19.7 

79. 

a 

10. 

*  i-5.*25  ' 

79. 

DeHeen,  1885 

100. 

1-5.25 

150. 

tt      n 

Xylene 

10. 

1-5.25 

74. 

tt      a 

100. 

1-5.25 

132. 

a        ft 
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COMPRESSIBILITY  OF  LIQUIDS   (Continued) 

Contraction  in  unit  volume  per  atmosphere. 


Liquid. 

Temp. 
°C. 

Pressures  in 
atmospheres. 

Coefficient. 

Observer. 

Wacer 

0. 

1-25 

52.5  xlO"6 

Amagat,  1893 

10. 

1-25 

50.0 

20. 

1-25 

49.1 

0. 

25-50 

51.6 

10. 

25-50 

49.2 

20. 

25-50 

47.6 

0. 

100-200 

49.2 

10. 

100-200 

46.1 

20. 

100-200 

44.2 

50. 

100-200 

42.5 

100. 

100-200 

46.8 

0. 

500-1000 

41.6 

0. 

1000-1500 

35.8 

0. 

1500-2000 

32.4 

0. 

2000-2500 

29.2 

0. 

2500-3000 

26.1 
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ELASTIC   CONSTANTS  FOR   GASES 

For  short  ranges  of  pressure,  at  a  constant  temperature,  the  volume  of 
a  gas  is  inversely  proportional  to  the  pressure  or  pressure  X volume  =  a 
constant.      (Boyle's  Law.) 

For  high  pressures,  the  table  below  shows  the  relative  volumes  at  various 
temperatures.  The  volume  at  0°  C.  and  76  cm.  pressure  (1  atmosphere^ 
being  taken  as  1,000,000. 

(From  Smithsonian  Tables.) 


Oxygen. 

Air. 

Atm. 

0° 

99°.5 

199°.5 

0° 

99°.4 

200°.4 

100 

9265 

9730 

200 

4570 

7000 

9095 

5050 

7360 

9430 

300 

3208 

4843 

6283 

3658 

5170 

6622 

400 

2629 

3830 

4900 

3036 

4170 

5240 

500 

2312 

3244 

4100 

2680 

3565 

4422 

600 

2115 

2867 

3570 

2450 

3180 

3883 

700 

1979 

2610 

3202 

2288 

2904 

3502 

800 

1879 

2417 

2929 

2168 

2699 

3219 

900 

1800 

2268 

2718 

2070 

2544 

3000 

1000 

1735 

2151 

1992 

2415 

2828 

Nitrogen. 

Hydrogen. 

Atm. 

0° 

99°.5 

199°.6 

0° 

99°.3 

200°.5 

100 

9910 

200 

5195 

7445 

9532 

5690 

7567 

9420 

300 

3786 

5301 

6715 

4030 

5286 

6520 

400 

3142 

4265 

5331 

3207 

4147 

5075 

500 

2780 

3655 

4515 

2713 

3462 

4210 

600 

2543 

3258 

3973 

2387 

3006 

3627 

700 

2374 

2980 

3589 

2149 

2680 

3212 

800 

2240 

2775 

3300 

1972 

2444 

2900 

900 

2149 

2616 

3085 

1832 

2244 

2657 

1000 

2068 

1720 

2093 
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COEFFICIENT   OF  FRICTION 

(From  Rankine's  Compilation,  1858;  Smithsonian  Tables.) 


Materials. 


Wood  on  wood,  dry 

Wood  on  wood,  soapy 

Metals  on  oak,  dry 

Metals  on  oak,  wet 

Metals  on  oak,  soapy 

Metals  on  elm,  dry 

Hemp  on  oak,  dry 

Hemp  on  oak,  wet 

Leather  on  oak 

Leather  on  metals,  dry 

Leather  on  metals,  wet 

Leather  on  metals,  greasy 

Leather  on  metals,  oily 

Metals  on  metals,  dry 

Metals  on  metals,  wet 

Smooth  surfaces  occasionally  greased. . 
Smooth  surfaces  continually  greased .  . 

Smooth  surfaces,  best  results 

Steel  on  agate,  dry 

Steel  on  agate,  oiled 

Iron  on  stone 

Wood  on  stone 

Masonry  and  brick  work,  dry 

Masonry  and  brick  work,  damp  mortar 

Masonry  on  dry  clay 

Masonry  on  moist  clay 

Earth  on  earth 

Earth  on  earth,   dry  sand,   clay  and 

mixed  earth 

Earth  on  earth,  damp  clay 

Earth  on  earth,  wet  clay 

Earth  on  earth,  shingle  and  gravel. .  .  . 


Coefficient  of 
friction. 


.25-. 50 
.20 

.50-. 60 
.24-. 26 
.20 

.20-. 25 
.53 
.33 

.27-. 38 
.56 
.36 
.23 
.15 

.15-. 20 
.3 

.07-. 08 
.05 

.03-. 036 
.20 
.107 
.30-. 70 
about  .40 
.60-. 70 
.74 
.51 
33 
'.  25-1. 00 

.38-. 75 
1.00 
.31 
.81-1.11 


Angle  of  repose 
in  degrees. 


14.0-26.5 

11.5 

26.5-31.0 

13.5-14.5 

11.5 

11.5-14.0 

28.0 

18.5 

15.0-19.5 

29.5 

20.0 

13.0 

8.5 

8.5-11.5 
16.5 

4.0-4.5 

3.0 

1.75-2.0 
11.5 

6.1 

16.7-35.0 
22.0 

33.0-35.0 
36.5 
27.0 
18.25 
14.9-45.0 

21.0-37.0 
45.0 
17.0 
39.0-48.0 


RESISTANCE  TO  CRUSHING  FOR  VARIOUS  MATERIALS 

Approximate  values  in  pounds  per  square  inch. 


Material. 

Resistance  to 

crushing  in 

lbs.  per  sq.  in. 

Material. 

Resistance  to 

crushing  in 

lbs.  per  sq.in. 

Brick : 

soft  burned .  . 

hard  burned. 

vitrified 

Brownstone. .  .  . 
Concrete 

3000-6000 
4500-6500 
8500-25000 
7300-23600 
800-3800 

Granite 

Limestone  . . 

Marble 

Sandstone  .  . 
Tufa 

9700-34000 
6000-25000 
7600-20700 
2400-29300 
7700-11600 
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TENSILE   STRENGTH   OF  METALS 

(Selected  from  Smithsonian  Tables.) 

Given  in  pounds  per  square  inch.      The  values  can  be  considered  only  OS 

approximations. 


Metal. 


Aluminum  wire 

Brass  wire 

Bronze  wire,  phosphor,  hard  drawn 
Bronze  wire,  silicon,  hard  drawn . . . 

Bronze 

Cobalt,  cast 

Copper  wire,  hard  drawn 

German  silver 

Gold  wire 

Iron,  cast 

Iron  wire,  hard  drawn 

Iron  wire,  annealed 

Lead,  cast  or  drawn 

Magnesium,  hard  drawn 

Monel  metal,  cold  drawn 

Nickel,  hard  drawn , 

Palladium 

Platinum  wire 

Silver  wire 

Steel 

Steel  wire,  maximum 

Steel,  specially  treated  nickel  steel. 
Steel,  piano  wire,  0.033  in.  diam... 
Steel,  piano  wire,  0.051  in.  diam... 

Tantalum 

Tin,  cast  or  drawn 

Tungsten,  hard  drawn 

Zinc,  cast 

Zinc,  drawn 


Tensile  Strength 
in  lbs.  per  sq.  in. 


30000-40000 
50000-150000 
110000-140000 
95000-115000 
60000-75000 

33000 
60000-70000 
40000-50000 

20000 
13000-33000 
80000-120000 
50000-60000 
2600-3300 
33000 
80000-100000 
155000 
39000 
50000 
42000 
40000-330000 
460000 
250000 
357000-390000 
325000-337000 
130000 
4000-5000 

590000 
7000-13000 
22000-30000 
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HARDNESS 

Mohs'  Scale  of  Hardness 


1  Talc 

2  Rock  salt  or  gypsum 

3  Calcite 


4  Fluorite 

5  Apatite 

6  Feldspar 

7  Quartz 

Hardness  of  Materials 


8  Topaz 

9  Corundum 
10  Diamond 


Agate 

6-7 
1.7 

2-2.5 

2-2.9 
9  + 

2-2.5 

7.5 

2.2 

3.0-3.3 

5 

3.5 
3.5 
5 

1-2 
6 

3.3 
4 

7.8 
2.5 
3 
9.5 

3-4 
2.0 
5 
3 

1.5 
10.0 
9-10 
0.2 
9.0 
2.5-3 
9 
10 

1-1.5 
3.5-4 

7-9 
6 
7 
4 

2.5 
1.5 
6.5-7 
4.5-6.5 
2.5-3 
0.5-1 
1.6-2 
6 
5.5 

Indium 

1   2 

Alabaster 

Iridium 

6-6  5 

Alum 

Iridosmium 

7 

Aluminum 

Iron 

4-5 

Alundum 

Kaolinite 

2.0-2  5 

Amber 

Lead 

1  5 

Andalusite 

Lithium 

0  6 

Anthracite 

Loess  (0°) 

0  3 

Antimony 

Magnesium 

2  0 

\patite 

Magnetite 

6 

Aragonite 

Manganese 

5  0 

Arsenic 

Marble 

3-4 

Asbestos 

Meerschaum 

2-3 

Asphalt 

Mica 

2  8 

Augite 

Opal 

4-6 

Barite 

Orthoclase 

6 

Bell-metal 

Osmium 

7  0 

Beryl 

Palladium 

4  8 

Bismuth 

Boric  acid 

Boron 

Phosphorus 

Phosphorbronze 

Platinum 

0-5 
4 
4  3 

Brass 

Plat-iridium 

6  5 

Cadmium 

Potassium 

0  5 

Calamine 

Pumice 

6 

Calcite 

Pyrite 

6  3 

Calcium 

Quartz 

7 

Carbon 

Carborundum 

Rock  salt  (halite) 

Ross'  metal 

2 
2.5-3  0 

Cesium 

Rubidium 

0  3 

Chromium 

Ruthenium 

6  5 

Copper 

Selenium 

2  0 

Corundum 

Serpentine 

3-4 

Diamond 

Silicon 

7  0 

Diatomaceous  earth .... 

Silver 

2.5-7 

Dolomite 

Emery 

Silver  chloride 

Sodium 

1.3 
0  4 

Feldspar 

Flint 

Steel 

Stibnite 

5-8.5 
2 

Fluorite 

Strontium 

1.8 

Galena 

Sulfur 

1 . 5-2 . 5 

Gallium 

Talc. 

Tellurium 

1 

Garnet 

2.3 

Glass 

Tin 

Topaz 

1.5-1.8 

Gold 

8 

Graphite 

Tourmaline 

7.3 

Gypsum 

Wax  (0°) 

0.2 

Hematite 

Wood's  metal 

3 

Hornblende 

Zinc 

2.5 

1741 


SURFACE  TENSION 

Compiled  by  T.  Fraser  Young  and  William  D.  Harkins 

Meaning  of  Symbols 
y   =  the  surface  tension  in  dynes  per  centimeter. 

£7=  the  surface  tension  of  a  solution  minus  the  surface  tension 
of  the  pure  solvent. 

--air,  means  that  the  liquid  was  in  contact  with  air  (saturated 
with  its  own  vapor). 

--vapor,  means  that  the  liquid  was  in  contact  with  its  own 
vapor. 

--N2  and  --H2  have  corresponding  meanings. 

-  -  also  designates  the  surface  between  a  pair  of  liquids  at  which 
the  interfacial  tension  was  determined. 

%=  weight  %  of  the  solute  (i.  e.  the  organic  substance). 

f  =  gram  formula  weights  per  1000  grams  of  solvent  (i.e.  water) . 

°C  ^degrees  Centigrade. 

°K  =  degrees  Kelvin  or  Absolute.    Temperature  in  °C=  Tem- 
perature in  °K -273.1. 

M.P.,  at  the  melting  point. 

&e  =  the  Eotvos  Constant,  in  erg  mole  "  I  degree  ~1. 

,  d  r     d  (M/d)5    7 

-ke  — 


dt  dt 

where  T  =y  (M/d)S 

M  =  mass  of  one  gram  formula  weight  of  the 
substance 

d  =  density  of  the  substance. 
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SURFACE  TENSION  (Continued) 
LIQUIDS  AGAINST  AIR 


Substance 


Acetic  acid 

Acetone 

Benzene 

Benzophenone 

n-Butyric  acid 

Carbon  tetrachloride 

Chlorobenzene 

Chloroform 

Cyclohexane 

Ethyl  acetate 

Ethyl  alcohol 

Ethyl  ether 

n-Hexane 

Methyl  alcohol 

n-Octane 

n-Octyl  alcohol 

Phenol 

n-Propylamine 

Toluene 

Triphenyl-phosphine . 
Tristearin 


Surface 
°C     tension, 

7 


20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

45.7 

60 


27.6 
23.7 

28.88 

45.1 

26.8 

26.8 

33.2 

27.1 

25.3 

23.9 

22.3 

17.0 

18.4 

22.6 

21.8 

27.5 

40.9 

22.4 

28.43 

42.0 

29.6 


Surface 
°C     tension , 


50 
60 
50 
50 
50 
50 
50 
60 

50" 
50 

40 
50 
60 

50 
45 
50 

95.9 
130 


24.7 
18.6 
25.0 
41.8 
24.0 
23.1 
29.6 
21.7 

20.2 

19.8 

16.3 
20.1 
17.9 

37.7 

19.4 
25.0 
36.9 
24.7 


kE 


1 

9 

2 

22 

2 

9 

2 

21 

2 

2 

2 

1 

2 

3 

2 

25 

2.3 

1*85 

1.9 

2.2 

3.3 

5.5 


Water. — See  special  table  below, 


LIQUIDS  AGAINST  THEIR  VAPORS 


Formula 

°C 

y 

°C 

7 

kE 

CI  2 -  -vapor 

C02 -  -vapor 

N204 -  -vapor 

NH3 -  -vapor 

PCI3 -  -vapor 

20. 
-25. 
1.6 
11.1 
20. 

18. 
9.1 
31. 
23. 
29.1 

50. 

20. 

19.8 

59.0 

50. 

13. 
1.2 

28. 
13. 
25.2 

2.2" 

1.3 
2.2 

Substance 

°K 

7 

°K 

7 

kE 

Hydrogen..-  -vapor 

Neon -  -vapor 

Nitrogen ...  -  -vapor 
Oxygen. . . .-  -vapor 

14.68 
24 

70.0 
70.0 

2.882 
5.90 
10.5 

18.3 

20.40 
28 

90.0 
90.0 

1.912 
4.45 
6.2 
13.2 

1.36 
2.0 
2.0 
1.9 
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SURFACE  TENSION  (Continued) 
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SURFACE  TENSION  (Continued) 
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SURFACE  TENSION  (Continued) 
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CUBICAL  EXPANSION  OF  LIQUIDS 

(From  Smithsonian  Tables) 
The  table  gives  the  values  of  the  coefficients  a,  /3  and  y  in  the  equation 
Vt  =  Vo{\  +  at  +  fit2  +  t<3)  and  also  the  true  coefficient  at  20°C. 


Liquid 


Acetic  acid 

Acetone 

Alcohol: 

Amyl 

Ethyl,    30%  by  vol 

"        50% 

"  99.3%  "  .... 
"  500  atmos.  press . 
"     3000     "  "    . 

Methyl 

Benzene 

Bromine 

Calcium  chloride: 

5.8%  solution 

40.9%        "       

Carbon  disulphide 

500  atmos.  pressure 

3000      "  "       .... 

Carbon  tetrachloride 

Chloroform 

Ether 

Glycerine 

Hydrochloric  acid: 

33.2%  solution 

Mercury 

Olive  oil 

Pentane 

Potassium  chloride: 

24.3%  solution 

Phenol 

Petroleum: 

Density  0.8467 

Sodium  chloride: 

20.6%  solution 

Sodium  sulphate: 

24%  solution 

Sulphuric  acid: 

10.9%  solution 

100.0% 

Turpentine 

Water 


Temp. 

Range 

°C 


16-107 
0-54 

•15-80 

18-39 
0-39 

27-46 
0-40 
0-40 
0-61 

11-81 
0-59 

18-25 

17-24 

•34-60 

0-50 

0-50 

0-76 

0-63 

•15-38 


0-33 
0-100 


0-33 

16-25 
36-157 

24-120 

0-29 

11-40 

0-30 

0-30 

-9-106 

0-33 


a  X  10* 


1.0630 
1.3240 

0.9001 

0.2928 

0.7450 

1.012 

0.866 

0.524 

1.1342 

1.17626 

1.06218 

0.07878 

0.42383 

1 . 13980 

0.940 

0.581 

1 . 18384 

1.10715 

1.51324 

0.4853 

0.4460 
0.18182 
0.6821 
1.4646 

0.2695 
0.8340 

0.8994 

0.3640 

0.3599 

0.2835 
0.5758 
0.9003 
-0.06427 


0X106 


0.12636 
3.8090 

0.6573 
10.790 
1.85 
2.20 


1.3635 

1.27776 

1.87714 

4.2742 
0.8571 
1.37065 


0.89881 
4.66473 
2.35918 
0.4895 

0.215 
0.0078 
1 . 1405 
3.09319 

2.080 
0.10732 

1.396 

1.237 

1.258 

2.580 
-0.432 
1.9595 
8.5053 


YXlOs 


1.0876 
-0.87983 

1.18458 
11.87 
0.730 


0.8741 
0.80648 
-0.30854 


1.91225 


1.35135 
-1.74328 
4.00512 


-0.539 
1.6084 


0.4446 


-0.44998 
-6.7900 


True 

coeff. 

at  20°C 

X  103 


1.071 

1.487 

0.902 


1.12 


1.199 
1.237 
1.132 

0.250 
0.458 
1.218 


1.236 
1.273 
1.656 
0.505 

0.455 
0.18186 
0.721 
1.608 

0.353 
1.090 

0.955 

0.414 

0.410 

0.387 
0.558 
0.973 
0.207 
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COEFFICIENTS  OF  EXPANSION  OF  GASES  AT 
CONSTANT  PRESSURE 

Change  in  volume  per  unit  volume  per  degree  Centigrade. 
(From  Smithsonian  Tables.) 


Gas. 


Acetylene 

Acetylene 

Air 

Air 

Ammonia 

Ammonia 

Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  monoxide 

Chlorine 

Chlorine 

Cyanogen 

Cyanogen 

Hydrochloric  acid 
Hydrochloric  acid 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Nitrogen , 

Nitrogen. ....... 

Nitrous  oxide.  .  .  . 

Oxygen 

Oxygen 

Oxygen ..... 

Oxygen 

Oxygen 

Oxygen 

Sulphur  dioxide. . 
Sulphur  dioxide. . 

Water  vapor 

Water  vapor 

Water  vapor 

Water  vapor 

Water  vapor 


Temp. 

°  C. 


0 

0-100 
0-100 
0-100 
0 

0-100 
0 

0-100 
0-20 
0-40 
0-100 
0-20 
0-100 
0-20 
0-100 
0-7.5 
64-100 
0-100 
0 

0-100 
0 

0-100 
0 

0-100 
0-100 
0-100 
0-100 
0-100 
0-100 
0 

0-100 
0-100 
0-100 
0-100 
0-100 
0-100 
0-100 
0-100 
0-100 

'6-ii9 

0-141 
0-162 
0-200 
0-247 


Pressure 
in  cm.  of 
mercury 


76. 

76. 

76. 
100. 

76. 

76. 

76. 

76. 

51. 

51. 

51. 

99. 

99. 

137. 

137. 

2621. 

2621. 

76. 

76. 

76. 

76. 

76. 

76. 

76. 
100. 
200. 
400. 
600. 
800. 

76. 

76. 

76. 
100. 
200. 
400. 
600. 
800. 
1000. 

76. 

98. 

76. 

76. 

76. 

76. 

76. 


0 

atm 
atm 
atm 
atm 


atm 
atm 
atm 
atm 
atm 
atm 


Coeffi- 
cient. 


003772 
3739 
3670 
36728 
3860 
3800 
3751 
3723 
37128 
37100 
37073 
37602 
37410 
37972 
37703 
1097 
6574 
3669 
3900 
3830 
396 
387 
3770 
3734 
36600 
332 
295 
261 
242 
3673 
3671 
3719 
486 
534 
459 
357 
288 
241 
3903 
3980 
4187 
4189 
4071 
3938 
3799 


Observer. 


Leduc,  1912 
Leduc,  1912 
Regnault,  1842 
Chappuis,  1903 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Chappuis,  1903 
Chappuis,  1903 
Chappuis,  1903 
Chappuis,  1903 
Chappuis,  1903 
Chappuis,  1903 
Chappuis,  1903 
Baly-Ramsay,   1894 
Baly-Ramsay,    1894 
Regnault,  1842 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Chappuis,  1903 
Amagat,  1890 
Amagat,  1890 
Amagat,  1890 
Amagat,  1890 
Leduc,  1912 
Leduc,  1912 
Regnault,  1842 
Amagat 
Amagat 
Amagat 
Amagat 
Amagat 
Amagat 
Regnault,  1842 
Regnault,  1842 
Hirn,  1862 
Hirn,  1862 
Hirn,  1862 
Hirn,  1862 
Hirn,  1862 
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COEFFICIENT  OF  EXPANSION  OF  GASES  AT 
CONSTANT  VOLUME 

Change  in  pressure  per  unit  pressure  per  degree  Centigrade. 
(From  Smithsonian  Tables.) 


Gas. 


Acetylene. 
Acetylene. 
Air 


Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Ammonia 
Ammonia. 
Argon. . . . 


Carbon  dioxide. 
Carbon  dioxide  .  . 
Carbon  dioxide  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide.  .  . 
Carbon  dioxide  .  . 
Carbon  dioxide  .  . 
Carbon  monoxide. 

Cyanogen 

Cyanogen 

Ethane 

Ethane.  ...     ..... 

Helium 


Hydrochloric  acid 
Hydrochloric  acid 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Hydrogen 

Methane 

Methane 

Nitrogen 


Nitrogen 

Nitrogen 

Nitrogen.  ...... 

Nitrogen   

Nitrogen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Oxygen , 

Oxygen. ....... 

Nitrous  oxide  . . 
Sulphur  dioxide, 


Temp. 
°  C. 


0 
0-100 


SO; 


0-100 


0 
0-100 


0-20 

0-40 

0-100 

0-20 

0-100 

0-100 

0 

0-100 

0 

0-100 
0 
0-100 


0-100 

0 

0-100 
16-132 
15-132 
12-105 

0-100 

0 

0-100 

0 

0-100 
13-132 

9-133 

0-20 

0-100 

0 

0-100 
11-132 

9-132 
11-132 


Pressure 
cm.  of  Hg. 


76. 
76. 
.6 
1.3 
10.0 
25.4 
75.2 
100.1 
76.0 
200.0 
2000. 
10000 
76. 
76. 
51.7 

51.8 
51.8 
51.8 
99.8 
99.8 
100.0 
76 
70 
76. 
76. 
76. 
76 
76. 
56.7 

76. 

76 

76. 

76. 
.0077 
.025 
.47 
100.0 

76. 

76. 

76. 

76. 
.06 
.53 
100.2 
100.2 

76. 

76. 
007 
.25 
.51 
1.9 

18.5 

76. 

76. 
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Coeffi- 
cient. 


003741 
3726 
37666 
37127 
36630 
36580 
36660 
36744 
36650 
36903 
38866 
4100 
3800 
3770 
3668 

36985 

36972 

36981 

37335 

37262 

37248 

3724 

3714 

36667 

3870 

3830 

3780 

3750 

3685 

3740 

3721 

3663 

3664 

3328 

3623 

3656 

36626 

3680 

3678 

3672 

3672 

3021 

3290 

36754 

36744 

3673 

3672 

4161 

3984 

3831 

36683 

36690 

3676 

3845 


Observer. 


Leduc,  1912 

Leduc,  1912 

Meleander,    1890-92 

Meleander,    1890-92 

Meleander,    1890-92 

Meleander,    1890-92 

Meleander,    1890-92 

Chappuis,  1903 

Regnault,  1842 

Regnault,  1842 

Regnault,  1842 

Regnault,  1842 

Leduc,  1912 

Leduc,  1912 

keunen-Randall, 
1896 

Chappius,  1903 

Chappuis,  1903 

Chappuis,  1903 

Chappuis,  1903 

Chappuis,  1903 

Chappuis,  1892 

Leduc,  1912 

Leduc,  1912 

Regnault,  1842 

Leduc,  1912 

Leduc,  1912 

Leduc,  1912 

Leduc,  1912 

H  eunen-Randall. 

1896 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Baly-Ramsay,  1894 
Baly-Ramsay,  1894 
Baly-Ramsay,  1894 
Chappuis,  1903 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Leduc,  1912 
Baly-Ramsay,  1894 
Baly-Ramsay,  1894 
Chappuis,  1903 
Chappuis,  1903 
Leduc,  1912 
Leduc,  1912 
Baly-Ramsay,  1894 
Baly-Ramsay,  1894 
Baly-Ramsay,  1894 
Meleander,  1891 
Meleander,  1891 
Regnault,  1842 
Regnault,  1842 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS 

Factors  and  their  logarithms  for  reducing  a  gas  volume  to  normal 
conditions,  0°  C,  760  mm  pressure. 

The  volume  of  dry  gas  measured  at  any  temperature  10-35°  C.  Inclusive  and  pressure 
690-784  mm  of  Hg  may  be  reduced  to  the  volume  at  0°  C.  (273.18°  K.)  and  760  mm  of  Hg 
pressure  by  multiplying  by  the  factor  found  in  the  table. 

In  case  the  volume  of  gas  is  measured  in  the  presence  of  water  vapor  the  pressure  of  the 
aqueous  vapor  must  be  subtracted  from  the  value  of  the  total  or  barometric  pressure  before 
entering  the  table.  In  the  case  of  atmospheric  air  the  vapor  pressure  may  be  found  by 
determining  the  dew  point  or  temperature  of  saturation.  The  pressure  of  water  vapor  may 
then  be  read  from  the  small  table  below.  If  gas  valumes  are  measured  over  water,  the  vapor 
pressure  will  be  that  of  saturated  aqueous  vapor  at  the  temperature  used.  A  table  giving 
the  pressure  of  saturated  aqueous  vapor  over  water  is  given  below. 


Pressure  of  Satur 

ated  Water  Vapor 

°c. 

mm 

°C. 

mm 

°C. 

mrn 

9 

8.6 

18 

15.5 

27 

26.7 

10 

9.2 

19 

16.5 

28 

28.3 

11 

9.8 

20 

17.5 

29 

30.0 

12 

10  5 

21 

18.7 

30 

31.8 

13 

11.2 

22 

19.8 

31 

33.7 

14 

12.0 

23 

21.1 

32 

35.7 

15 

12.8 

24 

22.4 

33 

37.7 

16 

13.6 

25 

23.8 

34 

39.9 

17 

14.5 

26 

25.2 

35 

42.2 

Factors  and  Logarithms 


T°C. 

690 

692 

694 

696 

697 

698 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

8758 

.9424 

.8783 

.9437 

.8809 

.9449 

.8834 

.9462 

.8847 

.9468 

.8860 

.9474 

11 

.8727 

.9409 

.8752 

.9421 

.8778 

.9434 

.8803 

.9446 

.8816 

.9453 

.8828 

.9459 

12 

.8696 

.9393 

.8722 

.9406 

.8747 

.9419 

.8772 

.9431 

.8785 

.9437 

.8797 

.9443 

13 

.8666 

.9378 

.8691 

.9391 

.8716 

.9403 

.8741 

.9416 

.8754 

.9422 

.8767 

.9428 

14 

.8636 

.9363 

.8661 

.9376 

.8686 

.9388 

.8711 

.9401 

.8723 

.9407 

.8736 

.9413 

15 

.8606 

.9348 

.8631 

.9361 

.8656 

.9373 

.8681 

.9386 

.8693 

.9392 

.8706 

.9398 

16 

.8576 

.9333 

.8601 

.9345 

.8626 

.9358 

.8651 

.9370 

.8663 

.9377 

.8675 

.9383 

17 

.8546 

.9318 

.8571 

.9330 

.8596 

.9343 

.8621 

.9355 

.8633 

.9362 

.8646 

.9368 

18 

.8517 

.9303 

.8542 

.9315 

.8566 

.9328 

.8591 

.9341 

.8603 

.9347 

.8616 

.9353 

19 

.8488 

.9288 

.8512 

.9301 

.8537 

.9313 

.8562 

.9326 

.8574 

.9332 

.8586 

.9338 

20 

.8459 

.9273 

.8483 

.9286 

.8508 

.9298 

.8532 

.9311 

.8545 

.9317 

.8557 

.9323 

21 

.8430 

.9258 

.8455 

.9271 

.8479 

.9283 

.8503 

.9296 

.8516 

.9302 

.8528 

.9308 

22 

.8402 

.9244 

.8426 

.9256 

.8450 

.9269 

.8475 

.9281 

.8487 

.9287 

.8499 

.9294 

23 

.8373 

.9229 

.8397 

.9241 

.8422 

.9254 

.8446 

.9266 

.8458 

.9273 

.8470 

.9279 

24 

.8345 

.9214 

.8369 

.9227 

.8393 

.9239 

.8417 

.9252 

.8430 

.9258 

.8442 

.9264 

25 

8317 

.9200 

.8341 

.9212 

.8365 

.9225 

.8389 

.9237 

.8401 

.9243 

.8413 

.9250 

26 

.8289 

.9185 

.8313 

.9198 

.8337 

.9210 

.8361 

.9223 

.8373 

.9229 

.8385 

.9235 

27 

.8261 

.9171 

.8285 

.9183 

.8309 

.9196 

.8333 

.9208 

.8345 

.9214 

.8357 

.9221 

28 

.8234 

.9156 

.8258 

.9169 

.8282 

.9181 

.8306 

.9194 

.8318 

.9200 

.8329 

,9206 

29 

.8207 

.9142 

.8230 

.9154 

.8254 

.9167 

.8278 

.9179 

.8290 

.9186 

.8302 

.9192 

30 

.8180 

.9127 

.8203 

.9140 

.8227 

.9152 

.8251 

.9165 

,8263 

.9171 

.8274 

.9177 

31 

.8153 

.9113 

.8176 

.9126 

.8200 

.9138 

.8224 

.9151 

.8235 

.9157 

.8247 

.9163 

32 

.8126 

.9099 

.8149 

.9111 

.8173 

.9124 

.8197 

.9136 

.8208 

.9143 

.8220 

,9149 

33 

.8099 

.9085 

.8123 

.9097 

.8146 

.9110 

.8170 

.9122 

.8182 

.9128 

.8193 

.9135 

34 

8073 

.9070 

.8096 

.9083 

.8120 

.9095 

.8143 

.9108 

.8155 

.9114 

.8167 

.9120 

35 

.8047 

9056 

.8070 

.9069 

.8093 

.9081 

.8117 

.9094 

.8128 

.9100 

.8140 

.9106 
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REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T°C. 

699       700 

701 

702 

703 

704 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.8872 

.9480 

.8885 

.9487 

.8898 

.9493 

.8910 

.9499 

.8923 

.9505 

.8936 

.9511 

11 

.8841 

.9465 

.8854 

.9471 

.8866 

.9477 

.8879 

.9484 

.8892 

.9490 

.8904 

.9496 

12 

.8810 

.9450 

.8823 

.9456 

.8835 

.9462 

.8848 

.9468 

.8860 

.9474 

8873 

9481 

13 

.8779 

.9434 

.8792 

.9441 

.8804 

.9447 

.8817 

.9453 

.8829 

.9459 

.8842 

9465 

14 

.8748 

.9419 

.8761 

.9426 

.8774 

.9432 

.8786 

.9438 

.8799 

.9444 

.8811 

.9450 

15 

.8718 

.9404 

.8731 

.9410 

.8743 

.9417 

.8756 

.9423 

.8768 

.9429 

.8780 

.9435 

16 

.8688 

.9389 

.8700 

.9395 

.8713 

.9402 

.8725 

.9408 

.8738 

.9414 

8750 

.9420 

17 

.8658 

.9374 

.8670 

.9380 

.8683 

.9387 

.8695 

.9393 

.8707 

.9399 

8720 

.9405 

18 

.8628 

.9359 

.8641 

.9365 

.8653 

.9372 

.8665 

.9378 

.8678 

.9384 

.8690 

.9390 

19 

.8599 

.9344 

.8611 

.9350 

.8623 

.9357 

.8636 

.9363 

.8648 

.9369 

.8660 

.9375 

20 

.8569 

.9329 

.8582 

.9336 

.8594 

.9342 

.8606 

.9348 

.8618 

.9354 

.8631 

9360 

21 

.8540 

.9315 

.8552 

.9321 

.8565 

.9327 

.8577 

.9333 

.8589 

.9339 

8601 

.9346 

22 

.8511 

.9300 

.8523 

.9306 

.8535 

.9312 

.8548 

.9318 

.8560 

.9325 

.8572 

.9331 

23 

.8482 

.9285 

.8494 

.9291 

.8507 

.9298 

.8519 

.9304 

.8531 

.9310 

.8543 

.9316 

24 

.8454 

.9271 

.8466 

.9277 

.8478 

.9283 

.8490 

.9289 

.8502 

.9295 

.8514 

.9301 

25 

.8425 

.9256 

.8437 

.9262 

.8449 

.9268 

.8462 

.9275 

.8474 

.9281 

.8486 

.9287 

26 

8397 

.9241 

.8409 

.9248 

.8421 

.9254 

.8433 

.9260 

.8445 

.9266 

.8457 

.9272 

27 

.8369 

.9227 

.8381 

.9233 

.8393 

.9239 

.8405 

.9245 

.8417 

.9252 

.8429 

9258 

28 

.8341 

.9212 

.8353 

.9219 

.8365 

.9225 

.8377 

.9231 

.8389 

.9237 

.8401 

.9243 

29 

.8314 

.9198 

.8326 

.9204 

.8338 

.9210 

.8349 

.9217 

.8361 

.9223 

.8373 

.9229 

30 

.8286 

.9184 

.8298 

.9190 

.8310 

.9196 

.8322 

.9202 

.8334 

.9208 

.8346 

.9215 

31 

.8259 

.9169 

.8271 

.9175 

.8283 

.9182 

.8294 

.9188 

.8306 

.9194 

.8318 

.9200 

32 

.8232 

.9155 

.8244 

.9161 

.8255 

.9167 

.8267 

.9174 

.8279 

.9180 

.8291 

.9186 

33 

.8205 

.9141 

.8217 

.9147 

.8228 

.9153 

.8240 

.9159 

.8252 

.9165 

.8264 

.9172 

34 

.8178 

.9127 

.8190 

.9133 

.8202 

.9139 

.8213 

.9145 

.8225 

.9151 

.8237 

.9158 

35 

.8152 

.9112 

.8163 

.9119 

.8175 

.9125 

.8187 

.9131 

.8198 

.9137 

.8210 

.9143 

T°C. 

705 

706 

707 

708 

709 

710 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.8948 

.9517 

.8961 

.9524 

.8974 

.9530 

.8986 

.9536 

.8999 

.9542 

.9012 

.9548 

11 

.8917 

.9502 

.8929 

.9508 

.8942 

.9514 

.8955 

.9521 

.8967 

.9527 

.8980 

.9533 

12 

.8886 

.9487 

.8898 

.9493 

.8911 

.9499 

.8923 

.9505 

.8936 

.9511 

.8949 

.9518 

13 

.8854 

.9472 

.8867 

.9478 

8880 

.9484 

.8892 

.9490 

.8905 

.9496 

.8917 

.9502 

14 

.8824 

.9456 

.8836 

.9463 

.8849 

.9469 

.8861 

.9475 

.8874 

.9481 

.8886 

.9487 

15 

.8793 

.9441 

.8805 

.9447 

.8818 

.9454 

.8830 

.9460 

.8843 

.9466 

.8855 

.9472 

16 

.8762 

.9426 

.8775 

.9432 

.8787 

.9439 

.8800 

.9445 

.8812 

.9451 

.8825 

.9457 

17 

.8732 

.9411 

.8745 

.9417 

.8757 

.9424 

.8769 

.9430 

.8782 

.9436 

.8794 

.9442 

18 

.8702 

.9396 

.8715 

.9402 

.8727 

.9409 

.8739 

.9415 

.8752 

.9421 

.8764 

.9427 

19 

.8672 

.9381 

.8685 

.9388 

.8697 

.9394 

.8709 

.9400 

.8722 

.9406 

.8734 

.9412 

20 

.8643 

.9367 

.8655 

.9373 

.8667 

.9379 

.8680 

.9385 

.8692 

.9391 

.8704 

.9397 

21 

.8613 

.9352 

.8626 

.9358 

.8638 

.9364 

.8650 

.9370 

.8662 

.9376 

.8674 

.9382 

22 

.8584 

.9337 

.8596 

.9343 

.8609 

.9349 

.8621 

.9355 

.8633 

.9362 

.8645 

.9368 

23 

.8555 

.9322 

.8567 

.9328 

.8579 

.9335 

.8592 

.9341 

.8604 

.9347 

.8616 

.9353 

24 

.8526 

.9308 

.8538 

.9314 

.8551 

.9320 

.8563 

.9326 

.8575 

.9332 

.8587 

.9338 

25 

.8498 

.9293 

.8510 

.9299 

.8522 

.9305 

.8534 

.9311 

.8546 

.9318 

.8558 

.9324 

26 

.8469 

.9278 

.8481 

.9285 

.8493 

.9291 

.8505 

.9297 

.8517 

.9303 

.8529 

.9309 

27 

.8441 

.9264 

.8453 

.9270 

.8465 

.9276 

.8477 

.9282 

.8489 

.9289 

.8501 

.9295 

28 

.8413 

.9249 

.8425 

.9256 

.8437 

.9262 

.8449 

.9268 

.8461 

.9274 

.8473 

.9280 

29 

.8385 

.9235 

.8397 

.9241 

.8409 

9247 

.8421 

.9254 

.8433 

.9260 

.8445 

.9266 

30 

.8357 

.9221 

.8369 

.9227 

.8381 

.9233 

.8393 

.9239 

.8405 

.9245 

.8417 

.9251 

31 

.8330 

.9206 

.8342 

.9213 

.8354 

.9219 

.8365 

.9225 

.8377 

.9231 

.8389 

.9237 

32 

.8303 

.9192 

.8314 

.9198 

.8326 

.9204 

.8338 

.9211 

.8350 

.9217 

.8361 

.9223 

33 

.8275 

.9178 

.8287 

.9184 

.8299 

.9190 

.8311 

.9196 

.8322 

.9202 

.8334 

.9209 

34 

.8248 

.9164 

.8260 

.9170 

.8272 

.9176 

.8284 

.9182 

.8295 

.9188 

.8307 

.9194 

35 

.8222 

.9150 

.8233 

.9156 

.8245 

.9162 

.8257 

.9168 

.8268 

.9174 

.8280 

.9180 

1783 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


t°c. 

711 

712 

713 

714 

715 

716 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9025 

.9554 

.9037 

.9560 

.9050 

.9566 

.9063 

.9573 

.9075 

.9579 

.9088 

.9585 

11 

.8993 

.9539 

.9005 

.9545 

.9018 

.9551 

.9031 

.9557 

.9043 

.9563 

.9056 

.9569 

12 

.8961 

.9524 

.8974 

.9530 

.8986 

.9536 

8999 

.9542 

.9012 

.9548 

9024 

.9554 

13 

.8930 

.9508 

.8942 

.9515 

.8955 

.9521 

.8967 

.9527 

.8980 

.9533 

8993 

.9539 

14 

.8899 

.9493 

.8911 

.9499 

.8924 

.9505 

.8936 

.9512 

.8949 

.9518 

.8961 

.9524 

15 

.8868 

.9478 

.8880 

.9484 

.8893 

.9490 

.8905 

.9496 

.8918 

.9503 

.8930 

.9509 

16 

8837 

.9463 

.8849 

.9469 

.8862 

.9475 

.8874 

.9481 

.8887 

.9487 

.8899 

.9494 

17 

.8807 

.9448 

.8819 

.9454 

.8831 

.9460 

8844 

.9466 

.8856 

.9472 

8869 

.9479 

18 

.8776 

.9433 

.8789 

.9439 

.8801 

.9445 

.8813 

.9451 

.8826 

.9457 

.8838 

.9464 

19 

.8746 

.9418 

.8759 

.9424 

.8771 

.9430 

.8783 

.9436 

.8795 

.9443 

.8808 

.9449 

20 

.8716 

.9403 

.8729 

.9409 

.8741 

.9416 

.8753 

.9422 

.8765 

.9428 

.8778 

.9434 

21 

.8687 

.9389 

.8699 

.9395 

.8711 

.9401 

.8723 

.9407 

.8736 

.9413 

8748 

.9419 

22 

.8657 

.9374 

.8669 

.9380 

.8682 

.9386 

.8694 

.9392 

.8706 

9398 

8718 

.9404 

23 

.8628 

.9359 

.8640 

.9365 

.8652 

.9371 

.8664 

.9377 

.8677 

.9383 

8689 

.9390 

24 

.8599 

.9344 

.8611 

.9351 

8623 

.9357 

.8635 

.9363 

.8647 

.9369 

.8659 

.9375 

25 

.8570 

.9330 

.8582 

.9336 

.8594 

.9342 

8606 

.9348 

.8618 

.9354 

.8630 

.9360 

26 

.8541 

.9315 

.8553 

.9321 

8565 

.9327 

.8577 

.9334 

.8589 

.9340 

.8601 

.9346 

27 

.8513 

.9301 

.8525 

.9307 

.8537 

.9313 

8549 

.9319 

.8561 

.9325 

.8573 

.9331 

28 

.8485 

.9286 

.8497 

.9292 

.8508 

.9299 

.8520 

.9305 

.8532 

.9311 

.8544 

9317 

29 

8456 

.9272 

.8468 

.9278 

.8480 

.9284 

.8492 

.9290 

.8504 

.9296 

.8516 

.9302 

30 

.8429 

.9258 

.8440 

.9264 

.8452 

.9270 

.8464 

.9276 

,8476 

.9282 

.8488 

.9288 

31 

.8401 

.9243 

.8413 

.9249 

.8424 

.9255 

.8436 

.9261 

.8448 

.9268 

.8460 

.9274 

32 

.8373 

.9229 

.8385 

.9235 

.8397 

.9241 

.8409 

.9247 

.8420 

.9253 

.8432 

9259 

33 

.8346 

.9215 

.8358 

.9221 

.8369 

.9227 

.8381 

.9233 

.8393 

.9239 

.8405 

.9245 

34 

.8319 

.9201 

8330 

.9207 

.8342 

.9213 

8354 

.9219 

.8365 

.9225 

.8377 

.9231 

35 

8292 

.9186 

.8303 

.9193 

.8315 

.9199 

.8327 

.9205 

.8338 

.9211 

.8350 

.9217 

T°C. 

717 

718 

719 

720 

721 

722 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9101 

.9591 

.9113 

.9597 

.9126 

.9603 

.9139 

.9609 

.9151 

9615 

.9164 

.9621 

11 

.9069 

.9575 

.9081 

.9581 

.9094 

.9588 

.9107 

.9594 

.9119 

.9600 

.9132 

.9606 

12 

.9037 

.9560 

.9049 

.9566 

.9062 

.9572 

.9075 

.9578 

.9087 

.9584 

9100 

.9590 

13 

.9005 

.9545 

.9018 

.9551 

.9030 

.9557 

.9043 

.9563 

.9055 

.9569 

.9068 

9575 

14 

.8974 

.9530 

.8986 

.9536 

.8999 

.9542 

.9011 

.9548 

.9024 

.9554 

9036 

.9560 

15 

.8943 

.9515 

.8955 

.9521 

.8968 

.9527 

.8980 

.9533 

.8992 

.9539 

.9005 

.9545 

16 

.8912 

.9500 

.8924 

.9506 

.8936 

.9512 

.8949 

.9518 

.8961 

.9524 

.8974 

.9530 

17 

.8881 

.9485 

.8893 

.9491 

.8906 

.9497 

.8918 

.9503 

.8930 

.9509 

.8943 

.9515 

18 

.8850 

.9470 

.8863 

.9476 

.8875 

.9482 

.8887 

.9488 

.8900 

.9494 

.8912 

9500 

19 

.8820 

.9455 

.8832 

.9461 

8845 

.9467 

.8857 

.9473 

.8869 

.9479 

.8882 

9485 

20 

.8790 

.9440 

.8802 

.9446 

.8814 

.9452 

.8827 

.9458 

.8839 

.9464 

.8851 

.9470 

21 

.8760 

.9425 

.8772 

.9431 

.8784 

.9437 

.8797 

.9443 

.8809 

.9449 

.8821 

9455 

22 

.8730 

.9410 

.8742 

.9416 

.8755 

.9422 

.8767 

.9428 

.8779 

.9434 

8791 

.9440 

23 

.8701 

.9396 

8713 

.9402 

.8725 

.9408 

.8737 

.9414 

8749 

.9420 

8761 

.9426 

24 

.8671 

.9381 

.8684 

.9387 

.8696 

.9393 

.8708 

.9399 

.8720 

.9405 

.8732 

.9411 

25 

.8642 

.9366 

.8654 

.9372 

.8666 

.9378 

.8679 

.9384 

.8691 

.9390 

.8703 

.9397 

26 

.8613 

.9352 

.8625 

.9358 

.8637 

.9364 

.8649 

.9370 

.8661 

.9376 

8674 

9382 

27 

.8585 

.9337 

.8597 

.9343 

.8609 

.9349 

.8621 

.9355 

.8633 

.9361 

.8645 

.9367 

28 

.8556 

.9323 

.8568 

.9329 

.8580 

.9335 

.8592 

.9341 

.8604 

.9347 

.8616 

.9353 

29 

.8528 

.9308 

.8540 

.9314 

.8552 

.9320 

.8564 

.9327 

.8575 

.9333 

.8587 

.9339 

30 

.8500 

.9294 

.8512 

.9300 

.8523 

.9306 

.8535 

.9312 

.8547 

.9318 

.8559 

.9324 

31 

.8472 

.9280 

.8484 

.9286 

.8495 

.9292 

.8507 

.9298 

8519 

.9304 

8531 

.9310 

32 

.8444 

.9265 

.8456 

.9271 

.8467 

.9278 

.8479 

.9284 

.8491 

.9290 

.8503 

.9296 

33 

.8416 

.9251 

.8428 

.9257 

.8440 

.9263 

.8452 

.9269 

8463 

.9275 

.8475 

.9281 

34 

.8389 

.9237 

.8401 

.9243 

.8412 

.9249 

.8424 

.9255 

8436 

.9261 

8447 

.9267 

35 

.8362 

.9223 

.8373 

.9229 

.8385 

.9235 

.8397 

.9241 

.8408 

.9247 

.8420 

.9253 

1781 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T°C. 

723 

724 

725 

726 

727 

728 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9177 

.9627 

.9190 

.9633 

.9202 

.9639 

.9215 

.9645 

.9228 

.9651 

.9240 

.9657 

11 

.9144 

.9612 

.9157 

.9618 

.9170 

.9624 

.9182 

.9630 

.9195 

.9636 

.9208 

.9642 

12 

.9112 

.9596 

.9125 

.9602 

.9138 

.9608 

.9150 

.9614 

.9163 

.9620 

9175 

.9626 

13 

.9081 

.9581 

.9093 

.9587 

.9106 

.9593 

.9118 

.9599 

.9131 

.9605 

9143 

.9611 

14 

.9049 

.9566 

.9061 

.9572 

.9074 

.9578 

.9086 

.9584 

.9099 

.9590 

.9111 

.9596 

15 

.9017 

.9551 

.9030 

.9557 

.9042 

.9563 

.9055 

.9569 

.9067 

.9575 

9080 

.9581 

16 

.8986 

.9536 

.8999 

.9542 

.9011 

.9548 

.9023 

.9554 

.9036 

.9560 

9048 

.9566 

17 

8955 

.9521 

.8968 

.9527 

.8980 

.9533 

.8992 

.9539 

.9005 

.9545 

.9017 

.9551 

18 

.8924 

.9506 

.8937 

.9512 

.8949 

.9518 

.8961 

.9524 

.8974 

.9530 

.8986 

.9536 

19 

.8894 

.9491 

.8906 

.9497 

.8918 

.9503 

.8931 

.9509 

.8943 

.9515 

.8955 

.9521 

20 

.8863 

.9476 

.8876 

.9482 

.8888 

.9488 

.8900 

.9494 

.8913 

.9500 

.8925 

.9506 

21 

.8833 

.9461 

.8846 

.9467 

.8858 

.9473 

.8870 

.€479 

.8882 

.9485 

.8894 

.9491 

22 

8803 

.9446 

.8816 

.9452 

.8828 

.9458 

.8840 

.9464 

.8852 

.9470 

.8864 

.9476 

23 

.8774 

.9432 

.8786 

.9438 

.8798 

.9444 

.8810 

.9450 

.8822 

.9456 

.8834 

.9462 

24 

.8744 

.9417 

.8756 

.9423 

.8768 

.9429 

.8780 

.9435 

.8792 

.9441 

.8805 

.9447 

25 

.8715 

.9403 

.8727 

.9409 

.8739 

.9415 

.8751 

.9420 

.8763 

.9426 

.8775 

.9432 

26 

.8686 

.9388 

.8698 

.9394 

.8710 

.9400 

.8722 

.9406 

.8734 

.9412 

.8746 

.9418 

27 

.8657 

.9373 

.8669 

.9379 

.8680 

.9385 

.8692 

.9391 

.8704 

.9397 

.8716 

.9403 

28 

.8628 

.9359 

.8640 

.9365 

.8652 

.9371 

.8664 

.9377 

.8676 

.9383 

.8687 

.9389 

29 

.8599 

.9345 

.8611 

.9351 

.8623 

.9357 

.8635 

.9363 

.8647 

.9369 

.8659 

.9375 

30 

.8571 

.9330 

.8583 

.9336 

.8595 

.9342 

.8606 

.9348 

.8618 

.9354 

.8630 

.9360 

31 

.8543 

.9316 

.8554 

.9322 

.8566 

.9328 

.8578 

.9334 

.8590 

.9340 

.8602 

.9346 

32 

.8515 

.9302 

.8526 

.9308 

.8538 

.9314 

.8550 

.9320 

.8562 

.9326 

.8573 

.9332 

33 

8487 

.9287 

.8498 

.9293 

.8510 

.9299 

.8522 

.9305 

.8534 

.9311 

.8545 

.9317 

34 

.8459 

.9273 

8471 

.9279 

.8482 

.9285 

.8494 

.9291 

.8506 

.9297 

.8518 

.9303 

35 

.8432 

.9259 

.8443 

.9265 

.8455 

.9271 

.8467 

.9277 

.8478 

.9283 

.8490 

9289 

T°C. 

729 

730 

731 

732 

733 

734 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9253 

.9663 

.9266 

.9669 

.9278 

.9675 

.9291 

.9681 

.9304 

.9687 

.9316 

.9693 

11 

.9220 

.9647 

.9233 

.9653 

.9246 

.9659 

.9258 

.9665 

.9271 

.9671 

.9284 

.9677 

12 

.9188 

.9632 

.9201 

.9638 

.9213 

.9644 

.9226 

.9650 

.9238 

.9656 

9251 

.9662 

13 

.9156 

.9617 

.9168 

.9623 

.9181 

.9629 

.9194 

.9635 

.9206 

.9641 

9219 

.9647 

14 

.9124 

.9602 

.9136 

.9608 

.9149 

.9614 

.9162 

.9620 

.9174 

.9626 

.9187 

.9632 

15 

.9092 

.9587 

.9105 

.9593 

.9117 

.9599 

.9130 

.9605 

.9142 

.9610 

9155 

9616 

16 

.9061 

.9572 

.9073 

.9578 

.9086 

.9584 

.9098 

.9589 

.9110 

.9595 

.9123 

.9601 

17 

.9030 

.9557 

.9042 

.9563 

9054 

.9569 

.9067 

.9574 

.9079 

.9580 

.9091 

.9586 

18 

8998 

.9542 

.9011 

.9548 

.9023 

.9554 

.9036 

.9560 

.9048 

.9565 

9060 

9571 

19 

.8968 

.9527 

.8980 

.9533 

.8992 

.9539 

.9005 

.9545 

.9017 

.9551 

.9029 

.9556 

20 

.8937 

.9512 

.8949 

.9518 

.8962 

.9524 

.8974 

.9530 

.8986 

.9536 

.8998 

.9542 

21 

.8907 

.9497 

.8919 

.9503 

.8931 

.9509 

.8943 

.9515 

.8955 

.9521 

.8968 

.9527 

22 

.8876 

.9482 

.8889 

.9488 

.8901 

.9494 

.8913 

.9500 

.8925 

.9506 

.8937 

.9512 

23 

.8846 

.9468 

.8859 

.9474 

.8871 

.9480 

.8883 

.9486 

.8895 

.9491 

.8907 

.9497 

24 

.8817 

.9453 

.8829 

.9459 

.8841 

.9465 

.8853 

.9471 

.8865 

.9477 

.8877 

.9483 

25 

.8787 

.9438 

.8799 

.9444 

.8811 

.9450 

.8823 

.9456 

.8835 

.9462 

.8847 

.9468 

26 

.8758 

.9424 

.8770 

.9430 

.8782 

.9436 

.8794 

.9442 

.8806 

.9448 

.8818 

.9454 

27 

.8728 

.9409 

.8740 

.9415 

.8752 

.9421 

.8764 

.9427 

.8776 

.9433 

.8788 

.9439 

28 

.8699 

.9395 

.8711 

.9401 

.8723 

.9407 

.8735 

.9413 

.8747 

.9419 

.8759 

.9425 

29 

.8671 

.9380 

.8682 

.9386 

.8694 

.9392 

.8706 

.9398 

.8718 

.9404 

.8730 

.9410 

30 

.8642 

.9366 

.8654 

.9372 

.8666 

.9378 

.8677 

.9384 

.8689 

.9390 

.8701 

.9396 

31 

.8613 

.9352 

.8625 

.9358 

.8637 

.9364 

.8649 

.9370 

.8661 

.9376 

.8673 

.9381 

32 

.8585 

.9338 

.8597 

.9343 

.8609 

.9349 

.8621 

.9355 

.8632 

.9361 

.8644 

.9367 

33 

.8557 

.9323 

.8569 

.9329 

.8581 

.9335 

.8592 

.9341 

.8604 

.9347 

.8616 

.9353 

34 

.8529 

.9309 

.8541 

.9315 

.8553 

.9321 

.8564 

.9327 

.8576 

.9333 

.8588 

.9339 

35 

.8502 

.9295 

.8513 

.9301 

.8525 

.9307 

.8537 

.9313 

.8548 

.9319 

.8560 

.9325 

1785 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T°C. 

735 

736 

737 

738 

739 

740 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9329 

.9698 

.9342 

.9704 

.9355 

.9710 

.9367 

.9716 

.9380 

.9722 

.9393 

.9728 

11 

.9296 

.9683 

.9309 

.9689 

.9322 

.9695 

.9334 

.9701 

.9347 

.9707 

.9360 

.9713 

12 

.9264 

.9668 

.9276 

.9674 

.9289 

.9680 

.9301 

.9686 

.9314 

.9691 

.9327 

.9697 

13 

.9231 

.9653 

.9244 

.9659 

.9256 

.9664 

.9269 

.9670 

.9281 

.9676 

.9294 

.9682 

14 

.9199 

.9637 

.9212 

.9643 

.9224 

.9649 

.9237 

.9655 

.9249 

.9661 

.9262 

.9667 

15 

.9167 

.9622 

.9180 

.9628 

.9192 

.9634 

.9205 

.9640 

.9217 

.9646 

.9229 

.9652 

16 

.9135 

.9607 

.9148 

.9613 

.9160 

.9619 

.9173 

.9625 

.9185 

.9631 

.9198 

.9637 

17 

.9104 

.9592 

.9116 

.9598 

.9129 

.9604 

.9141 

.9610 

.9153 

.9616 

.9166 

.9622 

18 

.9073 

.9577 

.9085 

.9583 

.9097 

.9589 

.9110 

.9595 

.9122 

.9601 

.9134 

.9607 

19 

.9041 

.9562 

.9054 

.9568 

.9066 

.9574 

.9078 

.9580 

.9091 

.9586 

.9103 

.9592 

20 

.9011 

.9548 

.9023 

.9553 

.9035 

.9559 

.9047 

.9565 

.9060 

.9571 

.9072 

.9577 

21 

.8980 

.9533 

.8992 

.9539 

.9004 

.9545 

.9017 

.9550 

.9029 

.9556 

.9041 

.9562 

22 

.8949 

.9518 

.8962 

.9524 

.8974 

.9530 

.8986 

.9536 

.8998 

.9542 

.9010 

.9547 

23 

.8919 

.9503 

.8931 

.9509 

.8943 

.9515 

.8956 

.9521 

.8968 

.9527 

.8980 

.9533 

24 

.8889 

.9489 

.8901 

.9495 

.8913 

.9500 

.8925 

.9506 

.8938 

.9512 

.8950 

.9518 

25 

.8859 

.9474 

.8871 

.9480 

.8883 

.9486 

.8895 

.9492 

.8908 

.9498 

.8920 

.9503 

26 

.8830 

.9459 

.8842 

.9465 

.8854 

.9471 

.8866 

.9477 

.8878 

.9483 

.8890 

.9489 

27 

8800 

.9445 

.8812 

.9451 

.8824 

.9457 

.8836 

.9463 

.8848 

.9469 

.8860 

.9474 

28 

.8771 

.9430 

.8783 

.9436 

.8795 

.9442 

.8807 

.9448 

.8819 

.9454 

.8831 

.9460 

29 

.8742 

.9416 

.8754 

.9422 

.8766 

.9428 

.8778 

.9434 

.8789 

.9440 

.8801 

.9446 

30 

.8713 

.9402 

.8725 

.9408 

.8737 

.9414 

.8749 

.9419 

.8760 

.9425 

.8772 

.9431 

31 

.8684 

.9387 

.8696 

.9393 

.8708 

.9399 

.8720 

.9405 

.8732 

.9411 

.8743 

.9417 

32 

.8656 

.9373 

.8668 

.9379 

.8679 

.9385 

.8691 

.9391 

.8703 

.9397 

.8715 

.9403 

33 

.8628 

.9359 

.8639 

.9365 

.8651 

.9371 

.8663 

.9377 

.8675 

.9382 

.8686 

.9388 

34 

.8599 

.9345 

.8611 

.9351 

.8623 

.9357 

.8635 

.9362 

.8646 

.9368 

.8658 

.9374 

35 

.8572 

.9331 

.8583 

.9336 

.8595 

.9342 

.8607 

.9348 

.8618 

.9354 

.8630 

.9360 

T°C. 

741 

742 

743 

744 

745 

746 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9405 

.9734 

.9418 

.9740 

.9431 

.9745 

.9443 

.9751 

.9456 

.9757 

.9469 

.9763 

11 

.9372 

.9718 

.9385 

.9724 

.9397 

.9730 

.9410 

.9736 

.9423 

.9742 

.9435 

.9748 

12 

.9339 

.9703 

.9352 

.9709 

.9364 

.9715 

.9377 

.9721 

.9390 

.9727 

.9402 

.9732 

13 

.9307 

.9688 

.9319 

.9694 

.9332 

.9700 

.9344 

.9705 

.9357 

.9711 

.9369 

.9717 

14 

.9274 

.9573 

.9287 

.9679 

.9299 

.9684 

.9312 

.9690 

.9324 

.9696 

.9337 

.9702 

15 

9242 

.9658 

.9254 

.9663 

.9267 

.9669 

.9279 

.9675 

.9292 

.9681 

.9304 

.9687 

16 

.9210 

.9643 

.9222 

.9648 

.9235 

.9654 

.9247 

.9660 

.9260 

.9666 

.9272 

.9672 

17 

.9178 

.9528 

.9191 

.9633 

.9203 

.9639 

.9215 

.9645 

.9228 

.9651 

.9240 

.9657 

18 

.9147 

.9613 

.9159 

.9618 

.9171 

.9624 

.9184 

.9630 

.9196 

.9636 

.9208 

.9642 

19 

.9115 

.9598 

.9128 

.9604 

.9140 

.9609 

.9152 

.9615 

.9164 

.9621 

.9177 

.9627 

20 

.9084 

.9583 

.9096 

.9589 

.9109 

.9595 

.9121 

.9600 

.9133 

.9606 

.9145 

.9612 

21 

.9053 

.9568 

.9065 

.9574 

.9078 

.9580 

.9090 

.9586 

.9102 

.9591 

.9114 

.9597 

22 

.9023 

.9553 

.9035 

.9559 

.9047 

.9565 

.9059 

.9571 

.9071 

.9577 

.9083 

.9582 

23 

.8992 

.9539 

.9004 

.9544 

.9016 

.9550 

.9028 

.9556 

.9041 

.9562 

.9053 

.9568 

24 

.8962 

.9524 

.8974 

.9530 

.8986 

.9536 

.8998 

.9541 

.9010 

.9547 

.9022 

.9553 

25 

.8932 

.9509 

.8944 

.9515 

.8956 

.9521 

.8968 

.9527 

.8980 

.9533 

.8992 

.9539 

26 

.8902 

.9495 

.8914 

.9501 

.8926 

.9506 

.8938 

.9512 

.8950 

.9518 

.8962 

.9524 

27 

.8872 

.9480 

.8884 

.9486 

.8896 

.9492 

.8908 

.9498 

.8920 

.9504 

.8932 

.9509 

28 

.8843 

.9466 

.8855 

.9472 

.8866 

.9477 

.8878 

.9483 

.8890 

.9489 

.8902 

.9495 

29 

.8813 

.9451 

.8825 

.9457 

.8837 

.9463 

.8849 

.9469 

.8861 

.9475 

.8873 

.9481 

30 

.8784 

.9437 

.8796 

.9443 

.8808 

.9449 

.8820 

.9455 

.8832 

.9460 

.8843 

.9466 

31 

.8755 

.9423 

.8767 

.9429 

.8779 

.9434 

.8791 

.9440 

.8803 

.9446 

.8814 

.9452 

32 

.8727 

.9408 

.8738 

.9414 

.8750 

.9420 

.8762 

.9426 

.8774 

.9432 

.8785 

.9438 

33 

.8698 

.9394 

.8710 

.9400 

,8721 

.9406 

.8733 

.9412 

.8745 

.9418 

.8757 

.9423 

34 

.8670 

.9380 

.8681 

.9386 

.8693 

.9392 

.8705 

.9398 

8716 

.9403 

.8728 

.9409 

35 

.8642 

.9366 

.8653 

.9372 

.8665 

.9378 

.8676 

.9383  .8688 

.9389 

.8700 

.9395 

1786 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T°C. 

747 

748 

749 

750 

751 

752 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9481 

.9769 

.9494 

.9775 

.9507 

.9780 

.9520 

.9786 

.9532 

.9792 

.9545 

.9798 

11 

.9448 

.9753 

.9461 

.9759 

.9473 

.9765 

.9486 

.9771 

.9499 

.9777 

.9511 

.9782 

12 

9415 

.9738 

.9427 

.9744 

.9440 

.9750 

.9453 

.9756 

.9465 

.9761 

.9478 

.9767 

13 

.9382 

.9723 

.9395 

.9729 

.9407 

.9735 

.9420 

.9740 

.9432 

.9746 

.9445 

.9752 

14 

.9349 

.9708 

.9362 

.9714 

.9374 

.9719 

.9387 

.9725 

.9399 

.9731 

.9412 

.9737 

15 

.9317 

.9693 

.9329 

.9698 

.9342 

.9704 

.9354 

.9710 

.9367 

.9716 

.9379 

.9722 

16 

.9285 

.9678 

.9297 

.9683 

.9309 

.9689 

.9322 

.9695 

.9334 

.9701 

.9347 

.9707 

17 

.9252 

.9663 

.9265 

.9668 

.9277 

.9674 

.9290 

.9680 

.9302 

.9686 

.9314 

.9692 

18 

.9221 

.9648 

.9233 

.9653 

.9245 

.9659 

.9258 

.9665 

.9270 

.9671 

.9282 

.9677 

19 

9189 

.9633 

.9201 

.9639 

.9214 

.9644 

.9226 

.9650 

.9238 

.9656 

.9251 

.9662 

20 

.9158 

.9618 

.9170 

.9624 

.9182 

.9629 

.9194 

.9635 

.9207 

.9641 

.9219 

.9647 

21 

.9127 

.9603 

.9139 

.9609 

.9151 

.9615 

.9163 

.9620 

.9175 

.9626 

.9188 

.9632 

22 

.9096 

.9588 

.9108 

.9594 

.9120 

.9600 

.9132 

.9606 

.9144 

.9611 

.9156 

.9617 

23 

.9065 

.9574 

.9077 

.9579 

.9089 

.9585 

.9101 

.9591 

.9113 

.9597 

.9126 

.9603 

24 

.9034 

.9559 

.9046 

.9565 

.9058 

.9571 

.9071 

.9576 

.9083 

.9582 

.9095 

.9588 

25 

.9004 

.9544 

.9016 

.9550 

.9028 

.9556 

.9040 

.9562 

.9052 

.9568 

.9€64 

.9573 

26 

.8974 

.9530 

.8986 

.9536 

.8998 

.9541 

.9010 

.9547 

.9022 

.9553 

.9034 

.9559 

27 

.8944 

.9515 

.8956 

.9521 

.8968 

.9527 

.8980 

.9533 

.8992 

.9538 

.9004 

.9544 

28 

.8914 

.9501 

.8926 

.9507 

.8938 

.9512 

.8950 

.9518 

.8962 

.9524 

.8974 

.9530 

29 

.8885 

.9486 

.8897 

.9492 

.8908 

.9498 

.8920 

.9504 

.8932 

.9510 

.8944 

.9515 

30 

.8855 

.9472 

.8867 

.9478 

.8879 

.9484 

.8891 

.9489 

.8903 

.9495 

.8915 

.9501 

31 

.8826 

.9458 

.8838 

.9464 

.8850 

.9469 

.8862 

.9475 

.8873 

.9481 

.8885 

.9487 

32 

.8797 

.9443 

.8809 

.9449 

.8821 

.9455 

.8833 

.9461 

.8844 

.9467 

.8856 

.9472 

33 

.8768 

.9429 

.8780 

.9435 

.8792 

.9441 

.8804 

.9447 

.8815 

.9452 

.8827 

.9458 

34 

.8740 

.9415 

.8752 

.9421 

.8763 

.9427 

.8775 

.9432 

.8787 

.9438 

.8798 

.9444 

35 

.8711 

.9401 

.8723 

.9407 

.8735 

.9413 

.8746 

.9418 

.8758 

.9424 

.8770 

.9430 

T°C. 

753 

754 

755 

756 

757 

758 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9558 

.9803 

.9570 

.9809 

.9583 

.9815 

.9596 

.9821 

.9608 

.9827 

.9621 

.9832 

11 

.9524 

.9788 

.9537 

.9794 

.9549 

.9800 

.9562 

.9805 

.9575 

.9811 

.9587 

.9817 

12 

.9491 

.9773 

.9503 

.9779 

.9516 

.9784 

.9528 

.9790 

.9541 

.9796 

.9554 

.9802 

13 

.9457 

.9758 

.9470 

.9763 

.9482 

.9769 

.9495 

.9775 

.9508 

.9781 

.9520 

.9786 

14 

.9424 

.9743 

.9437 

.9748 

.9449 

.9754 

.9462 

.9760 

.9474 

.9766 

.9487 

.9771 

15 

.9392 

.9727 

.9404 

.9733 

.9417 

.9739 

.9429 

.9745 

.9441 

.9750 

.9454 

.9756 

16 

.9359 

.9712 

.9372 

.9718 

.9384 

.9724 

.9396 

.9730 

.9409 

.9735 

.9421 

.9741 

17 

.9327 

.9697 

.9339 

.9703 

.9352 

.9709 

.9364 

.9715 

.9376 

.9720 

.9389 

.9726 

18 

.9295 

.9682 

.9307 

.9688 

.9319 

.9694 

.9332 

.9700 

.9344 

.9705 

.9356 

.9711 

19 

.9263 

.9667 

.9275 

.9673 

.9287 

.9679 

.9300 

.9685 

.9312 

.9690 

.9324 

.9696 

20 

.9231 

.9653 

.9244 

.9658 

.9256 

.9664 

.9268 

.9670 

.9280 

.9676 

.9293 

.9681 

21 

.9200 

.9638 

.9212 

.9644 

.9224 

.9649 

.9236 

.9655 

.9249 

.9661 

.9261 

.9667 

22 

.9167 

.9623 

.9181 

.9629 

.9193 

.9535 

.9205 

.9840 

.9217 

.9646 

.9230 

.9652 

23 

.9138 

.9608 

.9150 

.9614 

.9162 

.9620 

.9174 

.9626 

.9186 

.9831 

.9198 

.9637 

24 

.9107 

.9594 

.9119 

.9599 

.9131 

.9605 

.9143 

.9611 

.9155 

.9617 

.9167 

.9622 

25 

.9076 

.9579 

.9088 

.9585 

.9100 

.9591 

.9112 

.9596 

.9124 

.9602 

.9137 

.9608 

26 

.9046 

.9565 

.9058 

.9570 

.9070 

.9576 

.9082 

.9582 

.9094 

.9588 

.9106 

.9593 

27 

.9016 

.9550 

.9028 

.9556 

.9040 

.9562 

.9052 

.9567 

.9084 

.9573 

.9076 

.9579 

28 

.8986 

.9536 

.8998 

.9541 

.9010 

.9547 

.9022 

.9553 

.9034 

.9559 

.9045 

.9564 

29 

.8956 

.9521 

.8968 

.9527 

.8980 

.9533 

.8992 

.9538 

.9004 

.9544 

.9015 

.9550 

30 

.8926 

.9507 

.8938 

.9513 

.8950 

.9518 

.8962 

.9524 

.8974 

.9530 

.8986 

.9536 

31 

.8897 

.9492 

.8909 

.9498 

.8921 

.9504 

.8933 

.9510 

.8944 

.9515 

.8956 

.9521 

32 

.8868 

.9478 

.8880 

.9484 

.8891 

.9490 

.8903 

.9495 

.8915 

.9501 

.8927 

.9507 

33 

.8839 

.9464 

.8851 

.9470 

.8862 

.9475 

.8874 

.9481 

.8886 

.9487 

.8898 

.9493 

34 

.8810 

.9450 

.8822 

.9456 

.8833 

.9461 

.8845 

.9467 

.8857 

.9473 

.8869 

.9479 

35 

.8781 

.9436 

.8793 

.9441 

.8805 

.9447 

.8816 

.9453 

.8828 

.9459 

.8840 

.9464 

1787 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T°C. 

759 

760 

761 

762 

763 

764 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9634 

.9838 

.9646 

.9844 

.9659 

.9849 

.9672 

.9855 

.9685 

.9861 

.9697 

.9866 

11 

.9600 

.9823 

.9612 

.9828 

.9625 

.9834 

.9638 

.9840 

.9650 

.9845 

.9663 

.9851 

12 

.9566 

.9807 

.9579 

.9813 

.9591 

.9819 

.9604 

.9824 

.9617 

.9830 

.9629 

.9836 

13 

.9533 

.9792 

.9545 

.9798 

.9558 

.9804 

.9570 

.9809 

.9583 

.9815 

.9595 

.9821 

14 

.9499 

.9777 

.9512 

.9783 

.9524 

.9788 

.9537 

.9794 

.9549 

.9800 

.9562 

.9805 

15 

.9466 

.9762 

.9479 

.9768 

.9491 

.9773 

.9504 

.9779 

.9516 

.9785 

.9529 

.9790 

16 

.9434 

.9747 

.9446 

.9753 

.9459 

.9758 

.9471 

.9764 

.9483 

.9770 

.9496 

.9775 

17 

.9401 

.9732 

.9413 

.9738 

.9426 

.9743 

.9438 

.9749 

.9451 

.9755 

.9463 

.9760 

18 

.9369 

.9717 

.9381 

.9723 

.9393 

.9728 

.9406 

.9734 

.9418 

.9740 

.9431 

.9745 

19 

.9337 

.9702 

.9349 

.9708 

.9361 

.9713 

.9374 

.9719 

.9386 

.9725 

.9398 

.9730 

20 

.9305 

.9687 

.9317 

.9693 

.9329 

.9698 

.9342 

.9704 

.9354 

.9710 

.9366 

.9716 

21 

.9273 

.9672 

.9285 

.9378 

.9298 

.9684 

.9310 

.9689 

.9322 

.9695 

.9334 

.9701 

22 

.9242 

.9658 

.9254 

.9663 

.9266 

.9669 

.9278 

.9675 

.9290 

.9680 

.9303 

.9686 

23 

.9210 

.9643 

.9223 

.9649 

.9235 

.9654 

.9247 

.9660 

.9259 

.9666 

.9271 

.9671 

24 

.9179 

.9628 

.9192 

.9634 

.9204 

.9640 

.9216 

.9645 

.9228 

.9651 

.9240 

.9657 

25 

.9149 

.9614 

.9161 

.9619 

.9173 

.9025 

.9185 

.9631 

.9197 

.9636 

.9209 

.9642 

26 

.9118 

.9599 

9130 

.9605 

.9142 

.9610 

.9154 

.9616 

.9166 

.9622 

.9178 

.9628 

27 

.9088 

.9584 

.9100 

.9590 

.9112 

.9596 

.9123 

.9602 

.9135 

.9607 

.9147 

.9613 

28 

.9057 

.9570 

.9069 

.9576 

.9081 

.9581 

.9093 

.9587 

.9105 

.9593 

9117 

.9599 

29 

.9027 

.9556 

.9039 

.9561 

.9051 

.9567 

.9063 

.9573 

.9075 

.9578 

.9087 

.9584 

30 

.8998 

.9541 

9009 

.9547 

.9021 

.9553 

.9033 

.9558 

.9045 

.9564 

.9057 

.9570 

31 

.8968 

.9527 

.8980 

.9533 

.8992 

.9538 

.9003 

.9544 

.9015 

.9550 

.9027 

.9555 

32 

8939 

.9513 

.8950 

.9518 

.8962 

.9524 

.8974 

.9530 

.8986 

.9535 

.8997 

.9541 

33 

8909 

.9498 

.8921 

.9504 

.8933 

.9510 

8945 

.9516 

.8956 

.9521 

.8968 

.9527 

34 

.8880 

.9484 

.8892 

.9490 

.8904 

.9496 

.8915 

.9501 

.8927 

.9507 

.8939 

.9513 

35 

.8851 

.9470 

.8863 

.9476 

.8875 

.9482 

.8886 

.9487 

.8898 

.9493 

.8910 

.9499 

T°C. 

765 

766 

767 

768 

769 

770 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9710 

.9872 

.9723 

.9878 

.9735 

.9883 

.9748 

.9889 

.9761 

.9895 

.9773 

.9900 

11 

9676 

.9857 

.9688 

.9863 

.9701 

.9868 

.9714 

.9874 

.9726 

.9879 

.9739 

.9885 

12 

9642 

.9842 

.9654 

.9847 

.9667 

.9853 

.9680 

.9859 

.9692 

.9864 

.9705 

.9870 

13 

9608 

.9826 

.9621 

.9832 

.9633 

.9838 

.9646 

.9843 

.9658 

.9849 

.9671 

.9855 

14 

.9575 

.9811 

.9587 

.9817 

.9600 

.9823 

.9612 

.9828 

.9625 

.9834 

.9637 

.9839 

15 

.9541 

.9796 

.9554 

.9802 

.9566 

.9807 

.9579 

.9813 

.9591 

.9819 

.9604 

.9824 

16 

9508 

.9781 

9521 

.9787 

.9533 

.9792 

.9546 

.9798 

.9558 

.9804 

.9570 

.9809 

17 

9475 

.9766 

.9488 

.9772 

.9500 

.9777 

.9513 

.9783 

.9525 

.9789 

.9537 

.9794 

18 

.9443 

.9751 

9455 

.9757 

.9468 

.9762 

.9480 

.9768 

.9492 

.9774 

.9505 

.9779 

19 

9410 

.9736 

9423 

.9742 

.9435 

.9747 

.9447 

.9753 

.9460 

.9759 

9472 

.9764 

20 

.9378 

.9721 

.9391 

.9727 

.9403 

.9733 

.9415 

.9738 

.9427 

.9744 

.9440 

.9750 

21 

.9346 

.9706 

.9359 

.9712 

.9371 

.9718 

.9383 

.9723 

.9395 

.9729 

.9408 

.9735 

22 

.9315 

.9692 

9327 

.9697 

.9339 

.9703 

.9351 

.9709 

.9363 

.9714 

.9376 

.9720 

23 

.9283 

.9677 

.9295 

.9683 

.9308 

.9688 

.9320 

.9694 

.9332 

.9700 

.9314 

.9705 

24 

9252 

.9662 

.9264 

.9668 

.9276 

.9674 

.9288 

.9679 

.9300 

.9685 

.9312 

.9691 

25 

.9221 

.9648 

9233 

.9653 

.9245 

.9659 

.9257 

.9665 

.9269 

.9670 

.9281 

.9676 

26 

.9190 

.9633 

.9202 

.9639 

.9214 

.9645 

.9226 

.9650 

.9228 

.9656 

.9250 

.9661 

27 

.9159 

.9619 

.9171 

.9624 

.9183 

.9630 

.9195 

.9636 

.9207 

.9641 

.9219 

.9647 

28 

9129 

.9604 

.9141 

.9610 

.9153 

.9616 

.9165 

.9621 

.9177 

.9627 

.9189 

.9633 

29 

.9099 

.9590 

.9111 

.9595 

.9123 

.9601 

.9134 

.9607 

.9146 

.9612 

.9158 

.9618 

30 

.9069 

.9575 

.9081 

.9581 

.9092 

.9587 

.9104 

.9592 

.9116 

.9598 

.9128 

.9604 

31 

.9039 

.9561 

.9051 

.9567 

.9062 

.9572 

.9074 

.9578 

.9086 

.9584 

.9098 

.9589 

32 

.9009 

.9547 

.9021 

.9553 

.9033 

.9558 

.9045 

.9564 

.9056 

.9570 

.9068 

.9575 

33 

.8980 

.9533 

.8991 

.9538 

.9003 

.9544 

.9015 

.9550 

.9027 

.9555 

.9038 

.9561 

34 

.8950 

.9518 

8962 

.9524 

.8974 

.9530 

.8986 

.9535 

.8997 

.9541 

.9009 

.9547 

35 

.8921 

.9504 

.8933 

.9510 

.8945 

.9516 

.8956 

.9521 

.8968 

.9527 

.8980 

.9533 

1788 


REDUCTION  OF  GAS  VOLUME  TO  NORMAL 
CONDITIONS  (Continued) 


T5C. 

771 

772 

773 

774 

775 

776 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9785 

.9906 

.9799 

.9912 

.9811 

.9917 

.9824 

.9923 

.9837 

.9929 

.9850 

.9934 

11 

.9752 

.9891 

.9764 

.9896 

.9777 

.9902 

.9790 

.9908 

.9802 

.9913 

.9815 

.9919 

12 

.9717 

.9875 

.9730 

.9881 

.9743 

.9887 

.9755 

.9892 

.9768 

.9898 

.9780 

.9904 

13 

.9683 

.9860 

.9696 

.9866 

.9708 

.9872 

.9721 

.9877 

.9734 

.9883 

.9746 

.9888 

14 

.9650 

.9345 

.9662 

.9851 

.9675 

.9856 

.9687 

.9862 

.9700 

.9868 

.9712 

.9873 

15 

.9616 

.9830 

.9629 

.9836 

.9641 

.9841 

.9654 

.9847 

.9666 

.9852 

.9678 

.9858 

16 

.9583 

.9815 

.9595 

.9821 

.9608 

.9326 

.9620 

.9832 

.9633 

.9837 

.9645 

.9843 

17 

.9550 

.9800 

.9562 

.9806 

.9575 

.9811 

.9587 

.9817 

.9599 

.9822 

.9612 

.9828 

18 

.9517 

.9785 

.9529 

.9791 

.9542 

.9796 

.9554 

.9802 

.9566 

.9807 

9579 

.9813 

19 

.9484 

.9770 

.9497 

.9776 

.9509 

.9781 

.9521 

.9787 

.9534 

.9793 

.9546 

.9798 

20 

.9452 

.9755 

.9464 

.9761 

.9476 

.9766 

.9489 

.9772 

.9501 

.9778 

.9513 

.9783 

21 

.9420 

.9740 

.9432 

.9746 

.9444 

.9752 

.9456 

.9757 

.9469 

.9763 

.9481 

.9768 

22 

.9388 

.9726 

.9400 

.9731 

.9412 

.9737 

.9424 

.9742 

.9437 

.9748 

.9449 

.9754 

23 

.9356 

.9711 

.9368 

.9717 

.9380 

.9722 

.9392 

.9728 

.9405 

.9733 

.9417 

.9739 

24 

.9325 

.9396 

.9337 

.9702 

.9349 

.9708 

.9361 

.9713 

.9373 

.9719 

.9385 

.9724 

25 

.9293 

.9632 

.9305 

.96S7 

.9317 

.9093 

.9329 

.9099 

.9341 

.9704 

.9354 

.9710 

26 

.9262 

.9567 

.9274 

.9673 

.9286 

.9078 

.9298 

.9084 

.9310 

.9690 

.9322 

.9695 

27 

.9231 

.9553 

.9243 

.9658 

.9255 

.9664 

.9267 

.9669 

.9279 

.9675 

.9291 

.9681 

28 

.9201 

.9638 

.9213 

.9644 

.9224 

.9649 

.9236 

.9355 

.9248 

.9661 

.9260 

.9666 

29 

.9170 

.9624 

.9182 

.9629 

.9194 

.9635 

.9206 

.9641 

.9218 

.9646 

.9230 

.9652 

30 

.9140 

.9609 

.9152 

.9615 

.9164 

.9621 

.9175 

.9626 

.9187 

.9632 

.9199 

.9637 

31 

.9110 

.9595 

.9122 

.9601 

.9133 

.9606 

.9145 

.9612 

.9157 

.9618 

.9169 

.9623 

32 

9080 

.9581 

.9092 

.9586 

.9103 

.9592 

.9115 

.9598 

.9127 

.9603 

.9139 

.9609 

33 

.9050 

.9567 

.9062 

.9572 

.9074 

.9578 

.9085 

.9583 

.9097 

.9589 

.9109 

.9595 

34 

.9021 

.9552 

.9032 

.9558 

.9044 

.9564 

.9056 

.9569 

.9067 

.9575 

.9079 

.9580 

35 

.8991 

.9538 

.9003 

.9544 

.9015 

.9550 

.9026 

.9555 

.9038 

.9561 

.9050 

.9566 

T°C. 

777 

778 

779 

780 

782 

784 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

Value 

Log 

10 

.9862 

.9940 

.9875 

.9945 

.9888 

.9951 

.9900 

.9956 

.9926 

.9968 

.9951 

.9979 

11 

.9827 

.9324 

.9840 

.9930 

.9853 

.9936 

.9865 

.9941 

.9891 

.9952 

.9916 

.9963 

12 

.9793 

.9909 

.9806 

.9915 

.9818 

.9920 

.9831 

.9926 

.9856 

.9937 

.9881 

.9948 

13 

.9759 

.9894 

.9771 

.9900 

.9784 

.9905 

.9796 

.9911 

.9822 

.9922 

.9847 

.9933 

14 

.9725 

.9879 

.9737 

.9884 

.9750 

.9890 

.9762 

.9896 

.9787 

.9907 

.9812 

.9918 

15 

.9691 

.9364 

.9703 

.9869 

.9716 

.9875 

.9728 

.9380 

.9753 

.9892 

.9778 

.9903 

16 

.9657 

.9349 

.9670 

.9854 

.9682 

.9360 

.9695 

.9835 

.9720 

.9876 

.9744 

.9888 

17 

.9624 

.9834 

.9636 

.9839 

.9649 

.9845 

.9661 

.9350 

.9686 

.9861 

.9711 

.9873 

18 

.9591 

.9819 

.9603 

.9824 

.9616 

.9830 

.9628 

.9835 

.9653 

.9846 

.9677 

.9858 

19 

.9558 

.9804 

.9570 

.9809 

.9583 

.9815 

.9595 

.9820 

.9620 

.9832 

.9644 

.9843 

20 

.9525 

.9789 

.9538 

.9794 

.9550 

.9800 

.9562 

.9806 

.9587 

.9817 

.9611 

.9828 

21 

.9493 

.9774 

.9505 

.9780 

.9517 

.9785 

.9530 

.9791 

.9554 

.9802 

.9579 

.9813 

22 

.9461 

.9759 

.9473 

.9765 

.9485 

.9770 

.9497 

.9776 

.9522 

.9787 

.9546 

.9798 

23 

.9429 

.9745 

.9441 

.9750 

.9453 

.9756 

.9465 

.9761 

.9490 

.9772 

.9514 

.9784 

24 

.9397 

.9730 

.9409 

.9736 

.9421 

.9741 

.9433 

.9747 

.9458 

.9758 

.9482 

.9769 

25 

.9366 

.9715 

.9378 

.9721 

.9390 

.9727 

.9402 

.9732 

.9426 

.9743 

.9450 

.9754 

26 

.9334 

.9701 

.9346 

.9706 

.9358 

.9712 

.9370 

.9718 

.9394 

.9729 

.9418 

.9740 

27 

.9303 

.9386 

.9315 

.9692 

.9327 

.9697 

.9339 

.9703 

.9363 

.9714 

.9387 

.9725 

28 

.9272 

.9572 

.9284 

.9677 

.9296 

.9683 

.9308 

.9689 

.9332 

.9700 

.9356 

.9711 

29 

.9241 

.9657 

.9253 

.9663 

.9265 

.9669 

.9277 

.9674 

.9301 

.9685 

.9325 

.9696 

30 

.9211 

.9643 

.9223 

.9649 

.9235 

.9654 

.9247 

.9660 

.9270 

.9671 

.9294 

.9682 

31 

.9181 

.9629 

.9192 

.9634 

.9204 

.9640 

.9216 

.9645 

.9240 

.9657 

.9263 

.9668 

32 

.9151 

.9614 

.9162 

.9620 

.9174 

.9026 

.9186 

.9631 

.9209 

.9642 

.9233 

.9653 

33 

.9121 

.9600 

.9132 

.9606 

.9144 

.9611 

.9156 

.9617 

.9179 

.9628 

.9203 

.9639 

34 

.9091 

.9586 

.9103 

.9592 

.9114 

.9597 

.9126 

.9603 

.9149 

.9614 

.9173 

.9625 

35 

.9061 

.9572 

.9073 

.9578 

.9085 

.9583 

.9096 

.9589 

.9120 

.9600 

.9143 

.9611 

1789 


REDUCTION  OF  GAS  VOLUME 

Values  of  (1  +  at)   for  Temperatures  from  0  to   120°  C. 


T 

0             1 

2 

3 

4 

5 

6 

7 

8 

9 

00 

1.0000 

1.0037 

1.0073 

1.0110 

1.0147 

1.0183 

1.0220 

1.0257 

1.0294 

1.0330 

10 

1.0367 

1.0404 

1.0440 

1.0477 

1.0514 

1.0550 

1.0587 

1.0624 

1.0661 

1.0697 

20 

1.0734 

1.0771 

1.0807 

1.0844 

1.0881 

1.0917 

1.0954 

1.0991 

1.1028 

1 . 1064 

30 

1.1101 

1.1138 

1.1174 

1.1211 

1.1248 

1.1284 

1.1321 

1.1358 

1.1395 

1.1431 

40 

1.1468 

1.1505 

1.1541 

1.1578 

1.1615 

1.1651 

1.1688 

1.1725 

1.1762 

1.1798 

50 

1.1835 

1.1872 

1.1908 

1.1945 

1.1982 

1.2018 

1.2055 

1 . 2092 

1.2129 

1.2165 

60 

1.2202 

1.2239 

1.2275 

1.2312 

1.2349 

1.2385 

1.2422 

1.2459 

1.2496 

1.2532 

70 

1.2569 

1.2606 

1.2642 

1.2679 

1.2716 

1 . 2752 

1.2789 

1.2826 

1.2863 

1.2899 

80 

1 . 2936 

1.2973 

1 . 3009 

1.3046 

1.3083 

1.3119 

1.3156 

1.3193 

1.3230 

1.3266 

90 

1 .  3303 

1.3340 

1.3376 

1.3413 

1 . 3450 

1.3486 

1.3523 

1 . 3560 

1 . 3597 

1.3633 

100 

1.3670 

1.3707 

1.3743 

1.3780 

1.3817 

1.3853 

1.3890 

1.3927 

1 . 3964 

1.4000 

110 

1.4037 

1.4074 

1.4110 

1.4147 

1.4184 

1 . 4220 

1.4257 

1.4294 

1.4331 

1.4367 

120 

1.4404 

Values  of   H/760  for 

Pressures  from   700  to   780  mm 

of  Mercury 

H 

0 

1 

2 

3 

4 

5 

6             7 

8 

9 

700 

0.9211 

0.9224 

0.9237 

0.9250 

0.9263 

0.9276 

0.9289 

0.9303 

0.9316 

0.9329 

710 

0.9342 

0.9355 

0.9368 

0.9382 

0.9395 

0.9408 

0.9421 

0.9434 

0.9447 

0.9461 

720 

0.9474 

0.9487 

0.9500 

0.9513 

0.9526 

0.9539 

0.9553 

0.9566 

0.9579 

0.9592 

730 

0.9605 

0.9618 

0.9632 

0.9645 

0.9658 

0.9671 

0.9684 

0.9697 

0.9711 

0.9724 

740 

0.9737 

0.9750 

0.9763 

0.9776 

0.9789 

0.9803 

0.9816 

0.9829 

0.9842 

0.9855 

750 

0.9868 

0.9882 

0.9895 

0.9908 

0.9921 

0.9934 

0.9947 

0.9961 

0.9974 

0.9987 

760 

1.0000 

1.0013 

1.0026 

1.0039 

1.0053 

1.0066 

1.0079 

1.0092 

1.0105 

1.0118 

770 

1.0132 

1.0145 

1.0158 

1.0171 

1.0184 

1.0197 

1.0211 

1.0224 

1.0237 

1.0250 

780 

1 . 0263 

MECHANICAL  EQUIVALENT   OF   HEAT 


Observer. 

Ergs  per 
calorie  (15°). 

Observer. 

Ergs  per 
calorie  (15y). 

Joule,  1878 

Rowland,   1879 

Griffiths,   1893 

Schuster  and  Gannon, 
1898 

4.177  X  107 

4.188 
4.196 
4.196 

Callendar  and  Barnes, 

1900 

Dieterici,   1905 

Blousfield,   1912 

Jaeger  and  Steinwehr, 

1921 

4.186  X  10 

4.1879 
4.1791 
4.184 

Accepted  Values 

1  gram  calorie  (20°C)  =  4.181  joules 

1  gram  calorie  (15°C)  =  4.185  joules 

1  gram  calorie  (mean)  =  4.186  joules 

1  British  thermal  unit  (39°F)  =  1060.4  joules 

1  British  thermal  unit  (60°F)  =  1054.6  joules 

1  British  thermal  unit  (mean)  =  1054.8  joules 
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SPECIFIC  HEAT  OF  WATER 

Ice 


Temp. 
°C 

Spe- 
cific 

Observer 

Temp. 
°C. 

Spe- 
cific 

Observer 

heat 

heat 

—252  to  -188 

.146 

Dieterici,  1903 

-31.8 

.4454 

Dickinson-Osborne,  1915 

-250 

.0361 

-23.7 

.4599 

Dickinson-Osborne,  1915 

-200 

.162 

Mean 

-24.5 

.4605 

Dickinson-Osborne,  1915 

-188  to -78 

.285 

Dieterici,  1903 

-20.8 

.4668 

Dickinson-Osborne,  1915 

-180 

.199 

Nernst,  1910 

-14.8 

.4782 

Dickinson-Osborne,  1915 

-160 

.230 

Nernst,  1910 

-14.6 

.4779 

Dickinson-Osborne,  1915 

-150 

.246 

-11.0 

.4861 

Dickinson-Osborne,.  19 15 

-140 

.262 

Nernst,  1910 

-  8.1 

.4896 

Dickinson-Osborne,  1915 

-100 

.329 

Mean 

-  4.3 

.4989 

Dickinson-Osborne,  1915 

-  78  to  -18 

.463 

Dieterici,  1903 

-  4.5 

.4984 

Dickinson-Osborne,  1915 

-  60 

.392 

-  4.9 

.4932 

Dickinson-Osborne,  1915 

-  38.3 

.4346 

Dickinson-Osborne,  1915 

-  2.6 

.5003 

Dickinson-Osborne,  1915 

-  34.3 

.4411 

Dickinson-Osborne,  1915 

-  2.2 

.5018 

Dickinson-Osborne*  15 15- 

-  30.6 

.4488 

Dickinson-Osborne,  1915 

Water  Below  0T! 

-    6 

1.0119 

Martinetti,  1890 

-  3 

1.0102 

Martinetti,  1890 

-    5 

1.0155 

Barnes,  1902 

-  2 

1.0097 

Martinetti,  1890 

-    5 

1.0113 

Martinetti,  1890 

-  1 

1.0092 

Martinetti,  1890 

-    4 

1.0105 

Martinetti,  1890 

Heat  Capacity  of  Air-free  Water  0°-100°C  at  1  Atmosphere  Pressure 

The  heat  capacity  of  air-free  water  is  given  in  international  steam  table 
calories  per  gram  and  in  absolute  joules  per  gram.  (1  absolute  joule — 
0.238846  I.T.  Cal.). 

The  enthalpy  or  heat  content  is  given  for  air-free  water  in  I.T.  Cal.  per 
gram  and  in  absolute  joules  per  gram. 

From  Osborne,  Stimson  and  Ginnings;  B.  of  S.  Jour.  Res.  23.  238,  1939. 


Thermal  Capacity 

Enthalpy 

Temp.  °C 

Cal./g/°C 

Joules/g/°C 

Cal./g 

Joules/g 

0 

1.00738 

4.2177 

0.0245 

0.1026 

1 

1.00652 

4.2141 

1.0314 

4.3184 

2 

1.00571 

4.2107 

2.0376 

8.5308 

3 

1.00499 

4.2077 

3.0429 

12.7460 

4 

1.00430 

4.2048 

4.0475 

16.9462 

5 

1.00368 

4.2022 

5.0515 

21.1498 

6 

1.00313 

4.1999 

6.0549 

25.3508 

7 

1.00260 

4.1977 

7.0578 

29.5496 

8 

1.00213 

4.1957 

8.0602 

33.7463 

9 

1.00170 

4.1939 

9.0621 

37.9410 

10 

1.00129 

4.1922 

10.0636 

42.1341 

11 

1.00093 

4.1907 

11.0647 

46.3255 

12 

1.00060 

4.1893 

12.0654 

50.5155 

13 

1.00029 

4.1880 

13.0659' 

54.7041 

14 

1.00002 

4.1869 

14.0660 

58.8916 
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SPECIFIC  HEAT  OF  WATER  (Continued) 


Heat  Capacity  of  Air-free  Water  0°-100°C  at  1  Atmosphere  Pressure 

(Continued) 

Thermal  Capacity 

Enthalpy 

Temp.  °C 

Cal./g/°C 

Joules/g/°C 

Cal./g 

Joules/g 

15 

.99976 

4.1858 

15.0659 

63.0779 

16 

.99955 

4.1849 

16.0655 

67.2632 

17 

.99933 

4.1840 

17.0650 

71.4476 

18 

.99914 

4.1832 

18.0642 

75.6312 

19 

.99897 

4.1825 

19.0633 

79.8141 

20 

.99883 

4.1819 

20.0622 

83.9963 

21 

.99869 

4.1813 

21.0609 

88.1778 

22 

.99857 

4.1808 

22.0596 

92.3589 

23 

.99847 

4.1804 

23.0581 

96.5395 

24 

.99838 

4.1800 

24.0565 

100.7196 

25 

.99828 

4.1796 

25.0548 

104.8994 

26 

.99821 

4.1793 

26.0530 

109.0788 

27 

.99814 

4.1790 

27.0512 

H.3. 2580 

28 

.99809 

4.1788 

28.0493 

117.4369 

29 

.99804 

4.1786 

29.0474 

121.6157 

30 

.99802 

4  1785 

30.0455 

125  7943 

31 

.99799 

4.1784 

31.0435 

129.9727 

32 

.99797 

4.1783 

32.0414 

134.1510 

33 

.99797 

4.1783 

33.0394 

138.3293 

34 

.99795 

4.1782 

34.0374 

142.5076 

35 

.99795 

4.1782 

35.0353 

146.6858 

36 

.99797 

4.1783 

36.0333 

150.8641 

37 

.99797 

4.1783 

37.0312 

155.0423 

38 

.99799 

4.1784 

38.0292 

159.2207 

39 

.99802 

4.1785 

39.0272 

163.3991 

40 

.99804 

4.1786 

40.0253 

167.5777 

,41 

.99807 

4.1787 

41.0233 

171.7563 

42 

.99811 

4.1789 

42.0214 

175.9351 

43 

.99816 

4.1791 

43.0195 

180.1141 

44 

.99819 

4.1792 

44.0177 

184.2933 

45 

.99826 

4.1795 

45.0159 

188.4726 

46 

.99830 

4.1797 

46.0142 

192.6522 

47 

.99835 

4.1799 

47.0125 

196.8320 

48 

.99842 

4.1802 

48.0109 

201.0120 

49 

.99847 

4.1804 

49.0094 

205.1923 

50 

.99854 

4.1807 

50.0079 

209.3729 

51 

.99862 

4.1810 

51.0065 

213.5538 

52 

.99871 

4.1814 

52.0051 

217.7350 

53 

.99878 

4.1817 

53  0039 

221.9166 

54 

.99885 

4.1820 

54.0027 

226.0984 
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SPECIFIC  HEAT  OF  WATER  (Continued) 


Heat  Capacity  of  Air-free  Water  0°-100°C  at  1  Atmosphere  Pressure 

(Continued) 

Thermal  Capacity 

Enthalpy 

Temp.  °C 

Cal/g/°C 

Joules/g/°C 

Cal/g 

Joules/g 

55 

. 99895 

4.1824 

55.0016 

230 . 2806 

56 

.99905 

4.1828 

56.0006 

234.4632 

57 

.99914 

4.1832 

56.9997 

238.6462 

58 

.99924 

4.1836 

57.9989 

242.8296 

59 

.99933 

4.1840 

58.9982 

247.0134 

60 

.99943 

4.1844 

59.9975 

251.1976 

61 

. 99955 

4.1849 

60 . 9970 

255.3822 

62 

.99964 

4.1853 

61.9966 

259.5673 

63 

.99976 

4.1858 

62.9963 

263.7529 

64 

.99988 

4.1863 

63.9962 

267.9390 

65 

1.00000 

4.1868 

64.9961 

272.1256 

66 

1.00014 

4.1874 

65 . 9962 

276.3127 

67 

1 . 00026 

4.1879 

66 . 9964 

280 . 5003 

68 

1.00041 

4.1885 

67.9967 

284.6885 

69 

1.00053 

4.1890 

68.9972 

288.8772 

70 

1.00067 

4.1896 

69.9977 

293.0665 

71 

1.00081 

4.1902 

70.9985 

297.2564 

72 

1.00096 

4.1908 

71.9994 

301.4469 

73 

1.00112 

4.1915 

73.0004 

305.6381 

74 

1.00127 

4.1921 

74.0016 

309.8299 

75 

1.00143 

4.1928 

75.0030 

314.0224 

76 

1.00160 

4.1935 

76.0045 

318.2155 

77 

1.00177 

4.1942 

77.0062 

322.4094 

78 

1.00194 

4.1949 

78.0080 

326.6039 

79 

1.00213 

4.1957 

79.0101 

330.7992 

80 

1.00229 

4.1964 

80.0123 

334.9952 

81 

1.00248 

4.1972 

81.0147 

339.1920 

82 

1.00268 

4.1980 

82.0172 

343 . 3897 

83 

1.00287 

4.1988 

83.0200 

347.5881 

84 

1.00308 

4.1997 

84.0230 

351.7873 

85 

1.00327 

4.2005 

85.0262 

355.9874 

86 

1.00349 

4.2014 

86.0295 

360 . 1883 

87 

1.00370 

4.2023 

87.0331 

364.3902 

88 

1.00392 

4.2032 

88.0369 

368.5929 

89 

1.00416 

4.2042 

89.0410 

372.7966 

90 

1.00437 

4.2051 

90.0452 

377.0012 

91 

1.00461 

4.2061 

91.0497 

381.2068 

92 

1.00485 

4.2071 

92.0545 

385.4135 

93 

1.00509 

4.2081 

93.0594 

389.6211 

94 

1.00535 

4.2092 

94.0647 

393 . 8297 
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SPECIFIC  HEAT  OF  WATER  (Continued) 

Heat  Capacity  of  Air-free  Water  0°-100°C  at  1  Atmosphere  Pressure 

(Continued) 


Thermal  Capacity 

Enthalpy 

Temp.  °C 

Cal/g/°C 

Joules/g/°C 

Cal/g 

Joules/g 

95 

1.00561 

4.2103 

95.0701 

398.0395 

96 

1.00588 

4.2114 

96.0759 

402.2503 

97 

1.00614 

4.2125 

97.0819 

406 . 4622 

98 

1.00640 

4.2136 

98.0882 

410.6753 

99 

1.00669 

4.2148 

99.0947 

414.8895 

100 

1.00697 

4.2160 

100.1015 

419.1049 

Enthalpy  of  Air-saturated  Water 

1  Atmosphere  Pressure  0 

-100°C 

Enthalpy 

Temp. 

Enthalpy 

Temp. 

°C 

Cal/g 

Joules/g 

°C 

Cal/g 

Joules/g 

0 

0 

0 

75 

74.9907 

313.9712 

5 

5.0276 

21.0496 

80 

80.0019 

334.9519 

10 

10.0402 

42.0363 

85 

85.0180 

355.9532 

15 

15.0431 

62.9826 

90 

90.0395 

376.9773 

20 

20.0400 

83.9034 

95 

95.0671 

398.0270 

25 

25.0332 

104.8089 

100 

100.1016 

419.1053 

30 

30.0244 

125.7063 

35 

35.0149 

146.6003 

40 

40.0055 

167.4949 

45 

44.9968 

188.3928 

50 

49.9896 

209.2964 

55 

54.9842 

230.2077 

60 

59.9811 

251.1289 

65 

64.9808 

272.0619 

70 

69.9839 

293.0087 
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SPECIFIC  HEAT  OF  WATER  (Continued) 
Specific  Heat  of  Water  Above  100°C 

Mean  specific  heat  of  water  in  15°C  calories  between  0°C  and  the  tem- 
perature stated. 

Heat  content  (Enthalpy)  in  joules  per  gram  between  0°C  and  the  tem- 
perature stated. 

From  data  by  Osborne,  Stimson  and  Fiock,  B  of  S  Jour.  Res.  5,  411,  19  30. 


Temp. 
°C 


100 
110 
120 
130 
140 

150 
160 
170 
180 


Specific  heat 

mean 

C 

)-t°C 

1 

.0008 

1 

.0015 

1 

.0025 

1 

.0037 

1 

.0050 

1 

.0067 

1 

.0083 

1 

.0103 

1 

.0127 

Heat  content 
0-t 

Temp. 
°C 

joules/g 

418.75 

190 

460 . 97 

200 

503 . 36 

210 

545 . 93 

220 

588.71 

230 

631.75 

240 

675.06 

250 

718.66 

260 

762.72 

270 

Specific  heat 

mean 

o-t°c 

1.0153 

1.0181 

1.0212 

1.0247 

1.0285 

1.0326 

1.0376 

1.0423 

1.0483 

Heat  content 

0-t 

joules/g 


807.15 
852.02 
897.35 
943 . 24 
989.75 

1036.97 
1084.97 
1133.87 
1184.32 


Specific  Heat  of  Super-heated  Steam 

Specific   heat   of   steam   under   constant   pressure   given   in   atmospheres 
and  at  temperatures  above  saturation. 


Pressure  in  atmospheres 

Temp. 

°C 

1 

2 

4 

6 

8 

10 

12 

110 
120 
130 
140 
150 

0.481 
0.477 
0.475 
0.473 
0.472 

0.498 
0.494 
0.489 
0.486 

0.519 

160 

170 
180 
190 
200 

0.471 
0.470 
0.469 
0.469 
0.469 

0.483 
0.481 
0.479 
0.478 
0.478 

0.512 
0.507 
0.502 
0.498 
0.495 

0.549 
0.538 
0.528 
0.522 
0.515 

0.561 
0.549 
0.539 

0.602 
0.583 
0.567 

0.625 
0.601 

210 
220 
230 
240 
250 

0.470 
0.470 
0.471 
0.472 
0.473 

0.477 
0.477 
0.477 
0.477 
0.477 

0.493 
0.491 
0.489 
0.488 
0.488 

0.510 
0.506 
0.504 
0.501 
0.499 

0.531 
0.524 
0.519 
0.515 
0.512 

0.555 
0.545 
0.537 
0.530 
0.525 

0.584 
0.569 
0.557 
0.548 
0 .  540 

260 
270 
280 
290 
300 

0.474 
0.474 
0.475 
0.476 
0.477 

0.478 
0.478 
0.479 
0.480 
0.481 

0.487 
0.487 
0.487 
0.487 
0.488 

0.498 
0.497 
0.496 
0.495 
0.495 

0.509 
0.507 
0.505 
0.504 
0.503 

0.521 
0.518 
0.515 
0.513 
0.511 

0.534 
0.529 
0.525 
0.523 
0.519 
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SPECIFIC  HEAT  OF  WATER  (Continued) 

Specific  Heat  of  Super-heated  Steam  (Continued) 


Temp. 

Pressure  in  atmospheres 

°C 

1 

2 

4 

6 

8 

10 

12 

310 

0.478 

0.482 

0.488 

0.495 

0.502 

0.510 

0.518 

320 

0.480 

0.483 

0.489 

0.496 

0.502 

0.509 

0.516 

330 

0.482 

0.484 

0.490 

0.496 

0.502 

0.508 

0.515 

340 

0.483 

0.485 

0.491 

0.496 

0.502 

0.507 

0.513 

350 

0.484 

0.486 

0.492 

0.497 

0.502 

0.507 

0.512 

360 

0.485 

0.487 

0.492 

0.497 

0.502 

0.507 

0.511 

370 

0.486 

0.488 

0.493 

0.498 

0.503 

0.507 

0.511 

380 

0.488 

0.490 

0.494 

0.498 

0.503 

0.507 

0.511 

390 

0.489 

0.491 

0.495 

0.499 

0.503 

400 

0.490 

0.492 

0.496 

0.500 

0.504 

410 

0.492 

0.494 

0.497 

0.501 

0.505 

420 

0.494 

0.496 

0.498 

0.502 

0.506 

430 

0.495 

0.497 

0.500 

0 .  504 

0.507 

440 

0.497 

0.499 

0.501 

0.505 

0.508 

450 

0.498 

0.500 

0.503 

0.506 

0.509 

460 

0.500 

0.501 

0.505 

0.507 

0.510 

470 

0 .  502 

0.503 

0.506 

0.508 

0.512 

480 

0.504 

0.505 

0.507 

0.509 

0.513 

490 

0.505 

0.506 

0.509 

0.511 

0.514 

500 

0.506 

0.508 

0.510 

0.512 

0.515 

SPECIFIC  HEAT  AND  ATOMIC  HEAT  OF  MERCURY 

The  specific  heat  is  given  in  relation  to  water  at  15°C  The  atomic  heat 
is  the  thermal  capacity  of  one  gram  atom. 

Values  between  —75.6°  and  —  36.7°C.  are  from  Carpenter  and  Stoodley, 
Phil.  Mag.  10,  249.  1930;  from  0-80°C,  Barnes-Cooke;  from  90-140°C., 
mean  of  Winklemann,  Naccari  and  Milthaler;  above  140°C,  mean  of 
Naccari  and  Milthaler. 


Temp. 

Specific 

Atomic 

Temp. 

Specific 

Atomic 

°C 

heat 

heat 

°c 

heat 

heat 

Solid 

Liquid 

-75.6 

.0319 

6.3995 

30 

.03316 

6.6522 

-72.9 

.0324 

6.4998 

35 

.03312 

6.6442 

-65.4 

.0324 

6.4998 

40 

.03308 

6.6362 

-59.5 

.0324 

6.4998 

50 

.03300 

6.6201 

-44.9 

.0336 

6.7405 

60 

.03294 

6.6081 

-42.2 

.0336 

6.7405 

70 

.03289 

6.5981 

-40.0 

.0337 

6.7606 

80 

.03284 

6.5880 

90 

.03277 

6.5740 

Liquid 

100 

.03269 

6.5579 

-36.7 

.0339 

6.8007 

110 

.03262 

6.5439 

120 

.03255 

6.5299 

Liquid 

130 

.03248 

6.5158 

0 

.03346 

6.7124 

140 

.03241 

6.5018 

5 

.03340 

6.7004 

150 

.03240 

6.4998 

10 

.03335 

6.6903 

170 

.03220 

6.4596 

15 

.03330 

6.6803 

190 

.03200 

6.4195 

20 

.03325 

6.6703 

210 

.03190 

6.3995 

25 

03320 

6.6603 
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SPECIFIC  HEAT  OF  ELEMENTS 


Element 

Temp.  °C 

Sp.  ht., 
cal./g 

Element 

Temp.  °C 

Sp.  ht., 
cal./g 

Aluminum 

-250 

0.0039 

Calcium  (con- 

-240.6 

0.0092 

tinued)  

100 

0.1625 

-233 

0.0165 

300 

0.1832 

-200 

0.076 

600 

0.188 

-150 

0.1367 

Carbon,  charcoal.. 

0-24 

0.165 

-100 

0.1676 

diamond 

-233 

0.0005 

-50 

0.1914 

-185 

0.0025 

0 

0.2079 

-188  to  -78 

0.019 

20 

0.214 

-78  to  +18 

0.079 

100 

0.225 

0 

0.1044 

300 

0.248 

20 

0.12 

600 

0.277 

140 

0.222 

liquid 

660 

0.25 

223 

0.264 

Antimony 

-207.1 

0.0322 

247 

0.303 

-150 

0.0412 

606 

0.441 

-100 

0.0448 

823 

0.428 

-50 

0.0476 

carbon,  amor 

26-76 

0.168 

0 

0.0494 

graphite 

-243 

0.005 

20-100 

0.0504 

-203 

0.0175 

100 

0.0513 

-191  to  -79 

0.057 

200 

0.0520 

-66 

0.053 

300 

0.0537 

20 

0.17 

500 

0.054 

85 

0.177 

Argon,  solid 

-223 

0.155 

138 

0.254 

liquid 

-100 

-216 

-117.6 

18 

0.134 
0.032 
0.0666 
0.078 

Cerium 

642 

896 

-253  to  -196 

0-100 

0.445 

Arsenic 

0.454 

0.033 

0.0423 

gray,  crystal. . . . 

0-100 

0.0822 

20-100 

0.0511 

blk.,  amor 

0-100 

0.0861 

Cesium,  solid 

20 

0.052 

Barium 

-185  to +20 
-202 

0.068 
0.017 

liquid 

0-26 
50 

0.0482 

Beryllium 

0.058 

0-46 
0-100 

0.397 
0.425 

Chlorine 

-113 
0-24 

0.19 

liquid 

0.226 

0-300 

0.505 

Chromium 

-150 

0.0599 

Bismuth 

-150 

0.0264 

-100 

0.0797 

-100 

0.0273 

-50 

0.0941 

-50 

0.0282 

0 

0.1044 

0 

0.0291 

20 

0.11 

20 

0.0294 

18-100 

0.111 

100 

0.0304 

100 

0.112 

liquid 

297 

0.0292 

400 

0.133 

400 

0.035 

500 

0.150 

Boron 

-191  to  -78 
-76to0 

0.071 
0.1  8 

Cobalt 

600 
-150 

0.187 

0  0672 

0-100 

0.307 

-100 

0.0809 

100 

0.287 

-50 

0.0914 

500 

0.472 

0 

0.1028 

900 

0.510 

20 

0.1001 

Bromine,  solid 

-253.1 

0.0205 

100 

0.1067 

-173.1 

0.0659 

200 

0.1134 

-73.1 

0.080 

300 

0.121 

-13.1 

0.088 

*508 

(0.145 
(0.125 

Bromine,  liquid . . . 

13-45 

0.107 

Cadmium 

-263 

0.0019 

800 

0.160 

-203.1 

0.0415 

1000 

0.184 

-103.1 

0.0518 

*1112 

(0.270 
{0.170 

27.9 

0.0552 

107.9 

277 

0.0569 
0.060 

Copper 

-253 
-189 

0  0031 

0.0506 

liquid 

321 

0  077 

-150 

0.0674 

Calcium 

-185  to +20 

0.157 

-100 

0.0783 

0-20 

0.145 

-50 

0.0862 

24 

0.168 

0 

0.0910 

*  Temperatures  of  transformation. 
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SPECIFIC  HEAT  OF  ELEMENTS  (Continued) 


Element 


Temp.  °C 


Sp.  ht., 
cal./g 


Copper  (con- 
tinued)   


liquid 

Gallium.... 

liquid 

Germanium 
Gold 


liquid 

Hydrogen,  solid 

liquid 

Indium 

Iodine 


liquid 

Iridium 

Iron,  cast 

wrought. . . 
hard  drawn 
pure 


a,  /S,  7 


Lanthanum. 
Lead 


20 

15-100 

100 

200 

900 

18-100 

1084 

-258.1 

-213.1 

-73 

12-23 

13-110 

119 

0-100 

-258 

-209.5 

-150 

-100 

-50 

0 

18 

0-100 

100 

1100 

-260.6 

-252 

-186  to  -79 

-79  to  +18 

0-100 

-263.2 

-255.9 

-221.1 

-90  to +17 

20 

107-180 

-186  to +18 

18-100 

0-900 

20-100 

15-100 

20-100 

-256.2 

-214.0 

-172.6 

-67-.  5 

0 

20 

100 

500 

760 

1000 

100 

700 

1000 

0-100 

-270 

-267 

-259 

-150 

-100 

-50 

0 

20 

100 


0.0921 

0.09305 

0.0939 

0.0963 

0.1259 

0.0928 

0.101 

0.0049 

0.044 

0.084 

0.079 

0.080 

0.079 

0.074 

0.0018 

0.0211 

0.0266 

0.0281 

0.0293 

0.0302 

0.0312 

0.0316 

0.0314 

0.0327 

0.57 

0.231 

0.0263 

0.0303 

0.057 

0.0037 

0.0118 

0.0353 

0.0485 

0.0523 

0.108 

0.0282 

0  0323 

0.0371 

0.1189 

0.1152 

0.1146 

0.00067 

0.0194 

0.0512 

0.0939 

0.1043 

0.107 

0.115 

0.163 

0.320 

0.162 

0.127 

0.157 

0.162 

0.0448 

0.00001 

0.00086 

0.0073 

0.0279 

0.0283 

0.0289 

0.0297 

0.0306 

0.0320 


Element 

Lead  (con- 
tinued)   

liquid 

Lithium 


Magnesium . 


Temp.  °C 


Sp.  ht., 
cal./g 


liquid 

Manganese . 


Mercury,  solid. 


liquid 


Molybdenum. 


Neodymium. 
Nickel 


liquid 

Nitrogen,  solid. 
liquid 


300 

360 

500 

-183 

-100 

0 

50 

100 

190 

-150 

-100 

-50 

0 

20 

100 

300 

600 

650-775 

188  to -79 

-100 

0 

20-100 

60 

325 

-263.3 

-259.8 

-245.6 

-220.2 

-163.7 

-81.4 

-43.1 

-33.1 

0 

20 

40 

60 

100 

200 

250 

-257 

-239.1 

-181.5 

-152.7 

-34 

0 

20-100 

250 

475 

0-100 

-258 

-247.9 

-201.2 

-150 

-100 

-50 

0 

20 

100 

500 

800 

1452 

-212 

-200 


0.0356 

0.0375 

0.0370 

0.3 

0.600 

0.079 

0.96 

1.0407 

1.374 

0.1767 

0.2025 

0.2228 

0.2316 

0.246 

0.257 

0.279 

0.311 

0.284 

0.0820 

0.0979 

0.1072 

0.1211 

0.1211 

0.1783 

0.00552 

0.00783 

0.0172 

0.0255 

0.0298 

0.0324 

0.0337 

0.0338 

0.03346 

0.03325 

0.03308 

0.03294 

0.03269 

0.0323 

0.0321 

0.0004 

0.0034 

0.0300 

0.0399 

0.0561 

0.0589 

0.065 

0.0632 

0.0750 

0.045 

9.0008 

0.0024 

0.0363 

0.0660 

0.0817 

0.0940 

0.1032 

0.105 

0.1146 

0.1270 

0.1413 

0.13 

0.39 

0.474 
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SPECIFIC  HEAT 

OF  ELEMENTS  (Continued) 

Element 

Temp.  °C 

Sp.  ht., 
cal./g 
0.0311 

Element 

Temp.  °C 

Sp.  ht., 
cal./g 

Osmium. 

19-98 

Silver  (con- 

Oxygen, solid 

liquid 

-221:8 

0  336 

tinued)  

500 

0.0581 

-200 
-180  to +18 

0.394 
0.0528 

liquid 

800 
900 

0.076 

Palladium 

0.C685 

0 

0.0538 

Sodium 

-256.1 

0.026 

100 

0.0564 

-238. 5 

0.108 

500 

0.0653 

-155.5 

0.245 

900 

0.0717 

-40 

0.279 

1500 

0.0766 

20 

0.295 

Phosphorus,  yel- 
low   

liquid 

100 

0.32 

-136 
-40 

0.124 
0.165 

Sulfur... 

rhombic 

-188  to +18 
15-96 

0.137 

0.176 

9 

0.189 

monocl 

0-52 

0.181 

red 

-136 
-40 

0.107 

0.182 

liquid 

115-160 
-201.7 

0.220 

Tantalum 

0.0205 

9 

0.190 

20 

0.036 

Platinum 

-255.6 

0.00123 

380 

0.035 

-237.7 

0.0073 

900 

0.036 

-191.7 

0.0211 

1100 

0.043 

-152.1 

0.0261 

1400 

0.044 

-64.8 

0.0307 

Tellurium 

-188  to  +18 

0.047 

0 

0.03162 

cryst 

15-100 

0.0483 

20 

0.0324 

15-200 

0.0487 

500 

0.0349 

Thallium 

-185  to +20 

0.038 

750 

0.0365 

28 

0.0311 

1000 

0.0381 

20-100 

0.0326 

1300 

0.0400 

Thorium 

-253  to  -196 

0.0197 

Potassium 

-258.4 

0.032 

0-100 

0.0276 

-255.8 
-201.3 

0.045 
0.140 

Tin 

-186  to  -79 
-186.7 

0.0486 

0.0422 

-53.1 

0.172 

-150 

0.0450 

14 

0.18 

-100 

0.0483 

22-56 

0.192 

-50 

0.0512 

liquid 

63 

0  18 

0 

0  0536 

78-100 

0.217 

18 

0.0542 

90 

0.200 

100 

0.0577 

181 

0.196 

liquid 

1100 

0.0758 

Praseodymium .  .  . 

0-100 

0.046 

gray 

20 

0.515 

Rhenium 

0-20 

0.035 

Titanium 

-185  to +20 

0.082 

Rhodium 

10-97 
0 

0.058 
0.0802 

Tungsten 

0-100 
-247.1 

0.1125 

Rubidium,  solid.. . 

0.0012 

liquid 

50 
0-100 

0.0908 
0.0611 

-218.4 
-173.1 

0.0098 

Ruthenium 

0.0205 

Selenium 

-188  to +18 
3 

0.068 
0.072 

-73.1 

20-100 

0  0288 

0.034 

20.5 

0.077 

100 

0.0320 

29.5 

0.085 

500 

0.0344 

32 

0.127 

1000 

0.0367 

38 

0.131 

1500 

0.0390 

Silicon 

-212 
-143.3 

0.029 
0.087 

Uranium,  a 

0 
100 

0  0275 

0.02919 

-86.2 

0.126 

200 

0.03135 

13.9 

0.168 

400 

0.03681 

18.2-99.1 

0.181 

600 

0.04521 

18.0-900.6 

0.210 

,/S 

700 

0.04262 

Silver 

-238 
-150 

0.0146 
0.0461 

,7   

800 
0-100 

0  03843 

Vanadium 

0.1153 

-100 

0.0505 

Zinc 

-201.3 

0.0573 

-50 

0.0537 

-100 

0.0814 

0 

0.0557 

0 

0.C913 

20 

0.0558 

20 

0.C925 

100 

0.0564 

100 

0.0957 

Zirconium 

0-100 

0.068 
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SPECIFIC  HEAT  OF  SOLID  INORGANIC 


Specific  heat  is  given  in  calories  (15°)  per  gram  per  degree  Centigrade 
L-hange  to  joules  per  gram  per  degree  Centigrade  multiply  by  4.185. 


COMPOUNDS 

To 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 


Aluminum  chloride. 

chloride 

chloride 

fluoride 

fluoride 

hydroxide 

oxide 

sulfate 

sulfate 

Ammonia 

Ammonium  bromide 

chloride 

iodide 

nitrate 

sulfate 

Antimony  trisulfide. 

Arsenous  oxide 

Barium  carbonate.  . 

chlorate 

chloride 

nitrate 

sulfate 

thiosulfatc 

Beryllium  oxide.  .  .  . 

sulfate 

Bismuth  sulfide 

trioxide. 

Cadmium  nitrate. . . 

sulfate 

sulfide 

Calcium  carbonate. . 

chloride 

chloride 

fluoride 

formate 

hydroxide 

molybdate 

oxide 


AlCls  (a) 

AlCh  (8) 

AICI36H2O 

AIF3 

2A1F3-7H20 

Al(OH)3 

AI2O3 

A12(S04)3 

A12(S04)3-18H20 

NH3 

NHUBr 

NH4CI 

NHJ 

NH4NO3 

(NH4)2S04 

Sb2S3 

As203 

BaC03 

Ba(C103)2-H20.. 

BaCl2-2H20 

Ba(NOs)2 

BaS04 

BaS2Os 

BcO 

BcS04 

Bi2S3 

Bi203 

Cd(N03)2-4H20. 
3CdS04-8H20... 

CdS 

CaC03 

CaCl2 .... 

CaCl2-6H20.... 
CaF2.... 

Ca(HC02)2 

Ca(OH)2 

CaMo04 

CaO 


1800 


103 


93 

0 
35 
35 
35 

0 
50 

0 

50 

50 

34 

to  -188 

20 

200 

■100 

0 
50 

0 

50 

■100 

0 

100 

■100 

0 
50 

0 

0 

0 

100 

32 

0 
47 

0 
58 
50 
50 
50 
50 
40 

0 
20 

0 
50 

0 

100 

61 

0 

0 
40 

0 

0 
50 
15 

0 
100 


.468 

.196 

.313 

.229 

.342 

.177 

.202 

.174 

.198 

.184 

.354 

.502 

.210 

.121 

.263 

.357 

.389 

.111 

.118 

.306 

.397 

.428 

.283 

.337 

.345 

.0829 

.117 

.0999 

.110 

.158 

.140 

.148 

.111 

.162 

.260 

.198 

.0600 

.0569 

.260 

.195 

.200 

.0882 

.0922 

.203 

.214 

.164 

.320 

.204 

.212 

.238 

.260 

.288 

.165 

.177 

.197 


SPECIFIC  HEAT  OF  SOLID  INORGANIC  COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 

15°/g/ 


# 


Calcium 

sulfate 

tungstate 

Carbon  dioxide,  solid 

monoxide,  solid 

Ceric  oxide 

sulfate 

sulfate 

Chromic  oxide 

sulfate 

sulfate 

Cobaltous  nitrate , 

sulfate , 

Columbium  pentoxide. . . , 
Copper     ammonium    sul 

fate 

Copper  sulfate 

sulfate 

sulfate 

Cupric  carbonate 

chloride 

oxide 

sulfide 

Cuprous  iodide 

oxide 

selenide 

sulfide 

Erbium  oxide 

Ferric  oxide 

Ferrosoferric  oxide  (mag- 
netite)   

Ferrous  carbonate 

sulfate 

sulfate 

sulfate 

sulfide 

Gallium  sesqui-oxide 

Gold  iodide 

Hydrogen  peroxide 

Indium  sesquioxide 

Iron  diarsenide 

disulfide 

Lanthanum  sesquioxide.  . 


CaS04-2H20 

CaW04 

CO2 

CO 

Ce02 

Cc(S04)2 

CcS04-6H20 

Cr203 

Cr2(S04)3 

Cr2(S04)3-5H20.. 
Co(N03)2-6H20.. 

CoS04-7H20 

Cb205 

CuS04-(NH4)2S04 

6H20 

CuS04-H20 

CuS04-3H20 

CuS045H20 

2CuOC02-H20.. 

CuCh 

CuO 

CuS 

Cul 

Cu20 

Cu2Se 

Cu2S 

Er2Os 

Fe2Os 

Fe304 

FeCOs 

FeS04 

FeS04-4H20 

FeS04-7H20 

FeS , 

Ga203 

Aul 

H202 

In203 

FeAs2 

FeS2 

La203 

1801 


36 

15 

-225 

-220 

-206 

0 

50 

50 

50 

0 

50 

50 

50 

32 

48 

50 

0 

0 
50 

9 

0 
50 
57 
58 

0 
100 

0 
100 

0 
50 

0 

100 

60 

0 
50 
50 

0 
100 

0 

100 

54 

45 

9 

0 
10 

0 
50 

0 

50 

-25 

50 

50 

0 
50 
50 


.265 

.104 

.124 

.417 

.457 

.0870 

.0946 

.117 

.201 

.168 

.189 

.172 

.200 

.373 

.342 

.101 

.256 

.172 

.191 

.228 

.253 

.287 

.177 

.139 

.125 

.144 

.129 

.151 

.0658 

.0671 

.110 

.116 

.104 

.148 

.166 

.0650 

.148 

.182 

.151 

.179 

.194 

.167 

.284 

.325 

.337 

.135 

.105 

.0404 

.0432 

.471 

.0808 

.0860 

.118 

.128 

.0750 


SPECIFIC  HEAT  OF  SOLID  INORGANIC   COMPOUNDS 

(Continued) 


Name 


Formula 


Specific 

Temperature, 
°C. 

Heat 
Cal. 

15^g/ 

10 

.0865 

57 

.0903 

0 

.0502 

50 

.0530 

32 

.0800 

0 

.0649 

100 

.0681 

35 

.0908 

0 

.0619 

50 

.0650 

0 

.0417 

100 

.0437 

15 

.100 

0 

.0483 

50 

.0509 

45 

.115 

55 

.0820 

60 

.0779 

45 

.0839 

0 

.0502 

100 

.0511 

58 

.0918 

15 

.0769 

55 

.282 

10 

.373 

0 

.980 

50 

1.07 

0 

.327 

50 

.356 

210 

.387 

58 

.0920 

25 

.200 

44 

.378 

48 

.194 

55 

.887 

0 

.209 

50 

.232 

12 

.361 

9 

.349 

9 

.239 

61 

.222 

0 

.152 

50 

.163 

47 

.373 

58 

.162 

38 

.177 

58 

.158 

32 

.323 

61 

.182 

0 

.0640 

100 

.0669 

29 

.100 

0 

.0404 

50 

.0413 

0 

.0485 

50 

.0521 

0 

.0506 

50 

.0520 

Lead  ammonium  chloride 

Lead  borate 

Lead  bromide 

carbonate 

chloride 

chromate 

dioxide 

iodide 

molybdate 

monoxide 

nitrate 

pyrophosphate 

silicate 

sulfate 

sulfide 

thiosulfate 

tungstate 

Lithium  chloride 

fluoride 

hydride 

hydroxide 

nitrate 

thiosulfate 

Magnesium  carbonate. . .  , 

chloride 

chloride 

nitrate 

oxide 

sulfate 

sulfate 

sulfate 

sulfate 

Manganese  dioxide 

nitrate. .  . 

Manganic  oxide 

oxide 

Manganous  oxide 

sulfate 

sulfate 

Mercuric  chloride 

cyanide 

iodide 

oxide 

sulfide 


2PbCl2-NH4Cl.. 

PbB204 

PbBr2 

PbCOa 

PbCh 

PbCr04 

Pb02 

Pbl2 

PbMo04 

PbO 

Pb(N03)2 

Pb2P207 

PbSiOa 

PbS04 

PbS 

PbS203 

PbW04 

LiCl 

LiF 

LiH 

LiOH 

LiN03 

Li2S203 

MgCOa 

MgCl2-6H20.... 

MgCl2 

Mg(N03)2-6H20 
MgO 

MgS04-7H20... 
MgSO4-0H2O... 

MgS04H20 

MgS04 

Mn02 

Mn(N03)2-6H20 

Mn203 

Mn203'3H20.... 

MnO 

MnS04-5H20... 

MnS04 

HgCl2 

Hg(CN)2 

Hgl2  (red) 

HgO 

HgS 
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SPECIFIC  HEAT  OF  SOLID  INORGANIC  COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature. 
°C. 


Specific 
Heat 
Cal. 

15°/g/ 

°C. 


Mercurous  chloride 

sulfate 

Molybdenum  trioxide. .  .  , 
Nickel  nitrate 

sulfate 

sulfate 

sulfide 

Nitrogen  pentoxide 

Potassium  acetate 

aluminum  sulfate, 
(alum) 

Potassium  arsenate,  acid 
Potassium  bromide 

chlorate 

chloride 

chloroplatinate 

chromate 

dichromate 

f  erricyanide 

ferrocyanide 

f  errocyanide 

fluoride 

metaborate 

nitrate 

perchl  orate 

phosphate,  dihydrogen 

pvrophosphate 

thiosulf  ate 

Silicon  carbide 

Silver  bromide 

chloride 

cyanate 

iodide 

nitrate 

selenide 

sulfide 

Sodium  acetate 

acetate 


HgCl... 
Hg2S04. 


M0O3 

Ni(N03)2-GH20. 
NiSOr6H20.... 

NiS04 

NiS 


N2O5.... 
KC2H3O2 
KHSO4.. 


K2S04Al2(S04)3-24H20 


KH2ASO4. 
KBr 


K2CO3. 
KCIO3. 


KC1. 


K2PtCl6.... 

K2Cr04 

K2Cr207..., 

K3Fc(CN)6. 
KiFe(CN)6. 


K4Fe(CN)6-3H20, 
KF 


K2B2O4. 
KNO3.. 


KCIO4... 
KH2PO4. 
K4P2O7.  . 
K2S2O3.. 
SiC 


AgBr. 
AgCl. 


AgCNO 
Agl 


AgNO: 

Ag2Se . 
Ag2S.. 


NaC2H302 

NaC2H302-3H20, 


0 
50 

0 
50 
54 
80 
35 
58 

0 

100 

-80  to  -5 

20 

35 

0 
50 
31 

0 

100 

47 

0 
50 

0 

100 

30 

46 

0 
26 

0 
50 

0 
50 

0 
50 
57 

0 
100 
30 
33 
58 
60 

0 
100 

0 
100 

0 
50 
40 

0 
100 
50 
37  to  187 

0 
50 
38 

0 
40 


.0499 

.0512 

.0616 

.0680 

.134 

.473 

.313 

.225 

.116 

.128 

.239 

.272 

.244 

.324 
.360 
.174 
.104 
.108 
.210 
.191 
.205 
.162 
.168 
.112 
.186 
,178 
.232 
,210 
,225 
,267 
,285 
,199 
,204 
,225 
,214 
,240 
,189 
.208 
.191 
,196 
,143 
.194 
.0695 
.0734 
,0848 
,0906 
,124 
,0548 
,0593 
146 
0693 
0719 
0748 
339 
344 
602 
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SPECIFIC  HEAT  OF  SOLID  INORGANIC  COMPOUNDS 

(Continued) 


Name 

Formula 

Temperature, 
°C. 

Specific 
Heat 
Cal. 

16°/g/ 

°C. 

Sodium  bromide 

NaBr 

0 

100 

45 

0 
100 

0 

100 

46 

0 
50 
57 

0 
50 

0 
50 

0 
50 
50 

0 

100 

45 

35 

21 

9 
45 
54 
60 
56 
15 
32 
48 
-30 

0 
-185  to  -103 

0 

100 

30 

0 
50 
50 

0 

0 

50 

0 

50 

100 

100 

-250 

-200 

-150 

-100 

-40 

0 

57 

60 

.118 

carbonate 

Na2C03 

.124 
.256 

chloride 

NaCl 

.204 

fluoride 

NaF 

.217 
.258 

formate 

NaHC02 

.279 
.306 

iodide 

Nal 

.0829 

metaborate 

Na2B204 

NaNOs 

.0848 
.253 

nitrate 

.247 

phosphate,  di- 

Na2HPOrl2H20 

Na2HP047H20 

Na4P207 

.270 
.404 

phosphate,  di- 

pyrophosphate 

.464 
.351 
.406 
.227 

sulfate 

Na2S04 

.202 

tetraborate    

Na2B407 

.220 
.234 

tetraborate  (borax) .... 
thiosulfate 

Na2B4O7-10H2O 

Na2S203-5H20 

NaoS203 

.385 
.346 

thiosulfate 

.220 

Stannic  oxide 

Sn62 

.0898 

sulfide 

SnS2 

.119 

Stannous  chloride 

SnCl2 

.102 

sulfide 

SnS 

.0839 

Strontium  molybdate .... 

SrMo04 

.148 

nitrate 

Sr(N03)-> 

.182 

sulfate 

SrS04 

.143 

Sulfuric  acid 

H2S04 

.239 

Sulfur  dioxide 

S02 

.270 
.229 

Thallium  monochloride.  . . 

T1C1 

.0520 

Thorium  chloride 

ThCl 

.0542 
.406 

dioxide 

Th02 

.0571 

sulfate .  . 

Th(S04)2 

.0589 
.0980 

Tin   see   under   Stannous 

and  Stannic 
Titanium  dioxide 

Ti02 

.168 

Tungsten  trioxide 

Uranium  oxide  (ous-ic) .  .  . 
Uranium  trichloride 

WO3 

.0743 

U308 

.0832 
.0671 

TJCI3 

.0750 
.07167 

Uranium  tetrachloride  . 

UC14 

.07923 

Water,  soJid 

H2O 

.0361 

Yttrium  oxide 

Y2O3 

.156 
.246 
.332 
.435 
.492 
.112 

Zinc  chloride 

ZnCl2 

.136 
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SPECIFIC  HEAT   OF   SOLID   INORGANIC   COMPOUNDS 

(Continued) 


Name 

"Formula 

Temperature, 
°C. 

Specific 
Heat 
Cal. 

15°/g/ 
°C. 

Zinc  nitrate 

oxide 

Zn(N03)2-6H20 

ZnO 

30 
0 

100 
0 
9 
9 
50 
0 

100 
0 

.318 
.114 

sulfate 

ZnSOr7H20 

.129 
.322 

sulfate 

sulfate 

ZnS04-6H20 

ZnS04-H20   

ZnS04 

ZnS 

.299 
.194 

sulfate 

.174 

sulfide 

.116 

Zirconium  dioxide 

Zr02 

.118 

.103 

SPECIFIC  HEAT  OF  LIQUID  INORGANIC  COMPOUNDS 

Name 

Formula 

Temperature, 
°C. 

Specific 
Heat 
Cal. 

(15°)/g 

Ammonia 

Nils 

CaCh'OluO 

-60 
0 

20 
100 
33-99 

0 
550 
540 
280 
397 
380 
500 
490 
250 

61.8 
280 
350 
13-98 
14-98 
-20 
0 

20 
100 

10 

35 

1.047 

Calcium  chloride 

1.098 
1.125 
1.48 
.552 

Hydrogen  peroxide 

Lead  bromide 

H2O2 

PbBr2 

.578 
.0779 

chloride 

PbCl2 

.121 

Lithium  nitrate 

LiNOs 

K2Cr20-   . 

.390 
0335 

nitrate 

KNO3 

.0332 

Silver  bromide 

AgBr 

.0760 

chloride 

AgCl. 

.129 

nitrate 

AgN03 

.187 

Sodium  acetate 

NaC2H302 

.846 

chlorate 

NaClOs 

.325 

nitrate. . 

NaNOs 

Na2S203-5H20 

SnCi4 

.430 

thiosulf  ate 

.570 

Stannic  chloride. .         .... 

.148 

Sulfur  dioxide 

S02 

.313 

Sulfuric  acid 

H2SO4 

.318 
.327 
.418 
.339 

acid  pyro- 

H0S2O7 

H2O     See  special  table 

.334 

Water 
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SPECIFIC    HEAT    OF    SOLID    ORGANIC    COMPOUNDS 

Specific  heat  is  given  in  calories  (15°)  per  gram  per  degree  Centigrade.     To 
change  to  joules  per  gram  per  degree  Centigrade  multiply  by  4.185. 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 

15°' 


& 


Acetic  acid 

Acetone 

o-Aminobenzoic  acid. 
m-Aminobenzoic  acid. 
p-Aminobenzoic  acid. 

Aniline 

Anthracene 


Anthraquinone. 
Azobenzene. . . . 
Benzene 


Benzoic  acid. . 
Benzophenone. 


Betol. 


o-Bromochlorobenzcne .  .  . 
m-Bromochlorobenzene. . 
p-Bromochlorobenzene . .  . 


o-Bromoiodobenzene . 
m-Bromoiodobenzene , 
p-Bromoiodobenzene . 
)8-Bromonaphthalene . 

Bromophenol 

Camphene 

Capric  acid 

Caprylic  acid 

Carbon  tetrachloride. 


Catechol 

Chloral  alcoholate. .  .  . 

hydrate 

Chloroacetic  acid. 
p-Chlorobenzoic  acid. 
m-Chlorobenzoic  acid, 
p-Chlorobenzoic  acid. 

Crotonic  acid 

Cyamelide 

Cyanuric  acid 

Dextrose 


Dextrin 

o-Dibromobenzene . 
m-Dibromobenzene . 
p-Dibromobenzene . 
Dichloroacetic  acid. 
o-Dichlorobenzene . 


CH3CO2H 

(CH3)2CO 

H2NC6H4CO2H 


C6H5NH2 

C14H10. . . 


(C6H4)2(CO)2, 
(C6H5N)2.... 
CeHe 


C6H5CO2H 

(C6H5)2CO. 


HOC6H4C02CioPI: 


C6H4BrCl. 


C6H4BrI 


CioHrBr 

HOC6H4Br 

CioHig 

CH3(CH2)sC02H 
CH3(CH2)6C02H, 
CCh 


C6H4(OH)2 

CClsCHOC^HsOH 

CC13CHOH20 

CH2CICO2II 

CIC6H4CO2H 


CH3CHCHC02H. 

CsHaOsNs 

(HNCO)3 

C6Hi206 


(CcHio05)x. 
C6HiBr2... 


CHCI2CO2H 
C6H4CI2 


0 

-210 

85 

120 

128 

? 

50 

100 

0 

28 

-250 

-200 

-100 

-50 

20 

-150 

-50 

0 

20 

-150 

-100 

-34 

-52 

-40 

0 

-50 

75  to  -15 

-40 

41 

32 

35 

8 

-2 

-200 

-80 

-40 

163 

78 

32 

60 

80 

94 

180 

38 

40 

40 

-250 

0 

20 

0to90 

-36 

-25 

-50 

solid 

-48.5 


.487 
.540 
.254 
.253 
.287 
.741 
.308 
.350 
.258 
.330 
.0399 
.124 
227 
.'299 
.287 
.115 
.220 
.275 
.303 
.129 
.167 
.192 
.150 
.150 
.170 
.143 
.143 
.116 
.260 
.263 
.380 
.695 
.628 
.0812 
.182 
.201 
.278 
.509 
.213 
.363 
.228 
.232 
.242 
.520 
.263 
.318 
.0155 
.277 
.275 
.292 
.249 
.134 
.139 
.406 
.185 
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SPECIFIC    HEAT 


OF    SOLID    ORGANIC    COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 

15°/g/ 


32 


m-Dichlorobenzene . 
p-Dichlorobenzene . 

Dicyandiamide 

Dulcitol 

m-Diiodobenzene. . , 
p-Diiodobenzene. . . 

Dibenzyl 

Dimethyl  oxalate. . 

Dimethylpyrone 

o-Dinitrobenzene . . . 
m-Dinitrobenzene . . 
p-Dinitrobenzene . . . 

Diphenyl 

Diphenylamine 

Ethyl  alcohol 

(crystalline) 

(vitreous) 

Erythritol 

Formic  acid 


Glutaric  acid, 
Glyceral 


Glycol 

Hexadecane. 
Iodobenzene, 
Lactose 


Laurie  acid 

Levulose 

Malonic  acid 

Maltose 

Mannitol 

Melamine 

Myristic  acid 

Naphthalene 

oc-Naphthol 

/S-Naphthol 

tt-Naphthylamine . 
m-Nitroaniline. .  . 
o-Nitroaniline .... 
p-Nitroaniline .... 
Nitrobenzene 


o-Nitrobenzoic  acid. 
m-Nitrobenzoic  acid. 
Nitronaphthalene. . . 
Oxalic  acid 


Palmitic  acid. 


C2H4N4.... 
C6H8(OH)6. 
C6HJ2 


(C6H5CH2)2... 
(C02CH3)2.... 
(CH3)2C5H202. 

C6H4(N02)2... 


(CeHs)..... 

(C6H5)2NH, 
C2H5OH... 


(CHOHCH2OH)2 
HCO2H 


(CH2)3(C02H)2. 
C3H6(OH)3 


(CH2OH)2 

Cl6H34 

CeHsI 

Ci2H22Oii 

Ci2H220irH20. 
C11II23CO2H... 

C6H12O6 

CH2(C02H)2... 

C12H22O11 

C6H8(OH)6.... 

CsHeNe 

C13H27CO2H... 

CioHs 

C10H7OH 


C10H7NH2.... 
H2NC6H4NO2. 


C6H5NO2 

N02C6H4C02H 


C10H7NO2 

(C02H)2-2H20. 


CisH3iC02H 


180* 


-52 

-50 

0  to  204 

20 

-52 

-50 

28 

10 

50 

-160 

-160 

119 

40 

26 

-190 

-190 

60 

-22 

0 

20 

-250 

-200 

-100 

0 

40 

19 

40 

20 

20 

-30 

20 

20 

20 

0 

40 

0 

-130 

50 

61 

0 

-160 

-160 

-160 

20 

100 

-163 

-160 

0 

0 

50 

-180 

-100 

-50 

0 

20 


.186 
.219 
.456 
.282 
.100 
.101 
.363 
.212 
.368 
.252 
.248 
.259 
.385 
.337 
.232 

.260 

.351 

.387 

.430 

,299 

,0471 

,115 

,217 

,330 

,528 

495 

191 

,287 

299 

430 

275 

275 

320 

313 

351 

381 

281 

240 

252 

270 

275 

269 

276 

349 

356 

256 

247 

236 

338 

385 

167 

251 

306 

382 

430 


SPECIFIC    HEAT 


OF    SOLID    ORGANIC    COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature. 
°C. 


Specific 
Heat 
Cal. 

15°/g/ 
°C. 


Picric  acid. 


Phthalic  acid. . . . 
Propionic  acid.  .  . 
o-Propyl  alcohol, 


iso-Propyl  alcohol 
Pyrotartaric  acid. 
Quinhydrone 


Quinol.  . 
Quinone. 


Resorcinol. . . 
Salol....v.. 
Stearic  acid . . 
Succinic  acid. 

Sucrose 

Tartaric  acid. 


Thymol 

Trichloroacetic  acid. 
Trimethyl  carbinol., 
Trinitrotoluene 


Trinitroxylene. 
Triphenylmethane , 

o-Toluic  acid 

m-Toluic  acid 

p-Toluic  acid 

p-Toluidine 


Urea . 


HOC6H2(N02); 


C6H4(C02H)2. 
C2H5C02H... 
C3H7OH 


C3H7OH. 
C5H804.. 
Ci2Hio04. 


C6H4(OH)2. 
CJI4O2.... 


C6H4(OH)2 

HOC6H4C02C6ll5 

C17H35CO2H 

(CH2C02H)2 

Ci2H22On 

H2C4H4O 


C10H14O 

CC13C02H 

(CHshCOH...  . 

CH3C6H2(N02)3. 


(CH3)2C6H(N02;; 

(CeHBhCH 

CH3C6ll4C02II.  . 


CH3C6H4Nt[2. 
(NH2)2CO.... 


20 


-100 

0 

50 

20 

-33 

-200 

-130 

-200 

20 

-250 

-200 

0 

-250 

-150 

-250 

-200 

-150 

-160 

32 

15 

0 

20 

36 

0 

50 

0 

solid 

-4 

-100 

0 

100 

to  50 

0 

54 

54 

130 

0 

20 

20 


.165 

.240 

.263 

.232 

.726 

.170 

.497 

.0507 

.301 

.0165 

.0980 

.256 

.0246 

.268 

.0311 

.113 

.282 

.269 

.289 

.399 

.248 

.299 

.287 

.308 

.366 

.315 

.459 

.  559 

.170 

.311 

.  385 

.423 

.189 

.277 

.239 

.271 

.  337 

.387 

.320 


SPECIFIC  HEAT  OF  HEAVY  WATER 


%  D20 

Temp.  °C. 

Specific 
Heat 
cal./g 

Molar 

Heat 

cal./mol. 

Observer 

99.7 

97.7 

98 

98 

98 

-20.5-  0  (solid) 

0             (solid) 

4     -26  (liquid) 

26     -45  (liquid) 

26     -65  (liquid) 

0.408 

0.51 

1.018 

1.003 

1.008 

8.18 
10.2 
20.4 
20.1 
20.2 

Bartholome  and  Clusius 

Jacobs 

Brown,  Barnes,  &  Maass 
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SPECIFIC   HEAT   OF   LIQUID    ORGANIC   COMPOUNDS 

Specific  heat  is  given  in  calories  (15°)  per  gram  per  degree  Centigrade.      To 
change  to  joules  per  gram  per  degree  Centigrade  multiply  by  4.185. 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 

i5yg/ 


5fi 


Acetic  acid. 
Acetone. . . 


Acetonitrile 

Acetophenone 

Acetyl  chloride 

Allyl  acetate 

alcohol 

benzoate 

butyrate 

chloride 

isobutyrate 

propionate 

valerate 

o-Aminobenzoic  acid. 
m-Aminobenzoic  acid 
p-Aminobenzoic  acid. 
iso-Amyl  acetate 

alcohol 


d-prim.-Amyl  alcohol 
tert.-Amyl  alcohol. . . 
iso-Amyl  butyrate. . . 

formate    

isobutyrate 

propionate 

succinate 

valerate 

iso-Amylamine 

Amylene 

Anethol 

Aniline 


Anisol 

Benzaldehyde. 
Benzene 


Benzoic  acid. 

Benzonitrile 

/S-Benzophenone 

Benzyl  alcohol 

chloride 

Bctol 

Bromobenzene 

o-Bromochlorobcnzenc.  .  . 
m-Bromochlorobenzene. . 

o-Bromoiodobenzene 

m-Bromoidobcnzene 

Bromophenol 

n-Butane 

iso-Butane 

iso-Butyl  acetate 


CH3COOH. 

(CH3)2CO.. 


CHsCN 

C6HBCOCH3... 

CH3COCI 

CHsCOjCsHs... 

C3H5OH 

C6H5CO2C3H5.. 
C3H7CO2C3H5.. 
CH2CHCH2CI.. 
C3H7CO2C3H5.. 
C2H5CO2C3H5.. 
C4H9CO2C3H5.. 
H2NC6H4CO2II. 


CH3CO2C5II11 
C5HnOH 


CbHuOH, 


C3H7CO2C5H11.. 

HCO2C6H11 

C3H7CO2C5II11.. 
C2H5C02C5Hn.. 
(CH2C02C5Hn)2, 
C4H9CO2C5H11..  . 

C5H11NH2 

C5H10 

C9H9OCH3 

C6H6-NH2 


CeHsOCHj 
C6H5CHO. 
CeHe 


C6H5CO2H 

CeHsCN 

(C6H5)2CO 

C6H5CH2OH 

C6H5CH2C1 

HOCeBUCOsjdoII? 

CoHsBr 

C6H4BrCl 


C6H4BrI. 


HOCeEUBr. 
C4H10 


CH3C02C4H9. 


0 

0 

20 

21-76 

20-196 

0 

0 

21-96 

20 

20 

0 

20 

20 

20 

145 

174 

186 

20 

0 

20 

75.5 
22-125 
20-99 
20 
20 
20 
20 
0 
20 
22-91 
0 
22.48 

0 

50 

100 

20-152 
22-172 
5 
20 
60 
90 
0 
22-186 
3-40 
20-100 

0 

19-63 

20 

0 

0 

5-100 

5-100 

18-77 

0 

0 

20 


.468 
.506 
.528 
.541 
.474 
.339 
.431 
.665 
.388 
.451 
.313 
.448 
.451 
.451 
.435 
.435 
.444 
.459 
.502 
.535 
.688 
.712 
.753 
.459 
.459 
.459 
.459 
.449 
.459 
.614 
.282 
.551 
.478 
.521 
.547 
.483 
.428 
.389 
.406 
.444 
.473 
.424 
.441 
.383 
.511 
.323 
.356 
.231 
.215 
.212 
.160 
.158 
.316 
.550 
.550 
.459 
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SPECIFIC   HEAT    OF   LIQUID    ORGANIC    COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 


n-Butyl  alcohol 


iso-Butyl  alcohol 

Butyl  butyratc 

iso-Butyl  butyrate. . . 

n-Butyl  chloride 

formate 

Butyl  propionate. . .  . 
iso-Butyl  succinate. . 

Butyl  valerate 

n-Butyric  acid 

iso-Butyric  acid 

n-Butyronitrile 

Caproic  acid 

Capronitrile 

Carbon  tetrachloride, 


Carvacrol 

Catechol 

Chloral 

hydrate 

Chlorobenzene 

o-Chlorobenzoic  acid. 
m-Chlorobenzoic  acid. 
p-Chlorobenzoic  acid. 
Chloroform , 


o-Chlorophenol 

Chlorotoluene 

o-Cresol 

m-Cresol 

p-Cresyl  methyl  ether 

Crotonic  acid 

Cyclohexanol 

Cyclohexanone 

o-Cymene 

Decylene-2 

Diallyl  oxalate 

succinate 

Diamylene 

o-Dibromobenzene 

m-Dibromobenzene 

Dibutyl  oxalate 

Dichloroacetic  acid 

o-Dichlorobenzene 

m-Di  chlorobenzene 

p-Dichlorobenzene 

Diethylamine 

Diethylaniline 

Diethyl  carbonate 

ketone 

malate 

malonate 

oxalate 

succinate 

o-Diiodobenzene 


C4H9OH. 


C3H7C02C4H9. 


C4H9CI 

HCO2C4H9 

C2H5CO2C4H9.. 
(CH2C02C4H9)2. 
C4H9CO2C4H9.  . 

C3H7CO2H 

C4H802 

C3H7CN 

C5H11CO2H 

C5H11CN 

CCh 


C9H13OH 

C6H4(OH)2.... 

CChCHO 

CCI3CHOH2O. 

CfiHsCl 

CIC6H4CO2H.. 


CHC1; 


H0C6H4C1.. 

CHsCeKUCl.. 

CH3C6H4OII 


CH3C6H4OCH3. 

C3H5CO2H 

CeHnOH 

CeHioO...,. 

C3H7C6H4CH3.. 

C10H20 

(CO2C3H.O2 

(CH2CO2C3H5J2. 

C10H2o 

C6H4Br2 


(C02C4H9)2. 
CI2CHCO2H 
C6H4CI2 


(C2H.O2NH 

C6H5N(C2ll6)2 

CO(OC2H6)2 

(C2H5)eCO 

HOC2H3(C02C2lI6)2. 
CH2(C02C2fl5)2 

(C02C2H5)2 

(CH2C02C2H6)2 

C6H4I2 


2.3 
19.2 
21-109 
20 
20 
20 
20 
20 
0 
20 
20-100 

20 
21-113 
29-105 
18-156 
0 
20 
24-233 

0 

17-53 

55-88 

20 

0 

0 

226 

0 

15 

20 

0-20 

0 
0-20 
0-20 

0 

71.4 

15-18 

15-18 

0 
0-50 
20 
20 
20-130 
0 
0 
20 
21-106 
0 
0 
53-99 
22.5 
20 
20-100 
20-98 . 5 
24-186 
20 
20 
20 
0 


.526 
.563 
.716 
.459 
.459 
.451 
.459 
.459 
.442 
.459 
.515 
.450 
.547 
.533 
.542 
.198 
.201 
.577 
.462 
.250 
.470 
.309 
.392 
.266 
.547 
.232 
.226 
.234 
.401 
.316 
.499 
.479 
.405 
.500 
.417 
.433 
.400 
.469 
.426 
.452 
.545 
.180 
.175 
.441 
.350 
.270 
.270 
.298 
.518 
.452 
.464 
.557 
.475 
.433 
.433 
.452 
.136 
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SPECIFIC   HEAT    OF   LIQUID    ORGANIC    COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature, 
°C. 


Specific 

Heat 

Cal. 

15°/g/ 

°C. 


m-Diiodobenzene. . . 
Diisoamyl 

oxalate 

Diisobutylamine 

Dimethylaniline. . .  . 
Dimethyl  carbonate 
o-Dinitrobenzene. .  . 
m-Dinitrobenzene. . 
p-Dinitrobenzene. . . 

Diphenylamine 

Diphenyl  oxide 

Dipropylamine 

Dipropyl  ketone 

malonate 

succinate 

Di-n-propyl  oxalate, 

Dodecane 

Dodecylcne 

Ether 


Ethyl  acetate 

acetoacetate 

alcohol 

benzene 

benzoate 

bromide 

butyrate 

chloride.  ....... 

chloroacctate 

dichloroacetate. . . 

formate 

iodide 

isobutyrate 

propionate 

sulfide 

trichloroacetatc. . . 
valerate ......... 

Ethylene  bromide. . , 
chloride 

Formamide 

Formic  acid 

Furfural 

Glycerol,  (glycerine) 

Glycol 


C10H22 

(C02C5Hii)2.. 
(C4H9)2NH... 
CCH5N(CH3)2. 
CO(OCH3)2... 
C6H4(N02)2.. 


(C6H6)2NH 

(C6H5)20 

(C3H7)2NH 

(C3H7)2CO 

CH2(C02C3H7)2. 
(CH2C02C3H7)2. 

(C02C3H7)2 

C12H26 

C12H24 

(C2H5)20 


CH3C02C2H5 

CH3COCH2C02C2H5 
C2Hb.OH 

C6H5C2H5 

CCH5C02C2H6 

C2H5Br 

C3H7C02C2H6 

C2II5CI 

C1CH2C02C2H5 

CI2CHCO2C2H6 

HCO0C2H5 

C2H5I 

C3H7C02C2H5 

C2H5C02C2H6 

(C2H5)2S 

CC13C02C2H5 

C4H.JC02C2H5 

(CH2Br)2 

(CH2CD2 

HCONH2 

HCO2H 

(C4H30)CHO 

HOCH2CHOH.- 
CH2OH 

(CH2OH)2 
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34 . 2-99 . 6 
21.5-155 
20 
22-130 
0-20 
19 . 8-88 
0 
90 
0 
53 
30 
22-100 
20-140 
20 
20 
20 

0-50 
0-50 
-50 

0 

30 

120 

180 

20 

20-100 

-100 

0 

25 

100 

30 

20 

5-10 
15-20 
20 
0 
9-138 
20 
14-49 
0 
20 
20 
0 
15-20 
10-81 
20 
20 
20 
60 
19 
0 
15.5 
20-100 
20-100 

0 

50 

100 

0 
14.9 


.140 
.590 
.449 
.571 
.418 
.452 
.349 
.405 
.279 
.464 
.399 
.597 
.552 
.433 
.452 
.433 
.500 
.457 
.517 
.529 
.547 
.803 
1.041 
.459 
.477 
.456 
.535 
.581 
.824 
.409 
.389 
.216 
.215 
.459 
.368 
.418 
.  329 
.510 
.162 
.459 
.459 
.470 
.477 
.295 
.459 
.174 
.301 
.319 
.551 
.437 
.511 
.526 
.418 

.540 
.600 
.669 
.544 
.571 


SPECIFIC    HEAT    OF   LIQUID    ORGANIC    COMPOUNDS 

(Continued) 


Name 


Formula 


Temperature, 
°C. 


Specific 
Heat 
Cal. 

°c. 


Heptaldehyde 

n-Heptane  (B.  P.  98°)  . . . 

iso-Heptane 

Heptylene  (B.  P.,  98°)  .  . . 

Heptylic  acid 

n-Hexadecane  (B.P.,  275°) 

1,  5-Hexadiene 

o-Hexahydrocresol 

m-Hexahydrocresol 

p-Hexahydrocresol 

n-Hexane 

Hexylene 

Laurie  acid 

Mesitylene 

Mesityl  oxide 

Methyl  acetate 

alcohol 


Methyl  aniline 

benzoate 

butyl  ketone 

n-butyrate 

chloroacetate 

dichloroacetate 

ethyl  ketone 

ethyl  ketoxime 

formate 

hexyl  ketone 

isobutyl  ketone 

isopropyl  ketone 

propionate 

tri  chloroacetate 

valerate 

o-Methylcyclohexanone . 
m-Methycyclohexanone . 
p-Methylcyclohexanone , 
Methylene  chloride. 

Myristic  acid 

Naphthalene 

a-Naphthol 

0-Naphthol 

a-Naphthylamine 

o-Nitraniline 

m-Nitraniline 

p-Nitraniline 

Nitrobenzene 


CellisCHO. 
C7H16 


C7H14 

C6H13CO2H.. 

C10H34 

CeHio 

CHaCeHioOH, 


Colin 

caii2 

C11H23CO2H. 
CcH3(CH3)3. 

CeHioO 

CH3CO2CH3, 
CH3OH 


C6H5NHCH3 

C6II5CO2CH3 

CH3COC4H9 

C3H7CO2CH3 

CICH2CO2CH3 

CI2CHCO2CH3 

CH3COC2H5 

(CH3)(C2H5)CNOH. 

IICO2CH3 

CH3COC6H13 

CH3COC4H9 

CHaCOCsHy 

C3H7CO2CH3 

C1.!CC02CH3 

C4H9CO2CH3 

C7H12O 


CH2CI2 

C13H27CO2H, 

CioHs 

C10H7OH.... 


C10H7NH2.... 
H2NC6H4NO2. 


o-Nitrobenzoic  acid. 
m-Nitrobenzoic  acid 
p-Nitrobenzoic  acid. 

Nitromethane 

a-Nitronaphthalene . 

Nonane 

Nonylene 

n-Octane 

Octylene 

Olive  oil 

Palmitic  acid 


C(iH6N02 

O2NC6H4CO2H. 


CH3NO2.. 
C10H7NO2. 

C9H20 

C9Hi8 

C,Hi8 

CsIIi6 


C5H31CO2H 


0 
20 

0-50 
0-50 

9 
0-50 

0 
15-18 
15-18 
15-18 
20-100 
0-50 
57 
0 
21-121 
15 
0 
20 
20-197 

0 
21-127 
20 
20 
20 
20-78 
22-152 
13-29 
22-168 

20 

20-91 

20 

20 

20 

15-18 

15-18 

15-18 

15-40 

56-100 

0 

0 

0 

53.2 

0 

0 

0 

30 

120 

0 

0 

238 

17 

58.6 

0-50 

0-50 

20-123 

0-50 

6.6 

65-104 


.365 
.490 
.501 
.488 
.558 
.496 
.407 
.418 
.422 
.423 
.600 
.506 
.515 
.393 
.521 
.468 
.566 
.600 
.513 
.363 
.553 
.459 
.382 
.311 
.549 
.650 
.516 
.552 
.459 
.525 
.459 
.267 
.459 
.436 
.441 
.441 
.288 
.539 
.313 
.389 
.403 
.475 
.400 
.392 
.427 
.339 
.394 
.314 
.405 
.449 
.412 
.365 
.503 
.485 
.578 
.486 
.471 
.653 
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SPECIFIC    HEAT    OF   LIQUID    ORGANIC   COMPOUNDS 

(Continued) 


Name 


Formula 


Paraldehyde. . . . 
Pentadecane. . . . 
Pentadecylene. . . 

iso-Pentane 

Petroleum 

Phenetole 

Phenol 

Piperidine 

Propane 

Propionaldehyde , 
Propionic  acid. . . 
Propionitrile. . .  . 
n-Propyl  acetate. 
Propyl  alcohol. . . 


benzene 

Propyl  benzoate. . . 

butyrate 

chloroacetate 

n-Propyl  formate . . 
Propyl  isobutyrate. 

phenyl  ether.. .  . 

propionate 

valerate 

Pseudocumene .  .  .  . 

Pyridine 

Quinol 

Quinoline 

Quinone 

Resorcinol 


(CH3CHO)3. 

C15H32 

C16H30 

C5Hi2 


C6H5OC2H5.. 

C6H6OH 

CfiHnN 

C3H8 

C2H6CHO.... 
C2H6CO2H... 

C2H5CN 

CH3CO2C3H7. 
CsHt-OH..  .. 


C6H5C3H7 

C6H6C02C3H7.. 
C3H7C02C3H7.. 
CH2CICO2C3H7. 

HCO2C3H7 

C3H7CO2C3H7.. 
C6H5OC3H7.... 
C2H5CO2C3H7. . 
C4H9CO2C3H7.. 
CeH3(CH3)3.  •  .  • 

C6H5N 

C6H4(OH)2 

C9H7N 

C6H4O2 

C6H4(OH)2 


Salicylaldehyde j  HOC6H4CHO. 


Salol. 

Stearic  acid 

Tetrachloroethylene . 

Tetradecane 

Tetradecylene 

m-Thymol 

Toluene 


o-Toluic  acid 

m-Toluic  acid 

p-Toluic  acid 

o-Toluidine 

p-Toluidine 

Trichloroethylene 

Tridecane 

Tridecylene 

Trinitrotoluene  (2,  4,  6) . 

Turpentine,  oil 

Undecane 

Undecylene 

Valeronitrile 

iso- Valeric    acid 

o-Xylene 

m-Xylene 

p-Xylene 


HOC6H4CO2C6H5 
Ci7H35C02H.  ..  . 

C2CI4 

C14H30 

C14H28 

C9H1.3OH 

C6H5CH3 


CH3C6H4CO2H. 


CH3C6H4NH2 


C2HCI3 

C13H28 

C13H26 

CH3C6H2(N02); 


C11H24 

C11H22 

C4H9CN.... 
C4H9CO2H., 
(CH3)2C6H4. 


Temperature, 
°C. 


0 
0-50 
0-50 

8 

21-58 

20 

14-26 

20-98 

0 

0 
20-137 
19-95 
20 
100 

0 
25 

0 
20 
20 
20 
20 
20 
J> 
20 
20 
20 
21-108 

0 
0-20 

0 

0 
18 

44.1 
74-137 
20 

0-50 
0-50 
50 

0 

50 

100 

0 

0 

0 
22-195 
43 
20 

0-50 
0-50 

? 

6 

0-50 

0-50 
23-121 
23-93 

30 
16-35 

30 


Specific 
Heat 
Cal. 

15°/g/ 
°C. 


.436 
.497 
.471 
.527 
.511 
.446 
.561 
.523 
.576 
.522 
.560 
.538 
.459 
.435 
.  526 
.  580 
.400 
.398 
.459 
.414 
.459 
.459 
.429 
.459 
.459 
.414 
.431 
.492 
.352 
.324 
.452 
.382 
.391 
.550 
.211 
.497 
.453 
.567 
.386 
.421 
.470 
.422 
.503 
.316 
.524 
.598 
.223 
.499 
.457 
.335 
.411 
.501 
.482 
.520 
.590 
.411 
.387 
.397 
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SPECIFIC  HEAT  OF  ALLOYS  AND  VARIOUS  SOLIDS 

Values  given  in  calories  per  gram. 


Substance. 


.illoys 
aluminum     bronze,    88.7     Cu, 

11.3  Al 
antimony  bismuth  tin,  21.6Sb, 

36.7Bi,  41.7Sn 
antimony  lead,  37.lSb,  62.9Pb 

bell  metal,  80Cu,  20Sn 

Bismuth  tin,  63.8Bi,  36.2Sn.  .  . 

46.9Bi,  53.1Sn 

56.9Bi,  43.1Sn 

brass,  60Cu,  40Zn 

72Cu,  28Zn 

bronze,  80Cu,  20Sn 

88Cu,  12Sn,  0.94P 
constantan 

German  silver 

invar,  64Fe,  36Ni 


lead  bismuth,  39.9Pb,  60.1Bi.  . 
lead  bismuth  tin, 

32.5Pb,  49.0Bi,  18.5Sn 

31.8Pb,  32.0Bi,  36.2Sn 

lead  tin,  63.7Pb,  36.3Sn 

46.7Pb,  53.3Sn 

Lipowitz  alloy,  24.97Pb, 

10.13Cd,  50.66Bi,  14.24Sn 
manganin 

platinum  iridium,  90Pt,  lOIr.  , 

Rose  alloy,  27.5Pb,  48.9Bi 

23.6  Sn 
solder,  see  lead  tin 
eteel,  ordinary  (.004C) , 

Wood's  alloy,  25.85Pb,  6.99Cd 
52.43Bi,  14.73Sn 
Amalgams 

50.8Fb,  49.2Hg 

78.3Pb,  37.1Sn,  62.9Hg 

54.1Sn,  45.9Hg 

Asbestos 

Basalt 

Calcspar 

Carborundum 

Cellulose,  dry   

Cement,  powder 

Chalk 

Charcoal 

Clay,  dry 

Ebonite 

Glass,  normal  thermometer 

crown 

flint 


Temp.  °  C. 


20-100 

22-99 

10-98 
14-98 
20-99 
20-99 
17-99 
-186- -79 
-79-+18 
20-100 
14-98 
15-98 
20-100 
0 
100 
0 
100 
-182- +15 
15-100 
15-600 
16-99 

14-80 
11-98 
12-99 
10-99 
5-50 

0 
100 
20-100 
20-89 


20 
100 
5-50 


23-99 
22-99 
25-99 
20-98 
20-100 
0-100 
3-44 

2o5-i6" 

20-99 

10 
20-100 
20-100 
19-100 
10-50 
10-50 


Sp.  heat. 


0.104 

.046 

.0388 

.0862 

.0400 

.0450 

.0450 

.0743 

.0873 

.0917 

.094 

.086 

.0874 

.098 

.102 

.094 

.095 

.095 

.120 

.126 

.0317 

.0600n 

.0448 

.0407 

.0451 

.0345 

.097 
.095 
.0323 
.0552 


0.107 
.117 
.0352 


0383 

0729 

0659 

195 

20 

2005 

162 

37 

20 

214 

16 

22 

40 

198S 

161 

117 


Observer. 


Louguinine 
Regnault 


Person 
Behn 

Voigt 
Regnault 

Voigt 

Jaeger,  Diesselhorst 
(i  it 

Tomlinson 


Person 

Person 
Regnault 


Mazotto 

Jaeger,  Diesselhorst 

(<  << 

Pionchon 
Schu'z 


Regnault 
Mazotto 

Regnault 

Schiiz 
Ulrich 
Mean 
Lindner 

Mean 

Regnault 
Weber,  1875 
Mean 

Louguinine,  1882 
Wachsmutn 
H.  Meyer 
H.  Meyer 
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SPECIFIC  HEAT  OF  ALLOYS  AND  VARIOUS  SOLIDS 

(Continued) 

Values  given  in  calories  per  gram 


Substance. 


Carboloy . 
•Granite.. 
Ice 


India  rubber  (Para) 

Leather,  dry 

Marble 

Mica  (Mg; 

Paraffin 

Porcelain 

Quartz 

Rock-salt 

Rubber,  Synthetic  (Government 
rubber — Styrene  Type) 


Sugar. . .  . 
Vulcanite. 
Wood 


Temp.  °  C. 


12-100 
-200 
-180 
-160 
-140 
-100 

-  60 

-  20 

-  10 
?-100 


0-100 

20-98 

0-20 

15-950 

12-100 

13^5 

-253 

-223 

-173 

-  73 

-  53 

-  33 

-  3 
7 

17 
27 
47 


20 
20- 


100 


Sp.  heat. 


052 
,192 
.168 

199 
.230 
.262 
.325 
.392 
.480 
.530 
.481 
.36 
.21 
.2061 
.6939 
.26 
.188 
.219 
.02692 
.08075 
.1462 
.2685 
.4009 
.4123 
.4319 
.4391 
.4465 
.  4539 
.4697 
.274 
.3312 
.42 


Observer. 


Joly 
Nernst,  1910 


Gee  and  Terry 


Ulrich 

R.  W.  Weber 
Harker,  1905 
Joly 
Kopp 

Rands,    Ferguson, 
Prather,  1944 


Hess,  1888 
A.  M.  Mayer 


COLOR  SCALE   OF   TEMPERATURE 

This  table  is  the  result  of  an  effort  to  interpret  in  terms  of  thermometrio 
readings,  the  common  expressions  used  in  describing  temperatures.  It  is  obvi- 
ous that  the  values  are  only  approximations. 


Color. 

Temoerature, 
°C. 

Incipient  red  heat 

500-550 

Dark  red  heat 

650-750 

Bright  red  heat 

850-950 

Yellowish  red  heat 

1050-1150 

Incipient  white  heat 

1250-1350 

White  heat 

1450-1550 
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SPECIFIC  HEAT 
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SPECIFIC  HEAT  FOR  AQUEOUS  SOLUTIONS 

Giving  the  specific  heat  referred  to  that  of  water  at  the  same  temperatures. 
Concentration  of  the  solutions  is  stated  as  the  number  of  molecules  of  water  to 
each  molecule  of  the  solutes  (anhydrous.) 

Values  from  Marignac,  Thomsen  and  others. 


Substance 


Acetic  acid. ... 
Aluminum  sulphate . 
Ammonium  acetate . 

chloride 

hydroxide 

nitrate 

sulphate 

Barium  chloride.  .  . 
Cadmium  sulphate . 
Calcium  acetate 

chloride 

nitrate 

Chromic  acid 

Copper  chloride 

nitrate 

sulphate 

Ferric  chloride 

Hydrochloric  acid. . 

Lactic  acid 

Lead  acetate 

nitrate 

Lithium  chloride. . . 

hydroxide 

Magnesium  chloride 

nitrate 

Sulphate 

Manganese  chloride 

nitrate 

sulphate 

Nickel  chloride .... 

nitrate 

sulphate 

Nitric  acid 

Oxalic  acid 

Potassium  bromide . 

carbonate 

chloride 

chromate 

hydroxide 

iodide 

nitrate 


Concentration 

Temp. 

°C. 

25 

50 

100 

21-52 

0.957 

0.977 

0.987 

21-53 

0.870 

17.5 

0.911 

0.951 

0.976 

18 

0.881 

0.937 

0.966 

18 

0.999 

18 

0.880 

0.929 

0.962 

19-51 

0.803 

0.879 

0.933 

22-27 

0.780 

0.875 

12 

0.696 

0.813 

0.893 

22-52 

.  •  •  . . 

0.896 

0.939 

21-51 

0.754 

0.851 

0.917 

21-51 

0.760 

0.846 

0.911 

21-53 

0.825 

0.896 

0.942 

19-51 

0.779 

0.864 

0.920 

18-50 

0.826 

0.899 

18-23 

0.841 

0.908 

0-98 

0.666 

0.750 

0.854 

18 

0.932 

0.964 

16.5 

6.947 

0.970 

0.982 

18-51 

0.682 

0.794 

0.881 

18-51 

•  »■>•• 

0.750 

0.851 

11 

0.941 

0.973 

13 

0.958 

0.978 

22-52 

0.772 

0.866 

0.923 

19-51 

0.832 

0.903 

18 

0.857 

0.917 

0-98 

6.787 

0.861 

0.914 

19-51 

0.832 

0.903 

19-51 

0.844 

0.912 

24r-55 

0.735 

0.831 

0.902 

24-55 

0.717 

0.823 

0.895 

25-56 

0.837 

0.910 

18 

0.930 

0.963 

20-52 

0.942 

0.965 

20-51 

0.769 

0.864 

0.925 

21-52 

0.760 

0.851 

0.916 

18 

0.828 

0.904 

0.948 

20-51 

0.810 

0.890 

18 

0.916 

0.954 

20-51 

0.715 

0.830 

0.906 

18-23 

0.832 

0.900 

0.943 
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SPECIFIC  HEAT   OF  AQUEOUS  SOLUTIONS 

(Continued) 

Giving  the  specific  heat  referred  to  that  of  water  at  the  same  temperatures. 
Concentration  of  the  solutions  is  stated  as  the  number  of  molecules  of  water  to 
each  molecule  of  the  solutes  (anhydrous). 

Values  from  Marignac,  Thomsen  and  others. 


Substance. 


Potassium  oxalate 

sulphate 

Silver  nitrate 

Sodium  acetate .  . . 

bromide 

carbonate 

chloride 

chromate 

hydroxide 

iodide 

nitrate 

sulphate 

Strontium  chloride 

nitrate.  . 

Sulphuric  acid .... 
Zinc  chloride 

nitrate 

sulphate 


Temp. 
°C. 


21-52 
19-52 
25-52 

18 
20-52 
21-52 

18 
21-52 

18 
20-51 

18 
21-52 
21-26 
19-51 

21 

19-51 
20-52 
20-52 


Concentration. 


25 


0.750 

6.'  809 
0.865 
0.880 
0.781 
0.908 
0.749 
0.863 
0.819 


0.854 
0.796 
0.718 


50 


0.839 

6.' 849 
0.938 
0.886 
0.907 
0.931 
0.856 
0.942 
0.850 
0.918 
0.878 
0.814 
0.817 
0.915 
0.884 
0.823 
0.842 


100 


0.908 
0.902 
0.913 
0.965 
0.939 
0.943 
0.962 
0.913 
0.968 
0.917 
0.950 
0.960 
0.894 
0.890 
0.956 
0.933 
0.899 
0.911 
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SPECIFIC  HEAT  OF  GASES 

The  following  table  gives  values  of  the  specific  heat  at  constant  pressure  in 
calories  per  gram  and  the  value  of  7,  the  ratio  of  the  specific  heat  at  constant 
pressure  to  that  at  constant  volume.  Values  are  given  for  pressures  of  one 
atmosphere  except  where  otherwise  stated. 


Sp.  ht.,  const,  press. 

Value  of  y 

Gas  or  vapor 

Temp. 
°C 

Sp.  ht. 

cal./g 

Obs. 

Temp. 
°C 

7 

Obs. 

Acetaldehyde,  C2H4O  .... 

30 
136 

1.14 
1.15 

39 

Acetic  acid,  C2H4O2 

118-140 
140-180 
26-110 
130-230 
-71 
+15 
-120  (10  atm.) 
(20  atm.) 
(40  atm.) 
(70  atm.) 
-50  (10  atm.) 
(20  atm.) 
(40  atm.) 
(70  atm.) 
+50  (20  atm.) 
(10C  atm.) 
(220  atm.) 
100  (1  atm.) 
(20  atm.) 
(100  atm.) 
(220  atm.) 
400 
1000 
1400 
1800 
15 
ca.  210 
-180 
+  15 
80 
34-115 
120-220 
19-388 

-75 
+15 
80-190 
-180 
+15 
0 
30 
70 
15 
27-118 
120-230 

15 
-82 
+15 

35-189 

90 

100-223 

28-116 

10-170 

114-223 
27-189 
35 

1.50 

1.27 

0.3470 

0.4119 

0.3509 

0.3832 

0.2719 

0.3221 

0.4791 

0.7771 

0.2440 

0.2521 

0.2741 

0.3121 

0.2480 

0.2719 

0.2961 

0.2404 

0.2471 

0.2600 

0.2841 

0.2430 

0.2570 

0.2699 

0.2850 

0.5232 

0.631 

0.133 

0.1253 

0.260 

0.301 

0.370 

0.055 

0.184 

0.1989 

0.157 

0.259 

0.2478 

0.140 

0.132 

0.115 

0.1149 

0.145 

0.157 

0.4095 

0.3475 

0.3861 

0.3711 

0.406 

0.454 

0.161 

0.2750 

0.4260 
0.4619 
0.4449 

1 

1 
23 
23 
26 

30 

Acetone,  C3H6O . . . 

Acetylene,  C2H2 

-71 

+15 

-118 

-78 
+17 

1.31 

1.26 

1.415 

1.408 

1.403 

26 

Air : 

3 

3 
3 

(Data    for   air    compiled 
from  various  observers: 

2.  6,  10, 19,  21) 

100 

1.401 

Ammonia,  NH3 

....... 

26 



14 
37 
23 
31 

26 

"'23' 
26 

"i6" 
16 
16 

"37" 
23 

"26" 

37 
8,18 
23 
37 
23 

23 
37 
14 

400 

1000 

1400 

1800 

15 

j 

1.393 
1.365 
1.341 
1.316 
1.310 

"27' 

Amylene,  C5H10 

Argon,  A 

-180 
+  15 

ca.  1.76 
1.668 

26 

Benzene,  CeH6 

Bromine,  Br 

20-350 

(0.3-1.5  atm.) 

-75 

+15 

1.32 

1.37 
1.304 

31 

Carbon  dioxide,  CO2 

Carbon  disulfide,  CS2 

26 

Carbon  monoxide,  CO 

Carbon  tetrachloride,  CCU 

-180 

+  15 
20  (0.1  atm.) 

1.41 

1.404 

1.13 

26 
4,34 

Chlorine,  Cl2 

Chloroform,  CHCI3 

15 
100 

1.355 
1.15 

"30' 

Cyanogen,  CN 

15 

-82 

+15 

50 

1.256 
1.28 
1.22 
1.21 

Ethane,  C2H6 

26 

Ethyl  acetate,  C4H8O2 

•y 

Ethyl  alcohol,  C2H6O 

90 

1.13 

8,18 

Ethyl  bromide,  C2H5Br... 
Ethyl  chloride,  C2H5CI. . . 

Ethyl  cyanide,  C3H5N  . 

14  (0.3  atm.) 

16 
(0.3-0.5  atm.) 

1  19 
1.19 

4 
4 

Ethyl  ether,  C4H10O    . 

35 

1.08 

14 

1819 


SPECIFIC  HEAT  OF  GASES  (Continued) 


Sp.  ht.,  const,  press. 

Value  of  7 

Gas  or  vapor 

Temp. 
°C 

Sp.  ht. 
cal./g 

Obs. 

Temp. 
°C 

7 

Obs. 

Ethylene,  C2H4 

-91 

0.3086 

26 

-91 

1.35 

26 

+15 

0.3592 

+15 

1.255 

15-100 

0.399 

23,37 

100 

1.18 

39 

25-200 
111-221 

0.430 
0.23 

37 
23 

Ethylene  chloride,  C2H4CI2 
Helium,  He    

-180 

1.25 

26 

-180 
+20-100 

1.660 
1.40 

26 

Hydriodic  acid,  HI 

31 

Hydrobromic  acid,  HBr . . . 
Hydrochloric  acid,  HC1 . .  . 

+  11-100 

0.082 

23 

10-190 

0.185 

23 

15 

0.1939 

15 

100 

1.41 
1.40 

"31' 

Hydrocyanic  acid,  HCN.  . 

65 

1.31 

35 

Hvdrogen,  H2 

-185 

1.605 

3 

-181 

2.64 

26 

-181 
-118 

-78 

1.597 
1.480 
1.443 

26 
3 
3 

-76 

3.15 

26 

-76 
-21 

1.453 
1.420 

26 
3 

+15 

3.389 

+15 

1.410 

100 

3.429 

100 

1.404 

200 

3.463 

200 

1.398 

(Data  for  hydrogen  com- 

400 

3.533 

400 

1.387 

piled      from      various 

600 

3.602 

600 

1.377 

observers:  5,  21,  29) 

800 

3.672 

800 

1.367 

1000 

3.741 

1000 

1.358 

2000 

4.088 

2000 

1.318 

Hydrogen  sulfide,  H2S 

-57 

0.292 

26 

-57 

1.29 

26 

-45 

0.279 

26 

-45 

1.30 

26 

+10-190 

0.243 

33 

15 

0.2533 

+15 

18 

1.32 
1.30 

"32" 

Iodine,  I 

206-377 

0.034 

31 

185 
19 

1.30 
1.68 

30 

Krypton,  Kr 

?,?, 

Mercury,  Hg 

360 

1.67 

13 

(0.5-1  atm.) 

Methane,  CH4 

-115 

0.4502 

15 

-115 

1.41 

15 

-80 

0.5038 

26 

-80 

1.34 

26 

-74 

0.4979 

15 

-74 

1.35 

15 

+  10-200 

0.5931 

6,23 

15 

0.5284 

+15 

1.31 

Methyl  alcohol,  CH40 .. .  . 

77 
100-223 

0.390 
0.4581 

8 
23 

77 

1.203 

8 

Methyl  ether,  C2H6O 

6-30 

1.11 

17 

Neon,  Ne. 

19 
-80 

1.64 
1.38 

?,?, 

Nitric  oxide,  NO 

-80 

0.2445 

26 

26 

-45 

0.2389 

26 

-45 

1.39 

26 

+10-180 

0.232 

23 

15 

0.2329 

+15 

1.400 

Nitrogen,  N2 

-181 

0.256 

26 

-181 

1.47 

26 

+  15 

0.2477 

+  15 

1.404 

Nitrogen  peroxide,  NO2. . . 
Nitrous  oxide  N2O 

27-67 

1.620 

1,  15 

-70 

0.1900 

26 

-70 

1.34 

26 

-30 

0.1998 

26 

-30 
0 

1.31 
1.32 

26 
39 

+15 

0.2004 

+15 

1.303 

25-100 

0.212 

23 

Oxygen,  O2 

-181 
-76 

0.2285 
0.2143 

26 

26 

-181 
-76 

1.45 
1.415 

flfi 

26 

+  15 

0.2178 

+15 

1.401 

100 

0.2181 

20 

100 

1.399 

20 

200 

0.2187 

20 

200 

1.396 

20 
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SPECIFIC  HEAT  OF  GASES  (Continued) 


Sp.  ht.,  const,  press. 

Value  of  7 

Gas  or  vapor 

Temp. 
GC 

Sp.  ht. 
cal./g 

Obs. 

Temp. 
°C 

7 

Obs. 

Oxygen,  O2  (Con'O 

400 

0.2213 

20 

400 

1.391 

20 

600 

0.2241 

20 

600 

1.383 

20 

800 

0.2278 

20 

800 

1.375 

20 

1000 

0.2325 

20 

1000 

1.365 

20 

2000 

0.2669 

20 

2000 

1.303 

20 

Phosphorus,  P 

300 

1.17 

28 

Phosphorus       trichloride, 

PCI3 

110-250 

0.135 

23 

Potassium,  K 

850 

1.77 

36 

680-1000 

1.69 

24 

Propane,  C3H8 

16 

1.13 

4 

(0.5  atm.) 

Silicon  tetrachloride,  SiCU 

90-230 

0.132 

23 

Sodium,  Na.   . 

750-920 

1.68 

24 

Stannic  chloride,  SnCU. . . 

149-273 

0.094 

23 

Sulfur  dioxide,  SO2 

10-190 

0.134 

23 

15 

0.1516 

15 
20 

1.29 
1.27 

"27' 

Water,  H2O 

100 

0.4820 

100 

1.324 

120 

0.4769 

140 

0.4741 

160 
180 

0.4719 
0.4710 

(Data  for  water  compiled 

from  various  observers: 

200 

0.4710 

200 

1.310 

11,  12,  20) 

300 

0.4769 

300 

1.304 

400 

0.4901 

400 

1.301 

500  (1  atm.) 

0.5071 

500 

1.296 

(10  atm.) 

0.5159 

(20  atm.) 

0.5259 

Xenon,  Xe 

19 

1.66 

22 

Refei 

rences 

1  Berthelot  and  Ogier,  181 

32,83 

21  Pier,  1908-10 

2  Bjerrum,  1911-14 

22  Ramsay,  1912 

3  Brinkworth,  1925 

23  Regnault,  1871 

4  Capstick,  1895 

24  Robitsch,  1912 

5  Crofts,  1915 

25  Rolbuch,  1925 

6  Dixon  and  Crofts,  1914 

26  Scheel  and  Heuse,  1913,  1 

3 

7  Dixon,  Campbell  and  Pj 

irker,  1921 

27  Scholer,  1914 

8  Dixon  and  Greenwood, 

1924 

28  Shorthose 

9  de  Heen,  1883 

29  Siegel,  1914 

10  Holborn  and  Jakob,  191 

7 

30  Stevens,  1902 

11  Jakob,  1912 

31  Strecker,  1881,  82 

12  Knoblauch  and  Mollier, 

1911 

32  Thibaut,  1911 

13  Kundt  and  Warburg,  18 

76 

33  Trautz,  1917 

14  Leduc,  1911,  12 

34  Tyrer,  1914 

15  Millar,  1923 

35  Usherwood,  1922 

16  Mills  and  McRae,  1910, 

11 

36  Wenz,  1910 

17  Miiller,  1903 

37  Wiedemann,  1876,  77 

18  Neyreneuf,  1886 

38  Witkowski,  1896 

19  Partington  and  Shilling, 

1923 

39  Wullner,  1878 

20  Partington  and  Schilling 

,  1924 

40  Co 

rnish  ar 

d  Eastman,  192 

8 
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BOILING  POINT   OF  WATER* 

(Hydrogen  Scale) 


Tenths  of  millimeters 

Pressure 

mm. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

700 

97.714 

718 

722 

725 

729 

733 

737 

741 

745 

749 

701 

753 

757 

761 

765 

769 

773 

777 

781 

785 

789 

702 

792 

796 

800 

804 

808 

812 

816 

820 

824 

828 

703 

832 

836 

810 

844 

847 

851 

855 

859 

863 

867 

704 

871 

875 

879 

883 

887 

891 

895 

899 

902 

906 

705 

97.910 

914 

918 

922 

926 

930 

934 

938 

942 

946 

706 

949 

953 

957 

961 

965 

969 

973 

977 

981 

985 

707 

989 

993 

996 

*000 

*004 

*008 

*012 

*016 

*020 

*024 

708 

98.028 

032 

036 

040 

043 

017 

051 

055 

059 

063 

709 

067 

071 

075 

079 

082 

086 

090 

094 

098 

102 

710 

98.106 

110 

114 

118 

121 

125 

129 

133 

137 

14] 

711 

145 

149 

153 

157 

160 

161 

168 

172 

176 

180 

712 

184 

188 

192 

195 

199 

203 

207 

211 

215 

219 

713 

223 

227 

230 

234 

238 

242 

246 

250 

254 

258 

714 

261 

265 

269 

273 

277 

281 

285 

289 

292 

296 

715 

98.300 

304 

308 

312 

316 

320 

323 

327 

331 

335 

716 

339 

343 

347 

351 

355 

358 

362 

366 

370 

374 

717 

378 

382 

385 

389 

393 

397 

401 

405 

409 

412 

718 

416 

420 

424 

428 

432 

436 

440 

443 

447 

451 

719 

455 

459 

463 

467 

470 

474 

478 

482 

486 

490 

720 

98.493 

497 

501 

505 

509 

513 

517 

520 

524 

528 

721 

532 

536 

540 

.544 

547 

551 

555 

559 

563 

567 

722 

570 

574 

578 

582 

586 

590 

593 

597 

601 

605 

723 

609 

613 

617 

620 

624 

628 

632 

636 

640 

643 

724 

647 

651 

655 

659 

662 

666 

670 

674 

678 

682 

725 

98.686 

689 

693 

697 

701 

705 

709 

712 

716 

720 

726 

724 

728 

732 

735 

739 

743 

747 

751 

755 

758 

727 

762 

766 

770 

774 

777 

781 

785 

789 

793 

797 

728 

800 

804 

808 

812 

816 

819 

823 

827 

831 

835 

729 

838 

842 

846 

850 

854 

858 

861 

865 

869 

873 

730 

98.877 

880 

884 

888 

892 

896 

899 

903 

907 

911 

731 

915 

918 

922 

926 

930 

934 

937 

941 

945 

949 

732 

953 

956 

960 

964 

968 

972 

975 

979 

983 

987 

733 

991 

994 

998 

*002 

*006 

*010 

*013 

*017 

*021 

*025 

734 

99.029 

032 

036 

040 

044 

048 

051 

055 

059 

063 

735 

99.067 

070 

074 

078 

082 

085 

089 

093 

097 

101 

736 

104 

108 

112 

116 

119 

123 

127 

131 

135 

138 

737 

142 

146 

150 

153 

157 

161 

165 

169 

172 

176 

738 

180 

184 

187 

191 

195 

199 

203 

206 

210 

214 

739 

218 

221 

225 

229 

233 

236 

240 

244 

248 

252 

740 

99.255 

259 

263 

267 

270 

274 

278 

282 

285 

289 

741 

293 

297 

300 

304 

308 

312 

316 

319 

323 

327 

742 

331 

334 

338 

342 

346 

349 

353 

357 

361 

364 

743 

368 

372 

376 

379 

383 

387 

391 

394 

398 

402 

744 

406 

409 

413 

417 

421 

424 

428 

432 

436 

439 

745 

99.443 

447 

451 

454 

458 

462 

466 

469 

473 

477 

746 

481 

484 

488 

492 

495 

499 

503 

507 

510 

514 

747 

518 

522 

525 

529 

533 

537 

540 

544 

548 

551 

748 

555 

559 

563 

566 

570 

574 

578 

581 

585 

589 

749 

592 

596 

600 

604 

607 

611 

615 

619 

622 

626 

For  lower  pressures  see  under  Vapor  Tension  of  Water 
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BOILING  POINT  OF  WATER  (Continued) 

(Hydrogen  Scale) 


Tenths  of  millimeters 

Pressure 

mm 

.0 

.1 

,2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

750 

99.630 

633 

637 

641 

645 

648 

652 

656 

659 

663 

751 

667 

671 

674 

678 

682 

686 

689 

693 

697 

700 

752 

704 

708 

712 

715 

719 

723 

726 

730 

734 

738 

753 

741 

745 

749 

752 

756 

760 

764 

767 

771 

775 

754 

778 

782 

786 

790 

793 

797 

801 

804 

808 

812 

755 

99.815 

819 

823 

827 

830 

834 

838 

841 

845 

849 

756 

852 

856 

860 

863 

867 

871 

875 

878 

882 

886 

757 

889 

893 

897 

900 

904 

908 

911 

915 

919 

923 

758 

926 

930 

934 

937 

941 

945 

948 

952 

956 

959 

759 

963 

967 

970 

974 

978 

982 

985 

989 

993 

996 

760 

100.000 

004 

007 

011 

015 

018 

022 

026 

029 

033 

761 

037 

040 

044 

048 

052 

055 

059 

063 

066 

070 

762 

074 

077 

081 

085 

088 

092 

096 

099 

103 

107 

763 

110 

114 

118 

121 

125 

129 

132 

136 

140 

143 

764 

147 

151 

154 

158 

162 

165 

169 

173 

176 

180 

765 

100.184 

187 

191 

195 

198 

202 

206 

209 

213 

216 

766 

220 

224 

227 

231 

235 

238 

242 

246 

249 

253 

767 

257 

260 

264 

268 

271 

275 

279 

283 

286 

290 

768 

293 

297 

300 

304 

308 

311 

315 

319 

322 

326 

769 

330 

333 

337 

341 

344 

348 

352 

355 

359 

363 

770 

100.366 

370 

373 

377 

381 

384 

388 

392 

395 

399 

771 

403 

406 

410 

414 

417 

421 

424 

428 

432 

435 

772 

439 

442 

446 

450 

453 

457 

461 

464 

468 

472 

773 

475 

479 

483 

486 

490 

493 

497 

501 

504 

508 

774 

511 

515 

519 

522 

526 

530 

533 

537 

540 

544 

775 

100.548 

551 

555 

559 

562 

566 

569 

573 

577 

580 

776 

584 

588 

591 

595 

598 

602 

606 

609 

613 

616 

777 

620 

624 

627 

631 

634 

638 

642 

645 

649 

653 

778 

656 

660 

663 

667 

671 

674 

678 

681 

685 

689 

779 

692 

696 

689 

703 

707 

710 

714 

718 

721 

725 

780 

100.728 

732 

735 

739 

743 

746 

750 

753 

757 

761 

781 

764 

768 

772 

775 

779 

782 

786 

789 

793 

797 

782 

800 

804 

807 

811 

815 

818 

822 

825 

829 

833 

783 

836 

840 

843 

847 

851 

854 

858 

861 

865 

8b9 

784 

872 

876 

879 

883 

886 

890 

894 

897 

901 

904 

785 

100.908 

912 

915 

919 

922 

926 

929 

933 

937 

940 

786 

944 

947 

951 

954 

958 

962 

965 

969 

972 

976 

787 

979 

983 

987 

990 

994 

997 

*001 

*005 

*008 

*012 

788 

101.015 

019 

022 

026 

029 

033 

037 

040 

044 

047 

789 

051 

054 

058 

062 

065 

069 

072 

076 

079 

083 

790 

101.087 

090 

094 

097 

101 

104 

108 

112 

115 

119 

791 

122 

126 

129 

133 

136 

140 

144 

147 

151 

154 

792 

158 

161 

165 

168 

172 

176 

179 

183 

186 

190 

793 

193 

197 

200 

204 

207 

211 

215 

218 

222 

225 

794 

229 

232 

236 

239 

243 

246 

250 

254 

257 

261 

795 

101.264 

268 

271 

275 

278 

282 

286 

289 

293 

296 

796 

300 

303 

307 

310 

314 

317 

321 

324 

328 

332 

797 

335 

339 

342 

346 

349 

353 

356 

360 

363 

367 

798 

370 

374 

377 

381 

385 

388 

392 

395 

399 

402 

799 

406 

409 

413 

416 

420 

423 

427 

430 

434 

437 

800 

101.441 
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MELTING  AND  BOILING  POINTS  OF  THE  ELEMENTS 
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MELTING  POINTS  OF  MIXTURES  OF  METALS 

(Smithsonian  Physical  Tables) 
Melting-points,  °C. 


Metals 

Percentage  of  metal  in 

second  coli 

imn. 

0% 

10%  20% 

30% 

40% 

50% 

60% 

70% 

80%  90% 

100% 

Pb.  Sn. 

* 
326 

295 

276 

262 

240 

220 

190 

185 

200 

216 

232 

Bi. 

322 

290 

179 

145 

126 

168 

205 

268 

Te. 

322 

710 

790 

880 

917 

760 

600 

480 

410 

425 

446 

Ag. 

328 

460 

545 

590 

620 

650 

705 

775 

840 

905 

959 

Na. 

360 

420 

400 

370 

330 

290 

250 

200 

130 

96 

Cu. 

326 

870 

920 

925 

945 

950 

955 

985 

1005 

1020 

1084 

Sb. 

326 

250 

275 

330 

395 

440 

490 

525 

560 

600 

632 

Al.  Sb. 

650 

750 

840 

925 

945 

950 

970 

1000 

1040 

1010 

632 

Cu. 

650 

630 

600 

560 

540 

580 

610 

755 

930 

1055 

1084 

Au. 

655 

675 

740 

800 

855 

915 

970 

1025 

1055 

675 

1062 

Ag. 

650 

625 

615 

600 

590 

580 

575 

570 

650 

750 

954 

Zn. 

654 

640 

620 

600 

580 

560 

530 

510 

475 

425 

419 

Fe. 

653 

860 

1015 

1110 

1145 

1145 

1220 

1315 

1425 

1500 

1515 

Sn. 

650 

645 

635 

625 

620 

605 

590 

570 

560 

540 

232 

8b.  Bi. 

632 

610 

590 

575 

555 

540 

520 

470 

405 

330 

268 

Ag. 

630 

595 

570 

545 

520 

500 

505 

545 

680 

850 

959 

Sn. 

622 

600 

570 

525 

480 

430 

395 

350 

310 

255 

232 

Zn. 

632 

555 

510 

540 

570 

565 

540 

525 

510 

470 

419 

Ni.  Sn. 

1455 

1380 

1290 

1200 

1235 

1290 

1305 

1230 

1060 

800 

232 

Na.  Bi. 

96 

425 

520 

590 

645 

690 

720 

730 

715 

570 

268 

Cd. 

96 

125 

185 

245 

285 

325 

330 

340 

360 

390 

322 

Cd.  Ag. 
Tl. 

322 

420 

520 

610 

700 

760 

805 

850 

895 

940 

954 

321 

300 

285 

270 

262 

258 

245 

230 

210 

235 

302 

Zn. 

322 

280 

270 

295 

313 

327 

340 

355 

370 

390 

419 

Au.  Cu. 

1063 

910 

890 

895 

905 

925 

975 

1000 

1025 

1060 

1084 

Ag. 

1064 

1062 

1061 

1058 

1054 

1049 

1039 

1025 

1006 

982 

963 

Pt. 

1075 

1125 

1190 

1250 

1320 

1380 

1455 

1530 

1610 

1685 

1775 

K.  Na. 

62 

17.5 

-10 

-3.5 

5 

11 

26 

41 

58 

77  97.5 

Hg. 

90 

110 

135 

162 

265 

, 

Tl. 

62.5 

133 

165 

188 

205 

215 

220 

240 

280 

305 

301 

Cu.  Ni. 

1080 

1180 

1240 

1290 

1320 

1355 

1380 

1410 

1430 

1440 

1455 

Ag. 

1082 

1035 

990 

945 

910 

870 

830 

788 

814 

875 

960 

Sn. 

1084 

1005 

890 

755 

725 

680 

630 

580 

530 

440 

232 

Zn. 

1084 

1040 

995 

930 

900 

880 

820 

780 

700 

580 

419 

Ag.  Zn. 

959 

850 

755 

705 

690 

660 

630 

610 

570 

505 

419 

Sn. 

959 

870 

750 

630 

550 

495 

450 

420 

375 

300 

232 

Na.  Hg. 

96.5 

90 

80 

70 

60 

45 

22 

55 

95 

215 

... 

•The  data  in  this  table   are  compiled  from  various  sources, —  hence  the 
variations  in  the  melting  point  of  the  metals  as  shown  in  this  column. 
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MELTING  AND   BOILING   TEMPERATURES 

Temperature  of  Fusion  for  Various  Substances  for  Atmospheric 

Pressure 

For  the  melting-  and  boiling-points  of  the  chemical  elements  and  of 
inorganic  compounds  see  under  Physical  Constants  of  the  Elements,  and 
Physical  Constants  of  Inorganic  Compounds. 


Substance. 

Temp,  of  fusion 
°C. 

Substance. 

Temp,  of  fusion 
°  C. 

Acetylene 

Alcohol,  ethyl.  . 
Brass 

-81 
-130. 

900. 
31-31.5 

177.7 

120. 

-63.2 

-117.6 

German  silver. . 
Glass 

1000. 
1100. 

Glycerine 

Olive  oil 

Paraffin ....... 

Resin 

17. 

Butter 

Camphor 

Caoutchouc, 

2-6 
55. 
135. 

pure  gum. .  .  . 
Chloroform .... 
Ether 

Sea  water 

Sugar  (cane) .  .  . 

-2.5 
160. 

Boiling-point  for  Various  Substances 

Giving  the  boiling-point  at  atmospheric  pressure  and  the  variation  per 
cm.  pressure  near  76  cm. 


Substance 

Temp.  c  C. 

Variation. 

Acetone 

57. 
-72.2 
78.3 
64.7 

148. 
80. 

205:. 
61.2 
34.6 
70-90. 

291. 

159. 

0.39 

Acetylene 

Alcohol,  ethyl 

methyl 

0.34 
0.35 

Amyl  acetate 

Benzene 

0.43 

Camphor 

0.56 

Chloroform 

0.41 

Ether 

0.40 

Gasoline 

Glycerine 

Turpentine 

MELTING  POINT  OF  ICE— VARIATION  WITH  PRESSURE 

(From  Tamann,  1900,  by  permission.) 


Pressure  in  kg. 
per  sq.cm. 

Temp.  °  C. 

Pressure  in  kg. 
per  sq.cm. 

Temp.  °  C. 

1 

336 

615 

890 

1155 

0.0 

-  2.5 

-  5.0 

-  7.5 
-10.0 

1410 
1625 
1835 
2042 
2200 

-12.5 
-15.0 
-17.5 
-20.0 
-22.1 
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BOILING  POINTS   OF  WATER-ALCOHOL  MIXTURES 

(P.  N.  Evans,  Journal  cf  Industrial  and  Engineering  Chemistry.) 


Weight  per  cent 

Weight  per  cent 

Boiling  point, 

alcohol  in 

Boiling  point, 
°C. 

alcohol  in 

Liquid. 

Vapor. 

Liquid. 

Vapor. 

78.2 

91 

92 

86.5 

18 

71 

78.4 

85 

89 

87.0 

17 

70 

78.6 

82 

88 

87.5 

16 

69 

78.8 

80 

87 

88.0 

15 

68 

79.0 

78 

86 

88.5 

13 

67 

79.2 

76 

85 

89.0 

12 

65 

79  4 

74 

85 

89.5 

11 

63 

79.6 

72 

84 

90.0 

10 

61 

79  8 

69 

84 

90.5 

10 

59 

80 .0 

67 

83 

91.0 

9 

57 

80  2 

64 

83 

91.5 

8 

55 

80  4 

62 

82 

92.0 

8 

53 

80.6 

59 

82 

92.5 

7 

51 

80.8 

56 

81 

93.0 

6 

49 

81  0 

53 

81 

93.5 

6 

46 

81  2 

50 

80 

94  0 

5 

44 

81  4 

47 

80 

94.5 

5 

42 

81.6 

45 

80 

95.0 

4 

39 

81  8 

43 

79 

95  5 

4 

3b 

82  0 

41 

79 

96.0 

3 

33 

82  5 

36 

78 

96  5 

3 

30 

83  0 

33 

78 

97.0 

2 

27 

83.5 

30 

77 

97.5 

2 

23 

84  0 

27 

76 

98.0 

1 

19 

84  5 

25 

75 

98.5 

1 

15 

85  0 

23 

74 

99  0 

0 

10 

85.5 

21 

73 

99  5 

0 

5 

86.0 

20 

72 

100  0 

0 

0 
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MOLECULAR  ELEVATION    OF    THE    BOILING    POINT 

(Most  values  from  Hoyt,  C.S.  and  Fink,  C.K.,  Journal  of  Physical  Chemis- 
try, Vol.  41,  No.  3.,  March,  1937.) 

Molecular  elevation  of  the  boiling  point  showing  the  elevation  of  the 
boiling  point  in  degrees  C  due  to  the  addition  of  one  gram  molecular  weight 
of  the  dissolved  substance  to  1000  grams  of  any  one  of  the  solvents  below. 
The  correction  in  the  last  column  gives  the  number  of  degrees  to  be  sub- 
tracted for  each  mm.  of  difference  between  the  barometric  reading  and 
760  mm. 


Solvent 

KB 

Barometric  Correction 
per  mm. 

Acetic  acid 

3.07 
1.71 
3.52 
2.53 
6.26 
2.34 
5.03 
3.63 
2.79 
1.22 
2.77 
2.02 
2.75 
0.83 
2.15 
5.24 
4.02 
3.56 
3.33 
0.512 

0.0008 

Acetone 

0.0004 

Aniline 

0.0009 

Benzene 

0.0007 

Bromobenzene 

Carbon  bisulfide 

0.0016 
0.0006 

Carbon  tetrachloride 

0.0013 

Chloroform 

0 . 0009 

Cyclohexane 

0 . 0007 

Ethanol  (ethyl  alcohol) 

Ethyl  acetate 

0 . 0003 
0.0007 

Ethyl  ether 

0 . 0005 

n-Hexane 

Methanol  (methyl  alcohol) 

Methyl  acetate 

0.0007 
0.0002 
0 . 0005 

Nitrobenzene 

0.0013 

n-Octane 

0.0010 

Phenol 

0 . 0009 

Toluene 

0 . 0008 

Water 

0.0001 

MOLECULAR  DEPRESSION  OF  THE  FREEZING  POINT 

Showing  the  depression  of  the  freezing  point  due  to  the  addition  of  one 
gram  molecular  weight  of  dissolved  substance,  for  various  solvents. 


Solvent 

Depression  for  one  gram 

molecular  weight  dissolved 

in  100  gms. 

°C 

Acetic  acid 

39.0 

Benzene 

49.0 

Benzophenone 

98.0 

Diphenyl 

Diphenylamine 

80.0 
86.0 

Ethylene  dibromide 

Formic  acid 

118.0 

27.7 

Naphthalene 

Nitrobenzene 

68-69 
70.0 

Phenol 

74.0 

Stearic  acid 

45.0 

Triphenyl  methane 

124.5 

Urethane 

51.4 

Water 

18.5-18.7 
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LOWERING    OF    FREEZING    POINT    FOR    AQUEOUS 

SOLUTIONS 

The  concentration  of  the  solutions  is  expressed  as  the  number  of  gram 
formula  weights  per  1,000  grams  of  water.  The  table  gives  the  molal  lower- 
ing of  freezing  point  in  °C  for  the  concentration  stated. 


Solute 

Concentration 

0.001 

0.005 

0.01 

0.02 

0.05 

0.1 

0.2 

0.5 

1.0 

2.0 

5.0 

AgN03.  . . 

3.60 
7.10 

3.54 

6.62 

3.42 

6.02 
6.3 

3.32 

5.68 
6.1 

3.20 

5.76 

6.5 

3.92 

4.64 

3.79 

2.96 
7.06 
7.9 
4.19 

2.63 
9.45 
10.6 

2.16 

AlCh* 

A1(N03)3* 

AUCSOOa.. 

BaCh 

5.30 
5.39 

5.120 

5.034 
5.01 
1.95 
5.112 

4.938 

4.87 

1.90 

4.796 

L875 

4.886 

4.7 

3.65 

4.12 

2.69 

2.3" 

3.145 
4.918 

4.698 

4.25 

1.870 

4.832 

4.58 

3.22 

3.84 

2.27 

5.08 

2.1 

5.20 

Ba(N03)2. 

Br2 

CaCh 

4.78 
4.50 

4.98 

5.85 
4.59 

7.68 
4.86 

Ca(N03)2. 

CdBr2 



4.76 
4.79 
4.06 

4.47 

4.71 

3.86 

5.20 

2.744 

4.0 

5.107 

5.15 
3i8i6 

CdCh 

3.57 
2.1 
5.08 
1.93 

3.24 
2.1 

Cdl2 

2.25 
5.42 
1.79 

Cd(N03).. 
CdS04.... 



5.28 
2.916 

6.2 

Ch 

C0CI2 

5.208 

4.882 
4.6 

4.946 

4.5 

2.02 

L75* 

6.31 
5.5 

8.51 

Co(N03)2. 



C0SO4 

Cr2(S04)3* 

4.6 

4.2 

5.1 

2.085 

6.01 

6.30 

2.39 

3.523 

1.98 

3.50 

Cu(N03)2. 

5.0 

1.912 

6.02 

6.48 

2.10 

3.54 

1.91 

3.56 

2.71 

3.47 

1.84 

2.23 

2.6 

3.790 

5.14 

3.400 

L722 
6.55 

5.7 
1.715 
8.18 
9.4 

6.7 

CuS04 

2.871 

2.703 

6\93' 

2.266 
6.28 

FeCl3 

12.45 

Fe(N03)3.. 

FeS04 

HC1 

HF 

3.690 

3.635 

3.601 

3.568 

3.532 

3.68 

2.2  i' 
i.86* 

3.94 
1.93 
4.09 
1.72 
3.58 
1.88 
2.14 
2.35 
4.04 

4.43 
2.03 
4.75 
1.16 
3.79 
1.91 
2.41 

HI    . 

7.70 

HI03 

3.12 
3.55 

2.95 

3.51 

1.84 

2.36 

2.8 

3.940 

5.04 

3.452 

0.75 

HNOs.  . 

3.67 

3.64 

3.61 

H202 

1  96 

H3PO4 

3.1 

2.95 

2.75 

H2S03 

H2S04 

4.814 

4.584 

4.112 

5.06 

3.500 

5.07 

H2S206* .  . 

KBr 

3.330 

3.78 

3.27 

3.25 

4.18. 

4.39 

3.314 

3.290 

3.92 

3.25 

3.275 

4.22 

3.27 

KC2H3O2. 

KCN..... 

3.49 

3.41 

3.44 

4.46 

4.56 

3.451 

3.334 

3.3 

3.34 
3.37 

4A2 ' 
3.394 

3.44 

KCNS.... 

K2C204*.. 

'4.5i' 
3.250 

5!6i 

3.220 

K2C03.... 

5.20 

3.610 

3.556 

5.00 

3.566 

3.513 

4.74 
3.503 
3.435 
3.0 

KC1 

KC103 

3.66 

3.648 

K2Cr04.  .  . 

3.6 

3.6 

K2Cr207.  . 

7.06 

KF 

3.39 
5.30 
5.18 

3.35 
5.00 

3.36 
4.55 

3.39 

K3Fe(CN)e 

7.10 

6.53 

6.26 

5.98 

5.60 
5.72 

K4Fe(CN)6 
KHC03... 

3.09 

2.91 

2.68 

KH2P04.. 

3.59 

3.47 

3.34 

3.54 

3.314 

3.42 

4.319 

4.938 

3.19 

3.44 

3.154 

3.39 

4.044 

3.50 

4.977 

KI 

3.38 

2.882 

3.44 

3.37 
2.56 
3.60 

3.40 

3  50 

KNO3.... 

3.638 

3.590 

3.65 

5.010 

5.144 

3.537 
3.62 

3.431 

3.50 

4.559 

4.974 

KOH 

3.66 
5.150 

3.96 

5.77 

K2S04 

5.280 

LiCl 

3.58 
5.38 

3.80 
6.35 

4.41 
8.& 

Mgdi.v.. 

*  Concentration  stated  as  gram  formula  weights  per  liter. 


1829 


LOWERING 

OF  FREEZING  POINT 

(Continued) 

Concentration 

Solute 

0.001 

0.005 

0.01 

0.02 

0.05 

0.1 

0.2 

0.5 

1.0 

2.0 

5.0 

Mg(N03)2  . 

4.74 

2.252 

4.86 

4.78 

2.090 

4.90 

4.92 

2.14 

5.08 

5.78 
2.02 
6.05 
6.00 
2.02 
1  94 
3.33 
2.92 
3  51 
3.78 

7.0 

MgS04 

MnCh 

3.38 

3.02 

2.85 

2.420 

Mn(N03)2.  . 

6.64 

2.5 

1.94 

3.34 

2.65 

3.68 

4.14 

MnSCU 

NH3 

?,  06 

NH4Ci 

3.617 

3.582 
3.572 

3 .  544 
3.535 
3.611 

3.489 
3.470 
3.551 

3 .  442 

3 .  396 

3.507 

3.59 

4.44 

3.478 

3 .  433 

4.49 

3  65 

4.34 

3.68 

4.23 
3  406 
3  42 
5  69 

5  32 

3.392 

3 .  296 

3.468 

3.58 

4.17 

3.424 

3.34 
3.11 
3.456 

NH4NO3... . 

?,  17 

NaBr 

NaC2H302. . 

Na2C03.. 

5.12 
3.604 
3 .  588 

4.93 
3.570 

NaCl 

NaC103 

3.66 
3.682 

3.37 

3.45 



NaoCr04...  . 

4.23 
3.51 

3.71 

NaHCO^.... 

Na2HP04.. . 

4.99 

4.85 

4.61 

Nal 

3.52 

3.87 
3 .  327 
3.41 

3.66 

3.97 

NaNH4. 
HPO4 

4.95 
3  55 

4.78 
3  53 
3.51 
6.85 

4.51 

3  4ft 
6.11 

NaNCh  . 

3.40 

3.02 
3.44 

2.79 
3.58 

NaOH 

3.55 
7.15 

Na3P04..   . 

Na->S* 

4.71 
4  36 

1  057 

4.02' 

6.87 

NaoSi03 

6.6 

6.42 

NaoSOs 

Na<>S04 .-. 

5.2 

5.04 

4.874 
5.58 

5A1 

4 .  344 
5.38 

4  91 

NiCl> 

5  43 
4.91 
2  05 
2.37 
3 .  560 
4.80 
4  40 
4  92 
4.37 
4  96 
4.89 
2.12 

5.69 

6.22 
5.86 
1.94 

8.67 

Ni(NOs)2 

NiS04.. 

5.368 

3 .  036 
5.090 

2 .  832 

4 ."  898 
5  3 
5.7 

2.63 

4. '657 
5.10 
5 .  35 

2.37 
3 .  63 
4  276 

5 .  16 

2  20 
2.85 
3 .  955 
4  82 
4.63 
5.00 
4  74 
4  94 
4.89 
2.29 

Pb(C2H302)2 

Pb(N0.3)2. . . 

2.940 

2.435 
5 .  83 
3.90 
6.15 

SrClo 

7.54 

Sr(N03>2... 

IT02(NOs)2 

2n(C2H302)2 
ZnCl2  .... 

5.28 

5  15 

5.04 

5.21 

5.83 
1   87 

5.49 
7.12 

Zn(N03)2. 

ZnS04 

2.80 

2.65 

ORGANIC 

COMPOUNDS 

Solute 

0.005 

0.01 

0.02 

0.05 

0.1 

0.2 

0.5 

10 

2.0 

5.0 

10.0 

Acetic  acid.. 

1.90 
1.85 
1.79 
2.03 
1.86 
1.85 
1.83 
1.72 

1.79 
1.79 

1.6 

1   4 

Acetone .... 

1.86 
2.14 

i.'82* 

2.08 

1.86 

Aniline  .... 

1.85 
2.26 

1.73 

i.*87' 
1.83 

Citric  acid   . 

1  93 

i.'82* 

1.94 
1.92 

2.00 

Dextrose.. 

Ethyl  acetate 
Ethylalcohol 
Ethyl  ether. 

1.83 
1.67 

l.*76' 

1.83 

1.84 

2.2 

1.67 
1.86 

1.82 

1  70 

1.87 

1.81 
2.64 
1.83 

Glycerol.  . 

1.89 

1.92 

1.86 

2.1 

Methyl 
alcohol.  .  .  . 

1.81 

2.84 
1.81 

2.00 

Oxalic  acid.. 

3.40 

3.04 

Phenol 

1  63 

Picric  acid... 

3.82 

3.63 
1.86 

3.28 

n-Propyl 
alcohol.  .  . . 

1.84 
1.87 

2.12 

1,83 

1.88 

2.05 

1.79 
2.06 

1.79 
2.3 

1.76 

Sucrose. 

1.86 

1.90 
1.98 

1.96 
1.94 

d-Tartaric 
acid 

2.34 

2.35 
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CORRECTION  OF  BOILING  POINTS  TO 
STANDARD  PRESSURE 

By  H.  B.  Hass  and  R.  F.  Newton 

This  correction  may  be  made  by  using  the  equation: 

(273.1  +  0(2.8808  -  log  p) 
At  = 


(1) 


4>  +  .15(2.8808  -  log  v) 

where  At  —  degrees  C  to  be  added  to  the  observed  boiling  point. 
t  —  the  observed  boiling  point, 
log  p  =  the  logarithm  of  the  observed  pressure  in  millimeters  of  mercury. 
<f>  =  the  entropy  of  vaporization  at  760  mm. 
The  value  of  <f>  may  be  estimated  from  the  graph  and  the  table.     Sub- 
stances not  included  in  the  table  may  be  classified  by  grouping  them  with 
compounds  which  bear  a  close  physical  or  structural  resemblance  to  them. 

Example  1.  Benzene  boils  at  20°C.  at  75  mm  pressure.  What  is  its 
normal  boiling  point?  We  do  not  find  benzene  in  the  table  but  we  find 
hydrocarbons  in  group  2,  and  a  group  2  compound  with  a  boiling  point  of 
20°  has  a  0  of  4.6. 

Substituting  in  the  equation: 


At  = 


(273.1  +  20)  (2.8808  -  1.8751) 


=  62c 


4.60  +  .15(2.8808  -  1.8751) 

Adding  this  to  20°  gives  82°  as  a  first  approximation. 

The  graph  shows  that  the  </>  for  a  compound  of  group  2  boiling  at  82°  is 
4.72  instead  of  4.60  which  we  originally  used.     Since  <t>  is  in  the  denominator, 

this  increase  will  lower  our  At  by  the  ratio,  t^k»  or  the  corrected  At  is  62  X 

4-  fiO 

^-==  =  60.4.     Adding  At  to  t,  gives  80.4°  as  a  second  approximation. 

The  formula  can  best  be  used  in  a  slightly  different  form  when  the  reverse 
calculation  is  desired,  i.e.,  when  one  calculates  the  vapor  pressure  at  a  given 
temperature,  lower  than  the  normal  boiling  point. 


2.8808  -  log  p  = 


<}>At 


(2) 


273.1  -f  t  -  AbAt 

Example  2      Alcohol  boils  at  78.4°C.     What  is  its  vapor  pressure  at  20°C.  ? 
Substituting  in  equation  2: 

6.06  X  58.4 


2.8808  -  log  p 
log  p 


1.245 


293.1  -  (.15  X  58.4) 

2.8808  -  1.245  =  1.6358 

p  —  43.2  mm. 

Here  no  second  approximation  is  necessary,  since  the  correct  value  of  <f> 
was  taken  immediately,  the  normal  boiling  point  having  been  known. 


Compound 


Group 


Compound 


Group 


Acetaldehyde 

Acetic  acid 

Acetic  anhydride . 

Acetone 

Acetophenone .... 

Amines 

n-Amyl  alcohol . . . 

Anthracene 

Anthraquinone .  .  . 
Benzaldehyde .  .  .  . 

Benzoic  acid 

Benzonitrile 

Benzophenone. .  . . 
Benzyl  alcohol 
Butylethylene .... 

Butyric  acid 

Camphor 

Carbon  monoxide. 
Carbon  oxysulfide 
Carbon  suboxide. . 


Carbon  sulfoselenide. 
m.p.  Chloroanilines.. . 


Chlorinated  derivatives, 


o.m.p.  Cresols 

Cyanogen 

Cyanogen  chloride. 
Dibenzyl  ketone. . . 
Dimethyl  amine. .  . 
Dimethyl  oxalate. . 
Dimethyl  silicane. . 

Esters 

Ethanol 

Ethers 

Ethylamine 

Ethylene  glycol 

Ethylene  oxide.  .  .  . 

Formic  acid 

Glycol  diacetate.  .  . 


2 
3 
Same  group 
as  though 
CI  was  H 
4 
4 
3 
2 
4 
4 
2 
3 
8 
2 
4 
7 
3 
3 
4 
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CORRECTION  OF  BOILING  POINTS  (Continued) 


Compound 


|       Group       \ 


Compound 


|       Group 


Halogen  derivatives. 


Heptylic  acid 

Hydrocarbons 

Hydrogen  cyanide. . . 

Isoamyl  alcohol 

Isobutyl  alcohol .... 

Isobutyric  acid 

Isocaproic  acid 

Methane 

Methanol 

Methyl  amine 

Methyl  benzoate. . . . 

Methyl  ether 

Methyl  ethyl  ether .  . 
Methyl  ethyl  ketone. 
Methyl  fluoride 


Same  group 
as  though 
halogen 
were  hy- 
drogen. 

7 

2 

3 

7 

8 

6 

7 

1 

7 

5 

3 

3 

3 

2 

3 


Methyl  formate 

Methyl  salicylate 

Methyl  silicane 

a,  /3  Naphthols 

Nitrobenzene 

Nitromethane 

o.m.p.  Nitrotoluenes. . 
o.m.p.  Nitrotoluidines. 

Phenanthrene 

Phenol 

Phosgene 

Phthalic  anhydride. .  .  . 

Propionic  acid 

n-Propyl  alcohol 

Quinoline 

Sulfides 

Tetranitromethane. . .  . 

Trichloroethylene 

Valeric  acid 

Water 
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CRITICAL  CONSTANTS  FOR  GASES 


Name 


Formula 


Temp., 
°C. 


Pressure, 
atm. 


Density 

gms.  per 

cm.3 


Acetaldehyde 

Acetic  acid 

Acetic  anhydride. 

Acetone 

Acetonitrile 

Acetylene 

Air 


Allyl  alcohol. 

Allyl  sulfide 

Allylene 

Ammonia 

iso-Amyl  acetate 

iso-Amyl  alcohol 

tert.- Amyl  alcohol. . .  . 
iso-Amyl  butyrate. . . 
iso- Amyl  formate .  .  .  . 
tso-Amyl  mercaptan. , 
^so- Amyl  propionate. 

iso- Amyl  sulfide 

Aniline 

Anisole 

Argon 

Benzene 

Benzonitrile 

Bromine 

Bromobenzene 

n-Butane 

tso-Butane 

n-Butyl  acetate 

iso-Butyl  acetate 

n-Butyl  alcohol 

iso-Butad  alcohol 

sec. -Butyl  alcohol  .  .  .  . 

tert. -Butyl  afconol 

iso-Butyl  butyrate .  .  . 
iso-Butyl  formate. .  .  . 
iso-Butyl  isobutyrate. 
iso-Butyl  isovalerate. 
z'so-Butyl  propionate. 

n-Butyric  acid 

zso-Butyric  acid 

Butyronitrile 

Capronitrile 

Carbon  dioxide 

Carbon  disulfide 

Carbon  monoxide. .  .  . 
Carbon  oxysulfide. . .  . 
Carbon  tetrachloride. 

Chlorine 

Chlorobenzene 

Chloroform 

w-Cresol 

o-Cresol 

p-Cresol 

Cyanogen 

Cyclohexane 

Diethyl  amine 


CH3CHO 

CHsC02H 

(CH3CO)20 

(CH3)2CO 

CH3CN 

C2H2 


C3H5OH 

(C3H5)2S 

CH3CCH 

NH3 

CH3C02C6Hn 

CsHnOH 

C5H11OH 

C3H7C02C6Hii 

HCO2C5HH 

CsHnSH 

C2H5C02C6Hn 

(CsHiOaS 

C6H6NH2 

CeHsOCHa 

A 

C6H6 

CeHsCN 

Br2 

CeHsBr 

C4H10 

C4H10 

CH3C02C4H9 

CH3C02C4H9 

C4H9OH 

C4H9OH 

C4H9OH 

C4H9OH 

C3H7C02C4H9 

HC02C4H9 

C3H7C02C4H9 

C4H9C02C4H9 

C2H6C02C4H9 

C3H7C02H 

C3H7C02H 

C3H7CN 

CsHnCN 

C02 

CS2 

CO 

COS 

ecu 
Ch 

CdHfiCl 

CHC13 

C7H7OH 

C7H7OH 

C7H7OH 

C2N2 

C6H12 

(C2H6)2NH 


188 

321.6 

296 

235.0 

274.7 

36 
140.7 

272 

380 

128 

132.4 

326 

307 

272 

346 

303 

321 

338 

391 

426 

369 

122 

288.5 

426 

302 

397 

153 

134 

306 

288 

287 

265 

265 

235 

338 

278 

329 

348 

319 

355 

336 

309 

349 

31.1 
273 
139 
105 
283.1 
144.0 
359 
263 
432 
422 
426 
128 
281.0 
223.5 


57.2 

46 

47 

47.7 

62 

37.2 


111.5 


34 


52.4 

41.3 

48 

47.7 

41.6 


44. 
36 
37 


31 

48.4 

48 


38 


37.4 

32.2 

73.0 

76 

35 

61 

45.0 

76.1 

44.6 


45.0 

49.4 

50.8 

59 

40.4 

36.2 


0.351 


0.268 

0.240 

0.231 

0.35;* 

0.31f 


0.235 


0.282 


0.531 
0.304 


0.486 


0.281 


0.288 


0.302 
0.304 


0.460 

6.*3ii' 


0.558 
0.573 
0.365 
0.516 


0.270 
0.246 


*  Plait  point. 


t  Critical  point  of  contact. 
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CRITICAL  CONSTANTS  FOR  GASES  (Continued) 


Name 


Formula 


Temp., 
°C. 


Pressure, 
atm. 


Density 

gms.  per 

cm. 3 


Diisobutyl 

Diisopropyl 

Dimethyl  amine 

Dimethyl  aniline , 

Dimetbyl-o-toluidine. 

Dipropyl  amine 

Ethane 

Ethyl  acetate 

Ethyl  alcohol 

Ethyl  allyl  ether 

Ethyl  amine 

Ethyl  bromide 

Ethyl  butyrate 

Ethyl  caprylate 

Ethyl  chloride 

Ethyl  chloroformate 

Ethyl  crotonate 

Ethyl  disulfide 

Ethyl  ether 

Ethyl  formate 

Ethyl  isobutyrate 

Ethyl  isovalerate 

Ethyl  mercaptan 

Ethyl  nonylate 

Ethyl  propionate 

Ethyl  propyl  ether 

Ethyl  sulfide 

Ethyl  valerate 

Ethylene 

Ethylene  oxide 

Fluorobenzene 

Germanium  tetrachloride 

Helium 

n-Heptane 

n-Heptyl  alcohol 

n-Hexane 

Hydrazine 

Hydrogen 

Hydrogen  bromide 

Hydrogen  chloride 

Hydrogen  cyanide 

Hydrogen  iodide 

Hydrogen  selenide 

Hydrogen  sulfide 

Iodine 

Iodobenzene 

Krypton 

Mercury 

Methane 

Methyl  acetate 

Methyl  alcohol 

Methyl  amine 

Methyl  aniline 

Methyl  butyrate 

Methyl  chloride 

Methyl  ethyl  ether 

Methyl  ethyl  sulfide 

Methyl  fluoride 

Methyl  formate 

Methyl  isobutyrate 


CsHis 

CeHu 

(CH3)2NH 

C6H6N(CH3)2 

C7H7N(CH3)2 

(C3H7)2NH 

C2H6 

CH3C02C2H6 

C2H6OH 

C2H6OC3H5 

C2H5NH2 

C2H6Br 

C3H7C02C2H6 

C7Hi6C02C2H6 

C2H6C1 

C1C02C2H5 

C3H5C02C2H6 

(C2H5)2S2 

(C2H6)20 

HC02C2Hs 

C3H7C02C2H6 

C4H9C02C2H5 

C2H6SH 

C8Hi7C02C2H6 

C2H6C02C2H5 

C2H6OC3H7 

(C2H6)2S 

C4H9C02C2H6 

C2H4 

(CH2)20 

C6H6F 

GeCU 

He 

CvHis 

C7Hi6OH 

CeHu 

N2H4 

H2 

HBr 

HC1 

HCN 

HI 

H2Se 

H2S 

I2 

CeHsI 

Kr 

Hg 

CH4 

CH3C02CH3 

CH3OH 

CH3NH2 

C6H5NHCH3 

C3H7C02CH3 

CH3CI 

C2H6OCH3 

CH3SC2H6 

CH3F 

HC02CH3 

C3H7C02CH3 


277 

227.4 

164.6 

415 

395 

277 

32.1 
250.1 
243.1 
245 
183.2 
231 
293 
386 
187.2 
<235 
326 
369 
193.8 
235.3 
280 
315 
225.5 
400 
272.9 
227.4 
283.8 
297 

9.7 
192.0 
286 
277 
-267.9 
266.8 
365 
234.8 
380 
-239.9 

90 

51.4 
183.5 
151 
138 
100.4 
553 
448 
-63 
>1550 
-82.5 
233.7 
240.0 
156.9 
429 
281.3 
143 . 1 
164 .  / 
260 

44.9 
214.0 
267.55 


24.5 

30.6 

51.7 

35.8 

30.8 

31 

48.8 

37.8 

63.1 


55.5 

6.5i3** 

30 

0.276 

52 

0.33 

35.5 

46.65 

30 

0.2625 

0.323 

0.276 

54.2 

0.301 

33.0 
32.1 
39.1 

0.2965 

0.258 

0.279 

50.9 

0.22 

44.6 
38 

2.26 
26.8 

*29;5' 
145 

12.8 

84 

81.6 

50 

82 

88 

88.9 


44 
54 
>200 
45 
46 
78 
73 
51 
34 
65 
43 
42 
62 
59 
33 


6 


0.237 
0.241 


0.21 

0.308 

0.2755 


0.354 


0.0693 
0.234 

6!234* 


0.0310 


0.42 
0.20 


0.581 
0.78 
4-5 
0.162 
0.325 
0.272 


0.300 

0.37 

0.270 


0.349 
0.301 
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CRITICAL  CONSTANTS  FOR  GASES  (Continued) 


Name 


Formula 

Temp., 
°C. 

Pressure, 
atm. 

Density 

gms.  per 

cm.* 

CHsSH 

196.8 

71.4 

0.323 

(C02CH3)2 

260 

9.48 

C2H6C02CH3 

257.4 

39.3 

0.312 

(CH3)2S 

229.9 

54.6 

0.306 

C4H9C02CH3 

294d 

32 

0.279 

H2C(OCH3)2 

Ne 

224 

-228.7 

25.9 

0.484 

NO 

-94 

65 

0.52 

N2 

-147.1 

33.5 

0.3110 

N204 

158 

99 

N20 

36.5 

71.7 

0.45 

CsHl8 

296 

24.6 

0.234 

CsHnOH 
C«Hi7OH 
02 

385 

364 

-118.8 

49.7 

0.430 

C6Hi203 
CsHi2 

290 
197.2 

33.0 

0.232 

CsHlJ! 

187.8 

32.8 

0.234 

C6HfOC2H5 

374 

33.8 

C6H5OH 

419 

60.5 

COCl2 

182 

56 

0.52 

PH3 

51 

64 

0.30 

PH4CI 

49 

73 

C3Hg 

95.6 

43 

C2H6C02H 

339.5 

53.0 

0.315 

C2H6CN 

291.2 

41.3 

0.241 

CH3C02C3H7 

276.2 

32.9 

0.296 

C3H7OH 

263.7 

49.95 

0.273 

C3H7OH 

235 

53 

C3H7NH2 

223.8 

46.3 

C3H7C02C3H7 
C3H7C1 

327 
230 

45.2 

HC02C3H7 

264.85 

40.1 

0.309 

C3H7C02C3H7 
C4H9C02C3H7 
C2H6C02C3H7 
C3H6 

316 
336 
305 
92.3 

45.0 

C6H6N 

344 

60.0 

C9H7N 

>520 

Rn 

104 

62 

SiF4 

-1.5 

50 

SiH4 

-3.5 

48 

SnCU 

318.7 

37.0 

0.742 

S 
S02 

1040 
157.2 

77.7 

0.52 

S03 

218.3 

83.6 

0.630 

C4H4S 

317 

48 

CioHi3OH 
CeHeCHs 

425 
320.6 

41.6 

0.292 

C7H7CN 

(C2H5)3N 

450 

262 

30 

0.251 

(CH3)3N 

161 

41 

C4H9C02H 
C4H9C02H 
H20 

379 
361 
374.0 

217.72 

0.4 

Xe 

16.6 

58.2 

1.155 

Methyl  mercaptan.  .  . 

Methyl  oxalate 

Methyl  propionate. .  .  . 

Methyl  sulfide 

Methyl  valerate 

Methylal 

Neon 

Nitric  oxide 

Nitrogen 

Nitrogen  tetroxide.  .  .  . 

Nitrous  oxide 

n-Octane 

n-Octyl   alcohol 

sec.-Octyl  alcohol 

Oxygen 

Paraldehyde 

n-Pentane 

tso-Pentane 

Phenetole 

Phenol 

Phosgene 

Phosphine 

Phosphonium  chloride 

Propane 

Propionic  acid 

Propionitrile 

Propyl  acetate 

n- Propyl  alcohol 

tso- Propyl  alcohol 

Propyl  amine 

Propyl  butyrate 

n- Propyl  chloride 

Propyl  formate 

Propyl  isobutyrate  .  .  . 

Propyl  isovalerate 

Propyl  propionate 

Propylene 

Pyridine 

Quinolina 

Radon 

Silicon  tetrafluoride .  .  . 
Silicon  tetrahydride.  .  . 

Stannic  chloride 

Sulfur 

Sulfur  dioxide 

Sulfur  tri oxide 

Thiophene 

Thymol 

Toluene 

Tolunitrile.  . 

Triethyl  amine 

Trimethyl  amine 

n-Valeric  acid 

iso-Valeric  acid 

Water 

Xenon 
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VAN  DER  WAALS'  CONSTANTS  FOR  GASES  * 


Name 


Formula 


Acetic  acid 

Acetic  anhydride 

Acetone. 

Acetonitrile 

Acetylene 

Ammonia 

Amyl  formate 

Amylene 

tso-Amylene 

Aniline 

Argon 

Benzene 

Benzonitrile 

Bromobenzene 

n-Butane 

iso-Butane 

iso-Butyl  acetate 

iso-Butyl  alcohol 

iso-Butyl  benzene ........ 

tso-Butyl  formate 

Butyronitrile 

Capronitrile 

Carbon  dioxide 

Carbon  disulfide 

Carbon  monoxide 

Carbon  oxysulfide 

Carbon  tetrachloride 

Chlorine 

Chlorobenzene 

Chloroform 

m-Cresol 

Cyanogen 

Cyclohexane 

Cymene 

Decane 

Di-isobutyl 

Diethylamine 

Dimethylamine 

Dimethyl  aniline 

Diphenyl 

Diphenyl  methane 

Dipropj'lamine 

Di-isopropyl 

Durene 

Ethane 

Ethyl  acetate 

Ethyl  alcohol , 

Ethylamine 

Ethyl  benzene 

Ethyl  butyrate 

Ethyl  isobutyrate 

Ethyl  chloride 

Ethyl  ether 

Ethyl  formate 

Ethyl  mercaptan 

Ethyl  propionate 

Ethyl  sulfide 

Ethylene 

Ethylene  bromide 

Ethylene  chloride 

Ethylidene  chloride , 

Fluorobenzene 

Germanium  tetrachloride 

Helium 

n-Heptane , 


CH3CO2H 

(CH3CO)20 

(CH3)2CO 

CH3CN 

C2H2 

NH3 

HCO2C5H11 

C5H10 

C5H10 

C6H5NH2 

A 

CeHe 

CeHsCN 

CeBUBr 

C4H10 

C4H10 

CH3CO2C4H9 

C4H9OH 

C6H5C4H9 

HCO2C4H9 

C3H7CN 

C5H11CN 

CO2 

CS2 

CO 

COS 

ecu 
Cl2 

C6H5C1 

CHCI3 

CyHsO 

C2N2 

C6Hi2 

CioHu 

C10H22 

CsHis 

(C2H5)2NH 

(CH3)2NH 

C6H5N(CH3)2 

(C6H5)2 

(C6H6)2CH2 

(C3H7)2NH 

C6Hi4 

C10H14 

C2H6 

CH3C02C2H5 

C2HbOH 

C2H6NH2 

C6H5C2H5 

C3H7C02C2H6 

C3H7CO2C2H6 

C2H5CI 

(C2H5)20 

HCO2C2H6 

C2HsSH 

C2H6C02C2H5 

(C2H5)2S 

C2H4 

(CH2Br)2 

(CH2C1)2 

CH3CHCI2 

C6H5F 

GeCU 

He 

C7H16 


0.03505 

0.03967 

0.02774 

0.03503 

0 . 00875 

0.00831 

0.05496 

0.03169 

0.03604 

0.05282 

0.00268 

0 . 03588 

0.06655 

0.05692 

0.02884 

0.02564 

0.05680 

0.03394 

0.07692 

0.04492 

0.05125 

0.06808 

0.00716 

0.02316 

0 . 00296 

0.00784 

0.04064 

0.01294 

0.05068 

0.03023 

0.06254 

0.01528 

0.04347 

0.08403 

0.09675 

0.06970 

0.03816 

0.02069 

0.07473 

0.10520 

0.07616 

0.05524 

0.04610 

0.09032 

0.01074 

0.04076 

0.02395 

0.02113 

0.05701 

0.05993 

0.05754 

0.02174 

0.03464 

0.02949 

0.02240 

0.04861 

0.03737 

0.00891 

0.02787 

0.03370 

0 . 03090 

0.03972 

0.C4504 

0.000068 

0.06280 


.004767 
.005639 
. 004437 
.005216 
. 002293 
.001655 
. 007724 
. 005390 
.006274 
.006113 
.001437 
.005150 
. 007697 
. 006872 
. 005472 
.005098 
.008185 
.005103 
. 009572 
.006591 
.007126 
.008858 
.001905 
.003431 
.001779 
. 002597 
.006173 
.002510 
. 006485 
. 004562 
.007175 
.003081 
. 006359 
.010430 
.012970 
.010250 
.006216 
. 003826 
.008793 
.011070 
.010000 
.008124 
.007453 
.010820 
. 002848 
. 006303 
. 003753 
.003754 
.007443 
.008567 
.008410 
. 003862 
.006002 
.004714 
.003615 
.007209 
.005421 
.002551 
. 003868 
. 004850 
.004790 
.005742 
.00663C 
.001058 
.011850 


*For  pressure  in  atoro. 
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VAN  DER  WAALS'  CONSTANTS  FOR  GASES  (Continued) 


Name 


Formula 


n-Hexane 

Hydrogen 

Hydrogen  bromide. . .  . 
Hydrogen  chloride. . .  . 
Hydrogen  selenide .... 

Hydrogen  sulfide 

Iodobenzene 

Krypton 

Mercury 

Mesitylene 

Methane 

Methyl  acetate 

Methyl  alcohol 

Methylamine 

Methyl  butyrate 

Methyl  isobutyrate . .  . 

Methyl  chloride 

Methyl  ether 

Methyl  ethyl  ether 

Methyl  ethyl  sulfide .  . 

Methyl  fluoride 

Methyl  formate 

Methyl  propionate.  .  .  . 

Methyl  sulfide 

Methyl  valerate 

Naphthalene 

Neon 

Nitric  oxide 

Nitrogen. 

Nitrogen  dioxide 

Nitrous  oxide 

n-Octane 

Oxygen 

n-Pentane 

iso-Pentane 

Phenetole 

Phosphine 

Phosphonium  chloride 

Phosphorus 

Propane 

Propionic  acid 

Propionitrile 

Propyl  acetate 

Propyl  alcohol 

iso- Propyl  alcohol 

Propyl  amine 

Propyl  benzene 

iso-Propyl  benzene 

Propyl  chloride 

Propyl  formate 

Propylene 

Pseudo-cumene 

Silicon  fluoride 

Silicon  tetrahydride . .  . 

Stannic  chloride 

Sulfur  dioxide 

Thiophene 

Toluene 

Triethylamine 

Trimethylamine 

Xenon 

m-Xylene 

o-Xvlene 

p-Xylene 

Water 


CeHi4 

H2 

HBr 

HC1 

H2Se 

H2S 

C6H5I 

Kr 

Hg 

C9H12 

CH4 

CH3C02CH3 

CH3OH 

CH3NH2 

C3H7C02CH3 

C3H7C02CH3 

CH3C1 

(CH3)20 

CH3OC2H5 

CH3SC2Ho 

CH3F 

HC02CH3 

C2HsC02CH3 

(CH3)2S 

C4H9C02CH3 

CioHs 

Ne 

NO 

N2 

N02 

N20 

CsHis 

02 

C6H12 

CsHi2 

C6H5OC2H5 

PH3 

PH4CI 

P 

C3H8 

C2H6C02H 

C2H6CN 

CH3C02C< 

C3H7OH 

C3H7OH 

C3H7NH2 

C3H7C6H5 

CeH5C3H7 

C3H7C1 

HC02C3H7 

C3H6 

C9H12 

SiF4 

SiH4 

SnCU 

S02 

C4H4S 

C6H5CH3 

(C2H5)3N 

(CH3)3N 

Xe 

C6H4(CH3)2 

C6H4(CH3)2 

C6H4(CH3)2 

H2O 


ill: 


0.04861 

0.000487 

0 . 00887 

0.00731 

0.01050 

0.00883 

0.06592 

0.00462 

0.01613 

0 . 06840 

0 . 00449 

0 . 03047 

0.01898 

0.01421 

0.04771 

0 . 04883 

0.01489 

0.01609 

0.02381 

0.03833 

0 . 00923 

0.02160 

0 . 03968 

0 . 02564 

0.05771 

0.07923 

0 . 00042 

0 . 00267 

0 . 00277 

0.01053 

0.00754 

0.07440 

0.00271 

0.03788 

0 . 03598 

0.07009 

0.00923 

0.00808 

0.10550 

0.001727 

0 . 04008 

0.03277 

0 . 04908 

0 . 02974 

0.02747 

0 . 02988 

0.07146 

0.07105 

0.03170 

0.03777 

0.01670 

0.07298 

0 . 00836 

0.00861 

0.05363 

0.01338 

0.04130 

0.04795 

0.05415 

0.02594 

0.00816 

0.06051 

0.05974 

0.06165 


0.01089 


007747 
001188 
001978 
001822 
002070 
001914 
007395 
001776 
000757 
008835 
001910 
004870 
002992 
002675 
007004 
007308 
002894 
003235 
004364 
005821 
002350 
003602 
006070 
004113 
008237 
008648 
000763 
001245 
001747 
001975 
001971 
010570 
001421 
006516 
006328 
008764 
002302 
002029 
006990 
. 003770 
005297 
. 004750 
007227 
. 004548 
004377 
. 004865 
009064 
.009041 
005098 
005724 
003693 
.009023 
002487 
. 002583 
.007332 
002516 
005670 
006533 
.008176 
004841 
002279 
007912 
007836 
008077 
001362 
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FREEZING   MIXTURES 

A  is  the  proportion  of  the  substance  named  in  the  first  column  to  be 
added  to  the  proportion  of  the  substance  given  in  column  B.  The  table 
gives  the  temperature  of  the  separate  ingredients  and  the  temperature 
attained  by  the  mixture. 

(From  Smithsonian  Tables.) 


Substance. 


NaC2H302  (cryst.) 

NH4C1 

NaN03 

Na2S203  (cryst.) .  . 

KI 

CaCl2  (cryst.) .  . . . 

NH4N03 

CaCl2 

NH4CI 

NH4N03 

NaN03 

NaCl 

H2S04+H20 

(66.1%H2S04). 


CaCl2+6H20 


Alcohol  at  4° 

Chloroform . . 

Ether 

Liquid  S02 .  . 


NH4NO1 


85 

30 

75 

110 

140 

250 

60 

30 

25 

45 

50 

33 


77 


100 
100 
100 
100 
100 
100 
100 


H20 
H20 
H20 
H20 
H20 
H20 
H20 
*  Snow  100 
Snow  100 
Snow  100 
Snow  100 
Snow  100 
Snow  1.097 
Snow  2.52 
Snow  4.32 
Snow  7.92 
Snow  13.08 
Snow     . 49 


Initial 
Temp.  °  C. 


Snow 
Snow 
Snow 
Snow 
Snow 
Snow 
Snow  73 
C02  solid 
C02  solid 
C02  solid 
C02  solid 


.61 
.70 

.81 
1.23 
2.46 
4.92 


H20 

Snow 

H20 


.94 

.94 

1.20 


Snow  1 . 20 
H20  1.31 
Snow  1.31 


10.7 
13.3 
13.2 
10.7 
10.8 
10.8 
13.6 


20 
0 

10 
0 

10 
0 


Temp.  °  C. 
attained 
by  mixt. 


-  4.7 

-  5.1 

-  5.3 

-  8.0 
-11.7 
-12.4 
-13.6 
-10.9 
-15.4 
-16.75 
-17.75 
-21.3 
-37.0 
-30.0 
-25.0 
-20.0 
-16.0 
-19.7 
-39.0 
-54.9 
-40.3 
-21.5 

-  9.0 

-  4.0 
-30.0 
-72.0 
-77.0 
-77.0 
-82.0 

-  4.0 

-  4.0 
-14.0 
-14.0 
-17.5 
-17.5 


*  Or  finely  pulverized  ice 
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PERCENTAGE  COMPOSITION  OF  ANTI-FREEZE 
SOLUTIONS 

Alcohol  and  Water  Solutions 


%  alcohol  by 

Sp.  gr.  20°  /4°  C. 
(68°  F.) 

Point  of  crystallization 

weight 

Deg.  C. 

Deg.  F. 

2.5 

0.99363 

-1.0 

30.2 

4.8 

0.98971 

-2.0 

28.4 

6.8 

0.98658 

-3.0 

26.6 

11.3 

0.98006 

-5.0 

23.0 

13.8 

0.97670 

-6.1 

21.0 

16.4 

0.97336 

-7.5 

18.5 

17.5 

0.97194 

-8.7 

16.3 

18.8 

0.97024 

-9.4 

15.1 

20.3 

0.96823 

-10.6 

12.9 

22.1 

0.96578 

-12.2 

10.0 

24.2 

0.96283 

-14.0 

6.8 

26.7 

0.95914 

-16.0 

3.2 

29.9 

0.95400 

-18.9 

-2.0 

33.8 

0.94715 

-23.6 

-10.5 

39.0 

0.93720 

-28.7 

-19.7 

46.3 

0.92193 

-33.9 

-29.0 

56.1 

0.90008 

-41.0 

-41.8 

71.9 

0.86311 

-51.3 

-60.3 

Glycerol  (Glycerine)  and  Water  Solutions5 


%  glycerol 

Sp.gr.  15°/15°C. 
(59°  F.) 

Sp.  gr.  20°/20°C. 
(68°  F.) 

Freezing  point 

by  weight 

Deg.  C. 

Deg.  F. 

10 

1.02415 

1.02395 

-1.6 

29.1 

20 

1.04935 

1.04880 

-4.8 

23.4 

30 

1.07560 

1.07470 

-9.5 

14.9 

40 

1 . 10255 

1.10135 

-15.4 

4.3 

50 

1.12985 

1.12845 

-23.0 

-9.4 

60 

1.15770 

1 . 15605 

-34.7 

-30.5 

70 

1 . 18540 

1 . 18355 

-38.9 

-38.0 

80 

1.21290 

1.21090 

-20.3 

-5.5 

90 

1.23950 

1.23755 

-1.6 

29.1 

100 

1.26557 

1 . 26362 

17.0 

62.6 

•  Bosart  and  Snoddy,  Jour.  Ind.  Eng.  Chem.  19,  506  (1927);  Lane,  ibid. 
17,  924  (1925).  The  Chemical  Division  of  the  Proctor  and  Gamble  Co. 
suggest  that  a  correction  of  +2°  F.  be  added  to  all  temperatures  below 
zero  degree  Fahrenheit. 

Ethylene  Glycol  (Prestone)  and  Water  Solutions 


%  glycol  by 

Sp.  gr.  15.6°  C. 

Freezing  point 

volume 

(60°  F.) 

Deg.  C. 

Deg.  F. 

12.5 

1.019 

-3.9 

25 

17  0 

1.026 

-6.7 

20 

25.0 

1.038 

-12.2 

10 

32.5 

1.048 

-17.8 

0 

38.5 

1.056 

-23.3 

-10 

44.0 

1.063 

-28.9 

-20 

49.0 

1.069 

-34.4 

-30 

52.5 

1.073 

-40.0 

-40 
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HEAT  OF  FUSION 

Elements  and  Inorganic  Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 

Fusion 

Cal. 

(15°)/g* 


Aluminum . 
Ammonia. . 


Antimony  bromide.  , 

trichloride 

trisulfide 

Argon 

Arsenous  bromide. . . 

Barium  chloride 

Bismuth 

Bromine 

Cadmium 

nitrate 

Caesium  hydroxide  . 
Calcium  chloride.  .  . 

chloride 

nitrate 

Carbon  dioxide 

monoxide 

Chlorine 

Cobalt  nitrate 

Copper. 

Cupric  nitrate 

Gold 

Hydriodic  acid. ...'.. 
Hydrobromic  acid.  .  . 
Hydrochloric  acid. .  . 

acid 

Hydrogen 

peroxide 

Iodine 

Iron,  gray  cast 

white  cast , 

slag 

Lead 

bromide 

chloride 

iodide 

Lithium  nitrate 

silicate 

silicate 

Magnesium  chloride. 

nitrate.  .  . 

Manganese  nitrate. . 
Mercuric  bromide. . . 

iodide 

Mercury 

Nickel 

nitrate 

Nitric  acid 

Nitrogen 

dioxide 

pentoxide 

tetroxide 


Al... 
NH3. 


SbBr3. 
SbCla. 

Sb2S3. 
A 


AsBr3 

BaCh 

Bi 

Br 

Cd 

Cd(N03)2-4H20. 

CsOH 

CaCh 

CaCl2-6H20 

Ca(N03)2-4H20. 

co2 

CO 

CI. 


Co(N03)2-6H20. 

Cu 

Cu(N03)2-6H20 

Au 

HI 

HBr 

HC1 

HC1-2H20 

H 

H2O2 

I 

Fe 


Oxygen.. . 
Palladium, 


Pb 

PbBr2 

PbCl2 

Pbl2 

LiN03 

Li2Si03 

Li2Si03-Li20 

MgCl2-6H20.... 
Mg(N03)2-6H20, 
Mn(N03)2'6H20 

HgBr2 

Hgl2 

Hg...... 

Ni..... 

Ni(N03)2-6H20. 

HNO3 

N 

NO... 

N2O5 

N2O4 


O 


658 
-75 
-77.6 
94 

73.2 
540 
-190 
31 
958.9 
268 
-7.32 
320.7 
59.5 
272.3 
773.9 
29 

42.1 
-56.2 
-206 
-103.5 

'i083* ' 
24.4 
1064 
-53 

-86 
-114 

-18.5 


327 
490 
485 
375 
250 


116.7 
90 

25.8 

235 

250 

-39 

1435 

56.7 
-47 
-210 
-163 
29.5 
-10.14 

-219 
1545 


76.8 

108.1 

83.9 

9.76 
13.3 
17.6 

6.71 

8.94 
27.5 
12.64 
16.2 
13.66 
25.3 
10.8 
54.3 
40.7 
34.0 
45.3 

8.00 
23.0 
30.2 
42. 
29.4 
15.8 

5.68 

7.67 
13.9 
34.6 
14.0 
74.1 
11.71 

5.50 


7. 
11. 

5. 
12. 
20. 
11. 
88. 
80. 
62. 
41. 
38. 
28. 


89 

9 

86 

3 

9 

5 

5 

2 

1 

2 

2 

S 


12.8 
9.80 
2.82 

73.8 

36.4 
9.55 
6.09 

18.4 

76.7 
32.3  to 

37.2 
3.30 

36.3 


*  Gram  calories  (15°  C.)  per  gram. 
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HEAT  OF  FUSION  (Continued) 
Elements  and  Inorganic  Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 
Fusion 

Cal. 
(15°)/g 


Platinum 

Potassium 

chloride 

dichromate 

fluoride 

hydroxide 

nitrate 

Phosphorous  acid,  hypo. 
Phosphorus 

oxychloride 

Rubidium  chloride 

hydroxide 

Silicon  tetrachloride 

Silver 

bromide 

chloride 


nitrate 

Sodium 

chlorate 

chloride 

chromate 

fluoride 

hydroxide 

nitrate 

phosphate,  dibasic. . . 

sulfate 

thiosulfate. 

Stannic  bromide 

chloride 

Strontium  chloride 

Sulfur. 

trioxide 

Sulfuric  acid 

acid 

acid,  pyro- 

Thallium  bromide 

monochloride 

Tin.. 

Titanium  tetrachloride . 
Water 

ice  from  sea  water . .  . 
Zinc 

nitrate 


Pt 

K 

KC1.... 
K2Cr207. 

KF 

KOH... 
KNOs.. 
H3P02.. 

P 

POCI3.. 
RbCl... 
RbOH.. 
SiCh.... 

Ag 

AgBr... 
AgCl... 


AgNOa 

Na 

N&cioi.Y.'.'.'.'.'.'. 

NaCl 

Na2CrO4-10H2O., 

NaF 

NaOH 

NaNOs 

Na2HP04-12H20. 
Na2SO4-10H2O... 
Na2S203-5HsO. .  . 

SnBr4 

SnCh 

SrCl2 

S 


SO3 

H2S04-H20. 

H2S04 

H2S2Ot  .... 

TIBr 

T1C1 

Sn 

TiCh 

H20 

H2Q 


Zn(N03)2-6H20, 


1755 
62 
772.3 

397 

859.9 

360.4 

308 
17.4 
44.2 
2 

'30i 

70.3 
961 
430 
451 
455 
208 

97 
255 
804.3 

23 
992.2 
318.4 
333 

36.1 

31 

'"25.*5" 
-33 

872.3 
119 
-30 
8.56 
10.352 
35 
460 
427 
232 
-25 
0 
-8.7 
419 
36.4 


27.2 
15.7 

74.1 
29.7 

108. 
28.6 
25.4 
35.0 

5.03 
19.8 
38.0 
15.8 
10.9 
21.07 
12.5 
30.7 
21.3 
17.7 
31.7 
49.0 

124. 
39.2 

186. 
40.0 
45.3 
66.8 
51.3 
47.8 
6.26 
8.40 
25.4 
13.2 
24.0 
39.1 
24.0 
17.9 
12.7 
16.6 
14.0 
11.8 
79.71 
54.0 
28.13 
31.1 
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HEAT  OF  FUSION   (Continued) 

Organic  Compounds 


Name 


Acetic  acid. 


Acetone, 


Acrylic  acid ..... 

AJlocinnamic  acid.  . . . 
o-Aminobenzoic  acid. 
m-Aminobenzoic  acid 
p-Aminobenzoic  acid. 
tert.-Amyl  alcohol. .  . 

Anethole 

Aniline 

Anthracene, 

Anthraquinone 

Azobenzene 


Azoxybenzene. 
Benzene 


Benzil 

Benzoic  acid 

Benzophenone 

Benzylaniline 

Bromal  hydrate 

Bromocamphor 

o-Bromochlorobenzene . 
m-Brornochlorobenzcne . 
p-Bromochlorobenzcne . 
o-Bromoiodobenzeno. . . 
m-Bromoiodobenzene.  . 
p-Bromoiodobenzene. . . 

p-Bromophenol 

p-Bromotoluene 

n-Butyl  alcohol 

tert.-Butyl  alcohol 


n-Butyric  acid 

n-Capric  acid 

n-Caprylic  acid 

Carbazole 

Carbon  tetrachloride. 

Carvoxime  (d) 

Carvoxime  (1) 

Carvoxime  (dl) 

Catechol 

Cetyl  alcohol 

Cinnamic  acid 

anhydride 

Chloral  alcoholate. .  .  . 

hydrate 

Chloroacetic  acid  (a) . 

acid  (/3) 

p-Chloroaniline 

o-Chlorobenzoic  acid. 
m-Chlorobenzoic  acid 
p-Chlorobenzoic  acid. 


Formula 


CH3CO2H 

(CH3)2CO. 


C?H3C02H 

C6H5C2H2OO2H 

H2NC6H4CO2H. 


CsHnOH 

CsllsCelJUOCIh. 

C6H5NH2 

C14H10 

(C6H4)2(CO)2... 
(C6H6N)2 


(CeHshONV 
CeHe 


(C6H6CO)2.... 
C6H5C02H... 

(CeHshCO 

CeHsNHCvH?.. 
CBr3CHOH20 

CioHisBrO 

C6H4BrCl 


C6H4BrI 


HOCcH4Br. 
CH3CGH4Br 
C4H9OH..  . 
C4H9OH... 


C3H7C02H. 
C9H19CO2H. 
C7H15CO2H. 
C12H9N.... 

CCh 

C10H14NOH 


CcH4(OH)2 

CieH33OH 

C6H5C2H2CO2H... 
(C6H5C2H4CO)20.  . 
CCUCHOC2H5OH 

CC13CHOH20 

CICH2CO2H 


Temperature, 

°C. 


H2NC6H4C1.. 
C1C6H4C02H. 


10.58 
1G.7 
-  95 . 5 
-94.6 
13 
58 
145 
ISO 
188.5 


5 
03 


21 
—  7 
216.55 
282 

G9.1 

G6 

68 

34.6 
5.42 
5.40 

94.94 
121.8 

48.25 

36 

46 


-12.6 
-21.2 
64.6 
21 

-9.3 
90.1 
64 

27.6 
-89.2 
25.45 
25.4 
-5.7 
31.2 
16.34 
236 
-24 
71.5 
71 
91 

104.3 

47 

133 

48 

9 


61.2 

56 

69. 
140.2 
154.25 
239.7 


Heat  of 

Fusion 

Cal. 

(15°)/g 


44.7 
43.2 
23.4 

19.6 
37.0 
27.4 
35.5 
38.0 
36.5 
12.5 
25.8 
21.0 
38.7 
37.5 
28.9 
28.0 
32.4 
21.6 
30.3 
30.2 
22.2 
33.9 
23.5 
21.9 
16.9 
41.6 
15.4 
15.3 
23.4 
12.2 
10.3 
16.6 
20.5 
20.9 
29.9 
21.0 
21.9 
30.1 
38.9 
35.4 
42.1 

4.16 
23.3 
23.4 
24.6 
49.4 
33.8 
36.5 
28.1 
24.0 


33. 
31. 
35. 
37. 
39. 
36. 
49. 
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HEAT  OF  FUSION  (Continued) 
Organic    Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 
Fusion 

Cal. 
(15°)/g 


m-Chloronitrobenzene 


p-Chloronitrobenzene . 

p-Cresol 

Cyanamide 

Cyclohexanol 

Dibenzyl 

o-Dibromobenzene. . . . 
m-Dibromobenzene. . . 
p-Dibromobenzene .... 
Dibromophenol  (2,  4) . 
Dichloroacetic  acid.  .  . 
o-Dichlorobenzene. 
m-Dichlorobenzene.  .  . 

p-Dichlorobenzene 

o-Diiodobenzene , 

m-Diiodobenzene 

p-Diiodobenzene 

Dimethyl  tartrate  (d) . 
Dimethyl  tartrate  (dl) . 

o-Dinitrobenzene 

m-Dinitrobenzene 

p-Dinitrobenzene 

Dinitrotoluene  (2,  4) . . 

Diphenyl 

Diphenylamine 

Diphenylmethane 

Ethyl  alcohol 

Ethylene  di bromide. . . 

Elaidic  acid 

Formic  acid 

Glutaric  acid 

Glycerol 

Glycol 


Hydrazobenzene. . . . 
Hydrocinnamic  acid 

p-Iodotoluene 

n-Lauric  acid 

Levulinic  acid. 

a-Menthol  (1) 

Methane , 

Methyl  alcohol 


cinnamate 

fumarate 

oxalate 

phenylpropiolate 

succinate , 

Myristic  acid 

Naphthalene 

a-Naphthol 

0-Naphthol 

at-Naphthylamine. . 


C1C6H4N02. 


CH3C6H4OH. 

H2NCN 

CeHii(OH).. 
(C6H5CH2)2. 
C6H4Br2 


HOC6H3Br2. 
CI2CHCO2H 
C6H4CI2 


C6H4I2. 


(CHOH)2(C02CH3)2 

c6H4(N62y2  y/.y.y.'. 


o-Nitroaniline. 


CH3C6H3(N02): 

(C6H5)2 

(CeHshNH 

(C6H6)2CH2... 

C2H6OH 

(CH2Br)2 

Ci7H33C02H... 

HCO2H 

(CH2)3(C02H)2. 

C3H5(OH)3 

(CH2OH)2 


(C6H6NH)2 

C6H5C2H4CO2H 

IC6H4CO2H 

CnH23C02H 

CH3CO(CH2)2C02H. 

CioH19OH 

CH4 

CH3OH 


C6HoC2H2C02CH3 
(CHC02CH3)2.... 

(C02CH3)2 

C6H6C2C02CH3... 
(CH2C02CH3)2.... 

Ci3H27C02H 

CioHs 

C10H7OH 


C10H7NH2. 


H2NC6H4NO2. 


43.8 
44.16 

82 


34 

42 

9 

23 

2 

51 

18 

-6 

9 

86 

12 

10 

8 

-17 

5 

-24 

4 

52 

7 

23 

4 

34 

2 

129 

49 

87 

116 

93 

90 

08 

173. 

5 

70 

71 

53. 

4 

26. 

3 

-114. 

4 

9. 

55 

47 

8. 

0 

99. 

3 

18 

-11. 

5 

-12. 

3 

134 

48 

34 

43. 

85 

33 

42 

-182. 

6 

-97 

-97. 

8 

34. 

5 

102 

49. 

5 

18 

18 

79.9 
95 
120.6 
47.5 
48.9 
50.1 
69.3 


29.4 
31.5 
21.4 
26.3 
49.8 

4.19 
31.0 
12.8 
13.4 
20.5 
14.0 
14.2 
2].0 
20.5 
29.7 
10.2 
11.6 
16.2 
21.5 


35. 
32. 

24. 


40.0 


26.4 
26.1 
25.2 
25.2 
24.9 
13.5 
52.1 
58.9 
37.4 
47.5 
43.3 
41.6 
22.9 
28.1 
18.8 
43.7 
19.0 
18.6 
14.5 
16.4 
22.0 
26.5 
57.9 
42.7 
22.9 
35.7 
47.5 
35.6 
38.9 
31.3 
22.3 
22.0 
24.9 
27.9 
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HEAT  OF  FUSION  (Continued) 
Organic   Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 

Fusion 

Cal. 

(15°)/g 


m-Nitroaniline 

p-Nitroaniline 

Nitrobenzene ... 

o-Nitrobenzoic  acid. 
m-Nitrobenzoic  acid 
p-Nitrobenzoic  acid. 
a-Nitronaphthalene . 
o-Nitrophenol 


Palmitic  acid 

Paraffin 

Paraldehyde 

Phenanthrene .... 

Phenol 

Phenylacetic  acid, 


Phenylhydrazine 

iso-Propyl  alcohol 

Quinol 

Quinone 

Resorcinol 

Spermaceti 

Stearic  acid 

Stilbene 

Succinic  anhydride 

Succinonitrile 

Thymol 

Tolane. 

o-Toluic  acid 

m-Toluic  acid 

p-Toluic  acid 

p-Toluidine 

Tribromoaniline  (2,  4,  6) . 
Tribromophenol  (2,  4,  6) . 

Trichloroacetic  acid 

Trinitroglycerol 

metastable  form 

stable  form 

Trinitrotoluene  (T.  N.  T.) 

(2,  4,  6) 

Triphenylmethane 

Tristearin 

n-Undecylic  acid  (a) 

n-Undecylic  acid  (/3) 

Urethane 

Veratrol  (1,  2) 

Waxc  (Bees') 

p-Xylene 


H2NC6H4N02 


C6H5NO2 

O2NC6H4CO2H 


C10H7NO2... 
HOC6H4NO2. 

Ci6H3iC02H. 


(CH3CHO)3... 

C14H10 

CeHsOH 

C6H6CH2C02H 


C6H5N2H3. 
CaHvOH... 
C6H4(OH)2. 
C6H4O2.... 
C6H4(OH)2. 


C17H36CO2H... 

(C6H5CH)2 

(CH2CO)20.... 

(CH2CN)2 , 

C10H13OH 

(CHsOa 

CH3C6H4CO2H, 


CH3C6H4NH2. 
H2NC6H2Br3 
HOC6H2Br3... 
CCI3CO2H 

C3H6(N03)3... 


CH3C6H2(N02)3.. 
(C6H5)3CH 

(Cl7H36C02)3C3H5, 

CioH2iC02H 


H2NC02C2H5 
C6H4(OCH3)2. 


C6H4(CH3): 


111.8 
147.5 

5.72 

145.8 

141.1 

239.2 

56 

42.8 
44.51 
55 

52.40 
12.6 
98.2 
25.37 
74.9 
76.58 
77 
22.1 
-88.5 
172.3 
112.85 
109.65 
43.9 
64 
124 
119 
54.5 
48.5 
60 
103.7 
108.75 
179.6 
40.01 
122 
93 
59.1 
12.3 
13 


79 

92.3 

56 

28.25 

48!7* 
22.7 
61.8 
16 


41.0 

36.5 

22.5 

40.1 

27.6 

52.8 

25.4 

26.8 

30.9 

39.2 

35.10 

25.0 

24.3 

29.0 

25.4 

30.0 

32.0 

36.3 

21.0 

58.8 

40.9 

46.2 

36.98 

47.6 

39.9 

48.7 

11.7 

27.5 

28.7 

35.4 

27.6 

39.9 

39.9 

16.8 

13.4 

8.6 
23.0 
33.2 

5.21 

22.3 
17.8 
45.6 
32.2 
42.9 
40.9 
27.5 
42.3 
39.3 
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HEAT  OF  VAPORIZATION 

Elements  and  Inorganic  Compounds 


Name 


Formula 


Temperature, 


Heat  of 
Vapori- 
zation 

Cal. 
(15°)/g* 


Air .. 

Ammonia. 


Ammonium  chloride 

Argon 

Boron  chloride 

Bromine 

Carbon  dioxide 


Carbon  monoxide 

Chlorosulfonic  acid.  .  . 

Helium 

Hydriodic  acid. . 

Hydrobromic  acid.  .  .  . 

Hydrochloric  acid 

Hydrofluoric  acid 

Hydrogen 

sulfide 

Iodine 

Mercury 

Nitric  acid 

Nitrogen 

tetroxide 

Oxygen 

Phosphorus 

Phosphorus  trichloride 
Silicon  tetrachloride.  . 

Stannic  chloride 

Sulfur  chloride 

dioxide 


pentoxydichloride  . 

trioxide 

Sulfuric  acid 

oxychloride 

Sulfurous  oxychloride 
Water 


NH; 


NH4CI  (solid) 

A 

BCh 

Br 

CO2 


CO 

CISO3H 

He 

HI 

HBr.... 
HC1.... 

HF 

H2 

H2S 


HNO3 
N2.... 
N2O4.. 
O2.... 

P 

PCh.. 
SiCU.. 
SnCh. 
S2CI2.. 
SO2... 


s2o6ci2 
so3.... 
H2S04. 
S02C12. 

SOCl2.. 
H2O... 


-33.4 
-20 
-10 
0 
350 
-186 
10 
63 
-60 
-50 
-40 
-30 
-20 
-10 
0 
10 
20 
30 
-192 
151 
-268.6 
-37.2 
-69.9 
-84.3 
17 
-252.8 
-61.4 
184 
357 
86.0 
-195.55 

18 

-182.9 

287 

78 

57 

112 

138 

-10.08 

0 

10 

20 

30 

40 

50 

60 

140 

53 

326 

69.1 

82 

0 

10 

20 

30 


50.97 

327.1 

317.6 

309.7 

301.6 

78.9 

37.6 

38.2 

43.7 

87.2 

83.4 

79.6 

71.4 

66.9 

61.4 

55.0 

46.6 


35.1 

11.9 

50.4 

110.2 

6. 

33.9 

48.7 

98.7 

360.8 

108. 

131.9 

23.95 

65. 

114.9 

47.6 

93.4 

50.9 

130. 

51.4 

36.1 

30.3 

49.5 

94.9 

91.3 

87.7 

84.1 

80.8 

71.2 

73.8 

70.3 

61.2 

118.5 

122.1 

49.4 

54.5 

595.9 

590.4 

584.9 

579.5 


*  Gram  calories  (15°C)  per  gram. 
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HEAT  OF  VAPORIZATION  (Continued) 
Elements  and  Inorganic  Compounds 


Heat  of 

Name 

Formula 

Temperature, 

Vapori- 
zation 

Cal. 

(15°)/g 

Water 

H2O 

40 

574.0 

50 

568.5 

60 

563.2 

70 

557.5 

80 

551.7 

90 

545.8 

100 

539.55 

110 

532.9 

120 

525.7 

130 

518.5 

140 

511.1 

150 

503.5 

160 

495.6 

170 

487.2 

180 

478.6 
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HEAT  OF  VAPORIZATION  (Continued) 
Organic  Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 
Vapori- 
zation 
Cal. 
(15°)/g 


Acetaldehyde 

Acetic  acid 

anhydride 

Acetone 

Acetonitrile 

Acetyl  chloride 

Allyl  alcohol 

n-Amyl  alcohol 

iso-Amyl  alcohol 

n-Amyl  bromide 

n-Amyl  ether 

n-Amyl  iodide 

iso-Amyl  isobutyrate 
iso-Amyl  n- valerate . . 

Amylene 

p-Anethole 

Benzene 

Butane 

iso-Butane 


n-Butyl  alcohol 

iso-Butyl  alcohol. . . . 
sec. -Butyl  alcohol. . . 
tert-Butyl  alcohol. . . 

n-Butyl  formate 

iso-Butyl  formate . . . 

n-Butyl  iodide 

iso-Butyl  n-valerate. 
iso-Butyl  isovalerate 

n-Butyric  acid 

iso-Butyric  acid 

n-Butyronitrile 

Carbon  disulfide 

tetrachloride 

Carvacrol 

Chloral 

hydrate 

Chloroform 

Cyanogen 

chloride 

p-Cymene 

trichloroacetic  acid.  . 

n-Decane 

Diethyl  carbonate . .  . 

ketone 

Diethylamine 

Dimethyl  carbonate. 
Ethane 


Ethyl  acetate. 

alcohol 

bromide 
caprylate . . . 
chloride. .  .  . 


CH3CHO... 

CH3CO2H.. 

(CH3CO)20, 

(CH3)2CO.. 

CHsCN.... 

CH3COCI.. 

C3H5OH... 

CsHnOH... 


C6HnBr 

(CsHnhO 

CsHnI 

C3H7C02C6Hii. 
C4H9CO2C6H11. 

CsHio 

C9H9OCH3.... 

CeH« 

C4H10.  ........ 


C4H9OH 


HCO2C4H9. 


C4H9I 

C4H9CO2C4H9 


C3H7C02H.... 
C3H7C02H.... 

C3H7CN 

CS2 

CCh 

CioHuOH 

CChCHO 

CI3CCHOH2O, 

CHC13 

(CN)2 

C1CN 

C10H14 

CI2CHCO2H... 

C10H22 

CO(OC2H5)2... 
(C2H5)2CO.... 
(C2H6)2NH.... 
CO(OCH3)2.... 
C2H6 


CH3C02C2Hr>.. 

C2H5OH 

C2H6Br 

CvHi6C02C2H5, 
C2H6CI 


21 

118.3 
137 

56.1 

80 

51 

96 
131 
130.2 
129 
170 
155 
168 
187 

12.5 
232 

80.2 
0 

10 
-10 
116.8 
106.9 

98.1 

83 
105.1 

97.0 
129.5 
169 
169 
163.5 
154 
117.4 

46.25 

76.75 
237 

"96*" 
61.5 

0 
13 
176 
194.4 
160 
126 
101 
58 
90 
0 
-20 
-40 
-90 
0.0 
78.3 
38.4 
207 
4.7 
15.0 
20.0 
25.0 


136. 
96.8 
66.2 

124.5 

174. 
78.9 

163. 

120.2 

119.8 
48.3 
69.5 
47.6 
57.6 
56.2 
75.0 
71.4 
94.3 
91.5 
82.4 
87.5 

141. 

138. 

134. 

130.5 
86.8 
78.5 
45.9 
57.8 
60.5 

114.0 

111.6 

114.9 
84.1 
46.4 
68.1 
54.0 

132. 
59.0 
10.3 

135. 
67.6 
77.2 
60.2 
73.1 
90.8 
91.0 
88.2 
75.0 
87.0 
97.5 

127. 

102.0 

204. 

59.9 

60.5 

92.95 
92.5 
92.2 
92.0 
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HEAT  OF  VAPORIZATION  (Continued) 
Organic  Compounds 


Name 


Formula 


Temperature, 
°C. 


Heat  of 
Vapori- 
zation 

Cal. 
(15°)/g 


Ethyl 

ether 

formate 

iodide 

nonylate 

propionate 

Ethylene  bromide. 

chloride , 


oxide 

Ethylamine 

Ethylidene  chloride. 


Formic  acid 

Furane 

Furfural 

Glycol 

Hydrocyanic  acid. 

Methane 

Methyl  acetate. . . 


alcohol. . . . 
n-butyrate, 
chloride.  .  . 


ethyl  ketone 

ethyl  ketoxime . . . 

formate 

iodide 

isobutyrate 

isopropyl  ketone. 

propionate 

Methylene  chloride. 

Naphthalene 

Nitromethane 

iso-Pentane 

Piperidine 

Propane 


Propionic  acid 

Propionitrile 

n-Propyl  acetate 

n-Propyl  alcohol 

iso-Propyl  alcohol 

n-Propyl  formate 

Pyridine 

Tetrachloroethane-1,  1, 

2,2 

Tetrachloroethylene .  .  .  . 

Trichloroethylene 

Turpentine 

q- Valeric  acid 

iso- Valeric  acid 

n-Valeronitrile 


(C2H5)20 

HCO2C2H5.... 

C2H6I 

C8H17CO2C2H5. 
C2H5C02C2H5. 

(CH2Br)2 

(CH2CD2 


(CH2)20... 
C2H5NH2.. 
CH3CHCI2. 


HCO2H 

(CH)40 

C4H3OCHO. 
(CH2OH)2... 

HCN 

CH4 

CH3CO2CH3. 


CH3OH 

C3H7C02CH; 
CH3CI 


CH3COC2H5. 
C4H8NOH... 
HCO2CH3.... 

CH3I 

C3H7C02CH3. 

C4H10CO 

C2H5C02CH3. 

CH2C12 

CioHs 

CH3N02 

C6Hi2 

C6HnN 

C3H8 


C2H5C02H... 

C2H5CN 

CH3C02C3H7, 
C3H7OH 


HC02C3H7, 
CsHsN 


(CHC12)2.. 

(CC12)2.... 

C2HCU    . . 

C10H16 

C4H9C02H, 


C4H9CN, 


34.6 

53.3 

71.2 
227 

97.6 

130.8 

0.0 

82.3 

13 

15 
0.0 

60 
101 

31 
160.5 
197 

20 
-159 
0.0 

56.3 

64.7 

102.6 

-23.8 

20.0 

78.2 
182 

31.3 

42 

91.1 

92 

79.0 

40.5 
218 

99.9 

13 
106 

20 

0 

-20 

-30 

139.3 

97 
100.4 

97.2 

82.3 

80.0 
114.1 

145.0 

120.7 
85.7 
156 
184.6 
176.3 
129 


83.9 
97.2 
45.6 
58.1 
80.1 
46.2 
85.3 
77.3 

139. 
14.6 
76.7 
67.1 

120.0 
95.3 

107.5 

191. 

210. 

138. 

114.0 
98.1 

262.8 
79.8 

102.3 
95.3 

106.0 

115.9 

112.4 
45.9 
78.1 
89.8 
87.6 
78.6 
75.5 

135. 
88.7 
89.4 
83.4 
89.6 
95.3 
98.0 
98.8 

134. 
80.3 

164. 

159. 
88.1 

107.4 

55.1 
50.1 
57.3 
68.6 
103.2 
101.1 
96.3 
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CHANGE  IN  VOLUME  DUE  TO  FUSION 

The  table  gives  the  variation  in  volume  expressed  in  o.cm.  for  one  gram 
of  the  substance. 


Substance. 

Variation,  cm. 

Aluminum 

+0.019 

Bismuth 

-0.0034 

Cadmium 

+0.0064 

Iron 

-0.0085 

Lead..  . 

+0.0034 

Tin 

+0.0039 

Water 

-0.083* 

Zinc .  .  . 

+0.0105 

Observer. 


Toepler,  1894 
Toepler,  1894 
Toepler,  1894 
Wrightson,  Roberts,  1881 
Toepler,  1894 
Toepler,  1894 
Toepler,  1894 
Toepler,  1894 


♦For  one  cubic  centimeter. 


FIXED  TEMPERATURE  FOR  THERMOMETER 
CALIBRATION 

Corrections  for  pressure  are  indicated  by  equations  in  which  p  indicates  pres- 
sure in  millimeters  of  mercury,  and  t  the  boiling  point  at  normal  pressure. 

Points  designated  by  an  asterisk  (*)  are  suggested  by  E.  F.  Mueller  as  base 
points  to  be  used  in  denning  a  Standard  Working  Scale. 


Substance 

Point 

Temperature 
thermo- 
dynamic 
scale  °C 

Condition  or  correction 

Hydrogen 

Boiling 
Vapor 
pressure 
Vapor 
pressure 
Freezing 
Freezing 
Rapid 
freezing 
or  slow 
melting 
Freezing 
Freezing 
Freezing 
Vapor 
pressure 
Freezing 
Freezing 
Freezing 
Freezing 
Melting 
Transi- 
tion 
Boiling 
Boiling 

—252.75 
—195.80 

—183.00 

—159.6 
—126.3 
—116.3 

—111.6 

—  95.1 

—  83.6 

—  78.51 

—  63.5 

—  45.2 

—  38.87 

—  22.9 
0.000 

32.384 

78.26 
80.0 

+0.0044  (p  —  760) 

Nitrogen 

Liquid  O2* 

+0.0109  (p— 760) 
+0.0126  (p— 760) 

Isopentane 

—0.0000065  (p— 760)2 

Methylcyclohexane .... 
Ether 

Carbon  disulfide 

Toluene 

Ethyl  acetate 

Solid  CO2* 

+0.01595  (p— 760) 

Chloroform 

—0.000011  (p— 760^ 

Chlorobenzene 

Mercury* 

Carbon  tetrachloride. . . 
Ice* 

Sodium  sulfate 

Ethyl  alcohol ......... 

76  cm.  variation  0.34°  per  cm. 

Benzene 

76  cm.  variation  0.43°  per  cm* 
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FIXED  TEMPERATURE  FOR  THERMOMETER 
CALIBRATION    (Continued) 


Substance 


Point 


Temperature 
thermo- 
dynamic 
scale  °C 


Condition  or  correction 


Water* 

Chlorobenzene 

Xylene  (m.) 

Aniline 

Toluidine  (o.) 

Naphthalene 

Tin 

Diphenylamine 

Benzophenone 

Cadmium 

Lead 

Mercury 

Potassium  dichromate 

Zinc 

Sulfur* 

Potassium  sulfate 

Antimony* 

30.5  NaCl+69.5  .... 

Na2S04 
Aluminum  (99.85%). 
Potassium  chloride.  . 

Sodium  chloride 

Sodium  sulfate 

Silver* 

Gold* 

Potassium  sulfate 

Copoer 

Lithium  metasilicate. 

Diopside 

Nickel 

Palladium 

Anorthite 

Platinum 

Alumina 

Tungsten 


Boiling 

Boiling 
Boiling 
Boiling 
Boiling 
Con- 
densing 
Freezing 
Boiling 
Con- 
densing 
Freezing 
Freezing 
Boiling 
Melting 
Freezing 
Con- 
densing 
Inver- 
sion 
Freezing 


Melting 

Freezing 
Melting 
Melting 
Melting 
Freezing 
Freezing 
Melting 
Freezing 
Melting 
Melting 
Melting 

or 

freezing 
Freezing 
Melting 
Melting 
Melting 
Melting 


100.000 

132. 

138.8 
184.51 
199.7 
217.96 

231.85 

302. 

305.9 

320.9 

327.4 

356.9 

397.5 

419.45 

444 . 60 

583.0 

630.5 


637.0 

658.9 
770.3 
800.4 
884.7 
960.5 

1063. 

1069.1 

1083. 

1202. 

1395. 

1452. 


1555.  ±2 
1555. 
1755.  ±6 
2000. 
3370.  ±30 


+0.0367  (p  —  760)—  0.000023 

(p—  760) 2 
76  cm.  variation  0.50°  per  cm , 
76  cm.  variation  0.50°  per  cm. 
76  cm.  variation  0.51°  per  cm. 
76  cm.  variation  0.58°  per  cm. 
+0.2075  (2+273.1)  logio 

(P/760) 


+0.194  (<+273.1)  logio 
(p/760) 


+0.0909  (p  —  760)—  0.000048 

(p— 760)2 


Approx.  To  be  determined 
with  resistance  thermom- 
eter. 


(reducing  atmosphere) 
(reducing  armosphere) 
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PRESSURE  OF  AQUEOUS  VAPOR 

Vapor  Pressure  of  Ice 

Pressure  of  aqueous  vapor  over  ice  in  mm  of  Hg  for  temperatures  from 
98  to  0°C. 


Temp. 

0 

2 

4 

6 

8 

-90 

.000070 

.000048 

.000033 

.000022 

.000015 

-80 

.00040 

.00029 

.00020 

.00014 

.00010 

-70 

.00194 

.00143 

.00105 

.00077 

.00056 

-60 

.00808 

.00614 

.00464 

.00349 

.00261 

-50 

.02955 

.0230 

.0178 

.0138 

.0106 

-40 

.0966 

.0768 

.0609 

.0481 

.0378 

-30 

.2859 

.2318 

.1873 

.1507 

.1209 

Temp. 

0.0 

0.2 

0.4 

0.6 

0.8 

-29 

0.317 

0.311 

0.304 

0.298 

0.292 

-28 

0.351 

0.344 

0.337 

0.330 

0.324 

-27 

0.389 

0.381 

0.374 

0.366 

0.359 

-26 

0.430 

0.422 

0.414 

0.405 

0.397 

-25 

0.476 

0.467 

0.457 

0.448 

0.439 

-24 

0.526 

0.515 

0.505 

0.495 

0.486 

-23 

0.580 

0.569 

0.558 

0.547 

0.536 

-22 

0.640 

0.627 

0.615 

0.603 

0.592 

-21 

0.705 

0.691 

0.678 

0.665 

0.652 

-20 

0.776 

0.761 

0.747 

0.733 

0.719 

-19 

0.854 

0.838 

0.822 

0.806 

0.791 

-18 

0.939 

0.921 

0.904 

0.887 

0.870 

-17 

1.031 

1.012 

0.993 

0.975 

0.956 

-16 

1.132 

1.111 

1.091 

1.070 

1.051 

-15 

1.241 

1.219 

1.196 

1.175 

1.153 

-14 

1.361 

1 .  336 

1.312 

1.288 

1.264 

-13 

1.490 

1.464 

1.437 

1.411 

1.386 

-12 

1.632 

1 .  602 

1.574 

1.546 

1.518 

-11 

1.785 

1.753 

1.722 

1.691 

1.661 

-10 

1.950 

1.916 

1.883 

1.849 

1.817 

-  9 

2.131 

2.093 

2.057 

2.021 

1.985 

-  8 

2.326 

2.285 

2.246 

2.207 

2.168 

-  7 

2.537 

2.493 

2.450 

2.408 

2.367 

-  6 

2.765 

2.718 

2.672 

2.626 

2.581 

-  5 

3.013 

2.962 

2.912 

2.862 

2.813 

-  4 

3.280 

3.225 

3.171 

3.117 

3.065 

-  3 

3.568 

3.509 

3.451 

3.393 

3.336 

-  2 

3.880 

3.816 

3.753 

3.691 

3.630 

-  1 

4.217 

4.147 

4.079 

4.012 

3.946 

-  0 

4.579 

4.504 

4.431 

4.359 

4.287 
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VAPOR  PRESSURE  OF  WATER  BELOW  100°C 

Pressure  of  aqueous  vapor  over  water  in  mm  of  Hg  for  temperatures  from 
—  15.8  to  100°C.  Values  for  fractional  degrees  between  50  and  89  were 
obtained  by  interpolation. 


Temp. 
°C 

0.0 

0.2 

0.4 

0.6 

0.8 

-15 

1.436 

1.414 

1.390 

1.368 

1.345 

-14 

1.560 

1.534 

1.511 

1.485 

1.460 

-13 

1.691 

1.665 

1.637 

1.611 

1.585 

-12 

1.834 

1.804 

1.776 

1.748 

1.720 

-11 

1.987 

1.955 

1.924 

1.893 

1.863 

-10 

2.149 

2.116 

2.084 

2.050 

2.018 

-  9 

2.326 

2.289 

2.254 

2.219 

2.184 

-  8 

2.514 

2.475 

2.437 

2.399 

2.362 

-  7 

2.715 

2.674 

2.633 

2.593 

2.553 

-  6 

2.931 

2.887 

2.843 

2.800 

.  2.757 

-  5 

3.163 

3.115 

3.069 

3.022 

2.976 

-   4 

3.410 

3.359 

3.309 

3.259 

3.211 

-  3 

3.673 

3.620 

3.567 

3.514 

3.461 

-  2 

3.956 

3.898 

3.841 

1  3.785 

3.730 

-   1 

4.258 

4.196 

4.135 

4.075 

4.016 

-  0 

4.579 

4.513 

4.448 

4.385 

4.320 

0 

4.579 

4.647 

4.715 

:  4.785 

4.855 

1 

4.926 

4.998 

5.070 

5.144 

5.219 

2 

5.294 

5.370 

5.447 

5.525 

5.605 

3 

5.685 

5.766 

5.848 

5.931 

6.015 

4 

6.101 

6.187 

6.274 

6.363 

6.453 

5 

6.543 

6.635 

6.728 

6.822 

6.917 

6 

7.013 

7.111 

7.209 

7.309 

7.411 

7 

7.513 

7.617 

7.722 

7.828 

7.936 

8 

8.045 

8.155 

8.267 

8.380 

8.494 

9 

8.609 

8.727 

8.845 

8.965 

9.086 

10 

9.209 

9.333 

9.458 

9.585 

9.714 

11 

9.844 

9.976 

10.109 

10.244 

10.380 

12 

10.518 

10.658 

10.799 

10.941 

11.085 

13 

11.231 

11.379 

11.528 

11.680 

11.833 

14 

11.987 

12.144 

12.302 

12.462 

12.624 

15 

12.788 

12.953 

13.121 

13.290 

13.461 

16 

13.634 

13.809 

13.987 

14.166 

14.347 

17 

14.530 

14.715 

14.903 

15.092 

15.284 

18 

15.477 

15.673 

15.871 

16.071 

16.272 

19 

16.477 

16.685 

16.894 

17.105 

17.319 
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VAPOR  PRESSURE  OF  WATER  BELOW  100°C  (Continued) 


Temp. 
°C 

0.0 

0.2 

0.4 

0.6 

0.8 

20 

17.535 

17.753 

17.974 

18.197 

18.422 

21 

18.650 

18.880 

19.113 

19.349 

19.587 

22 

19.827 

20.070 

20.316 

20.565 

20.815 

23 

21.068 

21.324 

21.583 

21.845 

22.110 

24 

22.377 

22.648 

22.922 

23.198 

23.476 

25 

23.756 

24.039 

24.326 

24.617 

24.912 

26 

25.209 

25.509 

25.812 

26.117 

26.426 

27 

26.739 

27.055 

27.374 

27.696 

28.021 

"  28 

28.349 

28.680 

29.015 

29.354 

29.697 

29 

30.043 

30.392 

30.745 

31.102 

31.461 

30 

31.824 

32.191 

32.561 

32.934 

33.312 

31 

33.695 

34.082 

34.471 

34.864 

35.261 

32 

35.663 

36.068 

36.477 

36.891 

37.308 

33 

37.729 

38.155 

38.584 

39.018 

39.457 

34 

39.898 

40.344 

40.796 

41.251 

41.710 

35 

42.175 

42.644 

43.117 

43.595 

44.078 

36 

44.563 

45.054 

45.549 

46.050 

46.556 

37 

47.067 

47.582 

48.102 

48.627 

49.157 

38 

49.692 

50.231 

50.774 

51.323 

51.879 

39 

52.442 

53.009 

53.580 

54.156 

54.737 

40 

55.324 

55.91 

56.51 

57.11 

57.72 

41 

58.34 

58.96 

59.58 

60.22 

60.86 

42 

61.50 

62.14 

62.80 

63.46 

64.12 

43 

64.80 

65.48 

66.16 

66.86 

67.56 

44 

68.26 

68.97 

69.69 

70.41 

71,14 

45 

71.88 

72.62 

73.36 

74.12 

74.88 

46 

75.65 

76.43 

77.21 

78.00 

78.80 

47 

79.60 

80.41 

81.23 

82.05 

82.87 

48 

83.71 

84.56 

85.42 

86.28 

87.14 

49 

88.02 

88.90 

89.79 

90.69 

91.59 

50 

92.51 

93.5 

94.4 

95.3 

96.3 

51 

97.20 

98.2 

99.1 

100.1 

101.1 

52 

102.09 

103.1 

104.1 

105.1 

106.2 

53 

107.20 

108.2 

109.3 

110.4 

111.4 

54 

112.51 

113.6 

114.7 

115.8 

116.9 

55 

118.04 

119.1 

120.3 

121.5 

122.6 

56 

123.80 

125.0 

126.2 

127.4 

128.6 

57 

129.82 

131.0 

132.3 

133.5 

134.7 

58 

136.08 

137.3 

138.5 

139.9 

141.2 

59 

142.60 

143.9 

145.2 

146.6 

148.0 
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VAPOR  PRESSURE  OF  WATER  BELOW  100°C    (Continued) 


Temp. 
°C 

0.0 

0.2 

0.4 

0.6. 

0.8 

60 

149.38 

150.7 

152.1 

153.5 

155.0 

61 

156.43 

157.8 

159.3 

160.8 

162.3 

62 

163.77 

165.2 

166.8 

168.3 

169.8 

63 

171.38 

172.9 

174.5 

176.1 

177.7 

64 

179.31 

180.9 

182.5 

184.2 

185.8 

65 

187.54 

189.2 

190.9 

192.6 

194.3 

66 

196.09 

197.8 

199.5 

201.3 

203.1 

67 

204.96 

206.8 

208.6 

210.5 

212.3 

68 

214.17 

216.0 

218.0 

219.9 

221.8 

69 

223 . 73 

225.7 

227.7 

229.7 

231.7 

70 

233.7 

235.7 

237.7 

239.7 

241.8 

71 

243.9 

246.0 

248.2 

250.3 

252.4 

72 

254.6 

256.8 

259.0 

261.2 

263.4 

73 

265.7 

268.0 

270.2 

272.6 

274.8 

74 

277.2 

279.4 

281.8 

284.2 

286.6 

75 

289.1 

291.5 

294.0 

296.4 

298.8 

76 

301.4 

303.8 

306.4 

308.9 

311.4 

77 

314.1 

316.6 

319.2 

322.0 

324.6 

78 

327.3 

330.0 

332.8 

335.6 

338.2 

79 

341.0 

343.8 

346.6 

349.4 

352.2 

80 

355.1 

358.0 

361.0 

363.8 

366.8 

81 

369.7 

372.6 

375.6 

378.8 

381.8 

82 

384.9 

388.0 

391.2 

394.4 

397.4 

83 

400.6 

403.8 

407.0 

410.2 

413.6 

84 

416.8 

420.2 

423.6 

426.8 

430.2 

85 

433.6 

437.0 

440.4 

444.0 

447.5 

86 

450.9 

454.4 

458.0 

461.6 

465.2 

87 

468.7 

472.4 

476.0 

479.8 

483.4 

88 

487.1 

491.0 

494.7 

498.5 

502.2 

89 

506.1 

510.0 

513.9 

517.8 

521.8 

90 

525.76 

529.77 

533.80 

537.86 

541.95 

91 

546.05 

550.18 

554.35 

558.53 

562.75 

92 

566.99 

571.26 

575.55 

579.87 

584.22 

93 

588.60 

593.00 

597.43 

601.89 

606.38 

94 

610.90 

615.44 

620.01 

624.61 

629.24 

95 

633.90 

638.59 

643.30 

648.05 

652.82 

96 

657.62 

662.45 

667.31 

672 . 20 

677.12 

97 

682.07 

687.04 

692.05 

697.10 

702.17 

98 

707.27 

712.40 

717.56 

722.75 

727.98 

99 

733.24 

738.53 

743.85 

749.20 

754.58 

100 

760.00 

765.45 

770.93 

776.44 

782.00 

101 

787.57 

793.18 

798.82 

804.50 

810.21 
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VAPOR  PRESSURE  OF  WATER  ABOVE  100°  C. 

Based  on  values  given  by  Keyes  in  the  International  Critical  Tables. 


Pressure 

Temp. 

Temp. 

Pressure 

Temp. 

Temp. 

°C 

Pounds 

oF 

°C 

Pounds 

Op 

mm 

per 
sq.  in. 

mm 

per 
sq.  in. 

100 

760. 

14.696 

212.0 

145 

3116.76 

60 . 268 

293.0 

101 

787.51 

15.228 

213.8 

146 

3203 . 40 

61.944 

294.8 

102 

815.86 

15.776 

215.6 

147 

3292 . 32 

63 . 663 

296.6 

i03 

845.12 

16.342 

217.4 

148 

3382.76 

65.412 

298.4 

104 

875.06 

16.921 

219.2 

149 

3476.24 

67 . 220 

300.2 

105 

906.07 

17.521 

221.0 

150 

3570.48 

69 . 042 

302.0 

106 

937 . 92 

18.136 

222.8 

151 

3667 . 00 

70.908 

303.8 

107 

970.60 

18.768 

224.6 

152 

3766.56 

72 . 833 

305.6 

108 

1004 . 42 

19.422 

226.4 

153 

3866 . 88 

74.773 

307.4 

109 

1038.92 

20.089 

228.2 

154 

3970.24 

76.772 

309.2 

110 

1074 . 56 

20.779 

230.0 

155 

4075.88 

78.815 

311.0 

111 

1111  20 

21.487 

231.8 

156 

4183.80 

80.901 

312.8 

112 

1148.74 

22.213 

233.6 

157 

4293 . 24 

83.018 

314.6 

113 

1187.42 

22.961 

235.4 

158 

4404 . 96 

85.178 

316.4 

114 

1227 . 25 

23.731 

237.2 

159 

4519.72 

87.397 

318.2 

115 

1267.98 

24.519 

239 . 0 

160 

4636 . 00 

89.646 

320.0 

116 

1309 . 94 

25.330 

240.8 

161 

4755.32 

91.953 

321.8 

117 

1352 . 95 

26.162 

242.6 

162 

4876.92 

94 . 304 

323.6 

118 

1397.18 

27.017 

244.4 

163 

5000 . 04 

96.685 

325.4 

119 

1442 . 63 

27.896 

246.2 

164 

5126.96 

99.139 

327.2 

120 

1489.14 

28.795 

248.0 

165 

5256.16 

101.638 

329.0 

121 

1536 . 80 

29.717 

249.8 

166 

5386.88 

104.165 

330.8 

122 

1586 . 04 

30.669 

251.6 

167 

5521.40 

106.766 

332.6 

123 

1636 . 36 

31.642 

253.4 

168 

5658.20 

109.412 

334.4 

124 

1687.81 

32 . 637 

255.2 

169 

5798.04 

112.116 

336.2 

125 

1740.93 

33 . 664 

257.0 

170 

5940.92 

114.879 

338.0 

126 

1795.12 

34.712 

258.8 

171 

6085 . 32 

117.671 

339.8 

127 

1850.83 

35.789 

260.6 

172 

6233 . 52 

120.537 

341.6 

128 

1907 . 83 

36.891 

262.4 

173 

6383.24 

123.432 

343.4 

129 

1966.35 

38.023 

264.2 

174 

6538  28 

126.430 

345.2 

130 

2026.16 

39.180 

266.0 

175 

6694.08 

129.442 

347.0 

131 

2087 . 42 

40 . 364 

267.8 

176 

6852.92 

132.514 

348.8 

132 

2150.42 

41.582 

269.6 

177 

7015.56 

135.659 

350.6 

133 

2214.64 

42.824 

271.4 

178 

7180.48 

138.848 

352.4 

134 

2280.76 

44.103 

273.2 

179 

7349.20 

142.110 

354.2 

135 

2347.26 

45.389 

275.0 

180 

7520.20 

145.417 

356.0 

136 

2416.34 

46.724 

276.8 

181 

7694 . 24 

148.782 

357.8 

137 

2488. 16 

48.113 

278.6 

182 

7872.08 

152.221 

359.6 

138 

2560.67 

49.515 

280.4 

183 

8052.96 

155.719 

361.4 

139 

2634.84 

50.950 

282.2 

184 

8236.88 

159.275 

363.2 

140 

2710.92 

52.421 

284.0 

185 

8423 . 84 

162.890 

365.0 

141 

2788.44 

53.920 

285.8 

186 

8616.12 

166.609 

366.8 

142 

2867.48 

55.448 

287.6 

187 

8809.92 

170.356 

368.6 

143 

2948.80 

57.020 

289.4 

188 

9007 . 52 

174.177 

3?0. 4 

144 

3031.64 

58.622 

291.2 

189 

9208.16 

178.057 

372.2 
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VAPOR  PRESSURE  OF  WATER  ABOVE  100°  C. 

(Continued) 


Pressure 

Temp. 

Temp. 

Pressure 

Temp. 

Temp. 

°C 

Pounds 

op 

°C 

Pounds 

oF 

mm 

per 
sq.  in. 

mm 

per 
sq.  in. 

190 

9413.36 

182 . 025 

374.0 

235 

22967.96 

444.128 

455.0 

191 

9620.08 

186 . 022 

375.8 

236 

23382 . 92 

452 . 152 

456.8 

192 

9831.36 

190 . 107 

377.6 

237 

23802 . 44 

460 . 264 

458.6 

193 

10047 . 20 

194.281 

379.4 

238 

24229 . 56 

468.523 

460.4 

194 

10265.32 

198.499 

381.2 

239 

24661.24 

476.871 

462.2 

195 

10488.76 

202.819 

383.0 

240 

25100.52 

485 . 365 

464.0 

196 

10715.24 

207 . 199 

384.8 

241 

25543 . 60 

493 . 933 

465.8 

197 

10944.76 

211.637 

386.6 

242 

25994 . 28 

502 . 647 

467.6 

198 

11179.60 

216.178 

388.4 

243 

26449 . 52 

511.450 

469.4 

199 

11417.48 

220.778 

390.2 

244 

26912.36 

520.400 

471.2 

200 

11659.16 

225.451 

392.0 

245 

27381.28 

529.467 

473.0 

201 

11905.40 

230.213 

393.8 

246 

27855.52 

538.638 

474.8 

202 

12155.44 

235.048 

395.6 

247 

28335 . 84 

547 . 926 

476.6 

203 

12408.52 

239 . 942 

397.4 

248 

28823 . 76 

557 . 360 

478.4 

204 

12666.16 

244.924 

399.2 

249 

29317.00 

566 . 898 

480.2 

205 

12929.12 

250.008 

401.0 

250 

29817.84 

576.583 

482.0 

206 

13197.40 

255.196 

402.8 

251 

30324.00 

586.370 

483.8 

207 

13467 . 96 

260.428 

404.6 

252 

30837 . 76 

596 . 305 

485.6 

208 

13742.32 

265.733 

406.4 

253 

31356.84 

606 . 342 

487.4 

209 

14022.76 

271.156 

408.2 

254 

31885.04 

616.556 

489.2 

210 

14305.48 

276.623 

410.0 

255 

32417.80 

626.858 

491.0 

211 

14595.04 

282 . 222 

411.8 

256 

32957.40 

637.292 

492.8 

212 

14888.40 

287.895 

413.6 

257 

33505.36 

647 . 888 

494.6 

213 

15184.80 

293.626 

415.4 

258 

34059.40 

658.601 

496.4 

214 

15488.04 

299 . 490 

417.2 

259 

34618.76 

669.417 

498.2 

215 

15792.80 

305 . 383 

419.0 

260 

35188.00 

680.425 

500.0 

216 

16104.40 

311.408 

420.8 

261 

35761 . 80 

691.520 

501.8 

217 

16420.56 

317.522 

422,6 

262 

36343 . 20 

702 . 763 

503.6 

218 

16742 . 04 

323.738 

424.4 

263 

36932 . 20 

714.152 

505.4 

219 

17067.32 

330.028 

426.2 

264 

37529 . 56 

725.703 

507.2 

220 

17395.64 

336.377 

428.0 

265 

38133.00 

737.372 

509.0 

221 

17731.56 

342 . 872 

429.8 

266 

38742 . 52 

749 . 158 

510.8 

222 

18072 . 80 

349.471 

431.6 

267 

39361.92 

761.135 

512.6 

223 

18417.84 

356.143 

433.4 

268 

39986.64 

773.215 

514.4 

224 

18766.68 

362.888 

435.2 

269 

40619.72 

785.457 

516.2 

225 

19123.12 

369.781 

437.0 

270 

41261.16 

797.861 

518.0 

226 

19482 . 60 

376.732 

438.8 

271 

41910.20 

810.411 

519.8 

227 

19848.92 

383.815 

440.6 

272 

42566 . 08 

823 . 094 

521.6 

228 

20219.80 

390 . 987 

442.4 

273 

43229 . 56 

835.923 

523.4 

229 

20596.76 

398.276 

444.2 

274 

43902 . 16 

848.929 

525.2 

230 

20978.28 

405.654 

446.0 

275 

44580.84 

862.053 

527.0 

231 

21365.12 

413.134 

447.8 

276 

45269 . 40 

875.367 

528.8 

232 

21757.28 

420.717 

449.6 

277 

45964 . 04 

888.799 

530.6 

233 

22154.00 

428.388 

451.4 

278 

46669 . 32 

902 . 437 

532.4 

234 

22558.32 

436.207 

453.2 

279 

47382 . 20 

916.222 

534.2 
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VAPOR  PRESSURE  OF  WATER  ABOVE  100c 
(Continued) 


C. 


Pressure 

Temp. 

Temp. 

Pressure 

Temp. 

Pounds 

Pounds 

Temp. 

°C 

mm 

per 
sq.  in. 

op 

°C 

mm 

per 
sq.  in. 

op 

280 

48104.20 

930.183 

536.0 

330 

96512.40 

1866.245 

626.0 

281 

48833 . 80 

944.291 

537.8 

331 

97758.80 

1890 . 346 

627.8 

282 

49570.24 

958.532 

539.6 

332 

99020.40 

1914.742 

629.6 

283 

50316.56 

972.963 

541.4 

333 

100297.20 

1939.431 

631.4 

284 

51072.76 

987 . 586 

543.2 

334 

101581.60 

1964.267 

633.2 

285 

51838.08 

1002 . 385 

545.0 

335 

102881 . 20 

1989.398 

635.0 

286 

52611.76 

1017.345 

546.8 

336 

104196.00 

2014.822 

636.8 

287 

53395.32 

1032 . 497 

548.6 

337 

105526 . 00 

2040 . 540 

638.6 

288 

54187.24 

1047 . 810 

550.4 

338 

106871.20 

2066 . 552 

640.4 

289 

54989 . 04 

1063.314 

552.2 

339 

108224.00 

2092.710 

642.2 

290 

55799.20 

1078.980 

554.0 

340 

109592.00 

2119.163 

644.0 

291 

56612.40 

1094.705 

555.8 

341 

110967.60 

2145.763 

645.8 

292 

57448.40 

1110.871 

557.6 

342 

112358.40 

2172.657 

647.6 

293 

58284 . 40 

1127.036 

559.4 

343 

113749.20 

2199.550 

649.4 

294 

59135.60 

1143.496 

561.2 

344 

115178.00 

2227.179 

651.2 

295 

59994 . 40 

1160.102 

563.0 

345 

116614.40 

2254.954 

653.0 

296 

60860.80 

1176.856 

564.8 

346 

118073.60 

2283.171 

654.8 

297 

61742.40 

1193.903 

566.6 

347 

119532.80 

2311.387 

656.6 

298 

62624 . 00 

1210.950 

568.4 

348 

121014.80 

2340.044 

658.4 

299 

63528.40 

1228.439 

570.2 

349 

122504.40 

2368.848 

660.2 

300 

64432.80 

1245 . 927 

572.0 

350 

124001 . 60 

2397.799 

662.0 

301 

65352 . 40 

1263 . 709 

573.8 

351 

125521.60 

2427.191 

663.8 

302 

66279 . 60 

1281.638 

575.6 

352 

127049.20 

2456 . 730 

665.6 

303 

67214.40 

1299.714 

577.4 

353 

128599 . 60 

2486.710 

667.4 

304 

68156.80 

1317.937 

579.2 

354 

130157 . 60 

2516.837 

669.2 

305 

69114.40 

1336.454 

581.0 

355 

131730.80 

2547.258 

671.0 

306 

70072.00 

1354.971 

582.8 

356 

133326.80 

2578.119 

672.8 

307 

71052.40 

1373.929 

584.6 

357 

134945 . 60 

2609.422 

674.6 

308 

72048.00 

1393.181 

586.4 

358 

136579.60 

2641.018 

676.4 

309 

73028.40 

1412.139 

588.2 

359 

138228.80 

2672.908 

678.2 

310 

74024.00 

1431.390 

590.0 

360 

139893.20 

2705.093 

680.0 

311 

75042.40 

1451.083 

591.8 

361 

141572 . 80 

2737.571 

681.8 

312 

76076.00 

1471.070 

593.6 

362 

143275.20 

2770.490 

683.6 

313 

77117.20 

1491.203 

595.4 

363 

144992 . 80 

2803 . 703 

685.4 

314 

78166.00 

1511.484 

597.2 

364 

146733.20 

2837.357 

687.2 

315 

79230.00 

1532.058 

599.0 

365 

148519.20 

2871.892 

689.0 

316 

80294 . 00 

1552.632 

600.8 

366 

150320.40 

2906 . 722 

690.8 

317 

81373.20 

1573.501 

602.6 

367 

152129.20 

2941.698 

692.6 

318 

82467.60 

1594.663 

604.4 

368 

153960.80 

2977.116 

694.4 

319 

83569 . 60 

1615.972 

606.2 

369 

155815.20 

3012.974 

696.2 

320 

84686.80 

1637.575 

608.0 

370 

157692 . 40 

3049.273 

698.0 

321 

85819.20 

1659.472 

609.8 

371 

159584 . 80 

3085.866 

699.8 

322 

86959.20 

1681.516 

611.6 

372 

161507.60 

3123.047 

701.6 

323 

88114.40 

1703 . 854 

613.4 

373 

163468.40 

3160.963 

703.4 

324 

89277.20 

1726.339 

615.2 

374 

165467.20 

3199.613 

705.2 

325 

90447 . 60 

1748.971 

617.0 

326 

91633.20 

1771 . 897 

618.8 

327 

92826 . 40 

1794.969 

620.6 

328 

94042 . 40 

1818.483 

622.4 

329 

95273 . 60 

1842.291 

624.2 
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VAPOR  PRESSURE  OF  MERCURY 

Vapor  pressure  of  mercury  in  mm.  of  Hg  for  temperatures  from  —38  to 
400°C.  Note  that  the  values  for  the  first  four  lines  only,  are  to  be  multiplied 
by  10-6. 


Temp. 


10"6 

10-6 

10~6 

10-6 

10-6 

-30 

4.78 

3.59 

2.66 

1.97 

1.45 

-20 

18.1 

14.0 

10.8 

8.28 

6.30 

-10 

60.6 

48.1 

38.0 

29.8 

23.2 

-  0 

185. 

149. 

119. 

95.4 

76.2 

+  o 

.000185 

.000228 

.000276 

.000335 

. 000406 

+  10 

.000490 

.000588 

.000706 

. 000846 

.001009 

20 

.001201 

.001426 

.001691 

.002000 

. 002359 

30 

.002777 

.003261 

.003823 

.004471 

.005219 

40 

.006079 

.007067 

.008200 

. 009497 

.01098 

50 

.01267 

.01459 

.01677 

.01925 

.02206 

60 

.02524 

.02883 

.03287 

.03740 

.04251 

70 

.04825 

.05469 

.06189 

.06993 

.07889 

80 

. 08880 

.1000 

.1124 

.1261 

.1413 

90 

.1582 

.1769 

.1976 

.2202 

.2453 

100 

.2729 

.3032 

.3366 

.3731 

.4132 

110 

.4572 

.5052 

.5576 

.6150 

.6776 

120 

.7457 

.8198 

.9004 

.9882 

1.084 

130 

1.186 

1.298 

1.419 

1.551 

1.692 

140 

1.845 

2.010 

2.188 

2.379 

2.585 

150 

2.807 

3.046 

3.303 

3.578 

3.873 

160 

4.189 

4.528 

4.890 

5.277 

5.689 

170 

6.128 

6.596 

7.095 

7.626 

8.193 

180 

8.796 

9.436 

10.116 

10.839 

11.607 

190 

12.423 

13.287 

14.203 

15.173 

16.200 

200 

17.287 

18.437 

19.652 

20.936 

22.292 

210 

23.723 

25.233 

26 . 826 

28.504 

30.271 

220 

32.133 

34 . 092 

36.153 

38.318 

40 . 595 

230 

42 . 989 

45 . 503 

48.141 

50.909 

53.812 

240 

56 . 855 

60 . 044 

63 . 384 

66.882 

70.543 

250 

74.375 

78.381 

82 . 568 

86.944 

91.518 

260 

96.296 

101.28 

106.48 

111.91 

117.57 

270 

123.47 

129.62 

136.02 

142 . 69 

149.64 

280 

156.87 

164.39 

172.21 

180.34 

188.79 

290 

197.57 

206 . 70 

216.17 

226 . 00 

236.21 

300 

246 . 80 

257.78 

269.17 

280.98 

293.21 

310 

305.89 

319.02 

332.62 

346 . 70 

361.26 

320 

376.33 

391.92 

408 . 04 

424.71 

441.94 

330 

459 . 74 

478.13 

497.12 

516.74 

537 . 00 

340 

557 . 90 

579.45 

601.69 

624 . 64 

648.30 

350 

672 . 69 

697 . 83 

723.73 

750.43 

777.92 

360 

806.23 

835.38 

865.36 

896 . 23 

928.02 

370 

960.66 

994 . 34 

1028.9 

1064.4 

1100.9 

380 

1138.4 

1177.0 

1216.6 

1257.3 

1299.1 

390 

1341.9 

1386.1 

1431.3 

1477.7 

1525.2 

400 

1574.1 
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VAPOR  PRESSURE  OF  CARBON  DIOXIDE 

Solid 

From  Bureau  of  Standards  Journal  of  Research 

(Mercury  column,  density  =  13.5951  g/cm3,  g  =  980.665) 

Pressure  in  microns  of  mercury 


°c 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

-180 

0.013,'  0.008  0.006|  0.004 

0.003 

0.0017 

0.0011 

0.0007 

0.0005 

0.0003 

-170 

.37 

.27 

.20   .14 

.10 

.074 

.052 

.037 

.026 

.018 

-160 

5.9 

4.6 

3.6   2.7 

2.1 

1 .  58 

1.19 

.90 

.67 

.50 

-150 

60.5 

48.8 

39.2   31.4 

25.1 

19.9 

15.8 

12.4 

9.8 

7.6 

-140 

431 

359 

298 

247 

204 

168 

138 

113 

92 

75 

Pressure  in  mm  of  mercury 


-130 

2.31 

1.97 

1.68 

1.43 

1.22 

1.03 

0.S7 

0.73 

0.61 

0.51 

-120 

9.81 

8.57J  7.46 

6.49 

5.63 

4.88 

4.22 

3.64 

3.13 

2.69 

-110 

34.63 

30. 761  27.27 

24.14 

21.34 

18.83 

16.58 

14.58 

12.80 

11.22 

-100 

104.81 

94.40  84.91 

76.27 

68 .  43 

61.30  54.84 

48.99 

43.71 

38.94 

-  90 

279.5 

254.7 

231.8 

210.8 

191.4 

173.6 

157.3 

142.4 

128.7 

116.2 

-  80 

672.2 

618.3 

568.2 

521.7 

478.5 

438.6 

401.6 

367.4 

335.7 

306.5 

-  70 

1486.1 

1377.3  1275.6 

11S0.5 

1C31. 7 

1008.9 

931.7 

859.7 

792.7 

730.3 

-  60 

3073.1 

2865.1  2669.7  2486.3  2314.2  2152.8 

2001.5 

1859.7 

1726.9 

1602.5 

-  50 

3780.9 

3530.2 

3294  6 



Liquid 


3 


-50 

5127.8 

4922.7 

4723.9 

4531.1 

4344.3 

4163.2 

3987.9 

3818.2* 

3653.9* 

3495.0* 

-40 

7545 

7271 

7005 

6746 

64'J4 

6250 

6012 

5781 

5557 

5339 

-30 

10718 

10363 

10017 

9679 

93.)0 

9029 

8716 

8412 

8115 

7826 

-20 

14781 

14331 

13891 

13461 

13040 

12630 

12229 

11838 

11455 

11082 

-10 

19872 

19312 

18764 

18228 

17703 

17189 

16686 

16194 

15712 

15241 

-  0 

26142 

25457 

24786 

24127 

23482 

22849 

22229 

21622 

21026 

20443 

0 

26142 

26840 

27552 

28277 

29017 

29771 

30539 

31323 

32121 

32934 

10 

33763 

34607 

35467 

36343 

37236 

38146 

39073 

40017 

40980 

41960 

20 

42959 

43977 

45014 

46072 

47150 

48250 

49370 

50514 

51630 

52871 

30 

54086 

55327 

*  Undercooled  liquid. 

Critical  temperature  =  31.0°C.    Triple  point,  -56.602  ±  0.005°C;  3885.2  ±  0.4  mm. 
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VAPOR  PRESSURE 

Pressure  and  Density  (or  Specific  Volume)  of  Saturated  Vapor 

Pressure  of  the  saturated  vapor  is  given  in  millimeters  of  mercury  or  in 
atmospheres  as  indicated;  the  density  of  the  liquid  and  saturated  vapor  in 
g/cm3,  and  the  specific  volume  in  cm3/g.  The  temperatures  are  stated 
in  degrees  Centigrade.  The  normal  boiling  point  is  the  temperature  for 
which  the  pressure  is  1  atm.  or  760  mm.  Data  refers  to  the  liquid  state  unless 
otherwise  indicated.  . 

The  following  abbreviations  are  used:  b  p.,  boiling  point;  c.p.,  critical 
point;  liq.,  liquid;  m.p.,  melting  point:  sol.,  solid;  t.p  ,  triple  point. 

Elements  and  Inorganic  Compounds 


Pressure 


Density 
g/cm3 


liq. 


vap. 


°C 


Pressure 


Sp.  Vol. 
cm3/g 


liq. 


vap. 


Aluminum  .A 

.1 

Ammonia  NH3  (Continued 

) 

Hq.  1 

-14 

2  4328  atm. 

1.5215 

488.88 

1800  b.p. 

760  mm 

-12 

2.6443 

1.5276 

452.02 

1 

-10 

-  8 

-  6 

2.8703 
3.1112 
3.3677 

1.5338 
1.5400 
1.5464 

418.46 

Ammonia  Nl 

h 

387.87 
359.95 

-  4 

-  2 

3.6405 
3.9303 

1.5528 
1.5594 

334.42 
311.04 

sP 

Vol. 

cm3/g 

0 

4.2380 

1.5660 

289.62 

°C 

Pressure 

+  2 

4.5640 

1.5727 

269.95 

liq. 

4 

4.9090 

1.5796 

251.88 

vap. 

6 

5.2750 

1.5866 

235.25 

8 
10 

5.6610 
6.0685 

1.5936 
1.6008 

219.92 

205.79 

-78  liq. 

0.0582  atm. 

1.3618 

12 

6.4985 

1.6081 

192.73 

-76 

0.0683 

1.3660 

13752'. 

14 

6.9520 

1.6156 

180.66 

-74 

0.0797 

1.3702 

11889. 

16 

7.4290 

1.6231 

169.49 

-72 

0.0929 

1.3745 

10314. 

18 

7.9310 

1.6308 

159.14 

-70 

0.1078 

13788 

8976.2 

20 

8.4585 

1.6386 

149.53 

-68 

0.1246 

1.3832 

7837.0 

22 

9.0125 

1.6466 

140.61 

-66 

0.1437 

1.3876 

6863.3 

24 

9.5940 

1.6547 

132.33 

-64 

0.1651 

1.3920 

6028.3 

26 

10.2040 

1.6630 

124.61 

-62 

0.1891 

1.3965 

5310.0 

28 

10.8430 

1.6714 

117.43 

-60 

0.2161 

1.4010 

4690.3 

30 

11.512 

1.6800 

110.73 

-58 

0.2461 

1.4056 

4154.0 

32 

12.212 

1.6888 

104.48 

-56 

0.2796 

1.4103 

3688.5 

34 

12.943 

1.6977 

98.640 

-54 

0  3167 

1.4150 

3283.4 

36 

13.708 

1.7069 

93.181 

-52 

0.3578 

1.4197 

2929.9 

38 

14.507 

1.7162 

88.074 

-50 

0.4034 

14245 

2620.7 

40 

15.339 

1.7257 

83.290 

-48 

0.4536 

1.4293 

2349.4 

42 

16.209 

1.7354 

78.806 

-46 

0.5087 

1.4342 

2110.8 

44 

17.113 

1.7454 

74.600 

-44 

0.5693 

1.4392 

1900.5 

46 

18.056 

1.7555 

70.650 

-42 

0.6357 

1.4442 

1714.7 

48 

19.038 

1.7659 

66.939 

-40 

0.7083 

1.4493 

1550.2 

50 

20.059 

1.7766 

63.448 

-38 

0.7875 

1.4545 

1404.2 

52 

21.121 

1.7875 

-36 

0.8738 

1.4597 

1274.4 

54 

22.224 

1.7987 

-34 

0.9676 

1.4649 

1158.7 

56 

23.372 

1.8102 

-32 

1.0695 

1.4703 

1055.3 

58 

24.562 

1.8220 

-30 

1.1799 

1.4757 

962.82 

60 

25.797 

1.8341 

48.8' ' 

-28 

1.2992 

1.4811 

879.92 

62 

27.079 

1.8465 

-26 

1.4281 

1.4867 

805.44 

64 

28.407 

1.8593 

-24 

1.5671 

1.4923 

738.44 

66 

29.784 

1.8725 

-22 

1.7166 

1.4980 

678.03 

68 

31.211 

1.8860 

-20 

1.8774 

1.5037 

623.48 

70 

32.687 

1.9000 

'37.7" 

-18 

2.0499 

1.5096 

574.15 

72 

34.227 

1.9145 

-16 

2.2349 

1.5155 

529.45 

74 

35.813 

1.9294 
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VAPOR  PRESSURE  (Continued) 


°c 


Pressure 


Sp.  Vol. 

rm3/g 


liq. 


vap. 


Ammonia  NH3  (Continued) 


76 

78 

80 

82 

84 

86 

88 

90 

92 

94 

96 

98 
100 
102 
104 
106 
108 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
132.9  c.p. 


37.453  atm. 

39.149 

40.902 

42.712 

44.582 

46.511 

48.503 

50.558 

52.677 

54.860 

57.111 

59.429 

61.816 

64.274 

66.804 

69.406 

72.084 

74.837 

77.668 

80.578 

83.570 

86.644 

89.802 

93.045 

96.376 

99.796 

103.309 

106.913 

110.613 

112.3 


1.9448 
1.9608 
1.9774 
1.9946 
2.0124 
2.0311 
2.0505 
2.0708 
2.0920 
2.1143 
2.1377 
2.1623 
2.1885 
2.2162 
2.2510 
2.2773 
2.3112 
2.3478 
2.3877 
2.4314 
2.4796 
2.5393 
2.594S 
2.6656 
2.7495 
2.8523 
2.9851 
3.1769 
3.5315 
4.2830 


29.3 


22.8 


17.6 


Ammonium  chloride  NH4CI 


oC 


Pressure 


Density 
g/cm3 


liq. 


vap. 


338.0  sol. 

459 

520 


760.  mm 
8360. 
26220. 


Antimony  Sb 


818  liq. 
1327  b.p. 


1  mm 


760. 


Antimony  bromide  SbBn 


180  liq. 

200 

220 


42  mm 

82. 
148. 


Pressure 


Density 
g/cm3 


Uq. 


vap. 


Antimony  trichloride  SbCls 


120  liq. 

130 

140 

150 

160 


250  liq. 

280 

310 


29.  mm 
43. 
64. 
92. 
127. 


Antimony  triiodide  Sbla 

23.  mm 
53. 
115. 


Argon  A 


189.19  t.p. 

185.66  b.p. 

183.15  liq. 

161.23 

150.76 

150.57 

140.80 

135.51 

129.83 

122.44  c.p. 


liq. 
—55  b.p. 
-40 
-20 
0 
+20 


604.3  sol. 


887  liq. 
1146  b.p. 


512.17  mm 

1.0000  atm. 

'  7.4332  " 

1.37396 
1.22414 
1.13851 

0.00801 
0.03723 
0.06785 

13.707 

22.185 

0.97385 

0.15994 

35.846 

47.996 

liq. 


606 
904 
1470  b.p. 


-80  liq. 
-60 
-30 
-15 
0 


-90  sol. 
-80 


Arsine  AsH.-j 

1.00  atm. 

2.0 

4.3 

8.4 
15. 

Arsenic  As 

760.  mm     | . 

Barium  Ba 

l.mm       I. 
760.  I . 

Bismuth  Bi 

0.001  mm 
1. 
760. 


Boron  chloride  BC1; 

4.0  mm 

18.0 

116.0 

251.0 

477.0 


Bromine  Br 

0.0052  mm 
0.0251 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Sp.  Vol. 
cm3/g 


liq. 


vap. 


Bromine  Br  (Continued) 


-70 
-60 
-50 
-40 
-30 
-20 
-10 
-  7.3  m.p. 

Oliq. 
+  10 

20 

30 

40 

50. 

T8  b.p. 


01., 


210.1  so!. 

392.2  liq. 
454  6 
485  3 
767  b.p. 


112.3  liq. 
278.6 
669.3  b.p. 


529  sol. 

917  liq. 
1174  b.p. 


liq. 
3927  b.p. 


0.102  mm 
0.357 
1.09 
2.98 
7.45 
17.1 
36.6 
44.4 
65.9 
109. 
173. 
264. 
392. 
564. 
760. 

Cadmium  Cd 

0.001  mm  | 

1. 

5. 

10. 

760. 

Caesium  Cs 

0.001  mm 
1. 
760. 

Calcium  Ca 

0.001  mm 
1. 
760. 

Carbon  C 
760.  mm 


Carbon  dioxide  CO2  (Continued) 


-34 
-32 
-30 
-28 
-26 
-24 
-22 
-20 
-18 
-16 
-14 
-12 
-10 

-  8 

-  6 

-  4 

-  2 
0 
2 
4 


+ 


Carbon  dioxide  C(V 


°C 


Pressure 


Sp.  Vol. 
cm3/g 


liq. 


-56  liq. 

-54 

-52 

-50 

-48 

-46 

-44 

-42 

-40 

-38 

-36 


5.2485  atm. 

5.7156 

6.2139 

6.7446 

7.3089 

7.9078 

8.5426 

9.2147 

9.9251 
10.675 
11.466 


0.8496 
0.8554 
0.8606 
0.8658 
0.8718 
0.8780 
0.8834 
0.8897 
0.8961 
0.9025 
0.9091 


1  c.p. 


12.299  atm. 

0.91581 

13.176 

0.92261 

14.099 

0.9302 

15.067 

0.9381 

16.084 

0.9452 

17150 

09533, 

18.267 

0.9615 

19.437 

0.96991 

20.661 

0.97941 

21.940 

0.9892' 

23.277 

0.9990; 

24.673 

1.0091 

26.129 

1.0194 

27.648 

1.0309 

29.231 

1.0428 

30.879 

1.0548 

32.595 

1.0683 

34.379 

1.0811; 

36.235 

1.0953 

38.163 

1.1099 

40.166 

1.1261 

42.247 

1.1442 

44.406 

1.1628 

46.648 

1.1834 

48.974 

1.2063 

51.388 

1.2330 

53.895 

1.2626 

56.495 

1.2953! 

59.197 

1.3351 

62.006 

1.3831 

64.928 

1.4430! 

67.971 

1.5267 

71.143 

1.6722 

72.947 

2.1547 

27.19 

25.40 

23.71 

22.11 

20.62 

19.22 

17.95 

16.78 

15.70 

14  73 

13.83 

13.01 

12.25 

11.54 

10.88 

10.26 

9.68 

9.13 

8.59 

8.06 

7.57 

7.04 

6.58 

6.14 

5.68 

5.26 

4  83 

4.3P 

3.97 

3.53 

3.00 

2.15 


Carbon  disulfide  CS2 


Pressure 

Density 
g/cm3 

°c 

liq. 

vap. 

-70  liq. 
-60 

1.6  mm 

3.5 

7.1 

14.0 

26.2 

46.5 

78.8 

127.3 

198.1 

297.5 

432.7 

616.7 

1.00  atm. 

-50 

—40 

-30 

!.. 

—20 

-10 

0 

+10 

20 

30 

40 

46.25  b.p. 

1.225 

See  special  table  preceding. 
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VAPOR  PRESSURE   (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Carbon  disulfide  CS2  (Continued) 
atm. 


50 

1.13 

60 

1.54 

70 

2.05 

80 

2.69 

90 

3.47 

100 

4.42 

110 

5.55 

120 

6.90 

130 

8.47 

140 

10.3 

150 

12.4 

160 

14.9 

170 

17.6 

180 

20.8 

190 

24.3 

200 

28.3 

210 

32.8 

220 

37.8 

230 

43.4 

240 

49  6 

250 

56.5 

260 

64.1 

270 

72.5 

273  c.p. 

75. 

-220.6  sol. 

-209.1 

-205.70 

-192.0 

-190 

-180 

-170 

-160 

-150 

-140 

-139  c.p. 


Carbon  monoxide  CO 

4.  mm 
50. 
111.33 

1.0  atm. 

1.2 

3.2 

6.7 
12.4 
20.9 
33.2 
35. 


0.803 
0.794 
0.748 
0.697 
0.639 
0.560 
0.420 
0.303 


liq. 
-103  m.p. 
-100 

-  90 

-  80 

-  70 

-  60 

-  50 

-  40 

-  34.6  b.p. 

-  30 

-  20 

-  10 

0 
10 
20 


+ 


Chlorine  CI 


8.9  mm 
11.8 
27.8 
58.7 
115. 
211. 
363. 
594. 
760. 

1.23  atm. 

1.84 

2.61 

3.65 

4.96 

6.57 


1.55C 
1.524 
1.496 
1.468 
1.438 
1.408 


0.0045 

0.0058 

0.0075 

0.0095 

0.012 

0.015 

0.018 

0.021 

0.026 

0.031 

0.035 

0.041 

0.052 

0.068 

0.084 

0.101 

0.122 

0.144 

0.178 

0.212 

0.247 

0.301 


0.0044 

0.0054 

0.013 

0.027 

0.046 

0.088 

0.190 

0.303 


0.0128 
0.0175 
0.0226 


Chlorine  CI  (Continued) 


30 

8.60  atm. 

1.377 

0.0300 

40 

11.1 

1.344 

0.0384 

50 

14.1 

1.310 

0.0486 

60 

17.6 

1.375 

0.0600 

70 

21.6 

1.240 

0.0740 

80 

26.2 

1.199 

0.0910 

90 

31.5 

1.156 

0.1125 

100 

37.6 

1.109 

0.136 

110 

44.4 

1.059 

0.164 

120 

52.4 

0.998 

0.206 

130 

61.4 

0.920 

0.258 

140 

71.4 

0.750 

0.405 

144  c.p. 

76.1 

0.573 

0.573 

Chromium  Cr 

liq. 

1 

2200  b.p. 

760.  mm 
Cobalt  Co 

1254  liq. 

0.001  mm 

1859 

1. 

760. 

3168  b.p. 

1320  liq. 
1707 
2310  b.p. 


Copper  Cu 

0.001  mm 
1. 
760. 


487.6  sol. 

470.5 

407.2 

335.2 

318.6 


600  sol. 

800 

950 


Cupric  chloride  CuCta 

223.9  mm 
128.8 
22.39 

5.0 

3.55 


Cupric  oxide  CuO 

|1.34  X  10-7mm 
1.15  X  10"4 
6.8  X  10-4 


Cyanogen  chloride  CNC1 


-32.69  sol. 

-24.7 

-11.41 


58.6  mm 
101.71 
250.67 


245.0  sol. 
292.3 


Ferric  chloride  FeCb 


19.95  mm 
316.2 


1292  liq. 
1768 
2611  b.p. 


Gold  Au 

0.001  mm 
1. 
760. 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


100  sol. 

138.5 

181 

202 

229 

251 


Gold  chloride  AuCh 

7.0  mm 

11.0 

61.2 

154.5 

424.2 

808.7 


Helium  He 


■271.9  liq. 

■271.7 

271.0 

■270.8 

■269.9 

-269.2 

-268.9  b.p. 

-268.9 

-268.4 

-268.2 

-267.9  c.p. 


0.1459 

3.  mm 

0.1464 
0.1466 

0.001368 

197. 

0.1311 

0.01176 

1.000  atm. 

0.1253 
0.1139 

0.01637 

0.02699 

1.749 

2.261 

0.06930 

0.06930 

Hydriodic  acid  HI 


liq. 
-35.5  b.p. 
-20 
0 
+20 
40 
60 
80 
100 
120 
140 
150.5  c.p. 


1.00  atm. 

1.86 

3.70 

6.65 
11.1 
17.3 
25.8 
37.0 
51.6 
70.4 
82. 


2.798 

2.230 

Hydrobromic  acid  HBr 

liq. 
-67.0  b.p.        1.00  atm. 
-60  1.41 

-40  3.31 

-20  6.72 

0  12.3 

+20  20.6  1.589 

40  32.5 

60  49.0 

80  71.4 

90  c.p.  85. 


Hydrochloric  acid  HC1 


108  liq. 

168.5  mm 

104 

226.2 

100 

329.8 
503.4 

96 

88 

640.3 

85.03  b.p. 

1.00  atm. 

1.191 

0.0025 

80 

1.32 

1.178 

0.0032 

60 

3.45 

1.122 

0.0083 

40 

7.55 

1.063 

0.017 

20 

14.53 

0.997 

0.032 

Hydrochloric  acid  HC1  (Continued) 


0 
+20 
40 
51.5  c.p. 


25.46  atm. 
41.58 
64.52 
81.6 


0.924 
0.831 
0.697 
0.424 


0.054 
0.097 
0.180 
0.424 


Hydrocyanic  acid  HCN 

25.65  liq.  1.00  atm. 

40  1.67 

60  3.15 

80  5.52 

100  9.16 

120  14.5 

140  22.1 

160  32.7 

180  47.1 

183.5  c.p.  50. 


0.695 

0.0011 

0.420 
0.290 
0.20 

0.050 
0.120 
0.20 

Hydrogen  H2 


259.14 
-258.46 
-258.27 
256.61 
254.73 
-253.24 
-252.74 
-248.50 
245.73 
245.68 
240.49 
239.91 


liq. 
t.p. 


b.p. 


c.p. 


51.4  mm 
79.9 


191.9 
397.6 


1.0000  atm. 
2.8937 


5.0566 
11.752 
12.80 


0.07631 


0.07134 


0.06050 


0.03102 


0.00020 


0.00115 

0.60m 

0^03102 


-82  liq. 
-78 
-74 
-70 
-66 
-62 

-59.5  b.p. 
-40 
-20 
0 
+20 

40 

60 

80 
100.4  c.p. 


-50  sol. 
-40 
-30 
-20 
-10 
0 
+10 
20 


Hydrogen  sulfide  H2S 

172  mm 
235. 
339. 
432. 
535. 
660. 
1.00  atm. 
2.50 
5.39 

10.2 

17.7 

28.3 

43.0 

62.6 

88.9 


0.965  . 

Iodine  I 

0.000037  mm 

0.00019 

0.00080 

0.0030 

0.0099 

0.0299 

0.0808 

0.202 
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VAPOR  PRESSURE  (Continued) 


Pressure 

Density 
g/cm3 

°C 

Pressure 

Density 
g/cm3 

°c 

liq. 

vap. 

liq. 

vap. 

Iodine  I  (Continued) 

Mercurous  chloride 

100  sol.            0.0089  mm 
120                  0.016 
140                  0.038 
160                  0.15 
180                  0.45 
310               103.0 
330              189.2 
350              329.9 
370              548.9 

HgCl 

30 

u.4/1  mm 
1.03 
2.16 
4.31 

40 

50 

60 

8.22 
15.1 
26.8 
45.5 
74.9 
90.1 

111. 

157. 

217. 

294. 

394. 

521. 

679. 

760. 

869 

70 

80 

90 

100 

110 

114.15  m.p. 
120  liq. 

Mercury  Hg  (See  special  table.) 

-76.4  sol. 
-65.7 
-53.6 
-40.4 

10  »  mm 
10-8 
10"7 
10"« 

130 

140 



150 

160 

170 

Molybdenum  Mo 

180 

184.35  b.p. 
190 

2293  sol.         0.001  mm 

] 

::::::■:  ::..:: 

-257.62  sol. 

-254.92 

-253.16 

-251.24 

-250.22 

-249.09 

-248.56 

-248.51  liq. 

-247.49 

-246.66 

-245.92  b.p. 

-236.82 

-228.71  c.p. 

0.55  mm 
7.8 
28.2 
91. 
148. 
250. 
317. 
325.0 
451.6 
605.2 

1.000  atm. 
7.970 
9fi8fi 

1884  liq.     1         1.  mm 
3235  b.p.    1     760. 

) 

i 

Krypton  Kr 

sol. 

-169  t.p. 

132.5  mm 
386.4 

1.000  atm. 
4.315 
24.27 
54.24 

-160.3  liq. 

-151.8  b.p. 

-130 

-  90 

-  62.6  c.p. 

Lead  Pb 

636  2  liq.    j    0.001  mm 
985 

i 

Nickel  Ni 

1851  liq.      1          1.  mm 
3147  b.p.           760. 



] 
400  sol. 

Jead  chloride  3 

0.00174  mm 
0.0058 
0.0178 
0.051 

3bCl2 

liq. 
-151.0  b.p. 
-140 
-120 
-100 
—  93  c.p. 

Nitric  oxide  N( 

1.0  atm. 

3.0 
14.3 
46. 
65. 

D 

425 

450 

475 

T  oor\  ciilfi^P  "D^ 

850  sol.            2.0  mm 

Nitrogen  N2 

917 

4.0 
10.5 
17.0 

sol. 

968 

-209.86  t.p. 
-198.26  liq. 
-195.78  b.p. 
-173.58 
-152.11 
-147.13  c.p. 

Nit 
liq. 
21.3  b.p. 

96.4  mm 
561.3 

1.000  atm. 
7.3705 
25.889 
33.490 

rogen  peroxide 
1.00  atm. 

995 





Magnesium  Mg 

772.  liq.    1        1.  mm 
1070  b.p.    1     760. 

liq. 
1900  b.p. 

Manganese 
760.  mm 

Mn 

N2O4 
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VAPOR  PRESSURE   (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Density 

g/cm3 


liq. 


vap. 


Nitrogen  peroxide  N2O4  (Continued) 


40 

60 

80 
100 
120 
140 
158  c.p. 


liq. 
-88.49  b.p. 
-73.18 
-53.18 
-33.18 
-20 
0 
+20 
36.5 


210.4  liq. 

204.52 

195.50 
-186.91 

182.95  b.p. 
-154.5 
-149.25 
-129.9 
-125.28 
-118.82  c.p. 


-193.1  liq. 
-173.1 
-153.1 
-133.1 
-112.4  b.p. 
—    5  c.p. 


129  liq. 
121 
113 
101 

89 

87.5  b.p. 

80 

60 

40 

20 
0 

20 

40 

51  c.p. 


2.28  atm. 

5.03 
10.3 
19.8 
35.9 
62.2 
99. 

Nitrous  oxide  N2O 


1.000  atm. 

1.226 

2.312 

1.199 

5.662 

1.140 

11.730 

1.075 

18.1 

1.001 

31.3 

0.910 

50.3 

0.784 

71.7 

0.451 

0.0031 

0.0050 

0.0122 

0.025 

0.048 

0.087 

d.161 

0  451 


Oxygen  O2 


1.2746 

0.0000865 

36.11  mm 

162.15 

493.30 

1.000  atm. 

0.9758 

0.0385 

12.506 

0.7781 

0.1320 

38.571 

49.713 

0.4299 

0.4299 

Ozone  Os 

0.015  mm 
1.3 
25.4 

182.8 
760. 
67.  atm. 


Phosphine  PH3 

43.0  mm 
85.7 
158.3 
354.2 
699.5 
1.00  atm 
1.46 


3.47 

7.1 
12.9 
21.6 
34.2 
51.9 
64. 


0.746 

0.738 

0.712 

0.684 

0.651 

0.613 

0.566 

0.50 

0.30 


0.0023 

0.0032 

0.0073 

0.014 

0.025 

0.042 

0.067 

0.11 

0.30 


Phosphonium  chloride  PH4CI 


-63.0  sol. 

-26.8 
0.9 


39.81  mm 
760.0 
5623.0 


Phosphorus  pentachloride  PCI* 


156.1  sol. 

136.7 

101.4 


562.3  mm 
206.1 
37.58 


Phosphorus  trioxide  P2O3 
3.  mm 
9.0 
20. 
60. 
150. 
300. 


30  liq. 

50 

60 

70 

80 

90 


Pictet's  fluid  64SO:  +  44C02  by  weight 


-30 

-25 

-20 

-15 

-10 

-  5 

0 

+  5 

10 

15 

20 

25 

30 

35 

40 

45 

50 


162  3  liq. 
344.2 
758  b.p. 


101  sol. 

70.5  t.p. 

61.8  liq. 

50 

20 

10 

70 
104.4  c.p. 


200  sol. 

210 

217.4  m.p. 

220  liq. 

230 

390 

400 

420 

440 

460 

480  liq. 

500 


585.2  mm 

676.4 

744.8 

896.8 
1018.4 
1216.0 
1390.8 
1672.0 
1938.0 
2264.8 
2584.0 
2979.2 
3382.0 
3X38.0 
4347  2 
4788.0 
5213.6 

Potassium  K 
0.001  mm 


760. 

Radon  Rn 

50  mm 
500. 

1.000  atm. 

2.065 

5.260 
11.40 
37.67 
62.44 

Selenium  Se 

0.0015  mm 

0.0032 

0.0055 

0.0062 

0.0097 

3.0 

4.0 

7.0 
11. 
17. 
28 
42. 
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VAPOR  PRESSURE   (Continued) 


Pressure 


Density 
g/cm.3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Selenium  Se  (Continued) 
620  313.  mm 

640  420. 

660  550. 

680  700. 

688  b.p.  760. 

Selenium  dioxide  SeCh 

72.0  sol  13.43  mm 

180.9  39.00 

236.9  66.07 

289.2  316.2 

317.0  760.0 


719.2  sol 
1219 


837  liq. 
1218 
1948  b.p. 


1316  sol. 
1435 


238.1  liq. 
441.2 
882.  b.p. 


Silicon  Si 

0.001  mm 
1. 

Silver  Ag 
0.001  mm 


760. 

Silver  oxide  Ag2() 

0.46  mm      I 

3.4  | . . . . 

Sodium  Na 

0.001  mm  I . . . . 

1.  .... 

760.  I    . .  . 

Stannic  chloride  SnCl< 


-  10  liq. 

10 

30 

60 

90 

114.1  b.p. 
120 
140 


713.4  liq. 
899 
1154  b.p. 

50  sol. 

60 

70 

80 

90 
100 
110 

114.5  m.p. 
120  liq. 
130 
140 
150 
160 
170 
180 


2.8  mm 

10.3 

31.3 

112.0 

360  5 

1.00  atm. 

1.18 

1.96 
Strontium  Sr 
0.001  mm 


1.978 
1.963 
1.907 


0.0085 
0.0099 
0.0162 


760. 


Sulfur  S 


0.0002 

0.0004 

0.0010 

0.0023 

0.0049 

0.010 

0.021 

0.028 

0.040 

0.074 

0.13 

0.22 

0.37 

0.59 

0.91 


Sulfur  S  (Continued) 


190 

1.4  mm 

200 

2.1 

210 

3.1 

220 

4.4 

230 

6.3 

240 

8.7 

250 

12. 

260 

16. 

270 

21. 

280 

28. 

290 

37. 

300 

48. 

310 

60. 

320 

76. 

330 

95. 

340 

118. 

350 

146. 

360 

179. 

370 

218. 

380 

263. 

390 

325. 

400 

376. 

410 

446. 

420 

525. 

430 

613. 

440 

711. 

444.60  b.p. 

760.0 

450 

821. 

460 

948. 

470 

1093. 

480 

1257. 

490 

1441. 

500 

1647. 

510 

1876. 

520 

2130. 

530 

2410. 

540 

2718. 

550 

3055. 

560 

3423. 

570 

3824. 

Sulfur  dioxide  SO2 


Pressure 


Sp.  Vol. 
cm3/g 


liq.         vap. 


-70  liq. 

-65 

-60 

-55 

-50 

45 

-40 

-35 

-30 


19.9  mm 

30.0 

42.8 

61.8 

86.7 
119.6 
162.3 
217.1 
286.0 


0.6423 
0.6472 
0.6523 
0.6575 
0.6627 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Sp.  Vol. 

cm3/g 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Sulfur  dioxide  SO2  (Continued) 


-25 

373.0  mm 

0.6680 

-20 

478.0 

0.6739 

-15 

607.0 

0.6798 

-10 

761.0 

0.6859 

-  5 

947.0 

0.6916 

0 

1.529  atm. 

0.6974 

+  2 

1.657 

0.6998 

4 

1.793 

0.7022 

6 

1.938 

0.7047 

8 

2.092 

0.7072 

10 

2.256 

0.7097 

12 

2.429 

0.7123 

14 

2.613 

0.7153 

16 

2.807 

0.7179 

18 

3.012 

0.7205 

20 

3.228 

0.7231 

22 

3.456 

0.7262 

24 

3.697 

0.7289 

26 

3.951 

0.7315 

28 

4.217 

0.7348 

30 

4.498 

0.7375 

32 

4.793 

0.7407 

34 

5.102 

0.7440 

36 

5.427 

0.7474 

38 

5.768 

0.7508 

40 

6.125 

0.7536 

42 

6.499 

0.7570 

44 

6.890 

0.7610 

46 

7.300 

0.7646 

48 

7.729 

0.7680 

50 

8.176 

0.7722 

60 

10.729 

0.7918 

70 

13.867 

0.8137 

80 

17.682 

0.8382 

90 

22.268 

0.8658 

100 

27.714 

0.8977 

110 

34.091 

0.9355 

120 

41.432 

0.9823 

130 

49.705 

1.0449 

140 

58.783 

1.1363 

150 

68.405 

1.3038 

Sulfur  trioxide  SO3 


156.3 

147.1 

137.0 

128.2 

119.0 

111.1 

103.1 
97.09 
90.91 
86.21 
81.30 
75.76 
70.92 
66.67 
62.50 
58.14 
54.64 
51.02 
48.08 
45.25 
42.74 
40.65 
31.85 
25.77 
20.92 
16.39 
12.94 
10.31 
8.078 
6.146 
4.554 
3.256 


liq. 
44.6  b.p. 

1.00  atm 

1.807 

0.003 

60 

2.0 

1.732 

0.006 

80 

4.3 

1.639 

0.013 

100 

8.0 

1.547 

0.025 

120 

13.3 

1.465 

0.037 

140 

20.6 

1.382 

0.056 

160 

30.3 

1.296 

0.086 

180 

43.4 

1.196 

0.137 

200 

61.1 

1.058 

0.233 

218.3  c.p. 

83.6 

0.630 

0.630 

Thallium  Tl 

412.7  liq. 

0.001  mm 

748 

760. 

1650  b.p. 

1282  liq 
1503 
2260  b.p. 


3353  sol.     I 


liq 

-109.1 

b.p. 

-100 

-  60 

-  20 

0.0 

16.6 

c.p. 

Tin  Sn 

0.001  mm 
1. 
760. 

Tungsten  W 
0.001  mm     I . 

Xenon  Xe 


1.000  atm. 

1.629 

8.570 
26.73 
41.24 
58.22 


2.699 
2.292 
1.987 
1.154 


0.079 
0.238 
0.421 
1.154 


296.3  sol. 
487.7  liq. 
558.9 
594.1 
632.3 


Zinc  Zn 

0.001  mm 

1. 

5. 
10. 
20. 


Org 

;anic  Compound 

S 

°c 

Pressure 

Density 
g/cm3 

°C 

Pressure 

Density 
g/cm3 

liq. 

vap. 

liq. 

vap. 

20  liq 
30 

A.cetic  acid  C2J 

11.7  mm 

20.6 

34.8 

56.6 

88.9 
136.0 
202.3 

I4O2 

Acetic 

90 
100 
110 

118.5  b.p. 
120 
140 
160 

acid  C2H4O2  ( 
293.7  mm 
417.1 
580.8 

1.000  atm. 

1.058 

1.884 

3.149 

Continu 

edj 

40 

0.9380 
0.9362 
0.9091 

0.8829 

50 

0.003150 

60 
70 

0.003271 
0.005515 

80 

0.00887 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


°C 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Acetic  acid  C2H4O2  (Continued) 


180 
200 
220 
240 
260 
280 
300 
320 

321.6  c.p. 

-94.8  sol. 
-90  liq. 
-70 
-50 
-30 
-10 
5 
+  10 

15 

20 

25 

30 

35 

40 

45 

50 

56.1  b.p. 

60 

70 

80 

90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
235  c.p. 

80  liq. 
100 
120 
140 
160 
180 
200 
220 
240 
260 

274.7  c.p. 


5.014  atm. 

0.8555 

7.682 

0.8265 

11.39 

0.7941 

16.42 

0.7571 

23.07 

0.7136 

31.67 

0.6629 

42.54 

0.5950 

56.01 

0.4615 

57.21 

0.3506 

0.01370 

0.02052 

0.03021 

0.04327 

0.06165 

0.0883 

0.1331 

0.2417 

0.3506 


Acetone  C3H6O 

0.017  mm 

0.021 

0.34 

2.4 

11.2 

38.7 

89.1 

115.6 

147.1 

184.8 

229.2 

282.7 

346.4 

4215 

510.5 

612.6 

1.000  atm. 
1.14 
1.58 
2.12 
2.81 
3.67 
4.74 
6.01 
7.53 
9.33 
11.5 
13.9 
16.6 
20.0 
23.8 
28.0 
32.7 
38.1 
44.1 
47.0 

Acetonitrile  C2H3N 


0.750 

0.002 

0.746 

0.003 

0.734 

0.003 

0.719 

0.004 

0.706 

0.005 

0.693 

0.007 

0.679 

0.009 

0.665 

0.011 

0.650 

0.013 

0.634 

0.016 

0.618 

0.020 

0.601 

0.024 

0.588 

0.030 

0.568 

0.039 

0.540 

0.050 

0.514 

0.065 

0.482 

0.085 

0.443 

0.110 

0.393 

0.152 

0.268 

I„VT 

0.268 

13IN 

0.717 

0.001 

0.694 

0.002 

0.670 

0.004 

0.646 

0.007 

0.620 

0.011 

0.590 

0.015 

0.555 

0.022 

0.514 

0.034 

0.467 

0.053 

0.399 

0.091 

0.240 

0.240 

-84.0  liq. 
-81.5  t.p. 
-60 
-40 
-20 
0 
+20 
36.0 


Oliq. 
10 


Acetylene  C2H2 

1.00  atm 

1.20 

3.48 

7.7 
14.9 
26.3 
43.1 
61.7 

Amyl  alcohol  C5H12O 
0.6  mm 
1.3 


0.618 

0.0021 

0.585 

0.0056 

0.551 

0.012 

0.512 

0.024 

0.464 

0.045 

0.400 

0.082 

0.230 

0.230 

20 

40 

60 

80 

100 

110 

120 

130 


10  liq. 

20 

40 

60 

80 
100 
110 
120 
130 
140 
150 


2.8 

10.6 

34.1 

95.1 

233.3 

350.3 

512.3 

730.8 


\myl  alcohol 
1.0  mm 

C5H12O 

2.3 

9.7 

33.3 

95.9 

238.6 

358.6 

523.3 

743.2 

1033. 

1400. 

Aniline  C6H7N 
2.4  mm 
5.7 


50  liq. 

60 

70  10.6 

80  18.0 

90  29.2 

100  45.7 

110  69.2 

120  96.6 

130  144.5 

Benzene,  See  end  of  table 


100  liq. 

140 

150 

160 

170 

180 

190 

200 

210 

220 

230 


Benzoic  acid  C7H6O2 

1.79  mm 

14.6 

23.6 

36.3 

55.8 

81.6 
119.1 
171.3 
239. 
331.5 
451. 
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VAPOR  PRESSURE   (Continued) 


°c 

Pressure 

Density 
g/cm3 

Pressure 

Density 
g/cm3 

liq. 

vap. 

liq. 

vap. 

Benzoi 
240 

c  acid  CvHeOz  (Cc 
597.  mm       1 
780.               1 

enzophenone  C13I 
2.03  X10~5mm 

>ntinue< 

i)                   n-Butyl  1 
65 

ilcohol  C4H10C 

77.7  mm 
112.3 
131.3 

(Continued) 

250 

70 

10O 

75 

B 
Osol. 

iso- 

Butyl  alcohol  C4H10O 

8 

6.94  X10"5 
1.418X10-3 

60  liq. 

70 

99.1mm 

158.5 

248.9 

384.6 

583.5 

845.3 
1197. 
1668. 

3utyl  formate 

84.  mm 
200. 
417. 
687. 

1.000  atm. 
1.067 
1.92 
3.25 
5.19 
7.89 
11.5 
16.3 
22.3 
29.8 
38. 

32 

80 

90 

100 

Benzc 

40  liq. 
50 

1.1  mm 

2.4 

4.8 

8.2 
13.6 
21.8 
33.9 
51.4 
75.1 
107.8 
152.0 

110 

60 

120 

70 

130 

iso-I 
40  liq. 

80 

90 

100 

C6Hio02 

110 

60 

80 

95 

97.9  b.p. 

120 

130 

140 

100 

120 

140 

E 

Iromobenzene  CaHsBr 

30  liq. 

5.67  mm 
9.99 
16.96 
27.61 
43.55 
66.22 
97.72 
141.1 
198.7 
274.9 
495.8 
760. 
846. 
1350. 
2075. 
3055. 
4360. 
6080. 
33900. 

40 

160 

50 

ISO 

60 

200 

70 

220 

80 

240 

90 

260 

100 

278  c.p. 

110 

120 

Butyric  acid  C4H8O2 

140 

20  liq. 

30 

0.75  mm 

1.5 

3.0 

5.25 

9.35 

Camphor  C10I: 

380.  mm 

490. 

624. 

aproic  acid  Ce 

2.5  mm 

5.3 
10.6 
18.9 
31.4 
51.0 
62.6 

aon  tetrachlori 

9.8  mm 
13.5 
18.5 

24.8 
32.9 

156.15  b.p. 

160 

11.2994 
1.2697 
1.2385 
1.2037 
1.1689 
1.1310 
0.4859 

0.0052         40 
0.0081         50 
0.0121         60 
0.0174 
0.0248 

0.0343         ISO  liq. 
0.4859         190 
200 

C 

80  liq. 
90 

180 

200 

220 
240 
260 

[ieO 

397  c.p. 

-30  liq. 
-25 

iso-Butane  C4H1 

463.  mm 
544. 
646. 
745. 

D 

H12O* 

-20 





-15 

100 

110 

120 

130 

135 

Carl 

-20  liq. 

-15 

-10 

-  5 

0 

n 

-Butyl  alcohol  C4Rio< 

20  liq. 

4.39  mm 

6.44 

9.52 
13.1 
18.6 
24.9 
33.7 
44.9 
59.2 

25 

30 
35 
40 

de  CCU 

45 

50 

55 

60 
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VAPOR  PRESSURE   (Continued) 


°c 

Pressure 

Density 
g/cm3 

°C 

Pressure 

Density 
g  /cm3 

liq. 

yap. 

liq. 

vap. 

Carbon  tel 

+5 

.rachloride  CC 

43.2  mm 
56.0 
71.7 
91. 

114.5 

143.0 

176.2 

215.8 

262.5 

317.1 

379.3 

450.8 

530.9 

622.3 

760. 

838. 

1112. 

1457. 

1880. 

2390. 

3000. 

3725. 

4555. 

5535. 

6640. 

7900. 

9315. 

10940. 

12760. 

14800. 

17060. 

19600. 

22410. 

U  (Continued) 

Chlorobenzene  CeHsCl 
50                   41.98  mm 
60                   65.54 
70                   97.90 
80                  144.75 
90                  208.35 

100                  292.75 

110                  402.55 

120                  542.80 

130                  718.95 

132  b.p.           760. 

140                  939.5 

160                 1535. 

180                2370. 

200                3520. 

220                5055. 

240                7050. 

260                9650. 

359.2  c.p.     33900. 

o-Chlorobenzoic  acid 
100  sol.      |  0.1803  mm 

(Contii 

med) 

10 

15 

20 
25 

30 

1.4765 

1.4554 
1.4343 
1.4124 
1.3902 
1.3680 
1.3450 
1.3215 
1.2983 
1.2734 
1.2470 
1.2192 
1.1888 
1.1566 
1.1227 
1.0857 
1.0444 
0.9980 

0.0061 
0.0080 
0.0103 
0.0131 
0.0164 
0.0204 
0.0250 
0.0304 
0.0365 
0.0437 
0.0525 
0.0625 
0.0742 
0.0879 
0.1040 
0.1232 
0.1464 
0.1754 

35 

40 

45 

50 

55 

60 

65 

70 

76.75  b.p. 

80 

90 
100 
110 
120 
130 

0.9723    0.0043 
0.9480    0.0068 
0.9224    0.0102 
0.8955    0.0151 
0.8672    0.0214 
0.8356    0.0300 
0.8016    0.0417 
0.3654    0.3654 

C7H5CIO2 

1 

140 
150 
160 
170 
180 
190 
200 

m-Chlorobenzoic  acid 
100.63  sol.   |     0.197  mm 
p-Chlorobenzoic  acid 
100  sol.          0.045  mm 

C7H6CIO2 

| 

C7H6CIO2 

!_. 

210 
220 
230 
240 

-60  liq. 

-50 

-40 

-30 

-20 

-10 

0 

+  10 

20 

25 

30 

35 

40 

45 

50 

55 

60 

60.9  b.p. 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

Chloroform  CI 

0.81  mm 
2.06 
4.7 
10.0 
19.6 
34.75 
61.0 
100.5 
159.6 
199.1 
246.0 
301.3 
366.4 
439.0 
526.0 
625.2 
739.6 
760.0 
1019. 
1403. 
1880. 
2430. 
3100. 
3890. 
4860 
5950 
7080 
8800 

icb 





250 

O-Chloroanihne  CeHcClN 

80  liq. 
100 

7.7  mm 

20.7 

48.4 
101.9 
199.1 
358.5 
608.2 

120 

140 

160 



180 

200 

m-Chloroaniline  C 

BHeCIN 

100  liq. 
120 

9.0  mm 

23.1 

52.1 
107.2 
203.5 
363.1 
616.6 

140 

160 

180 

200 

220 

Chlorobenzene  C 



6H*C1 

0.  liq. 

2.52  mm 

4.86 

8.76 
15.45 
26.00 

10 

20 

30 

40 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


60  liq. 

80 
100 
120 
140 
160 
180 


60  liq. 

80 
100 
120 
140 
160 
180 


60  liq. 

80 
100 
120 
140 
160 
180 


-25  liq. 
-21.17  b.p. 
-20 
0 
+20 
40 
60 
80 
100 
120 
128.3  c.p. 


o-Cresol  C7H80 
3.55  mm 

11.5 

31.6 

74.1 
158.1 
308.3 
566.9 


m-Cresol  CtHsO 
1.76  mm 
6.37 
19.05 
48.6 
106.9 
219.3 
411.2 


p-Cresol  CtHsO 
1.7  mm 
6.17 
18.3 
47.4 
105.0 
216.8 
407.4 

Cyanogen  C2N2 

629.8  mm 

1.000  atm. 

1.055 

2.414 

4.85 

8.80 
14.8 
23.4 
35.3 
51.5 
59.7 


Cyclohexane  C6H12 


liq. 
80.75  b.p. 
100 
120 
140 
160 
180 
200 
220 
240 
260 
281.0  c.p. 


Oliq. 
20 
40 
60 


760. 

1304. 

2140. 

3355. 

5040. 

7285. 
10130. 
13690. 
18140. 
23590. 
30835. 


0.7199 
0.6988 
0.6775 
0.6553 
0.6313 
0.6060 
0.5773 
0.5443 
0.5058 
0.4537 
0.2703 


0.0029 
0.0049 
0.0080 
0.0123 
0.0184 
0.0265 
0.0380 
0.0534 
0.0746 
0.1097 
0.2703 


CymeneCioHn 

4.65  mm 

6.3 
10.95 
21.4 


Cymene  C10H14  (Continued) 

80  43.55  mm 

100  87.85 

120  169.25 

140  304.65 

160  519.6 


p-Dibromobenzene  CeH4Br_> 


84.0  sol. 

52.8 

21.0 


7.586  mm 

0.6607 

0.0158 


54.0  liq. 

55.4  b.p. 

60 

80 

100 

120 

140 

160 

180 

200 

220 

223.5  c.p. 

Diethylamine  C4H11N 
724.  mm 

1.000  atm. 

1.16 

2.13 

3.67 

5.92 

9.10 
13.4 
18.9 
25.8 
34.4 
36.2 

Diethylamide  CioHuN 


0.668 

0.003 

0.663 

0.003 

0.640 

0.005 

0.616 

0.008 

0.591 

0.014 

0.562 

0.022 

0.528 

0.035 

0.489 

0.053 

0.438 

0.080 

0.339 

0.150 

0.246 

0.246 

60  liq. 

2.7  mm 

80 

6.8 

100 

16.2 

120 

38.2 

140 

80.6 

160 

158.0 

180 

291.7 

200 

504.0 

220 

837.0 

6.05  liq. 
7.2  b.p. 

20 

40 

60 

80 
100 
120 
140 
160 
164.6  c.p. 


Dimethylamine  C2H7N 
724.  mm 
1.000  atm. 
1.66 


3.32 
6.04 
10.2 
16.0 
23.9 
34.4 
48.0 
51.7 


Dinitrophenol-2,  4  C6H4N20e 


100  sol.     I     0.228  mm 


210  liq. 

220 

225 

230 

235 


Diphenyl  C12H10 
243.  mm 
330. 
376.5 
426.6 
482. 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g  /cm3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Diphenyl  C12HJ0  (Continued) 

240  542.9  mm 

245  609.5 

250  681.6 


-140  liq. 

-130 

-120 

-110 

-100 

-  90 

-  88.62  b.p 

-  80. 

-  60 

-  40 

-  20 

0 

20 
32.2  c.p. 


-f 


Ethane  C2H«s 

14.1  mm 

39.5 

94.7 

202.8 

393.8 

705.2 

1.000  atm. 
1.556 
3.743 
7.672 
14.02 
23.56 
37.28 
48.2 


0.546 

0.00206 

0.535 

0.00311 

0.509 

0.00707 

0.482 

0.0141 

0.453 

0.0260 

0.416 

0.0463 

0.363 

0.085 

0.220 

0.220 

-20  liq 
-10 
0 
+10 

20 

30 

40 

50 

60 

70 

77.15 

80 
100 
120 
140 
160 
180 
200 
220 
240 
250.1  c 


.p. 


65  liq. 
60 


Ethyl  acetate  C  JIsO? 

6.5  mm 

12.9 

24.2 

42.8 

72.8 

118.7 

186.3 

282.3 

415.3 

596.3 

b.p.       1.000  atm.   0.8283 

1.093  0.8245 

2.000  0.7972 

3.404  0.7683 

5.461  0.7378 

8.349  0.7033 

12.27  0.6653 

17.45  0.6210 

24.15  0.5648 

32.68  0.4778 

37.80  0.3077 


0.003230 

0.003495 

0.006158 

0.01030 

0.01650 

0.02577 

0.03883 

0.05797 

0.08905 

0.1499 

0.3077 


-55 
-50 
-45 
-40 
-35 
-30 
-25 
-20 
-15 
-10 
-  5 
0 


Ethyl  alcohol  C2H60 

0.021  mm 
0.045 
0.087 
0.12 
0.24 
0.39 
0.63 
1.04 
1.63 
2.5 
3.65 
5.6 
8.3 
12.2 


Ethyl  alcohol  C2H60  (Continued) 


+5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

78.3  b.p. 

80 

90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 

243.1  c.p. 

Ethylamine  C2H7N 

15.45  liq.  724.  mm 

16.6  b.p.  1.000  atm. 

20  1.14 

40  2.34 

60  4.35 

80        7.48 

100  12.1 

120  18.5 

140  27.0 

160  38.4 

180  52.9 

183.2  c.p.  55.5 

Ethyl  bromide  C2H5Br 


17.3  mm 

23.6 

32.2 

43.9 

59.0 

78.8 

103.7 

135.3 

174.0 

222.2 

280.6 

352.7 

448.8 

542.5 

666.1 

1.000  atm. 

0.7365 

0.00165 

1.069 

0.7348 

0.00174 

1.562 

0.7251 

0.00250 

2.228 

0.7157 

0.00351 

3.107 

0.7057 

0.00486 

4.243 

0.6925 

0.00658 

5.685 

0.6789 

0.00877 

7.486 

0.6631 

0.01152 

9.700 

0.6489 

0.01488 

12.39 

0.6329 

0.01916 

15.61 

0.6165 

0.02446 

19.44 

0.5984 

0.03115 

23.94 

0.5782 

0.0397 

29.20 

0.5568 

0.0508 

35.31 

0.5291 

0.0655 

42.38 

0.4958 

0.0854 

50.53 

0.4550 

0.1135 

59.92 

0.3825 

0.1715 

63.11 

0.2755 

0.2755 

-20  liq. 

59.  mm 

-10 

101. 

0 

165. 

+10 

257. 

20 

386. 

30 

564. 

40 

802. 

50 

1113. 

60 

1512. 

1873 


VAPOR  PRESSURE  (Continued) 

Density 

Density 

g/cm3 

g  /cm3 

°c 

Pressure 

°C 

Pressure 

liq. 

vap. 

liq. 

vap. 

Ethyl  chloride  C2H6C1 

Ethyl  ether  C4H10O  (Continued) 

liq. 

60 

2.275  atm. 

0.6658  0.006771 

12.2  b.p. 

1.00  atm. 

1  0.9060 

000285 

70 

3.021 

0.6532 

0.00892 

20 

1.33 

0.8943 

0.00372 

80 

3.9.39 

0.6402 

0.01155 

40 

2.55 

0.8633 

0.00692 

90 

5.054 

0.6250 

0.01477 

60 

4.50 

0.8306 

0.0120 

100 

6.394 

0.6105 

0.01867 

80 

7.41 

0.7958 

0.0190 

110 

7.987 

0.5942 

0.02349 

100 

11.5 

0.7575 

0.0294 

120 

9.861 

0.5764 

0.02934 

120 

17.2 

0.715 

0.043 

130 

12.05 

0.5580 

1  0.03638 

140 

24.7 

0.665 

0.004 

140 

14.58 

0.5385 

0.04488 

160 

34.3 

0.602 

0.099 

150 

17.48 

0.5179 

0.05551 

180 

46.6 

0.494 

0.178 

160 

20.80 

0.4947 

0.06911 

187  c.p. 

51.6 

0.331 

0.331 

170 

24.57 

0.4658 

0.08731 

180 

28.81 

0.4268 

0.1135 

Ethylene  C2H4 

185 

31.12 

0.4018 

0.1320 

liq. 

190 

33.57 

0.3663 

0.1620 

- 103.8  b.p. 

1.00  atm. 

0.569 

0.0022 

193.8  c.p. 

35.52 

0.2625 

0.2625 

-100 
-  80 

1.24 
3.35 

0.564 
0.534 

0.0026 
0.0063 

Ethyl  formate  C3H602 

-  60 

-  40 

7.38 
14.2 

0.500 
0.461 

0.0133 
0.025 

—20  liq. 

22.b  mm 

0 

72.4 

-  20 

24.8 

0.414 

0.046 

+20 

192.5 

0 
+    9.6  c.p. 

40.6 
50.6 

0.345 
0.210 

0.088 
0.210 

40 

446.7 

54.35  b.p. 
60 

1.000  atm 
1.208 

0.8767 
0.8689 

0.002843 
0.003370 

Ethylene  bromide  C2HJ3r2 

80 

2.251 

0.8409 

0.006098 

-28.21  sol. 

1.51  mm 

2.65 

3.47 

6.16 

2.5 

3.9 

100 
120 
140 
160 
180 
200 
220 
230 

3.883 
6.290 
9.674 
14.26 
20.28 
28.00 
37.70 
43.39 

0.8112 
0.7796 
0.7448 
0.7058 
0.6610 
0.6066 
0.5290 
0.4635 

0.01032 

-12.30 

0.01657 

0. 

0.02564 

6.54 

0.03876 

-10  liq 

0.05747 

9 

0.08621 

Ethylene  oxide  C 

?2H40 

0.1379 
0.1890 

-60  liq. 
-40 

ld.6  mm 

235.3  c.p. 

46.65 

0.3232 

0.3232 

64.1 
196.4 
316.3 

-20 

Etl 

-10 

Oliq. 
10 
20 

41.5  mm 

0 

493.1 
738  n 

68.5 
108.5 

+  10 

Ethyl  ether  C4Hi#0 

30 
40 
50 

60 

167.5 
251.5 
364.0 
512.0 

-119.8  sol.  I     0.0027  mm 

-117.3             0.0065 

-100  liq. 
-  80 

0.05 

0.6 

4.1 

Ethyl  propionate  Csiiiolfe 

—  60 

Oliq. 

8.3  mm 

—  40 

19.0 

37.6 
112.3 
185.3 
233.2 
291.7 
360.7 
442.2 
537.0 
647.3 

1.000  atm. 

20 

40 

60 

80 

99.0  b.p. 
100 
120 
140 
160 
180 
200 

27.75 
77.9 
188  0 
403.6 

1.000  atm. 

1.027 

1.828 

3.042 

4.788 

7.206 
10.45 

-  30 

-  10 

0.7964 
0.7951 
0.7692 
0.7413 
0.7115 
0.6795 
0.6443 

0 

+    5 

0.003489 

10 

0.003580 

15 

0  00620 

20 

0  01024 

25 

0  01615 

30 

0  02469 

34.6  b.p. 

0.6962 

0.003162 

0.03676 

40 

1.212 

0.6894 

0.003731 

220 

14.73 

0.6027 

0.05435 

50 

1.680 

0.6764 

0.005079 

240 

20.28 

0.5501 

0.08230 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 

g/cm3 


liq. 


yap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Ethyl  propionate  C6H10O2  (Continued) 


260 
270 
272.9  c.p. 


20  liq. 

40 

60 

80 

90.3  b.p. 
100 
120 
140 
160 
180 
200 
220 
240 
260 
280 
283.8  c.p. 

2  sol. 

4 

6 

8 

10  liq. 
20 
30 
40 
50 
60 
70 
80 
90 
100 


120  liq. 

130 

140 

150 

160 

170 

180 

190 


Oliq. 
10 
20 
30 
40 
50 
60 
70 
80 
90 


27.40  atm. 

31.69 

33.03 


0.4744  0.1337 
0.4Q18  0.1957 
0.29651  0.2965 


Ethyl  sulfide  C4H10S 


63.8  mm 

137.0 

283. 5 

539.5 

1.000  atm. 

0  765 

0.003 

1.32 

0.755 

0.003 

2.26 

0.732 

0.005 

3.66 

0.709 

0.008 

5.68 

0.684 

0.011 

8.36 

0.656 

0017 

12.0 

0.625 

0.027 

16.6 

0.590 

0.041 

22.3 

0.549 

0.061 

29.3 

0.494 

0.094 

37.6 

0.395 

0.175 

39.1 

0.279 

0.279 

Formic  acid  CH2O2 
9  7  mm 


14.1 
17.4 

18.9 

33.1 

52  2 

82.6 
125.9 
189.7 
279.6 
398.1 
552.1 
753.4 

Glycol  C2H60 

39.  mm 
62. 

96.8 
147.9 
218.S 
316.2 
446.2 
615.9 

Heptane  C7H16 

11.45  mm 

20.5 

35.5 

58.35 

92.05 
140.9 
208.9 
302.3 
426.6 
588.8 


Heptane  C7H16  (Continued) 
100  795.2  mm 

110  1047. 

120  1367. 


Hydroquinol  CeHeOj 


155.0  sol. 

164.3 

150  liq. 

170 

190 

200 

210 

230 

250 

270 


5.9  mm 
1.0 


4.0 

15.2 

37.7 

55.7 

79.8 

158.5 

291.8 

509.3 


o-Hydroxybenzoic  acid  C7H6O3 
100  sol.      I    0.397  mm     | |... 


m-Hydroxybenzoic  acid  C7H6O3 
101.06  sol.  I  0.00149  mm  | |... 

p-Hydroxybenzoic  acid  C7H6O3 

100.91  sol.   I  0.00030  mm  | | . . . 

Iodobenzene  CeH&I 


30  liq. 

40 

50 

60 

70 

80 

90 
100 
110 
120 
130 
140 
150 
160 
170 
180 

188.45  b.p. 
200 
220 
240 
260 
448  c.p. 

Oliq. 

20 

40 

60 

80 
100 
120 
140 
160 


1. 

2. 

4 

8. 

13. 

21. 

33. 

50. 

73. 

105. 

148. 

204. 

276. 

367. 

479. 

618. 

760. 

991. 

1520. 

2245. 

3220. 

33900. 

Mesitylene  C9H12 
15.6  mm     I .  . 
27.15 


48  mm 

24 

85 

30 

65 

78 

50 

23 

88 

4 

3 

9 

7 

3 

7 

7 


1.5470 
1.5124 
1.4764 
1.4384 
0.5814 

0.0073 
0.0108 
0.0156 
0.0220 
0.5814 

48.9 
87.35 
150.8 
247.25 
381.1 
550.05 
740.35 
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VAPOR  PRESSURE   (Continued) 


Density 

Density 

°c 

Pressure 

g/cm3 

°C 

Pressure 

g/cm3 

liq. 

vap. 

liq. 

vap. 

Methane  CH4 

Methyl  n-but}Tate  C6H10O2  (Continued) 

-182  liq. 

94.0  mm 

60 

167.5  mm 

-178 

152.1 
190.5 
1.00  atm. 

80 
100 
102.75  b.p. 

361.4 
700.7 

1.000  atm. 

-176 

-161.5  b.p. 

0.4245 

0.0018 

0.8035 

0.003595 

-160 

1.13 

0.4222 

0.0020 

120 

1.649 

0.7816 

0.005708 

-140 

4.38 

0.3916 

0.0068 

140 

2.756 

0.7551 

0.009294 

-120 

11.84 

0.3547 

0.0175 

160 

4.359 

0.7270 

0.01459 

-100 

25.7 

0.3050 

0.0413 

180 

6.587 

0.6964 

0.02215 

-  82.1  c.p. 

45.8 

0.1615 

0.1615 

200 

9.593 

0.6633 

0.03268 

220 

13.55 

0.6251 

0.04831 

Methyl  acetate  C3H6O2 

240 

18.69 

0.5773 

0.07143 

-135  sol. 

0.00354  mm 

19. 

62.1 

169.8 

400.4 

1.000  atm. 

260 
2S0 
281.3  c.p. 

25.25 
33.58 
34.19 

0.5166 
0.3812 
0.3002 

0.1091 

-  20  liq. 

0.2201 

0 

0.3002 

20 

40 

Methyl  iso-butyrate  C6H10O2 

57. 15  b.p. 
60 

0.8840 

0.002830 

0 

12.1  mm 

1.104 

0.8800 

0.003076 

20 

38.9 

80 

2.092 

0.8519 

0.005618 

40 

104.7 

100 

3.659 

0  8221 

0.009671 

60 

243.8 

120 

5.998 

0.7893 

0.01570 

80 

505.0 

140 

9.325 

0.7532 

0.02454 

92.3  b.p. 

1.000  atm. 

0.8040 

0.003617 

160 

13.88 

0.7133 

0.03731 

100 

1.257 

0.7945 

0.004472 

180 

19.95 

0.6671 

0.05682 

120 

2.193 

0.7680 

0.007628 

200 

27.84 

0.6100 

0.08658 

140 

3.588 

0.7396 

0.01224 

220 

37.92 

0.5281 

0.1416 

160 

5.569 

0.7095 

0.01903 

233.7  c.p. 

46.31 

0.3252 

0.3252 

180 

8.280 

0.6767 

0.02869 

Methyl  alcohol  CH40 

200 
220 

11.89 
16.59 

0.6411 
C  5961 

0.04228 
0.06289 

liq. 

240 

22.64 

0.5386 

0.09615 

64.7  b.p. 

1.000  atm. 

0.7510 

0.001222 

260 

30.32 

0.4495 

0.1623 

80 

1.764 

0.7355 

0.002084 

267.55  c.p. 

33.72 

0.3012 

0.3012 

100 

3.452 

0.7140 

0.003984 

120 

6.255 

0.6900 

0.007142 

Methyl  chloride  CH3CI 

140 

10.63 

0.6640 

0.01216 

liq. 
-  24.0  b.p. 

160 

17.11 

0.6340 

0.01994 

1.00  atm. 

0.997 

0.00255 

180 

26.35 

0.5980 

0.03186 

-  20 

1.18 

0.990 

0.00297 

200 

39.08 

0.5530 

0.05075 

0 

2.50 

0.955 

0.00599 

220 

56.18 

0.4900 

0.08635 

+  20 

4.75 

0.918 

0.0110 

230 

66.67 

0.4410 

0.1187 

40 

8.33 

0.878 

0.0189 

240.0  c.p. 

78.67 

0.2722 

0.2722 

60 

13.6 

0.832 

0.032 

Methylamine  CHsN 

80 

21.2 

0.783 

0.049 

liq. 
-     6.6  b.p. 
0 

100 

31.4 

0.725 

0.075 

1.000  atm. 
1.33 

120 
140 

45.0 

62.6 

0.647 
0.497 

0.120 

0.238 

+  20 

2.92 

143.2  c.p. 

65.8 

0.365 

0.365 

40 

5.93 
10.15 
16.7 
25.9 
38.5 
55.1 

Methylene  bromide  CH2Br2 

60 

Oliq. 
10 
20 
30 

11.5  mm 
20.4 
34.7 
56.4 

80 

100 

120 

140 

156.9  c.p. 

73.6 

Methylene  chloride  CH2CI2 

Methyl  n-butyrate  CsHioCh 

Oliq. 
10 

147.  mm 
229.7 

Oliq. 
20 

7.3  mm 

24^5 
69.2 

20 
30 

348.9 
511.4 

40 

...:.... 
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VAPOR  PRESSURE  (Continued) 


Density 

Density 

g/cm3 

g/cm3 

fC 

Pressure 

°C 

Pressure 

liq. 

vap. 

liq. 

vap. 

Methyl  ether  C2H60 

Methyl  formate  C2H4O2  (Continued) 

liq. 

140 

17.83  atm. 

0.7638 

0.04124 

-  23.7  b.p. 

1.000  atm. 

0.7222 

0.0024 

160 

25.64 

0.7136 

0.06231 

-  20 

1.17 

0.7174 

0.0027 

180 

35.76 

0.6521 

0.09434 

-  10 

1.74 

0.7040 

0.0039 

200 

48.50 

0.5658 

0.1524 

0 

2.54 

0.6905 

0.0055 

214.0  c.p. 

59.15 

0.3489 

0.3489 

+  10 
20 

3.59 
4.95 

0.6759 
0.6610 

0.0076 
0.0104 

Methyl  iodide  CHsI 

30 

6.62 

8.69 

11.25 

14.27 

17.90 

0.6455 
0.6292 
0.6116 
0.5932 
0.5735 

0.0142 
0.0188 
0.0241 
0.0306 
0.0385 

Oliq. 
10 
20 
30 

141.2  mm 
220.2 
331.4 
483.4 

40 

50 

60 

70 

80 

22.10 

0.5517 

0.0484 

Methyl  propionate  C4H8O2 

90 

26.9 
32.6 
39.0 
42.5 

0.5257 
0.4950 
0.4575 
0.4350 

0.0623 
0.0810 
0.1060 
0.1222 

-  20  liq. 

0 

+  20 

40 

5.6  mm 
21.9 
66.2 
169.3 

100 

110 

115 

120 

46.3 
50.3 

0.4040 
0.3510 

0.1465 
0.1930 

60 
79.7  b.p. 

380.3 

1000  atm. 

125 

0.8412 

0.003173 

126.9  c.p. 

52.0 

0.2714 

0.2714 

80 

1.006 

0.8408 

0.003199 

Methyl  ethyl  ether  C3H80 

100 
120 

1.851 
3.165 

0.8137 
0.7852 

0.005714 
0.009569 

liq. 

140 

5.096 

0.7553 

0.01529 

7.5  b.p. 

1.000  atm. 

0.716 

0.003 

160 

7.812 

0.7221 

0.02356 

10 

1.10 

0.713 

0.004 

180 

11.50 

0.6856 

0.03552 

20 

1.61 

0.700 

0.006 

200 

16.38 

0.6445 

0.05236 

30 

2.29 

0.6*7 

0.008 

220 

22.68 

0.5938 

0.07812 

40 

3.14 

0.672 

0.010 

240 

30.70 

0.5220 

0.1236 

50 

4.24 

0.658 

0.013 

60 

5.56 

0.644 

0.016 

Methyl  salicylate  CsHsCh 

70 

7.21 
9.16 
11.4 
14.2 
17.3 

0.628 
0.612 
0.596 
0.579 
0.560 

0.019 
0.023 
0.029 
0.034 
0.040 

216  liq. 
218 
220 
222 

224 

645.5  mm 
677.2 
710.2 
744.3 

779.8 

80 

90 

100 

110 

120 

20.9 

0.540 

0.050 

225 

798.1 

130 
140 

25.0 
29.6 

0.516 
0.487 

0064 
0.082 

Methyl  sulfide  C2H6S 

150 

34.7 

0.450 

0.109 

liq. 

160 

40.5 

0.401 

0.153 

35.8  b.p. 

1.000  atm. 

0.831 

0.002 

164.7  c.p. 

43.4 

0.270 

0.270 

40 

1.15 

0.826 

0.003 

Methyl  ethyl  ketone  C4H8O 

60 
80 

2.15 
3.68 

0.803 
0.777 

0.003 
0.006 

20  liq. 

77.5  mm 

1 

100 

5.97 

0.750 

0.010 

30 

121.4 

188.4 
300.0 

120 
140 
160 
180 

9.14 
13.4 
19.1 
26.2 

0.721 

0.689 
0.652 
0.610 

0.016 

40 

'  ! 

0.026 

50 

0.040 



0.063 

Methyl  formate  C2H 

200 

35.6 

0.559 

0.092 

-  20  liq. 

67.7  mm 
195.0 

220 
229.9  c.p. 

47.0 
54.6 

0.486 
0.306 

0.146 

0 

0.306 

-f  20 

31.9  b.p. 

476.4 

1.000  atm. 

0.9569*  0  002468 

Naphthalene  CioHs 

40 

1.355 
2.608 
4.610 
7.614 
11.91 

0.9447  0.003236 

85  liq. 

90 
100 
110 
225 

9.8  mm 
12.5 

18.9 
28.3 

887. 

60 

0.9133 
0.8803 
0.8452 
0.8070 

0.006039 
0.01049 
0.01723 
0.02688 

80 

100 

f 

120 

1 
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VAPOR  PRESSURE  (Continued) 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Pressure 


Density 
g/cm3 


liq. 


vap. 


Naphthalene  CioHs  (Continued) 

230  988.  mm 

235  1098. 

240  1218. 

245  1347. 

250  1487. 


120  liq. 

140 

160 

180 

200 

220 

240 

260 

280 


140  liq. 

160 

180 

200 

220 

240 

260 

280 

300 


•Naphthol  CioHsO 

2.8  mm 

7.4 

17.9 

37.5 

74.7 

139.0 

243.2 

403.7 

639.6 

/3-Naphthol  CioHsO 

5.8  mm 

13.6 

29.5 

59.2 
111.5 
198.5 
336.2 
544.3 
848.7 


m-Nitroacetanilide  C8H8N2O3 
100  sol.      I  0.0042  mm    | I . . 

p-Nitroacetanilide  C8H8N2O3 
100  sol.      I  0.0021  mm    | |. . 

p-Nitroaniline  C6H6N2O2 
100  sol.      I  0.0136  mm    | I . . 

Nitrobenzene  C6H6NO2 

7.5  mm 
12.9 
20.85 
32.5 


80  liq. 

90 
100 
110 

p-Nitrobenzoic  acid  C7H5NO4 

100  sol.      I  0.0096  mm    | | . . . 

Nitroglycerol  C3II7NO5 


20  liq. 

0.00025  mm 

30 

0.00083 

40 

0.0024 

50 

0.0073 

60 

0.0188 

70 

0.043 

80 

0.098 

90 

0.23 

-20  liq. 
0 


n-Octane  CsHis 
0.64  mm 
2.94 


n-Octane  CsHis  (Continued) 


+20 

40 

60 

80 

100 

120 

140 


-20  liq. 

0 

+20 

40 


liq. 
7.95  b.p. 

20 

40 

60 

80 
100 
120 
140 
160 
180 
182  c.p. 


10.45  mm 

30.85 

77.55 

174.8 

353.6 

646.4 

114. 

iso-Pentane  C&H12 


100.00  mm 
257.35 
572.2 
1140.5 


Phosgene  CCI2O 


1.00  atm. 

1.55 

2.97 

5.25 

8.68 
13.6 
20.3 
29.1 
40.4 
54.4 
56. 


1.409 

0.005 

1.381 

0.007 

1.332 

0.012 

1.280 

0.020 

1.224 

0.030 

1.165 

0.046 

1.100 

0.072 

1.017 

0.112 

0.903 

0.182 

0.685 

0.359 

0.520 

0.520 

Picric  acid  C6H3N3O7 
100.4  sol.    10.00249  mm  | | 

Propane  C3H8 

-38.4  liq.    I    1050.  mm     I I. 

-30.85        I    1368.  I |. 

Propyl  acetate  C5H10O2 


0 

20 

40 

60 

80 
100 

101.55  b.p. 
120 
140 
160 
180 
200 
220 
240 
260 
276.2  c.p. 

n-Propyl  alcohol  C3H8O 

0  liq.  3.44  mm 

5  5.04 

10  7.26 


7.0  mm 

25.0 

70.9 

171.9 

373.0 

723.8 

1.000  atm. 

0.7938 

0.003495 

1.703 

0.7702 

0.005760 

2.851 

0.7435 

0.009497 

4.518 

0.7149 

0.01489 

6.832 

0.6835 

0.02268 

9.947 

0.6488 

0.03390 

14.05 

0.6087 

0.05025 

19.36 

0.5586 

0.07576 

26.13 

0.4908 

0.1205 

32.91 

0.2957 

0.2957 

187* 


VAPOR  PRESSURE  (Continued) 


°r 

Density 
g/cm* 

°C 

Pressure 

Density 
g/cm3 

| 

liq. 

vap. 

liq. 

vap. 

n-Propy 
15 

1  alcohol  C3H8 

10.3 
14.5 
20.1 
27.6 
37.4 
50.2 
66.4 
87.2 
113.6 
147.0 
186.8 
239.0 
301.0 
376.0 
466. 
574. 
697. 
1.000  atm. 
1.100 
1.577 
2.208 
3.022 
4.055 
5.341 
6.915 
8.817 
11. OS 
13.75 
16.86 
20.46 
24.57 
29.26 
34.57 
40.55 
47.27 
49.95 

0  (Cont 

inued) 

Propyl  formate  C4H8O2  (Continued) 
260              |     37.54  atm.  10.44041  0.1848 

20 

264.85  c.p.   |     40.13           |  0.3093]   0.3093 

25 

30 

Quinoline  C9H7N 

35 

80  liq. 
100 
120 
140 
160 

3.1  mm 

8.5 
20.7 
45.3 
91.4 

40 

45 

50 

55 

CO 

65 
70 

Oliq. 

10 

20 

30 

40 

50 

60 

70 

SO 

90 
100 
110 
120 
130  ■ 
140 
155 
160 
165 

Teti 
40  liq. 
60 
80 
100 

30  liq. 
40 
50 
60 
70 
80 
90 
100 

lurpentine  Ui 

2.1  mm 

2.9 

4.4 

6.9 

10.8 

17.0 

26.5 

40.6 

61.3 

90.6 

131.1 

186.0 

257.0 

349.0 

464.0 

605.0 

686.0 

775.0 

■achloroethylei 

41.  mm 
104. 
226. 

438.5 

Toluene  C7I 
36.7  mm 
59.1 
92.6 

139.5 

202.4 

289.7 

404  6 

557.2 

0H16 

75 

80 

0.7351 
0.7325 
0.7220 
0.7110 
0.6995 
0.687c 
0.6740 
0  6600 
0.6450 
0.6285 
0.6110 
0.5920 
0.5715 
0.5485 
0.5230 
0  4920 
0.4525 
0.3905 
0  2734 

XJ. 

0.00208 
0.00226 
0.00320 

0.00443 
0  00605 
0.00805 
0.01060 
0  013S0 
0  01770 
0.0225 
0  0282 
0  0353 
0  0442 
0.0556 
0.0704 
0  0904 
0  11S0 
0.1610 
0.2734 

85 

90 

95 

97.4  b.p. 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

210 
220 
230 
240 
250 
260 
263.7  c.p. 

ie  C2CI4 

Is 

-127.4  liq. 

3.  mm 
15. 
1307. 

-1104 



-  34.4 

Propyl  formate  C4H8O2 

0 

21.4  mm 
63.9 
163.6 
364.9 
734.5 
1.000  atm. 
1.769 
3.010 
4.S21 
7.343 
10.74 
15.20 
20.94 
28.27 

1 

20 

p-Toluic  acid  Cs 
100  sol.      |    0.216  mm     | 

H802 

1 

40 

60 

1 

80 

80.9  b.p. 
100 

0.8330 

0.80801 

o.78ii: 

0.003136! 
0  005432! 
0.009033 

c 

40  liq. 

60 

80 
100 
120 
140 
160 
180 
200 

-Toluidine  C71 

1.1  mm 

3.7 

10.5 

27.2 

62.3 

129.9 

250.2 

450.2 

762.9 

I9N 

120 

140 

0.7523  0.01492 

160 

0.7209 
0.6873 
0.6487 
0.6024 
0.5438 

0.02179 
0.03236 
0.04717 
0.06897 
0.1045 

180 

200 

220 

240 
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VAPOR  PRESSURE  (Continued) 


°c 

Pressure 

Density 
g/cni3 

°C 

Pressure 

Density 
g/cm3 

liq. 

vap. 

liq. 

vap. 

] 

60liq 

n-Toluidine  Ci 

3.4  mm 

9.4 

23.9 

54.8 

115.5 

224.9 

410.6 

706.7 

H9N 

Valeric 

100 
120 
140 
160 
180 

iso 
10  liq 
30 
50 
70 
90 
110 
130 
150 

Oliq. 

20 

40 

60 

80 
100 
120 
140 

Oliq. 

20 

40 

60 

80 
100 
120 
140 

Oliq. 

20 

40 

60 

80 

100 

120 

140 

CeHe 

170 

180 

190 

200 

220 

240 

260 

280 

288.5 

acid  C5H10O2 

28.2  mm 

70.5 
159.6 
336.1 
660.7 

(Contii 

lued) 

80 

100 

120 

140 

160 

180 

-\  aleric  acid  C6H10O2 

200 

0.2  mm 

0.75 

2.9 

9.4 

27.3 

69.8 

159.8 

338.3 

] 

;>-ToluidineC7ii9 

40  liq 
60 

1.1  mm 

3.7 

10.5 

26.6 

60.6 

126.3 

244.0 

441.3 

753.0 

80 

100 

120 

140 

o-Xylene  Ci 

4.0  mm 

10.05 

23.7 

52.4 
108.9 
213.1 
393.85 
689.9 

160 
180 

lio 

200 

Tr 

ichloroethylene  C2HCI3 

25  liq. 

73.  mm 

94. 
149. 
224. 
324.5 
453.0 
618.0 

30 

40 

50 

60 

m-Xylene  CsHia 

70 

1.75  mm 

6.43 

19.48 

50.59 

115.72 

238.22 

448.85 

78464 

p-Xylene  Csl 
8.29  mm 

16.35 

34.00 

70.64 
142.04 
270.46 
481.33 
794.84 

6385 

7620 

9040 
10650 
14520 
19350 
25350 
32800 
36400 

80 

inn 

itrotoluene  L-7ii6i>t3V76 

80  liq. 
85 

0.042  mm 

0.053 

0.067 

0.085 

0.106 

90 

95 

100 

Jrethane  C3H- 

N02 

Iio 

120  liq. 
140 

103.  mm 

203. 

392. 

160 

V 

aleric  acid  C6H10O2 

60  liq. 
80 

2.07  mm 

Benzene 

0^0036 
0.0047 
0.0060 
0.0077 
0.0096 
0.0118 
0.0144 
0.0173 

9.3 

760  mm 
1008 
1335 
1740 
2230 
2820 
3520 
4335 
5300 

0.8041 
0.7927 
0.7809 
0.7692 
0.7568 
0.7440 
0.7310 
0.7185 

80.2  b.p. 

90 
100 
110 
120 
130 
140 
150 
160 

0.7043 
0.6906 
0.6758 
0.6605 
0.6255 
0.5851 
0.5328 
0.4514 

0.: 

0.0209 
0.0249 
0.0298 
0.0355 
0.0502 
0.0714 
0.1038 
0.1660 
5045 
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VAPOR  PRESSURE 
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VAPOR  PRESSURE  (Continued) 


3 

bfi 

a 

o3 

-♦-> 

a 
o 

ft 

a 

0) 

H 

§ 

{3 

CO 
CO 

w 

ch 

o3 

ft 

3 

rt 

o 

fe 

ft 

<J 

> 

H3 

O 
ft 

£ 

O 

O 


*  <N  Oi  ©CO  OQO 

OtOOOOOH^^COOO       CO  O  O  ^  r>-  CO  t*<  O  CO  O  <M  I>  CO  t^.  "^  rH  00  05  CO  iH  CO 
T^050t^>O^Tt<iO»rOCO»0»-OCOCO(NTt<T^t^iOOOOOt^Cl<NcOOOCOiO»-i05 

(Nioaiaioiow^cooocoooiNcoN^^NMQOoo^rHOioooaoosoai 

0050005l>C^i0  05t^000500t>.OOt^XI>l>OOI>^I>O^CX)OOQO^OOOOCNi 


OO9*MOOONOOOOOOO00OOOOOi.*NCCCOOOOO 
OOMflOOOOMiCOOOflONCOWMOOWOlOONOOOOOOOO 


OOHMWOONTj(NNOHir:^O)iCQ0i 


00<r>c00505000<MC0^5iC"^^H<Mt>.Oit^iCCX)OOi0  05<X)00'-i<NiC!OOCOO 
t»  "<*  CM  (NOcOOOMiNMOO(NW(NHiH(NiN^iNO'-t  00rHTf<>Oi-C'rH-«*<co 
C0»O  CO"«*  1-HCO  CO  rH  rH  rH  rH  »h  <M  rH  CM 


OOO 

rHCOlO 
rHT*      | 

OOO 

-*-i  •*->  -*J 

OOiC 
CO  00  CO 

OOOrH 

CO    , 


.2"o 

—    GO 

COCO 

oo 

CMrH 

I  I 


CD  2 


.ST.?.?.?.? 


OC500  "JOHTj<OiO'HNlX)--MOOiOiOrt^iCiC©0  0 
H©NOOOiO«»«OrH(N^-'oOiCHH(NOOOcONCO^iN 
WC°    I     iggl     I     I     I     1+H-SlSl     l^-TCNCOCO^O 


,CN 


C5CM 


O 


C5  Ci  rH  rH  rH  rH  rH 


OiiO 
CMrH 

I       I 


i.tOOOCNCOO'COO^cOOOOOCOOOOOiOitOiCOOi^OOOO 

NoNNCOOhOjiOhooo    |00HHN00O(NMOH^©rtO 

COrHOO     I       |    t^CO     I       |H     |H     I       I  HNHHlONlOOOWOO 

CMcM  '       '  CM     '       '       I       '       I  I  l^l  rHr-lrH 


o3       OO  —  O  3  5q       ^  3^ 


ft,  Ch  ft,  3  rJ  J  3  <5 


o  o 


"5.0.0-Q  O 


oS  oS  o3 


3 
S  V  o 

^    03    ft  »-, 


uuouuuouo 


3 
fc'o  >» 


o 
(-. 

n 

1882 


S'S'S  £t3 

«  03  oS  gcG 
o  o  o  ^"3 

r2§oflc 

X    >>  3   (D   OJ 

o  oC  MM 

o  o  o  o  o 

>>>>>>>>>>0    C1 

WMMMIH    r*kyrf 


■2_s>  S  S'S^ 


fa   QrQ  o<C.fa   ^ 

•"  °  S  3  3  O  fl 

'd  ts  'tf  *s  *s  IS  13  M 

03  03  o3-5^^-5  o3 

cu  o  oj  .t;  .Ti . ^  .t«  ift 

HrJJ(Jl-]H]H^ 


VAPOR  PRESSURE  (Continued) 
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VAPOR  PRESSURE  (Continued) 
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VAPOR  PRESSURE  (Continued) 
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VAPOR  PRESSURE  (Continued) 
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LOWERING   OF   VAPOR    PRESSURE   BY    SALTS     IN 
AQUEOUS  SOLUTIONS 

The  table  gives  the  reduction  of  the  vapor  pressure  in  millimeters  due  to 
the  presence  of  the  number  of  grammolecules  of  salt  per  liter  of  water  given 
at  the  head  of  the  columns,  at  the  temperature  100°  C,  at  which  temperature 
the  vapor  pressure  of  pure  water  is  760  millimeters. 
(From  Smithsonian  Tables.) 


Substance 


A12(S04)3. 

A1C13 

BaS206  . 
Ba(OH)2. 
Ba(N03)2 
Ba(C103)2 

BaCl2 

BaBr2. .  . 
CaSsOs.  ■  • 
Ca(N03;2. 
CaCh... 
CaBr2... . 
CdS04.    .  . 

Cdl2 

CdBr2 

CdCla.... 
Cd(NOa)2 
Cd(C10a)2 

COS04... . 
C0C12..  . 

Co(N03)2. 
FeS04.  .. 
H3BO3  ... 
H5PO4..  . 
H3A8O4  . . 
H2SO4...  . 
KH2P04  . 
KNO3.  ..  . 
KClOs... 
KBrOa... 
KHSO4..  . 
KNO2...  . 
KCIO4... 

KC1 

KHCO3... 

KI 

K2C204... 
K2WO4.  .  . 
K2CO3.... 

KOH 

K2Cr04... 
LiNOs.  .  .  . 

LiCl 

LiBr 

Li2S04...  . 
LiHS04... 

Lil 

Li2SiFl6... 

LiOH 

Li2Cr04... 
MgS04... 
MgCl2.... 
Mg(N03)2 


0.5 


1.0 


36 

til 
L5. 
22. 
27 
33. 
36 
38 
23 
34 
39. 
44. 
8. 
14. 
17 
IS. 


936 

5  10 
034 
3  39 

8  10 
0  12 
6J14 
3,15 

9  26 


19. 
21. 
21. 
22. 
21. 
22. 
22. 
24. 
23. 
25. 
28. 
33. 
31. 
29. 
29. 
25. 
25. 
26. 
28. 
27. 
28. 
34. 
37. 
32. 
12. 
39. 
42 


2.0 


3.0 


179  0 
34.4 
39.0 

70.5 
77.6 
91  4 
56.0 
74.6 
95.3 
105.8 
18.1 
33.5 
36.7 
36.7 
78.0 


4.0 


22. 
83. 
89. 
24. 
25. 
28. 
30. 
62. 
33. 
40 
42. 
45. 
43. 
44. 

48. 

59. 

52. 

59. 

75. 

68. 

64. 

60. 

55. 

57. 

60. 

56. 

57. 

64. 

70. 

78. 

74. 

24. 
100. 
101. 


318  0 


108.2 

150  0 
106.0 
139.3 
166.6 
191.0 

52.7 

55.7 

57.0 

122.2 


45 
1  136 


152 
42 
38 
45 
46 

104 
47 
57 
62 

65 
67 

74, 

77, 

82. 

94 
123 
105. 

99. 

88 
95 
97 
89 
93. 

105. 

106. 

120 
47. 
183. 
174. 


5.0 


204.7 


161.7  205.4 
241  5  319.5 
283.3  368.5 


80.0 
77  3 


186.4 
218  7 

51.0 
62.0 
64.9 
148.0 
60.5 
74.5 
80.0 


99.0 


282.0 


81.5 

198.4 
73.1 
88.2 


6.0 


8.0 


332.0 


103.0 


247 

85 
102 


85.5  107.8  129 
90.0(110.5  130. 


100 
104 
112 
131 
175 
152 


140.0 


122 
132 
140 

130 
154, 


171.0 

277.0 


128.5 
132.0 
141.5 

226.4 
209.0 
181.8 

155  1 
175.5 
186.3 

168.0 
206.0 


377.0 


152. 
160. 
171 


258 
223 

188 
219 
241 


10.0 


146.9 
343.2 
126  3 


170.0 
167  0 


210  0 
225.5 


5  350  0 
0  309.5 


264.0 


253.4 
311  5 
341.5 


357  0 


189.5 


148.0 


198.8 


255.0 
278  5 


387.8 

309  2 
393.5 
438.0 


445.0 
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LOWERING    OF    VAPOR    PRESSURE    BY    SALTS   IN 
AQUEOUS  SOLUTIONS   (Continued) 


Substance 


MgBn 

MgH2(S04)2 

M11SO4 

MnCh 

NaH2P04.  . 
NaHS04.  .  .  . 

NaNOs 

NaClOs 

(NaP03)6... 

NaOH 

NaN02 

Na2HP04.  .  . 
NaHCOs... 

Na2S04 

NaCl 

NaBrO.3 

NaBr 

Nal 

Na4P20-.. 

Na2CO:j 

Na2C204 

Na2W04 

Na3P04 

(NaPOs)8... 
NH4N03... 
(NH4)2SiFl6. 

NH4CI 

NH4HS04.. 
(NH4)2S04.. 

NH4Br 

NHJ 

NiS04 

NiCh 

Ni(N03)2... 
Pb(N03)2.  .  . 
Sr(S03)2.... 
Sr(N03)2.... 

SrCh 

SrBr2 

ZnS04 

ZnCh 

Zn(N03)2... 


0.5    1.0     2.0      3.0      4.0 


44 
40 
10 
34 
20 
22 
22 
23 

22 

24 

23. 

24 

26, 

25. 

25. 

25. 

25 

22 

27. 

30 

33 . 

30. 

36 . 

22. 

25. 

23. 

22. 

24 

23. 

25. 

10. 

37. 

37. 

23. 

20. 

31. 

38. 

42. 

10. 

18. 

30. 


115.8 
116.0 
21.0 
76.0 
36 
47.3 
46.2 
48.4 


48. 
50. 
43. 
48. 
48. 
52. 
54. 
57. 
60. 

53. 
65. 
71. 
52. 

42. 
44. 

45. 
46. 
46. 
48. 
49. 
21. 
86. 
91. 
45. 
47. 
64. 
91. 
101. 
21. 
46. 
93. 


205.3 


122.3 
51.7 
75.0 
68.1 
73.5 

77.3 
75.0 
60.0 
77.6 
74.2 
80.0 
81.3 
89.2 
99.5 

80.2 
105.8 
115.7 


62.7 


69. 
71. 
69. 

74. 
78. 

147. 

156. 

63. 

97. 
156. 
179. 

42. 

75. 
157. 


298.5 


167.0 
66  8 

100.2 
90.3 
98.5 


107 
98 
78 

102 

111. 
108. 
124. 
136. 


111.0 
146.0 
162.6 


82.9 


94.2 
94.5 
93.0 
99.4 
104.5 


212.8 
235.0 


131 
223 
267 
66 
107 


223.8 


5.0 


6.0      8.0     10.0 


209 

.0 

82 

.0 

126 

.1 

111 

5 

123 

3 

139 

.1 

122 

5 

99 

8 

127 

8 

143 

0 

136 

0 

159 

5 

177 

5 

103 

8 

118 

5 

118 

117 

0 

121 

5 

132 

3 

281. 

5 

153. 

0 

96.5 
148.5 
131.7 

147.5 

172.5 
146  5 
122.1 
152.0 

176.5 

197.5 
221.0 


121.0 

138.2 
139.0 
141.8 
145.5 
156.0 


195.0 


126.7 
189.7 
167.8 
196.5 


243 

189 


198.0 


268. 
301. 


152.2 


179 
181 

190. 
200. 


157.1 
231.4 
198.8 
223.5 

314.0 
226.2 

239.4 


370.0 


180.0 

213.8 
218.0 

228.5 
243.5 
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HEAT   CONDUCTIVITY 


Giving  the  quantity  of  heat  in  calories  which  is  transmitted  per  second 
through  a  plate  one  centimeter  thick  across  an  area  of  one  square  centimeter 
when  the  temperature  difference  is  one  degree  Centigrade. 

Metals 


Substance 


Aluminum 


Antimony 
Bismuth.  . 


Brass  (70Cu+30Zn) 

(70Cu+30Zn)... 

yellow 

red 

Bronze,  aluminum 

(90Cu,  10A1) 
Cadmium 


Constantan 

(60Cu,  40Ni) 
Copper,  pure.  . 


Temp. 

°c. 


-160 
18 

18 
100 

100 

200 

300 

400 

600 

0 

100 

0-30 

-186 

0 

18 

100 

-160 

17 

0 

0 


-160 
0 

18 

100 

18 

100 

-160 
13 
18 


Conduc- 
tivity 


0.514 
0.480 

0.504 
0.492 

0.49 

0.55 

0.64 

0.76 

1.01 

0.0442 

0.040 

0.042 

0.025 

0.0177 

0.0194 

0.0161 

0.181 
0.260 
0.204 
0.246 
0.18 

0.239 
0.220 
0.222 

0.216 

0.054 

0.064 

1.097 

1.00 

0.918 


Observer 


Lees,  1908 

Jaeger   &   Diesselhorst, 

1900 
Lees,  1908 
Jaeger   &   Diesselhorst, 

1900 
Angell,  1911 


Lorenz,  1881 
a 

Berget,  1890 

Macchia,  1907 

Lorenz 

Jaeger   &    Diesselhorst, 

1900 
Jaeger   &   Diesselhorst, 

1900 
Lees,  1908 

Lorenz 

Van  Aubel 


Lees,  1908 
Lorenz 
Jaeger   & 

1900 
Jaeger   & 

1900 
Jaeger   & 

1900 
Jaeger   & 

1900 
Lees,  1908 
Angstrom, 
Jaeger   & 

1900 


Diesselhorst, 
Diesselhorst, 
Diesselhorst, 
Diesselhorst, 


1863 
Diesselhorst, 
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HEAT  CONDUCTIVITY   (Continued) 
Metals 


Substance 


Copper,  pure 


German  silver 


(52Cu,  26Zn,  22Ni) 
Gold 


Iridium 

Iron,  pure 

wrought 

cast 

Steel 

Lead 

Magnesium 

Manganin 

(84Cu,  4Ni,  12Mn) 

Mercury 

Molybdenum , 

Nickel , 


100  0.908 


100- 197 
100-268 
100-370 
100-541 
100-837 
0 
100 


17 

18 

100 

17 

18 

100 

100-727 

100-1245 

-160 

18 

100 

18 

100 

54 

102 

-160 

18 

18 

100 

-160 

IS 

100 

0-100 

18 

100 

-160 

0 

50 

17 

17 

-160 


043 

969 

931 

902 

858 

070 

089 

10 

705 

700 


0.703 


141 

161 

151 

202 

191 

152 

144 

143 

109 

108 

114 

111 

113 

115 

108 

107 

092 

083 

082 

376 

0519 

06310 

035 

0148 

0189 

0197 

346 

129 


Observer 


Jaeger   &    Diesselhorst, 
1900 


Hering,  1910 


Lorenz,  1881 

Glage,  1905 

Barratt,  1914 

Jaeger   &   Diesselhorst, 

1900 
Jaeger  &   Diesselhorst, 

1900 
Barratt,  1914 
Jaeger  &  Diesselhorst 

tl  a 

Hering,  1910 

a 

Lees,  1908 

Jaeger  &  Diesselhorst 


Callendar 

a 

Lees,  1908 

Jaeger  &  Diesselhorst 

it  a 

Lees,  1908 

Jaeger  &  Diesselhorst 

a  a 

Lorenz,  1881 

Jaeger  &  Diesselhorst 

ii  (( 

Lees,  1908 

H.  F.  Weber,  1880 

H  a 

R.  Weber,  1902 
Barratt,  1914 
Lees,  1908 
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HEAT   CONDUCTIVITY   (Continued) 
Metals 


Substance 


Nickel 


Palladium 


Platinum 


Platinum-iridiuni . 

10  %  Ir 
Platinum-rhodium 

10  %  Rh 

Platinoid 

Rhodium 

Silver,  pure , 


Tin. 


Tantalum 
Tungsten . 


Wood's  alloy 
Zinc 


Temp. 
°C. 


18 

100 

300 

600 

800 

1200 

18 

100 

18 

100 

17 

17 

18 
17 
-160 
18 
18 

100 

-160 
0 

18 

100 

100 
17 
17 

18 


Conduc- 
tivity 


160 

18 

100 


0.142 

0.138 

0.126 
0.088 
0.068 
0.058 
0. 1683 

0.182 
0. 1664 

0. 1733 

0.074 

0.072 

0.060 
0.210 
0.998 
0.974 
1.006 

0.992 

0.192 
0. 1528 
0.155 

0.145 


1423 

130 

476 

35 

0319 

278 

2653 

2619 


Observer 


Jaeger  &   Diesselhorst, 

1900 
Jaeger  &   Diesselhorst, 

1900 
Angell,  1911 


Jaeger  &   Diesselhorst, 
1900 

Jaeger  &   Diesselhorst, 

1900 
Jaeger   &   Diesselhorst, 

1900 
Barratt,  1914 

Barratt,  1914 

Lees,  1908 
Barratt,  1914 
Lees,  1908 

Jaeger  &   Diesselhorst, 

1900 
Jaeger  &   Diesselhorst, 

1900 
Lees,  1908 
Lorenz,  1881 
Jaeger  &   Diesselhorst, 

1900 
Jaeger  &   Diesselhorst, 

1900 
Lorenz,  1881 
Barratt,  1914 

Coolidge 
H.  F.  Weber 
Lees,  1908  _ 
Jaeger  &  Diesselhorst 
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HEAT   CONDUCTIVITY   (Continued) 
Various  Solids 

Approximate  values  at  ordinary  temperatures. 


Substance 


Asbestos  fiber,  500°  C.  . 
paper 

Basalt 

Brick,  common  red 

Blotting  paper 

Carbon 

Carborundum 

brick,  150°-1200°.  .  . 

Cardboard 

Cement,  Portland 

Chalk 

Concrete,  cinder 

stone 

Cork 

Cotton  wool 

felted 

Diatomic  earth 

Earth's  crust,  ave 

Ebonite 

Eiderdown,  d  =  .109.. 

Felt 

Fiber,  red 

Fire  brick 

Flannel 

Gas  carbon,  20° 

100° 

Glass 

crown  (window) 

flint 

Jena 

soda,    20° 

100° 

Granite,  100° 

500° 

Graphite 

Graphite  brick,  300°  to 

700° 


Conductivity 


0.00019 
0.0006 
0. 0004 
0.0052 
0.0015 

0. 00015 
0.01 
0. 0005 
0.032-0.027 
0.0005 
0.00071 
0. 0020 

0.00081 

0.0022 

0.00072 

0.00013 

0.000043 

0.000033 

0.00013 

0.004 

0.00042 

0.00014 

0. 000040 

0.000087 

0.0011 

0.00028 

0.0011 

0.00023 

0.0085 

0.0095 

0.0025 
0.002 
0.001-0.002 
0.0017 
0.0018 
0.0045-0.0050 
0.0040 
0.012 

0.24 

i!89~ 


Observer 


Randolph,  1912 

Lees-Chorlton,  1896 
Hecht,  1903 
Herschel-L  e  b  o  u  r  & 

Dunn,  1879 
Lees-Charlton,  1896 

Lorenz 
Wologdine 


Lees  -Chorlton,  1896 
Herschel-L  e  b  o  u  r   & 
Dunn,  1879 


Norton 

G.  Forbes,  1875 
Lees,  1892-8 
G.  Forbes 

tt 

Hutton-Blard 

Lees 

Barratt,  1914 
Peclet,  1878 

Barratt,  1014 
Hutton-Blard 
Barratt,  1914 

Barratt,  1914 


Lees,  1892-8 

u 
11 

Barratt,  1914 
a 

Poole,  1912 


Wologdine,  1909 


HEAT   CONDUCTIVITY    (Continued) 
Various  Solids  (Continued) 

Approximate  values  at  ordinary  temperatures. 


Substance 


Gutta  percha. 

Gypsum 

Haircloth,  felt 
Ice 


Infusorial  earth,  100°. . 
300°.. 

pressed  bricks,  100° . 

Lamp  black,  100 

Leather,  cowhide 

chamois 

Lime 

Linen 

Magnesia,  MgO 

brick,  50°-1130° 

Magnesium  carbonate, 

100° 

300° 

Marble 

Mica,  perpendicular  to 
cleavage  plane 

Paper 

Paraffine 

0° 

Plaster  of  Paris 

Porcelain 

165°-1055° 

Quartz,  parallel  to  axis . 

perpendicular  to  axis 

Rubber,  para 

Sand,  dry 

Sandstone 

Sawdust 

Silica,  fused,    20° 

100° 

Silica  brick,    100°   to 

1000° C 

Silk 

Slate...... 


Conductivity 


Observer 


0.00048 
0.0031 
0.000042 
0.005 
0.0039 
0.0022 
0.00034 
0.00040 
0.00030 
0.00007 
0.00042 
0.00015 
0.00029 
0.00021 
0.00016-0.00045 
0.0027-0.0072 

0.00023 
0.00025 
0.0071 

0.0018 
0.0003 
0.0006 
0.00023 
0.00070 
0.0025 
0.0039-0.0047 
0.030 
0.016 
0.00045 
0.00093 

0.0055 

0.00012 
0.00237 
0.00255 

0.002-0.003 
0.000095 
0.004700 

1893" 


Peclet,  1878 
R.  Weber,  1878 
G.  Forbes 


Forbes,  1875 
Skinner 


Randolph,  1912 
Lees-Chorlton,  1896 

Hutton-Blard 
Lees-Chorlton,  1896 
Hutton-Blard 
Wologdine,  1909 

Skinner 
n 

Lees,  1892-8 
Lees 


R.  Weber,  1878 
Lees-Chorlton,  i896 
Lees,  1892-8 
Wologdine,  1909 
Lees,  1892-8 


Herschel-L  e  b  o  u  r  & 

Dunn,  1879 
Herschel-L  ebour  & 

Dunn,  1879 
G.  Forbes,  1875 
Barratt,  1914 


Wologdine,  1909 
Lees-Chorlton,  1896 
Lees,  1892-8 


HEAT  CONDUCTIVITY   (Continued) 
Various  Solids  (Continued) 

Approximate  values  at  ordinary  temperatures. 


Substance 

Conductivity 

Observer 

Snow,  compact 

Soil,  dry 

0.00051 
0.00033 
0.00009 
0.00030 
0.00009 

Hjeltstrom 
Lees-Chorlton   1896 

Wax,  bees' 

G   Forbes 

Wood,  fir  1 1  to  axis 

perpendicular  to  axis. 

Liquids 

Acetic  acid 

0.00047 
0.000328 
0.00041 
0.000333 

0.000343 

0.000288 

0.000303 

0.000423 

0.000G37 

0.000495 

0.000395 

0.000425 

0.000355 

0.000325 

0.00044 

0.00138 

0.00120 

0.00131 

0.00143 

H.  F.  Weber 

Amyl  alcohol 

Aniline,  12° 

Benzole,  5° 

H.  F.  Weber 
a 

<i 

Graetz 

H.  F.  Weber 

Wachsmuth 

Graetz 

Lees 

H.  F.Weber 

R.  Weber 

Milner  &  Chattock 

Carbon  disulphide,  9° 
to  15° 

Chloroform,  9° -15°... 

Ether,  9°-15° 

Ethyl  alcohol 

Glycerine,  9°-15° 

Methyl  alcohol 

Oils:  ohve 

castor 

petroleum,  13° 

turpentine 

Vaseline,  25° 

Water,  4° 

0° 

17° 

20° 

Gases 

Air,  0° 

Argon,  0° 

Ammonia  gas,  0° 

Carbon  dioxide,  0° .  ... 

monoxide 

Ethylene 

0.0000568 

0.0000389 

0.0000458 

0.0000307 

0.0000499 

0.0000395 

0.000339 

0.000327 

0.000369 

0.0000647 

0.0000460 

0.0000524 

0.0000350 

0.0000563 

Winklemann 

Schwarze 

Winklemann 
tt 

(t 

Schwarze 

Winklemann 

Graetz 

Winklemann 
it 

k 

Helium,  0° 

Hydrogen,  0° 

100° 

Methane,  7°-8° 

Nitric  oxide,NO,  8°.  .  . 

Nitrogen,  7°-8° 

Nitrous  oxide,  N20  . . . 
Oxygen,  7°-8° 
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THERMAL  CONDUCTIVITY  OF  MATERIALS 

(Bureau  of  Standards  Letter  Circular  No.  227) 

D  =  Density  in  pounds  per  cubic  foot. 

K  =  Thermal  conductivity  in  B.T.U.  per  hour,  square  foot, 
and  temperature  gradient  of  1  degree  Fahrenheit  per 
inch  thickness.  The  lower  the  conductivity,  the 
greater  the  insulating  values. 


Soft  Flexible  Materials  in  Sheet  Form 

D  K 

Dry  Zero              Kapok  between  burlap  or  paper.  .      1.0  0.24 

2.0  0.25 

Cabots  Quilt       Eel  grass  between  kraft  paper.  ...      3.4  0.25 

4.6  0 . 26 

Hair  Felt             Felted  cattle  hair 11.0  0.26 

13.0  0.26 

Balsam  Wool      Chemically  t rented  wood  fibre.  ...      2.2  0.27 

Hairinsul             75%  hair  '  25%  jute 6.3  0.27 

50 %  hair     50 %  jute 6.1  0.26 

Linofelt                Flax  fibres  between  paper 4.9  0.28 

Thermofelt          Jute  and  asbestos  fibres,  felted.  .  .    10.0  0.37 

Hair  and  asbestos  fibres,  felted.  .  .      7.8  0.28 


Loo.^e  Materials 

Rock  Wool  Fibrous  material  made  from  rock,     6.0 

also  made  in  sheet  form,  felted  and   10.0 

confined  with  wire  netting 14.0 

18.0 

Glass  Wool         Pyrex  glass,  curled 4.0 

10.0 
Sil-O-Cel  Powdered  diatomaceous  earth. ...    10.6 

Regranulated      Fine  particles 9.4 

Cork  about  Jf $  inch  particles 8.1 

Thermofill  Gypsum  in  powdered  form 26 . 

34. 

Sawdust  Various 12.0 

redwood 10.9 

Shavings  Various,  from  planer 8.8 

Charcoal  From    maple,    beech    and    birch, 

coarse 13.2 

6  mesh 15.2 

20  mesh 19.2 

Semi-flexible  Materials  in  Sheet  Form 

Flaxlinum  Flax  fibre 13 .0 

Fibrofelt  Flax  and  rye  fibre 13.6 

1895 


0.26 
0.27 
0.28 
0.29 
0.29 
0.29 
0.31 
0.30 
0.31 
0.52 
0.60 
0.41 
0.42 
0.41 

0.36 
0.37 
0.39 


0.31 
0.32 


THERMAL  CONDUCTIVITY  OF  MATERIALS  (Continued) 

Semi-rigid  Materials  in  Board  Form 

Corkboard  No  added  binder;  very  low  density     5.4  0 .  25 

Corkboard  No  added  binder;  low  density. ...     7.0  0.27 

Corkboard  No  added  binder;  medium  density  10.6  0.30 

Corkboard  No  added  binder;  high  density    .  .    14.0  0.34 

Eureka  Corkboard  with  asphaltic  binder  .    14.5  0 .  32 

Rock  Cork  Rock  wool  block  with  binder 14.5  0.326 

Also  called  "Tucork" 
Lith  Board  containing  rock  wool,  flax 

and  straw  pulp 14.3  0 .  40 

Stiff  Fibrous  Materials  in  Sheet  Form 

Insulite  Wood  pulp 16.2  0.34 

16.9  0.34 

Celotex  Sugar  cane  fibre 13.2  0.34 

14.8  0.34 

*Masonite K  -  0.33 

*Inso-board 0 .  33 

*Maizewood 0.33  to  0.39 

♦Cornstalk  Pith  Board 0.24  to  0.30 

*Maftex 0.34 

Cellular  Gypsum 

Insulex  or  Py rocell 8  0 .  35 

12  0.44 

18  0.59 

24  0.77 

30  1.00 

Woods  (Across  Grain) 

Balsa 7.3  0.33 

8.8  0.38 

20  0.58 

Cypress 29  0.67 

White  pine 32  0.78 

Mahogany 34  0.90 

Virginia  pine 34  0 .  98 

Oak 38  1.02 

Maple 44  1.10 

Miscellaneous  Building  Materials 

(Data  taken  from  various  sources) 

K  K 

Cinder    concrete 2  to  3  Limestone 4  to  9 

Building  gypsum ....    About  3  Concrete 6  to  9 

Plaster :        2  to  5  Sandstone 8  to  16 

Building  brick 3  to  6  Marble 14  to  20 

Glass 5  to  6  Granite 13  to  28 

*  From  various  commercial  laboratories  and  the  work  of 
O.  ft.  Sweeney  at  Iowa  State  College. 
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TEMPERATURE  OF  SATURATED  STEAM 

The  following  table  gives  the  temperature  of  saturated  water  vapor  in 
degrees  Centigrade  and  degrees  Fahrenheit  corresponding  to  gauge  pressure 
in  pounds  from  0  to  3184.  Zero  gauge  pressure  corresponds  to  an  absolute 
pressure  of  14.696  pounds  per  square  men. 


Gauge 
pressure 
lbs. /in.2 


Temp.  Temp. 
oF      ;     oC 


Gauge      Temp, 
pressure       op K 

lbs./ in.*  ' 


Temp. 

°C 


Gauge 
pressure 
lbs./  in.  2 


Temp. 

op 


Temp. 
°C 


0 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 


212.0 
215.4 
218.5 
221.5 
224.4 
227.1 
229.6 
232.3 
234.7 
237.0 
239.4 
241.5 
243.7 
245.8 
247.8 
249.8 
251.6 
253.4 
255.4 
257.0 
258.8 
260.4 
262.0 
263.7 
265.3 
266.7 
268.3 
269.8 
271.2 
272.7 
274.1 
275.4 
276.8 
278.1 
279.3 
280.6 
281.8 
283.1 
284.4 
285.6 
286.7 
288.0 
289.0 
290.1 
291.2 
292.3 
293.5 
294.4 
295.5 
296.6 
297.7 
298.6 


299 
300 
301 


100.0 
101.9 
103.6 
105.3 
106.9 
108.4 
109.8 
111.3 
112.6 
113.9 
115.2 
116.4 
117.6 
118.8 
119.9 
121.0 
122.0 
123.0 
124.1 
125.0 
126.0 
126.9 
127.8 
128.7 
129.6 
130.4 
131.3 
132.1 
132.9 
133.7 
134.5 
135.2 
136.0 
136.7 
137.4 
138.1 
138.8 
139.5 
140.2 
140.9 
141.5 
142.2 
142.8 
143.4 
144.0 
144.6 
145.3 
145.8 
146.4 
147.0 
147.6 
148.1 
148.7 
149.3 
149.8 


55 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 


302 . 5 

150.3 

110 

344.1 

303 . 6 

150.9 

111 

344.7 

304 . 5 

151.4 

112 

345.4 

305.4 

151.9 

113 

345.9 

306.3 

152.4 

114 

346.5 

307.4 

153.0 

115 

347.2 

308.3 

153.5 

116 

347.7 

309.2 

154.0 

117 

348.3 

309.9 

154.4 

118 

348.8 

310.8 

154.9 

119 

349.5 

311.7 

155.4 

120 

350.1 

312.6 

155.9 

121 

350.6 

313.5 

156.4 

122 

351.1 

314.2 

156.8 

123 

351.7 

315.1 

157.3 

124 

352.2 

316.0 

157.8 

125 

352.9 

316.8 

158.2 

126 

353.5 

317.7 

158.7 

127 

354.0 

318.4 

159.1 

128 

354.6 

319.3 

159.6 

129 

355.1 

320.0 

160.0 

130 

355.6 

320.9 

160.5 

131 

356.2 

321.6 

160.9 

132 

356.7 

322.3 

161.3 

133 

357.3 

323.1 

161.7 

134 

357.8 

323.8 

162.1 

135 

358.3 

324.7 

162.6 

136 

358.9 

325.4 

163.0 

137 

359.2 

326.1 

163.4 

138 

359.8 

326.8 

163.8 

139 

360.3 

327.6 

164.2 

140 

360.9 

328.3 

164.6 

141 

361.4 

329.0 

165.0 

142 

361.9 

329.7 

165.4 

143 

362.3 

330.4 

165.8 

144 

362.8 

331.2 

166.2 

145 

363.4 

331.9 

166.6 

146 

363.9 

332.6 

167.0 

147 

364.5 

333.1 

167.3 

148 

364.8 

333.9 

167.7 

149 

365.4 

334.6 

168.1 

150 

365.9 

335.1 

168.4 

151 

366.4 

335.8 

168.8 

152 

366.8 

336.6 

169.2 

153 

367.3 

337.3 

169.6 

154 

367.9 

337.8 

169.9 

155 

368.2 

338.5 

170.3 

156 

368.8 

339.1 

170.6 

157 

369.3 

339.8 

171.0 

158 

369.7 

340.5 

171.4 

159 

370.2 

341.1 

171.7 

160 

370.6 

341.6 

172.0 

161 

371.1 

342.3 

172.4 

162 

371.7 

342.9 

172.7 

163 

372.0 

343.6 

173.1 

164 

372.6 

173.4 
173.7 
174.1 
174.4 
174.7 
175.1 
175.4 
175.7 
176.0 
176.4 
176.7 
177.0 
177.3 
177.6 
177.9 
178.3 
178.6 
178.9 
179.2 
179.5 
179.8 


180.1 
180.4 
180.7 
181.0 
181.3 
181.6 
181.8 


182 

182 

182 

183 

183 

183 

183.8 

184.1 

184.4 

184.7 

184.9 

185.2 

185.5 

185.8 

186.0 

186.3 

186.6 

186.8 

187.1 

187.4 

187.6 

187.9 

188.1 

188.4 

188.7 

188.9 

189.2 


1897 


TEMPERATURE  OF  SATURATED  STEAM   (Continued) 

Gauge 
pressure 
lbs. /in. '2 

Temp. 
°F 

Temp. 
°C 

Gauge 
pressure 
lbs. /in.2 

Temp. 
°F 

Temp. 
°C 

Gauge 
pressure 
lbs. /in. 2 

Temp 
oF 

Temfc 
°C 

165 

372.9 

189.4 

225 

397.2 

202.9 

285 

417.2 

214.0 

166 

373.5 

189.7 

226 

397.6 

203.1 

286 

417.6 

214.2 

167 

373.8 

189.9 

227 

397.9 

203.3 

287 

417.9 

214.4 

168 

374.4 

190.2 

228 

398.3 

203.5 

288 

418.1 

214.5 

169 

374.7 

190.4 

229 

398.7 

203.7 

289 

418.5 

214.7 

170 

375.3 

190.7 

230 

399.0 

203.9 

290 

418.8 

214.9 

171 

375.8 

191.0 

231 

399.4 

204.1 

291 

419.0 

215.0 

172 

376.2 

191.2 

232 

399.7 

204.3 

292 

419.4 

215.2 

173 

376 . 5 

191.4 

233 

400.1 

204.5 

293 

419.7 

215.4 

174 

376.9 

191.6 

234 

400.3 

204.7 

294 

419.9 

215.5 

175 

377.4 

191.9 

235 

400.8 

204.9 

295 

420.3 

215.7 

176 

377.8 

192.1 

236 

401.2 

205.1 

296 

420.6 

215.9 

177 

378.3 

192.4 

237 

401.5 

205.3 

297 

420.8 

216.0 

178 

378.7 

192.6 

238 

401.9 

205.5 

298 

421.2 

216.2 

179 

379 . 2 

192.9 

239 

402 . 3 

205.7 

299 

421.3 

216.3 

180 

379 . 6 

193.1 

240 

402.6 

205.9 

300 

421.7 

216.5 

181 

379.9 

193.3 

241 

403 . 0 

206.1 

301 

422.1 

216.7 

182 

380.5 

193.6 

242 

403 . 3 

206.3 

302 

422.2 

216.8 

183 

380.8 

193.8 

243 

403.7 

206 . 5 

303 

422.6 

217.0 

184 

381.4 

194.1 

244 

404.1 

206.7 

304 

423 . 0 

217.2 

185 

381.7 

194.3 

245 

404.4 

206.9 

305 

423.1 

217.3 

186 

382 . 1 

194.5 

246 

404.8 

207.1 

306 

423 . 5 

217.5 

187 

382.6 

194.8 

247 

405 . 0 

207.2 

307 

423 . 9 

217.7 

188 

383.0 

195.0 

248 

405 . 3 

207.4 

308 

424.0 

217.8 

189 

383.4 

195.2 

249 

405 . 7 

207.6 

309 

424.4 

218.0 

190 

383 . 7 

195.4 

250 

406.0 

207.8 

310 

424.6 

218.1 

191 

384.1 

195.6 

251 

406.4 

208.0 

311 

424.9 

218.3 

192 

384.6 

195.9 

252 

406.8 

208.2 

312 

425.3 

218.5 

193 

385.0 

196.1 

253 

407.1 

208.4 

313 

425.5 

218.6 

194 

385.3 

196.3 

254 

407 . 3 

208.5 

314 

425.8 

218.8 

195 

385.9 

196.6 

255 

407.7 

208.7 

315 

426.2 

219.0 

196 

386.2 

196.8 

256 

408.0 

208.9 

316 

426.4 

219.1 

197 

386 . 6 

197.0 

257 

408.4 

209.1 

317 

426.7 

219.3 

198 

387.0 

197.2 

258 

408.7 

209.3 

318 

426.9 

219.4 

199 

387.5 

197.5 

259 

408.9 

209.4 

319 

427.3 

219.6 

200 

387.9 

197.7 

260 

409 . 3 

209.6 

320 

427.5 

219.7 

201 

388.2 

197.9 

261 

409.6 

209.8 

321 

427.8 

219  9 

202 

388.6 

198.1 

262 

410.0 

210.0 

322 

428.0 

220.0 

203 

388.9 

198.3 

263 

410.4 

210.2 

323 

428.4 

220.2 

204 

389.3 

198.5 

264 

410.7 

210.4 

324 

428.5 

220.3 

205 

389.8 

198.8 

265 

410.9 

210.5 

325 

428.9 

220.5 

206 

390.2 

199.0 

266 

411.3 

210.7 

326 

429.3 

220.7 

207 

390.6 

199.2 

267 

411.6 

210.9 

327 

429.4 

220.8 

208 

390.9 

199.4 

268 

412.0 

211.1 

328 

429.8 

221.0 

209 

391.3 

199.6 

269 

412.2 

211.2 

329 

430 . 0 

221.1 

210 

391.6 

199.8 

270 

412.5 

211.4 

330 

430 . 3 

221.3 

211 

392.2 

200.1 

271 

412.9 

211.6 

331 

430 . 5 

221.4 

212 

392.5 

200.3 

272 

413.2 

211.8 

332 

430.9 

221.6 

213 

392.9 

200.5 

273 

413.4 

211.9 

333 

431.1 

221.7 

214 

393.3 

200.7 

274 

413.8 

212.1 

334 

431.4 

221.9 

215 

393.6 

200.9 

275 

414.1 

212.3 

335 

431.6 

222.0 

216 

394.0 

201.1 

276 

414.5 

212.5 

336 

432.0 

222.2 

217 

394.3 

201.3 

277 

414.7 

212.6 

337 

432 . 1 

222.3 

218 

394.7 

201.5 

278 

415.0 

212.8 

338 

432 . 5 

222.5 

219 

395.1 

201.7 

279 

415.4 

213.0 

339 

432.7 

222.6 

220 

395.4 

201.9 

280 

415.8 

213.2 

340 

433.0 

222.8 

221 

395.8 

202.1 

281 

415.9 

213.3 

341 

433.2 

222.9 

222 

396.1 

202.3 

282 

416.3 

213.5 

342 

433.6 

223.1 

223 

396.5 

202.5 

283 

416.7 

213.7 

343 

433.9 

223.3 

224 

396.9 

202.7 

284 

417.0 

213.9 

344 

434.1 

223.4 

1898 


TEMPERATURE  OF  SATURATED  STEAM   (Continued) 


Gauge 
pressure 
lbs./in.2 

Temp. 
°F 

Temp. 
°C 

Gauge 
pressure 
lbs./in.2 

Temp. 

op 

Temp. 
°C 

Gauge 
pressure 
lbs./in.2 

Temp. 

op 

Temp. 
°C 

345 

434.3 

223 . 5 

585 

486.1 

252.3 

960 

541.6 

283.1 

346 

434.7 

223 . 7 

590 

487.0 

252.8 

970 

542.8 

283.8 

347 

434.8 

223 . 8 

595 

487.9 

253.3 

980 

544.1 

284.5 

348 

435.2 

224.0 

600 

488.8 

253 . 8 

990 

545.2 

285.1 

349 

435.4 

224.1 

605 

489.7 

254.3 

1000 

546.4 

285.8 

350 

435.7 

224 . 3 

610 

490.6 

254.8 

1010 

547.7 

286.5 

351 

435.9 

224.4 

615 

491.5 

255.3 

1020 

548.8 

287.1 

352 

436 . 3 

224.6 

620 

492.3 

255.7 

1030 

550 . 0 

287.8 

353 

436 . 5 

224.7 

625 

493 . 2 

256.2 

1040 

551.1 

288.4 

354 

436 . 6 

224.8 

630 

494.1 

256.7 

1050 

552.4 

289.1 

355 

437.0 

225.0 

635 

495.0 

257.2 

1060 

553.5 

289.7 

356 

437 . 2 

225 .  1 

640 

495.7 

257 . 6 

1070 

554.7 

290.4 

357 

437 . 5 

225.3 

645 

496.6 

258.1 

1080 

555.8 

291.0 

358 

437.7 

225 . 4 

650 

497 . 5 

258.6 

1090 

556 . 9 

291.6 

359 

438.1 

225.6 

655 

498.2 

259.0 

1100 

558 . 0 

292.2 

360 

438 . 3 

225.7 

660 

499.1 

259 . 5 

1110 

559.0 

292.8 

365 

439.5 

226.4 

665 

499  8 

259.9 

1120 

560.1 

293.4 

370 

440.8 

227.1 

670 

500 . 7 

260.4 

1130 

561.2 

294.0 

375 

442.0 

227.8 

675 

;>i  hi 

260.8 

1140 

562 . 5 

294.7 

380 

443 . 3 

228.5 

680 

502 . 3 

261.3 

1150 

563 . 5 

295.3 

385 

444.6 

229.2 

685 

503  .  1 

261.7 

1160 

564.6 

295.9 

390 

445.8 

229.9 

000 

504.0 

262.2 

1170 

565.5 

296.4 

395 

447.1 

230 . 6 

605 

504 .  7 

262.6 

1180 

566 . 6 

297.0 

400 

448.2 

231.2 

700 

505  8 

263  .  1 

1190 

567 . 7 

297.6 

405 

449.4 

231.9 

705 

506  3 

263 . 5 

1200 

568.8 

298.2 

410 

450.5 

232 . 5 

710 

507 . 0 

263 . 9 

1210 

569.8 

298.8 

415 

451.  8 

233 . 2 

715 

507  7 

264 . 3 

1220 

570.7 

299.3 

420 

452 . 8 

233 . 8 

720 

508.6 

264.8 

1230 

571.8 

299.9 

425 

453 . 9 

234 . 4 

725 

500 . 4 

265 . 2 

1240 

572.9 

300.5 

430 

455.2 

235.1 

730 

510.1 

265.6 

1250 

573.8 

301.0 

435 

456.3 

235.7 

735 

510.8 

266.0 

1260 

574.9 

301.6 

440 

457 . 3 

236.3 

740 

511.7 

266.5 

1270 

576.0 

302.2 

445 

458.4 

236.9 

745 

512.4 

266.9 

1280 

576.9 

302.7 

450 

459.5 

237.5 

750 

513.1 

267.3 

1290 

578.0 

303.3 

455 

460.6 

238.1 

755 

513.9 

267.7 

1300 

578.8 

303.8 

460 

461.7 

238.7 

760 

514.6 

268.1 

1310 

579.7 

304.3 

465 

462.7 

239 . 3 

765 

515.3 

268.5 

1320 

580.8 

304.9 

470 

463.8 

239 . 9 

770 

516.0 

268.9 

1330 

581.7 

305.4 

475 

464.9 

240.5 

775 

516.7 

269.3 

1340 

582.8 

306.0 

480 

466.0 

241.1 

780 

517.5 

269.7 

1350 

583.7 

306.5 

485 

467.1 

241.7 

785 

518.2 

270.1 

1360 

584.6 

307.0 

490 

468.0 

242.2 

790 

518.9 

270.5 

1370 

585.5 

307.5 

495 

469.0 

242.8 

795 

519.6 

270.9 

1380 

586.6 

308.1 

500 

470.1 

243.4 

800 

520.3 

271.3 

1390 

587.5 

308.6 

505 

471.0 

243.9 

805 

521.1 

271.7 

1400 

588.4 

309.1 

510 

472.1 

244.5 

810 

521.8 

272.1 

1410 

589.3 

309.6 

515 

473.0 

245.0 

820 

523.2 

272.9 

1420 

590.4 

310.2 

520 

474.1 

245.6 

830 

524.7 

273.7 

1430 

591.3 

310.7 

525 

475.0 

246.1 

840 

525.9 

274.4 

1440 

592.2 

311.2 

530 

476.1 

246.7 

850 

527.4 

275.2 

1450 

593.1 

311.7 

535 

477.0 

247.2 

860 

528.6 

275.9 

1460 

594.0 

312.2 

540 

477.9 

247.7 

870 

530.1 

276.7 

1470 

594.9 

312.7 

545 

478.8 

248.2 

880 

531.3 

277.4 

1480 

595.8 

313.2 

550 

479.8 

248.8 

890 

532.6 

278.1 

1490 

596.7 

313.7 

555 

480.7 

249.3 

900 

534 . 0 

278.9 

1500 

597.6 

314.2 

560 

481.6 

249.8 

910 

535.3 

279.6 

1510 

598.5 

314.7 

565 

482.5 

250.3 

920 

536.5 

280.3 

1520 

599.2 

315.1 

570 

483.4 

250.8 

930 

537.8 

281.0 

1530 

600.1 

315.6 

575 

484.3 

251.3 

940 

539.1 

281.7 

1540 

601.0 

316.1 

580 

485.2 

251.8 

950 

540.3 

282.4 

1550 

601.9 

316.6 
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TEMPERATURE  OF  SATURATED  STEAM  (Continued) 

Gauge 
pressure 
lbs. /in.2 

Temp. 

op 

Temp. 
°C 

Gauge 

1  pressure 
lbs.  /in.'2 

Temp.  Temp. 

op               OQ 

I 

Gauge 
pressure 
lbs. /in.2 

Temp. 

op 

Temp. 
°C 

1560 

602.61   317.0 

2110 

644. 4j   340.2 

2660 

678.4 

359 .  1 

1570 

603. 5i   317.5 

2120 

645.1    340.6 

2670 

678.9 

359.4 

1580 

604.4 

318.0 

2130 

645.81   341.0 

2680 

679.5 

359.7 

1590 

605.3 

318.5 

2140 

646.3'   341.3 

2690 

680.0 

360.0 

1600 

606.0 

318.9 

2150 

647.1    341.7 

2700 

680.5 

360.3 

1610 

606.9 

319.4 

2160 

647.8 

342.1 

2710 

681.1 

360.6 

162C 

607. 8    319.9 

2170 

648.5 

342.5 

2720 

681.6 

360.9 

1630 

608.5    320.3 

2180 

649.0 

342.8 

2730 

682.2 

361.2 

1640 

609.4    320.8 

2190 

649.8 

343.2 

2740 

682.7 

361.5 

1650 

610.2    321.2 

2200 

650.3 

343.5 

2750 

683.2 

361.8 

1660 

611.1 

321.7 

2210 

651.0 

343.9 

2760 

684.0 

362.2 

1670 

612.0 

322.2 

2220 

651.7 

344.3 

2770 

684.5 

362.5 

1680 

612.7 

322.6 

2230 

652.3 

344.6 

2780 

685.0 

362.8 

1690 

613.4 

323.0 

2240 

653.0    345.0 

2790 

685.6 

363   1 

1700 

614.3 

323.5 

2250 

653.5 

345.3 

2800 

686.1 

363.4 

1710 

615.0 

323.9 

2260 

654.3 

345.7 

2810 

686.5 

363.6 

1720 

615.9 

324.4 

2270 

654.8 

346.0 

2820 

687.0 

363.9 

1730 

616.6 

324.8 

2280 

655.5 

346.4 

2830 

687.6 

364.2 

1740 

617.4 

325.2 

2290 

656.1 

346.7 

2840 

688.1 

364 . 5 

1750 

618.3 

325.7 

2300 

656.8 

347.1 

2850 

688.6 

364.8 

1760 

619.0 

326.1 

2310 

657.3 

347.4 

2860 

689.2 

365.1 

1770 

619.9 

326.6 

2320 

658.0 

347.8 

2870 

689.7 

365.4 

1780 

620.6 

327.0 

2330 

658.6 

348.1 

2880 

690.3 

365.7 

1790 

621.3 

327.4 

2340 

659.3 

348.5 

2890 

690.8 

366.0 

1800 

622.0 

327.8 

2350 

659.8 

348.8 

2900 

691.3 

366.3 

1810 

622.8 

328.2 

2360 

660.61   349.2 

2910 

691.7 

366.5 

1820 

623.7 

328.7 

2370 

661.1 

349.5 

2920 

692.2 

366.8 

1830 

624.4 

329.1 

2380 

661.8 

349.9 

2930 

692.8 

367.1 

1840 

625.1 

329.5 

2390 

662.4 

350.2 

2940 

693.3 

367.4 

1850 

625.8 

329.9 

2400 

663.1 

350.6 

2950 

693.9 

367.7 

1860 

626.5 

330.3 

2410 

663.6 

350.9 

2960 

604.2 

367.9 

1870 

627.4 

330.8 

2420 

664.2 

351.2 

2970 

694.8 

368.2 

1880 

628.2 

331.2 

2430 

664.9 

351.6 

2980 

695.3 

368.5 

1890 

628.9 

331.6 

2440 

665.4 

351.9 

2990 

695.8 

368.8 

1900 

629.6 

332.0 

2450 

666.0 

352.2 

3000 

696.4 

369.1 

1910 

630.3 

332.4 

2460 

666.7 

352.6 

3010 

696.7 

369.3 

1920 

631.0 

332.8 

2470 

667.2 

352.9 

3020 

697.3 

369.6 

1930 

631.8 

333.2 

2480 

667.9 

353.3 

3030 

697.8 

369.9 

1940 

632.5 

333.6 

2490 

668.5 

353.6 

3040 

698.4 

370.2 

1950 

633.2 

334.0 

2500 

669.0 

353.9 

3050 

698.7 

370.4 

1960 

633.9 

334.4 

2510 

669.7 

354.3 

3060 

699.3 

370.7 

1970 

634.6 

334.8 

2520 

670.3 

354.6 

3070 

699.8 

371.0 

1980 

635.4 

335.2 

2530 

670.8 

354.9 

3080 

700.3 

371.3 

1990 

636.1 

335.6 

2540 

671.5 

355.3 

3090 

700.7 

371.5 

2000 

636.8 

336.0 

2550 

672.1 

355.6 

3100 

701.2 

371.8 

2010 

637.5 

336.4 

2560 

672.6 

355.9 

3110 

701.8 

372.1 

2020 

638.2 

336.8 

2570 

673.2 

356.2 

3120 

702.1 

372 . 3 

2030 

639.0 

337.2 

2580 

673.7 

356.5 

3130 

702.7 

372.6 

2040 

639.5 

337.5 

2590 

674.4 

356.9 

3140 

703.2 

372.9 

2050 

640.2 

337.9 

2600 

675.0 

357.2 

3150 

703.6 

373.1 

2060 

640.9 

338.3 

2610 

675.5 

357.5 

3160 

704.1 

373.4 

2070 

641.7 

338.7 

2620 

676.0 

357.8 

3170 

704.5 

373.6 

2080 

642.4 

339.1 

2630 

676.6    358.1 

3180 

705.0 

373.9 

2090 

642.9 

339.4 

2640 

677.3 

358.5 

3184 

705.2 

*374 . 0 

2100 

643.6 

339.8 

2650 

677.8 

358.8 

*  Critical  point. 
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PROPERTIES  OF 

Metric  and 

The  heat  units  used  are  the  large  calorie,  15°  to  16°  C  and  the  B.T.U.,  62° 
to  63°  F.  The  heat  of  the  liquid,  q,  is  the  heat  required  to  raise  unit  mass  of 
water  from  0°  C  (32°  F)  to  the  temperature  indicated.  The  heat  of  vapor- 
ization, r,  is  the  heat  required  to  vaporize  unit  mass  of  water  at  the  indicated 
temperature  and  pressure.     Total  heat  involved,  II  =  r  +  q. 

The  heat  of  vaporization  overcomes  external  pressure  and  changes  the  state 
from  liquid  to  vapor  at  constant  temperature  and  pressure.      If  u  is  the 


Total  pressure, 

(Gauge  pressure 

plus  atmospheric 

pressure) 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Temperature, 
degrees 
Centigrade. 
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4.924 
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0.00670 
0.00719 

0.0886 
0.0952 
0.1023 

0  00 

1  01 
2.02 

0  0 
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3.6 

595.4  1071.7 
594.9  1070  8 
594. 4| 1069.9 

!  565.3 
564.7 
564.0 

1017.5 
1016.4 
1015.3 

32 

33.8 

35.6 

3 
4 
5 

5.681 
6.097 
6.541 

0.00772 
0.00829 
0.00889 

0.1099 
0.1179 

0.1265 

3.03 
4.03 

5.04 

5.5 
7.3 

9  1 

593.9 
593.8 

592 . 8 

1069.0 
1068  0 

1007.1 

563  4 
562  8 
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1014.2 
1013.1 
1011.9 

37.4 
39.2 
41 

6 
7 
8 

7.011 
7.511 
8.042 

0.00953 

0.01021 
0.01093 

0.1356 
0.1453 
0.1555 

6.04 

7  05 
8.05 

10.9 
12.7 

14  5 

592.3 
591.8 
591.2 

1006.1 
1065.2 
1064.2 

561.5 
560.9 
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1010.7 
1009.6 
1008.5 

42.8 
44.6 
46.4 

9 
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11 

8.606 
9.205 
9.840 

0.01170 
0.01252 
0.01338 

0.1664 
0.1780 
0.1903 
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10.06 

11  06 
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19.9 
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589.6 
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1002 . 3 
1061.3 

559.6 

559.0 
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1007.4 
1006.2 
1005.0 

48.2 

50 

51.8 

12 
13 
14 

10.513 
11.226 
11.980 

0.01429 
0.01526 

0.01G29 

0.2033 

0.2171 
0.2317 

12.06 
13.06 
14.06 

21.7 

23.5 

25 . 3 

5.19.1 
588  6 
588.1 

1060.4 
1059.4 
1058.5 

557.7 
557.1 
556.5 

1003.9 
1002.7 
1001.6 

53.6 
55.4 
57.2 

15 
16 
17 

12.779 
13.624 
14.517 

0.01737 

0.01852 
0.01974 

0.2471 
0.2635 
0.2807 

15.06 

16  06 
17.06 

27  1 
28.9 
30.7 

587.6 

587  .0 
586.5 

1057.6 
1056.6 
1055.7 

555.9 
555.2 
554.6 

1000.5 
999.4 
998.3 

59 

60.8 

62.6 

18 
19 
20 

15.460 
16.456 
17.51 

0.02102 
0.02237 
0.02381 

0.2990 
0.3182 
0.3386 

18.06 
19.06 

20.06 

32.5 
34.3 
36.1 

585.9 

585.4 
584.9 

1054.7 
1053.8 
1052.8 

553.9 
553.3 

552.7 

997.1 
996.0 
994.8 

64.4 
66.2 
68 

21 
22 
23 

18.62 
19.79 
21.02 

0.02532 
0.02691 
0.02858 

0.3601 
0.3827 
0.4065 

21.06 

22.06 
23.06 

37.9 
39.7 
41.5 

584.4 
583.9 
583.3 

1051.9 
1051.0 
1050.0 

552.1 
551.5 
550.8 

993  7 
992  6 
991.4 

69.8 
71.6 
73.4 

24 
25 
26 

22.32 
23.69 
25.13 

0  03035 
0.03221 
0.03417 

0.4316 
0  4581 
0.4860 

24.06 
25.05 
26.05 

43  3 

45  1 

46  9 

582.8 
582.3 
581.8 

1049.1 
1048.1 
1047.2 

550.2 
549.5 
548.9 

990.3 
989.1 

988.0 

75.2 

77 

78.8 

27 
28 
29 

26.65 

28.25 
29.94 

0.03623 
0  03841 
0.04071 

0.5154 
0.5463 
0.5790 

27  05 
28.05 
29.04 

48  7 
50.5 
52.3 

581  2 
580.7 
580.2 

1046.2 
1045.2 
1044.3 

548.2 
547.6 
547.0 

986.9 
985  7 
984  6 

80.6 
82.4 
84.2 

30 

31.71 

0.04311  0  6132 

30.04 

54  1 

579 . 6 

1043.3 

546  3 

I 

983.4 

86 
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SATURATED  STEAM 
English  Units 

change  in  volume  the  external  work  is  pu  and  the  corresponding  amount  of 
heat  is  Apu  where  A  is  the  reciprocal  of  the  mechanical  equivalent  of  heat. 
The  part  of  the  heat  of  vaporization  not  used  in  external  work  is  considered 
used  in  changing  the  state  from  liquid  to  vapor.  The  heat  required  for  this 
work  may  be  represented  by  p  =  r  —  Apu. 

(From  Peabody,  Steam  and  Entropy  Tables,  John  Wiley  and  Sons,  Inc., 
publishers,  by  permission.) 


Heat  equiva- 
lent of  external 
work. 
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Density. 

Temperature, 
degrees 
Centigrade. 
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0.00519 
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0.000303 
0.000324 
0.000347 

32 

33.8 

35.6 

3 
4 
5 

30 .5 
30.5 

30.0 

54.8 
54.9 
55.2 

0.0110  2.1513 

0  014612.1416 
0.0183  2.1320 

168.2 
157.2 
147.1 

2694 
2518 
2356 

0.00595 

0.00636 
0.00680 

0.000371 
0.000397 
0.000424 

37.4 

39.2 
41 
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8 

30.8 
30.9 
31.0 

55.4 
55.6 
55.7 

0.0219 
0.0256 
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2.1225 
2.1130 

2.1036 
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2067 
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0.0326 
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0.00882 
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82.9 

1502 
1411 
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55.4 
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0.02436 

0.001361 
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77 
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29 
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33.2 
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34.78 
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0.001795 

80.6 
82.4 
84.2 

30 

33.3 

59.9 

0.1044 

1.9126 

32.95 
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0.03035 

0.001894 

86 
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Total  pressure. 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Temperature, 
degrees 
Centigrade. 
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0.14546 
0.15268 

1.9701 
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0.16023 
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111.6 
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4.516 

69.98 

126.0 

556.9 
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935.0 
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SATURATED  STEAM 

(Continued) 

Heat  equiva- 
lent of  external 
work. 
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0.0722 
0.0757 

0.004292 
0.004502 
0.004724 

114.8 
116.6 
118.4 

49 
50 
51 

35.3 
35.4 
35.5 

53.5 

63.6 
63.8 

0.1650' 1.7669 
o  1682  1  7597 
0.1713  1  7525 

12.60 
12.02 
11.47 

201.9 
192.6 

183.8 

0.0794 
0.0832 
0.0872 

0.00495 
0.00519 
0.00544 

120.2 

122 

123.8 

52 
53 
54 

35.6 
35.7 
35.8 

64.0 
64.2 
64.4 

0.1743  1.7454 
0  1774  1.7383 
0.1804  1  7312 

10.96 
10.47 
10.00 

175.5 

167.7 
160.3 

0.0912 
0.0955 
0.1000 

0.00570 
0.00596 
0.00624 

125.6 
127.4 
129.2 

55 
56 
57 

35.9 
36.0 
36.1 

64.6 
64.8 
65.0 

0.1835 
0.1865 
0.1895 

1.7242 
1.7173 
1.7104 

9.56 
9.14 

8.74 

153.2 
146.5 
140.1 

0.1046 
0.1094 
0.1144 

0.00653 
0.00683 
0.00713 

131 

132.8 

134.6 

58 
59 
60 

36.2 
36.3 
36.4 

65.2 
65.4 
65.6 

0.1925 
0.1955 
0.1986 

1.7035 

1.6967 
1.6899 

8.36 
8.00 
7.66 

134.0 
128.3 
122.8 

0.1196 
0.1250 
0.1305 

0.00746 
0.00779 
0.00814 

136.4 
138.2 
140 

61 
62 
63 

36.5 
36.6 
36.7 

65.7 
65.9 
66.1 

0.2016 
0.2046 
0.2075 

1.6831 
1.6764 
1.6696 

7.34 
7.03 
6.74 

117.6 
112.7 

108.0 

0.1362 
0.1422 
0.1484 

0.00850 
0.00887 
0.00926 

141.8 
143.6 
145.4 

64 
65 
66 

36.8 
36.9 
37.0 

66.3 
66.5 
66.7 

0.2105 
0.2135 
0.2164 

1.6629 
1.6563 
1.6497 

6.46 
6.19 
5.94 

103.5 
99.2 
95.1 

0.1548 
0.1615 
0.1684 

0.00966 
0.01008 
0.01051 

147.2 

149 

150.8 

67 
68 
69 

37.1 
37.2 
37.3 

66.9 
67.1 
67.3 

0.2194 
0.2223 
0.2253 

1.6431 

1.6366 
1.6300 

5.70 
5.47 
5.25 

91.3 

87.6 
84.1 

0.1754 
0.1828 
0.1905 

0.01095 
0.01142 
0.01189 

152.6 
154.4 
156.2 

70 

37.4 

6.7.4 

0.2282 

1.6235 

5.04 

80.7 

0.1984 

0.01239  1 

158 
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PROPERTIES  OF 


Total  pressure. 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Temperature, 
degrees 
Centigrade. 

DO 

U 
V 

"•"»  1 
a  a>    . 

•s  s  >> 

=3      h 

2ao 

u 

a 

as  a> 

u 

a 

u 

ag 

jO  o 

u 

o 

a 

HI 

o  o 

u 

a  . 

«a 

U     J)     H 

o>  5  <D 

a£  £ 

ssrs 

t 

V 

V 

V 

Q 

Q 

T 

r 

p 

p 

t 

71 
72 
73 

243.8 
254.5 
265.6 

0.3315 
0.3460 
C.3611 

4.715 
4.921 
5.136 

70  98 
71.99 
72.99 

127.8 
129.6 
131.4 

556.4 

555.8 
555.2 

1001.5 

1000.4 

999.4 

518.8 
518.1 
517.4 

933.9 
932.6 
931.4 

159.8 
161.6 
163.4 

74 
75 
76 

277.1 
289.0 
301.3 

0.3767 
0.3929 
0.4096 

5.358 
5.589 
5.826 

73.99 
74.99 
76.00 

133.2 
135.0 
136.8 

554.6 
554.0 
553.4 

998.3 
997.3 
996.2 

516.7 
516.0 
515.3 

930.1 

928.8 
927.6 

165.2 

167 

168.8 

77 
78 
79 

314.0 
327.2 
340.9 

0.4269 
0.4449 
0.4635 

6.072 
6.327 
6.592 

77.00 
78.00 
79.01 

138.6 
140.4 
142.2 

552.9 
552.3 
551.7 

995.2 
994.1 
993.0 

514.7 
514.0 
513.3 

926.4 
925.2 
923.9 

170.6 
172.4 
174.2 

80 
81 
82 

355.1 
369.7 
384.9 

0.4828 
0.5026 
0.5233 

6.867 
7.150 
7.443 

80.01 
81.02 
82.02 

144.0 
145.8 
147.6 

551.1 
550.5 
549.9 

991.9 
990.8 
989.8 

512.6 
511.9 
511.2 

922.6 
921.3 
920.1 

176 

177.8 

179.6 

83 
84 
85 

400.5 
416.7 
433.5 

0.5445 
0.5665 
0.5894 

7.745 

8.058 
8.383 

83.03 
84.03 
85.04 

149.4 
151.2 
153.1 

549.3 
548.7 
548.1 

988.7 
987.6 
986.5 

510.5 

509.8 
509.1 

918.8 
917.6 
916.3 

181.4 
183.2 
185 

86 
87 
88 

450.8 
468.6 
487.1 

0.6129 
0.6371 
0.6623 

8.717 
9.062 
9.419 

86.04 
87.05 
88.06 

154.9 
156.7 
158.5 

547.4 
546.8 
546.2 

985.4 
984.3 
983.2 

508.3 
507.6 
506.9 

915.0 
913.7 
912.5 

186.8 
188.6 
190.4 

89 
90 
91 

506.1 
525.8 
546.1 

0.6881 
0.7149 
0.7425 

9.787 
10.167 
10.560 

89.06 
90.07 
91.08 

160.3 
162.1 
163.9 

545.6 
544.9 
544.3 

982.1 
980.9 
979.8 

506.2 
505.4 
504.7 

911.2 
909.9 
908.5 

192.2 

194 

195.8 

92 
93 
94 

567.1 
588.7 
611.0 

0.7710 
0.8004 
0.8307 

10.966 
11.384 
11.815 

92.08 
93.09 
94.10 

165.7 
167.5 
169.3 

543.7 
543 . 1 
542.5 

978.7 
977.6 
976.5 

504.0 
503.3 
502.6 

907.2 
906.0 
904.7 

197.6 
199.4 
201.2 

95 
96 
97 

634.0 
657.7 
682.1 

0.8620 
0.8942 
0.9274 

12.260 
12.718 
13.190 

95.11 
96.12 
97.12 

171.2 
173.0 

174.8 

541.9 
541.2 
540.6 

975.4 
974.2 
973.1 

501.9 
501.1 
500.4 

903.4 
902.1 
900.8 

203 

204.8 

206.6 

98 

99 

ICO 

707.3 
733.3 
760.0 

0.9616 
0.9970 
1.0333 

13.678 
14.1^0 
14.697 

98.13 
99.14 
100.2 

176.6 

178.5 
180.3 

539.9 
539.3 
538.7 

971.9 
970.8 
969.7 

499.6 
498.9 
498.2 

899.4 
898.2 
896.9 

208.4 
210.2 
212 

101 
102 
103 

787.5 
815.9 
845.1 

1.0707 
1 . 1093 
1 . 1490 

15.229 

15.778 
16.342 

101.2 
102.2 
103.2 

182.1 
183.9 
185.7 

538.1 
537.4 
536.8 

968.5 
967.3 
966.2 

497.5 
496.8 
496.1 

895.5 
894.1 
892.9 

213.8 
215.6 
217.4 

104 
105 
106 

875.1 

906.1 
937.9 

1.1898 
1.2319 
1.2752 

16.923 
17.522 
18.137 

104.2 
105.2 
106.2 

187.6 
189.4 
191.2 

536.2 
535 . 6 
534.9 

965.1 
964.0 
962.8 

495.4 
494.7 
493.9 

891.6 
890.3 
889.0 

219.2 

221 

222.8 

107 
108 
109 

970.6 
1004.3 
1038.8 

1.3196 
1.3653 
1.4123 

18.769 
19.420i 
20.089! 

107.2 

108.2 
109.3 

193.0 

194.8 
196.7 

534.2 
533.6 
532.9 

961.6 
960.5 
959.3 

493.1 
492.4 
491.6 

887.6 
886.3 
885.0 

224.6 
226.4 
228.2 

110 

1074.5 

1.4608 

20.7771 

110  3 

198.5 

532.3 

958.1 

490.9 

883.6 

230 
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SATURATED  STEAM   (Continued) 


3      -d 

£dO 


Heat  equiva- 
lent of  external 

Specific  vol- 

work. 

O) 

ume. 

*4 

g 

u 

a 

o 
o  o 

u 

a 

CQ 
O    0>      . 

*d 

<p   H 

«~  o 
u  a 

HI 

1*  3 

^  a 

Cubi 
met 
kilo 

3| 

Apu 

Apw 

e 

r 
T 

s 

s 

Density. 


a .,  ** 
J?* 

1 


S3 

Qo 

GO 


PL, 


t 


37.6 
37.7 
37.8 

37.9 

38.0 
38.1 

38.2 
38.3 
38.4 

38.5 
38.6 
38.7 

38.8 
38.9 
39.0 

39.1 

39.2 
39.3 

39.4 
39.5 
39.6 

39.7 
39.8 
39.9 

40.0 
40.1 
40.2 

40.3 
40.4 
40.5 

40.6 
40.6 
40.7 

40  8 
40.9 
41.0 

41  1 
41.2 
41.3 

41.4 


67.6 
67.8 
68.0 


68.8 
68.9 
69.1 

69.3 
69 . 5 

69.7 


70.4 
70.6 
70.7 

70.9 
71.0 
71.3 

71.5 
71.6 
71.8 

72.0 
72.1 
72.3 

72.5 
72.6 

72.8 

73  0 
73  2 
73.3 

73.5 

73.7 
73.8 

74.0 

74.2 
74.3 

74.5 


0.2311  1.6171 

0.2340  1.6107 
0.2369  1.6044 


68.2     0.239811  5981 

68.5  0.2427  1.5918 

68.6  0.2456  1.5856 


0.248411.5793 
0.2513  1.5731 
0.2541  1.5670 

0.2570,1.5609 


0.2598.1 

0.2620  1 


69  9  ! 0.2654 
70.0  0  2682 
70.2  0.2711 


0.2739 
0.2767 
0.2795 


5548 

5487 


1.5426 
1.5366 
1.5307 

1.5247 
1.5187 
1.512$ 


0.2823  1.5069 
0.2851  1.5010 
0.2879  1.4952 


0.2906 
0.2934 
0.2961 


1.4894 
1  4836 
1.4779 


0.2989  1.4723 
0.3016  1.4666 
0.3043  1.4609 

0.3070  1.4552 
0.3097  1.4496 
0.3125  1.4441 

0.3152J 1.4386 
0  317911.4330 
0.3205  1.4275 

0  3232  1.4220 
0.3259  1  4155 
0.3286  1.4111 


0  3312 
0  3339 
0.3365 


1  4057 
1.4003 
1.3949 


0.3392  1.3895 


4.838 
4.647 
4.466 

4.294 
4.130 
3.973 

3.822 
3  676 
3.537 

3.404 
3.277 
3.156 

3.040 
2.929 
2.824 

2.723 
2.627 
2.534 

2.444 
2.358 
2.275 

2.197 
2.122 
2.050 


1.913 
1.849 

1.787 
1.728 
1  671 

1.617 
1  564 
1.514 

1  465 
1.419 
1.374 

1.331 
1.289 
1.248 

1.209 


77.5 
74.4 
71.5 

68.8 
66.2 
63.7 

61.2 

58.8 
56.6 

54.5 
52.5 
50.6 

48.71 
46.92 
45.23 

43  62 
42.08 
40.59 

39.15 
37.77 
36.45 


0.2067 
0.2152 
0.2239 

0.2329 
0.2421 
0.2517 

0.2616 
0  2720 
0.2827 

0.2938 
i  0.3052 
1  0.3168 


0  01290 
0  01344 
0  01398 

0.01453 
0.01510 
0.01570 

0.01634 
0.01700 
0.01767 

0  01835 
0.01905 
0  01976 


0  3289  0.02053 
0  3414  0.02131 
0.3541  j  0.02211 

0.3672  '  0.02293 
0.3807  0.02378 
0.3946  0.02463 


0.4091 
0  4241 
0.4395 


35.19  0.4552 
34.00  0.4713 

0.4878 

0  505 
0.523 
0.541 

0.560 
0  579 
0.598 

0.618 
0.639 
0.661 

0  683 
0.705 
0.728 

0.751 

0.776 
0.801 

0.827 


32.86 

31.75 
30.67 
29.63 

28.64 
27.69 
26.78 

25.90 
25.06 
24.25 

23  47 

22.73 
22.01 

21.31 
20.64 
19.99 

19.37 

0.02554 
0.02648 
0  02743 

0  02842 
0.02941 
0.03043 

0.03149 
0.03260 
0.03375 

0  03492 
0.03611 
0.037341 

0.03861 
0.03990 
0.04124 

0.04261 
0.04400 
0.04543 

0.04692 
0.04845 
0.0500 

0.0516 


159.8 
161.6 
163.4 

165.2 

167 

168.8 

170.6 
172.4 
174.2 

176 

177.8 

179.6 

181.4 
183.2 
185 

186.8 
188.6 
190.4 

192.2 

194 

195.8 

197.6 
199.4 
201.2 

203 

204.8 

206.6 

208.4 
210.2 
212 

213.8 
215.6 
217.4 

219.2 

221 

222.8 

224.6 
226.4 
228.2 

230 
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PROPERTIES  OF 


03    oq    tn 

fe  ©  M 

a  t-  -2 


Total  pressure. 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Millimeters 
•«       of  mer- 
cury. 

Kilograms 
•3       per  square 
centimeter. 

Pounds  per 
•8       square 
inch. 

u 

ag 

"S3  bC 
Q 

u 

&    . 

. «  3 

9 

u 

ag 

O,© 

r 

a 

r 

u 

aa 

n 

a 

p 

au  £ 


111 
112 
113 

114 
115 
116 

117 
118 
119 

120 
121 
122 

123 
124 
125 

126 
127 
128 

129 
130 
131 

132 
133 
134 

135 
136 
137 

138 
139 
140 

141 
142 
143 

144 
145 
146 

147 
148 
149 

150 


1111.1 

1148.7 
1187.4 

1.5106 
1.5617 
1.6144 

1227.1 
1267.9 
1309.8 

1.6684 
1 . 7238 
1.7808 

1352.8 
1397.0 
1442.4 

1.8393 
1.8993 
1.9611 

1488.9 
1536.6 
1585.7 

2.0243 
2.0891 
2.1556 

1636.0 
1687.5 
1740.5 

2.2241 
2.2943 
2.3663 

1794.7 
1850.3 
1907.3 

2.4401 
2.5156 
2.5931 

1965.8 
2025.6 
2086.9 

2.6726 
2.7540 
2.8373 

2149.8 
2214.0 
2280.0 

2.9227 
3.0101 
3.0999 

2347.5 
2416.5 

2487.3 

3.1916 
3.2854 
3.3816 

2559.7 

2633.8 
2709.5 

3.4801 

3.581 

3.684 

2787.1 
2866.4 
2947.7 

3.789 
3.897 
4.008 

3030.5 
3115.3 
3202 . 1 

4.121 
4.236 
4.354 

3290.8 
3381.3 
3474  0 

4.474 
4.597 
4.723 

3568.7 

4.852 

2i.4S6j  111.31 

22.214  112.3 

22.962  113.3 

23.729  114.3 

24.518  115.3 

25.328  116.4 


26.160 
27.015 
27.893 

28.792 
29.715 
30.664 

31.637 

32.64 

33.66 

34.71 

35.78 

36.88 

38.01 
39.17 
40.36 

41.57 

42.81 
44.09 

45.39 
46.73 
48.10 

49.50 
50.93 
52.39 

53.89 
55.43 
57.00 

58.60 
60.24 
61.92 

63.64 
65.39 
67.18 

69.01 


117.4 
118.4 
119.4 

120.4 
121.4 
122.5 

123.5 
124.5 
125.5 

126.5 
127.5 

128.6 

129.6 
130.6 
131.6 

132.6 
133.7 
134.7 


135. 
136. 
137. 


138.8 
139.8 
140.8 


141.8 
142.8 
143.9 


144  9 
145.9 

146.9 


148.0 
149.0 
150.0 


200.3 
202.1 

203.9 


531.6 
530  9 
530.3 


205.8)  529.6 
207.6  528.9 
209.4  528.2 


211.2 
213.0 
214.9 

216.7 
218.5 
220.4 

222.2 
224 . 1 
225.9 

227.7 
229.5 
231.4 


527.5 
526.9 
526.2 


525.6 
524  9 
524.2 

523.5 
522.8 
522 . 1 

521.4 
520.7 
520.0 


934.8 
933.6 
932.3 


233.3  519  3 
235.1  518.6 
236.9    517.9 

238.7  517.3 
240.6  516.6 
242.4|  515.9    928.5 


956.9  490.2 

955.7  489.4 
954.5  488.7 

953.3  487.9 

952.1  487.1 

950.8  486.3 


949.5 
948.4 
947.2 

946.0 
944.8 
943.5 

942.3 
941.0 
939.8 

938.6 
937.3 

936.1 


931.1 
929.8 


244.21  515.1 
246.0  514.4 
247.9    513.7 


249.7 
251.6 
253.4 

255.3 

257  1 
259.0 

260.8 

262.7 
264.5 

266.4 
268.2 
270.1 


513.0 
512.3 
511.5 

510.7 
510.1 
509.3 

508.6 
507.8 
507.1 

506.4 
505 . 6 
504.9 


927.2 
925.9 
924.6 

923.3 
922.1 
920.7 

919.3 

918.1 
916.7 

915.4 
914.1 
912.8 


485.5 

484.8 
484.0 

483.4 

482 . 6 
481.8 

481.0 
480.2 
479.4 

478.6 
477.8 
477.0 

476.3 
475.5 
474.7 

474.0 
473.3 
472.5 

471  6 
470.8 
470.1 

469.3 

468.5 
467.6 

466.8 
466 . 1 
465.3 

464.4 
403 . 6 
462.8 

1.5  462.0 
910.1|  461.2 
908.81  460.4 


151.0    271.9    504.1    907.41  459.5 
1908 


8S2.3 
880.9 
879.5 

878.2 
876.8 
875.4 

873.9 
872.6 
871.3 

870.0 
868.6 
867.1 

865.8 
864.3 
863.0 

861.6 
860.2 
858.8 

857.4 
856.0 
854 . 6 

853.2 

851.8 
850.4 

848.9 
847.5 
846.1 

844.6 
843.3 

841.8 

840.2 
838.9 
837.4 

835.9 
831.5 
833.1 

831.6 
830.1 

828.7 

827.2 


231.8 
233.6 
235.4 

237.2 

239 

240.8 

242.6 
244.4 
246.2 

248 

249.8 

251.6 

253.4 
255.2 
257 

258.8 
260.6 
262.4 

264.2 

266 

267.8 

269.6 
271.4 
273.2 

275 

276.8 

278.6 

280.4 
282.2 
284 

285.8 
287.6 
289.4 

291.2 

293 

294.8 

296.6 
298.4 
300.2 

302 


SATURATED  STEAM   (Continued) 


Heat  equiva- 
lent of  external 
work. 

J3 

e 

Specific  vol- 
ume. 

Density. 

<u 

h 

0 

0  0 

*-  0, 

r 

Cubic 
meters  per 
kilo. 

M-  0 
IS  ^ 

Kilos  per 
h>    cubic 
meter. 

1 

Temperatur 
degrees 
Fahrenheit 

Apu 

yipu 

e 

T 

s 

s 

s 

s 

« 

41.4 
41.5 
41.6 

41.7 
41.8 
41.9 

42.0 
42.1 
42.2 

42.2 
42.3 
42.4 

42.5 
42.6 
42.7 

42.8 
42.9 
43.0 

43.0 
43.1 
43.2 

43.3 
43.3 
43.4 

43.5 
43.6 
43.6 

43.7 
43.8 
43.9 

43.9 
44.0 
44.0 

44.2 

44.2 
44.3 

44.4 
44.4 
44.5 

44.6 

74.6 
74.8 
75.0 

75.1 
75.3 
75.4 

75.6 
75.8 
75.9 

76.0 

76.2 
76.4 

76.5 
76.7 
76.8 

77.0 
77  1 
77.3 

77  4 
77.6 

77.7 

77.9 

78.0 
78.1 

78.3 
78.4 
78.5 

78.7 
78.8 
78.9 

79.1 
79.2 
79.3 

79.5 
79.6 
79.7 

79.9 
80.0 
80.1 

80.2 


0.3418 
0.3445 
0.3471 

0.3498 
0.3524 
0.3550 

0.3576 
0.3602 
0.3628 

0.3654 
0.3680 
0.3705 


1.3842 
1.3789 
1.3736 

1.3683 
1.3631 
1.3579 

1.3527 
1.3475 
1.3423 

1.3372 
1.3321 
1.3269 


0.3731  1.3218 
0.3756  1.3167 
0.3782  1.3117 

0.3807  1.3067 
0.3833  1.3017 
0.3858  1.2967 

0.3884' 1.2917 
0.3909  1.2868 
0.3934' 1.2818 

0.3959  1.2769 
0.3985  1.2720 
0  4010  1.26721 

0.4035 1 1.2623 
0. 4060 ! 1.2574 
0.4085,1.2526 


1.172 
1.136 
1.101 

1.068 
1.036 
1.005 


18.77 
18.20 
17.64 

17.10 
16.59 
16.09 


0.9746  ,  15.61 

0.9460  15.16 

0.9183  !  14.72 

0.8914  I  14.28 

0.8653  13.86 

0.S401  13.46 

0.8158  I  13.07 

0.7924  12.69 

0.7698  J  12.33 

0.7479  '  11.98 

0.7267  ,  11.64 

0.7063  11.32 


0.6867 
0.6677 
0 . 6493 

0.6315 
0.6142 


11.00 
10.70 
10.40 

10.12 

9.839 


0.5974  '  9.569 


0.5812 
0.5656 
0.5506 


.309 
.060 
.820 


0.4110  1.2479  0.5361  8.587 
0.4135  1.24311  0.5219  '  8.360 
0.4160  1.2383  0.5081  \     8.140 


0.4185  1.2335 
0.4209  1.2288 
0.4234  1.2241 


0.4259 
0.4283 
0.4307 

0.4332 
0.4356 
0.4380 


1.2194 
1.2147 
1.2100 

1.2054 

1.2008 
1 . 1962 


0.4405  1.1916 


0.4948 
0.4819 
0.4694 

0.4574 
0.4457 
0.4343 

0.4232 
0.4125 
0.4022 

0.3921 
1909 


7.926 
7.719 
7.519 

7.326 
7.139 
6.957 

6.780 
6.609 
6.443 

6.282 


0.853 
0.880 
0.908 

0.936 
0.965 
0.995 

1.026 
1.057 
1.089 

1.122 
1.156 
1.190 

1.226 
1.262 
1.299 


.337 
.376 
.416 


1.456 
1.498 
1.540 

1.583 
1.628 
1.674 

1.721 
1.768 
1.816 

1.865 
1.916 
1.968 

2.021 
2.075 
2.130 

2.186 
2.244 
2.303 

2.363 
2.424 

2.486 

2.550 


0.0533 
0.0550 
0  0567 

0  0585 
0.0603 
0.0622 

0  0641 
0.0659 
0  0679 

0.0700 
0.0721 
0  0743 

0.0765 
0.0788 
0.0811 

0.0835 
0.0859 
0.0883 

0.0909 
0.0935 
0.0961 

0.0988 
0.1016 
0.1045 

0.1074 
0.1104 
0.1134 

0.1165 
0.1196 
0.1229 

0.1262 
0.1296 
0.1330 

0.1365 
0.1401 
0.1437 

0.1475 
0.1513 
0.1552 

0.1592 


231.8 
233.6 
235.4 

237.2 

239 

240.8 

242.6 
244.4 
246.2 

248 

249.8 

251.6 

253.4 
255.2 
257 

258.8 
260.6 
262.4 

264.2 

266 

267.8 

269.6 
271.4 
273.2 

275 

276.8 

278:6 

280.4 
282.2 
284 

285.8 
287.6 
289.4 

291.2 

293 

294.8 

296.6 
298.4 
300.2 

302 


PROPERTIES  OF 


Total  pressure. 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Temperature, 
degrees 
Centigrade. 

BO 

0> 
—     1 

.5  £  >> 

02  §.2 

g  cr£ 

°  fc  fl 

i— i 

a 

X   M 

u 

V 

ft 

S  -2 

o 

u 

8. 

^ft 

u 

v    . 
ftg 

X  M 

©- 

ft- 

8    *s 

ftij 
fig1* 

t 

V 

P 

V 

3 

Q 

r 

r 

p 

p 

t 

151 
152 
153 

3665.3 
3764.1 
3864.9 

4.984 
5.118 
5.255 

70.88 
72.79 
74.74 

152.1 
153.1 
154.1 

273.8 
275.6 
277.4 

503.4 
502.6 
501.9 

906.1 
904.7 
903.3 

458.7 
457.9 
457.1 

825.7 
824.2 
822.7 

303.8 
305.6 
307.4 

154 
155 
156 

3968 
4073 
4181 

5.395 
5.538 
5.684 

76.73 

78.76 
80.84 

155.1 
156.2 
157.2 

279.2 
281.1 
283.0 

501.1 
500.3 
499.6 

901.9 
900.5 
899.2 

456.3 
455.4 
454.6 

821.2 
819.6 
818.2 

309.2 

311 

312.8 

157 
158 
159 

4290 
4402 
4517 

5.833 
5.985 
6.141 

82.96 
85.12 
87.33 

158.2 
159.3 
160.3 

284.8 
286.7 
288.5 

498.8 
498.1 
497.3 

897.8 
896  5 
895.1 

453.8 
453.0 
452.1 

816.7 
815.3 
813.7 

314.6 
316.4 
318.2 

160 
161 
162 

4633 

4752 

4874 

6.300 
6.462 
6.628 

89.59 
91.89 
94.25 

161.3 
162.3 
163.4 

290.4 
292.2 
294.1 

496.5 
495 . 7 
494.9 

893.7 
892.3 
890.9 

451.2 
450.4 
449.5 

812.2 
810.7 
809.2 

320 

321.8 

323.6 

163 
164 
165 

4998 
5124 
5253 

6.796 
6.967 
7.142 

96.65 

99.09 

101.58 

164.4 
165.4 
166.5 

295.9 

297.7 
299.6 

494.2 
493.4 
492.6 

889.5 
888.1 
886.7 

448.7 
447.9 
447.0 

807.7 
806.2 
804.7 

325.4 
327.2 
329 

166 
167 
168 

5384 
5518 
5655 

7.320 
7.502 
7.688 

104.11 
106.71 
109.35 

167.5 
168.5 
169.5 

301.5 
303.3 
305.1 

491.9 
491.1 
490.3 

885.4 
883.9 
882.5 

446.3 
445.4 
444.6 

803.3 
801.7 
800.1 

330.8 
332.6 
334.4 

169 
170 
171 

5794 
5937 
6081 

7.877 
8.071 
8.268 

112.04 
114.79 
117.59 

170.6 
171.6 
172.6 

307.0 
308.9 
310.7 

489.5 
488.7 
487.9 

881.0 
879.6 
878.3 

443.7 
442.8 
441.9 

798.5 
797.0 
795.6 

336.2 

338 

339.8 

172 
173 
174 

6229 
6379 
6533 

8.469 
8.673 
8.882 

120.45 
123.36 
126.33 

173.7 
174.7 
175.7 

312.6 
314.5 
316.3 

487.1 
486.3 
485.5 

876.9 
875.4 
873.9 

441.1 
440.2 
439.4 

794.1 

792.5 
790.9 

341.6 
343.4 
345.2 

175 
176 
177 

6689 
6848 
7010 

9.094 
9.310 
9.531 

129.35 
132.43 
135.56 

176.8 
177.8 
178.8 

318.2 
320.0 
321.8 

484.7 
483.9 
483.1 

872.4 
871.0 
869.5 

438.5 
437.7 
436.8 

789.3 

787.8 
786.2 

347 

348.8 

350.6 

178 
179 
180 

7175 
7343 
7514 

9.755 

9.983 

10.216 

138.75 
142.00 
145.30 

179.9 
180.9 
181.9 

323.7 
325.6 
327.5 

482.3 

481.4 
480.6 

868.1 
866.6 
865.1 

436.0 
435.0 
434.2 

784.7 
783.1 
781.5 

352.4 
354.2 
356 

181 
182 
183 

7688 
7866 
8046 

10.453 
10.695 
10.940 

148.67 
152.11 
155.60 

183.0 
184.0 
185.0 

329.3 
331.2 
333.0 

479.8 
479.0 
478.2 

863.6 

862.2 
860  7 

433.3 
432.5 
431.6 

779.9 

778.4 
776.9 

357.8 
359.6 
361.4 

184 
185 
186 

8230 
8417 
8608 

11.189 
11.444 
11.703 

159.15 
162.77 
166.46 

186.1 
187.1 

188.1 

334.9 
336.8 
338.6 

477.4 
476.6 
475.7 

859  2 
857.7 
856.3 

430.8 
429.9 
429.0 

775.3 

773.7 
772.2 

363.2 

365 

366.8 

187 
188 
189 

8802 
8999 
9200 

11.967 
12.235 
12.508 

170.21 
174.02 
177.90 

189.2 
190.2 
191.2 

340.5 
342.4 
344.2 

474.8 
474.0 
473.2 

854.7 
853.2 
851.7 

428.0 
427.2 
426.3 

770.5 
768.9 
767.4 

368.6 
370.4 
372.2 

190 

9404 

12.786 

181.85 

192.3 

346.1 

472.3 

850.2 

425.4 

765.8 

374 

1910 


SATURATED  STEAM   (Continued) 


111 


Heat  equiva- 

lent of  external 

work. 

o 

43 

o 

u 
9 

o 

«  2 

§3 

o  o 

o  o 

r  '    ^ 

^  3 

h  ^ 

h  o 

3.2 

Apu 

.Apt* 

0 

r 
T 

Specific  vol- 
ume. 


151 
152 
153 

154 
155 
156 

157 
158 
159 

160 
161 
162 

163 
164 
165 

166 
167 
168 

169 
170 
171 

172 
173 
174 

175 
176 
177 

178 
179 
180 

181 
182 
183 

184 
185 
186 

187 
188 
189 

190 


44.6 
44.7 

44.8 

44.8 
44.9 
45.0 

45.0 
45.1 
45.2 

45.3 
45.3 
45.4 

45.5 
45.5 
45.6 

45.6 
45.7 
45.7 

45.8 
45.9 
46.0 

46.0 
46.1 
46.1 

46.2 
46.2 
46.3 

46.3 
46.4 
46.4 

46.5 
46.5 
46.6 

46.6 
46.7 
46.7 

46.8 
46.8 
46.9 

46.9 


80.4 
80.5 
80.6 

80.7 
80.9 
81.0 

81.1 

81.2 
81.4 

81.5 
81.6 
81.7 

81.8 
81.9 
82.0 

82.1 

82.2 
82.4 

82.5 
82.6 
82.7 

82.8 
82.9 
83.0 

83.1 
83.2 
83.3 

83.4 
83.5 
83.6 

83.7 
83.8 
83.8 

83.9 
84.0 
84.1 

84.2 
84.3 
84.3 

84.4 


0.4429  1 
0.4453:1 
0.4477ll 


1870 

1824 
1778 


0.4501 '1.1 733 
0.4525  1.1688 
0.4549  1.1644 

O.4573! 1.1599 
0.4596  1.1554 
0.4620  1.1509 


0.4644 
0.4668 
0.4692 

0.4715 
0.4739 
0.4763 


1 . 1465 
l.i421 
1 . 1377 

1.1333 
1.1289 
1.1245 


0.4786  1 

0.4810 

0.4833 


0.4857 
0.4880 
0.4903 


1202 
1.1159 
1.1115 


1072 
1029 
0987 


0.4926  1.0944 
0.4949  1.0901 
0.4972  1.0859 

0.4995  1.0817 
0.5018  1.0775 
0.5041  1.0733 

0.50641 1.0691 
0.5087  1.0649 
0.5110  1.0608 

0.5133  1.0567 
0.5156  1.0525 
0.5178  1.0484 


0.5201 
0.5224 
0.5246 


1.0443 
1.0403 
1.0362 


0.5269  1.0321 
0.5291  1.0280 
0.5314  1.0240 


0.3824 
0.3729 
0.3637 

0.3548 
0.3463 
0.3380 

0.3298 
0.3218 
0.3140 

0.3063 
0.2989 
0.2920 

0.2855 
0.2792 
0.2729 

0.2666 
0.2603 
0.2540 

0.2480 
0.2423 
0.2368 

0  2314 
0.2262 
0.2212 

0.2164 
0.2117 
0.2072 

0.2027 
0.1983 
0.1941 

0.1899 
0.1857 
0.1817 

0.1778 
0.1740 
0.1702 

0.1666 
0.1632 
0.1598 


0.5336  10200    0.1565 
1911 


o 


a 

«*i  o 


o 


Density. 


6.126 
5.974 
5.826 

5.6^3 
5.546 
5.413 

5.282 
5.154 
5.029 

4.906 
4.789 
4.677 

4.571 
4.469 
4.368 

4.268 
4.168 
4.070 

3.975 
3.883 
3.794 

3.709 
3.626 
3.545 

3.467 
3.391 
3.318 

3.247 
3.177 
3.109 

3.041 
2.974 
2.911 

2.849 

2.787 
2.727 

2.669 
2.614 
2.5G0 

2.507 


1 

s 


2.615 
2.682 
2.750 

2.818 
2.888 
2.959 

3.032 
3.108 
3.185 

3.265 
3.345 
3.425 

3.503 
3.582 

3.664 

3.751 
3.842 
3.937 

4.032 
4.127 
4.223 

4 .322 
4.421 
4.521 

4.621 
4.724 
4.826 

4.933 

5.04 

5.15 

5.27 
5  38 
5.50 

5.62 
5.75 

5.88 

6.00 
6.13 
6.26 

6.39 


oa*~ 


0.1632 
0.1674 
0.1716 

0.1759 
0.1803 
0.1847 

0.1893 
0.1940 
0 . 1988 

0.2038 
0.2088 
0.2138 

0.2188 
0.2238 
0.2289 

0.2343 
0.2399 
0.2457 

0.2516 
0.2575 
0.2636 

0.2696 
0.2758 
0.2821 

0.2884 
0.2949 
0.3014 

0.3080 
0.3148 
0.3217 

0.3288 
0.3362 
0.3435 

0.3510 
0.3588 
0.3667 

0.3746 
0.3826 
0.3906 


ill 

ssrS 


303.8 
305.6 
307.4 

309.2 

311 

312.8 

314.6 
316.4 
318.2 

320 

321.8 

323.6 

325.4 
327.2 
329 

330.8 
332.6 
334.4 

336.2 

338 

339.8 

341.6 
343.4 
345.2 

347 

348.8 

350.6 

352.4 
354.2 
356 

357.8 
359.6 
361.4 

363.2 

365 

366.8 

368.6 
370.4 
372.2 


0.3989  I   374 


PROPERTIES  OF 


-a 


g%0 


Total  press 

ure. 

Heat  of 
the  liquid. 

Heat  of 
vaporiza- 
tion. 

Heat  equiva- 
lent of  inter- 
nal work. 

Millimeters 
•a       of  mer- 
cury. 

Kilograms 
•a       per  square 
centimeter. 

u 

o 
a 

§!-§ 

p 

a  g 
'£3  m 

3 

In 
9 

a 

3 

•e  a 

r 

u 

o 
a 

Si 

« 

r 

p 

a 
p 

a «_  p 

s§r3 


191 
192 
193 

194 
195 
196 

197 
198 
199 

200 
201 
202 

203 
204 
205 

206 
207 
208 

209 
210 
211 

212 
213 
214 

215 
216 
217 

218 
219 
220 


9612 

9823 

10038 

10256 
10479 
10705 

10934 
11168 
11406 

11647 
11893 
12142 

12395 
12653 
12915 

13181 
13452 
13727 

14006 
14290 
14578 

14871 
15168 
15470 

15778 
16090 
16406 

16728 
17055 
17387 


13.068 
13.355 
13.647 

13.944 
14.247 
14.554 

14.866 
15.184 
15.507 

15.835 
16.169 
16.508 

16.852 
17.202 
17.558 

17.921 

18.289 
18.663 


185.87 
189.96 
194.11 

198.33 
202.64 
207.01 

211.45 

215.96 
220.56 

225.23 

229.98 
234.80 

239.71 
244.69 
249.75 

254.89 
260.13 
265.45 


19.042  270.85 
19.428  276.34 
19.820  281.91 


20.218 
20.622 
21.033 

21.452 

21.876 
22.306 

22.743 
23.188 
23.639 


287.57 
293.31 
299.16 

305.10 
311.14 

317.26 

323.48 
329.81 
336.24 


193.3 
194.4 
195.4 

196.4 
197.5 
198.5 


347.9 
349.8 
351.7 

353.5 
355.4 
357.3 

359.2 
361 . 1 

202.7 
203.7 
204.7 


364.8 
366 . 7 
368.5 


205.8  370.4 
206.8!  372.3 

207.9  374.1 


208.9 
210.0 
211.0 

212.0 
213.1 
214.1 

215.2 
216  2 
2i7.3 


376.0 
377.9 
379.8 

381.6 
383.5 
385.4 

387.3 
389.2 
391.1 


218.3    392.9 

219.3  394.8 

220.4  396.7 


221.4 
222.5 
223.5 


398.5 
400.4 
402.3 


471.5 
470.6 
469.8 

468.9 
468.1 
467.2 


199.5  359.2    466.4 

200.6  361.1    465.6 
201.6    362.9    464.7 


463.8 
462.9 
462.1 

461.2 
460.3 
459.4 

458.6 
457.7 
456.8 

455.9 
455.0 
454.1 

453.2 
452.4 
451.5 

450.6 
449.6 

448.7 

447.8 
446.9 
446.0 


848.7 
847.1 
845.6 


844.1 
842.5 
841.0 

839.5 
838.0 
836.4 

834.8 
833.3 
831.8 

830.2 
828.6 
827.0 

825.4 
823.8 
822.2 

820.6 
819.1 
817.4 

815.8 
814.3 
812.7 

811.0 
809.3 

807.7 

806.1 
804.5 
802.9 


424.5 
423.6 

422.8 

421.9 
421.0 
420.1 

419.2 
418.4 
417.4 

416.5 
415.6 
414.8 

413.8 
412.9 
412.0 

411.1 
410.2 
409.3 

408.4 
407.5 
406.6 

405.7 
404.9 
404.0 

403.1 
402.1 
401.2 

400.3 
399.4 
398.5 


764.2 
762.5 
761.0 

759.4 

757.7 
756.1 

754.6 
753.0 
751.3 

749.7 

748.1 
746.6 

744.9 
743.3 
741.6 

740.0 
738.3 
736.7 

735 . 1 
733.6 
731.9 

730.2 

728.7 
727.1 

725.4 
723.7 
722.1 

720.5 

718.9 
717.3 


375.8 
377.6 
379.4 

381.2 

383 

384.8 

386.6 
388.4 
390.2 

392 

393.8 

395.6 

[397.4 
399.2 
401 

402.8 
404.6 
406.4 

408.2 

410 

411.8 

413.6 
415.4 
417.2 

419 

420.8 

422.6 

424.4 
426.2 
428 
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SATURATED  STEAM  (Concluded) 


Heat  equiva- 
lent of  external 

Specif 

ic  vol- 

Densitv. 

work. 

o 

ume. 

*G 

c 

it 

u 

ft 

O 

§1 

o 

ft  u 

o  o 

t-. 

ft 

QQ 
U 

C    0)      . 

o  ft 

u 

ft  «    (H 

*.2  « 

fto 

*0  cj 

h  ft 
G  > 

w 

r 

Cubi 
met 
kilo 

2fe 

1 

1 

Apu 

yi/>u 

0 

r 

s 

s 

s 

s 

C  fl)  8 


( 


47.0 
47.0 
47.0 

47.0 
47.1 
47.1 

47.2 
47.2 
47.3 

47.3 
47.3 
47.3 

47.4 
47.4 
47.4 

47.5 
47.5 
47.5 

47.5 
47.5 
47.5 

47.5 
47.5 
47.5 

47.5 
47.5 
47.5 

47.5 
47.5 
47.5 


84.5 
84.6 
84.6 

84.7 
84.8 
84.9 

84.9 
85.0 
85.1 

85.1 
85.2 
85.2 

85.3 
85.3 
85.4 

85.4 
85.5 
85.5 

85.5 
85.5 
85.5 

85.6 
85.6 
85.6 

85  6 
85.6 
85.6 

85.6 
85.6 
85.6 


0.5358 
0.5381 
0.5403 

0.5426 
0.5448 
0.5470 

0.5492 
0.5514 
0.5536 

0.5558 
0.5580 
0.5602 


1.0160 
1.0120 
1.0080 

1.0040 
1.0000 
0.9961 

0.9922 
0.9882 
0.9843 

0.9804 
0.9765 
0.9727 


0.5624  0.9688 
0.5646  0.9650 
0.5668  0.9611 


0.5690 
0.5712 
0.5733 

0.5755 
0.5777 
0.5799 

0.5820 
0.5842 
0.5863 

0.5885 
0.5906 
0.5927 


0.9572 
0.9534 
0.9496 

0.9458 
0.9420 
0.9382 

0.9344 
0.9307 
0.9269 

0.9232 
0.9195 
0.9157 


0.5948  0.9120 
0.596910.9084 
0.59910.9047 


0.1533 
0.1501 
0.1470 

0.1440 
0.1411 
0.1382 

0.1354 
0.1327 
0.1300 

0.1274 
0.1249 
0.1225 

0.1201 
0.1177 
0.1153 

0.1130 
0.1108 
0.1086 

0.1065 
0.1044 
0.1024 

n  mo4 

0.0984 
0.0965 

0.0947 
0.0928 
0.0910 

0.0893 
0.0876 
0.0860 


2.456 
2.405 
2.355 

2.306 
2.259 
2.214 

2.169 
2.126 
2.083 

2.041 
2.001 
1.962 

1.923 

1.885 
1.847 

1.810 
1.774 
1.739 

1.705 
1.673 
1.640 

1.608 
1.577 
1.546 

1.516 
1.486 
1.458 

1.430 
1.403 
1.376 


6.52 
6.66 
6.80 

6.94 
7.09 
7.23 

7.38 
7.53 
7.69 

7.84 
8.00 
8.16 

8.33 
8.50 
8.67 

8.85 
9.03 
9.21 

9.39 
9.58 
9.77 

9.96 
10.16 
10.36 

10.56 
10.78 
10.99 

11.20 
11.41 
11.62 


0.4072 
0.4158 
0.4246 

0.4336 
0.4426 
0.4516 

0.4610 
0.4704 
0.4801 

0.4900 
0.4998 
0.510 

0.520 
0.531 
0.541 

0.552 
0.564 
0.575 

0.587 
0.598 
0.610 

0.622 
0.634 
0.647 

0.660 
0.673 
0.686 

0.699 
0.713 
0.727 


375.8 
377.6 
379.4 

381.2 
383 

384.8 

386.6 
388.4 
390.2 

392 

393.8 

395.6 

397.4 
399.2 
401 

402.8 
404.6 
406.4 

408.2 

410 

411.8 

413.6 
415.4 
417.2 

419 

420.8 

422.6 

424.4 
426.2 
428 


1913 


THERMODYNAMIC 


Ammonia,  NH3 


Abs.  press,  sat. 

Heat  content 

Heat  content 

abv.  — 

40°F 

Ht.  of 
vaporiz. 

abv.  - 

-40°C 

Temp. 

vap. 

BTU/lb. 

g-cal./g 

Ht.  of 
vaporiz. 

Temp. 

°F 

BTU/ 
lb. 

g-cal./g 

°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

-60 

5.55 

0.390 

-21.2 

589.6 

610.8 

-11.8 

327.6 

339.3 

-51.11 

-58 

5.93 

.417 

-19.1 

590.4 

609.5 

-10.6 

328.0 

338.6 

-50.00 

-56 

6.33 

.445 

-17.0 

591.2 

608.2 

-  9.44 

328.4 

337.9 

-48.89 

-54 

6.75 

.475 

-14.8 

592.1 

606.9 

-  8.22 

328.9 

337.2 

-47.78 

-52 

7.20 

.506 

-12.7 

592.9 

605.6 

-  7.06 

329.4 

336.4 

-46.67 

-50 

7.67 

0.539 

-10.6 

593.7 

604.3 

-  5.89 

329.8 

335.7 

-45.56 

-48 

8.16 

.574 

-  8.5 

594.4 

602.9 

-  4.7 

330.2 

334.9 

-44.44 

-46 

8.68 

.610 

-  6.4 

595.2 

601.6 

-  3.6 

330.7 

334.2 

-43.33 

-44 

9.23 

.649 

-  4.3 

596.0 

600.3 

-  2.4 

331.1 

333.5 

-42.22 

-42 

9.81 

.690 

-  2.1 

596.8 

598.9 

-  1.2 

331.6 

332.7 

-41.11 

-40 

10.41 

0.7319 

0.0 

597.6 

597.6 

0.0 

332.0 

332.0 

-40.00 

-38 

11.04 

.7762 

+  2.1 

598.3 

596.2 

+  1.2 

332.4 

331.2 

-38.89 

-36 

11.71 

.8233 

4.3 

599.1 

594.8 

2.4 

332.8 

330.4 

-37.78 

-34 

12.41 

.8725 

6.4 

599.9 

593.5 

3.6 

333.3 

329.7 

-36.67 

-32 

13.14 

.9238 

8.5 

600.6 

592.1 

4.7 

333.7 

328.9 

-35.56 

-30 

13.90 

0.9773 

10.7 

601.4 

590.7 

5.94 

334.1 

328.2 

-34.44 

-28 

14.71 

1.034 

12.8 

602.1 

589.3 

7.11 

334.5 

327.4 

-33.33 

-26 

15.55 

1.093 

14.9 

602.8 

587.9 

8.28 

334.9 

326.6 

-32.22 

-24 

16.42 

1.154 

17.1 

603.6 

586.5 

9.50 

335.3 

325.8 

-31.11 

-22 

17.34 

1.219 

19.2 

604.3 

585.1 

10.7 

335.7 

325.1 

-30.00 

-20 

18.30 

1.287 

21.4 

605.0 

583.6 

11.9 

336.1 

324.2 

-28.89 

-18 

19.30 

1.357 

23.5 

605.7 

582.2 

13.1 

336.5 

323.4 

-27.78 

-16 

20.34 

1.430 

25.6 

606.4 

580.8 

14.2 

336.9 

322.7 

-26.67 

-14 

21.43 

1.507 

27.8 

607.1 

579.3 

15.4 

337.3 

321.8 

-25.56 

-12 

22.56 

1.586 

30.0 

607.8 

577.8 

16.7 

337.7 

321.0 

-24.44 

-10 

23.74 

1.669 

32.1 

608.5 

576.4 

17.8 

338.1 

320.2 

-23.33 

-  8 

24.97 

1.756 

34.3 

609.2 

574.9 

19.1 

338.4 

319.4 

-22.22 

-  6 

26.26 

1.846 

36.4 

609.8 

573.4 

20.2 

338.8 

318.6 

-21.11 

-  4 

27.59 

1.940 

38.6 

610.5 

571.9 

21.4 

339.2 

317.7 

-20.00 

-  2 

28.98 

2.037 

40.7 

611.1 

570.4 

22.6 

339.5 

316.9 

-18.89 

0 

30.42 

2.139 

42.9 

611.8 

568.9 

23.8 

339.9 

316.1 

-17.78 

2 

31.92 

2.244 

45.1 

612.4 

567.3 

25.1 

340.2 

315.2 

-16.67 

4 

33.47 

2.353 

47.2 

613.0 

565.8 

26.2 

340.6 

314.3 

-15.56 

6 

35.09 

2.467 

49.4 

613.6 

564.2 

27.4 

340.9 

313.4 

-14.44 

8 

36.77 

2.585 

51.6 

614.3 

562.7 

28.7 

341.3 

312.6 

-13.33 

10 

38.51 

2.708 

53.8 

614.9 

561.1 

29.9 

341.6 

311.7 

-12.22 

12 

40.31 

2.834 

56.0 

615.5 

559.5 

31.1 

341.9 

310.8 

—  11  11 

14 

42.18 

2.966 

58.2 

616.1 

557.9 

32.3 

342.3 

309.9 

-10.00 

16 

44.12 

3.102 

60.3 

616.6 

556.3 

33.5 

342.6 

309.1 

-  8.89 

18 

46.13 

3.243 

62.5 

617.2 

554.7 

34.7 

342.9 

308.2 

-  7.78 

20 

48.21 

3.390 

64.7 

617.8 

553.1 

35.9 

343.2 

307.3 

-  6.67 

22 

50.36 

3.541 

66.9 

618.3 

551.4 

37.2 

343.5 

30S.3 

-  5.56 

24 

52.59 

3.697 

69.1 

618.9 

549.8 

38.4 

343.8 

305.4 

-  4.44 

26 

54.90 

3.860 

71.3 

619.4 

548.1 

39.6 

344.1 

304.5 

-  3.33 

28 

57.28 

4.027 

73.5 

619.9 

546.4 

40.8 

344.4 

303.6 

-  2.22 

1914, 


PROPERTIES 


Ammonia, 

NH3 

Spec.  vol.  sat.  vap. 

Density  sat.  vap. 

Dens. 

Entropy  from 
-40°FBTU/lb./°F 

Temp. 

liq. 
lb./ft.3 

Temp. 

°F 

°C 

i 

ft.3/lb. 

m3/kg 

lb./ft.3 

kg/m3 

Liq.            Vap. 

-60 

44.73 

2.792 

0.02235 

0.3580 

43.91 

-0.0517 

1.4769 

-51.11 

-58 

42 .  05 

2.625 

.02378 

.3809 

-   .0464 

1.4713 

-50.00 

-56 

39.56 

2.470 

.02528 

.4049 

-   .0412 

1.4658 

-48.89 

-54 

37.24 

2.325 

.02685 

.4301 

-   .0360 

1.4604 

-47.78 

-52 

35.09 

2.191 

.02850 

.4565 

-   .0307 

1.4551 

-46.67 

-50 

33 .  08 

2.065 

0.03023 

0.4842 

43.49 

-0.0256 

1.4497 

-45.56 

-48 

31.20 

1.948 

.03205 

.5134 

-   .0204 

1.4445 

-44.44 

-46 

29.45 

1.839 

.03395 

.5438 

-   .0153 

1.4393 

-43.33 

-44 

27.82 

1.737 

. 03595 

.5758 

-   .0102 

1.4342 

-42.22 

-42 

26.29 

1.641 

.03804 

.6093 

-   .0051 

1.4292 

-41.11 

-40 

24.86 

1.552 

0.04022 

0.6442 

43.08 

0.0000 

1.4242 

-40.00 

-38 

23.53 

1.469 

.04251 

.6809 

.0051 

1.4193 

-38.89 

-36 

22.27 

1.390 

.04489 

.7190 

.0101 

1.4144 

-37.78 

-34 

21.10 

1.317 

.04739 

.7591 

.0151 

1.4096 

-36.67 

-32 

20.00 

1.249 

.04999 

.8007 

.0201 

1.4048 

-35.56 

-30 

18.97 

1.184 

0.05271 

0.8443 

42.65 

0.0250 

1.4001 

-34.44 

-28 

18.00 

1.124 

.05555 

.8898 

.0300 

1.3955 

-33.33 

-26 

17.09 

1.067 

.05850 

.9371 

.0350 

1 . 3909 

-32.22 

-24 

16.24 

1.014 

.06158 

.9864 

.0399 

1.3863 

-31.11 

-22 

15.43 

0.9633 

.06479 

1.038 

.0448 

1.3818 

-30.00 

-20 

14.68 

0  9164 

0.06813 

1.091 

42.22 

0.0497 

1.3774 

-28.89 

-18 

13.97 

.8721 

.07161 

1.147 

.  0545 

1.3729 

-27.78 

-16 

13.29 

.8297 

.07522 

1.205 

.  0594 

1.3686 

-26.67 

-14 

12.66 

.7903 

.07898 

1 .  265 

.0642 

1.3643 

-25.56 

-12 

12.06 

.7529 

.08289 

1.328 

.0690 

1.3600 

-24.44 

-10 

11.50 

0.7179 

0.08695 

1.393 

41.78 

0.0738 

1.3558 

-23.33 

-  8 

10.97 

.6848 

.09117 

1.460 

.0786 

1.3516 

-22.22 

-  6 

10.47 

.  6536 

. 09555 

1.531 

.0833 

1.3474 

-21.11 

-  4 

9.991 

.6237 

.1001 

1.603 

.0880 

1.3433 

-20.00 

-  2 

9.541 

.5956 

.1048 

1.679 

.0928 

1.3393 

-18.89 

0 

9.116 

0.5691 

0.1097 

1.757 

41.34 

0.0975 

1.3352 

-17.78 

2 

8.714 

.5440 

.1148 

1.839 

.1022 

1.3312 

-16.67 

4 

8.333 

.5202 

.1200 

1.922 

.1069 

1.3273 

-15.56 

6 

7.971 

.4976 

.1254 

2.009 

.1115 

1.3234 

-14.44 

8 

7.629 

.4763 

.1311 

2.100 

.1162 

1.3195 

-13.33 

10 

7.304 

0.4560 

0.1369 

2.193 

40.89 

0.1208 

1.3157 

-12.22 

12 

6.996 

.4367 

.1429 

2.289 

.1254 

1.3118 

-11.11 

14 

6.703 

.4185 

.1492 

2.390 

.1300 

1.3081 

-10.00 

16 

6.425 

.4011 

.1556 

2.492 

.1346 

1.3043 

-  8.89 

18 

6.161 

.3846 

.1623 

2.600 

.1392 

1.3006 

-  7.78 

20 

5.910 

0.3690 

0.1692 

2.710 

40.43 

0.1437 

1.2969 

-  6.67 

22 

5.671 

.3540 

.1763 

2.824 

.1483 

1.2933 

-  5.56 

24 

5.443 

.3398 

.1837 

2.943 

.1528 

1.2897 

-  4.44 

26 

5.227 

.3263 

.1913 

3.064 

.1573 

1.2861 

-  3.33 

28 

5.021 

.3135 

.1992 

3.191 

.1618 

1.2825 

-  2.22 
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THERMODYNAMIC 
Ammonia,  NH.3  (Continued) 


Heat  content 

Heat  content 

Abs.  press,  sat. 

abv.  — 

40°F 

Ht.  of 

abv.  -40°C 

Ht.  of 

Temp. 
°F 

vap. 

BTU/lb. 

vaporiz. 

BTU/ 

lb. 

g-cal./g 

vaporiz. 
g-cal./g 

Temp. 
°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

30 

59.74 

4.200 

75.7 

620.5 

544.8 

42.1 

344.7 

302  7 

-  1.11 

32 

62.29 

4.379 

77.9 

621.0 

543.1 

43.3 

345.0 

301.7 

0.00 

34 

64.91 

4.564 

80.1 

621.5 

541.4 

44.5 

345.3 

300.8 

+  1.11 

36 

67.63 

4 .  755 

82.3 

622.0 

539.7 

45.7 

345.6 

299.8 

2.22 

38 

70.43 

4.952 

84.6 

622.5 

537.9 

47.0 

345.8 

298.8 

3.33 

40 

73.32 

5.155 

86.8 

623.0 

536.2 

48.2 

346.1 

297.9 

4.44 

42 

76.31 

5.365 

89.0 

623.4 

534.4 

49.4 

346.3 

296.9 

5.56 

44 

79.38 

5.581 

91.2 

623 . 9 

532 . 7 

50.7 

346.6 

295.9 

6.67 

46 

82.55 

5.804 

93.5 

624 . 4 

530.9 

51.9 

340.9 

294.9 

7.78 

48 

85.82 

6.034 

95.7 

624.8 

529.1 

53 . 2 

347.1 

293.9 

8.89 

50 

89.19 

6.271 

97.9 

625.2 

527.3 

54.4 

347.3 

292.9 

10.00 

52 

92.66 

8.515 

100.2 

625.7 

525 . 5 

55.67 

347.0 

291.9 

11.11 

54 

96.23 

6.760 

102.4 

620.1 

523.7 

56.89 

347.8 

290.9 

12.22 

56 

99.91 

7.024 

104.7 

626.5 

521.8 

58.17 

348  l 

289.9 

13.33 

58 

103.7 

7.291 

106.9 

020.9 

520.0 

59.39 

348.3 

288.9 

14.44 

60 

107.6 

7 .  565 

109.2 

027.3 

518.1 

60.67 

348  5 

287.8 

15.56 

62 

111.6 

7.846 

111.5 

027.7 

510.2 

01.94 

348.7 

286.8 

16.67 

64 

115.7 

8.135 

113.7 

02S .  0 

514.3 

63.17 

348.9 

285.7 

17.78 

66 

120.0 

8.437 

116.0 

628   l 

512.4 

04.44 

349.1 

284.7 

18.89 

68 

124.3 

8.739 

118.3 

628.8 

510.5 

65  72 

349.3 

283 . 6 

20.00 

70 

128.8 

9.056 

120.5 

029.1 

508.0 

66.94 

349.5 

282.6 

21.11 

72 

133.4 

9.379 

122  8 

629.4 

506.6 

(is  22 

349.7 

281.4 

22.22 

74 

138.1 

9  709 

125.1 

02!) .  S 

504.7 

69.50 

349.9 

280.4 

23.33 

76 

143.0 

10.05 

127.4 

030.1 

502.7 

70.78 

350. 1 

279.3 

24.44 

78 

147.9 

10.40 

129.7 

630.4 

500.7 

72.06 

350.2 

278.2 

25.56 

80 

153.0 

10.76 

132  0 

630.7 

498 . 7 

73.33 

350.4 

277.1 

26.67 

82 

158.3 

11.13 

134.3 

631.0 

496.7 

74.01 

350.0 

275.9 

27.78 

84 

163.7 

11.51 

136. 6 

631.3 

494.7 

75.89 

350. 7 

274.8 

28.89 

86 

169.2 

1 1  90 

138.9 

031.5 

492 . 0 

77.17 

350.8 

273 . 7 

30.00 

88 

174.8 

12.29 

141.2 

031.8 

490.0 

78.44 

351.0 

272.6 

31.11 

90 

180.6 

12.70 

143.5 

032.0 

488.5 

79.72 

351.1 

271.4 

32.22 

92 

186.6 

13.12 

145.8 

032.2 

480.4 

81.00 

351.2 

270.2 

33.33 

94 

192.7 

13.55 

148.2 

632.5 

4S4.3 

82.33 

351.4 

269.1 

34.44 

96 

198.9 

13.98 

150.5 

032 . 6 

482.1 

83.01 

351.4 

267.8 

35.56 

98 

205.3 

14.43 

152.9 

632.9 

480.0 

84.94 

351.6 

266.7 

36.67 

100 

211.9 

14.90 

155.2 

633.0 

477.8 

80.22 

351.7 

265.4 

37.78 

102 

218.6 

15.37 

157.6 

633.2 

475.6 

87.56 

351.8 

264.2 

38.89 

104 

225.4 

15.85 

159.9 

033.4 

473.5 

88.83 

351.9 

263.1 

40.00 

106 

232.5 

16.35 

162.3 

033.5 

471  2 

90.17 

351.9 

261.8 

41.11 

108 

239.7 

16.85 

164.6 

033 . 0 

469.0 

91.44 

352.0 

260.6 

42.22 

110 

247.0 

17.37 

167.0 

633.7 

466.7 

92.78 

352.1 

259.3 

43.33 

112 

254.5 

17.89 

169.4 

633.8 

464.4 

94.11 

352.1 

258.0 

44.44 

114 

262.2 

18.43 

171.8 

633.9 

462.1 

95.44 

352.2 

256.7 

45.56 

116 

270.1 

18.99 

174.2 

634.0 

459.8 

96.78 

352.2 

255.4 

46.67 

118 

278.2 

19.56 

176.6 

634.0 

457.4 

98.11 

352.2 

254.1 

47.78 

120 

286.4 

20.14 

179.0 

634.0 

455.0 

99.45 

352.2 

252.8 

48.8!) 

122 

294.8 

20.73 

181.4 

634.0 

452.6 

100.8 

352.2 

251.4 

50  00 

124 

303.4 

21.33 

183.9 

634.0 

450.1 

102.2 

352.2 

250.1 

51  11 
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PROPERTIES  (Continued) 


Ammonia,  NII3  (Continued) 


Temp. 


Spec.  vol.  sat.  vap. 


ft.3/lb.       m3/kg 


Dens, 
liq. 

lb./ft.3 


Kut ropy  from 
-40TBfl71b./°F 


Liq. 


Vap. 


Temp. 
°C 


30 

4.825 

0.3012 

0  207:; 

3.321 

39.96 

u  1663 

1   1.2790 

-  1.11 

82 

4.637 

2895 

.2156 

3  4.-,;i 

.1708 

1  2755 

0  00 

34 

4  459 

2784 

.221:; 

1 753 

1   2721 

+  111 

16 

4  286 

2678 

.  2332 

3  735 

.1797 

1  2686 

2  22 

38 

4.120 

.  2576 

.212M 

3.881 

1841 

1 . 2652 

3.33 

40 

3  671 

0.2479 

0.2518 

4.033 

39.49 

0.1885 

1.2618 

4  44 

42 

.2616 

l   190 

.1930 

1  2585 

5.56 

44 

2716 

1974 

1  2552 

6.67 

46 

3  547 

2211 

2819 

4.515 

.2018 

1  2519 

7.78 

48 

3.418 

2134 

.2926 

i  687 

2062 

1 .  2486 

8.89 

50 

3 .  294 

0  2f 

0.3036 

1  863 

39.00 

0  2105 

1.2453 

10.00 

52 

3.176 

1983 

.3149 

5  nit 

.2149 

1.2421 

11.11 

54 

3.063 

1912 

5  230 

2192 

1    2.  is'.' 

12.22 

56 

1844 

5  122 

2236 

1.2357 

13.33 

56 

17m. 

5.619 

2279 

1  2:12:, 

14.44 

00 

2.751 

0.1717 

0.3635 

6  -2:; 

0.2322 

1.2294 

15.56 

52 

2  656 

1658 

3765 

2365 

1.2262 

16.67 

M 

.1601 

..  21:. 

.2408 

1.2231 

17  78 

66 

2   177 

1546 

6  1.,', 

2451 

1    2201 

18.89 

68 

2  393 

L494 

.117'.' 

• 

2494 

1    2170 

20.00 

70 

2.312 

0.1443 

0.4325 

38.00 

0.2537 

1.2140 

21.11 

72 

.1395 

1171 

7  166 

2579 

1.2110 

22.22 

71 

2  161 

.1349 

7  413 

2H22 

1 . 20X0 

23.33 

76 

2  089 

.1304 

4786 

• 

1  2050 

24.44 

78 

2  021 

.1262 

7  "27 

.  2706 

1  2020 

25.56 

80 

1  !>:».') 

0.1220 

0.5115 

8  193 

37.48 

0.2749 

1.1991 

26.67 

32 

1  B92 

.1181 

5287 

s  169 

.2791 

1.1962 

27.78 

84 

1  831 

.114:; 

541  2 

8  749 

2833 

1.1933 

28.89 

66 

1   772 

.1106 

9.039 

2875 

1.1904 

30.00 

."8 

1.716 

.1071. 

5828 

9.335 

.2917 

1.1875 

31.11 

90 

1.661 

0.1037 

0.6019 

9  f.n 

36.95 

0.2058 

1.1846 

32.22 

02 

1 .  609 

.1004 

.6214 

9  97,4 

.3000 

1.1818 

33.33 

94 

1.559 

09733 

.6415 

10  2s 

.3041 

1.1789 

34.44 

96 

1.510 

.09427 

.6620 

10  60 

.  3083 

1.1761 

35.56 

98 

1.464 

.09140 

.  6832 

10.94 

.3125 

1.1733 

36.67 

100 

1.419 

0.08859 

0.7048 

11.29 

36.40 

0.3166 

1.1705 

37.78 

102 

1.375 

.  08584 

.7270 

11.65 

.3207 

1.1677 

38.89 

104 

1.334 

.08328 

.7498 

12.01 

.3248 

1.1649 

40.00 

106 

1 .  293 

0S072 

.  7732 

12.39 

.3289 

1.1621 

41.11 

108 

1.254 

.07829 

.7972 

12.77 

.  3330 

1 . 1593 

42.22 

110 

1.217 

0.07598 

0.8219 

13.17 

35.84 

0.3372 

1 . 1566 

43.33 

112 

1.180 

.07367 

.8471 

13.57 

.3413 

1 . 1538 

44.44 

114 

1.145 

.07148 

.8730 

13.98 

.3453 

1.1510 

45.56 

116 

1.112 

.06942 

.8996 

14.41 

.3495 

1 . 1483 

46.67 

118 

1.079 

.06736 

.9269 

14.85 

.3535 

1 . 1455 

47.78 

120 

1.047 

0.06536 

0.9549 

15.30 

35.26 

0.3576 

1 . 1427 

48.89 

122 

1.017 

.06349 

.9837 

15.76 

.3618 

1.1400 

50.00 

124 

0.987 

.0616 

1.0132 

16.229 

.3659 

1 . 1372 

51.11 
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THERMODYNAMIC 

Carbon  Dioxide,  CO. 


Abs.  press,  sat. 

Heat  content 

Heat  content 

abv.  32°F 

Heat  of 

abv.  0°C 

Heat  ol 

Temp. 

vap. 

BTU/lb. 

vaporiz 

BTU/ 

lb. 

g-cal./g 

vaporiz 
g-cal./g 

Temp. 
°C 

lb./in.2 

kg/cm' 

Liq. 

Vap. 

Liq. 

Vap. 

-20 

220.6 

15.51 

-23.96 

102.0 

126.0 

-13.31     1  56.67 

70.00 

-28.89 

-18 

228.4 

16.06 

-23.13 

102.1 

125.2 

-12.85     |  56.72 

69.56 

-27.78 

-16 

236.4 

16.62 

-22.30 

102.2 

124.5 

-12.39 

56.78 

69.17 

-26.67 

-14 

244.6 

17.20 

-21.46 

102.2 

123.7 

-11.92 

56.78 

68.72 

-25.56 

-12 

253.0 

17.79 

-20.61 

102.3 

122.9 

-11.45 

56.83 

68.28 

-24.44 

-10 

261.7 

18.40 

-19.76 

102.3 

122.0 

-10.98 

56.83 

67.78 

-23.33 

-  8 

270.6 

19.03 

-18.90 

102.3 

121.2 

-10.50 

56.83 

67.33 

-22.22 

-  6 

279.7 

19.66 

-18.04 

102.3 

120.3 

-10.02 

56.83 

66.83 

-21.11 

-  4 

289.1 

20.33 

-17.17 

102.3 

119.5 

-  9.539 

56.83 

66.39 

-20.00 

-  2 

298.7 

21.00 

-16.29 

102.3 

118.6 

-  9.050 

56.83 

65.89 

-18.89 

0 

308.6 

21.70 

-15.41 

102.2 

117.7 

-  8.561 

56.78 

65.39 

-17.78 

2 

318.7 

22.41 

-14.51 

102.2 

116.7 

-  8.061 

56.78 

64.83 

-16.67 

4 

329.1 

23.14 

-13.61 

102.1 

115.8 

-  7.561 

56.72 

64.33 

-15.56 

6 

339.8 

23.89 

-12.71 

102.1 

114.8 

-  7.061 

56.72 

63.78 

-14.44 

8 

350.7 

24.66 

-11.79 

102.0 

113.8 

-  6.550 

56.67 

63.22 

-13.33 

10 

361.8 

25.44 

-10.87 

101.9 

112.8 

-  6.039 

56.61 

62.67 

-12.22 

12 

373.3 

26.25 

-  9.934 

101.8 

111.7 

-  5  519 

56.56 

62.06 

-11.11 

14 

385.0 

27.07 

-  8.992 

101.7 

110.7 

-  4.996 

56.50 

61.50 

-10.00 

16 

397.1 

27.92 

-  8.038 

101.5 

109.6 

-  4.466 

56.39 

60.89 

-  8.89 

18 

409.4 

28.78 

-  7.076 

101.4 

108.5 

-  3.931 

56.33 

60.28 

-  7.78 

20 

422.0 

29.67 

-  6.102 

101.2 

107.3 

-  3.390 

56.22 

59.61 

-  6.67 

22 

434.9 

30.58 

-  5.117 

101.0 

106.1 

-  2.843 

56.11 

58.94 

-  5.56 

24 

448.1 

31.50 

-  4.121 

100.8 

104.9 

-  2.289 

56.00 

58.28 

-  4.44 

25 

454.8 

31.98 

-  3.618 

100.7 

104.3 

-  2.010 

55.94 

57.94 

-  3.89 

27 

468.5 

32.94 

-  2.601 

100.5 

103.1 

-  1.445 

55.83 

57.28 

-  2.78 

29 

482.5 

33.92 

-  1.570 

100.2 

101.8 

-  0.8722 

55.67 

56.56 

-  1.67 

31 

496.8 

34.93 

-  0.525 

99.98 

100.5 

-  0.292 

55.54 

55.83 

-  0.56 

33 

511.4 

35.95 

-f  0.531 

99.69 

99.16 

+  0.295 

55.38 

55.09 

-f  0.56 

35 

526.4 

37.01 

1.601 

99.38 

97.77 

0.8911 

55.21 

54.32 

1.67 

37 

541.7 

38.09 

2.697 

99.05 

96.35 

1.498 

55.03 

53.53 

2.78 

39 

557.4 

39.19 

3.806 

98.69 

94.88 

2.114 

54.83 

52.71 

3.89 

41 

573.4 

40.31 

4.932 

98.31 

93.37 

2.740 

54.62 

51.87 

5.00 

43 

589.8 

41.47 

6.080 

97.90 

91.82 

3.378 

54.39 

51.01 

6.11 

15 

606.5 

42.64 

7.251 

97.46 

90.21 

4.028 

54.14 

50.12 

7.22 

47 

623.6 

43.84 

8.443 

96.99 

88.55 

4.691 

53.88 

49.19 

8.33 

49 

641.1 

45.07 

9.664 

96.50 

86.83 

5.369 

53.61 

48.24 

9.44 

51 

659.0 

46.33 

10.91 

95.97 

85.06 

6.061 

53.32 

47.26 

10.56 

53 

677.3 

47.62 

12.19 

95.40 

83.21 

6.772 

53  00 

46.23 

11.67 

55 

695.9 

48.93 

13.49 

94.78 

81.29 

7.494 

52.66 

45.16 

12.78 

57 

714.9 

50.26 

14.84 

94.13 

79.30 

8.244 

52.29 

44.06 

13.89 

59 

734.3 

51.63 

16.22 

93.44 

77.22 

9.011 

51.91 

42.90 

15.00 

61 

754.2 

53.03 

17.65 

92.69 

75.04 

9.806 

51.49 

41.69 

16.11 

83 

774.5 

54.45 

19.13 

91.88 

72.75 

10.63 

51.04 

40.42 

17.22 

65 

795.1 

55.90 

20.66 

91.01 

70.35 

11.48 

50.56 

39.08 

18.33 

67 

816  2 

57.38 

22.25 

90.07 

67.81 

12.36 

50.04 

37.67 

19.44 

69 

837.8 

58.90 

23.92 

89.04 

65.12 

13.29 

49.47 

36.18 

20.56 

71 

859.8 

60.45 

25.67 

87.92 

62.25 

14.26 

48.84 

34.58 

21.67 

73 

882.2 

62.02 

27  52 

86.69 

59.17 

15.29 

48.16 

32.87 

22.78 

75 

905.1 

63.63 

29.50 

85.33 

55.83 

16.39 

47.41 

31.02 

23.89 

77 

928.4 

65.27 

31  62 

83.80 

52.17 

17.57 

46.56 

28.98 

25.00 

79 

952.2 

66.95 

33.95 

82.06 

48.11 

18.86 

45.59 

26.73 

26.11 

81 

976.5 

68.65 

36.54 

80.03 

43.49 

20.30 

44.46 

24.16 

27.22 

83 

1001.0 

70.377 

39.53 

77.60! 

38.07 

21.96 

43.11 

21.15 

28.33 

85 

1027.0 

72.205 

43  18 

74.47 

31.29 

23.99 

41.37 

17.38 

29.44 

86 

1039.0 

73.049 

45.45 

72.46 

27.00 

25.25 

40.26 

15.00 

30.00 

87 

1052.0 

73.963 

48.32 

69.84 

21.52 

26.84 

38.80 

11.96 

30.56 

88 

1065.0 

74.877  1 

52.78 

65.62 

12.84 

29.32 

36.46 

7.133 

31.11 
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PROPERTIES  (Continued) 

Carbon  Dioxide,  CO2 


Spec.  vol.  sat.  vap. 

Density  sat.  vap. 

Dens. 

Entropy  from 
32°F  BTU/lb./°F 

Temp. 

liq. 
lb./ft.3 

Temp. 

°F 

ft.3/lb. 

m3/kg 

lb./ft.3 

kg/m3 

Liq. 

Vap. 

°C 

-20 

0.4166 

0.02601 

2.401 

38.46 

64.34 

1  -0.0514 

0.2353 

-28.89 

-18 

.4018 

.02508 

2.489 

39.87 

64.15 

-  .0495 

.2342 

-27.78 

-16 

.3876 

.02420 

2.580 

41.33 

63.94 

-   .0476 

.2331 

-26.67 

-14 

.3739 

.02334 

2.674 

42.83 

63.73 

-   .0458 

.2319 

-25.56 

-12 

.3608 

.02252 

2.772 

44.40 

63.49 

-   .0439 

.2307 

-24.44 

-10 

0.3482 

0.02174 

2.872 

46.00 

63.25 

-0.0420 

0.2296 

-23.33 

-  8 

.3360 

.02098 

2.976 

47.67 

63.01 

-   .0401 

.2284 

-22.22 

-  6 

.3243 

.02025 

3.083 

49.38 

62.76 

-   .0382 

.2273 

-21.11 

-  4 

.3131 

.01955 

3.194 

51.16 

62.50 

-   .0362 

.2261 

-20.00 

-  2 

.3022 

.01887 

3.309 

53.00 

62.23 

-   .0343 

.2249 

-18.89 

0 

0.2918 

0.01822 

3.427 

54.89 

61.95 

-0.0324 

0.2237 

-17.78 

2 

.2817 

.01759 

3.550 

56.86 

61.65 

-   .0304 

.2225 

-16.67 

4 

.2720 

.01698 

3.676 

58.88 

61.36 

-   .0285 

.2213 

-15.56 

6 

.2627 

.01640 

3.807 

60.98 

61.07 

-   .0266 

.2201 

-14  44 

8 

.2537 

.C1584 

3.942 

63.14 

60.77 

-   .0246 

.2189 

-13.33 

10 

0.2450 

0.01529 

4.082 

65.39 

60.48 

-0.0226 

0.2176 

-12.22 

12 

.2366 

.01477 

4.227 

67.71 

60.18 

-   .0206 

.2164 

-11.11 

14 

.2285 

.01426 

4.377 

70.11 

59.88 

-   .0186 

.2151 

-10.00 

16 

.2207 

.01378 

4.532 

72.59 

59.58 

-   .0166 

.2139 

-  8.89 

18 

.2131 

.01330 

4.692 

75.16 

59.27 

-   .0146 

.2126 

-  7.78 

20 

0.2058 

0.01285 

4.859 

77.83 

58.95 

-0.0126 

0.2113 

-  6.67 

22 

.1987 

.01240 

5.031 

80.59 

58.64 

-   .0105 

.2100 

-  5.56 

24 

.1919 

.01198 

5.211 

83.47 

58.31 

-   .0085 

.2087 

-  4.44 

25 

.1886 

.01177 

5.303 

84.94 

58.14 

-   .0074 

.2080 

-  3.89 

27 

.1821 

.01137 

5.492 

87.97 

57.81 

-   .0053 

.2066 

-  2.78 

29 

0.1758 

0.01097 

5.688 

91.11 

57.47 

-0.0032 

0.2053 

-  1.67 

31 

.1697 

.01059 

5.892 

94.38 

57.12 

-   .0011 

.2039 

-  0.56 

33 

.1639 

.01023 

6.103 

97.76 

56.77 

+  .0011 

.2025 

+  0.56 

35 

.1581 

.009870 

6.323 

101.3 

56.41 

.0033 

.2010 

1.67 

37 

.1526 

.009527 

6.553 

105.0 

56.03 

.0055 

.1996 

2.78 

39 

0.1472 

0.009189 

6.792 

108.8 

55.65 

0.0077 

0.1981 

3.89 

41 

.1420 

.008865 

7.040 

112.8 

55.25 

.0099 

.1965 

5.00 

43 

.1370 

.008553 

7.300 

116.9 

54.84 

.0122 

.1950 

6.11 

45 

.1321 

.008247 

7.571 

121.3 

54.41 

.0146 

.1934 

7.22 

47 

.1273 

.007947 

7.854 

125.8 

53.97 

.0169 

.1918 

8.33 

49 

0.1227 

0.007660 

8.151 

130.6 

53.51 

0.0193 

0.1901 

9.44 

51 

.1182 

.007379 

8.461 

135.5 

53.04 

.0218 

.1884 

10.56 

53 

.1138 

.007104 

8.787 

140.8 

52.55 

.0243 

.1867 

11.67 

55 

.1095 

.006836 

9.132 

146.3 

52.05 

.0268 

.1849 

12.78 

57 

.1053 

.006574 

9.497 

152.1 

51.53 

.0294 

.1830 

13.89 

59 

0.1012 

0.006318 

9.880 

158.3 

50.99 

0.0321 

0.1811 

15.00 

61 

.0972 

.00607 

10.29 

164.8 

50.42 

.0348 

.1790 

16.11 

63 

.0933 

.00582 

10.72 

171.7 

49.80 

.0377 

.1770 

17.22 

65 

.0894 

.00558 

11.18 

179.1 

49.14 

.0406 

.1748 

18.33 

67 

.0856 

.00534 

11.67 

186.9 

48.44 

.0436 

.1725 

19.44 

69 

0.0819 

0.00511 

12.21 

195.6 

47.69 

0.0468 

0.1701 

20.56 

71 

.0782 

.00488 

12.82 

205.4 

46.87 

.0501 

.1675 

21.67 

73 

.0745 

.00465 

13.43 

215.1 

45.99 

.0536 

.1647 

22.78 

75 

.0708 

.00442 

14.13 

226.3 

45.05 

.0573 

.1618 

23.89 

77 

.0671 

.00419 

14.90 

238.7 

44.06 

.0613 

.1585 

25.00 

79 

0.0633 

0.00395 

15.81 

253.2 

43.04 

0.0656 

0.1550 

26.11 

81 

.0592 

.00370 

16.90 

270.7 

41.95 

.0704 

.1509 

27.22 

83 

.0548 

.00342 

18.25 

292.3 

40.62 

.0759 

.1461 

28.33 

85 

.0500 

.00312 

20.00 

320.4 

38.76 

.0826 

.1401 

29.44 

86 

.0474 

.00296 

21.09 

337.8 

37.41 

.0868 

.1363 

30.00 

87 

0.0446 

0.00278 

22.42 

359.1 

35.34 

0.0921 

0.1314 

30. 56 

88 

.0401 

.00250 

24.95 

399.6 

32.79 

.1002 

.1237 

31.11 
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THERMODYNAMIC 


Sulfur  Dioxide,  SO2 


Heat  content 

Heat  content 

Abs.  press,  sai. 

abv.  — 

40°F 

Ht.  of 

abv.  -40°C 

Ht.  of 

Temp. 
°F 

vap. 

BTU/lb. 

vaporiz. 

BTU/ 

lb. 

g-cal./g 

vaporiz. 
g-cal./g 

Temp. 
°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

-40 

3.136 

0.2205 

0.00 

178.61 

178.61 

0.00 

99.228    99.22 

-40.00 

-30 

4.331 

.3045 

2.93 

179.90 

176.97 

1.63 

99.945 

98.317 

-34.44 

-20 

5.883 

.4136 

5.98 

181.07 

175.09 

3.32 

100.59 

97.272 

-28.89 

-10 

7.863 

.5528 

9.16 

182.13 

172.97 

5.09 

101.18 

96.095 

-23.33 

0 

10.35 

.7277 

12.44 

183.07 

170.63 

6.911 

101.71 

94.795 

-17.78 

2 

10.91 

0.7670 

13.12 

183.25 

170.13 

7.289 

101.81 

94.517 

-16.67 

4 

11.50 

.8085 

13.78 

183.41 

1G9.63 

7.656 

101.89 

94.239 

-15.56 

5 

11.81 

.8303 

14.11 

183.49 

169.38 

7.839 

101.94 

94.100 

-15.00 

6 

12.12 

.8521 

14.45 

183.57 

169.12 

8.028  101.98 

93.956 

-14.44 

8 

12.75 

.8964 

15.13 

183.73 

168.60 

8.406 

102.07 

93.667 

-13.33 

10 

13.42 

0.9435 

15.80 

183.87 

168.07 

8.778 

102.15 

93.372 

-12.22 

12 

14.12 

.9927 

16.48 

184.01 

167.53 

9.156 

102.23 

93.072 

-11.11 

14 

14.84 

1.043 

17.15 

184.14 

166.97 

9.528 

102.30 

92.761 

-10.00 

16 

15.59 

1.096 

17.84 

184.28 

166.44 

9.911 

102.38 

92.467 

-  8.89 

18 

16.37 

1 . 1509 

18.52 

184.40 

165.88 

10.29 

102.44 

92.156 

-  7.78 

20 

17.18 

1.208 

19.20 

184.52 

165.32 

10.67 

102.51 

91.845 

-  6.67 

22 

18.03 

1.268 

19.90 

184.64 

164.74 

11.06 

102.58 

91.522 

-  5.56 

24 

18.89 

1.328 

20.58 

184.74 

164.16 

11.43 

102.63 

91.200 

-  4.44 

26 

19.80 

1.392 

21.26 

184.84 

163.58 

11.81 

102.69 

90.878 

-  3.33 

28 

20.73 

1.457 

21.96 

184.94 

162.98 

12.20 

102.74 

90.545 

-  2.22 

30 

21.70 

1.526 

22.64 

185.02 

162.38 

12.58 

102.79 

90.211 

-  1.11 

32 

22.71 

1.597 

23.33 

185.10 

161.77 

12.96 

102.83 

89.872 

0.00 

34 

23.75 

1.670 

24.03 

185.18 

161.15 

13.35 

102.88 

89.528 

+  1.11 

36 

24.82 

1.745 

24.72 

185.25 

160.53 

13.73 

102.92 

89.183 

2.22 

38 

25.95 

1.824 

25.42 

185.31 

159.89 

14.12 

102.95 

88.828 

3.33 

40 

27.10 

1.905 

26.12 

185.37 

159.25 

14.51 

102.98 

88.472 

4.44 

42 

28.29 

1.989 

26.81 

185.42 

158.61 

14.89 

103.01 

88.117 

5.56 

44 

29.52 

2.075 

27.51 

185.46 

157.95 

15.28 

103.03 

87.750 

6.67 

46 

30.79 

2.165 

28.21 

185.50 

157.29 

15.67 

103.06 

87.383 

7.78 

48 

32.10 

2.257 

28.92 

185.54 

156.62 

16.07 

103.08 

87.011 

8.89 

50 

33.45 

2.352 

29.61 

185.56 

155.95 

16.45 

103.09 

88.639 

10.00 

52 

34.86 

2.451 

30.31 

185.58 

155.27 

16.84 

103.10 

86.261 

11.11 

54 

36.31 

2.553 

31.00 

185.59 

154  59 

17.22 

103.11 

85.883 

12.22 

56 

37.80 

2.658 

31.72 

185.61 

153.89 

17.62 

103.12 

85.495 

13.33 

58 

39.33 

2.765 

32.42 

185.61 

153.19 

18.01 

103.12 

85.106 

14.44 

60 

40.93 

2.878 

33.10 

185.59 

152.49 

18.39 

103.11 

84.717 

15.56 

62 

42.58 

2.994 

33.79 

185.57 

151.78 

18.77 

103.09 

84.322 

16.67 

64 

44.27 

3.112 

34.49 

185.55 

151.06 

19.16 

103.08 

83.922 

17.78 

66 

46.00 

3.234 

35.19 

185.53 

150.34 

19.55 

103.07 

83.522 

18.89 

68 

47.78 

3.359 

35.88 

185.50 

149.62 

19.93 

103  06 

83.122 

20.00 

70 

49.62 

3.489 

36.58 

185.46 

148.88 

20.32 

103.03 

82.711 

21.11 

72 

51.54 

3.624 

37.28 

185.42 

148.14 

20.71 

103.01 

82.300 

22.22 

74 

53.48 

3.760 

37.97 

185.37 

147.40 

21.09 

102.98 

81.889 

23.33 

76 

55.48 

3.901 

38.67 

185.31 

146.64 

21.48 

102.95 

81.467 

24.44 

78 

57.56 

4.047 

39.36 

185.24 

145.88 

21.87 

102.91 

81.045 

25.56 

80 

59.68 

4.196 

40.05 

185.17 

145.12 

22.25 

102.87 

80.622 

26.67 

82 

61.88 

4.351 

40.73 

185.09 

144  36 

22.63 

102.83 

80.200 

27.78 

84 

64.14 

4.509 

41.43 

185.01 

143.58 

23.02 

102.78 

79.767 

28.89 

86 

66.45 

4.672 

42.12 

184.92 

142.80 

23.40 

102.73 

79.333 

30.00 

88 

68.84 

4.840 

42.80 

184.82 

142.02 

23.78 

102.68 

78.900 

31.11 

90 

71.25 

5.009 

43.50 

184.72 

141.22 

24.17 

102.62 

78.456 

32.22 

92 

73.70 

5.182 

44.19 

184.61 

140.42 

24.55 

102.56 

78.011 

33.33 

94 

76.30 

5.364 

44.86 

184.49 

139.62 

24.92 

102.49 

77.567 

34.44 

96 

79.03 

5.556 

45.54 

184.37 

138.83 

25.30 

102.43 

77.128 

35.56 

98 

81.77 

5.749 

46.22 

184.25 

138.03 

25.68 

102.36 

76.683 

36.67 

100 

84.52 

5.942 

46.90 

184.10 

137.20 

26.06 

102.28 

76.222 

37.78 

1920 


PROPERTIES  (Continued) 

Sulfur  Dioxide,  SO2 


Temp. 

Spec.  vol.  sat.  vap. 

Density  sat.  vap. 

Dens. 

liq. 

lb./ft.3 

Entropy  from 
-40°FBTU/lb./°F 

Temp. 

°F 

°C 

ftJ/lb. 

m3/kg 

lb./ft.3 

kg/m3 

i 

Liq. 

Vap. 

-40 

22.42 

1.400 

0.04460 

0.7144 

95.79 

0 . 00000 

0.42562 

-40.00 

-30 

16.56 

1.034 

.06039 

0.9673 

94.94 

.00674 

.41864 

-34.44 

-20 

12.42 

0.7754 

.08119 

1.301 

94.10 

.01366 

.41192 

-28.89 

-10 

9.44 

.5893 

.1025 

1.642 

93.27 

.02075 

.40544 

-23.33 

0 

7.280 

.4545 

.1374 

2.201 

92.42 

.02795 

.39917 

-17.78 

2 

6.923 

0.4322 

0.1444 

2.313 

92.25 

0.02941 

0.39794 

-16.67 

4 

6.584 

.4110 

.1501 

2.404 

92.08 

.03084 

.39670 

-15.56 

5 

6.421 

.4009 

.  1558 

2.496 

92.00 

.03155 

.39609 

-15.00 

6 

6.266 

.3912 

.1596 

2.556 

91.91 

.03228 

.39547 

-14.44 

8 

5.967 

.3725 

.1676 

2.685 

91.74 

.03373 

.39426 

-13.33 

10 

5.682 

0.3547 

0.1760 

2.819 

91.58 

0.03519 

0.39306 

-12.22 

12 

5.417 

.3382 

.1846 

2.957 

91.41 

.03664 

.39185 

—  11  11 

14 

5.164 

.3224 

.1936 

3.101 

91.24 

.03808 

.39065 

-10.00 

16 

4.926 

.3075 

.2030 

3.252 

91.07 

.03953 

.38946 

-  8.89 

18 

4.701 

.2935 

.2127 

3.407 

90.89 

.04098 

.38827 

-  7.78 

20 

4.487 

0.2801 

0.2228 

3 .  569 

90.71 

0.04241 

0.38707 

-  6.67 

22 

4.287 

.2676 

.2332 

3 .  735 

90.53 

.04385 

.38589 

-  5.56 

24 

4.096 

.2557 

.2441 

3.910 

90.33 

.04528 

.38471 

-  4.44 

26 

3.915 

.2444 

.2559 

4.099 

90.15 

.04671 

.38354 

-  3.33 

28 

3.744 

.2337 

.2671 

4.278 

89.96 

.04814 

.38237 

-  2.22 

30 

3.581 

0.2236 

0.2800 

4.485 

89.76 

0.04956 

0.38119 

-  1.11 

32 

3.437 

.2146 

.2909 

4.660 

89.58 

.05099 

.38003 

0.00 

34 

3.283 

.2050 

.3046 

4.879 

89.39 

.05242 

.37887 

+  1.11 

36 

3.144 

.1963 

.3181 

5.095 

89.18 

.05384 

.37772 

2.22 

38 

3.013 

.1881 

.3319 

5.316 

89.00 

.05527 

.37657 

3.33 

40 

2.887 

0.1802 

0.3464 

5.549 

88.81 

0.05668 

0.37541 

4.44 

42 

2.769 

.1729 

.3611 

5.784 

88.62 

.05809 

.37425 

5.56 

44 

2.656 

.1658 

.3765 

6.031 

88.43 

.05949 

.37311 

6.67 

46 

2.548 

.1591 

.3925 

6.287 

88.24 

.06090 

.37197 

7.78 

48 

2.446 

.1527 

.4088 

6.548 

88.05 

.06231 

.37083 

8.89 

50 

2.348 

0.1466 

0.4259 

6.822 

87.87 

0.06370 

0.36969 

10.00 

52 

2.256 

.1408 

.4433 

7.101 

87.67 

.06509 

.36857 

11.11 

54 

2.167 

.1353 

.4615 

7.392 

87.51 

.06646 

.36743 

12.22 

56 

2.083 

.1300 

.4801 

7.690 

87.31 

.06785 

.36629 

13.33 

58 

2.003 

.  1250 

.4992 

7.996 

87.13 

.06923 

.36517 

14.44 

60 

1.923 

0.1202 

0.5194 

8.320 

86.95 

0.07060 

0.36405 

15.56 

62 

1.853 

.1157 

.5396 

8.643 

86.77 

.07196 

.36293 

16.67 

64 

1.783 

.1113 

.5609 

8.984 

86.59 

.07333 

.36181 

17.78 

66 

1.716 

.1071 

.5827 

9.334 

86.41 

.07469 

.36070 

18.89 

68 

1.652 

.1031 

.6054 

9.697 

86.22 

.07602 

.35958 

20.00 

70 

1.590 

0.09926 

0.6290 

10.08 

86.02 

0.07736 

0.35846 

21.11 

72 

1.532 

.09564 

.6527 

10.45 

85.82 

.07871 

.35736 

22.22 

74 

1.476 

.09214 

.6777 

10.86 

85.62 

.08003 

.35624 

23.33 

76 

1.422 

.08877 

.7030 

11.26 

85.42 

.08135 

.35512 

24.44 

78 

1.371 

.08559 

.7295 

11.69 

85.23 

.08268 

.35401 

25.56 

80 

1.321 

0.08247 

0.7570 

12.13 

85.03 

0.08399 

0.35291 

26.67 

82 

1.274 

.07953 

.7850 

12.57 

84.84 

.08525 

.35177 

27.78 

84 

1.229 

.07672 

.8140 

13.04 

84.64 

.08653 

.35065 

28.89 

86 

1.185 

.07398 

.8440 

13.52 

84.44 

.03783 

.34954 

30.00 

88 

1.144 

.07142 

.8740 

14.00 

84.25 

.08910 

.34843 

31.11 

90 

1.104 

0.08892 

0.9058 

14.51 

84.05 

0.09038 

0.34731 

32.22 

92 

1.065 

.06649 

.9390 

15.04 

83.86 

.09165 

.34620 

33.33 

94 

1.028 

.03418 

.9730 

15.59 

83.67 

.09389 

.34508 

34.44 

96 

0.9931 

.06200 

1.007 

16.13 

83.47 

.09411 

.34397 

35.56 

98 

0.9591 

.05987 

1.043 

16.71 

83.27 

.09532 

.34285 

36.67 

100 

0.9262 

0.05782 

1.080 

17.30    1  83.07 

0.09657 

0.34173 

37.78 

1921 


THERMODYNAMIC 

Butane,  CH3(CH2)2CH3 


Temp. 

°F 


Abs.  press,  sat. 
vap. 

Heat  content 
abv.  32°F 
BTU/lb. 

Ht.  of 

vaporiz. 

BTU/ 

lb. 

Heat  content 
abv.  0°C 
g-cal./g 

Ht.  of 
vaporiz. 

g-cal./g 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

Temp. 
°C 


0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 


7.3 

0.51 

-17.2 

153.3 

170.5 

-  9.56 

85.17 

94.72 

9.2 

0.65 

-11.7 

156.8 

168.5 

-  6.50 

87.11 

93.61 

11.6 

0.816 

-  6.7 

160.3 

167.0 

-  3.7 

89.06 

92.78 

14.4 

1.C1 

-  1.2 

164.3 

165.5 

-  0.67 

91.28 

91.94 

17.7 

1.24 

+  4.3 

167.8 

163.5 

+  2.4 

93.22 

90.83 

21.6 

1.52 

9.8 

171.3 

161.5 

5.4 

95.17 

89.72 

26.3 

1.85 

15.8 

175.3 

159.5 

8.78 

97.39 

88.61 

31.6 

2.22 

21.3 

178.8 

157.5 

11.8 

99.33 

87.50 

37.6 

2.64 

27.3 

182.3 

155.0 

15.2 

101.3 

86.11 

44.5 

3.13 

33.8 

185.8 

i52.0 

18.8 

103.2 

84.44 

52.2 

3.67 

39.8 

189.3 

149.5 

22.1 

105.2 

83.06 

60.8 

4.27 

46.3 

193.3 

147.0 

25.7 

107.4 

81.67 

70.8 

4.98 

52.8 

196.3 

143.5 

29.3 

109.1 

79.72 

81.4 

5.72 

59.3 

199.8 

140.5 

32.9 

111.0 

78.06 

92.6 

6.51 

66.3 

203.8 

137.5 

36.8 

113.2 

76.39 

-N.78 
-12.22 

-  6.67 

-  1.11 
+  4.44 

10.00 
15.56 
21.11 
26.67 
32.22 
37.78 
43.33 
48.89 
54.44 
60.00 


Isobutane, 

(CH3)3 

CH 

-20 

7.50 

0.527 

-25.5 

140.0 

165.5 

-14.2 

77.78 

91.94 

-28.89 

-10 

9.28 

0.652 

-21.0 

142.0 

163.0 

-11.7 

78.89 

90.56 

-23.33 

0 

11.6 

0.816 

-16.5 

144.0 

160.5 

-  9.17 

80.00 

89.17 

-17.78 

+10 

14.6 

1.03 

-11.5 

147.0 

158.5 

-  6.39 

81.67 

88.06 

-12.22 

20 

18.2 

1.28 

-  6.5 

149.5 

156.0 

-  3.6 

83.06 

86.67 

-  6.67 

30 

22.3 

1.57 

-  1.0 

152.5 

153.5 

-  0.56 

84.72 

85.28 

-  1.11 

40 

26.9 

1.89 

+  4.5 

155.5 

151.0 

+  2.5 

86.39 

83.89 

+  4.44 

50 

32.5 

2.28 

10.5 

159.0 

148.5 

5.83 

88.33 

82.50 

10.00 

60 

38.7 

2.72 

16.5 

162.5 

146.0 

9.17 

90.28 

81.11 

15.56 

70 

45.8 

3.22 

23.0 

166.5 

143.5 

12.8 

92.50 

79.72 

21.11 

80 

53.9 

3.79 

30.0 

170.5 

140.5 

16.7 

94.72 

78.06 

26.67 

90 

63.3 

4.45 

37.0 

174.5 

137.5 

20.6 

96.94 

76.39 

32.22 

100 

73.7 

5.18 

44.5 

179.0 

134.5 

24.7 

99.44 

74.72 

37.78 

110 

85.1 

5.98 

52.5 

183.5 

131.0 

29.2 

101.9 

72.78 

43.33 

120 

98.0 

6.89 

60.5 

188.0 

127.5 

33.6 

104.4 

70.83 

48.89 

130 

112.0 

7.87 

69.5 

193.5 

124.0 

38.6 

107.5 

68.89 

54.44 

140 

126.8 

8.915 

78.5 

199.0 

120.5 

43.6 

110.6 

66.94 

60.00 

Propane,  CsHs 


-70 

7.37 

0.518 

-55.2 

134.3 

189.5 

-30.7 

74.61 

105.3 

-56.67 

-60 

9.72 

0.683 

-50.2 

136.8 

187.0 

-27.9 

76.00 

103.9 

-51.11 

-50 

12.6 

0.886 

-44.7 

139.8 

184.5 

-24.8 

77.67 

102.5 

-45.56 

-40 

16.2 

1.14 

-39  7 

141.8 

181.5 

-22.1 

78.78 

100.8 

-40.00 

-30 

20.3 

1.43 

-34.2 

144.8 

179.0 

-19.0 

80.44 

99.44 

-34.44 

-20 

25.4 

1.79 

-29.2 

146.8 

176.0 

-16.2 

81.56 

97.78 

-28.89 

-10 

31.4 

2.21 

-23.7 

149.8 

173.5 

-13.2 

83.22 

96.39 

-23.33 

0 

38.2 

2.69 

-18.2 

152.3 

170.5 

-10.1 

84.61 

94.72 

-17.78 

+10 

46.0 

3.23 

-12.7 

155.3 

168.0 

-  7.06 

86.28 

93.33 

-12.22 

20 

55.5 

3.90 

-  7.2 

lo7.8 

165.0 

-  4.0 

87.67 

91.67 

-  6.67 

30 

66.3 

4.66 

-  1.2 

16O.8 

162.0 

-  0.67 

89.33 

90.00 

-  1.11 

40 

78.0 

5.48 

+  4.8 

163.8 

159.0 

+  2.7 

91.00 

88.33 

+  4.44 

50 

91.8 

6.45 

10.8 

166.8 

156.0 

6.00 

92.67 

86.67 

10.00 

60 

107.1 

7.530 

16.8 

169.8 

153.0 

9.33 

94.33 

85.00 

15.56 

70 

124.0 

8.718 

22.8 

172.3 

149.5 

12.7 

95.72 

83.06 

21.11 

80 

142.8 

10.04 

29.3 

175.3 

146.0 

16.3 

97.39 

81.11 

26.67 

90 

164.0 

11.53 

35.8 

178.3 

142.5 

19.9 

99.06 

79.17 

32.22 

100 

187.0 

13.15 

42.3 

180.8 

138.5 

23.5 

100.4 

76.94 

37.78 

110 

213.0 

14.98 

48.8 

182.8 

134.0 

27.1 

1C1.6 

74.44 

43.33 

120 

240.0 

16.87 

55.3 

184.3 

129.0 

30.7 

102.4 

71.67 

48.89 
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PROPERTIES  (Continued) 

Butane,  CH3(CH2)2CH3 


Temp. 
°F 


Spec.  vol.  sat.  vap. 


ft.3/lb. 


m3/kg 


Density  of  sat.  vap. 


lb./fU 


kg/m^ 


Density  of  liq. 


lb. /ft. 


kg/m3 


Temp. 
°C 


0 

11.1 

0.693 

0.0901 

1.44 

38.59 

618.1 

-17.78 

10 

8.95 

.559 

.112 

1.79 

38.24 

612.5 

-12.22 

20 

7.23 

.451 

.138 

2.21 

37.89 

606.9 

-  6.67 

30 

5.90 

.368 

.169 

2.71 

37.54 

601.3 

-  1.11 

40 

4.88 

.305 

.205 

3.28 

37.19 

595.7 

-f-  4.44 

50 

4.07 

.254 

.246 

3.94 

36.82 

589.8 

10.00 

60 

3.40 

.212 

.294 

4.71 

36.45 

583.9 

15.56 

70 

2.88 

.180 

.347 

5.56 

36.06 

577.6 

21.11 

80 

2.46 

.154 

.407 

6.52 

35.65 

571.0 

26.67 

90 

2.10 

.131 

.476 

7.62 

35.24 

564.5 

32.22 

100 

1.81 

.113 

.552 

8.84 

34.84 

558.1 

37.78 

110 

1.58 

.0986 

.633 

10.1 

34.41 

551.2 

43.33 

120 

1.38 

.0862 

.725 

11.6 

33.96 

544.0 

48.89 

130 

1.21 

.075o 

.826 

13.2 

33.49 

536.4 

54.44 

140 

1.07 

.0668 

.934 

15.0 

32.98 

528.3 

60.00 

Propane,  C3Hi 


Isobutane, 

(CH3)3CH 

-20 

10.5 

0.655 

0.0952 

1.52 

38.35    j 

614.3 

-28.89 

-10 

8.91 

.556 

.112 

1.79 

37.95 

607.9 

-23.33 

0 

7.17 

.448 

.139 

2.23 

37.60 

602.3 

-17.78 

+10 

5.75 

.359 

.174 

•  2.79 

37.20 

595.9 

-12.22 

20 

4.68 

.292 

.214 

3.43 

36.80 

589.5 

-  6.67 

30 

3.86 

.241 

.259 

4.15 

36.40 

583.1 

-  1.11 

40 

3.22 

.201 

.311 

4.98 

36.00 

576.6 

+  4.44 

50 

2.71 

.169 

.369 

5.91 

35.60 

570.2 

10.00 

60 

2.28 

.142 

.439 

7.03 

35.20 

563.8 

15.56 

70 

1.94 

.121 

.515 

8.25 

34.80 

557.4 

21.11 

80 

1.66 

.104 

.602 

9.64 

34.35 

550.2 

26.67 

90 

1.42 

.0886 

.704 

11.3 

33.90 

543.0 

32.22 

100 

1.23 

.0768 

.813 

13.0 

33.45 

535.8 

37.78 

110 

1.07 

.0668 

.935 

15.0 

33.00 

528.6 

43.33 

120 

0.926 

.0578 

1.08 

17.3 

32.50 

520.6 

48.89 

130 

0.811 

.0506 

1.23 

19.7 

32.00 

512.6 

54.44 

140 

0.716 

.0447 

1.32 

21.1 

31.80 

509.4 

60.00 

-70 

12.9 

0.805 

0.0775 

1.24 

37.40 

599.1 

-56.67 

-60 

9.93 

.620 

.111 

1.78 

37.00 

592.7 

-51.11 

-50 

7.74 

.483 

.129 

2.07 

36.60 

586.3 

-45.56 

-40 

6.13 

.383 

.163 

2.61 

36.19 

579.7 

-40.00 

-30 

4.93 

.308 

.203 

3.25 

35.78 

573.1 

-34.44 

-20 

4.00 

.250 

.250 

4.00 

35.37 

566.6 

-28.89 

-10 

3.26 

.204 

.307 

4.92 

34.96 

560.0 

-23.33 

0 

2.71 

.169 

.369 

5.91 

34.54 

553.3 

-17.78 

+10 

2.27 

.142 

.441 

7.06 

34.12 

546.5 

-12.22 

20 

1.90 

.119 

.526 

8.43 

33.67 

539.3 

-  6.67 

30 

1.60 

.0999 

.625 

10.0 

33.20 

531.8 

-  1.11 

40 

1.37 

.0855 

.730 

11.7 

32.73 

524.3 

+  4.44 

50 

1.18 

.0737 

.847 

13.6 

32.24 

516.4 

10.00 

60 

1.01 

.0631 

.990 

15.9 

31.75 

508.6 

15.56 

70 

0.883 

.0551 

1.13 

18.1 

31.24 

500.4 

21.11 

80 

0.770 

.0481 

1.30 

20.8 

30.70 

491.8 

26.67 

90 

0.673 

.0420 

1.49 

23.9 

30.15 

482.9 

32.22 

100 

0.591 

.0369 

1.69 

27.1 

29.58 

473.8 

37.78 

110 

0.519 

.0324 

1.96 

31.4 

28.85 

462.1 

43.33 

120 

0.459 

.0287 

2.18 

34.9 

28.30 

453.3 

48.89 
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THERMODYNAMIC 

Difluorodichloromethane,  CCLF2  ("F-12") 


Heat  content 

Heat  content 

Abs.  press,  sat. 

abv.  — 

40°F 

Ht.  of 

abv.  — 

40°C 

Ht.  of 

Temp. 

vap. 

BTU/lb. 

vaporiz. 

g-cal./g 

vaporiz. 

Temp. 

°F 

BTU/ 
lb. 

g-cal./g 

°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

-40 

9.32 

0.655 

0 

73.50 

73.50 

0 

40.83 

40.83 

-40.00 

-30 

12.02 

0.845 

2.03 

74.70 

72.67 

1.13 

41.50 

40.37 

-34.44 

-20 

15.28 

1.074 

4.07 

75.87 

71.80 

2.26 

42.15 

39.89 

-28.89 

-10 

19.20 

1.350 

6.14 

77.05 

70.91 

3.41 

42.81 

39.39 

-23.33 

0 

23.87 

1.678 

8.25 

78.21 

69.96 

4.58 

43.45 

38.87 

-17.78 

+10 

29.35 

2.064 

10.39 

79.36 

68.97 

5.772 

44.09 

38.32 

-12.22 

20 

35.75 

2.513 

12.55 

80.49 

67.94 

6.972 

44.72 

37.74 

-  6.67 

30 

43.16 

3.034 

14.76 

81.61 

66.85 

8.200 

45.34 

37.14 

-  1.11 

40 

51.68 

3.633 

17.00 

82.71 

65.71 

9.444 

45.95 

36.51 

+  4.44 

50 

61.39 

4.316 

19.27 

83.78 

64.51 

10.71 

46.54 

35.84 

10.00 

60 

72.41 

5.091 

21.57 

84.82 

63.25 

11.98 

47.12 

35.14 

15.56 

70 

84.82 

5.963 

23.90 

85.82 

61.92 

13.28 

47.68 

34.40 

21.11 

80 

98.76 

6.944 

26.28 

86.80 

60.52 

14.60 

48.22 

33.62 

26.67 

90 

114.3 

8.036 

28.70 

87.74 

59.04 

15  94 

48.74 

32.80 

32.22 

100 

131.6 

9.252 

31.16 

88.62 

57.46 

17.31 

49.23 

31.92 

37.78 

110 

150.7 

10.60 

33.65 

89.43 

55.78 

18.69 

49.68 

30.99 

43.33 

120 

171.8 

12.08 

36.16 

90.15 

53.99 

20.09 

50.08 

29.99 

48.89 

Carbon  Disulfide,  CS2 


Temp. 

°F 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 


Abs.  press,  sat. 
vap. 

Heat  content 
abv.  32°F 
BTU/lb. 

Ht.  of 

vaporiz. 

BTU/ 

lb. 

Heat  content 
abv.  0°C 
g-cal./g 

Ht.  of 

vaporiz. 
g-cal./g 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

Temp. 
°C 


1.10 

0.0773 

-  8.60 

156.90 

165.5 

-  4.78 

87.167 

91.94 

1.46 

.103 

-  5.60 

158.90 

164.5 

-  3.11 

88.278 

91.39 

1.89 

.133 

-  3.00 

160.20 

163.2 

-  1.67 

89.000 

90.67 

2.36 

.166 

-  0.50 

161.70 

162.2 

-  0.28 

89.833 

90.11 

3.03 

.213 

+  2.05 

163.25 

161.2 

+  1.14 

90.695 

89.56 

3.90 

.274 

4.24 

164.24 

160.0 

2.36 

91.245 

88.89 

4.95 

.348 

7.20 

166.40 

159.2 

4.00 

92.445 

88.44 

5.85 

.411 

9.80 

167.90 

158.1 

5.44 

93.278 

87.83 

7.30 

.513 

11.70 

168.60 

156.9 

6.500 

93.667 

87.17 

9.15 

.643 

13.80 

169.40 

155.6 

7.667 

94.111 

86.44 

11.08 

.7790 

16.15 

170.55 

154.4 

8.972 

94.750 

85.78 

13.50 

.9491 

18.30 

171.50 

153.2 

10.17 

95.278 

85.11 

16.10 

1.132 

20.01 

172.01 

152.0 

11.12 

95.561 

84.44 

-17.78 
-12.22 

-  6.67 

-  1.11 
+  4.44 

10.00 
15.56 
21.11 
26.67 
32.22 
37.78 
43.33 
48.89 


Carbon  Tetrachloride,  CC14 


20 

0.40 

0.028 

-  2.00 

92.45 

94.45 

-  1.11 

51.36 

52.47 

-  6.67 

30 

0.60 

.042 

-  0.25 

93.45 

93.70 

-  0.14 

51.92 

52.06 

-  1.11 

40 

0.84 

.059 

+  1.60 

94.80 

93.20 

+  0.889 

52.67 

51.78 

+  4.44 

60 

1.42 

.100 

5.95 

98.15 

92.20 

3.31 

54.53 

51.22 

15.56 

70 

1.85 

.130 

8.20 

99.53 

91.40 

4.56 

55.29 

50.78 

21.11 

80 

2.40 

.169 

9.80 

99.87 

90.07 

5.44 

55.48 

50.04 

26.67 

90 

3.12 

.219 

11.60 

101.62 

90.02 

6.444 

56.46 

50.01 

32.22 

100 

4.00 

.281 

13.40 

102.80 

89.40 

7.444 

57.11 

49.67 

37.78 

110 

4.89 

.344 

15.80 

104.50'  88.70 

8.778 

58.06 

49.28 

43.33 

120 

5.95 

.4i8 

18.06 

105.90.  87.90 

10.03 

58.83 

48.83 

48.89 

Ethyl  Ether,  (C.H5)20 


0 
10 
20 
30 
40 
50 
70 
80 
90 
100 


1.3 

0.091 

1.8 

.13 

2.5 

.18 

3.4 

.24 

4.4 

.31 

5.5 

.39 

8.8 

.62 

10.9 

.766 

13.4 

.942 

16.0 

1.12 

-18.00 
-12.0 

-  6.50 

-  1.50 
+  4.00 

9.57 
20.04 
26.40 
31.50 
36.50 


153.00 

171.0 

-10.00 

85.000 

95.00 

158  43 

170.4 

-  6.67 

88.017 

94.67 

163.50 

170.0 

-  3.61 

90.833 

94.44 

167.90 

169.4 

-  0.833 

93.278 

94.11 

172.40 

168.4 

+  2.22 

95.778 

93.56 

177.17 

167.6 

5.32 

98.428 

93.11 

185.44 

165.4 

11.13 

103.02 

91.89 

190.60il64.2 

14.67 

105.89 

91.22 

194  501163.0 

17.50 

108.06 

90.56 

197.50 

161.5 

20  28 

109  72 

89.72 

-17.78 
-12.22 

-  6.67 

-  1.11 
-f-  4.44 

10.00 
21.11 
26.67 
32.22 
37.78 
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PROPERTIES  (Continued) 

Difluorodichloromethane,  CCI2F2  ("F-12") 


Temp. 


Spec,  vol  sat.  vap. 


ft.3/lb. 


m3/kg 


Density  of  vap. 


lb./ft. 


kg/m3 


Dens. 

liq. 
lb./ft.3 


Entropy  from 
-40°F  BTU/lb./°F 

Liq. 

Vap. 

Temp. 
°C 


-40 

3.911 

0.2442 

0.2557 

4.096 

94.58 

0 

0.17517 

-40.00 

-30 

3.088 

.1928 

.3238 

5.187 

93.59 

0.00471 

.17387 

-34.44 

-20 

2.474 

.1544 

.4042 

6.474 

92.58 

.00940 

.17275 

-28.89 

-10 

2.003 

.1250 

.4993 

7.998 

91.57 

.01403 

.17175 

-23.33 

0 

1.637 

.1022 

.6109 

9.785 

90.52 

.01869 

.17091 

-17.78 

+10 

1.351 

.08434 

.7402 

11.86 

89.45 

.02328 

.17015 

-12.22 

20 

1.121 

.06998 

.8921 

14.29 

88.37 

.02783 

. 16949 

-  6.67 

30 

0.939 

.0586 

1.065 

17.06 

87.24 

.03233 

.16887 

-  1.11 

40 

.792 

.0494 

1.263 

20.23 

86.10 

.03680 

.16833 

+  4.44 

50 

.673 

.0420 

1.485 

23.79 

84.94 

.04126 

.16785 

10.00 

60 

.575 

.0359 

1.740 

27.87 

83.78 

.04568 

.16741 

15.56 

70 

.493 

.0308 

2.028 

32.48 

82.60 

.05009 

.16701 

21.11 

80 

.425 

.0265 

2.353 

37.69 

81.39 

.05446 

.16662 

26.67 

90 

.368 

.0230 

2.721 

43.58 

80.11 

.05882 

.16624 

32.22 

100 

.319 

.0199 

3.135 

50.22 

78.80 

.06316 

.16584 

37.78 

110 

.277 

.0173 

3.610 

57.82 

77.46 

.06749 

. 16542 

43.33 

120 

.240 

.0150 

4.167 

66.75 

76.02 

.07180 

.16495 

48.89 

Carbon  Disulfide,  CSj 

Spec.  vol. 

sat.  vap. 

Density  sat.  vap. 

Temp. 

Temp. 

°F 

°C 

ft  yib. 

m3/kg 

lb./ft.3 

kg/m3 

0 

53.76 

3.356 

0.0186 

0.2979 

-17.78 

10 

43.47 

2.714 

.0230 

.3684 

-12.22 

20 

34.84 

2.175 

.0287 

.4597 

-  6.67 

30 

29.49 

1.841 

.0339 

.5430 

-  1.11 

40 

23.52 

1.468 

.0425 

.6808 

+  4.44 

50 

20.60 

1.286 

.0482 

.7721 

10.00 

60 

18.00 

1.124 

.0555 

.8890 

15.56 

70 

13.20 

0.824 

.0758 

1.214 

21.11 

80 

10.40 

0.649 

.0961 

1.539 

26.67 

90 

8.30 

0.518 

.1204 

1.929 

32.22 

100 

7.03 

0.439 

.1369 

2.193 

37.78 

110 

5.80 

0.362 

.1724 

2.762 

43.33 

120 

5.10 

0.318 

.1960 

3.140 

48.89 

Carbon  Tetrachloride,  CCh 


20 

69.5 

4.34 

0.01438 

0.2303 

-  6.67 

30 

53.0 

3.31 

.01886 

.3021 

-  1.11 

40 

40.0 

2.50 

.02500 

.4005 

+  4.44 

60 

24.0 

1.50 

.04166 

.6673 

15.56 

70 

19.5 

1.22 

.05128 

.8214 

21.11 

80 

16.0 

0.999 

.06345 

1.016 

26.67 

90 

13.0 

0.812 

.07692 

1.232 

32.22 

100 

10.0 

0.624 

.1000 

1.602 

37.78 

110 

8.5 

0.53 

.1176 

1.884 

43.33 

120 

7.5 

0.47 

.1333 

2.135 

48.89 

Ethyl  Ether,  (C2H5)20 


0 

38.0 

2.37 

0.0263 

0.4213 

-17.78 

10 

32.5 

2.03 

.  0332 

.5318 

-12.22 

20 

27.0 

1.69 

.0372 

.5959 

-  6.67 

30 

21.4 

1.34 

.0468 

.7496 

-  1.11 

40 

17.0 

1.06 

.0588 

.9419 

+  4.44 

50 

13.2 

0.824 

.0757 

1.213 

10.00 

70 

7.8 

0.49 

.1280 

2.050 

21.11 

80 

6.2 

0.39 

.1620 

2.595 

26.67 

90 

5.1 

0.32 

.1960 

3.140 

32.22 

100 

4.5 

0.28 

.2220 

3  556 

37.78 
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THERMODYNAMIC 

Methyl  Chloride,  CEhCl 


Heat  content 

Heat  content 

Abs.  press,  sat. 

abv 

32°F 

Ht.  of 

abv.  0°C 

Ht.  of 

Temp. 
°F 

vap. 

BTU/lb. 

vapor  iz. 

BTU/ 

lb. 

g-cal./g 

vaporiz. 
g-cal./g 

Temp. 
°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap. 

-20 

11.75 

0.8261 

-19.0 

167.36 

186.36 

-10.6 

92.978 

103.53 

-28.89 

-10 

15.0 

1.055 

-15.38 

168.83 

184.21 

-  8.544 

93.795 

102.34 

-23.33 

-  5 

16  79 

1.180 

-13.58 

169.54 

183.12 

-  7.544 

94.189 

101.73 

-20.56 

0 

18.8 

1.32 

-11  75 

170.23 

181.98 

-  6.528 

94.572 

101.10 

-17.78 

+  5 

21.0 

1.48 

-  9.93 

170.96 

180.84 

-  5.517 

94.978 

100.47 

-15.00 

10 

23.3 

1.64 

-  8.06 

171.58 

179.65 

-  4.478 

95.322 

99.806 

-12.22 

15 

25.9 

1.82 

-  6.74 

172.24 

178.47 

-  3.744 

95.689 

99.150 

-  9.44 

20 

28.8 

2.02 

-  4.32 

172.95 

177.27 

-  2.400 

96.083 

98.483 

-  6.67 

25 

31.8 

2.24 

-  2.48 

173.63 

176.10 

-  1.378 

96.461 

97.833 

-  3.89 

30 

35.2 

2.47 

-  0.62 

174.28 

174.90 

-  0.344 

96.822 

97.167 

-  1.11 

35 

38.7 

2.72 

+  1.75 

174.92 

173.77 

-4-  0  972 

97.178 

96.539 

+  1.67 

40 

42.6 

3.00 

3.15 

175.57 

172.42 

1.75 

97.539 

95.789 

4.44 

45 

46.9 

3.30 

5.04 

176.20 

171.16 

2.80 

97.889 

95.089 

7.22 

50 

51.5 

3.62 

6.88 

176.78 

169.90 

3  82 

98.211 

94.389 

10.00 

55 

56.4 

3.97 

8.80 

177.45 

168.65 

4.89 

98.583 

93.695 

12.78 

60 

61.6 

4.33 

10.70 

178.05 

167.35 

5.944 

98.917 

92.972 

15.56 

65 

67.3 

4.73 

12.62 

178.64 

166.02 

7.011 

99.245 

92.233 

18.33 

70 

73.3 

5.15 

14.52 

179.17 

164.65 

8.067 

99.539 

91.472 

21.11 

75 

79.2 

5.57 

16.46 

179.78 

163.28 

9.144 

99.878 

90.711 

23.89 

80 

85.3 

6.00 

18.36 

180.24 

161.88 

10.20 

100.13 

89.933 

26.67 

85 

94.1 

6.62 

20.12 

180.74 

160.48 

11.18 

100.41 

89.156 

29.44 

90 

102.1 

7.178 

22.13 

181.22 

159.09 

12.29 

100.68 

88.383 

32.22 

95 

110.3 

7.755 

24.07 

181.76 

157.70 

13.37 

100.98 

87.611 

35.00 

100 

118.8 

8.352 

26.06 

182  36 

156.30 

14.48 

101.31 

86.833 

37.78 

Mercury,  llg 


Heat  content 

Heat  content 

Abs.  press,  sat. 

abv.  32°F 

Ht.  of 

abv.  0°C 

Ht.  of 

Temp. 

°F 

vap. 

BTU/lb. 

vaporiz. 

BTU/ 

lb. 

g-cal./g 

vaporiz. 
g-cal./g 

Temp. 
°C 

lb./in.2 

kg/cm2 

Liq. 

Vap. 

Liq. 

Vap 

402 

0.4 

0.03 

13.81 

141.96 

128.15 

7.672 

78.867 

71.195 

205.56 

444 

0.8 

0.06 

15.36 

142.60 

127.24 

8.533 

79.222 

70.689 

228.89 

458 

1.0 

0.07 

15.89 

142.81 

126.92 

8.828 

79.339 

70.511 

236.67 

485 

1.5 

0.11 

16.90 

143.23 

126.33 

9.389 

79.572 

70.183 

251.67 

505 

2.0 

0.14 

17.65 

143.54 

125.89 

9.806 

79.745 

69.939 

262.78 

558 

4.0 

0.28 

19.62 

144  34 

124.72 

10.90 

80.189 

69.289 

292.22 

591 

6.0 

0.42 

20.87 

144.86 

123.99 

11.59 

80.478 

68.883 

310.56 

617 

8.0 

0.56 

21.81 

145.24 

123.43 

12.12 

80.689 

68.572 

325.00 

637 

10.0 

0.703 

22.58 

145.56 

122.98 

12.54 

80.867 

68.322 

336.11 

676 

15.0 

1.05 

24.04 

146.16 

122.12 

13.36 

81.200 

67.844 

357.78 

706 

20.0 

1.41 

25.15 

146.61 

121.46 

13.97 

81.450 

67.478 

374.44 

730 

25.0 

1.76 

26.05 

146.98 

120.93 

14  47 

81.656 

67.183 

387.78 

751 

30.0 

2.11 

26.81 

147.29 

120.48 

14.89 

81.828 

66.933 

399.44 

769 

35.0 

2.46 

27.49 

147.57 

120.08 

15.27 

81.983 

66.711 

409.44 

785 

40.0 

2.81 

28.08 

147.81 

119.73 

15.60 

82.117 

66.517 

418.33 

799 

45.0 

3.16 

28.62 

148.04 

119.42 

15.90 

82.245 

66.344 

426.11 

812 

50 

3.5 

29.11 

148.24 

119.13 

16.17 

82.356 

66.183 

433.33 

836 

60 

4.2 

29.99 

148.60 

118.61 

16.66 

82.556 

65.894 

446.67 

857 

70 

4.9 

30.75 

148.90 

118.15 

17.08 

82.722 

65.639 

458.33 

875 

80 

5.6 

31.44 

149.19 

117.75 

17.47 

82.883 

65.417 

468.33 

892 

90 

6.3 

32.06 

149.44 

117.38 

17.81 

83.022 

65.211 

477.78 

907 

100 

7.03 

32.63 

149.68 

117.05 

18.13 

83.156 

65.028 

486.11 

921 

110 

7.73 

33.16 

149.90 

116.74 

18.42 

83.278 

64.856 

493.89 

934 

120 

8.44 

33.66 

150.10 

116.44 

18.70 

83.389 

64.689 

501.11 

947 

130 

9.14 

34.12 

150.29 

116.17 

18.96 

83.495 

64.539 

508.33 

958 

140 

9.84 

34.55 

150.47 

115.92 

19.19 

83.595 

64.400 

514.44 

969 

150 

10.5 

34.96 

150.63 

115.67 

19.42 

83.683 

64.261 

520.56 

1000 

180 

12.7 

36.09 

151.10 

115.01 

20.05 

83.945 

63.894 

537.78 

1926 


PROPERTIES  (Concluded) 

Methyl  Chloride,  CH3C1 


Temp. 


Spec.  vol.  sat. 
vap. 

Spec.  vol.  liq. 

Density  sat. 
vap. 

Density  of  liq. 

ft.3/lb.    m»Ag 

ft.3/lb.      m3/kg 

lb./ft.3 

kg/m3 

lb./ft.3 

kg/m3 

Temp. 
°C 


-20 

8.09 

.505 

-10 

6.46 

.403 

-  5 

5.80 

.362 

0 

5.18 

.323 

+  5 

4.68 

.292 

10 

4.18 

.261 

15 

3.88 

.242 

20 

3.41 

.213 

25 

3.09 

.193 

30 

2.81 

.175 

35 

2.50 

.156 

40 

2.31 

.144 

45 

2.10 

.131 

50 

1.93 

.120 

55 

1.75 

.109 

60 

1.61 

.101 

65 

1.47 

.0918 

70 

1.34 

.0837 

75 

1.24 

.0774 

80 

1.14 

.0712 

85 

1.05 

.0655 

90 

0.98 

.061 

95 

0.91 

.057 

100 

0.85 

.053 

.015827 
.015985 
.016013 
.016146 
.016228 
.016310 
.016388 
.016474 
.016552 
.016645 
,016746 
.016809 
.016929 
,017023 
0171181 
017219 
017318 
017421 
017526 
017632 
017740 
017850 
017961 
018074 


.0009880 

0.124 

1.98 

63 . 185 

1012.1 

.0009979 

.155 

2.48 

62.560 

1002.1 

.0009997 

.172 

2.76 

62.450 

1000.3 

.001008 

.193 

3.09 

61.936 

992.09 

.001013 

.214 

3.42 

61.623 

987.08 

.001018 

.239 

3.83 

61.311 

982.08 

.001023 

.258 

4.13 

61.022 

977.45 

.001028 

.293 

4.70 

60.702 

972.32 

.001033 

.324 

5.18 

60.415 

967.73 

.001039 

.356 

5.70 

60.077 

962.31 

.001045 

.400 

6.41 

59.715 

956.51 

.001049 

.433 

6.93 

59.492 

952.94 

.001057 

.476 

7.63 

59.069 

946.17 

.001063 

.518 

8.30 

58.745 

940.98 

.001069 

.571 

9.16 

58.419 

935.76 

.001075 

.621 

9.95 

58.077 

930.28 

.001081 

.680 

10.9 

57.742 

924.91 

. 001088 

.746 

12.0 

57.403 

919.48 

.001094 

.806 

12.9 

57.058 

913.96 

.001101 

.877 

14.1 

56.714 

908.44 

.001108 

.952 

15.3 

56.369 

902.92 

.001114 

1.02 

16.3 

56.022 

897.36 

.001121 

1.10 

17.6 

55.675 

891.80 

.001128 

1.18 

18.8 

55.327 

886.23 

+ 


-28.89 
-23  33 
-20.56 
-17.78 
-15.00 
-12.22 

-  9.44 

-  6.67 

-  3.89 
-  1.11 

.67 
4.44 
7.22 
10.00 
12.78 
15.56 
18.33 
21.11 
23.89 
26.67 
29.44 
32.22 
35.00 
37.78 


Mercury,  Hg 


Spec.  vol.  sat. 

Density  of  sat. 

Entropy  above  32°F 

Temp. 
°F 

vap. 

vap. 

BTU/lb./°F 

Temp 
°C 

ft.3/lb. 

m3/kg 

lb./ft.3 

kg/m3 

Liq. 

Vap. 

Evap. 

402 

114.50 

7.1480 

0.008733 

0.1399 

.0209 

.1696 

.1487 

205.56 

444 

59.72 

3.728 

.016745 

0.26822 

.0227 

.1635 

.1408 

228.89 

458 

48.45 

3.025 

.02064 

0.3306 

.0233 

.1616 

.1383 

236.67 

485 

33.14 

2.069 

.03017 

0.4833 

.0244 

.1581 

.1337 

251.67 

505 

25.32 

1.581 

.03948 

0.6324 

.0251 

.1556 

.1305 

262.78 

558 

13.26 

0.8278 

.07540 

1.208 

.0271 

.1497 

.1226 

292.22 

591 

9.096 

.5678 

. 10993 

1 . 7609 

.0283 

.1462 

.1179 

310.56 

617 

6.9630 

.43469 

.14361 

2.3003 

.0292 

.1439 

.1147 

325.00 

637 

5.6610 

.35341 

.17664 

2.8294 

.0299 

.1420 

.1121 

336.11 

676 

3.8923 

.24299 

.25691 

4.1152 

.0312 

.  1387 

.1075 

357.78 

706 

2.983 

.1862 

.3352 

5.369 

.0322 

.1364 

.1042 

374.44 

730 

2.429 

.1516 

.4117 

6.595 

.0330 

.1346 

.1016 

387.78 

751 

2.053 

.1282 

.4871 

7.802 

.0336 

.1331 

.0995 

399.44 

769 

1.7815 

.11122 

.5613 

8.991 

.0342 

.1319 

.0977 

409.44 

785 

1.5762 

.098399 

.6344 

10.16 

.0346 

.1308 

.0962 

418.33 

799 

1.4147 

.088317 

.7069 

11.32 

.0351 

.1300 

.0949 

426.11 

812 

1.284 

.08016 

.7788 

12.47 

.0355 

.1291 

.0936 

433.33 

836 

1.086 

.06780 

.9204 

14.74 

.0361 

.1276 

.0915 

446.67 

857 

0.9436 

.05891 

1.0597 

16.974 

.0367 

.1265 

.0898 

458.33 

875 

.8349 

.05212 

1.1977 

19.185 

.0372 

.1254 

.0882 

468  33 

892 

.7497 

.04680 

1.3338 

21.365 

.0377 

.  1247 

.0870 

477.78 

907 

.6811 

.04252 

1.4682 

23.518 

.0381 

.1237 

.0856 

486.11 

921 

.6242 

.03897 

1 . 6020 

25.661 

.0385 

.1230 

.0845 

493.89 

934 

.5767 

.03600 

1.7340 

27.775 

.0389 

.1224 

.0835 

501.11 

947 

.5360 

.03346 

1.8656 

29.883 

.0392 

.1218 

.0826 

508.33 

958 

.5012 

.03129 

1.9952 

31.959 

.0395 

.1213 

.0818 

514.44 

969 

.4706 

.02938 

2.125 

34.04 

.0398 

.1207 

.0809 

520.56 

1000 

.3990 

.02491 

2.506 

40.14 

.0406 

.1194 

.0788 

537.78 

1927 


HIGH  AND  LOW  TEMPERATURES 


Absolute  zero,  -273.18°  C. 


M. p.  of  helium -272 

B. p.  of  helium -268 

M. p.  of  hydrogen —259 

B. p.  of  hydrogen —252 

B.p.  of  liquid  air —  192 


2° 
9 

18 
8 


Industrial  furnaces 1700° 

Bunsen  burner 1870 

Oxy-hydrogen  flame.  .  .  2800 
Tungsten  tube   furnace 

(Forsythe) 2800 

Carbon      arc      furnace 

(Forsythe) 3200 


C. 


Oxy-acetylene  flame 3500c 

Tungsten  arc  under  pres- 
sure (Luckey) 4785 

Cored  carbon  arc  (Suits) .  5500 
Iron  welding  arc  (Suits) . .  6020 
Tungsten        arc,        max. 

(Suits) 6440 

Exploding  wires  by  high 
voltage  discharge  (An- 
derson)      19700 


The  Sun  (Coblentz) 6000°  K. 

Stars,  max.  estimated 30000°  K. 


SCALE  OF  FUSIBILITY 

Num- 
ber 

Mineral 

Approximate 
fusing  point 

Notes 

1 
2 
3 

4 

5 

6 

7 

Stibnite 

Chalcopyrite 

Almandite 

Actinolite 

Orthoclase 

Bronzite 

Quartz 

525°  C 

800°  C 

1050°  C 

1200°  C 

1300°  C 

1400°  C 

>1400°  C 

Fuses  easily  in  a  candle  flame. 

Fuses  slowly  in  a  gas  flame. 

Only  finest  splinters  rounded  in  a 
gas  flame. 

Standard-size  fragments  are  rounded 
easily  before  the  blowpipe. 

Standard-size  fragments  are  rounded 
with  difficulty  before  the  blowpipe. 

Only  finest  splinters  rounded  on 
points  with  difficulty  before  the 
blowpipe. 

Entirely  infusible  before  the  blow- 
pipe. 

CONSTANT  TEMPERATURE  BATHS 

The  following  substances  may  be  utilized  between  the  temperatures  indi- 
cated (boiling  points)  by  using  pressures  from  10  to  76  cm.  The  second 
■temperature  given  is  the  boiling  point  at  the  latter  pressure.  Several  of  the 
liquids  are  inflammable  and  must  be  used  with  caution. 


Substance 

Temperature  °C 

Ethyl  chloride 

-31.3 

to     12.2 

Ethyl  ether 

-12.1 

to    34.5 

Carbon  disulfide 

-4.8 

to    46.3 

Acetone 

7.5 

to    56 . 1 

Chloroform 

9.7 

to    61.2 

Methyl  alcohol 

20 .  62  to    64 . 5 

Ethyl  alcohol 

34.4 

to    78.5 

Benzene 

25.8 

to    79.8 

Water 

51.7 

to  100. 

Toluene 

51.8 

to  110.5 

Chlorobenzene 

70.3 

to  132.1 

Isoamyl  acetate 

142.5 

Bromobenzene 

90.7 

to  156.2 

Aniline 

119.4 

to  184.4 

Naphthalene 

144.3 

to  217.9 

Methyl  salicylate 

151. 

to  223 . 3 

Isoamyl  benzoate 

262. 

Diphenylamine 

221. 

to  302 . 0 

Benzophenone 

224. 

to  305.4 

Mercury 

261.5 

to  356.9 

Sulfur 

330.7 

to  444 . 6 

Zinc 

758. 

to  907. 
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HYGROMETRIC    AND     BAROMETRIC 

TABLES 


CONVERSION    TABLE   FOR    BAROMETRIC    READINGS 

U.  S.  inches  to  cm. 


Inches. 

.00 

.01 

.02 
.631 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

27.0 

68.580 

.606 

.656 

.682 

.707 

.733 

.758 

.783 

.809 

27.1 

.834 

.860 

.885 

.910 

.936 

.961 

.987 

*.012 

*.037 

*.063 

27.2 

69.088 

.114 

.139 

.164 

.190 

.215 

.241 

.266 

.291 

.317 

27.3 

.342 

.368 

.393 

.418 

.444 

.469 

.495 

.520 

.545 

.571 

27.4 

.596 

.622 

.647 

.672 

.698 

.723 

.749 

.774 

.799 

.825 

27.5 

.850 

.876 

.901 

.926 

.952 

.977 

*.002 

*.028 

*.053 

*.079 

27.6 

70.104 

.130 

.155 

.180 

.206 

.231 

.257 

.282 

.307 

333 

27.7 

.358 

.384 

.409 

.434 

.460 

.485 

.511 

.536 

.561 

.587 

27.8 

.612 

.638 

.663 

.688 

.714 

.739 

.765 

.790 

.815 

.841 

27.9 

,866 

.892 

.917 

.942 

.968 

.993 

*.018 

*.044 

*.069 

*.095 

28.0 

71.120 

.146 

.171 

.196 

.222 

.247 

.273 

.298 

.323 

.349 

28.1 

.374 

.400 

.425 

.450 

.476 

.501 

.527 

.552 

.577 

.603 

28.2 

.628 

.654 

.679 

.704 

.730 

.755 

.781 

.806 

.831 

.857 

28.3 

.882 

.908 

.933 

.958 

.984 

*.009 

*.035 

*.060 

*.085 

*.lll 

28.4 

72.136 

.162 

.187 

.212 

.238 

.263 

.289 

.314 

.339 

.365 

28.5 

390 

.416 

.441 

.466 

.492 

.517 

.543 

.568 

.593 

.619 

28.6 

.644 

.670 

.695 

.720 

.746 

.771 

.797 

.822 

.847 

.873 

28.7 

.898 

.924 

.949 

.974 

*.000 

*.025 

*.051 

*.076 

*.101 

♦.127 

28.8 

73.152 

.178 

.203 

.228 

.254 

.279 

.305 

.330 

.355 

.381 

28.9 

.406 

.432 

.457 

.482 

.508 

.533 

.559 

.584 

.609 

.635 

29.0 

.660 

.686 

.711 

.736 

.762 

.787 

.813 

.838 

.863 

.889 

29.1 

.914 

.940 

.965 

.990 

*.016 

*.041 

*.067 

*.092 

*  117 

*.143 

29.2 

74.168 

.194 

.219 

.244 

.270 

.295 

.321 

.346 

.371 

.397 

29.3 

.422 

.448 

.473 

.498 

.524 

.549 

.575 

.600 

.625 

.651 

29.4 

.676 

.702 

.727 

.752 

.778 

.803 

.829 

.854 

.879 

.905 

29.5 

.930 

.956 

.981 

*.006 

*.032 

*.057 

*.083 

*.108 

*.133 

*.159 

29.6 

75.184 

.210 

.235 

.260 

.286 

.311 

.337 

.362 

.387 

.413 

29.7 

.438 

.464 

.489 

.514 

.540 

.565 

.591 

.616 

.t)4i 

.667 

29.8 

.692 

.718 

.743 

.768 

.794 

.819 

.845 

.870 

ROf 

.921 

29.9 

.946 

.972 

.997 

*.022 

*.048 

*.073 

*.099 

*.124 

*.149 

*.175 

30.0 

76.200 

.226 

.251 

.277 

.302 

.327 

.353 

.378 

.404 

.429 

30.1 

.454 

.480 

.505 

.531 

.556 

.581 

.607 

.632 

.658 

.683 

30.2 

.708 

.734 

.759 

.785 

.810 

.835 

.861 

.886 

.912 

.937 

30.3 

.962 

.988 

*.013 

*.039 

*.064 

*.089 

*.115 

*.140 

*.166 

*.191 

30.4 

77.216 

.242 

.267 

.293 

.318 

.343 

.369 

.394 

.420 

.445 

30.5 

.470 

.496 

.521 

.547 

.572 

.597 

.623 

.648 

.674 

.699 

30.6 

.724 

.750 

.775 

.801 

.826 

.851 

.877 

.902 

.928 

.953 

30.7 

.978 

*.004 

*.029 

*.055 

*.080 

*.105 

*.13l 

♦  .156 

*.182 

*.207 

30.8 

78.232 

.258 

.283 

.309 

.334 

.359 

.385 

410 

.436 

.461 

30.9 

.486 

.512 

.537 

.563 

.588 

.613 

.639 

.664 

.690 

.7X5 
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CONVERSION  TABLE  FOR  BAROMETRIC  READINGS 

(Continued) 

U.  S.  Inches  to  Millibars 
Based  on  the  relation  1  inch  of  mercury  at  32 °F  represents  a  pressure  of 
33.8639  millibars. 
Note:  Figures  in  last  nine  columns  to  be  preceded  by  7,  8  or  9  as  indicated. 


Inches 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

23.0 

7  78.87 

79.21 

79.55 

79.89 

80.22 

80.56 

80.90 

81.24 

81.58 

81.92 

23.1 

7  82.26 

82.59 

82.93 

83.27 

83.61 

83.95 

84.29 

84.63 

84.97 

85.30 

23.2 

7  85.64 

85.98 

86.32 

86.66 

87.00 

87.34 

87.67 

88.01 

88.35 

88.69 

23.3 

7  89.03 

89.37 

89.71 

90.04 

90.38 

90.72 

91.06 

91.40 

91.74 

92.08 

23.4 

7  92.42 

92.75 

93.09 

93.43 

93.77 

94.11 

94.45 

94.79 

95.12 

95.46 

23.5 

7  95.80 

96.14 

96.48 

96.82 

97.16 

97.49 

97.83 

98.17 

98.51 

98.85 

23.6 

7  99.19 

99.53 

99.87 

*00.20 

*00.54 

*00.88 

*01.22 

*01.56 

*01.90 

*02.24 

23.7 

8  02.57 

02.91 

03.25 

03.59 

03.93 

04.27 

04.61 

04.94 

05.28 

05.62 

23.8 

8  05.96 

06.30 

06.64 

06.98 

07.32 

07.65 

07.99 

08.33 

08.67 

09.01 

23.9 

8  09.35 

09.69 

10.02 

10.36 

10.70 

11.04 

11.38 

11.72 

12.06 

12.39 

24.0 

8  12.73 

13.07 

13.41 

13.75 

14.09 

14.43 

14.77 

15.10 

15.44 

15.78 

24.1 

8  16.12 

16.46 

16.80 

17.14 

17.47 

17.81 

18.15 

18.49 

18.83 

19.17 

24.2 

8  19.51 

19.85 

20.18 

20.52 

20.86 

21.20 

21.54 

21.88 

22.22 

22.55 

24.3 

8  22.89 

23.23 

23.57 

23.91 

24.25 

24.59 

24.92 

25.26 

25.60 

25.94 

24.4 

8  26.28 

26.62 

26.96 

27.30 

27.63 

27.97 

28.31 

28.65 

28.99 

29.33 

24.5 

8  29.67 

30.00 

30.34 

30.68 

31.02 

31.36 

31.70 

32.04 

32.37 

32.71 

24.6 

8  33.05 

33.39 

33.73 

34.07 

34.41 

34.75 

35.08 

35.42 

35.76 

36.10 

24.7 

8  36.44 

36.78 

37.12 

37.45 

37.79 

38.13 

38.47 

38.81 

39.15 

39.49 

24.8 

8  39.82 

40.16 

40.50 

40.84 

41.18 

41.52 

41.86 

42.20 

42.53 

42.87 

24.9 

8  43.21 

43.55 

43.89 

44.23 

44.57 

44.90 

45.24 

45.58 

45.92 

46.26 

25.0 

8  46.60 

46.94 

47.27 

47.61 

47.95 

48.29 

48.63 

48.97 

49.31 

49.65 

25.1 

8  49.98 

50.32 

50.66 

51.00 

51.34 

51.68 

52.02 

52.35 

52.69 

53.03 

25.2 

8  53.37 

53.71 

54.05 

54.39 

54.72 

55.06 

55.40 

55.74 

56.08 

56.42 

25.3 

8  56.76 

57.10 

57.43 

57.77 

58.11 

58.45 

58.79 

59.13 

59.47 

59.80 

25.4 

8  60.14 

60.48 

60.82 

61.16 

61.50 

61.84 

62.17 

62.51 

62.85 

63.19 

25.5 

8  63.53 

63.87 

64.21 

64.55 

64.88 

65.22 

65.56 

65.90 

66.24 

66.58 

25.6 

8  66.92 

67.25 

67.59 

67.93 

68.27 

68.61 

68.95 

69.29 

69.62 

69.96 

25.7 

8  70.30 

70.64 

7Q.98 

71.32 

71.66 

72.00 

72.33 

72.67 

73.01 

73.35 

25.8 

8  73.69 

74.03 

74.37 

74.70 

75.04 

75.38 

75.72 

76.06 

76.40 

76.74 

25.9 

8  77.08 

77.41 

77.75 

78.09 

78.43 

78.77 

79.11 

79.45 

79.78 

80.12 

26.0 

8  80.46 

80.80 

81.14 

81.48 

81.82 

82.15 

82.49 

82.83 

83.17 

83.51 

26.1 

8  83.85 

84.19 

84.53 

84.86 

85.20 

85.54 

85.88 

86.22 

86.56 

86.90 

26.2 

8  87.23 

87.57 

87.91 

88.25 

88.59 

88.93 

89.27 

89.60 

89.94 

90.28 

26.3 

8  90.62 

90.96 

91.30 

91.64 

91.98 

92.31 

92.65 

92.99 

93.33 

93.67 

26.4 

8  94.01 

94.35 

94.68 

95.02 

95.36 

95.70 

96.04 

96.38 

96.72 

97.05 

26.5 

8  97.39 

97.73 

98.07 

98.41 

98.75 

99.09 

99.43 

99.76 

*00.10 

*00.44 

26.6 

9  00.78 

01.12 

01.46 

01.80 

02.13 

02.47 

02.81 

03.15 

03.49 

03.83 

26.7 

9  04.17 

04.50 

04.84 

05.18 

05.52 

05.86 

06.20 

06.54 

06.88 

07.21 

26.8 

9  07.55 

07.89 

08.23 

08.57 

08.91 

09.25 

09.58 

09.92 

10.26 

10.60 

26.9 

9  10.94 

11.28 

11.62 

11.95 

12.29 

12.63 

12.97 

13.31 

13.65 

13.99 

27.0 

9  14.33 

14.66 

15.00 

15.34 

15.68 

16.02 

16.36 

16.70 

17.03 

17.37 

27.1 

9  17.71 

18.05 

18.39 

18.73 

19.07 

19.40 

19.74 

20.08 

20.42 

20.76 

27.2 

9  21.10 

21.44 

21.78 

22.11 

22.45 

22.79 

23.13 

23.47 

23.81 

24.15 

27.3 

9  24.48 

24.82 

25.16 

25  50 

25.84 

26.18 

26.52 

26.85 

27.19 

27.53 

27.4 

9  27.87 

28.21 

28.55 

28.89 

29.23 

29.56 

29.90 

30.24 

30.58 

30.92 
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CONVERSION  TABLE  FOR  BAROMETRIC  READINGS 

(Continued) 

U.  S.  Inches  to  Millibars  (Continued) 
Note:  Figures  in  last  nine  columns  to  be  preceded  by  9  or  10  as  indicated. 


Inches 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

27.5 

9  31.26 

31.60 

31.93 

32.27 

32.61 

32.95 

33.29 

33.63 

33.97 

34.31 

27.6 

9  34.64 

34.98 

35.32 

35.66 

36.00 

36.34 

36.68 

37.01 

37.35 

37.69 

27.7 

9  38.03 

38.37 

38.71 

39.05 

39.38 

39.72 

40.06 

40.40 

40.74 

41.08 

27.8 

9  41.42 

41.76 

42.09 

42.43 

42.77 

43.11 

43.45 

43.79 

44.13 

44.46 

27.9 

9  44.80 

45.14 

45.48 

45.82 

46.16 

46.50 

46.83 

47.17 

47.51 

47.85 

28.0 

9  48.19 

48.53 

48.87 

49.21 

49.54 

49.88 

50.22 

50.56 

50.90 

51.24 

28.1 

9  51.58 

51.91 

52.25 

52.59 

52.93 

53.27 

53.61 

53.95 

54.28 

54.62 

28.2 

9  54.96 

55.30 

55.64 

55.98 

56.32 

56.66 

56.99 

57.33 

57.67 

58.01 

28.3 

9  58.35 

58.69 

59.03 

59.36 

59.70 

60.04 

60.38 

60.72 

61.06 

61.40 

28.4 

9  61.73 

62.07 

62.41 

62.75 

63.09 

63.43 

63.77 

64.11 

64.44 

64.78 

28.5 

9  65.12 

65.46 

65.80 

66.14 

66.48 

66.81 

67.15 

67.49 

67.83 

68.17 

28.6 

9  68.51 

68.85 

69.18 

69.52 

69.86 

70.20 

70.54 

70.88 

71.22 

71.56 

28.7 

9  71.89 

72.23 

72.57 

72.91 

73.25 

73.59 

73.93 

74.26 

74.60 

74.94 

28.8 

9  75.28 

75.62 

75.96 

76.30 

76.63 

76.97 

77.31 

77.65 

77.99 

78.33 

28.9 

9  78.67 

79.01 

79.34 

79.68 

80.02 

80.36 

80.70 

81.04 

81.38 

81.71 

29.0 

9  82.05 

82.39 

82.73 

83.07 

83.41 

83.75 

84.08 

84.42 

84.76 

85.10 

29.1 

9  85.44 

85.78 

86.12 

86.46 

86.79 

87.13 

87.47 

87.81 

88.15 

88.49 

29.2 

9  88.83 

89.16 

89.50 

89.84 

90.18 

90.52 

90.86 

91.20 

91.53 

91.87 

29.3 

9  92.21 

92.55 

92.89 

93.23 

93.57 

93.91 

94.24 

94.58 

94.92 

95.26 

29.4 

9  95.60 

95.94 

96.28 

96.61 

96.95 

97.29 

97.63 

97.97 

98.31 

98.65 

29.5 

9  98.99 

99.32 

99.66 

*00.00 

*00.34 

*00.68 

*01.02 

*01.36 

*01.69 

*02.03 

29.6 

10  02.37 

02.71 

03.05 

03.39 

03.73 

04.06 

04.40 

04.74 

05.08 

05.42 

29.7 

10  05.76 

06.10 

06.44 

06.77 

07.11 

07.45 

07.79 

08.13 

08.47 

08.81 

29.8 

10  09.14 

09.48 

09.82 

10.16 

10.50 

10.84 

11.18 

11.51 

11.85 

12.19 

29.9 

10  12.53 

12.87 

13.21 

13.55 

13.89 

14.22 

14.56 

14.90 

15.24 

15.58 

30.0 

10  15.92 

16.26 

16.59 

16.93 

17.27 

17.61 

17.95 

18.29 

18.63 

18.96 

30.1 

10  19.30 

19.64 

19.98 

20.32 

20.66 

21.00 

21.34 

21.67 

22.01 

22.35 

30.2 

10  22.69 

23.03 

23.37 

23.71 

24.04 

24.38 

24.72 

25.06 

25.40 

25.74 

30.3 

10  26.08 

26.41 

26.75 

27.09 

27.43 

27.77 

28.11 

28.45 

28.79 

29.12 

30.4 

10  29.46 

29.80 

30.14 

30.48 

30.82 

31.16 

31.49 

31.83 

32.17 

32.51 

30.5 

10  32.85 

33.19 

33.53 

33.86 

34.20 

34.54 

34.88 

35.22 

35.56 

35.90 

30.6 

10  36.24 

36.57 

36.91 

37.25 

37.59 

37.93 

38.27 

38.61 

38.94 

39.28 

30.7 

10  39.62 

39.96 

40.30 

40.64 

40.98 

41.31 

41.65 

41.99 

42.33 

42.67 

30.8 

10  43.01 

43.35 

43.69 

44.02 

44.36 

44.70 

45.04 

45.38 

45.72 

46.06 

30.9 

10  46.39 

46.73 

47.07 

47.41 

47.75 

48.09 

48.43 

48.76 

49.10 

49.44 

31.0 

10  49.78 

50.12 

50.46 

50.80 

51.14 

51.47 

51.81 

52.15 

52.49 

52.83 

31.1 

10  53.17 

53.51 

53.84 

54.18 

54.52 

54.86 

55.20 

55.54 

55.88 

56.22 

31.2 

10  56.55 

56.89 

57.23 

57.57 

57.91 

58.25 

58.59 

58.92 

59.26 

59.60 

31.3 

10  59.94 

60.28 

60.62 

60.96 

61.29 

61.63 

61.97 

62.31 

62.65 

62.99 

31.4 

10  63.33 

63.67 

64.00 

64.34 

64.68 

65.02 

65.36 

65.70 

66.04 

66.37 

31.5 

10  66.71 

67.05 

67.39 

67.73 

68.07 

68.41 

68.74 

69.08 

69.42 

69.76 

31.6 

10  70.10 

70.44 

70.78 

71.12 

71.45 

71.79 

72.13 

72.47 

72.81 

73.15 

31.7 

10  73.49 

73.82 

74.16 

74.50 

74.84 

75.18 

75.52 

75.86 

76.19 

76.53 

31.8 

10  76.87 

77.21 

77.55 

77.89 

78.23 

78.57 

78.90 

79.24 

79.58 

79.92 

31.9 

10  80.26 

80.60 

80.94 

81.27 

81.61 

81.95 

82.29 

82.63 

82.97 

83.31 
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CONVERSION  TABLE  FOR  BAROMETRIC  READINGS 

(Continued) 

Centimeters  to  Millibars 
Based  on  the  relation  1  centimeter  of  mercury  at  0°C  represents  a  pressure 
of  13.3322  millibars. 

Note:  Figures  in  last  nine  columns  to  be  preceded  by  9. 


Centi- 
meters 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

68.0 

9  06.59 

06.72 

06.86 

06.99 

07.12 

07.26 

07.39 

07.52 

07.66 

07.79 

68.1 

9  07.92 

08.06 

08.19 

08.32 

08.46 

08.59 

08.72 

08.86 

08.99 

09.12 

68.2 

9  09.26 

09.39 

09.52 

09.66 

09.79 

09.92 

10.06 

10.19 

10.32 

10.46 

68.3 

9  10.59 

10.72 

10.86 

10.99 

11.12 

11.26 

11.39 

11.52 

11.66 

11.79 

68.4 

9  11.92 

12.06 

12.19 

12.32 

12.46 

12.59 

12.72 

12.86 

12.99 

13.12 

68.5 

9  13.26 

13.39 

13.52 

13.66 

13.79 

13.92 

14.06 

14.19 

14.32 

14.46 

68.6 

9  14.59 

14.72 

14.86 

14.99 

15.12 

15.26 

15.39 

15.52 

15.66 

15.79 

68.7 

9  15.92 

16.06 

16.19 

16.32 

16.46 

16.59 

16.72 

16.86 

16.99 

17.12 

68.8 

9  17.26 

17.39 

17.52 

17.66 

17.79 

17.92 

18.06 

18.19 

18.32 

18.46 

68.9 

9  18.59 

18.72 

18.86 

18.99 

19.12 

19.26 

19.39 

19.52 

19.66 

19.79 

69.0 

9  19.92 

20.06 

20.19 

20.32 

20.46 

20.59 

20.72 

20.86 

20.99 

21.12 

69.1 

9  21.26 

21.39 

21.52 

21.65 

21.79 

21.92 

22.05 

22.19 

22.32 

22.45 

69.2 

9  22.59 

22.72 

22.85 

22.99 

23.12 

23.25 

23.39 

23.52 

23.65 

23.79 

69.3 

9  23.92 

24.05 

24.19 

24.32 

24.45 

24.59 

24.72 

24.85 

24.99 

25.12 

69.4 

9  25.25 

25.39 

25.52 

25.65 

25.79 

25.92 

26.05 

26.19 

26.32 

26.45 

69.5 

9  26.59 

26.72 

26.85 

26.99 

27.12 

27.25 

27.39 

27.52 

27.65 

27.79 

69.6 

9  27.92 

28.05 

28.19 

28.32 

28.45 

28.59 

28.72 

28.85 

28.99 

29.12 

69.7 

9  29.25 

29.39 

29.52 

29.65 

29.79 

29.92 

30.05 

30.19 

30.32 

30.45 

69.8 

9  30.59 

30.72 

30.85 

30.99 

31.12 

31.25 

31.39 

31.52 

31.65 

31.79 

69.9 

9  31.92 

32.05 

32.19 

32.32 

32.45 

32.59 

32.72 

32.85 

32.99 

33.12 

70.0 

9  33.25 

33.39 

33.52 

33.65 

33.79 

33.92 

34.05 

34.19 

34.32 

34.45 

70.1 

9  34.59 

34.72 

34.85 

34.99 

35.12 

35.25 

35.39 

35.52 

35.65 

35.79 

70.2 

9  35.92 

36.05 

36.19 

36.32 

36.45 

36.59 

36.72 

36.85 

36.99 

37.12 

70.3 

9  37.25 

37.39 

37.52 

37.65 

37.79 

37.92 

38.05 

38.19 

38.32 

38.45 

70.4 

9  38.59 

38.72 

38.85 

38.99 

39.12 

39.25 

39.39 

39.52 

39.65 

39.79 

70.5 

9  39.92 

40.05 

40.19 

40.32 

40.45 

40.59 

40.72 

40.85 

40.99 

41.12 

70.6 

9  41.25 

41.39 

41.52 

41.65 

41.79 

41.92 

42.05 

42.19 

42.32 

42.45 

70.7 

9  42.59 

42.72 

42.85 

42.99 

43.12 

43.25 

43.39 

43.52 

43.65 

43.79 

70.8 

9  43.92 

44.05 

44.19 

44.32 

44.45 

44.59 

44.72 

44.85 

44.99 

45.12 

70.9 

9  45.25 

45.39 

45.52 

45.65 

45.79 

45.92 

46.05 

46.19 

46.32 

46.45 

71.0 

9  46.59 

46.72 

46.85 

46.99 

47.12 

47.25 

47.39 

47.52 

47.65 

47.79 

71.1 

9  47.92 

48.05 

48.19 

48.32 

48.45 

48.59 

48.72 

48.85 

48.99 

49.12 

71.2 

9  49.25 

49.39 

49.52 

49.65 

49.79 

49.92 

50.05 

50.19 

50.32 

50.45 

71.3 

9  50.59 

50.72 

50.85 

50.99 

51.12 

51.25 

51.39 

51.52 

51.65 

51.79 

71.4 

9  51.92 

52.05 

52.19 

52.32 

52.45 

52.59 

52.72 

52.85 

52.99 

53.12 

71.5 

9  53.25 

53.39 

53.52 

53.65 

53.79 

53.92 

54.05 

54.19 

54.32 

54.45 

71.6 

9  54.59 

54.72 

54.85 

54.99 

55.12 

55.25 

55.39 

55.52 

55.65 

55.79 

71.7 

9  55.92 

56.05 

56.19 

56.32 

56.45 

56.59 

56.72 

56.85 

56.99 

57.12 

71.8 

9  57.25 

57.39 

57.52 

57.65 

57.79 

57.92 

58.05 

58.19 

58.32 

58.45 

71.9 

9  58.59 

58.72 

58.85 

58.99 

59.12 

59.25 

59.39 

59.52 

59.65 

59.79 

72.0 

9  59.92 

60.05 

60.19 

60.32 

60.45 

60.59 

60.72 

60.85 

60.98 

61.12 

72.1 

9  61.25 

61.38 

61.52 

61.65 

61.78 

61.92 

62.05 

62.18 

62.32 

62.45 

72.2 

9  62.58 

62.72 

62.85 

62.98 

63.12 

63.25 

63.38 

63.52 

63.65 

63.78 

72.3 

9  63.92 

64.05 

64.18 

64.32 

64.45 

64.58 

64.72 

64.85 

64.98 

65.12 

72.4 

9  65.25 

65.38 

65.52 

65.65 

65.78 

65.92 

66.05 

66.18 

66.32 

66.45 

72.5 

9  66.58 

66.72 

66.85 

66.98 

67.12 

67.25 

67.38 

67.52 

67.65 

67.78 

72.6 

9  67.92 

68.05 

68.18 

68.32 

68.45 

68.58 

68.72 

68.85 

68.98 

69.12 

72.7 

9  69.25 

69.38 

69.52 

69.65 

69.78 

69.92 

70.05 

70.18 

70.32 

70.45 

72.8 

9  70.58 

70.72 

70.85 

70.98 

71.12 

71.25 

71.38 

71.52 

71.65 

71.78 

72.9 

9  71.92 

72.05 

72.18 

72.32 

72.45 

72.58 

72.72 

72.85 

72.98 

73.12 

1932 


CONVERSION  TABLE  FOR  BAROMETRIC  READINGS 

(Continued) 

Centimeters  to  Millibars  (Continued) 
Note:  Figures  in  last  nine  columns  to  be  preceded  by  9  or  10. 


Centi- 
meters 

.00 

.01 

.02 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

73.0 

9  73.25 

73.38 

73.52 

73.65 

73.78 

73.92 

74.05 

74.18 

74.32 

74.45 

73.1 

9  74.58 

74.72 

74.85 

74.98 

75.12 

75.25 

75.38 

75.52 

75.65 

75.78 

73.2 

9  75.92 

76.05 

76.18 

76.32 

76.45 

76.58 

76.72 

76.85 

76.98 

77.12 

73.3 

9  77.25 

77.38 

77.52 

77.65 

77.78 

77.92 

78.05 

78.18 

78.32 

78.45 

73.4 

9  78.58 

78.72 

78.85 

78.98 

79.12 

79.25 

79.38 

79.52 

79.65 

79.78 

73.5 

9  79.92 

80.05 

80.18 

80.32 

80.45 

80.58 

80.72 

80.85 

80.98 

81.12 

73.6 

9  81.25 

81.38 

81.52 

81.65 

81.78 

81.92 

82.05 

82.18 

82.32 

82.45 

73.7 

9  82.58 

82.72 

82.85 

82.98 

83.12 

83.25 

83.38 

83.52 

83.65 

83.78 

73.8 

9  83.92 

84.05 

84.18 

84.32 

84.45 

84.58 

84.72 

84.85 

84.98 

85.12 

73.9 

9  85.25 

85.38 

85.52 

85.65 

85.78 

85.92 

86.05 

86.18 

86.32 

86.45 

74.0 

9  86.58 

86.72 

86.85 

86.98 

87.12 

87.25 

87.38 

87.52 

87.65 

87.78 

74.1 

9  87.92 

88.05 

88.18 

88.32 

88.45 

88.58 

88.72 

88.85 

88.98 

89.12 

74.2 

9  89.25 

89.38 

89.52 

89.65 

89.78 

89.92 

90.05 

90.18 

90.32 

90.45 

74.3 

9  90.58 

90.72 

90.85 

90.98 

91.12 

91.25 

91.38 

91.52 

91.65 

91.78 

74.4 

9  91.92 

92.05 

92.18 

92.32 

92.45 

92.58 

92.72 

92.85 

92.98 

93.12 

74.5 

9  93.25 

93.38 

93.52 

93.65 

93.78 

93.92 

94.05 

94.18 

94.32 

94.45 

74.6 

9  94.58 

94.72 

94.85 

94.98 

95.12 

95.25 

95.38 

95.52 

95.65 

95.78 

74.7 

9  95.92 

96.05 

96.18 

96.32 

96.45 

96.58 

96.72 

96.85 

96.98 

97.12 

74.8 

9  97.25 

97.38 

97.52 

97.65 

97.78 

97.92 

98.05 

98.18 

98.32 

98.45 

74.9 

9  98.58 

98.72 

98.85 

98.98 

99.12 

99.25 

99.38 

99.52 

99.65 

99.78 

75.0 

9  99.92 

*00.05 

*00.18 

*00.31 

*00.45 

*00.58 

*00.71 

*00.85 

*00.98 

*01.11 

75.1 

10  01.25 

01.38 

01.51 

01.65 

01.78 

01.91 

02.05 

02.18 

02.31 

02.45 

75.2 

10  02.58 

02.71 

02.85 

02.98 

03.11 

03.25 

03.38 

03.51 

03.65 

03.78 

75.3 

10  03.91 

04.05 

04.18 

04.31 

04.45 

04.58 

04.71 

04.85 

04.98 

05.11 

75.4 

10  05.25 

05.38 

05.51 

05.65 

05.78 

05.91 

06.05 

06.18 

06.31 

06.45 

75.5 

10  06.58 

06.71 

06.85 

06.98 

07.11 

07.25 

07.38 

07.51 

07.65 

07.78 

75.6 

10  07.91 

08.05 

08.18 

08.31 

08.45 

08.58 

08.71 

08.85 

08.98 

09.11 

75.7 

10  09.25 

09.38 

09.51 

09.65 

09.78 

09.91 

10.05 

10.18 

10.31 

10.45 

75.8 

10  10.58 

10.71 

10.85 

10.98 

11.11 

11.25 

11.38 

11.51 

11.65 

11.78 

75.9 

10  11.91 

12.05 

12.18 

12.31 

12.45 

12.58 

12.71 

12.85 

12.98 

13.11 

76.0 

10  13.25 

13.38 

13.51 

13.65 

13.78 

13.91 

14.05 

14.18 

14.31 

14.45 

76.1 

10  14.58 

14.71 

14.85 

14.98 

15.11 

15.25 

15.38 

15.51 

15.65 

15.78 

76.2 

10  15.91 

16.05 

16.18 

16.31 

16.45 

16.58 

16.71 

16.85 

16.98 

17.11 

76.3 

10  17.25 

17.38 

17.51 

17.65 

17.78 

17.91 

18.05 

18.18 

18.31 

18.45 

76.4 

10  18.58 

18.71 

18.85 

18.98 

19.11 

19.25 

19.38 

19.51 

19.65 

19.78 

76.5 

10  19.91 

20.05 

20.18 

20.31 

20.45 

20.58 

20.71 

20.85 

20.98 

21.11 

76.6 

10  21.25 

21.38 

21.51 

21.65 

21.78 

21.91 

22.05 

22.18 

22.31 

22.45 

76.7 

10  22.58 

22.71 

22.85 

22.98 

23.11 

23.25 

23.38 

23.51 

23.65 

23.78 

76.8 

10  23.91 

24.05 

24.18 

24.31 

24.45 

24.58 

24.71 

24.85 

24.98 

25.11 

76.9 

10  25.25 

25.38 

25.51 

25.65 

25.78 

25.91 

26.05 

26.18 

26.31 

26.45 

77.0 

10  26.58 

26.71 

26.85 

26.98 

27.11 

27.25 

27.38 

27.51 

27.65 

27.78 

77.1 

10  27.91 

28.05 

28.18 

28.31 

28.45 

28.58 

28.71 

28.85 

28.98 

29.11 

77.2 

10  29.25 

29.38 

29.51 

29.65 

29.78 

29.91 

30.05 

30.18 

30.31 

30.45 

77.3 

10  30.58 

30.71 

30.85 

30.98 

31.11 

31.25 

31.38 

31.51 

31.65 

31.78 

77.4 

10  31.91 

32.05 

32.18 

32.31 

32.45 

32.58 

32.71 

32.85 

32.98 

33.11 

77.5 

10  33.25 

33.38 

33.51 

33.65 

33.78 

33.91 

34.05 

34.18 

34.31 

34.45 

77.6 

10  34.58 

34.71 

34.85 

34.98 

35.11 

35.25 

35.38 

35.51 

35.65 

35.78 

77.7 

10  35.91 

36.05 

36.18 

36.31 

36.45 

36.58 

36.71 

36.85 

36.98 

37.11 

77.8 

10  37.25 

37.38 

37.51 

37.65 

37.78 

37.91 

38.05 

38.18 

38.31 

38.45 

77.9 

10  38.58 

38.71 

38.85 

38.98 

39.11 

39.24 

39.38 

39.51 

39.64 

39.78 

1933 


TEMPERATURE  CORRECTION  FOR  BAROMETER 

READINGS 

Brass  Scale — Metric  Units 

To  reduce  readings  of  a  mercurial  barometer  with  a  brass  scale  to  0°C  sub- 
tract the  appropriate  quantity  as  found  in  the  table.  These  values  are  based 
on  the  coefficient  of  expansion  of  mercury  (181792  -f  0.175t  +  0.0351 16t2) 
X  10  -ff  and  of  brass  0.0000184  per  °C.     Corrections  are  in  millimeters. 


Observed  height  in 

millimeters 

Temp. 

°  C 

620 

630 

640 

650 

860 

670 

680 

690 

700 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1 

.10 

.10 

.10 

.11 

.11 

.11 

.11 

.11 

.11 

2 

.20 

.21 

.21 

.21 

.22 

.22 

.22 

.23 

.23 

3 

.30 

.31 

.31 

.32 

.32 

.33 

.33 

.34 

.34 

4 

.40 

.41 

.42 

.42 

.43 

.44 

.44 

.45 

.46 

5 

0.51 

0.51 

0.52 

0.53 

0.54 

0  55 

0.56 

0.56 

0.57 

6 

.61 

.62 

.63 

.64 

.65 

.66 

.67 

.68 

.69 

7 

.71 

.72 

.73 

.74 

.75 

.77 

.78 

.79 

.80 

8 

.81 

.82 

.84 

.85 

.86 

.87 

.89 

.90 

.91 

9 

.91 

.92 

.94 

.95 

.97 

.98 

1.00 

1.01 

1.03 

10 

1.01 

1.03 

1.04 

1.06 

1.08 

1.09 

1.11 

1.13 

1.14 

11 

1.11 

1.13 

1.15 

1.17 

1.18 

1.20 

1.22 

1.24 

1.26 

12 

1.21 

1.23 

1.25 

1.27 

1.29 

1.31 

1.33 

1.35 

1.37 

13 

1.31 

1.34 

1.36 

1.38 

1.40 

1.42 

1.44 

1.46 

1.48 

14 

1.41 

1.44 

1.46 

1.48 

1.51 

1.53 

1.55 

1.57 

1.60 

15 

1.52 

1.54 

1.56 

1.59 

1.61 

1.64 

1.66 

1.69 

1.71 

16 

1.62 

1.64 

1.67 

1.69 

1.72 

1.75 

1.77 

1.80 

1.82 

17 

1.72 

1.74 

1.77 

1.80 

1.83 

1.86 

1.88 

1.91 

1.94 

18 

1.82 

1.85 

1.88 

1  91 

1.93 

1.96 

1.99 

2.02 

2.05 

19 

1.92 

1.95 

1.98 

2.01 

2.04 

2.07 

2.10 

2.13 

2.17 

20 

2.02 

2.05 

2.08 

2.12 

2.15 

2.18 

2.21 

2.25 

2.28 

21 

2.12 

2.15 

2.19 

2.22 

2.26 

2.29 

2.32 

2  36 

2.39 

22 

2.22 

2.26 

2.29 

2  33 

2.36 

2.40 

2.43 

2.47 

2.51 

23 

2.32 

2.36 

2.40 

2.43 

2.47 

2.51 

2.54 

2.58 

2.62 

24 

2.42 

2.46 

2.50 

2.54 

2.58 

2.62 

2.66 

2.69 

2.73 

25 

2.52 

2.56 

2.60 

2.64 

2.68 

2.72 

2.77 

2.81 

2.85 

26 

2.62 

2.66 

2.71 

2.75 

2.79 

2.83 

2.88 

2.92 

2.96 

27 

2.72 

2.77 

2.81 

2.85 

2.90 

2.94 

2.99 

3.03 

3.07 

28 

2.82 

2.87 

2.91 

2.96 

3.00 

3.05 

3.10 

3.14 

3.19 

29 

2.92 

2.97 

3.02 

3.06 

3.11 

3.16 

3.21 

3.25 

3.30 

30 

3.02 

3.07 

3.12 

3.17 

3.22 

3.27 

3.32 

3.36 

3.41 

31 

3.12 

3.17 

3  22 

3  27 

3.32 

3.37 

3.43 

3.48 

3.53 

32 

3.22 

3.28 

3.33 

3.38 

3.43 

3.48 

3.54 

3.59 

3.64 

33 

3.32 

3.38 

3.43 

3.48 

3.54 

3.59 

3.64 

3.70 

3.75 

34 

3.42 

3.48 

3.53 

3.59 

3.64 

3.70 

3.75 

3.81 

3.87 

35 

3.52 

3.58 

3.64 

3.69 

3.75 

3.81 

3.86 

3.92 

3.98 

1934 


CORRECTION  FOR  BAROMETER  (Continued) 

Brass  Scale — Metric  Units 


Observed  height  in 

millimeters 

Temp. 

°  C 

710 

720 

73C 

740 

750 

760 

770 

780 

790 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

1 

.12 

.12 

.12 

.12 

.12 

.12 

.13 

.13 

.13 

2 

.23 

.24 

.24 

.24 

.25 

.25 

.25 

.25 

.26 

3 

.35 

.35 

.36 

.36 

.37 

.37 

.38 

.38 

.39 

4 

.46 

.47 

.48 

.48 

.49 

.50 

.50 

.51 

.52 

5 

0.58 

0.59 

0.60 

0.60 

0.61 

0.62 

0.63 

0.64 

0.64 

6 

.70 

.71 

.71 

.72 

.73 

.74 

.75 

.70 

.77 

7 

.81 

.82 

.83 

.85 

.86 

.87 

.88 

.89 

.90 

8 

.93 

.94 

.95 

.97 

.98 

.99 

1.01 

1.02 

1.03 

9 

1.04 

1.06 

1.07 

1.09 

1.10 

1.12 

1.13 

1.15 

1.16 

10 

1.16 

1.17 

1.19 

1.21 

1.22 

1.24 

1.26 

1.27 

1.29 

11 

1.27 

1.29 

1  31 

1.33 

1.35 

1.36 

1.38 

1.40 

1.42 

12 

1.39 

1  41 

1.43 

1.45 

1.47 

1.49 

1.51 

1.53 

1.55 

13 

1.50 

1  53 

1  55 

1  57 

1.59 

1.61 

1.63 

1.65 

1.67 

14 

1.62 

1.64 

1.67 

1.69 

1.71 

1.73 

1.76 

1.78 

1.80 

15 

1  74 

1.76 

1.78 

1.81 

1.83 

1.86 

1.88 

1.91 

1.93 

16 

1.85 

1.88 

1.90 

1.93 

1.96 

1.98 

2.01 

2.03 

2.06 

17 

1.97 

1.99 

2.02 

2.05 

2.08 

2.10 

2  13 

2.16 

2.19 

18 

2.08 

2.11 

2.14 

2.17 

2.20 

2.23 

2.26 

2.29 

2.32 

19 

2.20 

2.23 

2.26 

2.29 

2.32 

2.35 

2.38 

2.41 

2.44 

20 

2.31 

2.34 

2.38 

2.41 

2.44 

2.47 

2.51 

2.54 

2.57 

21 

2.43 

2.46 

2.50 

2.53 

2.56 

2.60 

2  63 

2.67 

2.70 

22 

2.54 

2.58 

2.61 

2.65 

2.69 

2.72 

2.76 

2.79 

2.83 

23 

2.66 

2.69 

2.73 

2.77 

2.81 

2.84 

2.88 

2.92 

2.96 

24 

2.77 

2.81 

2.85 

2.89 

2.93 

2.97 

3.01 

3.05 

3.08 

25 

2.89 

2.93 

2.97 

3  01 

3.05 

3.09 

3.13 

3.17 

3.21 

26 

3.00 

3.04 

3.09 

3.13 

3.17 

3.21 

3.26 

3.30 

3.34 

27 

3.12 

3.16 

3.20 

3.25 

3.29 

3.34 

3.38 

3.42 

3.47 

28 

3.23 

3.28 

3.32 

3.37 

3.41 

3.46 

3.51 

3.55 

3.60 

29 

3.35 

3.39 

3.44 

3.49 

3.54 

3.58 

3.63 

3.68 

3.72 

30 

3.46 

3.51 

3.56 

3.61 

3.66 

3.71 

3.75 

3.80 

3.85 

31 

3.58 

3.63 

3.68 

3.73 

3.78 

3.83 

3.88 

3.93 

3.98 

32 

3.69 

3.74 

3.79 

3.85 

3.90 

3.95 

4.00 

4.05 

4.11 

33 

3.81 

3.86 

3.91 

3.97 

4.02 

4.07 

4.13 

4.18 

4.23 

34 

3.92 

3.98 

4.03 

4.09 

4.14 

4.20 

4.25 

4.31 

4.36 

35 

4.03 

4.09 

4.15 

4.21 

4.26 

4.32 

4.38 

4.43 

4.49 

1935 


CORRECTION  FOR  BAROMETER  (Continued) 

Brass  Scale — English  Units 

Standard  Temperature  of  scale  62°  F;  of  mercury,   32°  F.     Zero  correction 

at  28.5°  F;  subtract  corrections  above,  add  below.     Owing    to    the    difference 

in  the  standard  temperature  of  English  and  metric  scales,  readings  taken  in 

inches  to  be  reduced  to  centimeters  should  first  be  corrected  for  temperature. 


Observed  height  in 

inches 

Temp. 

o  jp 

23.0 

23.5 

24.0 

24.5 

25.0 

25.5 

26.0 

26.5 

27.0 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

0 

+  .060 

+  .061 

+  .063 

+  .064 

+  .065 

+  .067 

+  .068 

+  .069 

+  .070 

2 

.056 

.057 

.058 

.060 

.061 

.062 

.063 

.065 

.065 

4 

.052 

.053 

.054 

.055 

.056 

.057 

.058 

.060 

.061 

6 

.047 

.048 

.049 

.051 

.052 

.053 

.054 

.055 

.056 

8 

.043 

.044 

.045 

.046 

.047 

.048 

.049 

.050 

.051 

10 

.039 

.040 

.041 

.042 

.042 

.043 

.044 

.045 

.046 

12 

.035 

.036 

.036 

.037 

.038 

.039 

.039 

.040 

.041 

14 

.031 

.031 

.032 

.033 

.033 

.034 

.035 

.035 

.036 

16 

.026 

.027 

.028 

.028 

.029 

.029 

.030 

.031 

.031 

18 

.022 

.023 

.023 

.024 

.024 

.025 

.025 

.026 

.026 

20 

.018 

.018 

.019 

.019 

.020 

.020 

.020 

.021 

.021 

22 

.014 

.014 

.014 

.015 

.015 

.015 

.016 

.016 

.016 

24 

.010 

.010 

.010 

.010 

Oil 

Oil 

011 

011 

.011 

26 

.005 

.006 

.006 

.006 

.006 

.006 

.006 

.006 

.006 

28 

+  .001 

+  .001 

+  .001 

+  .001 

+  .001 

+  001 

+  .001 

+  .002 

+  .002 

30 

—  .003 

—  .003 

—  .003 

—  .003 

—  .003 

—  .003 

—  .003 

—  .003 

—  .003 

32 

.007 

.007 

.007 

.008 

.008 

.008 

.008 

.008 

008 

34 

Oil 

Oil 

.012 

.012 

.012 

.012 

.013 

.013 

.013 

36 

.015 

.016 

.016 

.016 

.017 

.017 

.017 

.018 

.018 

38 

.020 

.020 

.020 

.021 

.021 

.022 

.022 

.023 

.023 

40 

.024 

.024 

.025 

.025 

.026 

.026 

.027 

.027 

.028 

42 

.028 

.029 

.029 

.030 

.030 

.031 

.032 

.032 

.033 

44 

.032 

.033 

.033 

.034 

.035 

.036 

.036 

.037 

.038 

46 

.036 

.037 

.038 

.039 

.039 

.040 

.041 

.042 

.043 

48 

.040 

.041 

.042 

.043 

.044 

.045 

.046 

.047 

.047 

50 

.045 

.046 

.046 

.048 

.048 

.050 

.050 

.052 

.052 

52 

.049 

.050 

.051 

.052 

.053 

.054 

.055 

.056 

.057 

54 

.053 

.054 

.055 

.057 

.057 

.059 

.060 

.061 

.062 

56 

.057 

.058 

.060 

.061 

.062 

.063 

.064 

.066 

.067 

58 

.061 

.063 

.064 

.065 

.066 

.068 

.069 

.071 

.072 

60 

.065 

.067 

.068 

.070 

.071 

.073 

.074 

.076 

.077 

62 

.069 

.071 

.073 

.074 

.076 

.077 

.079 

.080 

.082 

64 

.074 

.075 

.077 

.079 

.080 

.082 

.083 

.085 

.086 

66 

.078 

.079 

.081 

.083 

.085 

.087 

.088 

.090 

.091 

68 

.082 

.084 

.085 

.088 

.089 

.091 

.093 

.095 

.096 

70 

.086 

.088 

.090 

.092 

.094 

.096 

.097 

.100 

.101 

72 

.090 

.092 

.094 

.096 

.098 

.100 

.102 

.104 

.106 

74 

.094 

.096 

.098 

.101 

.103 

.105 

.107 

.109 

111 

76 

.098 

.101 

.103 

.105 

.107 

.110 

111 

.114 

.116 

78 

.103 

.105 

.107 

.110 

.112 

.114 

.116 

.119 

.120 

80 

.107 

.109 

.111 

.114 

.116 

.119 

.121 

.123 

.125 

82 

.111 

.113 

.116 

.119 

.121 

.123 

.125 

.128 

.130 

84 

.115 

.118 

.120 

.123 

.125 

.128 

.130 

.133 

.135 

86 

.119 

.122 

.124 

.127 

.130 

.133 

.135 

.138 

.140 

88 

.123 

.126 

.129 

.132 

.134 

.137 

.139 

.143 

.145 

90 

.127 

.130 

.133 

.136 

.138 

.142 

.144 

.147 

.150 

92 

.132 

.134 

.137 

.141 

.143 

.146 

.149 

.152 

.154 

94 

.136 

.139 

.142 

.145 

.147 

.151 

.153 

.157 

.159 

96 

.140 

.143 

.146 

.150 

.152 

.155 

.158 

.161 

.164 

98 

.144 

.147 

.150 

.154 

.156 

.160 

.163 

.166 

.169 

100 

.148 

.  151 

.154 

.158 

.161 

.164 

.167 

171 

174 

1936 


CORRECTION  FOR  BAROMETER  (Continued) 

Brass  Scale — English  Units 


Observed  height 

in  inches 

Temp. 

O    jp 

27.5 

28.0 

28.5 

29.0 

29.5 

30.0 

30.5 

31.0 

31.5 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

0 

.072 

.073 

.075 

.076 

.077 

.078 

.OSO 

.081 

.082 

2 

.067 

.068 

.069 

.070 

.072 

.073 

.074 

.075 

.077 

4 

.062 

.063 

.064 

.065 

.066 

.067 

.069 

.070 

.071 

6 

.057 

.058 

.059 

.060 

.061 

.062 

.063 

.064 

.065 

8 

.052 

.053 

.054 

.054 

.056 

.056 

.057 

.058 

.059 

10 

.047 

.047 

.048 

.049 

.050 

.051 

.052 

.053 

.054 

12 

.042 

.042 

.043 

.044 

.045 

.045 

.046 

.047 

.048 

14 

.037 

.037 

.038 

.039 

.039 

.040 

.041 

.041 

.042 

16 

.032 

.032 

.033 

.  033 

.034 

.034 

.035 

.036 

.036 

18 

.027 

.027 

.028 

.028 

.029 

.029 

.030 

.030 

.031 

20 

.022 

.022 

.022 

.023 

.023 

.024 

.024 

.024 

.025 

22 

.017 

.017 

.017 

.017 

.018 

.018 

.018 

.019 

.019 

24 

.012 

.012 

.012 

.012 

.012 

.013 

.013 

.013 

.013 

26 

.007 

.007 

.007 

.007 

.007 

.007 

.007 

.007 

.008 

28 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

+  .002 

30 

—  .003 

—  .003 

—  .004 

—  .004 

—  .004 

—  .004 

—  .004 

—  .004 

—  .004 

32 

.008 

.009 

.009 

.009 

.009 

.009 

.009 

.009 

.010 

34 

.013 

.014 

.014 

.014 

.014 

.015 

.015 

.015 

015 

36 

.018 

.019 

.019 

.019 

.020 

.020 

.020 

.021 

.021 

38 

.023 

.024 

.024 

.025 

.025 

.026 

.026 

.026 

027 

40 

.028 

.029 

.030 

.030 

.031 

.031 

.032 

.032 

.033 

42 

.  033 

.034 

.035 

.035 

.036 

.036 

.037 

.038 

.038 

44 

.038 

.039 

.040 

.040 

.041 

.042 

.043 

.043 

.044 

46 

.043 

.044 

.045 

.046 

()47 

.047 

.048 

.049 

.050 

48 

.048 

.049 

.050 

.051 

.052 

.053 

.054 

.054 

.055 

50 

.053 

.054 

.055 

.056 

.057 

.058 

.059 

.060 

.061 

52 

.058 

.059 

.061 

.061 

.  063 

.064 

.065 

.066 

.067 

54 

.063 

.064 

.066 

.067 

.068 

.069 

.070 

.071 

.073 

56 

.068 

.069 

.071 

.072 

.073 

.074 

.076 

.077 

.078 

58 

.073 

.074 

.076 

.077 

.079 

.080 

.081 

.082 

.084 

60 

.078 

.080 

.081 

.082 

.084 

.085 

.087 

.088 

.090 

62 

.083 

.085 

.086 

.088 

.089 

.091 

.092 

.094 

.095 

64 

.088 

.090 

.092 

.093 

.095 

.096 

.098 

.099 

.101 

66 

.093 

.095 

.097 

.098 

.100 

.101 

.103 

.105 

.107 

68 

.098 

.100 

.102 

.103 

.105 

.107 

.109 

.110 

.113 

70 

.103 

.105 

.107 

.109 

.111 

.112 

.115 

.116 

.118 

72 

.108 

.110 

.112 

.114 

.116 

.118 

.120 

.122 

.124 

74 

.113 

.115 

.117 

.119 

.121 

.123 

.126 

.127 

.130 

76 

.118 

.120 

.122 

.124 

.127 

.128 

.131 

.133 

.135 

78 

.123 

.125 

.128 

.129 

.132 

.134 

.137 

.138 

.141 

80 

.128 

.130 

.133 

.135 

.137 

.139 

.142 

.144 

.147 

82 

.133 

.135 

.138 

.140 

.143 

.145 

.148 

.149 

.152 

84 

.138 

.140 

.143 

.145 

.148 

.150 

.153 

.155 

.158 

86 

.143 

.145 

.148 

.150 

.153 

.155 

.159 

.161 

.164 

88 

.148 

.150 

.153 

.155 

.159 

.161 

.164 

.166 

.169 

90 

.153 

.155 

.158 

.161 

.164 

.166 

.170 

.172 

.175 

92 

.158 

.160 

.163 

.166 

.169 

.172 

.175 

.177 

.181 

94 

.163 

.165 

.169 

.171 

.175 

.177 

.180 

.183 

.186 

96 

.168 

.170 

.174 

.176 

.180 

.182 

.186 

.188 

.192 

98 

.172 

.175 

.179 

.181 

.185 

.188 

.191 

.194 

.197 

100 

.177 

.180 

.184 

.187 

.190 

.193 

.197 

.200 

.203 

1937 


TEMPERATURE   CORRECTION,    GLASS   SCALE 

Metric 

To  reduce  readings  of  a  mercurial  barometer  with  a  glass  scale   to  0* 
mbtract  the  appropriate  quantity  as  found  in  table. 


Observed  height  in 

centimeters. 

Temp. 

°  C. 

70 

71 

72 

73 

74 

75 

76 

77 

78 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

0 

0 .  000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

1 

.012 

.012 

.013 

.013 

.013 

.013 

.013 

.013 

.014 

2 

.025 

.025 

.025 

.026 

.026 

.026 

.026 

.027 

.027 

3 

.036 

.036 

.037 

.037 

.038 

.038 

.039 

.039 

.040 

4 

.048 

.049 

.049 

.050 

.051 

.051 

.052 

-053 

.053 

5 

0.060 

0.061 

0.062 

0.063 

0.064 

0.064 

0.065 

0.066 

0.067 

6 

.073 

.074 

.074 

.076 

.077 

.077 

.078 

.079 

.080 

7 

.085 

.086 

.087 

.088 

.089 

.091 

.092 

.093 

.094 

8 

.096 

.098 

.099 

.100 

.101 

.103 

.104 

.105 

.107 

9 

.109 

.110 

.111 

.113 

.114 

.116 

.117 

.119 

.120 

10 

0.121 

0.122 

0.124 

0.126 

0.127 

0.129 

0.130 

0.132 

0.134 

11 

.133 

.135 

.137 

.138 

.140 

.142 

.144 

.146 

.147 

12 

.144 

.146 

.148 

.150 

.152 

.154 

.156 

.158 

.160 

13 

.157 

.159 

.161 

.163 

.165 

.167 

.169 

.171 

.174 

14 

.169 

.171 

.174 

.176 

.178 

.180 

.183 

.185 

.187 

15 

0.181 

0.184 

0.186 

0.189 

0.191 

0.193 

0  196 

0.198 

0.201 

16 

.194 

.196 

.199 

.201 

.204 

.207 

.209 

.212 

.214 

17 

.205 

.208 

.210 

.213 

.216 

.219 

.221 

.224 

.227 

18 

.217 

.220 

.223 

.226 

.229 

.232 

.235 

.238 

.241 

19 

.230 

.233 

.236 

.239 

.242 

.245 

.248 

.251 

.254 

20 

0.242 

0.245 

0.248 

0.252 

0.255 

0.258 

0.261 

0.264 

0.268 

21 

.254 

.258 

.261 

.264 

.268 

.271 

.275 

.278 

.281 

22 

.266 

.269 

.273 

.276 

.280 

.283 

.287 

.290 

.294 

23 

.278 

.282 

.285 

.289 

.293 

.296 

.300 

.304 

.308 

24 

.290 

.294 

.298 

.302 

.306 

.310 

.313 

.317 

.321 

25 

0.303 

0.307 

0.311 

0.315 

0.319 

0.323 

0.327 

0.331 

0.335 

26 

.315 

.319 

.323 

.327 

.332 

.336 

.340 

.344 

.348 

27 

.326 

.331 

.335 

.339 

.344 

.348 

.352 

.357 

.361 

28 

.339 

.343 

.  348 

.352 

.357 

.361 

.366 

.370 

.375 

29 

.351 

.356 

.360 

.365 

.370 

.374 

.379 

.384 

.388 

30 

0.363 

0.368 

0.373 

0.378 

0.383 

0.387 

0.392 

0.397 

0.402 

MASS  OF  WATER  VAPOR  IN  SATURATED  AIR 

Mass  in  grams  per  cubic  meter. 

(From  Smithsonian  Tables.) 


Temp. 
°C. 


-20 
-10 
-  0 

+  0 
10 
20 
30 


0.0 


0.892 
2.154 
4.835 

4.835 

9.330 

17.118 

30.039 


1.0 


0.810 
1.978 
4.468 

5.176 

9.935 

18.143 

31 . 704 


2.0 


0.737 
1.811 
4.130 

5.53K 
10.574 
19.222 
33.449 


3  0 


0.673 
1.658 
3.813 

5.922 
11.249 
20.355 
35.275 


4.0 


0.613 
1.519 
3.518 

6.330 
11.961 
21.546 
37.187 


5.0   6.0 


0.557 
1.395 
3.244 

6  761 
12  712 

22.796 


0.505 
1.282 

2.988 

7  210 
13.505 
24  109 


39.187141.279 


7.0 


0.457 
1.177 
2.752 

7.703 
1*339 
25.487 
43.465 


8.0       9.0 


0.413 
1.079 
2.537 

8.215 
15.218 
26.933 
45.751 


0.373 
0.982 
2.340 

8.757 
16.144 
28. 450 
48.138 


1938 


REDUCTION  OF  BAROMETER  TO  SEA  LEVEL 

The  correction  to  be  added  to  reduce  barometric  readings  to- 
"sea  level' '  values  depends  principally  on  three  factors:  The 
temperature  of  the  air  column  (assumed)  from  the  station  to 
sea  level,  the  altitude  of  the  station,  and  the  value  of  the* 
reading  itself.  Two  tables  are  provided.  Table  I  is  entered 
with  the  altitude  and  assumed  temperature  and  a  factor 
"2000  m"  taken  out.  Table  II  is  entered  with  the  above  fac- 
tor and  the  approximate  barometer  reading  and  the  final  cor- 
rection taken  out. 

The  correction  is  to  be  added.  If  B0  is  the  corrected  or  sea 
level  value;  B  the  barometer  reading  at  the  station;  C  the 
correction, — 

C  =  Bo  -  B  =  B  (10™  -  1) 

The  actual  barometer  reading  at  the  station  should  be  cor- 
rected for  temperature  of  the  mercury  column  by  the  usual 
methods  before  entering  the  tables  or  applying  the  sea  level 
correction . 

A  complete  explanation  of  the  theory  of  the  corrections  and 
a  more  extended  set  of  tables  will  be  found  in  the  Smithsonian 
Meteorological  Tables. 

Latitude  Factor 

The  influence  of  the  latitude  on  the  value  of  the  correction 
is  usually  negligible,  being  overshadowed  by  uncertainties  in 
the  assumed  temperature  of  the  air  column.  For  cases  where 
this  correction  is  desirable  the  table  below  is  provided.  The 
value  of  the  temperature-altitude  factor  "2000  m"  obtained 
in  Table  I  is  corrected  for  latitude  by  subtracting  for  latitudes 
0-45°  and  adding  for  latitudes  from  45-90°  the  values  found. 
With  this  corrected  value  of  "2000  m"  Table  II  is  entered  for 
the  value  of  the  correction. 


LATITUDE  FACTOR 

To  be  used  in  connection  with  Tables  I  and  II,  either  English  or  metric  units,, 
to  obtain  latitude  corrections  to  temperature-altitude  factor.  For  latitudes 
0-45°  subtract  the  correction.     For  latitudes  45-90°  add  the  correction. 


Temp. — Alt. 
from 

Latitude 

Table  I 

0° 

15° 

30° 

45° 

100 
200 
3U0 

0.3 
0.5 
0.8 

0.2 

0.5 
0.7 

0.1 
0.3 
0.4 

0.0 
0.0 
0.0 

90° 

75° 

60° 

45° 

1939 


REDUCTION  OF  BAROMETER  TO  SEA  LEVEL 

(Continued) 


METRIC  UNITS— 

TABLE  I 

Values  of  the  temperature-altitude  factor  (2000  m.)  for  entering  table  II. 

Assumed  temperature  of  air  column  °C 

Altitude  in 

meters 

-16° 

-8° 

0° 

+  4° 

+  8° 

+  12° 

+  16° 

+  20° 

+  24° 

+  28° 

10 

1.2 

1.1 

1.1 

1.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

50 

5.8 

5.6 

5.4 

5.3 

5.2 

5.2 

5.1 

5.0 

4.9 

4.9 

100 

11.5 

11.2 

10.8 

10.7 

10.5 

10.3 

10.2 

10.0 

9.9 

9.7 

150 

17.3 

16.7 

16.2 

16.0 

15.7 

15.5 

15.3 

15.0 

14.8 

14.6 

200 

23.0 

22.3 

21.6 

21.3 

21.0 

20.7 

20.3 

20.0 

19.7 

19.5 

250 

28.8 

27.9 

27.0 

26.6 

26.2 

25.8 

25.4 

25.0 

24.7 

24.3 

300 

34.5 

33.5 

32.5 

32.0 

31.5 

31.0 

30.5 

30.1 

29.6 

29.2 

350 

40.3 

39.0 

37.9 

37.3 

36.7 

36.2 

35.6 

35.1 

34.6 

34.0 

400 

46.0 

44.6 

43.3 

42.6 

42.0 

41.3 

40.7 

40.1 

39.5 

38.9 

450 

51.8 

50.2 

48.7 

47.9 

47.2 

46.5 

45.8 

45.1 

44.4 

43.8 

500 

57.5 

55.8 

54.1 

53.3 

52.4 

51.6 

50.9 

50.1 

49.4 

48.6 

550 

63.3 

61.4 

59.5 

58.6 

57.7 

56.8 

55.9 

55.1 

54.3 

53.5 

600 

69.0 

66.9 

64.9 

63.9 

62.9 

62.0 

61.0 

60.1 

59.2 

58.3 

650 

74.8 

72.5 

70.3 

69.2 

68.2 

67.1 

66.1 

65.1 

64.2 

63.2 

700 

80.6 

78.1 

75.7 

74.6 

73.4 

72.3 

71.2 

70.1 

69.1 

68.1 

750 

86.3 

83.7 

81.1 

79.9 

78.7 

77.5 

76.3 

75.1 

74.0 

72.9 

800 

92.1 

89.2 

86.5 

85.2 

83.9 

82.6 

81.4 

80.1 

79.0 

77.8 

850 

97.8 

94.8 

92.0 

90.5 

89.2 

87.8 

86.4 

85.2 

83.9 

82.7 

900 

103.6 

100.4 

97.4 

95.9 

94.4 

93.0 

91.5 

90.2 

88.8 

87.5 

950 

109.3 

106.0 

102.8 

101.2 

99.6 

98.1 

96.6 

95.2 

93.8 

92 . 4 

1000 

115.1 

111.5 

108.2 

106.5 

104.9 

103.3 

101.7 

100.2 

98.7 

97.3 

1050 

120.8 

117.1 

113.6 

111.8 

110.1 

108.4 

106.8 

105.2 

103.6 

102.1 

1100 

126.6 

122.7 

119.0 

117.2 

115.4 

113.6 

111.9 

110.2 

108.6 

107.0 

1150 

132.3 

128.3 

124.4 

122.5 

120.6 

118.8 

117.0 

115.2 

113.5 

111.8 

1200 

138.1 

133.8 

129.8 

127.8 

125.9 

123.9 

122.0 

120.2 

118.4 

116.7 

1250 

143.8 

139.4 

135.2 

133.1 

131.1 

129.1 

127.1 

125.2 

123.4 

121.6 

1300 

149.6 

145.0 

140.6 

138.5 

136.3 

134.3 

132.2 

130.2 

128.3 

126.4 

1350 

155.3 

150.6 

146.0 

143.8 

141.6 

139.4 

137.3 

135.2 

133.2 

131.3 

1400 

161.1 

156.2 

151.4 

149.1 

146.8 

144.6 

142.4 

140.2 

138.2 

136.2 

1450 

166.8 

161.7 

156.8 

154.5 

152.1 

149.7 

147.5 

145.3 

143.1 

141.0 

1500 

172.6 

167.3 

162.3 

159.8 

157.3 

154.9 

152.5 

150.3 

148.0 

145.9 

1550 

178.3 

172.9 

167.7 

165.1 

162.6 

160.1 

157.6 

155.3 

153.0 

150.7 

1600 

184.1 

178.5 

173.1 

170.4 

167.8 

165.2 

162.7 

160.3 

157.9 

155.6 

1650 

189.8 

184.0 

178.5 

175.7 

173.0 

170.4 

167.8 

165.3 

162.8 

160.5 

1700 

195.6 

189.6 

183.9 

181.1 

178.3 

175.6 

172.9 

170.3 

167.8 

165.3 

1750 

201.4 

195.2 

189.3 

186.4 

183.5 

180.7 

178.0 

175.3 

172.7 

170.2 

1800 

207.1 

200.8 

194.7 

191.7 

188.8 

185.9 

183.1 

180.3 

177.6 

175.0 

1850 

212.9 

206.3 

200.1 

197.0 

194.0 

191.0 

188.1 

185.3 

182.6 

179.9 

1900 

218.6 

211.9 

205.5 

202.4 

199.3 

196.2 

193.2 

190.3 

187.5 

184.8 

1950 

224.4 

217.5 

210.9 

207.7 

204.5 

201.4 

198.3 

195.3 

192.4 

189.6 

2000 

230.1 

223.0 

216.3 

213.0 

209.7 

206.5 

203.4 

200.3 

197.4 

194.5 

2050 

235.9 

228.6 

221.7 

218.3 

215.0 

211.7 

208.5 

205.3 

202.3 

199.3 

2100 

241.6 

234.2 

227.1 

223.7 

220.2 

216.8 

213.5 

210.4 

207.2 

204.2 

2150 

247.4 

239.8 

232.5 

229.0 

225.5 

222.0 

218.6 

215.4 

212.2 

209.1 

2200 

253.1 

245.4 

237.9 

234.3 

230.7 

227.2 

223.7 

220.4 

217.1 

213.9 

2250 

258.9 

250.9 

243.4 

239.6 

235.9 

232.3 

228.8 

225.4 

222.0 

218.8 

2300 

264.6 

256.5 

248.8 

245.0 

241.2 

237.5 

233.9 

230.4 

227.0 

223 . 6 

2350 

270.4 

262.1 

254.2 

250.3 

246.4 

242.7 

239 . 0 

235.4 

231.9 

228.5 

2400 

276.1 

267.7 

259.6 

255.6 

251.7 

247.8 

244.0 

240.4 

236.8 

233.4 

2450 

281.9 

273.2 

265.0 

260.9 

256.9 

253.0 

249.1 

245.4 

241.8 

238.2 

2500 

287.6 

278.8 

270.4 

266.2 

262.2 

258.1 

254.2 

250.4 

246.7 

243.1 

2550 

293.4 

284.4 

275.8 

271.6 

267.4 

263.3 

259.3 

255.4 

251.6 

247.9 

2600 

299.1 

290.0 

281.2 

276.9 

272.6 

268.5 

264.4 

260.4 

256.6 

252.8 

2650 

304.9 

295.5 

286.6 

282.2 

277.9 

273.6 

269.5 

265.4 

261.5 

257.7 

2700 

310.0 

301.1 

292.0 

287.5 

283.1 

278.8 

274.5 

270.4 

266.4 

262.5 

2750 

316.4 

306.7 

297.4 

292.9 

288.4 

283.9 

279.6 

275.4 

271.4 

267.4 

2800 

322.1 

312.3 

302.8 

298.2 

293.6 

289.1 

284.7 

280.4 

276.3 

272.2 

2850 

327.9 

317.8 

308.2 

303.5 

298.8 

294.3 

289.8 

285.4 

281.2 

277.1 

2900 

333.6 

323.4 

313.6 

308.8 

304.1 

299.4 

294.9 

290.4 

286.2 

282.0 

2950 

339 . 4 

329.0 

319.0 

314.2 

309.3 

304.6 

299.9 

295.5  291.1 

286.8 

3000 

345 . 1 

334.5 

324.4 

319.5 

314  6 

309.7 

305.0  300.5  296.0  291.7 
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REDUCTION  OF  BAROMETER  TO  SEA  LEVEL 

(Continued) 

METRIC  UNITS— TABLE  II 

Values  of  Correction  to  be  Added 


1 
I 

Barometer  reading 

1 

II 

Barometer  reading 

1.  5 

si 

780 

760 

740 

720 

700 

640 

620 

600 

580 

560 

h 

mm 

mm 

mm 

mm 

mm 

H 

mm 

mm 

mm 

mm 

mm 

i 

0.9 

0.9 

0  9 

0.8 

0.8 

170 

138  4 

134.0 

129  7 

125.4 

121.1 

5 

4.5 

4.4 

4.3 

4.2 

4.0 

175 

142.'.) 

138.4 

133.9 

129.5 

125.0 

10 

9.0 

8.8 

8.6 

8  3 

8.1 

180 

147.4 

142.8 

138.2 

133.6 

129.0 

15 

13  6 

13  2 

12.9 

12.5 

12.2 

185 

151.9 

147 .2 

142.4 

137.7 

132  9 

20 

18.2 

17.7 

17.2 

16.8 

16.3 

190 

156.5 

151.6 

146  7 

141.8 

130.9 

25 

22.8 

22.2 

21.6 

21.0 

20.4 

195 

Kill 

156.1 

151.0 

146  0 

141.0 

30 

27.4 

26.7 

26  0 

25.3 

24.6 

200 

165.7 

160.5 

155  4 

150.2 

145.0 

35 

31.2 

30.4 

29.6 

28.8 

20.") 
210 
215 

170.4 

165.0 

169.6 
174.1 

159.7 
164.1 

168.5 

L54.4 

158.6 
162.9 

149.1 
153.2 
157.3 

760 

710 

720 

700 

680 

660 

mm 

mm 

mm 

mm 

mm 

mm 

620 
mm 

600 
mm 

580 

mm 

560 
mm 

540 

mm 

40 
45 

35  8 
40.4 

34.9 
39  3 

33.9 
38  3 

33.0 
37.2 

32  0 
36.2 

31  1 
35.1 

215 

174  1 

168.5 

162.9 

157.3 

151.7 

59 

45  0 

43.8 

42  7 

41  5 

40.3 

39  1 

220 

178  7 

172  9 

lti7  2 

161.4 

155.7 

55 

49  7 

48.4 

47  1 

45.8 

4t  5 

43  1 

225 

183.3 

177.4 

171  5 

165.6 

159  7 

60 

52  9 

51  5 

50  1 

48.6 

47  2 

230 

188 

o 

181.9 

175  S 

169  8 

163.7 

65 

57  5 

55  9 

54  4 

52.8 

51.3 

23.-) 

192 

6 

186.4 

180.2 

174  0 

167.8 

70 

(12  1 

60  4 

58.7 

57.1 

55.4 

240 

191.0 

184.6 

178.2 

171.9 

75 

66  7 

64  9 

63  1 

61.3 

59  5 

245 
250 
255 
260 

195  5 
200.1 
204  7 
209.4 

189.0 
193.4 
197.9 
202  4 

182.5 
186.8 
191.1 
195  4 

176.0 
180  1 
184  3 
188  4 

720 

mm 

700 
mm 

680 
mm 

660 
mm 

640 
mm 

580 
mm 

560 
mm 

540 
mm 

520 
mm 

80 

69  5 

67  5 

65.6 

63.7 

61.7 

85 
90 

74  0 

78  6 

72.0 
76  4 

69.9 
74.2 

67.9 
72.1 

65.8 
69.9 

260 

202  4 

195.4 

188.4 

181  5 

95 

83  2 

80.9 

78  6 

76.3 

74.0 

265 

206  9 

199.8 

192.6 

185.5 

100 

87  9 

85  4 

83  0 

80.5 

78.1 

270 

211  5 

204.2 

196.9 

189.6 

105 

89  9 

87.4 

84  8 

82.2 

275 

216.0 

208.6 

201.1 

193.7 

110 

94  5 

91.8 

89.1 

86  4 

280 

220.6 

213.0 

205.4 

197.8 

115 

99.1 

96.3 

93.4 

90.6 

285 

225  2 

217.5 

209.7 

201.9 

120 

103  7 

100.7 

97.8 

94.8 

290 

229  9 

222.0 

214  0 

206.1 

125 

108  3 

105.3 

102.2 

99.1 

295 
300 

226.5 
231.0 

218.4 
222.8 

210.3 
214.5 

680 

660 

640 

620 

600 

mm 

mm 

mm 

mm 

mm 

560 

540 

520 

500 

480 

125 
130 

105.3 
109.8 

102.2 
106  6 

99.1 
103.3 

96.0 
100.1 

92.9 
96.9 

305 

235.6 

227.2 

218.8 

210.3 

201.9 

135 

114  3 

111  0 

107.6 

104  3 

100.9 

310 

240.2 

231.6 

223  0 

214.4 

205.9 

140 

118  9 

115  4 

111.9 

108.4 

104  9 

315 

244.8 

236.0 

227  3 

218.6 

209.8 

145 

123  5 

119.9 

116.3 

112.6 

109.0 

320 

249.4 

240.5 

231  6 

222.7 

213.8 

150 

128.2 

124  4 

120.6 

116.9 

113.1 

325 

254.1 

245.0 

236  0 

226.9 

217  8 

155 

128.9 

125.0 

121.1 

117.2 

330 

249.6 

240.3 

231.1 

221  8 

160 

133  5 

129.4 

125.4 

121.4 

335 

254.1 

244.7 

235  3 

225.9 

165 

138.1 

133.9 

129  7 

125.5 

340 

258.7 

249  1 

239.6 

230.0 

170 

142.7 

138.4 

134  0 

129.7 

345 

263.3 

253.6 

243.8 

234.1 
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REDUCTION  OF  BAROMETER  TO  SEA  LEVEL 

(Continued) 

ENGLISH  UNITS-TABLE  I 

Values  of  the  temperature-altitude  factor  (2000  m.)  for  entering  table  II. 


1 

Assumed  temperature  of  air  column  °F 

Altitude 

feet 

-20 

0 

+10 

+20 

+30 

+40 

+50 

+60 

+70 

+80 

200 

7.4 

7.1 

6.9 

6.8 

6.6 

6.5 

6.3 

6.2 

6.1 

6.0 

400 

14.8 

14.1 

13.8 

13.5 

13.2 

13.0 

12.7 

12.4 

12.2 

11.9 

600 

22.2 

21.2 

20.7 

20.3 

19.9 

19.5 

19.0 

18.6 

18.2 

17.9 

800 

29.6 

28.3 

27.7 

27.1 

26.5 

25.9 

25.4 

24.8 

24.3 

23  8- 

1000 

37.0 

35  3 

34.6 

33.8 

33.1 

32.4 

31.7 

31.1 

30.4 

29.8 

1200 

44.3 

42.4 

41.5 

40.6 

39.7 

38.9 

38.1 

37.3 

36.5 

35.8 

1400 

51.7 

49.5 

48.4 

47.4 

46.4 

45.4 

44.4 

43.5 

42.6 

41.7 

1600 

59.1 

56.5 

55.3 

54.1 

53.0 

51.9 

50.8 

49.7 

48.7 

47  7 

1800 

66.5 

63.6 

62.2 

60.9 

59.6 

58.4 

$7.1 

55.9 

54.7 

53.6 

2000 

73.9 

70.6 

69.1 

67.7 

66.2 

64.8 

63.4 

62.1 

60.8 

59.6 

2200 

81.3 

77.7 

76.0 

74.4 

72.9 

71.3 

69.8 

68.3 

66.9 

65.5 

2400 

88.7 

84.8 

82.9 

81.2 

79.5 

77.8 

76.1 

74.5 

73.0 

71  5 

2600 

96.1 

91.8 

89.9 

87.9 

86.1 

84.3 

82.5 

80.7 

79.1 

77 . 5 

2800 

103.5 

98.9 

96.8 

94.7 

92.7 

90.8 

88.8 

87.0 

85.1 

83.4 

3000 

110.9 

106.0 

103.7 

101.5 

99.3 

97.2 

95.2 

93.2 

91.2 

89.4- 

3200 

118.2 

113.0 

110.6 

108.2 

106.0 

103.7 

101.5 

99.4 

97.3 

95.3 

3400 

125.6 

120.1 

117.5 

115.0 

112.6 

110.2 

107.9 

105.6 

103.4 

101  3. 

3600 

133.0 

127.2 

124.4 

121.8 

119.2 

116.7 

114.2 

111.8 

109.5 

107 . 2 

3800 

140.4 

134 . 2 

131.3 

128.5 

125.8 

123.2 

120.5 

118.0 

115.5 

113.2" 

4000 

147.8 

141.3 

138.2 

135.3 

132.4 

129.6 

126.9 

124.2 

121.6 

119.2 

4200 

155.2 

148.3 

145.1 

142.1 

139.1 

136.1 

133.2 

130.4 

127.7 

125.1 

4400 

162.6 

155.4 

152.0 

148.8 

145.7 

142.6 

139.6 

136.6 

133 . 8 

131.1 

4600 

170.0 

162.5 

159.0 

155.6 

152.3 

149 . 1 

145.9 

142.8 

139.9 

137.0 

4800 

177.3 

169.5 

165.9 

162.3 

158.9 

155 . 6 

152.2 

149.0 

145.9 

143.0 

5000 

184.7 

176.6 

172.8 

169.1 

165.6 

162.0 

158.6 

155.2 

152.0 

148.9 

5200 

192.1 

183.7 

179.7 

175.9 

172.2 

168.5 

164.9 

161.5 

158.1 

154.9- 

5400 

199.5 

190.7 

186.6 

182.6 

178.8 

175.0 

171.3 

167.7 

164.2 

160.8. 

5600 

206.9 

197.8 

193.5 

189.4 

185.4 

181.5 

177.6 

173.9 

170.3 

166.8- 

5800 

214.3 

204.8 

200 . 4 

196.2 

192.0 

188.0 

184.0 

180.1 

176.3 

172.  8- 

6000 

221.7 

211.9 

207.3 

202.9 

198.7 

194.4 

190.3 

186.3 

182.4 

178.7 

6200 

229.1 

219.0 

214.2 

209.7 

205.3 

200.9 

196.6 

192.5 

188.5 

184.7 

6400 

236.4 

226.0 

221.1 

216.4 

211.9 

207.4 

203.0 

198.7 

194.6 

190  ft 

6600 

243.8 

233.1 

228.0 

223.2 

218.5 

213.9 

209.3 

204.9 

200.7 

196  6- 

6800 

251.2 

240.1 

235.0 

230.0 

225.1 

220.4 

215.7 

211.1 

206.7 

202.5 

7000 

258.6 

247.2 

241  9 

236 . 7 

231.8 

226.8 

222.0 

217.3 

212.8 

208.5 

7200 

266.0 

254.3 

248.8 

243.5 

238.4 

233 . 3 

228.4 

223.5 

218.9 

214  4 

7400 

273.4 

261.3 

255.7 

250.2 

245.0 

239.8 

234.7 

229.7 

225.0 

220.4 

7600 

280.8 

268.4 

262.6 

257.0 

251.6 

246.3 

241.0 

235.9 

231.1 

226  4 

7800 

288.1 

275.4 

269.5 

263.8 

258.2 

252 . 8 

247.4 

242.2 

237.1 

232 . 3 

8000 

295.5 

282.5 

276.4 

270.5 

264.8 

259.2 

253.7 

248.4 

243.2 

238.3 

8200 

302.9 

289.6 

283.3 

277.3 

271.5 

265.7 

260.1 

254.6 

249.3 

244.2 

8400 

310.3 

296.6 

290.2 

284.0 

278.1 

272.2 

266.4 

260.8 

255.4 

250 .2 

8600 

317.7 

303.7 

297.1 

290.8 

284.7 

278.7 

272.7 

267.0 

261.4 

256.1 

8800 

325.1 

310.7 

304.0 

297.6 

291.3 

285.2 

279  1 

273.2 

267.5 

262.1 

9000 

332.5 

317.8 

310.9 

304.3 

297  9 

291.6 

285.4 

279.4 

273.6 

268.0 
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REDUCTION  OF  BAROMETER  TO  SEA  LEVEL 
(Continued) 

ENGLISH  UNITS— TABLE  II 

Value  of  Correction  to  be  Added. 


Temp. 

Barometer  reading 

Temp. 

alt. 
factor 

Barometer  reading 

alt. 
iactor 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

1 
5 

in. 

0.04 

0.18 

0.36 

0.54 

0.72 

in. 

0.03 

0.17 

0.35 

0.52 

0.70 

0.88 

1.05 

1.23 

1.41 

1.60 

in. 

0.03 

0.17 

0.34 

0.51 

0.68 

0.85 

1.02 

1.19 

1.37 

1.54 

1.72 

1.90 

2.07 

2.25 

2.43 

in. 

in. 

165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 

in. 

5.44 

5.62 

in. 

5.23 

5.40 

5.58 

5.76 

5.93 

6.11 

8.29 

6.47 

in. 

5.02 

5.19 

5.36 

5.53 

5.70 

5.87 

6.04 

6.21 

6.39 

6.56 

6.74 

6.92 

7.10 

7.28 

7.46 

in. 

5.30 
5.46 
5.62 
5.79 
5.96 
6.12 
6.29 
6.46 
6.63 
6.80 
6.97 
7.15 
7.32 
7.49 

in. 

10 
15 

20 
25 
30 
35 
40 

0.32 
0.49 
0.65 
0.82 
0.98 
1.15 
1.32 
1.49 
1.66 
1.83 
2.00 
2.18 
2.35 
2.53 
2.70 

!L27 
1.44 
1.60 
1.76 
1.93 
2.10 
2.27 
2.43 
2.60 

45 

50 

55 

6.34 

60 

6.51 

65 

6.67 

70 

6.84 

75 

7.00 

80 

7  17 

28 

27 

26 

25 

24 

23 

22 

21 

20 

75 

in. 

2.53 

2.70 

2.88 

3.06 

3.24 

3.42 

3.60 

in. 

2.43 

2.60 

2.78 

2.95 

3.12 

3.29 

3.47 

3.65 

3.82 

4.00 

4.18 

4.36 

4.54 

in. 

2.34 

2.51 

2.67 

2.84 

3.01 

3.17 

3.34 

3.51 

3.68 

3.85 

4.02 

4.20 

4.37 

4.55 

4.72 

4.90 

5.08 

5.26 

in. 

in. 

250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 

in 

7.67 

7.85 

8.03 

8.21 

8.39 

8.57 

in. 

7.34 

7.51 

7.68 

7.85 

8.02 

8.19 

8.37 

8.54 

8.72 

8.90 

9.08 

9.26 

9.44 

9.62 

9.80 

in. 

7.33 
7.49 
7.66 
7.82 
7.99 
8.16 
8.32 
8.49 
8  66 
8.83 
9.01 
9.18 
9.35 
9.53 
9.71 

in. 

8.09 
8.25 
8.41 
8.58 
8.74 
8.91 
9.08 
9.24 

80 

85 

90 

95 
100 

105 
110 
115 
120 
125 
130 
135 
140 

3.21 
3.38 
3.54 
3.70 
3.87 
4.04 
4.20 
4.37 
4.54 
4.71 
4.88 
5.06 

4'20 
4.36 
4.52 
4.69 
4.85 

145 
150 

155 

160 
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REDUCTION  OF  BAROMETER  TO  GRAVITY 
AT  SEA  LEVEL 


Metric  Units 

Correction  to  be  subtracted  given  in  millimeters 

(From  Smithsonian  Physical  Tables) 


Height  above 
sea  level 

Observed  Height  op  Barometer  in  Millimeters 

in  meters 

500 

550 

600 

650 

700 

750 

800 

100 

.02 

.02 

.02 

200 

.04 

.05 

.05 

300 

.07 

.07 

.07 

400 

.09 

.10 

.10 

500 

.11 

.12 

.13 

600 

12 

.13 

.14 

700 

14 

.15 

.16 

800 

16 

.18 

.19 

900 

18 

.20 

.22 

1000 

.18 

19 

20 

.22 

.24 

1100 

.19 

21 

22 

.24 

1200 

.21 

23 

24 

.26 

1300 

.22 

24 

26 

.29 

1400 

.24 

26 

28 

.31 

1500 

.24 

.26 

28 

30 

.33 

1600 

.25 

.28 

30 

.32 

3700 

.27 

.30 

32 

.34 

1800 

.28 

.31 

34 

.36 

1900 

.30 

.33 

36 

.39 

2000 

.31 

.34 

.38 

.41 

^100 

.33 

.36 

.40 

2200 

.35 

.38 

.41 

2300 

.36 

.40 

.43 

2400 

.38 

.42 

.45 

2500 

i    .39 

.43 

.47 

English  Units 


Observed  Height  in  Inches 

Height  «*,bove 

in  feet- 

18 

20 

22 

24 

26 

28 

30 

1000 

.003 

.003 

.003 

2000 

.004 

.005 

.005 

.006 

30U0 

.007 

.007 

.008 

.008 

4000 

.009 

.009 

.010 

4500 

.010 

.010 

.011 

5000 

010 

.011 

.011 

.012 

5500 

011 

.012 

.013 

6000 

011 

.013 

.014 

6500 

.011 

012 

.014 

.015 

7000 

.012 

013 

.015 

.016 

7500 

.013 

014 

.016 

.017 

8000 

.014 

015 

.017 

8500 

.015 

016 

.018 

9000 

.016 

017 

.019 

9500 

.016 

018 

.020 
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REDUCTION  OF  BAROMETER  TO  LATITUDE  45< 


Metric  Scale 
subtract   the   correction;   for    latitudes  greater 


For  latitudes  below  45° 
than  45°  it  is  to  be  added.     Corrections  in  cm 

(From  Smithsonian  Meteorological  Tables.) 


Latitude 


Observed  Height  of  Barometer  in  Centimeters 


68 


70 


72 


74 


76 


78 


26 

27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 

38 
39 

40 
41 
42 
43 
44 


65c 

64 

63 

62 

61 

60 
59 
58 
57 
56 

55 
54 
53 
52 
51 

50 
49 
48 
47 
46 


0.116 
.111 
.106 
.101 
.096 

0.091 
.085 
.079 
.074 
.068 

0.062 
.056 
.050 
.044 
.038 

0.031 

.025 
.019 
.013 
.006 


0.120 
.115 
.110 
.104 
.099 

0.094 
.087 
.082 
.076 
.070 

0.064 
.058 
.051 
.045 
.039 

0.032 
.026 
.019 
.013 
.007 


0.123 
.118 
.113 
.107 
.102 

0.096 
.090 
.084 
.078 
.072 

0.066 
.059 
.053 
.046 
.040 

0.033 
.027 
.020 
.013 
.007 


0.127 
.121 
.116 
.110 
.104 

0.098 
.092 
.086 
.080 
.074 

0.067 

.061 

C54 

.048 

.041 

0.034 
.027 
.021 
.014 
.007 


0.130 
.125 
.119 
.113 
.107 

0.101 
.095 
.089 
.082 
.076 

0.089 
.063 
.056 
.049 
.042 

0.035 
.028 
.021 
.014 
.007 


0.133 
.128 
.122 
.116 
.110 

0.104 
.097 
.091 
.084 
.078 

0.071 
.064 
.057 
.050 
.043 

0.036 
.029 
.022 
.014 
.007 


English  Scale 
Corrections  in  inches. 


Observed  Height  in  Inches 

Latitude 

25 

26 

27 

28 

29 

30 

25°       65° 

0.043 

0.044 

0.046 

0.048 

0.050 

0.051 

26         64 

.041 

.043 

.044 

.046 

.048 

.049 

27         63 

.039 

.041 

.042 

.044 

.045 

.047 

28         62 

.037 

.039 

.040 

.042 

.043 

.045 

29         61 

.035 

.037 

.038 

.039 

.041 

.042 

30         60 

0.033 

0.035 

0.036 

0.037 

0.039 

0.040 

31         59 

.031 

.032 

.034 

.035 

.036 

.037 

32         58 

.029 

.030 

.032 

.033 

.034 

.035 

33         57 

.027 

.028 

.029 

.030 

.031 

.032 

34         56 

.025 

.026 

.027 

.028 

.029 

.030 

35         55 

0.023 

0.024 

0.025 

0.025 

0.026 

0.027 

36         54 

.021 

.021 

.022 

.023 

.024 

.025 

37         53 

.018 

.019 

.020 

.021 

.021 

.022 

38         52 

.016 

.017 

.017 

.018 

.019 

.019 

39         51 

.014 

.014 

.015 

.015 

.016 

.017 

40         50 

0.012 

0.012 

0.012 

0.013 

0.013 

0.014 

41         49 

.009 

.010 

.010 

.010 

.011 

.011 

42         48 

.007 

.007 

.008 

.008 

.008 

.008 

43         47 

.005 

.005 

.005 

.005 

.005 

.006 

44         46 

.002 

.002 

.003 

.003 

.003 

.003 
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RELATIVE  HUMIDITY— DEW-POINT 

The  table  gives  the  relative  humidity  of  the  air  for  temperature  t  and  dew- 
point  d. 

(From  Smithsonian  Meteorological  Tables.) 


Depression 

D 

EW-POINT  (d). 

of  dew-point 
t-d°  C. 

-10 

0 

+  10 

+20 

+  30 

0.0 

100% 

100% 

100% 

100% 

100% 

0.2 

98 

99 

99 

99 

99 

0.4 

97 

97 

97 

98 

98 

0.6 

95 

96 

96 

96 

97 

0.8 

94 

94 

95 

95 

96 

1.0 

92 

93 

94 

94 

94 

1.2 

91 

92 

92 

93 

93 

1.4 

90 

90 

91 

92 

92 

1.6 

88 

89 

90 

91 

91 

1.8 

87 

88 

89 

90 

90 

2.0 

86 

87 

88 

88 

89 

2.2 

84 

85 

86 

87 

88 

2.4 

83 

84 

85 

86 

87 

2.6 

82 

83 

84 

85 

86 

2.8 

80 

82 

83 

84 

85 

3.0 

79 

81 

82 

83 

84 

3.2 

78 

80 

81 

82 

83 

3.4 

77 

79 

80 

81 

82 

3.6 

76 

77 

79 

80 

82 

3.8 

75 

76 

78 

79 

81 

4.0 

73 

75 

77 

78 

80 

4.2 

72 

74 

76 

77 

79 

4.4 

71 

73 

75 

77 

78 

4.6 

70 

72 

74 

76 

77 

4.8 

69 

71 

73 

75 

76 

5.0 

68 

70 

72 

74 

75 

5.2 

67 

69 

71 

73 

75 

5.4 

66 

68 

70 

72 

74 

5.6 

65 

67 

69 

71 

73 

5.8 

64 

66 

69 

70 

72 

6.0 

63 

66 

68 

70 

71 

6.2 

62 

65 

67 

69 

71 

6.4 

61 

64 

66 

68 

70 

6.6 

60 

63 

65 

67 

69 

6.8 

60 

62 

64 

66 

68 

7.0 

59 

61 

63 

66 

68 

7.2 

58 

60 

63 

65 

67 

7.4 

57 

60 

62 

64 

66 

7.6 

56 

59 

61 

63 

65 

7.8 

55 

58 

60 

63 

65 
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RELATIVE 

HUMIDITY— DEW-FOINT  (Continued) 

Depression 

Dew-point  (d). 

of  dew-point 
t-d°  C. 

-10 

0 

+  10 

+20 

+30 

8.0 

54 

57 

60 

62 

64 

8.2 

54 

56 

59 

61 

63 

8.4 

53 

56 

58 

60 

63 

8.6 

52 

55 

57 

60 

62 

8.8 

51 

54 

57 

59 

61 

9.0 

51 

53 

56 

58 

61 

9.2 

50 

53 

55 

58 

60 

9.4 

49 

52 

55 

57 

59 

9.6 

48 

51 

54 

56 

59 

9.8 

48 

51 

53 

56 

58 

10.0 

47 

50 

53 

55 

57 

10.5 

45 

48 

51 

54 

11.0 

44 

47 

49 

52 

11.5 

42 

45 

48 

51 

12.0 

41 

44 

47 

49 

12.5 

39 

42 

45 

48 

13.0 

38 

41 

44 

46 

13.5 

37 

40 

43 

45 

14.0 

35 

38 

41 

44 

14.5 

34 

37 

40 

43 

15.0 

33 

36 

39 

42 

15.5 

32 

35 

38 

40 

16.0 

31 

34 

37 

39 

16.5 

30 

33 

36 

38 

17.0 

29 

32 

35 

37 

17.5 

28 

31 

34 

36 

18.0 

27 

30 

33 

35 

18.5 

26 

29 

32 

34 

19.0 

25 

28 

31 

33 

19.5 

24 

27 

30 

33 

20.0 

24 

26 

29 

32 

21.0 

22 

25 

27 

22.0 

21 

23 

26 

23.0 

19 

22 

24 

24.0 

18 

21 

23 

25.0 

17 

19 

22 

26.0 

16 

18 

21 

27.0 

15 

17 

20 

28.0 

14 

16 

19 

29.0 

13 

15 

18 

30.0 

12 

14 

17 
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RELATIVE  HUMIDITY  FROM  WET  AND  DRY 


This  table  gives  the  approximate  relative  humidity  directly  from  the  reading  of  the  air 
pressure  of  74.27  cm  Hg.     Errors  resulting  from  the  use  of  this  table  for  air  temperatures 

Condensed  from  Bulletin  of  the 


0.2  0.4  0.6  0. 


.0  1.2  1.4  1.6  1.8  2.0  2.2  2.4  2.6  2.8  3.0  3.2  3.4  3.6 


-10 

93 

87 

80 

74 

67 

61 

54 

48 

41 

35  28 

22 

16 

9 

-9 

94 

88 

81 

75 

69 

63 

57 

51 

45 

39  33 

27 

21 

15 

9 

-8 

94 

88 

83 

77 

71 

65 

60 

54 

48 

43  37 

32 

26 

20 

15 

10 

-7 

95 

89 

84 

78 

73 

67 

62 

57 

52 

46  41 

36 

31 

25 

20 

15 

10 

5 

-6 

95 

90 

85 

79 

74 

69 

64 

59 

54 

49  45 

40 

35 

30 

25 

20 

15 

11 

-5 

95 

90 

86 

81 

76 

71 

66 

62 

57 

52  48 

43 

39 

34 

29 

25 

20 

16 

-4 

95 

91 

86 

82 

77 

73 

68 

64 

59 

55  51 

46 

42 

38 

33 

29 

25 

21 

-3 

96 

91 

87 

82 

78 

74 

70 

66 

62 

57  53 

49 

45 

41 

37 

33 

29 

25 

_2 

96 

92 

88 

84 

79 

75 

71 

68 

64 

60  56 

52 

48 

44 

40 

37 

33 

29 

-1 

96 

92 

88 

84 

81 

77 

73 

69 

66 

62  58 

54 

51 

47 

43 

40 

36 

33 

0 

96 

93 

89 

85 

81 

78 

74 

71 

67 

64  60 

57 

53 

50 

46 

43 

40 

36 

1 

97 

93 

90 

86 

83 

80 

76 

73 

70 

66  63 

59 

56 

53 

49 

46 

43 

40 

2 

97 

93 

90 

87 

84 

81 

78 

74 

71 

68  65 

62 

59 

55 

52 

49 

46 

43 

o 

97 

94 

91 

88 

84 

82 

78 

76 

72 

70  67 

64 

61 

58 

55 

52 

49 

46 

4 

97 

94 

91 

88 

85 

82 

79 

77 

74 

71  68 

65 

62 

60 

57 

54 

51 

48 

5 

97 

94 

91 

88 

86 

83 

80 

77 

75 

72  69 

67 

64 

61 

58 

56 

53 

51 

6 

97 

94 

92 

89 

86 

84 

81 

78 

76 

73  70 

68 

65 

63 

60 

58 

55 

53 

7 

97 

95 

92 

89 

87 

84 

82 

79 

77 

74  72 

69 

67 

64 

62 

59 

57 

54 

8 

97 

95 

92 

90 

87 

85 

82 

80 

77 

75  73 

70 

68 

65 

63 

61 

58 

56 

9 

98 

95 

93 

90 

88 

85 

83 

81 

78 

76  74 

71 

69 

67 

64 

62 

60 

58 

10 

98 

95 

93 

90 

88 

86 

83 

81 

79 

77  74 

72 

70 

68 

66 

63 

61 

59 

11 

98 

95 

93 

91 

89 

86 

84 

82 

80 

78  75 

73 

71 

69 

67 

65 

62 

60 

12 

98 

96 

93 

91 

89 

87 

85 

82 

80 

78  76 

74 

72 

70 

68 

66 

64 

62 

13 

98 

96 

93 

91 

89 

87 

85 

83 

81 

79  77 

75 

73 

71 

69 

67 

65 

63 

14 

98 

96 

94 

92 

90 

88 

86 

84 

82 

79  78 

76 

74 

72 

70 

68 

66 

64 

15 

98 

96 

94 

92 

90 

88 

86 

84 

82 

80  78 

76 

74 

73 

71 

69 

67 

65 

0.5 

1.0  1.5  2.0 

2.5, 

J. 03. 54. 04. 55. 05. 5  6.0  6.5  7  0  7.58.08.5  9.09 .5 

16 

95 

90 

85 

81 

76 

71 

67 

63 

58 

54  50  46 

42 

38 

34 

30 

26 

23 

19 

17 

95 

90 

86 

81 

76 

72 

68 

64 

60 

55  51  47 

43 

40 

36 

32 

28 

25 

21 

18 

95 

91 

86 

82 

77 

73 

69 

65 

61 

57  53  49 

45 

41 

38 

34 

30 

27 

23 

19 

95 

91 

87 

82 

78 

74 

70 

65 

62 

58  54  50 

46 

43 

39 

36 

32 

29 

26 

20 

96 

91 

87 

83 

78 

74 

70 

66 

63 

59  55  51 

48 

44 

41 

37 

34 

31 

28 

21 

96 

91 

87 

83 

79 

75 

71 

67 

64 

60  56  53 

49 

46 

42 

39 

36 

32 

29 

22 

96 

92 

87 

83 

80 

76 

72 

68 

64 

61  57  54 

50 

47 

44 

40 

37 

34 

31 

23 

96 

92 

88 

84 

80 

76 

72 

69 

65 

62  58  55 

52 

48 

45 

42 

39 

36 

33 

24 

96 

92 

88 

84 

80 

77 

73 

69 

66 

62  59  56 

53 

49 

46 

43 

40 

37 

34 

25 

96 

92 

88 

84 

81 

77 

74 

70 

67 

63  60  57 

54 

50 

47 

44 

41 

39 

36 

26 

96 

92 

88 

85 

81 

78 

74 

71 

67 

64  61  58 

54 

51 

49 

46 

43 

40 

37 

27 

96 

92 

89 

85 

82 

78 

75 

71 

68 

65  62  58 

56 

52 

50 

47 

44 

41 

38 

28 

96 

93 

89 

85 

82 

78 

75 

72 

69 

65  62  59 

56 

53 

51 

48 

45 

42 

40 

29 

96 

93 

89 

86 

82 

79 

76 

72 

69 

66  63  60 

•  57 

54 

52 

49 

46 

43 

41 

30 

96 

93 

89 

86 

83 

79 

76 

73 

70 

67  64  61 

58 

55 

52 

50 

47 

44 

42 

31 

96 

93 

90 

86 

83 

80 

77 

73 

70 

67  64  61 

59 

56 

53 

51 

48 

45 

43 

32 

96 

93 

90 

86 

83 

80 

77 

74 

71 

68  65  62 

60 

57 

54 

51 

49 

46 

44 

33 

97 

93 

90 

87 

83 

80 

77 

74 

71 

68  66  63 

60 

57 

55 

52 

50 

47 

45 

34 

97 

93 

90 

87 

84 

81 

78 

75 

72 

69  66  63 

61 

58 

56 

53 

51 

48 

46 

35 

97 

94 

90 

87 

84 

81 

78 

75 

72 

69  67  64 

61 

59 

56 

54 

51 

49 

47 

36 

97 

94 

90 

87 

84 

81 

78 

75 

73 

70  67  64 

62 

59 

57 

54 

52 

50 

48 

37 

97 

94 

91 

87 

84 

82 

79 

76 

73 

70  68  65 

63 

60 

58 

55 

53 

51 

48 

38 

97 

94 

91 

88 

84 

82 

79 

76 

74 

71  68  66 

63 

61 

58 

56 

54 

51 

49 

39 

97 

94 

91 

88 

85 

82 

79 

77 

74 

71  69  66 

64 

61 

59 

57 

54 

52 

50 

40 

97 

94 

91 

88 

85 

82 

80 

77 

74 

72  69  67 

64 

62 

59 

57 

54 

53 

51 

1948 


BULB  THERMOMETER  (CENT.  SCALE) 

temperature  (dry  bulb)  (f°C)  and  the  wet  bulb  (i'°C).    It  is  computed  for  a  barometric 
above  —  10°C  and  between  77.5  and  71  cm  Hg  will  usually  be  within  the  errors  of  observation. 

U.  S.  Weather  Bureau  No.  1071 


N^/-  V 

t          ^\ 

3.8 

4.0 

4.5 

5.0 

5.5 

6.0 

5.5  7.0  / 

'.5  8.0  8 

.5  9.0  9. 

5  10.0  10 

.5  11  0 

-10 

-9 

-8 

-7 

-6 

6 

-5 

11 

7 

-4 

17 

12 

-3 

21 

17 

8 

-2 

25 

22 

12 

-1 

29 

26 

17 

8 

0 

33 

29 

21 

13 

5 

1 

36 

33 

25 

17 

10 

2 

40 

37 

29 

22 

14 

7 

3 

43 

40 

33 

26 

19 

12 

o 

4 

46 

43 

36 

29 

22 

16 

9 

5 

48 

45 

39 

33 

26 

20 

13 

7 

6 

50 

48 

41 

35 

29 

24 

17 

11 

7 

52 

50 

44 

38 

32 

26 

21 

15 

10 

8 

54 

51 

46 

40 

35 

29 

24 

19 

14 

8 

9 

55 

53 

48 

42 

37 

32 

27 

22 

17 

12 

7 

10 

57 

55 

50 

44 

39 

34 

29 

24 

20 

15 

10 

6  . 

11 

58 

56 

51 

46 

41 

36 

32 

27 

22 

18 

13 

9 

5 

12 

60 

58 

53 

48 

43 

39 

34 

29 

25 

21 

16 

12 

8 

13 

61 

59 

54 

50 

45 

41 

36 

32 

28 

23 

19 

15  1 

1 

7 

14 

62 

60 

56 

51 

47 

42 

38 

34 

30 

26 

22 

18  14 

10 

6 

15 

63 

61 

57 

53 

48 

44 

40 

36 

32 

27 

24  ! 

10     16 

13 

9 

6 

10.010.5  1 

1.01 

1.512.012.5 

13.013.5 

14.014.5 

15.016.017.018.019.020.0 

16 

15 

12 

8 

5 

17 

18 

14 

11 

8 

18 

20 

17 

14 

10 

7 

19 

22 

19 

16 

13 

10 

7 

20 

24 

21 

18 

15 

12 

9 

6 

21 

26 

23 

20 

17 

14 

12 

9 

6 

22 

28 

25 

22 

19 

17 

14 

11 

8 

6 

23 

30 

27 

24 

21 

19 

16 

13 

11 

8 

6 

24 

31 

29 

26 

23 

20 

18 

15 

13 

10 

8 

0 

25 

33 

30 

28 

25 

22 

20 

17 

15 

12 

10 

8 

26 

34 

32 

29 

26 

24 

21 

19 

17 

14 

12 

10 

5 

27 

36 

33 

31 

28 

26 

23 

21 

18 

16 

14 

12 

7 

28 

37 

34 

32 

29 

27 

25 

22 

20 

18 

16 

13 

9 

5 

29 

38 

36 

33 

31 

28 

26 

24 

22 

19 

17 

15 

11 

7 

30 

39 

37 

35 

32 

30 

28 

25 

23 

21 

19 

17 

13 

9 

5 

•• 

31 

40 

38 

36 

33 

31 

29 

27 

25 

22 

20 

18 

14 

11 

7 

32 

41 

39 

37 

35 

32 

30 

28 

26 

24 

22 

20 

16 

12 

9 

5 

33 

42 

40 

38 

36 

33 

31 

29 

27 

25 

23 

21 

17 

14 

10 

7 

34 

43 

41 

39 

37 

35 

32 

30 

28 

26 

24 

23 

19 

15 

12 

8 

.*> 

35 

44 

42 

40 

38 

36 

34 

32 

30 

28 

26 

24 

20 

17 

13 

10 

1 

36 

45 

43 

41 

39 

37 

35 

33 

31 

29 

27 

25 

21 

18 

15 

11 

8 

37 

46 

44 

42 

40 

38 

36 

34 

32 

30 

28 

26 

23 

19 

16 

13 

10 

38 

47 

45 

43 

41 

39 

37 

35 

33 

31 

29 

27 

24 

20 

17 

14 

11 

39 

48 

46 

43 

42 

39 

38 

36 

34 

32 

30 

28 

25 

22 

18 

15 

12 

40 

48 

46 

44 

42 

40 

38 

36 

35 

33 

31 

29 

26 

23 

20 

16 

14 

1949 


REDUCTION  OF  PSYCHROMETRIC  OBSERVATION 

For  the  reduction  of  observations  with  the  wet  and  dr>  bulb  thermometer. 
Assuming  the  relative  velocity  of  the  air  to  the  thermometer  bulbs  is  at  least 
three  meters  per  second;  if  t  is  the  temperature  of  the  air  as  indicated  by  the 
dry  bulb,  tw,  the  temperature  of  the  wet  bulb,  B,  the  barometric  pressure,  and 
Ew,  the  vapor  tension  of  water  corresponding  to  tw,  then  the  actual  vapor  ten- 
sion is 

E  =  Ew-0.00066B(t-tw)[l  +0.00115(< -*„)]. 

The  value  of  the  term 

0.000e>6B(t-tu)[l+0.00115(t-  tw)] 
is  given  in  the  following  table. 

(From  Miller's  Laboratory  Physics,  Ginn  &  Co.,  publishers,  by  permission.) 


t-tw 

Barometric  Pressure  B  in  Centimeters 

70.0 

71.0 

72.0 

73.0 

74.0 

75.0 

76.0 

77.0 

°c 

cm 

cm 

cm 

cm 

cm 

cm 

cm 

cm 

1 

0.047 

0.048 

0.048 

0.049 

0.050 

0.050 

0.051 

0.052 

2 

.093 

.094 

.096 

.097 

.098 

.100 

.101 

.103 

3 

.139 

.141 

.143 

.145 

.147 

.149 

.152 

.154 

4 

.186 

.189 

.191 

.194 

.197 

.199 

.202 

.204 

5 

0.232 

0 .  236 

0.239 

0.243 

0.246 

0.249 

0.252 

0.256 

6 

.279 

.283 

.287 

.291 

.295 

.299 

.303 

.307 

7 

.326 

.331 

.336 

.340 

.345 

.350 

.354 

.359 

8 

.373 

.379 

.384 

.389 

.395 

.400 

.405 

.411 

9 

.421 

.427 

.432 

.438 

.444 

.450 

.456 

.462 

10 

0.468 

0.474 

0.481 

0.488 

0.494 

0.501 

0.508 

0.515 

11 

.515 

.522 

.530 

.537 

.544 

.551 

.559 

.566 

12 

.562 

.570 

.578 

.586 

.594 

.602 

.611 

.619 

13 

.610 

.618 

.627 

.636 

.645 

.653 

.662 

.671 

14 

.658 

.667 

.676 

.686 

.695 

.705 

.714 

.723 

15 

0.706 

0.716 

0.726 

0.736 

0.746 

0.756 

0.766 

0.776 

16 

.754 

.764 

.775 

.786 

.796 

.807 

.818 

.829 

17 

.802 

.813 

.824 

.836 

.847 

.859 

.870 

.882 

18 

.850 

.862 

.874 

.886 

.898 

.910 

.922 

.935 

19 

.898 

.911 

.923 

.936 

.949 

.962 

.975 

.987 

20 

0.946 

0.960 

0.973 

0.987 

1.000 

1.014 

1.027 

1.041 

1950 


CONSTANT  HUMIDITY 

The  following  table  shows  the  %  humidity  and  the  aqueous 
tension  at  the  given  temperature  within  a  closed  space  when 
an  excess  of  the  substance  indicated  is  in  contact  with  a  satu- 
rated aqueous  solution  of  the  given  solid  phase. 


Solid  phase 


£°C. 

humidity 

24 

9 

20 

10 

168 

13 

20 

15 

20 

20 

100 

22.9 

100 

22.9 

16.39 

30.49 

24.5 

31 

20 

32.3 

18.5 

35 

20 

35 

10 

38 

5 

39.8 

20 

42 

24.5 

43 

18.5 

44 

20 

45 

20 

47 

100 

50.4 

24.5 

51 

20 

52 

20 

52 

24.5 

52 

100 

54 

18.5 

56 

18.5 

56 

100 

56.2 

20 

58 

20 

65 

20 

66 

30 

68.6 

100 

69.2 

25 

71.2 

20 

72.6 

20 

75 

108. 

75 

20 

76 

20 

76 

20 

78 

20 

79.5 

Aq. 
tension 


H3P(MH20. 
ZnCl2.liH20* 

KC2H302 

LiCl.H20 

KC2H302 

KF 


NaBr 

NaCl,  KN03  and  NaNC3 

CaCl2.6H20 

CaCl2.6H20 

CaCl2.6H20 

Cr03 

CaCl2.6H20 

CaCl2.6H20 

Zn(N03)2.6H20 

K2C03.2H20 

K2C03.2H20 

KN02 

KCNS 

Nal 

Ca(N03)2.4H20 

NaHS04.H20 

Na2Cr207.2H20 

Mg(N03)2.6H20 

NaC103 

Ca(N03)2.4H20 

Mg(N03)2.6H20 

KI 


NaBr.2H20 

Mg(C2H302)2.4H20 

NaN02 

NH4ClandKN03.. 

KBr 

NH4Cland  KN03. . 
NH4ClandKN03.. 

NaC103 

(NH4)2S04 

NaC2H302.3H20... 

H2C204.2H20 

Na2S203.5H20 

NH4C1 


60 

47 


1.99 
1.74 
738 
2 
3 
174 
174 
4.23 
7.08 
5.61 
5.54 
6.08 
3.47 
2.59 
7.29 
9.82 
6.96 
7.81 
8.16 
383 
11.6 
9.03 
9.03 
11.9 
410 
8.86 
8.86 
427 
10.1 
11.3 
11.5 
21.6 
526 
16.7 
12.6 
13.0 
754 
13.2 
13.2 
13.5 
13.8 


*  Unstable  form. 


1951 


CONSTANT  HUMIDITY  (Continued) 


Solid  phase 


t°C. 


% 
humidity 


Aq. 

tension 


NH4Ci 

NH4CL 

(NH4)2S04 

(NH4)2S04 

(NHO18O4 

ThsoV.V.  WW.'.". 
KHS04 

Na2CO8.10H2O. . 

BaCl2.2H2G 

K2Cr04 

Pb(NO,)2....... 

ZnS04.7H20 

Na2CO3.10H2O.  . 

NaBrOs 

KJHPO4 

NH4H2P04 

NH4H2P04 

Na2SO4.10H2O.. 

NH4H2P04 

ZnS04.7H20 

Na2S08.7H20... 
Na2HP04.12H20 

NaF 

Pb(N03)2 

CaS04.5H20 

TINOs... 

T1C1 


25 

30 

20 

25 

30 

20 
104.7 

20 

24.5 

24.5 

20 
103.5 

20 

18.5 

20 

20 

30 

25 

20 

20 
5 

20 

20 
100 

20 

20 

100.3 
100.1 


79 

77 

81 

81 

81 

84 

84.8 

86 

87 

88 

88 

88.4 

90 

92 

92 

92 

92.9 

93 

93 

93.1 

94.7 

95 

95 

96.6 

98 

98 

98.7 

99.7 


18.6 
24.4 
14.1 
19.1 
25.6 
14.6 

768 
14.9 
20.9 
20.1 
15.3 

760 
15.6 
14.6 
16.0 
16.0 
29.3 
21.9 
16.1 
16.2 
6.10 
16.5 
16.5 

734 
17.0 
17.0 

759 

761 


CONSTANT  HUMIDITY  WITH  SULFURIC  ACID 
SOLUTIONS 

The  relative  humidity  and  pressure  of  aqueous  vapor  of  air  in  equilibrium 
conditions  above  aqueous  solutions  of  sulfuric  acid  are  given  below. 


Density  of 

Relative 

Vapor 

Density  of 

Relative 

Vapor 

acid 
solution 

humidity 

pressure 
at  20°C 

acid 
solution 

humidity 

pressure 
at  20  °C 

1.00 

100.0 

17.4 

1.30 

58.3 

10.1 

1.05 

97.5 

17.0 

1.35 

47.2 

8.3 

1.10 

93.9 

16.3 

1.40 

37.1 

6.5 

1.15 

88.8 

15.4 

1.50 

18.8 

3.3 

1.20 

80.5 

14.0 

1.60 

8.5 

1.5 

1.25 

70.4 

12.2 

1.70 

3.2 

0.6 

'  1952 


SOUND 


VELOCITY  OF  SOUND 

Solids 

Approximate  values. 
(From  Smithsonian  Tables.) 


Substance 

Tern 
°C 

Veloc, 
p*     meters 

Veloc, 
feet 

Observer 

per  sec. 

per  sec 

Metals: 

Aluminum 

5104 

16740 

Masson 

Brass 

3500 

11480 

Cadmium 

2307 

7570 

Cobalt 

4724 
3560 

15500 
11670 

Copper 

20 

Wertheim 

Copper 

IOC 

►          3290 

10800 

Wertheim 

Copper 

2()( 

2950 

9690 

Wertheim 

Gold,  soft 

2C 

1743 

5717 

Wertheim 

Gold,  hard 

2100 

6890 

Various 

Iron  and  soft  steel 

5000 

16410 

Various 

Iron   

2( 

5130 

16820 

Wertheim 

Iron 

IOC 

5300 

17390 

Wertheim 

Iron 

20C 

4720 

15480 

Wertheim 

Iron  cast  steel 

20 

4990 

16360 

200 

4790 

15710 

Lead 

2C 

1227 
4602 

4026 
15100 

Wertheim 

Magnesium 

Melde 

Nickel       

4973 

16320 

Palladium 

3150 

10340 

Various 

Platinum 

2( 

2690 

8815 

Wertheim 

Platinum 

IOC 

2570 

8437 

Vvertheim 

Platinum 

?,()( 

2460 

8079 

Wertheim 

Silver 

2f 

2610 

8553 

Wertheim 

Silver 

10(1 

2640 

8658 

Wertheim 

Tin 

2500 

8200 

Various 

Zinc 

3700 

12140 

Various 

Various: 

Brick 

3652 

11980 

Chladni 

Clay  rock 

3480 

11420 

Gray  and  Milne 

Stefan 

Cork 

500 

1640 

Granite   

0000 

19685 

Marble 

3810 

12500 

Gray  and  Milne 
Warburg 

Paraffin 

15 

1304 

4280 

Slate        

4510 

14800 

Gray  and  Milne 

16 

390 

1280 

Glass,  from 

5000 

16410 

Various 

Glass,  to 

6000 

19690 

Various 

Ivory 

3013 

9886 

Ciccone  &  Campanile 
Exner 

Vulcanized  rubber 

0 

54 

177 

17 

880 

2890 

Stefan 

Woods: 

Ash,  along  the  fiber .... 

4670 

15310 

Wertheim 

Ash,  across  the  rings.  .  . 

1390 

4570 

Wertheim 

1260 

4140 

Wertheim 

Beech,  along  the  fiber.  . 

3340 

10960 

Wertheim 

Elm,  along  the  fiber.  .  .  . 

4120 

13516 

Wertheim 

Fir,  along  the  fiber 

4640 

15220 

Wertheim 

Maple,  along  the  fiber.  . 

4110 

13470 

Wertheim 

Oak.  along  the  fiber.  .  .  . 

3850 

12620 

Wertheim 

3320 

10900 

Wertheim 

Poplar,  along  the  fiber .  .      . 

4280 

14050 

Wertheim 

Sycamore,  along  fiber .  .  |    . 

4460 

14640 

Wertheim 

1953 


VELOCITY  OF  SOUND   (Continued) 


Liquids  and  Gases 

(From  Smithsonian  Tables.) 


Substance 


Liquids: 

Alcohol,  95  % 

Alcohol 

Ammonia,  cone 

Benzine. 

Carbon  bisulfide 

Chloroform 

Ether 

NaCl,  10%  sol 

NaCl,  15%  sol 

NaCl,  20%  sol 

Turpentine  oil 

Water,  air-free 

Water,  air-free 

Water,  air-free 

Water,  Lake  Geneva 

Water,  Seine  River.  . 

Water,  Seine  River.  . 

Water,  Seine  River.  . 
Gases: 

Air,  dry,  CC>2-free.  .  . 

Air,  dry 

Air,  dry,  COs-free.  .  . 

Air  1  atmosphere. .  .  . 

Air  25  atmospheres.  . 

Air  50  atmospheres.  . 

Air  100  atmospheres. 

Air 

Air 

Air 

Air 

Ammonia 

Carbon  monoxide.  .  . 

Carbon  dioxide 

Carbon  disulfide 

Chlorine 

Ethylene 

Hydrogen 

Illuminating  gas.  .  .  . 

Methane 

Nitric  oxide 

Nitrous  oxide 

Oxygen 

Vapors: 

Alcohol. 

Ether 

Water 

Water 

Water 


Temp. 

°C 


12.5 
20.5 
16. 
17. 
15. 
15. 
15. 
15. 
15. 
15. 
15. 
13. 
19. 
31. 
9. 
15. 
30. 
GO. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

20. 

100. 

500. 

000. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 
100. 
130. 


Veloc, 
meters 
per  sec. 


1241. 
1213. 
1663. 
1166. 
1161. 
983. 
1032. 
1470. 
1530. 
1650. 
1326. 
1441. 
1461. 
1505. 
1435. 
1437. 
1528. 
1724. 

331.78 
331.36 
331.92 
331.7 
332 . 0 


334 . 7 
350 . 6 
344 . 
386 . 
553. 
700. 
415. 
337.1 
258.0 
189. 
205 . 3 
314. 
1269.5 
490.4 
432. 
325. 
261.8 
317.2 


230.6 

179.2 

401. 

404.8 

424.4 


Veloc, 

feet 
per  cec. 


4072. 
3890. 
5456. 
3826 . 
3809. 
3225. 
3386 . 
4823. 
5020 . 
5414. 
4351. 
4728. 
4794. 
4938. 
4708. 
4714. 
5013. 
5657. 

1088. 
1087. 
1089. 
1088. 
1089. 
1098. 
1150. 
1129. 
1266. 
1814. 
2297 . 
1361. 
1106. 

846. 

606. 

674. 
1030. 
4165. 
1609. 
1417. 
1066. 

859. 
1041. 

756. 

588. 
1315. 
1328. 
1392. 


Observer 


Dorsing,  1908 
Dorsing,  1908 
Dorsing,  1908 
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Wertheim 
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MUSICAL  SCALES 

Equal  Tempered  Chromatic  Scale 

A4  =  440 

American  Standard  pitch.      Adopted  by  the  American  Standards 
Association  in  1936 


Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

quency 

quency 

quency 

quency 

Co 

16.35 

C2 

65.41 

C4 

261.63 

Ce 

1046.50 

C#o 

17.32 

C#2 

69.30 

C#4 

277.18 

C#6 

1108.73 

Do 

18.35 

D2 

73.42 

D4 

293 . 66 

De 

1174.66 

D#o 

19.45 

T>h 

77.78 

D#4 

311.13 

D#6 

1244.51 

Eo 

20.60 

E2 

82.41 

E4 

329.63 

E6 

1318.51 

F0 

21.83 

F2 

87.31 

F4 

349 . 23 

Fe 

1396.91 

F#o 

23.12 

F#i 

92.50 

F#4 

369 . 99 

F#6 

1479.98 

Go 

24.50 

Gi 

98.00 

<;•, 

392 . 00 

Ge 

1567.98 

G#o 

25 .  96 

Gh 

103.83 

G#4 

415.30 

G#6 

1661.22 

Ao 

27.50 

Ai 

110.00 

A 

440.00 

Ae 

1760.00 

A  h 

29.14 

A#2 

116.54 

A  #4 

466. 16 

A  #6 

1864.66 

Bo 

30.87 

B2 

123.47 

B4 

493.88 

Be 

1975.53 

Ci 

32.70 

c3 

130.81 

Ci 

523.25 

C7 

2093.00 

C#i 

34.65 

Ch 

138.59 

Ch 

554 . 37 

Ch 

2217.46 

Di 

36.71 

D3 

146.83 

1).., 

587 . 33 

D7 

2349 . 32 

D#i 

38.89 

D,^3 

155.56 

D#6 

622 . 25 

D#7 

2489.02 

Bi 

41.20 

E3 

164.81 

E6 

659 . 26 

E7 

2637 . 02 

Fi 

43.65 

Ft 

174.61 

Fi 

698.46 

Ft 

2793 . 83 

F#i 

46 .  25 

F#i 

185.00 

F   i 

739.99 

F#7 

2959 . 96 

Gi 

49.00 

G, 

196.00 

G. 

783 . 99 

Gv 

3135.96 

G#i 

51  .91 

G 

207.65 

830.61 

G#7 

3322 . 44 

Ai 

55 .  00 

A, 

220 . 00 

880 . 00 

A7 

3520 . 00 

A#i 

58.27 

Ah 

233.08 

\ 

932 . 33 

A  #7 

3729.31 

Bi 

61.74 

B3 

246 . 94 

B6 

987 . 77 

B7 

Ch 

3951.07 
4186.01 

Equal  Tempered  Chromatic  Scale 
A4  =  435 

International  Pitch,  adopted  1891 


Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

quency 

quency 

quency 

quency 

Co 

16.17 

C2 

64 .  66 

C4 

258 . 65 

Ce 

1034.61 

C#o 

17.13 

Ch 

68.51 

Ch 

274.03 

Ch 

1096.13 

Do 

18.15 

D2 

72.58 

D4 

290 . 33 

D6 

1161.31 

D#o 

19.22 

D#2 

76.90 

Df4 

307 . 59 

D#6 

1230.37 

Eo 

20.37 

E2 

81.47 

E4 

325 . 88 

Ee 

1303.53 

Fo 

21.58 

F2 

86.31 

F4 

345.26 

F6 

1381.04 

F#o 

22 .  86 

F#2 

91.45 

F#4 

365 . 79 

F#6 

1463.16 

Go 

24.22 

G2 

96.89 

G4 

387 . 54 

Ge 

1550.16 

G#o 

25.66 

Gh 

102.65 

G#4 

410.59 

G#6 

1642.34 

Ao 

27.19 

A2 

108.75 

A4 

435.00 

Ae 

1740.00 

A#o 

28.80 

A#2 

115.22 

A#4 

460.87 

Ah 

1843.47 

Bo 

30.52 

B2 

122.07 

B4 

488.27 

Be 

1953.08 

Ci 

32.33 

c3 

129.33 

C6 

517.31 

C7 

2069.22 

C#i 

34.25 

C#3 

137.02 

C#5 

548.07 

c#7 

2192.26 

Di 

36.29 

D3 

145.16 

D5 

580.66 

D7 

2322.62 

D#i 

38.45 

D#3 

153.80 

D#5 

615.18 

D#7 

2460.73 

Ei 

40.74 

E3 

162.94 

E5 

651.76 

E7 

2607.05 

Fi 

43.16 

F3 

172.63 

F5 

690 . 52 

F7 

2762.08 

F#i 

45.72 

F#3 

182.89 

F#5 

731.58 

F#7 

2926 . 32 

Gi 

48.44 

G3 

193.77 

G5 

775.08 

G7 

3100.33 

G#i 

51.32 

G#3 

205.29 

G#5 

821.17 

G#7 

3284.68 

Ai 

54.38 

A3 

217.50 

A5 

870.00 

A7 

3480.00 

A#i 

57.61 

A#3 

230.43 

Ah 

921.73 

A#7 

3686 . 93 

Bi 

61.03 

B3 

244.14 

B5 

976.54 

B7 

Cs 

3906.17 
4138.44 
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MUSICAL  SCALES  (Continued) 

Scientific  or  Just  Scale 

C4  =  256 


Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

Note 

Fre- 

quency 

quency 

quency 

quency 

Co 

16 

C2 

64 

C4 

256 

Cg 

1024 

Do 

18 

D2 

72 

D4 

288 

D6 

1152 

Eo 

20 

E2 

80 

E4 

320 

Eg 

1280 

Fo 

21.33 

F2 

85.33 

F4 

341.33 

F6 

1365.33 

Go 

24 

G2 

96 

G4 

384 

Gs 

1536 

A0 

26.67 

Aa 

106.67 

A4 

426.67 

A6 

1706.67 

Bo 

30 

B2 

120 

B4 

480 

Be 

1920 

Ci 

32 

C3 

128 

Co 

512 

Ct 

2048 

Di 

36 

D3 

144 

D5 

576 

D7 

2304 

Ei 

40 

E3 

160 

K, 

640 

E7 

2560 

Fi 

42.67 

F3 

170.67 

F5 

682 . 67 

F7 

2730.67 

Gi 

48 

G3 

192 

Gb 

768 

Gt 

3072 

Ai 

53.33 

Aa 

213.33 

A5 

853 . 33 

At 

3413.33 

Bi 

60 

B3 

240 

B5 

960 

Bt 
Cs 

3840 
4096 
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SOUND  ABSORPTION  (Continued) 
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SOUND  ABSORPTION  (Continued) 
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SOUND  ABSORPTION  (Continued) 
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Perforated  enameled  metal 
.008"  diameter  perfora- 
tions, 4608  per  sq.  ft. 

50/50  Pattern,  |  perfo- 
rated enameled  metal, 
backed  writh  pads,  same 
as  above;  \  enameled 
metal  imperforated,  with- 

out  pads. 
Painted  by  mfgr. 
Painted  by  mfgr. 

Painted  by  mfgr. 

Painted  by  mfgr. 

Painted  by  mfgr. 

Painted  by  nifgr.  Perfo- 
rated 441  holes  per  sq.  ft. 
■,V'  diameter,  2"  deep. 

Painted  by  nifgr.  Perfo- 
rated same  as  above.  \" 
deep. 

Same  as  above  J  J"  deep. 

Same  as  above. 

Same  as  above. 

Painted  by  mfgr.  Perfo- 
rated same  as  above,  If" 
deep. 

Painted  by  mfgr.  Perfo- 
rated 441  holes  per  sq.  ft. 
\"  diameter,  \\"  deep. 

Painted  by  mfgr.  Perfo- 
rated same  as  above,  \\" 
deep. 
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Acousti-Celotex,  Type  C-1. .  .  . 

Acousti-Celotex,  Type  C-2.  .  .  . 

Acousti-Celotex,  Type  C-3.  .  .  . 
Acousti-Celotex,  Type  C-3. . .  . 
Acousti-Celotex,  Type  C-3.  .  .  . 
Acousti-Celotex,  Type  C-4.  .  .  . 

Acousti-Celotex,  Type  C-5.  .  .  . 

Acousti-Celotex,  Type  C-6.  .  .  . 
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SOUND  ABSORPTION  (Continued) 
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SOUND  ABSORPTION  (Continued) 
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SOUND  ABSORPTION  (Continued) 
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Finished  with  steel  trowel. 

Floated  with  cork  float. 

Perforated  enameled  metal 
.068"  diam.  perforations, 
4608  per  sq.  ft. 

50/50  pattern,  \  perfo- 
rated enameled  metal 
backed  with  pad,  .068" 
diam.,  4608  holes/sq.  ft.; 
\  enameled  metal 
unperforated,  unbacked. 

Muslin  covered,  unpainted. 

Muslin  covered,  unpainted. 

Muslin  covered,  unpainted. 

Painted  by  mfgr.  576  holes 
per  sq.   ft.,    -h"  diameter. 
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ELECTRICITY  AND  MAGNETISM 


SPARK-GAP  VOLTAGES 


Based  on 

results  of  th 

e  American 

tnstitute  of  Electric  Engineers 

Air  at  760  mm.  25°  C. 

Peak 
voltage, 
kilovolts 

Diameter  of  spherical  electrodes,  cm 

Needle 

points 

2.5 

o 

10 

25 

Length  of  spark  gap  cm 

5 

0.13 

0.15 

0.15 

0.16 

0.42 

10 

0.27 

0.29 

0.30 

0.32 

0.85 

15 

0.42 

0.44 

0.46 

0.48 

1.30 

20 

0.58 

0.60 

0.62 

0.64 

1.75 

25 

0.76 

0.77 

0.78 

0.81 

2.20 

30 

0.95 

0.94 

0.95 

0.98 

2.69 

35 

1.17 

1.12 

1.12 

1.15 

3.20 

40 

1.41 

1.30 

1.29 

1.32 

3.81 

45 

1.68 

1.50 

1.47 

1.49 

4.49 

50 

2.00 

1.71 

1.65 

1.66 

5.20 

60 

2.82 

2.17 

2.02 

2.01 

6.81 

70 

4.05 

2.68 

2.42 

2.37 

8.81 

80 

3.26 

2.84 

2.74 

11.1 

90 

3.94 

3.28 

3.11 

13.3 

100 

4.77 

3.75 

3.49 

15.5 

110 

5.79 

4.25 

3.88 

17.7 

120 

7.07 

4.78 

4.28 

19.8 

130 

5.35 

4.69 

22.0 

140 

5.97 

5.10 

24.1 

150 

6.64 

5.52 

26.1 

160 

7.37 

5.95 

28.1 

170 

8.16 

6.39 

30.1 

180 

9.03 

6.84 

32.0 

190 

10.0 

7.30 

33.9 

200 

11.1 

7.76 

35.7 

210 

12.3 

8.24 

37.6 

220 

13.7 

8.73 

39.5 

230 

15.3 

9.24 

41.4 

240 

9.76 

43.3 

250 

10.3 

45.2 

300 

13.3 

54.7 

CORRECTIONS  FOR  TEMPERATURE  AND  PRESSURE 

Values  found  in  the  above  table  may  be  corrected  for  temperature  and 
pressure  by  multiplying  the  values  given  by  the  appropriate  correction  factor 
found  below : 


Pressure  mm 

Temp. 
°C. 

720 

740 

760 

780 

0 
10 
20 
30 

1.04 
1.00 
0.96 
0.93 

1.06 
1.02 
0.99 
0.96 

1.09 
1.05 
1.02 
0.98 

1.12 
1.08 
1.04 
1.01 
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SPECIFIC   INDUCTIVE   CAPACITY 

Solids 

Atmospheric  temperatures  except  where  noued. 
(From  Smithsonian  Tables.) 


Substance. 


Asphalt 

Caoutchouc 

Calcspar: 

±to  axis 

||  to  axis 

Diamond 

Ebonite 

Glass  flint,  extra 
heavy 

hard  crown 

lead  (Powell) 

Jena,  barium 

Gutta  percha , 

Ice-5°C 

-18° 

T190° 

Iodine,  cryst 

Marble,  Carrara 

Mica 

Mica,  Canadian    am- 
ber   

Paraffin 

Phosphorus,  yellow.  . 
Porcelain,  hard 

(Royal  Berlin) .  . 
Quartz : 

_L  to  axis 

||  to  axis 

Selenium 

Shellac 

Sulphur,  amorphous. . 
Sulphur,  cast,  fresh .  . 
Wood,  dry: 

red  beech 

red  beech 

oak 

oak 


Wave 
length. 


00 
00 

00 
00 
00 
00 

00 
00 

00 
00 


1200 

5000 

75 

75 

75 

oo 


00 

GO 


/o 


00 

oo 

00 
00 
00 
00 

oo 

00 

oo 

00 
00 


Specific 
inductive 
capacity. 


2.68 
2.22 

8.49 
7.56 
16.5 

2.72 

9.90 
6.96 
5.4-8.0 
7.8-8.5 
3.3-4.9 
2.85 
3.16 
1.76-1.88 
4.00 
8  3 
5. 66-5.'  97 

3.0 
2.10 

3.60 

5.73 

4.69 
5.06 
6.13 
3.10 
3.98 
4.22 

4.83-2.51 
7.73-3.63 
4.22-2.46 
6.84-3.64 


Observer. 


v.  Pirani,  1903 
Gordon,  1879 

Fallinger,  1902 
Fallinger,  1902 
v.  Pirani,  1903 
Winklemann,  1889 

Hopkinson,  1891 
Hopkinson,  1891 
Gray-Dobbie,  1898 
Lowe,  1898 
(submarine-data) 
Thwing,  1894 
Abegg,  1897 
Behn-Kiebitz,  1904 
Schmidt,  1903 
Schmidt,  1903 
Elsas,  1891 

E.  Wilson 
Zietkowski,  1900 
Schmidt,  1903 

Starke,  1897 

Fallinger,  1902 
Fallincer,  1902 
Vonwiller-Mason,  1907 
Winkelmann,  1889 
v.  Pirani,  1903 
v.  Pirani,  1903 
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SPECIFIC  INDUCTIVE   CAPACITY  (Continued) 

Gases 

The  specific  inductive  capacity  of  a  vacuum  is  taken  as  unity.     Wave* 
lengths  of  the  measuring  current  greater  thacr  10,000  cm. 

(Dielectric  constant.) 


Gas. 


Air 

Air 

Air 

Air 

Air 

Air  •  •  •  • 

Ammonia 

Carbon  bisulphide.  . 
Carbon  bisulphide . 

Carbon  dioxide 

Carbon  dioxide 

Carbon  dioxide 

Carbon  dioxide 

Carbon  monoxide. . 

Ethylene 

Hydrochloric  acid. .  . 

Hydrogen 

Methane 

Nitrous  oxide  (N20). 
Nitrous  oxide  (N20). 
Nitrous  oxide  (N20) . 
Nitrous  oxide  (N20) . 
Sulphur  dioxide.  .  . . 
Sulphur  dioxide .... 
Water  vapor 


Temp. 
°  C. 


0 
19 


20 

0 

100 

0 

15 


0 
0 
100 
0 
0 
0 
15 


0 

0 

145 


Pressure 
in  atmos- 
pheres. 


1 

20 

40 

60 

80 

100 

1 

1 

1 

1 

10 

20 

40 

t 

1 

1 

1 

1 

1 

10 

20 

40 

1 

1 

1 


Specific 
inductive 
capacity. 


000590 

0108 

0218 

0330 

0439 

0548 

00718 

00290 

00239 

000985 

008 

020 

060 

000690 

00131 

00258 

000264 

000944 

00116 

010 

025 

070 

00993 

00905 

00705 


Observer. 


Boltzmann,  1875 
Tangl,  1907 
Tangl,  1907 
Tangl,  1907 
Tangl,  1907 
Tangl,  1907 
Badeker,  1901 
Klemencic' 
Badeker 
Klemencic' 
Linde,  1895 
Linde,  1895 
Linde,  1895 
Boltzmann 
Boltzmann 
Badeker 
Boltzmann 
Boltzmann 
Boltzmann 
Linde,  1895 
Linde,  1895 
Linde,  1895 
Badeker 
Klemencic* 
Badeker 


Liquids 

Where  the  wave-length  is  not  specified  it  is  greater  than  10,000  cm. 


Liquid. 


Acetic  acid 
Acetone. . . 

Air 

Alcohol: 

amyl. . . . 

amyl. .  . . 

ethyl.... 

ethyl. .  .  . 


Temp. 
°C. 


18 

0 

-191 

0 

+20 

frozen 

-120 


Wave 

length, 
cm. 


GO 
00 

00 

CO 
00 
00 
00 

m 

1966 


Specific 
induc- 
tive ca- 
pacity. 


9.7 
26.6 
1.43 

17.4 
16.0 

2.7 
54.6 


Observer. 


Francke,  1893 
Abegg,  1897 
v.  Pirani,  1903 

Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 


SPECIFIC   INDUCTIVE   CAPACITY    (Continued) 

Liquids  (Continued) 


Liquid. 


Alcohol: 

ethyl... 

ethyl... 

ethyl. . . 

ethyl. .  . 

ethyl. .  . 

ethyl. .  . 

ethyl. .  . 

ethyl... 

ethyl. .  . 

methyl. 

methyl. 

propyl . 

propyl . 
Ammonia. 


Amyl  acetate 

Anilin 

Benzol  (Benzene).. 

Bromine 

Carbon  bisulphide. 
Carbon  dioxide. .  .  . 

Chlorine 

Chloroform 

Ethyl  ether 

Ethyl  ether 

Glycerine 

Hydrogen  peroxide 
46%inH20... 
Hydrogen  sulphide. . 
Nitrous  oxide,  N20  . 
Oils: 

castor 


cottonseed, 
linseed 

olive 

petroleum . 

sperm 

turpentine. 
Oxygen 


Temp. 
°  C. 


Phenol........ 

Sulphur  dioxide 
Water 


-80 

-40 

0 

+  20 

17 

17 

17 

17 

17 

0 

+20 

0 

+20 

-34 

19 
18 
18 
23 
20 

-00 

18 

0 

20 

15 

18 
10 

-88 

11 

14 
13 
20 


20 
20 

182 

48 
20 

18 


Wave 

length, 

cm. 


00 

oo 

00 
00 

200 

75 

53 

4 

0.4 

oo 

00 
00 
GO 

75 

oo 
00 
oo 
84 

00 
00 
oo 
00 
00 

oo 
1200 


oo 

00 

00 

00 
OO 
00 

2000 

oo 
oo 
oo 

73 

oo 

00 


Specific 
induc- 
tive ca- 
pacity. 


44.3 
35.3 
28.4 
25.8 
24.4 
23.0 
20.6 

8.8 

5.0 
35.0 
31.2 
24.8 
22.2 
21-23 

4.81 
7.316 
2.288 
3.18 
2.626 
1.60 
2.15 
5.2 
4.68 
4.30 
56.2 

84.7 
5.93 
1.93 

4.67 

3.10 
3.35 
3.11 
2.13 
3.17 
2.23 
1.49 

9.68 
14.0 
81.07 


Observei 


Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Drude,  1896 
Drude,  1896 
Marx,  1898 
Marx,  1898 
Lampa,  1896 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Abegg-Seitz,  1899 
Goodwin-Thomp- 
son, 1899 
Lowe,  1898 
Turner,  1900 
Turner,  1900 
Schlundt 
Tangl,  1903 
Linde,  1895 
Linde,  1895 
Turner,  1900 
Abegg,  1897 
Tangl,  1903 
Thwing,  1894 

Calvert,  1900 
Eversheim,  1904 
Hasenhorl,  1900 

Arons-Rubens, 

1892 
Salvioni,  1888 
Salvioni,  1888 
Heinke,  1896 
Marx 

Hopkinson,  1881 
Hopkinson,  1881 
Fleming-Dewar, 

1896 
Drude,  1896 
Eversheim,  1904 
Turner,  1900 
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SPARKING  POTENTIAL  OR  DIELECTRIC   STRENGTH 

Various  Insulators. 
Potential  to  puncture  in  kilovolts  per  centimeter.     1  kilovolt  =1000  volts. 


Substance. 


Air,  liquid 

Ebonite 

Fiber 

"Glass 

Guttapercha .... 

Kerosene 

Linen,  varnished 

Mica 

Mica 

Oils: 


castor. 


castor 

cottonseed 

lard 

lard 

linseed,  raw 

raw 

boiled 

boiled 

lubricating 

olive 

olive 

paraffin 

paraffin 

sperm,  mineral 

mineral 

natural 

natural 

turpentine 

turpentine 

Papers: 

beeswaxed 

blotting 

Manilla 

paraffined 

varnished 

Paraffin: 

melted 

solid,  melt,  point  43 ( 
solid,  melt,  point  70 ( 

Rubber 

Vaseline 

Xylol 

Xylol.. 


Thickness 
used  mm. 


1.0 


0.1 
1.0 

0.2 
1.0 


0.2 
1.0 
0.2 
1.0 
0.2 
1.0 


0.2 
1.0 
0.2 


1.0 
0.2 


0.2 
1.0 


Kilovolts 
per  cm 


40-90 
300-1100 

20 
300-1500 

80-200 
164 

100-200 

1500-2200 

300-700 

190 
130 

70 
140 

40 
185 

90 
190 

80 

50 
170 

75 
215 
160 
180 

85 
195 

90 
160 
110 

770 

150 

25 

500 
100-250 

75 
350 
450 
160-500 

90-130 
140 

80 
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VOLTAIC  CELLS 


O       _ 


eg   3  •§ 
ft    »  a 

o  §1 
V   Si 


do 

O     0 

.   OQ 

OiO 

fe£ 

CNr-l 

s  > 

+-  4J 

03   03 

W.S 

CO  00 
00  CM 

t-iCO 

Or*- 

1-1^3 

§1 

"2"° 

(J 

5  c 

» 

o5  ^ 

9^ 

o 

a 

mm 

Q 

v_^ 

o  o 

cy   CP 

-»-  -»- 

CO    CO 

c3  cc 

P*Qh 

CU 

"•3  « 

3  3 

o  a 

cu  a- 

Ph 

SS 

9<3 

u^m 

73  a 

On 

«*H  <H 

d 

O     O 

o 

0  a 

3 

.2.2 

■43*^3 

O 

3  s 

OQ 

"o"3 

CO    CO 

73  73 

0)  cu 

*9   43 

08  08 

«-  t- 

3  3 

+»  43 

08  eS 

wee 

a 

cu 

c3 

bD 

*o 

ft 

cu 

'•♦3 
c8 

£    03 

U 

3  £ 

0) 

is 

3.5 

ON 

j3 

"o3"P 

0) 

c 

£  o3 
in  *a 

•H 

0  c 

o 

a  a 

a 

°    V 

5 

■+3  -*5 
CO   «- 
0)    03 

fcE 

1 

>    CN 


1-1      LO 

1   o 
£j.  o 

»>  s 

0  2 
o  p 
o  o 

1  = 

o    « 

I   c 

£7 


i§ 

©  d 


00  cc 

CM  GO 

CC  «-i 

"f  o 


II   II 


CO 

d 
.2 

o    cu 
»-<    o    c 

£  S  3 
2 

cu 


a 

fc-g 

TttCO          O 

OJ00      0 

CO      O      00      «MCO 

OOO       OC35CO 

si 

t-iiM       CM* 

CM        tH        f-4        »-<^»f-l 

H 

•         nO 

:  w^ 

* 

*  ' 

03  ^ 

. 

•  . 

00    5 

:*s 

*o 

*o 

•  • 

c 

.2 
43 

Si    SO 

•  d 

•  0 

:1c 

fl 
.2 

fl 
0 

oS*-1 
1  0  >> 

"0 

OQ 

.-§1    ow 

3*      ^co 

JJT3  +73+73-1-  a  g 

UU   CU         OJ         a>             ^i 

fl    co         jj,    c8 

CC    03O    CdO    03C    d    eo 

12    S° 

ftrtOrtUrtOdS 

ai     m     m     few 

cu 
>   . 

:     :     :    ss 

d  d      d  d 

M              »H               *H               p     P 

43  Jz 

00      00 

8      X      2      d  p 

"to  O 

.O.D.       JD.O 

ft     a     a    .3.5 

O  ft 

h    h           hH 

ft     a     a    -g-g 

Ph 

c8  C8         c3   c' 

CO 

OO     OQ 

O     O     O     P^ft. 

J 

.        .    . 

H 

:  :   q  ; 

• 

•    • 

O 

•     •          e*     • 

• 

S 

do   Wd 

c 

0     • 
u   9 

O    ' 

J 

CO    CO           CJ    T 

W        «?        W          «      ' 

En 

-*3   *J             Q.-tJ 

i  +  •  t  • 

C3  03  10  O   °3 

M         J*        ■*»          CO 

a 

ftftcNo  a          0     S     ft  • 

PC 

.2 

CMCN   0th  CN 

^     a    cm   : 

p 

c 

0 

'■+3 

*o 

0Q 

0  on  S  0 

^4-*^  03^ 

oo^oo 

0      «      ^        n5 
W3        O       ^       c/}^ 

IN          "_J3             03              N    ^ 

^3%^ 

Wffi^KW 

W      p     £     ffl  d 

-^  -. 

— !                             O 

4J-U    h   W+: 

-p          O         ■+*         -U  .« 

M    I-    c8  tf   ^ 

!_            CO           (-<            «-   •*> 

oj  03  a  S  d 

c3                  o3        03  3 

ft  ft^  «  a     a    ^     ft     ft-3 

rH  t-h  i-H        i-H 

,-H       10       rH       »-HGX2 

"0 

ft 

cu 

> 

O   O   U         C 

OOO         OO 

'-3 

.2  2.9    .S 

.2    .9    .9    .9.2 

cS 

M 

'n'S'n      "k 

*3     '3     '3     "S'S 

cu 

•— -  —  — 4       — 

—J          wi          t-A          <— H— ^ 

C5     rt     Cj             A 

03         ri         o3         03  03 

£££     £ 

S     S     S     ££ 

<J<<i1     < 

<    <i    ^    « 

IS 

0 

a 

a 

•♦2 

-»j      .«- 

< 

0 

.  03        o| 

a> 

d  d  §     § 
0  92  2      E 

. 

»  • 

a 

CU        *0J         CU         tt)  CD 

08 
2 

CO  CO   s         ^ 

fl  fl  0     i. 
d  3.2     .S 

"3    '3    '3     0  0 

03        e8        08        m  fc! 

1 

PC 

5ff 

ff 

1    p: 

J    Q 

1 

C 

I 

c 

) 

C 

JO 

1969 


VOLTAIC  CELLS  (Continued) 
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CONTACT  POTENTIALS 

Potential  of  metal  at  left  minus  potential  of  metal  at  top  in  volts.  The  values  are  given 
for  room  temperature  and  for  pressures,  indicated  by  the  superscript.  Figures  indicate 
pressure  in  mm  of  Hg,  vac-,  vacuum,  atm.t  atmospheric  pressure.  The  figures  are  for  fresh 
surfaces. 


Brass 


Plati- 
num 


Brass 


Plati- 
num 


Other 
metals 


Aluminum 

+1.04vac. 

+0  19atm. 
+0.15atm. 
+0.07atm- 

+1.20 

Fe,  +0.87 
Z  ,  +0.29 

CuO 

Na,  -2.52 

Gold 

Iron 

Lead 

Magnesium. 
Mercury.. . 

-0.23atm. 
+0.24vac. 
4-0.4latm. 
+  1.47vac. 

Antimony 

Zn,  — 0.06vac 

Bismuth. 

+6.35 

Cadmium. 

Hg. -0.22-05 
Cu,  +  079 
Cu,  +.096 
Cu,  +  129 
Cu,  +  130 
Cu,  +.136 
Cu,  +.142 
Cu,  +  155 

+  1.0* 

C*  +  NH3 

Sb,  -0.26  <* 

C  +  H2.. 

C  +  N2.. 

Nickel 

Platinum.  .  . 
Potassium. . 

+0.16aTm 
— 0.32atm. 

Zn,  +0  17°5 

C  +  CO2. 

+2.8 

C  +  NO. . 

Silver 

Sodium.  .    . 

+0.05^ac- 
—  0.35atm 

C  +  02. . . 

C  +  03. . . 

+2.40 

Copper. . . 

+0.10vac- 
-0.04atm- 



+0.13 

Tin 

+0.62 
+0.90 

Zinc    . 

CuO 

Li,  -1.52 

Coconut  charcoal  saturated  with  the  gas  named. 


DIFFERENCE    OF   POTENTIAL   BETWEEN    METALS    IN 
SOLUTIONS    OF   SALTS 

The  table  gives  the  difference  in  potential  in  hundredths  of  a  volt  between 
xinc  in  a  normal  solution  of  sulphuric  acid  and  the  metal  named  at  the 
head  of  the  columns  in  the  solution  named  at  the  side.  The  signs  given 
refer  to  the  external  difference  of  potential. 

(Magnanini.) 


Strength  of  the  solution  in 
gramme  molecules  per  liter. 

Difference  of  potential  in  centivolts. 

Zinc* 

Cad- 
mium. 

Lead. 

Tin. 

Cop- 
per. 

Silver. 

0.5  Sulphuric  acid 

1.0  Sodium  hydroxide.  .  .  . 
1.0  Potassium  hydroxide.. 

0.5  Sodium  sulphate 

1 . 0  Potassium  nitrate 

1 . 0  Sodium  nitrate 

0.5  Potassium  bichromate. 
0.5  Potassium  sulphate..  .  . 
0.2  Potassium  chlorate.  .  .  . 
1 .0  Ammonium  chloride.  . . 

1 .0  Sodium  chloride 

1.0  Potassium  chloride.  .  . 

0.0 

-32.1 

-42.5 

1.4 

11.8 

11.5 

72.8 

1.8 

15.-10. 

2.9 

36.6 
19.5 
15.5 
35.6 
31.9 
32.3 
61.1 
34.7 
39.9 
32.4 
31.0 
32.1 

51.3 
31.8 
32.0 
50.8 
42.6 
51.0 
78.4 
51.0 
53.8 
51.3 
51.2 
51.6 

51.3 
0.2 
-1.2 
51.4 
31.1 
40.9 
68.1 
40.9 
57.7 
50.9 
50.3 
52  6 

100.7 
80.2 
77.0 

101.3 
81.2 
95.7 

123.6 
95.7 

105.3 
81.2 
80.9 
81.6 

121.3 
95.8 
104.0 
120.9 
105.7 
114.8 
132.4 
114.8 
120.9 
101.7 
101.3 
107,6 
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ELECTROCHEMICAL  EQUIVALENTS 
OF  THE  ELEMENTS 

By  G.  A.  Roush 


Ele- 
ment 

Va- 
lence 

Mg 

per 
coulomb 

Cou- 
lombs 
per  mg 

Grams 

per 
amp.-hr. 

Amp.-hr. 

per 

gram 

Lb./lOOO 
amp.-hr. 

Amp.-hr. 
per  lb. 

A 

n 

0.41393 

2.41585 

1.49014 

0.67108 

3.28515 

304.390 

Ab 

7 

0.32727 

3.05050 

1.17775 

0.84904 

2.59050 

385.220 

Ac 

3 

0.7842  2 

1 . 27533 

2.82230 

0.35420 

6.22320 

160.035 

Ag 

1 

1.117931 

0.89451 

4.02454 

0.24848 

8.87255 

112.707 

Al 

3 

0.09316 

10.734*5 

0.33535 

2.98172 

0.73935 

1352.450 

As 

5 

0.15254 

6.44100 

0.55892 

1.78925 

1.23225 

811.500 

3 

0.25870 

3 . 86404 

0.93152 

1 . 07352 

2 . 05300 

486.930 

Au 

3 

0.68117 

1 . 46805 

2.45223 

0.40775 

5.40624 

184.972 

1 

2 . 04352 

0.48935 

7.35605 

0.13593 

16.21572 

61.657 

B 

3 

0.03737 

26.75002 

0.13455 

7 . 43223 

0.29662 

3371.202 

Ba 

2 

0.71171 

1.40507 

2.56210 

0.39030 

5.64855 

177.035 

Be 

2 

0.04674 

21.35055 

0.16825 

5.94353 

0.37052 

2695.503 

Bi 

5 

0.43316 

2.30862 

1.55935 

0.64128 

3.43784 

290.880 

3 

0.72193 

1.38517 

2.59890 

0.38477 

5.72973 

174.523 

Br 

1 

0.82815 

1.20752 

2.98132 

0.33542 

6.57265 

152.145 

C 

4 

0.03111 

32.13555 

0.11202 

8.92775 

0.24694 

4049 . 558 

2 

0.06223 

16.06554 

0.22402 

4.46337 

0.49385 

2024.775 

Ca 

2 

0.20767 

4.81537 

0.74702 

1.33700 

1.64825 

606.720 

Cb 

5 

0.19250 

5.19320 

0.69322 

1 . 44255 

1 . 52825 

654.332 

Cd 

2 

0.58244 

1.71693 

2.09677 

0.47692 

4.62255 

216.325 

Ce 

3 

0.48404 

2.06594 

1.74255 

0.57387 

3.84160 

260.304 

CI 

1 

0.36743 

2.72162 

1.32275 

0.75600 

2.91610 

342.917 

Co 

2 

0.30535 

3.27452 

1 . 09932 

0.90960 

2.42350 

412.627 

Cr 

6 

0.08983 

10.13247 

0.32333 

3 . 09235 

0.71293 

1402.003 

3 

0.17965 

5.56624 

0.64670 

1.54623 

1 . 42535 

701.334 

Cs 

1 

1.3773* 

0.72606 

4.95830 

0.20168 

10.93125 

91.481 

Cu 

2 

0.32935 

3 . 03602 

1.18570 

0.84334 

2.61420 

382.532 

1 

0.6587(5 

1.5180* 

2.37152 

0.42167 

5.22832 

191.200 

D2 

1 

0.020878 

47.89772 

0.075160 

13 . 30452 

0.16570 

6035.022 

Dy 

3 

0.56069 

1.78352 

2.01845 

0.49542 

4.44902 

224.880 

Er 

3 

0.57907 

1.72692 

2.08464 

0.47970 

4.59585 

217.583 

Eu 

3 

0.52504 

1 . 90402 

1.89020 

0.52900 

4.16705 

241.922 

F 

1 

0.19685 

5.07855 

0.70882 

1.41052 

1 . 56205 

639.937 

Fe 

3 

0.19292 

5.18353 

0.69452 

1.43957 

1.53123 

653.124 

2 

0.28935 

3.45503 

1.04170 

0.95992 

2 . 29605 

435.405 

Ga 

3 

0.24083 

4.15232 

0.86695 

1.15342 

1.91137 

523.134 

Gd 

3 

0.54175 

1 . 84572 

1.95040 

0.51270 

4.30002 

232.737 

Ge 

4 

0.18805 

5.31650 

0.67710 

1 . 47655 

1.49275 

669.900 

H 

1 

0.010446 

95.73322 

0.037605 

26.59250 

0.082904 

12062.233 

He 

n 

0.04147 

24.11254 

0.14930 

6.69804 

0.32914 

3038.230 

Hf 

4 

0.46265 

2.16125 

1.66570 

0.60035 

3 . 67223 

272.323 

Hg 

2 

1.03943 

0.96207 

3.74195 

0.26724 

8.24953 

121.225 

1 

2.07880 

0.48103 

7.48390 

0.13362 

16.49927 

60.609 

Ho 

3 

0.56974 

1.75515 

2.05107 

0.48755 

4.5218 

221.145 

I 

1 

1.31523 

0.76032 

4.73484 

0.21120 

10.43853 

95.799 

11 

3 

0.50432 

1.98255 

2 . 72332 

0.55050 

3 . 90250 

272.535 

In 

3 

0.39641 

2.52260 

1.42707 

0.70074 

3.14614 

317.845 

Ir 

4 

0.5002(5 

1.99850 

1 . 80055 

0.55540 

3.97033 

251.805 

K 

1 

0.40514 

2.46825 

1.45850 

0.68563 

2.21545 

310.993 

Kr 

n 

0 . 86730 

1.15253 

3.12245 

0.32020 

6.88350 

145.200 
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ELECTROCHEMICAL  EQUIVALENTS 
OF  THE  ELEMENTS  (Continued) 


Ele- 
ment 

Va- 
lence 

Mg 

per 
coulomb 

Cou- 
lombs 
per  mg 

Grams 

per 
amp.-hr. 

Amp.-hr. 

per 

gram 

Lb./lOOO 
amp.-hr. 

Amp.-hr. 
per  lb. 

La 

3 

0.47986 

2.08393 

1.72750 

0.57887 

3.80845 

262.577 

Li 

1 

0.07192 

13.90450 

0.25890 

3.86247 

0.57073 

1751.553 

Lu 

3 

0.60446 

1.65435 

2.17604 

0.45955 

4.79734 

208.443 

Ma 

7 

0.14475 

6.90055 

0.52127 

1.91300 

1 . 14505 

870.202 

Mg 

2 

0.12607 

7.93550 

0.45364 

2.20440 

1.00070 

999.907 

Mn 

4 

0.14230 

7.02727 

0.51225 

1.95202 

1.12947 

885.427 

2 

0.28467 

3.51303 

1 . 02455 

0.97607 

2 . 25857 

442.77  7 

Mo 

6 

0.16550 

6.03725 

0.59655 

1 . 67535 

1.31552 

759 . 925 

N 

5 

0.029032 

34.44440 

0.10452 

9.56795 

0.23042 

438.995 

3 

0.048387 

20.66670 

0.17419 

5.74077 

0.38403 

260.397 

Na 

1 

0.23831 

4.19620 

0.85792 

1.16567 

1.89135 

528.712 

Kd 

3 

0.49834 

2.00665 

1 . 79403 

0.55740 

3.95510 

252.834 

Ne 

n 

0.20915 

4.78125 

0.75294 

1.32813 

1.65995 

602.425 

Ni 

2 

0.30405 

3.28840 

1.09474 

0.91340 

2.41345 

414.340 

O 

2 

0.082902 

12.06250 

0.29845 

3.35065 

0.65796 

1519.850 

Os 

4 

0.49617 

2.01507 

1.78607 

0.55997 

3.93745 

253.970 

P 

5 

0.06421 

15.57450 

0.23115 

4.32627 

0.50955 

1962.302 

Pa 

5 

0.59845 

2.08574 

1 . 72352 

0.58027 

3 . 79572 

263.777 

Pb 

4 

0.53681 

1 . 86284 

1.93253 

0.51746 

4.26050 

234.715 

2 

1 . 07365 

0.93142 

3.80500 

0.25873 

8.52095 

117.357 

Pd 

4 

0.27642 

3.617(52 

0.99513 

1.00455 

2.19355 

455.872 

Po 

6 

0.36205 

2.75774 

1 . 30570 

0.76557 

2.87557 

347.354 

Pr 

3 

0.48677 

2.05430 

1.75237 

0.57065 

3.86332 

258.845 

Pt 

4 

0.50578 

1.97710 

1.82080 

0.54921 

4.01417 

249.117 

Ra 

2 

1.17124 

0.85379 

4.21643 

0.23716 

9.29574 

107.570 

Rb 

1 

0.88580 

1.12852 

3.18855 

0.31355 

7.03030 

142.247 

Re 

7 

0.27581 

3.62565 

0.99292 

1.00713 

2.18907 

456.823 

Rh 

4 

0.26661 

3.75085 

0.95978 

1.04190 

2.11590 

472.595 

Rn 

n 

2.30052 

0.43405 

8.28757 

0.12075 

18.25335 

54.705 

Ru 

4 

0.26347 

3.79545 

0.94850 

1 . 05430 

2.09103 

478.222 

S 

6 

0.05537 

18.05555 

0.19934 

5.01604 

0.43940 

2275.503 

4 

0.08306 

12.03553 

0.29907 

3 . 34442 

0.65915 

1517.005 

2 

0.16617 

6.01950 

0.59807 

1.67227 

1.31835 

758.503 

Sb 

5 

0.25235 

3.96272 

0.90847 

1.10075 

2.00283 

499.294 

3 

0.42059 

2.37763 

1.51417 

0.66045 

3.33805 

299.570 

Sc 

3 

0.15575 

6.41907 

0.56083 

1.78307 

1.23642 

808.755 

Se 

6 

0.13637 

7.33253 

0.49094 

2.03650 

1 . 08234 

923.927 

Si 

4 

0.07269 

13.75024 

0.26170 

3.82175 

0.57695 

1733.257 

Sm 

3 

0.51962 

1.92445 

1 . 87063 

0.53458 

4.12404 

242.457 

Sn 

4 

0.30751 

3.25190 

1 . 10705 

0.90330 

2.44062 

409.732 

Sn 

2 

0.61503 

1.62595 

2.21405 

0.45165 

4.88124 

204.860 

Sr 

2 

0.45404 

2.20244 

1 . 63455 

0.61175 

3.60350 

277.503 

Ta 

5 

0.37488 

2.66757 

1.34957 

0.74098 

2.97525 

336.107 

Tb 

3 

0.54997 

1.181547 

1 . 97905 

0.50513 

4.36447 

229.173 

Te 

6 

0.22040 

4.53720 

0.79343 

1.26037 

1.74927 

571.680 

Th 

4 

0.60135 

1.66293 

2.16485 

0.46193 

4.77263 

209.520 

Ti 

4 

0.12405 

8.05840 

0.44674 

2.23840 

0.98485 

1015.345 

Tl 

3 

0.70601 

1.41647 

2.54164 

0.39345 

5.59002 

178.577 

Tm 

3 

0.58515 

1.70857 

2.10653 

0.47477 

4.64470 

215.327 

U 

6 

0.41117 

2.43200 

1 . 48023 

0.67557 

3.26165 

306.597 
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ELECTROCHEMICAL  EQUIVALENTS 
OF  THE  ELEMENTS  (Continued) 


Ele- 
ment 

Va- 
lence 

Mg 

per 
coulomb 

Cou- 
lombs 
per  mg 

Grams 

per 
amp.-hr. 

Amp.-hr. 

per 

gram 

Lb./lOOO 
amp.-hr. 

Amp.-hr. 
per  lb. 

V 

5 

0.10560 

9 . 47007 

0.38015 

2.63057 

0 . 83805 

1193.205 

Vi 

1 

2.32124 

0 . 43050 

8.35648 

0.11907 

18.42255 

54 . 250 

W 

6 

0.31775 

3.14674 

1 . 14404 

0.87405    2.52218 

396 . 453 

Xe 

n 

1 . 36002 

0.73490 

4 .  89824 

0.20410 

10.79577 

92 . 603 

Y 

3 

0.30715 

3.25574 

1.10574 

0.90437 

2.43774 

410.210 

Yb 

3 

0.59772 

1.67302 

2.15175 

0.46473 

4.74385 

210.797 

Zn 

2 

0.33870 

2.95157 

1.21952 

0.81995 

2 . 68855 

371.942 

Zr 

4 

0.23632 

4.23153 

0.85070 

1 . 17542 

1 . 87500 

533 . 104 

The  above  compilation  is  abridged  from  a  complete  table  published  in 
Volume  73  of  the  Transactions  of  the  Electrochemical  Society,  but  has  been 
corrected  to  correspond  to  the  1942  atomic  weights  as  published  by  the 
American  Chemical  Society  and  the  best  values  obtainable  for  the  few 
elements  not  listed  in  the  official  table;  in  most  cases  the  only  valence 
covered  is  that  which  determines  the  placing  of  the  element  in  the  periodic 
table,  though  in  a  few  cases  the  most  important  valence  from  an  electro- 
chemical standpoint  is  given  precedence,  and  for  a  few  of  the  more  important 
elements  two  or  more  valences  are  given;  values  for  elements  in  the  O  group 
of  the  periodic  system  are  calculated  on  the  basis  of  unit  valence,  listed  as  n, 
to  distinguish  them  from  elements  with  a  true  unit  valence.  For  uses 
where  a  more  complete  table  is  required,  the  reader  is  referred  to  the  original 
publication. 

Digits  printed  in  italics  may,  if  desired,  be  dropped  from  the  values, 
rounding  them  off  to  the  nearest  preceding  digit;  such  digits  have  been  carried 
as  a  matter  of  convenience  and  uniformity  in  calculating  and  tabulating, 
but  are  in  excess  of  the  number  of  significant  figures  in  the  primary  data, 
and  hence  do  not  add  to  the  true  accuracy  of  the  results. 

1  This  value  varies  from  the  basic  figure  of  1.1180  mg  because  of  the  round- 
ing off  of  the  value  of  the  Faraday  to  96,500  coulombs;  other  values  also 
differ  in  the  same  proportion. 

2  This  is  the  second  isotope  of  hydrogen,  and  is  the  only  isotope  included 
in  the  table,  as  no  others  have  as  yet  been  isolated  to  a  sufficient  degree  to 
have  their  atomic  weights  determined. 


INTERNAL  RESISTANCE  OF  VARIOUS  VOLTAIC 

CELLS 

The  internal  resistance  is  subject  to  large  variations;  the  values  given 
can  be  considered  only  approximate. 


Cell 

Resistance, 
ohms 

Cell 

Resistance, 
ohms 

Edison-Lalande .  .  . 

0.03 
0.85 
1-5 
4. 
0.05-0.10 
0.4-0.2 

Grove 

0.1-0.2 

Daniell 

Gravit}^ 

Silver  chloride .... 

Dry  cell 

Leclanche 

Bunsen 

Bichromate 

Storage 

Clark  standard .... 
Weston  standard. .  . 

0.1-0.2 

0.08-0.40 

0.004-0.02 

20-50 

20-50 
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IONIZATION  POTENTIALS 

The  Elements 

The  following  table  gives  the  ionization  potentials  in  volts  for  the  elements 
in  the  atomic  state.  The  degree  of  ionization  is  indicated  by  the  numerals 
I,  II,  etc.     Doubtful  values  are  indicated  by  parentheses. 


Ionization  potential,  volts 

El. 

At. 

No. 

I 

II 

III 

IV 

V 

VI 

A 

18 

15.68 

27.76 

40.75 

(61) 

(78) 

Ac 

89 

Ag 

47 

7.542 

2L4 

35.9 

Al 

13 

5.96 

18.74 

28.31 

119.37 

153.4 

As 

33 

10.5 

20.1 

28.0 

49.9 

62.5 

Au 

79 

9.18 

19.95 

B 

5 

8.257 

25.00 

37.75 

258.1 

338.5 

Ba 

56 

5.19 

9.95 

Be 

4 

9.28 

18.12 

153.1 

216.6 

Bi 

83 

8.0 

16.6 

25.42 

45.1 

55.7 

Br 

35 

11.80 

19.1 

25.7 

(50) 

C 

6 

11.217 

24.27 

47.65 

64.22 

390.1 

Ca 

20 

6.09 

11.82 

50.96 

69.7 

Cb 

41 

24.2 

49.3 

Cd 

48 

8.96 

16.84 

38.0 

Ce 

58 

6.54 

14.8 

(36.5) 

CI 

17 

12.952 

23.67 

39.69 

53.16 

67.4 

Co 

27 

7.81 

17.3 

Cr 

24 

6.74 

16.6 

(73) 

Cs 

55 

3.87 

23.4 

(35) 

(51) 

(58) 

Cu 

29 
66 

7.68 
6.8 

20.34 

29.5 

Dy 

Er 

68 

Eu 

63 

5.64 

11  .4 

F 

9 

17.34 

34.81 

62.35 

86.72 

113.67 

i56.37* 

Fe 

26 

7.83 

16.16 

Ga 

31 

5.97 

20 .  43 

30.6 

63.8 

Gd 

64 

6.7 

Ge 

32 

8.09 

15.86 

34.07 

45.5 

93.0 

H 

1 

13.527 

He 

2 

24.46 

54.14 

Hf 

72 

(14.8) 

Hg 

80 

10.39 

18.65 

34.3 

(72) 

(82) 

Ho 

67 

I 

53 

i6.6 

19.4 

11 

61 

In 

49 

5.76 

18.79 

27.9 

57.8 

Ir 

77 
19 
36 

13.93 

3i'e>6' 

26.4 

K 

46.5 
36.8 

Kr 

(68) 

La 

57 

5.6 

11.4 

(20.4) 

Li 

3 

71 

5.363 

75.26 

121.8 

Lu 

Ma 

43 

Mg 

12 

7.61 

11   96 

79.72 

108.9 

Mn 

25 

7.41 

15.70 

(76) 

Mo 

42 

7.35 

60.8 

N 

7 

14.48 

29.47 

47.40 

77.6 

97.4 

Na 

11 
60 

5.12 
6.3 

47.06 

70.72 

Nd 

Ne 

10 

21.47 

40.9 

63.2 

*  Seventh  ionization  potential  of  fluorine,  184.26  volts. 
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IONIZATION  POTENTIALS  (Continued) 

The  Elements  (Continued) 


Ionization  potential,  volts 

El. 

At. 

No. 

I 

II 

III 

IV 

V 

VI 

Ni 

28 

7.61 

18.2 

0 

8 

13.550 

34.93 

54.87 

76.99 

113. 

137.5 

Os 

76 

(8.7) 

P 

15 

10.9 

i9.56 

30.6i2 

5i.i06 

64.698 

Pa 

91 

Pb 

82 

7.38 

14.96 

(31.9) 

42.11 

69.4 

Pd 

46 
84 
59 
78 

88 

8.3 

h'.k" 

8.88 
5.252 

19.8 
i6^099 

Po 

Pr 

Pt 

Ra 

Rb 

37 

4.159 

27.36 

(47) 

(80) 

Re 

75 

Rh 

45 
86 
44 

7.7 

10.698 

7.7 

:::::: 

Rn 



Ru 

S 

16 

10.30 

23.3 

34.9 

47.08 

63. 

87.65 

Sb 

51 

8.5 

(18) 

24.7 

44.0 

55.5 

Sc 

21 

6.7 

12.8 

24.61 

(73.9) 

(97.0) 

Se 

34 

9.70 

21.3 

33.9 

42.72 

72.8 

Si 

14 

8.12 

16.27 

33.35 

44.93 

165.6 

Sm 

62 

6.6 

11.4 

Sn 

50 

7.30 

14.5 

30.5 

39.4 

80.7 

Sr 

38 

5.667 

10.98 

Ta 

73 
65 

6.7' ' 

Tb 

Te 

52 

8.96 

30.5 

37.7 

60.0 

(72) 

Th 

90 
22 

Q.ki' 

i3^6' ' 

29.4 
27.6 

Ti 

42.98 

(99 . 6) 

Tl 

81 

6.07 

20.32 

29.7 

50.5 

Tm 

69 

U 

92 

V 

23 

6.71 

i4.i 

(26.4) 

(48) 

(65) 

w 

74 

8.1 

Xe 

54 

12.08 

(21.1) 

32.0 

(46) 

(76) 

Y 

39 

6.5 

12.3 

20.4 

Yb 

70 

7.1 

Zn 

30 

9.36 

17.89 

40.0 

Zr 

40 

6.92 

13.97 

24.00 

33.8 

Compounds 

The  first  ionization  potential  of  the  molecules  indicated  is  given  in  volts. 


Compound 

Ionization 

potential  I 

volts 

Compound 

Ionization 

potential  I 

volts 

Br2 

BrCl 

C2 

CH2O,  formaldehyde 

CHsBr,  methyl  bromide.  . 

12  8 

12^9  (calc.) 

12 

11.3 

10.0 

CH3CI,  methyl  chloride 
CH3I,  methyl  iodide...  . 

CH4,  methane 

CN 

CO 

10.7 
9.1 
14.5 
14 
14.1 
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IONIZATION  POTENTIALS  (Continued) 

Compounds  (Continued) 


Compound 

Ionization 

potential  I 

volts 

Compound 

Ionization 

potential  I 

volts 

C02 

14.4 
10.6 
10.4 
11.6 
12.2 
12.8 

9.6 

8.5 
13  2 

17!  8  (calc.) 
15.6 
13.2 
14.8 
13.8 
17.7  (calc.) 

HI 

12.8 

cs 

H2O 

12.56 

CS2 

H2S 

10.42 

C2H2,  acetylene 

C2H4,  ethylene 

C2H6,  ethane 

I2 

9.7 

IBr 

11.6  (calc.) 
11.9  (calc.) 
15.51 

IC1 

CeHe,  benzene.  . 

N2 

C7H8,  toluene 

NH3 

11.2 

CI2 

NO 

9.5 

F2 

NO2 

11.0 

H2 

N2O 

12.9 

HBr 

HCN 

02 

S2 

S02 

12.5 
10.7 

HC1 

HF 

13.1 
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PROPERTIES    OF   METALS   AS   CONDUCTORS 


Metal. 

Resistivity 
microhm- 
centimeters 
20°  C. 

Temp. 

coefficient 

20°  C. 

Specific 
gravity. 

Tensile 
strength, 
lbs. /in. 

Melting 
point 
°C. 

Advance.     See  con- 

stantan 

Aluminum 

2.824 

0.0039 

2.70 

30,000 

659 

Antimony 

41.7 

.0036 

6.6 

630 

Arsenic 

33.3 

.0042 

5.73 

Bismuth 

120 

.004 

9.8 

271 

Brass 

7 

.002 

8.6 

70,000 

900 

Cadmium 

7.6 

.0038 

8.6 

321 

Calido.     See  nichrome 

Climax 

87 

.0007 

8.1 

150,000 

1250 

Cobalt 

9.8 

.0033 

8.71 

1480 

Constantan 

49 

.00001 

8.9 

120,000 

1190 

Copper:   annealed.  .  . 

1.7241 

.  003V'3 

8.89 

30,000 

1083 

hard-drawn 

1.771 

. 00382 

8.89 

60,000 

Eureka.     See  con- 

stantan 

Excello 

92 

.00016 

8.9 

95,000 

1500 

Gas  Carbon 

5000 

—  .0005 

3500 

German  silver,  18  %Ni 

33 

.0004 

8.4 

150,000 

1100 

Gold 

2.44 

.  0034 

19.3 

20,000 

1063 

Ideal.     See  constantan 

Iron,  99.98%  pure.. 

10 

.005 

7.8 

1530 

Lead   

22 

.  0039 

11.4 

3,000 

327 

Magnesium 

4.6 

.004 

1.74 

33,000 

651 

Manganin .  . 

44 

.00001 

8.4 

150,000 

910 

Mercury 

95.783 

. 00089 

13.546 

0 

—38.9 

Molybdenum,  drawn 

5.7 

.004 

9.0 

2500 

Monel  metal 

42 

.0020 

8.9 

160,000 

1300 

Nichrome 

100 

.0004 

8.2 

150,000 

150*0 

Nickel 

7.8 
11 

.006 
.  0033 

8.9 
12.2 

120,000 
39,000 

1452 

Palladium 

1550 

Phosphor  bronze.  .  .  . 

7.8 

.0018 

8.9 

25,000 

750 

Platinum 

10 

.003 

21.4 

50,000 

1755 

Silver 

1.59 

.0038 

10.5 

42,000 

960 

Steel,  E.  B.  B 

10.4 

.005 

7.7 

53,000 

1510 

Steel,  B.  B 

11.9 

.004 

7.7 

58,000 

1510 

Steel,  Siemens-Martin 

18 

.003 

7.7 

100,000 

1510 

Steel,  manganese .... 

70 

.001 

7.5 

230,000 

1260 

Tantalum 

15.5 

.0031 

16.6 

....... 

2850 

Therlo 

47 

.00001 

8.2 

Tin 

11.5 

.0042 

7.3 

4,000 

232 

Tungsten,  drawn .... 

5.6 

.0045 

19 

500,000 

3400 

Zinc 

5.8 

.0037 

7.1 

10,000 

419 
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RESISTIVITY 

Giving  the  resistivity  p  for  metals,  including  alloys  and  carbon, 
ture  coefficients  of  resistance  are  given  in  a  succeeding  table. 


Tempera 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Advance, 

0 

47.-49. 

Aluminum, 

commercial 

20 

2.828  X10"« 

Bureau  of  Standards 

Al  99.57,  Si  0.29, 

Fe  0.14 

pure 

-189 

.64 

Niccolai,  1907 

-100 

1.53 

" 

0 

2.63 

11 

+  100 

3.86 

44 

400 

8.0 

(i 

Aluminum  bronze 

0 

12.— 13. 

Various 

Cu  97,  Al  3 

0 

8.26 

Pecheux,  1909 

Cu  90,  Al  10 

0 

12.6 

44 

Cu  6,  Al  94 

0 

3.1 

" 

Antimony 

20 

41.7 

Bureau  of  Standards 

-190 

10.5 

Eucken,  Gelhoff 

liquid 

+860 

120. 

de  la  Rive 

Argentan 

Cu  56,  Ni  26 

15 

42. 

Matthiessen 

Arsenic 

0 

35. 

44 

Bismuth 

18 

119.0 

Jager,  Diesselhorst 

100 

160.2 

it               <t 

-200 

34.8 

Various 

-100 

75.6 

" 

+100 

156.5 

Northrup,  1914 

200 

214.5 

44 

liquid 

300 

128.9 

44 

«« 

500 

139.9 

44 

<« 

700 

150.8 

*« 

Brass 

various 

0 

6.4—8.4 

Various 

hard     drawn     Cu 

70.2,  Zn  29.8 

0 

8.2 

Siemens 

annealed 

0 

7.0 

ii 

Bronze 

Cu  88,  Sn  12 

20 

18 

Cu  89,  Sn  6,  Zn  4 

15 

13.5 

Cadmium,  drawn 

18 

7.54 

Jager,  Diesselhorst 

100 

9.82 

44                 44 

-252.9 

0.17 

Euchen,  Gehlhoff,  191? 

-200 

1.66 

«<                <* 

-100 

4.80 

<(                                     41 

+300 

16.50 

Northrup,  1913 

liquid 

400 

33.70 

u 

500 

35.12 

44 

700 

35.78 

u 

Caesium 

0 

19 

Various 

-187 

5.25 

Guntz,  Broniewski 

27 

22.2 

Hackspill 

liquid 

30 

36.6 

<« 

Calcium,  Ca  99.57% 

20 

4.6 

Swisher,  1917 

Calido, 

0 

110 

Carboloy 

20 

19.6 

Carbon 

0 

3500 

500 

2700 

1000 

2100 

2000 

1100 

2500 

900 
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RESISTIVITY    (Continued) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Chromium 

0 

2.6  X  10"« 

Shukow 

Climax, 

Cobalt,  Co  99.8% 

20 
20 

87 
9.7 

Bureau  of  Standards 
Reichardt,  1901 

Const  ant  an, 
Cu  60,  Ni  40 

20 

49 

Bureau  of  Standards 

-200 

42.4 

Niccolai 

-150 

43.0 

(i 

-100 

43.5 

«« 

-50 

43.9 

ii 

0 

44.1 

i« 

+100 

44.6 

41 

400 

44.8 

It 

Copper,   commercial 

annealed 

20 

1.7241* 

Bureau  of  Standards 

hard  drawn 

20 

1.77 

ii 

pure,  annealed 

20 

1.692 

Wolff,  Dellinger  1910 

-258.6 

.014 

Niccolai 

-206.6 

.163 

11 

-150 

.567 

M 

-100 

904 

11 

+  100 

2.28 

Northrup,  1914 

200 

2.96 

11 

500 

5.08 

<t 

1000 

9.42 

«* 

liquid 

1500 

24.62 

«• 

Copper-manganese 

Mn    0.98 

0 

4.83 

Munker,  1912 

Mn    1.49 

0 

6.66 

a                  a 

Mn    4.2 

20 

17.9 

Sebast  &  Gray,  1916 

Mn    7.4 

20 

19.7 

u            u          »             a 

Mn  15 

20 

50 

Klein,  1924 

Copper-manganese- 

iron 

Cu    91,    Mn    7.1, 

Fe  1.9 

0 

20 

Blood 

Cu  70.6,  Mn  23.2, 

Fe6.2 

0 

77 

41 

Copper-manganese- 

nickel 

Cu  73,  Mn  24, 

Ni3 

0 

48 

Feussner,  Lindeck 

Eureka 

0 

47 

Drysdale,  1907 

Excello 

20 

92 

Bureau  of  Standards 

Gallium 

0 

53 

Guntz,  Broniewski 

German  silver,  Ni 

18% 

20 

33 

Bureau  of  Standards 

Cu  60.16,  Zn 

25.37,  Ni  14.03, 

Fe  0.3,  Co  and 

Mn  trace 

-200 

27.9 

Dewar,  Fleming 

-100 

29.3 

+100 

33.1 

Gold,  pure,  drawn 

20 

2.44 

Jager,  Diesselhorst 

-252.8 

.018 

Niccolai 

-200 

.601 

44 

9Q.9  pure 

-183 

.68 

Dewar,  Fleming 

-150 

.997 

Niccolai,  1907 

-100 

1.400 

44 

+100 

2.97 

Northrup,  1914 

Tnt.  Ann.  Cu.  Std. 


1980 


RESISTIVITY    (Continued) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Gold,  99.9  pure 

200 

3.83  X  10"« 

Northrop,  1914 

500 

6.62 

" 

1000 

12.52 

" 

1500 

3.70 

(i 

Gold-copper-silver 

Au  58.3,  Cu  26.5, 

0 

13.2 

Matthiessen 

Ag  15.2 

Au  66.5,  Cu  15.4, 

0 

14.6 

it 

Ag  18.1 

Au  7.4,  Cu  78.3, 

0 

3.6 

it 

Ag  14.3 

Gold-silver 

Au  90,  Ag  10 

0 

6.3 

Au  67,  Ag  33 

0 

10.8 

Graphite 

0 

800 

500 

830 

1000 

870 

2000 

1000 

2500 

1100 

la  — la 

Cu  60,  Ni  40 

0 

50 

Drysdale,  1907 

Ideal,  (See 

constantan) 

Illium 

91.61 

Knipp,  Hall  1922 

Indium 

0 

8.37 

Erhardt,  1881 

Invar  (See  steel) 

Iridium 

-186 

0 

100 

1.92 
6.10 
3.30 

Broniewski,  Hackspill 

.< 

Iron  99.98%  pure 

20 

10 

Bureau  of  Standards 

-252.7 

0.011 

Niccolai 

-205.3 

.652 

Dewar,  Fleming 

-200. 

2.27 

Niccolai 

-192.5 

.844 

44 

-100 

5.92 

«< 

+100 

16.61 

ii 

200 

24.50 

tt 

400 

43.29 

44 

(See  also  under  steel) 

Lead 

20 

22. 

Bureau  of  Standards 

-252.9 

.59 

Schimank,  Nernst 

-203 

4.42 

<t                «< 

-192.8 

5.22 

it                «i 

-103 

11.8 

+100 

27.8 

Northrup 

200 

38 

ii 

319 

50 

** 

liquid 

333 

95.0 

ii 

" 

400 

98.3 

ii 

600 

107.2 

ii 

" 

800 

116.2 

ii 

cold  pressed 

-183 

6.02 

Dewar,  Fleming 

-78 

14.1 

"          " 

0 

20.4 

**          «< 

90.4 

28.0 

"          " 

196.1 

36.9 

Lithium 

-187 

1.34 

Guntz,  Broniewski 

0 

8.55 

i<              it 

99.3 

12.7 

it              ii 

1981 


RESISTIVITY     (Continued) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Lithium  liquid 

230 

45.2  X  10~« 

Bernini,  1905 

Magnesium 

20 

4.6 

Bureau  of  Standards 

Zn  free 

-183 

1.00 

Dewar,  Fleming 

it      it 

-78 

2.97 

44                                     tl 

it      << 

0 

4.35 

44                                  44 

•i      << 

98.5 

5.99 

44                                  44 

pure 

400 

11.9 

Niccolai,  1907 

Manganese 

5.0 

Shukow 

Manganese-copper 

Mn  30,  Cu  70 

C 

100 

Feussner,  Lindeck 

Manganin,  Cu  84, 

20 

44 

Bureau  of  Standards 

Mn  12,  Ni  4 

22.5 

45 

Kimura,  Sakamaki 

-200 

37.8 

Niccolai 

-100 

38.5 

-50 

38.7 

0 

38.8 

100 

38.9 

400 

38.b 

Mercury 

20 

95.783 

Bureau  of  Standards 

solid 

-183.5 

6.97 

Dewar,  Fleming 

44 

-102.9 

15.04 

.4                                     44 

14 

-50.3 

12.3 

14                                  44 

44 

-39.2 

25.5 

44                                   44 

liquid 

-36.1 

80.6 

44                                  41 

it 

0 

94.07 

44                                  44 

«« 

50 

98.50 

Grimaldi 

«« 

100 

103.25 

Vincentini,  Omodei 

44 

200 

114.27 

44                                             44 

44 

350 

135.5 

44                                         44 

44 

100 

103.1 

Northrup 

44 

200 

114.0 

" 

44 

300 

127.0 

44 

Molybdenum,  drawn 

20 

5.7 

Bureau  of  Standards 

Monel  metal 

20 

42 

Bureau  of  Standards 

Nichrome 

20 

100 

Bureau  of  Standards 

Nickel 

20 

7.8 

Bureau  of  Standards 

pure 

-182.5 

1.44 

Fleming,  1900 

44 

-78.2 

4.31 

44 

" 

0 

6.93 

" 

44 

94.9 

11.1 

41 

14 

400 

60.2 

Niccolai,  1907 

Nickel-copper-zinc 

0 

20.3 

Matthiessen 

Ni  12.84,  Cu  30.59 

Zn  6.57  by  vol. 

Nickelin 

0 

33 

Feussner,  Lindeck 

Ni  18.46,  Cu  61.63 

Zn  19.67,  Fe  0.24 

Co  0.19,  Mn0.18 

Osmium 

20 

60.2 

Niccolai 

Palladium 

20 

11 

Bureau  of  Standards 

-183 

2.78 

Dewar,  Fleming 

-78 

7.17 

44                                  44 

0 

10.21 

44                                  44 

98.5 

13.79 

44                                  44 

Patent  nickel 

0 

34 

Feussner,  Lindeok 

Ni  25.1,  Cu  74.41 

Fe   0.42,    Zn   0.23 

Mn  0.13.  Co  trace 

Phosphor  bronze 

Sn  5.08,  P  0.01 

10.5 

Sn  2 

0 

5-6 

1982 


RESISTIVITY    (Continued) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Platinoid,  Cu  62, 

-160 

32.5  X  10-s 

Lees,  1908 

Ni  15,  Zn  22 

18 

34.4 

" 

Platinum 

20 

10 

Bureau  of  Standards 

-203.1 

2.44 

Dewar,  Fleming 

-97.5 

6.87 

44                                      44 

0 

10.96 

44                                   44 

+  100 

14.85 

44                                   44 

400 

26 

Niccofai 

-265 

.10 

Nernst 

-253 

.15 

44 

-233 

.54 

" 

-153 

4.18 

11 

-73 

7.82 

44 

0 

11.05 

44 

+100 

14.1 

Pirrani 

200 

17.9 

44 

400 

25.4 

44 

800 

40.3 

44 

1000 

47.0 

44 

1200 

52.7 

44 

1400 

58.0 

44 

1600 

63.0 

44 

PLatinum-iridium 

P  90,  Ir  10 

0 

24 

Barnes,  1888 

P  80,  Ir  20 

0 

31 

44 

Platinum-rhodium 

-200 

14.49 

Dewar,  Fleming 

Pt  90,  Rh  10 

-100 

18.05 

44                                     44 

0 

21.14 

44                                  44 

+  100 

24.20 

44                                  4* 

Platinum-silver 

0 

24.2 

Pt  67,  Ag  33 

Platinite,  nickel  steel 

0 

45 

Ni  46-48% 

Potassium 

-200 

1.72 

Guntz,  Broniewski 

-100 

3.72 

44                                            44 

-75 

4.0 

Hackspill 

0 

6.1 

44 

+55 

8.4 

44 

liquid 

100 

15.31 

Northrup 

Rheotan 

0 

53 

Feussner,  Lindeck 

Cu  53.28,  Ni  25.31 

Zn  16.80,  Fe  4.46 

Mn  0.37 

Rhodium 

-186 

0.7 

Broniewski,  Hackspill 

-78.3 

3.09 

44                                              44 

0 

4.69 

44                                              44 

+100 

6.60 

I*                                              <« 

Rose  metal 

0 

64 

Bi  49,  Pb  28, 

Sm  23 

Rubidium 

-190 

2.5 

Hackspill 

0 

11.6 

+35 

13.4 

liquid 

40 

1S.6 

Silicium  (silicon) 

20 

58. 

Silicium  bronze 

0 

2.4 

Silver  99.98% 

18 

1.629 

Jager,  Diesselhorst 

electrolytic 

-183 

0.390 

Dewar,  Fleming* 

(i 

-78 

1.021 

44                                   44 

1983 


RESISTIVITY    (Continued) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Silver,  99.98  % 

0 

1.468  X10"« 

Dewar,  Fleming 

eiectrolytio 

+98.15 

2.062 

it              ii 

«< 

192.1 

2.608 

ii              ii 

-258.6 

.009 

Niccolai 

-200 

.357 

44 

-100 

.916 

" 

0 

1.506 

" 

+100 

2.15 

Northrup 

200 

2.80 

" 

400 

3.46 

it 

750 

6.65 

•• 

liquid 

1000 

11.3 

44 

•  t 

1500 

15.3 

44 

Sodium 

-180 

1.0 

Hackspill 

-75 

2.8 

44 

0 

4.3 

ii 

55 

5.4 

44 

liquid 

116 

10.2 

<i 

-200 

0.605 

Various 

140 

10.34 

Northrup 

S  odium-amalgam 

0 

95 

Hg  98,  Na  2 

Steel 

aluminum 

20 

64 

Portevin,  1909 

Al  5,  C  0.2 

Al  15,  C  09 

20 

88 

** 

chromium 

20 

60 

ii 

Cr  13,  C  oz 

Cr  40,  C  08 

20 

71 

invar 

35%  Ni 

20 

81 

Bureau  of  Standards 

manganese 

20 

70 

«<                                                   14 

nickel 

Ni  10,  C  0.1 

20 

29 

Ni  25,  C  0.1 

20 

39 

Ni  80,  C  0.1 

20 

82 

Portevin,  1909 

piano  wire 

0 

11.8 

Stronhal,  Barnes 

Siemens-martin 

20 

18 

Bureau  of  Standards 

silicon,  Si  25  % 

20 

45 

Si  4% 

20 

62 

tempered  glass 

hard 

45.7 

Stronhal,  Barnes 

tempered  yellow 

27 

ti               ii 

blue 

20.5 

ii               ii 

soft 

15.9 

ii               it 

titanium 

Ti  2.5,  C  0.15, 

20 

16 

Portevin,  1909 

tungsten 

W  5,  C  0.2 

20 

20 

ii 

W  20,  C  0.2 

20 

24 

ii 

vacadium 

V  5,  C  1.1 

20 

121 

ii 

Strontium 

20 

24.8 

Matthiessen 

Tantalum 

27 

13.85 

Malter,  1939 

it 

727 

44.1 

a                     ii 

Tellurium 

19.6 

200,000 

Matthiessen 

Thallium,  pure 

-183 

4.08 

Dewar,  Fleming 

-78 

11.8 

ii               it 

0 

17.60 

ii               tt 

+98.5 

24.7 

it               tt 

1984 


RESISTIVITY    (Concluded) 


Material 

Temp. 
°C. 

Resistivity 
ohm-cm 

Authority 

Therlo 

20 

47  X  10-6 

Bolton,  1909 

Thorium 

15 

40.1 

Rentschler,  Marden,  1925 

20 

18 

Bureau  of  Standards 

Tin 

20 

11.5 

Bureau  of  Standards 

-184 

3.40 

Dewar,  Fleming 

-78 

8.8 

it              it 

0 

13.0 

i<              it 

+91.45 

18.2 

ti              ii 

200 

20.30 

Northrup 

225 

22.00 

44 

liquid 

235 

47.60 

ii 

750 

61.22 

i« 

Tin-bismuth 

Sn  90.5,  Bi  9.5, 

12 

16 

Sn  2.,  Bi  98 

0 

244 

Tin-lead 

Sn  90,  Pb  10 

15 

13.5 

Sn  33.3,  Pb  66.7 

15 

16 

Laport,  1897 

Titanium 

3.2 

Shukow 

Tungsten 

20 

5.51 

Langmuir,  1916 

727 

25.3 

44 

1227 

41.4 

44 

1727 

59  4 

ii 

2727 

98.9 

ii 

3237 

118 

Wood's  metal 

Bi  56,  Pb  14,  Sn  14 

0 

52 

Zinc 

-183 

-78 

1.62 
3.34 

Dewar,  Fleming 

0 

5.75 

ft              «• 

+92.5 

8.00 

191.5 

10.37 

liquid 

440 

37.2 

de  la  Rive 

100 

7.95 

Northrup 

300 

13.25 

44 

415 

17.00 

44 

liquid 

427 

37.30 

ii 

44 

500 

36.60 

41 

«i 

600 

35.90 

41 

i< 

700 

35.60 

14 

it 

800 

35.60 

44 

it 

850 

35.74 

44 

Temp. 

Resistivity 

Material 

°C. 

ohm-cm 

Temperature   coefficient 

Alloy  193 

0 

87-96XlO-« 

0.000014-.0008 

Alumel 

0 

33.3 

0.0012 

Chromel 

0 

70-110 

0. 0001 1-. 000054 

Copel 

0 

49.5 

0.00000 

Dowmetal 

0 

13-17 

Duralumin 

0 

3.35 

Nichrome  II 

0 

109-111 

0.00015 

III 

0 

90-97 

0. 00005- . 00019 

IV 

0 

98-103 

0.00018 

1985 


TEMPERATURE   COEFFICIENT  OF   RESISTIVITY 

Giving  the  temperature    coefficient  of  resistivity   for   degrees    centigrade 
for  various  metals  including  alloys. 


Material 

T  °C. 

a 

Authority 

Advance  (See  constantan) 

Aluminum 

18 

0.0039 

Jager,  Diesselhorst,  1900 

25 

.0034 

Somerville,  1910 

100 

.0040 

" 

500 

.0050 

" 

annealed,  highest  purity 

0-100 

.00445 

Holborn,  1921 

Aluminum-bronze 

Cu  97,  Al  3 

.00102 

Cu  90,  Al  10 

.00320 

Cu  6,  Al  94 

.00380 

Antimony 

20 

.0036 

Arsenic 

.0042 

Bismuth 

20 

.004 

Bureau  of  Standards 

0-100 

.00446 

Holborn,  1921 

Brass 

20 

.002 

Bureau  of  Standards 

Cu  66,  Zn  34 

15 

.0020 

Cu  60,  Zn  40 

15 

.0010 

Bronze 

Cu  88,  Sn  12 

20 

.0005 

Cadmium 

20 

.0038 

Bureau  of  Standards 

drawn 

annealed,  pure 

0-100 

.00424 

Holborn,  1921 

0 

.0042 

Carbon 

-.0005 

Climax 

20 

+.0007 

Bureau  of  Standards 

Cobalt 

0 

.0033 

0-100 

.00658 

Holborn,  1921 

Constantan 

12 

.000008 

Somerville,  1911 

25 

.000002 

" 

100 

.000033 

" 

200 

.000020 

it 

500 

.000027 

ii 

Copper,  annealed 

20 

.00393 

Bureau  of  Standards 

hard  drawn 

20 

.00382 

"                   '* 

100 

.0038 

Somerville,  1911 

400 

.0042 

44 

1000 

.0062 

" 

electrolytic 

0 

.0041 

pure,  annealed 

0-100 

.00433 

Holborn,  1921 

Copper-manganese 

'• 

Cu  96.5,  Mn  3.5 

.00022 

Feussner,  Lindeok 

Cu  95,  Mn  8 

.000026 

rt                         it 

Cu  70,  Mn  30 

.00004 

•  1                                              44 

Copper-manganese-iron 

Cu  91,  Mn  7.1,  Fe  1.9 

0 

.000120 

Blood 

Cu  70.6,  Mn  23.2,  Fe  6.2 

0 

.000022 

44 

Copper-manganese-nickel 
Cu  73,  Mn  24,  Ni  3 

0 

-.00003 

Feussner,  Lindeck 

Eureka 

0 

+.00005 

Drysdale,  1907 

Excello 

20 

.00016 

Bureau  of  Standards 

German-silver 

Ni  18% 

20 

.0004 

Bureau  of  Standards 

Cu  6C,  Zn  25,  Ni  15 

0 

.00036 

Feussner,  Lindeck 

Gold 

20 

.0034 

Bureau  of  Standards 

100 

.0025 

Somerville,  1910 

500 

.0035 

44 

1000 

.0049 

14 

0-100 

.00400 

Uolborn,  1921 

1986 


TEMPERATURE  COEFFICIENT  OF  RESISTIVITY 

(Continued) 


Material 

T  °C. 

a 

Authority 

Gold-copper-silver 

Au  58.3,  Cu  26.5,  Ag  15.2 

0 

.000574 

Matthiessen 

Au  66.5,  Cu  15.4,  Ag  18.1 

0 

.000529 

(i 

Au  7.4,  Cu  78.3,  Ag  14.3 

0 

.001830 

«« 

Gold-silver 

Au  90,  Ag  10 

0 

.0012 

Au  67,  Ag  33 

0 

.00065 

la  la 

Cu  60,  Ni  40 

0 

-.00003 

Drysdale,  1907 

Fllium 

+.000479 

Knipp-Hall,  1922 

Indium 

0 

.0047 

Iridium 

0-100 

.00411 

Holborn,  1921 

Iron 

20 

.0050 

Bureau  of  Staudardt 

0 

.0062 

Dewar,  Fleming 

25 

.0052 

Somerville,  1910 

100 

.0068 

14 

500 

.0147 

44 

1000 

.0050 

•  > 

0-100 

.00657 

Holborn,  1912 

Lead 

18 

.0043 

Jager,  Diesselhorst 

pure 

0-100 

.00422 

Holborn,  1921 

Lithium 

0 

.0047 

23u 

.0027 

Magnesium 

20 

.004 

Bureau  of  Standards 

0 

.0038 

Vincentini,  Omodei 

25 

.0050 

Somerville,  1910 

100 

.0045 

44 

500 

.0036 

(4 

600 

.0100 

" 

Manganese-copper 

0 

.000040 

Feussner-Lindeck 

Mn  30,  Cu  70 

Manganin 

Cu  84,  Mn  12,  Ni  4 

12 

.000006 

Somerville,  1910 

25 

.000000 

100 

-.000042 

250 

-.000052 

475 

.000000 

500 

+.00011 

Mercury 

20 

.00089 

Bureau  of  Standards 

0 

.00088 

Glazebrook 

Molybdenum 

25 

.0033 

Somerville 

100 

.0034 

44 

1000 

.0048 

«< 

0-100 

.00435 

Holborn,  1921 

Monel-metal 

20 

.0020 

Bureau  of  Standards 

Nichrome 

20 

.0004 

Bureau  of  Standards 

Nickel 

20 

.006 

Bureau  of  Standards 

0 

.006 

Vincentini 

25 

.0043 

Somerville 

100 

.0043 

44 

500 

.0030 

(i 

1000 

.0037 

<< 

pure,  annealed 
Palladium 

0-100 

.00675 

Holborn,  1912 

20 

.0033 

Bureau  of  Standards 

pure 

0-100 

.00377 

Holborn 

it 

0 

.0035 

Dewar,  Fleming 

Phosphor-bronze 

0 

.0040- 

.0030 

1987 


TEMPERATURE  COEFFICIENT  OF  RESISTIVITY 

(Concluded) 


Material 

T  °C. 

a 

Authority 

Platinite,  nickel  steel, 

0 

.003 

Ni  46-48% 

Platinum 

20 

.003 

Bureau  of  Standards 

0 

.0037 

Dewar,  Fleming 

0-100 

.00392 

Holborn,  1921 

Platinum-iridium 

Pt  90,  Ir  18 

0 

.0012 

Barnes,  1888 

Pt  80,  Ir  20 

0 

.0008 

11 

Platinum-rhodium 

Pt  90,  Rh  10 

0 

.0013 

Le  Chatelier,  1900 

Platinum-silver 

Pt  33,  Ag  67 

0 

.00024 

Potassium 

0 

.0055 

liquid 

100 

.0042 

Rheotan 

0 

.0004 

Rhodium 

0-100 

.00443 

Holborn 

Rose  metal 

0 

.0020 

Rubidium 

0 

.0060 

Silicium  bronze 

0 

.0038- 
.0023 

Silver 

20 

.0038 

Bureau  of  Standards 

25 

.0030 

Somerville,  1910 

100 

.0036 

" 

500 

.0044 

it 

pure,  annealed 

0-100 

.00410 

Holborn,  1921 

Sodium 

0 

.0044 

liquid 

120 

.0033 

Steel 

invar 

0 

.0020 

Ni  36,  C  0.2 

piano  wire 

0 

.0032 

Strouhal,  Barnes 

Siemens-Martin 

20 

.003 

Bureau  of  Standards 

Silicon 

Si  4% 

20 

.0008 

tempered  glass  hard 

0 

.0016 

Strouhal,  Barnes 

tempered  blue 

0 

.0033 

"               " 

Tantalum 

20 

.0031 

Bureau  of  Standards 

0-100 

.00347 

Holborn,  1921 

Thallium 

0 

.0040 

liquid 

295 

.00035 

Therlo 

20 

.00001 

Bureau  of  Standards 

Thorium 

20-1800 

.0021 

Rentschler,  Marden,  1925 

Tin 

20 

.0042 

Bureau  of  Standards 

Tungsten 

18 

.0045 

Jager,  Diesselhorst 

500 

.0057 

Somerville 

1000 

.0089 

" 

pure,  annealed 

0-100 

.00465 

Holborn,  1921 

Wood's  metal 

0 

.0020 

Zinc 

20 

.0037 

Bureau  of  Standards 

0 

.0040 

0-100 

.00415 

Holborn,  1921 

1988 


RATIO  TABLES  FOR  BRIDGE  CALCULATIONS 

The  Leeds  &  Northrup  Co. 

A 

1000  -  A 

The  first  table  gives  values  of  the  ratio,  A/(1000  —  A),  the  value  of  A 
being  measured  from  the  zero  at  one  end  of  the  scale.  If  the  balance 
point  is  at  500,  A  =  500  and  the  ratio  is  unity. 

Units 


A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

.0  0000 

1001 

2004 

3010 

4016 

5025 

6036 

7049 

8064 

9082 

10 

.0  1010 

1112 

1214 

1317 

1420 

1523 

1626 

1730 

1833 

1937 

20 

.0  2041 

2145 

2250 

2354 

2459 

2564 

2670 

2775 

2881 

2987 

30 

.0  3093 

3199 

3306 

3413 

3520 

3627 

3735 

3843 

3950 

4058 

40 

.0  4167 

4275 

4384 

4493 

4602 

4712 

4820 

4931 

5042 

5152 

50 

.0  5263 

5374 

5485 

5596 

5708 

5820 

5932 

6044 

6156 

6269 

60 

.0  6383 

6496 

6610 

6724 

6838 

6952 

7066 

7180 

7296 

7412 

70 

.0  7527 

7643 

7759 

7875 

7992 

8109 

8225 

8342 

8460 

8578 

80 

.0  8696 

8814 

8933 

9051 

9170 

9290 

9408 

9528 

9649 

9770 

90 

.0989 

.1001 

.1013 

.1025 

.1037 

.1050 

.1062 

.1074 

.1086 

.1099 

100 

.1111 

.1123 

.1136 

.1148 

.1160 

.1173 

.1186 

.1198 

.1211 

.1223 

110 

.1236 

.1248 

.1261 

.1274 

.1287 

.1300 

.1312 

.1325 

.1338 

.1351 

120 

.1364 

.1377 

.1390 

.1403 

.1416 

.1429 

.1442 

.1455 

.1468 

.1481 

130 

.1494 

.1507 

.1521 

.1534 

.1547 

.1561 

.1574 

.1587 

.1601 

.1615 

140 

.1628 

.1641 

.1655 

.1669 

.1682 

.1695 

.1710 

.1723 

.1737 

.1751 

150 

.1765 

.1778 

.1792 

.1806 

.1821 

.1834 

.1848 

.1862 

.1876 

.1890 

160 

.1905 

.1919 

.1933 

.1947 

.1962 

.1976 

.1990 

.2005 

.2019 

.2034 

170 

.2048 

.2063 

.2077 

.2092 

.2106 

.2121 

.2136 

.2151 

.2165 

.2180 

180 

.2195 

.2210 

.2225 

.2240 

.2255 

.2270 

.2285 

.2300 

.2315 

.2331 

190 

.2346 

.2361 

.2376 

.2392 

.2407 

.2423 

.2438 

.2454 

.2469 

.2485 

200 

.2500 

.2516 

.2532 

.2547 

.2563 

.2579 

.2595 

.2610 

.2625 

.2642 

210 

.2658 

.2674 

.2690 

.2706 

.2722 

.2739 

.2755 

.2772 

.2788 

.2804 

220 

.2820 

.2837 

.2853 

.2870 

.2887 

.2903 

.2920 

.2937 

.2954 

.2971 

230 

.2987 

.3004 

.3020 

.3038 

.  3055 

.3072 

.3089 

.3106 

.3123 

.3140 

240 

.3157 

.3175 

.3192 

.3210 

.3228 

.3245 

.3262 

.3280 

.3298 

.3316 

250 

.3333 

.3351 

.3369 

.3387 

.3405 

.3423 

.3440 

.3459 

.3477 

3495 

260 

.3513 

.3532 

.3550 

.3568 

.  3587 

.3606 

.3624 

.3643 

.3662 

.3681 

270 

.3699 

.3717 

.3736 

.3755 

.3774 

.3793 

.3812 

.3831 

.3850 

.3869 

280 

.3889 

.3908 

.3928 

.3947 

.3966 

.3986 

.4005 

.4024 

.4044 

.4064 

290 

.4084 

.4104 

.4124 

.4144 

.4164 

.4185 

.4205 

.4225 

4245 

.  4265 

300 

.4285 

.4306 

.4326 

.4347 

.4368 

.4389 

.4409 

.4430 

.4450 

4471 

310 

.4493 

.4514 

.4535 

.4556 

.4577 

.4598 

.4619 

.4640 

.4661 

.4683 

320 

.4705 

.4727 

.4749 

.4771 

.4793 

.4814 

.4836 

.4858 

.4881 

.4903 

330 

.4925 

.4947 

.4969 

.4992 

.5015 

.5038 

.5060 

.5083 

.5106 

.5129 

340 

.5152 

.5174 

.5197 

.5220 

.5244 

.5267 

.5290 

.5313 

.5336 

.5360 

350 

.5384 

.5407 

.5431 

.5455 

.5480 

.5504 

.5528 

.5553 

.5576 

.5600 

360 

.5625 

.5650 

.5674 

.5698 

.5723 

.5748 

.5773 

.5798 

.5823 

.5848 

370 

.5873 

.5899 

.5924 

.5949 

.5974 

.6000 

.6025 

.6051 

.6077 

.6103 

380 

.6129 

.6155 

.6181 

.6207 

.6233 

.6260 

.6286 

.6313 

.6340 

.6367 

390 

.6394 

.6420 

.6447 

.6474 

.6502 

.6529 

.6557 

.6584 

.6611 

.6638 

400 

.6666 

.6694 

.6722 

.6750 

.6778 

.6806 

.6834 

.6862 

.6891 

.6920 

410 

.6949 

.6978 

.7007 

.7036 

.7065 

.7094 

.7123 

.7152 

.7181 

.7211 

420 

.7241 

.7271 

.7301 

.7331 

.7361 

.7391 

.7421 

.7451 

.7482 

.7512 

430 

.7543 

.7574 

.7605 

.7636 

.7667 

.7698 

.7729 

.7760 

.7792 

.7824 

440 

.7857 

.7889 

.7921 

.7953 

.7986 

.8018 

.8050 

.8084 

.8117 

.8150 

450 

.8182 

.8215 

.8248 

.8282 

.8316 

.8349 

.8382 

.8416 

.8450 

.8484 

460 

.8518 

.8552 

.8586 

.8620 

.8655 

.8691 

.8727 

.8762 

.8798 

.8834 

470 

.8868 

.8904 

.8939 

.8975 

.9011 

.9048 

.9084 

.9120 

.9157 

.9194 

480 

.9231 

.9267 

.9304 

.9341 

.9379 

.9417 

.9454 

.9493 

.9531 

.9570 

490 

.9609 

.9649 

.9687 

.9725 

.9764 

.9803 

.9842 

.9881 

.9920 

.9960 

1989 


RATIO  TABLES  FOR  BRIDGE  CALCULATIONS 

(Continued) 

Units 


A 

0 

1 

2 

3 

4 

5 

6           7           8           9 

500 

1.000 

1  004 

1.008 

1.012 

1.016 

1.020 

1.024   1.028  1.032   1.036 

510 

1.041 

1.045 

1.049 

1 .  053 

1.058 

1.062 

1.066   1.071   1.075   1.079 

520 

1.083 

1.088 

1.092 

1.097 

1.101 

1.105 

1.110  1.114   1.119   1   123 

530 

1.128 

1.132 

1.137 

1.141 

1.146 

1.151 

1.155   1.160   1.165   1.169 

540 

1.174 

1.179 

1.183 

1.188 

1.193 

1.198 

1.203   1  208   1.212   1.217 

550 

1.222 

1.227 

1.232 

1.237 

1.242 

1.247 

1.252   1  257   1.262   1.267 

560 

1.273 

1.278 

1.283 

1.288 

1.294 

1.299 

1.304   1.309   1.314   1.320 

570 

1.326 

1.331 

1.336 

1.342 

1.347 

1.353 

1.359   1.364   1.370   1  375 

580 

1.381 

1.386 

1  392 

1.398 

1.404 

1.410 

1.415  1.421   1.427   1.433 

590 

1.439 

1.445 

1.451 

1.457 

1   463 

1.469 

1.475   1.481   1.487   1.494 

600 

1.500 

1.506 

1.513 

1.519 

1.525 

1.531 

1.538  1.544   1.551   1.557 

610 

1.564 

1.571 

1.577 

1.584 

1.591 

1.597 

1.604   1.611   1.618  1.625 

020 

1.632 

1.639 

1.645 

1.652 

1.659 

1.667 

1.674   1.681   1.688   1.695 

630 

1.703 

1.710 

1.717 

1.724 

1.732 

1.740 

1.747   1.755   1.763   1.770 

640 

1.778 

1.786 

1.793 

1.801 

1.809 

1.817 

1.825   1.833   1.841    1.849 

650 

1.857 

1.865 

1.873 

1.882 

1.890 

1.899 

1.907   1.916   1.924   1.933 

660 

1.941 

1.950 

1.958 

1.967 

1.976 

1.985 

1.994  2.003  2.012  2.021 

670 

2.030 

2.039 

2.048 

2.058 

2.068 

2.078 

2.087  2.096  2.106  2.115 

080 

2.125 

2.135 

2.145 

2.155 

2.165 

2.175 

2.185  2.195  2.205  2.215 

600 

2.225 

2  236 

2.247 

2.257 

2.268 

2.278 

2.289  2.300  2.311  2.322 

700 

2.333 

2  344 

2 .  355 

2.367 

2 .  378 

2 .  389 

2.401  2.413  2.425  2.436 

710 

2.448 

2.460 

2.472 

2.485 

2.497 

2.509 

2.521  2.534  2.546  2.559 

720 

2.571 

2.584 

2.597 

2.610 

2.623 

2  636 

2.650  2.663  2.676  2.690 

730 

2.703 

2.716 

2  731 

2.745 

2 .  759 

2.774 

2.788  2.802  2.817  2.831 

740 

2.846 

2.861 

2.876 

2.891 

2  907 

2.922 

2.937  2.953  2.968  2.984 

750 

3.000 

3.016 

3.032 

3.049 

3  065 

3.081 

3.098  3.115  3.132  3.150 

760 

3.168 

3.185 

3  202 

3.220 

3.237 

3.255 

3.273  3.291  3.310  3.329 

770 

3.348 

3.367 

3.386 

3.405 

3.425 

3.445 

3.464  3.484  3.505  3.525 

780 

3.546 

3.566 

3.587 

3.608 

3 .  630 

3.652 

3.674  3.695  3.717  3.740 

790 

3.762 

3.785 

3.808 

3.831 

3.854 

3 .  878 

3.902  3.926  3.950  3.975 

800 

4.000 

4.025 

4.050 

4.075 

4 .  102 

4    127 

4.154  4.181  4.209  4.236 

810 

4.263 

4.290 

4.319 

4.348 

4.376 

4.405 

4.435  4.464  4.494  4.525 

820 

4.556 

4.587 

4.618 

4.650 

4.682 

4.715 

4.748  4.781  4.814  4.848 

830 

4.882 

4.917 

4.953 

4.988 

5.025 

5.061 

5.097  5.135  5.173  5.211 

840 

5.250 

5.290 

5.330 

5.370 

5.411 

5.451 

5.493  5.536  5.580  5.623 

850 

5.666 

5.711 

5.757 

5.803 

5.850 

5.898 

5.945  5.994  6.043  6.093 

860 

6.143 

6.194 

6.247 

6.300 

6.353 

6.407 

6.463  6.519  6.576  6.634 

870 

6.693 

6.752 

6.812 

6.873 

6.937 

7.000 

7.064  7.129  7.196  7.264 

880 

7.334 

7.403 

7.474 

7.546 

7.620 

7.696 

7.772  7  849  7.928  8.009 

890 

8.091 

8.175 

8.259 

8.346 

8.434 

8.524 

8.616  8.709  8.804  8.901 

900 

9.000 

9.101 

9.204 

9.309 

9.416 

9.526 

9.638  9.753  9.870  9.989 

910 

10.11 

10.23 

10.36 

10.49 

10.63 

10.76 

10.90  11.05  11.19    11.34 

920 

11.50 

11.66 

11.82 

11.99 

12.16 

12.33 

12.51   12.70  12.89   13.08 

930 

13.28 

13.49 

13.71 

13.93 

14.15 

14.38 

14.62   14.87  15.13  15.40 

940 

15.66 

15.95 

16.24 

16.54 

16.86 

17.18 

17.52   17.87   18.23   18.61 

950 

19.00 

19.41 

19.83 

20.28 

20.75 

21.22 

21.73  22.26  22.81  23.38 

960 

24  00 

24.64 

25.32 

26.03 

26.77 

27.57 

28.41  29.30  30.25  31.26 

970 

32.33 

33.49 

34.70 

36.04 

37.46 

39.00 

40.67  42.48  44.44  46.62 

980 

49.00 

51.63 

54.55 

57.83 

61.50 

65.67 

70.43  75.93  82.33  89.91 

990 

99.00 

110.1 

124.0 

141.9 

165.7 

199.0 

249.0  332.3  499.0  999.0 

1990 


RATIO  TABLES  FOR  BRIDGE  CALCULATIONS 

(Continued) 

4500  +  A 

5500  -  A 

The  second  table  gives  values  of  the  ratio  (4500  +  A)/ (5500  —  A),  the 
value  of  A  being  measured  from  the  4500  division  on  a  total  scale  of  10,000. 
If  the  balance  point  is  at  5000,  A  =   500  and  the  ratio  is  unity. 

Units 


0 
10 
20 
30 
40 
50 
60 


70 

80  ' 

90 
100 
110  I 
120 
130  I 
140  i 
150  I 
160  I 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
470 
480 
490 


.8182 

.8185 

.8188 

.8192 

.8195 

.8198 

.8215 

.8218 

.8221 

.8225 

.8228 

.8232 

.8248 

.8251 

.8254 

.8258 

.8262 

.8265 

8281 

.8285 

.8288 

.8292 

.8295 

.8298 

8315 

.8318 

.8322 

.8325 

.8328 

.8332 

.8349 

.8353 

.8356 

.8360 

.8363 

.8366 

.8382 

.8385 

.8389 

.8392 

.8396 

.8399 

8416 

.8419 

.8423 

.8426 

.8424 

.8433 

.8450 

.8453 

.8457 

.8460 

.8464 

.8467 

.8484 

.8487 

.8491 

.8495 

.8498 

.8501 

8519 

.8522 

.8525 

.8529 

.8532 

.8536 

8553 

.8556 

.8560 

.8563 

.8567 

.8570 

8587 

.8591 

.8594 

.8598 

.8601 

.8605 

8622 

8626 

.8629 

.8633 

.8636 

.8640 

.8657 

.8660 

.8664 

.8667 

.8671 

.8674 

8692 

.8695 

.8699 

.8702 

.8706 

.8709 

.8727 

.8730 

.8734 

.8737 

.8741 

.8744 

.8762 

.8765 

.8769 

.8772 

.8776 

.8779 

8797 

.8800 

.8804 

.8808 

.8811 

.8815 

8832 

8836 

.8839 

.8843 

.8847 

.8850 

.8868 

8871 

.8875 

.8879 

.8882 

.8885 

8903 

.8907 

.8910 

.8914 

.8917 

.8921 

.8939 

8942 

.8946 

.8950 

.8953 

.8957 

8975 

.8979 

.8982 

.8986 

.8990 

.8993 

.9011 

.9015 

.9018 

.9022 

.9025 

.9029 

9048 

.9051 

9055 

.9059 

.9063 

.9066 

9084 

.9088 

.9091 

.9095 

.9098 

.9101 

.9120 

9123 

.9127 

.9131 

.9135 

.9139 

.9157 

.9161 

.9165 

.9168 

.9172 

.9175 

9194 

.9198 

.9202 

.9205 

.9209 

.9212 

9231 

.9234 

.9238 

.9242 

.9245 

.9249 

9268 

.9272 

.9276 

.9279 

.9282 

.9286 

.9305 

.9309 

.93J2 

9316 

.9320 

.9324 

9342 

.9346 

.9350 

.9354 

.9357 

.9361 

.9380 

.9384 

.9388 

.9391 

.9395 

.9399 

.9417 

.9421 

.9425 

.9429 

.9432 

.9436 

9455 

9459 

.9463 

.9467 

.9470 

.9474 

9493 

.9497 

.9500 

9504 

.9508 

.9512 

.9531 

.9535 

.9539 

.9543 

.9547 

.9550 

.9570 

.9573 

.9577 

.9581 

.9585 

.9589 

9608 

.9611 

.9615 

.9619 

.9623 

.9627 

.9646 

.9650 

.9654 

.9658 

.9661 

.9665 

.9685 

.9689 

.9693 

.9697 

.9700 

.9704 

9724 

.9728 

9732 

.9736 

.9740 

.9744 

9763 

.9767 

.9771 

.9774 

.9778 

.9782 

9802 

.9806 

.9810 

.9814 

.9818 

.9822 

9841 

.9846 

.9849 

.9853 

.9857 

.9861 

.9881 

.9885 

.9889 

9893 

.9897 

.9900 

9920 

.9924 

.9928 

.9932 

.9936 

.9940 

9960 

.9964 

.9968 

.9972 

.9976 

.9980 

.8202 
.8235 
.8268 
.8302 
.8335 
.8370 
.8403 
.8436 
.8470 
.8505 
.8539 
.8574 
.8608 
.8643 
.8678 
.8713 
.8748 
.8783 
.8818 
.8854 


.8925 
.8960 
.8997 
.9032 
.9070 
.9105 
.9142 
.9179 
.9215 
.9253 
.9290 
.9327 
.9365 
.9403 
.9440 
.9478 
.9516 
.9554 
.9592 
.9631 
.9669 
.9708 
.9748 
.9786 
.9826 
.9865 
9904 
9944 
9984 


.8205 

.8238 

.8272 

.8305 

.8338 

.8373 

.8406 

.8440 

.8474 

.8509 

.8543 

.8577 

.8612 

.8646 

.8681 

.8716 

.8751 

.8786 

.8822 

.8857 

.8893 

.8929 

.8964 

.9001 

.9037 

.9073 

.9108 

.9146 

.9183 

.9220 

.9257 

.9294 

.9331 

.9369 

.9406 

.9444 

.9482 

.9520 

.9558 

.9596 

.9635 

.9673 

.9712 

.9751 

.9790 

.9830 

.9869 

.9908 

,9948 

,9988 


.8208 
.8241 
.8275 
.8308 
.8341 
.8376 
.8409 
.8443 
.8477 
.8513 
.8546 
.8581 
.8615 
.8650 
.8685 
.8720 
.8755 
.8790 
.8825 
8861 


,8932 


.9004 
.9040 
.9077 
.9112 
.9150 
.9186 
.9223 
.9260 
.9298 
.9335 
.9372 
.9410 
.9448 
.9486 
.9523 
.9562 
.9600 
.9639 
.9677 
.9716 
.9755 
.9795 
.9834 
.9873 
.9912 
,9952 
9992 


.8212 

.8245 

.8278 

.8312 

.8345 

.8379 

.8413 

.8447 

.8481 

.8517 

.8549 

.8584 

.8619 

.  8653 

.8688 

.8723 

.8758 

.8793 

.8829 

.8864 

.8900 

.8936 

.8972 

.9008 

.9044 

.9080 

.9116 

.9153 

.9190 

.9227 

.9264 

.9301 

.9339 

.9376 

.9414 

.9451 

.9489 

.9527 

.9566 

.9604 

.9643 

.9681 

.9720 

.9759 

.9798 

.9837 

.9877 

.9916 

.9956 

.9996 
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RATIO  TABLES  FOR  BRIDGE  CALCULATIONS 

(Continued) 

Units 


A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

500 

1.0000 

1.0004 

1.0008 

1.0012 

1.0016 

1.0020 

1.0024 

1.0028 

1.0032 

1.0036 

510 

1.0040 

1.0044 

1.0048 

1.0052 

1.0056 

1.0061 

1.0065 

1.0069 

1.0073 

1.0077 

520 

1.0081 

1.0085 

1.0089 

1.0093 

1.0097 

1.0101 

1.0105 

1.0109 

1.0113 

1.0117 

530 

1.0121 

1.0125 

1.0129 

1.0133 

1.0137 

1.0142 

1.0146 

1.0150 

1.0154 

1.0158 

540 

1.0162 

1.0166 

1.0170 

1.0174 

1.0178 

1  0183 

1.0187 

1.0192 

1.0196 

1.0200 

550 

1.0203 

1.0207 

1.0211 

1.0215 

1.0219 

1.0224 

1.0228 

1.0232 

1.0236 

1.0240 

560 

1.0244 

1.0248 

1.0252 

1.0256 

1.0260 

1.0264 

1.0269 

1.0273 

1.0277 

1.0281 

570 

1.0285 

1.0289 

1.0293 

1.0297 

1.0301 

1.0305 

1.0309 

1.0313 

1.0317 

1.0321 

580 

1.0325 

1.0329 

1.0333 

1.0337 

1.0341 

1.0345 

1.0350 

1.0354 

1.0358 

1.0362 

590 

1.0366 

1.0370 

1.0375 

1.0379 

1.0383 

1.0388 

1.0392 

1.0396 

1.0400 

1.0405 

600 

1.0409 

1.0413 

1.0417 

1.0421 

1.0425 

1.0429 

1.0434 

1.0438 

1.0442 

1.0446 

610 

1.0450 

1.0454 

1.0458 

1.0463 

1.0467 

1.0471 

1.0475 

1.0479 

1.0484 

1.0488 

620 

1.0492 

1.0496 

1.0500 

1.0505 

1.0509 

1.0513 

1.0517 

1.0521 

1.0526 

1.0530 

630 

1.0534 

1.0538 

1.0542 

1.0547 

1.0551 

1.0555 

1.0559 

1.0563 

1.0568 

1.0572 

640 

1.0576 

1.0580 

1.0585 

1.0589 

1.0593 

1.0598 

1.0602 

1.0606 

1.0610 

1.0615 

650 

1.0619 

1.0623 

1.0628 

1.0632 

1.0636 

1.0641 

1.0645 

1.0649 

1.0653 

1.0658 

660 

1.0662 

1.0666 

1.0670 

1.0675 

1.0679 

1.0683 

1.0687 

1.0691 

1.0696 

1.0700 

670 

1.0704 

1.0708 

1.0713 

1.0717 

1.0721 

1.0726 

1.0730 

1.0734 

1.0738 

1.0743 

680 

1.0747 

1.0751 

1.0755 

1.0760 

1.0764 

1.0768 

1.0772 

1.0776 

1.0781 

1.0785 

690 

1.0789 

1.0794 

1.0798 

1.0803 

1.0807 

1.0811 

1.0816 

1.0821 

1.0825 

1  0830 

700 

1.0834 

1.0838 

1.0843 

1.0847 

1.0851 

1.0856 

1.0860 

1.0864 

1.0868 

1.0873 

710 

1.0877 

1.0881 

1.0886 

1.0890 

1.0895 

1.0899 

1.0903 

1.0908 

1.0912 

1  0917 

720 

1.0921 

1.0925 

1.0930 

1.0934 

1.0939 

1.0943 

1.0947 

1.0952 

1.0956 

1.0961 

730 

1.0965 

1.0969 

1.0974 

1.0978 

1.0982 

1.0987 

1.0991 

1.0995 

1.0999 

1 . 1004 

740 

1.1008 

1.1013 

1.1017 

1 . 1022 

1.1026 

1.1031 

1.1035 

1 . 1040 

1.1044 

1 . 1049 

750 

1 . 1053 

1.1057 

1.1062 

1.1066 

1.1071 

1.1075 

1.1079 

1.1084 

1.1088 

1 . 1093 

760 

1.1097 

1.1102 

1.1106 

1.1111 

1.1115 

1.1120 

1.1124 

1.1129 

1.1133 

1.1138 

770 

1.1142 

1.1147 

1.1151 

1.1156 

1.1160 

1.1165 

1.1169 

1.1174 

1.1178 

1.1183 

780 

1.1187 

1.1192 

1.1196 

1.1201 

1.1205 

1.1210 

1.1214 

1.1219 

1.1223 

1.1228 

790 

1 . 1232 

1.1236 

1.1241 

1.1245 

1.1250 

1.1254 

1.1258 

1 . 1263 

1.1267 

1.1272 

800 

1.1276 

1.1281 

1.1285 

1.1290 

1.1294 

1.1299 

1.1304 

1.1308 

1.1313 

1.1317 

810 

1 . 1322 

1.1327 

1.1331 

1.1336 

1 . 1340 

1.1345 

1.1349 

1.1354 

1. 1358 

1.1363 

820 

1.1367 

1.1372 

1.1376 

1.1381 

1 . 1385 

1.1390 

1.1395 

1.1400 

1.1404 

1.1408 

830 

1.1413 

1.1418 

1 . 1422 

1.1427 

1.1431 

1.1436 

1.1441 

1.1445 

1.1450 

1 . 1454 

840 

1 . 1459 

1.1464 

1.1468 

1.1473 

1.1477 

1.1482 

1.1487 

1.1491 

1.1496 

1.1500 

850 

1.1505 

1.1510 

1.1514 

1.1519 

1.1523 

1.1528 

1.1533 

1.1537 

1.1542 

1.1546 

860 

1.1551 

1.1556 

1.1560 

1.1565 

1.1570 

1.1575 

1.1579 

1.1584 

1.1589 

1.1593 

870 

1.1598 

1.1603 

1.1608 

1.1612 

1.1617 

1.1622 

1.1627 

1 . 1632 

1.1636 

1.1641 

880 

1.1646 

1.1651 

1.1655 

1.1660 

1.1664 

1.1669 

1.1674 

1.1678 

1.1683 

1.1687 

890 

1.1692 

1.1697 

1.1701 

1.1706 

1.1710 

1.1715 

1.1720 

1.1724 

1.1729 

1.1733 

900 

1.1738 

1.1743 

1.1748 

1.1752 

1.1757 

1.1762 

1.1767 

1.1772 

1.1776 

1.1781 

910 

1.1786 

1.1791 

1.1796 

1.1800 

1.1805 

1.1810 

1.1815 

1.1820 

1.1824 

1.1829 

920 

1.1834 

1.1839 

1 . 1844 

1.1848 

1.1853 

1.1858 

1.1863 

1.1868 

1.1872 

1.1877 

930 

1.1882 

1.1887 

1.1892 

1.1896 

1.1901 

1.1906 

1.1911 

1.1916 

1.1920 

1.1925 

940 

1.1930 

1.1935 

1.1939 

1.1944 

1.1949 

1.1954 

1.1958 

1.1963 

1  1968 

1.1972 

950 

1.1977 

1.1982 

1.1987 

1.1992 

1  1997 

1.2002 

1.2006 

1.2011 

1.2016 

1.2021 

960 

1.2026 

1.2031 

1.2036 

1.2041 

1.2046 

1.2051 

1  2055 

1.2060 

1.2065 

1.2070 

970 

1.2075 

1.2080 

1.2085 

1.2090 

1.2095 

1.2100 

1.2104 

1.2109 

1.2114 

1.2119 

980 

1.2124 

1.2129 

1.2134 

1.2139 

1  2144 

1.2149 

1.2153 

1.2158 

1.2163 

1.2168 

990 

1.2173 

1.2178 

1.2183 

1.2188 

1.2193 

1.2198 

1.2202 

1.2207 

1.2212 

1  2217 
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RESISTANCE   OF  ELECTROLYTES 

Resistance  of  aqueous  solutions  of  various  salts  and  acids  in  ohms  per 
centimeter  cube  for  a  temperature  of  18°  C. 

(From  observations  by  Kohlrausch.) 


Salt. 


Acetic  acid 

Ammonium  chloride 
Copper  nitrate 

sulphate 

Hydrochloric  acid .  . 
Potassium  iodide.  .  . 

Silver  nitrate 

Sodium  carbonate .  . 

chloride 

hydroxide 

Sulphuric  acid 

Zinc  chloride 

sulphate 


(Concentration) 
Nitric  acid .... 


(Concentration) 

Potassium  hydroxide. 


Number  of  grams  of  salt  in  100  grams  solution. 


10.89 
27.4 
52  9 
2  54 
29.5 
39  0 
22.2 
14  94 
5  OS 
4.79 
20.70 
52.3 


6  2 
3.2 


8.4 
3.67 


10         15         20         25         30         40         50 


654. 
5.63 
15.7 
31.2 
1.59 
14.7 
21.0 
14.2 
8.33 
3.20 
2.55 
13.75 
31.2 


12.4 
1.84 


12.6 
2.66 


616. 
3.86 
11.7 
23.7 
1.34 

u.k 

12.0 
6.10 
2.89 
1.84 

24.1 


18.6 
1.45 


16.8 
2.19 


622. 
2. 


1 

6.88 
11.46 

5.11 

3.06 
1.53 
10.96 
21.4 


24.8 
1.30 


21. 
1.96 


658. 
2.48] 
9.17 

1.38 

*9!45 

4.69 
3.68 
1.39 

20  ".8 


31. 
1.28 


25.2 
1.85 


714. 


1.51 
4.34 
8.07 


4.95 
1.35 
10.80 
22.5 


37.2 
1.32 


29.4 
1.84 


925. 


1.94 
3.16 
6  39 


8.61 

1.47 

11.83 


43.4 
1.43 


33.6 
1.91 


1351. 


2.55 
5.39 


1.85 
15.87 


SAFE  CARRYING  CAPACITY  OF  COPPER  WIRE 

(Fiom  Collins'  Design  and  Construction  of  Induction  Coils,  by  permission.) 


Brown  & 
Sharpe 
gauge. 

Diameter 
in  mils. 

Area  in 
circular  mils. 

Number  of 

amperes, 

exposed  work. 

Number  of 

amperes, 

confined 

spaces. 

18 

40 

1.624 

5 

3 

17 

45 

2.048 

6 

4 

16 

51 

2.583 

8 

6 

15 

57 

3.257 

10 

8 

14 

64 

4.106 

16 

12 

13 

72 

5.178 

19 

14 

12 

81 

6.530 

23 

17 

11 

91 

8.234 

27 

21 

10 

102 

10.380 

32 

25 

9 

114 

13.090 

39 

29 

8 

128 

16.510 

46 

33 

7 

144 

20.820 

56 

39 

6 

162 

26.250 

65 

45 

5 

182 

33.100 

77 

53 

4 

204 

41.740 

92 

63 

3 

229 

52.630 

110 

75 

2 

258 

66.370 

131 

88 

1 

289 

83.690 

156 

105 

0 

325 

105.500 

185 

125 

00 

365 

133.100 

220 

150 
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CONDUCTIVITY   OF   STANDARD   SOLUTIONS 

Giving  the  conductivity  in  reciprocal  ohms  (mho)  per  cm.  for  NaCl,  KCl, 
H2SO4  and  MgS04  for  various  temperatures.     Solutions  are  as  follows:  — 

H2SO4,  —  maximum  conductivity  (18°  C);  dissolve  378  g.  of  97%  acid 
in  pure  water  and  dilute  to  1  liter.     Density  at  18°  C,  1.223. 

MgS04, — maximum  conductivity  (18°  C);  dissolve  in  1  liter  of  distilled 
water  552  g.  of  MgS047H20.     Density  at  18°  C,  1.190. 

NaCl,  —  solution  saturated  at  all  temperatures  given.  An  excess  of  NaCl  id 
distilled  water,  about  450  g.  per  liter.     D  =  1.2014  (18°  C). 

KCl,  — normal  solution,  74.59  grams  per  liter  of  solution  at  18°  C.  Dissolve 
74.555  grams   (weighed  in  air)  of  KCl  and  dilute  to  1  liter.     Density,  1.04492. 


Solution. 


rt2S04 

MgS04 

NaCl 

KCl,  normal 

KCl,  1/10  normal. 
KCl,  1/100  normal 


o°  C. 


0.5184 

0.02877 

0. 1345 

0.06541 

0.00715 

0.000776 


0.5792 

0.03402 

0. 1555 

0.07414 

0.00822 

0.000896 


10° 


0.6408 

0.03963 

0. 1779 

0.08319 

0.00933 

0.001020 


15c 


0. 7028 

0.04555 

0.2014 

0.09252 

0.01048 

0.001147 


16c 

17° 

18° 

19° 

20° 

H2S04 

MgS04 

NaCl 

KCl,  n 

KCl,  1/10  n.... 
KCl,  1/100  n... 

0.7151 

0.04676 

0.2062 

0.09441 

0.01072 

0.001173 

0.7275 

0.04799 

0.2111 

0.09631 

0.01095 

0.001199 

0.7398 

0.04922 

0.2160 

0.09822 

0.01119 

0.001225 

0.7522 

0.05046 

0.2209 

0. 10014 

0.01143 

0.001251 

0. 7645 

0.05171 

0.2259 

0. 10207 

0.01167 

0.001278 

21° 

22° 

23° 

24° 

25° 

H2S04 

MgS04........ 

NaCl 

KCl,  n 

KCl,  1/10,  A. . . 
KCl,  1/100  n... 

0.7768 

0.05297 

0.2309 

0.10400 

0.01191 

0.001305 

0.7890 

0.05424 

0.2360 

0. 10594 

0.01215 

0.001332 

0.8013 

0.05551 

0.2411 

0. 10789 

0.01239 

0.001359 

0.8135 

0.05079 

0.2462 

0. 10984 

0.01264 

0.001386 

0.8257 

0.05808 

0.2513 

0.11180 

0.01288 

0.001413 

26° 

27° 

28° 

29" 

30° 

II2SO4 

MgS04 

NaCl 

KCl,  n 

0.8378 

0.05937 

0.2565 

0.11377 

0.01313 

0.002819 

0.8499 

0.06067 

0.2616 

0. 11574 

0.01337 

0.002873 

0.8020 

0.06197 

0.2669 

0.8740 

0.06328 

0.2721 

0.8860 
0. 06459 

0.2774 

KCl,  1/10  n.... 
KCl,  1/50  n... 

0. 01362 
0.002927 

0.01387 
0.002981 

0.01412 
0.003036 
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EQUIVALENT  CONDUCTANCE  OF 
AQUEOUS  SOLUTIONS 

The  equivalent  conductance  is  given  in  reciprocal  ohms.  Concentration  is 
given  in  milli-equivalents  of  solute  per  liter  of  solution.  Corrected  for  con- 
ductance of  water  except  in  case  of  the  strong  acids. 


Concentra- 

Substance. 

tion  milli- 
equivalents 
per  liter. 

18°  C. 

100°  c. 

Acetic  acid 

0. 

10. 

347. 

14.50 

773. 

25.1 

30. 

8.50 

14.7 

80. 

5.22 

9.05 

100. 

4.67 

8.10 

*  Ammonium  acetate 

0. 
10. 

99.8 
91.7 

338. 

300. 

25. 

88.2 

286. 

*Ammonium  chloride 

0. 
2. 

131.1 
126.5 

415. 

399 . 

10. 

122.5 

382. 

30. 

118.1 

Ammonium  hydroxide 

0. 

238. 

647 . 

«7                       VVJI.V^V^ 

10. 

9.66 

23.2 

30. 

5.66 

13.6 

100. 

3.10 

7.47 

Barium  f errocyanide 

0. 

91. 

521. 

2. 

46.9 

202.3 

12.5 

30.4 

129.8 

Barium  hydroxide 

0. 

222. 

645. 

2. 

215. 

591. 

10. 

207. 

548. 

50. 

191.1 

478. 

100. 

180.1 

443. 

Barium  nitrate 

0. 
2. 

116.9 
109.7 

385. 

352. 

10. 

101. 

322. 

40. 

88.7 

280. 

80. 

81.6 

258. 

100. 

79.1 

249. 

Calcium  ferrocyanide 

0. 

88. 

512. 

100. 

21.9 

84.3 

200. 

20.6 

77.5 

400. 

202. 

76.2 

Calcium  nitrate 

0. 
2. 

70.4 
66.5 

369. 

346.5 

50. 

55.6 

276.8 

100. 

51.9 

255.5 

200. 

48.3 

234.4 

*  Values  have  been  corrected  for  hydrolysis. 
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EQUIVALENT  CONDUCTANCE  OF 
AQUEOUS  SOLUTIONS  (Continued) 


Concentra- 

Substance. 

tion  milli- 

equivalents 

per  liter. 

18°  C. 

100°  c. 

Hydrochloric  acid 

0. 

379. 

850. 

2. 

373.6 

826. 

10. 

368.1 

807. 

80. 

353. 

762. 

100. 

350.6 

754. 

Lanthanum  nitrate 

0. 
2. 

75.4 
68.9 

413. 

363.5 

12.5 

61.4 

311.2 

50. 

54. 

261.4 

100. 

49.9 

236.7 

200. 

46. 

210.8 

Magnesium  sulphate 

0. 

114.1 

426. 

2. 

94.3 

302. 

10! 

76.1 

234. 

20. 

67.5 

190. 

40. 

59.3 

160. 

80. 

52. 

136. 

100. 

49.8 

130. 

200. 

43.1 

110. 

Nitric  acid 

0. 
2. 

377. 
371.2 

826. 

806. 

10. 

365. 

786. 

50. 

353.7 

750. 

100. 

346.4 

728. 

Phosphoric  acid 

0. 

338.3 

730. 

2. 

283.1 

498. 

10. 

203. 

308. 

50. 

122.7 

168. 

100. 

95.7 

128. 

Potassium  chloride 

0. 
2. 

130.1 
126.3 

414. 

393. 

10. 

122.4 

377. 

80. 

113.5 

342. 

100. 

112. 

336. 

Potassium  citrate 

0. 
2. 

76.4 
71. 

420. 

381.2 

5. 

67.6 

357.2 

50. 

54.4 

273. 

100. 

50.2 

247.5 

300. 

43.5 

209.5 

Potassium  nitrate 

0. 
2. 

80.8 
78.6 

384. 

370.3 

12.5 

75.3 

351.5 
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EQUIVALENT  CONDUCTANCE  OF 
AQUEOUS  SOLUTIONS  (Continued) 


Substance. 


Potassium  nitrate 

Potassium  ferrocyanide 


Potassium  oxalate 


Potassium  sulphate 


Silver  nitrate 


Sodium  acetate 


Sodium  chloride 


Sodium  hydroxide 
Sulphuric  acid 


Concentra- 
tion milli- 

equivalents 
per  liter. 


50. 

100. 

0. 

2. 

50. 

100. 

206. 

400. 

0. 

2. 

50. 

100. 

200. 

0. 

2. 

10. 

40. 

80. 

100. 

0. 

2. 

10. 

20. 

40. 

80. 

100. 

0. 

2. 

10. 

80. 

0. 

2. 

10. 

80. 

100. 

0. 

2. 

20. 

50. 

0. 

2. 

10. 

50. 

100. 


18°  C. 


70.7 

67.2 

98.4 

84.8 

58.2 

53. 

48.8 

45.4 

79.4 

74.9 

63. 

59.3 

55.8 

132.8 

124.8 

115.7 

104.2 

97.2 

95. 

115.8 

112.2 

108. 

105.1 

101.3 

96.5 

94.6 

78.1 

74.5 

71.2 

63.4 

109. 

105.6 

102. 

93.5 

92.0 

216.5 

212.1 

205.8 

200.6 

383. 

353.9 

309. 

253.5 

233.3 


100°  c. 


326.1 

30S.5 

527. 

427.6 

272.4 

245. 

222.3 

203.1 

419. 

389.3 

312.2 

288.9- 

265.1 

455. 

402. 

365. 

320. 

294. 

286. 

367. 

353, 

337. 

326. 

312. 

294. 

289. 

285. 

268. 

253. 

221. 

362. 

349. 

336. 

301. 

296. 

594. 

582. 

559. 

540. 

891. 

571. 

446. 

384. 

369. 
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THE  EQUIVALENT  CONDUCTANCE  OF  THE 
SEPARATE  IONS 

(From  Smithsonian  Physical  Tables) 


Ion 


K 

Na 

NH4 

Ag 

iBa 

2^a 

§La 

CI 

N03 

C2H3O2. . 

JSO4 

^C204-  .  •  • 

!C6H507  . 

|Fe(CN)6 

H 

OH 


40.4 

26. 

40.2 

32.9 

33. 

30. 

35. 


41. 
40. 
20. 

41. 

39. 

36. 

58. 

240. 
105. 


18 


64.6 

43.5 

64.5 

54.3 

55. 

51. 

61. 

65.5 
61.7 
34.6 

68. 

63. 

60. 
95. 

314. 
172. 


25 


74.5 

50.9 

74.5 

63.5 

65. 

60. 

72. 

75.5 
70.6 
40.8 

79. 

73. 

70. 
111. 

350. 
192. 


50 


115 
82 
115 
101 
104 
98 
119 

116 

104 
67 

125 

115 

113 
173 

465 

284 


75 


159 
116 
159 
143 
149 
142 
173 

160 

140 

96 

177 

163 

161 
244 

565 
360 


100 


206 
155 
207 
188 
200 
191 
235 

207 
178 
130 

234 

213 

214 
321 

644 
439 


128 


263 
203 
264 
245 
262 
252 
312 

264 
222 
171 

303 

275 


722 
525 


156° 


317 
249 
319 
299 
322 
312 
388 

318 
263 
211 

370 

336 


777 
592 
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RESISTIVITY  OF  DIELECTRICS 

Giving  the  volume  resistivity  p,  the  variation  of  the  volume  resistivity 
with  temperature,  given  as  the  ratio  of  the  value  at  20°  C.  to  that  at  30°  C., 
and  the  surface  resistivity  for  various  dielectrics.  The  surface  resistivity  is 
the  resistance  between  the  opposite  edges  of  a  centimeter  square.  A  large 
part  of  the  data  are  from  Curtis,  Bulletin  of  the  Bureau  of  Standards  1915. 
Temperatures,  unless  otherwise  stated,  are  22°  C.  The  numbers  in  parentheses 
refer  to  the  source  of  information. 


Material 

Volume  resistivity 

Surface  resistivity,  ohm-cm 

Temp. 

P 
ohm-cm 

/p30 

Humidity  50  % 

Humidity  90% 

Amberite 

22 

20 
22 
16 

20 

18 
17 

20 
20 

5  X 1016 
5X1016 

2X10" 
2X107 
4  X  lO" 
1X10" 
2X1016 
4X10io 
5X1012 
4X10" 
5X10io 

20X101* 
8X1014(1) 
6X1014 
5X10i4(l) 
2X10io 
4X10io(2) 
>5X10is 

4X10io 
4X10io 
5X1012 
3X1016 
2X1016 

1  X  lO" 
5X1016 
2X10io 
5X10» 
1X108(3) 

2X10io 

lXlOio 

5X101" 

5X10"  (4) 

8X1016 

1X1016(5) 

IXIO12 

2X10i» 

9X1013 

6XIO12 

1X1016 

3X1012 

2  X IO13 
2  X 1016 

2.4 
3.6 
3.6 
2.6 

5.3 
2.4 

16.0 

1.8 

2.9 
2.9 
3.0 

2.0 
2.3 
3.2 
2.6 

2.5 

4.5 

2.8 
3.2 

3.0 
1.4 
2  5 

2X1016 
6X1014 

3X10" 
3X10» 
3X1012 
1X10" 
8X1016 
3X10" 
6XIO12 
IXIO12 
2X10io 

**6X10" 

5X10io 
>**lxl0i7 

6XIO10 

3X10" 

5X10" 

6XIO12 

1X1016 

IXIO12 

3X1014 

5X10» 

2X10io 

8X1010 
4X10io 
4X10" 

4X10" 
5X10io 

2X1012 
*6X10i6 

3X1012 

Amber 

1X10" 

Bakelitef 

No.  1 

2X108 

140 

150 

2X106 
4X10» 

190 

L  558 

5X108 
8X10" 

G5074 

5X106 

5199RGRB 

5200 

lXlOio 
5X10» 

Bakelite  micarta  . . . 
Beeswax 
yellow,  unrefined. 

white 

1X108 
**5X10M 

Celluloid 

2X10* 

Ceresin 

Condensite 

black 

>**lX10i» 
8X10* 

yellow 

6X10> 

Dielectrite 

Duranoid 

4X107 
3X108 

Electrose,  No.  8.. .  . 
black 

2X10" 
6X10« 

yellow 

5X108 

Fibre,  hard 

red 

3X107 
2X10* 

Galalith, 

black 

3X10» 

white 

6X10» 

Glass,  German 

Kavalier 

opal 

6X10« 
1X109 

plate,  commercial 

ordinary 

Bohemian 

Glyptal 

2X10« 

Gummon 

3X10* 

Halowax  1001 

5055  B..  . 

•5X10" 

*  Temperature  is   22°C.  except  where  otherwise  stated, 
t  For  composition  of  bakelite  samples  see  table  following. 
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RESISTIVITY  OF  DIELECTRICS     (Continued) 


Material 


Hard  Rubber . 


Hemit 

Insulate 

Ivory 

Khotinsky  Cement . 

Lavite 

Marble 

Italian 


Pink  Tennessee . 

Blue  Vermont. . . 
Mica 

black  African .  . . 

brown  African .  . 

colorless 

India  ruby 

stained 

Indian  ruby .... 
slightly  stained 
Moulded  mica .  .  . 
Paraffin  (special) 

parowax 


Porcelain,  unglazed 
glazed 

Quartz  crystal 

II  to  axis 


1  to  axis. 


fused 

cleaned  with  chro- 
mic acid 

Redmonite 

Rosin 


Sealing  wax 
Shellac  .... 


Slate 


Stabalite , 
Sulfur... 


Tegit 

Tetrachlornaphtha- 

lene 

Wood,  paraffined 

mahogany 

maple 

poplar 


Volume  resistivity 


Temp 
°C. 


20 


17 


17 
20 
17 
20 


17 

19 


17 


ohm-cm 


1X1018 

2X10i5(6) 

3X10i6(?) 

1X101° 

8X1015 

2X108 

2X1015 

2X10io 

lXlOii 
lX10i°(?) 
5X10» 
1X10» 
9X1015(6) 
4X1013 
2X1015 
2X1017 
5X1013 
2X1013(7) 
5X1016 
4X10i3(7) 
1X1015 
>5Xl0i8 
1X1016 
3X1018(8) 
5X10i6(5) 
3X10" 


2X101^(5) 
1X1014(6) 
2X1016(5) 
3X1016(6) 
>5X10i8 


2X10" 

5X10i« 

7X10i5(5) 

8X1015 

1X1015(1) 

1X1016 

9X10i5(?) 

1X108 

2X108(?) 

3X1013 

IX 10" 

8X1015(5) 

2X1012 

5X1013 

4X1013 
3X10io 
5X1011 


Surface  resistivity,  ohm-cm 


1.2 

1.0 

1.5 

11.0 


1.2 
2.0 
2.7 

1.0 

1.2 

2.0 

1.6 


2.0 
3.6 

0.9 

1.5 


1.6 
4.9 

1.4 

2.9 


3.6 
3.6 


Humidity  50% 


3X1015 


lXlOio 

3X10" 

5X10» 

*7X10" 

lxiou 

3X10» 

5X10» 
8X10» 

3X1012 
3X10" 
2X10i» 
lXlOio 


5X101' 
*9X10i6 


6X10" 
2X10" 


3X1012 

3X101* 
5X1013 
5X1014 

2X10" 

5X10" 

9X10« 

2X1013 
7X1015 


*1X10" 

3X1012 
8X10" 
1X1012 


Humidity  90% 


2X10» 


3X108 
3X10" 
1X10« 
*5X10" 
1X108 

2X10' 

3X10' 
1X10' 

3X10* 
1X10» 
8X10» 
9X107 


3X10» 
*6X10* 


5X10« 
5X10* 


2X10« 

2X10" 
3X10io 
2X10" 

9X10" 

6X10» 

1X10» 

4X10' 
1X10" 


*1X10»« 

5X10» 
2X10» 
1X10« 


*  Leakage  resistivity. 
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RESISTIVITY  OF  DIELECTRICS   (Continued) 

Description  of  Materials 
Amberite  is  made  by  compressing  scrap  amber. 

Bakelite.    A  phenol  condensation  product,  with  various  fillers.    The  various 
samples  were  made  as  follows: 


Number 

Percent 
pure  Bakelite 

Filler 

Phenolic 
Body 

Condensing 
Agent 

1 

Paper 

Cresols 

Ammonia 

140 

50 

Vegetable 

Phenol 

Caustic  soda 

150 

50 

Fiber 

" 

Ammonia 

190 

50 

11 

Cresols 

'* 

5199 

50 

(i 

Phenol 

" 

5200 

50 

Fiber  &  clay 

" 

ii 

5074 

35 

Talc 

" 

Caustic  soda 

588 

100 

None 

(i 

1  Regular 

100 

None 

Cresols 

Ammonia 

Ceresin  is  a  waxy  material  refined  from  the  mineral  ozokerite,  m.p.  below 
100°  C.  sp.  gr.  0.91-0.97.     Condensite  is  a  phenol  condensation  product. 
Hard  fiber,  soft  cotton  paper,  treated  with  zinc  chloride,  dried  and  pressed. 
Galalith  is  made  from  the  casein  of  milk. 

Kavalier  glass  is  hard  combustion  tubing  having  a  large  potassium  and 
calcium  content. 

Glyptal  is  an  artificial  resin  resembling  amber. 
Gummon,  hemit,  and  tegit  are  coal  tar  products. 
Halowax,  chlorinated  naphthalenes. 
Moulded  mica  is  ground  mica  and  asbestos  with  shellac. 
Stabalite  is  a  rubber  compound. 


1.  Dietrich,  1909 

2.  Addenbrooke,  1911 

3.  Rayner,  1905 

4.  Campbell,  1913 


References 

5.  Thornton,  1910 

6.  Curie,  1889 

7.  Wilson-Mitchell, 

8.  Braum,  1887 
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Liquids 
Resistance  in  ohms  per  centimeter  cube. 


Substance. 


Alcohol,  ethyl. 

methyl 

Oils,  olive 

paraffin 

Petroleum 

Water  distilled 


Resistance,  ohms. 


.3  X  10« 
.14  X  106 
5  X  10i2 

1  X  10i6 

2  X  1016 
0.5  X  106 


Fused  Salts 
(Poincare.) 

Substance. 

Temp.  °C. 

Resistance,  ohms. 

Calcium  chloride 

750 
750 
355 
350 
750 

.862 
.714 
2.20 
.820 
.294 

Potassium  bromide 

chlorate  fused 

Silver  nitrate ....      

Sodium  chloride  fused .... 
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STANDARD  CALIBRATION  TABLES  FOR 
THERMOCOUPLES 

The  following  tables  which  represent  the  Temperature-E.  M.  F.  functions 
of  various  thermocouples  should  be  used  with  appropriate  correction  curves 
if  precise  results  are  desired.  These  curves  must  be  determined  for  each 
individual  couple  by  plotting  AE,  the  difference  between  the  observed  and 
the  standard  E.  M.  F.,  against  the  standard  E.  M.  F.  at  three  or  more 
fixed  temperature  points.  The  value  AE  as  shown  by  such  a  correction 
curve  is  then  subtracted  algebraically  from  the  observed  E.  M.  F.  to  give 
the  true  E.  M.  F.  reading. 

In  the  following  tables  the  fixed  or  "cold  junction"  is  at  0°  C;  when  the 
cold  junction  is  not  maintained  at  0°  C.  the  readings  of  the  E.  M.  F.  must 
be  corrected  as  follows:  Et  =  E(t-tc)  +  Etc  where  E(t-tc)  is  the  observed 
reading,  Etc  is  the  E.  M.  F.  for  the  temperature  corresponding  to  the  cold 
junction  temperature  as  read  from  the  standard  table  and  Et  is  the  E.  M.  F. 
produced  by  the  hot  junction  corrected  to  the  value  which  would  be  obtained 
with  the  cold  junction  at  0°  C.  The  temperature  corresponding  to  Et  is  then 
obtained  by  reference  to  the  standard  table. 

Since  the  E.  M.  F.-temperature  function  is  not  linear  the  cold  junction 
should  be  maintained  at  a  temperature  very  close  to  that  at  which  the  thermo- 
couple was  calibrated.  Otherwise  considerable  error  will  result  despite 
the  above  correction. 


TEMPERATURE-E.  M.  F.  VALUES  FOR  PLATINUM- 
PLATINUM  (90%),  RHODIUM  (10%)  THERMO- 
ELEMENTS 

E.  M.  F.  values  are  in  millivolts;  temperatures  are  in  degrees   Centigrade 
(Computed  from  values  in  the  International  Critical  Tables) 


Degree  C. 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

0° 

0 

0.06 

0.11  0.17 

0.24 

0.30 

0.36 

0.43 

0.50 

0.57 

100° 

0.64 

0.72 

0.79 

0.87 

0.95 

1.02 

1.10 

1.18 

1.26 

1.35 

200° 

1.43 

1.52 

1.60 

1.69 

1.78 

1.86 

1.95 

2.04 

2.13 

2.22 

300° 

2.31 

2.40 

2.50 

2.59 

2.68 

2.77 

2.87 

2.96 

3.05 

3.15 

400° 

3.24 

3.34 

3.44 

3 .  53 

3.63 

3.73 

3.82 

3.92 

4.02 

4.12 

500° 

4.22 

4.31 

4.41 

4.51 

4.61 

4.71 

4.82 

4.92 

5.02 

5.12 

600° 

5.22 

5.32 

5.43 

5.53 

5.63 

5.74 

5.84 

5.94 

6.05 

6.16 

700° 

6.26 

6.37 

6.47 

6.58 

6.68 

6.79 

6.89 

7.01 

7.11 

7.22 

800° 

7.33 

7.44 

7.55 

7.66 

7.77 

7.88 

7,99 

8.10 

8.21 

8.32 

900° 

8.43 

8.54 

8.66 

8.77 

8.89 

9.00 

9.11 

9.22 

9.34 

9.46 

1000° 

9.57 

9.68 

9.80 

9.92 

10.03 

10.15 

10.27 

10.38 

10.50 

10.62 

1100° 

10.74 

10.86 

10.98 

11.10 

11.21 

11.33 

11.45 

11.57 

11.69 

11.81 

1200° 

11.93 

12.05 

12.17 

12.29 

12.41 

12.53 

12.65 

12.77 

12.89 

13.01 

1300° 

13.13 

13.25 

13.37 

13.49 

13.61 

13.73 

13.85 

13.97 

14.09 

14.21 

1400° 

14.33 

14.45 

14.58 

14.70 

14.82 

14.94 

15.06 

15.19 

15.31 

15.43 

1500° 

15.55 

15.67 

15.79 

15.91 

16.03 

16.15 

16.27 

16.39 

16.51 

16.63 

1600° 

16.75 

16.87 

16.99 

17.11 

17.23 

17.35 

17.47 

17.59 

17.71 

17.83 

1700° 

17.95 

18.07 

18.19 

18.31 

18 .  43 

18.55 
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CALIBRATION  TABLES 
FOR  THERMOCOUPLES  (Continued) 

TEMPERATURE-E.   M.   F.  VALUES  FOR  PLATINUM- 
PLATINUM    (87%)      RHODIUM    (13%)    THERMO- 
ELEMENTS 

E.  M.  F.  values  are  in  millivolts;  temperatures  are  in  degrees    Centigrade 
(From  values  given  in  Bulletin  No.  325,  Charles  Engelhard,  Inc.,  New  York) 


Degree  C 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

0° 

0 

0.06 

0.12 

0.18 

0.25 

0.31 

0.38 

0.45 

0.52 

0.60 

100° 

0.67 

0.75 

0.83 

0.90 

0.99 

1.07 

1.15 

1.23 

1.32 

1.40 

200° 

1.49 

1.58 

1.67 

1.76 

1.85 

1.94 

2.03 

2.12 

2.21 

2.30 

300° 

2.40 

2.49 

2.59 

2.68 

2.77 

2.87 

2.98 

3.08 

3.19 

3.29 

400° 

3.40 

3.51 

3.61 

3.72 

3.82 

3.93 

4.04 

4.15 

4.25 

4.36 

500° 

4.47 

4.58 

4.69 

4.81 

4.92 

5.03 

5.14 

5.26 

5.37 

5.49 

600° 

5.60 

5.72 

5.83 

5.95 

6.06 

6.18 

6.30 

6.42 

6.53 

6.65 

700° 

6.77 

6.89 

7.01 

7.13 

7.25 

7.37 

7.49 

7.62 

7.74 

7.87 

800° 

7.99 

8.12 

8.24 

8.37 

8.49 

8.62 

8.75 

8.88 

9.00 

9.13 

900° 

9.26 

9.39 

9.52 

9.66 

9.79 

9.92 

10.05 

10.18 

10.32 

10.45 

1000° 

10.58 

10.72 

10.85 

10.99 

11.12 

11.26 

11.40 

11.54 

11.67 

11.81 

1100° 

11.95 

12.09 

12.23 

12.38 

12.52 

12.66 

12.80 

12.94 

13.09 

13.23 

1200° 

13.37 

13.52 

13.66 

13.81 

13.95 

14.10 

14.25 

14.40 

14.54 

14.69 

1300° 

14.84 

14.99 

15.14 

15.30 

15.45 

15.60 

15.75 

15.90 

16.06 

16.21 

1400° 

16.36 

16.52 

16.67 

16.83 

16.98 

17.14 

17.30 

17.46 

17.61 

17.77 

1500° 

17.93 

18.09 

18.25 

18.42 

18.58 

18.74 

18.90 

19.06 

19.23 

19.39 

1600° 

19.55 

19.71 

19.88  20.04 

20.21 

20.37 

THERMAL  E, 


M.  F.  FOR  CHROMEL  P-ALUMEL 
THERMOCOUPLE 

Fahrenheit 


E.  M.  F.  values  are  in  millivolts;  temperatures  are  in  degrees  Fahrenheit 
Roeser,  Dahl  and  Gowens,  Bur.  Stds.  Jour.  Res.  14,  239  (1935) 


Temp.  °F. 

0 

10 

20 

30 

40 

50 

60 

70         80 

90 

-300 

-5.51 

-4.29 

-5.60 
—4.43 

1 

-200 

-4.57 

-4.7i 

-4.84 

-4.96 

-5.08 

-5.19-5.30 

-5.41 

-100 

-2.65 

-2.83 

-3.01 

-3.19 

-3.36 

-3.52 

-3.68 

-3.84-4.00 

-4.15 

0 

-0.68 

-0.89 

-1.10  -1.30 

-1.50 

-1.70 

-1.90 

-2.09  -2.28 

-2.47 

0 

-0.68 

-0.47 

-0.2G  -0.04 

+0.18 

0.40 

0.62 

0.84 

1.06 

1.29 

100 

1.52 

1.74 

1.97 

2.20 

2.43 

2.66 

2.89 

3.12 

3.36 

3.59 

200 

3.82 

4.05 

4.28 

4.51 

4.74 

4.97 

5.19 

5.42 

5.64 

5.87 

300 

6.09 

6.31 

6.53 

6.75 

6.98 

7.20 

7.42 

7.64 

7.87 

8.09 

400 

8.31 

8.53 

8.76 

8.98 

9.20 

9.43 

9.66 

9.88 

10.11 

10.33 

500 

10.56 

10.79 

11.02 

11.25 

11.47 

11.70 

11.93 

12.16 

12.39 

12.62 

600 

12.85 

13.08 

13.31 

13.55 

13.78 

14.01 

14.24 

14.48 

14.71 

14.94 

700 

15.18 

15.41 

15.64 

15.88 

16.11 

16.35 

16.58 

16.82 

17.05 

17.29 

800 

17.52 

17.75 

17.99 

18.22 

18.46 

18.70 

18.93 

19.17 

19.41 

19.64 

900 

19.88 

20.12 

20.36 

20.59 

20.83 

21.07 

21.30 

21.54 

21.78 

22.01 

1000 

22.25 

22.49 

22.72 

22.96 

23.20 

23.43 

23.67 

23.91 

24.14 

24.38 

1100 

24.62 

24.85 

25.09 

25.33 

25.57 

25.80 

26.04 

26.27 

26.51 

26.74 

1200 

26.98 

27.21 

27.45 

27.68 

27.92 

28.15 

28.39 

28.62 

28.86 

29.09 

1300 

29.33 

29.56 

29.79 

30.02 

30.26 

30.49 

30.72 

30.96 

31.19 

31.42 

1400 

31.65 

31.88 

32.11 

32.34 

32.57 

32.80 

33.03 

33.26 

33.49 

33.71 

1500 

33.94 

34.17 

34.40 

34.62 

34.85 

35.08 

35.30 

35.53 

35.75 

35.98 

1600 

36.20 

36.42 

36.65 

36.87 

37.10 

37.32 

37.54 

37.76 

37.99 

38.21 

1700 

38.43 

38.65 

38.87 

39.09 

39.31 

39.53 

39.75 

39.96 

40.18 

40.40 

1800 

40.62 

40.83 

41.05 

41.27 

41.48 

41.70 

41.91 

42.13 

42.34 

42.56 

1900 

42.77 

42.98 

43.20 

43.41 

43.62 

43.83 

44.04 

44.26 

44.47 

44.68 

2000 

44.89 

45.10 

45.31 

45.52 

45.73 

45.93 

46.14 

46.35 

46.56 

46.76 

2100 

46.97 

47.18 

47.38 

47.59 

47.79 

47.99 

48.20 

48.40 

48.61 

48.81 

2200 

49.01 

49.21 

49.41 

49.61 

49.81 

50.01 

50.21 

50.41 

50.61 

50.80 

2300 

51.00 

51.20 

51.39 

51.59 

51.78 

51.98 

52.17 

52.37 

52.56 

52.75 

2400 

52.95 

53.14 

53.33 

53.52 

53.71 

53.90 

54.09 

54.28 

54.47 

54.66 

2500 

54.85 

2003 


CALIBRATION  TABLES 
FOB  THERMOCOUPLES  (Continued) 

THERMAL  E.  M.  F.  FOR  CHROMEL  P-ALUMEL 
THERMOCOUPLE 

Centigrade 

E.  M.  F.  values  are  in  millivolts;  temperatures  are  in  degrees  Centigrade 
Roeser,  Dahl  and  Gowens,  Bur.  Stds.  Jour.  Res.  14,  239  (1935) 


Temp.  °C. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

-200 

-5.75 
-3.49 

-100 

-3.78 

-4.05 

-4.32 

-4.57 

-4.81 

-5.03 

-5.24 

-5.43 

-5.60 

0 

0.00 

-0.39 

-0.77 

-1.14 

-1.50 

-1.86 

-2.21 

-2.55 

-2.87 

-3.19 

0 

0.00 

0.40 

0.80 

1.20 

1.61 

2.02 

2.43 

2.85 

3.26 

3.68 

100 

4.10 

4.51 

4.92 

5.33 

5.73 

6.13 

6.53 

6.93 

7.33 

7.73 

200 

8.13 

8.53 

8.93 

9.34 

9.74 

10.15 

10.56 

10.97 

11.38 

11.80 

300 

12.21 

12.62 

13.04 

13.45 

13.87 

14.29 

14.71 

15.13 

15.55 

15.97 

400 

16.39 

16.82 

17.24 

17.66 

18.08 

18.50 

18.93 

19.36 

19.78 

20.21 

500 

20.64 

21.07 

21.49 

21.92 

22.34 

22.77 

23.20 

23.62 

24.05 

24.48 

600 

24.90 

25.33 

25.75 

26.18 

26.60 

27.03 

27.45 

27.87 

28.29 

28.72 

700 

29.14 

29.56 

29.98 

30.40 

30.82 

31.23 

31.65 

32.07 

32.48 

32.90 

800 

33.31 

33.71 

34.12 

34.53 

34.94 

35.35 

35.75 

36.16 

36.56 

36.96 

900 

37.36 

37.76 

38.16 

38.56 

38.96 

39.35 

39.75 

40.14 

40.53 

40.92 

1000 

41.31 

41.70 

42.08 

42.47 

42.86 

43.24 

43.62 

44.00 

44.38 

44.76 

1100 

45.14 

45.52 

45.89 

46.27 

46.64 

47.01 

47.38 

47.75 

48.12 

48.48 

1200 

48.85 

49.21 

49.57 

49.94 

50  29 

50.65 

51.00 

51.36 

51.71 

52.06 

1300 

52.41 

52.75 

53.10 

53.45 

53.79 

54.13 

54.47 

54.81 

55  15 

55.48 

1400 

55.81 

TEMPERATURE-E.  M.  F.  VALUES  FOR 
COPPER-CONSTANTAN 

E.  M.  F.  values  are  in  millivolts;  reference  junctions  at  0°C;  temperatures  are  in  degrees 

Centigrade 
Roeser  and  Wensel,  National  Bureau  of  Standards 


Degree  C 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

-200° 

-5.54 

-100° 

-3.35 

-3.62 

-3.89 

-4.14 

-4.38 

-4.60 

-4.82 

-5.02 

-5.20 

-5.38 

0° 

0 

-0.38 

-0.75 

-1.11 

-1.47 

-1.81 

-2.14 

-2.46 

-2.77 

-3.06 

0° 

0 

0.39 

0.79 

1.19 

1.61 

2.03 

2.47 

2.91 

3.36 

3.81 

100° 

4.28 

4.75 

5.23 

5.71 

6.20 

6.70 

7.21 

7.72 

8.23 

8.76 

200° 

9.29 

9.82 

10.36 

10.91 

11.46 

12.01 

12.57 

13.14 

13.71 

14.28 

300° 

14.86 

15.44 

16.03 

16.62 

17.22 

17.82 

18.42 

19.03 

19.64 

20.25 

400° 

20.87 

TEMPERATURE-E.  M.  F.  VALUES  FOR 
COPPER-CONSTANTAN 

M.  F.  values  are  in  millivolts;  reference  junctions  at  32°F.;  trmperatures  are  in  degrees 

Fahrenheit 
Roeser  and  Wensel,  National  Bureau  of  Standards 


Degree  F 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

-300° 

-5.28 

-200° 

-4.11 

-4.25 

-4.38 

-4.50 

-4.63 

-4.75 

-4.86 

-4.97 

-5.08 

-5.18 

-100° 

-2.56 

-2.73 

-2.90 

-3.06 

-3.22 

-3.38 

-3.53 

-3.68 

-3.83 

-3.97 

0° 

-0.67 

-0.87 

-1.07 

-1.27 

-1.47 

-1.66 

-1.84 

-2.03 

-2.21 

-2.39 

0° 

-0.67 

-0.46 

-0.26 

-0.04 

+0.17 

0.39 

0.61 

0.83 

1.06 

1.29 

100° 

1.52 

1.75 

1.99 

2.23 

2.47 

2.71 

2.96 

3.21 

3.46 

3.71 

200° 

3.97 

4.22 

4.48 

4.75 

5.01 

5.28 

5.55 

5.82 

6.09 

6.37 

300° 

6.64 

6.92 

7.21 

7.49 

7.77 

8.06 

8.35 

8.64 

8.93 

9.23 

400° 

9.52 

9.82 

10.12 

10.42 

10.72 

11.03 

11.33 

11.64 

11.95 

12.26 

500° 

12.57 

12.89 

13.20 

13.52 

13.83 

14.15 

14.47 

14.79 

15.12 

15.44 

600° 

15.77 

16.10 

16.42 

16.75 

17.08 

17.42 

17.75 

18.08 

18.42 

18.75 

700° 

19.09 

19.43 

19.77 

20.11 

20.45 

20.80 

2004 


CALIBRATION  TABLES 

FOR  THERMOCOUPLES  (Continued) 

TEMPERATURE-E.  M.  F.  VALUES  FOR 

IRON-CONSTANTAN  THERMOCOUPLES 

E.  M.  F.  values  are  in  millivolts;  reference  junctions  at  32°F.;  temperatures  are  in  degrees 

Fahrenheit 
Roeser  and  Wensel,  National  Bureau  of  Standards 


Degrees  F 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

-300° 

-7.87 

-200° 

-6.01 

-6.22 

-6.43 

-6.63 

-6.83 

-7.02 

-7.20 

-7.38 

-7.55 

-7.72 

-100° 

-3.63 

-3.88 

-4.13 

-4.38 

-4.63 

-4.87 

-5.11 

-5.34 

-5.57 

-5.79 

0° 

-0.92 

-1.20 

-1.48 

-1.76 

-2.04 

-2.31 

-2.58 

-2.85 

-3.11 

-3.37 

0° 

-0.92 

-0.63 

-0.35 

-0.06 

+0.23 

0.52 

0.82 

1.11 

1.41 

1.70 

100° 

2.00 

2.30 

2.60 

2.90 

3.20 

3.50 

3.81 

4.11 

4.42 

4.72 

200° 

5.03 

5.34 

5.64 

5.95 

6.26 

6.57 

6.88 

7.19 

7.50 

7.81 

300° 

8.12 

8.43 

8.75 

9.06 

9.37 

9.68 

10.00 

10.31 

10.62 

10.93 

400° 

11.24 

11.56 

11.87 

12.18 

12.49 

12.80 

13.11 

13.42 

13.73 

14.04 

500° 

14.35 

14.65 

14.96 

15.27 

15.58 

15.89 

16.20 

16.50 

16.81 

17.12 

600° 

17.43 

17.73 

18.04 

18.34 

18.65 

18.95 

19.26 

19.56 

19.87 

20.18 

700° 

20.48 

20.79 

21.09 

21.40 

21.70 

22.01 

22.31 

22.62 

22.92 

23.23 

800° 

23.53 

23.84 

24.14 

24.45 

24.75 

25.06 

25.37 

25.67 

25.98 

26.29 

900° 

26.59 

26.90 

27.21 

27.52 

27.83 

28.14 

28.45 

28.76 

29.07 

29.39 

1000° 

29.70 

30.01 

30  33 

30.64 

30.96 

31.28 

31.60 

31.92 

32.24 

32.56 

1100° 

32.88 

33.20 

33.53 

33.86 

34.18 

34.51 

34.84 

35.17 

35.50 

35.84 

1200° 

36.17 

36.50 

36.84 

37.18 

37.52 

37.86 

38.20 

38.54 

38.88 

39.23 

1300° 

39.58 

39.93 

40.28 

40.63 

40.98 

41.34 

41.69 

42.05 

42.40 

42.76 

1400° 

43.12 

43.48 

43.84 

44.20 

44.56 

44.92 

45.28 

45.65 

46.01 

46.37 

1500° 

46.74 

47.10 

47.47 

47.83 

48.20 

48.56 

48.93 

49.29 

49.66 

50.02 

1600° 

50.30 

50.75 

51.12 

51.49 

51.85 

52.22 

52.55 

52.88 

53.21 

53.54 

1700° 

53.87 

54.20 

54.52 

54.85 

55.18 

55.51 

55.84 

56.17 

56.50 

56.83 

1800° 

57.16 

TEMPERATURE-E.  M.  F.  VALUES  FOR 
IRON-CONSTANTAN  THERMOCOUPLES 

E.  M.  F.  values  are  in  millivolts;  reference  junctions  at  0°C;  temperatures  are  in  degrees 

Centigrade 
Roeser  and  Wensel,  National  Bureau  of  Standards 


Degree  C 

0° 

10° 

20° 

30° 

40° 

50° 

60° 

70° 

80° 

90° 

-200° 

-8.27 

-100° 

-4.82 

-5.25 

-5.66 

-6.06 

-6.44 

-6.80 

-7.14 

-7.46 

-7.75 

-8.02 

0° 

0.00 

-0.52 

-1.03 

-1.53 

-2.03 

-2.52 

-3.00 

-3.47 

-3.93 

-4.38 

0° 

0.00 

0.52 

1.05 

1.58 

2.12 

2.66 

3.20 

3.75 

4.30 

4.85 

100° 

5.40 

5.95 

6.51 

7.07 

7.63 

8.19 

8.75 

9.31 

9.87 

10.43 

200° 

10.99 

11.56 

12.12 

12.68 

13.23 

13.79 

14.35 

14.90 

15.46 

16.01 

300° 

16.56 

17.12 

17.67 

18.22 

18.77 

19  32 

19.87 

20.42 

20.97 

21.52 

400° 

22.07 

22.62 

23.17 

23  72 

24.27 

24.82 

25.37 

25.92 

26.47 

27  03 

500° 

27.58 

28.14 

28.70 

29.26 

29.82 

30.39 

30.96 

31.53 

32.11 

32.69 

600° 

33.27 

33.86 

34.45 

35.04 

35.64 

36.24 

36.84 

37.45 

38.06 

38.68 

700° 

39.30 

39.93 

40.56 

41.19 

41.83 

42.48 

43.12 

43.77 

44.42 

45.07 

800° 

45.72 

46.37 

47.03 

47.69 

48.34 

49.00 

49.66 

50.32 

50.97 

51.63 

900° 

52.29 

52.88 

53.47 

54.06 

54.65 

55.25 

55.84 

56.43 

57.03 

57.63 

1000° 

58.22 

2005 


REFERENCE  TABLE  FOR  Pt  TO  Pt— 10  PER  CENT  Rh 
THERMOCOUPLE 
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REFERENCE  TABLE  FOR  Pt  TO  Pt— 10  PER  CENT  Rh 
THERMOCOUPLE  (Continued) 
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REFERENCE  TABLE  FOR  Pt  TO  Pt— 10  PER  CENT  Rh 
THERMOCOUPLE  (Continued) 
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THERMOELECTRIC  POWER 


The  table  gives  the  thermoelectric  power  in  microvolts  per  degree  Centigrade 
difference  in  temperature  when  the  cold  junction  is  at  0°C. 

The  values  given  are  with  respect  to  lead  except  where  noted.  A  is  the 
thermoelectric  power  at  0°C,  B  is  the  coefficient  of  t  in  the  equation  for  the 
thermoelectric  power  at  any  temperature  t, — 

Q  =  A  +  Bt. 

The  values  are  regarded  as  positive  if  the  current  flows  from  the  metal  listed 
to  the  reference  metal  (usually  lead)  at  the  cold  junction. 


Metal 


Aluminum,  99%  pure 

commercial 

Antimony,  used  in  cast  form,  solid  rods 

soldered  end  to  end 

Bismuth,  commercial 

electrolytic 

Brass,  85.8  Cu,  14.22  Zn 

66.3  Cu,  33.72  Zn 

Cadmium 

cold  drawn 

Calcium,  99.57%  pure 

Caesium 

Carbon,  filament 

Cerium,  97.7%  Ce,  1.2%  Fe,  remain- 
der cerium  oxide  and  cerium  carbide 

Cobalt 

Constantan,  60  Cu,  40  Ni 

Copper,  electrolytic 

pure,  hard  drawn 

German  silver,  commercial 

Germanium 

Gold 

Indium 

Iridium,  Heraeus  made 

Iron 

transformer  iron 

Lithium 

Magnesium 

Heraeus  made 

Manganin,  84  Cu,  12  Mn,  4  Ni 

Mercury 

Molybdenum 

Nichrome,  58.5  Ni,  22.5  Fe 

16  Cr,  3.  Mn  (Against  Pt) 
Nickel 

Nickel-chromium,  84  Ni,  16  Cr 

(Against  Pt) 
90  Ni,  10  Cr 

(Against  Pt) 

Palladium 

Platinoid 

Platinum 


Microvolts  per  °C 


—  0.4717 

—  0.38 

—  0.53 

+35.58 
—43 .  688 
—74 .  42 


+ 
+ 
+ 
+ 

+ 
+ 

+  11 
+  4 


0.710 
0.699 
3 .  059 
2.85 
8.20 
0.66 
7.735 
056 
39 


—10. 
—38. 
+  2. 
+  2. 
—10. 
+302. 
+  2. 
+  2. 
+  2. 
+  2. 
—51. 
+  16. 
+  14. 

—  0. 

—  0. 
+      1. 

—  8. 
+  5. 
+  25. 


7 

105 

705 

76 

861 

5 

90 

90 

40 

44 

34 

65 

37 

2010 

120 

366 

8103 

892 

0 


—  19.067 

—  17.633 
+  30.22 

+   30.3 

—  7.409 

—  10.620 

—  3.038 

—  6.677 


B 


X  10-2 
+  0.2718 

—  0.01 
+  0.21 

+  14.50 
—46.47 
+  3.2 
+  0.56 
+  0.69 
+  2.856 
+  3.89 

—  2.9 

—  0.10 

—  3.34 
+  3.578 

—  1.26 


—  5. 

—  8. 
+  0. 
+   1. 

—  3. 

+72. 
+  0. 

+  o. 
+  o. 

—  0. 

—20. 

—  2. 

+   8. 


+  0. 
—  3. 

+  4. 


70 

88 

7866 

22 

29 

5 

68 

934 

190 

28 

4 

966 

76 

2572 

193 

083 

333 

334 


3.022 
5.016 


0.0 

—  3.922 

—  2.77 

—  3.248 
+  0.1528 


Temp. 

range 

°C 


-200- +  100 
0-100 

0-100 
-200- +  100 
0-100 

-  78- +  100 

-  78-+ 100 
-200- +  100 

0-100 

0-400 
-183-0 

28-100 
-200- +  100 

0-200 

0-1200 

0-400 
-270- +  200 

0-100 
-200- +  100 
-200- +125 
-260-0 

0-200 

0-100 

-  80- +  100 

-260 200 

-230- +  100 
-200- +  50 
-200- + 100 

0-200 
0-100 
0-200 
0-100 
0-420 

0-200 
-260-0 
600-1200 

0-1200 

-200- +  100 
-200- +100 
-200- +300 
-260-0 
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THERMOELECTRIC  POWER-(Continued) 


Metal 


Platinum 

Baker's  platinum 

Platinum-iridium,  85  Pt,  15  Ir 

90  Pt,  10  Ir 

Platinum-rhodium,  90  Pt,  10  Rh 

(Against  Pt; 
85  Pt,  15  Rh 

(Against  Pt) 

Potassium 

Rubidium 


Silicon 

Silver,  annealed.  . 
electrolytic 

Sodium 

Steel  (piano  wire) . 

Thallium 

Tin 


Tungsten 
Zinc 


Microvolts  per  °C 

Temp. 

range 

A 

B 

°C 

X  10-2 

— 

1.788 

—  3.460 

0-100 

+ 

14 . 083 

+    1.06 

0-1200 

+ 

13  208 

+  0.75 

O-1200 

+ 

7.013 

+   0.64 

0-1600 

+ 

6.69 

+    1.07 

0-1600 



11  33 

—  3.76 

—183-0 

— 

8.26 

—  3.02 

—183-0 

— 

0.28 

—  6.00 

38-100 

—408  2 

—46.96 

—200- +  350 

+ 

2.50 

+    1.15 

0-100 

+ 

2.947 

+   0.6782 

—200- +  100 

— 

4.16 

—  1  44 

—183-0 

+ 

10.763 

—  1.56 

—200- +  100 

+ 

1.659 

—  0.268 

0-100 

+ 

0 . 0684 

+  0.0038 

—200- +  100 

+ 

0.230 

—  0.134 

0-100 

+ 

1.594 

+   3  41 

0-100 

+ 

3.096 

+   3.191 

—260-0 

+ 

3.047 

—  0  99 

0-100 

HYSTERESIS 

The  dissipation  of  energy  due  to  hysteresis  in  metals  is  expressed  by  Stein- 
metz  by  the  following  equation: 

E  =  r)Bl.& 

Values  of  f]  as  found  by  Steinmetz  appear  below.     C.  G.  S.  units. 

Material 

Iron 

Norway  iron 00227 

Wrought  bar 00326 

Commercial  ferrotype  plate 00548 

Annealed  "  "     00458 

Thin  tin  plate 00286 

Medium  thickness  tin  plate 00425 

Steel 

Soft  galvanized  wire 00349 

Annealed  cast  steel 00848 

Soft  annealed  cast  steel 00457 

Very  soft  annealed  cast  steel 00318 

Same  above  tempered  in  cold  water 02792 

Tool  steel  glass  hard  tempered  in  water 07470 

"     tempered  in  oil 02670 

"       "     annealed 01899 

Cast  iron 

Gray  cast  iron 01300 

"'     "         "   "1%  aluminum 01365 

"       "   "|%         "  01459 

Nickel 

Soft  wire 0122 

Annealed  wire 0156 

Hardened 0385 

Cobalt 

2%  of  iron 0210 

Iron  Filings 

180       cycles  per  second 0457 

114  -       "         "      0396 

79-9X        "       "         "     0373 
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MAGNETIC   CONSTANTS   OF  IRON 
Permeability  of  Transformer  Iron 

Giving  M,  the  total  magneto  motive  force  applied.  M/Z,  the  magneto 
motive  force  per  unit  length  of  iron  circuit.  B  the  total  induction,  B  la  the 
induction  per  unit  cross-section  of  iron,  M IB,  the  magnetic  reluctance  of 
the  iron  circuit  and  Bll Ma,  the  permeability;  showing  the  typical  relations 
of  the  magnetic  constants  for  varying  field. 

(From  Smithsonian  Tables.) 


Permea- 

M. 

MIL 

B. 

B/a. 

Reluctance 
MIB=K. 

bility 
BllMa 

20 

0.597 

218X103 

1406 

0.917  X10-« 

2360 

40 

1.194 

587 

3790 

0.681 

3120 

60 

1.791 

878 

5660 

0.683 

3180 

80 

2.338 

1091 

7040 

0.734 

2960    x 

100 

2.985 

1219 

7860 

0.819 

2640 

120 

3.582 

1330 

8580 

0.903 

2410 

140 

4.179 

1405 

9060 

0.994 

2186 

160 

4.776 

1475 

9510 

1.090 

2000 

180 

5.373 

1532 

9880 

1.180 

1850 

200 

5.970 

1581 

10200 

1.270 

1720 

220 

6.567 

1618 

10430 

1.360 

1590 

260 

7.761 

1692 

10910 

1.540 

1410 

MAGNETIC   PROPERTIES   OF  IRON  AND   STEEL 

(From  Gumlich,  1909.) 


Sample. 

Coer- 
cive 
force. 

Residual 
B. 

Maximum 
permea- 
bility. 

BiOT 

H=150. 

4x7  for 
satu- 
ration. 

Electrolytic  iron 

2.83 
0.36 
1.51 
0.37 
52.4 
11.4 
4.6 

1.30 

11400 

10800 

10600 

11000 

7500 

5100 

5350 

9400 

1    1850 

14400   • 

3550 

14800 

110 

240 

600 

3270 

19200 
18900 
18800 
19100 
11700 
10400 
11000 

18200 

21620 

The  same  annealed 

Cast  steel 

21630 
'    21420 

The  same  annealed 

Steel  hardened 

21420 
18000 

Cast  iron 

16400 

The  same  annealed 

Electrical    iron    in    sheets 
annealed 

16800 
20500 

SATURATION  CONSTANTS  FOR  MAGNETIC  SUBSTANCES 

Substance. 

Field  in- 
tensity. 

(For  sat 

Induced 
magnet- 
ization, 
uration.) 

Substance. 

Field  in- 
tensity. 

(For  sat 

Induced 
magnet- 
ization, 
uration.) 

Cobalt 

Iron,  wrought. .  . 
cast 

9000 
2000 
4000 
7000 

1300 

1700 

1200 

200 

Nickel,  hard .... 

annealed 

Vicker's  steel. . . . 

Um- 

8000 

7000 

15000 

400 

515 
1600 

Manganese  steel. 
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MAGNETIC  SUSCEPTIBILITY 

The  following  tables  give  the  specific  susceptibility  x  for  various  sub- 
stances. The  relation  to  volume  susceptibility  k  is  shown  by  the  equation 
x  =  K/d,  where  d  is  the  density  of  the  substance.  Unit  of  x,  1  X  10  "6  cgs 
electromagnetic  units.  Room  temperature  is  to  be  understood  where  no 
other  is  stated.  The  values  are  positive  for  paramagnetic  bodies,  negative 
for  diamagnetic. 

Elements  and  Inorganic  Compounds 


Substance 


Formula 


Temp. 
°C 


Suscepti- 
bility 
10  6  cgs 


Ob- 
server 


Aluminum 


Aluminum  bromide 

Aluminum  chloride 

Aluminum  oxide 

Aluminum  sulfate 

Alum,  ammonium,  iron .  .  . 

Ammonia 

Ammonium  chloroplatinate 
Ammonium  meta vanadate . 
Antimony 

Antimony  bromide 

Antimony  pentachloride .  .  . 

Antimony  trichloride 

Antimony  trioxide 

Argon 

Arsenic 

Arsenous  oxide 

Arsenous  sulfide 

Barium 

Barium  bromide 

Barium  carbonate 

Barium  chloride 

Barium  hydroxide 

Barium  iodide 

Barium  nitrate 

Barium  oxide 

Barium  sulfate 

Barium  sulfide 

Beryllium 

Beryllium  chloride 

Beryllium  hydroxide 

Beryllium  oxide 

Beryllium  sulfate 

Bismuth 


Bismuth  bromide 


Al 


AlBr3 
A1C13 
AI2O3 

A12(S04)3 
Fe2(S04)3- 

(NH4)2S04- 

24H20 
NH3 

(NH4)2PtCl6 
NH4VO3 
Sb 

SbBr3 

SbCh 

SbCl3 

Sb203 

A 

As 

As203 

As2S3 

Ba 

BaBr2 

BaBr2-2H20 

BaC03 

BaCl2 

BaCl2-2H20 

Ba(OH)2 

Ba(OH)2-8H20 

Bal2 

BaI2-2H20 

Ba(N03)2 

BaO 

BaS04 

BaS 

Be 

BeCl2 

Be(OH)2 

BeO 

BeS04 

BeS04-4H20 

Bi 


BiBr3 


- 170  sol. 

18 

230 

500 

1000  liq. 

19 

19 


18 
258.4 
196 

17 

16  gas 


15 

18  sol. 
800  liq. 


14 

20  gas 

18 

18 

18 

18 


18 


22 
19 


20 


18 
20 
17 


16 

18 

17 

259 

100 

18 

150 

260 


0.60 
0.65 
0.64 
0.57 
0.57 
-0.32 
-0.60 
-0.098 
-0.48 
598. 
114.7 
30.4 
-1.1 
-0.42 
-0.12 
-0.87 
-0.49 
-0.275 
-0.371 
-0.364 
-0.19 
-0.45 
-0.31 
-0.27 
-0.03 

0.9 
-0.39 
-0.371 
-0.298 
-0.41 
-0.368 
-0.32 
-0.497 
-0.39 
-0.38 
-0.254 
-0.13 
-0.306 
-0.32 
-1.0 
-0.60 
-0.537 

0.0 
-0.46 
-0.51 


-1 
-1 
-1 
-1 
-1 
-0 


55 
52 
35 
19 
02 
328 


31 
16 
16 
16 
16 
27 
27 
45 
27 
29 
29 
29 
33 
11 
27 

1 
16 
33 
31 
33 
27 
15 

1 
27 
27 
31 
27 

8 
33 
27 

8 
27 
33 
24 
27 
33 
27 
33 
27 
31 
27 
33 
27 
27 
27 
30 
31 

I 
16 
16 
12 
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MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Temp. 
°C 


Suscepti- 
bility 
10~fi  cgs 


Ob- 
server 


Bismuth  iodide.  .  .  . 
Bismuth  nitrate. . . . 
Bismuth  sulfide 
Bismuth  trichloride 
Bismuth  trioxide. . . 

Boron 

Boric  acid 

Boron  oxide 

Bromine 

Cadmium 

Cadmium  bromide. 
Cadmium  chloride. 
Cadmium  iodide. .  . 
Cadmium  oxide. .  .  . 

Caesium 

Caesium  carbonate. 
Caesium  chloride.  . 
Caesium  nitrate. .  .  . 
Caesium  sulfate. . . . 

Calcium 

Calcium  carbonate. 
Calcium  chloride.  .  . 

Calcium  hydroxide. 

Calcium  oxide 

Calcium  sulfate .... 

Carbon  (diamond) . 


Carbon  (gas  carbon) 


Carbon  (graphite) 


Carbon  dioxide. 
Carbon  disulfide 
Cerium 


Ceric  oxide 

Cerous  bromide 
Cerous  chloride 
Cerous  sulfate . . 

Chlorine 

Chromium 


Bil3 

Bi(NOa); 

Bi2S3 

BiCl3 

Bi203 

B 

H3BO3 

B2Oa 

Br 


Cd 


20 


•5H20 


CdBr2 

CdCl2 

Cdl> 

CdO 

Cs 

Cs2C03 

CsCl 

CsNOs 

C82SO4 

Ca 

CaC03 

CaCl2 

CaCl2-6H20 

Ca(OH)2 

CaO 

CaS04 

CaS04H20 

C 


CO2 

CS2 
Ce 


Ce02 

CeBr3 

CeCl3 

Ce2(S04)3 

CI 

Cr 


2018 


18 


14 
- 170  sol. 
-      8 

18  liq. 

18 
400 

18 

18 

18 

15 

18 


18 


17 
17 
16 
16 


-170 

20 

200 

400 

900 

1200 

20 

100 

500 

850 

1150 

-170 

20 

300 

600 

900 

1000 

20  gas 


-170 

-150 

-100 

18 

100 

200 


18 
19 


-60  liq. 

18 

500 

1100 


-0.49 

-0.365 

-0.385 

-0.322 

-0.170 

-0.69 

-0.52 

-0.55 

-0.40 

-0.40 

-0.39 

-0.18 

-0.16 

-0.38 

-0.32 

-0.32 

-0.30 

-0.10 

-0.320 

-0.363 

-0.412 

-0.322 

1.10 
-0.382 
-0.49 
-0.54 
-0.39 
-0.27 
-0.364 
-0.384 
-0.49 
-0.49 
-0.50 
-0.51 
-0.54 
-0.56 
-2.0 
-2.0 
-1.8 
-1.6 
-1.5 
-6.0 
-3.5 


7 
0 
4 
3 
423 


-2 
-2 
-1 
-1 
-0 
-0.54 
38. 
35. 
26. 
15. 
12. 
11. 
0.39 
6.0 
6.1 
7.8 
-0.57 
3.6 
3.8 
4.2 


27 
12 
12 
12 
8 
1 
26 
27 
31 
31 
1 
1 
16 
27 
27 
27 
27 
31 
33 
33 
33 
33 
31 
33 
27 
27 
2', 
27 
33 
33 
31 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
31 
31 
31 
31 
31 
31 
35 
26 
31 
31 
31 
31 
31 
31 
26 
5 
27 
39 
33 
1 
16 
16 


MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Temp. 

°C 


Suscepti- 
bility 
10  6  cgs 


Ob- 
server 


Chromic  chloride 

Chromic  oxide 

Chromic  sulfate 

Chromium  trioxide 

Chromous  chloride 

Chromous  hydroxide 

Chromous  sulfate 

Chromous  sulfide 

Cobaltic  oxide 

Cobalto  cobaltic  oxide 

Cobaltous  bromide 

Cobaltous  chloride 

Cobaltous  iodide 

Cobaltous  nitrate 

Cobaltous  oxide 

Cobaltous  sulfate 

Columbium 

Copper 

Cupric  bromide 

Cupric  chloride 

Cupric  nitrate 

Cupric  oxide 

Cupric  sulfate 

Cupric  sulfide 

Cuprous  oxide 

Cuprous  sulfide 

Dysprosium  oxide 

Erbium 

Erbium  chloride 

Erbium  oxide 

Erbium  sulfate 

Ferric  bromide 

Ferric  chloride 

Ferric  hydroxide 

Ferric  nitrate 

Ferric  oxide 

Ferric  sulfate 

Ferrous  ammonium  sulfate 

Ferrous  chloride 

Ferrous  iodide 

Ferrous  sulfate 

Gadolinium  chloride 

Gadolinium  oxide 

Gadolinium  sulfate 

Gallium 

Germanium 


CrCl3 

Cr203 

Cr2(S04)3 

CrOa 

CrCl2 

Cr(OH)2 

CrS04 

CrS 

C02O3 

C03O4 

CoBr2 

CoCl2 

CoI2 

Co(N03)2-6H20 

CoO 

C0SO4 

CoS04H20 

CoS04-7H20 

Cb 

Cu 


CuBr2 

CuCl2 

CuCl>-2H20 

Cu(N03)2-6H20 

CuO 

CuS04 

CuS04-5H20 

CuS 

Cu20 

Cu2S 

Dy2Oa 

Er 

ErCl3 

Er203 

Er2(S04)3 

FeBr3 

FeCh 

Fe(OH)3 

Fe(N03)3-6H20 

Fe203 

Fe2(S04)3 

FeS04-(NH4)2- 

SO46H2O 
FeCh 

FeClr4H20 
Fel2 
FeS04 
FeS04-7H20 
GdCl3 
Gd203 
Gd2(S04)3 
Ga 


Ge 


19 
18 
21 
17 


20 


25 
18 


22 


19.9 
18 
18 
500 
1050 
31 
19 
17 


17 


18 
16 
18 
18 
20 


18 
20 


18 
23 
258.6 
17.2 
17 
19 
18 
19 

16.5 
18 
20 


170  sol. 

18 

30 

100  liq. 
170  sol. 

18 
900  liq. 


44. 

25. 

29. 
0. 

84. 

48. 

66. 

28. 

34. 
39  to 

46. 

90. 

32. 

33. 

74. 

59. 

53. 

37. 

1. 

-0. 

-0. 

-0. 

3. 

9. 

8. 

5. 

3. 

8. 

5. 

-0. 

1. 

-0. 

229. 

22. 
114. 
189. 
118. 

48. 

86. 
157. 

31. 

20. 

57. 
547. 

32. 
101. 

60. 

40. 

74. 

41. 

91. 
130. 

92. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 
-0. 


4 

3 

43.6 

8 

5 

1 

5 

6 

6 

0 

5 

086 

075 

070 

10 

10 

35 

50 

8 

6 

9 

20 

2 

18 


3 
6 

3 

6 
2 

1 

2 
5 

1 

6 

26 

24 

23 

04 

30 

12 

30 


17 
18 
19 
18 
38 
34 

2 
41 
45 
45 

9 
19 
25 

8 
45 
19 
11 
21 

1 

1 
16 
16 
19 
19 
11 

8 
45 
11 
11 
27 
45 
27 
29 
18 

5 
43 
40 
25 
19 
27 

8 
18 
19 
21 
21 
19 
19 
25 
19 
21 

5 
43 
11 
31 
31 
31 
31 
31 
31 
31 
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MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Temp. 


Suscepti- 
bility 
10-6  cgs 


Ob- 
server 


Gold 

Gold  chloride 

Hafnium  oxide. . . . 

Helium 

Holmium  chloride. 
Holmium  nitrate. . 
Holmium  oxide. . . 
Hydrochloric  acid. 

Hydrogen 

Indium 

Indium  trichloride 
Iodine 


Au 

AuCb 

H1O2 

He 

H0CI3 

Ho(N03)3 

H02O3 

HC1 

H 

In 

InCl3 

I 


Iridium Ir 


Iron  carbonyl 

Lanthanum 

Lanthanum  chloride 

Lanthanum  sesquioxide. . .  . 

Lanthanum  sulfate 

Lead 

Lead  bromide 

Lead  chloride 

Lead  iodide. 

Lead  monoxide 

Lead  nitrate 

Lead  oxide  (red) 

Lithium 

Lithium  carbonate 

Lithium  chloride 

Lithium  nitrate 

Lithium  oxide 

Lithium  sulfate 

Magnesium 

Magnesium  bromide 

Magnesium  carbonate 

Magnesium  chloride 

Magnesium  oxide 

Magnesium  sulfate 

Manganese 

Manganese  bromide 

Manganese  chloride 

Manganese  dioxide 

Manganese  hydroxide  (ous) 

Manganese  iodide 

Manganese  nitrate 

Manganese  oxide  (ous) . . . 


Fe(CO)5 
La 

LaCla 
La203 

La2(S04); 
Pb 


PbBr2 

PbCl2 

Pbl2 

PbO 

Pb(N03)2 

Pb304 

Li 

Li2C03 

LiCl 

LiN03 

Li20 

Li2S04 

Mg 

MgBr2 

MgC03 

MgC03-3H20 

MgCl2 

MgCl2-6H20 

MgO 

MgSCh 

MgS04-7H20 

Mn 

MnBn 

MnCl2 

Mn02 

Mn(OH)2 

Mnl2 

Mn(N03)2-6H20 

MnO 


2020 


18 
21 


20  gas 


22 

20  gas 

20 

18 
- 100  sol. 
-    60 
0 

18 

50 
113  liq 
160 

18 

200 

450 

850 

1150 

19 

18 

15 

24 


-170  sol. 
-    18 
330  liq. 

20 

15 

19 

18 


18 
16 


19 
20 
15 

18  sol. 
700  liq. 
20 


18 
18 
17 


18 
18 
24 
21 


18 

2i 


-0 
0 
-0 
-0.47 
172. 
123.6 
243. 
-0 
-1 
-0 


15 
43 
110 


661 

97 

11 


-0.39 
-0.32 


33 
35 
36 


-0.37 
-0.39 
-0 

0 

0 


33 
14 
17 
0.20 
0.26 
0.31 
-0.40 
1.04 
5.6 


-0 
-0 
-0 
-0 
-0 


40 
30 
14 
12 
08 


-0.28 

-0.32 

-0.33 

-0.13 

-0.248 

-0.24 

0.50 
-0.413 
-0.573 
-0.48 
-0.57 
-0.38 

0.55 

0.55 
-0.57 
-0.51 
-0.525 
-0.58 
-0.57 
-0.25 
-0.45 
-0.551 

9.9 
68. 
107.0 
38.4 
49. 
47. 
45.5 
75.9 


MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Temp. 
°C 


Suscepti- 
bility 
10~6  cgs 


Ob- 
server 


Manganese  oxide  (ic) 

Manganese  oxide  (ous-ic) 
Manganese  phosphate. .  . 
Manganese  sulfate  (ous) . 
Manganese  sulfide  (ous) . 
Mercury 


Mercuric  bromide 

Mercuric  chloride 

Mercuric  iodide 

Mercuric  oxide 

Mercuric  sulfide 

Mercurous  chloride 

Molybdenum. 

Molybdenum  dioxide 

Molybdenum  trioxide 

Molybdenum  sesquioxide. 

Neodymium 

Neodymium  oxide 

Neodymium  sulfate 

Neon 

Nickel  bromide 

Nickel  carbonyl 

Nickel  chloride 

Nickel  hydroxide  (ous) .  .  . 

Nickel  monoxide 

Nickel  nitrate 

Nickel  sulfate 


Nitric  acid 

Nitrogen 

Nitrogen  dioxide . . . 
Nitrogen  monoxide. 
Nitrogen  pentoxide 
Nitrogen  peroxide . . 


Nitrogen  trioxide 

Osmium 

Oxygen  (1st  modification) . . 

(2nd  modification) 

(liquid) 


Palladium 


Phosphorus  (white)  . . . 
Phosphorus  (red) 

Phosphorus  pentoxide 
Platinum 


Mn203 

Mm04 

MnP04 

MnS04 

MnS 

Hg 


HgBr2 

HgCh 

Hgl2 

HgO 

HgS 

HgCl 

Mo 

M0O2 

M0O3 

M02O3 

Nd 

Nd203 

Nd2(S04)3 

Ne 

NiBr2 

Ni(CO)4 

NiCl2 

Ni(OH)2 

NiO 

Ni(N03)2-6H20 

N1SO4 

NiS04-6H20 

NiS04-7H20 

HNO3 

N 

NO 

N20 

N205 

N204 

NO2 

N2O3 

Os 

O 


Pd 


P 
P 

P2O5 
Pt 


21 
20 


24 
10 

80  sol. 
18  liq. 
310 
15 
17 
17 
16 
16 
19 
18 
20 
20 
16 
18 


20  gas 
18 
19 
24 


15.9 


19.1 
22 

20  gas 
22  gas 
12  liq. 
16  sol. 

-  16  sol. 
135  gas 

18  liq. 
18 

-  259  sol. 
-240 
-240 
-219 

1-219  liq. 
i-203 
-196 

20  gas 

-258 

-196 

-103 

0 

18 

200 

750 

1230 

20  sol. 

20 

45  liq. 
18 
-170 


69.0 
55.8 
69. 
88.5 
44.32 
-0.15 


-0 
-0 
-0 
-0 


19 
193 
30 
19 


-0.33 

-0.24 

-0.23 

-0.23 

0.04 

0.33 

0.88 

-0.35 

36. 

30.3 

18.3 
-0.33 

19. 
-0.481 

44.7 

48.3 

53.7 


13.6 
26.7 
15.6 
16.0 
-0.467 
-0.342 
48.66 
-0.429 
-0.332 
-0.276 

3.26 
-0.206 

0.05 
54. 
60. 
118. 
113. 
310. 
273. 
260. 
106.2 
10.9 
8.1 
6.9 
5.4 
5.4 
4.6 
2.6 
1.7 
-0.90 
-0.67 
-0.90 
-0.46 
1.31 


18 
18 
38 
18 
41 
31 

1 
16 
27 
27 
27 
27 
27 
27 
16 
41 
41 
27 
31 
39 
39 
15 
25 
32 
19 
45 
45 

8 
21 
11 
21 

8 

1 
35 
35 
35 
35 
35 
35 

1 
30 
30 
30 
30. 
30 
30 
30 

1 
29 
29 
29 
31 

1 
16 
16 
16 

1 

3 
16 
27 
31 
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MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 

Formula 

Temp. 
°C 

Suscepti- 
bility 
10  6  cgs 

Ob- 
server 

Platinum  (continued) 

Platinum  tetrachloride 

Potassium 

Pt 

PtCh 

K 

KHF2 

KBr 

K2CO3 

KCIO3 

KCl 

K2PtCl6 

K2PtCl4 

KCNO 

K2Cr207 

K3Fe(CN)6 

K4Fe(CN)6-3H20 

KOH 

KI 

KNO3 

KMn04 

K2SO4 

K2S4O6 

Pr 

PrCh 

Pr2(S04)3 
Pr203 
Si02 
Rh 

Rb 

Rb2C03 

RbCl 

RbNOs 

RD2SO4 

Ru 

Sa203 

Sc(N03)3 

SC2O3 

SC2(S04)3 

Se 

H2Se03 

Si 

SiHCh 

S1O2 

SiBr4 

SiCU 

Ag 

-100 

18 

250 

700 

1220 

22 

18 

1.20 
1.10 
0.66 
0.45 
0.30 
0.0 
0.52 
-0.428 
-0.377 
-0.488 
-0.30 
-0.516 
-0.393 
-0.356 
-0.465 
0.129 
7.08 
-0.420 
-0.33 
-0.422 
-0.326 
0.175 
-  0 . 403 
-0.412 
90. 
53 
25. 
14. 
8. 
7. 
17. 
13.7 
15.6 

31 
1 
16 
16 
16 
24 
1 

Potassium  acid  fluoride .... 

8 

Potassium  bromide 

a 

Potassium  carbonate 

8 

Potassium  chlorate 

26 

Potassium  chloride . . 

3a 

Potassium   chloroplatinate. 

11 

Potassium  chloroplatinite.  . 

11 

Potassium  cyanate 

Potassium  dichromate. .  .  . 

33 

8 

Potassium  ferri cyanide 

Potassium  f errocyanide .... 

21 

19 
32 

Potassium  hydroxide 

Potassium  iodide 

22 

24 

8 

Potassium  nitrate 

33 

Potassium  permanganate . . 
Potassium  sulfate 

21 

19 
33 

Potassium  tetrathionate .  .  . 

33 

Praseodymium 

- 170  sol. 

-100 

20 

200 

600 

900  liq. 
19 

31 

Praseodymium  chloride. . . 
Praseodymium  sulfate.  .  .  . 

31 
31 
31 
31 
31 
27 
28 

Praseodymium  trioxide .  . 

28 

Quartz  (see  Silicon  dioxide) 

Rhodium 

-180 

-   40 

18 

280 

730 

1140 

18 

0.90 
1.05 
1.11 
1.31 
1.52 
1.86 
0.09 
-0.321 
-0.327 
-0.281 
-0.331 
0.55 
0.50 
0.65 
0.75 
6.02 
0.0 
-0.018 
-0.33 
-0.32 
-0.36 
-0.13 
-0.515 
-0.493 
-0.360 
-0.537 
-0.16 

31 

Rubidium 

31 
1 
16 
16 
16 
1 

Rubidium  carbonate 

33 

Rubidium  chloride 

33 

Rubidium  nitrate 

33 

Rubidium  sulfate 

33 

Ruthenium 

-170 

18 

750 

1100 

22 

21 

31 

Samarium  oxide 

1 
16 
16 
43 

Scandium  nitrate 

Scandium  oxide 

27 
26 

Scandium  sulfate 

39 

Selenium 

18 
18 

18 

1 

Selenious  acid 

27 

Silicon 

1 

Silicochloroform 

33 

Silicon  dioxide 

33 

Silicon  tetrabromide 

33 

Silicon  tetrachloride 

33 

Silver 

- 170  sol. 

31 

2022 


MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Temp. 
°C 


Suscepti- 
bility 
10_(i  cgs 


Ob- 
server 


Silver  (continued) 


Silver  bromide 

Silver  chloride 

Silver  iodide 

Sodium 

Sodium  acetate 

Sodium  acid  carbonate .... 

Sodium  bromide 

Sodium  carbonate 

Sodium  chloride 

Sodium  fluoride 

Sodium  hydroxide 

Sodium  iodide 

Sodium  nitrate 

di-Sodium  phosphate 

di-Sodium  phosphite 

Sodium  sulfate 

Sodium  sulfite 

Sodium  tetraborate 

Sodium  thiosulfate   (hypo) 

Stannic  bromide 

Stannic  chloride 

Stannic  hydroxide 

Stannic  oxide 

Stannous  chloride 

Stannous  oxide 

Stannous  sulfate 

Strontium 

Strontium  bromide 

Strontium  carbonate 

Strontium  chloride 

Strontium  iodide 

Strontium  oxide 

Strontium  sulfate.    

Sulfur  (rhombic) 


Sulfur  dioxide. 
Sulfur  trioxide 
Sulfuric  acid. . 
Tantalum 

Tellurium 


Tellurium  dioxide. 
Thallium 


Ag 


AgBr 

AgCl 

Agl 

Na 

NaC2H302-3H20 

NaHCOs 

NaBr 

Na2C03 

Na2CO310H2O 

NaCl 

NaF 

NaOH 

NaI-2H20 

NaNOs 

Na2HP04 

Na2HP03 

Na2SO410H2O 

Na2S03-7H20 

Na2B4O710H2O 

Na2S2Os 

SnBr4 

SnCl4 

Sn(OH)4 

Sn02 

SnCh 

SnO 

SnS04 

Sr 

SrBr? 

SrCOa 

SrCl2 

Srl2 

SrO 

SrS04 

S 


SO2 
S03 
H2S04 
Ta 


Te 


TeOz 
Tl 

2023 


-  80 

-  40 
18 

270 
945 
1 000  liq. 

19 

17 

19 

18 


18 
17 
17 
18 
21 
17 


15 
18 
17 
18 
18 
19 


20 
19 
20 


170  sol. 

18 
112 

113  liq. 
220 

liq. 

16 

22 
170 

18 
420 
820 
160  sol. 

60 
0 

18 
130 
436 
470  liq. 

18 

18 


-0.18 
-0.19 
-0.20 
-0.23 
-0.26 
-0.28 
-0.33 
-0  35 
-0.37 
0.51 
-0.50 
-0.21 
-0.47 
-0.24 
-0.58 
-0.499 
-0.51 
-0.59 
-0.402 
-0.28 

-  0 . 399 
-0.451 
-0.86 
-0.462 

-  0 .  59 
-0.391 
-0.354 
-0.442 
-0.321 
-0.050 
-0.37 
-0.11 
-0.29 
-0.2 
-0.39 
-0.316 
-0.56 
-0.44 
-0.060 
-0.315 
-0.49 
-0.49 
-0.49 
-0.49 
-0.49 
-0.285 
-0.289 
-0.441 

0.83 

0.87 

0.88 

0.77 

-0.46 

-0.36 

-0.32 

-0.31 

-0.32 

-0.31 

-0.071 

-0.14 

-0.24 


31 
31 
31 
16 
16 
16 
27 
27 
27 

1 
26 
26 
27 
27 
27 
19 
27 
27 

8 
26 
33 
33 
26 
33 
26 
33 
33 
33 
33 
27 
27 
27 
27 
31 
27 
33 
27 
27 
27 
33 
16,31 

1 

16,31 

16,31 

16,31 

33 

33 

8 
31 

1 
16 
16 
31 
31 
31 

1 
16 
16 
16 
27 

1 


MAGNETIC  SUSCEPTIBILITY   (Continued) 


Substance 


Formula 


Temp. 
°C 


Suscepti- 
bility 
10  6  cgs 


Thallium  monochloride. 
Thallium  sulfate  (ous) . . 
Thallium  trichloride .... 
Thorium 


Thorium  nitrate 

Tin 

(gray) 


lin  tetraethyl.  . 
Tin  tetramethyl. 
Titanium 


Titanium  dioxide 

Titanium  sulfide 

Tungsten 

Tungsten  trioxide 

Tungstic  acid 

Uranium 

Uranium  dioxide 

Uranium  oxide  (ous-ic) 
Uranium  tetrachloride. 

Uranium  trioxide 

Uranyl  nitrate 

Vanadium 

Vanadium  oxide 

Vanadium  pentoxide. . . 
Vanadium  trioxide. .  .  . 
Water 


Ytterbium 


Ytterbium  chloride. 
Ytterbium  oxide. .  . 
Yttrium  chloride. . . 

Yttrium  oxide 

Yttrium  sulfate 

Zinc 


Zinc  bromide 

Zinc  chloride 

Zinc  hydroxide 

Zinc  oxide 

Zinc  sulfate 

Zirconium 

Zirconium  dioxide 


T1C1 
TI2SO4 
TICI3 
Th 


lh(NOa)4 

Sn 


Sn(C2H5)4 

Sn(CH3)4 

Ti 

Ti02 
TiS2 
W 
WO3 

H2WO4 
U 

U02 
u30s 
UC14 
uo3 

U02(N03)2 
V 

vo2 

V205 

v2o3 

H20 

Yb 

YbCl3 
Yb203 
YCI3 
Y203 

Y*(S04)3 

Zn 

ZnBr2 

ZnCl2 

Zn(OH)2 

ZnO 

ZnS04-7H20 

Zr 

Zr02 


20 

20 

20 

170 

18 

150 

390 


18  sol. 
18 
400  liq. 


170 
20 


18 

15 

18 

18 

17 

15 

19 

16 

15 

18 

13 

15 

15 
120  to 
0  sol. 
160 

20 


17 
22 


18  sol. 
450  liq. 
19 
22 


18 
15 


-0.19 

-0.25 

-0.23 

0.05 

0.13 

0.23 

0.29 

-0.14 

0.025 
-0.35 
-0.036 
-0.138 
-0.218 
1.6 
1.25 
0.066 
0.56 
0.28 
0.81 
-1.1 
2.6 
7.5 
0.95 
-0.40 
1.08 
-0.44 
1.4 
3.73 
0.85 
13.9 
-0.699 

16.8 
5.3 

25. 

38. 

20. 

0.53 
-0.24 
-0.157 
-0.09 
-0.40 
-0.47 
-0.487 
-0.362 
-0.48 
-0.45 
-0.112 


Organic  Compounds 

Room  temperature  is  to  be  understood  where  no  other  is  stated. 


Substance 


Formula 


Susceptibility 
10~6  cgs 


Acetaldehyde .  .  . 

Acetamide 

Acetic  acid 

Acetic  anhydride 


C2H40 
C2H5NO 
C2H402 
C4H6O3 


-0.502 
-0.577 
-0.526 
-0.517 


202' 


MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Susceptibility 
10~6  cgs 


Ob- 
server 


Acetone 

Acridine 

n-Amyl  alcohol 

iso-Amyl  alcohol 

tert.-Amyl  alcohol 

iso-Amyl  ether 

Amyl  nitrate 

Aniline 

Anisole 

Anthracene 

Anthraquinone 

Benzaldehyde 

Benzene 

Benzoic  acid 

Benzophenone 

Benzoyl  chloride 

Benzyl  alcohol 

Bromobenzene 

Bromoform 

n-Butyl  alcohol 

iso-Butyl  alcohol 

iso-Butylamine 

n-Butyric  acid 

iso-Butyric  acid 

Cacodylic  acid 

Camphor 

Camphoric  acid 

Carbon  tetrabromide 

Carbon  tetrachloride 

Carbon  tetraiodide 

Chloral 

Chloroacetone 

Chlorobenzene 

Chloroform 

Chrysene 

Cinnamic  aldehyde 

Cyanogen 

Cyanuric  acid 

Cyclohexane 

Cyclohexene 

Cymene 

Decane 

Diethylamine 

m-Dinitrobenzene 

Diphenyl. 

Diphenylamine 

Ethyl  acetate 

Ethyl  acetoacetate  (fresh) 

Ethyl  alcohol 

Ethyl  benzoate 

Ethyl  bromide 

Ethyl  cinnamate 

Ethyl  ether 

Ethyl  formate 

Ethyl  iodide 

Ethylene 

Ethylene  bromide 

Ethylene  chloride 

Ethylene  iodide 

Ethylidene  chloride 

Eucalyptol 

Eugenol  and  iso-eugenol . . 
Fluorobenzene 


C3EUO 

C13H9N 

C5H12O 

C5H12O 

C5H12O 

C10H22O 

C5H11NO3 

CgHtN 

CtHsO 

C14H10 

C14H8O2 

C7H60 

CeHe 

C7H6O2 

C13H10O 

C7H5CIO 

CtHsO 

C6H5Br 

CHBr3 

C4H10O 

C4H10O 

C4H11N 

C4H8O2 

C4H8O2 

C2H7ASO2 

CioHieO 

C10H16O4 

CBr4 

CCh 

Cl4 

C2HCI3O 

C3H5CIO 

C6H5CI 

CHCI3 

C18H12 

CsHsO 

C2N2 

C3H3N3O3 

C6H12 

CeHio 

C10H14 

C10H22 

C4H11N 

C6H4N2O4 

C12H10 

C12H11N 

C4H8O2 

C6Hio03 

C2HeO 

C9H10O2 

C2H5Br 

C11H12O2 

C4H10O 

C3H6O2 

C2H5I 

C2H4 

C2H4Br2 

C2H4CI2 

C2H4I2 

C2H4CI2 

CioHisO 

CioHi202 

CeHsF 


-0.581 

-0.688 

-0.766 

-0.799 

-0.804 

-0.813 

-0.574 

-0.692  (10°) 

-0.672 

-0.726 

-0.575 

-0.573 

-0.712  (16.8°) 

-0.556 

-0.594 

-0.539  (20°) 

-0.705 

-0.540  (-20°) 

-0.316 

-0.743 

-0.798 

-0.843 

-0.632 

-0.646 

-0.579 

-0.68 

-0.746 

-0.293 

-0.429 

-0.261 

-0.459 

-0.550 

-0.664  ( 

-0.488 

-0.648 

-0.566 

-0.415 

-0.490 

-0.810 

-0.711 

-0.769 

-0.876 

-0.835 

-0.398 

-0.677 

-0.634 

-0.607  ( 

-0.576 

-0.744 

-0.628 

-0.489 

-0.610 

-0.766 

-0.581 

0.679 
•1.6 
-0.422 
-0.602 
-0.381 

0.580 
-0.754 
-0.622 
-0.608 


30°) 


6°) 


26 
33 


32 
33 


19,20 

13,  14 

33 


32 
33 
26 
33 


10 

13,  14 

33 


32 
33 


19,20 
33 


26 
33 
26 
6,  7 
33 
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MAGNETIC  SUSCEPTIBILITY  (Continued) 


Substance 


Formula 


Susceptibility 
10~6  cgs 


Formaldehyde 

Formamide 

Formic  acid 

Fumaric  acid 

Furfural 

Glycerol 

Glycol 

Hexachlorobenzene .  .  .  . 

Hexane 

Iodobenzene 

Maleic  acid 

Methane 

Methyl  acetate 

Methyl  alcohol 

Methylamine 

Methyl  benzoate 

Methyl  bromide 

Methyl  chloride 

Methyl  ether 

Methyl  formate 

Methyl  iodide 

Methyl  propionate 

Methyl  salicylate 

Methylene  bromide. . .  . 
Methylene  chloride.  .  .  . 

Methylene  iodide 

Naphthalene 

Naphthol  

Nitrobenzene 

Nitroethane 

Nitrosobenzene 

Octane 

Oleic  acid 

Paraldehyde 

Phenetole 

Phenol 

Phenyl  cyanide 

Phthalic  acid 

Piperidine 

Propionic  acid 

Propyl  alcohol 

Pyridine 

Quinoline 

Quinone 

Resorcinol 

Stilbene 

Succinic  acid 

Terpineol 

Tetrabromethylene .  .  .  . 
1  etrachloroethylene .  .  . 

Toluene 

o-Toluidine 

Trichlorobenzene 

Trichloronitromethane . 

Tnethylphosphine 

Trinitro benzene- 1,  3,  5. 

Urea 

o-Xylene 

m-Xylene 


CH20 

CH3NO 

CH2O2 

C4H4O4 

C5H4O2 

CaHsOa 

C2H6O2 

CgC16 

CeH14 

CeHJ 

C4H4O4 

CH4 

C3H6O2 

CH4O 

CHoN 

C8H802 

CH3Br 

CH3CI 

C2H60 

C2H4O2 

CH3I 

C4H802 

C8H8O3 

CH2Br2 

CH2CI2 

CH2I2 

CioHs 

CioHsO 

C6H5NO2 

C2H5NO2 

C6H5NO 

CsHi8 

C18H34O2 

C6H12O3 

CsHioO 

CeHeO 

C7H5N 

C8H604 

C5H11N 

C3H6O2 

C3HsO 

C5H5N 

C9H7N 

C6H4O2 

C6H602 

C14Hi2 

C4H604 

CioH180 

C2Br4 

C2CI4 

C7H8 

C7II9N 

C6H3C13 

CCI3NO2 

C6Hi5P 

CeHsNsOt 

CH4N2O 

CsHio 

CsHio 


-0.62 

-0.486 

-0.432 

-0.426 

-0.492 

-0.538 

-  0 . 624 

-0.518 

-0.888 

-0.471 

-0.427 

-2.5 

-0.590 

-0.65  (-3°) 

-0.870 

-0.602 

-0.603 

-0.633 

-0.716 

-0.518 

-0.403 

-0.628 

-0.580 

-0.379 

-0.549 

-0.349 

-0.717 

-0.673 

-0.499  (20°) 

-0.472 

-0.514 

-0.872 

-0.742 

-0.652 

-0.692 

-0.648 

-0.651 

-0.446 

-0.755 

-0.587 

-0.766 

-0.623 

-0.662 

-0.382 

-0.617 

-0.666 

-0.461 

-0.725 

-0.334 

-0.508 

-0.729 

-0.701 

-0.587 

-0.458 

-0.762 

-0.352 

-0.560 

-0.662  ( 

-0.743 


Ob- 
server 


26 
33 

13,  14 
33 
26 
33 


13,  14 
6,  7 
33 

19,20 
33 


22 
33 


33 


32 
33 


13,  14 
33 


13,  14 

33 


33 


10°) 


32 
33 
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MAGNETIC  SUSCEPTIBILITY  (Continued) 
Miscellaneous 


Substance 

Susceptibility 

Ob- 
server 

Air,  20°C,  1  atm 

24 . 16  gas 
-0.13 

0.6 
-0.90 

-1.2 

1 

Celluloid 

23,  24 

Ebonite 

44 

Glass  (crown) 

23,  24 

Glass  (heavy  flint) 

23,24 

Linseed  oil 

-0.74 
-0.8 

10 

Marble  (CaCOa) 

44 

Paraffin 

-0.6 
-0.83 
-0.30 
-0.6 

44 

Petroleum 

26 

Shellac 

26 

Wax  (white) 

44 

Wood 

-0.3  to  0.7 

44 

Reference 

JS 

1   Mean 

23 

Koenigsberger,  1898,  1901 

2  Cabrera    and    Pina    de    Rubies, 

24 

Konig,  1887 

1923,  25 

25 

Liebknecht  and  Wills,  1900 

3  Curie,  1892 

26 

Meslin,  1906 

4  de  Haas  and  Drapier,  1913 

27 

Meyer,  1899-1925 

5  Du  Bois  and  Liebknecht,  1900 

28 

Muthmann,  1921 

6  Efimov,  1888 

29 

Onnes  and  Oosterhuis,  1912-14 

7  Balta  Elias,  1918,  25 

30 

Onnes  and  Perrier,  1910-21 

8  Endo,  1925 

31 

Owen,  1912 

9  Falckenberg,  1921 

32 

Oxlev,  1914 

10  Faraday,  1853 

33 

Pascal,  1908-25 

11   Feytis,  1911-13 

34 

Quartaroli,  1916,  18 

12  Gnesotto  and  Binghinotto,  1910- 

35 

Sone,  1919-22 

15 

36 

Studley,  1907 

13  Gray  and  Birse,  1914 

37 

Voigt  and  Kinoshita,  1907 

14  Hadfield,  Cheneveau  &  Geneau, 

38 

Weber,  1906-20 

1917,  18 

39 

Wedekind,  1924 

15  Hector,  1924 

40 

Wedekind      and       Hausknecht, 

16  Honda,  1910,  12 

1913,  21 

17  Honda  and  Ishiwara,  1915,  17 

41 

Wedekind  and  Horst.  1912,  15 

18  Honda  and  Sone,  1913 

42 

Weiss  and  Piccard,  1912 

19  Ishiwara,  1914-20 

43 

Williams,  1918,  19 

20  Isnardi  and  Gans,  1920 

44 

Wills,  1898,  1905 

21  Ja3kson,  1923 

45 

Wilson,  1921,  23 

22  Jolley,  1910 

46 

Wistband 

,  1916 
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MAGNETIC   INCLINATION   OR  DIP  AND   HORIZONTAL 

INTENSITY 

The  mean  or  limiting  values  are  given  for  the  territory  covered  by  the 
State  named.  The  horizontal  intensity  is  given  in  gausses.  The  table  is 
compiled  from  the  results  of  the  U.  S.  Coast  and  Geodetic  Survey  for  1911 
and  1912. 


State. 


Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut.  .  .  . 

Delaware 

Florida 

Georgia 

Hawaii 

Idaho 

Indiana 

Iowa 

Kansas 

Kentucky 

Maine 

Maryland 

Massachusetts.  . 

Michigan 

Mississippi 

Missouri 

Montana 

Nebraska 

New  Hampshire. 

New  Jersey 

New  Mexico. . . . 

New  York 

North  Carolina.. 
North  Dakota.  . 

Ohio 

Oklahoma 

Oregon 

Pennsylvania.  .  . 

Philippines 

Porto  Rico 

South  Carolina. . 
South  Dakota. .  . 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington. 
West  Virginia. .  . 

Wisconsin 

Wyoming 


Horizontal 
intensity. 


.23  to 

.16 

.27 

.24 

.25 

.22 

17 

19 

27 
.23 
.29 
.21 
.18 
.18 
.21 

2a 
.14 
.20 
.17 
.15 
.24 
.20 
.18 
.20 
.16 
.19 
.24 
.16 
.21 
.15 
.18 
.23 
.21 
.18 
.37 
.29 
.23 
.17 
.22 
.25 
.22 
.16 
.20 
.19 
.20 
.15 
.19 


.26 
.21 

.25 

.27 
.23 
.18 
.20 
.29 
.26 


.21 
.20 
.23 
.22 
.16 


.18 
.26 
.22 
.20 

.17 

.25 
.17 
.23 
.16 
.20 
.25 

.19 
.39 
.30 

.19 
.23 
.29 
.23 
.17 
.21 


.17 
.22 
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MAGNETIC  DECLINATION 

(Selected  from  tables  of  the  U.  S.  Coast  and  Geodetic  Survey) 


State. 


Station. 


Magnetic  declination  in  degrees  and  tenths 


1870 

o 


1880 

o 


1890 

o 


1900 

o 


1910 

o 


1920 
o 


Ala... 
Alas. . 

Ariz. . 
Ark.. 
Calif. 

Colo. 

Conn. 
Del.. 
D.  C. 
Fla... 

Ga... 

Haw. 
Idaho 

111.... 

Ind.. 
Iowa. 

Kan  s 

Ky... 

La... 
Me... 

Md.. 
Mass . 

Mich . 
Minn 

Miss. 
Mo.. 


Ashland 

Tuscaloosa. 

Sitka 

Kodiak 

Unalaska , 

St.  Michael 

Holbrook 

Prescott 

Augusta 

Danville 

Bagdad 

Mojave 

Modesto 

Redding 

Pueblo 

Ouray 

Hartford 

Dover 

Washington.  .  . 

Miami 

Bartow 

Jacksonville. .  . 

Tallahassee 

Millen 

Americus 

Honolulu 

Pocatello 

Boise 

Pierce 

Kankakee 

Rushville 

Indianapolis 

Walker 

Sac  City 

Emporia 

Ness  City 

Manchester. . . . 

Louisville 

Princeton 

Winfield 

Eastport 

Bangor 

Portland ...  ... 

Baltimore 

Boston 

Pittsficld 

Marquette 

Lapeer 

Grand  Haven. . 

St.  Paul 

Marshall . 

Hibbing 

Bagley 

Meridian 

Vicksburg 

Hermann 


7E 
IE 
0E 
7E 
IE 


8E 

7E 

IE 

6E 

3E 

6E 

IE 

IE 

7E 

2E 

7W 

7W 

4W 

3E 

2E 

0E 

2E 

7E 

IE 

5E 

0E 

8E 

2E 

3E 

0E 

3E 

2E 

2E 

2E 

2E 

6E 

2E 

5E 

2E 

5W 

9  W 

1  W 

8  W 

0  W 

3  W 

7E 

3E 

IE 

9E 

0E 

7E 

3E 

5E 

6E 

3E 


4.1  E 
5.5  E 

29.3  E 
25.2  E 

19.6  E 

24.7  E 

13.6  E 

13.7  E 

6.5  E 
8.1  E 

14.4  E 
14.9  E 

16.1  E 

18.2  E 

13.5  E 

15.0  E 
9.4  W 

5.3  W 

3.0  W 

2.7  E 

2.6  E 

2.4  E 

3.6  E 

2.1  E 

3.5  E 

9.8  E 
17.9  E 

18.8  E 

21.1  E 
4.8  E 

6.4  E 

2.7  E 

7.5  E 

9.6  E 

10.8  E 

11.9  E 
1.0  E 

2.5  E 

4.8  E 

7.6  E 
18.8  W 

16.4  W 

13.6  W 
4.4  V/ 

11.5  W 
10.0  W 

3.8  E 
0.5  W 
2.4  E 

10.3  E 
10.5  E 

9.0  E 
11.7E 

5.9  E 

7.1  E 

7.7  E 


3.4  E 

4.8  E 

29.5  E 

24.8  E 

19.0  E 

23.1  E 
13.4  E 

13.6  B» 

5.9  E 
7.6  E 

14.4  E 

14.9  E 

16.2  E 

18.3  E 

13.0  E 
14.6  E 

9.8  W 

5.9  W 

3.6  W 
2.2  E 
2.1  E 

1.8  E 

3.0  E 

1.5  E 

2.9  E 

10.1  E 
17.8  E 

18.6  E 

21.2  E 

4.1  E 

5.7  E 

2.1  E 

6.8  E 

8.8  E 
10.2  E 
11.3E 

0.3  E 

1.9  E 

4.2  E 

7.1  E 

19.0  W 

16.7  W 

14.1  W 
5.0  W 

12.0  W 

10.4  W 
3.0  E 

1.2  W 

1.6  E 
9.5  E 
9.8  E 
8.2  E 

11.0  E 
5.2  E 
6.4  E 
7.0  E 


3.0  E 

4.4  E 
29.7  E 
24.5  E 

18.3  E 
22.1  E 

13.5  E 
13.7  E 

5.5  E 
7.2  E 

14.6  E 

15.1  E 

16.6  E 

18.7  E 

12.8  E 
14.6  E 

10.4  W 

6.5  W 

4.2  W 

1.7  E 

1.6  E 

1.3  E 
2.5  E 
0.9  E 

2.4  E 
10.4  E 

17.9  E 
18.8  E 

21.4  E 

3.5  E 
5.2  E 
1.5  E 

6.2  E 

8.4  E 
9.9  E 

11.2  E 
0.3  W 

1.5  E 
3.9  E 

6.8  E 

19.3  W 
17.1  W 

14.5  W 

5.6  W 

12.6  W 
11.0  W 

2.4  E 

1.8  W 

1.1  E 

8.9  E 

9.3  E 
7.6  E 

10.4  E 
4.8  E 
6.0  E 

6.5  E 


2.9  E 

4.4  E 

30.2  E 

24.2  E 
17.5  E 
21.5E 
14.1  E 
14.4  E 

5.6  E 

7.4  E 

15.3  E 
15.8  E 

17.3  E 

19.4  E 

13.3  E 

15.1  E 

11.2  W 
7.2  W 
4.9  W 

1.5  E 
1.4  E 

1.1  E 
2.4  E 
0.7  E 

2.2  E 

10.7  E 

18.5  E 

19.5  E 

22.0  E 

3.3  E 
5.1  E 

1.1  E 

6.2  E 

8.6  E 

10.1  E 

11.4  E 
0.6  W 

1.3  E 

3.7  E 

7.0  E 
20.0  W 

17.8  W 

15.3  W 
6.3  W 

13.4  W 
11.8W 

2.1  E 

2.3  W 
0.7  E 

8.8  E 

9.4  E 
7.7  E 

10.6  E 

4.9  E 
6.1  E 

6.5  E 


3.0  E 

4.6  E 

30.4  E 
24.2  E 

17.2  E 

21.0  E 

14.5  E 
14.9  E 

5.8  E 

7.7  E 
15.7  E 

16.3  E 
17.7  E 
19.7  E 

13.7  E 
15.5  E 

12.1  W 

8.0  W 
5.6  W 

1.5  E 

1.3  E 
0.9  E 

2.4  E 
0.5  E 
2.2  E 

11. IE 

18.8  E 
19.8  E 

22.2  E 

3.1  E 

5.1  E 
0.9  E 

6.2  E 

8.6  E 

10.3  E 
11.7E 

0.8  W 
1.2  E 

3.8  E 
7.4  E 

21.0  W 
18.8  W 

16.3  W 

7.0  W 

14.4  W 
12.7  W 

1.7  E 

2.8  W 
0.3  E 
8.7  E 

9.4  E 

7.5  E 

10.5  E 

5.1  E 
6.4  E 

6.6  E 
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MAGNETIC  DECLINATION  (Continued) 

(Selected  from  cables  of  the  U.  S.  Coast  and  Geodetic  Survey) 


State. 


Station. 


Magnetic  declination  in  degrees  and  tenths. 


1870       1880 


1890 

o 


1900       1910       1920 


Mo.... 
Mont. . 

Nebr. . . 

Nev. .  . 

N.  H  . 
N.  J... 
N.  Mex 

N.  Y... 
N.  C... 

N.  D.  . 

Ohio... 
Okla... 
Ore.... 
Pa 

P.  R... 
R.  I... 

S.  C... 

S.  D... 
Tenn . . . 
Tex.... 

Utah... 

Vt 

ya 

Wash . . 

W.  Va. 
Wis 

Wyo... 


Sedalia 

Miles  City. . . 
Lewistown  .  . 

Ovando 

Albion 

Valentine  .  .  . 

Alliance 

Elko 

Hawthorne. . 
Hanover. .  .  . 

Trenton 

Santa  Rosa. . 

Laguna 

Albany 

Elmira 

Buffalo 

Newbcrn. 
Greensboro. . 
Asheville. 
Jamestown.  .  . 
Bismarck  .  .  . 
Dickinson.  .  . 

Canton 

Urbana 

Okmulgee. .  .  . 

Enid 

Sumpter 

Detroit 

Wilkes-Barre . 
LockHaven.  . 

Indiana 

San  Juan 

Newport 

Marion 

Aiken 

Huron 

Murdo 

Rapid  City.  .  . 
Knoxville.  .  .  . 
Shelby  vilie.  .  . 
Huntingdon.  . 

Houston 

San  Antonio. . 

Pecos 

Wytheville.  .  . 

Manti 

Rutland 

Richmond.  .  .  . 
Lynchburg.  .  . 

Stanley 

Wilson  Creek 

Seattle 

Sutton 

Shawano 

Floydada , 

Douglas 

Green  River.  . 


9.3  E 
17.7  E 
20.1  E 
21. 2E 

12.5  E 
13.9  E 
15.3  E 

17.7  E 

16.8  E 
111  W 

G.O  W 
12.7  E 

13.6  E 

9.2  W 

5.4  W 
3.SW 
LOW 
1.0  E 
2.0  E 

13.7  E 
16.1  E 
17.5  E 

0.0 
2.4  E 
9.8  E 
11.0E 

20.0  E 

20.1  E 

5.3  W 
4.3  W 
2.0  W 


10.3  W 
0.9  E 
2.5  E 

12. 7E 

14.7  E 
10.3  E 

1.8  E 

4.9  E 
6.1  E 
8.9  E 
9.5  E 

11.0E 
0.8  E 

16.8  E 
10.5  W 

1.8  W 
0.7  W 

7.8  E 
21.8  E 
22.0  E 

0.4  W 

5.9  E 
11.2  E 
10.0  E 
17.0  E 


8.7  E 
17.4  E 
19.9  E 

21.1  E 
12.0  E 
13.4  E 
14.8  E 
17.7  E 
17.0  E 
11.6  W 

6.7  W 
12.4  E 
13.4  E 

10.0  W 
6.3  W 
4.7  W 

1.7  W 
0.3  E 
1.3  E 

13.2  E 
15.6  E 

17.1  E 
0.7  W 

1.8  E 

9.5  E 
10.6  E 

20.2  E 
2H3E 

6.0  W 
5.0  W 

2.6  W 


10.8  W 

0.3  E 

1.9  E 

12.3  E 

14.3  E 

15.8  E 

LIE 

4.3  E 
5.5  E 

8.4  E 
9.2  E 

10.8  E 
0.1  E 

16.7  E 
11.2  W 

2.5  W 
1.4  W 
7.1  E 

21.9  E 
22.2E 

1.1  W 

5.0  E 

10.9  E 

15.8  E 
16.8  E 


8.0  E 
16.9  E 
19.6  E 
20.9  E 
11.4E 
12.8  E 
14.3  E 
17.6  E 
17.0  E 
12.0  W 

7.2  W 
12.0  E 
13.0  E 
10.3  W 

7.0  W 
5.4  W 

2.3  W 
0.3  W 
0.7  E 

12.5  E 

15.0  E 

16.5  E 

1.3  W 

LIE 

9.1  E 
10.2  E 
20.2  E 
20.5  E 

6.6  W 
5.6  W 
3.3  W 


11.3  W 

0.4  W 

1.3  E 

11.7  E 

13.7  E 

15.3  E 
0.5  E 
3.7  E 
4.9  E 
7.9  E 
8.7  E 

10.4  E 
0.5  W 

16.4  E 

11.6  W 

3.1  W 

2.0  W 

6.3  E 

22  1  E 

22.4  E 

1.8W 

4.3  E 

10.4  E 
15.3  E 

16.5  E 


7.6  E 
16.9  E 
19.6  E 

21.1  E 
11.0  E 
12.6  E 

14.2  E 

17.8  E 

17.3  E 

12.6  W 

7.8  W 
11.9E 

13.0  E 

10.9  W 
7.5  W 

5.9  W 
2.9  W 
0.8  W, 
0.2  E  ' 

12.2  E 

14.7  E 

16.3  E 
1.9  W 
0.5  E 

8.7  E 

9.8  E 

20.4  E 

20.8  F 

7.2  W 

6.3  W 

3.9  W 
LOW 

11.9  W 
LOW 
0.7  E 

11.2E 

13.4  E 

15.1  E 
0.0 
3.2  E 

4.4  E 
7.7  E 
8.7  E 

10.3  E 
1.1  W 

16.5  E 

12.1  W 

3.7  W 

2.6  W 

5.8  E 

22.4  E 
22.8  E 

2.4  W 

3.7  E 
10.3  E 

15.2  E 

16.6  E 


7.8  E 

17.3  E 

20.1  E 
21.6E 
11.2E 
12.8  E 

14.5  E 

18.4  E 

18.0  E 

13.2  W 
8.6  W 

12.5  E 

13.6  E 

11.6  W 

8.2  W 
6.5  W 

3.4  W 

1.3  W 

3.2  W 
12.4  E 
15  0E 

16.7  E 

2.5  W 
0.1  E 

8.9  E 

10.1  E 
21.1  E 

21.6  E 
8.0  W 
7.0  W 

4.6  W 
2.0  W 

12.7  W 

1.4  W 
0.4  E 

11. 5E 

13.7  E 

15.4  E 
0.3  W 

3.0  E 

4.3  E 

8.1  E 

9.2  E 

10.8  E 

1.5  W 

17.1  E 
12.8  W 

4.2  W 
3.1  W 

5.6  E 
23.0  E 

23.5  E 
2.9  W 

3.4  E 
10.7  E 
15.7  E 

17.2  E 


8.0  E 
17.6  E 
20.4  E 

22.0  E 
11.5E 

13.1  E 

14.8  E 

18.9  E 

18.4  E 

14.2  W 
9.4  W 

12.9  E 

14.1  E 

12.5  W 
9.0  W 
7.2  W 

4.0  W 
1.8  W 
0.5  W 

12.5  E 

15.2  E 
16.9  E 

3.1  W 
0.3  W 

9.2  E 
10.5  E 

21.4  E 
21.9  E 

8.8  W 

7.7  W 
5.2  W 
3.4  W 

13.7  W 

1.8  W 
0.1  E 

11.7E 
13.9  E 

15.7  E 
0.5  W 

2.9  E 
4.4  E 

8.6  E 

9.7  E 
11.3E 

1.9  W 

17.5  E 

13.8  W 
4.9  W 
3.7  \Y 
5.4  E 

23.3  E 
23.8  E 
3.4  W 
3.1  E 
11.1  E 
16.0  E 
17.5  E 
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MASS   ABSORPTION   COEFFICIENTS   FOR  X  AND   r 

RAYS 

Radiation  traversing  a  layer  of  substance  is  reduced  in  intensity  by  a 
constant  fraction  p  per  centimeter.  After  penetrating  to  a  depth  x  the 
intensity  is  I  =  Ioe'V*  where  Io  is  the  intensity  at  the  surface.  /*/p  is  the 
mass  absorption  coefficient  where  p  is  the  density  of  the  material. 

o  o 

Values  of  p/p  for  X  =  .005  A  to  X  =  44.6  A.  Where  two  values  of  p/p 
for  one  value  of  X  occur  they  represent  the  maximum  and  minimum  values 
at  an  absorption  discontinuity. 

Compiled  by  S.  J.  M.  Allen 

X  =  44.6  -  2.74  A 


X,  A    He 

C 

N    O    Ne    Al 

S 

CI     A 

44.6 
11  88 

3600  J2170 

3850 

5765 

13100 
6850 
4310 
2750 

850 

500 

330 

280 

3700 

2800 

1450 

1350 

815 
720 
635 

*500 

425 
417 

323 

250 

45700 

9.87 
L.S2 
7  94 

1063 
656 

1796 
1109 

2540 
1585 

1320 

794 

500 
249 
221 
210 
2260 

1570 
1350 
1175 

'928 

'795 
780 

'595 

454 

1570 
962 

610 
310 

277 

178 
1830 
1800 
1476 
1256 

'966 

880 
870 

670 
520 

1860 
1160 

6.97 
5.39 
5.17 
5  01 

390 
185 
160 

645 
312 
273 

976 
476 
413 

1727 

865 
763 

748 
360 
324 

4  38 

4.36 
4.15 
3.93 
3  87 

97.8 
84.6 
71.0 

166 

144 
121 

258 
222 
189 

478 
416 
356 

202 
174 
153 
148 

3.69 

1460 

3.59 
3.51 



55.2 

96 

150 

279 

1215 

3.38 
3  35 

46.0 
430 

79  5 

117 

231 

1025 
1015 

3.24 

1 

3.03 
2.74 

35.0 
25.0 

84.0 
60.0 

175 
135 

760 
600 

X,  A 

Fe 

Ni 

Cu 

Zn  |  Kr  |  Ag  |  S 

n 

Xe 

Pt   Au 

44.6 

31800 

6740 

12500 

11.88 

6900 

7550 

9.87 

4540 

5030 

2700   . 

2440 

8.32 

3140 

3450 

1800   . 

1560 

7.94 

6.97 

2666 

2i30 

1300   . 

1190 

5.39 

1250 

1290 

845   . 

1645 

5.17 

1150 

1190 

790   . 

5.01 

.... 

4.38 

4.36 

6ii 

)   7i5 

760 

9i0 

535   fc 

to 

4.15 

54( 

)   630 

690 

820 

461  51 

)0 

1290 

3.93 

47( 

)   555 

610 

715 

408   4< 

)0 

3.87 

.... 

3.69 

354   . 

1410 

3.59 

37, 

3   450 

495 

575 

1360   . 

1370 

3.51 



1300   . 
1510 

3.38 

32( 

)   380 

495 

3.35 

31; 

I      375 

404 

480 

1310 

1120 

3.24 

1230 
1440 

3.03 

24 

5   290 

315 

375 

1290 

939 

2.74 

18 

5   239 

262 

283 

925 

756 
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MASS  ABSORPTION   COEFFICIENTS  FOR  X  AND   y 
RAYS  (Continued) 

X  =  2.50  -  .900  A 


X,  A 


H 

Li 

Be 

B 

C 

N 

0 

Ne 

Na 


2.50 
2.29 
1.93 
1.74 
1.656 
1.539 
1.484 
1.432 
1.389 
1.377 
1.293 
1.280 
1.235 
1.104 
1.071 
1.038 
1.000 
.980 
.949 
.932 
.900 


05 
GO 
25 

95 

55 


9.1 

7 


45 
87 

35 
76 


17.8 
15.0 

8.75 


4.52 
3^35 

2^42 

i!36 
i!20 
i!05 


14 


11 


13 


100 
75.5 
49.0 

24" 


17 


12 


128 

ei 

32 
23 

i? 


X,  A 

Mg 

Al 

S 

CI 

A 

Ca 

Fe 

Ni 

Cu 

2.50 
2.29 
1.93 
1.74 

1.656 
1.539 
1.484 

1.432 
1.389 
1.377 

161 
'77i2 

'46!8 

si'.h 

193 

150 
93.5 
83.0 

60.7 
49.0 

40.0 
36.8 

355 

285 
173 

110 

91 

75 

68.5 

400 
315 
198 

126 
103 

85 
76.7 

475 
355 
235 

143 
114 

93 

85.7 

620 
480 
306 

195 
163 

130 
125 

102 

90 

67 

49 
42 

147 

115 

71.2 

54 
465 
410 
325 

285 
252 

212 

isi" 

135 

ioo" 

'86'  ' 
'74!5 

180 
137 

89.5 

59.2 
48.0 
40.5 

338 

325 

275 

233 
225 
208 
155 

ui" 

99" 
*86!5 

197 
153 
96.2 

63.5 
50.9 

42 

38.5 

37.0 

1.293 
1.280 
1.235 
1.104 
1.071 

21. i 

29.8 
28.8 
26.3 
18.6 

55.3 

'49!5 
38.0 

60 

55^5 
44 

72 

62.5 
50 

307 
260 
252 
230 
175 

1.038 

1.000 
.980 

11.8 

14.12 

26.7 

29.7 

34.5 

130 

.949 
.932 

12.0 

22.0 

24.5 

114 

.900 

10.4 

98.5 

2032 


MASS  ABSORPTION   COEFFICIENTS   FOR   X   AND 
RAYS  (Continued) 

X  =  2.50  -  .900  A 


X,  A 

Zn 

Br 

Mo 

Ag 

Sn 

I 

W 

Pt 

Au 

Pb 

2.50 

2.29 

1.93 

1.74 

1.656 

1.539 

1.484 

1.432 

1.389 

1.377 

1.293 

1.280 

1.235 
1.104 
1.071 

1.038 

1.000 
.980 
.949 

.932 

.900 

228 
180 
110 

'72*  5 
58.6 

*49.3 
45.2 

*39" 
36 
287 
250 
208 

145 
i29*  ' 

112 

8< 
U 

)' 
>0 

52 

710 
550 
405 

285*' 
217 

i92*' 
174 

iie" 

127 

125 
96.5 

73.0 
63^6 

54.2 

850 
670 
470 

247*' 

220" 
209 

i76*' 
146 

140 
115 

86.0 
75^5 

65.0 

1 

19( 

) 

30( 

i3( 

9; 

) 
) 

596 
480 
358 

228*' 
202 

i72* 

155 

132*' 

115 

99 

77.5 
198 

165 
155 
146 

136 

184 
168 

385" 

213'* 

i79*' 
166 

i38*' 

122 
107 

76.5 
194 
174 
168 
156 

148 

134 

182 

428 

230 

202 
185 

i54 

137 
120 

75 
73 

68 
168 
159 

145 

X  = 

■■  .892 

-  .184  A 

X,  A 

H 

Li 

Be 

B 

C 

N 

O 

Ne 

Na 

Mg 

Al 

.892 

.880 
.862 

.440 

.350 

.425 

.580 

.990 

1.50 

2.20 

4.55 

6.10 

8.34 

9.75 

.850 

'.435 
1435 

'260 
'225 

*3i5 
*255 

*365 
*305 

.907 
.814 
.750 
.598 
.550 
.467 

8.85 

.814 

7.85 

.780 

6.86 

.710 
.680 

.870 

1.22 

2.50 

3.30 

4.30 

5.22 
4.52 

.631 
.618 

.610 

.900 

1  80 

2.30 

3.0 

3.73 

.560 

*435 
*430 

!i98 

*2i6 

"220 
*2i5 

.370 
.315 
.308 
.304 

2.60 

.497 
.485 

.400 

.520 

.930 

1.18 

1.52 

1.90 
1.77 

.476 

.485 

1.74 

.424 

1.23 

.417 
.380 

.390 

.180 

.185 

.198 

.256 
.230 

.310 

.372 

.580 

.750 

.940 

1.170 
.950 

.331 

.260 
.220 

.385 
*375 

.156 

i  isi 

.166 
*i60 

.175 
*i65 

.185 
.178 
.175 
.166 

.200 

.210 

.270 

.305 

.343 

.402 
.300 

.200 
.184 

.180 

.183 

.210 

.225 

.250 

.270 
.246 
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MASS  ABSORPTION    COEFFICIENTS   FOR    X   AND 
RAYS  (Continued) 

X  =  .892  -  .184  A 


\,A 


CI 


Ca        Fe 


Ni 


Cu 


Zn     I    Br 


Sr 


Mo 


89? 

1 

88. ) 

18.2 

34.8   69.5  82 

91.2 



103 



36.0 

86?, 

850 

63.5  74 

84.5 
75.7 
67.5 
51.0 
45.3 
36.2 

96.5 

86 

77 

814 

57 

50.5 

38.5 

32.7 

27.0 

66 

59.5 

48.1 

41 

34 



28 

780 

.710 
680 

9.90 

11.6 



13.0 

18.6 

59.0 
52.7 
41.0 

80 

106. 

19.9 

.631 

618 

6.90 

8.40 

9.80 

13.3 

56.8 

72.5 

15.0 
12.5 

560 

18.2 
13.9 
12.4 

24 

17.9 

15.4 

25.5 

16.9 
16.6 

30.7 
19.5 

88.0 

.497 

485 

3.50 

4.20 

5.0 

476 

42 

4?4 

.417 
380 

2.10 

2.47 

2.95 

3.97 

8.45 
6.32 

10.5 
7.70 

ii.45 

8.42 

12.3 
9.95 

19.0 

24.0 

30.0 
22 

331 

.260 
2?0 

.650 

.750 

.850 

1.10 

2.28 
1.42 
1.10 

2.89 
1.80 
1.45 
1.24 

3.16 
2.00 
1.55 

3.58 
2.32 

1.78 

5.30 

6.50 

8.20 

.200 
184 

.400 

.445 

.500 

.630 

2.4 

3.32 

4.30 



X,  A 

Ag   Sn 

I 

Ba 

Ta 

W     Pt 

Au 

Pb 

Bi   U 

.892 

165 
201 
195 
185 

179 
160 

144 

115 
102 

84.5 

178 

170 
163 
193 
186 
167 

150 

120 
108 

87 

142 

135 
130 

124 

111 
150 
136 
166 
136 
120 
98 

880 

50 

60 

.862 

.850 

46 
41 

36 

27.5 
23.5 
19.6 

56 
49.5 

44.5 

34.0 
28.4 
23.0 

.814 

.780 

.710 

38.5 

42.0 

100 

104 

.680 

.631 

26.4 

31.1 

72 

75 

.618 

.560 

13.3 
10.5 
9.8 
62.5 
60 
43.5 

41 

31.2 
21  7 

16.2 
11.8 
11.1 

62 
47 

66 

48.5 

75 

52.8 

.497 

15.6  I' 

36 

38 

.485 

.476 

42 

47.5 

.424 

8.0 
46.6 
45 
34 
24  5 

.417 
.380 
.331 

9.2 
14.2 

10.6 

5^4 
28.0 
16.1 



21.5 

22.5 
17.3 

27.4 
21.1 

28.4 
22 

32  0 
26.4 
18.1 

10.0 
5.92 
4.90 
4.05 

27^8 
19.5 

11.0 
6.4 
5.1 
4.2 

.260 
.220 

11.4  12.8 
7  05  7  80 

6.7 

6.85 
4.25 
3.50 

8.0 
5.25 
4.25 
3.45 

8.3 
5.50 
4.40 
3.60 

.200 
.184 

5.48 
4.45 

6.20 

7.0 

8.0 

3.4 

2.8 

11.8 

5.40 
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MASS   ABSORPTION   COEFFICIENTS   FOR   X   AND   y 
RAYS  (Continued) 

X  =  .178  -  .005  A 


X,  A 

PI 

Li 

Be 

B 

C 

N 

O 

Ne 

Na 

Mg 

Al 

.178 

.164 

.235 

.175 

.360 

.144 

.150 

.155 

.163 

.166 

.169 

.185 

.195 

.205 

.228 

.158 

.160 

.208 

.155 

.146 

.340 

.155 

.162 

.170 

.176 

.195 

.142 

.330 

.153 

.191 

.130 

.320 

.132 

.149 

.152 

.157 

.160 

.168 

.186 

.120 

.150 

.154 

.163 

.172 

.113 

.310 

.147 

.153 

.155 

.160 

.166 

.107 

.098 

.280 

.  125 

.138 

i42 

.144 

.150 

.152 

.156 

080 

.255 

.137 

.146 

.072 

.250 

.118 

.132 

.136 

.137 

.139 

.140 

.143 

.061 

.245 

.110 

.126 

.130 

.130 

.130 

.130 

.130 

.050 

.120 

.115 

.040 

.205 

.110 

.105 

.030 

.180 

.095 

.093 

.024 

.165 

.080 

.079 

:010 

.117 

.059 

.058 

.005 

.078 

.0385 

.0380 

o 

X,A 

S 

CI 

A 

Ca 

Fe 

Xi 

Cu 

Zn 

Br 

Sr 

Mo 

.178 

1.15 

175 

.335 

.341 

.400 

.460 

.800 

1.05 

1.12 

1.26 

1.90 

2.24 

2.95 

.158 

.640 

.815 

.862 

.990 

.155 

.146 

.249 

.280 

.345 

.520 

.680 

.142 

.515 

.630 

.670 

.780 

1.55 

.130 

.220 

.230 

.290 

.424 

.551 

.120 

.200 

.368 

.430 

.455 

.537 

.113 

.189 

.195 

.230 

.337 

.422 

.107 

.098 

.166 

.176 

.200 

.  265 

.325 

.790 

.080 

.164 

.235 

.264 

.268 

.308 

.072 

.150 

.158 

.180 

.202 

.232 

.064 

.139 

.142 

.155 

.178 

.198 

.413 

.050 

.140 

.155 

.040 

.118 

.126 

.030 

.095 

.100 

.024 

.080 

.081 

.010 

.058 

.057 

.005 

.0380 
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MASS  ABSORPTION   COEFFICIENTS  FOR   X   AND 
RAYS  (Continued) 


X 

=  .178 

-  .005  A 

X,  A 

Ag 

Sn 

I         Ba 

Ta 

W 

pt 

Au 

Pb 

y 

178 

2.7 
11.3 
10.5 

8.6 

3.16 

2.97 
2.45 
9.40 

3.30 

3.13 
2.43 

2.30 

8.80 
7.85 
7.33 

6.40 
4.98 
4.50 

3.55 

3.48 
2.60 

.175 
.158 

155 

3.96 
3.00 

4.50 
3.40 

5.10 

5.70 

10.0 

3.95 

.146 
.142 

.130 
.120 
.113 
.107 

2.48 
2.31 

1.97 
1.61 
1.47 

2.66 
2.64 

2.12 
1.77 
1.60 

.... 
2^20 

6.75 

5.10 

*3!80 

'6.75 

'4:60 

7.60 
7.20 

6.30 
4.92 
4.40 

2.35 
2.10 
7.75 
6.55 
5.20 
4.75 

2.70 

2.20 
1.90 

i!62' 

.098 
.080 

1.05 
.73 

.584 
.465 

1.17 

.79 

.614 

.490 

.320 

.21 

.13 

.10 

.060 

.0385 

.... 

2.80 

2:36 

3.15 
2.40 
2.00 
1.52 
.86 

3.21 
2.42 
2.05 
1.55 

.88 

3.50 

2.50 

2.10 

1.64 

1.00 
.62 
.38 
.21 
.071 
.0425 

4.65 
3.90 
2.70 

.072 
.064 
.050 

.... 

1.75 
1.35 

2.25 
1.80 

.040 

.030 

.024 

.010 

.082 

.005 

.044 

ATOMIC  ABSORPTION  COEFFICIENTS 

v     p     N 
The  values  are  multiplied  by  1023 


A.U. 

H 
1 

Li 
3 

C 

6 

N 

7 

O 

8 

Al 
13 

Fe 
26 

Cu 
29 

Mo 
42 

Ag 
47 

Pb 

82 

H*0 

(H) 

025 

.317 

.724 
.792 
.889 
1.04 
1.19 
1.62 
2.34 
3.31 
4.56 
8.44 
14.0 
22.1 
32.4 
61.6 

.625 

"3.67* 
5.38 
7.55 
9.75 
17.3 
28.4 
43.9 
64.5 
127. 
208. 
325. 
466. 
830. 

2.60 

!ioo 

.125 
.150 
.175 
.20 
.25 
.30 
.35 
.40 
.50 
.60 
.70 
.80 
1.00 

.04 
.05 
.06 
.05 
.05 
.04 
.04 
.05 
.08 
.09 
.10 
.17 

.*197 
.215 
.238 
.280 
.350 
.462 

.285 

.305 

.323 

.329 

.343 

.370 

.400 

.433 

.475 

.602 

.780 

1.052 

1.40 

2.51 

3.3 
4.8 
8.3 
11.8 
16.4 
29.0 
47.2 
72.9 
106. 
197. 
332. 
512. 

.376 
.395 
.409 
.446 
.518 
.580 

.385 
.430 
.459 
.482 
.546 
.641 
.763 
.886 
1.29 
1.92 
2.85 
4.03 

21.3 
31.0 
44.7 
63.5 

117. 

201. 

302. 

422. 

769. 
1277. 

297. 

430. 

838. 

66.5 
107. 
203. 
323. 
483. 
686. 
204. 
348. 

103. 

53.6 

86.1 

157. 

290. 

485. 

772. 

1150. 

2070. 

.478 

.534 

.578 

.591 

.650 

.730 

.840 

.992 

1.458 

2.11 

3.04 

4.38 

2000. 

8.01 
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X-RAY  SPECTRA 
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X-RAY  SPECTRA  (Continued) 
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X-RAY  SPECTRA  (Continued) 
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X-RAY  SPECTRA  (Continued) 

Emission  Wave-Lengths  in  the  M  Series,  X  X  10~8  cm. 


Atomic 
Number 


58 
59 
60 
62 
63 
64 
65 
66 
67 
68 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
81 
82 
83 
90 
92 


Element 


Cerium 

Praesodymium . 
Neodymium. . . 

Samarium 

Europium 

Gadolinium. . . . 

Terbium 

Dysprosium.  .  . 

Holmium 

Erbium 

Ytterbium 

Lutecium 

Hafnium 

Tantalum 

Tungsten 

Rhenium 

Osmium 

Iridium 

Platinum 

Gold 

Thalium 

Lead 

Bismuth 

Thorium 

Uranium 


11.475 
11.003 
10.428 
9.946 
9.555 
9.165 
8.794 
8.138 


6.262 
6.045 
5.842 
5.461 
5.288 
5.119 
4,143 
3.916 


14.030 


650 
406 
932 
394 
917 
524 
143 
783 
122 
824 
524 
237 
969 
715 
477 
249 
034 
828 
450 
274 
108 
130 
902 


(9 


13.755 


375 
238 
723 
233 
772 
345 
947 
576 
893 
585 
289 
008 
743 
491 
254 
025 
816 
612 
239 
065 
899 
934 
708 


11.511 
10.975 
10.483 
9.580 
9.192 
8.826 
8.468 
8.127 
7.849 
7.530 
7.009 
6.748 
6.530 
6.299 
6.076 
5.875 
5.670 
5.490 
5.309 
5.135 
4.815 
4.665 
4.522 
3.672 
3.473 


GRATING   SPACE  IN   CRYSTALS 

Calcite 3. 02904  x  lO^cm.  Millikan 

Potassium  ferrocyanide  . .     8.408  Siegbahn 
Rock  salt,   plane  parallel 

to  face 2.81  Bragg 

Calcium  fluoride 5.455  (Cu  radiation)  Gerlach 

5.478  (Ni  radiation)         " 

Mica 9. 845  (1st  order)  Davis,  Terrill 

9.958  (7th  order)  "  " 

Silicon 5. 415  (Cu  radiation)  Gerlach 

5.410  (Ni  radiation)         " 
Zinc  blende 5.90     (Cu  radiation)        u 
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X-RAY  CRYSTALLOGRAPHIC  DATA 


Compiled  with  the  collaboration  of  John  G.  Albright 

The  following  table  presents  crystallographic  data  for  about  1300  compounds.  For 
convenience  they  have  been  separated  into;  elements,  inorganic  compounds,  minerals,  metal- 
organic  compounds  and  organic  compounds.  Alloys  will  be  found  among  the  inorganic 
compounds  under  one  or  the  other  of  the  metal  constituents. 

The  crystal  system  is  given  using  abbreviations  indicated  below.  The  type  of  structure 
is  indicated  by  reference  to  certain  characteristic  compounds.  The  space  group  is  indicated 
by  the  symbols  of  the  Shoenflies  system.  The  dimensions  of  the  unit  cell  a,  b.  and  c  in 
angstrom  units  are  given  in  order  followed  in  some  cases  by  axial  angles.  The  last  column 
indicates  the  number  of  molecules  per  unit  cell. 

For  an  explanation  of  the  space  group  symbols,  structure  types  or  other  details  of  crystallo- 
graphic data  see  Wyckoff:  The  Structure  of  Crystals  and  also  Davey:  Study  of  Crystal 
Structure  and  its  Applications  (p.  672). 

Abbreviations:  b.c,  body  centered;  c.p ,  close  packed;  cub.,  cubic;  dia..  diamond;  f.c.. 
face  centered;  hex.,  hexagonal:  monocl..  monoclinic;  rhbdr..  rhombohedral ;  rhomb.,  rhombic: 
tetr..  tetragonal;  tricl.,  triclinic. 

The  Elements 


Substance 


A(-235°C), 

Ag 

Al 


As.. 
As.. 
Au. 

Ba.. 

Be.. 


Bi 

Bi 

Br(-150°C) 

C  (diamond.  18°C). 

C  (graphite) 

Ca 

Cb(Nb) 

Cd 

Ce(a) 

Ce(/3) 

CI  (-185°C)  

Co  (a)  

Co  (0)  

Cr  («)  

Cr(/S) 


System,  struct,  type 


cub.,  f.c,  Cu 

cub.,  f.c.  Cu 

cub.,  f.c.  Cu 

hex.,  rhbdr. 
rhbdr.,  f.c. 
cub.,  f.c,  Cu 

cub.,  b.c,  W 

hex.,  c.p..  Mg 

hex.,  rhbdr.,  As 
rhbdr.,  f.c 
rhomb.,  I 

cub.,  f.c. 

hex. 

cub.,  f.c,  Cu 

cub.,  b.c.  W 

hex.,  c.p..  Mg 

hex.,  c.p..  Mg 

cub.,  f.c,  Cu 

tetr. 

hex.,  c.p..  Mg 

cub.,  f.c,  Cu 

cub.,  be,  W 

hex.,  c.p..  Mg 


Space 
group 


01 

oi 
oi 


'id 


'«ta 


OL 

OL 

0£ 

»\i 

oi 
o'h 

Ok 


Lattice  constants 


a,     b,     c.      Ax.  ang, 


5.43 

4.0776 

4.04145 

4.151.  a>  =  53°  49' 
5.599.  oi  =  84°  18' 
4.0702 

5.015 

2.283 3  607 

2.2679, 3.5942 

(Neuburger.  1933) 

4.749,  oi  =  57°  16' 

6.578.  oi  =  87°  34' 

4.48.6.67.8  72 

3.5597 

2.455 6.69 

5.56 
3.03 
2.973,  ....,5.606 

3.65 5.91 

5.12 

8.56, 6.12 

2.514 4.105 

3.554 
2.878 
2.717. 4.418 


Atoms 


See  also  Supplementary  Table  following. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Cr(7) 

Cs(-173°C) 

Cu 

Er 


Fe(a) 

Fe(/3)  (800°C).. 

Fe(7)(1100°C) 

Fe(5)(1425°C). 

Ga 


Ga 

Ge 

H2(-271°C).. 
Hg(-46°C),.. 
Hg(-46°C)... 
Hf 


h 

In 

Ir 

K 

Kr(-252.5°Q... 

La 

La  03) 

Li(-173°C) 

Mg 

Mn(«) 

Mn(/3) 

Mn(7) 

Mo 

N2  (a)  (-252°C) 
Na(-173°C).... 

Ne(-268°C).... 

Ni(a) 

Nifc) 

02(-252°C).... 
02(/3) 

02(7)(-223°C). 


System,  struct,  type 


cub.,  b.c. 

cub.,  b.c,  W 

cub.,  f.c. 

hex.,  c.p.,  Mg 

cub.,  b.c,  W 
cub.,  b.c 
cub.,  f.c. 
cub.,  b.c. 
rhomb. 

tetr.  (simple) 

cub.,  f.c.  Dia. 
hex. 
rhbdr. 
rhbdr.,  f.c. 
hex.,  c.p.,  Mg 

rhomb..  4I2  groups 

tetr..  f.c. 

cub.,  f.c.  Cu 

cub.,  b.c.  W 

cub.,  f.c,  Cu 

hex.,  c.p.,  Mg 
cub.,  f.c. 
cub.,  b.c.  W 

hex.,  c.p. 

cub.,  b.c 

cub. 

tetr..  f.c,  In 

cub.,  b.c,  W 

cub. 

cub.,  b.c.  W 

cub.,  f.c.  Cu 

hex.,  cp.,  Mg 

cub.,  f.c,  Cu 

rhomb.,  b.c. 
rhbdr, 

cub. 


Space 
group 


01 

ot 


vff 


^4h 


'ad 


o'h 
OL 


OJ, 

14 

Td 
OorO' 

u4h 


T< 


0^ 

o^ 


Lattice  constants 


b,     c.      Ax.  ang. 


8.717 

6.05 

3.608 

3.74 6.09 

2.86106 

2.90 

3.63 

2.93 

4.5167.  4.5107,  7.6448 

4.51 7.51 

5.647 

3.75   6.11 

2.997.  oj  =  70°  32' 
4.578,  co  =  98°  13' 
3.200 ,5.077 

4.795,  7.255.  9.780 

4.583 4.936 

3.823 

5.333 

5.59 

3.72 6.06 

5.296 
3.46 

3.203,  ....,  5.196 

8.894 
6.300 
3774. 

3.1401 
5.66  (4N2) 
4.24 

4.52 

2.66 4.29 


3.526 


3.517 

5.50,  3.82,  3.44 
6.19.  a  =  99.1° 

6.83 


Atoms 


5s 

2 

4 

2 

2 
2 
4 
2 


8 
4 

4 
2 

8 

4 

4 

2 

4 

2 

2 

2 

5S 

20 

4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Os. 


P  (metallic) 

P  (metallic) 

P  (red  and  black)  * 
P  (white,  -35°C). 
Pb 


Pd 

Po 

Pt 

Rb(-173°C) 

Re 

Rh 

Ru 

S 


Sb. 
Sb. 

Se. 


Se(a) 

SeOS) 

Si 

Sn  (a,  gray) 

Sn  (ft,  white) 

Sr 

Ta 

Te 

Th 

Ti 

Ti(0)  (above  900°C). 
Tl(a) 

TIG?)  (above  230°C). 

U 

U 

V 


System,  struct,  type 


hex.,  c.p.,  Mg 

hex.,  rhbdr.,  As 

rhbdr.,  f.c. 

rhomb.,  f.c. 

cub. 

cub.,  f.c,  Cu 

cub.,  f.c,  Cu 

monocl. 

cub.,  f.c,  Cu 

cub.,  b.c,  W 

hex.,  cp.,  Mg 

cub.,  f.c,  Cu 

hex.,  c.p.,  Mg 

rhomb.,  f.c. 

hex.,  rhbdr.,  As 
rhbdr.,  f.c. 
hex. 

monocl. 

monocl. 

cub.,  f.c,  Dia. 

cub.,  f.c,  Dia. 

tetr.,  double  b.c 

cub.,  f.c,  Cu 

cub.,  b.c,  W 

hex.,  Se 

cub.,  f.c,  Cu 

hex.,  c.p.,  Mg 
cub.,  b.c 
hex.,  c.p.,  Mg 

cub.,  f.c,  Cu 

cub.,  b.c,  W 

monocl.(Wilson,1933) 

cub.,  b.c,  W 


Space 
group 


Dk 


'*l 


y» 


a 

of, 

Di 


d;  or  d; 
l<* 


Dl'h 
Oi 

o'h 


Da4  or  D^ 


Djh 


14 

Q£ 

o9h 

Oi 


Lattice  constants 


a,     b,     c,       Ax.  ang. 


2.724,  ....,4.314 

5.14,  co  =  34°  T 
5.96,  a,  =  60°  47' 
3.31,  4.38,  10.50 
7.17  (4P4) 
4.941 

3.879 

7.42,  4.29,  14.10,  0  = 
92°(?) 
3.9142 

5.62 

2.765,  ....,4.470 

3.7944 

2.695,  .....4.273 

10.48,  12.92,  24.55 

4.501,  co  =  57°  5' 
6.226,  co  =  87°  24' 
4.337,  ....,4.944 

8.992,    8.^73,    11.52, 
/S  =  91°  34'  (4Ses) 
12.74,  8.04,  9.25,  0  = 
93°  4' 
5.4173 

6.46 

5.818,  ....,3.174 

6.075 

3.281 

4.495,  ....,5.912 

5.074 

2.951,  .....4.692 

3.32 

3.450,  ....,5.520 

4.841 

3.43 

2.S29,  4.8S7,  3.308 

3.011 


Atoms 


2 
8 
8 

1G 
4 


4 
2 
2 
4 
2 
128 

2 

8 
3 

32 

32 

8 

8 

4 

4 

2 

3 

4 

2 
2 
2 

4 

2 

2 

2 


•Crystalline  and  "amorphous"  black  and  red  phosphorus  all  give  similar  x-ray  patterns. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

W(a) 

W(/3) 

Xe(-173°C) 

Zn 

Zr 

AgBr 

AgBrOs 

AgCN 

AgCa 

AgCd  (/3-phase) 

AgCl 

AgClOi 

AgC104  (200°C) 

Ag[Co(NH3)2(N02)4]. 

AgF 

Agl 

Agl 

Agl  (a)  (145.8-550°C) 

AgI04 

AgK(CN)2 

AgMg 

AgMn04 

AgN02 

AgN03 

[AgN03.CO(NH2)2]n.. 

AgN3 

AgRh04 

Ag(Sb.  Bi)S2 

AgZn 

Ag2F 

Ag2Hgl4 


System,  struct,  type 


cub.,  b.c. 

cub. 

cub.,  f.c,  Cu 

hex.,  c.p.,  Mg 

hex.,  c.p.,  Mg 


Space 
group 


Ufa 

02  or  Of, 

of, 

D46h 


Lattice  constants 


a,    b,    c,    Ax.  ang. 


3.1583 

5.04 

6.18 

2.6585,  . . . . ,  4.9342 

3.223, 5.123 


Inorganic  Compounds 


cub.,  NaCl 

tetr.,  AgClOa 

hex. 

cub.,  f.c. 

cub.,  CsCl 

cub.,  NaCl 

tetr. 

cub.,  KC10. 

tetr. 

cub.,  NaCl 

cub.,  ZnS 

hex,  ZnO 

cub. 

tetr. 

hex. 

cub.,  CsCl 

monocl. 

rhomb. 

rhomb. 

monocl 

rhomb .  (pseudotetr .) 

tetr. 

tricl. 

cub.,  CsCl 

hex.,  Cdl2 

tetr. 


0?, 


VSarDil 


ih 


C5 


VSorDJi 


Of, 


^4h 

D?d 


CJh 

C^orDJi 
Vi  -  V4 

C22h(C22?) 

C5h 


D 


Vd 


7.90 


10.43 


7.49 


5.755 

8.59,  .  .  .  . ,  8.01 

4.60,  a  -  81°  14' 
9.07 
3.33 
5.545 
8.47, 
6.92 
6.97, 
4.92 
6.47 
4.58, 
5.034 

5.368,  .....  12.013 
7.384,  .    . . ,  17.55 
3.28 

5.66,  8.27,  7.12,  0  = 
92°  29' 

3.505,  6.14,  5.16 

6.97,  7.34,  10.14 
10.23,  16.84,  6.25 
5.89,  5.58,  5.96 
5.349,  ....,  11.916 

5.67,  5.69,  5.62 
3.156 

3.0,  . . . . ,  5.74 
6.340 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Ag2HgI4  (a,  >50°C)  . 

Ag2Mo04 

Ag20 

Ag2S(a) 

Ag-iSCMNH., 

Ag2Se(a) 

Ag-:Te(a) 

Ag3Al 

Ag3As04 

Ag3Hg4 

Ag3P04 

Ag3SbS3 

Ag5Cds 

AgsZns 

AlAs 

A1B2 

AIB12 

AlCb 

AlCb 

A1C13.6H20 

AlCu 

AlCu-jMn 

AlCus 

A1F3 

AIF3 

AlH(SiWi204o).28H20 

AIN 

Al(OH)3 

AlP 

A1(P03), 

AlSb 

(AI,Sch03 

Al2Cu 

AI2O3  (a,  corundum)  . 

AI2O3G8) 

A1203(7) 

A1203.H20 

AbSiOs  (cyanite) 


System,  struct,  type 


cub. 

cub.,  MgAl204 

cub.,  Cu>0 

cub.,  b.c. 

tetr. 

cub.,  b.c. 
cub.,  f.c. 
cub.,  /3-Mn 

cub.,  AgsPOi 

cub. 

cub. 

hex.  (rhbdr.) 

cub.,  CusZns 

cub.,  CusZns 

cub.,  ZnS 

hex. 
tetr. 

monocl. 
pseudo-hex. 

hex.  (rhbdr.) 

hex. 

cub.,  AlCu3 

cub.,  f.c. 

hex. 

rhbdr. 

rhbdr. 

hex.,  ZnO 

monocl. 

cub.,  ZnS 

cub. 

cub.,  ZnS 

cub. 

tetr.,  b.c. 

hex.  (rhbdr.),  Fe>03 

hex. 

cub.,  MgAl204 

rhomb. 

tricl. 


Space 
group 


Oi 


v? 


c; 


D^orDj 


'=,1 


Dih 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


6.383 

9.26 

4.72 

4.88 

8.44 ,6.35 

4.983 
6.572 
6.920 

6.12 

10.09 

5.99 

7.07,  oc  =  104°  1' 

9.96 

9.33 

5.62 

3.00 ,3.245 

12.55,  .....  10.18 

5.91,  10.24,  6.16, 0  = 
71°  21' 
5.91,  .....  17.52 

7.85 

3.89,  a  =  94°  36' 

5.950 

3.47 

4.914,  ....,  12.46 

5.029,  a  =  58°  31' 

16.45,  «  =  56°  18' 

3.104,  .....4.965 

8.6236,  5.06021,  9.699 
0  =  85°  26' 
5.42 

13.63 

6.13 

9.22 

6.04,  .....  4.86 

5.12,  a  =  55°  17' 

5.56,  ....,22.55 

7.895 

4.38,  9.35,  2.82 

7.09,  7.72,  5.56,  0  = 
101°  2' 


Mol. 


16 
4 

16 
4 
2 

IO5 
4 


204o 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


AhMg4. 
AUC3.., 


AUCug. 
AUCN. 

ASI3 

Asl3... 


As203.. 

AuCu. 
AuCu3. 

AuSba. 
AuSn.. 


AuZn 

AuZn3  (a) 

Au2Bi 

Au2Pb. . . . 
A115Z118 


BAs04. 
BN.... 
BPO4.. 
B2H6.. 
BioHu 
BaC2.. 


BaC03 

Ba(C104)2.3H20. 
BaF2 


BaMo04 

Ba(N03)2 

Ba(N3)2 

BaNi(CNMH20. 

BaO 

Ba02 

BaS 

BaS04 

BaS3 


System,  struct,  type 


cub. 
rhbdr. 

cub.,  CubZns 

hex. 

hex. 

rhbdr. 

cub. 

tetr. 
cub. 

cub.,  FeS2 

hex.,  NiAs 

cub.,  CsCl 

oub. 

cub. 

cub. 

cub.,  CusZns 

tetr. 

hex.,  graphite 

tetr. 

hex. 

rhomb. 

tetr.,  f.c,  CaC2 

rhomb.,  KN03 

hex. 

cub.,  CaF2 

tetr.,  CaWOi 

cub. 

monocl. 

monocl. 

cub.,  NaCl 

tetr. 

cub.,  NaCl 

rhomb, 
rhomb. 


Space 
group 


D^ 


p4 

c\ 

C32i 


n 

CjvorDjh 


TJ 


Deh.Cah* 


T6 

c\h  or  a2 


Lattice  constants 


b,     c,     Ax.  ang. 


2fa 


4h 


4.80 

8.53,  a  =  22°  28' 

8.70 

3.280 ,21.55 

7.187, 21.39 

8.25,  a  =  51°  207 

11.06 

3.98, 3.72 

3.75 

6.636 

4.307,  ....,5.494 

3.19 

7.88 

7.942 

7.91 

9.27 

4.458,  ....,6.796 

2.51,  ....,6.69 

4.332,  .....  6.64 

4.54 ,  8.69 

14.46,  20.85,  5.69 

4.39,  .....7.04 

5.29,  8.88,  6.41 
7.28,  ....,9.64 
6.184 

5.56,  .....  12.76 

8.11 

6.22,  29.29,  7.02,  0  = 

105°  14' 
11.89, 14.08,  6.54,  0  = 

103°  42' 

5.50 

5.34 ,6.77 

6.35 


8.85,  5.44,  7.13 
832,  9.64,  4.82 


Moi. 


4 
2 
6 
2 
16 

1 
4 

2 

1 
8 
8 
8 
4 

2 

4,2* 
2 
2 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Ba(Sb03)2.8H20 

BaSe 

monocl.,  b.c.  (pseudo- 
rhomb.) 

cub.,  NaCl 

cub.,  NaCl 
cub.,  CaTiOa 
tetr.,  CaW04 

hex.,  ZnO 

cub.,  ZnS 

tetr. 

cub.,  ZnS 

monocl. 

cub.,  ZnS 

cub.,  CaF2 

rhbdr. 

cub. 
cub. 
hex.,  Asia 

cub. 

monocl. 

cub. 

cub.,  a  —  N2 

hex.  (trig.) 

cub. 

tetr. 

rhomb. 

cub. 

hex.,  CsCl2I 

rhomb.,  KNOa 

rhbdr.,  NaNOa 

hex. 

tetr. 

9.961,  12.506,  10.129, 
0  =  87°  17' 

6.62 

6.986 

3.97 

5.60,  ....,12.69 

2.70 ,  4.39 

4.85 

8.03 ,  10.75 

5.07 

4.63,  14.30,  4.71,  /3  = 

100°  16' 
5.54 

4.33 

7.68 

23.3 
5.85 
7.498,  ....,20.67 

11.34 

12.10, 3.41, 10.20, /3  = 
125°  3' 
11.62 

5.63 

4.08 

5.575 

8.12,  .....3.77 

6.19,  11.60,  4.28 

4.145 

5.11,  a  =  43°  50' 

4.94,  7.94,  5.72 

6.361,  ct  =  46°  6' 
4.120,  .....8.556 
3.87,  .....6.37 
12.375,  ....,7.377 
6.24,  6.43,  4.20 

7.25, 6.34 

7.99,  12.77,  8.11 

16.02,  11.39,  5.60 

4 

BaTe 

4 

BaTlOa        

BaW04 

ci 

Td 

ck 
o'h 

4 

BeO 

2 

BeS 

BeS04.4H20 

BeSe 

BeSi03.A102H 

4 

BeTe 

Be->C 

Be2Si04  (phenacite) .  . . 

Be2SiWi204o.31H20. . . . 
BiFa 

6 

8 
4 

Bila 

c\ 

n 

C'h  or  C\h 

n 

T« 

CJ  or  C^v 

n 

6 

CBr4  (above  47°). 
CBr4 

8 

s 

CI4 

8 

CO  (temp.  liq.  H2) . . .  . 
COS  (temp.  liq.  air) . .  . 

CO2(-190°C) 

CS2(-185°C) 

CaB204 

CaB6 

n? 

CaCN2 

Did 

oil" 

CaCOa  (aragonite) .... 

CaCOa  (calcite) 

CaCOa  (vaterite) 

CaC2 

2 
2 
2 

CaC204.3H20 

8 

CaCl2 

rhomb, 
tetr. 
rhomb, 
rhomb. 

2 

CaCr04 

CaCr04.H20 

8 

CaCr04^H20 

8 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

CaF2  (fluorite) 

cub. 

of, 

5.451 

4 

Cal2 

hex. 

tetr.,  M113O4 

4.48 6.96 

6.201 ,  9.822 

Caln204 

4 

Ca(Mg,  Fo)  (C03)s... 

hex. 

6.02,  <x  =  47°  7' 

1 

CaMo04 

tetr.,  CaW04 

<4 

5.23 11.44 

4 

Ca(N03)>. 

cub.,  Ba(NO:;)> 

Til 

7.60 

4 
4 

CaO 

cub.,  NaCl 
cub.,  b.c 

of, 

4.797 
7.624 

3CaO.Al20:{ 

3 

5Ca0.3Al:0:: 

cub. 

11.95 

Ca(OH)2 

hex.,  Cdl2 

DJd 

3.582 4.902 

1 

CaPb3 

cub. 
cub.,  NaCl 

rhomb. 

4.891 
5.68 

6.22,  6.96,  6.97 

CaS 

Of, 

v); 

4 

CaSC>4  (anhydrite) .... 

4 

CaS04.2H>0 

CaS04.4CO(NH. ;,..... 

monocl. 
tricl. 

Qh 

10.47,15.15,6.51,/?  = 

151°  33' 
14.74, 14.95,  6.47,  a  = 

91°  26',  7  =  86°  50' 

4 
4 

CaSe 

cub.,  NaCl 
monocl. 

hex.  (rhbdr.) 

cub.  (?),  CaTiOs 
cub. 

cub.,  NaCl 

cub. 

tetr. 

5.91 

9.64,  7.62,  4.82,  0  = 
90°  9' 
10.4,  a  =  21°  30' 

3.92 
4.732 

6.345 

4.794 

5.24, 11.38 

4 

CaSiOaBOH 

4 

CaSi2 

9 

CaSn03 

CaSn3 

CaTe 

Of, 

4 

CaTb 

CaW04  (scheelite) 

CJh 

4 

CaZrOs  

cub.  (?),  CaTiOs 
cub.,  b.c. 

3.99 
11.840 

Ca3Al2Si30i2 

Off 

S 

Ca3Cr2Si30i2 

cub.,  b.c. 

oi" 
of,0 

11.950 

8 

Ca3Fe2Si30i2 

cub.,  b.c. 

12.026 

8 

CbC 

cub.,  NaCl 
cub.,  NaCl 

Of, 

of, 

4.40 
4.41 

4 

CbN 

4 

Cb02 

tetr.,  SnOi 

Pfc 

4.77,  ....,2.96 

2 

CdBr2 

hex.,  CdCl2 

036d 

6.63,  a  =  34°  42' 

1 

CdC03 

hex.,  NaN03 

DJd 

6.112,  a.  =  47°  24' 

2 

CdCl2 

hex.  (rhbdr.) 
cub.,  MgAkCX 

D^d 

6.35,  a  =  36°  40' 
8.59 

1 

CdCr204 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


CdF2 

CdFe204 

Cdl2 

Cdln204 

Cd(NH3)4(Re04) 

CdO 

CdO.Fe203 

Cd(OH)2 

Cd(OH)Cl 

CdS(a) 

CdS03) 

3CdS04.8H20. . . 

CdSb 

CdSe 

CdTe 

CdTi03 

(M3AS2 

(M3P2 

CeC2 

CeF-s 

CeN 

Ce02 

CeP 

CePb3 

CeSn3 

Ce203 

Ce2(W04)3 

CoAl204 

CoAs 

CoAsS 

CoBr2 

CoC03 

C0CI2 

CoCr204 

C0F2 

CoFe204 

CoI2 


System,  struct,  type 


cub.,  CaF2 

cub.,  MgAl204 

hex. 

tetr.,  Mn304 

cub. 

cub.,  NaCl 
cub. 
hex.,  Cdls 

hex. 

hex.,  ZnO 

cub.,  ZnS 

monocl. 

rhomb. 

hex.,  ZnO 

cub.,  ZnS 

cub.  (?) 
cub.,  Zn3As2 
cub.,  ZmAsi 

tetr.,  CaC2 

hex. 

cub.,  f.c. 

cub.,  CaF2 

cub.,  f.c. 

cub. 

cub. 

hex.,  La203 

tetr. 

cub.,  MgAl204 

rhomb. 
cub. 

hex.,  Cdl2 

hex.  (rhbdr.),  NaNOs 

rhbdr. 

cub.,  MgAl204 

tetr.,  Sn02 

cub.,  MgAl204 

hex.,  Cdl2 


Space 
group 


Td 

c4 


I>3d 


C 


2L 

Vh,    V 

C2v 


» 


Id 


Dad 
Clv  (?) 

OL 


'4h 


Lattice  constants 


D^ 


a,     b,     c,     Ax.  ang. 


6.84 
,  9.875 


5.40 

8.73 

4.24, 

6.117, 

10.53 

4.689 

8.67 

3.47,  ....,4.64 

3.66,  .....  10.27 

4.14,  ....,6.72 

5.82 

9.44,  11.87, 16.49, 0 

117°  16' 
8.492,  8.320,  6.390 


7.02 


4.30, 

6.41 

3.75 

6.29 
6.06 


3.87,  ....,6.48 

7.114,  ....,  7.273 

5.01 

5.41 

5.89 

4.864 

4.711 

3.880,  ....,6.057 

5.336,  ....,  11.620 

8.059 

5.96,  5.15,  3.51 
5.60 

3.685,  .....  6.120 

5.67,  «  =  48°  14' 
(5.91,  a  =  103°  22') 
6.16,  a  =  33°  26' 


8.319 
4.69, 
8.35 
3.96, 


,3.19 


6.65 


Mol. 


4 
1 

2 

(4) 
1 

8 

2 

8 

1 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


[Co.4NH3.2H20]Co 

(CN)6 
[Co.5NH3.H20]C103. 

S04 
[C0.5NH3.H2O] 

(C104)s 

[C0.5NH3.H20] 
C104.S04 

[Co.5NH3.H20]Co 

(CN)6 
[Co.5NH3.H20]Fe 

(CN)6 

fCo.5NH3.H20]l3 

[Co.5NH3.H201S04Br 
[Co.5NH3.H20]S04l. 
[Co.5NH3.H20] 

Se04Br 
[Co.6NH3]C103.S04  . 
[Co.6NH3l(Ci04)3.... 
[Co.6NH3lClO4.SO4.. 

rCo.6NH3]Co(CN)c. 

[Co.6NH3lCr(CN)o.. 

[Co.6NH3lI3 

[Co.6NH3]S04Br 

[Co.6NH3lS04l 

[Co.6NH3lSe04l 

CoO 

Co(OH)2 

CoP 

CoS 

C0SO3.6H2O 

C0SO4 

CoS04.7H20 

CoS2 

CoSb 

CoSe 

CoSi 

CoSiF6.6H20 

CoTe 

Co2Al5 

Co203.2Fe203 

Co2Si 

Co2Sn04 

Co304 

C03S4 


System,  struct,  type 


hex.,  NiSnCle.6H20 

cub.,  (NH4)2PtCl6 

cub.,  (NH4)3FeF6 

cub.,  (NH4)2  PtCle 

hex.,  NiSnCle.6H20 

hex.,  NiSnCl6.6H20 

cub.,  (NH4)3FeF6 
cub.,  (NH4)2PtCU 
cub.,  (NH4)2PtCU 
cub.,  (NH4)2PtClG 

Cub.,  (NH4)2PtCl6 

cub.,  (NH4)3FeF6 
cub.,  (NH4)2PtCU 

hex.,  NiSnCk6H20 

hex.,  NiSnCl6.6H20 

cub.,  (NH4)3FeF6 
cub.,  (NH4)2PtCl6 
cub.,  (NH4)2PtCl6 
cub.,  (NH4)=PtCl6 

cub.,  NaCl 

hex.,  Cdl2 
rhomb, 
hex.,  NiAs 

hemi.  trig. 

rhomb. 

monocl.,  FeS03.7H20 

cub.,  FeS: 

hex.,  NiAs 

hex.,  NiAs 

cub. 

hex.,  NiSnCl6.6H20 

hex.,  NiAs 

hex. 
cub. 
rhomb. 

cub.,  MgAl204 

cub.,  MgAl204 

cub.,  Mg  A1204 


Space 
group 


C2 

^31 


<* 


c;i 


oi 


'id 


c, 

^2h 

CJv  or  Djh 

74 

^31 

CI  or  D<h 


K 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


7.02,  a  =  95°  51' 

10.73 

11.32 

10.89 

7.18,  ol  =  96°  49' 

7.18,  «  =  96°  53' 

10.81 
10.45 
10.62 
10.63 

10.80 
11.39 
10.95 

7.24,  a  =  97°  28' 

7.40,  a  =  97°  48' 

10.88 
10.51 
10.71 
10.79 

4.24 

3.19, 4.66 

5.588,  5066,  3.274 
3.37,  .....5.14 

8.822,  .....  9.040,  a 

=  96°  22' 
4.65,  6.66,  8.46 

15.45,  13.08,  20.04,  /S 
=  104°  40' 
5.64 


5.188 
5.278 


3.866, 

3.614, 
4.438 
6.26,  a.  =  96°  1' 

3.886,  ....,  5.360 

7.656 ,  7.593 

8.35 

7.095,  4.908,  3.730 

8.60 

8.110 

9.36 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct-  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Cr(CO)c 

rhomb, 
hex.  (rhbdr.) 
hex.  (rhbdr.) 

C9 

v  2V 

D%  or  Dj 

11.72,  6.27,  10.89 

6.02, 17.3 

7.98 

15.98,  oc  =  58°  32' 

16.47,  a  =  56°  14' 

4.140 

11.47 

10.535 

11.545 

3.44,  .....5.67 

4.107,  ....,5.468 

3.59,  .....  5.80 

4.620 

4.422 ,  6.351 

3.981 ,6.211 

5.35,  a  =  54°  58' 

2.82,  5.52,  11.46 

4.555 

10.64 

7.7894,  a  =  109°  7.6' 

13.98 

12.31 

4.287 

6.57,  9.18,  10.66 

5.33 
5.20 

4.110 

7.02 

9.82,  6.00,  7.79 

7.96 

5.46,  a.  =  70°  42' 

6.01 

5.77 
5.44 

4.562 

6.57,  9.18, 10.66 

4 

CrCla 

6 

CrCl3.6H20 

2 

CrHfSiWi204n)  24HO 

CrH(SiWi204o).28H20. 
CrN 

hex.  (rhbdr.) 

cub.,  NaCl 

cub.,  (NH4)3FeF„ 
cub.,  (NH4)2PtCl,; 
cub.,  (NH4)3FeFo 

hex.,  NiAs 

hex.,  NiAs 

hex.,  NiAs 

cub. 

hex. 

hex.,  NiAs 

hex.,  Fe203 

rhomb. 

cub. 

cub. 

rhbdr.  (pseudo-cub.) 

hex. 

cub. 
cub.,  CsCl 

rhomb. 

cub.  (?),  CaTiOa 
cub.  (?),  CaTiOs 

cub. 

cub.,  NaCl 

rhomb.,  BaS04 
cub.,  KCIO4 
hex. 

cub.,  NaCl 

cub.  (?),  CaTi03 
cub.  (?),  CaTiOs 

cub.,  CsCl 

rhomb. 

rhbdr. 

cub.  (?),  CaTi03 

rhomb. 

of, 

2 
4 

[Cr.5NH3.H20](Cl04)3 

[Cr.5NH3.H20]S04Br 

[Cr.6NH3](C104)3 

CrS 

CJv  or  D*h 

C  or  Djh 
T« 

C6'v  or  D'h 

2 

CrSb 

2 

CrSe 

2 

CrSi 

4 

CrSi2 

CrTe 

3 
0 

Cr203 

2 

Cr3C>. . . 

4 

CrsSi 

2 

Cr4C... 

24 

CraAls.. 

2 

Cr7C3.   . 

80 

CsAl(S04),>.12H20 

CsBr 

o{, 

4 
1 

CsBr2I 

4 

CsCdBra 

CsCdCb. 

CsCl 

ok 
OL 

1 

CsCl(>445°C) 

CsC104 

CsC104  (250°C) 

4 
1 

CsCl2I 

01 

1 

CsF 

4 

CsHgBn 

CsHgCb.... 

Csl 

oL 

Did 

1 

CsIBr2 

4 

CsICl2 

1 

CsI03 

4.66 

6.82,  9.94,  11.01 

Csl3 

v'h6 

4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


CsSH 

Cs2AgAuCle. 
Cs2AuAuClc. 


Cs2Cr04 

Cs2GeF6 

Cs2PbCl6 

Cs2PtCl« 

Cs2S04 

Cs2S20g 

Cs^O* 

Cs2SeCl6 

Cs2SnCl6 

Cs2TeCl6 

Cs2TiCl6 

Cs2ZrCl6 

CS3AS2C19 

CS3C0C15 

Cs3Co(N02)g 

Cs3Fe(CN)6 

CS3TI2CI9 

Cs3W2Cl9 

CuAl2 

CuAl204 

CuBe 

CuBe2 

CuBr 

CuBr2.2Br(NH4).2H20 

CuCl 

CuCl2.2Cl(NH4).2H20. 

CuCo204 

CuCo2S4 

CuFe>04 

CuH 

Cul 


System,  struct,  type 


cub.,  CsCl 

cub. 
cub. 

rhomb. 

cub.,  (NH4)2PtCl, 

cub. 

cub. 

rhomb.,  K2S04 

hex. 

monocl. 

cub. 

cub. 

cub. 

cub. 

cub. 

hex. 

tetr. 

cub. 
rhomb. 

rhbdr. 

hex. 

tetr. 

cub.,  MgAl204 

cub.,  CsCl 

cub.,  Cu2Mg 

cub.,  ZnS 

tetr. 

cub.,  ZnS 

tetr. 

cub.,  MgAl204 

cub.,  MgAl204 

cub.,  MgAl204 

hex.,  ZnO 

cub.,  ZnS 


fcpace 
group 


01 


Of, 

of, 


^2h 

<* 

of, 
o5h 
of, 


VI 


'41, 


Did 


oil, 

oi 
OL 
o7h 


o"t, 
o7h 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


4.29 

5.33 
5.33 

6.226,  11.135,8.363 

8.99 

10.416 

10.192 

6.24,  10.92,  8.22 

6.326,  ....,  11.535 

8.13,  8.33,  6.46,  0  = 
95°  19' 
10.260 

10.347 

10.445 

10.219 

10.407 

7.37,  ....,8.91 

9.18,  ....,  14.47 

11.15 

11.8,  10.1,  7.0 

9.58,  a  =  83°  48' 

7.35,  .....  17.06 

6.052,  . . . . ,  4.878 

8.070 

2.698 

5.940 

5.681 

7.98,  ....,8.41 

5.407 

7.63,  ....,7.97 

8.039 

9.458 

8.445 

2.893 ,4.614 

6.047 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


CuMg2 . 
CuO... 


CuPd 

CuPt 

CuS 

CuS04 

CUSO4.5H2O. 


CuSn. 
CuZn. 


Cui^S 

Cu2HgI4 

C^i2Hgl4(cx)(>70oC) 
Cu2Hgl4(/3) 

Cu2Mg 

CusMnSn 

Cu20  (cuprite) 


CmS 

Cu2Sb 

Cu2Se  ( oc ) 

Cu2Zns .  .  . 
CuaPd.... 

CusPt 

CuaSb.... 
CuaSn.... 

CusZns 


CusAU.... 
CugGa4  (5) 

Cu3lSll8.  . 

Dy203. . . 
Er203 


Eu203. . 
FeAl204. 


FeAl3... 
FeAs  (rj) 
FeAs2... 


FeB 

FeBe2 

FeBe5..  .. 

FeBr2 

[Fe(CN)2]3. 


System,  struct,  type 


hex. 
monocl. 

cub.,  CsCl 

hex. 

hex. 

rhomb, 
tricl. 


hex.,  NiAs 

cub.,  CsCl 

cub.,  f.o. 

tetr. 

cub. 


cub. 

cub.,  AlCu3 

cub. 

cub.,  CaF2 

tetr. 

cub.,  f.c. 

cub. 

cub.,  AuCu3 

cub.,  AuCu3 


hex. 
cub. 

cub. 

cub. 
cub. 

cub.,  TI2O3 

cub.,  Tl2Os 

cub.,  TI2O3 

cub.,  MgAl204 

rhomb, 
rhomb, 
rhomb. 

rhomb. 

hex.,  MgZn2 

cub..  Cu2Mg 

hex..  Cdl2 
cub. 


Space 
group 


ok 


•«h 


CU  or  D<h 


ot 


X*2 


v. 


oL 
v? 


VL2orV[f 


OL 
DL 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


5.281, 18.29 

4.66,  3.40,  5.09,  a  = 
99°  30' 

2.988 

3.779,  a  =  90°  54' 

3.802 16.43 

4.88.  6.66,  8.32 
6.07,  10.78,  5.89,  a  = 

82°  5',  0  =  107°  8'. 

y  =  102°  41' 

4.190 ,5.086 

2.945 

5.564 

6.08 ,6.135 

6.103 

6.041, 6.115 

7.029 

6.167 

4.26 


6.17 


5.59 

3.99, 

5.840 

4.01 
3.69 
3  71 

2.78 4.37 

275 4.32 

8.85 

8.70 

8.711 

8.955 

10.63 
10.54 
10.84 

8.12 

47.43.  15.46,  8.08 
3.366,  6.016,  5.428 
6.35,  4.86,  5.80 

5.495.  4.053,  2.946 

4.212 ,6.834 

5.878 

3.740, 6.171 

15.9 


Mol. 


4 
2 

4 

2 
4 

4 
1 

52 
52 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


FeCOs 

Fe(CO)4 

FeCl2 

FeCla 

(Fe,Co)S 

FeF2 

FeHSiWi204o.20H20 .  . 

FeHSiWi204o.28H20... 
FeHSiWi2O40.30H2O... 

Fel2 

FeO 

FeOCl 


Fe(OH)2 

FeP 

FeS 

FeS04 

FeS04.7H20 

FeS04.(NH4)2S04.6H20 

FeS  +  S* 

Fe(S,  Se) 

FeS2  (marcasitc) 

FeS2  (pyrite) 

FeSb 

FeStxKr) 

FeSe 


FeSe  +  Sex 

FeSi 

FeSiF6.6H20 

FeSi2 

FeTa206  (tapiolitc) . 

FeTe 

Fe2As(«) 

Fe2B 


System,  struct,  type 


hex.,  NaNOs 

monocl. 

hex,  CdCh 

hex. 

hex. 

tetr.,  S11O2 
tricl. 

rhbdr. 

cub. 

hex.,  Cdl2 

cub.,  NaCl 

rhomb. 

hex.,  Cdl2 

rhomb. 

hex. 

rhomb. 

monocl. 

monocl. 

hex. 

hex. 

rhomb.,  FeAs2 

cub. 

hex.,  NiAs 

rhomb. 

hex.,  NiAs 

hex. 

cub. 

hex.,  NiSnCl6.6H20 

tetr. 

tetr. 

hex.,  NiAs 

tetr. 

tetr. 


Space 
group 


D 


3d 


Ci 


Dm 
07h 


r4 


c2h 

C2h 
p4 


CL  or  Dfi4 


Bh 


VlforVi3 
C4 

T4 

r2. 

^3i 


D14 
4h 

C64v  or  D4 


6h 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


5.82,  a  =  47°  45' 

13.00,  11.41,0  =  85° 
35' 
6.20,  a.  =  33°  33' 

5.92,  ....,  17.26 

3.36,  .....  5.29 

4.670,  ....,3.297 

19.11,  22.50,  23.92,  a 
=  87°  55',  0  =  105° 
57',  y  =  92°  25' 

16.46,  a  =  56°  30' 

23.10 

4.04,  .....6.75 

4.294 

3.75,  7.95,  3.4 

3.24 ,4.47 

5.782,  5.177,  3.089 
3.43,  ....,5.79 
4.82,  6.84,  8.67 

15.34,    12.98,    20.02, 

0  =  104°  15' 
9.28,  12.58,  6.22,  0  = 

106°  50' 
3.43, 5.68 

3.54 ,5.91 

3.35,  4.40,  5.35 

5.404 

4.06 ,5.13 

3.189,  5.819,  6.520 

3.61,  ....,5.87 

3.51,  ....,5.55 

4.467 

6.42,  a  =  96°  59' 

2.69,  .....  5.08 

4.74,  ....,9.21 

3.800,  .....5.651 
3.627,  ....,5.973 
5.078 ,4.233 


2054 


X-RAY  CRYSTALLOGRAPHIC  DATA   (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c.     Ax.  ang. 

Fe2(CO)9 

hex. 

Cev  or  Djh 

6.45,  . . .     ,15.8 

2 

Fe203  (hematite) 

hex. 

5.42,  a  =  55*  17' 

2 

FC2O3  (magnetic) 

Fe-203.H20 

cub. 

rhomb.,  A1203.H20 

hex. 

DJ 

8.30 

4  55.  9  90.  3.01 

5.852.  ....  3.453 

2 

Fe2P(r) 

3 

Fe2W 

hex. 
cub.,  b.c. 

0L° 

4.727 .7.704 

11.497 

4 

Fe3Al2Si30i2 

8 

Fe3C 

rhomb, 
hex. 

VJ6 

4.518.  5.069.  6.736 
4.743.  .    ...25.63 

4 

Fe3Mo2 

8 

Fe3N(«') 

hex. 

DJ 

2.695,  .    ...4.362 

Fe304 

cub.,  MgAl204 

o7h 

s24 

8.37 

8 

Fe3P(«) 

tetr. 

9.09 4.446 

8 

Fe3W2 

hex. 

4.731. 25.76 

8 

Fe3Znio 

cub. 

o9h 

8.93 

52 

Fe4N  . 

cub. 
cub.,  ZnS 

cub. 

3.789 
5.635 

9.76 

1 

GaAs 

0L° 

(Ga,  ln)203 

16 

GaP 

cub.,  ZnS 

Tl 

5.436 

GaSb 

cub..  ZnS 

n 

6.118 

Ga203 

hex.,  Fe-203 
cub. 

5.281.  a  =  55°  35' 
23.1 

2 

GdPMoi204o.30H20... 

8 

Gd203 

cub.,  TI2O3 

T7h 

10.79 

16 

GeU 

cub..  Snl4 

T^ 

11.89 

8 

Ge02 

hex.,  a  Si02 

D^ 

4.98 5.64 

3 

GeS 

rhomb. 

rhomb. 

cub. 

cub..  HCl 
rhomb. 

vk6 

,-.19 

4.29,  10.42,  3.64 

11.66.  22.34,  6.86 

5.50 
6.18 
5.53.  5.92,  7  75 

4 
24 

GeS2 

HC1(-168°C) 

4 

HI 

HI03 

Vi-  V«" 

4 
4 

H20(ice)* 

hex. 

D^h 

4.535 ...  7.41 

4 

H202 

tetr. 
cub.,  f.c. 

4.02 .8.02 

5.77 

4 

H2S(a,/S&7) 

0£ 

4 

H2Se(-170°C) 

cub. 

OL 

6.020 

4 

H3B03 

tricl. 

7.04,  7.04,  6.56,  a  = 
92°  30',  0  =  101°  10'. 
7  =  120° 

4 

H3PMoi2O40.30H2O.... 

cub. 

<4 

23.1 

8 

*  See  also  ice  under  minerals. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


H3PW12O40.5H2O. 
H3PWMO40.29H2O. 
H4N4S4 


HfF4.... 
flf02.... 
HfP207.. 
HgBr2.. 
flg(CN), 
HgCl2... 
Hgl2... 


HgO 

HgS  (cinnabar) 

HgS  (metacinnabarite) 

HgSe 

HgTe 

HgoBrj 

Hg2CL> 

Hgsl2 

H02O3 

InSb 

In203 

IrOj 

KA1(S04)2 

KAi  (S04)2.12H20 

KAlSiaOs 

KBr 

KBrOa 

KCN 

KCNO 


KCNS. 
KCb03. 
KC1... 


KCl.MgCl2.6H2O 


System,  struct,  type 


cub. 
cub. 
rhomb. 

monocl. 

cub.,  CaF» 

cub. 

rhomb. 

tetr. 

rhomb. 

rhomb, 
rhomb, 
hex. 

cub.,  ZnS 

cub.,  ZnS 

cub.,  ZnS 

tetr.,  Hg2Cl2 

tetr. 

tetr.,  Hg2Cl> 

cub.,  TfeO* 

cub.,  ZnS 

cub.,  TI2O3 

tetr.,  SnCfe 

hex. 

cub. 

monocl. 

cub.,  NaCl 

hex. 

cub.,  NaCl 

tetr.,  KN3 

rhomb. 

cub.  (?),  CaTiOa 

cub.,  NaCl 

rhomb. 


Space 
group 


o£ 


^2h 


n 

Vds 

c" 


D3  or  D« 


'ih 


^4h 


TJ 

C2h 


Dlh 


0°h 


Lattice  constants 


a,     b,     c.     Ax.  ang. 


12.14 
23.28 
12.08,  6.76,  7.86 

9.45,  9.84,  7.62,  0  = 
94°  29' 
5.115 

8.18 

4.67,  6.85,  12.45 

9.67,  .....  8  92 

5.963,  12.735,  4.325 

4.676,  7.32,  13.76 
3.296,  3.513,  5.504 
4.14,  ....,9.49 

5.84 

6.07 

6.36 

1 
4.65,  .....  11.10 

4.47, 10.89 

4.92 11.61 

10.58 

6.45 

10.12 

4.49 3.14 

4.706 ,7.960 

12.11 

8.57,  13.01,  7.23,  0  = 

116°  7 
6.578 

4.403,  a  =  86°  0' 

6.55 

6.070 ,7.030 

6.67,  6.65,  7.54 

4.01 

6.28 

9.53,  16.08,  22.25 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


KClOs 

KCIO4 

KClO4(340°C)... 

KCr(S04)2 

KCr(SO02.12H2O 

KF 

KHC> 

KHPa 

KH2PO4 

KI 

KIO3 

KIO4 

KI3 

KL1SO4 

KMgF3 

KMn04 

KNO2 

KNO3 

KNa 

KNiF.-, 

KOsNOs 

(KPbCl3)3.H20 . . . 

KPb2BrB 

KRe04 

KSH 

KZnFs 

K2Ba[Co(N02)6].. 
K2Ba[Ni(N02)fi].. 
K2Ca[Co(N02)6].. 
K2Ca[Ni(N02)c].. 

K2Cd(CN)4 

K2Cr04 

K2Cr20;(«) 

KoCrOtO) 

K2CuCU.2H20. . . . 


System,  struct,  type 


monocl. 

rhomb..  BaS04 

cub. 

hex.,  KA1(S04)2 

cub. 

cub.,  NaCl 
tetr.,  CaC2 
tetr.,  KN3 

tetr. 

cub.,  NaCl 
cub.  (?),  CaTiOs 
tetr.,  CaW04 
monocl. 

hex. 

cub.  (?),  CaTi03 

rhomb.,  BaS04 

monocl.,  f.c. 

rhomb. 

tetr. 

cub.  (?),  CaTiOa 

tetr. 

monocl. 

tetr. 

tetr.,  CaW04 

rhbdr. 

cub.  (?),  CaTiOa 

cub. 

cub. 

cub. 

cub. 

cub.,  MgAtaCh 

rhomb.,  K2SO4 
tricl. 

monocl. 

tetr.,  (NH4)2CuCl4. 
2H20 


Space 
group 


p2 

^2h 

T, 


■ih 


K 


v{,6 


CI. 
C! 


cj. 


Di 


3,1 


vk6 


U4h 


Lattice  constants 


a,     6,     c,     Ax.  ang. 


4.647,  5.585,  7.085,  0 

=  109°  38' 
8.834,  5.650,  7.240 


7.47 

4.737, 

12.14 

5.33 
4.28,  . 
5.67,  . 

7.43,  . 


.,8.030 


8.42 
6.81 


,6.97 


7.052 

4.46 

8.13,  ....,12.63 

9.36,  b  =  c  =  a 
approx.,/3  =  90°  ± 

5.13 ,8.60 

4.00 

9.10,  5.69,  7.40 

4.45,  4.99,  7.31,  0  = 

114°  50' 
5.43,  9.17,  6.45 

6.094, 7.056 

4.008 


14.35,  9.05, 14.50, 0= 
113° 
8.14,  ....,14.1 


5.615, 


,12.50 


4.37,  a  =  68°  51' 

4.050 
10.45 
10.67 
10.17 
10.29 

12.84 

5.92,  10.40,  7.61 

7.50,  7.38,  13.40,  a.  = 
82°  0',  /3  =  96°  13', 
y  =  90°  51' 

7.47,  7.35,  12.97,  /3  = 
91°  55' 


7.45, 


7.88 


Mol. 
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X-RAY  CRYSTALLOGRAPHIC  DATA   (Continued) 


Substance 


K2Hg(CN)4 

K20sBr6 

K20sCl6 

K2OSO2CU 

K2PbCo(N02)e 

K2PbCu(N02)6.... 
K2PbNi(N02)6 

K2PdCl4 

K2PtBr6 

K2PtCl4 

K2PtCl6 

K2Pt(SCN)6 

K2ReCl6 

K2S 

K2S04 

K2S205 

K2S206 

K2S208 

K2S30e 

K2SeBr6 

K2Se04 

K2SnCl6 

K2Sn(OH)6 

K2Sr[Co(N02)6].... 

K2SrfNi(N02)6].... 

K2TeCl6 

K2Zn(CN)4 

KsCoCNOOe 

K3Co(N02)6.HH20 

K3Cr(CN)6 

K3Fe(CN)6 

K3Ir(CN)5 

K3Mn(CN)6 

K3Na(SOi)2 

K3Tia6.2H20 

K3W2CU 


System,  struct,  type 


cub.,  MgAl204 

cub. 
cub. 

tetr.,  f.c.    1 

cub. 
cub. 
cub. 

tetr.,  K>PtCl4 

cub.,  (NH4)2PtCl« 

tetr. 

cub.,  (NH^PtCle 

hex. 

cub.,  K2PtCl6 

cub.,  CaF2 

rhomb. 

monocl. 

hex. 

tricl. 

rhomb. 

cub. 

rhomb. 

cub.,  (NH4)2PtCle 

hex.  (rhbdr.) 

cub. 
cub. 

monocl. 

cub.,  MgAl204 

cub. 
cub. 

rhomb. 

monocl. 

rhomb. 

rhomb. 

hex. 

tetr. 

hex. 


Space 
group 


O;, 


d;l 


^4h 

o£ 

Did 
oj 

oh 


C2 


2h 


D3 


n 


vhG 


'sd 


L2h 

0'h 


v» 

C2h 


D8, 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


12.76 

10.30 
9.729 

9.90,  ....,8.75 

10.49 
10.52 
10.55 

7.04,  ....,4.10 
10.35 

6.99, 4.13 

9.725 

6.77 10.45 

9.861 

7.35 

5.731,  10.008,  7.424 

6.95,  6.19,  7.55 

9.756, 6.274 

5.10,  6.83,  5.40,  a  = 
106°  54',  0  =  90°  10', 
7  =  102°  35' 

9.77,  13.63.  5.76 

10.363 

6.02,  10.40,  7.60 

9.983 

5.67,  a  =  70°  V 

10.23 
10.49 

7.17,  7.17,  10.14,  0  = 
90°  approx. 
12.54 

10.44 
10.32 

13.55,  10.60,  8.60 
13.42,  10.40,  8.38 
13.70,  10.53,  8.34 

13.56,  10.60,  8.50 

5.65 7.29 

15.841 18.005 

7.16; 16.17 


2058 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


K4Co(NO:)6 
K4Ni(N02)6. 

LaA103 

LaAl4 

LaC2  

LaF3 

LaGaOa 

LaN 

LaP 

La203 

LiAl 

LiAUOs 


LiBr 

LiCbOs 

LiCd 

LiCd3 

LiCl 

LiCl.HoO.... 

LiC104.3fl.O. 


LiF. 


LiH... 

LiD. 
LiHg3. 

Lil..., 


Lil.3fl20... 

LilOa 

LiKS04. . . . 

LiN 

L1NO3 

LiNaCOa. . . 

LiOH 

Li2S04.H20 


LiZn(/3'), 
LiZn(V) 
Li2BeF4. . 
Li2Mo04. 

Li20 


Li2S... 
Li2S04. 
LhSe.. 


System,  struct,  type 


cub. 
cub. 
cub.  (?).  CaTiOs 


tetr.,  CaC2 

hex.,  CeF3 

cub.  (?),  CaTiOa 
cub.,  f.c. 
cub.,  f.c. 

hex. 

cub.,  b.c. 

cub. 

cub.,  NaCl 

hex.,  MgTiO? 

cub. 
cub. 

cub.,  NaCl 

tetr. 

hex. 

cub.,  NaCl 

cub..  NaCl 


hex. 
cub.,  NaCl 

hex. 

hex. 

hex. 
hex. 
hex.,  NaNOs 

hex. 

tetr. 

monocl. 

hex. 

hex.,  pseudo 

hex. 

hex.,  Be2Si04 

cub.,  CaF2 
cub.,  CaFj 
monocl. 
cub..  CaF2 


Space 
group 


DSL 

d; 


D 


3.1 


°L 
°L 


of, 
OL 


oL 

civ 

DJ 


Dkor 
DSh 


d; 


ii, 


osh 
OL 


Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

10.32 

10.49 

3  78 

13.2  (?), 10.2  (?) 

16 

3.92,  ....,6.55 

2 

7.163,  ....,  7.329 

6 

3.89 

5.275 

6.013 

3.945 ,  6.151 

1 

6.360 

7.903 

5.49 

4 

5.47,  a  =  55°  43' 

2 

3.32 

8.62 

8 

5.14 

4 

3.81 ,3.88 

1 

7.71 5.42 

2 

4.01 

4 

4.085 

4 

4.065 

6.240,      . . .  4.794 

2 

6.00 

4 

7.45.  .    .     5.45 

2 

5.469 5  155 

2 

5.13 8.00 

2 

3.658, 3.882 

3 

5.74.  a  =  48°  3' 

2 

8.22 ,3.27 

3 

3.549 4  334 

5.43.  4.83,  8.14.  0  = 
107°  35' 

2.782 4  385 

4.362;  ....  2.510 
8.15.  a  =  107*40' 
8  77,  a  =  108°  10' 

2. 

4.61 

4 

5.70 

4 

8.25.  4.95.  8.44.  0  = 

4 

107°  54^ 
5.94 


2059 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Li2Te 

Li2W04 

Li3Hg 

LiaN 

Lu203 

MgAhCh 

MgAu 

MgBr2 

MgBr2.6H»0 

MgCOs 

MgCh 

MgCl2.6H20 

MgCo>04 

MgCr04.7H20. . . . 
MgCr204 

MgF2 

MgFc204 

MgHg 

Mgl2 

MgO 

MgO.Fe203 

Mg(OH)2 

MgPr 

MgPtvCN)4.7H20. 

MgS 

MgS03.6H20 

MgS04 

MgS04.7H20 

MgS04.(NH4)2S04. 

6H20 
Mg(Sb03)c.l2H20 

MgSe 

MgSiF6.6H20 

MgSnF6.6H20  .    . 

MgTe 

MgTiF6.6H20 .... 


System,  struct,  type 


cub.,  CaF2 

hex.,  Be2Si04 

cub.,  AlCu3 
cub. 

cub.,  TI2O3 

cub. 

cub..  CsCl 

hex.,  Cdl2 

monocl. 

hex.,  NaNOa 

hex.,  CdCl2 

monocl. 

cub.,  MgAl204 
rhomb.,  MgS04.7H20 
cub.,  MgAl204 

tetr.,  Sn02 

cub.,  MgAl204 

cub.,  CsCl 

hex. 

cub.,  NaCl 

cub. 

hex.,  Cdl» 

cub. 

tetr. 

cub.,  NaCl 

hemi.  trig. 

rhomb, 
rhomb. 

monocl. 

hex. 

cub.,  NaCl 

hex.,  NiSnCl6.6H20 

hex.,  NiSnCU6H20 

hex.,  ZnO 

hex.,  NiSnCl6.6H20 

2060 


Space 
group 


oL 
o'h 

p3 

DSd 

^2h 

oL 

OL 
Dii 
oL 
oL 

01 

D33d 


"4h 

oL 

V4 

<*. 

DJd 

OL 
c^5 


c4 
c-. 

u3i 


Lattice  constants 


a,     b,     c.     Ax.  ang. 


6.47 

8.77,  a  =  108°  1C 

6.584 
5.50 

10.37 

8.090 

3.259 

3.815 6.256 

10.25,  7.40,  6.30,  0 
93°  30' 
5.61,  a  =  48°  12' 

6.22,  a  =  33°  36' 

9.90,  7.15,  6.10,  0 
94° 
8.107 

11.89,  12.01,  6.89 

8.290 


4.66, 
8.342 
3.442 


3.08 


. ,  6.88 


4.14, 
4.203 
8.36 

3.11 4.74 

3.88 

14.6 ,6.26 

5.190 

8.820 9.052.  a 

=  96°  20' 
4.82,  6.72.  8.33 
11.91,  12.02.  6.87 

9.28,  12.57,  6.20,  0  = 
107°  6' 
16.079 ,9.84 

5.451 

6.43,  a  =  96°  3' 

6.56,  a  =  96°  20' 

4.52,  .    .  .  7.33 

6.52.  <x  =  96°  57' 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


MgTi03 

MgW04 

MgZn 

MgZm 

MgZn5 

Mg2Al204 

Mg2Pb 

MgiSi 

Mg2SiMoi2O40.31H2O. 

MgsSn 

Mg2Sn04 

Mg2Znn 

Mg3Al2Si30i2 

Mg3As2 

Mg3Cu-Alio 

Mg3N2 

Mg3P2 

MnAl204 

MnAs 

MnBr2 

MnC03 

MnCl> 

(Mn,  Co) (Co,  Mn)>04 

MnCr>04 

MnF> 

MnFe204 

Mnl2 

MnMn>04 

MnO 

Mn02 

Mn(OH)2 

MnP 

MnS 

MnS04 

MnS2 

MnSb 


System,  struct,  type 


hex. 
monocl. 

hex. 
hex. 
hex. 
cub. 

cub.,  CaF2 

cub.,  CaF2 

cub. 

cub.,  CaF2 

cub.,  MgAl204 

cub. 

cub.,  b.c. 

cub.,  Zn3As2 
cub. 

cub.,  b.c. 
cub.,  Zn3As2 

cub.,  MgAl>04 

rhomb. 

hex.,  Cdl2 

hex.,  NaNOt 

hex.,  CdCl2 

cub.,  MgAl204 

cub.,  MgAl204 

tetr.,  Sn02 

cub.,  MgAl204 

hex.,  Cdl2 

tetr.,  Mn304 

cub.,  NaCl 

tetr.,  Sn02 

hex.,  Cdl2 
rhomb, 
cub.,  NaCl 
rhomb, 
cub.,  FeS2 

hex.,  NiAs 


Space 
group 


D^ 


6ll 


oL 


of, 

01 

OL 
oL 

Oh 

o',? 


oL 


DSd 

oil 

OL 

oL 

d;l 

oL 

DJd 

OIL 

OL 

d;l 


OL 


Tf, 


Lattice  constants 


b,     c,     Ax.  ang. 


5.40,  a  =  55°  1' 

4.67,  5.66,  4.92,  /3  = 
89°  35' 
10.66, 17.16 

5.17,  ....,8.50 

9.92 ,  16.48 

8.08 

6.75 

6.39 

23.04 

6.78 

8.58 
8.53 
11.510 

6.10 

8.29 
9.93 
5.92 

8.263 

6.38,  5.63,  3.62 

3.82,  ....,6.19 

5.84,  a  =  47°  45' 

6.20,  a  =  34°  35' 

8.268 

8.487 

4.865,  ....,3.284 

8.572 

4.16, 

5.75,  ....,9.42 

4.435 

4.44,  ....,2.89 

3.34,  .....4.68 

5.905,  5.249,  3.167 

5.21 

4.86,  6.84,  8.58 

6.10 

4.120,  ....,5.784 


Mol. 


2061 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


MnSe 

MnSi  

MnSiF6.6H20 

MnSia 

MnTe 

MnTe2 

Mn203 

Mn203.H20 

Mn2Sb 

MmAUSbOi-. 

Mn3Si 

Mn4N 

Mo(CO)6 

M0O2 

Mo03 

M0S2 

MoSia 

NH3(-80°C) 

(NHOsAlFe 

NH4A1(S04)2 

NH4Al(S04)>.12H-.0... 

NH4BF4 

(NH4)2BeF4 

NH4Br 

NH4Br(250°C) 

NH4CI 

NH4C1(250°C) 

NH4CIO4 

NH4ClO4(270oC) 

(NH4)3Co(N02)6 

(NH4)2Cr20v 

(NH4)2CuCl4.2H20  . 

NH4F 

(NH4)3FeF6 

NH4Fe(S04)2 


System,  struct,  type 


cub.,  NaCl 

cub.,  FeSi 

hex.,  NiSnCl6.6H20 

tetr. 

hex.,  NiAs 

cub.,  FeS-» 

cub.,  T1203 

rhomb. 

tetr. 

cub.,  b.c. 

hex. 
cub. 

rhomb. 

tetr.,  SnOs 

rhomb. 

hex. 

teti. 
cub. 
cub.,  (NH4)3FeF6 

hex..  KA1(S04)» 

Cub. 
rhomb. 

rhomb.,  K2SO4 
cub.,  CsCl 
cub.,  NaCl 
cub.,  CsCl 
cub.,  NaCl 

rhomb. 

cub.,  KCIO4 

cub. 

monocl. 

tetr. 

hex    ZnO 

cub. 

hex.,  KA1(S04)2 


Space 
group 


T* 

C2- 

v3i 


D*, 


C9 
r>14 

U4h 


^6h 

n17 
u2h 


vL6 


o5h 


o5h 

vL6 


Dl4h 

of, 


Lattice  constants 


Ax  ang. 


5.448 
4.548 

6.45,  a  =  96°  53' 

5  513,  ...  17.422 
4.124, 6.698 

6.943 

9.41 

4.46,  5.28,  2.88 
4.08, 5.56 

11.603 

6.898 4.802 

3860 

12.02.  6.48.  11.23 

4.86 2.79 

3  92,  13.94,  3.66 

3.15 12.30 

3.20 7.86 

5.15 
8.40 

4.724 ,8.225 

12.18 

9.06,  5.64,  7.23 

5.8.  10.2.  7.5 

4.047 

6.90 

3866 

6.53 

9.202.  5.816.  7.449 

7.63 
10.81 

7.78,  754,  13.27.  /3 
93°  42' 

7.58 7.95 

4.39 7.02 

9.10 

4.825 ,8.310 


2062 


X-RAY  CRYSTALLOGRAPHIC  DATA   (Continued) 


Substance 


NH4Fe(S04V12H20.. 

NH4HF2 

NH4(H2P(X>) 

(NH4)H2P04 

(NH4)3HfF7 

NH4I 

NH4I(-17°C) 

NHJOi 

NHJ3 

(NH4)3Mo03F3 

NH4N03 

NH4N3 

(NH4)2PbClc 

NH4Pb2tir6 

(NH4)>PdCl4 

(NH4)2PtClo 

(NH4)2Pt(SCN)r, 

NH4SH 

(NH4)2S04 

(NH4)2S20s 

(NH4)2SeCi6 

(NH4)2SiFo 

(NH4)2SiF6 

(NH4)2SnCl6 

(NH4)2TeClfi 

(NH4)3W2C19 

(NH4)3ZrF7 

NO2 

N2H6C12 

N20 

N4S4 

NaBr .    ... 

NaBrOa 


System,  struct,  type 


cub. 

rhomb. 

rhomb. 

tetr.,  KH2P04 

cub. 

cub.,  NaCl 

cub.,  CsCl 

tetr.,  CaW04 

rhomb. 

cub.,  (NH4)3FeFc 

rhomb. 

rhomb. 

cub.,  (NH4)2PtClG 

tetr. 

tetr.,  K2PtCU 

cub. 

hex.,  K2Pt(SCN)6 

tetr. 

rhomb.,  K2S04 

monocl. 

cub. 

cub.,  (NH4)2PtCle 

hex. 

cub.,  (NH4)2PtC\ 

cub. 

hex. 

cub. 
cub. 

cub.,  FeS2 
cub.,  CO* 
rhomb. 

cub.,  NaCl 
cub.,  NaClOa 


Space 
group 


of, 


r6 

^4h 

of, 

DL 


D& 


% 


K\  or  D 


sd 


^"2h 


01 
Did 

o5h 

c62h 

T5 

T6h 

T4 

K 
o5h 

T4 


Lattice  constants 


a,     b,     c,     Ax.  ang. 


12.14 

8.33,  8.14,  3.68 

3.98,  7.57,  11.47 

7.530, 7.542 

9.400 

7.244 

4.37 

5.94,  .....  12.80 

6.64,  9.66,  10.82 

9.10 

4.928,  5.434,  5.732 

8.930,  8.642,  3.800 

10.135 

8.39,  .....  14.34 

7.21,  ....,4.26 

9.834 

6.77,  .....  10.45 
6.01,  ....  4.01 
5.951,  10.560,  7.729 

7.83,  8.04,  6.13,  /3  = 
95°  9' 
9.935 

8.38 

5.76,  .....4.77 

10.038 

10.178 

7.16 ,  16.17 

9.353 

7.77 
7.89 
5.77 
8.87  8.47,  7.20 

5.94 
6.71 


Mol. 


2063 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


NaCbOa. 


NaCl(18°C)... 

Rock  salt .... 

NaC103 

NaC104  (380°C) 

NaC104  ...... 


NaF 

NaHCO;f. 
NaHC... 
NaHF,... 

Nal 

NaI03... 
NaI04... 


NaI04.3H20. 

NaNO-> 

NaNOa 


NaN3 

NaSH 

NaSb(A103)2. . . . 
Na2B4O7.10H2O. 


Na>C03.H20(73°C). 

Na2Ca(C03)2 

Na2CaSi04 

Na2Cr04 

Na2Mg(C03)2 

Na2S 

Na2S03 

Na2S04 

Na3AlF« 


Na4Ca(Si03)3. 

Nai5Pb4 

Nai5Sn4 

NdAl 

NdC2 


NdF3 

NdPMoi2O40.30H2O. 


System,  struct,  type 


cub.,  CaTi03 
cub. 


cub. 
cub. 

rhomb.,  CaSCh 

cub.,  NaCl 

monocl 

tetr.,  CaC2 

hex.  (rhbdr.),  CsChI 

cub.,  NaCl 

rhomb. 

tetr.,  CaWO.. 

hex. 

rhomb. 

rhbdr. 

hex.  (rhbdr.),  CsClsI 

rhdbr. 

hex. 

monocl. 

rhomb. 

hex. 

cub. 

rhomb. 

hex. 

cub.,  CaF2 

hex. 

rhomb. 

monocl. 

cub.  (?) 

cub. 

rhomb, 
cub. 

tetr.,  CaC2 
hex.,  CeF3 
cub. 


Space 
group 


oj, 


of, 

C2h 

Did 

a 


D!d 
DSd 


L2h 


y» 


c.;h°r<4 


Lattice  constants 


b,     c,     Ax.  ang. 


3.89 

5.62737 

5.62768 

6.570 

7.25 

6.48,  7.06,  7.08 

4.02 

7.51,  9.70,  3.53,  0  = 
93°  19' 
3.82,  ....,8.17 

5.17,  a.  =  39°  44' 

6.46 

5-75,  6.37,  4.05 

5.32 ,  11.93 

5.58,  a  =  65°  1' 

3.55,  5.56,  5.37 

6.3108,    a  =  47°    15' 
59" 
5.48,  a.  =  38°  43' 

3.99,  a  =  68°  5' 

5.40 ,  8.81 

11.82.    10.61,    12.30, 
a  =  106°  35' 
10.721.  6.440,  5.243 
20.3,  ....,  12.02 

7.497 

5.91,  9.23,  7.20 

4.95 ,  16.50 

6.53 

5.441,  ....,6.133 

5.85,  12.29,  9.75 

5.39,  5.59,  7.76,  0  = 
90°  11' 
7.547 

13.29 

9.79,  22.78.  5.56 
3.73 

3.82 6.23 

7.021,  ....,7.196 
23.1 


20()4 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Nd203 

NiAl 

NiAl204 

NiAlaCe) 

NiAs 

NiAsS 

NiBe 

NiBr2 

NiBr2 

NiBr2.6NH3 

NiCb 

NiCl2.6NH3 

(Ni,  Co)  (Co,  Ni)i04 

NiF2 

(Ni,  Fe)S  (synthetic) 

NiFe204 

Nil2 

Nil2 

NiI2.6NH3 

Ni(NH3)6(N03)2.... 
NiO 

Ni(OH)2 

NiSGS) 

NiS(r) 

Ni3  (synthetic) 

NiS03.6H20 

NiS04 

NiS04.7H20 

NiS2 

NiSb 

Ni(Sb03)2.12H20.... 

NiSbS 

NiSe(0) 

NiSe(7) 

NiSi 

NiSiF6.6H20 

NiSn 


System,  struct,  type 


Space 
group 


hex.,  La203 

cub.,  CsCl 

cub.,  MgAl2(>4 

rhomb. 

hex. 

cub.,  CoAsS 

cub.,  CsCl 

hex. 
rhbdr. 

cub.,  (NH4)2PtClc 
hex.,  CdCl2 
cub.,  (NH4)2PtCle 
cub.,  MgAl204 
tetr.,  Sn02 
hex. 

cub.,  MgAK'04 

hex. 
rhbdr. 

cub.,  (NH-OaPtCle 
cub.,  (NH4)aPtCl6 
cub.,  NaCl 

hex.,  Cdls 

hex. 
rhbdr. 

hex.,  NiAs 

hemi.  trig. 

rhomb. 

rhomb.,  MgS04.7H20 

cub.,  FeS2 

hex.,  NiAs 

hex. 

cub.,  CoAsS 

hex.,  NiAs 

rhbdr. 
cub.,  FeSi 

hex.,  NiSnCl6.6H20 
hex.,  NiAs 


°h 


^2h 


DJd 

o7h 

Ok 


'eh 


cj 


V4 


'eh 


'3d 


T4 


'eh 


T4 

r2. 


Lattice  constants 


6,     c,     Ax.  ang. 


'eh 


3.841,  ....,6.009 

2.82 

8.045 

6.5982,  7.3515,  4.8021 

3.61,  ....,5.03 

5.68 

2.603 

3.71,  .....  18.30 
6.46,  a  =  16°  40' 

10.48 

6.13,  a  =  33°  36' 

10.09 


8.112 
4.710,  . 
3.408,  . 

8.340 

3.89,  . . 
6.92,  a 

11.01 
10.96 
4.172 

3.07,  . . 

3.42,  . . 
9.61,  . . 

3.42,  . . 


3.118 
5.434 


,  19.63 
16°  20' 


4.605 

5.30 
3.15 

5.30 

,  9.013,  a 


8.773,  .... 
=  96°  18' 
4.62,  6.51,  8.49 
11.86,  12.08,  6.81 

5.74 

3.94,  ....,5.14 

16.019,  ....,9.768 

5.91 

3.66,  ....,5.33 

9.84,  ....,3.18 
4.437 

6.21,  a  =  96°  20' 
4.081,  ....,5.174 


Mol. 


2065 


X-RAY  CRYSTALLOGRAPHIC  DATA   (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     6,     c,     Ax.  ang. 

NiSnCl6.6H20 

NiTe 

hex.  (rhbdr.) 
hex.,  NiAs 
hex.,  MgTi03 

cub. 

rhomb, 
hex. 
cub.  (?) 

tetr.,  Sn02 

cub.,  FeSa 

cub.,  FeS2 

cub.,  FeS2 

tetr.,  PbO 

cub. 
hex. 
rhomb. 

tetr. 

rhomb. 

rhomb.,  KN03 

rhomb.,  HgClj 

monocl. 

c2. 

7.09,  a  =  96°  45' 
3.957,  .....5.354 
5.448,  a  =  55°  0' 

23.0 

4.705,  10.11,  5.914 
2.646,  .....4.329 
4.08 

4.51,    ...,3.19 

5.64 

5.933 

6.369 

6.34,  .....4.62 

11.03 

11.12, 1.12 

1 
2 

NiTiOs 

2 

Ni2SiMoi204o.3lH20. . 
N12S1O4 

8 

Ni3C 

Ni3S2 

1 

0s02 

TJ 

2 

OsS2 

4 

OsSe> "... 

4 

OsTe2 

4 

PH4I 

PSBr3 

2  • 

8 

P2O5 

12 

PsNaCle 

vff 

vff 

C2h 

4 

P4N4CU 

1C.79,  ....,5.93 

4.71,  8.02,  9.48 

5.14,  8.45,  6.10 

4.496,  7.667,  9.153 

6.82,  7.48,  7.16,  0  = 

102°  33' 
3.80,  6.41,  7.61 

5.93 

4.54,  ....,6.86 

5.41 ,  12.08 

7.84 

3.98,  ....,5.01 

5.50,  4.72,  5.88 

4.97 ,3.40 

5.97 

8.45,  5.38,  6.93 

6.14 

6.34 

4.000,  4.211,  3.875 

5.44, 12.01 

2 

PbBr2 

4 

PbC03...              

4 

PbCl2 

4 

PbCr04 

PbF2 

4 
4 

PbF2  (/3) 

cub  ,  CaF2 
hex.,  Cdl2 
tetr.,  CaW04 
cub.,  Ba(N03)2 
tetr.,  PbO 
rhomb 
tetr.,  Sn02 
cub.,  NaCl 
rhomb.,  BaS04 
cub.,  NaCl 
cub.,  NaCl 
rhomb 
tetr.,  CaW04 

Of, 

rh 

D'ih 

vL9 
K 

OL 

OL 

<4 

4 

Pbl2 .  . 

PbMo04 ., 

Pb(N03)2 

PbO(red) 

PbO  (yellow) 

4 
4 
2 
4 

Pb02 

2 

PbS 

PbS04 

4 
4 

PbSe 

4 

PbTe 

PbTi03  (375°C) 

PbW04 

4 
4 

2066 


X-RAY  CRYSTALLOGRAPHIC  DATA   (Continued) 


Substance 


rb2o 

Pb3(P04)2 

PdAs2 

Pd(NH3)4Cl2.H20 

PdO 

PdSb 

PdSba 

PdTe 

PdTe2 

PrC2 

PrF3 

PrN 

Pr02 

PrP 

Pr203 

PreOn 

PtAs2 

PtBr2 

PtP2 

PtSa 

PtSb 

PtSb2 

PtSe2 

PtSn 

PtTe2 

PtTl 

RaF2 

RbAl(S04)2.12H20.... 

RbBF4 

RbBr 

RbCl 

RbCl(a)  (temp.  liq.  air) 

RbC104 

RbClO4(320°C) 

RbF 


System,  struct,  type 


cub.,  Cu20 
hex. 
cub.,  FeS2 

tetr. 

tetr.,  PbO 

hex.,  NiAs 

cub.,  FeS2 

hex.,  NiAs 

hex.,  Cdl2 

tetr.,  CaC2 

hex.,  CeF3 
cub.,  f.c. 
cub.,  CaF2 
cub.,  f.c. 
hex.,  La203 
cub. 

cub.,  FeS2 
cub.,  f.c. 
cub.,  FeSs 

hex.,  Cdl2 

hex.,  NiAs 

cub.,  FeS2 

hex.,  Cdl2 

hex.,  NiAs 

hex.,  Cdl2 

hex. 
cub. 

cub. 
rhomb, 
cub.,  NaCl 
cub.,  NaCl 
cub.,  CsCl 
rhomb.,  BaS04 
cub. 
cub..  NaCl 


Space 
group 


o4, 


D45b(?) 


01 


Ki 


TJ 


DJh 


^3d 


Lattice  constants 


Ax.  ang. 


n 

12.20 

n6 

9  07,  5.60, 

ol 

6.868 

oL 

6.571 

oL 

3.742 

vL6 

9.27,  5  81, 

TJ 

7.65 

oi 

5.63 

5.38 

9.66 

5.970 

10.302,  . . 

3.209,  . . . 

4.070,  . . . 

6.439 

4.127,  .    . 

4.028,  . . . 

3.85 

7.061,  . . . 
5.155 
5.36 
5.86 

3.851,  . . . 
10.98 
5.957 
10.35 
5.683 

3.537,  .    . 

4.130,  . . . 

6.428 

3.724,  . . . 

4.103,  . . . 

4.010,  . . . 
5.605.  . . . 
6  368 


7.11 

.,4.34 
,  5.314 

,  5.582 


,  5.663 
,5.118 
6.38 
,  7.218 


5.996 


,  5.019 
,  5.472 

,  5.062 

,  5.428 

,  5.201 
,  4.639 


7.23 


7.53 


Mol. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Lattice  constants 

Substance 

System,  s+ruct.  type 

i 

Space 
group 

Mol 

a,     b,     c,     Ax.  ang. 

Rbl 

cub.,  NaCl 

of, 

7.325 

4 

RbI03 

cub.,  CaTi03 
rhomb. 
tetr.,  KN.i 
tetr. 

of. 

p2 

4.52 

18.08,  10.45,  7.38 

6.36 ,7.41 

8.41 ,  14.5 

1 

Rb(NO,) 

IS 

RbN3 

4 

RbPbsBrs 

4 

RbSH 

rhbdr. 

tetr.,  (NHO-'CuCh. 
2H20 
cub. 

cub. 

of, 

4.53,  a  =  69°  20' 
7.81.    ...,8.00 
10.195 

9.884 

Rb2CuCl4.2HjO 

Rb>PbCl,; 

2 

RboPtClo 

4 

Rb2Pt(SCN)o 

hex.,  K:Pt(SCN)0 

Did  or  Ki 

0.75,  .....  10.47 

1 

Rb2S04 

rhomb.,  X2SO4 

hex. 

cub. 

cub. 

cub. 

of, 

Of, 

5.949,  10.391,  7.780 

10.144 ,  6.409 

9.978 

10.099 

10.233 

4 

Rb2S>0,; 

3 

RteSeCle 

RfoSnCle 

RboTeClo 

RbiTiClo 

cub. 

of, 

9.922 

RbjZrCU 

cub. 
cub. 

of, 

10.178 
10.73 

Rb3Co(NO)c 

4 

Rb3N 

tetr. 

D!h 

4.497, 3.707 

1 

Rb3W.Cl9 

hex. 

c,2h 

7.24, 16.95 

n 

Rh(NH3)5Cl)n2 

rhomb. 

T. 

13.32,  6.71,  10.42 

4 

RhS2 

cub.,  FeS2 

5.574 

4 

Rh>03 

hex.,  Fe203 

D?d 

5.47,  a  =  55°  40' 

2 

RuO> 

tetr.,  Sn02 

DJi 

4.51, 3.11 

2 

RuS2 

cub.,  FeS2 

T« 

5.57 

4 

RuSe2 

cub.,  FeS2 
cub.,  FeS> 
hex.,  CeF3 
cub.,  TI2O3 
hex.,  Asl3 
cub.,  NaCl 

n 

D,8 

c\ 

of, 

5.921 

6.360 

6.98,  . . . . ,  7.15 

10.85 

7.466 ,20.89 

6.130 

4 

RuTe2 

4 

SaF3 

6 

Sa203 

16 

Sbl3 

6 

SbSn(43-55%Sb) 

4 

Sb203 

cub.,  AS2O3 

oL 

11.06 

16 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type. 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

SbSs 

SbaTh 

rhomb. 

cub. 

cub. 

cub.,  NaCl 

cub.,  T1203 

hex. 

hex. 

hex. 

cub.,  ZnS 

hex. 

cub. 

cub. 

hex. 

hex. 

rhomb. 

hex. 

rhomb. 

cub. 

cub. 

cub.,  NaCl 

cub. 

tetr.,  PbO 

tetr. 

cub. 

hex.,  Cdl2 
rhbdr. 
cub.,  NaCl 

rhbdr. 

cub. 

rhomb.,  KNO3 

tetr.,  CaC2 
tetr. 
cub.,  CaF2 

hex. 

Vj. 

11.39,  11.48,  3.89 

11.59 

9.90 

4.44 

9.79 

12.78,  a  =  13°  55' 

3.095 15.17 

3.095, 10.10 

4.348 

43.15,  a  =  4°  6' 

11.99 

7.12 

4.903,  .....5.393 

5.01, 5.47 

9.88,  17.1,  10.3 

5.03 ,8.22 

8.41,  5.14,  10.73,  8  = 
90° 
7.46 

23.1 

5.716 

12.23 

3.77 4.77 

4.72 3.16 

7.89 

3.639 ,5.868 

6117,  a.  =  89.70° 
6.285 

12.23,  a  =  19.22° 

17.91 

5.13,  8.42,  6.10 

5.81 6.68 

12.795,  ....,7.509 
7.00 

7.906, 4.07 

4 
6 

(So,Id).03 

off 

n 

C5 

v  3v 

c4 

16 

ScN 

4 

Sc203 

16 

SiC  (I)  

15 

SiC  (II) 

6 

SiC  (HI) 

4 

SiC  (IV) 

SiC(V) 

51 

Sil4 

n 

DjorDj 

dj  or  d; 

p20 
L'2V 

Tc 

of, 
K 

D"ih 

DJJ, 

T. 

8 
8 
3 

64 

64 

4 

S1O2  (6  cristobalite) 

(290°C) 
Si02  (a  quartz) 

Si02  (8  quartz) 

(600°C) 
Si02  (a  tridymite) 

Si02  (8  tridymite) 

Si03Zn02H2 

SiP207 

4 

SmPMoi2O40.30H:O . . . 

SnAs 

i5nh 

8 
4 

8 

SnO 

2 

S11O2 

2 

SnP207 

4 

SnS2 

1 

SnSb 

SnTe 

4 

SnaAs^ 

7  at. 

•SnsCu3i 

SrCOs 

SrC2 

SrC204.2.5H20.   . 

v'h6 

D2, 

4 

2 

8 

.SrCl2 

4 

'SrCl2.6H20 

1 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 

Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,       Ax.  ang. 

SrF2 

cub.,  CaF2 
tetr.,  CaW04 
cub.,Ba(N03)2 
cub.,  NaCl 
tctr. 

tetr.,  CaC2 

tetr. 
tetr. 

cub.,  NaCl 

rhomb.,  BaS04 

cub.,  NaCl 

cub.,  NaCl 

cub.,  CaTi03 

cub.,  CaTiOs 
cub.,  NaCl 
hex.,  ZnO 

cub.,  T1203 
cub. 
tetr.,  Sn02 

cub. 

monocl. 

cub. 
tetr. 

cub.,  CaF2 

cub. 

cub.,  NaCl 

cub. 

cub.,  NaCl 

cub.,  NaCl 

tetr. 

rhomb. 

tetr.,  SnOa 

cub. 

hex,,  Cdl2 

hex.,  Cdl2 

of, 
of, 

5.86 

5.36, ,  11.94 

7.81 
5.10 
6.41,  ....,5.807 

5.02, ,  6.55 

6.32 ,  5.56 

4.955 ,  5.025 

5.87 

8.36,  5.36,  6.84 

6.23 

6.48 

3.92 

4.09 
4.53 
3.05,  ....,4.94 

10.70 
10.55 

4.79,  ....,3.77 

7.S3 

5.54,  9.30,  9.74,  0  = 

104°  30' 
4.32 
5.85, 5.28 

5.59 

11.25 

4.311 

12.00 

4.40 

4.235 

3.73,  .    ...9.37 

9.166,  5.436,  5.135 

4.58,  ....,2.95 

7.80 

5.691,  ....,3.397 

5.995, 3.533 

4 

SrMoCU 

Sr(N03)2 

4 
4 

SrO 

4 

Sr(OH)2.8H:0 

Sr02 

Sr02.8H20 

1 

SrPbs  ... 

SrS 

of, 

y]. 

Of, 

of, 
of, 

4 

SrS04 

4 

SrSe 

4 

SrTe 

4 

SrTiOs 

SrZrOa 

1 

TaC  .. 

4 

TaN 

c4 

2 

Tb203 

16 

Tb407 

Te02 

Of. 
r5 

^2h 

2 

TeOeHo 

4 

TeOcH6 

4 

ThBo 

ThC2 

4 

Th02 

oL 

4 

TiBr4.  . 

TiC 

Of, 

4 

Til4 

TiN 

of, 
of, 

vf,6 

Did 

4 

no 

4 

Ti02  (anatase) 

Ti02  (brookite) 

T1O2  (rutile) 

4 

8 
2 

TiP207 

4 

TiS2 

TiSe2 

1 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


TiTe2 

Ti203 

TIA1(S04)2.12H20. . 

TIBi 

TIBr 

T1CNS 

T1C1 

T1C104 

TlClO4(280°C) 

TIF : 

T1HF2 

Til 

TIN3 

TISb  (Tl  in  excess) . 

T1203 

TkPtCU 

TbSnCle 

Tl2TeCl6 

Tl3Co(N02)6 

TI3W2CU 

Tm203 

UO2 

U02(N03)2.6H20.. 

VC(«) 

VN 

V02 


V203... 

V2Ob.... 
wc    ... 

W(CO)6. 
W02.... 

WS2.... 

WSi2.... 


System,  struct,  type 


hex.,  Cdl2 

hex.,  Fe203 

cub. 

cub.,  CsCl 

cub.,  CsCl 

rhomb. 

cub.,  CsCl 

rhomb.,  BaS04 

cub.,  KCIO4 

rhomb.,  f.c. 

cub. 

rhomb. 

tetr.,  KN3 

cub.,  CsCl 

cub. 

cub. 

cub. 

cub. 
cub. 
hex. 

cub.,  T1203 

cub.,  CaF2 

rhomb. 

cub.,  NaCl 

cub.,  NaCl 

tetr.,  Sn02 

hex.,  Fe203 


hex. 
rhomb. 

tetr.,  Sn02 

hex.,  M0S2 

tetr. 


Space 
group 


OL 
ok 

oL 


OJ, 


oL 
oL 


c!h 


oL 
vL' 


r>14 

U4h 


'3d 


Din 


^6h 

DSL 


Lattice  constants 


a,     6,     c,     Ax.  ang. 


6.539,  .....  3.774 

5.37,  a.  =  56°  48' 

12.21 

3.98 

3.97 

6.80,  6.78,  7.52 

3.84 

9.42,  5.88,  7.50 

7.61 

5.180,  5.495,  6.080 

8.58 

5.24,  4.57,  12.92 

6.21,  .....7.37 

3.84 

10.57 

9.755 

9.970 

10.107 

10.72 

7.15,  .....  16.33 

10.52 

5.47 

11.42,  13.15,  8.02 

4.30 

4.28 

4.54,  ....,2.88 

5.43,  a  =  53°  53' 

11.48.  4.36,  3.55 
2.901, 2.830 

11.90,  6.42,  11.27 

4.86,  ....,2.77 
3.18,  .....  12.5 
3.212,  .....7.880 


Mol. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued 


Substance 


Lattice  constants 


System,  struct,  type 


^pace 
group 


Ax.  ang. 


Mol. 


W2C(/5)  (2600°C) 

hex. 

2.99. 4.72 

1 

Y\10, 

cub  ,  CaTiO. 
cub. 

3.67 
j  10.72 

1 

(Y  Bi)203 

16 

YC0O4  

tetr 
cub. 

tetr.,  ZrSi04 

;  7.76 11.32 

5.49 

6.88 ,6.03 

8 

YF3 

4 

YPO. 

D£ 

4 

YTa04 

tetr. 
cub. 

7.75.  .....  11.41 

10.53 

8 

(Y,T1)203 

ok" 

16 

Y(VO.i)3  

tetr. 

Ti, 

7.126 ,  6.197 

4 

Y0O3 

cub.,  TbOa 
cub.,  TI2O3 

10.60 
10.39 

16 

Yb?03 

16 

ZAAI2O4 

cub.,  MgAl-jO* 

o7h 

8.099 

8 

Zn(Br08)2  6H2O 

cub.,  (NH&PtCU 

T, 

10.31 

4 

ZnCO, 

hex..  NaNOii 

Ki 

5.704,  a.  =  48°  6' 

2 

ZnCl> 

hex.,  CdCb 

DSd 

6.31,  «  =  34°  48' 

1 

ZnCo-.O. 

cub..  MgAkOi 
cub.,  MgAltOi 

8.108 
8.323 

8 

ZnCr204 

8 

ZnF2  

tetr.,  SnO< 
cub.,  MgAl>04 

Dj'h 

0;, 

4.715 ,3.131 

8.403 

9 

ZnFe204 

8 

Zn(NS3)2Br2 

rhomb, 
rhomb. 

1* 

8.12,  8.81,  8.41 
7.78,  8.50,  8.08 

4 

Zn(NH3)>a 

4 

ZnO 

hex 

3.24265,  .....5.1948 

2 

ZnO.Fe?03 

cub. 
rhomb. 

8.41 

5.16,  8.53,  4.92 

8 

Zn(OH)2 

Vi 

4 

ZnS  (a)   (wurzite).  ..  . 

hex.,  ZnO 

CJv 

3.84,  ....,6.28 

2 

ZnS(0)  (blende) 

cub. 

T| 

5.43 

4 

ZnS04 

rhomb. 

rhomb.,  MgS04.7H20 

4.71,  6.73,  8.51 
11.85,  12.09,  6.83 

4 

ZnS04.7H.O 

Vi 

4 

ZnS04.(NH4)2S04. 

6H2O 
ZnSe 

monocl. 

cub.,  ZnS 

hex..  NiSnCl6.6H20 

9.20,  12.47,  6.23,  0  = 

106°  52' 
5.65 

6.27,  <x  =  96°  5' 

2 
4 

ZnSiF6.6H20 

1 

ZnSnF6.6H20 

hex.,  NiSnCl6.6H20 

Cji 

6.54,  ct  =  95°  51' 

1 

ZnSnOs  .... 

cub. 
cub.,  ZnS 

8.650 
6.07 

ZnTe 

Td 

4 

ZnTiF6.6H20 

hex.,  NiSnCl6.6H20 

r2. 

6.41,  a  =  96°  20' 

1 

ZnTiOs 

cub. 

8.460 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

ZdZtF«.6HjO 

Zn2Sn04 

hex.,  NiSnCl6.6H20 
cub.,  MgAh04 

cub.,  MgA1.04 

cub. 

cub.,  Zn3As2 

cub.,  NaCl 
cub.,  Snh 
monocl. 
cub.,  NaCl 

cub.,  CaF> 

hex. 
monocl. 

tetr. 
cub. 

hex.,  Cdla 

hex.,  Cdla 

rhomb, 
cub.,  f.c. 

Ok 

6.57,  a  =  96°  5' 
8.65 

8.4G 

5.81 

5.68 

4.73 

10.32 

9.46,  9.87,  7.64,  3  - 
94°  30' 
4.61 

5.07 

3.598, 5.875 

5.21,  5.26,  5.37,  0  = 

80°  32' 
5.07 ,5.16 

8.20 

3.68,  ....,5.85 

3.79,  ....,  6.18 

3.72,  14.61,  3.67 
7.61 

1 
8 

Zn>TiOi 

8 

Zn.;As2 

2 

Zn*P2 

2 

ZrC 

Of, 

rpfi 

Lh 

p6 

Of, 
Of, 

4 

ZrCh 

ZrFi 

8 
12 

ZrX 

4 

ZrOs 

4 

Zr02 

ZrO... 

n" 

DJa 

v,',; 

4 

Z1O2 

4 

ZrPO 

4 

Zr&s 

1 

ZrSi* 

1 

4 

ZrTCs  . 

8 

Minerals 

Name 

Formula 

Crystal 
system 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.    ang. 

Actinolite 

Aenigmatite.  .  . . 

H:Ca2(Mg,Fe)5 
(SiOa)s 

monocl. 
tricl. 

cub. 
rhomb. 

rhomb, 
rhomb. 
hex. 

tetr. 

rhomb, 
cub. 

tricl. 

9.8,  17.9,  5.27, /S  =  ca 

74° 
18.3,  18.3,  10.6,  «  = 

96°  30',  0  =  96°  30', 

7  =  113°  30' 
13.64 

7.76,  7.90,  5.56 

6.22,  6.96,  6.97 
18.52,  18.04,  5.27 

9.37,  ....,6.88 

12.71,  .....  15.86 

4.94,  7.94,  5.72 
10.27 

6.73,  7.54,  12.43,  a  = 
112°  22',  0  =  93° 

48',  7  =  86°  9' 

Analcite. . . 

NaAlSiaOe.HaO 
AloSiOe 

CaS04 

H2Mg7(Si03)s 

Ca(F,Cl)Ca4 

(P04)3 
4(Si:05H2.Ca02 

Ho)KF(?) 
CaCOs 

(Ca,Mn,Na,)2Sb2 
(O,  OH,  F)7 

A.ndalusite 

Anhydrite 

Anthophyllite 

vi; 

4 
4 

\oatite 

Apophvllite. . . 

<4 

2 

Axagonite .  . 

VJJ 

4 

Atopite. . 

8 

Babingtonite 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Name 

Formula 

Crystal 
system 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Bastnasite 

Benitoitc 

Beryl 

(Ce,La)FC03 

BaTiSi309 

Be,3Al2(SiOs)c 

NaCa2Mn2As30i2 

(Fe,Mn)203 

Mg6Cl2Bl4026 

Cu5FeS4 

Approx. 
PtgPdoNbSie 
AuTe 

CaC03 

3Si04AlNa, 
CaC03(?) 
CuFeS2 

Mg3[Mg(F,OH)]2 

(Si04j2 

(Fe,Mg)Cr204 

BeAl204 
H4Mg3Si209 

HgS 

Mg7[Mg(F,OH)]2 

(Si04)4 
(Fe,Mn)(Cb,Ta)2 

Oe 
PtS 

Mg2Si5Oi2.2Al203 

hex. 

hex. 

hex. 

cub. 

cub. 

rhomb. 
cub. 

tetr. 

monocl. 

rhbdr. 
hex. 

tetr. 

monocl. 

cub. 

rhomb, 
rhomb. 

hex. 

monocl. 

rhomb. 

tetr. 

rhomb. 

hex. 

cub. 

tetr. 

tricl. 

rhomb, 
monocl, 

hex. 

monocl. 

monocl. 

hex. 

hex., 

(rhbdr.) 
cub. 
rhomb, 
rhomb, 
monocl. 

hex. 

7.094 ,  4.859 

6.60,  ....,  9.71 

9.21 ,  9.17 

12.36 

9.365 

16.97,  16.97,  12.00 
10.91 

6.37,  .....  6.58 

7.18,  4.40,  5.07,  0  = 
90°  +  30' 
6.361,  a  =  46°  6' 

12.60,  .....5.18 

3.726 ,5.194 

4.733,  10.27,  7.87, 
a  =  109°  2' 
S.35 

4.420,  9.390,  5.470 

14.66,  18.5,  5.33,  0  = 
93°  16' 
4.14,  .....9.49 

4.745,  10.27,  13.68, 
a  =  100°  50' 
5.C82,  14.24,  5.730 

4.91, ,  6.10 

9.78,  17.1,  9.33 

3.802,  .....  16.43 

12.10 

15.17,  ....,24.71 

7.09,  7.72,  5.56,  0  = 

101°  2' 
8.75,  8.01,  7.72 
9.64,  7.62,  4.82,  /3  = 

90°  9' 
12.80,  .....5.35 

10.16,7.30,14.03,0  = 

106°  32' 
9.71,  8.89,  5.24,  0  = 

74°  10' 
14.66,  ....,7.83 

6.02,  a  =  47°  30' 

3.826 

18.20,  8.86,  5.20 
12.71,  7.33,  13.62 
4.63,  14.30,  4.71,  0  = 
100°  16' 
13.01,  a  =  66°  44' 

3 

Berzeliite 

Bixbyite 

16 

8 

Braggite. . .         ... 

c24h 

D36d 

s 

Calaverite 

Calcite 

2 
2 

Cancrinite 

Chalcopvrite 

Chondrodite 

Chromite 

Chrysoberyl 

Chrysotile 

Cinnabar 

c52h 

V16 

2 
8 
4 

D*  or  D36 

c25h 

3 

Clinohumite 

Columbite 

Cooperite 

2 

8 

Cordierite 

Covellite . . 

Dk 

6 

Cryolithionite . . . 

Na3Al2Li3Fi2 
PbCl2CuO>H2(?) 

AbSiOs 

CaB>Si2Os 
CaSi03.HB02 

3Si04AlNa.Ca 

(S04,C12) 
Oa(I03)2.CaCr04 

CaMg(Si03)2 

CuH2Si04 
CaMg(C03)2 

^CaTi03,NaCb03) 
MgSiOs 

NaBeSisCMOH) 
BeSi03.HAl02 

(Na,Ca.Fe)6ZrSi« 
Oi8(OH,Cl) 

Cumengeite 

Cyanite 

Danburite 

Datolite 

Davynite 

cj 

4 

Dietzeite 

4 

Diopside .  . . 

C2h 

Dioptase 

Dolomite 

Dysanalyte 

r2. 

^3i 

1 

Enstatite 

Epididymite 

Euclase 

Eudialyte 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Ni 


Eudidymite. . 
Finnemanite. 

Fluorite 

Garnet 


Gehlenite . 
Granerite. 


Granite 

Haematophanitc. 


Hardystonite . 

Haiiynite 

Helvite 


Hematite 

Hemimorphite 
Heulandite .  . . 


Hornblende 


Humite , 


Ice  (a) 

Ice  03) 

Ice  II  (low  temp.) 


Ice  III 

Ilmenite 

Jaeobsite. .  . 
Julienite 

Kaliophilite. 
Kernite 

Krennerite. . 
KuDfferite . . 

Lautarite. . . 


Leucite 

Magneto-plumbite 

Manganite 

Marcasite ........ 

Mauzeliite 

Melilite 

MeHphanite 

Metacinnabar 


Formuh 


NaBeSi.-i07(OH) 

9Pb0.3As2()3. 
PbCb 
CaF2 

(Fe",Mn");iAl-; 
(Si04)3 


Crystal 
system 


H2Fe7(Si03)s 

Al>Ca3(Si04)3 

Pb(Cl,OH)2.4PbO. 

2Fe>03 
CaaZnSbO; 
cub. 
Bc.((Mn,Fe)3 

(Si04)3MnS 
Fe203 

Zn2Si04.H20 
H4CaAl2Sir,Ois. 
3H20 

H2(Ca,Na,K)>-3 
(Mg,Fc,Al)6[(Si, 
ADO* 

Mg6[Mg(F,OH)]. 

(Si04)3 

H20 
H2O 

H20 

H2O 

FeTi03 

(Mg,Mn.Fe)Fe-04 

Na2Co(SCN)4. 
8H2O 
KAIS1O4 

Na2B407.4HiO 

AuTe2 
H2Mg-(Si03)s 

Ca(I03)> 

K20.Al>03.4Si02 
2(Pb,Mn)0. 
3Fe203 
Mn(OH)0 

FeS2 

(Ca8,Na2)(Sb8,Ti2) 

03iF4 
(Ca,Na)2(Mg,Al) 

(Si.ADiOr 
(Ca,Na)2Be(Si. 

A1)2(0,F)7 
HgS 


monot'l. 

hex. 

cub. 

cub. 

tetr. 
monocl. 


Space 
group 


Of, 

o;; 


cub. 
tetr. 

tetr. 


0- 


cub. 

hex. 

rhomb, 
monocl. 

monocl. 

rhomb. 

hex. 

rhbdr. 
rhomb., 
f.c. 
rhomb. 

rhbdr. 

cub. 
tetr. 

hex. 
monocl. 

rhomb, 
monocl. 

monocl. 

tetr. 
hex. 

monod. 

rhomb, 
cub. 

tetr. 

tetr. 

cub. 

2075 


ix;. 


Deh(?) 

C3i  or  C3 

Vr!1 


01 


c42h 


V-'ol 


vg 


T;f 


Lattice  constants 


a,     b,     c,      Ax.  ang. 


Mol. 


12.62,  7.37,  13.99.  B 
103°  43' 
10.21,  ....,  6.97 

5.451 

11.40 

11.11, 5.06 

9.4,    17.9.   5.27,  8  ■- 
ca  74° 
11.83 

7.80,  ....,  15.23 

7.83,  .....4.99 
9.04 

8.25 

5.42,  a  =  55°  17' 

8.41,  5.14,  10.73 
7.54,  17.97,  15.91, 

6  =  83°  34' 
ca  9.8,  17.9.  5.28,  8  ■■ 

ca  74° 

4.738,  10.23.  20.86 

4.52 7.34 

4.52, 7.34 

7.80,  4.50,  5.56 

10.20,  5.87,  7.17 

5.40 


8.42 
9.22, 


5.56 


15.59 8.59 

6.96,  9.14,  15.52,  0 
108"  52' 
16.51,  8.80.  4.45 

9.7,   17.8,  5.25,  8 

ca  74° 
7.18,  11.38,  7.32,  8 

106°  22' 

12.95,  ....,  13.65 
6.06,  ....,23.69 

8.86   5.24,  5.70,  8 
90° 
3.35,  4.40,  5.35 

12.30 

7.73,  .  .    . ,  5.01 

7.47,    ...,4.92 
5.84 


X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Name 

Formula 

Crystal 
system 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Metavoltine 

K5H7(S04)g. 
3Fe03H3.H20 
4AgI.CuI 

hex. 
cub. 

19.43,  ...  .,  18.60 
6.35 

8 

Miersite 

Tf, 

4 

Millerite 

Mimetite 

NiS 

9PbO.3As.Oo. 
PbCl2 
CaMgSiOi 

Fe(Cb,  Ta),.0,; 

hex., 

(rhbdr.) 
hex. 

rhomb, 
tetr. 

c?v 

5.655,  «  =  116°  36' 

10.01 ,7.28 

4.815,  11.08,  6.37 
4.71,  ....,9.12 

3 

1 

Monticellite 

Mossite 

d;;, 

2 

Muscovite 

Natrolite 

Nephelite 

KH2Al2Si3A10i2 

Na-'AbSiaOi,;. 

2H20 
NaAlSi04 
Na2FeSi-.O0.Si. 

TiO,; 
Mg(F,OH)-»Mg2 

Si04 

(Mg,Fe")2Si04 

monoel. 
rhomb. 

hex. 

monoel . 

rhomb. 

£U0 

5.18,  9.02,  20.04,  0  = 
95°  30' 
18.19,  18.62,  6.58 

10.09, 8.49 

16.54,    12.64,    10.04, 
0  =  115°  38' 
4.70,  10.2,  8.72 

8 

Neptunite 

Norbergite 

Vj. 

4 

Olivine 

rhomb. 

Vf, 

4.77, 6.00 

4 

Pentlandite 

(Ni,Fe)S 

cub. 

Of, 

10.00 

32 

Perovskitc 

CaTiOa 

cub. 

o!. 

3.80 

1 

Petalite 

Phenacite 

LiAlSi04.3SiO> 

Be.Si04 
Pb0.2Fe20.f 

monoel. 

hex. 
hex. 

11.77,  5.13,  15.17, 
8  =  112°  44' 
7.684,  a  =  108°  1' 
11.86, 47.14 

Plumbof  errite 

42 

Pollucite 

[Si4Al20l2]Cs2. 

H20 

Ni3S4 

cub. 
cub 

Of 

OL 

13.71 
9.65 

? 

Polydymitc 

8 

Proustite 

Ag3AsS3 

5PbCl>.4CuO. 
6H2O 

Fe2Ti05 

rhbdr. 
trig, 
tetr. 

rhomb. 

a 

Pseudo-boleite .... 

15.4, 31.2 

9.78,  9.80,  3.65 

12 

Pseudobrookite..  .  . 

4 

Pyrargyrite 

Pyrite 

AgaSbSs 

FeS2 

rhbdr. 
trig. 
cub. 

c6 

DJ  or  D« 

5.404 

4 

Quartz  (a) 

Si02 

hex. 

4.903 5.393 

3 

Rhodonite 

Rutile 

MmCa(Si03)5 

TiO> 

nNa4Al3Si9024Cl+ 
m  Ca4AleSi6025 
CaW04 

Al203.SiO> 

CoAsa 

tricl. 

tetr. 

tetr. 

tetr. 

rhomb. 

cub. 

c,6h 

7.77,  12.45,  6.74,  a  = 
85°  10',  8  =  94°  4', 
7  =  111°  29' 

4.58, 2.95 

12.72,  .....  7.66 

5.24,  ....,  11.38 
7.43,  7.58,  5.74 
8.18 

2 

Scapolite 

2 

Scheelite . . . 

4 

Sillimanite. . . 

Skutteruditc 

n 

8 

Sodalite 

Na4Al3Si30i2Cl 
Al2Mg04 

cub. 
cub. 

8.87 
8.09 

Spinel 

oL 

8 

Spodumene 

Staurolite 

Li2O.Al203.4Si02 
Fe(OH)2.2Al2Si05 

monoel. 
rhomb. 

9.50,  8.30,  5.24,  8  = 
69°  40' 
7.82,  16.52,  5.63 

4 
4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Name 

Formula 

Crystal 

system 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

SuLfohalite 

Sulvanite 

2Na?S04.NaCl. 

NaF 
CU3VS4 

3MgO.4SiO2.H2O 

CtiiSbSa 

Sc2Si207 

Na2B407.5H20 
Na2B407.5H20 
CaTiSiOs 

AI2F2S1O4 

cub.,  f.c. 

cub. 

pseudo- 
hex. 

(monocl. 
or 
rhomb.) 

cub. 

monocl. 

hex. 

ihbdr. 

monocl. 

rhomb 

hex. 
monocl. 

rhomb. 

hex. 

hex. 

hex. 

hex. 
tetr. 
monocl., 
one-f.c. 
cub. 
hex. 
monocl. 

hex. 

tetr. 

cs4 

10.08 

5.370 
5.25 

10.32 

6.56,  8.58,  4.74,  0  = 
103°  8' 
11.3 ,20.9 

9.46,  a  =  71°  42' 

6.55,  8.70,  7.43,  /3  = 
119°  43' 

4.64,  8.78,  8.37 

16.23,  .....7.26 

9.78,  17.8,  5.26,  /3  = 
73°  58' 
9.88,  17.1,  16.3 

5.03 ,8.22 

16.11,  ....,  7.60 

7.124,  ....,  7.280 

4.120,  .....  8.556 

22.03, 11.89 

9.997,    13.37,    4.696, 

0  =  104°  16' 
27.33 

8.63,  <x  =  107°  45' 
15.31,7.35,  7.08, /3  = 

95°  25' 
3.811,  ....,  6.234 

6.58, 5.93 

4 

1 

Talc 

Tetrahedrite 

Thortveit  ite 

Tincalconite 

9 

Tincalconite 

Titanite 

c1 

3 

Topaz 

4 

Tourmaline 

Tremolite 

Tridymite  (a) 

Tridymite  (0) 

Trimeritc 

H2Ca2Mg5(Si03)s 
SiOi 

BiOa 

Be(Ca,Mn)Si04 
(Ce,La....)Fa 
CaC03 

64 
64 

Tysonite 

Vaterite 

DSL 

6 

Vesuvianite 

Vivianite 

Voltaite 

3FeO.P2O5.8H2O 

20 

Willemite 

Zn>Si04 
CaSiOs 

Wollastonite 

Wurtzite 

tV9 
u4h 

Zircon 

ZrSi04 

4 

Metal-Organic  Compounds 

Lattice  constants 

Substance 

System,  struct,  type 

Space 
group 

Mol. 

a,     b,     c,     Ax.  ang. 

Aluminum 

acetylacetone 

monocl 

C°2h 

14.1,  7.42,  16.5,  0  = 
98°  54' 

4 

Ammonium 

9.30,  6.70,  6.735,  /3  = 

2 

chlorofumarate 

monocl. 

c:; 

108°  25' 

7.00,  7.44,  6.56,  a  = 

2 

hydrogen  fumarate. . 

tricl. 

cj 

107°l',/3  =  117°  58', 
7  =  69°  16' 

oxalate  +  IH2O  .... 

rhomb. 

V3 

8.06,  10.34,  3.82 

2 

Barium 

dicalcium  propionate 

cub. 

oL 

18.20 

8 

formate 

rhomb, 
tetr. 

V4 
^>4h 

6.78,  8.89,  7.68 
7.57,  .....  10.28 

4 

succinate 

4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Beryllium 
oxalate +  3H20.... 

oxyacetate 

oxypivalate 

oxypropionate 

Bismuth 

chloride  thiourea 

cobalticyanide 

thiourea 
Calcium 
barium  propionate. 

formate 

Chromium 

acetylacetone 

Cobalt 

acetylacetone 

Cupric 

formate  +  2H2O. .  . . 
Gallium 

acetylacetone  {a) .  .  . 

acetylacetone  (0) 

acetylacetone  (7) .  . . 
Germanium 

tetraphenyl 

Indium 

acetylacetone 

Iron 

acetylacetone 

Lead 

formate 

tetraphenyl 

Lithium 

acetate 

buty^,te 

iso-butyrate 

caprylate 

crotonate 

formate 

formate  +  H2O 

heptylate 

laurate 

nonylate 

oleate 

oxalate 

propionate 

stearate 

trimethylacetate 

undecylate 

undecylenate 

valerate 

i  so-valerate 


System,  struct,  type 


rhomb, 
cub. 
monocl. 
monocl. 

hex. 
hex. 

cub. 
rhomb. 

monocl. 

monocl. 

monocl. 

monocl. 

rhomb. 

rhomb. 

tetr. 

rhomb. 

rhomb. 

rhomb, 
tetr. 

rhomb. 

hex. 

tetr. 

hex. 

hex. 

monocl. 

rhomb. 

tetr. 

tetr. 

tetr. 

hex. 

rhomb. 

rhomb. 

hex. 

cub. 

tetr.(?) 

hex.  (?) 

tetr.(?) 

rhomb.(?) 


Space 
group 

Lattice  constants 

Mol 

a,     b,     c,     Ax.  ang. 

Vff 

6.37,  7.53,  12.45 

4 

n 

15.72 

8 

<4 

19.3,  12.4,  35.4,  0  = 

91°  21' 
16.00,  9.76,  9.15,  0  = 

116°  r 

8 
2 

3 

14.81,  a  =  111°  54' 

1 

»li 

9.13,  a  =  100°  30' 

1 

j; 

CM 

18.3 

'1 
8 

vff 

10.16,  13.38,  6.26 

8 

C2h 
C2h 

14.2.  7.62,  16.5,  0  = 

99°  8' 
14.2,  7.50,  16.4,  0  = 

98°  38' 
8.952,  6.726,  8.235 

4 
4 
4 

r7 

^2v 

14.0,  7.63,  16.3,  0  = 
99°  12' 
8.20,  13.1,  16.3 

4 
4 

p9 

15.71,  13.74,  32.76 

16 

VJ 

11.60.,  ....,6.85 

2 

C7 

8.24,  13.4,  16.5 

4 

15.74.  13.68,  33.0 

16 

V4 

6.52,  8.75,  7.41 

4 

n 

12.06 ,  6.50 

2 

12.80.  11.63  7.43 

27.7 ,  10.1 

19.75,  ....,9.25 

42.1, 109 

24.8,  ....,  10.7 
7.61,  6.03.  4.87,  0  = 
95°  42' 

12 

48 
24 

72 

48 

4 

r<9 
^2v 

6.49,  10.01,  4.85 

4 

27.4   9.3 

28.3 ,  11.7 

36.6 ,9.3 

64.6,  ....,9.5 
6.58,  7.74,  6.61 
1698,  12.15,  9.45 

62.5 ,9.8 

18.56 

41.8,  ....,9.2 

52.6,  ....,9.5 
24.5,  ....,9.4 

11.7,  8.70,  6.93 

32 

24 

48 

72 

4 

16 

72 

36 

48 

72 

32 

4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Manganese 
acetyl  acetone 

monocl. 
rhomb. 

14.1,  7.68,  16.5,  0  = 
99°  24' 

7.62.  15.74.  10.95 

4 

Potassium 
acid  chloromaleate. . 

vff 

8 

bitartrate 

7.614,  10.70.  7.80 
4.88,  1800,  7.65 

4 

borotartrate 

rhomb. 

v2     • 

2 

chlorosulfoacetate. .  . 

rhomb. 

vj4 

8.58,  8.60,  23.76 

8 

mesotartrate  + 
2H20 

rhodium  oxalate 

Rubidium 
tartrate 

tricl. 

hex. 
hex. 
rhomb. 

D3  or  T>\ 
Dj  or  Dj 
Clv  or  Vg 

7.02,6.90,  11.02  ,«  = 
95°    44',    0  =■■  102° 
52',  7  =  61°  46' 

11.28,  .....20.25 

7.17, 13.19 

8.20,  13.52,  16.15 

2 

6 
3 

Scandium 

acetylacetone 

Silicon 

tetraphenyl 

Silver 

uranyl  acetate 

Sodium 

acid  acetate 

4 

tetr. 
tetr. 

11.50,  6.97 
12.98,  .    ..,28.10 

2 
16 

cub. 

Tn 

15.9 

24 

palmitate  (a)  (below 

42.7°C) 
palmitate  (/3)  (above 

42.7CC) 
stearate  (a)    (below 

51.5°C) 
stearate   (0)    (above 

51.5°C) 

uranyl  acetate 

Strontium 
formate  . . 

rhomb. 

monocl. 

rhomb. 

monocl. 

cub. 

rhomb 
rhomb. 

tricl. 

tetr. 

D9* 

T4 

V* 

8.06,  9.24,  47.70 

7.83,  5.40 

8.04,  9.24,  51.77 

7.80.  5.33, 

10.670 

6.86,  8.72,  7.24 
7.30,  11.99,7.13 

13.26,     16.12,     7.63, 
a  =  75°    54',    0  = 
86°  37',  7  =  82°  14' 

11.83,  ...   ,  6.42 

8 
4 
8 
4 
4 
4 

formate  -4-  2H20. .  .  . 
Thallium 

mesotartrate 

Tin 

tetraphenyl 

4 
4 

2 

Organic  Compounds 


Acenaphthene 

Acetaldehyde  ammonia 

Acetamide 


Acetonyl  pyrrole 

Acetoxybisnorallochol- 

anic  acid 
Acetyl  ened  icar  boxy  1  i  c 

acid 
Acetylsalicylic  acid. . . 


Adipic  acid 


rhomb, 
hex. 

hex. 

tetr. 
monocl. 

monocl. 

monocl. 

monocl. 


Cj  or  C44 


C2h 

C2h 


8.32,  14.15.  7.26 

8.18,  a.  =  84°  50' 

8.05,  a  =  91°  17' 

10.09, 23.85 

57.1,  7.69,  19.45,  /8  = 

97.5° 
7.88,  9.04,  6.62,  0  = 

111°  6' 
11.37,6.54,11.37,3: 

95.7° 
10.27,  5.16, 10.02,  &  ■■ 

137°  5' 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

c.     b,     c,     Ax.  ang. 

Aminoazobenzene  (p). . 

monocl. 

rhomb. 

rhomb. 

rhomb. 

rhomb. 

monocl. 

rhomb. 

rhomb. 

rhomb, 
rhomb, 
monocl. 

monocl. 

monocl. 

monocl. 

monocl. 

monocl . 

monocl. 

tricl. 

rhomb. 

monocl. 

monocl. 

hex. 
monocl. 

13.69,  5.604,  14.18,  0 

=  81°  49' 
7.26,  7.71,  19.51 

6.14,  11.10,  8.38 

8.25,  5.32,  13.06 

12.07,  11.85,  5.82 

8.58,  6.02,  11.18,  0  = 
125° 

4 

Aminophenol  (o) 

Aminophenol  (m) 

Aminophenol  (a  —  p) . . 
Aminophenol  (0  —  p) .  . 
Anthracene 

T7-15 
Vh 

U2v 

C5 

c2v 

vg 

K 
v» 
v« 

<4 

C2h 
C2h 

8 
4 
4 
6 
2 

Anthranilic  acid  I 

8 

Anthranilic  acid  II 

8 

Anthraquinone 

Arabinose 

Azelaic  acid  (a) 

Azelaic  acid  (0) 

Azobenzene 

Azotoluene  (o) 

Azoxyphenetol  (p) 

12.05,  15.05.  2.69 
6.48,  19.30.  4.81 

9.72,  4.83.  27.14,  0  = 

129°  30' 
5.61,  9.58,  27.20,  0  = 

136°  30' 
12.65,  6.06.  15.60, 0  = 

114°  24' 
13.93.  6.604,  14.55,  0 

=  101°  4' 
15.9,  5.42,  17.5,  0  = 

94°  20' 
9.551,  4.686.  59.10, 

0  =  53°  30' 
7.91.  6.43,23.96,5  = 

99° 
7.94.  6.02,  13.5,  a  = 

80°  40',  0  =  67°  50'. 

7  =  92°  40' 
9.76,  7.39.  6.85 

8.44,  4.04, 17.3, 0  = 

116°  30' 
S.10,  3.86,  16.68, 0  = 

116°  50' 
8.15,  .....  13.46 

5.44,  5.18,  21.6. 0  = 
97°  5' 
10  17.  12.06,  7.98 

9.63.  4.82,  37.95.  0  = 

128°  2(y 
11.039,  4.904,  52.84, 

0  =  43°  17' 
7.75,  9.5,  25.0.  0  = 

105° 
17.46, 10.74, 5.48. 0  = 

94°  15' 
5.00, 13.2,11.1, 0  = 

90° 

7.79,  .....10.26 
8.14, 10.3, 9.14, 0  = 

62° 
8.3, 10.3, 7  J,  0  =  84° 

2 
4 
4 

4 

4 

4 

Behenolic  acid 

Benzanthracene  (1:2).  . 
Benzanthracene (2:3) .  . 

Benzene  (-20°C) 

Benzene  hexabromide.  . 
Benzene  hexachloride . . 
Benzil 

<4  or  C52h 

^2h 
C2h 

d;  or  d; 
d; 

Cjh  or  C|h 

C2h 

C2h 

C| 

4 

4 

2 

4 
2 
2 
Z 

Benzoic  acid 

4 

Benzophenone 

4 

Brassylic  acid 

monocl. 

monocl. 

monocl. 

monocl. 

monocl. 

tetr. 
monocl. 

monocL 

4 

Bromostearic  acid 

Carotene  (0) 

4 

2 

Catechol 

8 

Cellobiose  (d) 

2 

Cellulose 

£ 

Cellulose  hydrate 

4 

Cellulose  natural 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Cetyl  palmitate. 


Chlorobromobenzene 

(P) 
Chloronaphthalene 

tetrachloride  (a) 
Cholestane  dibromide . 

Cholestanedione 

Cholesteryl  acetate . .  . 


Chrysene 

Cinnamic  acid  (trans) 

Cyanuric  acid 

Cyanuric  triazide 


Cyclohexane-a-diol- 1 ,2 
Cyclohexane-0-diol-l  ,4 
Cyclohexane-7-diol- 1 ,2 

Cyclohexyl  diacetate-1, 

4(/3) 
Cvolopentenophenan- 

threne  (1:2-) 
Dibenzalpentaerythri- 

tol 
Dibenzcarbazole 

(1:2:5:6-) 
Dibenzcarbazole 

(1:2:7:8-) 
Dibenzcarbazole 

(1:2:7:8-) 
Dibenzcarbazole 

(3:  4:  5:  6-) 
Dibenzyl 


Dibromobenzene  (p) . . 

Dibromotetramethyl- 

ethane  (sym.) 
Dichlorobenzene  (p) . . 

Dichloronaphthalene 

tetrachloride 
Dicyanodiamide 


Diethyl  phthalyl  ketone 
Diiodoethane  (sym.) . . 
Diiodoethane  (sym.) . . 
Diiodoethylene  (sym.) 
Diiodoethylene  (sym.) 
Dimesityl 


System,  struct,  type 


monocl. 
monocl. 
monocl. 


monocl. 

monocl. 

pseud,  rhomb. 

hex. 
rhomb. 

monocl. 

monocl. 

monocl. 

monocl. 

hex. 

rhomb. 

monocl. 

rhomb. 

rhomb. 

monocl. 

monocl. 

tetr. 

monocl. 

monocl. 

monocl. 

tetr. 

monocl. 

rhomb. 

monocl. 

rhomb. 

monocl. 


Space 
group 


'2h 


•h 


lb 


C2h 


^2h 
C2h 

Di 


d;  (?) 

C2h 


D10 
4h 

C2h 

C2h 


Lattice  constants 


Ax.  ang. 


5.61,  7.42,  88.79,  0  = 
61.3 

15.15,  4.12,  5.81,  0  = 

113°  9' 
8.245,  10.1, 15.78, 0  = 

116°  12' 
20.8,  11.27,  10.72, 

0  =  90° 

19.6,  7.62,  7.9, 0  =  93° 
16.3,  9.35,  17.5, 0  = 

73.6 
8.34,  6.18,  25.0, 0  = 

115.8° 
11.65,  14. 10. 4.26, 0  = 

98°  36' 
7.90,6.74,9.04,0  = 

90° 
8.73,  .....5.96 

7.62,  8.55,  19.57 

6.32,  21.2,  7.27,  0  = 

96.0° 
19.13,  9.92,  7.23,  0  = 

1«3.9° 
13.56,  5.83,  6.72,  0  = 

107.4° 
18.38,  5.83,  23.61, 0  = 

114.3° 
6.03,  .....  36.7 

31.10,  9.65,  26.61,  0  = 

90° 
14.63,  7.64,  12.08, 0  = 

96° 
10.27, 10.26,  50.5, 0  = 

90° 

14.07,  6.10, 15.36,0  = 
90° 

12.82,  6.18,  7.74,  0  = 
116° 

15.46,  4.11,  5.80,  0  = 
112°  38' 
10.45,  ....,8.14 

14.83,  4.10,  5.88,  0  = 
112°  30' 

7.S,  12.3, 13.9,0  = 

116°  14' 
13.8,4.4,6.2,0  =  90° 

35' 
7.25,  .....20.47 


7.582,  12.897,  5.810 


7.280,  13.310,  5.553 

8.21,  8.58,  22.25,  0  = 
96°  30' 


Mol. 


4 
4 

4 

2 
8 

6 

8 
2 
8 
3 

24 
4 

16 
4 
2 
2 
4 
2 
4 
4 
4 
2 
4 
2 
4 
4 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 
a,     b,     c,     Ax.  ang. 

Mol. 

Dimethyldiethyl     am- 
monium chlorostan- 
nate 

Dimethylethyl     sulfo- 

tetr. 

cub.(?) 

rhomb. 

monocl. 

rhomb. 

monocl. 

monocl. 

rhomb, 
monocl. 

monocl. 

monocl. 

0.06,  .....  14.12 

12.80 

4.53,  10.9,  5.14 

7.95,  13.0,  7.45,  0  = 
112°  V 
13.3,  14.2,  3.82 

11.3,  5.55,  5.8, /3  = 
92°  18' 
11.5,  5.49,  7.2, 0  =  98° 

14.12,  11.90,13.75 

8.11,5.67.9.57,0  = 

94°  30' 
8.08.  5.60,  13.59,  0  = 

91°  55' 
7.71,  11.70,  13.31/sin 

0,  0  =  97° 
11.89,  12.95,  6.99 

25.08,  8.68,  11.92 

12.85,  6.27,  14.96 

S1.5,  ....,  10.8 

8.61,  11.60,  9.05,  0  = 

113°  45' 
11.57,5.77,7.03,0  = 

113.3° 
26.5,  . . . . ,  10.3 
24.68,  6.93,  6.78 

12.74,  6.20,7.62,0  = 
100°  48' 

25.49,  6.48,  6.91 

12.64.  6.15,  7.34,  0  = 

102°  6' 
11.39,  6.83,  15.62 

25.66,  7.33,  19.14 

34.8,  7.58,  10.48,  0  = 

92.6° 
31.1.  9.58,  10.60,  0  = 

95.0° 
32.2,7.91,25.3,0  = 

92.1° 
12.76,  .....  6.83 

4.46,  ....,8.19 
6.46,  4.87,  4.14 
5.96,  ....,  17.99 

21.50,  6.90,6.89,0  = 
91°  10' 

2 

nium  chlorostannate 
Dimethylurea  (1,2)... 

Dinitrobenzene  (o)  . .  . . 

Dinitrobenzene  (m) 

Dinitrobenzene  (p) . . . . 

4,  6-Dinitro-l,3-xylol.. 

Diphenic  acid 

r7 

^2v 
C2h 

2 
4 
4 
2 

2 
8 

Diphenyl 

Diphenylbenzene  (/») .  . 
Diphenylbutadiene. .  .  . 
Diphenylfurazane 

2 
2 

4 

Diphenylglyoxime  (a) . 

Diphenylglyoxime  per- 
oxide 
Distearin  (a,  a') 

monocl. 

monocl. 

hex. (?) 
monocl. 

monocl. 

tetr.  (?) 
rhomb. 

monocl. 
rhomb, 
monocl. 
rhomb, 
rhomb. 

8 
4 

48 

Dulcitol 

ck 

4 

Durene 

2 

Elaidic  acid  . 

16 

Ephedrine     hydrobro- 
mide  (d) 

Ephedrine     hydrobro- 
mide  (0 

Ephedrine    hydrochlo- 
ride (d) 

Ephedrine    hydrochlo- 
ride (0 

Ephedrine  hydroiodide 

Ephedrine  hydroiodide 

U) 

Ergosterol  acetate 

V* 

cl 

V4 

C2 
V4 

V3 

Ergosterol  acetate- 
maleic  anhydride  I 

Ergosterol  acetate- 
maleic  anhydride  II 

Erythritol  (i) 

E  thane 

Ethylene  (-175°C) .. . 

Ethylene  diamine  sul- 
fate 

Ethylene  oxide  dicar- 
boxylic  acid  (cis.) 

monocl. 

monocl. 

tetr. 

hex. 

rhomb. 

tetr. 

monocl. 

cj 

cl 

DJ  or  Ds4 

C2h 

8 

2 

2 
4 

8 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Euly  tine . 
Fluorene . 


Fructose  (d) . 
Furaaric  acid . 


Glucose  (rf) 

Glutaric  acid  («) 

Glutaric  acid  (0) . 

Glycine 

Glyoxaline 


Glyoxaline-4-sulfonic 

acid 
Guanidine  carbonate. 

Guanidine  dichromate 

Guanidine    monochro- 
mate 

Guanidine  tartrate  (d) . 

Guanidine  trichromate 

Guanidonium  bromide. 

Guanidonium  iodide. . . 

Harmine 

Hexaminobenzene 


System,  struct,  type 


Hexabromobutylene . 

Hexachlorethane 

(above  71°C) 
Hexachlorobenzene. . 

Hexachloroethane . . . 


Hexadecanedicarbox- 

ylic  acid 
Hexaethylbenzene 


Hexahydrobenzene 
hexabromide  (0) 

Hexahydrobenzene 
hexachloride  (0) 

Hexamethylbenzene . 


Hexamethylethane 
(above  -125°C) 

Hexamethylenetetram- 
ine 

Hexane  (a  —  n) 


cub. 

monocl. 

rhomb, 
monocl. 

rhomb, 
monocl. 

monocl. 

monocl. 

monocl. 

tetr. 

tetr. 

monocl. 

tricl. 

monocl. 

monocl. 

rhomb. 

hex. 

rhomb. 

cub. 

monocl. 

cub. 

monocl. 

rhomb. 

monocl. 

tricl. 

cub. 
cub. 
tricl. 

cub. 
cub. 
rhomb. 


Space 
group 


°2h 
V4 

V4 

(4 


v;, 


T>\  or  D* 


vh 


T6 
T. 


Lattice  constants 


b,     c,     Ax.  ang. 


10.272 

8.48,  5.73,  19.24,  0  = 

101°  53' 
8.06,  10.06,  9.12 

7.60,  15.11,6.61,0  = 
111°  5' 
10.40.  14.89,  4.99 

10.34,  5.08,  32.9.  0  = 

129° 
10.06,4.87,17.4,0  = 

132°  35' 
5.1,  11.9,5.43,0  = 

1110  38' 
7.67.  5.44  5.12,  0  = 

63°  11' 
11.08,  ....,9.22 


Mol. 


6.95, 


19.45 


(0.8232:1:0.6942),  0  = 

100°  0' 
(1.1013:1:1.041)  (?), 

a  =  82°  34',  0  = 

90°  10',  7  =  53°  20' 
(0.7056:1:0.3366), 

0  =  104°  57' 
(1.6S6:1:  2.138), 

0  =  122°  48' 
6.77,  8.64,  8,305 

7.19, 12.30 

19.22,  9.57,  5.78 
15.14 

11.5,  6.40,  10.0,  0  = 
44°  27' 
7.43 

8.07,  3.84,  16.61,  0  = 
116°  52' 
11.51,  10.14,  6.39 

9.76,  4.92,  25.10,  0  = 

131°  10' 
9.90,  9.84,  6.10,  a  = 

58°  5',  0  =  103°  54', 

7  =  123°  43' 
10.49 

10.07 

9.01,  8.926,  5.344,  a  = 
44°27',0  =  116°  43', 
7  =  119°  34' 

7.69 

7.02 

3.51,  4.26,  11.6 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued 


Substance 


Hexanc  (0  —  n) 

Hydrazobenzene 
Hydrobenzoin,  iso- . . 

Hydrocinnamic  acid. 

Hydroquinol 


System,  struct,  type 


Hydroxycholestenone 

dibromide 
Iodobenzoic  acid  (o) .  . 


monocl. 

rhomb, 
monocl. 

monocl. 

monocl. 


monocl. 


Iodobenzoic  acid  (m) .  .    monocl. 
Iodoform hex. 

Iodosuccinimide tetr. 

I 

Inositol  (i) monocl. 

Inositol  (0 '  monocl. 

Inositol  dihydrate  (i) .  . .  monocl. 
Laurie  acid monocl 


Malachite.. 
Maleic  acid. 


Maleic  anhydride . 
Malonic  acid 


Malonic  acid  (a) . 


Mannitol  (</). 
Mannose 

Metaldehyde. 
Methane 


monocl. 

monocl. 

rhomb. 
tricl. 

rhomb. 

rhomb, 
rhomb. 

tetr.,  b.c. 
cub. 


7-Methoxy-l:  2-cyclo-      monocl. 

pentenophenanthrene 
7-Mcthoxy-3':  3'-di-        monocl. 

methyl- 1 : 2-cyclopen- 

tenophenanthrene 
Methylbixin 


Methyl  glycoside  (a) .  . 
Methyl  oxalate 


monocl. 

rhomb, 
monocl. 


Methyl  tartrate rhomb. 

Methyl  urea j  rhomb. 

Methyl  xyloside  |  monocl. 

(0  -  d) 
Monoamyl  ammonium    tetr. 

bromide  (n) 


Space 
group 


Lattice  constants 


a,     b, 


Ax.  ang. 


2h 


C"  or  C 


Bfa 


CjorC* 


2h 


^2h 


ih 


CI 


2h 


c 


r5 

^2h 


2h 


2h 


2h 


3.87,  4.61,  12.0,  0  = 
120° 
11.10,  9.93,  9.33 

12.40,  7.92,  5.81,  0  = 

92°  53' 
12.90,  9.20,  6.98,  0  = 

103°  36' 
13.58,  5.22,  8.13,  0  = 

107° 
15.35,7.58,  11.55,0  = 

93.7° 
11.30,  15.17,  4.336, 

0  =  90°  43'  47" 
6.206,  4.683,  25.14 


6.87 
6.29, 


15.55 


6.64,  12.0,  19.7,  0  - 

105.8° 
6.17,  9.11,  6.83,  0  = 

106.6° 
8.98,  16.59.  6.49.  0  - 

109.s° 
9.73,  4.98,  36.9,  0  = 

48°  6' 

9.38,  11.95,3.18,0  = 

91°  3' 
7.49,  10.14,  7.12,  0  = 

117°  7' 
6.58,  11.43,  5.90 

8.36,  5.33,  5.14,  a  = 
94°  56',  0  =  103°  56', 
7  =  71°  30' 

8.70,  11.53,  17.05, 

0  -  90° 

8.66,  16.58,  5.501 
7.62,  18.18,  5.67 

10.40, 4.11 

5.S9 

29.9,  5.68,  8.49,  0  = 

117.5° 
8.75,  6.21,  28.02,  0  = 

95.0° 

10.56,  13.4,  20.62 

10.80,  14.60,  5.61 

3.93,  11.84,6.17,0  = 
103°  22' 

18.50,  10.00,  8.45 
6.89,  6.96,  8.45 

7.82,  6.89,  7.74,  0  = 

113°  10' 
5.00 16.95 


2084 


X-RAY  CRY 

STALLOGRAPHIC  DATA  (Continued) 

Lattice  constants 

Substance 

System,  struct,  type 

Space 
group 

Mol. 

a,     b,     c,     Ax.  ang. 

Monoamyl  ammonium 

tetr. 

5.01,  .....  16.69 

chloride  (n) 

Monoamyl  ammonium 

tetr. 

5.18, 17.42 

iodide  (n) 

Monobutyl  ammonium 

tetr. 

5.02,  .....  15.23 

bromide  (n) 

Monobutyl  ammonium 

tetr. 

5.02,  .....  14.85 

chloride  (n) 

Monobutyl  ammonium 

tetr. 

5.18,  .....  15.30 

iodide  (n) 

Monodecyl  ammonium 

tetr. 

5.18,  .....  28.09 

iodide  (n) 

Monoethyl  ammonium 

monocl. 

8.32,  6.24,  4.63,  /3  = 

bromide 

S6°  59' 

Monoethyl  ammonium 

hex. 

7.13,  .....8.53 

chloroplatinate 

Monoethyl  ammonium 

hex. 

7.24 ,8.41 

chlorostannate 

Monoethyl  ammonium 

monocl. 

8.68,  6.63,  4.81,  /S  = 

iodide 

87°  54' 

Monoheptyl    ammoni- 

tetr. 

4.96, 21.09 

um  chloride  (n) 

Monoheptyl    ammoni- 

tetr. 

5.18,  ....,21.82 

um  iodide  (n) 

Monohcxyl  ammonium 

tetr. 

4.93,  ....,19.78 

bromide  (n) 

Monohcxyl  ammonium 

tetr. 

4.98,  .....  19.55 

chloride  (») 

Monohcxyl  ammonium 

tetr. 

5.18,  .....  19.50 

iodide  (n) 

Monomethyl  ammoni- 

cub. 

12.44 

um  aluminum  alum 

Monomethyl  ammoni- 

tetr. 

5.09,  ....,8.76 

um  bromide 

Monomethyl  ammoni- 

tetr. 

4.28,  ....,5.13 

um  chloride 

Monomethyl  ammoni- 

hex. 

8.31,  a  =  48°  46' 

um  chloroplatinate 

Monomethyl      ammo- 

hex. 

8.42,  a  =  50°  14' 

nium  chlorostannate 

Monomethyl      ammo- 

tetr. 

5.11,  ....,8.97  . 

nium  iodide 

• 

Monomethyl     triethyl 

cub. 

13.51 

ammonium     chloro- 

stannate 

Monomethyl     triethyl 
phosphonium  chloro- 

cub. 

13.93 

stannate 

Monooctyl  ammonium 

tetr. 

5.18,  ....,23.70 

iodide  (n) 

Monopropyl       ammo- 

tetr. 

4.57,  .....7.36 

nium  bromide  (n) 

Monopropyl       ammo- 

tetr. 

4.48,  ....,7.40 

nium  chloride  (n) 

Monopropyl       ammo- 

tetr. 

4.85,  . . . . ,  7.33 

nium  iodic1  e  (n) 

Myristic  acid 

hex. 

57.4,  ... .,  11.4 

72 

Naphthalene 

monocl. 

ck" 

8.34,  5.98,  8.68,  £  = 
122°  44' 

2 

Naphthalene  tetrabrc- 

monocl. 

C* 

10.75,  8.97, 13.25,  £  = 

4 

mide 

112°  57' 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System,  struct,  type 

Space 
group 

Lattice  constants 

Mol. 

a,     b,     c,     Ax.  ang. 

Naphthalene        tetra- 
chloride 
Naphthol  (a) 

Naphthol  03) 

Nitroaniline  (o) 

monocl. 
monocl. 
monocl. 
rhomb. 

Qj' 

7.88,10.30,14.20,0  = 

112°  40' 
13.1,  4.9,   13.4,  B  = 

117°  10' 
11.70,4.28,  17.4,  8  = 

119°  48' 
10.09,  29.44,  8.52 

4 
4 

4 

vL7 

16 

Nitroaniline  (m) 

rhomb. 

r5 

^2V 

19.23,  6.4S,  5.06 

4 

Nitrotoluene  (p) 

rhomb. 

v'L 

10.1,  11.18,  12.3 

8 

Nonicosane 

rhomb. 

v„ 

7.45,  4.97,  77.2 

4 

Octane  (a  —  n) 

Octane  (8  —  n) 

Oxalic  acid +  2H20. 

Palmitic  acid  (a) 

rhomb, 
monocl. 

monocl. 

3.50,  4.36,  15.0 
3.87,  4.72,  14.4,  8  = 

120° 
6.12,3.61,  12.03,  8  = 

106°  12' 
9.41,  5.00,  45.9,  8  = 

50°  50' 
11.84,  10.75,  6.55 

1 
1 

2 

4 

Pentabromofluorethanc 

rhomb. 

V{? 

4 

Pentaerythritol 

tetr. 

c9lv 

6.16 ,8.76 

2 

Pentaerythritol    tetra- 
acetate 

Pentaerythritol    tetra- 
formate 

Pentaerythritol    tetra- 
nitrate 

Pentamethylethanol . .  . 

tetr. 
rhomb. 

<4 
v{« 

12.1S,  ....,5.58 
19.80,  9.90,  11.70 

2 

8 

tetr. 
rhomb. 

^2V 

9.38,  ....,6.69 
21.35,  10.77,  7.84 

2 

8 

Pentane  (a  —  n) 

Pentanc  (8  —  n) 

Pentatriacontane 

rhomb, 
monocl. 

rhomb. 

v{. 

3.35,  4.31,  10.3 
3.86,  4.61,  10.0,  8  = 

120° 
7.43,  4.97,  46.2 

1 
9 

Phenanthrene 

monocl. 
monocl. 
rhomb, 
monocl. 
monocl. 

monocl. 

r5 

C2h 

8.60,  6.11,  19.24,  8  = 

98°  15' 
14.2,  4.90,  10.1,  8  = 

101° 
15.2,  5.05,  9.66 

17.8,  4.90,  10.3,  8  = 

98°  30' 
32.2,  9.83,  5.54,  8  = 

101°  13' 

(?),  7.13,  11.32 

4 

Phenylacetic  acid 

Phenylamin»acetic  acid 

(act.)  t 
Phenylbutyric  acid  (7) 

Phenylpropionic     acid 
(8)    (hydrocinnamic 
acid) 

Phenylvaleric  acid  (5) 

4 
4 
4 

8 

4 

Phenylene  diamine  (0) . 
Phenylene  diamine  (m) 

monocl. 
rhomb. 

C2h 

7.74,  7.56,  11.76,  8  = 
121°  10' 
11.97,  8.14,  23.61 

4 

16 

Phenylene  diamine  (p) 
Phthalic  acid  (0) 

monocl. 

monocl. 

rhomb, 
monocl. 

rhomb. 

C2h 

8.29,  5.93,  24.92,  8  = 

112°  5S' 
9.33,  7.13,  5.10,  8  = 

94°  36' 
7.74,  13.66,  5.86 

19.85,  4.72,  14.8,  8  = 
122.25° 
9.25,  19.08,  9.68 

8 
2 

Phthalic  anhydride  (0) 

4 

Phthalocyanine 

Picric  acid 

C2I1 
°2V 

2 

8 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Pimelic  acid 

Pyrene  trinitrobenacne 

Quaterphenyl 

Quercitol 

Quinol  (a) 

Quinol  (/3) 

Quinol  (t) 

Quinone  (a) 

Resorcinol 

Rhamnose  hydrat"     . 
Saccharose 

Salicylic  acid 

Sebacic  acid 

Sorbose 

Stearic  acid 

Stearic  acid  (/3) 

Stearolic  acid 

Stilbene 

Stilbene 

Strychnine 

Suberic  acid 

Succinic  acid  (a) 

Succinic  acid  0?) 

Succinic  anhydride 

Succinimide 

Tartaric  acid  (dl) 

Tartaric    acid    (dl)  + 

H20 
Tartaric  acid  (d) 

Tartaric  acid  (meso-) . . 

Tartramic  acid 

Tartramide 

Tetrabromodimethyl- 
ethane 


System,  struct,  type 


monocl. 

tricl. 

monocl. 

monocl. 

hex. 

hex. 

monocl. 

monocl. 

rhomb. 

monocl. 
monocl. 

monocl. 

monocl. 

rhomb, 
monocl. 

monocl. 

monocl. 

pseud,  rhomb, 
rhomb. 

monocl. 
monocl. 
monocl. 
rhomb, 
rhomb, 
tricl. 

tricl. 

monocl. 

tricl. 


rhomb, 
rhomb, 
tetr. 


Space 
group 


P5 
L2h 


CL 


P1. 
P1 

P5 
L2h 


^2h 

(4  or  Ci 


(4  or  ($ 


2b 


2h 


2h 


C1^  or  V 


Lattice  constants 


6,     c,     Ax.  ang. 


9.93,  4.82,  22.12,  0  = 

130°  40' 
6.7,  8.4.  16,  a.  =  87°, 

/3  =  84°,  7  =  77° 

8.05,  5.55,  17.81,  0  = 
95  8° 

6.83,  8.53,  6.45,  0  = 
110°  57' 

22.07,  . . . . ,  5.62 

16.24,  ....,5.53 

13.24,  5.20,  8.11,  /3  = 

73° 
11.40,  6.43,  6.85, /3  = 

93°  20'    • 
9.56,  10.5,  5.68 

7.84,  7.84,  6.61 

10.65,  8.70,  8.00,  /S  = 

105°  44' 
11.56,  11.22,  4.93, /3  = 

91°  22' 
10.05,  4.96, 15.02, /3  = 

133°  50' 
6.12,  18.24,  6.43 

5.546,    7.381,    48.84, 

/3  =  63°  38' 
5.68,  7.39,  50.7.  /3  = 

60° 
9.551,    4.686,    49.15, 

/3  =  53°  4' 
12.42,  5.73,  16.0,  0  = 

114° 
12.20,  5.72,  29.0 
11.92,  12.13,  11.30 

10.12,5.06,12.58,0  = 

135°  0' 
5.70,  26.2,  7.57,  /3  = 

115°  45' 

5.06,  8.81,  7.57,  /3  = 
133°  37' 

6.95,  11.66,  5.41 

7.50,  9.60,  12.75 

7.18,  9.71,  4.98,  a.  = 
82°  20',  /3  =  118°  0', 
7  =  72°  58' 

8.09,  10.03,  4.81 

7.70,  6.04,  6.20,  /3  = 

100°  17' 
9.24,  6.33,  5.45,  a.  = 

70°  30',  0  =  78°  0', 

7  =  79°  30' 
12.30,  7.96,  6.00 
10.0,  12.2,  4.90 
8.806   11.27 


Mol. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Lattice  constants 

Substance 

System,  struct,  type 

a 
Space 

group 

a,     b,     c,     Ax.  ang 

Mol. 

Tetrabromodimethyl- 

rhomb. 

v;;! 

11.70,  10.44,  6.57 

4 

ethane 

Tetracarbomc  acid  me- 

tetr. 

Cih 

9.12,  .....7.02 

o 

thane,     tetramethyl 

ester 

Tetrachlorodibromo- 

rhomb.    ■ 

vi6 

11.73,  10.37,  6.50      ' 

4 

ethane  (sym.) 

Tetrachlorodibromo- 

rhomb. 

v,V 

11.61,  10.35,  6.51 

4 

ethane  (unsym.) 

Tetraethyl  ammonium 

tetr. 

si 

8.S7, 6.95 

iodide 

Tetramethyl       ammo- 

tetr. 

D7,h 

7.76, 5.53 

nium  bromide 

Tetramethyl       ammo- 

tetr. 

8.290 ,6.006 

nium  perchlorate 

Tetramethyl       ammo- 

tetr. 

D74h 

7.78 5.53 

nium  chloride 

Tetramethyl       ammo- 

cub. 

12.65 

nium  chloroplatinate 

Tetramethyl       ammo- 

cub. 

c4 

12.87 

4 

nium  chlorostannate 

Tetramethyl       ammo- 

tetr. 

c;h 

7.88,  ....,  11.19 

2 

nium  fluosilicate 

Tetramethyl       ammo- 

tetr. 

Dlh 

7.96,  ....,5.75 

nium  iodide 

Tetramethyl       ammo- 

tetr. 

D74h 

8.439 6.019 

2 

nium  permanganate 

Tetramethyl      ammo- 

cub. 

Oi, 

12.48 

8 

nium  methane 

Tetranitromethane .... 

cub. 

T*  or  Tld 

9.2 

4 

Tetraphenyl  methane. . 

tetr. 

n 

10.86 

2 

Thallic  dimethyl  bro- 

tetr., b.c. 

Dik 

4.47 ,13.78 

2 

mide 

Thallic  dimethyl  chlo- 

tetr., b.c. 

Dih 

4.29 ,  14.01 

2 

ride 

Thallic  dimethyl  iodide 

tetr.,  b.c. 

d;"h 

4.78 ,13.43 

2 

Thiophene(-170°C).. 

tetr. 

7.22,  ....,9.53 

4 

Thiourea 

rhomb. 

pseud,  rhomb, 
rhomb. 

rhrvmn 

vi; 

5.50,  7.68,  8.57 
12.80,  5.68,  28.4 

4 

Tolane 

Toluidine  (o) 

V4  *  ' 

6.50,  7.48,  23.62 
5.98,  9.05,  23.3 

4 

Toluidine  (p) 

Toluolsulfamide  (o) 

8 

tetr. 

<4 

18.8,  ....,9.15 

16 

Tribromobenzonitrile 

monocl. 

Qh 

12.50, 10.30,  4.87, 0  = 

2 

(2,4,6) 

135°  36' 

Trichlorotribromo- 

rhomb. 

vk6 

11.77,  10.44,  6.54 

4 

etbane 

Triethyl      ammonium 

hex. 

8.56, 7.49 

bromide 

Triethyl      ammonium 

hex. 

8.38 ,7.08 

chloride 

Triethyl      ammonium 

hex. 

8.78,  .....  7.74 

iodide 

Triethyl    methyl    am- 

cub. 

13.51 

4 

monium  chlorostan- 

nate 

Trimethyl  ammonium 

cub. 

T{ 

12.19 

4 

chlorostannate 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued 


Substance 


T  rimethyl  ethyl  ammo- 
nium chlorostannate 

Trimethyl  sulfonium 
chlorostannate 

Trimethylene  trinitro- 
amine 

Trinitrocellulose 

Triphenyl 

Triphenylbenzene 

(sym.) 
Triphenylbenzeno 

(sym.)  (1-3-5-) 
Triphenyl  bromo- 

methane 

Triphenylene 

Triphenylcarbinol 

Triphenylmcthane     . . . 

Triphenyl  methanol    .  . 

Tyrosine  hydrochloride 

(d) 
Urea 

Veronal 

Xylose 


System,  struct,  type 


cub. 

cub. 

rhomb. 

monocl. 

monocl. 

rhomb. 

rhomb. 

hex. 

rhomb. 

hex. 

rhomb. 

hex. 

monocl. 

tetr. 

rhomb. 

rhomb. 


Space 

Lattice  constants 

Mol. 

group 

a,     b,     c,     Ax.  ang. 

n 

13.17 
12.41 
11.63.  13.25,  10.78 

4 

K 

8 

13.9,  25.6,  9.0,  0  =-- 

90° 
8.14,  5.64,  14.1,  0  = 

105° 
11.12,  19.8,  7.6 

2 
4 

r9 

7.55,  19.76,  11.22 

4 

Did 

10.8,  a  =  81°  30' 

o 

a 

13.20,  16.81,5.26 

16.5 ,8.8 

15.16,  26.25,  7.66 

11.1,  a  -  107°  42' 

4 

6 

8 

v'U 

3 

5.03,  8.97,  22.50,  0  = 

101°  28' 
5.670 4726 

4 
2 

4 

9.21.  12.48-  5.56 

4 

X-RAY  CRYSTALLOGRAPHIC  DATA 

SUPPLEMENTARY  TABLE 

The  following  data  have  been  reported  since  the  original  compilation. 
Key  to  references  will  be  found  at  the  end  of  the  Table. 

The  Elements 


Substances 

System, 

structure, 

type 

Space 
group 

Lattice  constants 

Atoms 

Refs. 

Ax. 

a,        b,        c,    ang. 

Au  (20°) 

cub. 
hex. 

cub.  b.c. 
cub.  b.c. 
hex. 

rhomb. 

6h9 " ' 

4.0700 

5.12 ,15.77 

3.502 
4.282 
2.65, ,4.32 

2.852,  5.865,  4.945 

"i" 

4 

ZK  (1) 

Be 

GC  (1) 

Li  (20°C) .... 

ZC  (7) 

Na  (20°C) 

ZK  (2) 

Ni  (170°O 

CR  (1) 

U 

AC(1) 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Inorganic  Compounds 


Substance 


Ag2Te. 
AgC103 
AIB12.. 


AIB12. 

AIB12. 


AlKFe(CN)* 
Al2Ca 


AuPr2CN. 
Bi203 


Ca3Al206. 
CoSb2.  .. 


Co2Fe(CN)6 

CrAs 

Cr>As 

Cr3P 

Cs2CuCl4 

Cs2SnBre 

CuCl4.2NH3.(NH4)-. 

CuMg2 


Cu2Cr(CN)6... 
Cu2Fe(CN)6... 
Cu3[Co(CN)6]2. 

C2N2H4 

EuS 

FeKFe(CN)e... 
Fe2Fe(CN)6. . . . 

HgClC2H5S.... 

HgClCH3S 

K2CbF7 

K2CdFe(CN)6. 
K2HgCU.H20. . 

KoSNBre 

K2SnCU.H20. . 


System, 

structure, 

type 


group 


Lattice  constants 


<i, 


c, 


Ax. 

ang. 


rhomb. 

tetr. 

monocl. 

pseudo-cub. 
tetr. 

cub. 
cub. 

rhomb. 

monocl. 


cub. 
rhomb. 


cab. 


tetr. 

rhomb. 

cub.,  f.c. 

tetr. 

rhomb. 

cub. 
cub. 
cub. 

monocl. 

cub.,  f.c. 

cub. 
cub. 

monocl. 
monocl. 
monocl. 
cub. 


tetr. 
rhomb. 


C82ar 


cj. 


13.0,  12.7,  12.2 

8.486,  7.894,  4.37 

8.50,  10.98,  9.40,  110c 
54' 


r6 
C*or 


vi2 


'2h 


U2h 

01 


C2h 
C2h 
C2h 


D. 


2li 


'2h 


14.50,  ....     14.30 
10.28,  .....  14.30 

9.78 
8.02 

17.06,  22.36,  10.0 

5.83,  8.14,  7.48,  0  = 
67°.07 

15.24 

3.20,  5.78,  6.41 

10.1 

3.479,  6.210,  5.730 

3.613 ,  6.33 

9.12, ,4.56 

9.69,  12.33,  7.58 

10.81 

7.74, 8.84 

5.273,  9.05,  18.21 

9.91 
10.0 
9.91 

15.00,4.44,13.12,)8  = 
115°  20' 
5.957 

10.2 
10.2 

9.34,  7.45,  7.81,  82.5 

7.45,  7.37,  7.82,  0  = 

86.4 
5.58,  12.67,  8.50,  0  = 

90° 
10.03 

8.27,  11.63,  8.89 
7.43, 10.61 

8.21,  12.05,  9.10 


Mol. 


57 
8 
lg.  no." 

lg.  no." 
lg.  no." 


16 
4 

24 


16 


Refs. 


UT  (1) 
ZK  (39) 
ZK  (15) 

ZK  (IS) 
ZK  (15) 

GC  (2) 
ZK  (16) 

PR  (2) 

AK(1) 

JR  (1) 
ZC  (1) 

GC  (2) 
ZC  (3) 
ZC  (3) 

ZC  (4) 

ZK  (17) 

ZK  (18) 
CR  (2) 

AK  (2) 

GC  (3) 
GC  (2) 
GC  (3) 

AC  (7) 

ZK  (19) 

GC  (2) 
GC  (2) 

AK  (3) 

AK  (3) 

AC  (8) 

GC  (2) 
ZK  (20) 

ZK  (18; 

ZK  (21) 


Large  number. 


2090 


X-RAY  CRYSTALLOGIIAPHIC  DATA  (Continued) 


Substance 


K2TaF7. 


K2ZnFe(CN), 
K3ZrF7 


K4Mo(CN)s.2H20. 


KB50s.4H>0  or 

KB5Oi0H2.(H3O)2 
KBrCuBr2 


KC1J. 

KHF2. 
KN03. 


LiCl(25°C). 
LiOH.H20.. 


MnBi. 
Mn2Bi. 

Mn3P. 


NaAu2.(18.4°C) 
NaBr 


NaBr03. 

NaCN.. 


NaNCO. 
NaHC02. 

NaN8.... 


Na3(B306) 

NH4CdCl3 

NH4BrICl 

NH4HgCl3 

(NH4)2SnBr6 

(NH4)3ZrF7 

(NH4Cl)2CuCl2.2H20, 

Ni2Fe(CN)6 

Ni3P 

PbBr2 


PbP2O7(300°) 

PdCl2 

Pt304 

Rb2SNBre. . . 


System 

structure, 

type 

Space 
group 

monocl. 

C2h 

cub. 

cub.,  f.c. 

oL 

rhomb. 

D& 

rhomb. 

r17 

^2V 

monocl. 

Clh 

monocl. 

P5 

L2h 

tetr. 

D4 

hex. 

r5 

^3V 

cub. 

<4 

monocl. 

Cfh 

hex. 
rhomb. 

tetr. 

s\ 

cub. 

of, 

cub. 

oj 

cub. 
rhomb. 

T< 

hex.  (rhbdr.) 

monocl. 

cj, 

rhbdr. 

hex.  (rhbdr.) 

D?d 

rhomb. 

DS 

rhomb. 

vff 

tetr. 
cub.,  f.c. 

cub.  f.c. 

OL 

tetr. 
cub. 

DiL 

tetr. 

Si 

rhomb. 

»a 

cub.  f.c. 

T6 

rhomb, 
cub. 
cub.  f.c. 

Pnmn* 

Lattice  constants 


a,        b,        c, 


Ax. 

ang. 


5.58,  12.67,  8.50,  0  = 
90° 
9.98 

8.95 

16.55,  11.70,  8.68 

11.08,  11.14,  8.97 

4.28,  14.43,  9.71,  0  = 
108°  23' 

13.09,  14.18,  4.2,  0  = 
95°  V 

7.98, ,  6.74 

4.365, 

a  =  76°  56' 
5.12952 

7.37,  8.26,  3.19,  0  = 

110°  18' 
4.3,  6.1 
4.30,  5.24,  6.30 

9.160, ,4.599 

7.7872 

5.96095 

6.71 
3.74,4.71,5.61 

3.576 5.10 

6.19,  6.72,  6.49,  0  = 

120°  42' 
5.488, 

a  =  38°  43' 

7.22, 

a  =  111°  29' 

8.96,  14.87,  3.97 


6.13,  8.50,  9.94 

4.19 ,7.94 

10.59 

9.365 


8.245 


7.5139,  . . 

9.98 

8.91, ,4.39 

9.48,  8.02,  4.17 

8.01 

3.81,  3.34,  11.0 

6.226 

10.64 


Mol. 


Refs. 


AC  (8) 

GC  (2) 
AC  (9) 

AC  (10) 

ZK(22) 

CR  (3) 

ZK  (23) 

RS  (1) 
ZC  (5) 

ZC  (6) 

ZK  (24) 

CR  (4) 

ZC(1) 

ZC  (4) 
ZK  (1) 

ZC  (5) 

ZK  (25) 
ZK  (26) 

CR  (5) 

AC  (11) 
CR  (6) 

ZK  (27) 
AC  (12) 

ZK  (28) 

ZK  (29) 
ZK  (18) 

AC  (9) 

JC  (1) 
GC  (2) 
ZC  (4) 

ZK  (30) 

GC(4) 

ZK  (31) 
JC  (2) 
ZK  (18) 


Zurich  notation. 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 

System, 

structure, 

type 

Space 
group 

Lattice  constants 

Mol. 

Refs. 

«•     »■        '■     ang. 

Rb2S206 

ScF3 

ScF3 

SrBr> 

Sr(OH)2.8H20 

hex.  (rhbdr.) 

rhbdr. 

pseudo-cub. 

rhomb. 

tetr. 

monocl. 

tetr. 

hex. 

tetr.,  b.c. 

10.02,  . . . ,  6.35 

5.667 7.017 

4.022 ,  0  = 

89°  34^' 
9.20,  11.42,  4.3 

8.97 ,11.55 

5.50,  11.75,  5.59 

8.02, 7.00 

12.20,  ...  18.17 

6.585,  ...4  0.783 

3 
1 

1 
4 
4 

8 

27 
2 

ZK  (3?) 
ZK  (33) 
ZK  (33) 
ZK  (30) 
ZK  (34) 

Te02 

ZK  (35) 

TlSe 

T12S 

Zn(Sb03)2  

ZK  (36) 
ZK  (37) 
ZK  (38) 

Minerals 


Name 

Formula 

Crystal 

q 
Space 

Lattice  constants 

Mol. 

Refs. 

system     group 

h              Ax. 
a.        o,        c,    „„_ 

ang. 

Albite..  .. 
Axinite. . 

Na2O.Al203.6SiO 
HCa3Al2BSi40i6 

Al203.2Si02.2H20 
HNa(Ca,Mn)2Si309 

monocl. 

7.94,  12.90,  7.12,  0  = 

116° 
7.13,  8.91,  9.14,  a.  = 

91°51',/3  =  102°  52', 

7  =  81°  57' 
8.94,  5.14,  43.0,  0  = 

90°  20' 
8.09,  7.24,  7.05,  a  = 

90°,    0  =  95°,    7  = 

101°  56' 

2 

ZK  (3) 
ZK  (4) 

Nacrite. . . 
Schizolite . 

monocl. 
tricl. 

C4 

ZK  (5) 
ZK  (6) 

Metal-organic  Compounds 


Substance 

System 

structure, 

type 

Space 
group 

Lattice  constants 

Mol. 

Refs. 

h                     Ax. 

ang. 

Cuprous  acetate  +  H20 

Nickel  acetate  (ous)  + 
4H20 

monocl. 
monocl. 

p6 

^2h 
C2h 

13.176,8  463,13.89,0  = 

117°  .06' 
8.46,  11.75,  4.754,  0=93°  34' 

8 
2 

UP(1) 
UP  (1) 

Organic  Compounds 


Acetamide. 
Bromanil . . 


hex. 
monocl. 


Co 


2h 


11.44, ,13.49 

8.62,  6.22,  17.94,  0  =  102° 


AC  (2) 
ZK  (7) 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 


Substance 


Chloranil 

Creatinine 

Cyclohexane(180°). 

Dicetyl  ether 

Diketopiperazine. .  . 
1,  8  Dimethyl  picene 

Diphenylamine 

Diphenylselenium 

dibromide 
Glycine 


0-Glycine. 


Hendecamethylcello- 

triose. 
Insulin 

Menthol 


0-Octamethylcello- 

biose 
n-Paraffin  (CsoHgl-) 

Pentaerythrital 

(above  179.5T) 
Phenoxselenine 


Phenoxtellurine. 
Phenoxthionine . 
Phenthiasine. . . 


Phloroglucine  dihydrate 

Selanthren 

Succinic  acid 

Sulfanilamide 

Thianthren 

Tricyanobromomethane 

Trimethylstibine 

dibromide 
Trimethylstibine 

chloride 
Trimethylstibine 

diiodide 
Trinitrobenzene 


Tr  isodi  um-Tricyan- 
melamine  Trihydrate 


System, 

structure, 

type 


monocl. 

monocl. 

cub. 

monocl. 

monocl. 

monocl. 

monocl. 
rhomb. 

monoc. 

monocl. 


hex.  (rhbdr.) 
hex. 


rhomb, 
cub.,  f.c. 

rhomb. 

rhomb. 

rhomb. 

rhomb. 


monocl. 

monocl. 

rhomb. 

monocl. 

rhomb. 

hex. 

hex. 

hex. 

rhomb. 

hex. 


Space 
group 


v2h 
C2h 


p5 
U2h 


2h 


U2h 
C2h 
C2h 


D24 


DJ 


d,: 


C^or 


^2h 

D2h 

C2h 
C2h 

^2h 

DJL 


Lattice  constants 


Ax. 

ang. 


8.77,  5.78,  17.05,  0  = 
103 1  ° 

14.86, 13.14,  5.85,  0  = 
110°  36' 
8.41 

5.49,  7.45,  86.45,  0  = 

63.2 
5.19,  11.50,  3.96,  0  = 

83° 
8.16,  6.36,  c  sin  0  = 

11.92,  0  =  84 
14.0,  13.9,  39.5 

13.95,  5.78,  15.40 

5.10,  11.96,  5.45,  0  = 

1110  38' 
5.07,  6.23,  5.37,  0  = 

113°  27' 
21.3,  34.5,  4.50 

74.8 ,  30.9 

11.82 

12.0,  43.7,  4.50 

7.452,  4.965,  81.60 
8.963 


D 


3h 


Qt5 

Dl 


5.93,  7.85,  20.5 
5.97,  8.16,  20.5 

5.94,  7.76,  20.5 
5.91,  7.90,  2.10 

6.80,  8.103,  13.70 

14.5,  6.24,  12.1,  0  = 

110°  20' 
5.10,  8.88,  7.61,  0  = 

133°  37' 
14.18,5.6,18.4,1.476 

14.4,  6.11,  11.9  0  = 
110°  0' 
6.05,  11.33,  17.17 

7.38 ,  8.90 

7.27, ,  8.44 

7.53, f  9.59 

12.77,  26.97,  9.74 

10.23 t  5.56 


Mol. 


32 

4 


16 


Refs. 


ZK  (8) 

U(l) 
PM  (1) 
ZK  (9) 
AC  (3) 
ZK  (10) 

U(2) 

AC  (4) 

AC  (5) 
AJ  (1) 

CS  (1) 

PR  (1) 

JA(1) 
CS(1) 

ZK  (11) 
CS  (2) 

PM  (2) 

PM  (2) 

PM  (2) 

PM  (2) 

U(3) 
PM  (2) 
ZK  (12) 
GC 

PM  (2) 
ZC  (2) 
ZK  (13) 
ZK  (13) 
ZK  (13) 
ZK  (14) 
AC  (6) 
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X-RAY  CRYSTALLOGRAPHIC  DATA  (Continued) 

REFERENCE    KEY   TO    SUPPLEMENTARY   TABLE 

AC — American  Chemical  Society  Journal.  (1)  Jacob  and  Warren,  59,  pp. 
2588-2591,  1937.  (2)  Senti  and  Harker,  62,  pp.  2008-2019,  1940.  (3) 
Corey,  R.  B.,  60,  pp.  1598-1604,  1938.  (4)  McCullough  and  Ham- 
burger, 63,  pp.  803-807,  1941.  (5)  Albrecht  and  Corey,  61,  pp.  1087- 
1103,  1939.  (6)  Hoard,  J.  L.,  60,  pp.  1194-1198,  1938.  (7)  Hughes, 
E.  W.,  62,  pp.  1258-1267,  1940.  (8)  Hoard,  J.  L.,  61,  1252-1259,  1939. 
(9)  Hampson  and  Pauling,  60,  pp.  2702-2707,  1938.  (10)  Hoard  and 
Nordsieck,  61,  pp.  2853-2863,  1939.  (11)  Zachariasen,  W.  H.,  62,  pp. 
1011-1013,  1940.      (12)  Brasseur  and  Pauling,  60,  pp.  2886-2890,  1938. 

AJ — American  Journal  of  Science.  (1)  Ksanda  and  Tunnel,  35 A,  pp.  173- 
178,  1938. 

AK — Arkiv.  for  Kemi,  Mineralogi  och  Geologie.  (1)  Sillen,  L.  G.,  12A,  18, 
1938.  (2)  Edwall,  G.  and  Westgren,  A.,  14B,  7,  1940.  (3)  A.  Johans- 
sen,  A13,  14,  pp.  1-11,  1939. 

CR — Comptes  Rendus  Hebdomadaires  des  Seances.  (1)  LeClerc  and  Michel, 
208,  pp.  1583-1585,  1939.  (2)  Silberstein,  A.,  206,  pp.  1737-1739,  1938. 
(3)  Silberstein,  A.,  209,  540-542,  1939.  (4)  Hocart  and  Guilland,  209, 
pp.  443,  1939.  (5)  Bassiere,  M.,  206,  pp.  1309-1311,  1938.  (6)  Bas- 
siere,  M.,  208,  pp.  659-661,  1939. 

CS — Chemical  Society  of  Japan  Bulletin.  (1)  Ohasi,  T.,  14,  pp.  517-520,  1939. 
(2)  Nitta,  I   and  Watanabe,  T.,  13,  pp.  28-35,  1938. 

GC — Gazzetta  Chimica  Italiana.  (1)  Venturelle,  G.,  69,  2,  pp.  73-86,  1939. 
(2)  Rigamonti,  R.,  68,  pp.  803-809,  1938.  (3)  Rollier  and  Arreghini, 
69,  pp.  499-508,  1939.      (4)  Peyronel,  G.,  69,  4,  pp.  254-262,  1939. 

I J — Indian  Journal  of  Physics.  (1)  Benerjee  and  Haque,  12,  pp.  183-194, 
1938.  (2)  Dhar,  J.,  13,  pp.  27-29,  1939.  (3)  Benerjee  and  Ahmad,  12, 
pp.  249-258,  1938. 

J  A— Journal  of  Applied  Physics.      (1)  Sidhu,  S.,  10,  pp.  83-84,  1939. 

JC — Journal  of  Chemical  Physics.  (1)  Greenberg  and  Walden,  8,  pp.  645- 
658,  1940.      (2)  Gallonid  and  Roffo,  9,  875-877,  1941. 

JR — Journal  of  Research,  Natl.  Bureau  of  Standards.  (1)  McMurdie,  H.,  27, 
pp.  499-505,  1941. 

PM — Philosophical  Magazine  and  Journal  of  Science,  London,  Edinburgh  and 
Dublin.  (1)  Lonsdale  and  Smith,  28,  pp.  614-616,  1939.  (2)  Wood  and 
Williams,  31,  pp.  62-80,  1941. 

PR — Proceedings  of  the  Royal  Society  of  London.  (1)  Crowfoot,  D.,  164A% 
pp.  580-602,  1938.      (2)  Phillips  and  Powell,  173A,  pp.  147-159,  1939. 

BS — Ricerca  Scientifica.      (1)  Caglioti  and  Giacomello,  9,  pp.  545-549,  1938. 

UP—  University  of  Pittsburgh,  Bulletin.     (1)  Hull,  R.  B.,  35,  pp.  142-149.  1938. 

UT — Universitatis  Tartuensis  Acta  et  Comm.      (1)  A,  35,  4,  1940.      V.  Koern. 

ZC — Zeitschrift  fur  physikalische  Chemie.  (1)  Furst  and  Halla,  4®,  B,  4, 
pp.  285-307,  1938.      (2)   Fensch,  W.  and  Wagner,  41 ,  B,  1,  pp.  1-14, 

1938.  (3)  Nowotny  and  Arstad,  38,  B,  6,  pp.  461-465,  1938.  (4) 
Nowotny  and  Arstad,  88,  B,  5,  pp.  356-358,  1938.  (5)  Barth,  T.  F.  W., 
43,  B,  6,  pp.  448-450,  1939.  (6)  levins  and  Straumanis  and  Karlsons, 
40,  B,  1-2,  pp.  146-150,  1938.      (7)  exxxiii  A,  pp.  165-175,  1928. 

ZK — Zeitschrift  fur  Kristallo graphic  (1)  Perlitz  and  Aruja,  100,  2,  pp.  157- 
166,1938.  (2)  Aruja  and  Perlitz,  100,  3,  pp.  195-200,  1938.  (3)Ito,T., 
100,  4,  pp.  297-307,  1938.  (4)  deJong,  W.  E.,  99,  4,  pp.  326-335,  1938. 
(5)  Hendricks,  S.  B.,  100,  6,  pp.  509-518,  1939.  (6)  Ito,  T.,  100,  5, 
pp.  437-440,  1939.  (7)  Chorghade,  S.  L.,  102,  2,  pp.  112-118, 1939.  (8) 
Chorghade,  S.  L.,  101,  5,  pp.  418-424,  1939.  (9)  Kohlhaas,  R.,  98,  5-6, 
pp.  418-438,  1938.  (10)  Giacomello,  G.,  99,  2,  pp.  89-94,  1938.  (11) 
Kohlhaas  and  Sorembra,  100,  1,  pp.  47-57,  1938.  (12)  Verweel  and 
MacGillavry,  102,  1,  pp.  60-70,  1939.  (13)  Wells,  A.  F.,  99,  5,  pp.  367- 
377,  1938.  (14)  Chorghade,  S.  L.,  101,  5,  pp.  376-382,  1939.  (15) 
Halla  and  Weil,  101,  5,  pp.  435-450,  1939.  (1G)  Nowotny  and  Mohrn- 
heim,  100,  6,  pp.  540-542,  1939.      (17)  D.  Mellor,  101,  1-2,  pp.  160-161, 

1939.  (18)  Markstein  and  Nowotny,  100,  3,  pp.  265-271,  1938.  (19) 
Nowacki,  W.,  99,  4,  pp.  339-341,  1938.  (20)  MacGillavry,  de- 
Wilde  and  Bijvoet,  J.  M.,  100,  3,  pp.  212-220,  1938.  (21)  Brasseur 
and  De  Rassenfosse,  101,  5,  pp.  389-395,  1939.  (22)  Zachariasen,  W. 
H.,  98,  3,  pp.  266-274,  1937.  (23)  Mooney,  R.,  98,  5-6,  377-393,  1938. 
(24)  Pepinsky,  R.,  102,  2,  pp.  119-131,  1939.  (25)  Hamilton,  J.  E.,  100, 
2,  pp.  104-110,  1938.  (26)  Verweel  and  Bijvoet,  100,  3,  pp.  201- 
207,  1938.  (27)  Ssu-Mien  Fang,  99,  1,  pp.  1-8,  1938.  (28)  Mooney, 
R.  C.  L  ,  98,  4,  pp.  324-333,  1937.  (29)  Harmsen,  E.  J.,  100,  3,  pp.  189- 
194,  1938.  (30)  Kamermans,  M.  A.,  101,  5,  pp.  406-411,  1939.  (31) 
Wells,  A.  F.,  100,  3,  pp.  189-194,  1938.  (32)  Barnes  and  Wendling,  99, 
2, pp.  153-180,  1938.  (33)  Nowacki,  W.,  101, 4,  vp.  273-283,  1939.  (34) 
Mellor,  D.,  100,  5,  pp.  441-442,  1939.  (35)  Ito,  T.,  and  Sawada.  H.,  102, 
1,  pp.  13-25,  1939.  (36)  Ketelaar,  J.,  t'Hart,  W.,  Moerel,  M.  and  Polder, 
D.,  101,  5,  396-405,  1939.  (37)  Ketelaar,  J.  and  Gorter.  E..  101,  5,  pp. 
367-375,  1939.      (38)  Clark  and  Reynolds,  98,  3,  pp.  185-190,  1937 
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LIGHT 

PHOTOMETRIC  QUANTITIES,  UNITS  AND 
STANDARDS 

Photometric  quantities  and  units  are  also  given  in  the  section  Quantities 
and  Units  under  the  sub-division  Light. 

Candle  (or  International  Candle).  The  candle  is  the  unit  of  luminous 
intensity.  It  is  a  specified  fraction  of  the  average  horizontal  candlepower  of  a 
group  of  45  carbon-  filament  lamps  preserved  at  the  Bureau  of  Standards. 

Lumen.  The  lumen  is  the  unit  of  luminous  flux.  It  is  equal  to  the 
flux  through  a  unit  solid  angle  (steradian)  from  a  uniform  point  source  of  one 
candle,  or  to  the  flux  on  a  unit  surface  all  points  of  which  are  at  unit  distance 
from  a  uniform  point  source  of  one  candle. 

Illumination.  Illumination  is  the  density  of  the  luminous  flux  on  a 
surface.  It  is  the  quotient  of  the  flux  by  the  area  of  the  surface  when  the 
latter  is  uniformly  illuminated. 

Least  Mechanical  Equivalent  of  Light.  One  lumen  at  the  wave- 
length of  maximum  visibility  (0.556/u)  equals  0.00161  watts  (  =  0.000385  gram 
calories  per  sec);  one  watt  at  the  same  wavelength  equals  621  lumens. 

Relative  Visibility.  The  relative  visibility  factor  for  a  particular 
wavelength  is  the  ratio  of  the  visibility  factor  for  that  wavelength  to  the 
maximum  visibility  factor. 

Values  of  the  relative  visibility  are  given  as  a  part  of  the  specification  of 
the  standard  observer  under  Colorimetry. 

Efficiency  of  a  Source  of  Light.  The  efficiency  of  a  source  is  the  ratio 
of  the  total  luminous  flux  to  the  total  power  consumed.  In  the  case  of  an 
electric  lamp  it  is  expressed  in  lumens  per  watt. 

Spherical  Candlepower.  The  spherical  candlepower  of  a  lamp  is  the 
average  candlepower  of  the  lamp  in  all  diiections  in  space.  It  is  equal  to 
the  total  luminous  flux  of  the  lamp  in  lumens  divided  by  4ir. 

FLAME  STANDARDS 

Value  of  Various  Former  Standards  in  International  Candles 

Standard  Pentane  Lamp,  burning  pentane 10.0  candles 

Standard  Hefner  Lamp,  burning  amyl  acetate.  .  .      0.9 
Standard  Carcel  Lamp,  burning  colza  oil 9.6 

The  Carcel  unit  is  the  horizontal  intensity  of  the  carcel  lamp,  burning 
42  grams  of  colza  oil  per  hour.  For  a  consumption  between  38  and  46  grams 
per  hour  the  intensity  may  be  considered  proportional  to  the  consumption. 

The  Hefner  unit  is  the  horizontal  intensity  of  the  Hefner  lamp  burning 
amyl  acetate,  with  a  flame  4  cm.  high.  If  the  flame  is  I  mm.  high,  the 
ntensity  /  =  1  +  0.027  (I  -  40). 


EFFICIENCIES  OF  ILLUMINANTS 

The  rating  listed  is  the  commercial  rating  of  the  lamp.      The  absolute 
efficiency  is  the  equivalent  power  in  light  flux   (at  0.556/x)  per  watt  input 
Efficiency  is  given  in  lumens  per  watt  input. 


Lamp 

Rating,  or  Specifications 

Eff. 

Ab.  Eff. 

Acetylene 

1 . 0  liters  per  hour 

6.6  amp.,  opal  globe  and 

reflector 
9.6  amp.,  clear  globe 
150.     amp.,  bare  arc 
6.6 

.67 

5.9 
11.8 
18.5 
21.6 

0.0011 

Arc,  Electric 

Carbor,  Enclosed,  d.c. 

Carbon,  Open,  d.c 

High  Intensity 

Magnetite,  d.c 

0 . 0095 
0.0190 
0 . 0298 
0.0348 
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EFFICIENCIES  OF  ILLUMINANTS  (Continued) 


Lamp 

Rating,  or  Specifications 

Eff. 

Ab.  Eff. 

Gas  burner,  Open  flame.  . 

Bray    high  pressure 

0.22 

0.00035 

Gas  mantle,  Incandescent 

(high  pressure) 

.578    lumens    per    B.t.u. 
per  hr. 

2.0 

0.0031 

(low  pressure) 

.  350  lumens    per    B.t.u. 

1.2 

0.0019 

per  hr. 

Incandescent  electric 

Carbon  filament 

4.       watts  per  candle 

2.6 

0.0042 

Treated  Carbon 

1 .  25  watts  per  candle 

8.0 

0.0129 

Tungsten,  Mazda  C. . . 

40.       watts,  115  volts 

10.9 

0.0176 

Tungsten,  Mazda  C.  .  .  . 

75.       watts,  115  volts 

13.9 

0.0224 

Tungsten,  Mazda  C 

100.       watts,  115  volts 

15.3 

0.0247 

Tungsten,  Mazda  C 

1,000.       watts,  115  volts 

19.3 

0.0311 

Tungsten,  Mazda  C. .  . 

5,000.       watts,  115  volts 

29.0 

0.0467 

Tungsten,  vacuum 

10.       watt3,  115  volts 

7.9 

0.0127 

Tungsten,  vacuum 

40.       watts,  115  volts 

11.3 

0.0182 

Mercury  in  Glass 

Low  pressure,  d.c 

6.6    amp.,  50  in.  tube 

13. 

0.0210 

Optimum  pressure,  a.c. 

400 .       watts 

35. 

0 . 0565 

Mercury  in  Quartz 

110.       volts,  d.c.  (Arc  only) 

22. 

0.0354 

Moore   nitrogen   vacuum 

tube 

220-v.  60-cycle,  113  ft. 

5.21 

0.0083 

Nernst  lamp , 

4.8 

0.0076 

Sodium  Arc 

11,000.       lumens 

60. 

0.0966 

INTRINSIC  BRILLIANCY  OF  LIGHT  SOURCES 

Brightness  of  source  is  given  in  candles  per  square  centimeter. 


Source 


Carbon  Filament  at  2200°  K 

Clear  sky,  average 

Crater,  Low  Intensity  Carbon  arc 

Crater,  High  Intensity  Carbon  Arc  150  amp 

Flames,  candle 

gas,  argand  burner 

Kerosene,  flat  wick 

Mercury,  High  Pressure 

Mercury,  Low  Pressure 

Moon  (Full) 

Sodium  Arc 

Star  (Algol) 

Sun  (Max) 

Tungsten  at  15  lumens  per  watt 

Tungsten  at  30  lumens  per  watt 

Tungsten  lamp,  40-watt  vacuum,  filament 

Tungsten  lamp,  40-watt  vacuum,  frosted-bulb 

Tungsten   lamp,    projection    1000    watt,    color    temperature 

3175°  K 


cd 

cm2 

107 

4 

17,500 

83,000 

0.4-0. 

6 

1. 

14 

1. 

2 

27. 

0 

2. 

1 

0. 

25 

4. 

7 

840,000 

160,000 

380 

1,550 

206 

2. 

5 

2,065 


VELOCITY  OF  LIGHT  (IN  VACUO) 

(2.99776  ±  .00004)  X  10">  cm/sec. 
299,776.  km/sec. 

186,272.  miles/sec. 
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WAVE  LENGTHS  OF  VARIOUS  RADIATIONS 

Angstroms 

Cosmic  Rays 0 .  00C  5 

Gamma  Rays 0.010-1.40 

X-Rays 10-150 

Ultra  Violet,  below 4000 

Limit  of  suns  U.V.  at  earth's  surface 2920 

Visible  Spectrum 4000-7000 

Violet,  representative,  4100,  limits 4000-4240 

Blue,  representative,  4700,  limits 4240-4912 

Green,  representative,  5200,  limits 4912-5750 

Maximum  visibility 5560 

Yellow,  representative   5800,  limits 5750-5850 

Orange,  representative,  6000,  limits 5850-6470 

Red,  representative,  6500,  limits 6470-7000 

Infra  Red,  greater  than 7000 

Hertzian  Waves,  beyond 2 .  20  X  10* 

BRIGHTNESS  OF  TUNGSTEN 

Characteristics  of  Straight  Tungsten  Wire  in  a  Vacuum 
(Forsythe  and  Worthing,  1924). 


Temperature  °K 

Brightness 

B    dt 

Candles/cm2 

dB   T 

Absolute 

Brightness 

Color 

1000 

966 

1006 

0.00012 

22.0 

1200 

1149 

1210 

0.006 

20.0 

1400 

1330 

1414 

0.11 

17.2 

1600 

1509 

1619 

0.92 

15.2 

1800 

1684 

1825 

5.05 

13.7 

2000 

1857 

2033 

20.0 

12.3 

2200 

2026 

2242 

61.3 

11.2 

2400 

2192 

2452 

157.0 

10.3 

2600 

2356 

2663 

347.0 

9.6 

2800 

2516 

2878 

694.0 

8.9 

3000 

2673 

3094 

1257.0 

8.3 

3200 

2827 

3311 

2110.0 

7.8 

3400 

2978 

3533 

3370.0 

7.6 

3655* 

3165 

3817 

5740.0 

7.3 

*  Melting-point  of  tungsten. 
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WAVE  LENGTHS  OF  THE  FRAUNHOFER  LINES 

Sun's  Spectrum 

At  15°  C  and  76  cm  pressure.     Wave  length  in  Angstrom  units  (Fabry  and 

Buisson  system). 


Line 

Due  to 

Wave  length 

Line 

Due  to 

Wave  length 

U 

Fe 

2947 . 9 

h 

H 

4101.750 

t 

Fe 

2994.4 

g 

Ca 

4226.742 

T 

Fe 

3021.067 

G 

(Fe 

|Ca 

4307.914 

8 

Fe 

3047 . 623 

4307 . 749 

Si) 

s4 

(Fe 

3100.683 

G' 

H 

4340.477 

1Fe 

3100.326 

F 

H 

4861.344 

(Fe 

3099.943 

bi 

(Fe 
IMg 

5167.510 

R 

(Ca 
{Ca 

3181.277 

5167.330 

3179.343 

62 

Mg 

5172.700 

Q 

Fe 

3286.773 

61 

Mg 

5183.621 

P 

Ti 

3361.194 

Ei 

Fe 

5269 . 557 

0 

Fe 

3441.020 

D2 

Na 

5889.977 

N 

Fe 

3581.210 

Dx 

Na 

5895.944 

M 

Fe 

3727.636 

C 

H 

6562.816 

L 

Fe 

3820.438 

B 

0 

6869 . 955 

K 

Ca 

3933 . 684 

A 

1° 

10 

7621 

H 

Ca 

3968.494 

7594 

Z 

8228.5 

Y 

8990.0 

WAVE  LENGTHS  FOR  SPECTROSCOPE  CALIBRATION 


Source 


Potassium  flame 

Potassium  flam? 

Mercury  arc 

B,  solar 

Lithium  flame 

C,  solar  or  hydrogen  tube.  .  . 

Mercury  arc.  . 

D\,  solar  or  sodium  flame.  .  . 
D2,  solar  or  sodium  flame.  .  . 

Mercury  arc 

Mercury  arc 

Mercury  arc 

Thallium  flame 


Wave 
Length 


7699m 

7665 

6907 

6869 

6708 

6563 

6234 

5896 

5890 

5791 

5770 

5461 

5351 


Source 


E,  solar 

fei,  solar  or  magnesium  flame 
62,  solar  or  magnesium  flame 

Mercury  arc 

Mercury  arc 

F,  solar  or  hydrogen  tube.  .  . 

Strontium  flame 

Mercury  arc 

G',  solar  or  hydrogen  tube.. 

Mercury  arc 

Hi,  solar 

K,  solar 


Wave 
Length 


5270^ 

5184 

5173 

4960 

4916 

4861 

4608 

4358 

4340 

4047 

3969 

3934 


FLAME  SPECTRA 

Compiled  by  T.  G.  Kennard 
Listed  below  are  the  prominent  lines  and  bands  given  by  volatile  com- 
pounds when  introduced  into  a  gas  flame.  Additional,  weaker  lines  are 
often  observed.  Wave  lengths  are  stated  in  angstroms,  and  in  the  case  of 
bands  refer  to  the  position  of  the  band  head.  Bands  are  designated  by  the 
symbol  (b) ;  the  most  sensitive  or  persistent  lines  or  bands  are  designated 
by  P. 


Barium 


5137  (b) 
5347  (b) 
5535  (b)  P 


Boron . 


5193  (b) 
5440  (b) 
5481  (b)  P 


Calcium 


5544  (b) 
6182  (b)  P 
6203  (b)  P 
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FLAME  SPECTRA  (Continued) 


Cesium. 


Indium 

Lithium 

Manganese  chloride 


4555 . 5 

4593.18 

6213.0 

6723.3 

6973 . 3 

4101.76 

4511.31 

6103.59 
6707 . 86 

5158 
5193 
5230 
5360 
5392 
5424 
5592 


(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 


Potassium 


Rubidium. 


Sodium 


Strontium 


Thallium 


4044.16 
4047 . 22 
7664 . 94 
7699.01 
4201.8 
4215.6 
7800.30 
7947.63 

5889.965 
5895.932 

6060 
6628 
6747 

5350.47 


(b)P 

(b) 
(b) 
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WAVE  LENGTH  OF  THE  PRINCIPAL  LINES  IN  THE 
EMISSION  SPECTRA  OF  THE  ELEMENTS 

SECTION  I 

Ultraviolet  below  2000  A 

Wave  lengths  are  stated  in  angstroms 

1  angstrom  (A)   =  10~8  cm  =   10"4  microns  (n)   =  10_1  millimicrons  (m/u)   =  100  /x/i 
Intensities  of  lines  are  indicated  by  the  numbers  1  to  10,  the  latter,  the  higher 

intensity,  except  as  otherwise  indicated. 

Characteristics  of  the  lines  are  indicated  by  symbols  as  follows: 

1,  II,  III  etc  indicate  lines  produced  by  the  neutral,  ionized  or  doubly  ionized 
atom  respectively. 

2,  3,  4.  etc.  unresolved  lines  of  2,  3,  or  4  components 

n   broad  or  nebulous 

N  very  broad  and  diffuse 

p    persistent  lines 

P  the  most  sensitive  of  the  persistent  lines 

r    easily  reversed 

R  wide,  self  reversed 


Aluminum 

Antimony  (Continued) 

Argon  (Continued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Geissler 
tube 

III    695.82 

3 

805. 

5 

1589.5 

4 

III    696.23 

2 

861. 

6 

1600.7 

5 

III    854.98 

3 

976. 

10 

1669.7 

7 

III    856.80 

3 

981. 

10 

1673.5 

7 

11  1190.07 

2 

1012. 

10 

1675.6 

7 

11  1191.83 

2 

1042. 

10 

1788.1 

5 

11  1211.93 

1 

1048. 

10 

1820.0 

7 

1310.  ? 

6 

1162. 

10 

1830.6 

10 

1319.  ? 

6 

1168. • 

10 

1831.4 

9 

Ill  1384. 

5 

1171. 

10 

1836.3 

9 

Ill  1606. 

8 

1193. 

10 

1843.1 

9 

Ill  1612. 

8 

1205. 

10 

1855.7 

9 

II  1671.  p 

10 

1211. 

10 

1865.9 

8 

II  1719. 

9 

1225. 

10 

1868.7 

8 

II  1721. 

9 

1307. 

10 

1873.2 

10 

II  1725. 

10 

1438. 

10 

1877.7 

8 

II  1750. 

2 

1514. 

10 

1879.7 

8 

1752. 

3 

1566.3 

8 

1886.1 

7 

II  1760.1 

7 

1585. 

8 

II  1761.9 

7 

1712. 

6 

11  1763.9 

10(2) 

1725. 

6 

Arsenic 

II  1765.7 

7 

1731. 

5 

II  1767.6 

9 

1762. 

10 

Wave 

1777. 

4 

1783. 

10 

length 

Arc 

Spark 

1792. 

3 

1810. 

5 

1818.3 

2 

1867. 

8 

III  1854.67  p 

10 

1870.6 

10 

II  1858.15  p 

7 

1926.6 

5 

529. 

1 

II  1862.48  p 

10 

827. 
873. 

5 

8 

_ 

III  1862.90  p 

10 

II  1930.3 

2 

Argon 

878. 
926. 
952. 
956. 

8 
8 

III  1935.2 

7 

II  1989.8 

8 

Wave 

Geissler 

8 

8 

10 

10 

length 

tube 

963! 

984. 

Antimony 

1333.7 

5 

1001. 
1009. 

10 

10 

456. 

1 

1334.5 

7 

1081. 

50 

691. 

2 

1335.8 

7 

1093. 

20 

723. 

3 

1460.1 

5 

1106. 

10 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Arsenic  (Continued) 


Wave 
length 


1171. 

1208. 
1267. 
1287. 
1700.2 
1733.0 
1742.9 
1890.  p. 
1936.  p 
1972.  p 


Arc 


Spark 


15 
30 
40 
10 
10 
15 
20 

4r 

5 

4r 


King's  Intensity  Scale 


Wave  length 


1889.85 
1937.02 
1958.29 
1972.03 
1989.71 
1990.49 
1994.25 
1994.79 


Arc 


1000  R 

1000  R 

20  r 

1000  R 

200  R 

50  r 

25 

100  r 


Barium 


Wave 
length 


1331. 

1415. 

1504. 

1554. 

1674. 
II  1694. 
II  1869. 


Arc 


Spark 


Beryllium 


II  1036.32 
II  1512.30 
II  1512.45 
II  1776.12 
II  1776.34 


BlSMTTTH 


670. 

791. 

967. 
1045. 
1051. 
1306. 
1317. 
1346. 
1533.7 


Bismuth  (Continued) 


Wave 
length 


1776.7 
1787.1 
1791.7 
1823.5 
1902.5 
1959.6 
1973.2 


Arc 


Spark 


Boron 


III    677.01} 

III    677.16  5 

III    758.47) 
III    758.68) 

II  1624.4 

I  1825.87) 
I  1826.41 ) 

3 

8(B) 

1 


Bromine 


Wave 
length 


1251.8 

1384.6 

1488.6 

1531.9 

1540.8  p 

1575.0 

1576.5 

1582.4 

1633.6  p 


Geissler 
tube 


Cadmium 


Wave 
length 


396. 

847. 
1369. 
1397. 
1462. 
1466. 
1472. 
1514. 
1628.7 
1707.5 
1747.9 
1768.8 
1773.1 
1844.5 
1856.0 
1873.6 
1900.7 


Arc 


Spark 


1 

10 

20 

20 

20 

8 

8 

20 

6 

8 


Cadmium  (Continued) 


Wave 
length 


1921.8 
1939. 
I  1942. 
1995. 


Arc 


Spark 


Calcium 


404. 

410. 

537. 

655. 

669. 

688. 

718. 

832. 

840. 

902. 
II  1434. 
II  1553. 
II  1555. 
1562. 
1667. 
II  1807.8 
II  1815.0 
II  1838. 
II  1840.2 
II  1843.7 
II  1851.3 


6 

6 

5 

6 

6 

5 

6 
10 

6 
10 

6 

8(2] 

4 
5 

7 
8 

9(2) 

10 


Carbon 


Wave 
length 


313. 
372. 
459.7 
533.9 
538.4 
543.4 
560.5 
574.4 
594.9 
636.2 
651. 
687.1 
858.2 
904. 
977.02 
1 1010.1 
II  1036.2 
II  1036.8 
1176. 
1323.7 
1329.1 
1329.6 
1334.5  p 
1335.7  p 


III 
II 

III 
II 
II 

II 
II 

II 
II 

II? 

Ill 


Arc 

Spark 

1 

1 

6 

1 

7 

2 

2 

6 

4 

5 

2 

2 

6(2) 

8 

7 

8 

8 

4 

10(4) 

12 

9 

10 

|» 

10 

15(5) 

7 

7 

8 
8 

}■* 

1 
1 

0 
0 

}» 

Geissler 
tube 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Carbon  (Continued) 

Chromium 

Copper  (Continued) 

Wave 
length 

An 

:    Spark 

Geissler 
tube 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

IV  1550.9 

3 

202.6 

1 

1750. 

6 

I  1561.3 

5 

5 

5 

438.3 

4 

1769. 

4 

1657. 

6 

6(4) 

456.8 

4 

1783. 

3 

Ill  1930.98 

5 

7(2) 

464.0 
469.8 

4 
4 

1840. 
1979.2 

4 

8 
1 

575.3 

5 

1999.6 

5 

2 

Cerium 

619.9 
629.9 
637.8 

6 
6 
6 

Wave 
length 

Fluorine 

Arc 

Spark 

648.7 
667.1 

5 
5 

Wave 

Geissler 

681.3 
840. 
885.2 
925.5 

5 

3 

10 

2 

length 

tube 

399. 

741. 

1 
5 

378.6 

1 

830. 

20 

1004.4 

3 

420.1 

1 

1332. 

20 

1018.7 

3 

III    430.15 

4 

1373. 

20 

1816.4 

10 

III    467.70 

7 

II    546.84 
IV    572.65 

4 

4 

Cesium 

Con  ALT 

II    605.67 
II    606.27 
II    606.81 

8 
7 
9 

342. 
937. 

1884.0 

6 

1 
5 

II    606.95 

4 

1889.2 

6 

II    607.48 

7 

1935.2 

8 

1128. 

1502. 

1574. 

15S0. 

1631.6 

1772.7 

1790.4 

3 
3 
5 
5 
3 
5 
4 

II    608.06 
III    656.10 
III    656.86 

III  658.34 

IV  676.06 
IV    677.17 
IV    679.19 

8 

7 

Chlorine 

6 
8 
4 
5 
5 

Wave 

Geissler 

length 

tube 

1846. 

1882.2 

1928. 

1940.3 

1950. 

1955.2 

1956.6 

1969.4 

1974.1 

4 
4 
6 
6 
4 
4 
5 
5 
4 

I    951.81 
I    954.78 
I    955.53 
I    958.49 

5 

7 

IV    538.08 
556.4 
561.5 
574.3 
586.9 

V  629.33 

V  633.18 

V  635.31 

3 
4 
4 
4 
4 
6 
6 
6 
5 
4 

6 
5 

Gallium 

Wave 
length 

Arc 

Spark 

Copper 

V    639.24 

124. 

653.7 

0  ' 

663.2 

4 

155.7 

0 

425. 

4 

712.6 

4 

324.5 

6 

509. 

3 

VI    730.31 

4 

329.2 

5 

511. 

3 

787.8 

4 

358.0 

5 

645. 

2 

VII    800.70 

3 

452.8 

7 

800.4 

5 

VII    813.00 

2 

777.3 

5 

828.8 

5 

840.9 

6 

788.3 

6 

839.9 

5 

888.0 

4 

1594. 

5 

860.4 

5 

960.4 

6 

1642. 

8 

874.4 

6 

984.8 

4 

1652. 

6 

909.3 

5 

1008.6 

4 

1670. 

6 

938.5 

6 

1014.9 

4 

1672. 

6 

989.5 

6 

1070.9 

4 

1679. 

6 

1050.2 

6 

1145.0 

2 

1687. 

6 

1102.7 

7 

1547.2 

3 

1702. 

5 

1120.6 

5 

1577.7 

2 

1722. 

6 

1133.6 

6 

1821.9 

2 

I  1741. 

6 

1135.9 

5 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Gallium  (Continued) 


Wave 
length 


1136.9 
1156.1 
1163.5 
1170.4 
1192.9 
1195.0 
1228.0 
1258.8 
1264.6 
12671 
1279.2 
1285.3 
1293.5 
1295.9 
1299.5 
1303.5 
1338.1 
1414.4 
1483.9 
1495.4 
1534.5 
1586.3 
1625.3 
1799.2 
1802.3 
1813.9 
1845.0 


Arc 


Germanium 


547.0 

760.3 

847.9 

868.3 

892.6 

915.0 

936.7 

938.9 

989.0 

995.7 

996.5 

1004.2 

1911.2 

1316.5 

1045.5 

1058.8 

1072.4 

1038.3 

1098.6 

1105.0 

1116.8 

1138.0 

1159.5 

1160.8 

1173.7 

1183.4 

1189.0 


Spark 


5 

7 
6 
9 
% 
6 
7 
9 
6 
7 
7 
7 
6 

10 
9 

10 
7 

10 
6 

10 

10 
8 
7 
7 
7 
9 
8 


Germanium  (Continued) 


Wave 
length 


1229.8 
1237.0 
1393.8 
1402.8 
1500.6 
1733. 


Arc 


Gold 


458. 

832. 

854. 

864. 

975. 
1402. 
1435. 
1488. 
1500. 
1534. 
1562. 
1590. 
1600. 
1622. 
1629. 
1639. 
1659. 
1673. 
1694. 
1699. 
1720. 
1726. 
1727. 
1740. 
1767. 
1784. 
1795. 
1802. 
1822.4 
1845.7 
1850.1 
1861.1 
1871.1 
I  1879.1 
1886.3 
1889.8 
1903.9 
I  1918.9 
1921.0 
I  1951.2 
1977.3 


Spark 


1 
5 

4 

5 

20 

2 

4 

4(2) 
4(2) 

3 
3 
3 
3 
4 
3 
3 
3 
6 
6 
3 
3 
4 
3 
4 
3 
5 
5 
5 
4 
3 
2 
3 
3 
3 
4 
2 
2 
4 
4 
3 
3 


Hafnium 
King's  Intensity  Scale 


1623.06 
1628.91 


Hafnium  (Continued) 
King's  Intensity  Scale 


Wave 
length 


1774.81 
1815.71 
1919.52 
1922.11 
1922.74 
1955.66 
1963.75 
1964.23 


Arc 


Spark 


Helium 


Wave 
length 


I    585.?  p 
II  1215.? 
II  1640.?  p 


Geissler 
tube 


Hydrogen 


972.54 

992. 
1025.73 
1086. 
1215.68  p 


Indium 


Wave 
length 

Arc 

Spark 

161.8 

0 

583. 

1 

684. 

2 

752. 

1 

882. 

4 

954.7 

4 

973. 

3 

1031.5 

5 

1054. 

6 

1082. 

6 

1222.5 

6 

1233. 

6 

1320. 

7 

1381. 

9 

1406  . 

8 

1435. 

' 

5 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 

Indium  (Continued) 

Iron  (Continued) 

Lead  (Continued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

III  1 188. 

8 

1373.9 

2 

1534. 

7 

1521.6 

9 

1387.8 

2 

1554. 

10 

1533.5 

9 

1409.4 

2 

1660. 

2 

II  1625.6 

10 

1430.6 

2 

1671. 

2 

III  1749.2 

1 

12 

1525.5 

2 

1682.5  p 

6 

2 

1966.7 

2 

9 

1532.3 

2 

1726. 

6 

2 

1977.3 

2 

8 

1538.3 

2 

1781. 

2 

1597.7 

2 

1796.5 

6 

3 

1630.9 

2 

1822. 

8 

3 

Iodine 

1702.0 
1718.3 
1724.0 

3 
2 
2 

1869. 

5 

Geissler 

Wave 

length 

tube 

1787.0 
1788.3 
1843.9 
1869.7 

5 
5 

2 
4 

Magnesium 

1234.2 

3 

1895.6 

4 

1231.6 

2 

1336.7 

6 

1913.3 

4 

1320.9 

5 

1355.5 

6 

1914.2 

3 

1323.2 

4 

1390.9 

5 

1953.6 

2 

II  1735. 

1 

6 

1425.7 

8 

II  1737. 

2 

7 

1458.2 
1459.2 

6 
6 

1741. 

1744. 

5 
5 

1514.8 

9 

Krypton 

II  1750.9 

5 

1518.3 

7 

King's  Intensity  Scale 

II  1753.6 

6 

1641.1 

7 

I  1828. 

3 

1642.5 

7 

1856. 

5 

1782.9  p 

1830.4 

1844.5 

9 

10 
9 

Wave 
length 

Geissler 
tube 

1864. 
1886. 
1931. 

4 
5 
6 

1876.4 

7 

11    886.29 
11    964.93. 

8 
12 

Iron 

Manganese 

I  1164.88 

20 

Wave 
length 

Arc 

Spark 

I  1235*85 

30 

311. 

648. 

2 

893. 

10 

Lead 

1113. 

5 

294.3 
365.8 

2 
5 

1118. 
1438. 

5 

5 

381.1 

4 

Wave 
length 

1573.? 

5 

392.9 

7 

Arc 

Spark 

1789. 

10 

417.5 

4 

1892.0 

4 

552.1 

7 

1904. 

5 
3 

602.4 

4 

1952!l 

609.1? 

9 

884. 

5 

1993. 

5 

666.9 

4 
4 

890. 
894. 

3 
5 

669.9 

859.9 
863.2 

4 
3 

907. 
927. 

7 
7 

Mercury 

929.2 

3 

954. 

3 

983!8 

3 

1004. 

3 

1006.0 

2 

1029. 

10 

I  1269  7 

5 

1017.6 

6 

1166. 

7 

1527. 

5 

1031.8 

4 

1203. 

7 

1592. 

8 

1062.1 

2 

1213. 

3 

1599. 

7 

1143.4 

2 

1232. 

7 

II  1650.  p 

10 

1186.4 

2 

1250. 

10 

1677.9 

10 

1228.9 

2 

1267. 

7 

1738.3 

8 

1254.1 

2 

1316. 

10 

1798.7 

9 

1260.8 

2 

1349. 

3 

I  1849.  P 

io 

10 

1272.2 

2 

1434. 

10 

II  1942.  p 

10 

5 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Molybdenum 


Wave 
length 


1377. 
1548. 
1692. 
1697. 
1809.! 


Arc 


Spark 


Nickel 


1398. 

1499. 

1527. 

1653. 

1693. 

1709. 

1767. 

1855. 

1929.7 

1979.3 


Nitrogen 


Wave 
length 


III 
II 
IV 
IV 
IV 
IV 
IV 

III 
III 


685.5 
916.82 
922.02 
922.57 
923.18 
923.68 
924.31 
989.90  p 
991.66p 
1085. 
1184.1 
1200.4  p 
V  1242.2 
II  1276.0 
1335.3 
I  1492.83 
I  1494.78 
1561.1 
1657.2 
I  1742.81 
I  1745.31 


Geissler 
tube 


5(4) 
2(4) 


2 
3 

10(4) 

10 
10 

4 

10(3) 

10 
3 
3 
7 
7 
5 
5 


Oxygen 


Wave 
length 


III 
III 
III 


136.6 
305.7 
374.3 

507.38 
507.68 
508.18 


Arc 


Spark 


Oxygen  (Continued) 


Wave 
length 


HI 
IV 
IV 
IV 
IV 


II 

II 

II 

II 

II 

III 

III 

III 

III 

II 

II 

V 

V 

V 

V 

V 

V 

II 

II 

III 

II 

III 

II 

III 

III 


525.79 
553.33 
554.07 
554.52 
555.23 
580.41 
580.98 
616.31 
617.06 
644.16 
672.91 
673.75 
702.33 
702.82 
702.90 
703.85 
718.50 
718.57 
758.69 
759.45 
760.23 
760.46 
761.13 
762.00 
796.61 
832.76 
832.93 
833.33 
833.74 
834.46 
835.09 
835.29 
889.7 
904.7 
916.4 
917.8 
948.7 
950.2 
950.9 
952.4 
953.0 
971.76 
973.26 
973.92 
976.50 
978.00 
978.62 
990. 
991.5 
1010.5 
I  1026.0 
I  1027.5 
I  1028.2 
1036.9 
I  1039.26 
I  1041.0 
I  1041.71 
1066.3 
1085.2 
1128.4 
1132.3 
1134.8 
1152.6 


Arc 


Spark 


5 
4 
5 
5 
4 

10(2) 
10(2) 

10 
5 


7 

5 
10 

5 
10 

10(2) 

6 


Oxygen  (Continued) 


Wave 
length 


1175.6 
1200. 
1217.62 
1247.7 
1277. 
I  1302.3  p 
I  1305.0  p 
I  1306.1  p 
I  1355.7 
I  1358.7 
1743.1 
1760.9 
1781.4 
1787.0 
II  1961.60 


Arc 


Palladium 


II  1596.8 
II  1625.8 
II  1667.6 
II  1693.4 
II  1704.3 
II  1741.0 
II  1781.8 


Phosphorus 


Wave            Qr 
length            bI 

)ark 

IV    823.21 

5 

IV    824.76 

6 

IV    827.95 

6 

III    859.69 

6 

V    865.48 

4 

V    871.42 

5 

III    913.99 

4 

III    917.14 

5 

III    918.69 

5 

III    921.86 

5 

III    998.03 

5 

III  1003.64 

5 

IV  1035.54 

4 

V  1118.02 

10 

V  1128.04 

10 

1671.5 

1685.8 

1693.8 

1774.8  p 

1782.7  p 

1787.5  p 

1834.5 

I  1846.8 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Phosphorus  (Continued) 


Wave 
length 


I  1851.11 
I  1859.36 


Arc 


Platinum 


Potassium 


382.5 
470.4 
612.5 

765.7 
1669. 
1703. 
1771. 
1787. 
1944. 


Scandium 


791. 
1214. 
1603. 
1880. 
1993. 


Geiss- 

ler 

tube 


Wave 
length 

A 

re 

Spark 

390. 

1 

696. 

3 

702. 

3 

714. 

3 

805. 

3 

930. 

3 

935. 

3 

1056. 

3 

1118. 

3 

1199. 

3 

1213. 

3 

1226. 

5 

1287. 

5 

1461. 

4 

1473. 

4 

1597. 

3 

1680. 

5 

1723. 

4 

1889. 

5 

1928.5 

5 

2 
4 
3 
3 

4c:) 
9 
6 
4 
5 


Selenium 


Wave 
length 


1854. 
1960.  p 
1993. 


Arc 


Spark 


7 
10  r 


Silicon 


Wave 
length 


IV 
IV 
IV 
IV 

IV 


361.6 

457.7 

749.7 

815.0 

818.0 
IV  1066.3 
III  1110.47 
II  1194.89 

III  1206.9 
II  1260.66 
II  1265.04 

IV  1393.9 
IV  1402.9 
III  1500.39 

II  1526.38  p 
II  1533. 55P 
II  1711.0 
II  1808.14 
II  1817.06 

1885. 
I  1988.97 


Spark 


Geiss- 

ler 

tube 


1 
3 
3 

7 
7 
8 
5 
5 
K) 
8 

II! 

10 

8 

5 

8 

10 


1!) 


Silicon  I 
King's  Intensity  Scale 


Wave 
length 


1629.96 
1696.20 
1697.96 
1700.43 
1769.78 
1770.63 
1770.94 
1776.85 
1783.23 
1799.14 
1809.05 
1814.02 
1814.09 
1822.46 
1836.52 
1838.00 
1841.16 
1841.47 
1843.77 


Arc 


8r 
20  r 
20  r 
15  r 
15 

8 

10 
10 

8 

10 
30 
50 
30 
10 
20 
10 
10 
20  r 
15 


Silicon  I  (Continued) 
King's  Intensity  Scale 


Wave 
length 


1845.53 
1846.13 
1847.47 
1848.16 
1848.75 
1850.68 
1851.80 
1852.48 
1853.17 
1873.11 
1874.86 
1875.82 
1881.86 
1887.71 
1893.22 
1901.34 
1904.66 
1976.96 
1978.57 
1980.00 
1982.60 
1985.73 
1988.36 


Arc 


25  r 
12 
35  r 
20  r 
18 
50  r 
10 
25  r 
10 
8 
25 
10 
12 
12 
25 
50 
12 
15 
12 
10 
20 
20 
30 


Silver 


Wave 
length 


1445. 

1486. 

1496. 

1539. 

1566. 

1656.8 

1674. 

1693. 

1722. 

1751. 

1769. 

1772. 

1794. 

1802. 

1816. 

1839. 

1860. 

1873. 

1880. 

1889. 

1916.3 

1932.3 

1956.9 

1999.5 


Arc 


Spark 


Sodium 


1372.3 
1376.6? 
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I.  EMISSION  SPECTRA  BELOW  2000  A  (Continued) 


Sodium  (Continued) 


Strontium 


Sulfur 


IV 
IV 
IV 
IV 
IV 

V 
IV 

V 
VI 


661.42 
744.92 
748.40 
750.23 
753.75 
786.51 
815.97 
854.81 
933.42 


Tellurium 


509. 

634. 

813. 

928. 

931. 
1004. 
1007. 
1064. 
1107. 
1117. 
1123. 
1150. 
1167. 
1174. 
1216. 
1219. 
1223. 
1291. 
1297. 
1345. 
1461. 
1826. 


Wave 
length 

Arc 

Spark 

1659.7 

4 

1668.7 

4 

1669.3 

4 

1698.9? 

10 

1703.5 

9 

1749.3 

8 

1770.8 

6 

1773.5 

6 

1787.4 

4 

Thallium 


Wave 
length 


395. 

662. 

697. 

817. 

908. 
1029. 
1082. 
Ill  1266. 
1337. 
1478. 
1492. 
Ill  1559. 
1561. 
1660. 
1793. 
1815. 
1828. 
1893. 


Arc 


Tin 


392. 

410. 

502. 

508. 

752. 

784. 

892. 

902. 

907. 

910. 

956. 
1019. 
1044. 
1058. 
1062. 
1086. 
1089. 
1132. 
1158. 
1224. 
1251. 
1314.7 
1327. 
1347. 
1370. 
1387. 
1410.8 
1437.7 
1475. 
1570. 
1757. 
1811. 
1899. 
1951.4 
1983.4 


3 

3r 

3r 


Titanium 


324. 

781.6 

834.0? 

1113.4 

1120.5 


Spark 


1 

2 

2 

2 

3 

3 

3 

15 

3 

3 

10 

15 

15 

3 

3 

5 

5 

12 

20 

10 

20 

10 

7 

4 

4 

5 

5 

10 
6 
4 
10 
10 
10 


Titanium  (Continued) 


Wave 
length 


1264.6 
III  1294.3 
III  1298.8 
1437.3 
1658.7 
1671.2 


Spark 


Tungsten 


1550.2 

3 

1079.2 

3 

1785.5 

5 

1787.0 

5 

1788.3 

5 

1895.5 

6 

Uranium 


397. 

764. 
1587. 
1833. 
1981. 
1985. 


Vanadium 


483.0 

684.5? 

723. 

1112. 

1437.3 

1454. 


Yttrium  III 
King's  Intensity  Scale 


Wave 
length 


989.21 
996.37 


Intensity 


Zinc 


Wave 
length 


677.9 
I  1457. 
I  1589. 
I  1601.2 
1620.0 
1622.9 
1629.4 
1639.5 
1645.0 
1651.9 
1673.2 
1707. 
1743. 
1746. 
1750. 
1767.8 
1811. 
1834. 
1839.3 
1864, 


Arc       Spark 
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SECTION  II 
2000  to  10,000  A 

Wave  lengths  are  given  in  angstroms 
Intensities  are  given  according  to  the  M.  I.  T.  Wave  length  Tables. 
Characteristics  of  the  lines  are  indicated  by  symbols  as  follows: 

bh  band  head 

d     double  line 

1      shaded  or  displaced  to  longer  wavelengths  (asymmetrical) 

m    mean  value 

n     hazy,  diffuse,  nebulous 

r      narrow  or  wide  self-reversal 

s      shaded  or  displaced  to  shorter  wavelengths  (asymmetrical) 

w    wide  or  complex 

W  Very  wide  or  complex 

(   )  Discharge  tube  intensity 

I  line  classified  as  emitted  by  normal  atom 

II  line  classified  as  emitted  by  singly  ionized  atom 


Actinium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4088.37 
4168.40 
4179.93 

100 

100 
60 

4359.09 
4386.37 

30 
100 

4413.17 
4812.25 

•• 

100 

60 

Aluminum 


II  2016. 
II  2087. 
II  2094. 
II  2094. 
II  2095. 
II  2099. 
II  2243. 

I  2263. 

I  2269. 

12367. 

I  2373. 

I  2373. 

I  2378. 
II  2392. 
II  2459. 
II  2475. 
II 2476. 
II  2540. 
II  2545. 
II  2552. 

11 2556. 

11 2557. 
II  2565. 

2567. 

2575. 

2575. 
II  2586. 
II  2597. 
II  2627. 
II  2631. 
II 2637. 
II  2638. 


91 

(80) 

00 

(40) 

3 

(50) 

8 

(50) 

2 

(40) 

68 

(40) 

OS 

(30) 

45 

60  r 

25 

09 

60  r 

25 

.06 

150  r 

50  r 

13 

100  r 

30 

36 

200  r 

100  r 

41 

40 

20 

15 

(30) 

82 

(30) 

26 

(30) 

30 

(30) 

12 

(30) 

60 

(50) 

12 

(40) 

01 

(30) 

71 

(40) 

6S 

(30) 

99 

200  r 

80  r 

10 

200  r 

80  r 

41 

30 

30 

95 

(50) 

IS 

(50) 

68 

(60) 

55 

(60) 

70 

(40) 

.26 

(30) 

II  2650. 

I  2652. 

I  2660. 

II  2669. 

2748. 

2805. 

II  2868. 

II 2881. 

2884. 

II 3041. 

II  3074. 

I  3082. 

1 3092. 

3092. 

II 3428. 

II  3586. 

II  3586. 

II  3586. 

II  3586. 

II 3587. 

II  3587. 

3612. 

II  3651. 

II  3655. 

II  3900. 

13944. 

13961. 

II 3995. 

II  4026. 

11 4226. 

11 4227. 


.10 

(30) 

.49 

150  r 

60 

.39 

150  r 

60 

.17 

3 

100 

.86 

(30  n) 

.65 

(30) 

.52 

(80) 

.46 

(30) 

.20 

(30) 

.2s 

(50) 

.66 

(50) 

.15 

800 

800 

.71 

1000 

1000 

.84 

50  r 

18 

.92 

(50) 

.55 

(200) 

.69 

(200) 

.80 

(200  wn) 

.91 

(500  n) 

.06 

(100) 

.44 

(80) 

.47 

(80  n) 

.06 

(50) 

.00 

(100) 

.68 

(200) 

.03 

2000 

1000 

.53 

3000 

2000 

.86 

(30) 

.5 

(30) 

.81 

(35) 

.50 

(30) 

II  4585 

II  4588 

II 4898 

II 4902 

II 5280 

II 5283 

II  5285 

II  5312 

II 5316 

II 5371 

II 5593 

II 5853 

II 5971 

II  6001 

II  6001, 

II  6006, 

II  6068, 

II  6068 

II  6231 

II  6243 

I  6695, 

I  7362 

I  7835, 

I  7836 

II  8354 

II 8359, 

II  8363, 

II 8640 

I  8772, 

18773, 

18774, 


5nl 


100 


(40) 
(30) 
(30) 
(30) 
(50) 

(100) 
(50) 
(35) 
(70) 
(50) 

(200) 
(35) 
(35) 
(60) 
(50) 
(30) 
(60) 
(30) 
(35) 
(80) 
(50) 
(50) 
(40) 
(50) 
(50) 
(40) 
(30) 
(30)' 
(80) 

(150) 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Antimony 


Wave 
length 

Arc 

Spark 

WTave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  2068.38 

300  r 

3 

I  3232.50 

150 

250  wn 

II  5354.24 

(200) 

12175.89 

300 

40 

3241  28 

(350  WTn) 

II  5464.08 

(100) 

2179.26 

35 

40 

I  3267.50 

150 

150  Wn 

II  5567.0 

40 

2201.40 

40 

25 

3304.11 

40  wn 

II  5568.09 

6 

200  wn 

■      2262.54 

40 

25 

3383.14 

40 

50 

115631.97 

15 

(40) 

2306.50 

35 

30 

3473.91 

3 

300  wn 

115635.18 

(40) 

12311.47 

150  r 

50 

113498.46 

300  wn 

115639.74 

100  wn 

2373.62 

75 

25 

113520.47 

(125) 

II  5895.09 

(150  wn) 

2383.63 

75 

20 

3559.24 

2n 

50  wn 

II  6004.6 

200  n 

2395.20 

50 

15 

3596.96 

(100) 

II  6005.21 

(200) 

2422.14 

50 

20 

3597.51 

2 

200  wnl 

6079.55 

20 

100  n 

2426.35 

75 

25 

3637.83 

2n 

60 

II  6079.80 

(60) 

2445.51 

75 

30 

113722.79 

40  Ws 

50 

116129.98 

10  n 

150  n 

2478.31 

75 

100 

4033.54 

70 

60 

6154.94 

8n 

(40) 

2510.53 

50 

20 

114195.17 

50 

6647.44 

(60) 

I  2528.53 

300  r 

200 

114596.90 

(70) 

6778.38 

5 

40 

2574.11 

30 

40 

II  4599.09 

(40) 

II  7275. 

35 

I  2598.06 

200 

100 

114612.92 

(50) 

II  7428. 

35 

2612.30 

50 

60 

114647.32 

(80) 

7844.41 

100 

2652.61 

50 

75 

114711.26 

(100) 

7924.65 

300 

2670.64 

50 

35 

114765.36 

(40) 

7969.6 

50  n 

2682.76 

50 

35 

4784.03 

(70) 

8411.70 

60 

2692.25 

40 

40 

11  4802.01 

(40) 

8572.61 

200 

2718.89 

50 

50 

114877.24 

(60) 

8617.7 

40  n 

2769.94 

100 

75 

114948.52 

(50) 

8619.52 

150  n 

2851.11 

50 

45 

115010.42 

(40) 

8682.7 

100  n 

12877.91 

250  W 

150 

5044.5G 

(100) 

8700.1 

50  Wn 

2980.96 

(125  nd) 

5113.86 

70 

8735.7 

40  Wn 

3011.07 

70 

5141.2 

40 

9518.68 

400 

113022.19 

60 

115176.55 

(50) 

9578.68 

400 

3029.81 

100 

200  wn 

II  5238.94 

(50  wn) 

9949.14 

400  n 

II  3040.67 

(400  wn) 

Argon 


Wave 

Arc 

Discharge 

WTave 

Arc 

Discharge 

Wave 

Arc 

Dircharge 

length 

Tube 

length 

Tubs 

length 

Tube 

2137.2 

40 

2313.74 

60 

3169.68 

50 

II  2152.6 

60  n 

2314.99 

40 

13172.96 

150 

II  2159.0 

60  n 

2316.31 

100 

3181.05 

25 

2162.74 

60  n 

2331.45 

60 

I  3200.39 

100 

2164.17 

100 

2337.79 

60 

13234.51 

100 

112171.41 

60 

2357.60 

60 

3249.82 

25 

112179.25 

40 

II  2360.07 

40 

1 3257.58 

100 

II  2183.3 

40 

2364.14 

40 

3293.66 

25 

2213.0 

60 

II  2383.50 

40 

13319.34 

300 

2218.87 

60 

2385.00 

40 

1 3323.82 

30 

2221.94 

40 

II  2387.96 

40 

13325.50 

100 

2222.93 

60 

2534.74 

40 

I  3373.48 

300 

2224.76 

40 

2544.72 

40 

113376.46 

25 

2227.70 

60 

2708.28 

40 

3388.54 

25 

II  2235.77 

40 

2806.16 

40 

13392.81 

100 

II  2238.2 

60 

112891.61 

40 

13393.75 

250 

2280.6 

60 

112942.90 

100 

13406.17 

30 

2282.05 

40 

112955.39 

40 

13461.08 

300 

2287.8 

60 

112979.05 

40 

3491.54 

50 

2298.17 

40 

113093.41 

50 

1 3506.46 

30 

2309.16 

40 

3139.02 

25 

3514.39 

125 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Argon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharg* 

length 

Tube 

length 

Tube 

length 

Tube 

3545.58 

300 

14181.88 

1000 

I  4835.97 

30 

II  3545.84 

125 

14190.71 

600 

14836.69 

150 

3548.51 

25 

14191.03 

1200 

4847.90 

80 

13554.31 

300 

14198.32 

1200 

14876.26 

200 

I  3555.97 

100 

I  4200.67 

1200 

4879.90 

300 

I  3563.26 

100 

4228.18 

40 

I  4883.27 

30 

I  3564.27 

100 

II  4237.23 

40 

I  4886.29 

30 

13567.66 

300 

14251.18 

'.           i 

I  4887.95 

200 

I  3572.29 

300 

I  4259.36 

1200 

I  4894.69 

150 

3576.62 

300 

I  4266.29 

1200 

114904.75 

30 

3582.35 

50 

4266.53 

200 

14921.04 

80 

I  3582.70 

30 

14272.17 

1200 

4933.24 

30 

3588.44 

300 

II  4277.55 

80 

I  4937.72 

30 

I  3606.52 

1000 

4282.90 

. 

14956.75 

100 

I  3632.68 

300 

I  4300.10 

1200 

4965.12 

40 

I  3634.46 

300 

II  4300.66 

3G 

I  4989.94 

80 

113639.85 

25 

4331.25 

200 

5009.35 

200 

I  3643.09 

100 

4332.06 

80 

115017.16 

60 

I  3649.83 

800 

14333.56 

1000 

I  5032.02 

.' 

60 

I  3659.50 

100 

I  4335.34 

800 

I  5048.81 

500 

I  3670.64 

300 

114337.10 

30 

I  5054.18 

300 

I  3675.22 

300 

14345.17 

'  1000 

I  5056.53 

200 

I  3690.90 

300 

4348.11 

500  n 

I  5060.08 

500 

3729.29 

200 

4352.23 

30 

5062.07 

200 

I  3743.76 

100 

14363.79 

80 

I  5070.99 

40 

I  3770.37 

400 

114370.76 

30 

I  5073.08 

200 

3780.84 

50 

4371.36 

80 

I  5078.03 

40 

13781.36 

300 

4379.74 

80 

I  5087.09 

60 

3809.49 

25 

4400.09 

30 

15118.20 

60 

I  3834.68 

800 

4401.02 

40 

15127.78 

60 

3850.57 

400 

4420.90 

40 

5145.36 

200 

3868.53 

50 

14423.99 

80 

15151.39 

200 

3875.26 

25 

4426.01 

300 

15162.28 

500 

3891.97 

25 

4430.18 

100 

I  5177.53 

40 

13894.66 

300 

4431.02 

80 

15187.75 

800 

13899.86 

100 

114481.83 

80 

I  5192.72 

60 

3914.76 

25 

I  4510.73 

1000 

I  5210.49 

200 

3928.62 

125 

I  4522.32 

!    800 

15214.77 

200 

3932.55 

25 

4544.75 

30 

15216.28 

60 

3944.27 

50 

4545.08 

200 

15219.30 

40 

113946.10 

25 

4579.39 

80 

15221.27 

500 

1  3947.50 

1000 

14589.29 

80 

I  5229.86 

40 

1  3948.98 

2000 

II  4589.93 

150 

15241.10 

60  n 

3968.36 

200 

14596.10 

1000 

I  5246.24 

40 

3979.36 

25 

II  4609.60 

300 

I  5249.20 

40 

3992.06 

25 

I  4626.78 

30 

I  5252.79 

300 

4013.87 

200 

I  4628.44 

1000 

15254.48 

60 

4033.83 

30 

II  4637.25 

30 

5280.40 

60 

II  4035.47 

30 

14642.15 

80 

1 5286.08 

60 

4038.82 

40 

I  4647.49 

40 

1 5309.52 

200 

II  4042.91 

80 

4657.94 

150 

15317.73 

60 

I  4044.42 

1200 

1 4702.32 

1200 

15347.41 

200 

I  4045.97 

150 

1 4709.50 

30 

15373.49 

500 

I  4054.52 

80 

4726.91 

200 

15387.37 

40 

II  4072.01 

150 

4735.93 

400 

15389.10 

40 

4072.40 

40 

I  4746.82 

80 

15390.72 

40 

4082.40 

30 

1 4752.94 

150 

15393.97 

200 

4103.91 

200 

4764.89 

150 

15410.47 

500 

114131.73 

80 

14768.67 

150 

15421.35 

500 

4154.50 

80 

14798.74 

30 

15439.97 

500 

14158.59 

1200 

4806.07 

500 

I  5442.22 

500 

14164.18 

1000 

14834.10 

30 

15443.21 

100 

2111 


II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Argon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

15451.65 

500 

116114.92 

100 

17635.10 

500 

I  5457.37 

200 

16145.43 

100 

I  7670.04 

50 

15473.44 

500 

I  6155.23 

60 

I  7723.76 

200 

15490.13 

60 

16170.18 

100 

17724.21 

200 

I  5492.06 

40 

i   16173.11 

100 

I  7798.55 

30 

I  5495.87 

1000 

16212.51 

100 

I  7868.20 

40 

15506.11 

500 

16215.94 

60 

17891.07 

100 

I  5524.93 

300 

I  6307.66 

30 

I  7948.17 

400 

I  5528.93 

40 

I  6369.58 

30 

I  8006.16 

600 

I  5534.45 

60 

I  6384.72 

100 

18014.79 

800 

I  5540.90 

40 

16416.31 

100 

:  118017.55 

60 

I  5558.70 

500 

16538.11 

30 

18046.13 

50 

I  5559.62 

200 

I  6604.85 

30 

18053.31 

100 

I  5572.55 

500 

II  6638.24 

30 

18103.69 

2000 

15581.83 

60 

II  6643.79 

100 

I   18115.31 

5000 

I  5588.69 

500 

I  6660.64 

100 

i  118119.18 

50 

I  5597.46 

500 

1  6664.02 

100 

8178.84 

40 

I  5600.43 

40 

I  6677.28 

30 

I  8255.07 

50 

1 5601 .08 

60 

II  6684.36 

30 

I  8264.52 

1000 

5606.73 

500 

I  6698.85 

100 

I  8384.73 

60 

15617.97 

60 

16719.20 

100 

I  8392.28 

80 

I  5620.89 

60 

I  6752.83 

200 

I  8408.21 

2000 

15623.76 

60 

I  6756.10 

100 

I  8424.65 

2000 

I  5635.54 

60 

I  6766.56 

100 

I  8490.30 

40 

15639.11 

100 

I  6827.24 

30 

18521.44 

2000 

15641.34 

60 

16871.29 

150 

I  8605.78 

150 

1 5648.66 

200 

I  6879.59 

40 

I  8620.47 

100 

I  5650.70 

1500 

16888.17 

100 

I  8667  94 

400 

15659.13 

500 

I  6937.67 

100 

I  8678.43 

60 

15681.90 

500 

I  6965.43 

400 

18761.72 

200 

I  5683.73 

" 

40 

I  7030.26 

100 

II  8771.88 

100 

I  5689.64 

200 

I  7067.22 

400 

I  8784.59 

30 

I  5689.91 

200 

I  7068.73 

30 

18799.13 

100 

I  5700.86 

' 

60 

I  7107.50 

200 

I  8849.97 

150 

1 5739.52 

500 

I  7125.80 

30 

18962.19 

40 

115772.12 

: 

100 

17147.04 

30 

II  9017.59 

50 

15774.00 

40 

I  7158.83 

30 

I  9066.77 

40 

I  5783.52 

40 

I  7206.99 

100 

I  9073.34 

50 

I  5802.08 

40 

I  7272.94 

100 

I  9075.42 

60 

15834.26 

. 

60 

17311.71 

100 

19122.97 

500 

15860.31 

60 

17316.00 

30 

I  9194.68 

150 

1 5882.62 

100 

I  7353.32 

100 

9198.61 

50 

I  5888.59 

300 

I  7372.12 

100 

I  9224.50 

1000 

15912.08 

500 

I  7383.98 

400 

I  9291.58 

100 

I  5928.80 

200 

I  7435.33 

30 

I  9354.22 

200 

1 5942.67 

40 

II  7440.46 

90 

I  9459.09 

100 

I  5987.29 

40 

I  7503.87 

700 

II  9475.20 

30 

I  6032.12 

60 

II  7505.13 

100 

I  9478.39 

50 

I  6043.23 

100 

I  7514.65 

200 

I  9657.78 

1500 

I  6052.72 

30 

II  7589.33 

250 

I  9666.86 

50 

I  6059.37 

100 

II  7618.03 

80 

I  9784.50 

1000 

I  6098.81 

60 

17618.33 

30 

119906.12 

100  n 

16105.64 

60 

I  7628.86 

50 

Arsenic 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

j 

Arc 

Spark 

I  2002.54 
12003.34 
12009.18 

20  r 

300  r 

50  r 

10  n 

8 

12013.32 

2031.4 
1 2047.59 

25  r 
25 

8 

75 

3 

I  2065.41 

I  2069.83 

2074.5 

20 

18 

3 
3 

20 

2112 


II. 

EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Arsenic  (Continued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          Spark 

12113.01 

50 

5 

II  4084.13 

15 

114787.29 

15 

12133.81 

18 

4119.85 

50 

114888.74 

50 

12144.10 

50  r 

114157.64 

30 

II  4985.60 

50 

12165.52 

50  r 

3 

114197.61 

30 

II  5105.80 

150 

12271.36 

25 

1 

II  4208.00 

30 

115107.80 

150 

12288.12 

250  r 

5 

4243.26 

100 

5161.25 

30 

I  2344.03 

25 

4265.13 

30 

115182.32 

30 

1  2349.84 

250  r 

18 

114315.86 

50 

115223.27 

15 

1 2369.67 

40  r 

20 

114324.10 

50 

115231.50 

60 

I  2370.77 

50  r 

3 

114336.85 

100 

115331.54 

200 

12381.18 

75 

4 

114352.25 

200 

II  5385.52 

15 

I  2437.23 

25 

2 

114353.02 

100 

115471.92 

15 

I  2456.53 

100  r 

8 

114371.38 

50 

II  5497.98 

200 

12492.91 

25 

5 

114404.53 

15 

II  5558.31 

200 

1  2780.20 

75  r 

75 

114413.64 

50 

115651.53 

200 

II  2830.45 

25 

114427.38 

200 

II  5657.20 

60 

I  2860.45 

50  r 

50 

114431.73 

200 

5685.74 

60 

I  2884.51 

25 

4456.86 

15 

115731.96 

15 

I  2898.71 

25  r 

40 

4458.74 

30 

115783.51 

20 

2959.70 

75 

4461.27 

30 

5838.19 

125 

I  2990.99 

10 

18 

114466.60 

80 

II  6022.81 

150 

3003.93 

50 

4474.60 

200 

6076.82 

15 

I  3032.84 

125 

70 

4475.69 

30 

116110.30 

150 

113053.49 

15 

114494.59 

203 

116110.66 

150 

113058.10 

15 

114507.92 

30 

6136.01 

15 

I  3075.32 

60 

35 

114516.14 

15 

II  6170.47 

150 

113116.63 

150 

114539.97 

200 

I  7960.26 

25 

13119.60 

100 

50 

4543.76 

200 

I  8305.62 

50 

113126.99 

15 

114549.23 

125 

I  8428.94 

100 

113671.92 

15 

114552.37 

50 

18541.65 

50 

3683.58 

15 

4591.02 

30 

I  8564.71 

100 

113720.31 

15 

II  4602.73 

200 

18654.16 

100 

113749.77 

100 

4607.46 

200 

18821.76 

150 

113787.18 

15 

4627.80 

200 

I  8869.69 

100 

113842.82 

50 

114630.14 

200 

I  8935.58 

50 

113931.28 

15 

4648.32 

30 

I  8993.08 

20 

113948.74 

50 

114672.70 

50 

19134.81 

15 

3982.45 

25 

114707.82 

200 

I  926 7. ?9 

25 

II  4006.34 

53 

II  4730.92 

125 

I  9300.62 

50 

II  4082.57 

15 

Barium 


60  r 

80  r 

60  r 

100  r 

30 

40 

50  r 

40 

30 

50         j 

10 

40 

50 

5n 

50 

30 

100  r 

50  r 

40 

25 

30  r 

40  r 

3 

1000 

20 

18 

25 

50  r 

20  r 

80  r 

30  r 

13993.40 

114130.66 

114166.01 

II  4216.04 

114267.95 

4283.11 

II  4309.32 

II  4325.73 

4350.37 

4402.55 

4431.90 

14488.97 

14493.64 

4505.93 

4523.24 

II  4524.95 

II  4554.04 

4573.85 

4579.67 


100  r 

50  r 

50  r 

60  wn 

12 

50 

(25) 

(80) 

25 

20 

(80) 

(50) 

40 

20 

80 

10 

60 

30 

80 

3 

60 

5 

60 

20 

60 

10 

80 

30 

1000  r 

200 

50 

20 

75 

40 

4599 

14619 

4628 

4673 

4691 

I  4700, 

II  4708. 

14726. 

II  4843. 

14877. 

II  4899. 

II  4934. 

II  4957. 

II  5013. 

5159. 

I  5267. 

II  5361. 

II  5391. 

I  5424. 


.75 

50 

.98 

25 

.33 

40 

.62 

40 

.62 

100 

.44 

25 

94 

45 

80 

46 

65 

30  wn 

.97 

30  n 

09 

400  n 

16 

OS 

92 

50  n 

03 

25 

35 

60 

62 

100  r 

10 

*4 
5 

40 

3 

(80) 

30 
(80) 
8 
2001 
400  n 
(50) 

50 

10 

12 
(40) 
(50) 

30  r 


2113 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Barium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

15519.11 

200  wn 

60 

16693.88 

600 

100 

I  7905.72 

300 

I  5535.55 

1000  r 

200  r 

16771.85 

60  n 

17911.30 

200 

5680.20 

60 

16865.71 

200 

18210.24 

200 

15777.66 

500  r 

100  r 

I  6867.87 

100  n 

I  8325.39 

25 

115784.18 

(40) 

I  7059.96 

2000 

18514.28 

40  n 

I  5800.28 

100 

20 

I  7090.00 

100  nl 

I  8559.95 

400 

5805.69 

70 

17120.31 

800  nl 

18581.98 

50  nl 

I  5826.29 

150  wn 

I  7153.58!     80  nl 

I  8654.07 

40 

5853.68 

300 

100  n 

17195.23 

200 

18799.76 

100  n 

15971.70 

150 

50 

I  7228.81 

200  nl 

I  8860.99 

80 

5972.78 

100 

I  7280.27 

1000 

18914.96 

100 

115981.25 

(40) 

I  7375.53      50  nl 

19189.58 

70 

I  5997.C9 

150  wn 

50 

II  7392.421  400 

19215.36 

25  n 

I  6019.47 

150  Wn 

50 

I  7409.96 

30  nl 

19219.72 

125 

•  • 

I  6063.12 

200  wn 

60 

17417.52 

100 

I  9253.09 

25 

16110.78 

200  Wn 

60 

17459.75 

300  nl 

I  9308.16 

50  n 

6141.72 

2000  wn 

2000  wn 

17476.18 

30  n 

I  9324.58 

50  n 

6341.68 

90 

50 

I  7488.06 

200 

I  9367.49 

40  n 

6450.85 

100 

20 

17610.46 

60 

I  9370.09 

300 

6482.91 

100  Wn 

50 

I  7636.85 

40 

I  9455.98 

100 

6496.90 

800  r 

200  Wn 

I  7642.88 

100 

I  9524.76 

40  n 

6498.76 

6C 

20 

I  7672.02 

400 

I  9589.37 

50 

6527.31 

200 

20 

I  7706.50 

25 

I  9608.90 

150 

I  6595.32 

1000 

300 

I  7751.73 

40 

I  9645.76 

25  n 

I  6654.05 

50 

I  7775.32 

25 

19713.77 

25  n 

I  6675.27 

500 

100 

I  7780.43 

300 

I  9830.37 

300  nl 

Beryllitai 


I  2056.52 

100 

I  3046.52 

(15) 

I  3865.43 

30 

I  2175.07 

25 

3             II  3046.68 

10 

(20) 

I  3866.03 

15 

12348.61 

2000  r            5 

0              13110.84 

20 

14253.05 

(20) 

I  2350.68 

25 

2              13110.96 

15 

14253.76 

(15) 

112413.45 

(2 

5)            113130.42 

200 

200 

II  4360.69 

(35) 

I  2494.56 

30 

113131.07 

200 

150 

114361.02 

(40) 

12494.58 

25 

113197.16 

15 

4364.0 

50 

12494.73 

30              2 

0              1 3229.69 

15 

14407.91 

20 

(35) 

I  2650.47 

100              1 

5             113241.65 

5 

(15) 

1 4572.67 

15 

15 

1 2650.55 

30 

113241.83 

5 

(50) 

4573.1 

40 

12650.61 

20              1 

5             II  3274.64 

(50) 

4672.2 

100 

1 2650.64 

25 

13321.01 

50 

114673.46 

(100) 

I  2650.78 

25 

13321.09 

100 

15 

114828.12 

(25) 

12898.19 

15 

13321.34 

1000  r 

30 

5272.7 

20 

I  2898.27 

20 

13367.62 

25 

I  6981.00 

15 

I  2986.46 

15 

I  3455.20 

20 

1 8254.10 

100 

13019.34 

30 

13515.55 

30 

I  3019.51 

15 

13813.42 

50 

Bismuth 


12021.21 

40  wn 

15 

12134.31 

100  r 

5n 

1 2400.88 

200  r 

100 

2023.99 

50 

2152.91 

50  r 

2430.45 

30 

6 

2041.96 

100 

15 

2153.53 

40  wn 

2433.45 

30 

2049.69 

25 

20 

2156.95 

75  r 

1 2448.06 

50 

8 

I  2057.68 

40 

4n 

II  2186.92 

30 

2499.51 

25 

12 

12061.70 

300  r 

100 

12189.59 

25  n 

5n 

12515.69 

100 

25 

2064.79 

50 

4n 

I  2228.25 

100  r 

50 

12524.49 

100 

25 

12110.26 

250  r 

50 

1 2230.61 

100  r 

30  r 

2532.57 

25  wn 

12133.63 

100  W 

40 

1 2276.58 

100  r 

40 

2582.14 

35 

5 

2114 


II 


EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Bismuth  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

12627.91 

200  w 

200 

II  3588.5 

(60) 

II  5209.29 

600  n 

2696.61 

100 

100 

13596.11 

150  wn 

50 

II  5260.8 

25 

I  2696.76 

25  r 

15  r 

3613.82 

30 

115269.71 

8 

30 

I  2730.50 

200 

100 

3695.55 

50 

5552.35 

500  wnl 

1001 

1  2780.52 

200  w 

100 

II  3724.9 

(60) 

5742.55 

30 

10 

I  2798.68 

200 

25 

3792.8 

500  n 

115973.01 

40 

II  2803.48 

2n 

30 

II  3793.0 

(25) 

II  6058.96 

(40) 

I  2809.62 

200  W 

100 

113811.14 

(150) 

116128.11 

30 

I  2863.75 

80  w 

18 

II  3815.8 

(300) 

16134.82 

50 

30 

12897.97 

500  Wr 

500  Wr 

3816.17 

25  n 

II  6600.2 

70 

I  2938.30 

300  w 

300  w 

II  3841.6 

(25) 

II  6808.6 

70 

I  2989.03 

250  wn 

100  wn 

II  3845.8 

(100) 

II  7033. 

25 

I  2993.34 

200  wn 

100  wn 

3846.03 

100 

7838.70 

400  nl 

I  3024.63 

250  wn 

50 

II  3863.9 

(100) 

II  7965. 

(50) 

3034.87 

30 

30 

3864.2 

150  n 

7975.9 

30  Wn 

13035.18 

60  n 

I  3888.23 

40 

2 

II  8050. 

(30) 

II  3053.7 

(60) 

114079.21 

2n 

(40  w) 

II  8328. 

(40) 

13067.72 

3000  nr 

2000  wn 

14121.53 

125  wn 

50 

II  8388. 

(40) 

113111.67 

(25) 

114259.62 

60  wn 

II  8532. 

(80) 

3115.42 

500 

114302.14 

2n 

50  wn 

I  8544.52 

40 

3302.55 

150 

14308.18 

5C 

12 

8628.0 

100  Wn 

II  3355.1 

(35) 

114340.59 

40  n 

II  8653. 

(60) 

13397.21 

100  wn 

50 

II  4379.4 

25 

20 

I  8754.92 

40 

3405.33 

40 

10 

114705.35 

50 

8761.53 

100  wn 

I  3405.66 

60 

I  4722.55 

1000 

100 

II  8863. 

60 

113430.10 

(25  d) 

II  4730.3 

(25) 

I  8907.9 

200  wn 

II  3430.30 

(35) 

115091.29 

2n 

30  wn 

9058.6 

50  Wl 

113430.53 

(60) 

II  5118.2 

25 

9342.55 

500  n 

II  3430.83 

(200) 

II  5124.3 

100  wn 

9417.0 

100  n 

113431.23 

(150) 

II5144.4S 

2 

300  n 

9650.1 

50  n 

II  3455.27 

100  n 

115201.01 

30 

9657.2 

2000  d 

1 3510.85 

200  wn 

30 

II  5208.8 

5  wn 

70 

9828.02 

300 

Boron 


I  2088.93 

100 

15 

2785.14 

35 

113452.28 

5 

30 

I  2089.59 

150 

20 

bh  2809.9 

60 

bh  3677.8 

50 

II  2363.88 

15 

bh  2850.6 

50 

bh  3679.1 

200 

bh  2364.5 

50 

bh  2892.2 

200 

II  3792.5 

(500) 

2369.96 

20 

bh  2934.9 

100 

bh  3830.2 

50 

II  2395.07 

15 

II  3032.28 

10 

bh  3847.0 

100 

bh  2398.5 

200 

bh  3043.6 

100 

bh  3848.7 

200 

II  2432.29 

35 

bh  3088.6 

100 

3871.39 

20  n 

2434.95 

20 

113179.35 

5 

100 

bh  4037.4 

25 

bh  2437.1 

250 

3191.84 

3 

10 

114121.95 

20 

12496.78 

300 

300 

bh  3257.0 

100 

bh  4339.6 

25 

I  2497.73 

500 

400 

II  3260.74 

4 

10 

bh  4342.0 

25 

2514.39 

50 

3282.01 

4 

12 

bh  4363.4 

40 

bh  2551.4 

150 

3302.51 

10 

bh  4365.9 

25 

II  2566.26 

15 

bh  3305.4 

50 

bh  4588.8 

25 

bh  2588.0 

50 

II  3323.34 

10 

bh  4615.4 

40 

bh  2675.3 

60 

113323.61 

10 

bh  4744.0 

25 

bh  2713.8 

200 

3360.09 

2 

20 

bh  4746.9 

25 

bh  2753.4 

100 

113451.41 

100 

bh  5040.1 

12 

2779.26 

100 
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n.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Bromine 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2337.90 

25 

14614.60 

1001 

5506.78 

300 

2386.74 

25 

4622.75 

200 

5536.30 

50 

2389.69 

70 

14643.52 
4651.99 

251 

5589.93 

250 

2395.34 

25 

25 

5600.83 

30 

2488.37 

40 

4678.69 

200 

5691.43 

30 

2521.66 

50 

4693.27 

40 

5718.91 

30 

2541.45 

40 

114704.86 

250 

|        5737.13 

30 

2556.93 

25 

4719.77 

80 

5783.31 

40 

2656.83 

25 

4742.70 

200 

5830.74 

100 

2660.49 

25 

1  4752.27 

100 

I  5833.43 

80 

2709.67 

35 

11  1766.00 

50 

15852.10 

150 

2713.74 

25 

47*17.10 

200 

I  5940.53 

601 

2799.00 

35 

I  4775.21 

25 

16122.12 

501 

2872.59 

25 

4776.42 

200 

I  6148.62 

200 

2893.44 

35 

I47S0.31 

125 

16177.40 

40 

2972.22 

25 

114785.50 

400 

6285.04 

25 

3659.50 

25 

1  4S02.65 

25 

I  6350.74 

2001 

113891.63 

25 

114816.71 

300 

6352.94 

25 

113914.28 

150 

I  4834.46 

25 

16410.32 

30 

113924.10 

35 

II  4848.75 

150 

I  6544.61 

100 

3950.61 

30 

I  4849.37 

25 

I  6559.81 

150 

II  3980.39 

25 

4928.78 

150 

6567.53 

25 

4014.32 

25 

4930.66 

50 

16582.19 

100 

4140.21 

30 

I  4979.76 

1251 

16631.64 

2001 

14175.79 

50 

I  5002.70 

40 

I  6682.29 

90 

4179.64 

40 

5020.5S 

30 

16692.16 

70 

114193.46 

25 

5038.77 

60 

I  6728.29 

40 

"4202.50 

25 

5054.65 

200 

I  6786.77 

30 

4223.88 

80 

115182.36 

100 

I  6790.05 

70 

4236.88 

25 

5199.33 

30 

16861.21 

30 

4291.40 

150 

115238.23 

100 

16971.97 

40 

4365.60 

200 

5249.05 

30 

I  7005.21 

2001 

14391.61 

25 

5304.10 

30 

17111.63 

30 

4393.56 

25 

5332.04 

100 

17142.28 

40 

14441.74 

80 

5335.11 

70 

7162.14 

45 

1 4472.62 

1251 

I  5345.43 

801 

17184.34 

30 

1 4477.75 

200  W 

I  5395.52 

1501 

7260.49 

50 

1^490.43 

25 

5422.78 

30 

I  7348.56 

5001 

14513.44 

1001 

I  5450.06 

30 

I  7425.89 

100 

1 4525.62 

1251 

I  5466.23 

1501 

I  7513.01 

501 

14529.77 

80 

5479.99 

30 

I  8272.4G 

70! 

4542.93 

250 

5488.79 

70 

I  8446.5S 

50 

1 4575.75 

1001 

5495.06 

150 

I  8638.66 

25 

4579.95 

25 

Cadmium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2033.03 

(20) 

2239.86 

80 

30 

112321.15 

100  n 

II  2036.79 

(30) 

II  2265.02 

25  d 

300 

2321.94 

(20) 

II  2096.63 

(100) 

II  2265.81 

30 

2329.28 

50 

60 

112144.38 

50 

200  r 

2267.47 

20 

30 

112377.63 

15 

2145.04 

(20) 

I  2288.02 

1500  r 

300  r 

112418.70 

20 

112155.70 

(30) 

2288.74 

20 

112419.49 

(25) 

112188.55 

(50) 

2306.61 

20 

30 

II  2469.84 

(500) 

2194.63 

5 

100  n 

112312.84 

1 

200 

112470.61 

(50) 

2195.35 

15 

2313.49 

(30) 

II  2487.94 

15 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cadmium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  2495.73 

(30) 

112911.64 

(15) 

13649.60 

20 

15 

II  2499.85 

15 

112914.69 

(45) 

I  3729.06 

15r 

II  2509.25 

(30) 

II  2929.28 

50 

114134.78 

15 

112516.34 

25 

2948.16 

35 

4414.63 

200 

12518.79 

i5n 

(1) 

2951.82 

25 

114415.70 

1 

20 

2525.39 

25  n 

12961.47 

20 

15 

I  4678.16 

200  W 

200  W 

12544.71 

50 

(5) 

I  2980.63 

1000  r 

500 

14799.92 

300  w 

300  w 

112552.18 

5n 

(100) 

12981.34 

200  r 

(40) 

I  5085.82 

1000  wn 

500 

I  2553.56 

25 

(2) 

12981.89 

50 

(10) 

115337.49 

5 

25 

1  2580.30 

50 

(5) 

2987.2 

(25) 

II  5378.04 

5 

50 

12592.14 

30 

2996.03 

25 

115381.82 

2 

20 

12602.18 

25  n 

(5) 

13005.41 

25 

4 

I  5598.77 

15 

112618.97 

(30) 

3064.95 

15  n 

115843.17 

3 

(40) 

I  2629.05 

50 

10 

I  3080.83 

150 

1001 

16031.38 

30 

I  2632.24 

40 

(3) 

I  3082.68 

30 

16099.18 

300 

I  2639.50 

75 

15 

3084.87 

10 

40  n 

16111.52 

100 

I  2660.40 

50  n 

(5) 

II  3092.39 

10 

15 

16116.19 

50 

1  2677.64 

100 

25 

13133.17 

200 

300 

16128.66 

15 

II  2680.08 

(15) 

113185.55 

(15) 

I  6198.22 

15 

112707.14 

(30) 

3217.8 

(15) 

I  6325.19 

100 

12712.57 

75 

20 

3243.15 

15 

I  6329.97 

30 

2726.93 

(15) 

113250.17 

100 

II  6354.72 

5 

40 

I  2733.86 

50 

25 

1  3250.30 

25 

II  6359.93 

10 

50 

112748.58 

5 

200 

1  3252.52 

300.. 

300 

I  6438.47 

2000 

1000 

I  2756.79 

50  n 

13261.06 

300 

300 

II  6464.98 

5 

50 

I  2763.89 

100  n 

50 

3298.97 

15 

II  6725.83 

100 

2764.11 

50  n 

25 

113343.15 

15 

II  6759.26 

30 

I  2775.05 

50 

20 

113385.40 

(40) 

16778.10 

30 

2780.28 

(25) 

I  3403.65 

800 

500  n 

17132.27 

30 

2805.59 

30 

113417.40 

10 

15 

7237.01 

15 

112823.19 

(20) 

13466.20 

1000 

500 

II  7284.38 

25 

112834.19 

(100) 

13467.66 

800 

400 

I  7346.2 

1000 

12836.91 

200 

80 

3495.34 

(100) 

7383.9 

1000 

12862.31 

15 

10 

I  3500.00 

25 

15 

I  7385.3 

800 

I  2868.26 

100 

80 

113535.69 

5 

15 

7393.0 

70 

I  2880.77 

200  r 

125 

13610.51 

1000 

500 

I  7399.2 

70 

12881.23 

50  r 

(30) 

13612.87 

800 

500 

II  8066.99 

is 

2910.8 

(30) 

13614.45 

60 

100 

Calcium 


112103.24 

112112.76 
12150.78 

112197.79 
I  2200.72 

II  2208.61 
I  2275.47 
1 2398.56 

II  2573.09 
1 2680.36 
12721.64 
1 2994.96 
2997.31 
1 2999.64 
1 3000.86 
1 3006.86 
1 3009.20 
I  3080.83 
13095.28 


10 

25 

10 

25 

10 

20 

40 

20 

20 

50 

40 

5 

100  r 

20 

3 

150 

15 

20 

2 

25 

3 

25 

5 

20 

10 

20 

6 

25 

5 

20 

5 

20 

2 

10 

2 

13099, 

13108, 
3117, 

13136. 

13140, 

13150, 

13158. 

13169. 
II 3179. 

13180. 
II 3181. 

1 3209. 

13215. 

1 3225, 

1 3269. 

1 3274. 

1 3286. 

I  3344. 

1 3350. 


10 

2 

30 

3 

10 

2 

15 

3 

15 

3 

50 

2 

100 

300  w 

10 

2n 

100 

400  w 

20 

8 

15 

30 

2 

20 

4  w 

80 

10 

10 

2 

20 

30 

2 

100 

7 

100 

10 

I 

I  3350.36 

15 

13361.92 

125 

13362.13 

15 

bh  3409.10 

12 

13468.48 

20 

13474.76 

40 

bh  3475.0 

30 

13487.59 

100 

bh  3564.0 

20 

13624.11 

150 

I  3630.75 

150 

13630.95 

10 

13644.41 

200 

13644.76 

30 

bh  3656.6 

12 

13675.31 

10  n 

I  3678.23 

15 

II  3706.03 

15 

113736.90 

12 

15 

9 

15 


2 

2n 
40 
50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Calcium  (Continued) 


Carbon 


bh  2012. 
bh  2026. 
bh  2047. 
bh  2068. 
bh  2090. 
bh2150. 
bh2162. 
[2163. 
bh2173. 
bh2196. 
bh2221. 
bh  2286. 
bh  2312. 
bh  2382. 
bh  2408. 
bh  2435. 
I  2478. 

II  2509. 

II  2511 

II  2512. 

II  2746. 

II  2747. 
bh  2785. 
bh  2799. 

II 2836. 

II  2837. 

II 3876. 

II 3876. 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          Spark 

13748.37 

12 

I  4454.78 

200 

5nl 

16162.17 

40 

45 

13750.35 

20 

*3 

I  4455.89 

100 

75 

16163.76 

10 

7 

I  3753.37 

30 

3 

14456.62 

20 

15 

16166.44 

15 

5 

13870.51 

15 

4499.90 

10  n 

I  6169.05 

25 

15 

13875.81 

50 

14512.28 

io 

16169.56 

40 

20 

113933.67 

600  r 

600  r 

I  4526.93 

100 

3wn 

I  6439.07 

150 

50 

13948.90 

40 

15 

I  4578.56 

80 

5 

I  6449.81 

60 

12 

I  3957.05 

80 

3 

14581.40 

100 

10 

6455.60 

10 

7 

113968.47 

500  r 

500  r 

14585.87 

125 

10 

I  6462.56 

125 

50 

13972.57 

12 

I  4685.26 

25 

1 

6471.66 

40 

15 

I  3973.71 

200 

15 

14878.13 

100 

10 

I  6493.7S 

80 

30 

4030.3 

10 

2n 

5021.15 

10 

I  6499.65 

30 

15 

1 4092.63 

15 

2 

15041.62 

30 

I  6572.78 

50 

14094.93 

15 

7 

15188.85 

50 

6w 

bh  6956.2 

20 

1 4098.53 

15 

3 

15261.70 

20 

6 

17148.15 

500 

4196.60 

12  w 

In 

I  5262.25 

20 

8 

17202.19 

30 

4207.28 

10 

I  5264.24 

15 

8 

17203.17 

200 

1 4226.73 

500  r 

50  r 

I  5265.56 

20 

10 

17326.15 

400 

14240.46 

10 

10 

I  5270.28 

20 

10 

bh  8153.0 

40 

4248.96 

2n 

10 

5271.97 

10 

II  8498.02 

300 

14283.01 

40 

20 

15349.47 

12 

12 

II  8542.09 

1000 

14289.36 

35 

20 

15581.97 

20 

12 

bh  8652.2 

20 

I  4298.99 

30 

18 

I  5588.75 

35 

25 

118662.14 

1000 

I  4302.53 

50 

25 

15590.11 

15 

10 

bh  9228.9 

20 

I  4307.74 

45 

20 

I  5594.45 

35 

20 

9233.4 

20 

14318.65 

60 

20 

I  5598.47 

35 

20 

I  9688.6 

15 

14355.10 

50 

15601.26 

15 

10 

bh  9700.0 

10 

4374.61 

10 

*2n 

I  5602.84 

15 

10 

19701.7 

20 

4399.64 

10 

1 5857.46 

40 

30 

bh  9775.0 

15 

I  4425.44 

100 

20 

16102.72 

80 

50 

bh  9807.3 

20 

14434.96 

150 

25 

16122.22 

100 

100 

bh  9834.7 

30 

1 4435.69 

100 

15 

16161.29 

10 

6 

.3 

30 

.2 

25 

.5 

30 

.8 

30 

.0 

30 

.6 

30 

.6 

30 

.60 

3( 

1 

.4 

30 

.9 

30 

.8 

30 

.7 

30 

.0 

30 

.0 

30 

.0 

30 

.0 

30 

.57 

400 

(400) 

.11 

200 

.71 

60 

.03 

400 

.50 

25 

.31 

40 

.4 

30 

.7 

50 

.71 

200 

.60 

40 

.05 

40 

.19 

12, 

II 3876, 

II 3876 

II 3918 

II 3920 

II  4074 

II  4074 

II  4076 

II 4267 

II 4267 

II 4317 

4348 

II 4368 

14371 

II  4372 

II  4374 

4410 

II 4411 

II 4411 

bh4612 

II  4618 

I  4762 

14771 

I  4932 

15039 

15041 

I  5052 

II 5132 

II 5145. 


n 

60 

.07 

40 

.98 

80 

.68 

200 

53 

50 

.89 

40 

.00 

80 

02 

350 

27 

500 

.42 

30 

.07 

(30) 

.14 

(30  n) 

.33 

30 

.49 

30 

.28 

40 

.06 

30 

.20 

40 

.52 

40 

.7 

( 

50 

.85 

25  n 

.41 

(30) 

.72 

(30) 

.00 

40 

05 

(30) 

.66 

(30) 

12 

(100) 

.96 

30 

16 

70        U 

II  5151 
bh  5239 
II  5259 
bh  5354 

15380 
bh  5473 
bh  5597 
II  5648 
II  5662 
bh5730 

15793 
bh  5858 
II 5889 
II  5891 
bh  5992 
II  6098 
II  6578 
II  6582 

16587 
II  6779 
II  6783 
II  6791 
II  6800 
II  7231 
II  7236 

18335 
9045 

19061 


.08 

.3 

70 

.62 

.1 

100 

.24 

.3 

70 

.0 

50 

.08 

.51 

.0 

150 

.51 

30 

.2 

400 

.97 

.65 

.6 

100 

.62 

.03 

.85 

.75 

.74 

.75 

.30 

.50 

.12 

.19 

.19 

.1* 

150 

.48 

350 

30 

30 

(300) 


30 
50 


60 
30 

30 
500 
200 
(50) 

50 
100 

30 

30 
100 
150  n 
(150) 

(200) 


Also  credited  to  nitrogen. 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Carbon  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  9062.53 
I  9078.32 
I  9088.57 

150 

200 

(150) 

(70) 

(100) 

I  9094.89 
19111.85 
I  9405.77 

500 
150 
300 

(300) 
(100) 
(200) 

I  9602.8 
I  9620.86 
I  9658.49 

60 
125 
250 

(5) 
(15) 

Cerium 


2180.67 

100 

3343.86 

50 

6 

II  3967.05 

35 

6 

2222.04 

100 

113344.76 

50 

8 

3968.47 

35 

35  w 

2225.10 

100 

113349.97 

30 

1 

113971.68 

35 

6 

2242.33 

60 

3353.33 

10 

30 

3978.65 

35 

6 

2318.69 

40 

3357.21 

30 

3 

3978.89 

50 

50 

2350.15 

50 

3360.54 

35 

4 

II  3980.88 

35 

8 

2372.37 

50 

II  3366.55 

30 

3 

II  3982.90 

30 

6 

2380.16 

50 

3377.13 

50 

5s 

3984.67 

40 

8 

2795.52 

30  s 

8 

3379.17 

30 

2 

II  3992.39 

50 

8 

2814.81 

40  d 

3393.92 

30 

1 

3993.82 

50 

6 

2830.90 

30 

3417.45 

30 

5 

113999.24 

80 

20 

2833.31 

50  d 

113420.18 

35 

2 

4003.77 

40 

18 

2837.29 

50  s 

3422.71 

30 

10 

1,114012.39 

60 

20 

2852.12 

50  d 

1 

3426.21 

30 

6 

114014.90 

60 

12 

2854.67 

30  s 

3441.21 

35 

5 

114028.41 

35 

8 

2874.13 

30  w 

3454.47 

10 

40 

114031.34 

40 

8 

2881.58 

40 

2 

3476.84 

35 

10 

114040.76 

70 

5 

2908.42 

30  s 

3485.05 

30 

10 

1,114042.58 

50 

3 

2918.66 

30  s 

3488.55 

35 

5n 

I,  II  4046.34 

30 

10 

2990.87 

40 

1 

3517.38 

40 

6 

II  4C53.51 

40 

8 

2995.64 

30 

1 

1,113520.52 

30 

2 

4062.22 

40 

8 

3008.79 

40 

3 

3521.88 

35 

5 

4071.81 

30 

5 

II  3056.78 

40 

3 

3534.05 

35 

10 

4073.48 

50 

8 

3063.01 

40 

10 

II  3539.09 

100 

10 

4073.73 

30 

3 

3084.47 

40  s 

3 

3560.80 

300 

2 

4081.22 

40 

8 

3110.28 

30 

1 

3577.46 

300 

12 

4083.23 

35  d 

6 

113127.53 

40 

3590.60 

50 

1 

4101.77 

35 

6 

3130.33 

30 

1 

3609.69 

40 

10 

4104.42 

30 

1 

3130.87 

30 

2 

1,113623.84 

60 

5 

4104.99 

40 

3 

113145.28 

30 

1,113631.19 

50 

3 

4106.13 

30 

2 

113146.41 

30 

3660.64 

40 

10 

114107.42 

30 

8 

113164.15 

40 

3667.98 

80s 

15 

4110.38 

35 

10  n 

3169.18 

30 

3725.67 

40 

10 

4111.39 

35 

5 

3176.80 

30 

3728.42 

50 

10 

114113.73 

30 

3 

3183.52 

40 

113803.10 

35 

5 

4115.37 

40 

6 

3186.13 

40 

1,113808.12 

35 

35 

4117.01 

30 

6 

113189.64 

30 

3815.83 

50 

5 

4117.59 

30 

5 

3201.71 

50 

10 

3838.54 

35 

3 

4127.37 

30 

12 

3204.16 

30 

3840.45 

30 

35 

114131.10 

30 

8 

1,113218.38 

30 

2 

3889.99 

50 

8 

4133.80 

35 

8 

3218.94 

50 

8 

1,113895.12 

40 

6 

4142.34 

35 

6 

3220.87 

30 

I,  II  3896.80 

35 

6 

4142.40 

30 

30 

113221.17 

50 

'8 

3898.27 

80 

6 

4151.97 

30 

8 

113231.24 

30 

10 

3907.29 

35 

6 

II  4159.03 

30 

5 

II  3233.44 

30 

2 

3908.41 

30 

6 

114165.61 

40 

6 

1,113234.16 

40 

8 

113909.31 

35 

3 

114185.33 

30 

4 

II  3236.73 

35 

8 

1,113912.44 

50 

5 

114186.60 

80 

25 

I,  II  3246.67 

35 

3 

3918.28 

60 

6 

114187.32 

35 

15 

3252.48 

30 

3 

3919.81 

45 

2 

4190.63 

30 

3 

113254.01 

30 

4 

1,113931.09 

35 

8 

114193.87 

35 

5 

3272.25 

40 

15 

3933.73 

60 

60 

II  4202.94 

40 

18 

3274.86 

35 

8 

II  3938.09 

35 

6 

1,114214.04 

35 

4 

I,  II  3279.84 

30 

5 

II  3940.34 

35 

6 

4222.60 

80 

18 

II  3285.22 

35 

5 

113942.15 

35 

8 

4226.73 

50 

30 

I,  II  3295.29 

30 

3 

3942.75 

50 

20 

4227.75 

40 

5 

3300.15 

30 

3 

113943.89 

40 

15 

4231.74 

30 

5 

3304.84 

30 

3 

II  3952.54 

60 

30 

4234.21 

30 

2 

3312.21 

30 

5 

3956.28 

30 

8 

4236.02 

30 

1 

1,113341.87 

40 

5 

113960.91 

40 

8 

1 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cerium  (Continued) 


Cesium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4239.91 

35 

4 

4418.78 

40 

10 

5079.68 

30 

4246.71 

30 

4 

4429.27 

35 

5 

5129.58 

30 

4248.68 

60 

8 

4444.39 

30 

4 

5159.69 

30 

4253.36 

40  s 

3 

4444.70 

35 

6 

5161.48 

30 

4255.78 

40 

6 

4449.34 

50 

8 

5187.45 

50 

4263.43 

40 

4450.73 

35 

5 

5191.67 

30wn 

II  4288.67 

30 

4460.21 

60 

20 

5211.92 

50  s 

4289.94 

50 

25 

4461.14 

30 

6 

5245.92 

30 

4296.68 

40 

25 

4463.41 

35 

6 

5274.24 

50 

3 

II  4300.33 

40 

15 

4467.54 

30 

4 

5353.53 

50 

30 

4306.72 

30 

15 

4471.24 

35 

8 

5393.39 

30 

114310.70 

30  s 

3 

4479.36 

40 

18 

5409.22 

50 

II  4320.72 

50 

8 

4483.90 

40 

10 

5512.08 

50s 

II  4330.44 

50 

5 

4484.82 

30 

3 

5522.99 

100 

4332.71 

35  s 

4 

4486.91 

40 

15 

5556.25 

35 

II  4349.79 

40 

5 

4497.85 

30 

4 

5564.96 

40 

1,114352.71 

40 

5 

4523.08 

35 

25 

5565.97 

35 

4364.66 

30 

6 

4527.35 

50 

25 

5601.30 

50 

4372.40 

35 

1 

4528.47 

30 

15 

5655.13 

40 

4373.82 

40 

4 

4554.03 

35  s 

5669.97 

50 

4375.92 

40 

5 

4562.36 

40 

40 

5696.99 

40 

4380.06 

30 

2 

4572.28 

35  s 

35 

5699.23 

40 

4382.17 

40 

12 

4593.93 

30 

30 

5719.03 

40 

4391.66 

40 

15 

4747.14 

30 

5773.12 

30 

4393.19 

35 

3 

4882.46 

30 

5812.93 

40 

4394.78 

30 

3 

4899.90 

30 

5940.85 

40 

4399.20 

35 

6 

5009.09 

30 

6024.19 

50 

4407.28 

40 

3 

5040.85 

30 

6043.39 

36 

4413.19 

35 

2 

5048.82 

30 

112254.94 

(20) 

2810.81 

(20) 

113925.58 

(25) 

II  2267.66 

(20) 

2817.98 

(20) 

II  3959.49 

(20) 

II  2273.88 

(20) 

2838.09 

(20) 

113965.19 

(25) 

2425.15 

(20) 

2845.67 

(20) 

4001.68 

(20) 

2427.65 

(20) 

2851.23 

(20) 

4006.54 

(30) 

2477.58 

(20) 

2859.32 

(20) 

4039.84 

(50) 

2485.42 

(20) 

2881.16 

(20) 

4043.42 

(20) 

2495.04 

(20) 

2886.67 

(20) 

114047.18 

(20) 

2525.68 

(20) 

2921.03 

(20) 

II  4067.96 

(30) 

2533.44 

(20) 

2931.11 

(20) 

II  4068.77 

(30) 

2543.92 

(20) 

2938.5 

(20) 

114151.27 

(20) 

2573.05 

(20) 

2995.34 

(20) 

4158.61 

(18) 

2591.17 

(20) 

II  3265.92 

(30) 

114213.13 

(30) 

2596.95 

(20) 

113267.13 

(30) 

114227.10 

(50) 

2600.36 

(20) 

113271.63 

(20) 

II  4228.35 

(35) 

2605.40 

(20) 

13347.44 

30 

4232.19 

(25) 

2609.43 

(20) 

II  3368.50 

(30) 

4234.41 

(20) 

2642.63 

(20) 

13398.14 

60 

4264.67 

(50) 

2644.7 

(20) 

1 3400.00 

30 

114277.10 

(50) 

2650.7 

(20) 

3476.88 

100 

114288.35 

(35) 

2678.92 

(20) 

13480.13 

50 

II  4300.64 

(30) 

2701.18 

(20) 

13611.52 

200 

II  4330.24 

(20) 

2706.79 

(20) 

13617.41 

60 

II  4363.27 

(50) 

2748.18 

(20) 

II  3785.42 

(20) 

II  4373.02 

(30) 

2755.20 

(20) 

113805.10 

(25) 

11 4384.43 

(25) 

2764.42 

(20) 

1 3876.39 

300 

4399.49 

(20) 

2776.42 

(20) 

1 3888.65 

150 

10 

4403.85 

(20) 

2788.22 

(20) 

113906.93 

(20) 

11 4405.25 

(35) 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cesium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4410.21 

(20) 

115096.60 

(40) 

6586.02 

35 

4425.66 

(20) 

11  5227.00 

(200) 

16586.51 

500 

(5) 

14435.71 

(20) 

11  5249.37 

(80) 

1  6628.65 

35 

12 

114501.52 

(35) 

II  5274.04 

(40) 

6723.28 

500 

6 

114526.72 

(35) 

II  5306.61 

(25) 

1  6870.45 

200 

(5) 

114538.94 

(30) 

5348.95 

(25) 

II  6955.52 

(20) 

I  4555.35 

2000  r 

100 

115349.16 

(25) 

6973.29 

500 

14593.18 

1000  r 

50  r 

115358.53 

(500) 

I  6983.49 

25 

114603.75 

(60) 

II  5370.98 

(80) 

7228.53 

500 

(2) 

114623.09 

(20) 

5302.79 

(40) 

1  7229.01 

351 

114646.51 

(25) 

115419.69 

(60) 

1  7279.95 

351 

114670.28 

(20) 

11  5563.02 

(125) 

7609.01 

5001 

114701.79 

(25) 

5566.7 

(40) 

7944.11 

800 

114732.97 

(20) 

115814.18 

(25) 

7990.68 

100  s 

4733.06 

(2C) 

115831.16 

(60) 

18015.71 

200 

114739.66 

(20) 

5832.6 

(25) 

8053.35 

100  s 

4763.62 

(25) 

15844.7 

30  w 

I  8078.92 

100 

114830.16 

(30) 

5925.65 

(60) 

I  8079.02 

1000 

II  4870.03 

(30) 

16010.33 

50 

(10) 

18521.10 

5000  r 

II  4952.83 

(30) 

I  6034.09 

35 

(2) 

18761.38 

500 

114972.59 

(25) 

116128.62 

(20) 

I  8943.50 

2000  r 

II  5043.80 

(80) 

16212.87 

100 

(10) 

19172.24 

1000 

115052.70 

(25) 

6386.94 

251 

I  9208.46 

200 

II  5059.87 

(25) 

Chlorine 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharpi 

length 

tube 

length 

tube 

length 

tube 

2251.50 

40 

113353.39 

125 

113868.62 

40 

2253.16 

30 

II  3479.^2 

30 

113913.92 

30 

112430.16 

30 

113509.39 

40 

114132.48 

200 

112434.10 

50 

113513.22 

35 

114147.09 

30 

II  2498.53 

30 

113522.14 

40 

114157.82 

25 

II  2502.75 

40 

113526.13 

30 

II  4208.03 

30 

112549.85 

50 

II  3750.00 

30 

II  4234.09 

50 

II  2646.88 

25 

113767.57 

30 

114235.49 

25 

112658.74 

100 

113774.25 

25 

114241.38 

60 

11  2667.36 

40 

113781.23 

30 

114253.51 

75 

112672.19 

50 

113793.75 

25 

II  4259.52 

35 

112676.95 

150 

113798.80 

50 

II  4270.61 

25 

II  2688.04 

150 

II  3805.24 

75 

114276.51 

30 

112754.10 

25 

113809.51 

40 

114291.76 

50 

112996.63 

40 

113810.10 

30 

II  4304.07 

40 

II  3022.93 

30 

113818.40 

30 

II  4307.42 

75 

II  3037.98 

35 

113820.25 

100 

II  4309.06 

50 

113058.00 

40 

II  3827.62 

150 

114336.26 

45 

113071.35 

40 

113843.26 

100 

114343.62 

100 

II  3092.22 

50 

113845.42 

50 

114372.91 

80 

113096.72 

25 

113845.68 

75 

14389.76 

25 

113276.81 

40 

II  3845.82 

30 

II  4490.00 

50 

113306.45 

40 

113851.02 

100 

14526.21 

25 

113307.90 

50 

113851.42 

75 

114569.42 

50 

113315.44 

100 

113851.69 

30 

114572.13 

100 

113316.86 

50 

113854.75 

30 

114721.43 

25 

113320.14 

30 

II  3860.83 

150 

II  4740.40 

150 

113329.12 

150 

113860.99 

100 

II  4755.64 

50 

113333.64 

40 

113861.34 

50 

114768.68 

150 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Chlorine  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

114771.09 

40 

115104.08 

25 

II  6653.75 

25 

114778.93 

45 

115113.36 

40 

116661.68 

75 

114781.32 

75 

115173.15 

25 

II  6686.04 

45 

114781.82 

50 

115189.70 

25 

116713.43 

40 

II  4785.44 

50 

115217.92 

100 

II  6759.42 

35 

114794.54 

25C 

115221.34 

70 

116831.62 

30 

114810.06 

200 

II  5423.25 

150 

II  6850.21 

40 

114819.46 

200 

II  5423.52 

100 

116952.13 

25 

114819.79 

25 

115424.36 

25 

I  7256.65 

200 

114896.77 

200 

115443.42 

100 

17414.12 

150 

II  4904.76 

125 

II  5444.25 

60 

I  7547.09 

25 

114917.72 

125 

II  5456.27 

50 

18221.76 

25 

II  4936.99 

25 

II  5457.02 

75 

18333.31 

30 

114970.12 

50 

II  5457.47 

30 

I  8375.97 

40 

II  4995.52 

60 

115790.50 

25 

I  8428.27 

30 

II  5078.25 

150 

II  6094.65 

100 

I  8575.27 

25 

II  5099.30 

100 

16140.25 

30 

I  8585.99 

30 

115102.86 

30 

6398.64 

40 

I  9744.33 

30 

115103.04 

125 

6434.80 

25 

I  9875.95 

50 

Chromium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2039.31 

25  n 

I  2396.37 

30 

3 

2639.43 

30 

II  2055.52 

100 

300 

2397.77 

5 

35 

2642.12 

35 

3 

112061.49 

100 

200 

I  2399.06 

50 

2 

12653.59 

12 

35 

II  2065.42 

50 

150 

I  2399.58 

40 

II  2658.59 

18 

35 

2117.56 

50 

I  2408.62 

150  r 

2r 

112671.81 

30 

15 

2213.70 

30 

I  2408.75 

40 

1 

112677.16 

35 

300  r 

2226.70 

30 

2438.47 

35 

112678.79 

10 

80 

2235.93 

50 

2474.07 

35 

II  2687.09 

30 

60 

2237.58 

40 

12491.34 

30 

1 

1 2688.04 

30 

2241.84 

30 

I  2492.57 

50 

I  2690.26 

30 

2 

2243.31 

25 

I  2495.08 

35 

112691.04 

35 

125 

2243.62 

30 

12496.31 

125  r 

2 

2693.52 

1 

40 

2256.05 

50 

2502.53 

100  r 

3 

1 2696.54 

30 

1 

2297.19 

10 

50 

12504.31 

150  r 

3 

2697.50 

1 

35 

2314.74 

8 

50 

12508.11 

35 

1 

2697.91 

3 

35 

2320.08 

10 

30 

1 2508.98 

25 

1 

112698.41 

12 

35 

2324.89 

50 

2511.96 

25 

1 

II  2698.69 

12 

35 

2333.48 

25 

12516.92 

35 

2 

2698.85 

35 

2345.33 

'8 

60 

12519.51 

150  r 

6 

1 2700.59 

30 

2 

I  2362.23 

25 

2n 

1 2528.01 

35 

1 

12701.99 

35 

8 

12365.97 

25 

8 

I  2528.24 

30 

2703.55 

50 

I  2366.85 

60 

60 

I  2530.45 

35 

1 

112703.86 

'8 

30 

12368.49 

30 

2 

2538.29 

25 

2708.79 

3 

40 

I  2370.39 

40 

3 

12541.35 

60 

3 

2709.31 

2 

60 

2372.89 

40 

3 

1 2549.53 

25 

2 

2710.23 

50  n 

12373.73 

60 

12557.15 

35 

2 

2710.92 

1 

70 

2381.48 

3 

25 

12560.69 

30 

15 

112712.31 

30 

70 

1 2385.74 

25 

12571.74 

50r 

35 

112717.51 

12 

40 

12389.46 

25 

1 2577.65 

35 

3 

2720.07 

5 

35 

2389.76 

25 

2584.10 

1 

25 

2720.26 

1 

30 

2392.37 

25 

2n 

12591.85 

100  r 

12 

II  2722.75 

30 

80 

1 2392.89 

40 

2n 

I  2603.57 

30 

1 

2723.63 

35 

2394.01 

50 

2607.91 

1 

35 

2724.04 

1 

40 

I  2395.79 

25 

2n 

2622.86 

25 

2 

1 2726.51 

300  r 

40 

2122 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Chromium  (Continued) 


Wave 
length 


2727.26 

2728.16 

12731.91 

12736.47 

2739.38 

II  2740.09 
2741.07 

112742.03 
2742.17 

112743.64 

2744.59 

2746.18 

12748.29 

112748.98 

112750.73 
12751.60 

II  2751.87 
I  2752.88 
2754.28 
2755.27 
2756.30 
2756.93 
12757.10 

112757.72 

2758.62 

2758.98 

2759.39 

12761.75 

II  2762.59 
2763.06 
2763.59 
2763.97 
12764.35 
2765.86 

II  2766.54 
2767.54 
2768.59 
12769.91 
2773.31 
2774.44 
2775.67 
2776.65 
2777.67 
2778.06 
2780.30 
I  2780.70 
2782.35 
2783.84 
2785.70 
2786.49 
2787.63 
2792.16 
2795.82 
2800.17 
2800.77 
2803.36 
2808.02 
2812.01 
2816.84 
2818.36 
2822.01 
2822.37 


Arc 


4 

300  r 
300  r 

35 

20 

35 

15 

30 

30 


300 

35 

30 

30 

20 

300  r 

3 

50  d 

1 

300  r 
35 

1 

10 

300  r 

40 

35 

1 

200  r 

40 

30 

1 

400  r 

1 

30 

40 
12 

600  r 


5 

5 

35 

12 
1 

*8 

3 
S 

10 
20 


Spark 


70 

25 

30 

50 

25 

60 

30 

50 

3 

125 

40 

25 

5 

200 

150 

125 

40 

50 

2 

100 

30  r 

10 
150 

30 

40 

35 

35 

100 

4 

30 

30 
6 

35 
300  r 
8d 

60 

40 

40 
100 

25 
1 

60 
100 

15 

35 

35 

80 

30 

30 

80 
3 

40 
150 

30 

30 

80 

30 

80 

80 
100 


Wave 
length 


2826.75 

2830.4 

2832.46 

2834.26 

112835.63 

2837.88 

2838.79 

2840.02 

112843.25 

2846.02 

2846.44 

2848.40 

2849.29 

II  2849.84 

2851.36 

2853.22 

2855.07 

112855.68 

[12856.77 

II  2857.40 

2857.97 

112858.65 

112858.91 

1 1  LN60.93 

II  2862.57 

112865.11 

II  2866.74 

2867.10 

112867.65 

II  2870,14 

2871.45 

12871.63 

2873.19 

II  LN73.48 

[12873.82 

112875.99 

II  2876.24 

II  2877.98 

2878.45 

I  2879.27 

II  2880.87 

2881.14 

2881.93 

I  2886.99 

2887.77 

2888.74 

I  2889.26 

2889.48 

2891.10 

2891.41 

2891.88 

1 2893.25 

2894.17 

II  2894.25 

2896.46 

I  2896.75 

2897.70 

2898.54 

I  2899.21 

2899.48 

I  2905.49 

I  2909.05 


Arc 


70 

15 

2 

100 

2 

3 

25 

125 

25 

2 

6 

35 

80 

20 

5 

4 

60 

20 

20 

2 

18 

50 

60 

80 

60 

80 

20 

80 

25 

50 
25 
30 
20 
30 
25 
30 
20 
60 
20 
25 
1 
100 

3 
60  r 

2 

10 
30 

80  r 
40 

6 
60  r 

3 

12 
50 

2 

60  r 
60  r 


Spark 


3 

80  n 
125 
125 
400  r 

35 

80 
125 
400  r 
4 

25 

30 

30 
150  r 

80 

100  r 
100 
200  Wn 

60 

80 

40 

30 

80  Wn 
100 
300  r 
200  r 
125  r 

35 

100  r 
300  W 

80 
2 

125 

40 

80  wn 

80  Wn 
100 

80 

25 

2 
30 
18 
35 
40 
30 
25 
40 
15 
35 
10 

2 
25 
30 
30 
25 
40 
25 
40 

8 
12 


Wave 
length 


2910.65 

12910.90 

12911.14 

2911.68 

2913.73 

2915.23 

2921.24 

112921.82 

2923.68 

112926.16 

2927.08 

2929.44 

2930.85 

2932.70 

2933.97 

2934.49 

2935.14 

2940.22 

12941.88 

2946.84 

2947.50 

2953.36 

2953.71 

2961.73 

2966.05 

12967.64 

12971.11 

2971.91 

I  2975.48 

2979.74 

I  2980.79 

2985.32 

12985.85 

12985.99 

12986.47 

I  2988.65 

2989.19 

12991.89 

12994.07 

12095.10 

12996.58 

I  2998.79 

1 3000.89 

3003.92 

I  3005.06 

3010.64 

13013.03 

13013.71 

13014.76 

13014.91 

13015.19 

3015.51 

13017.57 

13018.50 

13018.82 

13020.67 

13021.56 

13024.35 

3026.65 

3028.12 

13029.16 

1 3030.24 


Arc 

Spark 

50 

60  r 

8 

40 

8 

40 

60  r 

5 

1 

25 

1 

25 

4 

60 

1 

25 

2 

40 

2 

80 

40 

50 

2 

25 

2n 

40 

25  n 

8 

40 

30 

12 

25 

5 

30 

25 

4 

50 

6 

25 

10 

60 

2 

70 

60  r 

30 

80  r 

15 

8 

30  Wn 

100  r 

50 

10 

60 

75  r 

50 

10 

60 

25  r 

15 

25  r 

15 

125  r 

125 

200  r 

150 

10 

90 

125  r 

60 

150 

50 

200  r 

75 

300  r 

125 

200  r 

70 

150  r 

125 

1 

150 

300  r 

125 

40 

80 

40 

200  r 

150 

300  r 

100 

300  r 

100 

200  r 

80 

1 

150 

300  r 

200 

200  r 

125 

200  r 

60 

200  r 

100 

300  r 

200  r 

300  r 

125 

8 

125 

2 

125 

70 

50 

200  r 

150 

2123 


II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Chromium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13031.35 

40 

30 

3162.44 

25 

113312.18 

5 

125 

II  3032.93 

10 

100 

3163.76 

40 

25 

3313.72 

30 

1 

13034.19 

200  r 

60 

3169.19 

2 

50 

3314.05 

30 

3034.54 

30 

13169.58 

25 

2 

3314.56 

10 

100 

13037.04 

200  r 

100 

3172.08 

2 

200 

3318.08 

80  Wn 

13039.78 

80 

35 

3173.56 

25 

3323.25 

25 

1 3040.86 

500  r 

200 

3179.28 

100 

10  n 

3324.35 

10 

60 

3041.74 

2 

125 

113180.70 

30 

150 

3326.59 

40 

18 

II  3042.79 

1 

100 

113181.43 

15 

40 

113328.35 

20 

40 

3043.88 

50 

3183.32 

6 

150 

1 3329.05 

30 

6 

3047.45 

25 

6 

3184.34 

30 

3330.60 

80 

3050.14 

10 

150 

3186.74 

30 

3332.88 

30 

10 

13053.88 

3r 

150 

3188.01 

150  n 

60  n 

3333.60 

125 

3d 

3057.86 

30 

13192.11 

30 

2 

3334.69 

150  wn 

II  3058.34 

30 

113197.08 

35 

30  n 

113336.33 

18 

80 

II  3059.52 

8 

60 

3198.11 

40 

10 

II  3339.80 

25 

150 

3065.07 

20 

50 

3201.26 

1 

50 

3341.43 

50 

1 

113067.16 

25 

40 

3205.10 

1 

40 

113342.59 

30 

125 

3073.68 

35 

25 

II  3208.59 

20 

40 

13343.34 

30 

10 

3077.25 

40 

113209.18 

40 

125 

3343.74 

30  n 

1 3077.83 

25 

125  r 

3211.31 

35 

12 

3346.02 

35 

35 

3079.33 

25 

3212.89 

30 

3346.74 

150  r 

80  r 

3083.60 

35 

3216.56 

3 

125 

113347.84 

35 

125 

3084.45 

35 

3217.40 

30 

20 

3349.07 

125 

40 

3087.88 

40 

3218.69 

80  wn 

2  wn 

3349.32 

35 

50 

3093.49 

1 

100 

3219.13 

30 

3351.60 

35 

8 

3093.95 

25 

13226.55 

30 

1 

13351.97 

50 

50 

3095.86 

125 

3 

3229.20 

35 

3353.03 

20 

30 

3096.13 

1 

100 

13233.23 

30 

4 

3353.13 

15 

50 

3096.53 

35 

3234.06 

10 

150 

3353.61 

30 

3098.16 

30 

3237.73 

40 

30 

3356.40 

35  wn 

3103.47 

50 

3238.09 

30 

20 

3356.72 

35  wn 

3107.57 

2 

125 

3238.51 

25 

8 

3357.41 

6 

125 

3108.65 

35 

3238.76 

6 

200 

II  3358.50 

40 

200 

3109.34 

30 

12 

1 3240.95 

35 

2 

3359.18 

25 

3110.86 

25 

8 

13244.11 

30 

4 

113360.29 

50 

200 

113111.94 

40 

3251.58 

30 

113361.77 

10 

100 

113115.27 

30 

3251.84 

35 

13362.21 

80 

8 

3115.64 

40 

3252.49 

25  n 

1 3362.71 

40 

3116.74 

35 

3254.94 

50  wn 

113363.73 

8 

35 

3117.26 

1 

30 

3257.82 

40 

30 

3365.52 

25 

2 

113118.65 

35 

200 

3258.77 

50 

1 3367.53 

50  wn 

3119.71 

30 

6 

3259.97 

50 

30 

II  3368.05 

35 

125 

113120.37 

40 

150 

3264.26 

6 

50 

3370.23 

30 

In 

113122.60 

10 

80 

1 3266.63 

35 

4 

3372.13 

30 

113124.98 

20 

125 

3269.76 

35 

3374.60 

25 

2 

113128.70 

30 

150 

3270.72 

50 

1 

3374.93 

25 

4 

113132.06 

25 

125 

3271.96 

60  wn 

3376.15 

25  n 

3134.31 

3 

50 

3283.06 

35 

3376.40 

30 

20 

3135.34 

1 

25 

3290.99 

30  wn 

II  3378.34 

25 

150 

113136.68 

20 

50 

3291.76 

10 

200 

13379.17 

40 

6 

3144.41 

50 

12 

3293.83 

30 

1 

113379.37 

6 

100 

113145.10 

10 

35 

113295.43 

10 

200 

1,113379.82 

15 

100 

3145.77 

25 

3298.32 

30 

8 

3382.08 

30 

1 

113147.23 

25 

150 

3302.19 

50  n 

1  n 

113382.68 

35 

200 

3148.44 

30 

15 

3302.88 

30 

2 

13384.24 

35 

3149.82 

6 

40 

13304.33 

30  n 

13384.64 

40 

1 

3150.11 

6 

50 

3305.23 

25 

3385.33 

30 

2 

3155.15 

30 

25 

I  3307.75 

40 

*8 

3386.52 

30 

2 

3158.02 

1 

35 

3309.84 

30 

2 

13388.71 

40 

4 

113159.10 

4 

23 

3310.65 

2 

200 

3390.77 

30 

3 

3159.59 

60  wn 

20  n 

113311.93 

6 

125 

113391.43 

4 

150 

2124 


II. 

EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Chromium  (Continued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

113392.99 

10 

100 

13479.12 

30 

1 

13748.61 

40 

30 

113393.84 

15 

125 

13479.31 

35  r 

13749.00 

125  r 

125  r 

3394.29 

15 

150 

13480.29 

30 

1 

113754.57 

8 

30 

3395.61 

2 

100 

13481.30 

15 

35 

13757.17 

50 

30 

3399.53 

1 

60 

3481.54 

30 

30 

13757.66 

50 

50 

II  3402.40 

25 

80 

3483.52 

15 

30 

13758.04 

50 

35 

II  3403.32 

30 

200 

113484.15 

8 

35 

13768.24 

60 

60 

3403.59 

35 

3 

3488.45 

35 

10 

I  3768.73 

35 

25 

3407.27 

50  wn 

1  wn 

3494.97 

35 

25 

13788.87 

60 

10 

3408.04 

40  wn 

1  wn 

113495.38 

12 

35 

13789.72 

50 

10 

II  3408.76 

35 

100 

3502.31 

35 

6 

I  3790.23 

30 

10 

3409.40 

60  wn 

1  wn 

3510.54 

40 

8 

I  3790.45 

50 

15 

3411.05 

80  wn 

3  wn 

113511.84 

20 

50 

13791.38 

80 

40 

113421.21 

50 

200 

3527.09 

30 

5 

13792.14 

60 

40 

113422.74 

35 

125 

I  3550.63 

70 

60 

13793.29 

50 

30 

3425.98 

25 

2 

3566.16 

80  wn 

12  wn 

I  3793.88 

50 

30 

3427.66 

40 

1 

I  3572.75 

25 

5 

13794.61 

50 

30 

3431.28 

35 

8 

13573.64 

60 

15 

13797.13 

50 

30 

3431.99 

25 

4 

I  3574.04 

50 

15 

13797.72 

100 

20 

3432.32 

25 

6 

I357S.69 

500  r 

400  r 

3801.20 

35  n 

3n 

113433.31 

30 

150 

3582.62 

35 

12 

I  3804.80 

100 

30 

13433.60 

50 

35 

113585.51 

6 

35 

3806.83 

35 

35 

13434.11 

30 

25 

13593.49 

500  r 

400  r 

I  3807.93 

25 

12 

3435.82 

30 

12 

3599.39 

30 

20 

3812.25 

40 

15 

13436.19 

50 

50 

13601.67 

50 

30 

3814.62 

35 

30 

3439.37 

30 

2 

I  3603.74 

15 

50 

3815.43 

35 

12 

13441.11 

30 

25 

I  3605.33 

500  r 

400  r 

13816.17 

30 

10 

13441.44 

80 

90 

3612.61 

35 

25 

13817.84 

30 

20 

3443.79 

30 

25 

13615.64 

30 

10 

13818.48 

50 

20 

3445.62 

100 

80 

3619.46 

30 

8 

13919.56 

60 

40 

13447.01 

35 

25 

113631.69 

10 

60 

1 3823.52 

40 

30 

13447.43 

35 

35 

3632.84 

80 

35 

1 3825.39 

40 

15 

13447.76 

35 

30 

3634.99 

25 

12 

13826.42 

40 

20 

3450.83 

25 

4 

I  3635.28 

25 

8 

13830.03 

150  w 

50 

13453.33 

35 

35 

I  3636.59 

60 

30 

13831.03 

40 

25 

I  3453.74 

30 

25 

I  3639.80 

60 

25 

13834.73 

25 

12 

3454.99 

100 

13640.39 

30 

5 

13836.07 

25 

8 

3455.28 

35 

10 

13641.47 

30 

25 

13841.28 

150 

80 

3455.60 

50 

35 

13641.83 

40 

15 

13848.98 

80  d 

50  d 

3457.63 

4 

125 

II  3643.20 

5 

30 

13849.36 

40  n 

30  A 

3458.09 

35 

15 

I  3649.00 

40 

20 

1 3850.04 

40  r 

40  r 

3459.29 

35 

3650.34 

40 

1 3352.22 

60 

12 

13460.43 

40 

30 

I  3653.91 

100 

25 

13854.22 

40 

15 

3464.84 

30 

3 

13656.26 

80 

25 

13855.29 

35 

'      35 

3465.25 

35 

30 

II  3652.84 

25 

8 

1 3855.57 

30 

30 

3465.58 

30 

8 

13663.21 

35 

20 

13857.63 

50 

25 

1 3467.02 

50 

20 

3664.94 

1 

40 

1 3858.89 

35  wn 

20  wn 

3467.71 

50 

30 

3667.45 

25 

3862.55 

25 

20 

3468.75 

30 

8 

3676.32 

40 

15 

13870.27 

80  W 

3W 

1 3469.59 

50 

15 

113677.68 

6 

35 

1 3874.53 

70 

12 

13470.40 

30 

8 

113677.89 

31 

70 

13879.22 

60 

15 

1 3470.53 

25 

6 

3679.82 

40 

8 

13881.21 

60 

18 

13471.50 

30 

3 

3697.99 

40 

13881.86 

50 

6 

3472.07 

80 

113712.95 

12  s 

125 

13883.29 

60 

80 

1 3472.76 

30 

8 

3715.43 

30 

13883.66 

30 

20 

3472.91 

30 

8 

13730.81 

60 

12 

13885.22 

40 

50 

13473.61 

35 

10 

1 3732.03 

50 

15 

13886.79 

125 

125 

3474.38 

35 

8 

113738.38 

6 

40 

13891.93 

40 

25 

1 3474.86 

35 

3 

1 3742.97 

25 

10 

13894.03 

60 

40 

1,113475.13 

6 

40 

13743.58 

40 

40 

13897.65 

40 

25 

13477.16 

25 

5 

I  3743.88 

40 

40 

3902.11 

40 

30 

1 3478.77 

35 

3 

13744.49 

30 

12 

13902.91 

100 

100 

2125 


II. 

EMISSION  SPECTRA  2000 

-10,00C 

I  A  (Continued) 

Chromium  (Continued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I3903.1G 

35 

30 

4056.05 

30 

8 

4209.76 

80 

20 

3907.78 

30 

10 

4058.77 

80 

50 

4211.35 

100 

30 

1 3908.75 

200 

150 

4065.72 

80 

35 

14212.66 

80 

8 

3912.00 

40  wn 

4066.94 

25 

30 

4213.17 

60 

8 

13915.84 

125 

80 

4067.84 

30 

4 

14216.36 

60 

25 

13916.24 

100 

60 

4074.86 

25 

10 

14217.63 

150 

70 

13916.98 

30 

8 

4076.06 

30 

15 

4221.57 

80 

35 

13919.16 

300  r 

125 

4077.09 

35 

10 

I  4222.73 

100 

15 

13921.02 

150 

40 

4077.68 

30 

10 

4224.51 

60 

12 

3926.65 

35 

25 

4081.74 

25 

2 

4226.76 

125 

30 

I  3928.64 

150 

40 

4090.30 

30 

15 

14230.48 

70 

8 

3929.70 

35  wn 

4092.17 

25 

2 

114230.64 

(30) 

3938.34 

40 

3 

4099.02 

30 

8 

4232.22 

70 

5 

13941.49 

200  r 

60 

4101.16 

30 

2 

I  4232.87 

60 

3945.49 

50 

15 

4104.87 

35 

8 

4234.51 

60 

'2 

3945.97 

50 

7 

14108.40 

30 

4 

4237.71 

70 

3948.85 

25 

2 

14109.58 

40 

10 

I  4238.96 

100 

15 

13951.10 

50 

8 

14120.61 

40 

10 

4240.70 

200 

30 

13951.76 

40 

5 

4121.26 

35 

8 

114242.38 

4 

50 

13952.40 

60 

18 

4121.82 

40 

10 

14248.34 

30 

2 

13953.16 

60 

12 

14122.16 

30 

5 

4248.71 

35 

2 

3960.76 

40 

8 

4123.39 

35 

15 

I  4252.24 

35 

10 

13963.69 

300 

300 

14126.52 

100 

50 

14254.35 

5000  r 

1000  r 

13969.06 

80 

50 

4126.92 

30 

4 

4255.50 

30 

30 

13969.75 

200 

90 

14127.64 

30 

10 

I  4257.37 

35 

1 

13971.25 

80 

50 

4131.36 

30 

20 

14259.16 

35 

1 

13972.69 

60 

12 

4134.39 

25 

3 

14261.35 

125 

50 

13976.66 

300 

300 

4142.19 

35 

8 

4261.61 

35 

8 

13978.68 

80 

40 

4146.69 

25 

2 

114261.91 

30 

13979.80 

80 

20 

4152.77 

50 

12 

4262.13 

40 

8 

13981.23 

100 

50 

14153.07 

40 

6 

4262.36 

30 

2 

13983.91 

200 

60 

14153.82 

50 

30 

4263.14 

125 

80 

13984.34 

80 

60 

4161.41 

50 

30 

4266.82 

30 

1 

3989.99 

80 

40 

4163.62 

100 

50 

4268.79 

30 

3 

13991.12 

200 

60 

4165.52 

80 

35 

4269.95 

40 

6 

13991.67 

100 

50 

4169.84 

80 

25 

4271.06 

30 

12 

13992.84 

150 

70 

4170.20 

70 

15 

14272.91 

40 

30 

13993.97 

60 

20 

4171.67 

70 

8 

14274.80 

4000  r 

800  r 

■3998.86 

25 

2 

4172.77 

35 

15 

4275.97 

30 

15 

"3999.68 

40 

10 

14174.79 

100 

40 

4277.79 

25  wn 

4001.44 

200 

80 

4175.23 

30 

8 

4280.40 

80 

50 

4003.92 

30 

12 

4175.94 

40 

10 

14284.22 

30 

4012.47 

70 

60 

4177.90 

40  n 

In 

14284.72 

40 

8 

4014.69 

40 

8 

4179.26 

100 

40 

14289.72 

3000  r 

800  r 

4018.20 

35 

8 

4179.98 

25 

1 

4291.96 

35 

20 

4022.26 

80 

40 

4184.89 

35 

10 

14293.56 

50 

8 

4023.74 

40 

15 

4185.34 

30 

3 

14295.76 

125 

40 

4025.01 

100 

25 

4186.36 

50 

10 

14297.05 

100 

15 

4026.17 

100 

35 

4190.13 

40 

15 

4297.74 

125 

30 

4027.10 

80 

30 

14191.27 

70 

15 

14299.72 

100 

50 

4028.02 

35 

14191.75 

50 

6 

4300.51 

100 

20 

4030.68 

40 

30 

4192.10 

40 

15 

4301.18 

100 

25 

4031.13 

30 

6 

4193.66 

100 

25 

4302.77 

40 

2 

14033.26 

30 

8 

4194.95 

70 

25 

14305.45 

150 

20 

1 4037.29 

80 

12 

4197.23 

70 

25 

4307.49 

35 

1 

4039.10 

100 

40 

4198.52 

100 

30 

4312.47 

30 

1 

1 4042.25 

30 

1 

4200.10 

80 

8 

14319.64 

100 

20 

4043.70 

30 

2 

14203.59 

100 

20 

14320.59 

125 

6 

I  4046.76 

30 

3 

14204.20 

50 

6 

4321.24 

70 

2 

4048.78 

80 

50 

4204.47 

80 

30 

4321.62 

70 

3 

4049.78 

30 

6 

4206.90 

80 

25 

4323.52 

100 

15 

1 4050.03 

30 

1 

4208.36 

100 

25 

4325.07 

125 

130 

4051.33 

35 

8 

4209.37 

100 

40 

4332.57 

125 

2 
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II. 

EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Chromium  (Continued) 

WTave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

80 

Spark 

I  4337.57 

500 

300 

14545.33 

25 

12 

4727.15 

20 

4338.41 

35 

4 

I  4545.96 

200 

125 

4729.72 

30 

6 

4338.80 

50 

8 

4554.83 

25 

2 

4730.71 

100 

50 

I  4339.45 

3C0r 

300 

II  4555.03 

40  n 

4737.35 

200 

80 

I  4339.72 

150 

150 

4555.09 

15 

50 

4743.11 

40 

14340.13 

80 

30 

4556.17 

40 

12 

14745.31 

80 

2 

14343.16 

60 

12 

II  4558.66 

20 

600  wn 

4752.08 

100 

40 

14344.51 

400  r 

300 

14565.51 

20 

30 

4754.74 

80 

4345.08 

30 

3 

4569.64 

50 

10 

14755.14 

70 

4346.83 

200 

40 

4571.68 

50 

40 

4756.11 

300 

100 

4347.50 

30 

1 

4575.12 

25 

5 

4757.33 

25 

14351.05 

100 

150 

4578.33 

25 

2 

4757.59 

35 

1 

14351.77 

300 

300 

I  4580.06 

300 

125 

4761.24 

25 

I  4359.63 

200 

150 

4586.14 

25 

6 

4764.29 

200 

35 

4363.13 

25 

35 

I  4587.87 

30 

14764.64 

35 

14371.28 

200 

150 

II  4588.22 

10 

600  n 

I  4766.63 

80 

6 

I  4373.25 

50 

50 

114591.39 

200 

125 

4767.86 

100 

8 

4374.16 

50 

60 

II  4592.06 

3 

35  n 

14770.67 

35 

4375.33 

25 

30 

4592.54 

25 

1 

4775.14 

35 

4377.55 

25 

10 

4595.59 

50 

60 

4783.08 

25  n 

14381.11 

30 

25 

4600.10 

20 

50 

14789.38 

300 

100 

I  4384.98 

150 

200 

1  4600.75 

150 

150 

I  4790.34 

100 

1 

14391.75 

50 

35 

4605.82 

30 

4792.51 

200 

40 

14397.25 

25 

5 

14613.37 

150 

60 

4796.17 

125 

1  n 

4403.50 

15  d 

25 

14616.14 

300  r 

200 

4797.71 

25 

14410.30 

25 

8 

114616.66 

•  • 

50 

4801.03 

200 

70 

14412.25 

35 

10 

114618.83 

6 

8Cn 

4804.70 

35 

4413.87 

25 

15 

4619.55 

50 

30 

1 4806.25 

80 

1  4424.28 

25 

35 

4621.96 

50 

40 

4810.73 

30 

I  4428.50 

25 

6 

4622.49 

30 

30 

4814.26 

100 

4432.17 

30 

15 

14626.19 

100 

125 

4816.14 

30 

I  4458.54 

50 

125 

4632.18 

25 

8 

4823.92 

25 

I  4459.74 

25 

25 

II  4634.09 

5 

80  n 

114824.12 

4 

35 

I  4460.77 

25 

14646.17 

100 

150 

14829.38 

200 

40 

I  4473.78 

25 

1 

14646.81 

35 

3 

4831.63 

25 

I  4475.34 

40 

6n 

4648.13 

40 

6 

14836.86 

80 

4482.88 

25 

12 

4648.87 

50 

3 

4851.46 

35 

4488.05 

25 

15 

4649.46 

60 

3 

1 4857.29 

25 

4489.47 

25 

15 

14651.28 

100 

100 

14861.20 

80 

14491.68 

25  d 

1 

14652.16 

200  r 

150 

4861.84 

125 

's 

4491.86 

50 

4 

14654.74 

70 

8 

4870.80 

150 

25 

4492.31 

80 

15 

4656.19 

50 

4 

4880.04 

25 

14496.86 

200 

200 

I  4663,33 

40 

25 

I  4884.95 

25 

4498.73 

30 

15 

I  4663.83 

50 

15 

1 4885.78 

60 

4500.29 

50 

30 

1 4664.80 

70 

20 

4887.01 

125 

30 

4501.11 

40 

30 

4666.21 

35 

8 

I  4888.53 

100 

4506.85 

30 

30 

14666.51 

50 

25 

4894.36 

125 

4511.90 

80 

100 

1 4669.34 

50 

20 

14903.24 

125 

14514.53 

30 

8 

1 4680.54 

50 

25 

4905.05 

30 

4515.44 

25 

10 

4680.87 

60 

8 

4920.94 

50 

4521.14 

25 

10 

14689.37 

80 

35 

4922.27 

200 

40 

I  4526.47 

50 

30 

4693.95 

50 

20 

4930.18 

35 

I  4529.85 

25 

8 

4695.15 

50 

4 

4936.33 

200 

5 

I  4530.74 

150 

125 

14697.06 

50 

12 

14942.49 

125 

3 

14535.15 

50 

30 

1 4698.46 

60 

12 

4944.58 

35 

I  4535.72 

125 

100 

14698.61 

40 

8 

4954.81 

100 

'8 

I  4539.79 

40 

25 

4699.59 

30 

1 

4985.96 

25 

I  4540.50 

40  d 

40 

1 4700.61 

50 

4 

I  5013.32 

60 

*2 

4540.72 

40  d 

40 

4706.10 

30 

1 

1 5048.75 

30 

14541.07 

30 

8 

I  4708.04 

200 

150 

15051.90 

50 

4541.51 

30 

6 

14718.43 

200 

150 

I  5065.91 

30 

4542.62 

30 

8 

4723.10 

125 

8 

1 5067.71 

50 

I  4544.62 

100 

70 

4724.42 

125 

10 

15072.92 

35 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Chromium  (Continued) 


Wave 

length 

Arc 

Spark 

15091.89 

25 

15110.75 

40 

15113.13 

25 

5139.65 

50 

1 

I  5144.67 

30 

5166.23 

80 

2 

15177.43 

501 

J  5184.59 

60 

i 

15192.00 

50 

15196.44 

50 

3 

15200.19 

30 

I  5204.52 

400  r 

100 

I  5206.04 

500  r 

200 

I  5208.44 

500  r 

100 

5221.75 

25 

I  5238.97 

60 

1  5243.39 

50 

I  5247.56 

60 

15 

15261.75 

25 

15264.15 

100  r 

20 

I  5265.72 

30 

10 

I  5272.01 

25 

1 

15287.19 

40 

I  5298.27 

15  r 

25 

I  5300.75 

25 

4 

15312.88 

40 

-. 

15318.77 

30 

-    1 

Wave 
length 


15340.44 

15345.81 

15348.32 

5400.61 

15409.79 

I  5628.64 

I  5694.73 

I  5698.33 

5783.11 

5783.93 

5787.99 

15791.00 

16330.10 

I  6362.87 

6421.37 

6501.21 

6529.20 

1  6437.95 

I  6572.90 

I  6580.91 

6594.67 

6597.56 

6608.89 

I  6630.01 

16661.08 

I  6669.26 

6762.41 


Arc    S 

park 

50 

300  r 

25 

150  r 

15 

30 

1 

300  r 

30 

25 

2 

35 

30 

2 

30  n 

30i- 

50v.n 

40  wn 

200 

8 

150 

8 

35 

35 

40  n 

35 

25 

30 

60  wn 

40 

25 

50 

100 

80 

50 

Wave 

length 


6789.17 
I  6883.03 
16924.13 
I  6925.20 
I  6978.48 
I  7355.90 
I  7400.21 
1  7462.31 
18163.18 
I  8235.89 
I  8287.38 
18947.15 
I  8976.83 
I  9009.91 
19017.03 
19021.65 
I  9035.85 
I  9208.27 
I  9263.96 
I  9290.38 
I  9446.95 
19571.74 
I  9574.24 
I  9667.22 
I  9670.49 
I  9730.27 
I  9734.51 


Arc 


40 

70  n 

60  n 

50  n 
125  wn 

80 

80 

80 

35 

30 

25 

50 

30 
100 
100 
100 

50 

25 

25 

75 

75 

25 

50 

25 

50 

25 

50 


Cobalt 


2011. 
II  2022. 
II  2025. 
II  2027. 
II  2036. 
II  2058. 
II  2063. 
II  2065. 

2082. 

2104. 

2106. 

II  2174. 

12174. 

2178. 
II  2181. 
II  2192. 
II  2193. 

2200. 
II  2202. 
II  2207. 

2216. 
II  2245. 

2256. 

2260. 

2266. 

2281. 

I  2284. 

II  2286. 

II  2292. 

II  2299. 


50 

15 

i 
50 

34 

18 

75 

7o 

101 

30 

02 

15 

50 

59 

8 

30 

si 

10 

40 

7(3 

12 

35 

53 

10 

35 

68 

3 

25 

73 

25 

2 

so 

25 

2 

54 

15 

25 

60 

30  r 

12 

95 

25 

72 

80 

8 

49 

2 

25 

00 

4 

30 

69 

80 

96 

3 

30 

92 

30 

48 

4 

25 

13 

15 

35 

74 

35 

01 

2 

25 

56 

35 

88 

3 

25 

85 

30 

16 

40 

3001 

99 

10 

30 

42 

25 

2299.75 

112301.40 

II  2307.86 

112311.60 

II2314.C5 

112314.98 

112324.32 

I  2325.61 

112326.48 

112347.39 

II  2353.42 

12358.18 

LI  2363.79 

II  2378.62 

II  2383.46 

II  2386.36 

II  2388.91 

2396.77 

II  2397.39 

I  2400.56 

I  2400.84 

2401.11 

12401.60 

12402.17 

112404.17 

I  2406.27 

I  2407.25 

II  2408.75 

2410.51 

12411.62 


4 

1   30 

10 

25 

25 

50  w 

15 

50 

25 

35 

25 

30 

20 

50 

50  w 

20 

30 

10 

25 

10 

35 

20 

30 

25 

50 

25 

50  w 

15 

30 

10 

25 

10 

35 

90 

4 

25 

30 

30 

2 

30 

2 

30 

2 

30  r 

30  w 

50 

25 

1 

100 

2 

25  w 

25 

40  w 

250  r 

50 

i 

112414.06 

8 

12414.46 

40  r 

12415.30 

40  r 

2  1 1 7.33 

25 

2420.73 

8 

2422.56 

30  w 

I  2424.93 

250  r 

I  2429.23 

25 

I  2432.21 

40  r 

2432.52 

2436.66 

50  r 

2446.02 

2 

2447.76 

4 

112449.16 

12 

2450.00 

40 

2459.49 

1 

112464.19 

40 

2467.06 

2 

I  2476.64 

40  w 

12483.61 

II  2485.36 

25 

II  2486.44 

1 

2490.39 

5 

2493.93 

30  w 

2497.50 

1 

2498.83 

2 

II  2506.46 

50  w 

I  2507.68 

40  w 

2507.96 

2 

2517.41 
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II. 

EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cobalt  (Cont 

inued) 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

112519.82 

40 

200 

II  2653.70 

5 

40 

II  2834.94 

2 

75 

2521.36 

75  r 

150 

II  2663.53 

15  w 

60  w 

12837.15 

75  r 

2522.94 

30 

112669.91 

100  wn 

I  2842.38 

30 

2524.60 

30 

I  2673.93 

25 

II  2845.63 

50 

II  2524.96 

50  w 

700 

2679.76 

75  W 

II  2848.37 

60  n 

2528.18 

40 

2680.11 

25 

3 

I  2850.04 

75 

112528.61 

4 

200 

I  2685.34 

75  w 

I  2850.95 

30 

I  2528.97 

50  r 

2689.82 

40 

12859.66 

40 

I  2530.13 

40  w 

300 

2693.01 

25 

I  2862.60 

50 

12532.17 

75 

2693.12 

25 

II  2870.03 

50  wn 

2533.81 

5r 

60 

I  2694.40 

25 

2871.24 

100 

I  2535.96 

10  r 

40 

112694.68 

25 

200  w 

2879.62 

25 

2640.65 

6 

40 

I  2695.85 

50  w 

II  2880.29 

50  wn 

112541.94 

40 

300  n 

II  2697.04 

60 

I  2882.22 

30 

I  2544.25 

50  r 

100 

112702.11 

25  wn 

I  2886.44 

50 

2 

2545.04 

3 

30 

I  2705.85 

15  w 

100  w 

2892.25 

25 

2546.74 

1 

50 

112706.74 

100  wn 

12899.82 

25 

I  2548.34 

20 

75 

II  2707.50 

100  wn 

2903.19 

25 

112550.02 

60 

2708.82 

30 

2 

12919.55 

30 

I  2553.00 

40  r 

.. 

II  2709.05 

30  wn 

I  2927.67 

50 

I  2556.76 

50  w 

150 

112714.42 

12 

200  W 

12928.81 

50 

1  n 

2557.35 

2 

30 

12715.99 

75  w 

75 

12929.51 

75 

112559.41 

10 

60  wn 

2719.58 

25 

112930.43 

150  wn 

2560.09 

Id 

60  wd 

12722.11 

50  w 

112943.15 

100  wn 

2561.28 

25 

12  n 

2731.11 

50  W 

15 

I  2943.48 

30 

112564.04 

15  w 

100  wn 

I  2740.46 

50 

4 

2954.74 

2 

100 

I  2567.35 

50  r 

12745.10 

50 

60 

2955.39 

30 

2569.74 

30 

I  2746.03 

50 

2957.67 

50 

1 

I  2572.24 

50  w 

12 

I  2752.07 

40 

1 

2966.9C 

30 

2573.40 

40 

12 

I  2758.54 

30 

12978.01 

30 

2573.54 

30  r 

12 

12761.37 

75 

5 

12987.16 

75  r 

50 

2574.86 

3 

40 

12764.19 

100  r 

12989.59 

75  r 

30 

2576.10 

30 

2766.22 

50 

45 

12995.15 

50 

1 

I  2578.93 

30 

I  2766.39 

50 

3 

I  3000.55 

80 

1 

II  2580.33 

15  w 

100  wn 

2769.08 

35  n 

I  3005.76 

100 

2 

I  2580.84 

50  W 

4 

2772.70 

30  n 

13013.60 

60  r 

4 

II  2582.24 

50  w 

500  wn 

12774.96 

50 

13015.68 

60 

2 

2583.18 

40  w 

112775.18 

30  n 

100  n 

13017.26 

60 

I  2585.34 

50  WT 

I  2775.58 

50 

13017.55 

100  r 

5 

II  2587.22 

10  w 

100  n 

I  2778.82 

75 

8 

3020.64 

60 

I  2590.59 

75  W 

I  2785.90 

50 

1 3022.36 

60 

2 

2604.41 

30 

2790.28 

30  n 

13026.37 

100 

40 

2605.68 

30 

200 

I2791.C1 

50 

I  3034.43 

80 

2 

12606.12 

40 

I  2792.44 

40 

3 

13038.31 

25 

12610.76 

40  w 

In 

2794.82 

100  r 

15 

I  3039.57 

70 

2613.49 

25 

I  2796.23 

50 

5 

I  3042.48 

80  r 

*8 

12614.13 

30 

I  2797.08 

50 

2 

3044.00 

400  r 

112614.36 

6 

60  w 

2802.71 

100 

2C0n 

13048.11 

25 

12616.26 

40  w 

2 

I  2803.77 

100 

12 

I  3948.89 

150  r 

12617.86 

50  w 

112807.17 

1 

25 

I  3050.50 

60 

, , 

2618.91 

30 

112810.86 

5 

75  n 

I  3050.93 

60 

,  m 

12619.28 

50  w 

4 

12811.13 

50 

I  3054.72 

60 

2619.80 

40 

12811.52 

50  w 

I  3060.05 

150 

"l 

I,  II  2622.06 

40  w 

20 

I  2814.98 

25 

13061.82 

200  r 

125 

II  2622.43 

30  r 

15 

12815.56 

50  r 

I  3062.20 

60 

1 

I  2623.75 

40 

3 

12818.60 

30 

13064.37 

100 

I  2627.64 

50  W 

12820.01 

50 

3071.96 

80 

"2 

1 2629.97 

30 

1 

112821.74 

30  n 

10n 

1 3072.34 

200  r 

100 

II  2632.24 

10  w 

40  w 

12825.15 

75  w 

I  3073.52 

60 

2 

2636.02 

40 

II  2825.24 

5 

200 

1 3079.40 

80 

2 

I  2648.63 

h 

40  w 

I  2826.80 

50  W 

3082.62 

150  r 

50 

I  2649.94 

50  w 

5 

12833.92 

40 

1 3082.84 

35 

1 2650.27 

50  w 

25 

1 2834.43 

50 

I  3086.40 

80 

2 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued; 

Cobalt  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

1 3086.78 

200  r 

1 3246.99 

35 

13374.30 

60 

I  3087.81 

60 

13247.18 

80 

I  3377.06 

100 

13089.59 

100  r 

1 3250.00 

60 

13378.36 

30 

*2 

1 3C90.25 

80 

1 

13254.21 

300  r 

3378.74 

40 

2 

I  3095.72 

60 

2 

1 3258.02 

60 

13381.50 

100  W 

I  3096.40 

60 

3 

I  3260.82 

70 

4 

I  3383.92 

60 

13096.70 

60 

3 

13263.21 

30 

I  3385.22 

250  r 

15 

I  3098.20 

100  r 

5 

I  3264.84 

35 

2 

1,113388.17 

250  r 

12 

I  3099.67 

50 

1 3265.35 

35 

2 

I  3390.40 

30 

2 

13102.41 

60 

'4 

13271.78 

60 

I  3395.37 

400  r 

50 

13103.74 

80 

2 

13276.48 

35 

2 

13405.12 

2000  r 

150 

13103.98 

60  r 

I  3277.32 

60  W 

3405.82 

30  r 

13105.92 

30 

I  3278.84 

70 

2 

13409.18 

1000  r 

125 

13107.04 

70 

*3 

I  3279.26 

60 

2 

13412.34 

1000  r 

100 

13109.51 

60 

In 

I  3283.46 

80 

13412.63 

1000  r 

40 

13110.02 

60 

2 

I  3283.77 

60  W 

13414.74 

200  W 

13110.82 

60 

2 

13287.19 

60 

113415.78 

100  r 

20 

13113.48 

100 

4 

13293.86 

40  r 

13417.16 

400  r 

13118.25 

60 

2 

13298.68 

70 

2 

13417.67 

25 

13121.41 

150  r 

6 

I  3303.88 

60  r 

13417.79 

30 

2 

13121.57 

60  r 

3 

13307.15 

80 

I  3420.79 

80 

2 

13126.72 

70 

I  3308.49 

30 

13424.51 

80 

2 

13127.25 

100 

13308.81 

40 

3428.23 

100  W 

2 

13128.99 

25 

13312.15 

60 

2 

3429.68 

30 

13129.48 

40 

2 

13314.08 

100 

13431.57 

500  r 

40 

13132.22 

40 

13318.40 

35 

13432.32 

60  W 

13136.73 

60 

13319.16 

60 

13433.04 

1000  r 

150 

13137.33 

150  r 

3319.48 

80 

13437.69 

150  Wn 

13137.45 

50 

13319.82 

35 

2 

13438.71 

80  w 

13137.75 

60 

2 

13321.91 

25 

13438.91 

30 

13139.94 

150  r 

10 

I  3322.20 

100  w 

13442.93 

400  r 

15 

13145.02 

30 

I  3325.24 

80 

3 

3443.20 

25 

2 

13147.06 

150  r 

13326.56 

60 

13443.64 

500  r 

100 

13149.31 

60 

3326.99 

100 

13446.09 

60  n 

13152.71 

100 

13328.21 

40 

113446.39 

3 

60 

3154.68 

100 

13329.47 

80 

13449.17 

500  r 

125 

13154.79 

100 

4n 

13333.39 

100 

13449.44 

500  r 

125 

13158.77 

150  r 

13334.14 

250  r 

I  3453.50 

3000  r 

200 

13159.66 

100 

2n 

13337.17 

60 

2 

I  3455.23 

2000  r 

10 

13161.65 

60 

I  3339.78 

150  w 

I  3456.93 

30 

2 

13168.06 

100 

3341.34 

60 

2 

I  3458.03 

60  w 

3169.77 

100 

13341.95 

25 

13461.18 

100  wn 

3 

13174.90 

80 

I  3342.73 

150  W 

I  3462.80 

1000  r 

80 

3177.27 

100 

1  3346.93 

100 

2 

I  3465.80 

2000  r 

25 

13182.12 

80 

2  11 

13348.11 

80 

13471.38 

80 

25  wn 

13185.95 

40 

13351.54 

35 

2 

13474.02 

3000  r 

100 

13186.35 

70 

II  3352.80 

30 

I  3474.53 

30 

2 

13188.37 

100 

2n 

3354.21 

30 

13476.36 

100  r 

13189.76 

60 

3 

I  3354.38 

200  r 

13478.55 

40 

2 

13191.30 

35 

I  3356.47 

150  W 

2 

13478.74 

60 

2 

13192.22 

35 

I  3356.84 

25 

I  3480.02 

80  W 

2n 

13193.16 

50 

I  3359.08 

35 

13483.41 

300  r 

10 

13198.66 

60 

2 

13359.29 

100 

2 

3485.37 

100  wn 

3 

13199.32 

35 

13361.56 

80 

2 

13489.40 

100  r 

25 

1 3203.03 

40 

13362.80 

80 

13490.74 

60 

13210.23 

80 

"2 

13363.27 

30 

2 

13491.32 

200  r 

*8 

13219.15 

60 

13363.76 

80  r 

I  3495.69 

1000  r 

25 

13224.64 

60 

13364.25 

30 

2 

I  3496.68 

150  r 

4 

3226.98 

80  r 

13367.11 

300  r 

30 

13496.79 

30 

1 3232.87 

60 

25 

I  3370.33 

80 

2 

113501.72 

5 

100 

1 3235.54 

60 

II  3370.94 

50 

I  3502.28 

2000  r 

20 

I  3237.03 

100 

13373.23 

60 

I  3502.62 

60 

5 

13243.84 

100 

13373.97 

60 

13506.31 

400  r 

15 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cobalt  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  3509.84 

400  r 

40 

13734.14 

70 

I  3990.30 

80 

10 

13512.64 

400  r 

100 

13734.87 

60 

13991.54 

30 

13513.48 

300  r 

25 

I  3735.93 

200  r 

13991.69 

60 

'6 

13518.35 

200  W 

100 

13740.19 

60 

13994.54 

60 

3519.82 

2n 

25  n 

I  3745.50 

300  r 

13995.31 

1000  r 

20 

1 3520.08 

100  w 

13749.93 

60 

5 

13997.91 

200 

20 

13521.57 

200  r 

25 

13751.63 

100 

60 

I  4013.94 

300 

I  3523.43 

300  r 

25 

13754.35 

30 

3 

14019.30 

80 

I  3526.85 

300  r 

25 

I  3755.45 

100 

I  4020.90 

500  w 

I  3529.03 

200  r 

13759.69 

30 

I  4023.40 

200 

13529.81 

1000  r 

30 

13760.39 

30 

I  4027.04 

200 

4 

I  3533.36 

200  w 

13774.60 

200  W 

I  4035.55 

150 

3 

I  3543.26 

35 

13777.54 

200 

1  4045.39 

400 

113545.04 

2 

30 

13808.11 

200  w 

7 

1  4052.92 

40 

I  3550.59 

200 

13811.07 

30 

1  4057.20 

100 

I  3558.78 

40  w 

13812.47 

100  w 

1  4058.19 

100 

I  3560.89 

200 

25 

13813.92 

30  r 

I  4058.60 

100 

I  3564.95 

150  w 

13814.46 

35 

I  4068.54 

150 

100 

I  3569.38 

400  r 

100 

13816.33 

60 

50  r 

14076.13 

70 

I  3574.96 

200 

25 

13816.47 

60 

14077.41 

100  wn 

2n 

I  3575.36 

200  r 

25 

13816.87 

70 

5 

I  4082.60 

50 

113578.03 

30 

13841.46 

60 

I  4086.31 

400 

15 

I  3584.80 

25 

I  3842.05 

400  r 

20 

14088.30 

50 

13585.16 

60 

13843.69 

60 

I  4092.39 

600  W 

15 

13587.19 

200  r 

50  n 

13845.47 

500  r 

100 

1 4092.85 

25 

10 

I  3594.87 

200  W 

I  3850.95 

100 

14104.43 

30 

2 

I  3602.08 

200 

35 

3856.80 

80 

2 

14104.75 

50 

1  3605.36 

60 

13861.16 

300  r 

15 

14110.53 

600 

13611.70 

25 

13863.61 

30 

14118.77 

1000  r 

113621.18 

15 

50  n 

I  3870.53 

70 

8 

14121.32 

1000  r 

25 

13627.81 

200 

13873.11 

500  r 

80 

4158.42 

25  n 

5 

13631.39 

50  W 

25 

13873.95 

400  r 

80 

14187.25 

50 

3 

3632.84 

60 

I  3876.83 

300  w 

40 

1  4233.99 

100  W 

3634.71 

70 

10 

13878.74 

70  r 

14252.31 

150 

13636.72 

40 

6 

13881.87 

300  r 

30 

I  4285.79 

125 

I  3637.32 

30 

5 

13884.61 

100 

14339.62 

50 

13639.44 

200 

20 

I  3885.29 

70 

4 

14371.13 

25  wn 

13641.79 

60 

8 

I  3894.08 

1000  r 

100 

14445.04 

40 

2 

13643.18 

80 

15 

13894.98 

300  r 

3 

14445.71 

125 

2 

13645.19 

60 

3 

I  3898.49 

80  r 

6 

I  4466.89 

300 

5 

I  3647.09 

30 

4 

13906.29 

150 

14469.55 

300 

5 

13647.66 

100 

8 

13909.93 

200  W 

14471.55 

100 

4 

3649.35 

200 

4 

13917.11 

80 

10 

14477.24 

30  wn 

1 3652.54 

200  r 

13920.73 

25 

14478.32 

100 

3 

13654.45 

35 

I  3922.75 

100 

14483.93 

100 

I  3656.97 

60 

6 

3933.65 

80 

14484.51 

60 

13662.16 

100 

25 

13933.91 

60 

14486.71 

50 

1 

3676.55 

100 

35 

13935.97 

400  r 

15 

14494.75 

100 

1 3683.05 

200  r 

I  3940.89 

100 

14514.19 

60 

2 

13684.48 

200  W 

13941.73 

200  wn 

14517.11 

300 

6 

1 3690.72 

60 

10 

I  3945.33 

200 

15 

14519.29 

40 

13693.11 

80 

15 

13952.33 

40 

4 

I  4527.93 

100 

2n 

13693.48 

35 

10 

13952.92 

100 

75 

1 4530.96 

1000  w 

8 

3702.24 

200 

I  3957.93 

100  r 

14533.99 

500 

8 

1 3704.06 

300  r 

35 

I  3960.99 

60 

10 

14540.78 

30 

1 3707.47 

30 

13969.12 

100  w 

6 

14543.81 

500  W 

1 3708.82 

100 

1 3972.53 

100 

6 

14545.24 

50 

13711.65 

35 

13973.15 

150  w 

6 

14549.66 

600 

13712.18 

40 

8 

13974.73 

100 

10 

4552.44 

25 

13726.66 

30 

13975.32 

30 

5 

14553.33 

25 

1 3730.48 

200  r 

13978.65 

100 

14561.94 

25 

I  3732.40 

200  r 

13979.52 

150  w 

12 

4564.17 

35 

i 

13733.49 

150 

13987.11 

80 

14565.59 

800  W 

12 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cobalt  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

14566.61 

100 

2n 

15122.77 

150 

I  5436.99 

25 

14570.02 

300 

15124.77 

25  n 

15444.57 

400  w 

14579.36 

25 

15125.09 

100  w 

1 5452.30 

25 

14580.14 

300 

3 

15126.19 

200 

1 5454.55 

300  w 

14581.60 

1000  w 

10 

15133.45 

50  w 

15469.30 

125 

14588.70 

100 

1 

15145.51 

80  w 

1 5470.46 

50 

14594.63 

400 

15146.74 

400  w 

I  5477.08 

40 

14596.90 

400 

15149.79 

100 

15483.34 

500  w 

14601.16 

30 

15154.05 

200  W 

15483.90 

150  w 

14614.01 

60 

15156.34 

300  w 

1 5489.65 

150  w 

14620.82 

25 

15158.43 

40 

1 5523.29 

300  w 

I  4622.70 

30 

15158.84 

40 

1 5524.98 

25  w 

14623.04 

150 

15165.16 

30 

1 5530.77 

500 

14625.78 

200 

15176.08 

500  r 

I  5545.93 

25  n 

I  4628.94 

125 

5183.61 

35 

1 5590.73 

500 

14629.38 

600  W 

5 

15192.35 

100  w 

5594.46 

40 

14644.32 

70 

5210.06 

100 

5598.48 

50 

I  4654.85 

25 

15210.84 

50 

I  5647.22 

600  w 

I  4657.39 

100 

3 

5 

15211.82 

100 

15659.11 

25 

14663.41 

700  W 

15212.71 

300  w 

15915.54 

200  w 

I  4682.38 

500 

1 5222.48 

50 

I  5935.39 

150 

I  4685.86 

30 

I  5230.22 

300  r 

I  5946.49 

70 

14693.21 

500 

25 

5235.21 

100  w 

15991.88 

900  r 

14698.38 

300 

8 

I  5247.93 

500  w 

I  6000.67 

80 

14699.19 

25 

I  5249.99 

200  w 

I  6006.35 

50  n 

14718.48 

50 

I  5254.65 

200  w 

I  6007.67 

50  n 

4721.41 

8 

100  n 

I  5257.62 

400  w 

I  6013.58 

30 

I  4727.94 

300 

I  5265.82 

25 

6016.64 

40 

14732.06 

40 

I  5266.30 

100 

6021.79 

50 

14734.83 

150 

I  5266.49 

500  w 

I  6049.09 

50  n 

4737.77 

150 

1 

I  5268.51 

500  w 

I  6082.43 

300  W 

14746.11 

100 

15276.19 

400  w 

I  6086.65 

80 

14749.68 

500 

100  n 

I  5280.65 

500  w 

I  6093.13 

200 

14754.36 

200 

2 

I  5283.49 

125  w 

16107.93 

25 

14756.72 

100 

15301.06 

700  w 

16116.98 

80 

14767.14 

100 

15312.66 

400  w 

6122.22 

40 

14768.08 

300 

10 

15316.78 

300  w 

16122.65 

125 

14771.11 

500  w 

I  5325.28 

300  w 

6162.17 

60 

14776.32 

300 

I  5325.95 

25 

16188.99 

200  w 

14778.25 

100 

15331.47 

500  w 

80 

16211.19 

25 

14780.01 

500  w 

500 

I  5332.67 

200  w 

I  6230.97 

200  w 

14781.43 

400 

2n 

I  53^3.65 

100 

I  6232.44 

25 

I  4785.07 

50 

I  5334.84 

70 

I  6249.51 

125 

14792.86 

600  W 

5 

15336.17 

50 

I  6257.58 

70 

14795.85 

100 

I  5339.53 

100  w 

I  6273.03 

70  w 

14796.37 

100 

15341.33 

300  w 

16275.13 

25 

14813.48 

1000  W 

6 

15342.71 

800  w 

I  6276.63 

40 

14813.98 

100 

2 

I  5343.39 

600  w 

I  6282.63 

300  w 

I  4840.27 

700  w 

150 

15347.49 

80 

6311.28 

30  n 

I4S43.46 

300 

I  5349.09 

80 

16313.05 

50 

I  1807.88 

800  W 

100 

I  5352.05 

500  w 

16314.53 

50 

I  4899.52 

400  W 

I  5353.48 

500  w 

16320.41 

80 

14904.17 

80 

I  5358.92 

40  w 

6347.83 

125 

14928.28 

200  W 

15359.18 

300  w 

16351.42 

25 

4934.08 

25 

I  5362.77 

500  w 

16395.19 

125 

[4953.19 

50 

5368.89 

30 

10417.82 

200  r 

I  1966.59 

100 

I  5309.58 

500  w 

16429.91 

50 

I  1971.96 

150 

15381.10 

150 

I  6430.3 1 

30  n 

1  1979.93 

00 

15381.75 

150 

0439.17 

80 

I  1988.04 

500  r 

I  5390.40 

25 

I  0444.09 

25 

I  5094.94 

100 

15401.98 

100  w 

I  0450.24 

1000 

15108.89 

200  w 

1  5407.53 

100 

10451.14 

70  w 

15113.23 

100 

15408.12 

30 

I  0454.99 

200  w 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Cobalt  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

6462.58 

60 

I  7094.53 

40 

I  8043.33 

80  n 

I  6463.01 

25  n 

7102.55 

25 

1 8056.06 

80  n 

6474.57 

25  w 

17113.56 

1501 

I  8066.49 

60 

I  6477.88 

80 

7122.25 

50 

1 8080.23 

60 

I  6490.34 

70 

I  7124.47 

50 

I  8093.96 

80  n 

6493.74 

25 

I  7134.32 

200 

18116.41 

80 

I  6551.44 

80  w 

17154.71 

200 

18137.08 

80 

I  6563.42 

200  w 

5 

17159.18 

250 

I  8140.43 

40 

16595.90 

150 

17193.60 

200  w 

8150.19 

50 

16617.12 

30 

17250.12 

80 

18152.11 

60 

I  6617.53 

30 

I  7285.28 

200 

I  8160.65 

40 

6623.79 

70  W 

17315.73 

25 

I  8193.03 

125 

I  6632.44 

150 

1 7353.47 

25 

I  8208.66 

80 

I  6635.12 

25  n 

I  7354.59 

150 

I  8269.38 

80  n 

I  6678.81 

125 

I  7388.70 

200 

I  8283.48 

50  n 

6684.08 

30 

17417.38 

300  W 

I  8296.85 

50  n 

I  6684.87 

30 

17437.16 

30 

I  8299.95 

60  n 

6707.86 

200  Wn 

1 7457.36 

200  W 

I  8342.63 

50  Wn 

I  6756.57 

25 

I  7533.48 

40 

I  8372.84 

80  n 

16758.10 

25 

I  7553.99 

200 

I  8378.39 

50 

6767.60 

35  n 

I  7590.57 

35 

I  8379.47 

35 

6771.06 

200  n 

I  7610.24 

35 

I  8489.50 

30 

I  6784.85 

25 

17712.68 

80 

1 8574.57 

50 

I  6808.94 

25  n 

I  7734.23 

40 

I  8575.35 

50 

I  6814.94 

150  r 

17838.17 

80 

I  8586.74 

30 

I  6846.97 

25 

1 7840.05 

40 

I  8589.73 

50 

6858.38 

25 

I  7855.85 

40  n 

18661.09 

60 

I  6872.40 

200  w 

I  7869.90 

80 

I  8744.37 

30 

6908.08 

30 

17871.39 

80 

I  9037.91 

60 

I  6937.81 

150 

1 7908.71 

80  n 

I  9095.37 

50 

I  6997.22 

200  w 

I  7926.55 

80  n 

19344.92 

30  n 

I  7004.81 

150 

1 7957.76 

40  n 

I  9356.98 

200 

I  7016.61 

300  W 

I  7960.55 

25  n 

I  9544.53 

300 

1 7027.81 

200  W 

1 7966.08 

40 

I  9597.89 

300 

I  7032.52 

25 

I  7987.38 

80 

I  9746.05 

50 

I  7052.89 

300  W 

I  8007.27 

80  n 

I  9764.53 

25 

I  7054.04 

200  W 

I  8022.13 

40 

9785.39 

40 

I  7055.88 

25 

I  8024.73 

40 

I  9890.92 

30 

I  7084.99 

500  W 

1 8029.26 

80 

COLUMBIUM 


2005.03 

5 

25 

2131.18 

12 

40 

2290.38 

25  w 

2010.00 

5 

25 

2137.05 

5 

30 

2295.68 

15 

30 

2011.99 

4 

25 

2137.54 

5 

40 

2302.C8 

15 

30 

2017.28 

3 

25 

2155.62 

5 

25 

2309.23 

101 

3C1 

2025.31 

10 

30 

2160.27 

5 

50 

2313.32 

30  w 

2029.32 

10 

50 

2175.84 

5 

25 

2334.81 

3 

25  w 

2032.46 

25  w 

2176.76 

8 

30 

2340.04 

8 

30 

2037.94 

3 

25 

2203.63 

15 

40 

2362.05 

25  w 

2043.16 

3 

25 

2206.01 

25  w 

2369.95 

5 

25 

2043.52 

2 

25 

2224.67 

5 

30  nl 

2372.72 

2 

50 

2049.87 

2 

40 

2229.72 

30 

20 

2376.40 

8 

80 

2057.05 

4 

35 

2242.58 

5 

50  nl 

2387.52 

10 

25  wn 

2060.27 

25 

2252.21 

5 

35 

2388.27 

5 

25  w 

2064.21 

2 

30 

2265.59 

50  Wn 

2398.48 

10 

30 

2082.89 

6 

25 

2273.56 

15 

25 

2404.89 

5 

50 

2107.26 

10 

25 

2274.13 

12 

300 

2405.34 

5  w 

50  w 

2109.42 

15 

50 

2274.20 

2 

80 

2405.85 

5  w 

50  w 

2125.21 

15 

40 

22S1.51 

25 

2410.27 

4  w 

25  w 

2126.54 

15 

50 

2283.00 

10 

251 

2412.46 

5 

1C0 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Columbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2412.80 

40  n 

2580.28 

2 

100 

2753.01 

5 

50  n 

2413.94 

300 

2583.99 

10 

800  wn 

2753.14 

2 

80 

2414.48 

100 

2586.10 

40  wn 

2754.52 

10  w 

100 

2416.17 

5 

25 

2587.40 

30 

2757.26 

3 

50 

2416.99 

8 

200 

2590.94 

15 

800 

2757.51 

2 

30 

2418.69 

5 

500 

2593.76 

2n 

100 

2758.78 

1 

100  w 

2421.91 

80 

2594.74 

3 

80 

2768.13 

10 

100 

2426.79 

40 

2598.88 

150 

2769.57 

2 

30 

2431.68 

1  w 

40  w 

2601.29 

4 

200 

2780.24 

30 

200  r 

2432.32 

2w 

40  w 

2604.75 

2 

40 

2791.74 

3 

100 

2433.79 

3 

100 

2605.02 

1 

40 

2793.05 

10  w 

100 

2435.95 

3 

50 

2605.07 

1 

40 

2797.69 

10 

200 

2437.41 

4 

100 

2613.85 

3 

30  n 

2810.81 

3 

100 

2441.86 

3w 

25  w 

2613.93 

1 

30 

2816.68 

2 

50 

2442.14 

3 

80 

2614.76 

30 

2827.08 

8 

50 

2442.68 

1 

50  w 

2616.22 

2 

30 

2829.75 

3 

50 

2445.83 

100 

2620.45 

3 

200 

2830.57 

1 

30 

2447.97 

2 

30 

2628.67 

30  wn 

2835.12 

5d 

100 

2451.87 

3 

100 

2632.52 

4  w 

300  n 

2841.15 

10 

100 

2456.99 

1 

200 

2633.16 

200 

2842.65 

10 

100 

2458.09 

2 

50 

2641.06 

2 

30 

2846.28 

10 

50 

2460.40 

200  W 

2642.24 

5 

300 

2849.56 

2w 

100  w 

2462.05 

1 

100 

2646.26 

8 

200  wn 

2859.04 

1 

50 

2468.74 

50 

2651.12 

3 

200 

2861.09 

10 

100 

2469.41 

1 

80 

2656.08 

8 

200 

2865.61 

5 

30 

2472.38 

4d 

25 

2658.03 

200 

2868.52 

15 

300 

2474.81 

2 

30  n 

2659.05 

3n 

30 

2875.39 

50  r 

300 

2475.89 

25  n 

2660.03 

2 

30 

2876.95 

40  W 

500  W 

2477.38 

5 

200 

2665.25 

3 

300 

2879.49 

25 

2 

2479.94 

3 

50 

2666.59 

5 

50 

2880.71 

4  w 

50 

2483.88 

3 

80 

2667.76 

3 

30 

2883.18 

100 

800  r 

2484.93 

2 

25 

2671.93 

20 

200 

2888.83 

10 

100 

2488.75 

40 

2673.57 

10 

500 

2893.07 

100  W 

2498.25 

1 

25 

2675.94 

10 

100 

2897.81 

15 

150 

2499.75 

200 

2677.66 

2 

50 

2899.24 

20 

500 

2501.40 

150 

2680.06 

4 

80 

2900.67 

100  wn 

2502.49 

3 

50 

2686.39 

2 

300 

2908.24 

20  r 

200 

2508.54 

25 

2691.77 

10 

100 

2910.59 

10 

100 

2511.00 

3 

100 

2697.06 

10 

500 

2911.74 

8 

100 

2511.97 

50  n 

2698.86 

5 

200 

2917.05 

10  w 

100  r 

2521.40 

3 

100 

2702.20 

10 

100 

2927.81 

200 

800  r 

2525.81 

3 

80 

2702.52 

8 

80 

2931.47 

3 

50 

2527.92 

2 

.  50 

2704.26 

2w 

50 

2932.13 

50 

2530.97 

2 

100 

2707.83 

3 

80 

2932.66 

In 

80 

2531.25 

1 

80 

2715.34 

2 

100 

2936.66 

30 

2533.19 

2 

80 

2715.88 

2 

100 

2941.54 

50 

300 

2534.44 

1 

40 

2716.31 

3 

30 

2945.88 

2 

100 

2540.61 

2 

150 

2716.62 

10 

200 

2946.90 

3 

30 

2541.42 

3 

80 

2721.98 

10 

200 

2950.88 

150 

200 

2544.80 

5 

300 

2723.66 

2 

200 

2972.57 

40 

100 

2545.64 

1 

150 

2730.32 

2 

200 

2974.10 

5 

200 

2548.63 

2 

80 

2733.26 

30 

50 

2977.68 

1 

300 

2551.38 

5 

100 

2733.46 

3 

40 

2978.94 

1 

50 

2553.49 

1 

30 

2733.74 

2 

50 

2979.87 

2 

30 

2555.32 

1 

30 

2734.35 

5 

80 

2980.72 

3 

50 

2555.63 

2 

80 

2735.95 

40 

2982.11 

10  w 

80 

2556.94 

5 

200 

2737.09 

5 

100 

2985.05 

2n 

50 

2557.94 

. 

100  n 

2739.24 

50 

2990.26 

5 

200 

2562.41 

4 

100 

2740.18 

3 

50 

2991.95 

1 

100 

2564.07 

1 

30 

2745.30 

5  w 

30  w 

2993.96 

50 

2566.07 

2 

30 

2745.73 

3 

50 

2994.73 

100 

300 

2571.33 

4 

100 

2746.10 

50  n 

3C02.21 

5W 

30 

2574.84 

2 

100 

2750.58 

*2 

30 

3005.77 

1 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Columbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3008.41 

50 

3263.37 

3 

500 

3412.93 

5 

150 

3022.74 

5w 

100 

3273.89 

20  r 

100  W 

3413.21 

1 

40 

3024.74 

10  w 

200 

3283.46 

2 

100 

3415.97 

50 

50 

3028.44 

50 

200 

32S7.59 

25 

2 

3420.63 

5 

50 

3032.77 

3 

300 

3291.06 

10 

100 

3121.16 

10  w 

50  w 

3034.95 

1 

100  w 

3292.02 

3 

100 

3422.85 

1 

30 

3035.02 

2 

30 

3294.36 

2 

100 

3425.42 

30  r 

300 

3039.81 

5 

300 

3296.01 

20 

40 

3425.85 

50  r 

30 

3044.76 

2 

30 

3297.05 

3 

50 

3426.57 

5 

200 

3048.20 

1 

50 

3297.66 

1 

30 

3127.15 

30  r 

30 

3049.52 

150 

3301.49 

1 

100 

3432.70 

10 

100 

3053.64 

'l 

30 

3303.32 

1 

30 

3436.96 

20  r 

50 

3055.52 

2 

100 

3304.72 

1 

30 

313S.42 

1 

50  wn 

3064.53 

5w 

200 

3305.61 

1 

100 

3439.92 

4 

50 

3065.26 

10 

200 

3312.60 

40 

50 

3440.59 

15 

80 

3066.10 

2 

30 

3319.58 

4 

50 

3441.65 

2 

40 

3071.56 

10 

50 

3320. si 

3 

100 

3444.28 

1  n 

50 

3076.87 

10  w 

50 

3323.89 

1 

50 

3  145.68 

50 

80 

3080.35 

8 

100 

3321.66 

4 

50 

3448.22 

3d 

50 

113094.18 

100 

1000 

3335.24 

1  w 

30  w 

3  lis. (17 

1 

30 

3097.12 

3w 

100  w 

3335.42 

30 

in 

3450.76 

2 

50 

3127.5:5 

10  w 

50 

3335.67 

30  w 

3151.64 

I 

30 

3130.79 

100 

100 

3311.60 

3 

50 

3152.35 

5 

200 

3145.40 

10 

100 

3341.97 

100  r 

50 

3453.97 

100 

3150.41 

1 

50 

3346.29 

10 

3154.71 

3 

50 

3152.16 

2 

50 

3316.75 

5 

SI! 

3454.91 

3 

80 

3152.78 

2 

30 

3348.28 

1  ii 

50 

3459.70 

30 

20 

3153.37 

1 

30  d 

3348.78 

1 

30 

3463.03 

5 

30 

3154.81 

3w 

200  w 

3349.06 

B0 

LOO 

3463.81 

30 

50 

.3171.79 

25  d 

331!). 35 

5 

1110 

3465.86 

30 

40 

3173.20 

2 

100 

331D.52 

30 

5n 

3468.13 

50 

3175.85 

5 

50 

100 

LOO 

3470.25 

3n 

100 

3  ISO. 29 

5 

200 

3360.90 

3 

50 

3473.02 

30 

30 

3184.22 

5 

150 

3362.17 

100 

3474.67 

100 

4 

3189.28 

10  w 

300  r 

3365.58 

5 

50 

3478.69 

30 

15 

3191.10 

100  w 

300  w 

3365.94 

1 

30 

3478.78 

2 

50 

3191.43 

3 

200 

3369.16 

5 

50 

3479.56 

5 

200 

3191.27 

2w 

150  w 

3370.16 

BO 

3482.95 

2 

100 

II  3194.98 

30 

300 

3370.61 

3 

30 

3484.05 

10 

100 

3198.22 

1 

50 

3372.56 

10  n 

200 

3488.83 

2 

30 

3203.35 

8 

50 

3374.09 

30  n 

3489.09 

5 

50 

3204.97 

10 

150 

3379.30 

1 

100 

3191.03 

30 

50 

3206.34 

10 

300 

3380.94 

200 

3497.81 

30 

15 

3207.33 

5 

30 

3382.41 

5 

40  n 

3498.63 

30 

50 

3208.58 

3w 

100  w 

3386.24 

5 

100 

3499.95 

5 

50 

3215.59 

50 

200 

3388.94 

1 

80 

3500.74 

30  n 

3217.02 

2w 

200  w 

3390.63 

30 

50 

3501.34 

3 

30 

3222.07 

5 

30 

3392.34 

20  r 

30 

3510.26 

15 

200 

3223.32 

10 

100 

3394.97 

2 

50 

3511.16 

50 

1 

3225.48 

150  w 

800  wr 

3395.72 

1 

30 

3514.04 

50 

3229.56 

5 

50 

3396.37 

2 

150 

3515.42 

20 

300 

3230.24 

2 

30 

3397.32 

50 

3517.67 

2 

200 

3236.40 

10 

200 

3398.25 

15 

40 

3522.36 

50  W 

3237.68 

2 

50 

3399.40 

20 

30 

3525.23 

15  w 

30  w 

3238.02 

20 

200 

3401.23 

2 

40 

3528.48 

3 

50 

3244.51 

2n 

30 

3402.02 

50 

3528.90 

2 

40 

3217.47 

50  w 

100  w 

3403.01 

20  w 

80  w 

3533.66 

20 

30 

3248.93 

5 

50 

3405.41 

80 

50 

3535.30 

300 

500 

3250.27 

5d 

100 

3406.13 

30 

30 

3537.47 

30 

30 

3254.07 

20 

300 

3406.95 

1 

30 

3537.62 

2 

30 

3254.88 

50 

3407.30 

30 

3540.96 

15 

500 

3260.56 

15 

300 

3408.68 

5 

50 

3541.25 

50 

5 

3261.69 

1 

50 

3409.19 

10 

100 

3542.56 

5 

30  d 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Columbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3550.45 

40 

30 

3818.86 

8 

300 

4286.99 

15 

30 

3554.12 

30 

3824.88 

30 

50 

4292.48 

30 

50 

3559.60 

2 

100 

3831.84 

5 

300 

4296.16 

10 

30 

3563.50 

30 

30 

3845.90 

10 

30 

4299.60 

20 

30 

3567.10 

5 

30  w 

3855.50 

50  n 

4300.99 

30 

30 

3567.99 

2 

50 

3858.95 

20 

50 

4311.26 

30 

100 

3568.51 

10 

50 

3865.02 

200  n 

4321.49 

30 

3575.85 

50 

80 

3867.92 

30 

20 

4326.33 

30 

5 

3580.27 

100 

300 

3875.76 

10 

50 

4337.56 

10 

30 

3584.97 

30 

50 

3877.56 

50 

20 

4359.85 

50 

50 

3589.11 

50 

30 

3879.35 

5 

300 

4367.97 

2 

50  n 

3589.30 

100 

100 

3883.14 

30 

30 

4368.43 

15 

30 

3591.20 

2 

50 

3885.44 

50 

100 

4377.96 

10 

30 

3593.97 

80 

50 

3885.68 

15 

30 

4410.21 

15 

30 

3602.56 

30 

30 

3891.30 

50 

100 

4437.22 

40 

50 

3615.50 

30 

30 

3894.03 

15 

30 

4471.29 

20 

30 

3619.51 

5 

200 

3895.90 

10 

30 

4492.96 

1 

50  n 

3619.73 

3 

300 

3898.28 

3 

200 

4523.41 

30 

30 

3628.18 

1 

50 

3900.53 

30 

10 

4527.65 

1 

30 

3629.47 

30 

3914.70 

30 

100 

4546.82 

15 

30 

3633.31 

3 

30 

3919.72 

2 

100 

4564.53 

20 

30 

3636.96 

20  W 

30  W 

3920.20 

30 

100 

4573.07 

30 

50 

3637.83 

20 

30 

3920.76 

1 

50  n 

4579.45 

5n 

30  n 

3651.19 

10 

400 

3936.02 

5 

200 

4581.62 

30 

50 

3659.61 

15 

500 

3937.44 

30 

30 

4606.77 

50 

50 

3660.37 

20 

30 

3938.55 

100  n 

4630.11 

30 

20 

3664.69 

30 

30 

3943.67 

20 

50 

4648.95 

50 

20 

3687.97 

20  w 

300  w 

3949.45 

1 

50 

4663.83 

30 

20 

3695.90 

4 

200 

3952.37 

3 

50 

4666.24 

30 

15 

3696.68 

2 

50 

3964.28 

1 

50 

4672.09 

150 

100 

3697.85 

50 

50 

3966.25 

10 

30 

4675.37 

50  w 

30  w 

3699.93 

15  w 

30  w 

3967.37 

50  n 

4706.14 

50 

50 

3703.16 

20 

30 

3976.51 

80  n 

4708.29 

50 

30 

3704.14 

30 

30 

4000.60 

2 

50 

4715.83 

3 

50  n 

3707.92 

3W 

100  W 

4012.17 

100 

4733.89 

30 

30 

3709.25 

5 

30 

4016.08 

5 

30 

4749.70 

100 

50 

3713.01 

100 

80  n 

4032.52 

30 

50 

4810.60 

100 

10 

3716.21 

30  W 

10  w 

4039.53 

30 

50 

4816.38 

50 

50 

3717.07 

8 

1000 

I  4058.94 

1000  w 

400  w 

4848.37 

150 

100 

3719.63 

50  w 

I  4079.73 

500  w 

200  w 

4965.37 

100 

15 

3720.46 

5 

100  n 

14100.92 

300  w 

200  w 

4967.78 

150 

50 

3722.57 
3723.44 

60  n 
30 

4104.17 

3 

30 

4975.14 

30 

3 

1 

4119128 

2 

200 

4988.97 

150 

10 

3725.22 

30  w 

10  w 

14123.81 

200 

125 

5000.95 

30 

5 

3726.24 

30 

100 

4129.93 

15 

30 

5017.75 

80 

10 

3739.79 

100 

200 

14137.09 

100 

60 

5026.36 

50 

8 

3740.72 

3 

50 

4139.71 

50 

50 

5039.04 

200 

30 

3742.39 

30 

50 

4152.58 

100 

300 

5058.01 

50 

10 

3744.00 

30 

30 

4156.68 

5 

100 

5065.25 

80 

10 

3746.91 

20 

80 

4163.66 

60 

40 

5078.96 

300 

50 

3759.55 

40 

50 

4164.66 

30 

50 

5095.30 

50 

30 

3765.08 

25  w 

10  w 

4168.13 

100 

80 

5100.16 

100 

15 

3777.67 

20 

30 

4184.44 

20 

50 

5110.91 

30 

2 

3781.38 

5 

200 

4185.54 

1 

30 

5120.30 

50 

10 

3787.06 

30 

30 

4190.88 

20 

30 

5134.75 

200 

15 

3790.15 

100  r 

50  r 

4214.67 

100 

5147.54 

30 

5 

3791.21 

80 

80 

4214.73 

40 

5152.63 

100 

10 

3798.12 

50 

80 

4217.94 

50 

50 

5160.33 

200 

15 

3802.92 

50 

50 

4229.15 

50 

100 

5164.38 

150 

20 

3803.88 

30 

20 

4252.97 

30 

50 

5180.31 

150 

15 

3804.74 

20 

50 

4253.69 

25 

40 

5186.98 

50 

10 

3810.49 

30 

50 

4255.44 

30 

50 

5189.20 

80 

12 

3815.51 

20 

30 

4270.69 

30 

50 

5193.07 

100 

20 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Columbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          Spark 

5195.84 

30 

10 

5900.62 

200 

200 

7353.16 

60              10 

5219.09 

100 

10 

5997.93 

50 

5 

7382.50 

150              30 

5232.81 

50 

10 

6251.76 

30 

10 

7515.93 

40              10 

5247.38 

30 

2 

6430.46 

80 

10 

7574.58 

100              20 

5271.53 

200 

50 

6433.22 

30 

4 

7726.68 

60 

5276.19 

200 

50 

6544.61 

80 

10 

7873.41 

25 

5318.60 

100 

12 

6614.15 

25 

8 

7885.31 

60 

5334.87 

50 

10 

6660.84 

300 

80 

7938.89 

30 

5344.17 

400 

200 

6677.33 

200 

50 

8135.20 

80 

5350.74 

150 

50 

6701.20 

100 

15 

8240.00 

50 

5437.27 

30 

10 

6723.62 

100 

30 

8320.93 

500 

5504.58 

30  w 

3n 

6739.88 

80 

15 

8346.08 

60 

5523.57 

30 

10 

6828.11 

150 

30 

8439.77 

25 

5551.35 

30 

10 

6876.36 

80 

12 

8475.98 

150 

5576.15 

80 

5 

6886.33 

30 

8 

8526.99 

50 

5642.11 

80 

20 

6902.89 

60 

10 

8560.54 

30 

5664.71 

100  r 

30  r 

6908.07 

40 

8 

8575.87 

30 

5665.63 

100 

30 

6918.32 

80 

10 

8697.55 

40 

5671.02 

200 

10 

699C.32 

100 

15 

8815.56 

100 

5753.06 

30  n 

7023.48 

30 

8 

8905.78 

30 

5760.34 

30 

30 

7046.81 

200 

40 

9141.31 

50 

5776.07 

30 

3 

7098.94 

60 

10 

9323.54 

40 

5787.54 

80 

15 

7102.01 

30 

8 

9595.06 

60 

5838.64 

200 

100 

7126.17 

35 

8 

9626.88 

100 

5866.47 

50 

15 

7159.43 

100 

15 

9631.11 

50 

5874.70 

30 

5 

7252.35 

40 

6 

9676.75 
9912.26 

50 
25 

Copper 


112012.96 

20 

12138.51 

25  wn 

II  2230.95 

15 

II  2015.57 

50 

112146.98 

15 

112231.57 

15 

112016.88 

2 

20 

112148.97 

15 

25 

I  2236.28 

30 

1 2024.33 

50  r 

6 

112151.80 

30 

I  2238.45 

40 

II  2025.47 

8 

30 

112161.31 

40 

II  2242.61 

25 

50  n 

112027.18 

15 

12165.09 

60  r 

25 

I  2244.26 

25 

9 

II  2029.94 

3 

15  wn 

12169.53 

30 

II  2246.99 

30 

500 

II  2031.02 

2 

35 

12171.76 

30 

II  2249.06 

25 

II  2035.84 

12 

30 

112174.97 

3 

40 

2255.08 

1 

30 

112037.12 

12 

30 

12178.94 

30  r 

12 

I  2260.53 

25 

6 

II  2043.79 

15 

35 

112179.40 

12 

35 

I  2263.08 

30 

10 

II  2054.41 

3r 

20  r 

12181.72 

50  r 

15 

II  2263.78 

25 

II  2054.97 

15 

35 

II  2189.62 

12 

40 

2265.46 

15 

II  2062.49 

25 

11  2192.26 

25 

500  n 

II  2276.25 

10 

30 

II  2066.32 

20 

112195.77 

30 

112278.44 

20 

II  2078.65 

i 

40 

12199.58 

50  r 

20 

II  2286.73 

25 

1 2079.46 

15  n 

12199.75 

20  r 

5n 

II  2290.99 

25 

II  2085.30 

2 

25 

112210.26 

20 

40 

I  2293.84 

40  wn 

10 

II  2087.92 

30 

2212.83 

20 

11  2294.36 

3 

25 

112093.61 

2 

20 

12214.58 

50  r 

5n 

II  2299.44 

15 

112098.41 

35 

112215.10 

15 

12303.12 

30 

20 

112104.78 

'8 

25 

12215.65 

30 

112309.61 

18 

12105.11 

15 

112218.10 

25 

40 

12319.56 

20 

1,112112.09 

15 

40 

112218.50 

(25) 

II  2336.20 

3 

20 

112117.30 

2 

20 

2218.62 

2r 

15 

2346.13 

2 

25 

112122.97 

15 

50 

11  2224.78 

25 

II  2348.82 

15(1 

20 

112125.10 

20 

I  2225.70 

150 

20 

112355.15 

25 

112126.03 

15 

35 

II  2226.86 

30 

II  2356.65 

5 

25 

12130.76 

25 

3 

I  2227.77 

40  r 

25  r 

2368.17 

2 

15 

112134.35 

30 

40 

II  2228.86 

9 

40 

112369.89 

20 

30 

112135.98 

25 

500  w 

I,  II  2230.08 

30  r 

20 

2376.27 

25 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Copper  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  2376.38 

3 

30 

I  3073.80 

70 

20 

I  3524.24 

40 

10 

II  2384.84 

15 

13088.13 

30 

7 

1 3527.48 

50 

10 

2391.72 

20 

I  3093.99 

150 

50 

I  3530.39 

50 

20 

112400.11 

5 

100 

I  3099.93 

60 

10 

I  3533.75 

50 

15 

II  2403.33 

100 

300 

3108.45 

15 

1  n 

13544.96 

35 

6 

I  2406.66 

150 

50 

13108.60 

20 

5 

1 3594.02 

15 

2 

11  2424.44 

4 

200 

13116.35 

50 

12 

13598.01 

40  wn 

I  2441.64 

2C0 

100 

13120.43 

25 

3 

13599.14 

60 

30 

2444.44 

20 

13126.11 

80 

20 

I,  II  3602.03 

50 

25  W 

II  2468.58 

5 

70 

I  3128.70 

70 

15 

13609.31 

25 

5 

11  2473.33 

5 

20 

13140.31 

50 

12 

13610.81 

25 

6 

2482.34 

20 

13142.44 

60 

15 

13613.76 

60 

7 

II  2485.79 

5 

50 

13146.82 

100 

20 

13614.22 

50 

6 

II  2489.65 

3 

50 

13149.51 

50 

2 

1 3620.35 

30 

5 

I  2492.15 

200  r 

50 

13156.63 

50 

15 

13621.24 

20 

5 

II  2506.27 

500  r 

13169.68 

50 

20 

I  3624.24 

30  W 

3wn 

II  2526.59 

200 

13194.09 

70 

60 

I  3629.79 

15 

2 

II  2526.73 

50 

I  3208.23 

25 

15 

13632.56 

25 

3 

II  2529.30 

600 

13223.43 

20 

10 

I  3635.92 

50 

7 

II  2544.80 

700  r 

I  3224.66 

25 

10 

13641.69 

60 

5 

112571.74 

150 

13231.17 

15 

10 

I  3645.23 

20 

5 

II  2590.53 

In 

250 

13235.71 

15 

7 

I  3655.86 

20 

7 

I  2592.63 

1000 

50 

13243.16 

15 

15 

I  3665.73 

20 

5 

112598.81 

200 

I  3247.54 

5000  r 

2000  r 

13671.95 

20 

3 

II  2600.27 

In 

200 

1 3266.02 

20 

15 

3676.88 

25  wn 

In 

2609.31 

30 

1 3268.28 

15 

10 

113686.55 

25 

12618.37 

500  w 

100 

1 3273.96 

3000  r 

1500  r 

1 3700.54 

20 

7 

II  2666.29 

20 

I  3279.82 

25 

30 

13712.01 

20 

4n 

II  2689.30 

300 

I  3282.72 

25 

15  W 

I  3741.24 

50 

2 

II  2700.96 

20 

400 

I  3290.54 

25 

25 

13743.36 

40 

40 

112703.18 

10 

200 

3301.23 

15 

1 3759.49 

20 

2n 

II  2713.50 

50 

300  w 

I  3307.95 

60 

30 

13771.90 

30 

5 

2715.52 

20  w 

13317.22 

60 

20 

1 3800.50 

20 

2n 

112718.77 

40 

300  w 

13319.68 

60 

20 

1 3805.30 

20 

2n 

I  2720.20 

18 

I  3329.64 

60 

10 

1 3825.05 

40 

3 

112721.67 

150 

3335.21 

60 

15 

I  3860.46 

30 

7 

I  2723.95 

50 

In 

I  3337.84 

70 

50 

13861.75 

50 

2 

II  2745.28 

30 

30 

I  3349.29 

70 

40 

1 3925.27 

50 

2n 

I  2745.45 

8 

150 

I  3354.47 

30 

10  n 

I  4003.04 

40 

In 

I  2766.37 

500 

25 

I  3365.35 

70 

30 

I  4022.66 

400 

25 

I  2768.88 

25 

In 

3370.45 

15 

II  4043.50 

25 

II  2769.67 

5n 

400 

I  3375.67 

25 

5 

1 4050.66 

30 

I  2782.59 

20 

In 

13381.12 

15 

5n 

I  4062.70 

500  w 

20 

I  2783.55 

18 

13381.42 

20 

7 

1 4063.29 

30  w 

7 

I  2824.37 

1000 

300 

I  3395.48 

30 

7 

14073.27 

15 

II  2837.55 

250 

I  3396.32 

30 

3 

I  4075.59 

40 

I  2858.22 

30 

2n 

I  3402.24 

45 

10 

14080.55 

30  w 

I  2858.73 

30 

2n 

13413.34 

20 

7 

14104.23 

30 

In 

II  2877.69 

5 

20 

13420.17 

15 

3n 

14121.74 

20 

II  2884.38 

30 

1 3450.33 

150 

30 

14123.29 

30  w 

In 

12961.16 

350 

300 

3454.69 

40 

10  n 

14177.76 

60  w 

1 

2991.75 

15 

13457.85 

50 

15 

1 4242.26 

20 

12997.36 

300 

30 

13459.43 

25 

2n 

I  4248.96 

80 

15 

I  2998.38 

20 

2n 

13472.14 

20 

5 

1 4259.43 

25  wn 

2  wn 

I  3010.84 

250 

30 

13475.99 

25 

10 

14275.13 

80 

30 

I  3012.00 

50 

6 

13483.76 

60 

25 

14378.20 

200  w 

30  w 

13021.56 

25 

5 

13487.57 

30 

5 

14415.60 

40  w 

I  3022.61 

30 

3 

13488.86 

30 

5 

1 4480.36 

200 

20 

I  3024.99 

30 

3 

13498.06 

20 

5 

II  4505.99 

1 

50 

13036.10 

200 

50 

I  3500.32 

20 

2n 

1 4507.5 

50  w 

30  wn 

I  3044.03 

20 

In 

13512.12 

50 

30 

I  4509.39 

150 

30 

13063.41 

300 

50 

13517.04 

20 

3n 

1 4530.82 

200 

50 

I  3068.91 

15 

1 3520.03 

30 

10 

1 4539.69 

100  W 

80  W 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Copper  (Continued) 


Arc 


2 
250  w 

250 
200 

60  w 
200 


15 


500 
15 


600 


700 
100 


50 

350 
1000 


Spark 


70 
80  w 
60 
40 

30  W 
20 
5  w 
50 
15 
25 
25 
15 
30 
20 
20 

20 

60 
30 
30 
40 
30 
20 
15 
30 
20 


20 
20 

20 
20 


30 
15 

20 
20 

2C 

25 


Wave 
length 


II  5897.99 
115941.17 
II  5988.30 
II  6000.10 
II  6080.32 
116114.47 
6119.55 

I  6127.73 
16147.31 

II  6150.42 
II  6154.24 
II  6172.02 
II  6186.86 
II  6188.69 
II  6204.27 
II  6208.46 
116216.91 
II  6219.82 

I  6223.66 
116261.83 

I  6268.30 
11  6273.33 
11  6300.99 
II  6305.96 
116311.29 
II  6312.83 

I  6325.45 
II  6357.45 
II  6377.84 
11  6414.62 

II  6423.90 
II  6441.7C 
116470.15 

I  6474.20 

II  6481.46 

II  6484.46 

II  6494.04 

I  6565.54 

1  6599.68 

116621.61 

I  6672.23 

16741.42 

1  6905.94 

1  6920.06 


Arc 


25 

80 
20 


15 
40 


20 


15 


15 
25 
20 
15 
50 
40 
100 


Spark 


25 

50 
25 
40 
30 
20 


20 
30 
20 
20 
20 
15 
15 
60 
30 

40 

60 
40 
15 
30 
20 

is 

20 
20 
30 
40 
50 

is 

20 
30 


Wave 
length 


I  7039.37 
II  7255.83 
II  7326.02 
117331.74 
II  7399.89 
II  7404.34 
117438.15 
II  7562.01 

I  7570.09 
II  7579.02 
II  7652.36 
II  7664.70 
II  7738.68 
II  7778.74 
II  7805.19 
II  7807.66 
II  7825.66 
II  7845.03 
II  7895.83 
II  7902.57 

17933.13 
II  7944.42 
117988.17 

II  8088.58 
I  8092.63 

II  8095.55 
118192.28 

II  8277.60 
II  8283.21 
II  8503.46 
118511.04 
II  9205.40 
II  9735.94 
119813.35 
II  9837.94 
119861.41 
II  9864.26 
II  9868.20 
119881.57 
119916.52 
II  9918.05 
II  9925.67 
II  9939.05 
II  9960.46 


Arc 


15 


50 


150 
1 


400  W 


Spark 


20 
15 
15 
20 
100 
15 
25 

30 
30 
70 
30 
30 
25 
70 
50 
25 
20 
25 

25 
60 
20 

40 

30 

50 

60 

15 

40 

20 

15 

20 

25 

50 

40 

15 

15 

30 

15 

20 

20  d 

15 


Dysprosium 


2634.81 
3026.16 
3029.83 
3043.14 
3049.13 
3060.65 
3062.62 
3071.92 
3073.54 
3078.68 
3103.25 
3103.84 
3109.77 
3120.18 


40 

20 

30 

4 

30 

4 

30 

10 

25 

4 

30 

10 

25 

10 

25 

4 

30 

8 

25 

30 

1 

30 

10 

40 

20 

25 

10 

3128. 
3135. 
3140. 
3141. 
3156. 
3182. 
3169. 
3177. 
3186. 
3187. 
3193. 
3206. 
3215. 
3216. 


41 

40 

10 

37 

100 

50 

64 

40 

20 

13 

50 

20 

52 

50 

20 

82 

80 

60 

98 

100 

50 

ss 

30 

5 

37 

25 

10 

.(is 

25 

10 

.31 

25 

5 

.40 

40 

5 

.1!) 

40 

10 

.03 

25 

15 

3235.90 

35  s 

3251.26 

100 

3256.25 

25 

3280.10 

70 

3308.89 

25 

3312.73 

50 

3316.32 

50 

3317.12 

35 

3319.89 

150 

3339.51 

25 

3340.01 

80 

3341.88 

30 

3353.59 

35 

3368.12 

60 

100 
5 
5 

5 

4 
4 
9 
4 
4 

5 
5 


2139 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Dysprosium  (Continued) 


Erbium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3385.03 

25 

8 

3584.43 

50 

20 

3931.54 

200 

3393.58 

100 

10 

3585.07 

300 

100 

3932.23 

30 

3407.80 

150 

9 

3585.78 

150 

100 

3942.54 

30 

5 

3413.79 

40 

9 

3590.67 

30 

20 

3944.69 

300 

150 

3414.83 

35 

5 

3591.42 

200 

100 

3946.94 

30 

3425.06 

40 

5 

3591.82 

80 

20 

3950.40 

50 

3429.44 

50 

5 

3592.12 

80 

30 

3954.57 

40 

3432.58 

25 

5 

3595.05 

200 

100 

3957.80 

70 

3434.37 

80 

30 

3596.07 

50 

20 

3968.39 

300 

3438.95 

25 

9 

3600.34 

20 

30 

3978.57 

200 

15 

3440.94 

25 

5 

3606.13 

200 

100 

3979.48 

30 

3441.45 

50 

5 

3612.79 

25 

10 

3981.94 

150 

100 

3445.58 

80 

8 

3614.08 

30 

10 

3983.66 

150 

8 

3447.00 

50 

8 

3618.52 

80 

10 

3984.23 

80 

3449.90 

40 

5 

3619.96 

25 

5 

3991.33 

40 

3454.33 

100 

10 

3620.18 

80 

20 

3996.70 

200 

80 

3456.01 

40  W 

3629.44 

100 

50 

4000.45 

400 

300 

3456.57 

50 

30 

3633.26 

25 

4045.98 

150 

12 

3460.97 

100 

3 

3645.42 

300 

100 

4050.58 

30 

15 

3468.43 

50 

3 

3648.81 

50 

30 

4073.11 

80 

15 

3473.70 

80 

40 

3672.31 

100 

100 

4077.97 

150  r 

100 

3477.07 

90 

30 

3673.15 

25 

5 

4103.31 

50 

50 

3494.50 

100 

5 

3674.09 

100 

50 

4103.88 

30 

4 

3497.84 

30 

3 

3676.56 

6 

30 

4111.35 

30 

12 

3498.67 

50 

50 

3694.75 

20 

30 

4143.10 

40 

8 

3504.52 

90 

3 

3698.17 

10 

30 

4146.07 

40 

4 

3505.46 

70 

2 

3747.83 

60 

20 

4167.97 

50 

12 

3506.82 

80 

3753.51 

50 

20 

4186.81 

100  w 

12 

3517.27 

70 

4 

3753.76 

80 

10 

4141.63 

40 

2 

3531.71 

100 

100 

3757.37 

200 

50 

4194.83 

50 

12 

3534.96 

125 

3788.45 

100 

40 

4201.32 

30  w 

3536.02 

125 

io 

3806.28 

25 

80 

4211.72 

200 

is 

3538.52 

150 

40 

3816.77 

100 

50 

4215.17 

50 

8 

3542.33 

90 

20 

3836.51 

100 

40 

4218.09 

50 

8 

3544.21 

25 

10  n 

3841.32 

100 

4221.10 

60 

8 

3546.84 

50 

10 

3846.36 

25 

4225.15 

40 

8 

3550.23 

200 

100 

3853.04 

100 

4239.87 

50 

4 

3551.16 

25 

1 

3866.59 

25 

4245.92 

25 

4 

3560.15 

40 

20 

3868.46 

50 

4247.36 

30 

4 

3563.15 

200 

100 

3868.81 

60 

4256.32 

25 

8 

3563.70 

50 

30 

3869.43 

25 

4291.93 

25 

3564.24 

25 

10 

3869.87 

100 

4294.94 

25 

is 

3568.99 

100 

3872.12 

300 

150 

4308.62 

100 

12 

3569.67 

40 

10 

3873.99 

100 

4358.46 

25 

4 

3573.84 

80 

80 

3879.05 

25 

'2 

4394.98 

25 

4 

3574.16 

200 

100 

3882.00 

25 

4409.38 

30 

8 

3576.25 

300 

. 

3898.54 

100 

4589.38 

70 

15 

3576.87 

200 

50 

3901.34 

25 

4612.27 

50 

10 

3577.99 

150 

50    j 

3914.88 

50 

4731.85 

30 

10 

3580.04 

80 

30 

10     I 

3915.60 

80 

7662.35 

25 

3582.03 

25 

3923.39 

30 

! 

2128.07 

250  w 

2670.25 

25 

3 

3187.78 

25 

12 

2185.71 

30 

2833.06 

25 

3220.73 

25 

5 

2191.24 

200  W 

2859.81 

25 

io 

3223.31 

25 

5 

2314.43 

3 

40 

2904.47 

25 

5 

3230.58 

25 

15 

2327.36 

150 

2911.42 

30 

15 

3249.34 

25 

8 

2396.38 

30 

3095.88 

25 

8 

3264.78 

25 

5 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Erbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3273.08 

25 

15 

3630.24 

25 

6 

4527.78 

40 

9 

3289.36 

25 

8 

3645.40 

25  s 

12 

4643.69 

50 

15 

3312.42 

25 

15 

3664.44 

40 

20  n 

4674.85 

50 

15 

3323.20 

25 

4 

3668.49 

25 

3 

4781.02 

35 

2 

3329.66 

25 

3 

3683.47 

25 

4820.34 

25 

2 

3332.70 

25 

2 

3694.19 

25  d 

15 

4831.16 

25 

3346.03 

30 

10 

3729.53 

25 

7 

4839.85 

35 

3364.09 

25 

7 

3777.09 

25 

10  n 

4845.65 

50 

3372.75 

35 

20 

3787.27 

25  d 

5d 

4852.68 

45 

3374.17 

25 

5 

3808.15 

25 

4 

4854.86 

40  s 

3385.09 

25  d 

15  d 

3835.26 

25  d 

2d 

4872.10 

25 

3 

3391.99 

30 

12 

3836.50 

40 

10 

4883.67 

30  n 

3393.57 

25 

10 

3880.66 

25  wd 

6wd 

4900.11 

30 

20 

3398.94 

40  wd 

7wd 

3892.69 

25 

2 

4935.50 

35 

3433.13 

25 

2 

3896.23 

30 

15 

5042.04 

60 

3434.37 

25 

8 

3898.53 

30 

10 

5127.40 

25 

3443.70 

25 

2 

3906.32 

25 

12 

5133.83 

40 

3456.00 

25  d 

10  d 

3950.35 

30 

10  n 

5164.76 

30 

3471.71 

25 

8 

3973.04 

25 

5188.89 

30 

3476.30 

30 

7 

3987.95 

100  r 

20 

5218.25 

30 

3479.42 

25 

10 

3996.69 

25 

5229.32 

30 

3480.44 

25 

8 

4000.45 

35 

6 

5255.95 

50 

3484.83 

30  d 

7d 

4007.97 

35 

7 

5279.33 

30 

3485.86 

25 

6 

4050.57 

25 

1 

5302.30 

30 

3492.54 

25  d 

2d 

4057.82 

30 

5343.93 

30 

3496.86 

25 

20 

4142.96 

30 

15 

5344.51 

30 

3504.52 

25 

4n 

4180.87 

25  w 

5395.87 

50 

3515.58 

25  w 

5  w 

4211.72 

30 

5 

5414.64 

50 

3523.98 

25 

8 

4230.20 

25 

5422.80 

30 

3531.71 

40 

25 

4301.60 

25 

2 

5454.27 

30 

3547.51 

251 

1  n 

4308.63 

30 

3 

5456.62 

30 

3549.85 

25 

20  s 

4374.92 

40  wn 

25  wn 

5485.93 

30 

3553.20 

25 

15 

4384.70 

30 

5 

5739.19 

30 

3584.52 

25 

15  n 

4409.36 

35 

2 

5757.62 

30 

3590.35 

25 

4419.61 

25 

4 

5762.79 

30 

3599.83 

30  w 

20  s 

4422.47 

30 

20 

5826.79 

50 

3600.74 

30  w 

20  w 

4449.70 

30 

1 

5855.29 

30 

3616.57 

30 

20 

4505.94 

40 

5 

5881.14 

30 

3620.18 

50 

3 

4518.64 

40  w 

In 

5886.46 

30 

3620.94 

25 

15 

4527.24 

50 

10 

5902.09 

30 

3628.70 

25 

12  n 

Europium 


2564.18 

20 

60 

II  2729.39 

100  d 

60 

292*.03 

1501 

100 

2580.60 

25  w 

2781.89 

100  w 

100  w 

2947.30 

30 

2635.46 

30 

30  n 

2802.86 

150  w 

2952.68 

200  w 

150 

2638.76 

300 

200 

112811.75 

50 

2959.48 

30 

2641.26 

100  w 

60 

2813.95 

300  w 

300  wn 

2960.23 

150  W 

2668.33 

300  w 

400 

2816.18 

50  w 

50 

2986.92 

25 

2673.41 

125 

50 

2820.77 

200  W 

200  W 

2991.34 

80 

40 

2678.28 

150 

100 

2828.69 

200  W 

150 

3006.27 

30 

112685.65 

150 

100 

II  2859.67 

40 

3022.15 

25 

10 

2692.02 

200 

200 

2862.57 

100  W 

70 

3040.77 

25  w 

112701.12 

60  n 

60  n 

2887.88 

30 

30 

3054.93 

400  w 

3 

2701.89 

300  W 

200 

2892.54 

40  w 

30  n 

3077.35 

30 

20 

2705.26 

501 

2893.03 

40 

3097.46 

200  w 

5 

2716.97 

300 

300 

2893.85 

150 

100 

3098.17 

25  d 

5 

2723.92 

30 

2906.68 

300  W 

300 

3111.43 

200 

2727.78 

3001 

500 

2909.01 

40 

3130.74 

100  W 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Europium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc    Si 

>ark 

Wave 
length 

Arc 

Spark 

3149.88 

40  w 

20  w 

3930.44 

100  W 

4692.63 

60  w 

2 

3173.60 

35 

1 

II  3930.50 

1C00  r    40 

Or 

4698.14 

300 

2 

3210.57 

80 

3943.08 

50      1 

5 

4704.60 

30  w 

3212.81 

200 

20 

3949.12 

25  w 

1 

4709.82 

30  W 

2 

3213.75 

100 

20  n 

3949.59 

50  W 

4713.61 

400 

2 

3241.40 

25 

In 

3955.75 

50  W 

4717.22 

60  W 

2 

3247.53 

50  W 

5 

3961.14 

50  W 

4718.61 

60  W 

2 

3280.68 

1000  r 

3964.89 

40  wd 

4724.06 

30 

3301.95 

25 

2 

3967.13 

25  W 

4728.15 

40 

3308.02 

20 

30 

3971.90 

100  rwn 

4736.61 

60 

3313.32 

35 

40 

13971.99 

1000  rwn 

4739.17 

80 

3321.86 

30 

5 

3978.45 

30  W 

4740.52 

500 

2 

3334.33 

50 

5 

4002.56 

30 

2 

4755.94 

60  w 

3350.43 

30 

4003.71 

18      2 

5 

4758.73 

60  W 

2 

3369.05 

40 

5 

114011.68 

25 

4762.91 

60 

2 

3391.99 

40 

5 

4012.82 

20      2 

5 

4777.70 

40 

3396.58 

100 

10 

4017.58 

25  W          2 

5 

4867.60 

30 

3 

3414.77 

40 

4036.11 

50  W 

4900.84 

25 

2 

3425.02 

50 

4 

4059.38 

25 

4911.41 

30 

6 

3435.20 

35 

2 

114129.74 

150  r     5 

Or 

4938.31 

250  W 

3440.99 

40 

25 

II  4205.05 

200  r     5 

0 

5013.14 

125 

1 

3445.17 

40 

2 

4235.60 

400  r 

5022.90 

125 

3454.76 

40  W 

2 

4281.92 

25 

2 

5029.48 

500  w 

3457.05 

25 

2 

4322.57 

60 

5029.55 

30 

1 

3457.57 

25 

1 

4325.53 

30  w 

5033.54 

60 

2 

3461.38 

25 

2 

4329.36 

100  W 

2 

5067.95 

35 

3466.42 

30 

2 

4329.97 

100  w 

1 

5096.41 

30 

3481.61 

45  W 

2 

4331.18 

80 

5114.36 

150 

3505.30 

25  w 

5  w 

4337.68 

100  W7 

2 

5124.77 

60 

3511.07 

30  w 

2 

4345.90 

80  W 

1 

5129.08 

200 

3511.85 

25  w 

1 

4354.79 

100  w 

2 

5133.48 

150 

3521.09 

50 

4n 

14355.10 

150      2 

0 

5160.07 

200 

3603.20 

ICOw 

50 

4370.46 

60  W 

2 

5166.72 

125 

3606.71 

50 

14383.16 

100  W    2 

0 

5199.85 

500 

3611.58 

40 

5 

4387.88 

200 

5200.92 

300 

3616.15 

40 

10 

4417.25 

60  w 

5206.43 

40 

3622.56 

20  n 

50 

4435.53 

2000 

5213.37 

150 

3629.80 

40 

50  n 

4435.60 

400  r    10 

0 

5215.09 

1000 

3632.17 

30 

10 

4464.56 

30 

5217.02 

125 

3660.60 

30  d 

4464.97 

80      1 

0 

5223.48 

700 

3674.67 

25 

4471.99 

30  w 

2 

5233.89 

30 

3678.27 

50 

114485.15 

40 

2 

5236.12 

25 

3687.79 

40  w 

50  w 

4522.58 

500 

5239.22 

80 

II  3688.44 

1000  W 

500  W 

14522.60 

200  r    20 

O 

5242.68 

30 

3693.82 

25  w 

1 

4526.69 

100 

5248.61 

80 

3710.88 

351 

30  n 

4586.44 

30  w 

5249.11 

60 

3713.46 

50 

2 

4594.02 

500  r    20 

0 

5263.04 

30 

13714.91 

40 

2 

4597.33 

40  W 

5266.40 

1000 

3719.17 

30 

4611.52 

50  w 

5271.95 

2000 

3722.61 

40  W 

10 

4616.49 

30  w 

5272.48 

400 

3724.99 

250 

50 

4625.30 

50  w 

5275.66 

30 

3732.21 

30  W 

4627.12 

(300  r) 

5282.82 

1000 

3742.23 

25  W 

4627.22 

50      1 

5 

5285.46 

40 

3770.23 

15  W 

25  W 

4644.24 

50 

5285.73 

40 

3774.08 

50  W 

10W 

4653.48 

25  w 

5287.23 

125 

3781.39 

25  W 

30  W 

4656.73 

50 

1 

5289.25 

125 

3785.47 

25  W 

10  Wn 

4660.37 

50 

1 

5291.25 

200 

113799.01 

100  wn 

4661.87 

80  r     2 

0 

5293.68 

50  w 

113819.66 

500  wd 

500  wd 

4661.88 

100 

5294.60 

3C0 

3861.18 

30  w 

30  w 

4665.07 

30  W 

5302.72 

30 

3865.56 

30  W 

4671.18 

30 

1 

5303.87 

300 

3884.76 

50  W 

5Wn 

4685.25 

60  W 

5350.40 

60  n 

113907.11 

1000  rW 

5C0r 

4688.23 

100 

2 

5351.67 

150 
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1L  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Europium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

5352.82 

80 

5963.76 

5355.08 

200 

5966.07 

5356.72 

40 

5967.16 

5357.61 

1000 

5971.69 

5360.81 

150 

5972.78 

5361.59 

300 

5992.86 

5376.91 

200 

6004.41 

5392.91 

150 

6005.68 

5402.79 

1000 

6012.21 

5405.31 

40 

6012.56 

5411.84 

80 

6015.58 

5421.08 

125 

6018.19 

5426.93 

200 

6023.16 

5443.56 

125 

6029.01 

5451.53 

1000  s 

6044.67 

5452.96 

1000  s 

II  6049.50 

5472.33 

1000  s 

6057.36 

5488.65 

500 

6075.59 

5495.17 

125 

6077.37 

5510.55 

300  s 

6083.87 

5526.62 

60 

6099.38 

5533.24 

30 

6107.47 

5536.13 

30 

6108.13 

5542.54 

80 

6118.78 

5547.45 

1000 

6124.68 

5570.36 

1000 

16173.05 

5577.13 

1000 

6178.75 

5579.65 

200  s 

6188.10 

5580.04 

300 

6195.06 

5586.25 

300 

6233.74 

5586.77 

200 

6250.46 

5592.26 

25 

6262.28 

5599.81 

40 

6266.95 

5605.85 

40 

6288.34 

5618.81 

125 

6291.34 

5622.45 

200  s 

6299.76 

5632.56 

200  s 

II  6303.39 

5645.80 

1000 

6313.79 

5673.84 

200 

6335.78 

5681.05 

40 

6350.04 

5684.27 

125 

6355.88 

5730.89 

300 

6369.24 

5738.99 

300 

6382.74 

5765.20 

2000 

6383.86 

5783.71 

150  s 

6400.93 

5792.72 

30 

6406.11 

5800.27 

200 

6410.10 

115818.74 

1000 

6411.34 

5820.00 

30 

6428.28 

5820.91 

30 

I  6437.69 

5831.05 

2000  W 

6439.97 

5845.76 

30 

6457.99 

5860.96 

30 

6470.75 

115872.97 

300 

6483.07 

5891.27 

200 

6493.90 

5895.29 

25 

6501.53 

5902.76 

30 

6519.60 

5909.95 

30 

6522.76 

5915.76 

2001 

6567.87 

,5926.53 

80 

6593.82 

5942.73 

30 

6603.60 

5953.50 

30 

6645.15 

5953.83 

40 

6685.27 

5954.27 

30 

Arc 


60 
1000 
2000  s 

40 

300 

1000 

300 

60 
300  W 
400 
150 
1000 
200 
500 
200 
1000 
600 
300 
100  W 
500 
600 

30 
150 
400  W 
150 
600 
120 
500  W 
300 
100 

70 
600 
120 
300 
250 
500  W 
700 

25  W 
200 
600  W 
200 
300 
200 
350 
700  W 
100 
500  W 
500 
200 
700 

40 
500 

30  W 

30 

40 
300 
500 

25 
600 
400 

80 
1000 

80 
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Spark 


Wave 
length 


6692.98 
6693.97 
6710.50 
6744.96 
6782.59 
6787.52 
6802.79 
6816.11 
6834.41 
6841.05 
6844.98 
6864.55 
6898.27 
6903.71 
6914.82 
7040.18 
7074.56 
7077.09 
7106.48 
7164.67 
7175.50 
I  7194.85 
I  7217.60 
7224.72 
7258.74 
7262.80 
7281.57 
7297.57 
117301.16 
7310.33 
7313.64 
7336.28 
7356.65 
7362.25 
7369.69 
I  7370.27 
7389.15 
7404.41 
7426.57 
7436.59 
7470.53 
7528.70 
7583.91 
7742.58 
7746.20 
7803.32 
7887.98 
8209.84 
8226.82 
8464.75 
8542.12 
8642.69 
8727.78 
8790.87 
8870.34 
8917.65 
8934.41 
9018.00 
9C24.5 
9058.0 
9083.2 
9085.3 
9898.30 


Arc 


40 
500 

25  W 
100 
100 

30  W 
500 
150  W 

30  W 

50  W 

4CW 
1000  W 

30  W 
200  W 

40  W 
800 

60 
800 
600  W 

50  W 
200  W 
700 
700 
150  W 
100  W 
200  W 

50  W 

30  W 
700 

30  W 

60  W 
"300  W 

30  W 

50  W 
200  W 
700 

40  W 

30  W 
500 
100  W 

30  W 
200 
400 
400 
600 

30 
300 
200 
100 

50 
100 
300 

40 

40 
100 

60 

50 

50 

60 

80 

30 

50 

40 


Spark 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Fluorine 


Wave 

A    Discharge 
Arc     tube 

Wave 

Arc 

Discharge 

Wave 

Arc 

Dischargt 

length 

length 

tube 

length 

tube 

II  3059.96 

60 

bh  5771.9 

100 

bh  6417.7 

100 

II  3202.74 

200 

bh  5774.8 

100 

bh  6419.0 

50 

113501.42 

200 

bh  5777.6 

100 

bh  6499.0 

80 

II  3502.95 

60 

bh  5779.4 

200 

bh  6502.2 

80 

II  3503.09 

400 

bh  5780.5 

50 

bh  6505.5 

100 

II  3505.61 

600 

bh  5782.1 

150 

bh  6508.7 

200 

113541.76 

100 

bh  5784.8 

100 

bh  6512.0 

300 

113541.94 

60 

bh  5787.6 

100 

bh  6514.2 

80 

3577.23 

60 

bh  5790.3 

100 

bh  6517.5 

100 

3602.85 

60  d 

bh  5793.1 

100 

bh  6520.8 

100 

II  3640.89 

100 

bh  5795.9 

100 

bh  6524.2 

150 

II  3641.98 

60 

bh  5798.9 

80 

bh  6527.6 

200 

II  3704.51 

60 

bh  5801.8 

80 

I  6569.69 

50 

II  3847.09 

800 

bh  5804.7 

80 

bh  6610.5 

50 

II  3849.99 

600 

bh  5807.7 

80 

bh  6613.6 

80 

II  3851.67 

200 

bh  5810.6 

50 

bh  6616.6 

100 

II  4024.73 

500 

bh  5813.7 

50 

bh  6619.8 

150 

II  4025.01 

150 

bh  5816.7 

50 

bh  6622.9 

200 

II  4025.49 

300 

bh  5831.1 

50 

bh  6626.1 

200 

II  4083.92 

40 

bh  5831.5 

50 

bh  6629.4 

200 

114103.08 

150 

bh  5832.0 

50 

bh  6632.7 

3C0 

114103.52 

300 

bh  5832.6 

50 

bh  6642.0 

50 

114103.72 

50 

bh  6034.8 

50 

bh  6645.4 

80 

114103.87 

50 

bh  6036.9 

50 

bh  6648.7 

100 

114109.17 

100 

bh  6050.8 

50 

bh  6652.1 

100 

114116.55 

50 

bh  6056.9 

50 

bh  6655.6 

100 

114119.22 

50 

bh  6058.6 

80 

I  6690.47 

60 

114207.16 

50 

bh  6060.4 

100 

I  6708.28 

40 

114246.16 

300  n 

bh  6062.3 

150 

6773.97 

100 

114275.21 

100  n 

bh  6064.4 

200 

I  6795.52 

60 

II  4277.51 

40  n 

I  6239.64 

300 

I  6834.26 

300 

114299.18 

150 

bh  6290.7 

50 

I  6856.02 

1000 

114446.51 

40  n 

bh  6291.6 

50 

I  6870.22 

150 

114446.71 

150  n 

bh  6292.5 

50 

I  6902.46 

500 

II  4447.18 

200  n 

bh  6293.4 

80 

I  6909.82 

150 

II  4859.37 

50 

bh  6295.4 

80 

I  6966.35 

70 

bh  4950.8 

100 

bh  6296.5 

100 

I  7037.45 

200 

bh  4952.6 

80 

bh  6297.5 

100 

17127.99 

150 

bh  4954.3 

50 

bh  6298.7 

100 

I  7202.37 

125 

bh  4992.1 

50 

bh  6299.8 

100 

7309.03 

50 

bh  5000.6 

80 

bh  6300.9 

150 

17311.02 

125 

bh  5003.6 

50 

bh  6302.2 

150 

17314.31 

40 

bh  5291.0 

200 

bh  6303.5 

150 

17331.95 

200 

bh  5292.9 

150 

bh  6304.8 

150 

I  7398.68 

400 

bh  5296.8 

100 

bh  6306.1 

100 

I  7425.64 

150 

bh  5298.6 

100 

I  6348.50 

200 

I  7482.72 

80 

bh[5302.7 

100 

bh  6411.8 

50 

17489.14 

50 

bh  5304.4 

100 

bh  6412.9 

80 

I  7552.24 

40 

bh  5308.7 

80 

16413.66 

150 

17573.41 

40 

bh  5310.3 

80 

bh  6414.1 

100 

17607.17 

45 

bh  5314.7 

50 

bh  6415.3 

100 

I  7754.70 

60 

bh  5316.2 

80 

bh  6416.5 

100 

;; 

I  7800.22 

50 

Gai 

)OLINIUM 

Wave 
length 

Arc    Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2781.40 

30      40 

3010.14 

100 

100 

3100.51 

100 

80 

2796.94 

70      80 

3027.61 

100 

60 

3145.01 

50 

30 

2809.72 

60      80 

3032.85 

100 

100 

3331.39 

100 

80 

2840.24 

50      60 

3034.06 

100 

60 

3350.48 

150 

180 

2881.58 

40 

3068.65 

50 

50 

3358.63 

100 

100 

2999.06 

40      30 

3082.00 

100 

60 

3362.24 

150 

180 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Gadolinium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3392.53 

40 

25 

I  3934.80 

100 

50 

4262.09 

150 

10 

3407.60 

100  r 

100 

3938.98 

20 

40 

4266.60 

50 

3416.96 

50 

30 

3942.64 

60 

30 

4267.02 

40 

40 

3418.73 

50 

25 

3943.25 

40 

40 

4268.74 

40 

40 

3422.47 

80 

100 

3945.54 

200  W 

150 

4274.17 

100 

3432.99 

50 

40 

3952.01 

100 

60 

4280.50 

200 

100 

3439.21 

60 

35 

3953.37 

100 

50 

4285.83 

60 

20 

3439.78 

50 

50 

3957.68 

300  W 

200 

4286.12 

60 

20 

3439.99 

70 

50 

3963.66 

50 

60 

4289.90 

40 

100 

3450.38 

100 

100 

1 3969.00 

40 

4296.08 

200 

4 

3451.24 

50 

40 

3969.26 

200 

4296.29 

40 

40 

3463.98 

100 

125 

3974.07 

100 

80 

4297.18 

100 

4 

3467.28 

100 

100 

1 3979.34 

100 

30 

4304.90 

100 

100 

3468.99 

150 

150 

3983.03 

40 

40 

4306.35 

200 

80 

3473.23 

50 

40 

3987.22 

100 

100 

4310.99 

100 

3481.36 

150 

150 

3987.84 

50 

25 

4313.85 

200 

80 

3481.82 

80 

60 

3996.32 

100 

100 

4314.40 

100 

20 

3491.97 

50 

25 

4001.24 

80 

3 

4316.06 

150 

60 

3494.42 

70 

60 

4009.21 

50 

2 

4316.27 

40 

3505.52 

60 

60 

4037.34 

100 

30 

4320.53 

60 

20 

3545.79 

125 

125 

4037.91 

100 

30 

4321.11 

50 

20 

3549.36 

125 

125 

4047.85 

1501 

50 

4321.21 

40 

3558.52 

100  r 

50 

4049.44 

80 

20 

4322.19 

50 

25 

3584.96 

100 

100 

4049.90 

100 

60 

4324.07 

100 

3592.70 

50 

70 

4053.30 

100 

80 

1 4325.69 

500  r 

250 

3604.88 

50 

12 

I  4053.65 

100 

40 

4327.10 

500  r 

100 

3608.76 

100 

125 

14054.73 

80 

20 

4329.58 

100 

100 

3629.52 

40 

60 

1 4058.23 

100 

60 

4330.62 

100 

3646.20 

200  w 

150 

4059.88 

50 

20 

4337.51 

50 

50 

3654.64 

200  w 

200 

4065.64 

501 

50  n 

4341.29 

200 

125 

3656.16 

200  w 

200 

4070.29 

80 

4342.19 

200 

200 

3662.27 

200  w 

200 

4070.40 

40 

10 

4344.30 

50 

3664.62 

200  w 

200 

4073.21 

80 

80 

4346.46 

150 

60 

3671.22 

150  w 

100 

4073.77 

100 

50 

4346.63 

50 

20 

3674.06 

100  W 

30 

4085.65 

100 

80 

4347.32 

100 

100 

3684.12 

200  W 

150 

4087.71 

80 

100 

4360.93 

200 

3686.34 

150  W 

200 

1 4090.42 

100 

20 

4369.17 

50 

20 

3687.76 

200  w 

200 

1 4092.71 

100 

40 

4369.77 

250 

150 

3697.74 

200  w 

200  w 

4098.91 

100 

100 

4370.19 

40 

3699.75 

200  W 

250 

4130.38 

200 

10 

4373.84 

200 

80 

3712.71 

200  W 

250 

4131.48 

50 

50 

4378.57 

40 

3713.58 

100  W 

80 

4137.08 

20 

40 

4380.64 

100 

125 

3716.37 

150  w 

125 

4162.74 

50 

4382.06 

40 

3717.49 

100  w 

50 

4170.11 

50 

50 

4383.14 

30 

40 

3719.46 

40 

40 

4175.54 

50 

4387.68 

150 

3722.03 

50 

30 

4183.62 

35 

4389.88 

40 

40  n 

3725.49 

50 

50 

4184.26 

150 

150 

4389.99 

30 

80 

3730.86 

100  W 

100 

4190.15 

100  W 

4390.95 

100 

100 

3739.76 

100 

50 

14190.78 

100 

40 

4392.07 

100 

100 

3740.05 

50 

50 

4191.08 

100 

4397.52 

100 

5 

3769.45 

50 

40 

14191.62 

40 

15 

4401.85 

200 

100 

3770.70 

50 

60 

4197.70 

40 

50 

4403.14 

100 

100 

3782.28 

25 

50 

4212.02 

150 

50 

4406.67 

70 

200 

3796.39 

150  w 

150 

4215.02 

200 

150 

4408.26 

100 

150 

3812.02 

200  r 

200  n 

4217.19 

100 

100 

4411.16 

100 

50 

3813.98 

100  w 

60 

4225.85 

150 

50 

4414.16 

100 

60 

3836.51 

100  wn 

60 

4227.14 

50 

20 

4414.73 

100 

50 

3852.50 

100 

8 

4238.78 

200 

200 

4419.04 

200 

200 

3894.71 

150  W 

80 

4243.84 

60 

100 

4421.24 

100 

8 

3902.40 

100 

80 

4246.55 

150 

3 

4422.41 

100 

40 

3905.65 

50 

50 

4251.74 

300 

10 

4426.15 

50 

2 

3907.12 

100  W 

100 

4253.37 

50 

4 

4430.63 

150 

40 

3916.59 

150  w 

100 

4253.62 

50 

50 

4431.77 

60 

1 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Gadolinium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc: 

Spark 

4436.22 

30 

100 

4791.60 

150 

6645.18 

150 

4438.27 

40 

100 

4799.87 

25 

60 

6681.22 

100 

4446.48 

80 

2 

4800.11 

30 

8C 

6718.14 

40 

4449.95 

4 

40 

4801.08 

200 

200 

6727.84 

50 

4466.55 

200 

150 

4802.58 

100 

40  n 

6730.76 

100 

4467.09 

50 

4803.55 

100 

40 

6752.68 

300 

4471.30 

50 

4805.82 

200 

80 

6753.9C 

100 

4474.14 

150 

150 

4807.46 

100 

40 

6783.35 

40 

4476.14 

100 

4816.84 

50 

20 

6786.32 

125 

4478.81 

80 

4821.71 

150 

80 

6816.47 

40 

4481.07 

70 

100 

4834.24 

125 

25 

6820.91 

50 

4483.34 

80 

125 

4835.27 

100 

10 

6828.25 

150 

4486.36 

25 

80 

4848.11 

60 

10 

6846.60 

500 

4486.91 

100 

15 

4856.19 

80 

6857.12 

200 

4497.13 

150 

80 

4856.74 

80 

6887.62 

35 

4498.29 

100 

4859.23 

50 

6900.68 

60 

4506.22 

100 

50 

4861.80 

100 

6916.57 

200 

4506.35 

80 

5 

4862.61 

100 

'2 

6985.88 

200 

4506.94 

50 

20 

4865.04 

400 

10 

6991.93 

150 

4514.52 

60 

10 

4866.41 

100 

6996.78 

200 

4519.66 

150 

100 

4870.05 

200 

10 

7006.16 

80 

4520.08 

50 

3 

4871.52 

100 

7037.25 

50 

4522.84 

50 

4 

4873.35 

200 

2 

7118.91 

40 

4537.82 

150 

100 

4875.97 

100 

10 

7122.59 

50 

4540.02 

80 

200 

4881.08 

60 

7147.36 

50 

4542.03 

50 

50 

4881.38 

50 

7168.41 

500 

4548.01 

50 

50 

4881.94 

100 

20 

7172.29 

50 

4583.09 

40 

2 

4883.20 

100 

7189.59 

80 

4597.92 

25 

40 

4889.20 

60 

7194.87 

50 

4601.05 

40 

6 

4894.32 

200 

4 

7201.42 

40 

4614.50 

50 

25 

4915.84 

40 

7228.05 

40 

4680.06 

50 

25 

4930.71 

80 

7233.44 

80 

4683.34 

100 

50 

4938.62 

150 

'2 

7252.72 

80 

4694.34 

50 

8 

4942.57 

100 

7262.67 

80 

4697.49 

100 

4 

4958.79 

125 

4 

7291.35 

60 

4702.32 

50 

100 

4961.50 

100 

7301.23 

150 

4703.14 

50 

20 

4965.06 

100 

10  n 

7313.28 

150 

4709.78 

100 

25 

4969.16 

100 

7324.89 

80 

4712.82 

25 

40 

5C10.83 

50 

7327.09 

40 

4719.05 

50 

20 

5015.06 

100  w 

7370.28 

80 

4723.73 

100 

200 

5050.87 

50 

7373.83 

40 

4726.74 

40 

100 

5125.54 

50 

7376.42 

40 

4728.47 

150 

100 

6004.57 

35 

'8 

7377.59 

40 

4732.61 

300 

300 

6305.14 

100 

7380.30 

40 

4734.44 

100 

40 

6380.97 

100 

7385.91 

40 

4735.76 

150 

150 

6382.19 

60 

7394.91 

40 

4738.13 

50 

50  n 

6422.41 

50 

7405.76 

40 

4743.65 

300 

300 

6462.58 

50 

7417.99 

50 

4758.71 

35 

6480.11 

40 

7426.56 

80 

4760.75 

40 

40 

6538.14 

50 

7430.20 

40 

4767.25 

100 

25 

6591.60 

40 

7441.89 

200 

4781.93 

200 

50 

6634.35 

150 

7464.38 

200 

4784.64 

100 

50 

6640.09 

40 

7489.47 

40 

4786.81 

40 

2 

Gallium 


112091.34 

(40) 

I  2534.83 

(20) 

2659.87 

5 

12 

2450.07 

10 

10 

I  2607.47 

(15) 

I  2665.05 

(40) 

I  2482.76 

(15) 

I  2624.82 

(25) 

12691.29 

(25) 

2500.17 

12 

10  r 

I  2632.66 

(40) 

II  2700.47 

(70) 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Gallium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2719.65 

5 

15 

13872.56 

30 

5992.34 

10 

II  2780.15 

(40) 

II  3924.39 

25  W 

II  6334.2 

(100) 

I  2874.24 

10 

15  r 

I  4032.98 

1000  r 

500  r 

6396.61 

20 

I  2943.64 

10 

20  r 

14172.06 

2000  r 

1000  r 

6414.01 

15 

2944.17 

10 

15  r 

115218.21 

(10) 

II  6419.4 

(25) 

3004.06 

15 

5360.09 

2 

12 

II  6456.3 

(15) 

3375.30 

12 

II  5416.8 

(10) 

II  7198.7 

(60) 

3730.04 

20 

5844.22 

12 

II  7793.0 

(10) 

Germanium 


2041.69 

5r 

150  r 

2709.63 

30 

20 

4260.80 

20 

10  n 

2043.76 

4r 

70  n 

2740.43 

10 

10 

I  4685.84 

20 

2065.20 

4r 

50 

2754.59 

30 

20 

114741.94 

50 

2068.65 

5r 

200  r 

II  2845.48 

12 

114814.80 

200 

2198.70 

10  r 

2n 

1  3039.06 

1000 

1000 

II  4824.20 

10 

2417.37 

10 

12 

3067.01 

60 

40 

115131.7 

100 

I  2497.96 

8 

10 

13124.82 

200 

80 

11  5178.58 

100 

2556.30 

20 

2 

3255.34 

100  Wn 

11  5893.46 

100 

2592.54 

20 

15 

13269.49 

300 

300 

116021.14 

25 

12651.18 

40 

20 

4179.04 

25  wn 

II  6336.31 

10 

12651.57 

30 

20 

1  4226.57 

200 

50 

11  6484.32 

15 

2691.34 

25 

15 

Gold 


12012.00 

15              18 

2687.63 

15 

13204.74 

50 

30 

2110.80 

60 

I  2688.71 

'.2 

20 

1,113230.64 

15 

80 

2125.34 

30 

I  2700.89 

20 

25 

13308.31 

50 

15 

12176.33 

15 

II  2732.01 

30 

13320.15 

20 

5 

112188.98 

15 

1,112748.26 

40 

80 

3349.40 

15 

5 

2201.35 

30 

2780.83 

20 

13355.14 

25 

2215.76 

15 

II  2795.53 

15 

1 3553.57 

20 

io 

2222.56 

15 

2802.19 

200 

I  3565.93 

20 

15 

II  2229.03 

50 

II  2805.32 

30 

3580.08 

20 

15 

112231.31 

20 

2819.95 

150 

I  3586.74 

20 

15 

2242.71 

30 

2822.72 

80 

3591.99 

15 

5 

2246.43 

15 

2825.45 

io 

40 

3594.15 

25 

6 

II  2246.68 

18 

2838.03 

80 

1 3598.08 

35 

10 

II  2283.32 

15 

II  2847.09 

25 

3607.54 

20 

112291.52 

15 

2856.91 
12883.45 

20 

3614.00 

20 

112304.81 

30 

15 

20 

113633.24 

1 

15 

2314.64 

15 

12891.96 

8 

20 

3682.86 

20 

10  n 

II  2352.65 

25 

2893.42 

30 

3706.82 

15  n 

,  11  2364.56 

20                8 

1,112905.90 

10 

30 

I  3795.90 

20 

3n 

2364.89 

15  n 

2907.06 

25 

II  3804.00 

25 

150 

1  2376.24 

25                3 

112913.54 

50 

3816.13 

20 

40 

1  2387.75 

30              10 

112918.37 

25 

II  3825.65 

20 

30 

I  2404.81 

20                4 

1,112932.19 

'8 

40 

3829.38 

25 

20 

1  2427.95 

400  r          100 

2954.39 

50 

3836.48 

30 

30 

II  2477.71 

15 

112982.11 

15 

3871.35 

25 

20 

2480.28 

15  n 

II  2990.28 

50 

3874.67 

5 

15 

2503.32 

30 

II  2994.99 

100 

II  3880.20 

20 

I  2510.49 

25              15 

3014.23 

5 

15 

3883.35 

20 

1 2544,19 

30                8 

I  3029.20 

25 

30 

I  3897.89 

30 

25 

,  II  2590.04 

30              50 

3033.18 

25 

30  n 

13909.38 

10 

15 

12641.49 

5               20 

13122.78 

500  n 

5 

13914.72 

15 

3 

I  2675.95 

250  r           100 

13194.71 

25 

20 

3959.11 

8 

20 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Gold  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

114016.05 

10 

15 

4587.89 

15 

1 5726.82 

35 

10 

1 4040.94 

50 

40 

14607.34 

30 

15 

1  5837.40 

400  n 

10 

114052.81 

60 

4607.50 

15  r 

I  5862.94 

30 

5 

I  4065.08 

50 

30 

14792.60 

200  W 

60 

I  5956.98 

35 

8 

114076.33 

4 

25  w 

14811.62 

50 

15 

5962.72 

35 

3 

14084.12 

25 

12 

I  5064.61 

40 

10 

II  6022.74 

15 

5 

14241.77 

40 

30 

I  5147.39 

40 

5 

16160.1 

20 

II  4259.89 

15 

I  5230.26 

40 

15 

16278.18 

700 

20 

14315.09 

40 

18 

15261.82 

40 

3 

I  6652.6 

15 

I  4437.27 

50 

10 

I  5655.77 

35 

5 

1 7510.75 

20 

I  4488.25 

40 

301 

15721.26 

15 

Hafnium 


II  2028.18 

25 

15 

II  2447.25 

25 

50 

112789.73 

20 

30 

II  2083.80 

40 

30 

II  2453.34 

12 

25 

II  2808.00 

25 

30 

II  2088.77 

50 

50 

II  2460.49 

20 

50 

112813.86 

25 

30 

II  2089.95 

30 

30 

2461.72 

30 

II  2814.47 

25 

40 

11  2090.83 

40 

40 

112464.19 

30 

100 

112814.76 

15 

35 

11  2096.18 

100 

150 

112469.18 

20 

50 

II  2820.22 

40 

100 

II  2107.47 

60 

60 

112473.91 

15 

25 

II  2822.68 

30 

90 

112123.68 

40 

40 

II  2478.56 

100 

300  wn 

II  2829.32 

15 

30 

112124.59 

50 

80 

2495.17 

60 

2833.28 

25 

4 

112129.10 

60 

100 

II  2496.99 

30 

40 

2845.28 

25 

5 

112139.24 

30 

40 

112512.69 

25 

50 

112849.21 

30 

100 

112156.44 

25 

25 

11  2513.03 

25 

70 

2850.96 

25 

5 

II  2170.22 

20 

30 

2515.16 

1 

40 

112851.21 

25 

50 

II  2175.36 

25 

30 

112515.48 

20 

30 

II  2852.01 

20 

50 

112178.90 

60 

80 

112516.88 

35 

100 

II  2860.31 

15 

30 

II  2190.22 

30 

30 

112531.19 

25 

50 

112861.01 

40 

90 

II  2212.45 

25 

30 

112551.40 

25  d 

125  d 

112861.70 

50 

125 

II  2254.01 

60 

80 

112559.19 

20 

40 

2866.37 

50 

12 

II  2255.15 

40 

60 

2560.74 

25 

112869.82 

25 

20 

11  2266.52 

30 

40 

II  2563.61 

20 

35 

II  2876.33 

30 

100 

II  2266.83 

60 

80 

112571.67 

30 

80 

2887.13 

25 

3 

112273.15 

40 

60 

II  2573.90 

25 

100 

2889.62 

30 

10 

112277.16 

150 

150 

II  2576.82 

5 

60 

12898.26 

50 

12 

II  2284.60 

20 

30 

112578.14 

25 

30 

112898.71 

25 

50 

112291.64 

30 

40 

II  2582.54 

25 

35 

12904.41 

30 

6 

11  2298.34 

25 

50 

II  2606.37 

25 

50 

2904.75 

30 

6 

112321.14 

50 

60 

II  2607.03 

30 

80 

112909.91 

30 

20 

II  2322.47 

60 

60 

112613.60 

20 

80 

12916.48 

50 

15 

112323.25 

40 

60 

11  2622.74 

30 

80 

2918.58 

30 

8 

II  2324.50 

20 

40 

II  2638.71 

40 

100 

112919.59 

40 

80 

11  2324.89 

40 

80 

112641.41 

40 

125 

2924.61 

25 

2 

11  2332.97 

40 

50 

II  2647.29 

40 

125 

II  2929.63 

30 

50 

112337.33 

30 

30 

112651.16 

15 

40 

112937.79 

50 

100 

II  2343.32 

60 

80 

II  2657.84 

20 

25 

1 2940.77 

60 

12 

II  2347.44 

80 

125 

II  2661.87 

25 

40 

2958.02 

30 

5 

112351.21 

100 

150 

II  2665.97 

20 

35 

112961.80 

20 

30 

11  2380.30 

30 

60 

112683.35 

15 

100 

2964.88 

50 

10 

II  2381.00 

20 

40 

2687.22 

25 

2966.93 

25 

4 

112393.18 

20 

40 

II  2706.73 

io 

50 

II  2967.23 

20 

25 

II  2393.36 

50 

80 

112712.42 

25 

50 

112968.81 

30 

30 

II  2393.83 

80 

100 

II  2738.76 

40 

100 

II  2975.88 

80 

100 

II  2405.42 

25 

50 

112751.81 

25 

80 

II  2977.59 

30 

25 

11  2406.44 

12 

25 

2753.61 

60 

2980.81 

50 

10 

112410.14 

25 

50 

II  2756.91 

15 

40 

2982.72 

30 

1 

II  2417.69 

25 

40 

2761.63 

25 

3 

II  3000.10 

40 

30 

II  2425.97 

15 

25 

II  2773.36 

25 

60 

3005.56 

50 

8 

II  2433.57 

15 

50 

II  2774.02 

25 

50 

II  3012.90 

80 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Hafnium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3016.78 

25 

10 

II  3569.04 

20 

50 

4859.24 

30 

5 

3018.31 

60 

10 

3616.89 

25 

10 

II  4904.52 

12 

25 

113024.76 

18 

25 

113644.35 

25 

50 

114934.45 

40 

50 

II  3025.29 

30 

30 

113661.05 

10 

25 

4975.25 

25 

4 

113031.16 

70 

90 

113665.35 

20 

25 

114999.68 

30 

40 

II  3046.08 

25 

25 

113666.77 

25 

4 

II  5040.82 

100 

150 

3050.76 

50 

10 

3672.27 

25 

3 

II  5057.03 

20 

30 

3057.02 

70 

10 

3682.24 

25 

30 

II  5079.65 

40 

60 

3063.78 

25 

1 

113698.39 

10 

25 

5181.86 

25 

10 

11  3064.68 

10 

30 

II  3699.72 

20 

25 

115187.75 

20 

30 

3067.41 

30 

10 

113701.15 

15 

40 

II  5247.10 

40 

60 

I  3072.88 

80 

18 

113705.40 

15 

25 

II  5260.44 

30 

40 

3074.10 

25 

1 

113719.28 

15 

30 

II  5264.95 

50 

80 

3074.79 

30 

4 

113737.88 

15 

25 

II  5298.06 

80 

100 

II  3080.66 

30 

100 

113762.51 

2 

25 

115311.60 

100 

150 

3080.84 

25 

5 

113766.92 

5 

25 

II  5324.26 

20 

30 

3096.76 

25 

1 

II  3797.92 

25 

25 

II  5346.30 

10 

40 

113101.40 

60 

90 

3831.13 

25 

25 

II  5444.07 

20 

30 

113109.12 

50 

100 

113877.10 

4 

30 

II  5524.35 

40 

50 

113110.87 

30 

40 

II  3880.82 

20 

30 

5550.60 

30 

5 

3119.98 

25 

1 

II  3979.40 

6 

40 

5552.12 

40 

5 

3131.81 

40 

10 

4047.96 

8 

25 

5719.18 

40 

10 

113134.72 

80 

125 

114093.16 

25 

20 

II  5767.18 

15 

30 

3137.51 

30 

10 

4174.34 

25 

6 

II  5809.50 

20 

30 

113139.65 

25 

20 

4294.79 

25 

2 

II  5842.23 

50 

80 

113140.76 

25 

25 

114336.66 

30 

60  n 

II  6248.95 

80 

100 

113145.32 

50 

20 

II  4350.51 

20 

40 

6257.00 

10 

30 

113162.61 

40 

30 

4356.33 

30 

4 

116531.66 

2 

30 

3168.39 

30 

2 

II  4367.90 

25 

20 

II  6542.80 

3 

50 

3172.94 

30 

8 

114370.97 

30 

40 

II  6557.91 

10 

100 

113176.86 

30 

30 

114417.35 

25 

50 

II  6567.39 

6 

60 

113193.53 

25 

25 

4417.91 

25 

1 

II  6584.53 

4 

40 

113194.19 

40 

40 

II  4422.74 

15 

25 

II  6644.60 

100 

200 

113199.99 

20 

30 

4438.04 

30 

2 

II  6647.06 

30 

100 

II  3217.30 

30 

15 

4457.34 

25 

2 

II  6719.40 

2 

50 

II  3220.61 

25 

35 

4461.18 

25 

2 

11  6754.61 

60 

100 

113253.70 

30 

30 

114486.13 

25 

30 

6789.27 

50 

100 

11  3255.28 

20 

30 

114533.15 

20 

40 

6818.94 

100 

200 

II  3279.98 

25 

25 

4540.93 

50 

2 

6826.56 

10 

25 

3312.86 

30 

10 

4565.94 

40 

6 

6850.07 

20 

60 

113317.99 

25 

18 

II  4599.44 

10 

25 

II  6855.29 

7 

50 

3332.73 

40 

10 

II  4605.77 

20 

30 

6858.70 

15 

50 

II  3352.05 

30 

50 

4608.09 

25 

4 

6911.40 

15 

50 

3358.91 

25 

2 

114613.74 

12 

25  wn 

11  6935.16 

5 

50 

3378.93 

25  r 

20 

4620.86 

50 

4 

II  6980.91 

100 

200 

II  3389.83 

30 

40 

II  4622.70 

20 

60 

117021.23 

3 

30 

II  3394.59 

20 

25 

4655.19 

50 

4 

II  7030.33 

30 

150 

II  3394.98 

20 

50 

114664.12 

50 

100 

7061.90 

10 

30 

II  3399.79 

60 

100 

4688.39 

30 

4 

7063.83 

40 

100 

113407.76 

20 

25 

4699.01 

30 

4 

7119.52 

15 

50 

113410.17 

25 

60 

114699.71 

20 

25 

7131.81 

150 

250 

II  3438.23 

25 

25 

114719.10 

30 

40 

7237.10 

100 

200 

3472.40 

25 

10 

4773.71 

25 

4 

7240.87 

70 

150 

II  3478.99 

30 

40 

4782.74 

40 

5 

II  7277.67 

5 

50 

II  3505.23 

20 

50 

4800.50 

50 

6 

7320.05 

15 

25 

II  3535.54 

15 

50 

114817.21 

15 

40 

II  7328.64 

3 

30 

II  3552.70 

20 

35 

4818.87 

25 

4 

7624.40 

30 

II  3561.66 

20 

35 

4837.23 

35 

4 

II  7663.09 

2 

30 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Helium 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

II  2252.71 

10 

1 3705.00 

30 

I  5015.67 

100 

II  2306.22 

20 

13732.86 

10 

1  5047.74 

15 

II  2385.42 

30 

13819.61 

50 

11  5411.55 

50 

112511.22 

50 

13867.48 

15 

I  5875.62 

1000 

12723.19 

10 

13888.65 

1000 

I  5875.87 

10 

112733.32 

100 

13964.73 

50 

II  6560.13 

100 

1  2763.80 

20 

1 4009.27 

10 

I  6678.15 

100 

I  2829.07 

40 

14026.19 

70 

I  7065.19 

70 

12945.10 

100 

14120.81 

25 

I  7065.70 

10 

13187.74 

200 

14143.76 

15 

17281.35 

30 

113203.14 

100 

14387.93 

30 

17816.16 

12 

13354.55 

10 

I  4437.55 

10 

I  9463.66 

60 

13447.59 

15 

14471.48 

100 

19516.70 

30 

I  3587.25 

10 

11  4685.75 

300 

19526.17 

10 

13613.64 

30 

14713.14 

40 

1 9702.76 

10 

I  3634.23 

15 

14921.93 

50 

HOLMIUM 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2431.03 

20 

3281.98 

12 

15 

3837.45 

15 

6n 

2433.00 

20 

3289.38 

10 

20 

3854.05 

10 

20 

2439.33 

20 

3338.76 

12 

20 

3861.68 

40 

20 

2442.76 

20 

3343.56 

20 

20 

3888.95 

40 

20 

2452.69 

20 

3372.79 

12 

15 

3891.02 

200 

40 

2511.12 

20 

3398.98 

40 

60 

3905.55 

15 

8 

2597.51 

20 

3410.25 

20 

15 

3905.78 

30 

6 

2636.50 

70 

3414.92 

30 

30 

3955.74 

15 

.     4 

2677.95 

20 

3416.46 

30 

40 

3998.28 

40 

6 

2681.18 

20 

3421.64 

20 

20 

4040.84 

150 

30 

2774.70 

300 

3425.35 

40 

40 

4045.43 

200 

80 

2812.87 

20 

3428.13 

40 

40 

4053.92 

400 

200 

2814.74 

io 

20 

3429.19 

10 

15 

4101.09 

40 

40 

2824.19 

20 

3 

3453.13 

30 

20 

4103.84 

400 

400 

2826.63 

3 

20  n 

3456.00 

60 

60 

4108.63 

100 

40 

2828.14 

20  n 

3461.96 

20 

20 

4120.20 

50 

25 

2831.60 

70 

3474.25 

40 

20 

4125.65 

20 

15 

2845.64 

70  n 

3484.73 

40 

30 

4127.16 

150 

60 

2847.50 

40 

3494.77 

30 

40 

4136.24 

40 

25 

2849.10 

10 

20 

3515.58 

40 

40 

4152.54 

30 

30 

2867.82 

40  n 

3531.74 

10 

20 

4152.75 

30 

40 

2880.27 

20 

10 

3545.97 

20 

20 

4163.03 

100 

100 

2880.99 

20 

10 

3556.76 

15 

40 

4173.23 

50 

2894.99 

20 

10 

3574.78 

10 

20 

4194.34 

30 

15 

2897.36 

20  n 

3598.77 

40 

30 

4254.43 

100 

20 

2909.42 

40 

10 

3626.70 

20 

15 

4264.07 

15 

8 

2928.79 

100 

3627.18 

15 

15 

4350.73 

40 

15 

2936.77 

1000  r 

3662.27 

20 

10 

5468.46 

20 

2944.50 

io 

20 

3674.77 

8 

15 

5498.57 

20 

2945.83 

3 

70  n 

3685.16 

6 

15 

5553.14 

30 

2949.19 

20 

3692.65 

10 

15 

5560.94 

20 

2953.11 

20 

10 

3694.24 

10 

20 

5566.52 

100 

2973.00 

20 

3748.17 

60 

40 

5640.62 

100 

2979.63 

20 

40 

3753.75 

20 

10  n 

5659.58 

20 

3166.62 

10 

15 

3757.26 

40 

30 

5674.70 

200 

3171.71 

10 

15 

3796.73 

20 

40 

5681.41 

20 

3181.52 

8 

40 

3810.70 

20 

40 

5682.12 

30 

3278.15 

10 

15 

3813.24 

15 

8n 

5691.47 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Holmium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

5706.88 
5751.12 
5839.47 
5860.28 
5870.85 
5882.99 

50 
30 
30 

200 
20 

200 

5892.56 
5921.76 
5933.71 
5948.03 
5055.98 

50 
200 
200 
200 
100 

5973.52 
5982.90 
6305.36 
6550.97 
6604.94 

125 

200 
20 
20 
20 

Hydrogen,  First  Spectrum* 


Wave  length 

Geissler  tube 

Wave  length 

Geissler  tube 

Wave  length 

Geissler  tube 

3656.6 

3673.7 

3770.06 

3657.6 

3676.34 

3797.91 

3658.0 

3679.35 

3835.40 

3660.3 

3682.82 

3889.06 

3661.2 

3686.83 

3970.07 

3662.2 

3691.55 

4101.74 

3663.4 

3697.15 

4340.47 

3664.6 

3703.86 

4861.33  p 

3666.1 

3711.98 

6562.73 

3667.7 

3721.95 

6562.85  p 

3669.42 

3734.37 

9500. 

3671.34 

3750.15 

Hydrogen,  Second  Spectrum* 


3990.03 

4 

4849.32 

5 

5888.16 

6 

3991.9 

4 

4873.03 

5 

5931.4 

7 

4062.49 

6 

4928.7 

9 

5938.62 

7 

4069.65 

6 

4934.27 

6 

5949.91 

7 

4087.75 

4 

4973.26 

6 

5975.44 

9 

4171.29 

5 

5013.05 

6 

5982.55 

7 

4177.07 

6 

5055.07 

6 

6018.30 

9 

4205.10 

7 

5084.84 

5 

6027.98 

6 

4212.51 

6 

5113.18 

5 

6031.9 

10 

4412.25 

5 

5196.38 

5 

6070.00 

7 

4447.56 

5 

5266.04 

5 

6079.80 

9 

4460.96 

6 

5303.16 

7 

6090.93 

6 

4490.45 

6 

5336.51 

5 

6095.98 

6 

4498.10 

6 

5366.0 

5 

6121.78 

10 

4568.11 

7 

5388.2 

7 

6127.3 

6 

4572.72 

6 

5419.90 

6 

6135.35 

8 

4580.03 

7 

5434.84 

5 

6182.98 

6 

4582.60 

6 

5481.09 

5 

6199.38 

6 

4625.3 

5 

5505.5 

5 

6224.81 

9 

4627.96 

6 

5537.45 

6 

6238.37 

7 

4631.88 

9 

5688.20 

6 

6299.40 

6 

4634.0 

9 

5731.90 

6 

6327.04 

8 

4662.77 

5 

5736.86 

7 

6935.8 

10 

4683.78 

6 

5775.0 

6 

6940.4 

10 

4719.01 

6 

5812.58 

9 

6962.6 

10 

4723.00 

6 

5836.0 

7 

7072. 

10 

4797.74 

5 

Intensity  scale  1-10. 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Indium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

112334.57 

(50  n) 

114627.38 

(150) 

115555.43 

(70) 

I  2389.54 

50  r 

114638.10 

(200) 

II  5556.04 

(100) 

II  2447.90 

(80) 

II  4638.24 

(125) 

115576.75 

(300) 

II  2488  95 

(60) 

4638.86 

3 

70 

II  5576.91 

(150) 

II  2498.59 

(50) 

114644.54 

(125) 

II  5577.04 

(100) 

112499.60 

(80) 

II  4644.65 

(60) 

II  5636.66 

(150) 

II  2554.40 

(50) 

11  4655.41 

(45) 

II  5636.75 

(300) 

II  2554.48 

(50) 

II  4655.52 

(45) 

5644.86 

70 

I  2560.23 

150  r 

50  r 

II  4655.66 

(50) 

115708.31 

(100) 

12601.76 

58  r 

15  wn 

II  4655.79 

(100) 

II  5708.52 

(100) 

II  2668.68 

(50) 

114681.11 

(200) 

II  5708.69 

(70) 

112683.12 

(50) 

4682.00 

250  W 

I  5709.75 

50  wn 

12710.26 

800  r 

200  rn 

II  4685.22 

(100) 

II  5722.04 

(70) 

12713.93 

200  r 

125  wn 

114907.15 

(50) 

15728.27 

50 

II  2749.70 

(50) 

114924.93 

(80  n) 

II  5852.83 

(100) 

I  2753.88 

300  r 

300  r 

II  5043.55 

(50) 

115853.11 

(150) 

1  2775.35 

80 

30 

115044.14 

(50) 

II  5853.43 

(300) 

12836.92 

80 

80 

115109.36 

(300  w) 

II  5903.04 

(70) 

11  2865.68 

(50) 

115115.91 

(100) 

11  5903.14 

(100) 

12932.62 

500 

300 

115116.75 

(70) 

11  5903.24 

(100) 

112941.05 

(80) 

115117.37 

(50) 

II  5903.37 

(100) 

I  2957.01 

50 

25 

115117.41 

(300) 

II  5903.47 

(70) 

3008.31 

500  W 

115120.85 

(100) 

II  5903.63 

(500) 

1 3039.36 

1000  r 

500  r 

115120.96 

(150) 

II  5903.75 

(150) 

113138.56 

(50) 

115121.10 

(400) 

115914.68 

(70) 

113138.64 

(50) 

115121.34 

(50) 

II  5914.83 

(50) 

113146.81 

(50) 

115129.94 

(70) 

II  5915.45 

(50) 

113155.77 

(200) 

115175.29 

(400) 

115915.63 

(50) 

113158.40 

(100) 

115175.42 

(300) 

II  5915.97 

(100) 

1 3256.09 

1500  r 

600  r 

115175.56 

(150) 

115918.65 

(70) 

13258.56 

500  r 

300  r 

115184.44 

(300) 

115918.78 

(50) 

II  3438.34 

(50) 

115184.66 

(70) 

II  6095.85 

(50) 

113795.21 

(50) 

II  5309.03 

(70) 

II  6095.96 

(80) 

II  3801.5 

(50) 

II  5309.40 

(70) 

II  6108.65 

(50) 

11  3889.78 

(100) 

II  5309.83 

(100) 

116108.99 

(60) 

114013.93 

(80) 

11  5402.94 

(50) 

116129.70 

(60) 

II  4016.24 

(50) 

115411.41 

(300) 

II  6132.74 

(50) 

114021.66 

(50) 

115418.48 

(50) 

116137.19 

(50) 

4024.83 

100  wn 

115418.73 

(150  n) 

II  6143.23 

(80) 

II  4027.79 

(50  n) 

II  5436.01 

(50) 

116161.15 

(60) 

II  4056.75 

(50) 

II  5436.28 

(100) 

II  6224.27 

(60) 

II  4056.94 

(500) 

II  5436.93 

(150) 

II  6468.89 

(50) 

114057.07 

(100) 

115437.40 

(50) 

II  6468.99 

(80) 

4057.87 

80 

10 

II  5497.55 

(70) 

II  6540.96 

(60) 

4072.40 

200  wn 

II  5497.64 

(50) 

II  6541.22 

(50) 

14101.77 

2000  r 

1000  r 

II  5507.33 

(70) 

116751.88 

(60) 

II  4205.08 

(50) 

115510.88 

(70) 

II  6765.96 

(50) 

114213.10 

(50) 

II  5512.82 

(150) 

II  6766.33 

(50) 

II  4219.83 

(50) 

115512.92 

(100) 

II  6783.72 

(100) 

114227.16 

(50  n) 

115512.99 

(70) 

I  6847.77 

60 

II  4327.33 

(80) 

II  5513.06 

(70) 

116891.66 

(60) 

II  4330.02 

(50) 

115513.10 

(50) 

II  6900.37 

50 

114372.87 

(80) 

115519.36 

(500) 

117183.19 

(80) 

11  4500.95 

(50) 

II  5523.00 

(50) 

117183.96 

(50) 

14511.32 

5000  r 

4000  r 

II  5523.29 

(50) 

117254.10 

(50) 

II  4578.08 

(50) 

115523.61 

(50) 

117276.41 

(50) 

II  4578.39 

(60) 

115523.86 

(70) 

II  7277.59 

(60) 

4612.13 

150 

II  5523.91 

(100) 

II  7303.75 

(50) 

114617.16 

(200) 

II  5535.94 

(70) 

II  7350.37 

(50) 

II  4620.05 

(80) 

II  5536.55 

(70) 

117351.49 

(50) 
(50) 

11 4620.24 

(200) 

II  5537.03 

(50) 

117351.58 

1 

2152 


II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Iodine 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2023.80 

100 

3897.26 

40 

6007.51 

50 

2034.86 

100 

3931.01 

400 

6015.87 

50 

2049.45 

150 

3940.24 

500 

I  6024.13 

300 

2062.38 

900 

3994.98 

35 

I  6048.72 

70 

2081.29 

40 

II  4036.08 

50 

II  6068.95 

50 

2169.59 

100 

1 4050.09 

35 

II  6074.99 

80 

2229.97 

400 

4070.75 

150 

I  6082.46 

1000 

2250.03 

100 

4128.69 

35 

6084.80 

40 

2292.44 

40 

4220.96 

80 

6086.77 

150 

112331.54 

40 

14346.92 

35 

I  6125.53 

100 

II  2335.45 

60 

II  4408.96 

250 

116127.46 

125 

2342.38 

150 

II  4423.76 

80 

6132.94 

50 

2407.98 

60 

114428.22 

35 

16191.97 

150 

2419.16 

60 

II  4446.78 

35 

6195.51 

100 

2444.12 

60 

114452.88 

700 

I  6200.52 

50 

112461.13 

60 

4458.47 

35  n 

II  6204.87 

70 

112464.68 

100 

II  4473.44 

80 

16213.17 

70 

2491.61 

40 

II  4476.05 

60 

16213.91 

70 

2494.71 

100 

4499.58 

35 

6229.39 

50 

112499.32 

60 

4528.10 

40 

6232.85 

50 

II  2502.98 

150 

4621.89 

35 

6236.40 

50 

2526.88 

40 

4632.32 

50 

6257.49 

40 

11  2530.98 

60 

114632.43 

35 

6280.32 

50 

II  2533.62 

100 

1 4640.88 

50 

I  6294.08 

300 

2551.43 

40 

114666.52 

250 

I  6320.41 

50 

II  2559.72 

40 

II  4675.53 

50 

I  6320.60 

100 

2561.49 

150 

II  4676.94 

80 

6320.82 

50 

112564.40 

70 

14763.38 

80 

6330.45 

50 

11  2566.26 

300 

14862.31 

700 

6338.02 

100 

II  2582.81 

.. 

400 

14896.78 

35 

16338.97 

100 

II  2586.74 

.. 

40 

14917.03 

100 

6339.52 

300 

II  2588.68 

40 

II  4986.93 

35 

116339.97 

100  n 

II  2593.47 

150 

15119.28 

500 

6348.34 

50 

2625.00 

40 

115161.19 

300 

16359.19 

60 

2627.04 

60 

I  5204.20 

50 

I  6367.34 

70 

2635.30 

60 

I  5234.63 

80 

16371.76 

100 

2641.39 

40 

II  5245.70 

80 

6440.22 

100 

2674.80 

60 

I  5296.52 

150 

I  6444.51 

100 

2688.99 

100 

115338.19 

300 

6475.91 

70 

II  2698.32 

50 

5345.15 

300 

16488.18 

150 

2712.23 

i  '• 

100 

II  5369.87 

40 

6538.34 

70 

2730.13 

50 

5405.14 

40 

I  6566.48 

400 

2808.58 

i  ■■ 

40 

5405.65 

40 

6583.81 

70 

2836.92 

40 

II  5407.36 

60 

116585.19 

70 

2872.89 

60 

15427.10 

50 

16619.69 

200 

II  2878.64 

'.'. 

400 

15435.48 

35 

6661.16 

100 

2993.86 

70 

II  5435.84 

125 

6662.14 

100 

3055.37 

350 

II  5438.00 

35 

II  6665.97 

70 

3078.77 

350 

5464.61 

900 

I  6697.33 

90 

3081.66 

100 

5491.57 

100 

6698.53 

50 

3088.19 

i 
•  • 

35 

115496.92 

900 

1,116718.80 

50 

3149.46 

35 

11  5504.72 

60 

6727.00 

70 

3193.95 

1 

100 

5522.05 

35 

6732.10 

150 

3288.35 

1 

35 

5598.36 

35 

6736.60 

50 

3481.83 

40 

5600.31 

50 

6738.12 

70 

3561.18 

40 

II  5625.70 

150 

I  6739.50 

50 

113661.77 

40  d 

II  5678.06 

80 

16741.56 

50 

3686.55 

70 

115710.53 

150 

1  6773.56 

50 

3688.21 

125 

II  5738.29 

50 

I  6788.93 

100 

3724.81 

50 

II  5760.73 

40 

I  6789.32 

50 

13741.71 

40 

I  5764.33 

100 

16801.00 

50 

3742.13 

40 

I  5894.05 

60 

16812.19 

50 

I  3808.07 

40 

11  5950.26 

50 

II  6812.56 

100 

2153 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iodine  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

II  6902.13 

150 

7085.22 

150 

I  7300.30 

50 

II  6958.78 

1000 

I  7088.00 

100 

II  7351.36 

60 

7018.32 

50 

I  7102.65 

50 

I  7402.10 

300 

II  7018.94 

50 

7122.09 

60 

17411.25 

50 

II  7032.99 

. 

70 

II  7138.99 

70  n 

7416.55 

50 

7042.24 

70  n 

I  7142.09 

100 

I  7469.04 

500 

I  7063.60 

• 

50 

I  7236.80 

150 

I  7490.58 

70 

Iridium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2005.86 

3 

35 

2204.96 

5 

300 

2384.81 

4 

80 

2017.41 

50 

2208.09 

40 

3wn 

2386.89 

501 

15 

2017.99 

2n 

40 

2208.72 

40 

2390.62 

40 

6 

2021.51 

50 

2208.96 

2 

50 

2391.18 

50 

2022.83 

'4 

50 

2212.32 

50 

2398.75 

10 

150 

2023.97 

40 

I  2220.37 

50 

10 

12431.94 

50 

50 

2028.65 

5 

50 

2221.07 

2 

100 

12452.81 

35 

2 

2039.79 

8 

40 

2232.25 

30 

50 

1  2455.61 

35 

5 

2041.69 

2 

50 

I  2233.37 

9 

100 

I  2467.30 

40 

5 

2044.19 

10 

100 

2234.38 

5 

80 

I  2475.12 

100 

10 

2044.83 

4 

75 

2237.09 

100 

12481.18 

50 

10 

2051.16 

10 

50 

2238.29 

80 

1 2502.98 

100  w 

5 

2057.23 

6 

50 

2242.68 

50 

300 

12533.13 

100 

20 

2063.03 

80 

2245.76 

10 

150 

I  2534.46 

100 

10 

2065.79 

80 

2246.90 

10 

100 

I  2537.22 

35 

10 

2066.21 

40 

2257.50 

2 

50 

I  2542.02 

35 

10 

2070.51 

6 

60 

I  2258.51 

15 

50 

12543.97 

200  n 

100 

2076.76 

2 

40 

2259.27 

35 

I  2546.03 

100  n 

20 

2079.71 

40 

2260.65 

3 

40 

12564.18 

40 

8 

2080.64 

2 

60 

2265.16 

5 

50 

I  2577.26 

60 

15 

2084.49 

80 

2271.39 

40 

I  2592.06 

100 

20 

2088.82 

50 

50 

2281.02 

2 

50 

2599.40 

40 

2096.20 

1 

80 

2289.39 

5 

40 

I  2608.25 

50 

10 

2097.10 

4 

50 

2290.80 

3 

50 

12611.29 

80 

10 

2099.62 

40 

I  2295.08 

40 

5 

12619.88 

35 

5 

2100.96 

2n 

50 

12304.21 

100 

12639.71 

100  n 

15 

2103.87 

50 

2314.11 

2 

40 

12644.19 

35 

5 

2109.38 

3n 

50 

2314.90 

10 

40 

12661.98 

150  n 

15 

2111.96 

2 

40 

2315.15 

2 

40 

I  2662.63 

40 

10 

2117.72 

10 

50 

2323.63 

501 

I  2664.79 

200  n 

50 

2126.81 

25 

200 

2324.11 

35 

I  2668.99 

50 

5 

2130.45 

5 

80 

2324.70 

5 

80 

12669.91 

60 

10 

2131.66 

50 

2326.05 

6 

50 

12671.84 

50 

10 

2132.56 

3 

80 

2329.41 

5 

50 

12673.61 

40 

10 

2148.22 

25 

50 

12333.84 

40 

10 

12676.83 

35 

10 

2151.62 

2w 

80 

2340.04 

10 

35 

I  2694.23 

150  n 

50 

2152.68 

50 

200 

12343.18 

40 

10 

12712.74 

40 

10 

2158.05 

50 

50 

2353.17 

4 

50  w 

12849.72 

40  n 

20  n 

2160.74 

10 

50 

2355.52 

10 

50 

12882.63 

40 

6 

2169.42 

2 

50 

2355.96 

35 

2936.62 

40 

2175.01 

50 

2356.55 

40 

5 

12988.98 

35 

2178.98 

10 

50 

2357.95 

8 

50 

I  2990.62 

35 

3 

2190.38 

150 

2360.73 

40 

25 

I  2996.08 

50 

2 

2194.27 

40 

2363.04 

50 

25 

I  2999.54 

35 

1 

2196.44 

5 

5C 

2368.04 

25 

125 

1 3002.25 

50 

10 

2197.50 

5 

100 

12372.77 

100 

40 

13003.63 

60 

30 

2198.85 

50 

15 

2381.82 

8 

50 

1 3005.21 

35 

20 

2154 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iridium  (Continued) 


Iron 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13011.69 

35 

1 

13661.71 

50 

30 

14268.10 

200 

15 

I  3016.43 

35 

2n 

13664.62 

60 

15 

4286.62 

200 

3 

3017.31 

35 

2n 

13674.98 

100 

50 

4301.60 

200 

10 

3019.23 

35 

2n 

13687.08 

40 

4 

4310.59 

150 

8 

3020.01 

35 

1 

13725.38 

50 

20 

4311.50 

300 

10 

I  3025.82 

50 

3 

3728.03 

60 

10 

4351.30 

50 

13029.36 

60 

3 

3731.36 

50 

50 

4352.56 

50 

2 

13032.41 

50 

1 

3734.77 

100 

30 

4372.13 

40  w 

3037.75 

40 

2 

3738.53 

60 

10 

4377.01 

100 

4 

1 3040.47 

35 

2 

I  3747.20 

100 

60 

4392.59 

100 

4 

13047.16 

50 

20 

13768.68 

60 

10 

4399.47 

400 

100 

I  3057.28 

35 

2 

3770.73 

40 

5 

4403.78 

300 

10 

13068.89 

40 

20 

13771.60 

40 

4 

4411.18 

40 

2 

1 3086.44 

35 

2 

3790.53 

50 

4426.27 

400  w 

10 

I  3088.04 

50 

2 

3800.12 

150 

100 

4450.18 

60 

3 

13120.76 

50 

2 

3833.88 

50 

4478.48 

200 

10 

13121.78 

35 

1 

3915.38 

150 

50 

4491.36 

40 

2wn 

13133.32 

40 

2n 

1 3934.84 

200 

50 

4492.16 

35 

2 

13140.41 

50  r 

1 

1 3946.27 

50 

15 

4495.35 

100 

3 

13159.15 

50  r 

2n 

13976.31 

10 

70 

4496.03 

40 

2 

13219.51 

35 

2 

13992.12 

150 

60 

4532.87 

80 

2 

13220.78 

100 

30 

4020.03 

80 

100 

4545.68 

200 

4 

13229.28 

35 

2 

4033.76 

100 

25 

4548.48 

100 

5 

13241.52 

100 

50 

4040.08 

40 

5 

4550.77 

80 

I  3266.44 

50 

10 

4092.61 

60 

20 

4568.09 

100 

3 

13334.16 

40 

3 

4100.15 

100 

3n 

4570.02 

50 

2 

13448.97 

60 

10 

4115.78 

100 

30 

4616.39 

200 

5 

13513.64 

100  n 

100 

4117.60 

50 

3 

4640.08 

40 

2wn 

I  3515.95 

35 

15 

4155.70 

80 

5 

4656.18 

60 

I  3522.03 

50 

4166.04 

150 

10 

4728.86 

150 

3 

1 3558.99 

50 

50 

14172.56 

150 

12 

4778.16 

50 

3 

13573.72 

8 

100 

4182.47 

50 

6 

15449.50 

35 

2 

13617.21 

50 

15 

4183.21 

40 

4 

6110.67 

35 

13628.67 

100 

30 

4197.54 

40 

2 

I  6830.01 

50 

1 3635.49 

35 

4n 

4217.76 

40 

3 

I  6929.88 

50 

13636.20 

50 

25 

4259.11 

200 

10 

17183.71 

40 

3653.19 

15 

50 

1 4265.30 

60 

2 

2017.07 

2 

10 

2156.47 

20 

12186.89 

6 

12 

2020.52 

2 

100 

12157.79 

10 

4 

12187.19 

50  r 

10 

12100.79 

15 

2 

12158.48 

12 

8 

112187.69 

12 

I  2102.35 

15 

3 

I  2159  89 

12 

2 

112189.03 

1 

20 

I  2108.95 

10 

2 

112161.16 

12 

2190.77 

20 

2 

12109.11 

10 

1,112162.02 

5 

25 

12191.20 

10 

2 

2125.01 

30 

2162.24 

10  n 

12191.84 

100  r 

12 

2130.96 

20 

2163.37 

12 

12196.04 

80  r 

30 

2132.01 

12 

3 

II  2164.32 

2 

12 

2199.57 

10 

2135.96 

10 

5 

2165.86 

20  n 

In 

12200.72 

35 

8 

2141.47 

10 

12166.77 

100  r 

35 

12201.12 

10 

2144.45 

25 

112167.88 

10 

112211.10 

12 

12145.19 

12 

2 

2170.54 

10 

12213.65 

2 

35 

2146.04 

1 

10 

12171.29 

10 

3 

112217.06 

10 

2149.17 

10 

112172.97 

3 

10 

112219.89 

2 

20 

112150.62 

15 

12175.45 

8 

25 

II  2220.37 

2 

35 

12151.10 

8 

10 

12178.09 

100  r 

20 

112221.16 

25 

2151.70 

20 

2183.83 

12 

2221.83 

12 

12153.00 

10 

1 

2183.98 

20 

II  2222.45 

10 

2154.46 

15 

2186.48 

50  r 

80 

112223.49 

25 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


W?ve 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  2224.46 

1 

12 

1 2292.52 

15 

2 

112385.01 

8 

15 

I  2228.17 

10 

6 

112293.76 

10 

112388.63 

25 

30 

II  2232.08 

2 

12 

2293.85 

10 

6 

12389.97 

15 

II  2233.91 

35 

12294.41 

15 

2 

112391.47 

8 

20 

2236.31 

10 

II  2294.61 

15 

5 

112395.62 

50 

100  Wn 

2237.90 

12 

I  2296.92 

15 

2 

II  2399.24 

20 

30 

2238.63 

10 

12297.79 

35  r 

6 

II  2400.34 

4 

25 

2240.63 

20 

3n 

II  2298.23 

5 

25 

II  2402.60 

10 

20 

2243.15 

10  n 

I  2299.22 

15 

4 

112404.43 

25 

40 

II  2244.39 

10 

12300.14 

15 

3 

II  2404.88 

50 

100  wn 

II  2245.50 

50 

2301.17 

10 

II  2406.66 

50 

1  wn 

I  2245.65 

12 

12301.68 

15 

2407.23 

20 

2 

112246.91 

20 

II  2303.35 

15 

II  2407.95 

20 

II  2247.69 

50 

2303.42 

10 

I  2408.04 

10 

I  2248.86 

35 

12303.58 

10 

3 

II  2410.52 

50 

70  n 

II  2249.17 

10 

50 

I  2304.73 

10 

20 

112411.07 

35 

70  n 

112250.17 

5 

15 

1  2306.17 

10 

112413.31 

60 

100  n 

1 2250.78 

10 

2306.38 

10 

3 

112415.06 

1 

50 

II  2250.93 

5 

20 

2307.31 

25 

112416.46 

1 

40  n 

12251.87 

12 

70 

2308.76 

15 

112417.87 

10 

100 

112253.12 

12 

30 

1  2308.99 

20 

5 

112418.44 

1 

10  n 

II  2254.08 

10  n 

112311.22 

20 

II  2422.68 

3 

70 

112255.15 

12 

2311.29 

35 

112423.21 

2 

40 

II  2255.76 

20 

112312.03 

15 

112424.14 

25 

70 

1 2255.86 

20 

12313.10 

25 

3 

II  2424.58 

1 

20 

II  2256.43 

10 

112317.37 

10  n 

112425.36 

20 

II  2256.90 

15  n 

2318.17 

10  w 

II  2425.68 

i 

40 

2259.51 

25 

I  2320.36 

25 

5 

II  2425.93 

10 

II  2259.59 

20 

2322.95 

10  wn 

II  2428.29 

i 

10 

II  2260.08 

9 

15 

II  2327.39 

10 

25 

II  2428.36 

3 

15 

2260.60 

10 

112331.31 

10 

6 

II  2428.79 

l 

15 

II  2260.85 

12 

12 

112332.80 

15 

40 

II  2429.38 

15 

11 2262.68 

6 

12 

II  2336.86 

20  n 

II  2430.07 

is 

70 

112263.23 

30 

II  2338.00 

15 

35 

2431.02 

20 

3n 

I  2264.39 

35 

5 

2339.58 

10  wn 

II  2432.27 

25 

70 

112264.59 

20 

II  2343.49 

10 

50 

2432.87 

5 

40 

1  2265.05 

10 

II  2343.96 

5 

10 

II  2433.50 

2 

15 

11  2265.99 

4 

10 

112344.28 

6 

20 

II  2434.24 

3 

10  n 

I  2266.90 

15 

2345.07 

20  n 

2434.73 

6 

30 

I  2267.47 

15 

II  2345.34 

20 

II  2434.94 

6 

20 

II  2267.59 

2 

35 

112348.10 

5 

20 

II  2436.22 

10 

II  2268.14 

12 

II  2348.30 

5 

20 

2436.34 

25 

II  2268.85 

10 

112354.47 

5 

15 

II  2436.63 

4 

25  n 

12269.10 

12 

II  2354.89 

10 

10 

12438.18 

30 

4 

I  2270.86 

10 

112357.01 

10 

112439.30 

15 

100 

12271.78 

35 

112359.10 

15 

20 

2439.74 

20 

12 

I  2272.07 

15 

3 

II  2360.00 

10 

8 

2440.11 

25 

8 

I  2272.82 

20 

112360.29 

10 

8 

II  2440.42 

1 

40 

1 2274.09 

15 

15 

II  2362.02 

8 

15 

2442.57 

70 

10 

2275.19 

10 

2363.94 

10  w 

12443.87 

40 

4 

1 2276.02 

20 

10 

II  2364.83 

15 

30 

II  2444.51 

25 

60 

12277.10 

15 

II  2366.59 

10 

20 

II  2445.56 

15 

40 

1 2277.67 

25 

112368.59 

15 

25 

II  2445.78 

2 

15 

I  2279.92 

15 

40 

II  2369.96 

3 

15  n 

112446.10 

3 

35 

-  12280.22 

15 

II  2372.63 

10 

112446.46 

3 

40 

12283.65 

10 

112373.73 

6 

15 

II  2447.20 

1 

30 

1 2284.08 

25 

20 

112375.19 

15 

II  2447.32 

1 

15 

1 2287.25 

20 

6 

II  2376.45 

3 

50  n 

12447.71 

70 

100 

1 2289.03 

25 

112379.27 

12 

15 

II  2447.75 

80 

I  2290.06 

10 

112380.76 

12 

15 

II  2449.96 

i 

30 

I  2290.54 

15 

112382.04 

40  r 

100  r 

II  2450.20 

1 

15 

12291.12 

15 

II  2383.24 

8 

12 

2450.44 

15 

12291.62 

10 

2 

2384.39 

20 

5 

II  2451.21 

is 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2453.47 

20 

3 

I  2487.06 

25 

10 

11  2525.39 

20 

60 

112453.80 

1 

10 

12488.15 

600  r 

100  r 

II  2526.07 

3 

20 

112454.58 

80 

2488.95 

10 

1 

II  2526.29 

10 

60 

2455.56 

15  n 

11  2489.49 

1 

40 

112527.10 

1 

60 

II  2455.90 

25  n 

I  2489.75 

200  r 

2 

I  2526.43 

200  r 

50 

11  2456.64 

15 

II  2489.82 

1 

50 

II  2527.69 

1 

30 

II  2456.82 

20 

I  2490.64 

200  r 

10 

2529.08 

70 

2457.59 

70 

30 

II  2490.73 

1 

10 

12529.13 

80  r 

5 

II  2458.78 

7 

60 

II  2490.86 

15 

2529.31 

10 

2458.96 

10 

12491.15 

150  r 

10 

II  2529.55 

15 

100 

II  2460.45 

1 

15  n 

112491.39 

30 

I  2529.83 

50  r 

2 

2460.60 

15 

2491.98 

10 

112530.11 

2 

30 

2461.06 

20 

II  2492.34 

30 

2530.69 

25 

70 

112461.28 

5 

50 

112493.18 

10 

100 

2532.53 

10 

112461.86 

15 

70 

II  2493.26 

10 

100 

112533.63 

8 

50 

12462.18 

50  r 

3 

12493.99 

20 

1 

2533.80 

12 

12462.64 

200  r 

50 

I  2494.25 

10 

II  2534.42 

7 

50 

II  2463.28 

6 

60 

I  2495.86 

25 

35 

II  2535.48 

20 

12463.73 

15 

7 

2496.53 

40 

15 

I  2535.60 

1000 

112464.01 

5 

80 

2496.99 

20 

1 

II  2536.82 

10 

4 

II  2464.90 

4 

50 

2497.30 

15 

II  2538.20 

2 

35 

I  2465.15 

70 

II  2497.82 

15 

50 

II  2538.50 

2 

10 

II  2465.20 

50 

1  2498.89 

20 

70 

112538.81 

15 

30 

2465.45 

15 

2500.93 

12 

40 

2538.99 

10 

20 

II  2465.91 

7 

100 

12501.13 

100  r 

25 

12539.36 

15 

II  2466.68 

1 

10 

12501.69 

20 

4 

2539.98 

3 

20  n 

II  2466.82 

1 

30 

11  2502.39 

3 

60 

II  2540.66 

6 

30 

I  2467.73 

10 

2 

II  2503.32 

5 

50 

I  2540.97 

100  r 

10 

II  2468.29 

1 

30 

II  2503.56 

2 

20 

112541.10 

1 

15 

2468.88 

40 

15 

2503.65 

80 

2542.10 

40 

8 

2469.51 

2 

40 

II  2503.87 

8 

70 

112542.73 

1 

40 

II247C.41 

1 

40 

2505.01 

10 

1 

11  2543.38 

5 

50 

II  2470.66 

8 

50 

II  2505.22 

2 

25 

2543.65 

700 

I  2470.97 

25 

1 

2505.49 

10 

1 

2543.92 

40 

20 

II  2472.07 

25 

2505.63 

12 

2544.71 

100 

5 

1 2472.34 

30 

5 

II  2506.09 

2 

70 

II  2544.97 

2 

10 

II  2472.43 

15 

2506.57 

10 

II  2545.22 

4 

25 

I  2472.88 

300  r 

25 

11  2507.01 

1 

10 

1  2545.98 

100  r 

30 

12472.91 

1000 

2507.90 

40 

6 

II  2546.66 

1 

30 

II  2474.76 

60 

2508.33 

20  n 

2546.87 

40 

1 

2474.81 

40 

50 

2508.75 

20 

1 

11  2547.33 

1 

35 

II  2475.55 

10  n 

112509.12 

1 

50 

2548.08 

50 

■  2476.03 

20  n 

12510.83 

300  r 

50 

11  2548.33 

10 

II  2476.27 

35 

112511.76 

25 

100 

2548.74 

12 

1 2476.65 

15 

25 

2512.10 

30 

II  2549.08 

3 

30 

II  2477.34 

1 

40 

2512.36 

12 

1 

II  2549.39 

1 

10 

112478.12 

20 

112512.52 

40 

112549.46 

1 

15 

II  2478.57 

A 

40 

112514.91 

1 

25 

12549.61 

70  r 

2 

112479.78 

200  r 

30 

2515.10 

30 

II  2550.02 

15 

40 

112480.16 

10 

80 

I  2516.57 

10 

1 

2550.51 

25 

112481.05 

40 

112517.12 

10 

60 

II  2550.68 

3 

30 

112481.57 

15 

12517.66 

20 

12 

2551.09 

25 

1 

112482.11 

3 

50 

12518.10 

200  r 

50 

2552.61 

15 

2 

II  2482.65 

1 

50 

112519.05 

70 

2552.77 

20 

12483.27 

500  m 

50 

2519.63 

30 

20 

2553.18 

10 

20 

112483.72 

25 

2520.88 

80 

II  2553.73 

15 

12484.19 

100  r 

5 

112521.09 

2 

20 

11  2555.07 

20 

20 

II  2484.24 

20 

2521.81 

1 

60 

2555.22 

10 

II  2484.56 

10  n 

11  2522.20 

1 

10 

II  2555.44 

2 

35 

2485.98 

10 

1 

12522.85 

300  r 

50 

2556.30 

15 

1 

112486.34 

80 

2523.66 

15 

10 

2556.86 

20 

1 

2486.37 

40 

I  2524.29 

100  r 

50 

11  2557.08 

10 

2486.69 

30 

3 

2525.02 

20 

1 

II  2557.50 

1 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2558.48 

10 

20 

I  2599.57 

1000 

12641.65 

100 

60 

II  2559.24 

20 

2600.10 

10 

112642.01 

20 

II  2559.77 

3 

30 

2600.20 

10 

1 2644.00 

150 

150 

112559.93 

2 

15 

2603.56 

20 

3 

II  2645.08 

20 

II  2560.27 

10 

80 

2604.76 

20 

1 

I  2645.43 

50 

10 

I  2560.56 

15 

2604.87 

18 

11  2646.22 

10 

I  2561.85 

15 

2605.04 

80 

I  2647.56 

100 

70 

11  2562.10 

2 

25 

II  2605.30 

50 

II  2649.46 

70 

I  2562.23 

15 

II  2605.41 

40 

II  2650.49 

150  n 

II  2562.53 

50 

150 

I  2605.65 

80 

10 

12651.71 

60 

60 

2563.40 

5 

25  n 

2605.90 

20 

II  2652.57 

1 

40 

II  2563.47 

70 

125 

2606.31 

10 

2656.15 

70 

40 

1, 11  2563.83 

2 

10 

II  2606.50 

80 

I  2656.80 

50 

25 

I  2564.55 

15 

I  2606.82 

200 

30 

II  2657.92 

20 

2566.21 

2 

40 

II  2607.09 

300 

400 

II  2658.25 

80 

2566.29 

3 

10 

2608.58 

100 

10 

2658.47 

20 

2 

2566.41 

1 

15 

II  2608.85 

20 

2658.93 

10 

2 

II  2566.62 

3 

15 

II  2609.13 

20 

1 2660.40 

40 

15 

112566.91 

60 

150 

2609.22 

10 

1 

12661.20 

10 

7 

2567.87 

12 

II  2609.44 

10 

2661.31 

12 

10 

II  2568.40 

80 

II  2609.87 

40 

I  2662.06 

70 

40 

1  2568.86 

20 

10 

I  2610.75 

40 

4 

2662.31 

25 

10 

11  2568.88 

25 

112611.07 

20 

80 

II  2662.56 

2n 

15  n 

1  2569.60 

20 

1 

112611.87 

500 

500 

2663.78 

10  n 

3n 

I  2569.74 

10 

12 

12612.77 

50 

10 

2664.04 

15 

5 

11  2569.76 

60 

2613.19 

15 

2664.26 

10 

2570.52 

10 

5 

2613.24 

10 

2 

112664.66 

20 

300 

II  2570.84 

70 

100 

112613.82 

400 

400 

I  2666.40 

70 

10 

11  2571.55 

15 

12614.49 

40 

5 

II  2666.63 

5 

80 

2572.97 

1 

15 

112614.87 

10 

1  2666.82 

80 

15 

II  2573.21 

40 

2615.42 

25 

10 

I  2666.97 

30 

10 

II  2574.37 

50 

150 

112617.62 

300 

400 

I  2667.92 

50 

20 

2575.74 

80 

10 

12618.02 

150 

60 

2669.50 

50 

25 

I  2576.69 

40 

5 

12618.71 

70 

25 

2669.93 

25 

11  2576.86 

2 

70 

II  2619.08 

5 

150 

II  2670.38 

10 

11  2577.92 

30 

100 

112620.17 

40 

2670.80 

10 

4 

12579.27 

12 

6n 

112620.41 

70 

40 

112671.40 

25  wn 

11  2579.41 

1 

10 

II  2620.69 

3 

80 

II  2672.15 

lWn 

25  wn 

2579.84 

10 

1 

112621.67 

200 

400 

II  2672.51 

15  wn 

1  2580.06 

10 

2623.12 

30 

12673.21 

30 

15 

11  2580.71 

10 

I  2623.37 

25 

10 

2675.28 

30 

15 

2581.11 

1 

25 

I  2623.53 

100 

80 

2676.11 

15  w 

7w 

2581.46 

12 

II  2623.73 

20 

2676.88 

2 

25 

2582.30 

50 

2625.49 

1 

60 

2678.05 

20 

10 

11  2582.58 

25 

80 

II  2625.67 

300 

60 

1  2679.06 

200 

200 

2583.75 

250 

II  2626.50 

3 

80 

2680.16 

20 

8 

I  2584.54 

100 

30 

2627.14 

1 

10 

I  2680.45 

70 

35 

II  2585.88 

70 

100 

II  2628.29 

400 

400 

II  2680.79 

12 

II  2587.95 

50 

I,  II  2629.59 

60 

150 

112681.03 

20 

2587.99 

40 

. 

II  2630.07 

10 

100 

2681.59 

50 

25 

II  2588.79 

1 

20 

112631.05 

200 

125 

2682.21 

30 

15 

II  2590.54 

2 

35 

112631.32 

150 

60 

2682.52 

40 

2591.26 

20 

112631.61 

10 

50 

2682.99 

40 

112591.54 

50 

100 

I  2632.24 

100 

60 

2683.95 

15 

8 

2592.29 

12 

1 2632.60 

80 

40 

2684.07 

30 

15 

2592.78 

20 

100 

2632.99 

10 

II  2684.75 

3 

400 

2593.52 

25 

2633.19 

80 

II  2686.39 

10 

II  2593.73 

15 

70 

2635.39 

20 

2686.75 

50 

6 

2594.04 

20 

2 

12635.81 

300 

200 

2687.80 

20 

10 

12594.15 

20 

2 

12636.48 

50 

20 

12689.21 

150 

150 

II  2598.37 

700 

1000  n 

112637.64 

2 

200 

12689.83 

40 

40 

2598.85 

20 

II  2639.55 

1 

100 

2689.88 

10 

II  2599.40 

1000 

1000  n 

112641.13 

20 

1 2690.07 

30 

30 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

112691.73 

35 

II  2732.00 

40 

II  2762.44 

10 

I  2692.25 

20 

4 

II  2732.45 

*8 

20 

2762.68 

50 

1 

II  2692.60 

300 

2732.94 

40 

I  2762.78 

25 

10 

I  2692.65 

20 

12733.58 

300 

200 

12763.11 

100 

70 

II  2692.84 

15 

20 

1 2734.00 

40 

25 

112763.91 

1 

25 

II  2693.86 

30 

12734.27 

50 

25 

2764.33 

70 

40 

2694.54 

100 

35 

I  2734.62 

20 

8 

II  2764.78 

20 

2695.04 

30 

20 

12735.47 

125 

100 

2766.66 

15 

6 

2695.53 

40 

30 

12735.61 

20 

10 

12766.91 

90 

40 

2695.66 

20 

12 

2736.78 

10  n 

2n 

II  2767.50 

10 

400  wn 

2695.99 

80 

50 

12737.31 

300  r 

150 

I  2767.52 

300 

2696.28 

90 

50 

112737.63 

10 

2768.11 

35 

8 

I  2697.02 

50 

25 

2737.64 

10 

2768.44 

25 

5 

112697.31 

2 

15 

2737.83 

25 

10 

II  2768.93 

40 

100 

II  2697.46 

3 

50 

I  2738.21 

10 

2 

112769.14 

1 

15 

2698.16 

35 

6 

II  2739.55 

200 

300  n 

2769.30 

90 

10 

12699.11 

100 

60 

2741.11 

10 

3 

II  2769.35 

1 

20 

2701.91 

20 

5 

112741.40 

70 

12769.67 

60 

20 

2702.45 

15 

10 

I  2742.02 

35 

15 

II  2770.51 

50 

II  2703.99 

30 

400 

I  2742.26 

25 

25 

2770.70 

20 

7 

II  2704.58 

5 

10 

12742.41 

50 

50 

112771.18 

5a 

2706.01 

60 

40 

II  2743.20 

80 

150 

2771.89 

12 

6 

1 2706.58 

150 

150 

2743.56 

50 

15 

12772.11 

300 

300 

112707.13 

70 

I  2744.07 

150 

8 

2772.33 

50 

10 

2707.45 

20 

6 

I  2744.53 

70 

50 

2772.51 

30 

20 

2708.57 

80 

50 

2745.08 

10 

1 

2772.83 

15 

4 

II  2709.06 

3 

100 

112746.16 

10 

2773.24 

90 

40 

2709.99 

40 

10 

112746.48 

150 

300  wn 

2773.90 

10 

5 

12710.55 

80 

35 

112746.98 

200 

300  wn 

112774.69 

50 

2711.46 

12 

3 

12747.56 

30 

5 

12774.73 

80 

10 

12711.65 

100 

50 

112749.18 

40 

40 

112776.17 

40 

112711.84 

4 

100 

II  2749.32 

30 

30 

2776.40 

100 

30 

II  2712.39 

2 

100 

112749.48 

15 

20 

II  2776.92 

25  n 

2714.06 

20 

3 

12750.14 

300  n 

100 

2778.07 

30 

10 

112714.41 

200 

400 

I  2750.72 

15 

12778.22 

100 

80 

12714.87 

40 

15 

2750.88 

60 

20 

2778.84 

70 

40 

12715.32 

12 

5 

112751.12 

70 

112779.30 

25 

300 

112716.22 

20 

150 

2751.37 

15 

112779.91 

40 

2717.37 

15 

5 

2751.81 

15 

5 

11  2780.04 

20 

2717.79 

50 

25 

2752.09 

1 

20 

2780.54 

10 

2 

12718.43 

80 

60 

112752.16 

10 

2780.70 

30 

15 

12719.02 

500  r 

300  r 

2753.10 

25 

2780.89 

10 

3 

2719.42 

20 

12 

II  2753.29 

25 

150  n 

12781.83 

90 

60 

2720.20 

35 

25 

I  2753.69 

70 

25 

2782.05 

12 

6 

I  2720.90 

700  r 

I  2754.04 

90 

35 

112783.70 

20 

400 

112721.82 

30 

2754.43 

70 

20 

2784.01 

12 

3 

II  2722.04 

20 

70 

112754.91 

18 

2784.35 

15 

6 

2722.74 

80 

2754.95 

25 

II  2785.21 

40  n 

12723.58 

300 

200 

2755.18 

15 

2786.78 

15 

7 

2724.68 

10 

2 

II  2755.74 

300 

100 

II  2787.26 

10  n 

II  2724.88 

15 

25 

I  2756.26 

300 

100 

I  2787.93 

25 

15 

I  2724.96 

25 

15 

I  2756.33 

300 

100 

12788.10 

150 

150 

12725.61 

15 

5 

112756.51 

10 

7 

12789.48 

60 

30 

2726.05 

100 

80 

II  2757.02 

10 

30 

2789.80 

50 

25 

2726.24 

25 

12 

I  2757.32 

100 

60 

II  2790.56 

35 

112726.51 

15 

2757.86 

25 

10 

2791.01 

10 

II  2727.38 

In 

40 

2758.51 

2 

25  n 

2791.46 

40 

20 

II  2727.54 

150 

150 

II  2759.33 

2 

12 

2791.79 

60 

40 

2728.02 

100 

40 

I  2759.82 

100 

60 

2792.40 

50 

25 

2728.82 

50 

15 

2760.90 

15 

8 

112793.89 

8 

150 

1  2728.97 

15 

5 

12761.78 

200 

2794.16 

10 

11  2730.74 

80 

150 

112761.81 

50 

200 

1  2794.70 

50 

30 

I  2730.98 

70 

15 

I  2762.03 

100 

60 

2159 


II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

1 2795.01 

50 

35 

1 2843.63 

125 

100 

2889.88 

20 

15 

12795.54 

90 

60 

12843.98 

300 

300 

2889.99 

15 

8 

2795.85 

15  W 

10 

2845.54 

125 

7 

2891.71 

15 

10 

112796.65 

20 

12845.59 

125 

7 

2891.91 

25 

10 

1  2796.87 

15 

3 

12846.82 

20 

12 

2892.48 

100 

40 

12797.77 

150 

80 

II  2848.05 

70 

II  2892.83 

2 

20 

112797.91 

20 

112848.12 

10 

12893.76 

15 

8 

2799.15 

50 

10 

1  2848.72 

60 

30 

1 2893.88 

25 

20 

II  2799.29 

1 

100 

112849.61 

50 

2894.50 

150 

150 

112799.72 

10 

12851.80 

200 

150 

II  2894.78 

80 

2800.46 

50 

10 

2852.13 

150 

80 

I  2895.03 

125 

70 

2803.12 

35 

15 

II  2853.20 

10 

112895.21 

80 

12803.17 

15 

12853.69 

15 

7 

II  2897.26 

200 

2803.62 

50 

20 

2853.77 

15 

7 

2898.35 

100 

30 

II  2804.02 

15 

II  2855.67 

2 

200 

2899.41 

125 

100 

1  2804.52 

300 

200 

112856.14 

1 

40 

12901.38 

100 

80 

2804.86 

20 

15 

II  2856.93 

15  n 

2901.91 

125 

40 

112805.31 

15 

112857.17 

30 

II  2902.47 

1 

35 

II  2805.79 

50 

112857.41 

10 

2904.16 

15 

8 

2806.07 

15 

5 

2857.81 

12 

2 

112906.12 

40 

I  2806.98 

200 

200 

,2857.99 

12 

2 

2906.42 

60 

25 

I  2807.24 

15 

8 

II  2858.34 

3 

200 

I  2907.52 

100 

80 

2808.32 

100 

40 

I  2858.90 

100 

30 

II  2907.86 

2 

20 

112809.81 

1 

100  n 

112861.19 

1 

30 

2908.86 

80 

40 

2810.26 

40 

15 

I  2862.50 

100 

50 

2909.50 

70 

35 

112811.27 

40 

1 2863.43 

100 

80 

2910.92 

10 

4 

2812.05 

15 

10 

I  2863.86 

125 

100 

12912.16 

150 

150 

II  2812.49 

2 

25 

11 2864.37 

10 

2914.20 

10 

5 

12813.29 

400 

400 

112864.97 

50 

12914.31 

50 

25 

112813.61 

5 

60 

1 2866.63 

125 

80 

112917.09 

20 

2815.02 

15 

8 

2867.31 

60 

30 

112917.47 

2 

25 

12815.51 

40 

25 

2867.56 

60 

30 

2918.03 

125 

100 

112817.11 

20  n 

2868.21 

15 

8 

2918.36 

40 

25 

12817.51 

100 

60 

II  2868.45 

80 

40 

2918.82 

15 

8 

2819.29 

10 

II  2868.87 

5 

60 

2919.21 

15 

10 

2820.81 

20 

15 

12869.31 

300 

70 

2919.85 

80 

35 

1  2823.28 

200 

300 

2869.83 

10 

5 

1 2920.69 

150 

80 

2825.56 

150 

150 

11  2870.60 

15 

2920.99 

12 

7 

I  2825.69 

70 

60 

112871.06 

40 

II  2922.02 

50 

II  2826.03 

25 

112871.13 

20 

I  2922.38 

io 

4 

2826.50 

io 

8 

I  2872.34 

150 

50 

2922.62 

50 

25 

11  2827.43 

25 

II  2872.38 

2 

20 

2923.29 

50 

35 

2827.60 

ib 

12 

II  2873.40 

300 

2923.44 

30 

12 

I  2827.89 

70 

50 

2873.53 

15 

1 

2923.85 

100 

70 

II  2828.63 

80 

12874.17 

300 

200 

2925.36 

70 

50 

2828.81 

100 

60 

2874.88 

60 

20 

2925.79 

15 

6 

2830.96 

10 

I  2875.30 

125 

50 

1 2925.90 

15 

10 

112831.56 

1 

500 

11  2875.35 

70 

II  2926.59 

150 

400 

I  2832.44 

300 

200 

2876.01 

15 

2927.55 

20 

12 

2833.40 

10 

8 

2876.80 

100 

I  2928.10 

10 

4 

2834.75 

15 

10 

1  2877.30 

200 

125 

1 2929.01 

150 

100 

I  2835.46 

100 

100 

II  2879.24 

25 

2929.12 

10 

10 

I  2835.95 

15 

10 

1 2880.58 

15 

5 

1 2929.62 

50 

10 

112836.19 

3 

10 

11  2880.76 

15 

50 

2931.43 

10 

3 

11  2836.51 

3 

12 

11  2880.83 

1 

25 

2931.60 

15 

11  2836.72 

20 

II  2883.70 

300 

2931.81 

io 

6 

11  2837.30 

25 

2883.73 

30 

II  2936.02 

5 

10 

12838.12 

150 

150 

11  2884.78 

25  n 

I  2936.90 

700  r 

500  r 

11  2839.53 

4 

25 

11 2885.93 

70 

2937.81 

300 

150 

11  2839.82 

10  n 

1 2886.32 

50 

15 

1 2939.08 

80 

20 

2840.42 

125 

20 

112887.31 

3 

20 

112939.51 

3 

30 

11  2840.65 

70 

2887.81 

80 

60 

2940.59 

203 

80 

11  2840.76 

35 

II  2888.09 

80 

12941.34 

600 

300 

2160 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2942.63 

10 

5 

2991.64 

100 

80 

3066.48 

60 

40 

2943.57 

12 

6 

12994.43 

1000  r 

600  r 

13067.24 

300 

300 

II  2944.40 

70 

600 

2996.39 

90 

50 

3067.94 

15 

10 

2945.05 

100 

30 

112997.30 

60 

13068.17 

150 

150 

2945.70 

10 

5 

12999.51 

500 

300 

3073.98 

40 

25 

2947.36 

30 

20 

II  3000.06 

10 

3074.15 

40 

25 

112947.66 

10 

100 

I  3000.45 

100 

80 

3074.44 

40 

25 

1 2947.88 

600  r 

200 

I  3000.95 

800  r 

300  r 

13075.72 

400 

400 

2948.43 

80 

70 

II  3002.65 

20 

150 

113077.17 

1 

300 

12948.73 

10 

7 

I  3003.03 

200 

100 

3077.64 

60 

25 

1 2948.95 

10 

4 

3004.12 

18 

10 

3078.02 

100 

80 

2949.70 

10 

5 

3005.31 

70 

40 

13078.43 

80 

50 

2950.24 

700 

300 

13007.14 

100 

80 

II  3078.70 

4 

15  n 

2951.56 

10 

4 

I  3007.28 

80 

60 

3079.98 

30 

20 

2953.49 

100 

50 

13008.14 

600  r 

400  r 

3080.11 

30 

15 

112953.78 

5 

80 

3009.09 

80 

60 

I  3083.74 

500 

500 

12953.94 

400  r 

150 

I  3009.57 

500 

400 

113089.39 

10 

2954.65 

100 

70 

3011.48 

125 

125 

3090.21 

30 

15 

1 2956.70 

25  n 

8n 

3012.45 

50 

30 

13091.58 

300 

200 

1 2957.36 

300 

300 

13014.17 

70 

35 

3092.78 

50 

30 

2959.34 

60 

25 

3015.91 

70 

50 

3093.36 

70 

40 

112959.60 

60 

13016.18 

200 

150 

13093.81 

50 

40 

2959.68 

150 

10 

13017.63 

150 

150 

3093.88 

40 

30 

2959.99 

150 

80 

13018.98 

150 

150 

13094.90 

30 

15 

2960.30 

60 

30 

I  3020.49 

300  r 

300  r 

3095.27 

10 

6 

2960.55 

10 

5 

1 3020.64 

1000  r 

600  r 

II  3096.30 

2 

30 

112961.28 

3 

40 

13021.07 

700  r 

300  r 

3096.84 

30 

20 

112964.63 

8 

150 

I  3024.03 

300 

200 

3097.81 

20  n 

10  n 

112965.04 

4 

50 

3025.28 

50 

30 

13098.19 

70 

60 

12965.25 

400 

150 

3025.64 

100 

100 

I  3099.90 

60 

60 

2965.81 

25 

15 

I  3025.84 

400  r 

300  r 

1 3099.97 

40 

40 

1 2966.90 

1000  r 

600  r 

I  3026.46 

200 

200 

13100.30 

100 

100 

2968.48 

30 

20 

1 3029.23 

80 

60 

13100.67 

100 

100 

12969.36 

80 

80 

3030.15 

300 

300 

31C2.87 

30 

20 

12969.48 

60 

60 

3031.21 

150 

150 

113105.17 

60 

112969.93 

15 

13031.64 

200 

200 

113105.55 

1 

30 

12970.10 

400 

200 

3033.10 

40 

20 

113106.56 

1 

30 

II  2970.51 

30 

100 

1 3034.54 

70 

40 

3107.98 

20 

10 

II  2970.68 

10 

3035.74 

100 

60 

3110.28 

40 

30 

12972.28 

100 

40 

1 3037.39 

700  r 

400  r 

3110.84 

20 

10 

12973.13 

500  r 

400  r 

3039.32 

20 

15 

3111.82 

10 

6 

1 2973.24 

500  r 

400  r 

1 3040.43 

400 

400 

3112.08 

30 

20 

2974.78 

10 

6 

13041.64 

80 

80 

3113.59 

25 

10 

II  2975.94 

3 

40 

13041.74 

100 

80 

113114.29 

80 

2976.13 

100 

60 

I  3042.02 

125 

100 

113114.68 

10 

1  2976.55 

15 

10 

1 3042.66 

300 

200 

113116.59 

150 

II  2979.09 

30 

113044.84 

12 

13116.63 

150 

II  2979.35 

20 

100 

3045.08 

150 

100 

3117.64 

20 

10 

2980.54 

100 

70 

3045.59 

10 

7 

3119.49 

100 

80 

II  2980.96 

10 

13047.60 

800  r 

500  r 

3120.43 

100 

80 

12981.45 

300 

200 

3048.45 

100 

8 

3120.87 

80 

50 

12981.85 

100 

50 

3049.36 

25 

8 

3122.30 

70 

20 

II  2982.06 

90 

3053.07 

100 

80 

3123.35 

10 

4 

II  2982.23 

5 

10 

1 3053.44 

80 

50 

3124.89 

15 

7 

I  2983.57 

1000  r 

400  r 

1 3055.26 

200 

150 

13125.65 

400 

300 

1,112984.83 

200  r 

400 

3055.71 

10 

6 

3126.17 

150 

70 

11  2985.55 

80 

300 

II  3056.80 

4 

25 

3128.90 

10 

5 

I  2986.46 

100 

60 

I  3057.45 

400 

400 

3129.10 

15 

8 

II  2986.61 

30 

I  3059.09 

600  r 

400 

13129.33 

100 

60 

2986.65 

15 

I  3060.99 

50 

35 

113131.72 

35 

I  2987.29 

300 

200 

II  3062.23 

2 

400 

3132.51 

70 

40 

1 2988.47 

60 

30 

3063.93 

40 

30 

113133.05 

35 

2990.39 

150 

100 

113065.31 

60 

13134.11 

200 

125 

2161 


n.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

113135.36 

1 

100 

113180.16 

10 

15 

3228.90 

80 

40 

3135.45 

10 

3 

13180.23 

300 

300 

13229.12 

80 

50 

3136.50 

60 

40 

13180.75 

100 

100 

3229.59 

10 

5 

3138.52 

10 

5 

3181.52 

80 

70 

3229.87 

10 

10 

13139.66 

15 

8 

3181.85 

15 

15 

3229.99 

20 

20 

3139.91 

70 

40 

3181.91 

15 

15 

I  3230.21 

100 

80 

3140.39 

100 

80 

3182.06 

80 

80 

I  3230.97 

300 

200 

13142.45 

125 

100 

3182.97 

125 

70 

113231.71 

30 

3142.88 

80 

70 

113183.11 

7 

50 

II  3232.79 

50 

3143.24 

60 

30 

13184.62 

60 

40 

3233.05 

100 

60 

!  3143.99 

200 

150 

13184.90 

200 

150 

13233.97 

300 

150 

13144.49 

150 

100 

113185.32 

25 

13234.61 

200 

125 

113144.76 

50 

113186.74 

20 

300 

1 3236.22 

300 

200 

3145.06 

40 

25 

113187.29 

60 

113237.40 

10 

3147.29 

20 

10 

3188.03 

"a 

10 

113237.82 

1 

100 

3147.60 

10 

5 

13188.57 

150 

100 

13239.44 

400 

300 

3147.79 

40 

15 

13188.82 

150 

100 

3243.11 

50 

20 

3148.41 

100 

40 

3190.02 

30 

10 

3243.40 

70 

20 

3150.30 

60 

30 

13190.65 

50 

25 

II  3243.72 

60 

3151.35 

300 

150 

3190.82 

40 

20 

13244.19 

300 

200 

13151.87 

40 

15 

3191.11 

20 

8 

1 3245.98 

200 

150 

13153.21 

100 

80 

13191.66 

200 

150 

3246.48 

40 

25 

3153.37 

15 

15 

113192.06 

10 

1 3246.96 

100 

70 

3153.75 

40 

15 

[3192.41 

12 

6 

113247.17 

10 

113154.21 

400 

13192.80 

150 

8 

3247.21 

10 

10 

3154.50 

20 

5 

13193.23 

100 

70 

13247.28 

20 

10 

3155.30 

50 

35 

13193.30 

20 

15 

13248.21 

200 

150 

3156.27 

125 

100 

1,113193.80 

10 

50 

3249.19 

70 

35 

1.3157.04 

150 

100 

13194.43 

100 

70 

II  3249.66 

10 

3157.45 

10 

5 

3194.60 

60 

20 

3250.39 

20 

6 

13157.89 

100 

100 

113196.08 

10 

150 

1 3250.63 

60  ! 

40 

13157.98 

10 

6 

3196.13 

100 

13251.23 

300 

150 

3160.20 

70 

50 

13196.93 

500 

300 

3252.44 

90 

40 

3160.34 

40 

20 

13196.99 

150 

3252.93 

80 

50 

13160.66 

150 

125 

3197.52 

10 

*8 

3253.60 

100 

80 

13161.37 

80 

60 

13199.52 

300 

200 

3253.95 

20 

8 

13161.95 

200 

150 

1 3200.47 

150 

150 

3254.36 

200 

150 

13162.33 

70 

50 

I  3200.78 

25 

15 

3254.73 

15 

6 

113162.80 

1 

100 

3202.56 

40 

20 

II  3255.89 

20 

100 

113163.10 

1 

10 

13205.40 

300 

200 

3256.70 

20 

7 

3163.87 

40 

25 

13207.09 

80 

50 

1 3257.24 

25 

12 

13164.30 

20 

10 

3208.47 

100 

80 

1 3257.59 

100 

100 

13165.01 

100 

60 

3209.30 

200 

125 

II  3258.77 

150 

13165.86 

100 

80 

13210.24 

150 

100 

II  3259.05 

i 

200 

3166.44 

100 

80 

113210.45 

5 

50 

13259.99 

150 

100 

113167.86 

2 

100 

13210.83 

150 

100 

3260.26 

20 

15 

3167.92 

100 

30 

3211.49 

80 

40 

3261.33 

25 

7 

3168.15 

10 

3 

13211.68 

80 

50 

3262.01 

30 

15 

3168.86 

30 

15 

3211.88 

10 

10 

3262.28 

50 

25 

113170.35 

10 

50 

13211.99 

70 

50 

13263.37 

30 

15 

13171.35 

100 

80 

113213.31 

50 

300 

13264.51 

80 

60 

13171.66 

30 

10 

13214.04 

400 

200 

1 3265.05 

200 

150 

13172.07 

100 

100 

113214.40 

100 

50 

1 3265.62 

300 

300 

3173.41 

20 

10 

3215.42 

10 

4 

II  3266.94 

15 

3173.61 

20 

20 

13215.94 

300 

150 

1 3268.24 

125 

100 

3173.69 

20 

20 

13217.38 

200 

125 

3269.23 

20 

6 

13175.45 

200 

200 

13219.58 

200 

125 

13271.00 

300 

300 

3175.99 

12 

5 

13219.81 

100 

80 

3271.49 

15 

7 

13176.36 

20 

10 

13222.07 

200 

100 

13271.68 

25 

15 

113177.53 

5 

300 

13225.79 

300 

150 

3274.45 

80 

60 

13178.01 

300 

150 

13227.06 

30 

10 

13276.47 

100 

50 

'3178.55 

10 

6 

113227.75 

200 

300 

113276.61 

10 

3178.97 

30 

15 

I  3228.25 

100 

80 

11 3277.35 

40 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

1     w 

\\  ave 
length 

Arc 

Spark 

3278.73 

100 

60 

3356.69 

15 

1 

13451.62 

15 

4 

3280.26 

150 

150 

I  3359.49 

15 

3 

13451.92 

100 

60 

113281.30 

15 

100 

3359.81 

10 

2 

I  3452.28 

150 

8 

3282.89 

80 

80 

3366.79 

50 

25 

3453.02 

30 

15 

I  3284.59 

200 

125 

3366.87 

50 

15 

3458.31 

60 

25 

113285.41 

60 

40 

3367.16 

10 

3 

3459.43 

10 

3 

I  3286.02 

30 

15 

3369.55 

300 

200 

I  3459.92 

80 

50 

13286.75 

500 

400 

3370.79 

300 

200 

13462.36 

10 

3 

3288.65 

15 

6 

13372.08 

40 

7 

I  3465.86 

500 

400 

3288.97 

30 

15 

3378.68 

150 

80 

13466.50 

30 

70 

113289.35 

40 

13379.02 

80 

50 

346689 

10 

4 

3289.44 

io 

4 

3380.11 

200 

25 

113468.68 

10 

20 

3290.72 

15 

7 

13382.41 

50 

10 

I  3408.85 

30 

12 

I  3290.99 

125 

80 

13383.70 

100 

70 

3469.01 

18 

1 

3292.02 

150 

125 

13383.98 

200 

100 

13469.83 

35 

10 

I  3292.59 

300 

150 

3387.41 

35 

8 

13471.27 

40 

15 

3293.14 

10 

5 

13389.75 

15 

4 

13471.34 

40 

15 

113295.82 

4 

30 

3392.01 

20 

6 

3473.31 

10 

2 

3296.47 

12 

6 

13392.31 

125 

80 

3474.44 

10 

6 

11  3297.89 

4 

15 

13392.66 

300 

200 

1  3475.45 

400 

300 

13298.13 

200 

150 

3394.59 

150 

80 

13476.70 

300 

200 

3301.22 

15 

7 

13396.98 

125 

25 

3477.86 

20 

4 

3303.57 

70 

10 

13397.64 

10 

2 

3478.63 

20 

6 

I  3305.97 

400 

300 

13399.34 

200 

200 

13483.01 

50 

10 

13306.35 

200 

150 

13401.52 

150 

90 

I  3485.34 

100 

50 

3307.23 

80 

60 

3402.26 

150 

150 

3489.67 

20 

15 

3310.34 

100 

80 

I  3404.30 

25 

25 

13490.57 

400 

300 

3310.49 

50 

40 

13404.36 

100 

50 

113493.47 

40 

80 

3314.45 

15 

6 

3406.44 

30 

10 

I  3495.29 

100 

60 

3314.74 

200 

200 

13406.80 

100 

60 

13497.11 

200 

100 

13317.12 

100 

80 

13407.46 

400 

400 

I  3497.84 

200 

200 

3319.25 

70 

50 

3409.20 

40 

4 

3500.57 

50 

20 

I  3320.65 

20 

10 

3410.18 

30 

20 

13504.86 

10 

5 

3320.78 

30 

12 

13410.90 

10 

2 

3505.06 

10 

10 

3322.48 

150 

100 

3411.36 

80 

30 

I  3506.50 

50 

30 

113323.07 

100 

13413.13 

400 

300 

350S.48 

40 

20 

3323.74 

150 

150 

13415.53 

60 

20 

I  3508.53 

20 

10 

13324.54 

100 

80 

13417.84 

150 

100 

13509.87 

15 

4 

13325.46 

100 

80 

13418.51 

150 

100 

13510.45 

15 

8 

13327.49 

15 

7 

3422.49 

40 

10 

13513.06 

10 

2 

3328.87 

150 

100 

13422.66 

100 

50 

13513.82 

400 

300 

3329.53 

35 

6 

13424.29 

200 

150 

3516.42 

40 

15 

13331.61 

125 

70 

3425.01 

70 

40 

3516.56 

30 

4 

3331.78 

40 

10 

13426.39 

80 

20 

13518.88 

10 

2 

I  3334.22 

150  n 

100  n 

13426.64 

80 

60 

3520.85 

10 

4 

3335.77 

125 

100 

13427.12 

50 

50 

13521.26 

300 

200 

3336.25 

40 

30 

I  3428.20 

50 

50 

13521.84 

50 

20 

3337.67 

125 

100 

13431.81 

50 

20 

I  3522.28 

50 

30 

3338.64 

70 

25 

3433.04 

50 

In 

13522.89 

10 

3 

13339.19 

80 

50 

113436.11 

5 

15 

3523.31 

10 

4 

13339.58 

10 

5 

3437.05 

80 

15 

3524.07 

50 

40 

13340.57 

125 

100 

3437.95 

15 

7 

13524.24 

60 

50 

3341.90 

100 

80 

3438.31 

10 

3n 

13526.04 

80 

50 

13342.22 

40 

40 

3439.87 

15 

7 

13526.17 

50 

25 

3342.29 

20 

20 

13440.61 

500 

300 

3526.38 

20 

10 

13346.94 

30 

15 

I  3440.99 

300 

200 

13526.46 

20 

10 

13347.93 

150 

100 

I  3442.36 

50 

15 

I  3526.68 

80 

50 

13351.52 

70 

60 

1  3442.68 

30 

5 

I  3527.80 

100 

80 

3351.74 

80 

60 

13443.88 

400 

200 

3529.82 

125 

80 

13353.27 

10 

5 

I  3445.15 

300 

150 

13530.39 

50 

25 

3354.06 

40 

40 

3445.77 

10 

3 

3533.01 

50 

75 

3355.23 

100 

100 

13447.28 

100 

60 

13533.20 

50 

50 

13356.40 

35 

8 

1  3450.33 

150 

80 

13536.19 

40 

10 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13536.56 

300 

200 

13592.69 

12 

2 

3644.8C 

20 

6 

1 3537.49 

25 

8 

13594.64 

125 

100 

13645.08 

20 

8 

1 3537.73 

25 

15 

13595.31 

20 

7 

13645.49 

15 

7 

13537.90 

50 

25 

3596.20 

15 

5 

3645.82 

80 

60 

13540.12 

100 

60 

3597.06 

40 

10 

13647.43 

20 

15 

13540.71 

10 

4 

3599.15 

10 

5 

13647.84 

500 

400 

13541.09 

200 

200 

3599.62 

40 

30 

13649.30 

60 

25 

13542.08 

150 

100 

1 3602.08 

20 

5 

13649.51 

100 

100 

3543.39 

10 

2 

3602.47 

10 

5 

1 3650.03 

70 

30 

3543.67 

60 

30 

I  3602.53 

50 

30 

I  3650.28 

70 

50 

3544.63 

50 

6 

13603.21 

150 

80 

13651.10 

10 

3 

1 3545.64 

90 

70 

13603.82 

20 

12 

13651.47 

300 

200 

1 3547.20 

25 

8 

3604.38 

10 

1 

13653.76 

25 

10 

1 3548.02 

10 

7 

1 3605.21 

12 

2 

13655.47 

25 

25 

13549.87 

15 

5 

1 3605.46 

300 

150 

3655.67 

15 

2n 

3552.12 

10 

6 

1 3606.68 

200 

150 

3656.23 

15 

5 

1 3552.83 

80 

50 

13608.15 

15 

25 

13657.14 

20 

7 

3553.74 

100 

100 

13608.86 

500 

400 

13657.90 

20 

4 

13554.12 

50 

20 

13610.16 

100 

90 

13659.52 

125 

80 

13554.93 

400 

300 

13610.70 

10 

3 

13661.37 

10 

1 

13556.88 

300 

150 

13612.07 

80 

50 

3662.85 

30 

5 

3557.30 

15 

13612.94 

20 

4 

13663.46 

25 

7 

1 3558.52 

400 

300 

3613.45 

10 

2 

I  3664.54 

35 

8 

3559.51 

50 

25 

3614.12 

10 

3 

3664.69 

12 

3 

3560.70 

50 

15 

3614.56 

15 

6 

13666.25 

20 

7 

13564.12 

15 

2 

3615.20 

10 

1 

3667.26 

80 

25 

3564.53 

30 

15 

13615.66 

10 

2 

13667.99 

60 

10 

1 3565.38 

400 

300 

13616.57 

30 

7 

13668.21 

15 

4 

13565.59 

10 

4 

3617.32 

25 

15 

13669.16 

50 

30 

1 3567.04 

50 

15 

3617.79 

125 

80 

13669.52 

200 

150 

13567.38 

10 

2 

13618.77 

400 

400 

1 3670.03 

100 

13568.42 

20 

4 

3619.39 

12 

1 

3670.07 

200 

200 

3568.82 

15 

7 

3620.47 

15 

2 

13670.81 

20 

6 

13568.98 

50 

35 

13621.46 

125 

100 

3673.09 

10 

4 

13570.10 

300 

300 

1 3622.00 

125 

100 

3674.41 

12 

5 

3570.26 

50 

15 

13623.19 

100 

80 

3674.77 

40 

25 

13571.23 

40 

6 

13623.45 

15 

5 

13676.31 

200 

100 

13571.99 

100 

80 

13623.77 

35 

7 

13676.88 

10 

2 

3573.40 

50 

20 

13624.31 

10 

2 

3677.31 

40 

30 

3573.84 

20 

15 

3624.81 

12 

2 

3677.63 

80 

60 

3573.89 

40 

30 

13625.15 

70 

35 

13678.86 

100 

50 

13575.12 

15 

5 

3627.04 

10 

3 

13679.91 

500 

300 

1 3575.25 

10 

5 

I  3628.09 

10 

3 

3680.80 

12 

7 

3575.37 

40 

30 

I  3630.35 

40 

15 

13682.21 

400 

300 

13575.98 

80 

25 

13631.10 

25 

10 

13683.06 

200 

100 

3576.76 

80 

40 

13631.46 

500 

300 

13684.11 

300 

200 

1 3578.38 

40 

5 

3632.04 

50 

50 

1 3686.00 

150 

125 

13581.19 

1000  r 

600  r 

3632.56 

30 

25 

3686.26 

10 

4 

3582.20 

30 

30 

13632.98 

12 

8 

13687.10 

15 

7 

3583.34 

50 

15 

3633.08 

10 

3 

13687.46 

400 

300 

I  3584.66 

100 

60 

13634.33 

15 

5 

13687.66 

15 

15 

3584.96 

30 

25 

3634.69 

20 

2 

3688.48 

40 

8 

I  3585.32 

150 

100 

13635.20 

12 

2 

13689.46 

200 

150 

13585.71 

125 

80 

13636.19 

40 

10 

3690.46 

15 

6 

3586.11 

80 

80 

3636.23 

15 

10 

3690.73 

80 

60 

13586.99 

200 

150 

13636.99 

20 

10 

3693.03 

15 

7 

I  3587.42 

10 

5 

13637.25 

12 

5 

13694.01 

400 

300 

13587.76 

50 

25 

13637.87 

20 

7 

3695.05 

200 

150 

13588.62 

35 

10 

13638.30 

100 

80 

1 3697.43 

100 

60 

13588.91 

10 

4 

1 3640.39 

300 

200 

3698.60 

40 

20 

13589.11 

70 

30 

3642.81 

20 

13699.14 

15 

3 

I  3589.46 

50 

30 

3643.11 

30 

5 

13701.09 

300 

200 

I  3591.34 

12 

3 

1  3643.63 

20 

8 

3702.03 

50 

30 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13702.49 

20 

7 

3773.70 

40 

10 

1 3840.44 

400 

300 

13703.56 

30 

25 

13774.83 

100 

40 

13841.05 

500 

400 

13703.70 

12 

7 

3776.46 

125 

70 

3843.26 

125 

100 

3703.82 

15 

10 

3777.06 

12 

7 

3844.28 

10 

1 

I  3704.46 

125 

100 

13777.45 

20 

10 

3845.17 

100 

60 

13705.57 

700 

500 

3778.51 

60 

25 

3845.70 

10 

6 

13707.05 

150 

100 

13778.70 

10 

4 

3846.00 

10 

1 

13707.82 

80 

50 

13779.45 

100 

70 

3846.41 

50 

75 

1 3707.92 

80 

60 

13781.19 

40 

12 

13846.80 

125 

100 

13709.25 

600 

400 

3781.93 

12 

5 

13849.97 

500 

400 

13711.22 

80 

50 

13782.46 

10 

2 

13850.82 

200 

75 

3711.41 

50 

25 

3785.71 

10 

4 

1 3852.57 

150 

100 

T3715.91 

80 

50 

3785.95 

125 

80 

13856.37 

500 

300 

13716.45 

150 

100 

13786.18 

100 

60 

13859.22 

100 

100 

13718.41 

80 

50 

13786.68 

125 

50 

13859.91 

1000  r 

600 

13719.93 

1000  r 

700 

3787.17 

25 

15 

3861.34 

80 

50 

13721.51 

10 

4 

13787.88 

500 

300 

1 3863.74 

60 

30 

3721.92 

15 

10 

3789.18 

80 

50 

13865.53 

600 

400 

1 3722.56 

500 

400 

13790.09 

200 

100 

13867.22 

150 

100 

13724.38 

200 

150 

I  3790.76 

10 

3 

13867.92 

30 

8 

3725.49 

15 

8 

13792.16 

40 

20 

13869.56 

100 

80 

F3726.92 

100 

70 

I  3792.83 

10 

3 

13871.75 

100 

60 

I  3727.09 

30 

10 

I  3793.48 

10 

5 

13872.50 

300 

300 

13727.62 

200 

150 

13793.88 

25 

10 

13873.76 

125 

80 

13728.67 

18 

10 

3794.34 

80 

50 

3876.04 

40 

15 

3730.39 

70 

40 

13795.00 

500 

400 

13878.02 

400 

300 

3730.95 

50 

30 

3797.52 

300 

200 

13878.57 

300  r 

300 ; 

3731.38 

40 

20 

3798.51 

400 

300 

1 3878.68 

30 

3732.40 

200 

150 

13799.55 

400 

300 

3878.74 

10 

io 

13733.32 

400 

300 

3801.68 

50 

25 

3883.29 

70 

40 

I  3734.87 

1000  r 

600 

13801.98 

25 

5 

3884.36 

80 

35 

I  3735.33 

30 

20 

3802.28 

25 

10 

13885.51 

100 

60 

13737.13 

1000  r 

600 

13804.01 

40 

10 

13886.28 

600 

400 

3738.31 

100 

100 

3805.34 

400 

300 

3888.82 

40 

15 

13739.13 

10 

5 

3806.22 

40 

20 

3890.24 

15 

3739.53 

80 

35 

I  3806.70 

200 

150 

3890.84 

60 

30 

3740.25 

70 

35 

1 3807.54 

150 

100 

3891.93 

100 

70 

I  3742.62 

50 

25 

I  3808.73 

100 

70 

13893.39 

100 

8 

13743.36 

200 

150 

3809.57 

15 

5 

13893.91 

10 

4 

3743.48 

4 

10 

3810.76 

70 

25 

13895.66 

400 

300 

13744.10 

40 

20 

13811.89 

15 

10 

13897.45 

10 

5 

1 3745.56 

500 

500 

13812.96 

400 

300 

3897.89 

100 

60 

1 3745.90 

150 

100 

3813.63 

35 

15 

13898.01 

80 

50 

3746.93 

40 

25 

3813.89 

50 

25 

13899.04 

20 

8 

I  3748.26 

500 

200 

13814.52 

80 

40 

13899.71 

500 

300 

13648.97 

35 

20 

3814.78 

10 

5 

1 3900.52 

60 

3d 

13749.49 

1000  r 

700 

13815.84 

700 

700 

13902.95 

500 

400 

1 3752.42 

12 

4 

13816.34 

25 

20 

13903.90 

100 

80 

13753.61 

150 

100 

3817.65 

50 

15 

13906.48 

300 

200 

13754.50 

2n 

10 

1 3820.43 

800 

600 

3906.75 

10 

10 

3756.07 

15 

8 

3821.18 

100 

100 

3907.47 

15 

6 

3756.94 

80 

10 

13821.84 

50 

30 

3907.94 

100 

60 

3757.45 

15 

10 

13824.44 

150 

100 

13909.67 

20 

5 

13758.23 

700 

700 

13825.88 

500 

400 

I  3909.83 

40 

12 

1 3760.05 

150 

100 

13827.82 

200 

200 

13910.84 

30 

10 

3760.53 

100 

70 

3829.46 

15 

8 

13913.63 

100 

25 

13761.41 

20 

8 

1 3830.76 

10 

3 

13914.28 

15 

3 

13763.79 

500 

400 

1  3830.86 

12 

4 

3916.73 

100 

80 

3765.54 

200 

150 

13833.31 

100 

60 

13917.18 

150 

70 

13767.19 

500 

400 

13834.22 

400 

400 

13918.32 

20 

10 

I  3768.03 

15 

8 

3836.33 

100 

60 

3918.42 

15 

10 

13769.99 

80 

30 

13837.14 

25 

6 

13918.65 

60 

40 

1 3770.30 

35 

12 

3839.26 

100 

75 

13919.07 

15 

7 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13920.26 

500 

300 

13997.40 

300 

150 

I  1098.19 

100 

40 

13922.91 

600 

400 

13998.05 

150 

100 

4100.17 

10 

1 

13925.20 

15 

3 

4000.45 

35 

10 

14100.74 

80 

30 

13925.65 

80 

50 

14001.67 

80 

50 

14101.27 

40 

10 

13925.95 

50 

30 

4003.77 

30 

80 

14104.13 

100 

25 

13927.92 

500 

300 

4004.84 

10 

7 

14106.44 

10 

2 

13928.08 

15 

15 

I  4005.25 

250 

200 

14107.49 

120 

100 

3929.12 

10 

5 

4006.31 

60 

35 

14109.07 

12 

2 

3929.21 

15 

8 

4006.63 

20 

15 

14109.81 

120 

100 

13930.30 

600 

400 

14007.27 

80 

50 

4112.97 

70 

10 

13931.12 

35 

15 

14009.72 

120 

100 

14114.45 

80 

50 

I  3932.63 

80 

40 

14013.79 

80 

40 

4114.96 

10 

2 

13933.60 

200 

200 

4013.82 

200 

4118.55 

200 

100 

13935.31 

40 

8 

4014.53 

200 

100 

4120.21 

80 

35 

13935.81 

100 

8 

14016.43 

15 

4 

14121.81 

100 

40 

13937.33 

80 

35 

14017.15 

80 

50 

14122.51 

70 

30 

1 3940.88 

150 

80 

14018.27 

50 

7 

4123.74 

80 

20 

13941.28 

60 

10 

14021.87 

200 

100 

4125.62 

80 

30 

13942.44 

100 

70 

14024.74 

120 

30 

14125.88 

25 

15 

13943.35 

40 

8 

I  4029.64 

80 

25 

14126.19 

80 

60 

13944.90 

15 

8 

14030.19 

20 

4 

14127.61 

100 

80 

3945.13 

30 

10 

I  4030.49 

120 

60 

4127.80 

25 

15 

13947.00 

50 

20 

4031.96 

80 

50 

I413C.04 

20 

3 

13947.53 

70 

20 

I  4032.63 

80 

15 

14132.06 

300 

200 

13948.11 

125 

50 

4040.64 

20 

7 

14133.86 

50 

7 

3948.78 

150 

100 

14043.90 

25 

i 

14134.42 

10 

3 

13949.96 

150 

100 

14044.61 

70 

35 

14134.68 

150 

100 

3951.17 

150 

125 

14045.81 

400 

300 

4137.00 

100 

80 

1 3952.60 

80 

50 

14049.33 

10 

2 

14139.92 

40 

30 

13953.15 

80 

40 

4049.87 

30 

3 

14141.87 

15 

5 

I  3955.35 

25 

5 

4051.91 

10 

2 

14143.42 

200 

100 

3955.96 

10 

5 

14054.83 

25 

5 

14143.87 

400 

250 

3956.46 

100 

100 

14054.88 

25 

5 

14146.07 

15 

3 

13956.68 

150 

150 

I  4055.04 

40 

10 

14147.67 

200 

100 

3957.03 

50 

15 

14057.35 

20 

3 

14149.37 

100 

35 

3960.28 

30 

6 

4058.23 

80 

25 

14150.26 

50 

'2 

13961.14 

25 

7 

14058.76 

40 

10 

14152.17 

70 

5 

13963.11 

125 

50 

4059.72 

15 

8 

14153.91 

120 

100 

13964.52 

80 

25 

I  4062.44 

120 

100 

14154.50 

100 

80 

13965.51 

10 

3 

14063.28 

10 

10 

14154.81 

100 

8 

I  3966.07 

100 

70 

14063.60 

400 

300 

14156.80 

100 

80 

13966.63 

80 

40 

I  4065.39 

15 

6 

14157.79 

150 

80 

3967.42 

125 

100 

4066.59 

40 

20 

14158.80 

100 

25 

I  3967.97 

60 

15 

I  4066.98 

100 

80 

14161.08 

10 

13969.26 

600 

400 

14067.27 

80 

70 

4161.49 

15 

3970.39 

50 

30 

14067.98 

150 

100 

14163.68 

12 

i 

13971.33 

200 

125 

14070.78 

50 

2C 

4165.42 

12 

2 

3973.65 

40 

10 

14071.74 

300 

200 

4167.96 

10 

2 

13974.40 

10 

1 

14073.77 

80 

20 

4168.95 

10 

1 

3976.61 

8 

35 

I  4074.79 

80 

40 

14170.91 

80 

40 

13976.86 

30 

10 

14076.64 

80 

50 

4172.13 

80 

50 

13977.74 

300 

150 

14078.36 

80 

40 

14172.75 

60 

10 

13981.77 

150 

100 

14079.84 

80 

40 

14173.32 

25 

5 

13983.96 

200 

125 

I  4080.22 

60 

10 

14173.93 

50 

5 

3985.39 

125 

40 

14082.12 

10 

2 

14174.92 

100 

25 

13986.17 

125 

8 

14083.55 

10 

2 

14175.64 

100 

80 

3989.01 

15  wn 

1  wn 

14083.78 

15 

2 

14176.57 

100 

50 

3989.86 

30 

5 

14084.50 

120 

80 

14177.60 

100 

25 

3990.38 

70 

25 

14085.01 

80 

30 

114178.87 

10 

10 

13994.12 

25 

10 

1  4085.32 

100 

70 

14181.76 

200 

150 

3995.20 

10 

14087.10 

50 

5 

14182.39 

80 

30 

13995.99 

60 

20 

I  4089.22 

10 

2 

14184.89 

100 

80 

3996.97 

40 

20 

I  4095.98 

80 

40 

14187.04 

250 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 


14187 
14191 
14191 
14195 
14195 
14196 
14198 
14198 
14199 
14200 
14202 

4202 
14203 
14203 
14205 
14206 
14207 

4208 
14210 

4213 
14215 
14216 
14217 
14219 

4220 
14222 
14224 
14224 
14225 
14225 
14226 
1 4227 
14229 
1 4232 
II 4233 
14233 
1 4235 

1 4238 
II 4238 

4239 

1 4239 
4240 
4243 

1 4245 
4246 
1 4247 
14248 
I  4250 
14250 
I  4258 
14258 
14260 
14260 
I  4264 
14264 
14266 
4267 
4268 
14271 
14271 
14273 
14276 
14282 


Arc 

Spark 

200 

150 

200 

100 

20 

6 

150 

100 

25 

3 

100 

50 

250 

150 

10 

2 

300 

200 

80 

20 

400 

300 

10 

4 

10 

1 

200 

120 

50 

6 

125 

25 

80 

40 

100 

50 

300 

200 

100 

60 

60 

15 

200 

100 

200 

100   , 

250 

200 

80 

40 

200 

200 

200 

80 

60 

15 

80 

20 

80 

30 

80 

25 

300 

250 

20 

2 

10 

1 

100 

100 

250 

150 

300 

200 

80 

15 

200 

100 

30 

10 

40 

15 

30 

5 

10 

3 

80 

40 

80 

30 

200 

100 

150 

40 

250 

150 

400 

250 

60 

4 

12 

2 

15 

5 

400 

300 

35 

4 

12 

2 

70 

30 

125 

60 

30 

10 

400 

300 

1000 

700 

10 

2 

10 

1 

600 

300 

Wave 
length 


4285.44 
14286.99 
14288.15 

4290.38 
14290.87 
14291.47 
I  4292.29 
14294.13 
1 4298.04 
1 4299.24 
14302.19 
114303.17 
14305.45 
14307.91 

4309.04 
I  4309.38 
14315.09 

4321.80 
14325.76 
14326.76 

4327.10 

4330.15 
14337.05 

4343.26 

4343.70 

4346.56 
14351.55 
114351.76 
14352.74 
14358.50 
14367.58 
14367.91 
14369.77 
14373.57 
14375.93 

4382.77 
14383.55 
114385.38 
14387.90 
14388.41 
14389.25 
14390.95 
14395.29 

4400.35 
14401.30 
14404.75 
I  4407.72 
14408.42 

4410.71 
14415.12 
14422.57 
14427.31 
14430.21 
14430.62 
14433.22 
14433.79 
14435.15 
14436.93 
1  4438.35 
I  4442.34 
I  4443.20 
1  4446.84 
14447.72 


Arc 

Spark 

125 

50 

10 

1 

50 

6 

35 

5 

20 

2 

125 

20 

15 

700 

400 

100 

400 

500 

400 

50 

10 

12 

15 

100 

50 

1000  r 

800  r 

40 

20 

125 

70 

500 

300 

20 

4 

1000 

700 

10 

4 

100 

50 

10 

2 

400 

150 

20 

3 

12 

2 

50 

10 

30 

5 

30 

30 

300 

150 

70 

20 

100 

50 

60 

70 

200 

100 

50 

3 

500 

200 

10 

10 

1000 

800 

4 

10 

150 

35 

125 

50 

35 

2 

100 

35 

80 

20 

'i 

60 

15 

1000 

700 

100 

50 

125 

60 

20 

600 

400 

300 

125 

500 

200 

10 

1 

200 

8 

150 

20 

30 

2 

70 

3 

15 

2 

10 

1 

400 

200 

200 

100 

10 

10 

200 

100 

Wave 
length 


14450.31 
14454.38 
1 4455.03 
14458.11 
14459.12 
14461.65 
14464.78 
14466.55 
14469.38 
4472.72 
14476.02 
14479.62 
14480.14 
14482.17 
14482.26 
14482.75 
14484.22 
14485.68 
I  4489.74 
I  4490.09 
14490.76 
14494.57 

114508.28 

114515.34 
14517.53 

II  4520.24 

114522.63 

14525.15 

4526.42 

14528.62 

4529.68 

14531.15 

4547.85 

114549.47 
4550.79 
4552.55 

II  4555.89 
14556.12 
14560.10 
14568.78 
14574.72 
14581.52 

II  4583.85 
4587.14 
14592.65 
4595.36 
14596.06 
14598.13 
14602.01 
I  4602.94 
14607.65 
14611.29 
14613.22 
14618.76 
14619.30 
I  4625.05 
14630.13 
I  4632.92 
1  4635.85 
I  4637.52 
I  4638.02 
14643.47 
I  4647.44 


Arc 


12 

200 
20 
30 

400 

300 
35 

500 

200 
10 

500 
15 
10 

150 

150 
20 

125 
50 

100 
40 
40 

400 
40 
10 
30 
40 
60 

100 
10 

600 
10 

125 

200 

100 
50 
10 
12 

150 
20 
10 
12 
60 

150 
12 

200 
15 
10 
50 
20 

300 
50 

200 
30 
10 

100 

100 
10 
70 
12 

100 
80 
35 

125 


Spark 


2 

80 

1 

.    1 

200 

125 

3 

300 

100 

1 

300 

2 

2 

70 

70 

2 

40 

2 

12 

10 

1 

150 

30 

10 

3 

30 

50 

50 

1 

200 

2 

100 
100 


12 
35 

1 
1 
2 

150 
2 
50 
2 
2 
4 
2 

100 
5 

25 
2 

8 

12 

2 

4 

10 

10 

2 

40 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 

length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

1 4654.50 

20 

3 

14957.31 

100 

20 

15133.68 

200  n 

In 

14654.62 

10 

2 

14957.61 

300 

150 

115136.79 

3 

100 

14667.46 

150 

20 

4962.56 

10  n 

15137.39 

200  n 

14668.14 

125 

10 

14966.1C 

300 

1 

15139.26 

125 

14669.18 

15 

2 

4969.93 

50 

15139.48 

200 

40 

14673.17 

20 

2 

4970.50 

20 

15141.75 

100 

100  n 

14678.85 

150 

100 

14973.11 

100 

1  5142.54 

100  n 

14691.41 

80 

10 

14978.61 

80 

I  5142.94 

125 

4704.96 

10 

1 

4982.51 

200 

15145.10 

10 

14707.28 

100 

12 

14983.26 

100  n 

15148.05 

20 

4708.96 

50 

50 

I  4983.85 

200  n 

15148.26 

35 

1  4709.10 

20 

2 

14985.26 

ICO 

15150.84 

150 

14710.29 

20 

2 

14985.56 

100 

15151.91 

70 

4714.07 

50 

50 

14988.96 

100  n 

5159.05 

35  n 

14727.41 

10 

14991.28 

80 

15162.29 

300  n 

14728.56 

20 

1 

14994.13 

200 

5164.61 

70  n 

14729.70 

25 

25 

4995.63 

3 

60 

15165.42 

50 

14733.60 

15 

1 

4997.80 

20 

300 

15166.30 

125 

4735.85 

10 

1 

15001.87 

300 

40 

15167.49 

700 

150 

14736.78 

125 

50 

1 5002.81 

20 

15168.90 

80 

14741.53 

12 

1 

5004.79 

3 

100 

11  5169.03 

2 

200  n 

4747.48 

30 

25  n 

5005.72 

200 

15171.60 

300 

60  n 

14772.82 

10 

4 

15006.13 

300 

5 

5180.06 

10 

14786.81 

150 

I  5007.29 

25  n 

15184.29 

20 

14788.75 

40 

501G.85 

50 

15191.47 

400 

35 

14789.65 

100 

1  5012.07 

300 

15192.36 

400 

50 

14791.25 

200 

200  r 

15014.96 

500 

15194.95 

200 

15 

4800.66 

15 

115018.44 

80 

50 

15195.48 

100  n 

4821.05 

200  n 

200  n 

1 5022.25 

150 

5196.10 

25  n 

14859.75 

150 

40 

5023.48 

10 

300 

115197.59 

io 

14871.32 

200 

100 

15027.14 

60 

15198.71 

80 

14872.15 

100 

30 

5027.21 

60 

5198.84 

10 

14878.22 

80 

4 

5028.14 

100 

1  5202.34 

300 

10 

14889.01 

2wn 

150  n 

11 5030.78 

1 

125 

1  5204.58 

125 

I489C.77 

100 

15 

1  5039.26 

100 

2n 

I  5208.60 

200 

& 

14891.50 

70 

15 

15041.08 

125 

15215.18 

200 

5 

14903.32 

500 

2 

I  5041.76 

300 

15216.28 

300 

10 

14905.18 

10 

1 5044.22 

25 

15217.40 

150 

a 

1 4907.74 

25 

1 5048.45 

50 

I  5225.53 

60 

1 4909.39 

50 

1 5049.82 

400 

1 

1 5226.87 

200 

15 

14910.03 

100 

15051.64 

200 

15227.19 

400 

60 

14910.33 

15 

I  5065.02 

25  n 

5228.41 

15  n 

6n 

14910.57 

15 

5065.20 

15 

I  5229.87 

200 

15  n 

14911.80 

10 

I  5068.79 

400 

200 

I  5232.94 

800 

150 

14918.99 

300 

50 

5070.96 

1 

70 

I  5235.39 

35 

1 4920.50 

500 

125 

5073.56 

20  n 

5242.49 

125 

5 

4923.72 

5 

100 

I  5074.76 

80 

I  5243.79 

20 

114923.92 

30 

50 

1 5078.99 

20  n 

1 5247.06 

50 

ic 

1 4924.78 

100 

1 5079.24 

100 

15250.21 

30 

1 4925.29 

1000  r 

50  r 

15079.75 

100 

1 5250.65 

150 

4927.45 

50 

6 

1 5083.34 

200 

5251.97 

12 

4927.87 

20 

5086.76 

2 

100 

15253.48 

70 

14930.33 

25 

1 5090.79 

40  n 

I  5254.96 

50 

4933.35 

50 

30 

1 5096.99 

35  n 

1 5263.33 

300 

4933.63 

2 

70 

15098.71 

200 

I  5266.58 

500 

40 

14934.02 

40 

••  J 

1 5102.20 

80 

1  5269.54 

800 

200 

14938.18 

100 

5106.44 

25 

I  5270.36 

400 

80 

14938.82 

300 

i 

15107.45 

100 

15273.17 

80 

4 

14939.24 

10  n 

15110.41 

300 

I  5273.38 

50 

4\ 

14939.69 

150 

*2 

15123.72 

200 

II  5275.99 

2 

15 

14946.40 

5 

40 

15125.13 

100  n 

5280.36 

15 

4946.64 

1 

50 

15127.36 

100 

I  5281.80 

300 

20 

14950.10 

10 

15131.47 

125 

1 5283.63 

400 

40 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  5284.09 

70  n 

I  5525.55 

40 

2 

I  6003.03 

30 

15 

5287.92 

100 

20 

I  5534.66 

20 

I  6007.97 

10  n 

10  n 

5288.53 

30 

II  5534.86 

10 

I  6008.58 

18 

10 

I  5290.85 

15 

5535.41 

50 

6013.50 

100 

5298.78 

12 

5538.57 

50 

I  6016.65 

100 

I  5302.31 

300 

5539.28 

30 

I  6020.18 

8 

i6n 

115303.42 

25 

25 

5543.18 

25 

I  6021.83 

300 

I  5307.36 

125 

I  5543.93 

10 

I  6024.06 

20 

20  n 

II  5316.61 

150 

I  5546.49 

40 

6027.06 

6 

12 

I  5322.05 

30 

I  5554.89 

100 

I  6056.00 

10 

10  n 

I  5324.18 

400 

70 

15562.71 

15  n 

1  6065.49 

50 

30 

I  5328.05 

400 

100 

15563.60 

100 

5 

16102.18 

15 

20  n 

I  5328.53 

150 

35 

1 5565.70 

70 

6103.33 

40 

5329.99 

15 

1  5567.40 

30 

■  • 

I  6136.62 

100 

m , 

I  5339.94 

200 

30 

I  5569.62 

300 

15 

I  6137.00 

10 

15341.03 

200 

15 

I  5572.85 

300 

25 

I  6137.70 

100 

I  5343.47 

12  n 

15576.11 

150 

16141.76 

10 

I  5353.39 

60 

'2 

5584.76 

25 

2 

6157.73 

15 

11  5362.86 

15 

I  5586.76 

400 

50 

I  6170.50 

15 

5364.88 

200  n 

10  n 

5594.66 

10 

I  6173.34 

18 

5365.40 

40 

15598.29 

20 

16191.56 

100 

20  n 

5367.46 

200  n 

15  n 

I  5602.96 

45 

35 

I  6200.33 

15 

5369.96 

150  n 

20  n 

I  5615.30 

4 

12 

I  6213.44 

20 

15371.49 

700 

I  5615.65 

400 

300 

16219.29 

40 

5 

I  5373.71 

15 

I  5618.64 

10 

8 

I  6230.73 

60 

50 

5379.58 

35 

I  5624.55 

150 

125 

I  6246.33 

20 

20  n 

5383.37 

400  n 

40 

5633.96 

20 

10 

I  6252.56 

60 

25  n 

I  5389.46 

60 

I  5638.27 

40 

20 

I  6254.26 

10 

15391.47 

25 

I  5641.46 

15 

8 

I  6265.14 

12  n 

'in 

I  5393.18 

150 

10 

I  5655.50 

10 

5 

I  6297.80 

10  n 

15  n 

I  5397.13 

400 

50 

I  5658.54 

30 

2 

I  6301.52 

50 

50  n 

I  5398.28 

70 

1 5658.83 

100 

80 

I  6302.51 

15  n 

15  n 

I  5400.50 

125 

I  5662.52 

50 

50 

16318.02 

40 

25  n 

5403.82 

30 

5686.52 

10 

8 

I  6335.33 

50 

20  n 

I  5404.15 

300 

35 

15701.56 

50 

25 

I  6336.84 

60 

35  n 

I  5405.78 

400 

70 

I  5705.98 

15 

10 

I  6355.04 

15  n 

8  n 

I  5409.13 

10  n 

I  5709.38 

100  n 

6380.75 

25  n 

8n 

I  5410.91 

200 

10 

I  5717.84 

10 

2 

I  6393.60 

100 

80  n 

15415.21 

500 

20 

15731.77 

10 

3 

I  6400.02 

200 

150  n 

5424.08 

400 

20 

I  5753.14 

40 

20 

I  6408.03 

50 

30  n 

I  5429.70 

500 

40 

I  5763.01 

80 

35 

16411.66 

100 

80  n 

I  5434.53 

300 

35 

I  5775.09 

12 

2 

16419.98 

18  n 

15  n 

1 5445.04 

150 

I  5806.73 

10 

5n 

I  6421.35 

60 

40  n 

I  5446.92 

300 

35 

5816.38 

15  d 

10  n 

I  6340.85 

100 

80 

5449.78 

10 

5833.64 

2 

10 

II  6446.43 

20 

I  5455.43 

50 

I  5859.61 

15 

12 

I  6462.73 

20 

7n 

I  5455.61 

300 

30 

I  5862.36 

35 

35 

I  6481.87 

12  n 

80  wn 

5457.65 

18 

2 

5869.76 

10 

I  6494.98 

400 

150 

I  5462.97 

50 

5875.37 

15  n 

6496.46 

10 

I  5463.28 

100 

I  5883.85 

15 

10 

II  6516.05 

20 

I  5466.41 

25 

5905.68 

12 

8n 

I  6518.37 

10n 

7n 

15473.92 

100 

5912.83 

10 

I  6546.24 

150 

50 

5474.92 

100 

15914.16 

50 

25  n 

I  6569.22 

50 

25  n 

5476.29 

12 

I  5916.26 

25 

4 

I  6575.02 

12  n 

15  n 

I  5476.58 

80 

5927.81 

10 

I  6592.92 

150 

80 

I  5480.87 

10 

I  5930.19 

30 

10  n 

I  6593.88 

30 

18 

15483.12 

15 

15934.68 

15 

12  n 

I  6597.61 

10 

15487.14 

50 

5 

I  5956.71 

12 

I  6609.12 

25 

i2n 

I  5487.77 

10  n 

5975.36 

10 

10 

I  6633.77 

60  n 

25  Wn 

I  5497.52 

150 

5 

15983.70 

35 

12  n 

I  6663.45 

70 

25  n 

1  5501.47 

150 

15984.80 

50 

20  n 

I  6677.99 

250 

150 

I  5506.78 

150 

10 

I  5987.05 

25  n 

12  n 

16705.12 

12  n 

12  wn 

5514.63 

50 

10 

5999.95 

10  n 

6726.78 

15 
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II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Iron  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

16750.16 

50 

18  n 

I  7306.61 

25 

12  n 

I  8365.64 

15 

I  6752.73 

9 

12  wn 

7307.96 

30 

I  8387.78 

35 

1 

16810.25 

15 

18  n 

II  7307.97 

25  n 

18468.41 

20 

6820.38 

10 

7n 

17311.10 

60 

25  n 

I  8514.07 

10 

I  6828.61 

18 

25  n 

II  7320.70 

25 

18  n 

18611.81 

10 

16841.35 

50 

50  n 

I  7351.56 

18 

7n 

18661.91 

100 

16843.67 

30 

35  n 

7376.46 

10  wn 

I  8674.75 

50 

16855.18 

60 

80  n 

7386.40 

40 

25  n 

I  8688.63 

150 

I  6858.16 

15 

15  n 

I  7389.42 

100 

80  n 

18710.29 

20  n 

I  6885.77 

10  n 

8n 

7401.69 

10 

18713.19 

10 

16916.70 

35 

5  wn 

17411.18 

100 

18757.19 

50 

1  6945.21 

60 

20  n 

7418.67 

10 

I  8764.00 

100 

1  6951.26 

10  n 

I  7440.98 

18  n 

I  8790.62 

10  n 

I  6978.85 

60 

i2n 

I  7445.78 

150 

18793.38 

125 

I  6999.90 

25 

II  7462.38 

3 

20 

I  8804.62 

10 

I  7016.44 

100 

25  n 

I  7476.30 

12  n 

I  8824.23 

200 

I  7023.00 

40 

30  n 

I  7491.68 

20 

I  8838.43 

30 

I  7024.65 

15 

8wn 

I  7495.09 

200 

I  8866.96 

150 

I  7038.25 

7 

20  n 

I  7507.28 

40 

18919.95 

10 

7067.44 

10  n 

17511.04 

20 

1 

I  8945.20 

20 

17068.41 

40 

30 

17531.17 

80 

18975.41 

15 

1  7090.40 

50 

25  n 

I  7586.04 

10 

18999.56 

100 

1  7130.94 

100 

80  n 

I  7653.76 

80 

19012.10 

30, 

7132.99 

15 

10  n 

I  7661.22 

10 

I  9024.47 

15 

1  7142.52 

12  n 

8n 

I  7664.30 

15 

I  9088.33 

40 

I  7145.32 

15  n 

10  n 

17710.39 

10 

I  9089.41 

30 

I  7155.64 

10  n 

117711.73 

25 

15 

19118.89 

20 

17164.47 

200 

100  n 

I  7748.28 

25 

19258.31 

20 

I  7176.89 

10  n 

I  7780.59 

25 

I  9259.06 

15 

17187.34 

500 

300 

I  7832.22 

30 

1 

I  9350.44 

10 

17207.41 

300 

300 

17937.17 

40 

1 

19401.14 

10  ii 

7219.69 

12 

18  n 

I  7945.88 

30 

2 

19414.14 

20  n 

17221.23 

10 

8n 

I  7998.97 

35 

1 

I  9443.98 

10  n 

11  7222.39 

15  n 

I  8028.34 

100 

19513.24 

10  n 

I  7223.67 

20 

I  8046.07 

25 

i" 

I  9569.96 

40  n 

II  7224.51 

12 

I  8085.20 

20 

In 

I  9626.56 

30  n 

I  7239.88 

25 

20  n 

18198.95 

20 

19653.14 

20 

I  7244.86 

18 

I  8207.77 

100 

19738.62 

200 

^7254.65 

10  n 

8wn 

I  8232.35 

10 

I  9753.13 

10 

17261.54 

18  n 

10  n 

18248.15 

10 

I  9763.45 

15 

7264.99 

10 

8264.27 

20 

I  9763.91 

15 

7284.85 

15 

15  n 

18327.06 

40 

2 

I  9800.33 

20 

I  7288.76 

30 

20  n 

18331.94 

20 

19861.79 

30 

I  7293.07 

100 

50  n 

18339.43 

18 

I  9889.08 

40 

Krypton 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2353.68 

50 

II  3200.40 

50  n 

13665.33 

80 

II  2464.77 

100  n 

113405.16 

80wnl 

3669.01 

150  nl 

II  2592.48 

60 

113446.51 

50  wn 

13679.56 

50 

112712.40 

80  n 

II  3460.09 

50 

13679.61 

50 

2733.26 

50 

II  3503.25 

50wnl 

II  3680.37 

100  wnl 

2795.81 

80  n 

113535.35 

50  nl 

113686.15 

80  wnl 

112816.46 

60 

113589.65 

70wnl 

113718.02 

3C0nl 

112833.00 

100 

II  3607.88 

100  wnl 

113718.63 

200  nl 

II  2967.25 

80  wn 

113631.87 

200  nl 

113721.35 

150  nl 

II  3150.93 

80  n 

113653.97 

250  nl 

113741.69 

200  nl 

2170 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Krypton  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

113744.80 

150  ns 

114481.85 

50  wnl 

I  5580.39 

80 

II  3754.24 

80 

114489.88 

400  nl 

II  5633.02 

100  n 

13773.42 

50 

I  4502.36 

600 

I  5649.56 

100 

113778.09 

500  nl 

114523.14 

400  nl 

I  5672.45 

50 

113783.13 

500  nl 

114556.61 

200  nl 

115681.89 

400 

113844.45 

50wnl 

II  4577.20 

800 

II  5690.35 

200  wns 

II  3875.44 

150  wnl 

II  4582.85 

300  nl 

II  5752.98 

60 

113894.71 

60wnl 

II  4592.80 

150  wnl 

115771.41 

100 

II  3906.25 

150  nl 

II  4598.49 

50  nl 

I  5832.86 

100 

113912.59 

70 

II  4604.02 

60  nl 

I  5866.75 

50 

113917.64 

50  wnl 

114610.65 

60  nl 

1 5870.92 

3000 

113920.14 

200  nl 

II  4615.28 

500 

I  5879.90 

50 

113954.78 

90  wnl 

114619.15 

1000 

II  5992.22 

200 

113994.83 

100 

II  4633.88 

800 

I  5993.85 

60 

113997.95 

100  wnl 

II  4658.87 

2000 

16012.16 

50 

II  4044.67 

80 

114680.41 

500 

16056.13 

60 

II  4050.42 

50  wnl 

114691.28 

100 

116168.80 

50 

II  4057.01 

300  ns 

II  4694.44 

200  nl 

II  6303.66 

100 

114065.11 

300 

II  4695.66 

50  nl 

116416.61 

60  ns 

II  4088.33 

500 

114739.00 

3000 

II  6420.18 

300 

II  4098.72 

250 

II  4752.02 

100  nl 

I  6421.03 

100 

114109.23 

100  ns 

II  4762.43 

300 

I  6456.29 

200 

4137.96 

50  wn 

II  4765.74 

1000 

II  6470.89 

50 

4139.11 

100  wnl 

II  4796.33 

60  nl 

II  6510.95 

100 

114145.12 

250 

II 4811 .76 

300 

II  6570.07 

150 

114185.12 

50 

114825.18 

300 

I  6699.23 

60 

II  4236.64 

100  nl 

II  4832.07 

800 

116763.61 

100 

11  4250.58 

150 

114846.60 

700 

II  6764.43 

80 

II  4252.67 

50  ns 

114857.20 

150 

116771.22 

50 

II  4254.K5 

100  nl 

114915.94 

100  nl 

16813.10 

50 

4259.44 

80  ns 

114945.59 

300 

16904.68 

100 

II  4268.57 

60  wnl 

114948.50 

50  nl 

II  7073.97 

60 

114268.81 

100  wnl 

II  4960.25 

100  nl 

117139.99 

60 

I  4273.97 

1000 

114978.89 

lOOnl 

117213.13 

250 

I  4282.97 

100 

II  4982.83 

50  nl 

I  7224.10 

100 

II  4292.92 

600 

II  5013.29 

100 

I  7287.26 

80 

,  II  4300.49 

200 

115021.88 

100 

II  7289.78 

400  n 

114317.81 

500  wnl 

II  5022.40 

200 

II  7407.02 

400  n 

14318.55 

400 

II  5033.85 

100  wnl 

I  7425.54 

60 

14319.58 

1000 

11  5046.31 

80  wnl 

II  7435.78 

200  n 

II  4322.98 

150  wnl 

II  5086.52 

250  nl 

I  7486.86 

100 

114331.24 

80  wn 

II  5125.73 

400  wnl 

II  7524.46 

300  n 

II  4333.34 

50  wn 

II  5143.05 

600  nl 

I  7587.41 

1000 

14351.36 

100 

115166.80 

80 

17601.54 

5000 

II  4355.48 

3000 

115186.99 

60  wns 

117641.16 

150 

I  4362.64 

500 

11  5200.22 

60  wns 

I  7685.25 

1000 

II  4369.69 

200 

II  5208.32 

500 

I  7694.54 

1000 

14376.12 

800 

II  5229.52 

60 

II  7735.69 

200  n 

114381.52 

100  n 

II  5276.50 

100  n 

I  7746.83 

150 

II  4385.27 

50  wnl 

II  5308.66 

200 

7781.97 

100  n 

II  4386.54 

300  nl 

115322.77 

60  nl 

I  7806.52 

50 

14399.97 

200 

115333.41 

500  n 

I  7854.82 

800 

II  4400.87 

100  nl 

II  5346.76 

60  nl 

17913.42 

200 

14410.37 

50 

115446.34 

80 

I  7928.60 

150 

14418.76 

50 

115468.17 

200  ns 

17982.41 

100 

II  4422.70 

100  ns 

I  5490.94 

50 

II  7993.22 

50  n 

14425.19 

100 

II  5499.54 

50 

I  8059.50 

1000 

114431.67 

500 

I  5500.71 

50 

18104.02 

500 

114436.81 

600 

II  5522.94 

60 

18104.36 

5000 

114453.21 

50  wns 

II  5552.99 

100  wns 

18112.90 

5000 

I  4453.92 

600 

I  5562.23 

500 

18132.98 

60 

14463.69 

800 

115568.65 

100 

18190.05 

3000 

II  4475.00 

800  ns 

1 5570.29 

2000 

18195.07 

50 

2171 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Krypton  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

I  8218.40 

80 

I  8928.69 

2000 

II  9577.52 

125 

I  8263.24 

2000 

1 8977.99 

50 

9605.80 

125  Wn 

I  8272.35 

100 

II  9238.48 

125 

9619.61 

100  Wn 

8281.05 

1000 

II  9293.82 

100  Wl 

II  9663.34 

50 

18298.11 

5000 

II  9320.99 

70  n 

I  9704.22 

50 

18412.43 

100 

1 9352.23 

100 

9711.60 

50  Wn 

I  8508.87 

3000 

119361.95 

80 

19743.11 

50 

I  8560.89 

50 

I  9362.03 

100 

19751.76 

2000 

18764.11 

150 

II  9402.82 

50  Ws 

9803.14 

125 

I  8774.05 

50 

II  9470.93 

50  Wn 

I  9856.24 

500 

I  8776.75 

5000 

Lanthanum 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

WTave 
length 

Arc 

Spark 

II  2187.87 

3 

40 

13641.52 

25 

4 

II  4067.39 

150 

80 

2216.11 

2 

25 

113645.41 

100 

60 

114077.34 

600 

400 

II  2256.76 

2n 

30 

I  3649.51 

40 

8 

14079.18 

25 

3 

2297.78 

2n 

150 

113650.17 

100 

60 

II  4086.71 

500 

500 

2379.42 

60 

II  3662.07 

60 

40 

1 4089.61 

40 

5 

2476.75 

30  n 

I  3672.02 

25 

3 

II  4099.54 

100 

100 

II  2487.59 

40 

13704.53 

25 

4 

14104.88 

40 

2 

112519.21 

50 

II  3705.82 

50 

80  n 

114123.23 

500 

500 

II  2560.37 

50 

113713.54 

200 

60 

4133.33 

15 

25 

II  2610.33 

10 

150 

113714.86 

60 

40 

114141.74 

200 

200 

112672.91 

3 

30 

113715.52 

100 

50 

14143.94 

25 

15  n 

II  2695.46 

3 

35 

II  3725.05 

25 

15 

114151.95 

200 

300 

112791.51 

2 

25 

II  3759.08 

400 

150 

114152.77 

40 

50 

II  2798.55 

2 

40  nl 

II  3780.67 

50 

50 

14160.26 

40 

50 

II  2808.39 

10  d 

150 

II  3790.82 

400 

300 

14187.32 

50 

40 

II  2840.50 

3 

25  nl 

II  3794.77 

400 

200 

114192.36 

50 

50 

II  2855.90 

3 

50  nl 

II  3840.71 

50 

70 

114196.55 

200 

150 

II  2880.64 

4 

40 

II  3845.99 

40 

50 

II  4204.04 

200 

25 

112885.14 

5 

50 

113849.01 

200 

150 

II  4217.55 

200 

100 

II  2893.07 

6 

60 

113854.91 

40 

II  4230.95 

150 

50 

II  2950.49 

3 

50 

II  3864.49 

100 

150 

II  4238.38 

500 

300 

113104.59 

200 

50 

113871.63 

200 

15 

II  4249.99 

100 

50 

13109.44 

25 

2 

II  3886.37 

400 

200 

14256.91 

50 

113142.76 

150 

50 

1 3898.60 

30 

5 

II  4263.58 

150 

150 

3171.69 

2n 

1000  wn 

113916.04 

400 

400 

114269.49 

150 

150 

113193.02 

15 

60 

II  3921.53 

400 

200 

14271.16 

30 

113245.12 

400 

300 

1 3927.56 

40 

II  4275.64 

40 

500 

113249.35 

300 

80 

II  3929.22 

400 

300 

1 4280.26 

50 

30 

II  3265.67 

300 

200 

II  3936.22 

100 

50 

II  4286.97 

400 

300 

113303.11 

400 

150 

113949.11 

1000 

800 

II  4296.05 

200 

200 

II  3337.49 

800 

300  wn 

1 3953.68 

30 

II  4300.43 

25 

20 

I  3342.22 

80 

5 

II  3988.52 

1000 

800 

1 4306.00 

30 

II  3344.56 

300 

200  wn 

II  3995.75 

600 

300 

114315.90 

50 

3n 

II  3376.33 

100 

50 

14015.39 

100 

2n 

II  4322.50 

150 

150 

113380.91 

200 

100  n 

II  4023.59 

50 

15 

114333.73 

800 

500 

113411.76 

5 

25  nl 

II  4025.88 

50 

50 

II  4334.96 

40 

50 

II  3452.18 

50 

40 

114031.69 

400 

300 

I  4340.73 

50 

3 

113453.17 

50 

40 

1 4037.21 

50 

3n 

II  4354.40 

80 

100 

II  3512.92 

50 

15 

II  4042.91 

400 

300 

1 4354.80 

40 

3 

3517.11 

25  n 

II  4050.08 

60 

60 

114364.67 

50 

50 

I  3574.43 

30 

8 

1 4060.32 

80 

5 

bh  4372.0 

40 

113628.82 

80 

40  n 

1  4064.78 

40 

3 

bh  4375.8 

30 

113637.15 

50 

40 

1  4065.58 

30 

2 

114378.10 

40 

30 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Lanthanum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  4383.45 

10 

50 

114946.47 

100 

50 

II  5610.53 

2 

40 

bh  4418.1 

25 

14949.77 

200 

bh  5626.0 

100 

bh  4418.2 

50 

114952.07 

50 

40 

bh  5628.6 

100 

14427.57 

30 

50 

II  4970.39 

125 

100 

15631.21 

50 

bh  4428.1 

30 

114986.83 

150 

100 

15648.25 

150 

bh  4428.2 

40 

114991.28 

100 

80 

bh  5652.3 

50 

II  4429.90 

200 

300 

14993.88 

80 

bh  5654.8 

50 

II  4432.95 

25 

5 

II  4996.82 

25 

30 

15657.73 

50 

bh  4438.0 

30 

114999.47 

400 

300 

115671.55 

10 

100 

bh  4443.0 

25 

115014.45 

2 

30  nl 

15696.19 

50 

II  4455.79 

40 

25 

1 5046.88 

80 

115712.40 

20 

40 

114522.37 

200 

400 

1 5050.57 

80 

4 

1 5720.02 

25 

II  4525.30 

100 

100 

1 5056.46 

80 

1 5740.66 

100 

1 

114526.11 

100 

150 

1 5067.90 

30 

15744.41 

80 

II  4530.56 

15 

25 

15106.23 

100 

10 

15761.84 

60 

114540.71 

4 

25 

115114.57 

150 

200 

II  5769.07 

30 

60 

14541.79 

30 

5 

115122.99 

150 

200 

I  5769.35 

70 

II  4558.46 

100 

200 

15145.42 

100 

10 

I  5770.01 

25 

II  4559.29 

100 

150 

115156.74 

40 

40 

I  5789.25 

125 

I  4567.91 

100 

25 

II  5157.43 

40 

100 

15791.34 

200 

1 4570.03 

80 

25 

1 5158.69 

50 

II  5797.59 

80 

150 

114574.87 

300 

300 

115163.61 

25 

40 

II  5805.78 

60 

120 

II  4580.06 

80 

100 

115173.85 

20 

25  n 

II  5808.33 

25 

60 

II  4605.78 

100 

100 

15177.31 

150 

30 

15821.99 

40 

114613.39 

100 

100 

II  5183.42 

300 

400 

I  5829.73 

25 

114619.88 

150 

200 

15183.92 

25 

1 5855.59 

30 

II  4645.28 

25 

40 

115188.23 

50 

500 

II  5863.71 

40 

80 

114647.51 

10 

50 

II  5204.15 

50 

300 

bh  5866.4 

40 

_ 

II  4655.50 

150 

300 

15211.87 

300  r 

5 

bh  5869.5 

50 

II  4662.51 

150 

200 

I  5234.27 

200  r 

8W 

II  5880.65 

30 

50 

II  4663.76 

100 

200 

1 5253.46 

100 

5 

bh  5893.6 

60 

114668.91 

200  r 

300  r 

II  5259.39 

40 

50 

15894.85 

25 

114671.83 

100 

150 

15271.20 

100 

20 

bh  5896.7 

80 

114691.18 

10 

25 

II  5290.84 

60 

100 

115901.95 

2 

40 

114692.50 

200 

300 

115301.98 

300  r 

200 

15917.63 

25 

II  4699.63 

200  r 

200  r 

115302.62 

50 

150 

bh  5920.8 

50 

114703.28 

200  r 

300  r 

II  5303.56 

100 

125 

II  5927.71 

30 

14708.19 

25 

2 

15304.03 

25 

I  5930.63 

150 

II  4712.93 

100  r 

150 

II  5340.67 

80 

100 

1 5930.67 

100 

114716.44 

100 

200 

1 5357.87 

40 

II  5973.53 

15 

120 

114717.59 

15 

25 

II  5377.09 

30 

200 

I  6007.38 

70 

114719.95 

200  r 

300 

II  5380.99 

50 

100 

1  6038.61 

50 

II  4728.42 

400  r 

300 

115381.92 

15 

100 

II  6100.38 

30 

is 

114740.28 

150 

300 

bh  5407.7 

30 

I  6107.28 

25 

114743.08 

300  r 

300 

bh  5433.0 

30 

I  6108.49 

70 

II  4748.73 

100 

200 

15455.15 

200 

i 

16111.72 

50 

14750.41 

40 

40 

115458.69 

5 

50 

116126.09 

20 

25 

1 4766.89 

100 

10 

115464.38 

25 

30 

16127.06 

25 

I  4770.43 

25 

5 

II  5480.74 

5 

40 

II  6129.55 

40 

25 

II  4804.04 

150 

150 

II  5482.27 

25 

50 

16134.39 

70  r 

114809.01 

150 

150 

5501.34 

200 

50 

16142.98 

50 

II  4824.07 

150 

150 

15503.81 

100 

16165.70 

100 

II  4826.89 

15 

30 

1 5506.00 

50 

II  6188.09 

8 

50 

I  4839.52 

40 

10 

15510.34 

200 

II  6203.51 

8 

25 

II  4840.00 

35 

10 

I  5517.34 

30 

I  6234.85 

25 

II  4850.58 

25 

20 

II  5535.67 

50 

100 

I  6238.59 

25 

114860.91 

100 

100 

15541.26 

SOW 

I  6249.93 

300 

14878.85 

20 

30 

1 5568.47 

40 

•  • 

II  6262.30 

125 

150 

II  4899.92 

400 

200 

I  5588.34 

40 

I  6266.03 

80 

14901.86 

50 

bh  5599.9 

50 

II  6273.76 

5 

50 

II  4920.97 

500 

400 

bh  5600.0 

100 

I  6293.56 

30 

114921.78 

500 

400 

bh  5602.4 

100 

116296.10 

50 

150 

114934.82 

150 

100 

bh  5602.5 

200 

116310.93 

10 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Lanthanum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 
70 

Spark 

Wave 
length 

Arc 

Spark 

116315.82 

4 

25 

16661.40 

II  7282.34 

70 

125 

II  6320.39 

70 

100 

116671.38 

10 

25 

17334.17 

100 

I  6325.92 

30 

I  6692.87 

50 

17345.31 

125 

II  6390.48 

70 

100 

I  6709.50 

150 

I  8247.44 

40 

I  6394.23 

150 

116714.09 

4 

40 

18324.69 

80 

II  6399.05 

15 

200 

II  6718.67 

3 

30 

I  8346.53 

70 

I  6410.99 

100 

I  6748.12 

25 

I  8476.48 

25 

II  6443.05 

8 

25  n 

I  6753.02 

100 

1 8545.44 

35 

II  6446.60 

15 

100 

II  6774.23 

100 

120 

I  8672.11 

25  w 

I  6454.53 

125 

116813.64 

5 

25 

I  8674.43 

50  W 

I  6455.99 

100 

16823.75 

50 

1 8748.38 

25 

I  6468.43 

25 

II  6834.02 

25 

10 

1 8825.82 

25  w 

I  6485.55 

50 

I  6917.22 

25 

I  8957.73 

25 

II  6498.19 

25 

125 

I  6925.21 

100 

I  9079.08 

50 

II  6526.99 

125 

100 

I  6934.99 

50 

19412.64 

80 

16543.15 

125 

II  6958.08 

25 

50 

I  9438.29 

100 

I  6578.51 

100 

I  7023.67 

100  n 

I  9461.79 

50 

I  6593.47 

25 

I  7032.03 

40 

I  9542.09 

40 

16600.17 

40 

I  7045.96 

125 

19633.72 

40 

I  6608.26 

50 

II  7066.21 

400 

150 

9640.81 

30 

16616.58 

125 

I  7068.36 

100 

I  9737.09 

100 

II  6642.79 

10 

25 

II  7104.7 

50 

2 

19881.24 

100 

I  6644.41 

40 

I  7158.05 

125 

I  9920.82 

150 

I  6650.80 

100 

17161.25 

100 

Lead 


2059.63 

500  wr 

2864.51 

60 

3832.83 

50 

2061. 7-^ 

8r 

40 

2873.32 

100  r 

60 

3841.62 

60 

2088.43 

30  r 

40  W 

II  2948.72 

125 

1 3854.05 

100 

2115.02 

30  r 

8w 

II  3016.4 

25 

113909.17 

40 

12169.99 

1000  r 

1000  r 

1 3043.90 

100 

13951.94 

50  n 

2175.58 

40  w 

1 3C89.09 

30 

II  3971.3 

(30) 

2187.85 

50 

*3 

II3117.7 

(100) 

1 4057.82 

2000  r 

300  r 

II  2203.50 

50  w 

5000  r 

II  3125.6 

(50) 

1 4272.63 

30 

2218.08 

50 

40 

13137.83 

100 

4571.35 

30 

2237.43 

50  w 

30  w 

13176.54 

100 

II  5042.5 

(200) 

2246.89 

30  r 

100  r 

3220.54 

50  n 

5 

II  5049.3 

(35) 

2253.95 

40' 

5 

3232.35 

30 

II  5070.7 

(40) 

2332.43 

60 

30 

3240.19 

30  n 

II  5074.6 

(40) 

2388.77 

40 

18 

1 3242.86 

40 

II5111.9 

(40) 

2393.79 

2500 

1000 

II  3261.0 

(50) 

II  5155.8 

(25) 

2399.58 

35 

12 

3262.35 

20  n 

5n 

II 5163.8 

(25) 

2401.95 

50 

40 

3276.19 

60 

II  5367.3 

(40) 

2411.73 

75 

15 

3297.64 

30 

II  5372.1 

(40) 

2443.84 

100  w 

15 

II  3451.7 

(80) 

II  5472.4 

(25) 

2446.18 

150  w 

15 

13455.49 

70 

I  5523.5 

25 

2476.38 

150  wn 

25 

II  3463.6 

(50) 

II  5544.6 

(40) 

II  2526.62 

(100) 

3483.39 

30 

II  5608.8 

(40) 

2562.28 

100 

bh  3485.7 

30 

II  5767.9 

(40) 

112576.55 

(100) 

3572.73 

200 

20 

II  5876.7 

(40) 

2577.26 

100  wn 

40 

13589.92 

40 

6001.88 

40  nl 

3  ii 

2613.65 

50  r 

5 

3593.12 

30 

II  6009.7 

(40) 

2614.18 

200  r 

80 

I  3639.58 

300 

50  n 

6011.98 

25  nl 

II  2628.26 

50 

10 

3671.39 

70 

II  6041.4 

(35  d) 

2650.4 

100 

80 

3671.50 

50 

7 

II  6075.8 

(200) 

2663.17 

300  wn 

40 

13683.47 

300 

50 

II  6081.5 

(200) 

2802.00 

250  rn 

100  n 

1,113689.31 

40 

II  6160.0 

(50) 

2823.19 

150  r 

40 

3739.95 

150 

60  n 

II  6181.9 

(30) 

I  2833.07 
2864.26 

500  r 

80  r 

II  3746.9 

(30) 

II  6229.7 

(50) 

60 

II  3786.00 

40 

II  6311.5 

(40) 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Lead  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  6345.0 

(25) 

II  7050.7 

(40) 

II  8395.6 

(100) 

II  6518.2 

(35) 

II  7193.6 

(100) 

II  8545.0 

(30) 

II  6527.8 

(25) 

7229.11 

50 

II  8710.1 

(30) 

II  6569.4 

(25) 

II  7558.7 

(100) 

II  9050.7 

(100) 

II  6660.0 

(500) 

II  7632.2 

(100) 

II  9063.7 

(100) 

II  6790.8 

(50) 

8272.84 

200  wl 

9604.06 

50  Wl 

II  7013.2 

(50) 

II  8335.0 

(25) 

9674.56 

100  Wl 

Lithium 


I  2425.68 

30  w 

13232.61 

1000  r 

500 

1 4602.86 

800 

I  2475.29 

100  w 

5 

13718.7 

30 

14971.99 

500 

I  2562.54 

150 

15 

13794.72 

60 

I  6103.64 

2000  r 

300 

112741.19 

30 

13915.0 

200  wn 

I  6240.1 

300 

12741.31 

200 

13985.79 

100 

I  6707.84 

3000  r 

200 

2899.66 

60 

14132.29 

400  wn 

18126.52 

1000 

2988.5 

15 

14273.28 

200  r 

100  n 

Lutecium 


2065.42 

30  n 

2989.27 

50 

4 

4295.95 

30 

3 

2104.40 

40 

3020.54 

100 

4309.57 

25 

2 

2191.37 

6 

60 

3056.72 

50 

100 

4341.98 

3 

30  nl 

2195.54 

30 

100 

3057.90 

3 

150  n 

4430.48 

30 

2 

2236.17 

150  n 

3077.60 

100 

200 

4450.81 

40 

2 

2297.41 

15 

100 

3081.47 

80 

8 

4518.57 

300 

40 

2381.69 

30  n 

3104.98 

25  nl 

4645.47 

25  n 

2 

2392.19 

30 

100 

3118.43 

40 

5 

4648.21 

25  n 

2 

2399.14 

10 

50 

3171.36 

40 

5 

4648.85 

25  n 

2419.21 

8 

40 

3191.80 

3 

60  nl 

4658.02 

100 

15 

2469.27 

10 

40 

3198.12 

40 

80 

4785.42 

100 

200 

2481.72 

20 

100 

3254.31 

50 

150 

4839.62 

50 

100 

2563.52 

1 

80  n 

3278.97 

50 

5 

4904.88 

60 

5 

2571.23 

30 

100 

3281.74 

60 

5 

4942.34 

40 

3 

2578.79 

40 

125 

3312.11 

100 

10 

4994.13 

250 

400 

2613.40 

30 

100 

3359.56 

150 

15 

5001.14 

100 

2615.42 

100 

250 

3376.50 

100 

10 

5135.09 

200 

20 

2619.26 

30 

100 

3385.50 

30 

4 

5349.12 

25 

2 

2657.80 

50 

150 

3396.82 

30 

1 

5402.57 

150 

10 

2685.08 

50  n 

3 

3397.07 

50 

20  r 

5421.90 

50 

5 

2701.71 

40 

150 

3472.48 

50 

150 

5437.88 

30 

3 

2728.95 

40 

2 

3507.39 

100 

150 

5476.69 

500 

1000 

2738.17 

2 

25  nl 

3507.47 

30 

5736.55 

150 

15 

2754.17 

40 

125 

3508.42 

30 

3 

5775.40 

50 

5 

2772.58 

5 

150  n 

3554.43 

50 

150 

5800.59 

30 

2 

2796.63 

25 

100 

3567.84 

100 

7 

5983.59 

30 

60 

2821.23 

2 

50  nl 

3623.99 

20 

40 

5983.80 

20 

40 

2834.35 

5 

40  n 

3636.25 

25 

3 

5984.15 

20 

40 

2845.13 

30  n 

2 

3647.77 

100 

5 

5997.13 

50 

5 

2847.51 

40 

125 

3841.18 

100 

8 

6004.52 

400 

40 

2885.14 

40  n 

3 

3876.63 

50 

100 

6055.03 

150  d 

10 

2894.84 

60 

200 

3968.46 

50 

6159.94 

50 

200 

2900.30 

50 

150 

4054.45 

25 

*3 

6199.66 

40 

125 

2911.39 

100 

300 

4124.73 

200 

10 

6221.87 

500 

1000 

2951.69 

20 

80 

4154.08 

40 

3 

6228.14 

10 

40 

2955.78 

2 

60  nl 

4184.25 

100 

200 

6235.36 

25 

100 

2903.32 

50 

150 

4277.50 

30 

3 

6242.34 

40 

200 

2969.82 

30 

100 

4281.03 

-40 

4 

6345.35 

60 

4 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Lutecium  (Continued) 


Wave 
length 


6441.14 
6463.12 
6477.67 
6523.18 
6611.28 
6611.58 
6611.71 
6677.14 


Arc 

Spark 

40 

400 

800 

30 

2 

80 

0 

30 

25 

100 

150 

40 

1 

Wave 
length 


6793.77 
6917.31 
7031.24 
7096.34 
7125.84 
7237.98 
7815.91 
7911.62 


Arc 


40 
50 
50 
30 
125 
40 
25 
30 


Spark 


Wave 
length 


8178.16 
8382.08 
8459.19 
8478.50 
8508.08 
8610.98 
9696.03 
9914.92 


Arc 


40 

30 
150 

50 
100 
125 

30 
100 


Magnesium 


ip» 


II  2329.58 

12 

1 2846.75 

18 

4 

13838.26 

300 

200 

II  2449.57 

20 

I  2848.42 

20 

13844.97 

2 

10 

I  2632.88 

10 

4 

12851.65 

25 

II  3848.24 

10 

10 

I  2649.02 

12 

12852.13 

300  r 

100  r 

13848.77 

2 

12 

II  2660.75 

40 

6 

2915.52 

20 

12 

1 3878.57 

10 

112660.82 

40 

6 

II  2928.75 

25 

100 

3892.12 

3 

12 

12668.11 

10  n 

II  2936.54 

20 

I  3895.66 

15 

I  2669.54 

12 

I  2936.89 

12 

I  3904.03 

2 

12 

I  2672.45 

20 

I  2938.54 

25 

13938.42 

10  w 

3 

12693.71 

10 

12942.11 

20 

2n 

13986.73 

15  w 

3 

I  2695.21 

10 

112967.87 

10 

1 4057.63 

10  w 

12698.14 

12 

112971.70 

10 

14351.91 

15 

2 

1 2732.08 

12 

3 

3073.99 

8 

10 

114390.58 

10 

1 2733.57 

25 

13091.08 

80 

10 

4481.16 

50 

I  2736.53 

30 

3 

I  3092.99 

125 

20 

114481.33 

100 

2776.69 

30 

20 

1 3096.90 

150 

25 

14571.15 

20 

2 

2778.29 

25 

20 

113104.71 

15 

bh  5007.3 

12 

2779.83 

40 

50 

113104.80 

15 

15167.34 

100  wn 

50 

2781.42 

20 

8 

1 3229.37 

25 

15172.70 

200  wn 

100  wn 

2782.97 

15 

15 

13329.93 

80 

8 

15183.62 

500  wn 

300 

II  2790.79 

40 

80 

13332.15 

100 

25 

I  5528.46 

60 

30 

II  2795.53 

150 

300 

13336.68 

125 

60 

II  6347.06 

10 

2 

II  2798.06 

30 

80 

I  3829.35 

100  w 

150 

II  6545.44 

10 

2 

II  2802.69 

150 

300 

13832.31 

250 

200 

I  8806.79 

100 

Manganese 


2003.82 

50  r 

25 

2315.68 

25 

2437.91 

25  wn 

2012.12 

30 

2318.92 

30 

2452.53 

3n 

100  wn 

2092.13 

30  r 

20 

2320.45 

60 

2453.17 

40  wn 

2093.39 

30  r 

18 

2328.67 

25 

2458.69 

80  wn 

2097.54 

18 

30 

2328.85 

30 

2460.88 

25 

3 

2106.04 

40  r 

2332.14 

25 

2461.01 

25 

5 

2109.58 

40  r 

12 

2333.26 

2 

25 

2466.21 

50 

2175.56 

40 

2334.94 

25 

2466.42 

40 

2184.88 

8 

30 

2340.59 

30 

2472.89 

125 

100 

2191.39 

25 

10 

2358.45 

8 

25 

2488.14 

150 

12 

2213.82 

60  r 

10 

2361.76 

2n 

30 

2490.64 

125 

3 

2220.54 

40  w 

2366.91 

40 

2491.16 

100 

2 

2229.97 

60 

II  2373.37 

4 

50 

2518.15 

40 

2231.66 

70 

2374.30 

30 

2520.58 

25  d 

2269.87 

2n 

70 

2384.05 

40 

3 

2527.44 

150 

12 

2298.95 

20  s 

40 

2387.02 

2n 

35 

2529.13 

80 

5d 

2304.99 

40 

60 

2427.41 

50  wn 

2534.15 

25  d 

2308.18 

25 

2427.75 

50  wn 

II  2534.21 

25 

2310.96 

25 

2427.98 

50  wn 

2535.64 

80 

2312.69 

40 

2437.42 

40  wn 

2538.05 

25 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Manganese  (Continued) 


Wave 
length 

Arc 

Spark 

W'ave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2541.11 

80 

2674.43 

2 

25 

2937.92 

25  Wn 

2542.92 

i 

100 

2675.51 

25 

2939.30 

50 

2543.45 

4 

100 

2677.85 

40 

2940.39 

40  Wn 

2545.16 

25 

2679.16 

40 

2940.48 

40  Wn 

2548.74 

8 

150 

2681.23 

50 

2941.04 

25 

"l 

2551.88 

1 

100  d 

2683.82 

25 

2949.20 

100 

30 

2553.26 

50 

2684.55 

2 

80 

3007.65 

40 

40 

2556.57 

10 

80  n 

2685.94 

12  n 

100  w 

3011.16 

25 

25 

2556.89 

3 

40 

2687.41 

25 

80  r 

3011.37 

25 

25 

2557.54 

1 

50 

2688.25 

3 

100  n 

3016.45 

25 

25 

2558.59 

80 

2689.80 

40 

3022.75 

50 

25 

2559.41 

2 

50 

2690.98 

25  w 

3031.06 

8 

25 

2559.66 

40  d 

2692.66 

150 

3040.60 

50 

25 

2563.65 

25 

50  wn 

2694.09 

8 

50 

3041.22 

25 

25 

2565.22 

2 

80 

2695.36 

100  r 

50 

3042.73 

25  r 

25 

2570.94 

80 

2698.97 

40 

3043.36 

40 

40 

2572.76 

200 

50 

2701.70 

150 

40  n 

3044.57 

100  wn 

40 

2575.51 

150 

1 

2703.99 

100  WD 

25 

3045.59 

40 

20 

II  2576.10 

300  r 

2000  r 

27C5.73 

25 

25  n 

3045.81 

25 

12 

2578.91 

25  wn 

2707.53 

10 

50  n 

3047.03 

60 

60 

2579.67 

125 

I 

2708.45 

15 

50  n 

3048.86 

25 

2582.96 

50 

2709.96 

25 

3054.36 

75 

40 

2584.31 

150  w 

15 

2710.33 

12 

40  n 

3062.12 

75 

20 

2588.96 

80 

2710.62 

25  n 

3066.02 

75 

2589.71 

10 

50  n 

2711.58 

2 

125  n 

3070.27 

100 

25 

2592.94 

150 

3 

2713.33 

300  Wn 

3073.13 

75 

20 

II  2593.73 

200  r 

1000  r 

2716.79 

1 

40 

3079.63 

125 

40 

2595.65 

25 

2722.08 

1 

50  n 

3081.33 

75 

25 

2595.76 

200 

25 

2724.45 

2 

80 

3082.05 

50 

2596.83 

. . 

50  r 

2725.92 

50 

3097.06 

75  w 

40 

2598.90 

5 

100  wd 

2726.14 

300  Wn 

3100.30 

60 

60 

2602.72 

80 

2728.61 

50 

3101.56 

50 

50 

2603.72 

5 

50 

2738.86 

25 

3110.68 

35 

35 

II  2605.69 

100  r 

500  r 

2760.93 

80 

3115.46 

50 

25 

2610.20 

15 

100  n 

2771.43 

25 

3120.34 

50 

2616.51 

60 

2776.23 

80 

3142.67 

50 

2618.14 

50 

100  n 

2778.56 

60 

3148.18 

150 

40 

2618.91 

40 

12 

2779.99 

25 

3161.04 

150 

50 

2619.51 

125 

10 

2782.73 

50 

3178.49 

150 

50 

2619.98 

50 

12 

2794.82 

1000  r 

5 

3206.91 

60 

2622.90 

200 

15 

2798.27 

800  r 

80 

3212.88 

100 

100 

2624.04 

251 

60 

2801.06 

600  r 

60 

3216.95 

75 

75 

2624.80 

25 

12 

2806.14 

25 

3224.76 

75 

40 

2625.58 

100  n 

2809.11 

25 

3226.03 

40 

20 

2626.64 

125 

5 

2813.47 

30 

1 

3228.09 

100 

100 

2629.55 

35 

2815.02 

25 

75 

3230.72 

75 

75 

2630.57 

100 

15 

2817.97 

50 

1 

3233.97 

75  wn 

,  m 

2632.35 

12 

80  n 

2818.77 

25 

3235.00 

30  n 

2635.60 

60 

2821.45 

40 

3236.78 

75 

75 

2638.17 

25 

80  n 

2828.76 

50  wn 

3237.41 

30  n 

2639.83 

12 

80  n 

2830.79 

50 

3240.40 

60 

30 

2648.04 

25 

2858.66 

50 

3240.62 

60 

30 

2648.94 

i 

50 

2872.58 

30 

3243.78 

100 

75 

2650.99 

150 

2882.90 

25 

3247.54 

125 

2652.48 

3 

100 

2900.55 

50 

3248.52 

100 

100 

2659.08 

25 

2902.20 

50 

3251.13 

50 

25 

2662.54 

50 

2907.22 

50 

3252.95 

75 

50 

2664.03 

25 

2914.60 

150  Wn 

3254.04 

50 

25 

2666.77 

'8 

50  n 

2925.57 

150  Wn 

1  Wn 

3256.14 

75 

50 

2667.00 

5 

50  n 

2928.68 

25 

3258.41 

75 

40 

2671.80 

50 

2930.25 

25 

3260.23 

75 

50 

2672.59 

15 

125  n 

2933.06 

80 

15 

3264.71 

75 

50 

2673.37 

50 

2934.02 

25 

3267.79 

40 

40 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Manganese  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3268.72 

30 

30 

3809.48 

150 

4135.04 

50 

30 

3270.35 

30 

30 

3809.59 

150 

150 

4137.26 

40 

5 

3278.55 

60 

30 

3816.75 

60 

50 

4141.06 

50 

30 

3280.76 

60 

30 

3823.51 

75  n 

75 

4147.53 

40 

20 

3296.88 

60 

30 

3823.89 

50  n 

50 

4148.80 

50 

30 

3298.22 

50 

25  n 

3829.68 

60 

60 

4155.52 

40 

5 

3303.28 

40 

3833.86 

75 

75 

4157.02 

40 

2d 

3311.90 

75 

3834.36 

75  r 

75 

4176.60 

100 

40 

3313.22 

50 

3839.78 

100 

125 

4189.99 

80 

40 

3314.42 

30  n 

3841.08 

50 

50 

4201.76 

40 

20 

3314.90 

35 

3843.98 

75 

100 

4211.75 

30 

20 

3317.30 

100 

30  n 

3853.47 

25 

20 

4220.61 

60 

20 

3320.69 

60 

30  n 

3856.53 

15 

30 

4235.14 

80 

3330.67 

75 

3889.45 

25 

50 

4235.29 

80 

100 

3343.73 

30 

3894.71 

40 

40 

4239.72 

100 

50 

113441.99 

75 

75 

3898.36 

30 

4257.66 

ICO 

40 

II  3460.33 

60 

500 

3899.33 

12 

25 

4265.92 

100 

50 

113474.13 

12 

400 

3918.31 

40 

50 

4281.10 

100 

50 

113482.91 

50 

250 

3926.47 

40 

501 

4284.08 

80 

20 

3488.68 

50 

200 

3929.24 

30 

30 

4300.20 

60 

5 

II  3495.84 

25 

150 

3929.65 

12 

25 

4305.66 

50 

113496.81 

10 

30 

3936.76 

25 

50 

4312.55 

100 

20 

II  3497.54 

15 

150 

3942.85 

75 

75 

4321.16 

60 

5 

3531.85 

40  r 

30  r 

3951.96 

40 

50 

4323.40 

50 

3531.99 

50  n 

8 

3952.84 

60 

75 

4326.76 

80 

30 

3532.12 

50  n 

30 

3975.89 

40 

50 

4337.42 

80 

3547.80 

40  n 

15 

3977.08 

50 

100 

4343.97 

100 

30 

3548.03 

40  n 

15 

3982.17 

12 

25 

4359.80 

25 

3548.20 

40  n 

40 

3982.58 

20 

30 

4365.24 

25 

5 

3569.49 

25  n 

8 

39S2.91 

20 

30 

4368.88 

50 

3577.88 

50 

25 

3985.24 

75 

100 

4370.87 

30 

3586.54 

50  n 

40 

3986.83 

40 

75 

4374.95 

150 

20 

3595.12 

50 

25 

3987.10 

30 

60 

4381.70 

80 

20 

3607.54 

75 

40 

3991.60 

20 

25 

4382.63 

80  n 

3608.49 

60 

40 

3992.49 

40 

75 

4388.08 

60 

3610.30 

60 

40 

3997.21 

12 

25 

4389.75 

50 

3619.28 

75 

50 

4018.10 

80 

60 

4408.08 

60 

'5 

3623.79 

75 

40 

4026.43 

50 

40 

4410.49 

50 

3629.74 

100 

30 

1 4030.75 

500  r 

20 

4411.88 

100 

20 

3641.39 

50 

50  n 

I  4033.07 

400  r 

20 

4414.88 

150 

60 

3660.40 

75 

75 

I  4034.49 

250  r 

20 

4419.78 

100 

20 

3669.84 

30 

30 

4035.73 

50 

60 

4436.35 

80 

50 

3670.52 

25 

15 

4041.36 

100 

50 

4447.15 

60 

3676.96 

60 

100 

4048.75 

60 

60 

4451.59 

125 

100 

3682.09 

25 

40 

4055.54 

80 

80 

4453.00 

50 

20 

3892.81 

50 

50 

4057.95 

80 

20 

4455.01 

25 

10 

3693.67 

50 

60 

4058.93 

80 

60 

4455.32 

25 

15 

3696.57 

100 

50 

4061.74 

80 

30 

4455.82 

25 

15 

3701.73 

60 

30 

4063.53 

100 

60 

4458.26 

25 

20 

3706.08 

75 

4068.00 

50 

20 

4461.08 

30 

25 

3718.93 

75 

100 

4070.28 

80 

30 

4462.02 

40 

60 

3728.89 

75 

100 

4075.25 

25 

5 

4464.68 

60 

50 

3731.93 

75 

100 

4079.24 

50 

40 

4470.14 

80 

40 

3736.90 

25 

25 

4079.42 

50 

40 

4472.79 

100 

25 

3746.62 

25 

25 

4082.94 

80 

60 

4479.40 

60 

3750.76 

60 

30 

4083.63 

80 

60 

4490.08 

100 

25 

3763.38 

20  s 

20 

4089.94 

80 

20 

4491.65 

50 

5 

3763.80 

40 

25 

4092.39 

30 

20 

4496.63 

40 

5 

3776.53 

25 

25 

4102.96 

100 

20 

4498.90 

150 

40 

3790.21 

100 

125 

4105.36 

50 

20 

4502.22 

125 

40 

3799.26 

50 

50 

4110.90 

80  r 

40 

4503.87 

60 

5 

3800.55 

60 

60 

4113.24 

40 

20 

4523.39 

50 

3806.72 

50  n 

20 

4131.12 

50 

40 

4529.79 

50 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Manganese  (Continued) 


Wave 
length 


4534.46 
4538.46 
4542.44 
4544.41 
4548.58 
4575.41 
4579.67 
4581.83 
4586.11 
4605.36 
4607.62 
4626.54 
4627.74 
4642.81 
4645.03 
4658.78 
4671.69 
4701.16 
4709.71 
4727.48 
4739.11 
4754.04 
4761.53 
4762.38 
4765.86 
4766.43 
4774.09 
4783.42 
4797.70 
4823.52 
4838.24 
4840.15 
4844.31 
4854.81 
4862.05 
4934.15 
4965.88 


Arc 

Spark 

30 

40 

80 

5 

60 

5 

80 

5 

50 

50 

125 

301 

150 

15 

50 

80 

15 

50 

50 

40 

25 

100 

5 

100 

5 

150 

15 

150 

20 

150 

15 

400 

60 

60 

15 

100 

40 

60 

25 

80 

30 

50 

400 

60 

25 

400 

80 

50 

50 

80 

5 

30 

5 

40 

5 

25 

5    P 

50 

2 

Wave 
length 


5117.94 

5150.89 

5196.59 

5255.32 

115295.29 

115296.97 

115299.28 

II  5302.32 

5341.06 

5377.63 

5394.67 

5399.49 

5407.42 

5413.69 

5420.36 

5432.55 

5457.47 

5470.64 

5481.40 

5505.87 

5516.77 

5537.76 

6013.50 

6016.64 

6021.80 

116122.44 

II  6125.85 

116128.72 

116130.79 

6384.67 

6413.95 

6440.97 

6491.71 

6605.53 

6691.58 

6833.92 


Arc 


30 
40 
30 
50 


200 

40 

50 

40 

60 

30 

60 

40 

25 

50 

50 

40 

50 

40 
100  n 

80  n 

80  n 


25 

25 
60 
100 
30  n 
25 
40 


Spark 


(30) 
(40) 
(50) 
(60) 
100 


5 
5 

(80) 
(50) 
(40) 
(30) 


Wave 
length 


6887.75 

6942.52 

6989.81 

7069.84 

7151.28 

7184.25 

7247.82 

7283.81 

7302.89 

17326.51 

I  7680.20 

17712.42 

I  7733.24 

I  7764.72 

8212.43 

8380.77 

I  8654.63 

I  8670.92 

I  8672.06 

I  8673.97 

18699.13 

I  8701.05 

I  8703.76 

18734.60 

I  8737.32 

I  8740.93 

I  8929.72 

I  9084.29 

19114.02 

19172.09 

19243.29 

I  9336.47 

1  9429.58 

I  9444.90 

I  9608.56 

I  9676.50 


Arc 


30 
100  n 

80 

60 

30  n 

40 

40 

400  n 
300  n 
500 
200 
100  n 

60  nl 
200  n 

50  n 

25 

40  n 

60  wl 

80  w 
100  w 
100  w 
150  w 
200  w 

30 

150  w 
500  W 

50  n 

30 

40 
100 
150 

40  n 

30  n 

40 
100 

40 


Spark 


Mercury 


2022.19 

(30) 

II  2026.97 

(100) 

II  2052.93 

(100) 

112148.00 

(60) 

112224.71 

(30) 

II  2252.78 

(50) 

II  2260.26 

(200) 

II  2262.23 

(100) 

11  2345.55 

10 

30 

II  2407.35 

(25  n) 

112414.13 

(25  n) 

2480.62 

(40) 

I  2482.01 

30 

5 

I  2482.72 

25 

10 

I  2483.83 

30 

5n 

I  2534.77 

30 

30 

I  2536.52 

2000  r 

1000  r 

2552.87 

(25) 

2574.86 

(25) 

I  2652.04 

100 

60 

I  2653.68 

80 

40 

I  2655 

12698 

12699 

II  2705 

12752 

2752 

2761 

II  2814 

II 2847 

12847 

12893 

II  2909 

II  2916 

12925 

II  2947 

II  2955 

2967 

2975 

3004 

II  3006 

13021 


.12 

80 

40 

.85 

25 

30 

.50 

25 

(5) 

.36 

(30) 

.77 

100  r 

50 

.84 

40 

10  n 

.97 

(40) 

.93 

(200) 

.67 

(300) 

.83 

15 

100 

.59 

40 

50 

.36 

(25) 

.27 

(30) 

,11 

60 

50 

.08 

(25) 

.13 

(100) 

.28 

100  w 

100 

.19 

(50) 

.17 

(30) 

.57 

(50) 

.50 

80 

40 

1 3023 

I  3027 

3035 

II  3090 

II3116. 

13125 

13131 

13131 

II  3191. 

II 3252 

II  3264. 

II  3277. 

13341. 

II  3385. 

3390. 

II  3451. 

3473. 

3492. 

II  3493. 

II  3524. 

3532. 


.48 

60 

.50 

25 

.10 

.60 

.24 

.66 

200 

55 

400 

.83 

200 

03 

.21 

06 

S7 

48 

100 

25 

06 

69 

01 

77 

85 

L9 

63 

10  n 
15 

(30) 
(200) 
(100) 

150 

300 

100 
(100) 

(30) 
(200) 

(50) 

100 
(200) 

50  wn 
(200) 

(30) 

(50) 
(100) 
(100) 
(200) 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Mercury  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3543.08 

40 

4103.87 

(50) 

II  5128.45 

(150) 

II  3549.42 

(200) 

114115.41 

(50) 

5146.26 

(30) 

3578.75 

(40) 

II  4120.6 

(50) 

5204.78 

(40) 

II  3604.09 

(50) 

4124.07 

(30) 

5210.79 

(60) 

II  3605.80 

(200) 

4140.38 

(200) 

115222.81 

(80) 

3606.92 

(30) 

4156.68 

(50) 

I  5354.05 

(30  wn) 

3613.61 

(40) 

4178.02 

(50  n) 

II  5425.25 

(200) 

3618.53 

(50) 

4180.95 

(100) 

1 5460.74 

(2000) 

3630.65 

(100) 

4206.10 

(30) 

I  5675.86 

(80) 

3638.34 

(100) 

4212.22 

(30) 

115677.17 

(300) 

3644.32 

(40) 

114212.53 

(50) 

1 5769.59 

600 

200 

13650.15 

200 

500 

4216.72 

(50  n) 

I  5789.66 

(500) 

1 3654.83 

(200) 

4227.29 

(100) 

I  5790.65 

(1000) 

1 3662.88 

50 

400 

4227.87 

(70) 

I  5803.65 

(70) 

13663.28 

500 

400 

4261.88 

(70) 

I  5859.38 

(30) 

1 3680.01 

(40) 

1 4339.23 

150 

20 

115871.73 

(40) 

3774.52 

(30) 

1 4347.50 

200 

50 

5890.16 

(40) 

113776.26 

(30) 

14358.35 

3000  w 

500 

II  6089.79 

(25) 

II  3806.38 

(200) 

4376.19 

(50) 

6100.36 

(25) 

3826.61 

(30) 

114398.62 

(300) 

II  6149.50 

(200) 

3839.26 

(50) 

4402.06 

(50) 

116291.26 

(50) 

3845.15 

(30) 

II  4404.86 

(50) 

II  6394.94 

(25) 

3874.98 

(30  n) 

114425.22 

(30) 

6418.95 

(25) 

13906.41 

2 

5 

15 

4454.33 

(30) 

II  6715.2 

(25) 

113914.29 

(100) 

114455.49 

(30) 

16716.17 

(80) 

113918.92 

(200) 

4487.48 

(300) 

I  6888.74 

(25) 

3925.65 

(100) 

114492.81 

(30) 

16907.16 

(125) 

3942.24 

(100) 

II  4552.89 

(30) 

II  6938.1 

(25) 

3942.59 

(100) 

4630.14 

(30) 

17081.88 

(125) 

3945.09 

(100) 

114660.28 

(200) 

17091.99 

(100) 

3948.29 

(100) 

114704.63 

(200) 

7301.68 

(25) 

3960.24 

(30) 

114762.22 

(100) 

II  7346.37 

(1000) 

3968.03 

(50) 

4797.01 

(300) 

17371.71 

(80) 

113983.98 

(400) 

4825.62 

(70) 

II  7418.1 

(40) 

4006.27 

(30) 

II  4855.72 

(100) 

I  7454.33 

(50) 

1 4046.56 

200 

300 

14916.04 

(50) 

I  7978.70 

(70) 

14077.81 

150 

150 

4980.57 

(70) 

Molybdenum 


2015.11 

12 

40 

2481.81 

50  n 

2636.67 

25 

150 

2020.30 

20 

50  r 

2506.19 

40  n 

2638.76 

20 

125 

2273.26 

100 

2524.81 

40  n 

2640.99 

40  n 

40  wn 

2294.96 

50 

2538.45 

30 

125 

2644.35 

30 

60 

2304.25 

7 

50 

2540.45 

40  n 

1 

2646.49 

25 

100 

2332.12 

8 

80 

2555.42 

3 

50 

2653.35 

25 

150 

2340.47 

30 

50 

2564.34 

3 

40 

2655.03 

50  n 

8 

2341.59 

9 

60 

2567.05 

40  n 

3 

2658.11 

40 

5 

2359.73 

40 

2572.34 

60  n 

10 

2660.58 

25 

125 

2401.93 

io 

40 

2578.90 

2 

60 

2671.83 

1 

100 

2407.13 

3 

40 

2591.97 

40 

1 

2672.84 

15 

100 

2410.09 

60  n 

2593.70 

20 

40 

2673.27 

1 

100 

2419.01 

3 

40 

2602.80 

25 

100 

2681.36 

10 

100 

2420.18 

1 

40 

2607.37 

50  n 

5 

2683.23 

20 

150 

2422.18 

2 

60 

2609.22 

40  wn 

2684.14 

40 

150 

2423.99 

6 

40 

2613.08 

40  n 

20 

2687.99 

30 

100 

2435.96 

10 

50  n 

2619.34 

20 

40 

2692.61 

2 

40 

2437.74 

10 

80  W 

2621.07 

40  n 

1 

2695.22 

5 

40 

2457.77 

10 

60 

2628.74 

40 

2 

2696.83 

1 

40 

2471.97 

50  n 

2 

2629.85 

50 

6 

2701.42 

20 

100 

2477.57 

2 

50 

2630.73 

5 

40 

2704.93 

1 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Molybdenum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2712.35 

'  1 

40 

3023.30 

5 

100 

3289.01 

40 

30 

2713.51 

20 

40 

3025.00 

50 

4 

3290.82 

40 

100 

2717.35 

20 

100 

3041.70 

40 

5 

3292.31 

10 

300 

2726.97 

10 

100 

3046.80 

50 

2 

3297.68 

1 

60 

2729.68 

15 

60 

3047.31 

50 

4 

3305.56 

40 

30 

2730.20 

2 

60 

3052.32 

10 

50 

3307.43 

50 

2738.60 

1 

40 

3055.32 

50 

5 

3312.94 

1 

50 

2750.03 

2 

50 

3061.59 

50 

3 

3313.62 

5 

50 

2751.47 

50 

5 

3064.28 

80 

10 

3320.90 

3 

80 

2756.07 

10 

50  n 

3067.64 

10 

50 

3323.95 

40 

25 

2761.53 

40 

20 

3070.89 

40 

3 

3325.23 

40 

2763.62 

25 

50  n 

3074.37 

60 

15 

3325.67 

50 

25 

2769.76 

10 

100 

3077.66 

20 

125 

3327.30 

40 

20 

2774.39 

30 

50  n 

3079.88 

40 

3 

3329.21 

2 

100 

2775.40 

80 

100  n 

3080.41 

60 

6 

3332.52 

80 

2780.04 

60 

100  n 

3082.22 

4 

40 

3344.75 

50 

40 

2784.99 

100 

200 

3085.61 

125 

25 

3346.40 

2 

50 

2787.83 

40 

4 

3087.62 

30 

200 

3347.02 

40 

4 

2807.75 

60 

80  n 

3089.71 

40 

5 

3358.12 

60  W 

30 

112816.15 

200 

300  n 

3092.07 

30 

100 

3363.78 

40 

30 

2826.54 

40 

5 

3094.66 

150 

25 

3367.97 

2 

100 

2827.74 

8 

40 

3100.87 

40 

2 

3402.81 

5d 

100 

2834.39 

20 

40 

3101.34 

80 

10 

3434.79 

50 

12 

2835.33 

20 

40 

3112.12 

40 

10 

3435.40 

60  n 

2842.15 

2 

40 

3116.09 

1 

60 

3446.08 

1 

40  n 

II  2848.23 

125 

200  n 

3121.99 

5 

150 

3524.65 

5 

50  n 

2849.38 

50 

5 

3132.59 

1000  r 

300  r 

3537.09 

50 

2850.67 

1 

40 

3136.41 

40 

3544.62 

40  n 

2 

2853.23 

25 

100  n 

3136.46 

1 

40 

3614.25 

50  d 

30 

2863.81 

30 

100  n 

3144.61 

3 

45 

3623.70 

50 

2864.31 

40 

2 

3151.63 

2 

40 

3635.14 

100  n 

10 

2864.66 

40 

3 

3152.82 

6 

80 

3651.11 

2 

50 

112871.51 

100 

100  n 

3155.64 

50 

3664.81 

20 

40 

2872.88 

2 

50 

3158.16 

300  r 

30  r 

3688.31 

4 

150 

2874.85 

2 

60 

3170.35 

1000  r 

25  r 

3692.64 

3 

150 

2879.05 

15 

100  n 

3172.74 

3 

50 

3694.94 

40 

30 

2888.15 

1 

40 

3175.05 

2 

60 

3702.55 

10 

150 

II  2890.99 

30 

50  n 

3176.33 

50 

3713.96 

40 

2894.45 

50 

80  n 

3187.59 

1 

50 

3720.25 

10 

40 

2900.79 

2 

40 

3192.10 

3 

50 

3744.37 

20 

80 

2903.07 

20 

100  n 

3193.97 

1000  r 

50  r 

3746.41 

40  w 

112909.12 

25 

40  n 

3195.96 

12 

50 

3748.13 

1 

50 

2911.91 

30 

50  n 

3208.83 

150  r 

60 

3751.20 

6 

40  d 

2913.81 

1 

50  w 

3214.44 

20 

50 

3755.54 

1 

50 

2926.22 

40 

3216.07 

50 

3782.07 

100 

2927.54 

3 

40 

3222.90 

40 

3783.18 

40 

2930.50 

25 

50  n 

3228.21 

40 

25 

3786.36 

'2 

125 

2934.30 

30 

50  n 

3229.71 

50 

I  3798.25 

1000  r 

1000  r 

2940.10 

2 

40 

3233.14 

50 

30 

3828.87 

40 

30 

2941.22 

2 

40 

3237.07 

40 

25 

3833.75 

80 

25 

2944.82 

2 

50  n 

3238.40 

40 

3837.29 

100  w 

2946.01 

20 

40 

3240.71 

3 

60 

3857.20 

60 

•2963.79 

10 

40 

3250.75 

2 

100 

13864.11 

1000  r 

500  r 

2965.27 

8 

40 

3253.78 

Id 

50  d 

3871.45 

50 

2971.91 

2 

40 

3254.68 

8 

50 

1 3902.96 

1000  r 

500  r 

2972.61 

20 

50 

3255.25 

40 

3915.44 

6 

50 

2986.16 

4 

50 

3256.21 

40 

25 

3941.48 

5 

150 

3002.21 

40 

3 

3266.89 

40 

3961.50 

5 

500 

3004.46 

5 

40 

3270.90 

50 

25 

3968.75 

8 

50 

3013.76 

100  n 

5 

3271.67 

60 

4013.21 

1 

40 

3014.16 

5 

50 

3276.34 

2 

40 

4062.07 

80 

80 

3018.55 

1 

100 

3278.88 

1 

50 

4081.44 

50 

50 

3021.62 

i 

40 

3284.62 

40 

4084.38 

40 

40 

2181 


II. 


EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Molybdenum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4107.47 

30 

40 

4576.50 

40 

40 

5533.05 

200 

100 

4119.63 

5 

50 

4595.16 

40 

40 

5570.45 

200 

100 

4120.10 

25 

50 

4609.88 

40 

40 

5632.47 

100 

50 

4122.39 

15 

50 

4626.47 

100 

80 

5650.13 

90 

50 

4125.62 

50 

4627.47 

80 

80 

5689.14 

801 

40 

4128.28 

50 

25 

4662.76 

40 

40 

5705.72 

40 

40 

4128.83 

40 

40 

4707.25 

125 

125 

5722.73 

80 

60 

4143.55 

100 

100 

4717.92 

50 

50 

5751.40 

125 

100 

4148.94 

40 

25 

4731.44 

100 

100 

5791.85 

100 

60 

4185.82 

40 

40 

4758.50 

40 

40 

5848.86 

50  n 

4188.32 

100 

80 

4760.19 

125 

125 

5849.73 

70  n 

10  n 

4192.29 

40 

4764.42 

50 

50 

5851.52 

40  n 

20  n 

4209.65 

4 

80 

4776.34 

40 

40 

5858.27 

200 

200 

4232.59 

125 

100 

4782.94 

40 

40 

5869.33 

50 

4244.80 

4 

80 

4792.74 

40 

30 

5888.33 

150 

100 

4250.69 

5 

125 

4796.52 

40 

40 

5889.98 

50  n 

4251.87 

60 

60 

4811.06 

50 

50 

5893.38 

70  u 

15 

4279.02 

8 

100 

4819.25 

80 

60 

5926.36 

70  n 

20 

4284.60 

125  ii 

80  n 

4830.51 

125 

100 

5928.88 

100  n 

4288.64 

80 

100 

4868.00 

50 

40 

6030.66 

300 

125 

4292.13 

100 

80 

4903.81 

80 

30 

6101.87 

40 

4 

4293.21 

125 

100 

4941.66 

40 

25 

6357.21 

40 

10 

4311.65 

2 

40 

4950.62 

80 

30 

6424.37 

100 

20 

4326.14 

50 

40 

4957.54 

60 

25 

6471.20 

50 

4 

4326.74 

50 

50 

4977.69 

50 

3 

6619.13 

300 

15 

4350.34 

50 

40 

4979.11 

100 

30 

6650.37 

80 

6 

4358.32 

•  • 

40 

4999.91 

50 

25 

6707.85 

300  W 

4363.64 

5 

200 

5059.88 

40 

20 

6733.98 

100 

4 

4369.04 

40 

25 

5097.52 

40 

20 

6746.27 

50 

3 

4377.76 

5 

200 

5172.94 

70  n 

25  n 

6828.98 

50 

43S1.64 

150 

150 

5174.18 

70  n 

25  n 

6914.01 

40 

4423.62 

40 

40 

5200.17 

40 

20 

7109.87 

80 

4433.50 

4 

125 

5238.20 

80  n 

30  n 

7134.08 

40 

4434.95 

80 

80 

5240.88 

80  n 

40  n 

7242.50 

80 

4442.20 

40 

30 

5242.81 

50  n 

20  n 

7245.85 

60 

4449.74 

40 

40 

5259.04 

60 

20 

7267.62 

40 

4457.36 

50 

50 

5280.86 

50 

25 

7391.36 

50 

4474.56 

125 

125 

5360.56 

100  n 

70n 

7485.74 

100 

4474.65 

80 

5364.28 

70  n 

25  n 

7720.77 

50 

4491.28 

40 

30 

5473.37 

50 

25 

8328.44 

100 

4519.59 

40 

5506.49 

200  r 

100 

8389.32 

150 

4536.00 

40 

80 

Nbodymium 


2993.18 

40 

2 

3824.79 

40 

30 

3865.98 

35 

30 

3134.90 

40 

30 

3826.91 

40  w 

25  w 

3905.89 

40 

30 

3382.81 

200 

10 

3828.17 

50 

40 

3918.05 

40 

6 

3555.72 

100 

15 

3829.41 

50 

40 

3920.96 

40 

15 

3563.40 

50 

10 

3829.63 

40 

30 

3927.11 

80 

50;? 

3590.35 

400  W 

300  W 

3831.03 

60  d 

30 

3934.82 

60 

30 

3661.34 

40 

25 

3833.03 

60 

30 

3941.51 

60 

30 

3735.60 

10 

50 

3836.11 

40 

15 

3951.15 

40 

30 

3769.64 

100 

20 

3836.54 

80 

100 

3953.52 

60 

60 

3778.14 

40 

40 

3838.33 

40 

25 

3957.46 

60 

40  s 

3787.16 

60  d 

50 

3838.72 

50 

25 

3973  27 

40 

25 

3801.37 

60 

40 

3842.99 

30 

40 

3975.20 

40 

30 

3805.36 

50 

30 

3847.85 

60 

50 

3976.84 

40 

30 

3817.67 

40 

40 

3848.31 

40 

3979.48 

40 

30 

3820.43 

40 

3S52.38 

60 

50 

3990.10 

40 

20 

3821.77 

50  w 

40  w 

3853.48 

40 

20 

3991.74 

60 

40 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Neodymium  (Continued) 


Neon 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3994.68 

80 

40 

4542.05 

50 

5 

4896.93 

60 

3998.69 

40 

15 

4542.60 

50 

5 

4901.85 

35 

4012.25 

80 

40 

4559.67 

40 

4913.42 

60 

4040.8C 

40 

40 

4560.42 

50 

3 

4920.69 

60 

4061.08 

40 

30 

4563.22 

50 

4 

4924.53 

80 

4123.88 

40 

20 

4586.61 

50 

4944.83 

50 

4175.61 

40 

10 

4621.94 

40 

4954.78 

50 

4232.38 

40 

15 

4634.23 

50 

4959.13 

35 

4247.37 

50 

20 

4641.10 

80 

4989.94 

35 

4256.48 

40 

20 

4646.40 

50 

5130.60 

40 

'2 

4267.49 

200  wn 

4646.69 

60 

'4 

5191.45 

40 

4303.57 

100 

40 

4649.67 

40 

5192.62 

40 

4325.77 

100 

30 

4674.59 

50 

io 

5234.19 

50 

4338.70 

40 

15 

4680.73 

50 

1 

5249.58 

60 

*2 

4358.17 

50 

20 

4683.44 

50 

5255.51 

50 

3 

4368.63 

50 

15 

4684.04 

40 

5293.17 

60 

4 

4385.66 

40 

20 

4706.54 

50 

'5 

5319.82 

60 

2 

4400.83 

50 

20 

4706.96 

40 

5594.42 

150 

5 

4411.05 

50 

20 

4717.08 

40 

5620.54 

200 

5 

4412.26 

40 

15 

4719.03 

50 

5669.77 

40 

4424.34 

50 

50 

4731.78 

40 

5688.52 

150 

4446.39 

100 

50 

4749.75 

40 

5706.21 

40 

4451.57 

100 

50 

4789.43 

40 

5708.28 

60 

4451.98 

50 

20 

481134 

60 

60 

5718.12 

35 

1 

4462.98 

60 

20 

4820.34 

40 

5740.86 

35 

4501.81 

50 

8 

4825.48 

100 

'8 

5742.09 

40 

4506.58 

50 

3 

4859.03 

60 

60 

5804.02 

100 

4511.82 

50 

10 

4866.73 

35 

6244.08 

35 

4516.35 

40 

3 

4883.81 

60 

6310.49 

50 

4529.93 

40 

4891.06 

40 

6385.20 

100 

4541.27 

50 

A 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2595.21 

50 

I  2980.92 

50 

13351.74 

25 

I  2613.59 

30 

12982.66 

250 

II  3355.05 

40 

I  2616.62 

25 

I  2992.44 

150 

II  3367.20 

25 

I  2635.98 

25 

113001.65 

25 

13369.81 

500 

2645.51 

50 

13012.13 

50 

13369.91 

700 

I  2645.70 

35 

13012.95 

50 

13375.65 

50 

I  2647.42 

150 

1,113017.35 

50 

113388.46 

25 

I  2648.56 

25 

13030.31 

50 

13417.90 

500 

2651.01 

50 

II  3047.57 

25 

13418.01 

50 

I  2675.24 

150 

13057.39 

250 

13423.91 

50 

I  2675.64 

150 

I  3063.69 

150 

13447.70 

150 

II  2792.05 

25 

I  3076.97 

150 

13450.76 

50 

12795.10 

35 

13078.87 

75 

13454.19 

75 

I  2872.66 

35 

13079.17 

75 

I  3460.52 

75 

12911.46 

25 

13126.19 

150 

13464.34 

75 

12913.17 

150 

13147.70 

25 

13466.58 

150 

I  2932.72 

75 

13148.60 

75 

13472.57 

500 

I  2947.30 

150 

13153.40 

50 

113481.96 

25 

II  2955.73 

40 

13167.57 

50 

13498.06 

75 

12974.71 

250 

113218.21 

75 

13501.22 

150 

I  2975.52 

35 

II  3297.74 

40 

13510.72 

50 

12979.81 

50 

113323.75 

40 

13515.19 

150 

I  2980.64 

40 

113334.87 

250 

1 3520.47 

1000 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Neon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

113542.90 

40 

114397.94 

100 

14593.24 

50 

II  3568.53 

25 

II  4409.30 

150 

14595.25 

50 

I  3593.53 

500 

114413.20 

50 

I  4609.36 

30 

I  3593.64 

250 

1,114416.82 

50 

14609.91 

150 

13600.17 

75 

114421.38 

30 

14614.39 

100 

13609.18 

50 

14421.56 

50 

114615.98 

50 

13633.66 

75 

14422.52 

300 

I  4617.84 

70 

113664.11 

250 

I  4424.80 

300 

14628.31 

150 

I  3682.24 

75 

14425.40 

150 

I  4628.46 

30 

1 3685.74 

75 

I  4427.75 

30 

14636.12 

70 

II  3694.20 

250 

II  4428.54 

100 

1 4636.63 

70 

3701.22 

40 

II  4430.90 

50 

I  4636.97 

50 

II  3709.64 

40 

14433.72 

70 

1 4639.59 

30 

113713.08 

250 

II  4439.30 

30 

1 4640.44 

70 

II  3727.08 

125 

II  4442.67 

30 

I  4644.83 

40 

II  3734.94 

40 

I  4444.98 

30 

I  4645.42 

300 

13754.22 

50 

114446.46 

30 

I  4649.90 

70 

II  3766.29 

75 

II  4456.95 

70 

I  4652.10 

30 

113777.16 

75 

I  4460.17 

100 

I  4653.70 

50 

113818.44 

25 

I  4465.65 

50 

I  4656.39 

300 

113829.77 

40 

14466.81 

70 

14661.10 

150 

I  4042.64 

50 

114468.91 

70 

1 4663.09 

40 

II  4062.90 

30 

114471.52 

30 

I  4666.65 

50 

1 4064.04 

50 

1 4475.66 

100 

1 4667.36 

100 

1 4068.83      . 

30 

14483.19 

150 

4669.02 

50 

1 4069.24      . 

30 

I  4488.09 

300 

I  4670.88 

70 

14080.15 

50 

14491.77 

80 

14678.22 

300 

II  4098.77 

50 

I  4491.84 

50 

I  4678.60 

50 

14128.07 

30 

14492.41 

30 

14679.13 

150 

14131.05 

70 

I  4493.70 

50 

I  4680.36 

100 

114133.65 

30 

I  4500.18 

50 

14681.20 

50 

114150.67 

30 

II  4508.21 

30 

14683.76 

30 

14164.80 

50 

114511.37 

50 

I  4687.67 

100 

14166.09 

30 

14514.89 

70 

1 4702.53 

150 

14174.37 

70 

14515.41 

30 

I  4704.39 

1500 

14175.22 

60 

14516.94 

50 

1 4708.85 

1200 

14175.49 

40 

1,114517.74 

100 

1,114710.06 

1000 

14198.10 

70 

114522.66 

50 

14710.48 

30 

114217.15 

30 

I  4525.76 

70 

14712.06 

1000 

114219.76 

100 

J  4526.18 

50 

4713.13 

10O 

114231.60 

50 

14529.48 

30 

14714.34 

7a 

4233.86 

30 

II  4535.47 

30 

14715.13 

3a 

114250.68 

50 

14536.31 

150 

14715.25 

30 

•  114257.82 

30 

I  4537.68 

300 

14715.34 

150a 

1 4268.01 

70 

1 4537.75 

1000 

14717.61 

70 

1 4269.72 

70 

14538.31 

300 

14721.54 

7a 

14270.23 

50 

14539.17 

50 

1 4?25.14 

70 

1 4274.66 

50 

1 4540.38 

50 

14749.57 

300 

1 4275.56 

70 

1 4544.50 

50 

14750.69 

30 

II  4290.40 

100 

1 4552.60 

30 

14751.80 

30 

1 4303.25 

30 

114553.16 

50 

1 4752.73 

1000 

1 4306.24 

70 

1 4554.82 

40 

14754.44 

100 

14314.69 

30 

1 4555.39 

30 

1 4758.73 

150 

14334.12 

70 

1 4565.89 

60 

1 4780.34 

50 

1 4336.22 

50 

I  4566.83 

40 

I  4780.88 

30 

1 4362.69 

30 

II  4569.01 

70 

4788.93 

300 

14363.52 

70 

14573.56 

50 

1 4789.60 

100 

114369.77 

70 

14573.76 

30 

4790.22 

sa 

14372.16 

30 

I  4575.06 

300 

I  4790.73 

30' 

114379.50 

100 

II  4580.35 

30 

I  4810.06 

150> 

14381.22 

30 

1 4582.03 

150 

I  4810.63 

100 

114391.94 

150 

1 4582.45 

150 

14814.34 

50> 

14395.56 

' 

50 

II  4588.13 

30 

14817.64 

300 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Neon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

14818.79 

150 

15191.33 

35 

I  5811.42 

300 

14819.94 

70 

5193.13 

150 

I  5816.64 

50 

I  4821.92 

300    ! 

15193.22 

150 

I  5820.15 

500 

14823.17 

100 

I  5203.89 

150 

I  5828.91 

75 

14823.37 

50 

I  5208.86 

70 

I  5852.49 

2000 

I  4825.53 

50 

15210.57 

50 

I  5868.42 

75 

1 4827.34 

1000 

15214.34 

35 

I  5872.15 

75 

I  4827.59 

300 

15222.35 

50 

5872.83 

35 

14837.31 

500 

I  5234.03 

50 

15881.89 

1000 

I  4842.94 

: 

50 

I  5274.04 

40 

I  5902.46 

50 

1  4849.53 

30 

I  5280.07 

50 

1 5906.43 

50 

14851.50 

. 

60 

I  5298.19 

150 

15913.63 

250 

I  4852.65 

100 

15304.76 

70 

15918.91 

250 

14863.08 

100 

15314.78 

30 

15922.71 

25 

I  4864.35 

30 

15316.81 

25 

I  5934.46 

75 

I  4865.50 

100 

I  5326.40 

75 

15939.32 

50 

I  4866.48 

80 

I  5330.78 

600 

I  5944.83 

500 

14867.01 

70 

I  5333.32 

50 

15961.63 

70 

1 4868.27 

70 

15341.09 

1000 

1 5965.47 

500 

14884.91 

1000 

I  5343.28 

600 

15966.17 

35 

I  4885.08 

100 

15349.21 

150 

I  5974.63 

500 

1 4892.09 

500 

15355.18 

150 

I  5975.53 

600 

I  4897.92 

70 

15355.42 

150 

I  5987.91 

150 

I  4899.01 

50 

I  5360.01 

150 

15991.67 

75 

I  4928.23 

70 

I  5360.44 

35 

I  6000.95 

100 

I  4830.94 

50 

I  5362.25 

25 

I  6029.99 

1000 

I  4939.04 

100 

I  5368.22 

25 

I  6046.16 

50 

1 4944.99 

100 

15372.31 

75 

I  6064.55 

50 

1 4955.38 

150 

15374.97 

50 

I  6074.34 

1000 

1 4957.03 

1000 

I  5383.26 

25 

I  6096.16 

300 

14957.12 

150 

I  5400.56 

2000 

I  6128.45 

100 

1 4973.54 

. 

100 

15412.65 

250 

16142.51 

100 

I  4974.76 

50 

I  5418.55 

150 

I  6143.06 

1000 

I  4994.93 

1501 

I  5420.15 

50 

16150.30 

100 

I  5005.16 

500 

I  5433.65 

250 

6154.09 

70  w 

I  5005.33 

50 

I  5448.51 

:        150 

16156.14 

50 

15011.00 

25 

I  5494.41 

50 

I  6163.59 

1000 

1 5022.87 

25 

I  5507.34 

25 

I  6174.89 

70 

15031.35 

250 

I  5533.68 

75 

I  6175.29 

50 

1 5035.99 

35 

I  5538.64 

50 

16182.15 

150 

I  5037.75 

500 

I  5559.09 

35 

I  6189.08 

70 

I  5052.93 

25 

I  5562.44 

150 

I  6193.08 

50 

I  5074.20 

35 

I  5562.77 

500 

I  6205.79 

100 

I  5076.58 

35 

15563.05 

75 

16213.88 

150 

I  5080.38 

150 

I  5576.05 

35 

16217.28 

1000 

I  5083.97 

25 

I  5589.38 

!      50 

I  6225.74 

50 

I  5099.04 

25 

I  5652.57 

75 

I  6246.73 

100 

I  5104.70 

35 

I  5656.03 

75 

I  6258.80 

100 

15113.67 

75 

1  5656.66 

500 

I  6266.49 

1000 

15116.50 

150 

I  5662.55 

75 

I  6273.01 

70 

15117.01 

35 

I  5684.65 

25 

I  6276.04 

50 

I  5120.51 

25 

I  5689.82 

150 

I  6293.77 

100 

15122.26 

150 

I  5715.34 

35 

I  6304.79 

100 

15122.34 

150 

I  5718.90 

150 

16313.69 

150 

15144.94 

500 

15719.22 

500 

I  6328.17 

300 

15145.01 

500 

I  5719.53 

75 

I  6330.90 

150 

15145.12 

35 

I  5748.30 

500 

I  6334.43 

1000 

15150.08 

35 

I  5748.65 

70 

16351.87 

100 

15151.96 

75 

I  5760.58 

70 

I  6365.01 

100 

1  5154.42 

50 

I  5764.42 

700 

I  6382.99 

1000 

15156.66 

50 

15770.31 

50 

1  6401.08 

100 

15158.89 

50 

15804.10 

75 

I  6402.25 

2000 

15188.61 

150 

I  5804.45 

500 

I  6409.75 

150 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Neon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

16421.71 

100 

18128.93 

60 

I  8780.62 

1000 

16444.72 

150 

18136.41 

300 

I  8782.01 

50 

I  6506.53 

1000 

I  8248.70 

30 

18783.75 

1000 

I  6532.88 

100 

I  8259.38 

150 

18792.51 

30 

I  6598.95 

1000 

I  8266.08 

200 

I  8830.92 

50 

I  6602.91 

100 

18267.11 

80 

18853.87 

700 

I  6652.09 

150 

I  8300.33 

600 

I  8865.33 

100 

I  6666.89 

100 

18301.54 

150 

I  8865.76 

500 

I  6678.28 

500 

I  8365.75 

150 

I  8919.50 

300 

I  6717.04 

70 

I  8376.41 

200 

I  8988.58 

200 

I  6738.06 

70 

18377.61 

800 

I  9148.68 

600 

I  6929.47 

1000 

18417.18 

100 

I  9201.76 

600 

I  7024.05 

500 

18418.43 

400 

I  9220.05 

400 

17032.41 

1000 

I  8463.37 

150 

I  9221.59 

200 

I  7051.29 

70 

I  8484.45 

80 

1 9226.67 

200 

17059.11 

200 

18495.36 

500 

I  9275.53 

100 

7138.70 

30 

I  8544.70 

60 

I  9300.85 

600 

17173.94 

1000 

18571.36 

100 

19310.58 

150 

I  7245.16 

1000 

I  8582.91 

60 

19313.98 

300 

I  7304.82 

30 

18591.26 

400 

1 9326.52 

600 

I  7438.90 

300 

I  8634.65 

600 

I  9373.28 

200 

I  7472.42 

50 

I  8635.31 

50 

I  9425.38 

500 

I  7488.87 

500 

I  8647.05 

300 

I  9432.94 

40 

I  7535.77 

300 

I  8654.38 

2000 

I  9459.21 

300 

I  7544.05 

ICO 

18654.51 

400 

I  9486.68 

500 

I  7839.08 

30 

I  8679.49 

500 

I  9534.17 

500 

17927.13 

40 

18681.92 

500 

I  9547.40 

300 

I  7937.01 

70 

18704.15 

200 

I  9665.42 

1000 

17943.18 

200 

18771.70 

400 

I  9900.58 

40 

I  8C82.46 

200 

I  8778.75 

150 

19902.31 

30 

18118.55 

100 

Nickel 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  2004.29 

30 

112125.90 

4 

25 

II  2278.77 

12 

25 

II  2019.04 
II  2020.97 

2 

30 
30 

112126.80 

2 

25  w 
30 

II  2287.08 
I,  II  2302.99 

100 
10  s 

500 
35 

11  Zlza.oi 

5 

II  2029.19 

25 

112161.22 

10 

30 

12310.96 

50  r 

10  s 

II  2032.30 

2 

25 

112165.56 

20 

40  r 

12312.34 

30  W 

6 

II  2053.29 

3 

25 

112174.67 

12 

30 

112316.04 

15 

25  W 

II  2054.32 

25 

112175.16 

15 

25 

12317.16 

30  r 

12 

II  2066.41 

2 

25 

II  2180.47 

4 

40 

I  2320.03 

30  r 

51 

II  2080.85 

3 

35 

II  2185.50 

4 

30 

I  2325.79 

30  r 

9 

I  2082.86 

25 

2 

II  2188.05 

4 

25 

II  2336.58 

150 

II  2084.86 

25 

112201.41 

10 

30 

II  2336.68 

30 

I  2088.98 

30  d 

II  2206.70 

20 

30  n 

II  2375.42 

io 

30 

II  2090.10 

3 

25 

112216.47 

20 

40  wn 

II  2387.76 

6 

30 

I  2095.73 

25 

2 

II  2220.40 

10 

25 

I  2401.84 

40  r 

10 

II  2097.10 

4 

35 

II  2222.94 

15 

25  w 

112405.17 

80 

112103.38 

25 

II  2224.87 

15 

25 

II  2413.05 

50 

II  2107.96 

2 

45 

I  2244.53 

40 

112416.14 

40 

250  n 

112111.72 

25 

9 

II  2253.86 

100 

300 

I  2423.33 

25 

4 

112113.51 

3 

45 

I  2259.57 

300  w 

II  2433.57 

80 

2124.11 

30 

II  2264.46 

150 

400 

12434.41 

40  w 

12124.81 

25 

3 

II  2270.21 

100 

400  • 

2436.67 

301 

20 

112125.11 

4 

25 

II  2277.28 

5 

25 

II  2437.89 

40  w 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Nickel  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2450.99 

100  n 

30 

II  2825.24 

125 

13361.56 

500  W 

20 

I  2453.99 

40  W 

8 

1  2834.55 

40 

15 

13362.81 

100 

II  2455.53 

40 

12838.96 

25 

13365.77 

400  w 

12 

I  2466.96 

40  W 

II  2842.42 

150 

13366.17 

400  W 

12 

112473.15 

80 

500 

112863.70 

250 

13366.81 

60 

1 

I  2476.87 

40  W 

2 

112864.15 

300  wn 

I  3367.89 

80 

II  2484.33 

50  wn 

I  2907.46 

40 

13369.57 

500  r 

100 

12489.51 

40 

6 

12943.91 

50  r 

20 

13371.99 

400 

10 

2490.70 

40 

12981.65 

80  r 

20 

13374.22 

400 

6 

II  2505.84 

50 

12984.13 

50  r 

10 

3376.33 

25 

II  2510.87 

50  n 

250  n 

12992.59 

80  r 

10 

13380.57 

600  r 

100 

I  2524.22 

50  r 

1 2994.46 

125  r 

10 

I  3380.88 

200 

12 

11  2525.39 

300  Wn 

I  3002.49 

1000  r 

100 

13391.05 

400 

40 

I  2432.08 

30 

13003.63 

500  r 

80 

13392.99 

600  r 

2535.97 

25 

13012.00 

800  r 

125  W 

13401.17 

40 

'i 

112539.10 

250  w 

13019.14 

200  r 

30 

13403.43 

40 

I  2540.02 

40 

1 

13031.87 

200 

II  3407.30 

25 

II  2545.90 

20 

900  n 

I  3037.93 

800  r 

100 

1 3409.58 

300 

II  2547.19 

100 

I  3045.00 

200 

10 

13413.48 

500 

is 

II  2549.56 

150 

I  3050.82 

1000  r 

13413.94 

300 

10 

II  2551.03 

80 

I  3054.32 

400  r 

100 

13414.76 

1000  r 

50  wn 

112555.11 

1000  n 

I  3057.64 

400  r 

125 

13420.74 

30 

3 

11  2557.87 

80 

I  3064.62 

200  r 

50 

I  3421.31 

30 

8 

II  2560.30 

500  n 

I  3080.75 

200 

60 

13423.71 

600  r 

25 

12561.42 

40 

II  3087.08 

150 

13433.56 

800  r 

50  wn 

II  2565.37 

150  wn 

13097.12 

200 

50 

I  3437.28 

600  r 

40 

II  2566.08 

600  n 

13099.11 

200 

50 

13446.26 

1000  r 

50  n 

II  2583.99 

200 

13101.55 

1000  r 

150 

13452.89 

600  r 

50 

II  2587.25 

50 

13101.88 

400  r 

150 

13458.47 

800  r 

50  n 

II  2588.31 

80 

13105.47 

200 

35 

13461.65 

800  r 

50  n 

112601.13 

2000  n 

13107.71 

25 

13467.50 

300 

15 

II  2605.35 

250  n 

13114.12 

300 

50 

13469.49 

300 

20 

112606.39 

600  n 

13129.31 

125 

I  3472.54 

800  r 

40 

II  2610.09 

900  n 

13134.11 

1000  r 

150 

I  3483.77 

500  r 

30 

112611.65 

125 

13145.72 

200 

3 

I  3485.89 

150 

30 

112615.19 

900  n 

I3181.7-. 

50 

In 

13492.96 

1000  r 

100  n 

112626.56 

500  n 

13183.25 

25 

1 3500.85 

500  wn 

80 

II  2630.28 

150  w 

13184.37 

150 

3 

I  3502.59 

100 

112631.52 

100  wn 

13195.57 

125 

13507.69 

100 

i2 

II  2632.89 

2000  wn 

13197.11 

300 

13510.34 

900  r 

50  n 

II  2647.06 

500  wn 

3200.42 

30 

13513.93 

200 

40  n 

II  2648.72 

80 

13202.14 

25 

13515.05 

1000  r 

50  n 

II  2655.47 

400  wn 

13221.27 

35 

13518.63 

90 

8 

II  2655.91 

500  Wn 

13221.65 

300 

4 

13519.77 

500  n 

30 

II  2665.25 

125 

I  3225.02 

300 

6 

13523.44 

100 

II  2670.33 

80 

13226.98 

100 

13524.54 

1000  r 

100  wn 

II  2679.24 

500  wn 

13232.96 

300  r 

35 

I  3527.98 

200 

15 

II  2684.41 

600  wn 

13234.65 

300 

15 

I  3530.59 

30 

II  2690.64 

1 

250  n 

I  3243.06 

400  r 

15 

13548.18 

400 

25 

12696.49 

2 

50 

I  3248.46 

150 

2 

13551.53 

50 

12 

II  2708.79 

500 

I  3249.44 

30 

I  3553.48 

50 

10 

II  2742.99 

500 

I  3250.74 

125 

r 

13561.75 

70 

12 

I  2746.75 

125 

50 

13271.12 

125 

1 

13566.37 

2000  r 

100  wn 

112759.02 

500  wn 

I  3282.70 

100 

13571.87 

lOOOr 

40  n 

II  2760.67 

40 

I  3282.83 

25 

1 

113576.76 

2 

40  n 

112768.78 

250  wn 

I  3286.95 

100 

1 

I  3587.93 

200 

12 

II  2775.33 

250  wn 

I  3304.95 

25 

I  3597.70 

1000  r 

50  n 

I  2798.65 

125 

13310.20 

50 

I  3602.28 

150 

15 

2802.27 

50 

15 

13312.32 

70 

2 

I  3606.85 

100  r 

I  2805.08 

50 

15 

13315.66 

400  r 

20 

13609.31 

200 

15 

II  2805.67 

200  n 

13320.26 

400  w 

15 

I3610.4G 

1000  r 

II  2808.36 

40 

13322.31 

400 

10 

13012.74 

400 

50  n 

12821.29 

125 

125 

13359.11 

60 

13619.39 

2000  r 

150  n 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Nickel  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

13624.73 

150 

15 

14712.07 

30 

I  5084.08 

300  w 

2 

1 3634.94 

50 

10 

14714.42 

1000 

*8 

I  5094.42 

25 

13661.95 

50 

6 

14715.78 

200 

2 

1 5096.87 

50 

1 3664.09 

300 

30 

14731.81 

100 

2 

I  5099.32 

80 

1 3669.24 

150 

10 

14732.46 

100 

I  5099.95 

150  w 

1 3670.43 

150 

20 

14752.12 

30 

1 5102.97 

40 

13674.15 

200 

50  r 

1 4752.43 

150 

15115.40 

80 

5  wn 

13688.41 

150 

15 

14754.77 

100 

15125.21 

50 

1 3693.93 

50 

14756.52 

250 

3 

1 5129.38 

80 

I  3722.48 

200 

20 

14762.63 

150 

In 

15137.07 

150 

1 

13730.75 

25 

14763.95 

150 

1 

15139.25 

50 

13736.81 

300 

15 

14786.29 

25 

I  5142.77 

100 

I  3739.23 

100 

10 

14786.54 

300  W 

2 

15146.48 

150 

1 

13749.04 

50 

5 

14806.99 

150  W 

1 

15155.14 

50 

II  3769.45 

2 

50  n 

1 4808.86 

25 

15155.76 

80 

1 

1 3775.57 

500  n 

40  n 

14821.14 

25 

2 

I  5168.66 

70 

1 3778.06 

25 

5 

1 4829.03 

300  w 

2n 

15176.56 

70 

2 

1 3783.53 

500 

40  n 

14831.18 

200 

2 

15184.58 

50 

1 3792.34 

25 

5 

14832.70 

70 

I  5235.35 

30 

2 

13793.61 

50 

14838.65 

150 

, 

1 

I  5353.41 

40 

13807.14 

800  W 

40  n 

1 4852.56 

150 

15371.35 

30 

3831.69 

300 

10 

14865.41 

400  w 

L 

15411.23 

40 

2 

1 3832.87 

25 

14857.38 

100 

I  5424.65 

30 

3858.30 

800  r 

70  n 

14863.93 

30 

I  5435.87 

50 

1 3889.67 

30 

10  n 

1 4866.27 

300  w 

L 

1 5476.91 

400  w 

's 

13970.50 

40  w 

I  4870.84 

100 

I  5578.73 

50 

13972.17 

100 

6 

1 4873.44 

200 

< 

In 

15587.86 

50 

13973.56 

800 

10 

14874.81 

25 

I  5592.28 

150  r 

1 

13974.65 

40  n 

1 4886.99 

30 

15593.73 

40 

2t. 

13984.14 

30  wn 

14904.41 

400  W 

': 

L 

15614.79 

50 

13993.95 

30  n 

14912.03 

100 

I  5625.33 

30 

114067.05 

30 

14913.97 

200 

15641.88 

25 

14195.53 

30 

14918.36 

200  W 

'] 

L 

I  5682.20 

50 

14200.46 

40 

14918.71 

40 

I  5694.99 

40 

14201.72 

30 

1 4925.58 

100 

I  5709.56 

100  w 

(1) 

1 4284.68 

25 

10 

1 4935.83 

150 

15711.90 

50 

1 4288.00 

150 

14937.34 

400  w 

I  5715.09 

50 

I  4295.89 

100 

*2n 

14945.46 

90 

I  5748.34 

40 

14325.61 

70 

14953.20 

150 

15754.67 

150  w 

14331.64 

200 

12 

14971.35 

100 

I  5760.85 

50 

1 4359.58 

100 

10 

14976.34 

40 

I  5805.23 

50 

14384.54 

25 

1 

14980.16 

500  W 

l 

1 5857.75 

50 

14401.55 

1000  W 

30 

14984.13 

500  W 

l 

I  6086.29 

100 

14410.52 

25 

4 

14996.85 

80 

16108.12 

200 

1 4436.98 

25 

5 

I  4998.23 

150 

16111.06 

25 

1 4459.04 

400 

20 

I  5000.33 

150  w 

16116.18 

150 

14462.46 

150 

20 

I  5010.04 

25 

16163.42 

100 

14519.99 

25 

I  5010.96 

50 

I  6175.42 

300 

14546.93 

50 

*2 

I  5012.46 

70 

2n 

16176.81 

400  w 

1 4547.23 

30 

15014.24 

25 

I  6186.74 

30 

1 4592.53 

200 

2 

I  5017.59 

100  w 

1 

16191.19 

500 

1 

1 4600.37 

200 

15018.29 

70  w 

I  6223.99 

30 

1 4604.99 

300 

10  n 

I  5035.37 

300  w 

5 

I  6256.36 

600  w 

] 

L0 

1 4606.23 

100 

I  5035.96 

70  w 

I  6314.67 

300 

14648.66 

400  w 

3 

1 5038.60 

50 

I  6327.60 

25 

14655.66 

40 

15041.08 

30 

I  6339.15 

50 

14666.99 

50 

15042.19 

80 

I  6482.81 

35 

1 4667.77 

100 

1 5048.85 

80 

2n 

I  6586.32 

40 

1 4686.22 

200 

1 

I  5051.53 

50 

I  6643.64 

300  w 

14698.41 

30 

I  5079.96 

30 

I  6767.78 

300 

I  4701.34 

100 

I  5080.52 

200  w 

3 

I  6772.36 

200 

14701.54 

150 

15081.11 

150  w 

2 

I  6813.60 

30 

14703.81 

200 

1 5082.35 

100  w 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Nickel  (Continued) 


Wave 
length 

Arc 

S 

««*    s 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  6842.07 

60 

I  7182.0C 

)    200 

I  7522.76 

40 

I  6876.71 

25 

I  7197.0; 

200 

I  7525.14 

30 

I  6914.57 

300 

I  7261.92 

300 

I  7555.6C 

40 

I  6955.06 

80 

I  7291.46 

100 

I  7574.06 

30 

I  7001.57 

30 

I  7327.6V 

25 

I  7617.00 

60 

I  7024.86 

50 

I  7381.94 

40 

I  7714.32 

60 

I  7030.06 

100 

I  7385.24 

150 

I  7715.63 

40 

I  7034.42 

30 

I  7386.21 

100 

I  7727.66 

80 

I  7062.97 

35 

I  7393.63 

600 

1 7788.95 

60 

17110.91 

100 

I  7409.39 

400 

I  7797.62 

80 

I  7122.24 

1000  W 

I  7414.51 

200 

17917.48 

30 

I  7167.01 

35 

I  7422.30 

600 

II      1 9520.06 

50 

Nitrogen 

Wave 

Arc 

Dis 

charge       Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

t 

ube           length 

tube 

length 

tube 

II  2095.47 

t. 

»0             114788.13 

25 

15999.47 

90 

II  2286.73 

2 

5             114803.27 

30 

I  6008.48 

800 

2308.55 

2 

5               1 4935.03 

250 

6075.83 

30 

2308.90 

3 

5        1     114994.36 

30 

II  6167.82 

50 

II  2496.88 

2 

5             115001.13 

150 

II  6173.40 

30 

II  2522.27 

2 

5             115001.47 

200 

II  6242.52 

70 

II  2590.91 

2 

5             II  5005.14 

500 

II  6284.30 

30 

II  2709.82 

5 

0             II  5007.32 

150 

II  6340.67 

50 

II  2799.20 

2 

5             115010.62 

100 

II  6357.00 

30 

II  2823.67 

2 

5             115016.39 

70 

II  6379.63 

70 

2879.73 

2 

5  n     1     II  5025.66 

100 

I  6420.47 

30 

2885.25 

5 

On          115045.10 

200 

I  6437.01 

30 

2892.86 

2 

5  n          II  5073.60 

30 

6440.95 

25 

II  3006.86 

5 

0             115175.89 

30 

I  6441.70 

70 

113437.16 

3 

5             115179.50 

70 

I  6457.93 

25 

3650.19 

7 

0             II  5320.75 

50 

I  6468.32 

30 

I  3822.07 

3 

5              1 5328.70 

70 

II  6482.07 

300 

I  3830.39 

15 

0             115351.21 

30 

I  6482.74 

500 

II  3838.39 

2 

5              1 5356.77 

50 

I  6483.75 

30 

II  3919.00 

3 

5              1 5378.45 

30 

I  6484.88 

500 

II  3955.85 

3 

5             115462.62 

30 

I  6491.28 

25 

II  3994.99 

30 

0             115480.10 

30 

I  6499.52 

25 

I  4099.94 

15 

0             II  5495.70 

70 

116610.58 

100 

I  4109.98 

100 

0             115530.27 

50 

I  6622.53 

30 

14114.00 

3 

0             II  5535.39 

70 

I  6637.01 

sa 

14137.63 

5 

0             II  5543.49 

30 

I  6644.96 

500 

14143.65 

3 

0             115551.95 

30 

I  6653.41 

70 

14151.46 

100 

0              1 5560.37 

200 

I  6706.20 

50 

I  4214.73 

2 

5                 5563.84 

30  n 

6708.81 

50 

I  4223.04 

2 

5              1 5564.37 

200 

I  6723.12 

500 

4236.98 

3 

On            15616.54 

60 

I  6733.48 

100 

114241.80 

10 

On            15623.20 

40 

I  6741.29 

30 

4305.46 

3 

0             115666.64 

300 

I  6752.40 

50 

4358.27 

25 

3             115676.02 

100 

I  6758.60 

50 

II  4432.71 

3 

On          115679.56 

500 

II  6942.9 

30 

II  4447.03 

30 

0             115686.21 

100 

I  6945.22 

40 

4492.40 

4 

)             115710.76 

100 

II  7139.8 

30 

4494.67 

2 

5             II  5747.29 

50 

I  7423.88 

50 

4530.37 

2 

5              1 5752.64 

30 

I  7442.56 

100 

114601.49 

10 

)         i     II  5767.43 

30 

I  7468.79 

200 

II  4607.17 

5 

)              1 5829.53 

60 

I  8216.46 

35 

II  4609.60 

3 

)             II  5927.82 

50 

9045.1* 

150 

114613.89 

3 

)             115931.79 

150 

I  9060.6 

125 

114621.40 

51 

)             115941.67 

200 

I  9386.5 

70 

II  4630.55 

301 

)             II  5952.39 

30 

I  9392.5 

120 

114643.11 

101 

)       0 

*  Also  listed  for  carbon. 
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II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Osmium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

i 

Wave 
length 

Arc 

Spark 

2045.36 

50 

20 

2872.40 

50 

8 

13156.25 

500  r 

15  wn 

2117.96 

80 

20 

2874.95 

50 

15 

3156.77 

100 

3 

2119.7C 

125 

30 

I  2909.06 

500  r 

400 

3157.24 

100 

2 

2127.97 

5 

50 

2912.33 

50 

50 

3161.44 

80 

12 

2137.11 

100 

30 

2919.79 

100 

15 

3161.73 

100 

10 

2156.31 

50 

3 

3003.48 

60 

12 

3164.61 

60 

12 

2158.53 

50 

25 

3013.07 

150 

20 

3166.51 

200 

20 

2159.52 

60 

3015.65 

100 

15 

3168.28 

100 

15 

2159.98 

60 

5 

3017.25 

100 

25 

3173.20 

100 

15 

2161.00 

50 

1 

I  3018.04 

300  r 

50 

3173.93 

80 

30 

2164.85 

25 

50 

3019.37 

100 

20 

3178.06 

150 

20 

2167.75 

50 

10 

I  3030.69 

500 

40 

3178.24 

80 

10 

2188.97 

50 

3032.81 

50 

15 

3181.88 

100 

12 

2194.39 

40 

100 

3040.90 

200 

100 

3182.57 

100 

15 

2205.74 

20 

50 

3042.74 

20 

50 

3185.33 

150 

12 

2206.27 

25 

50 

3043.50 

100 

15 

3186.98 

100 

15 

2231.16 

12 

50 

3043.64 

60 

12 

3187.33 

80 

12 

2255.85 

125 

2 

3044.41 

50 

10 

3189.46 

125 

15 

2260.11 

25 

50 

3044.91 

100 

12 

3194.23 

125 

15 

2261.73 

251 

501 

3049.46 

80 

15 

3194.6^ 

50 

10 

2270.17 

60 

15 

3050  39 

100 

50 

3195.08 

100 

12 

2272.54 

4  w 

50 

3051.17 

80 

15 

3213.31 

50 

40 

2279.11 

100 

25 

3054.97 

50 

10 

3223.86 

100 

8 

2282.26 

1  0 

125 

3055.21 

80 

15 

3227.28 

125 

12 

2283.67 

50 

15 

13058.66 

500  r 

500 

3229.21 

125 

5 

2336.80 

50 

80 

3060.30 

100 

30 

3231.42 

150 

12 

2362.77 

50 

12 

3062.19 

100 

30 

1 3232.05 

500  r 

20 

2367.35 

50 

80 

3066.12 

50 

10 

3232.54 

150 

10 

2369.24 

50 

12 

3069.94 

125 

15 

3234.20 

150 

12 

2371.18 

50 

15 

3074.08 

125 

20 

3234.73 

100 

10 

2377.03 

50 

30 

3074.96 

125 

20 

3238.63 

100 

20 

2377.61 

50 

15 

3077.06 

100 

12 

3241.04 

80 

20 

2396.77 

100 

12 

3077.44 

80 

8 

3252.01 

50 

15 

2423.07 

25 

80 

3077.72 

100 

30 

3254.91 

60 

12 

2424.97 

50 

8 

3078.11 

125 

15 

3256.92 

80 

12 

2461.42 

50 

10 

3078.38 

125 

15 

3260.30 

60 

10 

I  2488.55 

50  w 

15 

3084.60 

60 

10 

13262.29 

500  r 

50 

2492.37 

50  r 

8r 

3086.27 

50 

10 

3262.75 

100 

20 

2513.25 

50 

8 

3087.75 

50 

10 

3264.69 

100  n 

10 

2542.51 

50 

8 

3088.27 

60 

12 

13267.94 

400  r 

30 

2580.03 

15 

100  w 

3090.08 

100 

15 

3269.21 

200 

20 

2581.96 

80s 

5 

3090.30 

100 

12 

3275.20 

200 

15 

2590.75 

75 

81 

3090.49 

80 

15 

3277.97 

80 

8 

2613.06 

50 

10 

3093.59 

125 

15 

3290.26 

200 

20 

12637.13 

150 

30 

3101.53 

125 

20 

13301.56 

500  r 

50 

2644.11 

75 

10 

3104.98 

200  d 

15  d 

3306.23 

80 

12 

2658.60 

50 

10 

3105.99 

15C 

20 

3310.91 

200 

30 

2689.82 

50 

10 

3108.98 

125 

15 

3315.42 

50 

15 

2699.59 

50 

8 

3109.38 

125 

20 

3324.33 

50  d 

15  d 

2706.70 

50 

8 

3111.09 

100 

20 

3327.4? 

SO 

15 

2714.64 

50  r 

10 

3114.81 

50 

12 

13336.15 

200  r 

50 

2720.04 

75 

15 

3116.47 

50 

15 

3351.73 

50 

12 

2721.86 

75 

10 

3118.12 

80 

15 

3357.97 

100 

15 

2732.80 

75 

15 

3118.3C 

150 

20 

3361.15 

80 

20 

2761.42 

50 

10 

3124.94 

150  n 

10  wn 

3364.12 

100 

12 

2796.73 

100 

15 

3129.23 

60 

15 

3370.20 

50 

10 

2804.07 

80 

20 

3131.11 

125 

30 

13370.59 

300  r 

30 

2806.91 

100  w 

1 

3140.31 

60 

12 

3378.68 

50 

10 

2814.20 

50 

25 

3140.94 

50 

12 

3384.00 

80 

5 

12838.63 

100  r 

100 

3145.96 

60 

10 

13387.84 

100 

15 

2844.40 

50 

25 

3152.07 

80 

15 

1  3401.86 

200 

20 

2850.76 

75 

25 

3152.67 

150 

18 

13402.51 

200 

15 

2860.96 

100 

25 

3153.61 

125 

20 

3427.67 

80 

15 
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n.  EMISSION  SPECTRA  2000^0,000  A  (Continued) 

Osmium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

13790.14 

Arc 

Spark 

w 

W  ave 
length 

Arc 

Spark 

3444.46 

50 

12 

80 

30 

4189.91 

fO 

3 

3445.55 

80 

15 

3790.73 

100 

20 

4195.14 

100  s 

1 

3449.20 

100 

20 

13793.91 

125 

300 

4202.06 

100 

4 

3455.0? 

50 

15 

3800.44 

50 

15 

4211.85 

150 

50 

3458.38 

200 

12 

3827.14 

50 

20 

I  4260.8£ 

200 

200 

3459.01 

100 

10 

13836.06 

150 

20 

14^93.9^ 

60 

6 

3465.4c 

60 

12 

3840.30 

150 

20 

4311.40 

150 

9 

3478.53 

100 

15 

3843.66 

80 

12 

4328.68 

60 

4 

34S7.46 

50 

15 

13849.94 

125 

20 

4365.67 

60 

4 

3498.54 

80 

15 

3853.44 

100 

15 

4370.66 

50 

3 

3501.16 

100 

15 

I  3857.09 

150 

15 

4394.86 

150 

6 

3504.66 

300 

20 

I  3865.47 

125 

200 

4402.74 

50 

3 

3518.72 

200 

30 

13876.77 

300 

50 

14120.47 

400  r 

100 

3523.64 

150 

30 

3878.57 

50 

12 

1436.32 

80 

3 

3526.03 

80 

20 

3881.86 

125 

20 

4447.35 

200 

3 

1 3528.60 

400  r 

50 

3900.39 

50 

12 

4479.81 

801 

1 

3530.06 

100 

20 

3901.71 

150 

20 

4184.76 

100 

1 

I  3532.80 

100 

20 

3928.5' 

50 

10 

4488.60 

60 

3542.71 

150 

10 

3929.99 

80 

12 

4524.87 

80 

2 

I  3559.79 

150 

0 

3938.59 

125 

20 

4529.67 

80 

2 

I  3560.85 

150  r 

100 

3939.57 

50 

12 

4537.61 

50 

3562.3! 

50 

20 

3949.78 

50 

10 

4539.9" 

100 

2 

3569.77 

100 

30 

3960.51 

50 

15 

4548.66 

100 

5 

3587.31 

60 

15 

3961.02 

125 

20 

4550.41 

150 

10 

13598.11 

300 

30 

13963.63 

500 

50 

4551.30 

150 

8 

3G01.83 

60 

20 

3964.96 

60 

12 

4595.04 

80 

4 

3604.47 

15 

103 

3969.67 

100 

100 

4597.16 

100 

4 

I  3616.57 

150 

20 

3975.44 

50 

12 

4616.78 

150 

6 

3619.43 

6) 

25 

I  3977.23 

300 

40 

4631.83 

100 

5 

13610.33 

2X) 

40 

3988.18 

5< 

12 

4663.82 

100 

5 

3648.81 

100 

10 

3996.80 

50 

10 

4692.06 

80 

3 

3654.4* 

100 

15 

3998.93 

80 

12 

4743.89 

60 

13656.90 

150 

30 

4003.48 

50 

6 

4793.99 

300 

6 

I  3670.89 

200 

20 

4004.02 

50 

6 

4815.96 

60 

3689.06 

200 

30 

4018.26 

60 

4 

4865.60 

80 

1 

3703.25 

100 

30 

4037.84 

801 

4 

4899.21 

60 

3706.56 

50 

15 

4041.92 

1001 

6 

4912.60 

80 

3712.84 

5) 

12 

4066.69 

100 

100 

5039.12 

50 

3713.73 

100 

20 

4074.6C 

80 

6 

5149.74 

80 

13720.13 

80 

40 

4088.44 

100  n 

3 

5376.79 

50 

3732.85 

200  r 

5n 

4091.82 

100 

12 

5416.34 

80 

3746.47 

100 

20 

4100.30 

60 

3 

5416.69 

50 

1 3752.52 

400  r 

100 

4112.02 

150 

9 

5443.31 

50 

3766.30 

100 

20 

4128.96 

60 

3 

5523.53 

100 

3768.14 

80 

15 

4135.78 

200 

50 

5584.44 

50 

3774.40 

60 

15 

4137.84 

100 

3 

5721.93 

80 

3774.62 

60 

12 

4158.78 

50 

1 

5780.81 

50 

3776.25 

50 

15 

4172.57 

60 

3 

5800.60 

50 

3776.99 

150 

20 

4173.23 

100 

6 

5857.76 

80 

13782.19 

400  r 

200 

4175.63 

100 

4 

5995.99 

50 

Oxygen 


Wave 
length 

Arc 

Discharge 
tube 

Wave 
length 

Arc- 

Discharge 
tube 

Wave 
length 

Arc 

Discharge 
tube 

II  2293.33 
II  2300.36 
II  2433.53 
II  2445.55 

50 

70 

250 

300 

2493.75 

2517.41 

II  2575.30 

112733.40 

50 

50 

100 

150 

113134.79 
II  3287.57 
II  3390.26 
II  3470.77 

1001 
701 
100 
100 
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II,  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Oxygen  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 
50 

length 

tube 

length 

tube 

13692.44 

114369.28 

50 

15435.16 

70 

II  3727.30 

50 

II  4395.95 

80 

I  5435.76 

100 

II  3749.47 

125 

114414.89 

300 

I  5436.83 

200 

13823.47 

125 

114416.97 

150 

15512.70 

70  n 

113911.95 

150 

II  4443.04 

50 

I  5554.94 

100  n 

13947.33 

300 

II  4448.20 

70 

5750.42 

70 

13947.51 

50 

114452.41 

70 

5950.60 

70 

1,113954.38 

100 

II  4465.45 

50 

I  5958.53 

100  n 

II  3973.27 

125 

II  4467.83 

50 

I  6046.34 

150 

114069.63 

60 

II  4590.94 

300 

I  6155.99 

150 

II  4069.90 

125 

114596.13 

150 

I  6156.78 

300 

114072.16 

300 

II  4609.39 

60  n 

16158.20 

1000 

11  4075.87 

800 

114638.86 

70 

6261.31 

70 

114078.85 

70 

114641.83 

150 

6366.28 

50 

114085.12 

70 

114649.15 

300 

6374.29 

70 

II  4089.27 

60  n 

II  4650.85 

70 

I  6453.69 

100 

II  4092.94 

80 

II  4655.36 

50 

I  6454.55 

150 

II  4097.24 

70 

114661.65 

125 

I  6456.07 

500 

II  4103.01 

50 

II  4676.25 

125 

II  6640.90 

70 

II  4104.73 

50 

114699.21 

100 

16654.12 

50 

114105.00 

125 

II  4705.32 

300 

116721.21 

300 

114112.02 

50 

114710.00 

60 

116721.35 

70 

114119.22 

300 

114751.34 

50 

I  6727.87 

70 

114120.27 

50 

14772.89 

50 

II  6895.28 

70 

114121.46 

50 

14773.76 

70 

11  6906.54 

50 

114132.82 

100 

14803.00 

50 

I  7002.22 

50 

114153.31 

200 

114906.80 

50 

17157.36 

70 

114169.23 

50 

114924.50 

60 

I  7476.47 

70 

114185.45 

150 

114941.02 

50 

17771.93 

1000 

114189.79 

500 

114942.97 

100 

17774.14 

300 

4222.78 

50 

I  4967.40 

50 

I  7775.43 

100 

4233.32 

100 

I  4967.86 

80 

I  7947.57 

1000 

II  4253.74 

50: 

14968.76 

100 

I  7950.82 

100 

II  4253.98 

100  n 

15019.34 

50 

1  7952.18 

50 

II  4275.47 

50  n 

15020.13 

70 

7995.09 

50 

II  4303.78 

60  n 

15146.06 

70 

I  8221.83 

2000 

114317.16 

150 

II  5206.61 

60 

I  8227.68 

.' 

114319.65 

150 

I  5275.08 

50 

I  8230.02 

1000 

114336.85 

70 

I  5299.00 

70 

I  8233.08 

1000 

II  4345.57 

125 

I  5328.98 

100 

18235.41 

50 

II  4347.43 

70 

I  5329.59 

150 

I  8426.33 

50 

II  4349.43 

'.'. 

1  5330.66 

500 

I  8446  38 

2000 

II  4366.91 

100 

5408.59 

50 

8819.60 

70 

I  4368.30 

1000 

Palladium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2001.49 

40 

112231.59 

10 

60 

II  2372.15 

5 

50 

2003.80 

40 

112270.11 

(40) 

2382.57 

40  n 

II  2045.62 

100 

2270.21 

40  wn 

II  2383.40 

50  wn 

II  2137.24 

40 

II  2296.51 

20 

60 

II  2385.01 

50  wn 

II  2162.27 

3 

40 

II  2302.01 

60 

II  2388.29 

2 

40 

II  2198.24 

40 

II  2307.50 

50 

II  2406.34 

60 

II  2202.35 

40 

112331.41 

40 

II  2406.74 

1 

150 

112212.14 

5 

50 

112351.34 

10 

60 

II  2408.74 

100 

II  2214.04 

40 

II  2357.63 

3 

40 

II  2413.39 

40 

II  2218.16 

•• 

40 

2367.96 

10 

60 

112414.73 

150 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Palladium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

112418.73 

50 

II  2658.72 

20 

300 

II  3272.56 

60  n 

112424.48 

100 

112661.14 

100 

I  3287.25 

300  w 

25 

II  2426.87 

50 

II  2679.58 

100 

13302.13 

1000  wn 

200  n 

112433.10 

50 

II  2684.76 

100 

II  3327.23 

50  n 

II  2435.32 

50 

II  2687.66 

150 

I  3373.00 

800  r 

500  wn 

112446.18 

100 

II  2688.55 

200 

I  3380.67 

150  w 

2n 

112446.71 

50 

II  2698.55 

200 

13404.58 

2000  r 

1000  r 

I  2447.91 

201 

)r 

100 

2714  32 

150 

13421.24 

2000  r 

1000  r 

112448.16 

100 

112714.90 

200 

I  3433.45 

1000  n 

500  n 

II  2469.25 

150 

II  2727.89 

200 

13441.40 

800  n 

2n 

II  2470.01 

150 

112731.61 

(50) 

113451.35 

400  n 

112471.15 

150 

II  2742.60 

100 

1 3460.77 

300  r 

600  n 

II  2472.51 

150 

II  2763.09 

300  r 

30  r 

II  3468.54 

50  n 

I  2476.42 

30( 

)r 

50 

112837.12 

(40) 

13481.15 

500  r 

2n 

II  2489.61 

75 

II  2839.89 

100 

1 3489.77 

150  W 

35 

II  2496.69 

100 

112841.03 

100 

13516.94 

1000  r 

500  r 

II  2498.78 

A 

[ 

150  n 

II  2854.58 

"a 

500  n 

I  3553.08 

100  r 

15  wn 

II  2508.92 

(50) 

II  2857.73 

100 

3566.63 

60 

II  2514.48 

200 

II  2893.09 

100 

13571.15 

40  n 

40  n 

II  2534.60 

100 

I  2922.49 

200 

25 

1 3609.55 

1000  r 

700  r 

112537.17 

100 

II  2954.39 

60  n 

13634.69 

2000  r 

1000  r 

II  2537.97 

100 

II  2980.65 

200  r 

1 3690.34 

300  n 

1000  w 

II  2539.36 

50  wn 

II  2999.55 

100  n 

13718.91 

300 

200 

II  2544.83 

200 

I  3002.65 

100  r 

60 

13799.19 

200  W 

150 

II  2550.66 

150 

I  3009.78 

50  r 

10 

13832.29 

150 

150 

II  2551.85 

100  n 

113018.50 

50  n 

I  3894.20 

200  W 

200  W 

II  2561.02 

200 

13027.91 

150 

200  n 

I  3958.64 

500  w 

200 

II  2565.51 

*2 

200 

II  3032.20 

2 

100  n 

I  4087.34 

500 

100 

II  2569.55 

20 

150 

3050.08 

100  n 

14140.83 

100  r 

II  2575.49 

100 

113052.15 

150  n 

14169.84 

200 

50 

II  2576.40 

100 

II  3059.43 

150  w 

14212.95 

500  W 

300  W 

112577.10 

3 

150 

13065.31 

10 

100 

I  4473.59 

60 

6 

II  2583.85 

200 

13066.10 

150 

2 

14788.17 

200  n 

4n 

112584.13 

75 

13114.04 

400  w 

500  w 

4817.51 

40 

8 

12593.27 

3 

100 

13142.81 

300 

100 

15110.81 

100 

2 

II  2595.97 

3 

150 

113155.59 

40 

15117.01 

50 

4 

II  2602.76 

20 

200 

113161.95 

100  n 

15163.84 

300 

8 

II  2609.86 

200 

113170.26 

50  wn 

I  5234.86 

50 

2 

II  2613.43 

100 

II  3210.45 

60  n 

I  5295.63 

200 

10 

II  2628.25 

200 

13218.97 

300 

8 

1 5395.24 

50 

2 

II  2635.94 

50 

300 

I  3242.70 

2000  wn 

600  r 

I  5542.80 

100 

2 

II  2637.07 

100 

II  3243.13 

60  n 

I  5547.02 

50 

2 

112640.18 

70 

13251.64 

200 

500 

15619.44 

50 

2 

112642.17 

100 

I  3258.78 

300 

200  n 

I  5670.07 

100 

II  2649.47 

200 

II  3267.35 

200  n 

I  5695.09 

50 

II  2657.56 

200 

Phosphorus 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

II  2496.00 

50 

3162.34 

50 

113308.85 

100  w 

II  2497.33 

100 

3163.87 

50 

3364.43 

100 

II  2500.92 

50 

3171.84 

50 

3371.10 

70 

12534.01 

50 

20 

113175.14 

70 

113372.70 

50 

I  2535.65 

100 

30 

3184.82 

50 

113377.52 

50  n 

12553.28 

80 

20 

3186.24 

50 

3378.76 

50 

I  2554.93 

60 

20 

3219.30 

100  w 

3395.35 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A   (Continued) 

Phosphorus  (Continued) 


Wave 
length 

Arc 

Discharge 
tube 

Wave 
length 

Arc 

! 

Discharge 
tube 

Wave 
length 

Arc 

Discharg 
tube 

II  3404.33 

50 

4057.39 

50 

4675.78 

70 

3406.93 

50 

4059.27 

100 

114678.94 

1001 

3413.51 

70 

4080.04 

150 

114700.79 

50) 

113419.24 

100 

114109.19 

70 

4724.25 

75 

II  3424.87 

100 

114117.09 

50 

4727.46 

100 

113426.19 

50 

114127.49 

70 

II4792.C6 

701 

II  3470.82 

50 

4143.84 

50 

4854.69 

70 

113472.87 

70 

4178.36 

300  w 

114864.38 

501 

3474.14 

70 

4222.15 

300 

150  w 

4872.33 

50 

3485.00 

50 

4246.88 

70 

150  w 

4876.98 

501 

3488.77 

70 

4249.57 

100 

114927.16 

501 

II  3490.44 

70 

II  4288.52 

50 

114943.41 

1501 

II  3502.99 

70 

4385.33 

1001 

II  4954.32 

701 

II  3507.36 

100  w 

4400.99 

501 

114969.64 

1501 

3516.15 

70 

4414.28 

100 

5040.74 

701 

113518.60 

50  n 

114414.60 

70 

5141.49 

50 

II  3530.24 

70 

4420.64 

70 

II  5152.20 

50 

II  3556.48 

100 

4428.15 

70 

5156.72 

50 

II  3566.42 

70 

4443.87 

50 

5176.38 

70 

3577.60 

50  d 

II  4452.44 

1501 

115191.40 

100 

3583.60 

50 

4462.94 

70 

5235.52 

70 

3617.09 

100  w 

114463.70 

70 

II  5253.48 

3C0w 

113631.40 

50 

114467.97 

50 

II  5296.09 

300  w 

3653.38 

100  w 

114475.26 

1501 

5303.21 

50 

3659.26 

50 

4479.74 

70 

115316.07 

150  w 

113664.19 

100  w 

4485.29 

50 

5344.72 

150  w 

3668.59 

50 

114499.17 

1501 

115345.81 

50 

113676.26 

100  w 

II  4522.92 

50 

5386.87 

150  w 

II  3706.05 

150  w 

4523.73 

50 

II  5409.65 

150  w 

113715.85 

50 

114530.78 

1501 

II  5425.92 

150  w 

113717.62 

70 

4540.20 

70 

5437.28 

70 

113728.66 

50  d 

4541.12 

70 

II  5450  65 

1001 

3733.26 

50 

4546.03 

70 

5460  85 

100 

3744.21 

70 

4548.40 

50 

II  5483.55 

701 

II  3768.70 

50 

II  4554.80 

100 

II  5499.71 

150 

3802.07 

100 

II  4558.03 

• 

1001 

115507.13 

701 

II  3827.44 

1501 

II  4565.21 

1001 

115541.18 

50 

3885.17 

1501 

II  4587.90 

300  w 

5544.49 

50 

3895.02 

100 

II  4589.78 

300  w 

II  5583.33 

701 

3904.78 

100 

II  4601.96 

300  w 

II  5588.25 

701 

3914.26 

1001 

II  4622.70 

50  n 

116024.14 

50 

3922.71 

50 

II  4626.60 

70 

II  6043.05 

150 

3933.37 

50 

114628.70 

50 

I  9525.78 

100 

3951.5C 

70 

4637.16 

50 

I  9593.54 

70 

3957.62 

100 

4641.72 

50 

I  9734.74 

50 

3997.10 

70 

4649.05 

50 

I  9750.7° 

70 

114019.45 

50 

114658.11 

1001 

I  9796.79 

100 

II  4044.49 

150  w 

Platinum 


Wave 
length 


112036.46 
TI  2144.23 

12165.17 
2180.31 

12292.39 


Arc 

Spark 

15 

40 

35 

100 

lOOOr 

25 

150 

15 

400 

100 

Wave 
length 


I  2401.87 

I  2403.09 

IJ  2405.73 

11  2410.33 

12413.04 


Arc 

Spark 

300 

30 

400 

50 

100  wn 

50 

60 

10 

Wave 
length 


12418.06 
II  2424.87 
I  2428.03 
I  2428.20 
12429.10 


Arc 


300 
50 
100 
100 
100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Platinum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 
40 

Spark 

112434.46 

20 

40 

I  2719.04 

1000  w 

100  w 

I  3240.20 

6 

12436.69 

300 

20 

12729.91 

500 

50 

3250.35 

40 

8 

I  2440.06 

800  w 

100  wn 

I  2733.96 

1000  n 

200  n 

13251.98 

100 

1 

II  2442.63 

20 

40 

I  2734.50 

100 

10 

3290.22 

150 

10 

II  2450.44 

25 

50 

12738.48 

100 

5 

13301.86 

300 

250  W 

I  2450.97 

400 

10 

II  2743.49 

6 

40  n 

13315.05 

200 

10 

2467.44 

800  r 

100 

12747.61 

150 

2 

I  3323.79 

150 

10 

II  2467.59 

5 

100 

I  2753.86 

100 

4 

I  3343.90 

100 

80 

12471.01 

100 

20 

I  2754.92 

200 

5n 

I  3408. IP 

250  W 

60 

2483.37 

40 

2 

I  2769.84 

50 

2 

I  3427.93 

50 

6 

12487.17 

600  r 

20 

12771.67 

500 

15 

3483.4? 

70 

10 

12490.12 

300 

20 

I  2773.24 

50 

5 

I  3485.27 

150 

200  r 

I  2495.82 

40 

10 

12773.99 

50 

2 

13628.11 

300  W 

20 

I  2498.50 

400 

50 

II  2774.78 

10 

100  wn 

13638.79 

250 

10 

I  2504.04 

60 

5 

I  2793.27 

100 

5 

13643.17 

60 

8 

2505.93 

150 

10 

112794.21 

10 

100  wn 

13663.09 

50 

2 

I  2508.50 

300 

20 

II  2799.99 

20 

80  n 

13671.99 

80 

10 

112513.88 

6 

50 

I  2803.24 

400 

5 

I  3674.01 

80 

4 

12514.07 

150 

10  n 

2818.25 

70 

4 

13699.91 

80 

5 

12515.03 

150 

20 

II  2822.27 

10 

60  n 

3818.69 

40 

10 

12515.58 

500 

20 

I  2830.29 

1000  r 

600  r 

I  3900.73 

40 

3 

12529.41 

80 

12834.71 

80 

5 

I  3922.96 

100 

20  r 

I  2536.49 

100 

10 

II  2860.68 

30 

150  n 

13925.34 

60 

3 

I  2539.20 

400 

20 

II  2865.05 

20 

80  n 

13948.39 

60 

5 

I  2549.46 

80 

10 

II  2875.85 

20 

80  n 

I  3966.36 

80 

40 

I  2552.25 

150 

20 

II  2877.52 

40 

200  n 

I  3996.57 

50 

II  2568.59 

1 

40 

I  2888.20 

50 

14118.69 

400 

10 

II  2572.62 

15 

50 

12893.86 

500 

25 

14164.56 

100 

80 

2596.00 

200 

20 

I  2897.87 

400 

15 

14192.43 

100 

2 

12603.14 

300 

20 

I  2905.90 

100 

15 

I  4288.06 

75 

In 

112616.75 

10 

60 

12912.26 

300 

25 

I  4327.06 

80 

4 

12619.57 

300 

5 

12913.54 

300 

25 

14391.83 

50 

3 

II  2625.33 

35 

60 

12919.34 

150 

40 

I  4442.55 

800 

25 

I  2627.39 

40 

5 

12921.38 

100 

6 

I  4498.76 

100 

5n 

I  2628.03 

1000  w 

100 

12929.79 

800  r 

200  w 

I  4520.90 

40 

2n 

I  2639.35 

500 

50 

I  2997.97 

1000  r 

200  r 

I  4552.42 

60 

10 

I  2645.37 

40 

5 

113001.17 

3 

50  w 

5044.04 

60 

1 

12646.89 

1000  n 

100 

13002.27 

200 

30 

5059.48 

60 

3 

I  2650.86 

700 

100 

3017.88 

60 

10 

5227.66 

80 

2 

I  2658.17 

100 

10 

113031.22 

10 

40  n 

5301.02 

150 

10 

I  2658.70 

40 

5 

I  3036.45 

200 

10 

5368.99 

50 

1 

I  2659.45 

2000  r 

500  r 

I  3042.64 

200  r 

250  r 

5390.79 

50 

2 

2674.57 

200 

10 

13064.71 

2000  r 

300  r 

5475.77 

60 

2 

12677.15 

800  w 

200  w 

13071.94 

60 

15 

5478.49 

50 

2 

112679.13 

6 

50 

13139.39 

300 

80 

5840.12 

80 

II  2692.24 

4 

40 

3141.66 

150 

5n 

5844.84 

40 

*2 

I  2698.43 

500 

50 

13156.56 

150 

50 

6326.5F 

50 

I  2702.40 

1000 

300 

13200.71 

100 

40 

6523.45 

80 

I  2705.89 

1000  wn 

200  wn 

I  3204.04 

250 

100 

6710.42 

50 

2713.13 

200 

10 

13230.29 

100 

6 

6760.02 

100 

112717.62 

4 

40 

13233.42 

40 

10 

17113.73 

80 

Polonium 


Wave 
length 

Arc 

Discharge 
tube 

Wave 
length 

Arc 

Discharge 
tube 

Wave 
length 

Arc 

Discharge 
tube 

2450.0 

10 

2558.1 

20 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Potassium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2036.9 

(40) 

2836.2 

(10) 

II  3966.69 

(30) 

2054.9 

(18) 

12992.21 

15  r 

II  3972.55 

(30) 

2077.9 

(80) 

2993.4 

(10) 

113991.77 

(151 

2082.1 

(10) 

13034.82 

30  n 

113995.10 

30 

2085.2 

(20) 

113062.18 

(20) 

II  4001.20 

(40) 

2089.8 

(40) 

II  3075.00 

(10) 

114012.10 

(20) 

2097.65 

(10) 

13102.03 

50  r 

114017.51 

(15) 

2100.0 

(10) 

13102.25 

20  r 

II  4024.92 

(15) 

2110.05 

(10) 

113105.00 

(30) 

114039.69 

(15) 

2114.2 

(10) 

113169.80 

(10) 

II  4042.59 

(30) 

2122.0 

(20) 

113190.07 

(20) 

14044.14 

800 

400 

2127.25 

(20) 

13217.02 

100  r 

20  n 

1 4047.20 

400 

200 

2128.9 

(20) 

13217.50 

50  r 

25 

II  4065.21 

(15) 

2130.75 

(20) 

II  3220.60 

(15) 

114093.70 

(20) 

2132.8 

(10) 

II  3258.81 

(10) 

114112.07 

(15) 

2137.56 

(30) 

II  3290.65 

(10n) 

114114.95 

(30) 

2144.5 

(18) 

113301.60 

(10) 

114134.72 

(40) 

2149.42 

(10) 

3345.32 

(30) 

114149.17 

(20) 

2155.3 

(20) 

3373.60 

(30) 

114186.23 

(601 

2175.12 

(10) 

II  3380.62 

(30) 

II  4209.50 

(15) 

2177.92 

(10) 

II  3384.86 

(30) 

II  4222.97 

(40) 

2186.93 

(40) 

II  3392.63 

(10) 

II  4225.60 

(40) 

II  2190.0 

(40) 

113404.24 

(30) 

114263.31 

(40) 

2196.7 

(10) 

II  3440.05 

(40) 

II  4284.85 

(10) 

II  2210.53 

(20) 

I  3446.72 

150  r 

100  r 

II  4288.65 

(15) 

2213.1 

(20) 

13447.70 

100  r 

75  r 

II  4304.94 

(40) 

2217.23 

(10) 

113481.11 

(30) 

II  4309.08 

(40) 

2221.58 

(30) 

II  3529.53 

(10) 

4332.02 

(10) 

2240.89 

(40) 

113530.71 

(40) 

114339.98 

(20) 

2250.92 

(30) 

113562.15 

(15) 

114362.96 

(20) 

II  2255.29 

(10) 

II  3608.87 

(10) 

114388.13 

(40) 

2260.32 

(30) 

113618.43 

(20) 

114423.72 

(10) 

2260.6 

(30) 

3626.42 

(15) 

114466.66 

(20) 

2262.1 

(10) 

113637.00 

(10) 

II  4505.34 

(30) 

2265.04 

(30) 

II  3668.63 

(10) 

114595.61 

(40) 

2270.9 

(30) 

113676.05 

(10) 

II  4608.42 

(40) 

2280.05 

(10) 

113681.52 

(30) 

II  4659.32 

(40) 

2300.9 

(10) 

113716.59 

(20) 

114744.92 

(15) 

2306.58 

(10) 

113721.34 

(20) 

IT  4829.21 

(100) 

2315.22 

(20) 

113739.12 

(20) 

I  4869.70 

10 

2319.15 

(30) 

II  3744.40 

(20) 

II  4938.75 

(10) 

2324.33 

(10) 

II  3756.63 

(10) 

II  4943.24 

(30) 

2340.15 

(10) 

113767.37 

(30) 

1 4950.82 

10 

II  2342.30 

(10) 

113783.19 

(30) 

I  4956.04 

10 

2348.3 

(20) 

113800.14 

(30) 

I  4965.04 

15 

2350.2 

(10) 

113816.55 

(30) 

II  5005.34 

(15) 

II  2358.70 

(50) 

113817.54 

(40) 

115056.18 

(60) 

2370.25 

(30) 

113821.30 

(10) 

15084.21 

201 

2379.5 

(18) 

II  3844.02 

(10) 

15097.14 

25  n 

2393.4 

(10) 

113861.41 

(10) 

15099.18 

251 

2402.0 

(10) 

II  3873.75 

(20) 

15112.20 

301 

2410.4 

(10) 

113878.62 

(15) 

115310.21 

(25) 

2436.6 

(20) 

113883.36 

(10) 

I  5323.23 

401 

2446.0 

(20) 

II  3897.87 

(60) 

I  5339.67 

401 

2470.4 

(10) 

II  3899.24 

(10) 

I  5342.97 

301 

2474.2 

(10) 

113900.11 

(10) 

I  5359.52 

401 

2538.6 

(10) 

II  2933.05 

(20) 

II  5470.06 

(40) 

II  2550.02 

(20) 

113926.34 

(20) 

II  5536.01 

(10) 

2662.4 

(10) 

3934.46 

(20) 

II  5642.67 

(25) 

2736.0 

(20) 

II  3942.50 

(30) 

II  5772.32 

(15) 

2803.8 

(30) 

II  3955.21 

(30) 

I  5782.60 

60 

II  2808.99 

(10) 

113956.10 

(10) 

15801.96 

50  n 

20 

112819.26 

(10) 

113959.78 

(10) 

15812.52 

30 

2196 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Potassium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  5832.09 

6050. 

6119.95 

6120.22 

II  6246.46 

50 

(12) 
(10) 
(60) 
(30) 

II  6307.24 

II  6427.69 

6911.30 

I  6938.98 

I  7664.91 

300 

500 

9000  r 

(40) 
(20) 

400 

I  7698.98 
19591.8 
I  9950.5 
I  9955.2 

5000  r 
50  Wl 
20  n 
10  n 

200 

Praseodymium 


2230.37 

40 

3826.29 

80  d 

50  d 

4008.71 

150 

50 

2297.77 

100 

3830.72 

100 

60 

4015.39 

50 

30 

2445.52 

40 

3842.36 

80 

40 

4020.99 

40 

30 

3101.27 

40 

2 

3844.56 

50 

10 

4025.54 

40 

25 

3121.57 

50 

4 

3846.60 

70  d 

30 

4031.75 

50 

30 

3245.46 

40 

4 

3850.83 

50 

15 

4033.86 

50 

35 

3499.09 

40 

3 

3851.62 

200  w 

150  w 

4039.36 

50 

20 

3544.00 

40  r 

10  r 

3852.80 

100 

50 

4044.82 

50 

35 

3615.16 

40 

4 

3854.90 

80  w 

30 

4051.15 

50 

30 

3630.97 

50 

20 

3865.46 

200  r 

125  r 

4054.84 

50 

40 

3641.62 

50 

5 

3876.18 

80 

30 

4056.54 

100 

60 

3646.30 

50 

15 

3877.22 

125  w 

80  w 

4062.82 

150 

50 

3660.37 

40 

20 

3879.21 

100 

80 

4068.80 

40 

15 

3668.83 

100 

40 

3880.47 

80 

60 

4079.79 

50 

35 

3685.26 

60 

8 

3885.19 

100  w 

40  w 

4081.02 

50 

25 

3687.04 

60  d 

20  d 

3889.33 

150 

70 

4081.90 

75 

30 

3687.20 

50  d 

15  d 

3902.47 

60 

40 

4087.21 

50 

3 

3689.40 

40 

10 

3908.03 

100 

50 

4094.97 

50 

12 

3694.69 

40 

4n 

3908.43 

100 

60 

4100.75 

200 

50 

3699.51 

40 

10 

3912.90 

150 

80 

4113.89 

30  w 

70  w 

3714.06 

50 

20 

3913.56 

80 

30 

4118.48 

250  d 

50  d 

3729.11 

40 

7 

3915.47 

40 

20 

4141.26 

150 

50 

3733.03 

40  d 

20 

3918.86 

100 

30 

4143.14 

200 

50 

3734.41 

40 

30 

3924.14 

100 

15 

4164.19 

200 

50 

3739.19 

80 

30 

3925.46 

125 

100 

4171.82 

75 

40 

3741.01 

40 

15 

3927.45 

80 

35 

4172.27 

75 

40 

3751.00 

40 

30 

3929.26 

40 

30 

4179.42 

200 

40 

3752.29 

40  d 

30  d 

3935.82 

125 

50 

4189.52 

100 

50 

3761.87 

150 

100 

3937.03 

50 

8 

4191.61 

40 

25 

3764.81 

100 

50 

3938.31 

40 

30 

4206.74 

50 

50 

3768.93 

50 

30 

3940.15 

80 

15 

4211.86 

50  d 

25  d 

3771.77 

40  d 

20  d 

3947.63 

125  d 

60  d 

4222.98 

125 

40 

3772.85 

80  d 

20 

3949.44 

150 

100 

4225.33 

50 

40 

3774.06 

100 

50 

3953.52 

150 

100 

4241.02 

50 

12 

3778.75 

40 

20 

3960.60 

50 

25  n 

4247.66 

60 

35 

3781.64 

100  d 

50  d 

3962.44 

60 

50 

4251.49 

40  w 

15  w 

3783.86 

100  d 

30  d 

3964.26 

60 

50 

4263.80 

50 

5w 

3785.50 

50 

20 

3964.82 

125  d 

80  d 

4272.27 

50 

35 

3788.93 

50  d 

25  d 

3965.26 

100 

50 

4280.10 

60 

30 

3792.52 

100 

8 

3966.57 

100  d 

70  d 

4282.44 

75 

40 

3793.79 

40  d 

30  d 

3967.13 

40  d 

25  d 

4297.76 

50 

40 

3794.38 

50  d 

25  d 

3971.16 

100 

60 

4302.10 

60 

5w 

3796.92 

40  d 

20  d 

3971.69 

60 

40 

4303.59 

100 

60 

3799.68 

50 

25 

3972.16 

125 

80 

4305.76 

150 

90 

3800.30 

100 

50 

3976.29 

50 

10 

4311.10 

50 

10  w 

3803.11 

50  d 

20 

3982.06 

125 

100 

4316.06 

50 

8 

3804.85 

25  w 

50  w 

3986.17 

40 

15 

4317.84 

40 

5  w 

3809.16 

80 

40 

3989.72 

200 

125 

4323.55 

100 

35 

3816.17 

40 

40 

3994.83 

300 

25 

4328.42 

50 

15 

3818.28 

125 

100 

3997.05 

100 

40 

4328.98 

50 

10 

3821.82 

50 

50 

3999.19 

50  d 

40  d 

4329.41 

50 

20 

3823.18 

125 

25 

4000.19 

50 

25 

4330.44 

50 

3w 

2197 


II.  EMISSION  SPECTRA  2000-10,090  A  (Continued) 

Praseodymium  (Continued) 


Radium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc    Sp 

ark 

4333.15 

40 

10 

4487.82 

40 

3w 

4822.98 

125      1 

Ow 

4333.91 

150 

100 

4488.17 

40 

10 

4826.65 

40  wn 

4334.62 

40 

6w 

4496.43 

200 

125 

4832.07 

100  w 

4335.7£ 

80 

20 

4510.16 

200 

125 

4837.04 

80  w 

4338.69 

100 

50 

4517.59 

40  w 

15  w 

4848.55 

125  w 

4342.81 

40 

5  w 

4520.78 

40 

15 

4859.04 

40  w 

4344.33 

150  w 

80  w 

4534.15 

150 

80 

4865.24 

40 

2 

4347.49 

100 

40 

4535.92 

125 

ICO  ' 

4877.82 

50  w 

5  w 

4350.40 

70 

25 

4548.54 

60 

30 

4906.98 

50 

4351.85 

80 

60 

4552.26 

60 

4914.03 

60 

4354.91 

80 

30 

4563.13 

100 

40 

4924.59 

80 

4359.11 

70 

25 

4570.56 

40 

15 

4936.00 

50 

4359.79 

100 

40 

4576.32 

50 

15 

4939.73 

100 

4362.98 

50 

20 

4578.14 

40  w 

3w 

4940.30 

50 

4368.33 

125 

90 

4612.07 

60 

15 

4951.36 

150 

4371.61 

125 

40  w 

4628.75 

200 

50  w 

4956.64 

40  w 

4373.81 

40 

10 

4632.28 

40 

1 

4989.27 

50 

4374.41 

50 

15 

4635.69 

40 

5018.58 

50 

1 

4379.33 

100  w 

2 

4639.55 

60 

'2 

5019.75 

50 

1 

4380.32 

50 

20 

4643.50 

60  w 

5  w 

5026.97 

80 

1 

4384.80 

40 

15 

4646.06 

50 

8 

5045.53 

40 

1 

4396.12 

80 

50 

4651.52 

125 

40  w 

5110.38 

80 

2 

4399.33 

40 

20 

4664.65 

100 

15 

5110.77 

80 

3 

4403.60 

100 

40 

4672.08 

100 

25  w 

5129.52 

100 

4405.85 

100 

100 

4684.94 

125 

10  w 

5133.42 

60 

1 

4408.84 

125 

100 

4687.81 

50 

1 

5135.12 

50 

2 

4412.15 

50 

15 

4695.77 

60 

2 

5161.74 

40 

1 

4413.76 

90 

40 

4707.54 

80 

10  w 

5173.90 

100 

4 

4419.06 

80 

30 

4707.94 

50 

10  w 

5219.05 

50 

2 

4419.67 

100 

50 

4708.15 

50 

10  w 

5220.11 

80 

3 

4421.23 

100 

35  w 

4709.52 

40 

1 

5259.74 

125 

3 

4424.59 

90 

35 

4726.35 

40  w 

5285.63 

40 

1 

4429.24 

200 

125 

4728.63 

40  w 

6w 

5292.10 

60  w 

4431.89 

40 

5  w 

4730.69 

60 

1 

5292.63 

50 

2 

4432.34 

80 

10  w 

4734.18 

100  w 

8w 

5352.40 

80 

2 

4438.18 

50 

20 

4736.69 

125 

1 

5381.26 

60 

2 

4446.98 

50 

30  wn 

4744.16 

80 

5509.15 

50 

2 

4449.87 

125 

80 

4744.92 

100 

i6w 

5707.61 

100  w 

4450.21 

40  w 

20  w 

4746.93 

100 

25  w 

5779.29 

50 

4451.95 

80 

20 

4755.98 

50 

2 

5823.72 

60  w 

1 

4454.38 

60 

15 

4756.13 

50  d 

2n 

6017.80 

40 

2 

4458.34 

90 

10  w 

4757.94 

100  w 

5  w 

6055.13 

100  w 

4465.98 

90 

30 

4762.73 

60 

10 

6161.1b 

50 

2 

4468.71 

125 

100 

4765.22 

80  w 

5  w 

6165.94 

50 

2 

4477.26 

125 

30  w 

4783.35 

125 

10  w 

6359.04 

40  w 

4485.54 

40 

5  w 

4801.15 

40 

3 

6673.78 

40 

• 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Discharge 

length 

tube 

length 

tube 

length 

tube 

II  2169.9 

125 

II  2795.21 

125 

113851.90 

25 

II  2369.73 

50 

112813.76 

400 

II  3894.55 

25 

II  2460.55 

50 

II  2836.46 

25 

114194.09 

80 

II  2475.50 

125 

II  3033.44 

150 

II  4244.72 

40 

II  2586.61 

50 

13101.80 

75 

II  4340.64 

1000 

II  2643.73 

125 

II  3649.55 

1000 

II  4436.27 

200 

II  2708.96 

200 

113814.42 

2000 

114533.11 

300 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Radium  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

14641.29 

40 

I  5505.50 

25 

I  6438.9 

30 

II  4682.28 

800 

I  5553.57 

250 

I  6446.20 

1000 

14699.28 

40 

I  5555.85 

500 

I  6487.32 

1000 

14825.91 

800 

15601.5 

35 

I  6532.08 

30 

I  4856.57 

100 

15616.66 

250 

6545.93 

30 

114859.41 

100 

15660.81 

1000 

6585.41 

50 

II  4927.53 

100 

115661.73 

50 

II  6593.34 

500 

15041.56 

35 

II  5728.83 

25 

I  6599.47 

30 

15081.03 

50 

5755.45 

25 

II  6719.32 

500 

5097.56 

250 

I  5778.28 

35 

I  6758.2 

50 

1 5205.93 

250 

I  5795.78 

35 

I  6903.1 

30 

5263.96 

25 

15811.58 

35 

I  6980.22 

1000 

I  5283.28 

250 

115813.63 

500 

II  7078.02 

70 

I  5320.29 

250 

5957.67 

35 

17118.50 

1000 

I  5399.80 

250 

16151.19 

30 

17141.21 

2000 

I  5400.23 

500 

16167.03 

70 

I  7225.16 

1000 

I  5406.81 

500 

I  6200.30 

1000 

17310.27 

500 

15482.13 

100 

116247.16 

50 

17838.12 

100 

15488.32 

25 

I  6336.90 

500 

II  8019.70 

200 

15501.98 

250 

Radon 


2756.3 

25 

3429.7 

60 

4604.40 

200 

2808.4 

40 

3479.5 

30 

I  4609.38 

250 

2812.1 

25 

3615.0 

30 

4625.48 

500 

2826.5 

70 

3621.0 

250 

4644.18 

300 

2830.6 

70 

3626.5 

25 

4680.83 

500 

2836.3 

25 

3634.8 

250 

4701.70 

50 

2838.5 

70 

3664.81 

25 

14721.76 

150 

2842.1 

150 

3679.0 

30 

14749.27 

25 

2868.7 

70 

3688.3 

40 

4768.59 

100 

2883.8 

25 

13739.89 

25 

4817.15 

100 

2887.2 

125 

13753.65 

50 

4S29.2 

35 

2892.7 

150 

13917.20 

25 

4856.2 

35 

3006.8 

300 

3931.82 

250 

4891.1 

35 

3010.8 

100 

13941.72 

25 

4915.5 

35 

3032.5 

40 

13952.36 

'. 

4950.0 

35 

3036.8 

60 

3957.15 

25 

4978.84 

300 

3037.7 

40 

3971.67 

80 

5044.8 

35 

3045.2 

60 

3981.68 

150 

5084.48 

300 

3054.3 

250 

4017.75 

150 

5582.4 

200 

3064.6 

40 

4045.3 

35 

5715.9 

80 

3068.9 

100 

4114.56 

80 

I  5722.58 

30 

3077.7 

30 

4166.43 

500 

5888.6 

80 

3100.19 

50 

4187.81 

35 

5894.4 

30 

3105.7 

60 

4203.23 

200 

I  5932.60 

25 

3106.7 

30 

14226.06 

50 

15951.57 

25 

3114.6 

50 

I  4307.76 

400 

I  6627.23 

30 

3169.7 

30 

I  4335.78 

35 

16751.81 

40 

3175.6 

40 

I  4349.60 

5000 

I  7055.42 

400 

3192.0 

30 

4371.53 

30 

17268.11 

200 

3196.9 

30 

4383.30 

35 

I  7291.00 

40 

3241.5 

40 

I  4435.05 

200 

I  7450.00 

600 

3254.5 

30 

14459.25 

250 

I  7809.82 

100 

3306.7 

100 

4507.83 

80 

18099.51 

100 

3312.8 

100 

I  4508.48 

250 

I  8270.96 

100 

3330.0 

40 

4546.8 

35 

I  8600.07 

100 

3356.5 

40 

I  4577.72 

250 

I  9327.02 

50 

3377.2 

30 

2100 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Rhenium 


Wave 
length 

Arc          Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2017.88 

40 

6 

I  2647.12 

100 

1  3054.90 

40 

2023.66 

10              50 

2649.05 

100 

I  3058.79 

50 

2002.49 

18              50 

12651.90 

100 

1  3067.39 

60 

2097.16 

40               10 

2054.12 

50 

3069.94 

125 

2109.25 

50 

8 

2663.63 

150 

3071.16 

50 

2112.28 

6              A 

0 

2670.80 

50 

3072.96 

40 

2167.96 

40               1 

2 

2671.84 

60 

I  3082.43 

100  w 

2176.23 

40 

8 

I  2674.34 

100 

13084.21 

40 

2198.94 

40               1 

0 

2683.56 

50 

3088.77 

60 

2214.27 

100  W        1C 

ow 

2688.53 

100 

I  3093.65 

60 

2226.45 

60               1 

2 

2690.26 

50  n 

3095.06 

40 

2238.64 

40 

4n 

I  2697.27 

50 

13100.67 

100 

2256.22 

40 

7 

12715.47 

100 

13108.81 

125 

2275.25 

300  r          3C 

Or 

I  2722.71 

50 

13110.86 

100 

2276.65 

40 

3 

2732.21 

40 

3118.19 

200 

2301.82 

4 

0 

2733.01 

40  w 

13121.37 

100 

2327.28 

7              4 

0 

I  2753.05 

40 

13128.95 

100  W 

2335.75 

40 

9 

2758.00 

60  w 

13151.63 

150  w 

2368.54 

7              4 

0 

12763.31 

40  w 

13153.79 

80 

2381.14 

40 

7 

2763.80 

50 

13158.31 

200 

2405.05 

100 

2766.40 

50  w 

13168.38 

150  w 

2405.60 

80 

12770.42 

60 

3177.71 

80 

2421.76 

50 

2781.45 

40 

13182.87 

100 

2431.53 

50 

I  2783.57 

150  w 

13184.75 

150 

2432.17 

100  W 

2790.94 

10 

13185.56 

200 

2441.48 

40 

2791.29 

60 

13192.37 

40 

2446.99 

100  W 

2807.87 

50  w 

13194.48 

50  w 

2449.71 

40 

2814.68 

50 

I  3200.04 

50  w 

2461.18 

125 

2816.33 

10 

3204.20 

300 

2461.86 

80 

12819.95 

150  W 

13211.76 

40 

2483.92 

150 

2834.06 

100  r 

3212.94 

50 

2485.81 

50 

2837.55 

40 

3227.46 

40  w 

2486.78 

50  w 

I  2840.35 

40 

3235.94 

50 

2487.23 

50 

I  2850.98 

40 

1 3252.26 

40 

2501.72 

80 

2867.20 

40 

1 3258.85 

100 

2502.38 

60 

12871.81 

50 

3259.55 

100 

2504.60 

80 

12875.29 

SO 

3261.55 

50 

I  2508.99 

125 

2883.45 

60 

3268.08 

40 

2516.12 

125 

12887.67 

125 

I  3268.48 

40 

I  2520.01 

50 

2891.88 

40 

I  3296.70 

80 

2521.59 

100  r 

1 2896.02 

125  w 

13296.99 

60 

2534.80 

100  w 

1 2902.48 

125  W 

13301.60 

50 

2545.49 

60 

I  2905.58 

50 

I  3303.75 

40 

2552.03 

80 

2909.82 

40 

13313.95 

40 

2556.51 

100 

I  2924.60 

10  W 

I  3322.48 

150 

2558.05 

60 

2927.40 

125  w 

I  3335.37 

100 

2564.19 

50 

2930.62 

50 

13338.17 

150 

2573.77 

60 

12943.14 

60 

I  3342.26 

200 

2586.79 

100 

12965.12 

100 

13344.35 

150 

2587.14 

40  w 

I  2965.76 

150  w 

I  3346.20 

100 

2592.87 

50  w 

12968.05 

40 

I  3353.21 

40 

I  2594.85 

40 

I  2976.29 

50  w 

3355.29 

60  n 

I  2595.24 

60 

2978.16 

40 

I  3359.20 

40 

2599.86 

80 

2980.83 

40 

I  3362.75 

40 

2603.87 

100 

I  2988.48 

40 

3379.05 

50 

2614.56 

60 

12992.37 

100 

13379.72 

80 

2620.02 

60 

12999.59 

125 

3390.24 

40 

2620.35 

50 

3001.13 

40 

13399.30 

200  w 

2623.31 

50  w 

13004.14 

40 

I  3404.72 

100 

2631.58 

80 

I  3006.43 

40 

I  3405.89 

150 

2633.62 

40 

13016.02 

80  W 

3408.68 

100 

I  2636.64 

125 

3016.49 

100 

13417.80 

40  r 

2642.76 

125 

1 3030.45 

100 

13419.40 

80 

2200 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Rhenium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  3420.76 

40 

1 3962.48 

100 

5278.24 

100 

I  3424.60 

300  W 

14023.35 

40  w 

5317.28 

40  w 

I  3427.62 

50 

I  4029.64 

80 

5321.26 

40 

I  3437.72 

100 

14033.31 

40 

5327.46 

100 

3441.26 

40 

14110.90 

40 

5331.90 

80 

3449.37 

100  r 

14121.63 

50 

5369.81 

40 

13451.81 

100 

14133.41 

200 

5377.04 

300  W 

13453.50 

40 

14136.45 

150  w 

5532.66 

100 

I  3460.47 

1000  W 

14144.36 

125  w 

5563.21 

150  w 

13464.72 

100 

14149.97 

40  w 

5584.75 

40  w 

13467.95 

100  w 

4170.39 

40 

5667.90 

100 

13480.38 

50 

14182.98 

150  r 

5740.30 

50  w 

13480.85 

50 

14194.67 

40 

5752.95 

200  w 

3482.24 

40 

14221.08 

100 

5776.84 

300  w 

13503.06 

80 

I  4227.46 

200  W 

5815.87 

50  w 

13512.29 

50 

I  4257.59 

125  w 

5834.33 

200 

3516.65 

60 

4291.18 

100  w 

5852.02 

40  w 

3517.33 

50 

14315.71 

40  w 

5943.24 

100 

13537.47 

80  w 

, 

I  4332.26 

50 

6145.80 

50  w 

13549.89 

40 

. 

I  4358.69 

80 

16146.82 

50 

3551.31 

40  w 

4367.58 

80 

I  6217.99 

40  w 

13558.95 

50  w 

4391.33 

60  w 

I  6229.44 

40  w 

3568.23 

40 

4392.49 

100 

1  6243.22 

50  w 

13579.13 

50 

4394.38 

100  r 

I  6307.72 

100  w 

3580.13 

80 

4406.40 

60 

I  6321.89 

100  w 

I  3580.97 

40  w 

4415.82 

40 

1  6350.75 

ICOr 

13583.02 

100  w 

4440.44 

40 

16511.48 

60 

3610.49 

40 

4454.67 

100 

I  6577.15 

50  W 

13617.08 

50 

4467.94 

50 

I  6592.54 

60  w 

13637.84 

50 

4477.99 

40  w 

I  6605.19 

100  w 

13642.99 

100 

4478.39 

40  w 

6652.40 

80  W 

13651.97 

40 

4507.03 

40  w 

6751.22 

50 

13689.52 

100  W 

4513.30 

300 

6752.03 

50 

13691.50 

100  w 

4516.63 

80 

6813.42 

200  w 

3697.70 

150  w 

4519.74 

40d 

I  6829.96 

200  w 

I  3703.24 

40 

4522.72 

100 

16971.53 

150 

I  3709.94 

40 

4523.88 

40 

I  7006.65 

100 

13717.29 

150  W 

4529.93 

40  w 

I  7024.13 

125 

I  3725.77 

40  n 

4605.73 

50 

I  7228.03 

40 

13735.33 

40 

4614.70 

50 

I  7246.67 

300 

13740.10 

50  W 

4625.98 

40 

I  7273.84 

150 

I  3745.44 

46  W 

4630.84 

50 

« 

7292.67 

300 

I  3777.66 

40 

4695.01 

40 

7352.03 

50 

13787.53 

80 

4705.03 

40  w 

I  7578.72 

200  w 

3795.80 

40  W 

4727.62 

40 

17611.90 

100 

I  3796.60 

60 

4748.38 

50  w 

I  7620.25 

200  wl 

13797.59 

40 

4791.42 

200  w 

I  7640.93 

400  wl 

13817.56 

40 

14889.17 

2000  w 

I  7869.60 

100  wl 

I  3834.23 

50 

4923.93 

150 

1  7898.47 

40 

13836.32 

40 

4946.74 

100 

I  7912.94 

400  wl 

I  3843.45 

50 

14985.99 

40  W 

I  7980.75 

300  wl 

13869.92 

40 

5058.56 

40 

18417.14 

300 

I  3875.25 

40 

5096.50 

100 

I  8527.73 

300  Wl 

I  3876.89 

60 

5104.63 

50  w 

I  8675.65 

50  Wl 

13917.27 

100  w 

5120.32 

40 

8786.77 

40  Wl 

3920.88 

40  W 

5126.69 

50  w 

9383.74 

40 

13929.84 

100 

5178.91 

100  W 

9710.52 

50 

13936.90 

40 

5270.98 

200  W 

I  9949.90 

200  W 

13945.91 

40 

5275.53 

500  w 

I  9955.45 

60  W 

2201 


H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Rhodium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2013.74 

100 

1 

2377.81 

50 

2609.17 

3 

200 

2017.45 

80 

2382.89 

50 

5 

I  2622.57 

50 

25 

2023.74 

70 

2383.40 

50 

10 

2625.40 

2 

200  Wn 

2036.70 

80 

2386.14 

80 

8 

I  2625.88 

60 

25 

2037.60 

50 

2390.62 

10 

50  w 

2628.12 

1 

150 

2040.19 

'2 

100 

2396.55 

2 

200 

2630.33 

2 

50 

2048.65 

200 

2405.22 

1 

50 

2638.74 

2 

100 

2051.25 

■2 

100 

1 2407.88 

60 

5 

2639.25 

2 

100 

2059.16 

50 

2410.69 

2 

50 

I  2652.66 

100 

25 

2064.17 

3 

100 

2411.94 

2 

50 

2657.32 

70 

2076.83 

100 

2415.84 

100 

200 

2659.11 

100 

2085.58 

100 

2420.98 

30 

100 

2674.44 

1 

200  w 

2089.48 

80 

2427.34 

2 

50 

2676.25 

rl 

100 

2091.07 

100 

2438.79 

2 

100 

I  2680.63 

60 

10 

2096.05 

80 

2443.71 

4 

100 

2681.60 

100 

2097.83 

3n 

200 

2444.06 

2 

100 

2683.56 

1 

200 

2098.99 

15 

300 

I  2444.27 

100  w 

3 

2684.21 

2 

150 

2100.52 

2 

100 

2447.85 

4 

200  w 

2689.62 

1 

100 

2100.76 

50 

2448.28 

2 

100 

2691.12 

1 

60 

2102.45 

50 

2455.70 

15 

200  W 

2700.59 

2 

80 

2104.89 

100 

2456.18 

5 

150 

I  2703.73 

150 

25 

2111.69 

150 

2458.90 

50 

300 

2705.63 

100 

300  wn 

2112.70 

3 

80 

2461.04 

80 

200  wn 

I  2707.23 

100 

4 

2113.70 

70 

2463.44 

2 

150 

12709.52 

50 

2 

2116.87 

3w 

50 

2466.15 

1 

100 

12714.41 

150 

5 

2118.50 

2w 

200 

2467.23 

50 

12715.04 

50 

2 

2139.43 

100 

I  2470.39 

70 

5 

2715.31 

50 

500  wn 

2163.18 

50 

12471.47 

70 

8 

12716.82 

50 

3 

2167.32 

80 

2471.77 

3 

100 

12717.51 

100 

5 

2187.58 

501 

2482.73 

2 

100 

2717.98 

50 

2199.96 

50 

I  2483.33 

100  r 

5 

12718.54 

150 

20 

2203.55 

15 

50  w 

2485.82 

2 

50 

2720.14 

100 

6 

2205.02 

100 

2487.47 

100 

8 

I  2720.52 

50 

2 

2206.35 

80 

2490.77 

100 

1000  wn 

1 2728.94 

200 

200 

2226.53 

50 

2491.85 

2 

400  n 

12736.76 

100 

3 

2237.71 

100 

I  2492.30 

100 

10 

2737.40 

30 

400  wn 

2240.00 

50 

2495.95 

2 

50 

2739.92 

10 

300 

2246.38 

50 

2501.27 

50  r 

50 

2747.63 

1 

100 

2261.75 

2 

100 

2503.84 

2 

150 

12752.84 

50 

2 

2263.43 

5 

200 

2505.10 

2 

200 

2761.26 

1 

50 

2264.14 

50 

25 

2510.65 

5 

200  wn 

2764.83 

15  r 

125 

2276.21 

50 

>  12515.75 

60 

10 

2766.54 

5 

150 

2276.96 

20 

150 

2517.52 

150 

12767.73 

100 

4 

2284.08 

200 

2520.53 

10 

1C00  wn 

2768.23 

50 

4 

2290.03 

25 

500 

2534.57 

2w 

100  w 

12771.51 

100 

8 

2294.12 

1 

50 

2537.04 

15 

100 

2775.77 

5 

125 

2295.12 

5 

50 

2537.73 

4 

50 

I  2778.05 

100 

3 

2298.26 

150 

2542.16 

1 

50 

2778.15 

2 

100 

2305.95 

100  wn 

2543.94 

15 

100  r 

I  2779.54 

100 

6 

2312.65 

'2 

100 

2545.35 

8 

150 

2781.80 

1 

150 

2321.86 

80 

2545.69 

50 

10 

12783.03 

150 

10 

2322.58 

50 

10 

I  2555.36 

100 

60 

12791.16 

100 

In 

12333.31 

8 

125 

2557.20 

1 

100 

12796.63 

100 

1 

2334.77 

251 

500 

2557.92 

1 

50 

12826.67 

100 

50  d 

2336.84 

1 

125 

2559.90 

5 

700 

12827.31 

50 

2346.44 

2 

100 

2561.92 

50 

12834.12 

70 

30 

2349.68 

3 

125 

2568.83 

'2 

100 

I  2836.69 

60 

2350.35 

■ 

50 

2569.07 

3 

125 

12856.16 

60 

30  n 

2357.43 

2 

50  wn 

2581.69 

1 

150 

I  2862.93 

150 

60 

2359.18 

15 

100 

2587.29 

2 

100 

2864.40 

70 

10 

2359.57 

50 

2592.16 

80 

2871.35 

100 

10  n 

2366.88 

3 

50 

2507.07 

3 

150 

2873.62 

60 

10 

2368.34 

50 

2 

2603.32 

100 

12878.65 

50 

10 

2202 


II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Rhodium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark   j 

Wave 
length 

Arc          Sp 

ark 

2882.37 

80 

10 

3451.15 

50 

2 

I  4135.27 

300            15 

0 

12889.11 

80 

In 

1 3455.22 

300 

12 

4154.37 

60 

1 

I  2889.84 

70 

30 

1 3455.42 

50 

2 

14196.50 

100              5 

0 

I  2899.95 

70 

30 

I  3457.07 

100 

4 

14211.14 

15            20 

0 

12907.21 

100 

30 

.    13457.93 

125 

10 

I  4288.71 

400            10 

0 

2910.17 

50 

12 

I  3462.04 

1000 

150 

I  4373.04 

60              1 

0 

12912.62 

50 

20 

I  3469.62 

100 

10 

I  4374.80 

1000  W        50 

0 

I  2915.42 

80 

40 

I  3470.66 

500 

125 

1 4379.92 

60              2 

5 

1 2924.02 

100 

I  3472.25 

100 

8 

I  4528.72 

500  r            6 

0 

2929.11 

100 

io 

I  3474.78 

700 

125 

I  4569.00 

100              2 

5 

12931.94 

80 

20 

13478.91 

500 

100 

I  4675.03 

100              5 

0 

I  2968.66 

125 

30 

I  3494.44 

50 

3 

1 4842.43 

50 

1 2977.68 

125 

30 

I  3498.73 

500 

60 

4843.99 

100              6 

0 

I  2986.20 

150 

60 

I  3502.52 

1000 

150 

4851.63 

80              3 

0 

I  2986.99 

80 

20 

I  3507.32 

500 

125 

14963.71 

100 

I  3023.91 

100 

2 

13511.78 

50 

3 

I  5090.63 

150 

1 

1 3028.43 

80 

13513.10 

50 

3 

I  5155.54 

150 

1 

3067.30 

80 

1 

I  3525.66 

50 

2 

5158.69 

80 

1 

I  3083.96 

150 

2 

I  3528.02 

1000  w 

150 

5175.97 

200 

1 

13114.91 

100 

2 

I  3538.14 

100 

10 

15184.19 

100 

1 

13121.75 

150 

I  3538.26 

50 

4 

5193.14 

200 

3 

13123.70 

150 

*2 

13541.91 

50 

10 

15237.16 

100 

2 

13130.79 

60 

2 

I  3543.95 

150 

40 

I  5269.27 

50 

1 

13137.71 

100 

I  3549.54 

150 

50 

15292.14 

80 

1 

3151.36 

80 

2 

13570.18 

400  r 

150 

I  5354.40 

300 

5 

3152.60 

80 

3 

13583.10 

200 

125 

15379.09 

100 

3 

3155.77 

150 

2 

13596.19 

200 

50 

15381.48 

100 

13179.73 

50 

13597.15 

200 

100 

I  5390.44 

125 

3 

13185.59 

100 

20 

13612.47 

200 

50 

5404.73 

50 

1 

13189.05 

100 

20 

I  3626.59 

150 

60 

5424.07 

100 

2 

13191.19 

300 

50 

I  3639.51 

125 

70 

5535.04 

80 

1 

13194.55 

50 

10  n 

I  3657.99 

500  W 

200  W 

I  5544.58 

50 

1 

13197.13 

50 

10 

13666.21 

70 

30 

I  5599.42 

300  w 

3 

13214.32 

70 

20 

1 3690.70 

125 

50 

I  5686.38 

100 

1 

I  3217.88 

60 

20 

I  3692.36 

500  nd 

150  wd 

15806.91 

100 

1 

13218.28 

60 

13700.91 

150  d 

150  d 

15831.58 

80 

1 

13237.66 

60 

20 

13713.02 

100 

100  r 

I  5983.60 

200 

2 

13263.14 

200 

40 

1 3735.28 

70 

2 

6102.72 

100 

13271.61 

200 

60 

13737.12 

50 

1 

16319.53 

50 

13283.57 

150 

3737.27 

50 

10 

I  6414.72 

50 

13289.14 

150 

50 

13748.22 

200 

100 

I  6752.35 

150 

3289.64 

50  r 

5 

1 3765.08 

100 

70 

6965.67 

200 

I  3294.28 

60 

25 

3788.47 

50 

25 

16979.15 

25 

I  3300.46 

100 

20 

13793.22 

200 

60 

17101.64 

60 

13323.09 

1000 

200 

13799.31 

25 

100 

I  7104.45 

80 

13331.09 

50 

10 

1 3805.92 

25 

50 

17268.18 

125 

13338.54 

200 

50 

13806.76 

50 

50 

I  7270.82 

200 

13344.20 

100 

20 

13818.19 

50 

25 

17271.94 

80 

13359.89 

100 

50 

13822.26 

100 

100 

I  7442.39 

100 

13362.18 

100 

20 

I  3828.48 

100 

60 

I  7475.74 

100 

13368.37 

300 

50 

13833.89 

25 

50 

I  7495.24 

100 

I  3372.25 

300 

200 

13856.51 

50 

20 

I  7772.90 

100 

13396.85 

1000  w 

500 

I  3872.39 

50 

3 

17791.61 

100 

1  3399.70 

500 

60 

I  3934.23 

100 

2 

7824.91 

200 

I  3406.55 

50 

8 

I  3942.72 

60 

25 

I  7830.05 

80 

3412.27 

300 

60 

I  3958.86 

200 

100 

I  7846.50 

50 

3434.89 

1000  r 

200  r 

14082.78 

100 

50 

18029.91 

150 

3440.53 

2 

100 

14119.68 

100 

25 

18036.11 

100 

13447.74 

50 

5 

14121.68 

150 

50 

I  8045,10 

125 

13450.29 

100 

10 

14128.87 

300 

150 

18136.20 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Rubidium 


Wave 

length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2217.12 

(100) 

3492.76 

(300) 

1 6159.62 

400 

2254.24 

. . 

(70) 

3511.19 

. .  ■ 

(60) 

II  6199.09 

100 

2291.76 

. . 

(80) 

II  3521.44 

. . 

(200) 

I  6206.31 

800 

100 

2304.14 

(125) 

113531.60 

(100) 

I  6298.33 

1000 

150 

2312.45 

(100) 

113541.22 

(100) 

I  6299.22 

300 

50 

2333.38 

(80) 

I  3587.08 

200 

40 

6310.04 

50 

2337.05 

(125) 

13591.59 

80 

20 

II  6458.35 

400 

2345.35 

(100) 

II  3940.57 

(200) 

6498.31 

50 

2349.80 

(80) 

14201.85 

2000  r 

500 

II  6555.62 

100 

2364.28 

(150) 

14215.56 

1000  r 

300 

6560.84 

150 

2365.08 

(70) 

4242.6 

(150) 

II  6775.06 

200 

2365.97 

(80) 

4348.3 

(80) 

II  6805.65 

50 

2373.22 

(70) 

II  4622.45 

50 

II  7042.45 

150 

2380.44 

(125) 

114776.41 

(100) 

I  7279.99 

400 

50 

2381.30 

(100) 

II  5152.09 

100 

II  7316.50 

(50) 

2807.63 

(70) 

I  5362.60 

50 

17408.17 

500 

2956.12 

(70) 

I  5431.53 

100 

I  7618.93 

1000 

3198.77 

(60) 

II  5522.79 

100 

I  7757.65 

1000 

3286.47 

(60) 

I  5578.78 

150 

I  7759.43 

400 

II  3321.54 

(60) 

II  5635.99 

100 

I  7800.23 

9000  r 

II  3340.60 

(60) 

15648.10 

400 

I  7925.26 

100 

3347.00 

(60) 

I  5653.74 

200 

I  7925.54 

70 

I  3348.72 

100 

115699.16 

100 

I  7947.60 

5000  r 

I  3350.89 

150 

I  5724.45 

600 

18271.41 

200 

II  3434.26 

(60) 

I  5724.95 

50 

I  8271.71 

100 

3439.34 

(200) 

I  6070.75 

600 

50 

I  8868.51 

70 

II  3461.57 

(200) 

Ruthenium 


2238.33 

50 

2402.72 

100 

150  r 

2507.01 

60 

80 

2241.07 

60 

2407.92 

60 

50 

I  2508.27 

50 

2 

2253.64 

50 

2420.82 

60 

2 

2508.67 

50 

2255.52 

80 

3 

2422.57 

50 

In 

2509.07 

50 

20 

2272.09 

100 

3 

2422.92 

60 

8 

2512.81 

80 

2 

2278.19 

80 

2429.60 

60 

2513.32 

50 

80 

2279.57 

100 

10 

2432.93 

60 

2515.28 

60 

2 

2285.38 

80 

1 

2434.88 

50 

2517.32 

60 

80 

2287.68 

60 

1 

2454.92 

60 

5 

2517.62 

50 

12291.18 

60 

1 

2455.53 

80 

100  r 

2518.40 

3 

50 

2299.29 

50 

2456.44 

60 

50 

2519.21 

20 

80 

2300.37 

50 

2456.57 

60 

50 

2521.61 

60 

1 

2302.54 

80 

3 

2458.62 

60 

2 

2524.86 

10 

80 

2320.70 

50 

2462.94 

60 

2526.83 

50 

20 

2322.01 

60 

2 

2464.70 

50 

4 

2528.04 

60 

2340.69 

60 

4 

2474.04 

50 

1  Wn 

2528.88 

60 

2 

2342.72 

60 

10 

2475.41 

100 

3 

12533.24 

50 

2342.85 

60 

40 

2476.31 

50 

2534.00 

4 

80 

2348.33 

50 

2476.88 

60 

2 

2535.59 

100 

2349.34 

60 

4 

2478.93 

80 

60 

2539.72 

i2 

100 

2351.33 

60 

4 

12481.11 

12 

80 

2540.30 

10 

100 

2357.91 

60 

100 

2489.91 

60 

2541.28 

50 

2370.17 

60 

2493.69 

20 

80 

2543.25 

50 

150 

2375.27 

80 

5 

2494.02 

80 

2544.22 

60 

6 

2375.63 

50 

80 

2494.48 

50 

60 

2547.67 

5 

80 

2381.99 

50 

150 

2495.69 

80 

35 

2549.18 

5 

150 

2387.90 

60 

3 

2497.68 

50 

In 

2549.58 

50 

3 

2392.42 

80 

6 

2498.42 

60 

40 

2549.79 

3 

100 

2393.25 

80 

1 

2498.57 

60 

40 

2551.98 

10 

150 

2393.97 

50 

2499.78 

50 

4 

2556.31 

50 

2396.71 

60 

80 

2501.48 

60 

1 

2557.13 

5 

50 
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II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Ruthenium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2558.53 

50 

1 

2636.82 

50 

2717.86 

50 

2560.26 

60 

5 

2638.51 

60 

4 

12719.51 

100 

30 

2563.15 

50 

1 

2639.12 

60 

5 

2719.72 

12 

50 

2564.58 

50 

2 

2639.87 

50 

12721.56 

60 

5 

2565.18 

50 

2640.33 

60 

5 

I  2722.65 

60 

1 

2565.70 

4 

50 

2641.62 

100 

2723.10 

50 

2566.23 

50 

2642.79 

150 

2724.06 

60 

4 

I  2568.77 

60 

8 

I  2642.96 

150 

2724.87 

100 

2570.97 

50 

2644.61 

8 

100 

2725.47 

80 

200 

2571. OR 

6 

100 

2646.02 

20 

150 

2726.97 

60 

10 

2573.54 

5 

50 

2647.31 

50 

5 

2728.83 

60 

2576.08 

50 

2648.78 

30 

150 

2729.45 

60 

2579.02 

12 

80 

2650.40 

50 

I  2730.33 

60 

'2 

2580.80 

50 

3 

12651.29 

60 

5 

I  2730.93 

80 

5 

2581.14 

60 

2 

2651.84 

100 

9 

2731.90 

50 

2584.14 

50 

3 

2653.95 

80 

2733.59 

80 

4 

2585.73 

50 

2656.25 

20 

150 

2734.35 

80 

200 

2589.41 

60 

2657.19 

50 

2735.72 

60 

60 

2589.57 

60 

3 

I  2659.61 

80 

12 

2736.48 

12 

•  80 

2590.97 

12 

100 

2661.17 

20 

100 

2736.81 

30 

60 

2591.12 

50 

2661.61 

80 

150 

2737.59 

50 

2591.24 

50 

2661.86 

50 

2737.79 

60 

2592.02 

60 

6 

I  2664.76 

60 

5 

2738.89 

60 

2 

2594.85 

60 

4 

2667.39 

10 

150 

I  2739.22 

60 

5 

2595.80 

100 

2667.79 

80 

2742.35 

4 

50 

2597.15 

50  n 

2667.97 

50 

2743.53 

50 

50 

2598.77 

4 

50 

2669.42 

100 

2743.94 

50 

100 

2602.25 

100 

2673.01 

'8 

50 

2744.45 

30 

50 

2604.12 

80 

2673.48 

50 

3 

2745.25 

12 

150 

2605.35 

50 

4 

2673.60 

50 

3 

2745.83 

50 

80 

2605.86 

50 

3 

2674.19 

50 

2746.07 

50 

8 

I  2609.06 

80 

12 

2675.52 

50 

2747.97 

50 

100 

2610  08 

60 

2676.19 

8 

100 

2749.68 

50 

10 

2611.05 

50 

5 

2676.35 

50 

3 

2750.35 

50 

' 

2611.51 

3 

80 

2678.76 

100 

300 

2752.10 

60 

2612.07 

100 

30 

2680.54 

5 

50 

2752.45 

50 

2612.51 

80 

I  2686.29 

80 

12 

2752.77 

50 

150 

2614.07 

60 

3 

2687.07 

50 

2753.44 

50 

50 

2614.59 

50 

4 

2687.50 

12 

100 

12754.61 

50 

1 

2615.09 

60 

100 

2688.11 

8 

100 

2757.81 

50 

2617.07 

50 

2689.90 

50 

2762.31 

50 

3 

2617.79 

50 

4 

2692.06 

8 

200 

2763.42 

50 

15 

2619.35 

60 

2693.29 

80 

2n 

2764.72 

50 

1 

2619.67 

50 

5 

12700.15 

100 

2765.13 

80 

2620.61 

50 

5 

2700.48 

50 

2765.44 

50 

150 

2623.83 

50 

2700.99 

50 

2765.87 

50 

2626.21 

50 

2701.34 

60 

8 

2766.55 

100 

2626.35 

20 

50 

I  2702.83 

80 

8 

2768.93 

60 

200 

2626.47 

50 

2703.80 

60 

3 

2770.30 

60 

3 

2627.65 

60 

1 

2704.57 

100 

2770.70 

60 

2628.73 

100 

2707.29 

60 

2771.07 

100 

2630.02 

50 

2707.97 

50 

3 

2772.45 

150 

2630.23 

50 

In 

2709.20 

60 

8 

2772.61 

50 

2631.09 

50 

2710.23 

50 

100 

2774.48 

60 

2 

2631.57 

60 

3 

2712.41 

80 

300 

2775.18 

50 

2632.13 

50 

2 

2713.07 

80 

2775.63 

50 

150 

2632.50 

50 

1 

2713.19 

60 

2 

12775.91 

50 

2632.71 

80 

2713.58 

100 

2777.39 

50 

2633.46 

50 

In 

2713.74 

60 

2n 

2777.50 

5 

50 

2633.80 

80 

2715.78 

50 

277S.38 

150 

2635.86 

30 

100 

2716.12 

100 

2778.99 

50 

50 

2636.54 

8 

100 

2716.58 

80 

I  2782.21 

50 

I 

2636.67 

60 

2717.40 

50 

100 

2784.53 

60 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Ruthenium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  2785.65 

60 

200 

2919.61 

80 

12 

3048.49 

50 

5 

2787.83 

60 

150 

2927.54 

50 

200 

13048.78 

60 

9 

2788.71 

50 

2933.24 

20 

150 

3049.17 

2 

70 

2792.33 

io 

100 

2935.52 

10 

80 

1 3054.94 

70 

12 

2792.64 

50 

1 

1 2940.36 

50 

3 

3056.86 

12 

150 

2799.91 

50 

2942.25 

30 

100 

3059.17 

50 

2802.81 

50 

150 

2943.92 

50 

5 

3060.23 

20 

50 

2803.50 

50 

4 

2945.10 

6 

50 

3060.49 

8 

50 

2804.88 

60 

2945.67 

60 

300 

3064.84 

70 

60 

2806.74 

50 

100 

12946.99 

60 

12 

3068.26 

60 

8 

2808.23 

50 

1 2949.50 

80 

12 

13073.34 

50 

5 

I  2810.03 

50 

12 

I  2952.50 

60 

2 

3073.51 

10 

80 

12810.55 

50 

200 

I  2954.49 

100 

20 

13076.78 

50 

3 

2813.30 

75 

2955.36 

50 

1 

I308C.90 

50 

6 

2813.71 

50 

125 

1 2958.00 

60 

5 

3081.38 

4 

50 

I  2817.09 

50 

4 

2961.53 

5 

50 

13083.15 

50 

3 

12818.36 

50 

12 

2961.69 

60 

3 

3086.07 

60 

6 

12818.95 

50 

3 

2963.40 

60 

150 

13089.14 

60 

12 

2821.42 

5 

100 

12963.71 

60 

5 

I  3089.80 

60 

5 

2822.03 

50 

5 

12965.16 

80 

20 

3090.23 

50 

6 

2822.55 

30 

150 

2965.55 

60 

200 

3091.87 

50 

5 

2823.18 

20 

80 

I  2968.95 

60 

6 

3093.90 

30 

100 

2825.06 

60 

2973.99 

50 

5 

3094.39 

50 

3 

2825.46 

80 

2976.59 

60 

200 

3094.56 

6 

50 

2826.22 

80 

2976.92 

60 

5 

3096.57 

70 

60 

2826.68 

100 

2977.23 

50 

80 

1 3099.28 

70 

60 

1 2829.16 

50 

8 

2977.48 

30 

60 

13100.84 

70 

50 

2831.84 

10 

50 

2978.64 

50 

150 

3103.41 

3 

50 

2833.78 

80 

2979.96 

60 

80 

3105.28 

50 

40 

2840.54 

60 

8 

2980.96 

10 

50 

13105.41 

50 

1 

2841.12 

125 

2981.93 

60 

3 

13106.84 

50 

3 

2841.68 

50 

200 

I  2988.95 

250 

100 

3107.58 

10 

50 

2844.71 

150 

2991.62 

50 

100 

13107.71 

60 

5 

2848.58 

50 

3 

I  2993.27 

60 

9 

13110.55 

60 

6 

2849.29 

3 

100 

I  2994.96 

80 

40 

13111.91 

50 

5 

I  2854.07 

60 

35 

2995.99 

4 

50 

3112.68 

50 

3 

2854.72 

2 

60 

2996.89 

60 

5 

13113.40 

50 

2856.55 

50 

2998.35 

80 

8 

13118.07 

50 

50 

2857.78 

*4 

60 

2998.89 

50 

100 

3118.68 

50 

3 

I  2860.02 

60 

12 

2999.81 

8 

50 

13124.17 

60 

8 

12861.41 

60 

35 

13001.64 

60 

5 

3124.61 

50 

2 

2862.88 

6 

60 

3004.60 

50 

2 

13125.96 

70 

12 

2863.32 

30 

80 

3005.13 

60 

3126.61 

12 

50 

I  2866.64 

60 

25 

3006.59 

70 

15 

3127.91 

10 

100 

2870.55 

50 

3008.26 

50 

3 

3129.60 

50 

1 

2871.64 

50 

5 

3008.80 

50 

5 

13129.84 

60 

4 

2873.31 

4 

60 

13012.92 

60 

4 

3132.88 

60 

5 

2874.98 

80 

50 

13013.36 

60 

5 

13134.80 

10 

100 

2879.06 

60 

3015.41 

8 

50 

3135.80 

10 

80 

2879.75 

50 

12 

3017.24 

100 

50 

3136.55 

60 

6 

2882.12 

30 

200 

3017.81 

10 

60 

3140.48 

50 

2886.54 

60 

50 

I  3020.88 

60 

40 

13140.97 

60 

6 

2897.71 

6 

60 

3027.79 

12 

50 

3143.65 

20 

80 

2898.22 

60 

I  3033.45 

70 

10 

3144.26 

60 

8 

2900.42 

50 

13034.06 

60 

5 

13147.21 

50 

3 

I  2905.65 

50 

12 

I  3035.47 

60 

4 

3147.45 

6 

80 

2909.74 

150 

3036.47 

50 

150 

3150.69 

60 

60 

2913.17 

50 

3 

1 3037.96 

50 

5 

3153.82 

60 

12 

2913.97 

50 

13038.18 

80 

5 

13156.82 

50 

2914.30 

50 

13040.31 

60 

10 

13158.89 

60 

12 

12916.25 

100 

25 

3042.47 

70 

12 

13159.92 

70 

25 

2917.77 

60 

2 

1 3042.83 

60 

5 

3163.18 

12 

100 

2918.50 

60 

I  3045.71 

60 

12 

3164.95 

3 

70 

2206 


II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Ruthenium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3167.47 

5 

100 

3341.09 

50 

5 

1 3509.72 

50 

2 

3168.52 

100 

25  r 

3341.66 

70 

50 

13514.49 

70 

40 

3174.13 

50 

3 

13344.53 

60 

6 

3519.63 

70 

30 

3175.15 

20 

100 

3345.32 

60 

5 

3520.13 

60 

40 

3176.29 

50 

3 

13347.61 

60 

6 

13528.68 

60 

12 

3177.05 

60 

200 

3348.01 

50 

3 

3531.39 

60 

9 

3179.26 

50 

50  r 

13348.70 

50 

2 

3532.81 

60 

12 

13186.04 

80 

25 

13351.93 

50 

4 

3535.83 

60 

12 

13188.34 

60 

50 

3353.65 

50 

4 

3536.57 

50 

13189.98 

50 

50 

13359.09 

70 

20 

13537.95 

70 

25 

3195.15 

100 

1 3362.00 

60 

8 

I  3539.37 

60 

15 

3196.59 

50 

2 

3362.33 

50 

5n 

3541.63 

60 

10 

3201.26 

2 

100 

13368.45 

100 

60 

3570.59 

12 

60 

1 3223.27 

60 

35 

3369.28 

12 

60 

3587.20 

5 

70 

I  3226.37 

50 

12 

13371.86 

70 

18 

13589.21 

60 

100 

1 3228.53 

50 

150 

13373.98 

60 

4 

13593.02 

60 

150 

1 3232.75 

50 

4 

13374.65 

80 

18 

13596.17 

30 

100 

3234.43 

3 

50 

3378.02 

60 

12 

3599.76 

12 

100 

3238.53 

100 

45 

13379.60 

60 

18 

3634.93 

50 

100 

1 3238.77 

50 

1 

13380.17 

60 

15 

3657.55 

50 

13239.60 

50 

5 

3385.14 

60 

35 

13661.35 

60 

100 

13241.23 

60 

12 

13385.71 

50 

4 

3663.37 

5 

60 

3242.16 

80 

13388.71 

80 

20 

3669.49 

50 

70 

3243.50 

70 

12 

1 3389.50 

60 

18 

3660.03 

5 

100 

13254.54 

50 

9 

3391.89 

50 

6 

13696.59 

50 

15 

3254.71 

50 

9 

3392.54 

100 

40 

37C0.99 

50 

20 

3256.33 

50 

3 

3399.37 

60 

3 

3726.10 

12 

60 

1 3258.04 

50 

8 

13401.74 

100 

50 

13726.93 

100 

150 

3258.97 

10 

60 

3405.88 

50 

2 

1 3728.03 

100 

150 

1 3259.67 

60 

9 

3406.59 

50 

3 

13730.43 

12 

70 

1 3260.35 

100 

50 

3409.28 

100 

40 

13742.28 

70 

100 

1 3266.44 

50 

9 

3411.64 

80 

20 

3742.78 

50 

50 

]  3268.21 

60 

12 

13412.80 

50 

5 

3753.54 

30 

60 

3268.79 

4 

60 

13414.64 

50 

5 

1 3755.93 

30 

60 

I  3273.08 

60 

20 

3416.18 

50 

4 

1 3760.03 

20 

50 

13274.71 

60 

25 

13417.35 

1 

70 

3767.35 

50 

50 

13294.11 

60 

200 

3420.08 

60 

8 

1 3777.59 

60 

50 

13296.11 

50 

10 

3428.31 

100 

100 

3781.18 

50 

40 

13296.65 

50 

5 

3429.54 

60 

25 

I  3786.05 

70 

100 

3297.26 

50 

4 

I  3430.77 

70 

45 

13790.51 

70 

150 

I  3297.95 

50 

6 

13432.21 

50 

12 

1 3798.90 

70 

100 

I  3298.41 

50 

25  r 

3432.74 

70 

40 

13799.35 

70  r 

100 

1 3299.33 

50 

4 

13433.26 

60 

25 

3808.68 

50 

30 

13301.59 

70 

40 

13435.19 

60 

20 

3817.27 

50 

60 

3303.99 

60 

8 

1 3436.74 

300  r 

150 

I  3819.03 

50 

30 

1 3304.82 

50 

3 

13438.37 

70 

35 

3822.09 

50 

25 

13306.17 

60 

12 

1 3440.20 

100 

30 

3831.79 

60 

50 

1 3307.98 

50 

3446.07 

50 

6 

3835.05 

50 

6 

13315.05 

50 

12 

3446.49 

50 

3839.69 

50 

30 

13315.23 

60 

25 

3448.95 

70 

20 

I  3850.43 

50 

10 

13316.39 

80 

13452.90 

60 

6 

3856.46 

50 

8 

3316.91 

5 

50 

13456.62 

60 

8 

3857.55 

50 

25 

13317.89 

50 

12 

13463.14 

60 

4 

3862.65 

2 

60 

3318.82 

50 

8 

3467.05 

50 

3 

1 3867.84 

60 

35 

I  3324.99 

60 

12 

3472.23 

60 

9 

13892.21 

50 

40 

3327.71 

50 

6 

13473.75 

70 

35 

13901.24 

50 

12 

3332.05 

60 

10 

13481.30 

70 

35 

3909.07 

30 

50 

3332.64 

60 

5 

3483.16 

50 

8 

3923.46 

60 

100 

13335.69 

70 

12 

13483.29 

60 

10 

I  3925.92 

60 

100 

3336.64 

50 

4 

13494.25 

50 

8 

3931.75 

50 

70 

1 3337.82 

60 

8 

3495.97 

60 

10 

3933.68 

5 

200 

3339.55 

100 

60 

13498.94 

500  r 

200 

3945.57 

50 

100 

3339.78 

10 

70 

3509.20 

10 

100 

3964.9C 

50 

40 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Ruthenium  (Continued) 


Wave 
length 


3968.46 
13978.44 
13979.42 
13984.86 

3987.79 
14022.16 
14023.83 

4039.21 
14051.40 
14052.19 
I  4054.05 
14064.46 

4068.37 
1 4076.73 

4080.60 
I  4085.43 
I  4097.79 
14101.74 
14112.74 

4113.38 
14144.16 
14145.74 
14146.77 
14148.37 
14161.66 
14167.51 

4196.87 
14197.58 
14198.87 
14199.90 
I  4206.02 
14212.06 

4214.44 
14217.27 
I  4220.67 
14230.31 
14241.05 
14243.06 
14297.71 
I  4307.59 


Arc 

Spark 

12 

200 

60 

70 

60 

60 

60 

70 

3 

50 

40 

100 

25 

60 

25 

50 

125 

200 

25 

50 

40 

100 

20 

60 

40 

60 

60 

25 

125 

300 

40 

50 

25 

125 

20 

60 

125 

200 

40 

50 

150 

200 

125 

150 

100 

70 

60 

15 

25 

50 

100 

150 

60 

50 

100 

100 

60 

100 

150 

300 

100 

40 

125 

80 

100 

40 

100 

20 

60 

60 

100 

20 

100 

40 

60 

50 

20 

50    I 

Wave 
length 


14342.07 
4361.21 
14372.21 
14385.39 
1 4385.65 
1 4390.43 
14397.80 
14410.03 
14421.46 
1 4428.46 
14439.76 
14449.34 
1 4460.03 
1 4473.93 
4480.45 
14498.14 
I  4516.89 
14517.82 
I  4530.85 
I  4554.51 
1  4584.44 
14591.10 
I  4592.52 
I  4599.08 
I  4635.69 
4645.09 
4647.61 
14654.31 
14681.79 
I  4684.02 
1 4709.48 
14731.33 
1 4757.84 
14869.15 
14903.05 
14938.43 
I  4980.35 
5057.29 
1  5057.33 


Arc 


60 
40 

125 

125 

125 

150  r 

150 

150 

60 
125 
125 
125 
150 
100 

60 
125 
100 

60 

60 

1000  r 

150  r 

60 
100 
100 
125 
100 
125 
125 
100 
100 
150 

60 
125 
125 

60 

60 

60 

60 
100 


Spark 


40 
50 
100 
40 
50 
80 

80 


50 

100 
80 


40 


200 

80 


30 


80 


Wave 
length 


5093.83 
15136.55 
1 5147.24 
15155.14 
15171.03 
1 5195.02 
1 5284.08 

5304. 

15309.27 

5334.70 

5335.93 

5361.77 

5401.04 

5454.82 

I  5484.32 

5510.71 

I  5559.75 

I  5636.23 

I  5699.05 

6663.14 

6690.00 

6824.09 

6911.48 

6923.23 

6982.01 

I  7027.98 

7238.92 

7393.93 

7468.91 

7475.40 

7485.79 

7499.75 

17559.61 

7771.88 

7774.14 

7775.41 

17791.86 

I  7847.80 

7881.49 


Arc 


60 
125 

60 
125 
150 
100 
100 

60 
125 

60 
100 
100 
125 
100 

60 
100 

60 
100 
125 
100 
300 
200 
100 
300 
200 
250 
200 
150 
150 

50 
150 
200 
100 
100 
100 

60 
100 
100 
100 


Samarium 


3183.92 

60 

40 

113418.51 

50 

10 

113710.87 

100  r 

7 

113207.18 

50 

9 

3445.62 

150  r 

10  r 

113712.76 

100 

100 

3211.75 

100 

15 

II  3568.26 

40 

50 

113718.88 

100 

5 

113215.24 

50 

15 

II  3592.59 

40 

50 

3719.45 

50 

10 

3218.60 

100 

25 

II  3609.48 

60 

100 

3721.84 

100 

50 

II  3230.54 

100 

30 

113621.22 

60 

10 

II  3726.80 

100  r 

3 

3236.63 

100 

40 

11  3626.99 

50 

40 

II  3728.47 

100 

100 

II  3239.64 

100 

25 

II  3634.27 

100 

25 

113731.26 

50 

10 

113241.14 

50 

10 

II  3649.51 

100 

30 

113735.97 

50 

8 

II  3250.36 

50 

10 

113661.35 

100 

50 

113743.86 

50 

25 

II  3253.93 

50 

8 

II  3662.25 

50 

50 

II  3770.73 

25 

50 

II  3254.38 

100 

15 

II  3670.82 

100 

50 

3771.35 

50  d 

2 

II  3276.74 

50 

10 

II  3674.05 

50 

10 

3778.13 

40 

100 

3298.10 

60 

60 

3687.88 

50 

3783.81 

50(1 

10  d 

II  3306.37 

100 

40 

II  3692.22 

90 

40 

II  3787.20 

100 

35 

113321.18 

50 

15 

II  3693.99 

100 

150 

II  3830.30 

50 

10 

3327.90 

50 

20 

II  3700.59 

50 

30 

3836.51 

50 

25 

113382.41 

100 

40 

3700.93 

50 

4 

3848.81 

150  d 

10 

II  3402.46 

50 

10 

II  3708.66 

50 

25 

3854.20 

300  wn 

25 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Samarium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Si 

**  s 

Arc          Si 

)ark 

3875.17 

50 

10 

114378.23 

100 

10 

0             114719.84 

125 

3877.47 

50 

8 

114384.29 

50 

5 

0             II  4726.03 

100 

II  3885.28 

50 

50 

114390.86 

150 

15 

0                 4728.44 

150 

113891.18 

50 

8 

4401.17 

50 

3 

0             114741.73 

80 

113896.97 

50 

50 

114403.36 

50 

5 

0             II  4745.67 

250 

3903.41 

60 

60 

II  4409.34 

100 

10 

0                 4750.72 

60 

II  3922.38 

60 

60 

114417.58 

80 

8 

0             114755.37 

100 

113928.27 

60 

60 

II  4420.53 

200 

20 

0                 4760.26 

150 

113933.59 

200 

200  n 

114421.14 

150 

15 

0             114774.14 

100 

113941.87 

50 

40 

114424.34 

300 

30 

0             114777.84 

100 

113948.11 

50 

50 

114433.88 

200 

20 

0             114781.84 

60 

3959.53 

50 

40 

114434.32 

200 

20 

0                 4783.10 

150 

3962.99 

50 

40 

4444.26 

100 

10 

0                 4785.87 

100 

II  3966.05 

60 

n50 

114452.71 

200 

20 

0                 4789.96 

50 

113971.39 

50 

30 

II  4454.63 

100 

10 

0             114791.58 

150 

113979.19 

50 

50 

114458.51 

150 

20 

0             114798.87 

50  r 

113983.14 

100 

60 

II  4467.34 

200 

20 

0             114815.81 

125               8 

0 

II  4007.49 

50 

25 

4470.89 

60 

6 

0             II  4829.58 

200 

114035.10 

50 

3 

114472.42 

100 

10 

0             114833.33 

80 

II  4084.40 

80 

114473.01 

150 

15 

0             II  4834.63 

100 

114106.60 

100 

5 

4478.66 

100 

10 

0             II  4836.67 

50 

114118.55 

50 

60 

II  4499.48 

100 

10 

0             II  4837.65 

100 

114210.34 

50 

20 

114511.83 

100 

10 

0                 4841.70 

100 

II  4220.65 

100 

100 

4515.10 

100 

II  4844.21 

150 

114223.71 

50 

20 

114519.63 

150 

8 

0             II  4847.77 

150 

II  4234.57 

60 

40 

4522.54 

60 

4848.33 

100 

II  4236.74 

60 

50 

II  4523.91 

100 

i 

0             II  4854.37 

125 

II  4237.66 

60 

50 

4532.44 

60 

II  4859.57 

80 

II  4244.70 

100 

80 

114537.95 

50 

2 

5             II  4869.98 

125 

II  4249.54 

50 

40 

4542.05 

50 

4883.78 

60 

114251.79 

200 

200 

II  4543.94 

100 

5 

0                 4883.98 

80 

114256.40 

150 

150 

II  4552.66 

80 

4 

0             114893.34 

150 

II  4258.56 

50 

40 

II  4554.44 

60 

II  4894.30 

60 

II  4262.68 

200 

150 

II  4560.42 

50 

II  4900.74 

100 

II  4265.07 

60 

25 

II  4566.20 

100 

i 

0                 4904.98 

60 

II  4279.66 

100 

100 

114577.69 

100 

5 

0                 4910.41 

150 

II  4279.95 

50 

40 

II  4584.83 

60 

5 

0             114913.26 

150 

114280.78 

200 

200 

114591.83 

100 

4918.98 

125 

4281.00 

50 

30 

II  4593.53 

50 

5 

0             114920.37 

125 

II  4285.48 

200 

200 

II  4595.30 

100 

6 

0             II  4936.02 

80 

II  4286.64 

100 

60 

114604.18 

60 

114938.10 

125 

II  4292.18 

100 

60 

4611.26 

50 

4946.31 

60 

4296.75 

100 

50 

114615.69 

50 

4 

0             II  4948.63 

125 

II  4304.94 

100 

100 

II  4642.23 

100 

4 

0             II  4952.37 

125 

II  4309.00 

200 

150 

114646.68 

50 

114953.05 

50 

114318.93 

300 

300 

4663.55 

60 

II  4961.94 

100 

4319.53 

50 

15 

114669.65 

50 

4 

0             114964.56 

80 

II  4323.28 

125 

100 

II  4674.59 

80 

4 

0             114972.17 

80 

II  4329.02 

300 

300 

II  4676.91 

100 

5 

0                 4975.99 

80 

4330.01 

80 

15 

4681.56 

50 

114981.71 

50 

114334.15 

200 

200 

114687.18 

100 

II  4989.44 

60 

4336.13 

100 

30 

4688.73 

50 

II  4992.03 

80 

114345.85 

100 

100 

114693.63 

50 

115016.61 

80 

114347.80 

150 

60 

II  4699.34 

50 

II  5023.51 

60 

114350.46 

150 

150 

II  4704.41 

200 

II  5028.44 

200 

4352.10 

125 

100 

114710.65 

50 

5036.21 

50 

114360.71 

100 

60 

114713.07 

100 

5044.28 

150 

II  4362.03 

150 

150 

114714.03 

50 

II  5052.75 

150 

2 

4362.91 

60 

25 

114715.27 

100 

II  5057.75 

100 

1 

114363.45 

60 

50 

4716.11 

150 

II  5069.44 

150 

1 

II  4368.03 

60 

60 

4717.09 

80 

5071.19 

100 

114373.46 

50 

50 

114717.74 

100 

II  5100.20 

50 

114374.97 

200 

200 

114718.35 

100 

5100.30 

60 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Samarium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

115103.08 

150 

115831.01 

80 

II  6617.61 

50  d 

115104.47 

125 

1 

115831.77 

40  r 

II  6628.88 

50  d 

115112.29 

125 

1 

115836.36 

100  d 

II  6630.61 

50  d 

115116.68 

100 

1 

5867.79 

50 

II  6632.28 

100 

5117.16 

80 

1 

5897.38 

100 

116637.17 

60  d 

5122.14 

80 

5919.33 

60 

II  6649.02 

50 

5124.83 

50 

II  5932.89 

50 

116651.61 

80  d 

5154.27 

125  d 

1 

II  5938.84 

50  d 

II  6656.19 

100 

II  5155.02 

125 

1 

115965.71 

125 

II  6667.22 

50  d 

II  5166.05 

125  d 

II  5994.65 

60 

16671.48 

50 

5169.60 

50  d 

115997.32 

60 

6679.1 

80 

5172.74 

80 

i 

6001.68 

50 

II  6679.24 

80 

5175.42 

60 

i 

116011.24 

60 

2 

0 

116681.53 

60  d 

5178.06 

100  d 

II  6017.39 

50  d 

II  6687.79 

80  d 

5200.59 

200 

i 

6044.99 

60 

II  6693.55 

100  d 

II  5202.73 

50 

6084.13 

50 

II  6707.45 

50  d 

5228.78 

60 

II  6123.60 

50  d 

II  6712.62 

50 

5234.17 

50  d 

116149.10 

60 

116731.84 

500  d 

5251.89 

150 

116181.05 

50  d 

II  6734.06 

400  d 

5271.40 

150 

116182.89 

60  d 

II  6734.81 

400  d 

II  5272.81 

50  d 

6192.64 

50 

6735.34 

100  d 

5282.91 

100 

II  6237.66 

50 

II  6754.68 

50 

5302.91 

50 

II  6246.76 

80 

II  6756.94 

50 

115312.21 

100 

!  II  6256.66 

80 

II  6766.52 

50  d 

5320.60 

100 

II  6267.28 

150 

II  6778.61 

200  d 

5321.87 

50  d 

4 

!  II  6289.93 

60 

116781.17 

50  d 

5341.29 

80 

116291.82 

100  d 

II  6790.03 

300  d 

5364.36 

50 

116300.19 

50 

II  6794.20 

200 

5368.36 

80 

116301.12 

50 

II  6829.81 

100 

5387.98 

50 

3 

II  6307.06 

60 

II  6844.71 

150  d 

5405.24 

80 

6321.74 

60 

II  6846.54 

100  d 

5416.05 

100 

6325.58 

50  d 

II  6854.50 

60  d 

5453.02 

100 

II  6327.47 

100 

II  6856.03 

300  d 

5466.73 

80 

6353.49 

50 

5 

I  6860.93 

800  d 

5493.72 

80 

6357.19 

50 

1 

116861.06 

500  d 

5498.21 

80 

II  6368.28 

50  d 

II  6862.82 

100  d 

5512.10 

80 

II  6389.87 

100 

II  6872.42 

100  d 

5516.14 

200 

II  6390.84 

100 

II  6909.81 

50  d 

II  5537.07 

50 

116417.51 

100  d 

II  6930.41 

50  d 

5548.95 

80 

II  6426.62 

100  d 

116941.56 

50 

5550.40 

125 

6428.31 

50  d 

II  6950.51 

100 

5573.43 

80 

116431.03 

50  d 

II  6955.27 

400  d 

5574.91 

50 

116431.96 

50 

117020.41 

500 

II  5600.85 

200 

II  6470.46 

60  d 

I  7026.64 

100 

115603.19 

100  d 

11  6472.34 

150  d 

II  7039.22 

500  n 

5621.80 

60 

II  6484.52 

100 

II  7042.23 

400  n 

5626.01 

60 

II  6487.62 

60 

II  7051.52 

400  nd 

5637.27 

80 

II  6490.75 

60  d 

7074.67 

50 

5659.86 

60 

II  6498.67 

100  d 

II  7C82.37 

400  n 

5686.73 

50 

20 

6526.64 

50 

I  7088.30 

60 

5719.12 

60 

20 

6529.70 

50 

17091.22 

60 

5732.95 

100 

II  6542.76 

200 

I  7095.51 

100 

5740.88 

80 

II  6549.77 

100  d 

I  7096.37 

60 

5741.19 

60 

6562.94 

50  d 

I  7104.57 

150 

II  5759.50 

60 

116569.31 

500  d 

I  7106.24 

80 

5773.77 

100 

II  6570.67 

200  d 

7115.96 

50 

5778.33 

50 

II  6574.38 

100 

7119.81 

60 

5779.25 

50 

II  6585.21 

150  d 

17131.80 

80 

5781.89 

100 

6588.92 

100 

7136.01 

50 

II  5786.99 

200 

II  6589.73 

400  d 

II  7149.6C 

150 

5800.50 

80 

II  6601.83 

150  d 

17213.82 

60 

5802.82 

80 

II  6604.56 

200  d 

II  7218.09 

50 

5814.87 

60 

116614.82 

50  d 

II  7240.90 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Samarium  (Continued) 


Arc 


100 

80 
100 

50 
100 

50 

50 

60 

50 
150 
100 
100 

50  d 
100  d 

50 

50  d 
150  d 

80  d 

60  d 

60  d 

80 

60  d 
200  d 

80 
100  d 

50  d 

50  d 

50 

60  d 
100 

60  d 
200  d 
150  d 


Spark 


Wave 
length 


II  7749.30 

II  7755.20 

I  7755.32 

I  7794.50 

I  7801 .54 

7812.75 

117820.15 

7831.40 

II  7835.08 

II  7837.27 

II  7844.82 

I  7859.53 

II  7863.65 

II  7880.07 

I  7895.96 

7913.49 

117914.96 

17919.44 

117928.14 

7931.15 

17931.92 

II  7937.09 

7940.31 

117948.12 

7968.32 

118001.61 

II  8014.92 

8016.17 

118025.12 

II  8026.32 

II  8032.03 

II  8048.70 


Arc 


200 
125  d 

80 
100 
150 

60  d 
150  d 

60  d 
400  d 
400 

60  d 
100 
100  d 
100  d 
200 

60 
200  d 

80 
800 

50 
200 
100  d 
150 
100  d 

50 
200  d 
200  d 

80 
400 
500  d 
200  d 
400 


Spark 


Wave 
length 


8065.16 
II  8068.46 
II  8070.37 

8090.80 

8C91.15 
118117.16 
118125.12 
118161.90 

8184.43 
118195.50 

8203.98 

8206.30 

8208.25 
118218.76 

8230.33 
II  8240.98 
II  8289.26 
II  8300.88 

8301.34 
II  8305.79 

8315.45 
II  8348.68 

8383.71 
II  8387.77 
II  8432.64 
II  8473.54 
II  8485.99 
II  8510.90 
II  8543.22 
II  8617.03 
II  8708.43 
II  8717.89 


Arc 

150 

800 

50  d 

60 

80 

150  d 

125  d 

200  d 

50  d 

200  d 

80 

80  d 

60 

300 

100 

150 

125  d 

80  d 

100 

500  d 

150 

150  d 

150  d 

100  d 

200  d 

100  d 

400  d 

200  d 

150  d 

50  d 

60  d 

50  d 

Spark 


Scandium 


II  2552.36 

25 

40 

113651.80 

50 

45 

II  4670.40 

100 

300  wn 

II  2560.23 

10 

30 

3787.15 

30 

10 

14728.77 

50 

25 

2699.10 

3 

25 

3828.18 

30 

30 

14729.23 

100 

50  n 

112822.13 

50 

20 

3836.52 

25 

25 

14734.09 

100 

60  n 

II  2826.66 

10 

25 

II  3843.00 

25 

20 

14737.64 

100 

60  n 

113045.71 

15 

25 

I  3907.48 

125 

25 

14741.02 

100 

60  n 

113065.11 

12  d 

25 

13911.81 

150 

30 

14743.81 

100 

60  n 

I  3269.90 

30 

12 

I  3933.38 

60 

60 

14753.15 

80 

40 

13273.62 

35 

12 

13996.61 

40 

10 

14779.35 

80 

40 

113353.73 

50 

60 

14020.40 

50 

20 

bh  4858.1 

30 

II  3359.68 

50 

25 

14023.22 

60 

115031.02 

50 

200  n 

113361.27 

25 

9 

14023.69 

100 

25 

15081.55 

100 

100 

113361.93 

25 

9 

14047.79 

25 

10 

15083.71 

100 

80 

II  3368.95 

50 

20 

14082.40 

25 

10 

I  5085.55 

80 

70 

113372.15 

7 

150 

114246.83 

80 

500 

1  5086.95 

60 

25 

II  3535.73 

15 

30 

114314.08 

50 

150 

15087.15 

40 

20 

II  3558.54 

15 

40 

114320.74 

50 

40 

I  5099.23 

100  r 

80 

II  3567.70 

15 

40 

114325.01 

50 

40 

II  5239.82 

30 

125 

II  3572.52 

30 

50 

114354.61 

60 

10 

I  534Q.29 

30 

II  3576.34 

18 

45 

114374.45 

100 

25 

15356.10 

40 

II  3580.93 

12 

40 

114384.81 

25 

10 

15481.99 

60 

113613.84 

40 

70 

II  4400.35 

150 

30 

15484.62 

60 

II  3630.74 

50 

70 

114415.56 

100 

25 

15514.21 

60 

II  3642.78 

60 

50 

114431.37 

50 

3 

I  5520.50 

80 

113645.31 

50 

50 

bh  4536.6 

40 

115526.81 

100 

300  wn 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Scandium  (Continued) 


Wave 
length 


II  5657.87 
15671.80 
I  5686.83 
I  5700.23 
15711.75 
bh  6017.1 
bh  6036.2 
bh  6064.3 


Arc 


30 
300  W 
200 
400  r 
100 

40 

200 

80 


Spark 


Wave 
length 


bh  6072.7 
bh  6079.3 
bh  6101.9 
bh  6109.9 
bh  6116.0 
I  6210.68 
I  6239.78 
II  6245.63 


Arc 

Spark 

100 

ICO 

30 

40 

40 

20 

25 

3n 

30 

6 

30 

Wave 
length 


II  6279.76 
I  6305.67 

II  6309.90 
16413.35 

bh  6446.2 
6835.03 
17741.17 
1 7800.44 


Arc 


10 
80 
5 
10 
30 
25 
50 
40 


Selenium 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

I  2039.85 

1000 

114401.02 

100 

II  6055.96 

1000 

I  2062.79 

800 

II  4406.58 

70 

II  6065.83 

80 

I  2074.79 

100 

114432.33 

60 

116101.96 

200 

12164.16 

100 

114434.92 

40 

116123.49 

60 

12413.52 

125 

II  4446.02 

200 

116135.04 

70 

2496.05 

100 

114449.15 

300 

16138.46 

60 

I  2547.98 

60 

II  4467.60 

300 

16177.71 

80 

2591.41 

150 

114516.25 

70 

I  6242.21 

80 

II  3038.66 

60 

114563.95 

200 

I  6266.23 

200 

113041.31 

60 

114599.96 

70 

16269.15 

80 

113134.42 

70 

114604.34 

300 

16283.16 

200 

113141.13 

100 

114618.77 

100 

I  6283.96 

200 

3935.36 

60 

1,114623.77 

150 

I  6284.47 

300 

4002.07 

60 

4636.65 

150 

I  6303.42 

1000 

II  4003.08 

60 

II  4648.44 

800 

I  6325.57 

500 

II  4007.90 

150 

I  4664.20 

150 

II  6422.90 

125 

14011.88 

200 

1,114664.98 

150 

I  6444.25 

100 

14012.96 

150 

I  4667.80 

70 

II  6483.06 

200 

14014.77 

70 

I  4730.78 

1000 

II  6488.34 

100 

114018.52 

70 

I  4739.03 

800 

II  6490.48 

500  . 

II  4030.07 

150 

II  4740.97 

600 

6534.44 

125 

II  4062.06 

70 

1 4742.25 

500 

116534.95 

300 

114070.16 

500 

114763.65 

800 

I  6679.43 

70 

114091.95 

70 

II  4840.63 

8C0 

I  6699.56 

125 

114097.91 

60 

II  4844.96 

800 

1,116721.37 

60 

114108.83 

800 

14886.99 

70 

I  6746.43 

200 

II  4126.57 

150 

II  4975.66 

300 

I  6768.50 

80 

114129.15 

200 

II  4992.75 

300 

I  6805.24 

200 

4132.76 

200 

II  5068.65 

250 

I  6815.28 

70 

114136.28 

100 

II  5096.57 

350 

I  6830.89 

100 

4152.34 

80 

115142.14 

500 

16831.27 

400 

114159.75 

70 

115175.98 

600 

I  6990.65 

300 

114175.32 

800 

II  5227.51 

600 

16991.77 

200 

114180.94 

800 

II  5253.63 

100 

I  7010.92 

5C0 

114195.51 

100 

115271.22 

150 

17012.75 

200 

114211.83 

200 

II  5305.35 

500 

17013.85 

400 

II  4212.58 

200 

1 5365.47 

125 

1 7062.06 

1000 

4215.02 

150 

15369.91 

175 

17063.79 

70 

II  4248.00 

100 

15374.14 

150 

17299.51 

200 

II  4280.36 

150 

115401.01 

75 

17328.97 

300 

II  4282.10 

100 

II  5522.42 

750 

I  7370.82 

80 

II  4320.39 

•  100 

II  5566.93 

500 

I  7380.34 

60 

4322.19 

60 

115591.16 

500 

17383.88 

100 

I  4328.70 

200 

115623.13 

300 

II 7391  99 

125 

1,114330.28 

200 

II  5842.68 

60 

1,117426.81 

100 

I  4339.59 

200 

115866.27 

75 

I  7429.27 

200 

114382.87 

800 

15962.01 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Silicon 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

12058.13 

15 

14102.95 

12 

10 

17165.62 

100  n 

12082.01 

15 

4128.11 

20  w 

17184.89 

10 

12084.47 

20 

4130.96 

25  w 

17226.20 

10 

12122.99 

10 

4552.50 

40 

1  7235.32 

10 

12124.15 

200  r 

50 

4567.66 

30 

1  7235.86 

10 

12163.78 

10  w 

4574.66 

20 

I  7250.69 

40 

2192.22 

(10) 

4828.84 

12 

I  7275.28 

50 

I  2207.98 

18 

15 

15645.66 

20 

1 7289.25 

200 

12210.91 

30 

30 

15665.60 

20 

17290.21 

10 

12211.75 

12 

12 

I  5684.52 

30 

1  7373.02 

10  w 

'.'■ 

I  2216.68 

40 

40 

1 5690.47 

25 

1  7405.85 

300 

.. 

1 2218.08 

10 

15 

15701.14 

15 

17409.11 

100 

2287.06 

(10) 

15708.44 

40 

2n 

17415.37 

15 

12289.61 

10 

1 5754  25 

40 

17416.00 

200 

12303.02 

10 

6 

1 5772.26 

30 

17423.54 

500 

2356.35 

(10) 

1 5780.45 

15 

17424.63 

20 

12435.16 

150 

80 

15793.13 

18 

1 7680.35 

100  w 

12438.78 

30 

20 

15797.91 

25 

7913.47 

10  n 

1 2443.38 

15 

15 

I  5948.58 

50 

5 

7918.38 

200 

12452.14 

20 

20 

16145.08 

10  n 

7930.23 

(150) 

1 2506.90 

300 

200 

16145.22 

15  n 

17932.20 

300  w 

12514.33 

300 

200 

16155.22 

20  n 

7943.94 

500  w 

12516.12 

500 

500 

16155.32 

50  n 

7970.26 

10  n 

2517.45 

10 

I  6156.00 

10  n 

8093.32 

25  n 

12519.21 

300 

300 

I  6243.86 

10  n 

1  8230.67 

15 

12524.12 

400 

400 

1  6244.56 

10  n 

18444.00 

15  w 

1 2528.52 

400 

500 

1  6244.74 

12  n 

18501.50 

20  w 

1 2532.38 

30 

40 

I  6254.25 

25  n 

1  8502.38 

30  w 

2559.20 

(15) 

I  6254.55 

15  nl 

18556.64 

100  n 

12568.64 

15 

10 

6347.01 

2 

50 

8648.89 

100  nl 

1 2577.13 

10 

6371.09 

2 

30 

8728.38 

10  w 

12631.31 

60 

50 

6976.53 

25  n 

18742.60 

100 

12881.58 

500 

400 

1  7003.58 

50  n 

18752.17 

200 

12970.35 

20 

20 

I  7005.84 

50  n 

8892.97 

25  w 

12987.65 

100 

100 

17017.68 

10  n 

8949.33 

15  w 

1 3905.53 

20 

15  W 

I  7034.96 

50  n 

19413.59 

100 

Silver 

II  2000.68 

30 

11  2205.95 

50  wn 

112321.55 

25  w 

112015.90 

25 

II  2208.50 

25  wn 

112324.68 

15 

100  Wn 

II  2033.93 

25 

II  2219.70 

15  n 

II  2325.05 

4 

25  wn 

12061.17 

25 

10  n 

112226.11 

20  n 

112331.37 

18 

150  wn 

II  2065.91 

4 

80 

II  2229.52 

25  wn 

II  2357.92 

15 

100  n 

I  2069.83 

10 

3 

2238.41 

10 

112358.86 

100  Wn 

II  2075.61 

10  wn 

II  2240.38 

20  n 

112362.18 

80  w 

112113.83 

20 

150  wn 

2241.34 

10 

II  2364.00 

100  Wn 

II  2120.45 

5 

80 

112241.81 

10  n 

112365.67 

20  n 

I  2120.91 

15 

II  2243.44 

15  n 

2375.06 

300  wn 

300  wn 

II  2125.52 

25  wn 

II  2246.41 

25 

300  ns 

112383.21 

25 

112129.12 

10 

II  2248.74 

15 

150  wn 

II  2386.33 

25  n 

112145.61 

'8 

150 

11  2253.46 

50  wn 

II  2390.54 

60  n 

2161.94 

15 

II  2275.26 

50  wn 

112392.96 

25  n 

112166.50 

5 

100  w 

112277.41 

25  wn 

II  2402.57 

30  wn 

112170.86 

30  n 

112279.98 

10 

125  n 

II  2409.02 

10  n 

112171.70 

10 

2286.46 

12 

112411.35 

25 

150  n 

112186.77 

io 

100 

II  2296.04 

20  Wn 

112411.59 

(20) 

2191.86 

10 

2309.64 

150  n 

200  n 

112413.18 

50 

300  n 

112202.10 

50  wn 

112312.41 

25  wn 

50  w 

112420.07 

100  nw 

II  2203.66 

20  n 

112317.03 

15 

100 

11  2122.59 

10  wn 

112204.40 

10  n 

112320.25 

15 

150  w 

II  2428.20 

1 

40  wn 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Silver  (Continued) 


Wave 
length 


II  2429. 
II  2436, 
II  2437. 
II  2444. 
II  2446. 
II  2447. 
II  2453. 
II  2460. 
II  2462. 
II  2472. 
II  2473. 
II  2477. 
II  2480. 
II  2485. 
II  2504. 
II  2506. 
II  2535. 
II  2535. 
II  2553. 

2562, 
II  2564. 
II  2567, 

2575. 
II  2580. 
II  2595. 
II  2598. 
II  2606. 
II  2614. 
II  2617. 
II  2625. 

2628. 
II  2656. 
II  2656. 
II  2660. 
II 2681. 
II  2688. 
II  2711. 


Arc 

Spark 

150  wn 

20  wn 

60 

500  wn 

80  w 

25  wn 

30 

200  wn 

125  n 

80  wn 

5 

80  n 

25  n 

20 

150  n 

150  wn 

15  n 

i 

10  n 

50  n 

15 

50  n 

(10) 

10 

25 

2 

10 

10 

15  wn 

15  wn 

iOn 

3n 

1 

15Cwn 

40  wn 

io 

10  n 

10 

200  wn 

300  wn 

(10  n) 

6 

15  n 

1 

25 

In 

15  n 

20  n 

30 

150 

100  wn 

10  wn 

in 

300  wn 

Wave 
length 


II  2712. 

2721. 

II  2743. 

II  2756. 

II  2767, 

II  2786, 

2795, 

II  2799, 

II  2801. 

II  2815. 

2824. 

II  2873, 

II  2882, 

II  2896, 

II  2902, 

II  2920, 

II  2929, 

II  2934, 

II  2938, 

3C12. 

3099, 

3130 

3179 

3180, 

II  3184, 

II  3223, 

3233, 

3244, 

3247. 

3267. 

II 3269. 

1 3280, 

3352, 

3382, 

3469. 

3475 

3501, 


Arc 

Spark 

3 

200  n 

20 

25 

50 

5 

200 

30 

200 

10 

10  n 

10 

10 

20 

100  n 

10  w 

3 

80  wn 

150  wn 

200  w 

3 

100  wn 

10  n 

2 

150  wn 

5 

200  wn 

100  wn 

20 

40 

10 

200  n 

200 

200  wn 

10 

10 

8 

25  n 

15  n 

2 

15  n 

2n 

15 

20 

1 

25  n 

10 

10  n 

15 

15 

12 

10 

2000  r 

lOCOr 

10  n 

1000  r 

700  r 

10 

8 

20 

8n 

20  n 

Wave 
length 


13508.09 

3538.27 

3542.61 

13624.71 

1 3682.47 

3683.32 

I  3709.25 

13810.86 

13840.80 

3933.62 

3942.95 

3961.3 

3968.22 

13981.64 

3985.19 

4005.32 

4045.82 

1 4055.26 

4085.87 

14210.94 

14212.68 

4311.07 

4385.06 

4395.93 

4396.32 

I  4476.08 

14668.48 

4874.18 

4888.28 

5123.68 

1 5209.07 

5434.2 

I  5465.49 

15471.55 

I  5545.94 

I  7687.78 


Arc 


10 
10 
30 
25  n 
50 

10 
ICOwn 

20 

80 
5n 

15 
100 

30 
2 

10 

10 
800  r 

200  n 

150  n 

5 

10 

100 

40 

200 

30 

9 

4 

1500  r 

2 

1000  r 

500  n 

301 

20 


Sodium 


112493.15 

(40) 

II  2974.99 

15 

(60) 

I  3302.3? 

600  r 

300  r 

112531.55 

6 

(60) 

II  2979.66 

35 

(40) 

I  3302.99 

300  r 

150  r 

112611.81 

fQf\\ 

TT  900/1   Al 

20 

(80) 

II  3533.01 

50 

(200) 

(oU) 

11  Zyo4.4o 

II  2660.99 

(80) 

II  3015.40 

(60) 

113631.27 

12 

(100) 

II 2671  83 

i2 

(60) 

II  3029.07 

(60) 

113711.07 

8 

(60) 

II  2678.09 

6 

(40) 

II  3037.07 

'8 

(40) 

1 4494.27 

60 

I  2680.33 

60  r 

10 

II  3045.59 

(40) 

14497.72 

70 

, . 

I  2680.44 

40  r 

113053.66 

*8 

(60) 

14664.86 

80 

II  2809.51 

8 

(40) 

II  3056.16 

35 

(60) 

I  4668.60 

200 

100 

112841.72 

20 

(80) 

II  3074.33 

8 

(60) 

14982.84 

200  wn 

100 

I  2852.83 

100  r 

20 

113078.31 

12 

(60) 

15149.09 

400 

I  2853.03 

80  r 

15 

II  3092.73 

50 

(200) 

15153.64 

600 

II  2859.48 

2 

(40) 

113129.37 

35 

(60) 

1  5670.18 

100  wn 

112871.27 

6 

(40) 

113135.48 

12 

(40) 

I  5675.70 

150  wn 

112881.14 

8 

(60) 

113149.27 

12 

(40) 

I  5682.66 

80 

II  2893.95 

8 

(60) 

113163.73 

35 

(60) 

I  5688.22 

300 

II  2904.91 

20 

(80) 

113179.05 

6 

(40) 

I  5889.95 

9000  r 

1000  r 

112917.52 

8 

(40) 

113189.78 

35 

(60) 

I  5895.92 

£000  r 

500  r 

II  2919.05 

6 

(40) 

113212.19 

35 

(60) 

I  6154.23 

500 

100 

II  2937.72 

6 

(40) 

II  3257.96 

35 

(60) 

I  6160.76 

500 

100 

II  2947.44 

6 

(40) 

113274.22 

15 

(40) 

18183.27 

500  r 

112951.23 

40 

(100) 

II  3285.75 

40 

(100) 

18194.81 

1000  r 

2214 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Strontium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          Spark 

II  2165.96 

25  r 

15 

I  4305.45 

40 

5486.12 

40 

8 

I  2569.47 

25r 

5 

14319.05 

25  n 

5504.17 

60              25 

12931.83 

30 

8 

14319.12 

50 

20 

5521.83 

50              10 

13301.74 

100 

10 

14337.66 

30  n 

5540.05 

20              30 

I  3307.53 

200 

10  s 

14337.89 

150 

50 

15543.36 

30 

5 

1 3322.23 

100 

8 

4406.85 

50  n 

I  6345.75 

25 

4 

I  3329.99 

100 

10 

14438.04 

25 

I  6363.94 

25 

4 

13351.25 

300 

15 

1 4607.33 

1000  r 

50  r 

6369.96 

25 

5 

I  3366.33 

100 

10 

14722.28 

30 

I  6380.75 

30 

8 

113380.71 

150 

200 

14741.92 

30 

I  6386.50 

35              10 

II  3464.45 

200 

200 

14784.32 

30 

I  6388.24 

35              10 

II  3474.89 

80 

50 

14811.88 

40 

6408.47 

50              20 

13499.67 

50 

1 4832.07 

200 

8 

6503.99 

35              20 

bh  3503.8 

30 

14872.49 

25 

I  6546.79 

25 

5 

I  3548.08 

50 

4876.32 

200 

60 

I  6550.25 

100              1 

0 

13629.14 

30 

14891.98 

40 

16617.26 

150 

I  3653.27 

30 

8 

14962.26 

40 

I  6643.54 

100 

1 3705.90 

30 

10 

15156.07 

80 

18 

16791.05 

200 

I  3780.46 

30 

5222.20 

70 

8 

I  6878.38 

500 

I  3807.38 

50 

5225.11 

70 

8 

I  6892.59 

100 

I  3865.46 

50 

5229.27 

70 

8 

17070.10 

1000 

1 3969.26 

30 

5238.55 

90 

15 

I  7167.24 

100  nl 

14030.38 

40 

5256.90 

90 

25 

I  7232.27 

50  nl 

114077.71 

400  r 

500  W 

I  5329.82 

40 

2 

I  7309.41 

2C0 

14161.80 

30 

5450.84 

30 

17621.50 

100 

II  4215.52 

300  r 

400  W 

5480.84 

100  n 

30 

I  7673.06 

200  ns 

Sulfur 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2089.90 

300 

114463.58 

200 

5606.10 

700 

2098.14 

300 

4464.42 

100 

5639.98 

500 

3497.34 

100 

II  4483.42 

100 

5640.36 

500 

113616.92 

60 

114524.95 

150 

5659.93 

600 

II  3669.05 

60 

4549.55 

80 

I  6052.63 

125 

3867.56 

150 

II  4552.38 

200 

6286.35 

300 

113923.48 

200 

II  4656.74 

80 

6287.06 

1000 

113933.29 

80 

114716.23 

600 

6305.51 

1000 

113998.79 

60 

114815.51 

800 

6312.68 

1000 

II  4028.79 

200 

II  4924.08 

60 

6384.89 

300 

114032.81 

125 

114925.32 

100 

6397.30 

300 

114142.29 

150 

4993.51 

150 

6398.05 

300 

114145.10 

250 

5428.69 

250 

6413.71 

500 

114153.10 

600 

5432.83 

600 

6455.36 

70 

114162.70 

600 

5453.88 

750 

6538.57 

60 

4174.30 

150 

5473.63 

750 

I  6748.79 

80 

114189.71 

250 

5564.93 

150 

16757.10 

150 

II  4267.80 

60 

5578.86 

70 

7040.92 

70 

II  4294.43 

80 

2215 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Sulfur  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

I  7244.77 

80 

8585.60 

200 

9437.11 

150 

7281.04 

70 

I  8680.45 

200 

9633.78 

70 

7578.96 

70 

I  8694.71 

200 

9649.94 

250 

7629.82 

200 

I  8874.53 

150 

9672.34 

200 

I  7679.60 

70 

1  8882.47 

70 

9680.80 

200 

17686.13 

150 

I  8884.23 

150 

9693.68 

200 

I  7696.73 

200 

I  9035.92 

100 

9697.33 

150 

1  7923.95 

300 

19212.91 

200 

9739.74 

150 

17931.63 

200 

19228.11 

200 

9741.93 

70 

7967.43 

200 

I  9237.49 

200 

9932.26 

150 

8314.73 

200 

9413.46 

150 

9949.84 

150 

I  8452.18 

70 

9421.93 

150 

9958.90 

150 

Tantalum 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2101.85 

3 

40 

2544.80 

40 

2615.66 

50 

1 

2146.87 

10 

40 

2546.80 

80 

2624.12 

60 

2193.88 

15 

40 

2549.38 

100 

2625.46 

40 

2217.82 

8 

40 

2551.07 

150 

2632.27 

15 

80 

2330.79 

60 

2551.19 

150 

2633.79 

10  wn 

80  wn 

2364.24 

10 

40 

2551.73 

100 

'in 

2635.93 

5Cn 

2381.13 

15 

40 

2554.62 

50 

100 

2636.67 

70 

1 

2381.52 

8 

40 

2554.91 

50  n 

50  n 

2636.90 

100 

3 

2387.06 

20 

50 

2555.05 

50 

2643.89 

50 

2396.30 

80 

2557.71 

50 

100 

2644.60 

20  W 

50  W 

2406.55 

60 

2559.43 

100 

2 

2645.10 

80 

30  T! 

2416.89 

100 

150 

2560.68 

70 

2646.22 

50 

2 

2417.86 

20  W 

40 

2562.10 

100 

2646.37 

125 

2 

2421.85 

8 

40 

2563.33 

50 

2646.77 

50  n 

50 

2427.64 

150 

1 

2563.70 

80 

2647.47 

200 

10 

2429.71 

201 

40 

2569.13 

40 

40  n 

2651.22 

80 

2432.70 

300  r 

400 

2573.54 

125 

1 

2651.48 

50 

2436.51 

10  n 

40 

2573.79 

100 

1 

2653.27 

200 

15 

2438.64 

40 

4 

2574.38 

80 

2656.61 

200  r 

2 

2443.94 

50 

2575.47 

80 

2658.86 

25 

50 

2444.67 

50 

200 

2577.37 

80  d 

150  d 

2661.34 

200 

10 

2454.21 

50 

2577.78 

90 

1 

2661.89 

60 

2454.48 

60 

2579.05 

3n 

100  n 

2664.23 

10  n 

100  ii 

2458.68 

40 

2579.62 

80 

2665.60 

80  d 

40  n 

2460.55 
2465.26 

50 
60 

2580.16 

OCO/4  f\0 

150 
80  w 

200 

2668.07 

80 

z584.l)o 

2668.62 

1 

100 

2470.90 

60 

40 

2584.60 

40 

2675.90 

150 

203 

2472.13 

80 

2593.08 

150 

1 

2680.06 

30 

50 

2474.62 

150 

1 

2593.66 

80  d 

100 

2680.66 

30 

40 

2478.22 

60 

2595.26 

50 

2 

2681.87 

50 

2482.58 

50 

50 

2595.59 

40  d 

50  n 

2684.28 

150 

'2 

2488.40 

60 

2596.45 

80 

150 

2691.31 

150 

2488.70 

200 

150 

2598.21 

2s 

50 

2692.39 

100 

1 

2504.45 

200 

1 

2599.40 

100 

30 

2694.76 

50 

2507.45 

150 

1 

2600.14 

80 

2696.81 

125 

1 

2511.69 

2d 

100  d 

2601.05 

50 

5  wn 

2698.30 

15 

3 

2512.04 

5 

800 

2602.38 

40 

2702.80 

40  d 

30  wn 

2512.65 

100 

2603.57 

5 

300 

2703.06 

60 

2519.78 

50 

2607.84 

20  n 

150 

2704.31 

50 

2526.02 

100 

80 

2608.63 

125 

4 

2706.69 

50 

1 

2526.35 

100 

2608.99 

80 

1 

2709.27 

40 

150 

2526.45 

150 

2611.34 

100 

2710.13 

200 

3 

2526.66 

50 

2612.61 

50 

40 

2714.67 

200 

8 

2532.12 

80 

100 

2614.17 

200  wn 

2717.18 

100 

2535.60 

50  n 

2615.25 

40 

2718.38 

80 

2536.23 

100  W 

2615.46 

50 

1 

2720.76 

150 

i 
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H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tantalum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2721.83 

50 

2844.25 

400  r 

50 

2957.60 

100 

30 

2725.42 

20  w 

100 

2844.46 

200 

2001 

2963.06 

40 

10 

2727.43 

50 

150 

2844.76 

150 

30 

2963.32 

300 

100 

2727.78 

200 

40 

2845.35 

150 

10 

2963.91 

50 

10 

2732.06 

40 

3 

2846.75 

150  ns 

10  n 

2965.13 

40 

800 

2732.92 

100  W 

5 

2848.06 

150 

15 

2965.54 

150 

50 

2736.25 

300  s 

8s 

2848.52 

300 

50 

2965.92 

30 

80 

2739.26 

2 

80 

2849.82 

15  Ws 

5CW 

2969.47 

150 

80 

2740.21 

100 

10  n 

2850.49 

200 

100 

2969.90 

50  n 

10  n 

2746.68 

100 

5 

2850.98 

400 

150 

2975.56 

200 

50 

2747.25 

50 

5 

2852.35 

5 

1001 

2976.10 

401 

5  n 

2748.78 

400 

50 

2857.28 

60 

5 

2976.26 

2wn 

150 

2749.83 

200 

50 

2858.43 

100 

300 

2976.76 

3n 

40 

2752.29 

150 

8 

2862.02 

40 

10 

2978.18 

1501 

2752.49 

300 

300 

2864.50 

125 

30 

2978.75 

200  r 

30 

2758.31 

200 

40 

2867.41 

5n 

150 

2986.81 

20  d 

100 

2761.55 

80 

2868.65 

150 

40 

2988.58 

40 

20 

2761.68 

200 

150 

2871.42 

200 

50 

2989.05 

40  W 

5  n 

2762.05 

1 

401 

2873.36 

200  W 

40  n 

2989.50 

200 

15 

2763.37 

25  d 

60  d 

2873.56 

150 

501 

2991.25 

50 

10 

2766.12 

40  n 

20 

2874.17 

150 

15 

3010.84 

5 

70 

2770.78 

50  wn 

1 

2876.11 

50  r 

5 

3011.12 

100  w 

25 

2771.83 

3n 

100 

2877.69 

15 

80  n 

3011.88' 

100  w 

15 

2774.88 

100 

3 

2878.95 

40  r 

3 

3012.54 

125 

1001 

2775.11 

100  W 

80 

2879.52 

50  s 

10  n 

3025.16 

70 

15 

2775.35 

80 

15 

2879.74 

150 

10 

3027.51 

125 

35  w 

2775.88 

200 

30 

2880.02 

150 

50 

3028.78 

50 

7 

2779.10 

150  w 

5n 

2882.33 

3 

80 

3037.50 

8n 

100 

2781.37 

50 

4 

2889.38 

40 

5 

3040.98 

50 

7w 

2784.97 

50 

100 

2891.04 

150  W 

30  n 

3042.06 

5 

100 

2787.69 

400  r 

40 

2891.84 

500  W 

100 

3045.96 

150 

50  w 

2788.30 

150 

3 

2892.00 

80  n 

10 

3048.86 

100 

15 

2790.71 

150 

10 

2895.10 

125 

15 

3049.56 

150 

30 

2791.37 

25 

150 

2896.44 

2n 

50 

3052.53 

701 

2791.67 

100 

10 

2899.04 

200 

15 

3056.61 

1  wn 

701 

2796.34 

400 

80 

2900.36 

200 

40 

3057.12 

25  w 

125 

2796.56 

150 

2900.75 

3n 

1001 

3058.64 

50 

3 

2797.76 

100  d 

100  d 

2901.05 

100 

3 

3060.29 

125 

35  W 

2798.40 

150 

2902.05 

1000  w 

200 

3063.56 

70 

15 

2800.57 

150  W 

40  n 

2904.07 

300  w 

40 

3069.24 

15C 

70 

2802.07 

300 

80 

2905.24 

80 

100 

3077.24 

150  w 

50  w 

2806.30 

300 

50 

2905.74 

40 

3 

3078.23 

50 

5 

2806.58 

200 

50 

2908.91 

150 

10 

3079.95 

50  w 

5  n 

2810.92 

200  W 

40  W 

2914.12 

200 

30 

3081.85 

50 

5 

2811.72 

1 

150 

2915.34 

150  w 

50 

3085.53 

70 

18 

2814.31 

50  r 

50 

2915.49 

150 

40 

3087.76 

5  wn 

70 

2814.80 

125 

5 

2918.96 

2 

50 

•  3092.44 

50 

15 

2815.01 

150 

15 

2925.19 

100 

5 

3093.87 

50 

15 

2815.12 

100 

4 

2925.26 

100  w 

40  ws 

3095.39 

70  w 

18  w 

2817.10 

80  d 

100 

2925.66 

100 

4 

3101.03 

100  W 

2817.50 

801 

10 

2926.46 

100 

10 

3103.25 

70 

15 

2819.37 

100 

5 

2932.69 

400 

80  w 

3110.81 

70  w 

2824.81 

60  W 

5n 

2933.55 

400 

150 

3112.92 

1 

501 

2826.18 

60 

5 

2934.85 

40 

4 

3113.90 

50 

35  w 

2827.18 

200 

10 

2938.43 

50 

3 

3115.86 

50 

18  w 

2827.55 

3d 

100  d 

2939.28 

200 

40  n 

3117.44 

70 

10 

2828.58 

75 

100 

2940.06 

1001 

40  w 

3124.97 

50 

20 

2833.64 

300  w 

40  w 

2940.21 

150 

50 

3127.76 

18  w 

100 

2836.62 

80  r 

2 

2942.14 

150 

40 

3129.55 

50 

7 

2838.24 

2 

150 

2946.91 

150 

10 

3129.95 

50 

8 

2840.39 

2 

50 

2951.92 

400  wl 

200 

3130.58 

100  w 

35 

2842.81 

200 

50 

2952.99 

30  n 

100  n 

3132.64 

250  w 

25 

2843.51 

3 

80 

2956.84 

In 

1001 

3135.89 

35 

100 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tantalum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Are 

Spark 

Wave 
length 

Arc 

Spark 

3137.44 

3 

50 

3317.93 

200 

25  W 

4067.23 

40 

10  n 

3141.38 

1  n 

501 

3318.53 

70 

3 

4067.91 

100 

40 

3142.95 

10 

50 

3318.84 

125 

35 

4085.80 

5 

80  W 

3147.37 

70 

50 

3325.74 

50 

3 

4123.17 

50  r 

4  w 

3148.03 

50 

7 

3331.01 

18 

200  w 

4129.38 

200 

40 

3150.85 

50  w 

35  w 

3332.41 

50 

3 

4136.20 

80 

30 

3157.95 

3r 

50 

3337.80 

100 

18  s 

4147.89 

40 

30 

3162.72 

70 

7 

3339.91 

15 

70 

4175.21 

100 

40  n 

3163.13 

70  r 

35 

3358.53 

70 

25  W 

4176.99 

15 

40 

3163.82 

40 

5 

3361.64 

125  W 

50  W 

4181.15 

40 

25 

3168.18 

70 

3366.66 

50 

15  w 

4205  88 

100 

30 

3170.29 

250  w 

35 

3371.54 

70 

20 

4206.40 

50 

20 

3172.87 

50 

25  n 

3376.49 

15  n 

70 

4268.25 

50 

15  n 

3173.59 

70 

10 

3379.51 

18  r 

50  r 

4271.51 

40 

5  wn 

3176.29 

70 

18 

3406.66 

70  w 

18  s 

4286.38 

80 

20  n 

3180.95 

100 

35 

3406.93 

70 

15 

4302.98 

125  W 

40  W 

3182.57 

70  r 

18 

3414.14 

18  W 

100  W 

4355.14 

80 

10  n 

3184.55 

70 

18 

3419.75 

50  w 

5n 

4360.83 

40  s 

5 

3191.16 

50 

5 

3430.94 

50 

70 

4378.82 

40 

2 

3192.25 

70 

18  w 

3436.00 

70  w 

18  w 

4386.07 

50 

15 

3194.84 

In 

40 

3437.37 

7 

300  wn 

4398.45 

40 

10 

3198.67 

125 

18 

3439.00 

70  W 

4402.50 

100 

20  n 

3198.94 

701 

3440.24 

18 

50 

4415.74 

40 

10 

3199.22 

701  . 

3446.91 

2W 

150  W 

4441.03 

60 

2n 

3201.98 

40 

7 

3463.77 

50 

4441.68 

1001 

2n 

3206.39 

•  70 

15 

3480.52 

70 

200  ws 

4480.93 

200  w 

10  n 

3207.85 

70 

15 

3497.85 

70 

5 

4494.97 

50 

2 

3216.92 

100  w 

18  w 

3503.87 

70 

10  n 

4496.50 

100 

2 

3221.31 

70 

15  s 

3504.98 

70 

2 

4509.29 

60 

2 

3223.83 

200  W 

50  W 

3511.04 

100 

35  w 

4510.98 

200  W 

50  W 

3227.32 

701 

10 

3527.06 

50 

2n 

4511.50 

300 

40  W 

3229.24 

300  w 

70  w 

3565.63 

501 

4521.09 

200 

10  n 

3229.88 

35  n 

50 

3566.72 

50 

51 

4527.49 

150 

5 

3230.85 

200 

18  w 

3573.44 

15 

70  w 

4530.85 

300 

50 

3234.69 

70 

10 

3584.21 

50 

7n 

4547.15 

150 

2 

3237.85 

70 

7n 

3595.64 

70 

5 

4551.95 

400 

8 

3239.99 

2C0 

18  w 

3607.41 

70 

35 

4553.69 

2001 

2 

3242.05 

125 

15 

3625.24 

70  r 

2n 

4556.35 

200 

5 

3242.83 

125 

10 

3626.62 

125 

18 

4565.85 

200 

15 

3245.28 

70 

2 

3642.06 

125 

18 

4566.86 

100 

2n 

3246.90 

35  n 

3731.02 

50 

3 

4573.29 

200 

2n 

3248.52 

100 

3n 

3763.44 

12 

60 

4574.31 

300 

20 

3250.36 

70 

3 

3784.25 

150 

50  w 

4580.69 

200  W 

10 

3256.77 

100 

1 

3792.01 

50 

10 

4583.17 

150 

10 

3259.87 

50 

3 

3796.21 

50 

4601.42 

60 

100  wn 

3260.18 

125 

18  w 

3833.74 

40 

200 

4602.19 

100 

2 

3263.76 

70 

2  " 

3889.46 

40  W 

4604.85 

200  W 

3269.14 

70  r 

71 

3894.67 

40  n 

4619.51 

300 

10 

3271.19 

70  wn 

18  w 

3922.42 

5 

50 

4622.96 

50 

1 

3273.13 

70 

3n 

3922.78 

100 

15 

4633.06 

150 

3n 

3274.95 

200 

35  W 

3922.91 

100 

10  n 

4661.12 

300 

5n 

3275.68 

70 

35 

3970.10 

100 

40 

4669.14 

300 

15 

3275.94 

50 

In 

3973.18 

1 

400  W 

4678.02 

40 

2 

3279.29 

50  r 

3 

3979.28 

50  n 

3n 

4681.87 

200 

50 

3287.26 

50 

3981.01 

2 

40 

4684.87 

100 

2 

3292.48 

70 

3 

3996.17 

100 

30  n 

4685.27 

80 

2 

3293.93 

70 

10 

4026.94 

40 

30 

4688.84 

40 

3295.33 

125  W 

20  w 

4029.94 

50 

5 

4691.90 

400 

5n 

3299.77 

70 

10 

4033.07 

100 

10 

4693.35 

150 

3 

3302.76 

50 

1  n 

4040.87 

50 

5n 

4701.32 

150 

2n 

3304.37 

70 

15 

4041.06 

40 

4n 

4706.09 

200 

2 

3309.78 

70 

5 

4061.40 

50 

30 

4722.88 

200 

3311.16 

300  w 

70  w 

4064.63 

40 

5 

4730.12 

100 

5 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tantalum  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4740.16 

100  r 

100 

5518.91 

100  W 

6428.60 

40 

4756.51 

150 

10 

5548.32 

60 

6430.79 

150 

4780.93 

50 

2001 

5584.02 

60 

6444.61 

40 

4812.75 

150 

5 

5598.75 

60 

6450.36 

200 

4819.53 

100 

5620.68 

80  w 

6455.83 

40 

4825.43 

150 

5645.91 

80 

6485.37 

500 

4832.18 

100 

5664.90 

60 

6502.43 

40 

4846.45 

100 

2 

5688.25 

100  w 

6505.52 

100 

4852.17 

80 

2 

5699.24 

80  w 

6514.39 

200 

4871.70 

50  w 

1 

5704.31 

40 

6516.10 

200 

4883.95 

150 

3 

5706.28 

50 

6561.60 

40 

4904.59 

80  W 

2 

5746.71 

601 

6574.84 

200 

4907.73 

50 

1 

5755.81 

40 

6611.95 

300 

4914.95 

50 

1 

5766.56 

80  w 

6621.30 

200 

4920.11 

150  W 

3 

5767.91 

100  w 

6673.73 

200 

4921.27 

50 

2 

5776.77 

80 

6675.53 

400 

4923.47 

60  W 

1 

5780.02 

60 

6684.00 

40 

4926.00 

60 

2 

5780.71 

80 

6740.73 

80 

4936.42 

100  s 

5811.10 

100 

6771.74 

100 

4937.63 

40 

2 

5816.51 

40  w 

6774.25 

100  w 

4968.53 

60  W 

1 

5849.68 

80  w 

6788.99 

50 

4969.69 

401 

1 

5849.95 

60  w 

6810.46 

40 

4976.20 

40 

1 

5865.87 

40  w 

6813.25 

200 

5012.52 

60 

5866.61 

60 

6866.23 

200 

5037.37 

60 

5877.35 

100 

6875.27 

200 

5043.32 

60 

5882.29 

80 

6900.55 

80 

5067.87 

60 

5901.91 

80 

6902.10 

150 

5076.37 

50 

5918.95 

80s 

6927.38 

150 

5087.37 

60 

5931.05 

40  s 

6928.54 

150 

5090.71. 

60 

5931.68 

40 

6951.26 

100 

5115.84 

80 

5939.76 

801 

6953.88 

50 

5136.47 

60 

i 

10 

5944.02 

80 

6966.13 

150 

5141.62 

40 

5997.23 

200  W 

6995.39 

200 

5156.56 

80  W 

6009.89 

40 

7005.07 

50 

5161.81 

80  w 

6015.89 

40 

7006.96 

100 

5163.65 

40 

6020.72 

300  r 

7025.03 

80 

5212.74 

60 

6045.39 

2001 

7039.07 

40 

5218.45 

401 

6047.25 

1501 

7081.30 

50 

5218.66 

40 

6053.64 

1501 

7125.72 

80 

5230.80 

60  w 

6090.82 

50  w 

7148.63 

150 

5244.77 

40  w 

6101.57 

150 

7172.90 

150 

5279.82 

60  w 

6140.07 

401 

7250.27 

80 

5295.01 

40 

6144.56 

50 

7296.32 

40 

5328.38 

40 

6152.54 

60 

7301.74 

200 

5336.13 

40 

6154.50 

200 

7346.41 

100 

5341.05 

150  w 

{ 

30 

6158.84 

80  w 

7352.86 

150 

5342.25 

80 

6189.66 

50 

7356.96 

100 

5349.09 

80 

6249.79 

100 

7369.09 

100 

5354.68 

80  r 

6256.68 

300 

7407.89 

150 

5388.51 

40  W 

6266.37 

50  W 

7440.17 

40 

5389.30 

100  W 

6268.70 

200 

7467.75 

40 

5395.99 

80  w 

6281.33 

50 

7485.90 

300 

5402.51 

80 

; 

JO 

6309.58 

100 

7814.03 

50 

5404.95 

80 

6325.08 

100 

7842.76 

50 

5419.13 

80  r 

6332.91 

50 

7882.37 

150 

5431.66 

60  w 

6341.17 

50 

7950.19 

50 

5435.27 

80 

6346.02 

40 

8026.50 

50 

5461.29 

80 

6356.14 

100 

8248.95 

50 

5475.54 

40 

6360.84 

100 

8264.85 

40 

5490.11 

60 

6373.05 

50 

8281.62 

50 

5494.78 

50 

6389.45 

100 

8447.62 

70 

5499.44 

60s 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tellurium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2001.59 

600 

4048.89 

(70) 

4885.22 

(100) 

2039.79 

300 

4073.57 

(300) 

4893.58 

(70) 

2070.9 

150 

4169.77 

• 

(100) 

4894.94 

(150) 

12081.03 

400 

4179.24 

(70) 

4904.43 

(100) 

2107.20 

100 

4220.42 

(100) 

5449.82 

(75) 

2107.63 

100 

4251.15 

(70) 

5576.40 

(100) 

I  2142.75 

600 

4261.08 

(300) 

5649.30 

(250) 

12147.19 

(150; 

4273.40 

(70) 

5708.07 

(250) 

12159.79 

100 

4285.84 

(70) 

5741.66 

(70) 

2166.88 

100 

4293.35 

(70) 

5755.87 

(250) 

I  2208.83 

200 

(2) 

4294.25 

(70) 

5765.25 

(70) 

I  2383.25 

500 

300 

4364.02 

(400) 

5851.09 

(75) 

I  2385.76 

600 

(300) 

4377.10 

(70) 

5936.21 

(75) 

2403.00 

.. 

(100) 

4396.00 

(100) 

5974.70 

(250) 

2426.39 

(100) 

4398.45 

(70) 

5985.64 

(75) 

2469.62 

(300) 

4401.89 

(100) 

5993.12 

(75) 

2499.75 

(300) 

4421.14 

(70) 

5993.94 

(75) 

2537.80 

(300) 

4434.96 

(70) 

6014.49 

(100) 

2564.58 

(150) 

4478.73 

(800) 

6047.44 

(100) 

2635.55 

(350) 

4494.47 

(100) 

6136.81 

(70) 

2793.24 

(300) 

4545.97 

(70) 

6153.89 

(70) 

2858.29 

*2 

(100) 

4557.84 

(300) 

6166.84 

(100) 

2868.86 

(100) 

4569.71 

(70) 

6202.29 

(70) 

2895.49 

(300  n) 

4602.37 

(800) 

6230.80 

(300) 

2942.16 

(100  n) 

4641.19 

(70) 

6245.61 

(150) 

2949.52 

(100) 

4654.38 

(800) 

6266.21 

(70) 

2967.21 

(300) 

4664.34 

(800) 

6293.61 

(100) 

2975.91 

(100) 

4665.33 

(70) 

6367.10 

(70) 

3017.51 

(350) 

4686.95 

(300; 

6412.15 

(70) 

3023.29 

(100) 

4708.53 

(70) 

6422.96 

(70) 

3047.00 

(350) 

4711.16 

(70) 

6437.06 

(1000) 

3073.53 

(100) 

4731.27 

(70) 

6487.09 

(70) 

3218.44 

(100) 

4766.03 

(150) 

6537.01 

(100) 

3251.37 

(150) 

4784.85 

(70) 

6648.52 

(100) 

3306.99 

(150) 

4796.10 

(70) 

6676.01 

(70) 

3329.25 

(100) 

4831.29 

(800) 

I  6843.94 

(70) 

3585.34 

(350) 

4864.10 

(800) 

6930.51 

(70) 

4006.50 

(100) 

4866.22 

(800) 

7038.95 

(70) 

Terbium 


2540.  ir 

3 

50 

3372.72 

50 

3561. 7-! 

200 

200 

2571.78 

40 

3413.76 

50 

30 

3568.51 

50 

50 

2619.61 

40 

3420.34 

50 

15 

3579.20 

50 

50 

2658.91 

500 

3446.40 

50 

3585.03 

15 

50 

2800.51 

10 

40 

3454.06 

80 

30 

3596.38 

50 

15 

2885.1! 

70 

3457.03 

50 

8 

3600.44 

8 

50 

2891.41 

3 

500 

3468.03 

50 

15 

3611.33 
3615.66 

50 

8 

2956.21 

10 

40 

3472.79 

50 

15 

50 

15 

3078.86 

30 

80 

3500.27 

50 

3625.54 

50 

15 

3147.04 

50 

3 

3500.84 

70 

15 

3628.20 

100 

15 

3218.93 

50 

50 

3507.45 

50 

8 

3638.46 

80 

50 

3219.95 

50 

50 

3509.17 

200 

200 

3641.66 

70 

30 

3252.34 

50 

30 

3510.10 

50 

8 

3645.3° 

50 

15 

3274.24 

70 

3519.76 

50 

15 

3647.75 

50 

3281.40 

50 

15 

3523.66 

30 

50 

3650.40 

50 

100 

3293.07 

50 

100 

3525.61 

50 

8 

3654.88 

70 

3a 

3294.04 

50 

3 

3531.70 

15 

50 

3658.88 

100 

100 

3324.40 

70 

50 

3540.24 

50 

50 

3663.12 

50 

15 

3339.00 

50 

8 

3543.86 

50 

15 

3664.64 

50 

8 

3349.42 

30 

50 

3546.52 

50 

8 

3676.35 

100 

200 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Terbium  (Continued) 


Arc 


Spark 


70 

50 

50 

50 

50 

70 
200 

50 

70 

75 
100 

50 

50 

40 
100 
200 
200 

50 

40 

50 
150 

50 
200 
150 

60  d 
100  w 
150 

80 


30 
50 

8 

200 

100 

30 

100 

100 

8 

100 

50 

50 

200 

200 

100 

8 

15 

8 

200 

8 

200 

30 

15 

15 

200 

200 


Wave 
length 


4002.18 
4002.58 
4005.55 
4019.12 
4024.0/ 
4031.64 
4033.04 
4052.86 
4061.5/ 
4066.21 
4100.90 
4144.45 
4178.97 
4200.99 
4226.44 
4276.75 
4278.51 
4318.85 
4325.83 
4326.48 
4332.13 
4336.50 
4338.45 
4340.63 
4342.50 
4353.19 
4356.84 
4409.51 


Arc 

Spark 

40  w 

2 

50 

5 

100  d 

125 

40 

5 

40  W 

1 

50 

3 

125 

5 

40  w 

2 

40 

2 

40 

3 

50  d 

2 

80 

10 

50  d 

2n 

40 

4 

50 

50  w 

2n 

200 

100 

150 

30 

100 

i 

150 

4 

40 

2 

40 

100 

3 

40 

2 

50  w 

50 

■  • 

60 

40  w 

I 

Wave 
length 


4493 
4511 
4563 
4578 
4641 
4645 
4658 
4702 
4752 
5065 
5089 
5228 
5262 
5319 
5354 
5369 
5375 
5470 
5514 
5516 
5524 
5685, 
5747. 
5785, 
5803 
5851 
5967 


Arc 


100 

40 

50 

70 

40 

60  W 

40 

80 
100 

40 

40 

40 

40 

40 

40 

40 

40 

40 

50 

50 

40 

40 

60 

40 

40 

40 

40 


Spark 


so 


Thallium 


2066.8 

30 

I  2608.99 

80  r 

10 

113381.00 

(20) 

12168.61 

30  r 

I  2609.77 

30  r 

II  3460.48 

(20  (I) 

I  2207.00 

30  r 

o 

II  2675.76 

(30) 

13519.24 

2000  r 

1000  r 

I  2237.85 

60  r 

3 

II  2676.03 

(30) 

I  3529.43 

1000 

800 

II  2292.97 

(20) 

II  2705.55 

(20) 

II  3540.05 

(20) 

II  2297.88 

35 

1 2709.23 

400  r 

200  r 

3558.52 

15 

7 

II  2298.08 

40 

12710.67 

30  r 

10 

II  3560.77 

(25) 

112298.16 

20 

I  2767.87 

400  r 

300  r 

113793.95 

(25) 

2298.95 

30 

150 

II  2780.25 

(20) 

113869.19 

(18) 

12315.98 

60  r 

112801.81 

(25) 

4223.05- 

(25) 

1 2379.69 

100  r 

200  r 

12826.16 

200  r 

100  r 

II  4274.98 

(100) 

2380.34 

20 

60 

112833.31 

(25) 

II  4306.80 

(40) 

II  2451.94 

30 

112849.80 

(200) 

II  4340.53 

(20) 

2452.70 

100 

12895.41 

30  s 

15  s 

II  4490.77 

(25) 

II  2468.95 

15 

12918.32 

400  r 

200  r 

II  4737.05 

(40) 

II  2469.07 

20 

12921.52 

200  r 

100  r 

114981.35 

(15) 

2469.76 

30 

I  2945.04 

501 

251 

II  5078.54 

10 

30  w 

II  2477.40 

(20) 

II  2948.73 

(30) 

I  5109.47 

15 

2502.3 

20 

II  3029.01 

(15) 

115152.14 

50  w 

II  2507.39 

(20) 

113091.61 

25 

I  5350.46 

5000  r 

2000  r 

II  2507.70 

(30) 

113091.66 

50 

I  5488.79 

15 

I  2517.41 

30  r 

113187.74 

(50) 

I  5527.90 

30 

II  2530.67 

(100) 

I  3229.75 

2000 

800 

I  5583.98 

15 

II  2530.82 

(60) 

113261.60 

70 

300  r 

II  5949.04 

20 

15  W!l 

II  2530.88 

(80) 

113291.01 

(40) 

II  5949.57 

35 

2531.6 

100 

113319.91 

(35) 

116111.50 

(20) 

I  2552.53 

80  r 

1 

113321.17 

(25) 

II  6154.03 

(20) 

I  2580.14 

100  r 

80  r 

113322.30 

(25) 

II  6167.38 

(20) 

I  2585.59 

30  r 

2 

113369.15 

(40) 

II  6179.98 

(100> 

2221 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Thallium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

WTave 
length 

Arc 

Spark 

II  6239.46 
I  6549.77 

II  6552.63 
16713.69 

II  6950.5 

300 
200 
100 

15 

50  nl 
(10) 
40 
30 

II  6966.43 
II  7073.9 
II  8445.8 
II  8632.9 
II  8664.1 

40 
(20) 
(15) 
(15) 
(30) 

II 9130. 
19136.1 
I  9170.7 
19512.4 

20 
20 
30 

(60) 

Thorium 


2301.22 

30 

2982.05 

150 

5 

3245.76 

12 

15 

2324.70 

15 

2985.25 

15 

12 

3256.27 

10 

15 

2363.09 

15 

2988.23 

15 

20 

3262.67 

12 

15 

2391.52 

15  wn 

2991.06 

15 

10 

3273.88 

10 

15 

2413.49 

5 

20 

2993.80 

12 

15 

3287.74 

12 

15 

2427.99 

3 

25 

3000.92 

30  d 

10 

3290.59 

40  n 

2431.74 

2 

30 

3002.39 

15 

12 

3300.49 

30  n 

2463.69 

25 

3006.93 

12 

15 

3304.24 

15 

3 

2473.98 

15 

3008.49 

15 

12 

3310.25 

8 

15 

2475.33 

15 

!    3009  72 

15 

10 

3313.65 

4 

50  n 

2501.12 

20  n 

3015.72 

15 

10 

3325.13 

10 

15 

2512.74 

15  d 

3025.43 

20  d 

5 

3334.60 

10 

15 

2545.10 

20 

i    3026.58 

15 

15 

3337.87 

12 

15 

2545.34 

15 

4 

3034.07 

15 

15 

3339.56 

20  n 

2547.90 

15 

10 

3035.11 

15 

15 

3377.43 

20  n 

2549.51 

15 

;   3045.57 

12 

15 

3392.04 

10 

15 

2554.73 

15d 

3046.95 

12 

20 

3402.70 

10 

15 

2555.20 

15 

3049.09 

20 

20 

3469.93 

12 

15 

2564.36 

20  wo 

3060.18 

12 

15 

3479.18 

15 

10 

2565.60 

10 

15 

3061.70 

12 

15 

3493.53 

30 

15 

2566.59 

15  s 

10  n 

3063.03 

25  d 

25  d 

3538.75 

50 

2567.83 

20 

3067.73 

12 

20 

3635.37 

15 

10 

2571.61 

25 

3078.83 

10 

25  n 

3700.77 

15 

10 

2576.69 

15 

5 

3080.22 

12 

15 

3702.87 

10 

20 

2589.06 

20 

10 

3083.35 

12 

15  n 

3706.77 

15 

10 

2597.05 

20 

5 

3088.47 

20 

20 

3711.31 

30 

20 

2600.63 

15 

3090.10 

15 

10 

3712.54 

15 

8 

2600.88 

15 

4 

i   3097.96 

1 

50  n 

3717.83 

20 

10 

2641.49 

15 

10 

3102.66 

15 

12 

3718.17 

15 

10 

2658.67 

15 

10 

3105.75   15 

20 

3718.66 

20  n 

8 

2680.96 

25 

3107.03)  15 

15 

3719.44 

30 

10 

2684.29 

15 

15 

3108.30)  15 

20 

3720.31 

15 

10 

2686.16 

40  d 

3110.02!  15 

15 

3721.83 

40 

30 

2692.42 

20 

20 

3111.83 

20  d 

8d 

3722.19 

35 

25 

2703.96 

15 

15 

3112.35 

20  n 

3724.74 

30 

20 

2708.18 

10 

20 

3119.48 

15 

15 

3726.73 

30 

20 

2752.17 

15 

12 

3122.96 

20 

20 

3727.90 

15 

5 

2768.85 

15 

15 

3124.39 

12 

15 

3730.38 

15 

3 

2824.68 

25  d 

3139.31 

10 

15 

3738.85 

20 

20 

2832.32 

18 

25 

3146.041  12 

15 

3739.79 

20 

5 

2837.30 

15 

10 

3148.04 

3 

40  n 

3740.85 

40 

20 

2870.41 

18 

20 

3150.46 

12 

15 

3741.19 

80 

80 

2885.04 

12 

15 

3154.73 

15 

15 

3742.25 

20 

10 

2887.82 

18 

18 

3175.73 

12 

15 

3742.92 

20 

8 

2896.71 

20  Wd 

3180.20 

15 

15 

3744.74 

15 

10 

2898.93 

25  wn 

3208.02 

18 

10 

3745.98 

15 

20 

2899.72 

15 

12 

3216.62 

3 

20  n 

3747.55 

30 

30 

2917.39 

25  d 

6 

3221.29 

15 

40  n 

3750.15 

20 

5 

2925.05 

10  s 

15  n 

3225.36 

12 

15 

3752.57 

40 

50 

2932.52 

25  wn 

3228.97 

12 

15 

3754.04 

20  w 

5  w 

2976.02 

i5 

10 

3230.87 

15 

12 

3754.60 

20 

10 

2978.64 

1 

100  n 

3232.12 

3 

25  n 

3756.32 

50  r 

20  r 

2980.34 

15 

10 

3238.12 

12 

15 

3759.31 

20 

10 

2222 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Thorium  (Continued) 


Wave 
length 


3670.28 

3761.10 

3762.88 

3763.33 

3765.25 

3767.90 

3771.38 

3773.76 

3775.32 

3775.94 

3777.12 

3777.91 

3778.78 

3779.81 

3780.51 

3780.85 

3780.97 

3781.69 

3783.02 

3783.30 

3783.82 

3785.65 

3786.88 

3787.19 

3789.12 

3793.49 

3793.79 

3795.39 

3795.75 

3803.08 

3805.82 

3811.38 

3813.06 

3814.59 

3817.37 

3817.73 

3820.81 

3821.43 

3823.08 

3824.35 

3824.76 

3829.41 

3833.04 

3834.61 

3836.50 

3839.70 

3841.96 

3845.02 

3854.55 

3863.39 

3872.73 

3884.83 

3900.89 

3903.09 


Arc 


20 

15 

20 

15 

20 

20 

30  w 

20 

20 

20 

40 

15 

15 

20 

20 

20 

15 

20 

20 

20 

15 

15 

15 

40  w 

20 

20  w 

20 

20 

20  w 

15 

20 

20 

15 

15 

20 

15 

20 

15 

20  w 

20  w 

20  d 

40  w 

20  w 

15  w 

50  w 

15 

20 

2Cw 

20 

20 

30 

20 

30 

15 


Spark 


5 

8 

20 
8 

10 

15 

20  w 

20 

5 

10 

20 

10 

10 

10 

10 

5 

3 

10 
20 
15 

5 
15 
15 

20  w 
20 

8 

8 

10 

10  w 
15 
15 
10 
20 
15 
10 
15 
20 
15 

10  w 
20  w 
10 

20  w 
10  w 
10  w 
50  w 
15 
20 
10  w 
20 
20 
20 
15 
30 
5 


Wave 
length 


3904.09 

3905.19 

3912.28 

3913.01 

3915.21 

3916.73 

3927.18 

3927.42 

3929.67 

3932.23 

3937.04 

3937.93 

3938.73 

3945.51 

3946.15 

3948.97 

3950.39 

3951.52 

3960.34 

3972.16 

3976.42 

3981.11 

3988.01 

3994.55 

3996.07 

4003.32 

4005.55 

4007.03 

4011.75 

4012.50 

4022.09 

4025.61 

4036.57 

4041.21 

4050.89 

4069.21 

4085.04 

4094.75 

4100.83 

4108.43 

4116.72 

4140.24 

4165.47 

4208.89 

4247.99 

4273.36 

4277.32 

4281.07 

4281.42 

4282.04 

4309.99 

4327.14 

4374.79 


Arc 


20 

30 

15 

15 

15  n 

15 

15 

15 

30 

15 

15 

15 

15  w 

20 

20 
30 
30 
20 

10 

15 

15 

20 

50 

30 

15 

15 

20  w 

20 

15 

15 

20 

20 

15 

20 

15  n 

40 

15 

15 

18 

15 

12 

15  s 

20  w 

15 

15 

20 

20 

20 

15 

30 

15 

15 

15 


Spark 


20 

30 

15 

15 
In 

10 

10 

10 

20 

10 

10 

10 

10  w 

15 
20 
30 
30 
20 
15 

8 
20 
20 
30 
10 
10 
15 

30  w 
20 
15 
15 
15 
20 
15 
10 

5 
30 
15 
15 
18 
15 
15 
15  s 
10  w 
15 
12 
15 
12 
10 
10 
25 
12 
7 
10 


Wave 
lenglh 


4381.86 

4391.11 

4416.24 

4432.97 

4439.13 

4440.58 

4440.87 

4465.34 

4480.82 

4487.50 

4488.68 

4510.53 

4537.07 

4593.64 

4631.76 

4651.56 

4694.09 

4740.52 

4752.41 

4863.18 

4872.93 

4882.46 

4919.81 

4921.61 

4987.14 

5017.25 

5028.61 

5049.81 

5198.83 

5247.65 

5277.50 

5325.14 

5390.46 

5415.43 

5425.68 

5435.90 

5539.90 

5548.16 

5707.09 

5720.18 

5815.43 

5989.03 

6112.82 

6120.55 

6261.06 

6274.11 

6279.17 

6342.86 

6457.28 

6462.65 

6531.35 

6989.66 

7168.89 


Arc 


30 

50 

15 

25 

20 

15 

20 

30  s 

25 

20 

25 

30 

20 

15 

30 
15 
20 
20 
20 
20 
5 
50 
20 
15 
50 

40  W 
30  w 
15 

20  d 
15  d 
15  d 
18 

2Cd 
15  d 
15 
18  d 
15  s 
20 
18  d 
18  d 
20 
15 
15 
15 
25 
20 
15 
15 
30  s 
15 
20 
15 


Spark 


30 

40 

8 
15 
15 

6 
10 
15 
10 
10 
12 
20 

8 
50  wn 
10 
15 
10 
15 
12 
10 

20  wn 
20 

4 

10 
10  wn 

5 

3 

3 
3 
5 
3 
3 
2 
4 


Thulium 


2338.36 

2 

50 

2480.13 

60 

20 

2552.49 

50 

2357.04 

3 

80 

2489.46 

2 

100 

2561.65 

60 

30 

2361.23 

1 

60 

2509.08 

80 

40 

2588.27 

40 

80 

2406.63 

2 

60 

2519.80 

1 

50 

2607.05 

50 

30 

2223 


H.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Thulium  (Continued) 


Wave 
length 


2624.34 
2679.57 
2721.19 
2744.09 
2785.08 
2794.60 
2797.27 
2827.02 
2827.92 
2869.22 
2890.93 
2918.27 
2925.65 
2926.75 
2935.99 
2951.26 
2959.65 
2965.87 
2981.49 
2986.52 
2990.54 
3015.29 
3026.07 
3042.35 
3050.73 
3054.05 
3056.06 
3073.08 
3073.50 
3073.85 
3087.02 
3093.12 
3096.97 
3098.59 
3099.61 
3131.26 
3133.89 
3144.89 
3151.03 
3157.34 
3168.19 
3172.82 
3173.58 
3210.57 
3212.01 
3235.45 
3236.80 
3240.23 
3241.53 
3249.84 
3258.04 
3261.66 


Arc 


80 

30 

60 

20 

60 

60 

60 

20 

50 
100 

60 

25 

20 

80 

80 

30 

20 

50 

60 

50 

80 
125 

60 

50 

50 

30 

40  d 

60 

25 

15 

30 

30 

15 

80 

10 
400 
200 

25 
200 
200 

25 
200 

50 

40 

50 

80 
100 
100 
150 

10 
125 

30 


Spark 


40 
50 

100 

50 

30 

20 

100 

50 

100 

300 

15 

50 

60 

60 

300 

150 

60 

100 

100 

150 

30 

100 

30 

150 

60 

100 

150 

60 

50 

60 

60 

50 

60 

50 

500 

200 

60 

200 

150 

60 

200 

100 

50 

40 

40 

80 

80 

125 

50 

60 

100 


Wave 
length 


3266.63 
3267.41 
3269.00 
3291.00 
3302.45 
3300.  SO 
3310.59 
331G.87 
3354.86 
3362.61 
3374.51 
3397.50 
3399.95 
3425.08 
3425.63 
3429.97 
3431.20 
3441.51 
3453.66 
3462.20 
3535.52 
3536.21 
3536.57 
3565.90 
3566.47 
3608.77 
3643.65 
3668.08 
3678.86 
3700.26 
3701.36 
3717.92 
3725.06 
3734.13 
3744.07 
3751.82 
3761.33 
3761.92 
3795.76 
3817.40 
3838.20 
3848.02 
3883.13 
3883.43 
3887.35 
3900.79 
3916.47 
3929.58 
3949.27 
3958.10 
3995.58 


Arc 


70 

50 

10 

125 

125 

80 

60 

60 

30 

250 

60 

100 

50 

200 

100 

100 

50 

150 

150 

250 

80 

40 

60 

40 

60 

100 

60 

80 

50 

150 

150 

100 

60 

150 

100 

50 

250 

200 

250 

60 

80 

400 

100 

150 

80 

80 

80 

70 

50 

200 

100 


Spark 


50 
40 
150 
80 
80 
60 
20 
20 
50 

200 
30 
50 
40 

300 
50 

100 
50 
80 
SO 

200 
25 
60 
20 
50 
20 
20 
40 
20 
40 
80 
80 
10 
15 
50 
10 
5 

150 

120 

150 
15 
60 

250 

10 

30 

8 

50 

8 

50 

5 

40 


Wave 
length 


3996.52 
4094.18 
4105.84 
4138.36 
4187.62 
4199.92 
4203.73 
4242.15 
4359.93 
4386.42 
4481.27 
4519.58 
4522.57 
4529.37 
4555.26 
4556.67 
4561.84 
4599.00 
4615.93 
4626.31 
4626.55 
4634.24 
4677.85 
4681.92 
4733.32 
4831.21 
4957.19 
5009.76 
5034.21 
5307.11 
5631.41 
5675.83 
5764.29 
5895.63 
6181.41 
6430.95 
6460.28 
6604.97 
6657.73 
6721.37 
6779.77 
6844.27 
6845.76 
7481.09 
7490.22 
7558.36 
7731.57 
7856.10 
7927.52 
7930.85 
8017.90 


Arc 


200 

300 

300 

80 

300 

100 

250 

500 

300 

200 

400 

50 

200 

80 

25 

35 

50 

80 

200 

50 

50 

80 

50 

50 

80 

50 

50 

50 

100 

100 

80 

100 

50 

80 

40 

15 

400 

300 

70 

60 

300 

250 

200 

100 

100 

200 

150 

60 

50 

100 

200 


Tin 


2039.5 

200 

2199.34 

30 

60  r 

2268.91 

100  r 

100  r 

2113.90 

25  r 

5r 

II  2209.66 

25  w 

60  r 

2286.68 

60 

40 

I  2148.74 

50  r 

20 

2231.72 

30 

60 

2317.23 

100  r 

100  r 

II  2152.22 

(100) 

II  2246.05 

100  r 

100  r 

2334.81 

100  r 

100  r 

2152.5 

30 

2251.15 

25 

50 

2354.84 

150  r 

150  r 

2194.49 

30  r 

60 

2265.98 

(40) 

2408.15 

30 

30 

2224 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tin  (Continued) 


Wave 
length 


2419.49 

2421.69 

2429.49 

2445.01 

II  2449.79 

II  2483.40 

II  2486.99 

2495.72 

2504.59 

2523.91 

2531.11 

2546.55 

2558.05 

2571.59 

2594.42 

2661.25 

2706.51 

2779.82 

2785.03 

2787.93 

2813.58 

I  2839.99 

2850.62 

I  2863.33 

2913.54 

112919.82 

1 3009,15 


Arc 

Spark 

(40) 

150  r 

200  r 

200  r 

250  r 

(50) 

25 

125 

125 

(30) 

100 

100 

(30) 

60 

60 

40 

15  W 

100 

100 

30 

6 

100 

125 

60 

80 

100 

80 

200  r 

150  r 

80 

100 

60 

60 

50 

50 

50 

50 

300  r 

300  r 

80 

100  wn 

300  r 

300  r 

100  wn 

125  wn 

(30) 

300  n 

200  n 

Wave 
length 


3032.77 

13034.12 

3141.81 

13175.02 

3218.68 

13262.33 

113283.21 

113283.51 

3330.59 

113351.97 

3352.43 

3399.04 

3655.78 

3800.99 

4511.30 

1 4524.74 

4585.64 

II  5561.95 

II  5588.92 

5631.68 

115799.18 

5925.48 

5970.30 

6037.70 

6054.90 

6068.94 


Arc 

Spark 

50 

20 

200  wn 

150  wn 

20 

30 

500  n 

400  nr 

18 

50 

400  n 

300  n 

(50) 

100  n 

100  n 

100  n 

(60) 

100  n 

25  Wn 

30 

25  n 

200  n 

150  n 

200 

500  wn 

50 

25  wn 

(40) 

2  n 

(50) 

50 

200 

2n 

(30) 

8 

25 

10 

30 

12 

50 

12 

30 

12 

25 

Wave 
length 


6149.67 

6154.60 

II  6453.58 

6462.36 

6563.24 

II  6844.20 

117191.40 

117741.80 

1  7754.96 
8030.5 
8039.3 

I  8100.3 

18114.10 
8121.0 
8349.35 

I  8357.04 
8422.72 

I  8552.60 
8681.7 

I  9018.9 
9410.86 

19415.37 
9616.40 
9741.4 
9805.38 
9850.52 


Arc 

15 

12 

6 

4 

100 

100  nl 

40  nl 

40  nl 

200 

30  nl 

30  n 

80 

300  nl 

500 

50  Wn 

30  Wn 

50  Wl 

80  nl 

150  n 

100  nd 

300  Wl  1 

5001 

Spark 


50 
25 

300  wnn 

300  wn 

50  W 

(50  nl) 

(40) 

(30) 


Titanium 


II  2154.70 

3 

60 

II  2780.56 

60  wn 

II  2926.75 

50  wn 

II  2450.44 

10 

100 

II  2786.00 

60  wn 

112931.26 

150  wn 

II  2478.65 

50 

112788.02 

70  nd 

112936.17 

100  wn 

II  2524.64 

15 

60 

II  2800.61 

150  wn 

II  2938.70 

100  wn 

II  2525.60 

35 

125 

1 2802.50 

100 

15 

1,112941.99 

100 

150 

II  2531.25 

30 

125 

112805.01 

200  wn 

112943.13 

60  wn 

112534.62 

25 

80 

II  2810.30 

6 

150 

II  2945.47 

100  wn 

II  2535.87 

20 

60 

II  2817.87 

10 

200 

1 2948.25 

100 

30 

I  2555.99 

15 

80 

112820.00 

70  wn 

II  2954.76 

150  wn 

112571.03 

20 

70 

112821.42 

70  wn 

12956.13 

125 

25 

1 2599.91 

70 

10 

II  2827.21 

80  wn 

II  2958.99 

150  wn 

I  2605.15 

100 

12 

112828.15 

'2 

200  n 

2977.80 

50  wn 

12611.28 

80 

15 

II  2828.9 

150  wn 

II  2979.20 

100  wn 

I  2632.42 

50 

7 

112832.16 

25 

100 

112990.16 

80  wn 

II  2635.63 

50  wn 

II  2836.64 

100  wn 

2995.75 

10  n 

70  wn 

II  2638.70 

100  wn 

112839.80 

100  wn 

113017.19 

15 

200 

12641.10 

150 

20 

112841.94 

40 

125 

II  3022.82 

150  wn 

II  2642.15 

150  wn 

II  2846.09 

70  wn 

113023.86 

100  wn 

I  2644.26 

100 

12 

112851.10 

20 

80 

II  3029.73 

12 

150 

112646.11 

200  wn 

II  2856.24 

100  wn 

113043.85 

3 

50 

I  2669.60 

60 

1, 

2857.81 

70  wn 

3045.08 

2 

50  wn 

I  2679.93 

100 

12 

2861.99 

100  wn 

II  3046.68 

10 

60 

2698.52 

200  n 

2870.04 

100  wn 

II  3056.74 

12 

70 

112716.25 

5 

70 

II  2877.44 

30 

100 

II  3058.09 

12 

70 

12733.26 

60 

15 

112884.11 

35 

125 

113071.24 

12 

70 

12739.81 

50 

3 

2888.63 

70  wn 

113072.11 

25 

125 

112746.71 

150  wn 

2890.61 

50  wn 

113072.97 

35 

200  r 

112751.70 

200  wn 

112891.07 

20 

50 

113075.22 

40 

300  r 

112752.88 

50  wn 

2906.68 

100  wn 

113078.64 

60 

500  r 

I  2758.07 

70 

4 

2913  33 

50  wn 

113088.02 

70 

500  r 

II  2764.82 

15 

70 

2916.10 

50  wn 

II  3089.40 

12 

ion 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Titanium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  3090.05 

100  wn 

113321.70 

15 

125 

I  3708.65 

50 

3 

113097.19 

20 

150 

II  3322.94 

80 

300  r 

13709.96 

80 

25 

113103.80 

20 

200 

113326.76 

15 

125 

13717.40 

80 

50 

113105.08 

12 

100 

113329.46 

80 

200  r 

113721.64 

60 

125 

113106.23 

25 

150 

113332.11 

40 

125 

13722.57 

100 

60 

3110.67 

10 

100 

113335.19 

60 

150 

13724.57 

100 

50 

113112.05 

7 

70 

113337.85 

12 

60 

13725.16 

150 

60 

113117.67 

15 

200 

II  3340.34 

80 

100 

13729.81 

500 

150 

113119.80 

4 

150 

1,113341.87 

100 

300  r 

13741.06 

150  r 

40 

113122.06 

2 

50 

II  3343.77 

60 

70 

113741.64 

30 

200 

1,113128.64 

12 

70  wn 

II  3346.73 

60 

60 

13752.85 

200 

80 

113130.80 

25 

100 

II  3349.03 

125 

800  r 

13753.63 

80 

35 

II  3143.76 

18 

125 

113349.41 

100 

400  r 

II  3757.69 

30 

100 

113148.04 

25 

150 

I  3354.63 

100 

20 

113759.29 

100 

400  r 

113152.25 

30 

125 

113361.21 

100 

600  r 

113761.32 

100 

300  r 

113154.19 

20 

100 

13361.26 

80  r 

50  r 

13771.65 

70 

30 

113155.67 

25 

125 

[,113366.18 

20 

50 

13775.72 

3000 

1000  r 

113161.20 

30 

125 

I  3370.44 

80 

15 

113776.06 

8 

60 

113161.77 

35 

150 

13371.45 

100 

15 

13789.29 

50 

15 

113162.57 

50 

200  r 

II  3372.80 

80 

400  r 

1 3868.40 

50 

8 

3164.91 

1 

50 

II  3380.28 

25 

150  r 

I  3895.25 

70 

10 

11  3168.52 

70 

300  r 

113383.76 

70 

300  r 

II  3900.54 

30 

50  n 

113174.80 

100 

13385.95 

80 

25 

13904.78 

70 

35 

113181.84 

50  wn 

3387.84 

60 

125 

3913.46 

40 

70 

13186.45 

150 

80 

113394.57 

70 

200 

13914.33 

50 

10 

113190.87 

40 

200  r 

II  3402.42 

15 

90 

3924.53 

70 

35 

13191.99 

100 

20 

II  3407.20 

12 

50 

13929.87 

70 

35 

13199.91 

200 

150 

113416.96 

7 

50 

13947.77 

70 

35 

II  3202.54 

25 

200 

113444.31 

60 

150 

13948.67 

80  n 

40 

113214.75 

20 

80 

II  3452.47 

12 

100 

13956.34 

100 

50 

113217.06 

41 

150 

II  3456.39 

25 

125 

13958.21 

150 

100 

113218.27 

15 

150 

113461.50 

80 

125 

13962.85 

80 

35 

II  3222.84 

20 

150  r 

II  3465.56 

6 

60 

1 3964.27 

80 

40 

II  3224.24 

15 

150 

113477.18 

60 

100 

13981.76 

100 

70 

II  3228.60 

30 

100 

II  3483.80 

70  wn 

13982.48 

80 

30 

113229.19 

30 

60 

113504.89 

20 

150 

13989.76 

150 

100 

II  3229.42 

15 

70 

II  3510.84 

40 

125 

13998.64 

150 

100 

II  3232.28 

30 

100 

II  3535.41 

15 

125 

I  4003.81 

50 

70 

II  3234.52 

100 

500  r 

II  3596.05 

50 

125 

1 4008.06 

50 

7 

113236.57 

70 

300  r 

I  3598.72 

70 

30 

I  4008.93 

80 

35 

II  3239.04 

60 

300  r 

13610.16 

100 

70 

1 4009.66 

60 

25 

113239.66 

25 

80 

II  3624.82 

60 

125 

114012.39 

35 

50 

113241.99 

60 

300  r 

13635.46 

200 

100 

14013.58 

70  n 

7n 

I,  II  3248.60 

25 

200  r 

113641.33 

60 

150 

14015.38 

70  n 

10  n 

113251.91 

50 

150 

I  3642.67 

300 

125 

14017.77 

70  n 

8 

113252.91 

60 

200  r 

13646.20 

70 

25 

14021.83 

100 

20 

113254.25 

35 

125 

I  3652.95 

150 

501 

I  4024.57 

80 

35 

113263.69 

10 

70 

I  3653.50 

500 

200 

1 4026.54 

70 

10 

113271.65 

35 

125 

I  3654.59 

100 

40 

II  4028.34 

20 

80 

II  3272.08 

25 

100 

I  3658.10 

150 

60 

14030.51 

80 

18 

II  3275.29 

8 

50 

II  3659.76 

50 

150 

I  4035.83 

50 

5 

113276.77 

12 

70 

I  3660.63 

90 

18 

I  4055.02 

80 

30 

II  3278.29 

25 

100 

II  3662.24 

40 

100 

I  4058.14 

50 

6 

II  3278.92 

40 

150 

13668.97 

100 

40 

I  4060.26 

60 

25 

II  3282.33 

30 

150 

13671.67 

150 

70 

1 4064.22 

50 

15 

II  3287.65 

40 

200 

113685.19 

150 

700  r 

14065.10 

80 

35 

I  3292.07 

70 

40 

13689.91 

100 

40 

14078.47 

125 

50 

I  3299.41 

50 

35 

I  3694.45 

80 

20 

1 4082.46 

60 

25 

I  3308.39 

50 

10 

3700.08 

60 

5 

14112.71 

70 

20 

II  3308.81 

35 

100 

I  3702.29 

60 

20 

14127.54 

70 

15 

1 3309.50 

60 

25 

I  3704.29 

70 

25 

14137.29 

50 

15 

113315.32 

12 

100 

113706.23 

30 

125 

14159.64 

60 

15 

II  3318.02 

60 

125 

1 3707.53 

100 

10 

114163.65 

35 

150 

2226 


II.  EMISSION  SPECTRA  2000  10,000  A  (Continued) 

Titanium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

114171.90 

15 

70 

14465.81 

100 

40 

1 4928.34 

100 

4 

14180.87 

100 

20  n 

II  4468.49 

80 

150 

14938.29 

70 

2 

I  4186.12 

100 

40 

14471.24 

100 

40 

1 4975.35 

80 

4 

1 4203.46 

50 

10 

14474.85 

80 

30 

I  4978.20 

70 

3 

I  4249.12 

60  n 

3n 

14479.70 

70 

35 

14981.73 

300 

125 

1 4256.04 

80 

15 

14481.26 

100 

60 

14989.15 

100 

4 

1 4258.53 

70 

7 

II  4488.32 

10 

125 

14991.07 

200 

100 

14261.6 

70 

8 

I  4489.09 

100 

40 

14997.10 

50 

4 

4263.13 

125 

35 

14496.15 

60 

60 

14999.51 

2C0 

80 

1 4270.14 

50 

3 

114501.27 

60 

100 

I  5001.01 

80 

2 

1 4274.58 

100 

40 

14512.74 

100 

60 

I  5007.21 

200 

40 

1 4276.43 

50 

20 

1 4518.03 

100 

60 

I  5009.65 

50 

2 

I  4278.23 

50 

15 

I  4522.80 

100 

70 

I  5013.30 

80 

7 

14281.38 

80 

20 

14527.31 

100 

50 

I  5014.24 

100 

30 

1 4282.71 

70 

25 

I  4533.24 

150 

40 

15016.17 

100 

15 

14286.01 

100 

40 

II  4533.97 

30 

150 

I  5020.03 

100 

80 

1 4287.40 

100 

50 

I  4534.78 

100 

40 

I  5022.87 

100 

18 

1 4289.07 

125 

50 

1 4535.57 

80 

50 

I  5024.84 

100 

15 

II  4290.23 

35 

60 

1 4544.69 

150 

60 

I  5025.58 

100 

8 

I  4290  94 

70 

30 

1 4548.77 

125 

25 

I  5035.91 

125 

30 

II  4294.12 

60 

80 

II  4549.63 

100 

200 

I  5036.47 

125 

25 

1 4295.76 

100 

40 

4552.46 

150 

50 

I  5038.40 

100 

2J 

I  4298.66 

125 

50 

I  4555.49 

125 

60 

I  5039.95 

125 

25 

I  4299.23 

70 

20 

14559.92 

50 

5 

I  5052.87 

50 

3 

1 4299.64 

60 

10 

II  4563.77 

100 

200 

I  5064.65 

150 

35 

II  4300.05 

40 

100 

114571.98 

150 

300 

I  5065.99 

50 

2 

1 4300.56 

125 

20 

II  4589.95 

40 

100 

I  5087.07 

70 

1 

14301.09 

150 

50 

14617.27 

200 

100 

15113.44 

80 

2 

114301.93 

25 

50 

I  4623.09 

125 

40 

15120.42 

100 

4 

14305.92 

300 

150 

I  4629.34 

70 

7 

1 5145.47 

100 

4 

114307.90 

100 

100 

I  4639.37 

80 

18 

I  5147.48 

90 

3 

114312.87 

35 

100 

I  4639.95 

60 

15 

I  5152.20 

90 

2 

14314.80 

100 

20 

14645.19 

100 

10 

15173.75 

125 

20 

14318.64 

100 

50 

1 4650.02 

60 

4 

II  5188.70 

'80 

100 

14321.66 

70 

25 

1 4656.47 

150 

70 

I  5192.97 

150 

25 

I  4325.13 

100 

40 

1 4667.59 

150 

8 

15210.39 

200 

35 

1 4326.35 

60 

25 

I  4675.12 

50 

5 

15219.71 

60 

2 

II  4337.92 

70 

125 

I  4681.92 

200 

100 

1 5223.64 

50 

1 

II  4344.29 

12 

50 

14691.34 

125 

25 

1 5224.32 

70 

8 

I  4360.49 

60 

15 

I  4698.76 

100 

20 

I  5224.95 

90 

6 

II  4386.85 

8 

80 

14710.19 

100 

25 

II  5226.55 

30 

50  n 

14393.92 

60 

12 

1 4722.62 

80 

8 

I  5238.58 

50 

100 

II  4395.03 

50 

150 

14731.17 

50 

6 

I  5255.83 

40 

80 

II  4399.77 

40 

100 

I  4742.79 

100 

40 

1 5265.98 

70 

3 

1 4404.27 

50 

30 

I  4758.12 

125 

60 

1  5283.45 

50 

2 

114411.08 

7 

100 

14759.28 

100 

8 

I  5295.79 

50 

1 

14416.54 

70 

10 

II  4779.95 

10 

100  n 

1 5297.26 

70 

2 

I  4417.28 

80 

20 

I  4792.49 

70 

12 

15351.08 

50 

60 

114417.72 

40 

80 

1 4799.80 

80 

15 

I  5397.09 

60 

14421.76 

60 

15 

II  4805.10 

15 

125 

I  5409.61 

50 

i 

1 4422.82 

80 

25 

1  4805.43 

70 

4 

I  5474.23 

30 

50 

1 4426.05 

80 

25 

14820.41 

125 

30 

15477.71 

70 

2 

14427.10 

125 

60 

1 4840.87 

125 

25 

5490.15 

70 

2 

I  4434.00 

100 

50 

1 4848.47 

60 

2 

1 5503.90 

60 

3 

I  4440.35 

80 

35 

I  4856.01 

100 

10 

15512.53 

125 

12 

II  4443.80 

80 

125 

I  4868.26 

100 

8 

15514.35 

70 

10 

14449.15 

150 

80 

14870.14 

100 

18 

I  5514.54 

80 

15 

II  4450.49 

12 

50 

I  4885.08 

150 

25 

I  5565.49 

80 

2 

I  4450.90 

150 

60 

14899.91 

150 

20 

I  5644.14 

150 

200 

1 4453.32 

150 

70 

114911.18 

12 

100 

I  5648.58 

80 

60 

14453.71 

80 

40 

14913.62 

125 

15 

15662.16 

100 

100 

1 4455.33 

150 

80 

14919.87 

80 

3 

I  5675.44 

90 

125 

I  4457.43 

150 

100 

14921.77 

100 

5 

I  5679.94 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Titanium  (Continued) 


Wave 
length 


1 5689.47 

1 5702.67 
15711.88 
15715.13 
I  5739.51 
1  5762.27 
I  5766.35 
I  5774.05 
I  5785.98 
I  5804.26 
1 5823.71 
1 5866.46 
15880.31 
I  5899.32 
1  5918.55 
1  5922.12 

5932.13 
I  5937.82 
15941.76 
15953.17 
1 5965.84 
1 5978.56 

1 5999.68 
I  6064.63 
1  6085.23 
16091.17 
1  6098.67 
16126.21 
I  6146.22 
I  6215.28 
I  6220.49 
16221.41 
16258.10 
I  6258.70 


Arc 

Spark 

80 

80 

60 

40 

50 

40 

70 

60 

70 

80 

70  n 

50 

70  W 

50 

70  W 

50 

100  W 

60 

100  n 

50 

35 

50 

300 

400 

60 

125 

150 

150 

80 

100 

100 

80 

60 

100 

150 

250 

150 

200 

125 

150 

70 

80 

20 

100 

60 

125 

25 

60 

150 

60 

400 

100 

50 

100 

30 

80 

200 

100 

300 

250 

Wave 
length 


I  6261, 
I  6303, 
16312, 
I  6318, 
I  6336, 
I  6366. 
I  6546. 
I  6554, 
I  6556. 
I  6565. 
1  6599, 
6743, 
16861. 
1  7038. 
I  7209. 
17216. 
I  7244. 
1  7251. 
I  7299. 
1  7318. 
1  7344. 
7357, 
7364, 
I  7440, 
1  7489, 
1  7949, 
I  7978. 
I  8024, 
I  8068, 
I  8306, 
I  8307, 
I  8334. 
I  8353. 
I  8364. 


Arc 


300 

200 

80 

50 

80 

80 

80 

125 

150 

50 

100 

100 

50 

100 

150 

50 

150 

125 

50 

80 

200 

200 

150 

100 

150 

50 

100 

50 

50 

50 

60 

70 

50 

150 


Spark 


100 


150 


Wave 
length 


8377 
18382 
18382 
18396 
18412 
18426 
18434 
18435 
18438 
18450 
18467 
18468 
18496 
18518 
18518 
18539 
18548 
18569 
18598 
18675 
18682 
18692 
18734 
18766 
19546 
19599 
19638 
19647 
19675 
19705 
19728 
19743 
19787 


Arc 

.85 

200 

.54 

300 

.82 

200 

.87 

200 

.36 

300 

.52 

200 

.94 

200 

.70 

150 

.93 

100 

.89 

70 

.15 

300 

.50 

300 

.04 

60 

.05 

60 

.32 

100 

.38 

60 

.12 

100 

.77 

50 

.18 

60 

.39 

150 

.99 

125 

.33 

100 

.69 

70 

.64 

70 

.03 

50 

.51 

50 

.24 

200 

.40 

80 

.55 

200 

.59 

100 

.34 

60 

.55 

50 

.65 

50 

Tungsten 


2008.07 

12 

25 

2110.34 

10 

25 

2239.78 

18 

2015.78 

6 

20 

112116.94 

8 

15 

2241.08 

10 

15 

2016.40 

4 

20 

112118.87 

10 

20 

II  2245.21 

10 

20 

2022.05 

4 

15 

2135.04 

20 

II  2248.26 

12 

15 

11  2026.08 

7 

25 

112138.15 

10 

25 

II  2248.75 

20 

25 

11 2029.98 

10 

30 

2152.14 

3 

20 

2260.07 

15 

3 

11  2035.89 

8 

20 

2156.42 

5 

25 

2263.53 

7 

25 

2037.58 

3 

18 

2160.91 

30 

II  2270.24 

12 

20 

11 2054.68 

9 

20 

2163.89 

12 

25 

2277.58 

20 

10 

11  2065.57 

10 

20 

II  2166.32 

10 

30 

II  2294.54 

20 

20 

112071.21 

10 

25 

2169.48 

15 

5 

II  2303.83 

10 

15 

2075.59 

10 

20 

112173.54 

10 

15 

2331.30 

15 

2078.35 

6 

25 

2186.73 

8 

15 

II  2337.74 

8 

20 

2079.11 

12 

30 

2194.52 

10 

15 

2358.81 

10 

20 

2088.19 

12 

30 

11  2204.48 

12 

30 

2360.43 

15 

5 

2089.14 

10 

20 

11  2206.59 

10 

15 

2363.06 

15 

5 

2092.08 

25 

2214.80 

10 

20 

2364.22 

5 

15 

2093.80 

'8 

15 

2215.34 

6 

15  w 

2368.97 

15 

11  2094.75 

10 

18 

112216.01 

10 

15 

2370.04 

5 

25 

2098.25 

10 

20 

112219.72 

15 

4 

II  2370.60 

2 

18 

2098.60 

10 

20 

II  2220.94 

8 

18 

2382.99 

15 

3 

2100.67 

10 

25 

II  2225.89 

10 

18 

II  2390.37 

10 

20 

2105.76 

6 

20 

I  2229.63 

10 

20 

II  2392.93 

8 

15 

2106.18 

10 

20 

II  2237.06 

10 

15 

II  2397.09 

18 

30 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tungsten  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

II  2401.86 

2n 

15 

II  2489.23 

10 

20 

2622.21 

15 

10  d 

2402.44 

15 

20 

II  2492.93 

6 

25 

II  2623.11 

2 

20 

2404.24 

10 

15 

2495.26 

20 

5 

2623.89 

. . 

15  d 

2405.26 

10 

15 

II  2496.64 

10 

20 

2624.47 

1 

15  s 

2405.69 

15 

8 

II  2497.48 

10 

15 

2625.21 

15 

7 

2407.78 

1 

15 

2499.22 

2 

15 

2633.13 

15 

12 

2408.28 

3 

15 

II  2499.69 

10 

15 

II  2633.88 

1 

15 

2409.23 

m  m 

15 

2506.03 

10 

15 

2634.58 

1 

20 

2409.49 

.. 

15 

II  2509.96 

1 

15 

II  2635.38 

3 

18 

2410.44 

t 

20 

II  2510.47 

3 

15 

II  2637.57 

6 

15 

II  2411.81 

2 

15 

2513.45 

15 

II  2643.12 

12 

15 

2414.81 

25 

2518.14 

'6 

15 

2643.29 

2 

20 

2415.68 

i5 

9 

2519.88 

15 

2 

2646.19 

15 

10  d 

2417.60 

.  . 

15 

2520.45 

15 

10 

2647.74 

10 

20 

2418.25 

15 

2521.32 

15 

2 

II  2653.57 

10 

15 

!  2419.34 

2 

20 

II  2522.04 

10 

20 

2656.54 

15 

5 

2420.49 

2 

15 

2528.91 

3 

15 

II  2658.04 

10 

20 

2423.28 

15 

2530.99 

9 

15 

2662.83 

15 

10 

2423.94 

15 

2534.15 

2 

15 

II  2664.32 

10 

20 

2424.22 

20 

7 

II  2534.82 

2 

15 

2666.08 

15 

2426.51 

1 

20 

2537.14 

1 

15 

II  2666.49 

'8 

20 

112435.01 

3 

30 

2539.31 

6 

15 

2667.67 

15 

2435.96 

30 

10 

II  2539.90 

2 

20 

II  2669.30 

15 

30  d 

II  2440.43 

2 

15 

2542.60 

1 

15 

II  2670.39 

3 

15 

2443.61 

15 

8 

2545.34 

15 

9 

2671.47 

15 

5 

2444.06 

18 

9 

2547.14 

20 

10 

2673.59 

7 

20 

2444.94 

15 

2553.16 

12 

15 

II  2677.79 

8 

20 

II  2446.39 

io 

30 

2554.67 

4 

15 

2678.88 

20 

10 

2448.22 

15 

II  2554.86 

15 

10 

2681.41 

20 

18 

2448.39 

15 

5 

II  2555.09 

10 

15 

2685.05 

2 

15 

II  2449.69 

2n 

15 

2559.49 

3 

15 

2686.99 

4d 

20 

II  2451.48 

15 

20 

2560.12 

15 

8 

2687.37 

15 

3 

2451.99 

12 

15 

2563.16 

8 

30 

II  2688.22 

8s 

20 

2454.71 

15 

10 

2563.91 

7 

15 

2690.71 

15 

2454.97 

15 

10 

II  2567.61 

7 

15 

2691.09 

15 

8 

2456.53 

15 

5 

2568.85 

2 

15 

II  2694.38 

9 

18 

2458.57 

1 

15 

II  2569.25 

15 

25 

2694.59 

18 

2459.29 

18 

10 

II  2571.44 

15 

30 

2695.67 

20 

12 

II  2459.88 

15 

2573.53 

15 

2696.89 

18 

2462.79 

is 

10 

2576.16 

2 

20 

2697.51 

is 

3 

2463.95 

2 

15 

II  2576.36 

2 

15 

II  2697.71 

15 

25 

2464.31 

15 

2 

2576.86 

15 

2699.59 

15 

10 

112464.63 

3 

20 

2577.02 

is 

4 

2700.01 

15 

10 

2465.20 

12 

20 

2579.26 

2 

20 

2700.31 

15 

2465.64 

20  d 

II  2579.54 

8 

25 

112701.48 

'2 

18 

II  2466.52 

i2 

20 

II  2581.20 

7 

20 

2702.11 

8 

25 

2466.85 

15 

7 

2584.38 

15 

10 

II 2703  06 

3d 

15 

2468.41 

. 

20  r 

II  2585.96 

8 

20 

2703.46 

2 

20 

II  2470.80 

5d 

20 

2586.94 

75 

30 

II  2706.70 

6 

20 

2471.74 

1 

15 

II  2589.17 

15  d 

25 

2707.02 

6 

15 

2472.51 

15 

5 

2594.54 

4 

151 

2708.58 

10 

15 

2474.15 

20 

10 

2595.57 

2 

20 

II  2709.57 

6 

15 

2475.59 

1 

20 

II  2596.86 

1 

15  s 

112710.78 

6d 

15 

II  2477.80 

15 

30 

II  2598.74 

12 

20 

2712.69 

1 

20 

2480.13 

25 

10 

II  2601.43 

2 

15 

112715.34 

8 

20 

2480.95 

20 

3 

2601.96 

15 

6 

2715.49 

20 

8 

2481.44 

25 

3 

2602.51 

10 

25 

112716.31 

8 

20 

II  2484.00 

2 

15 

II  2603.02 

5 

15 

2717.17 

4 

15 

fa  2484.40 

2 

15 

2612.19 

10 

15 

11  2718.04 

10 

20 

2484.73 

20 

6 

2613.82 

15 

9 

2718.90 

25 

20 

2486.30 

15 

2n 

112615.44 

6 

20 

2719.33 

15 

20  Ws 

2487.49 

15 

5 

2618.08 

15 

II  2720.40 

4d 

18 

2488.77 

10 

20 

2620.23 

12 

15 

2721.66 

9s 

15 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tungsten  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

112722.81 

8 

25 

2934.99 

15 

12 

II  3358.60 

10 

40 

2724.08 

2 

15 

2936.67 

10 

20 

113361.11 

10 

15 

2724.35 

20 

10 

II  2940.20 

4 

18 

3366.72 

15 

112729.62 

10 

25  d 

2944.39 

30 

20 

113376.14 

9 

40 

2729.94 

1 

15 

2946.98 

20 

18 

II  3379.02 

4 

15 

2733.18 

15 

9 

2950.44 

20 

3383.12 

18 

2734.77 

10 

20 

II  2952.29 

12  s 

30 

113401.89 

'7 

40 

2736.57 

15 

II  2987.29 

8 

15 

3410.17 

15 

2737.37 

20 

II  3000.62 

4 

20 

3416.62 

'7 

20 

2740.79 

5 

25 

II  3002.28 

1 

15 

3421.13 

3d 

20 

2742.47 

5 

25 

113010.76 

8d 

20 

3424.45 

2 

15 

2742.90 

3 

25 

113021.99 

15 

20 

II  3440.63 

5 

20 

n  2745.03 

2 

25 

II  3024.50 

9 

201 

113449.87 

6 

25 

2746.73 

12 

20 

3024.92 

15 

12 

3455.02 

20 

2752.24 

2 

201 

3033.57 

12 

15 

3460.42 

15 

II  2753  05 

15 

10  d 

II  3036.66 

8 

20 

3463.25 

10 

15 

2760.74 

8 

20 

113039.57 

2 

20 

II  3463.51 

8 

25 

112761.59 

10 

25 

113051.29 

10 

301 

3475.29 

25 

2762.34 

20 

10 

113063.41 

20 

113486.13 

5 

20 

II  2764.27 

20 

60 

113063.97 

2 

20 

II  3490.92 

7 

15 

2766.32 

20 

113069.28 

6 

15 

3495.25 

12 

201 

112768.33 

10 

201 

113071.72 

8 

15 

II  3529.56 

10 

20 

2768.98 

18 

10 

3077.52 

2 

40  wn 

3536.27 

3 

15 

2769.74 

15 

10 

3095.87 

2 

20 

II  3549.05 

5 

25 

2770.88 

25 

12 

113100.74 

2 

20 

113555.17 

6 

15 

2772.48 

10 

60 

113103.52 

2 

15 

3570.65 

15 

15 

2774.48 

15 

201 

3111.12 

9 

15 

II  3572.48 

10 

35 

II  2776.50 

12  d 

25 

113144.50 

15 

II  3592.42 

9 

35 

2778.69 

3 

20 

113149.85 

10 

15 

3596.18 

15 

II  2780.28 

10 

20 

3151.29 

5 

20 

3611.85 

20 

112782.13 

4 

30 

3152.47 

10 

15 

113613.79 

10 

30 

II  2785.63 

3 

20 

3155.09 

10 

20 

3617.52 

35 

20 

112786.31 

2d 

15 

II  3160.02 

9 

30 

3628.38 

3 

20  d 

112790.42 

2 

15 

3163.42 

12 

151 

3628.93 

15 

II  2799.03 

8 

20 

3169.93 

10 

15 

3631.95 

15 

10 

II  2801.05 

6 

15 

3170.20 

15 

9 

113641.41 

12 

40 

II  2805.92 

9s 

30 

113175.94 

8 

201 

II  3645.60 

4 

20 

2808.51 

201 

113177.21 

8d 

25 

II  3646.52 

101 

35 

2808.94 

1 

15 

113178.02 

8d 

20 

II  3657.59 

10 

25 

2812.25 

3d 

20 

3179.97 

6d 

20 

II  3657.88 

5 

15 

2818.06 

15 

20 

3187.13 

20 

3672.59 

1 

18 

2819.05 

2 

15 

113189.24 

10 

20 

3682.09 

25 

20 

II  2822.57 

12 

30 

3197.56 

20 

3691.88 

4d 

20  d 

2829.82 

151 

10 

3198.33 

1 

15 

3694.51 

10 

201 

2830.10 

4 

201 

3201.58 

7 

20 

3707.93 

20 

20 

2831.38 

25 

10 

113203.34 

4 

20 

3708.51 

3 

35 

2833.63 

15 

12 

113206.41 

6d 

15 

3712.21 

18 

II  2834.21 

30 

3209.96 

2 

25 

II  3716.08 

9 

18 

2847.13 

"2 

15 

3215.26 

15 

3722.25 

12 

15 

2848.03 

15 

12 

II  3243.34 

5 

20 

3741.71 

12 

20 

2852.10 

Id 

18  n 

113251.22 

10 

18 

3742.68 

15  d 

12  d 

2853.49 

12 

15  n 

3262.28 

18 

3745.56 

25 

2859.48 

3 

15 

3300.82 

151 

12 

3756.87 

i 

15 

2866.06 

15 

10 

3304.47 

10  w 

20 

3757.92 

15 

20 

II  2868.73 

6 

25 

3308.34 

3d 

25 

3758.94 

15 

II  2886.89 

3 

20 

3311.38 

151 

12 

3760.13 

15 

10 

2889.77 

2 

20 

113317.40 

1 

15 

3768.45 

20 

18 

2896.45 

15 

25 

3326.19 

15 

12 

3773.70 

20 

18 

2903.50 

15 

3331.67 

151 

12 

3774.14 

18 

112904.07 

3 

18 

113338.62 

5 

15 

3780.77 

20 

18 

2918.63 

8 

20 

113342.46 

10 

30 

3792.77 

15 

15 

II  2924.98 

2 

15 

113345.86 

10 

151 

3803.68 

15  w 

2925.80 

151 

3348.29 

2 

151 

3809.23 

25 

20 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tungsten  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3810.38 

15 

15 

4316.81 

15 

7 

4646.15 

15 

3 

3817.48 

18 

15 

4332.13 

15 

7 

4657.44 

50 

12 

3824.39 

12 

15 

4335.57 

2 

15 

4659.87 

200 

70 

3835.05 

15 

20 

4347.00 

20 

7 

4661.97 

15 

2 

3838.50 

15 

20 

114348.12 

50 

40 

4668.46 

20 

3 

3846.21 

20 

20 

4355.16 

15 

9 

4676.63 

20 

2 

3847.49 

18 

15 

4361.81 

20 

9 

4677.69 

25 

3 

3859.98 

15 

30 

4364.79 

25 

12 

4679.04 

15 

2 

3867.97 

30 

35 

4372.53 

25 

10 

4680.52 

150 

40 

3881.39 

20 

20 

4378.49 

25 

12 

4683.54 

20 

10 

3896.93 

2 

15 

4384.86 

25 

15 

4693.73 

50 

12 

3897.91 

12 

15 

4389.84 

15 

6 

4698.63 

15 

1 

3900.91 

15 

4394.08 

20 

9 

4700.41 

50 

4 

II  3935.44 

*7d 

20 

4403.95 

20 

9 

4702.47 

15 

5 

3936.98 

12 

15 

4408.28 

25 

12 

4706.17 

15 

1 

3980.64 

12 

15 

4412.20 

20 

10 

4711.19 

15 

3 

3983.29 

12 

25 

4415.07 

15 

6 

4712.49 

18 

5 

4001.89 

15 

4420.47 

30 

10 

4720.40 

15 

3 

I  4008.75 

45 

45 

4425.91 

15 

6 

4725.13 

40 

3 

4015.22 

25 

30 

4436.90 

30 

12 

4729.65 

30 

15 

4019.23 

18 

15 

4438.29 

15 

7 

4745.57 

25 

1  wn 

4044.29 

15 

12 

4441.&1 

20 

10 

4757.55 

60 

10 

4045.60 

12 

15 

4445.15 

20 

6 

4757.78 

15 

1 

4064.79 

15 

12 

4449.01 

20 

6 

4758.21 

15 

1 

4070.61 

15 

12 

4455.46 

15 

5 

4773.91 

30 

2 

4074.36 

50 

45 

4456.11 

15 

5 

4787.94 

15 

1 

4081.30 

2 

25 

4458.09 

15 

5 

4788.43 

15 

1 

4082.97 

12 

15 

4460.50 

25 

7 

4797.54 

15 

2 

4095.70 

12 

15  w 

4463.50 

15 

7 

4799.92 

50 

10 

4102.70 

35 

30 

4466.35 

20 

10 

4807.37 

15 

1 

4109.76 

20 

20 

4466.73 

20 

10 

4835.02 

15 

4142.26 

15 

9 

4481.28 

15 

6 

4843.83 

50 

12 

4145.16 

15 

8 

4484.19 

35 

20 

4854.09 

30 

4154.67 

15 

10 

4493.97 

15 

7 

4858.61 

15 

4157.04 

3 

25 

4494.51 

20 

12 

4878.28 

30 

4168.66 

10 

15 

4495.31 

20 

6 

4886.91 

50 

10 

4170.53 

15 

7 

4504.86 

30 

10 

4888.39 

20 

4171.18 

25 

12 

4512.91 

30 

10 

4890.29 

15 

II  4175.59 

7 

25 

4513.30 

30 

10 

4892.44 

25 

4203.82 

15 

6 

4529.76 

15 

4 

4902.32 

15 

4204.41 

20 

10 

4530.37 

15 

4 

4910.74 

30 

4207.05 

25 

12 

4534.71 

15 

5 

4916.18 

20 

4219.38 

25 

15 

4535.05 

15 

5 

4931.56 

30 

4222.05 

15 

8 

4536.66 

15 

6 

4948.59 

15 

4226.91 

15 

3 

4542.89 

15 

3 

4953.09 

25 

4234.35 

25 

7 

4543.51 

25 

10 

4972.57 

15 

4241.45 

30 

10 

4546.49 

30 

10 

4977.24 

15 

4244.37 

40 

20 

4551.85 

35 

10 

4979.85 

25 

4258.53 

15 

5 

4556.87 

15 

5 

4982.60 

40 

5 

4259.36 

30 

20 

4563.59 

15 

5 

4983.54 

20 

4263.31 

25 

15 

4570.65 

30 

10 

4984.17 

15 

4266.54 

15 

8 

4586.85 

30 

5 

4984.72 

15 

4269.39 

40 

30 

4588.75 

40 

15 

4986.94 

40 

In 

4269.78 

15 

10 

4592.42 

20 

10 

4989.09 

15 

4274.55 

20 

12 

4592.57 

15 

5 

4994.10 

30 

4275.49 

15 

10 

4599.96 

50 

10 

5002.79 

15 

io 

4276.75 

15 

10 

4600.44 

20 

4 

5006.16 

40 

7 

4286.01 

15 

8 

4609.91 

50 

10 

5007.23 

15 

2 

4294.10 

20 

10 

4613.32 

50 

10 

5013.46 

15 

I  4294.61 

50 

50 

4620.55 

20 

7 

5015.32 

40 

5 

14302.11 

60 

60 

4634.81 

20 

7 

5039.03 

15 

1  n 

4303.33 

15 

4641.80 

20 

6w 

5040.36 

35 

In 

4306.87 

20 

15 

4642.56 

30 

8 

5053.30 

60 

10 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Tungsten  (Continued) 


Uranium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Are 

Spark 

Wave 
length 

Arc 

Spark 

5054.61 

25 

3 

5435.06 

20 

5851.56 

25 

5055.53 

20 

5456.59 

18 

5856.62 

15 

5069.15 

50 

3 

5475.11 

15 

5864.63 

20 

5071.73 

40 

3 

5477.80 

25 

20 

5880.22 

15 

5105.48 

15 

5486.01 

20 

5902.66 

20 

5110.36 

20 

5487.78 

15 

5947.58 

15 

5130.11 

15 

5492.32 

50 

50 

5965.86 

25 

5138.40 

20 

5500.51 

15 

15 

5972.52 

25 

5145.77 

18 

5503.45 

45 

1 

6012.81 

30 

3 

5183.97 

20 

5514.70 

50  w 

8 

6021.54 

25 

5192.72 

30 

5531.52 

18 

6081.48 

25 

1 

5203.26 

30 

5533.26 

25 

6128.27 

15 

2 

5204.51 

40 

5568.07 

15 

6153.73 

15 

1 

5206.19 

30 

5631.26 

15 

6154.86 

15 

1 

5212.79 

20 

5 

5631.97 

15 

6203.51 

15 

1 

5224.67 

50 

8 

5642.04 

15 

• 

6285.90 

30 

2' 

5242.99 

25 

In 

5648.38 

50  w 

50  w 

6292.03 

30 

2 

5254.54 

18 

5674.42 

30 

6404.20 

25 

2 

5255.42 

20 

5675.38 

15 

6708.18 

20 

5259.35 

20 

5697.82 

35 

8017.18 

25 

5263.21 

15 

5723.06 

15 

8055.60 

20 

5275.55 

20 

5735.09 

50  W 

25 

8123.79 

20 

5318.87 

20 

5749.22 

15 

8338.01 

15 

5337.37 

15 

5793.07 

20 

8358.67 

15 

5348.95 

30 

5796.51 

20 

8585.06 

50 

5350.44 

18 

5804.87 

25  w 

12 

8594.37 

20 

5351.90 

20 

5838.99 

25 

8613.26 

15 

5368.70 

15 

5845.26 

18 

8865.50 

15 

5388.20 

15 

2158.61 

20 

2538.43 

15 

6 

2698.06 

20 

50 

2194.79 

*2 

15 

2556.19 

15 

12 

2706.95 

15  d 

20  d 

2219.28 

15 

2 

2562.94 

15 

6 

2713.49 

15  wn 

2237.44 

15 

2565.41 

30 

30 

2730.07 

2 

15  n 

2248.03 

25 

2572.65 

15  n 

2730.31 

18 

8 

2273.36 

15 

2577.32 

18 

6 

2731.27 

15 

8 

2276.05 

20 

2587.07 

6 

15  n 

2733.97 

10 

15 

2282.78 

25 

2591.25 

18 

12 

2741.75 

18 

6 

2283.72 

15 

2593.57 

18 

6 

2743.40 

20  n 

2306.91 

25 

2597.69 

25 

15 

2746.16 

25 

6 

2318.47 

25 

2608.20 

25 

6 

2748.45 

18 

15 

2324.80 

*2 

20 

2609.26 

15 

2 

2751.93 

2d 

20  it 

2326.45 

20 

2628.93 

15 

10 

2754.15 

20 

35 

2349.60 

15 

2632.98 

15 

8 

2762.85 

15 

20 

2351.87 

20 

2633.03 

5 

15 

2793.94 

25 

30 

2377.87 

"% 

15 

2635.53 

25 

50 

2795.23 

18 

12 

2378.16 

35 

2641.93 

18 

8n 

2802.56 

15 

30 

2397.32 

20 

2645.47 

20 

25 

2807.05 

18 

30 

2401.28 

15 

2649.07 

15 

15 

2809.95 

20 

20 

2403.42 

30 

2651.84 

3 

15  n 

2811.34 

35 

30 

2412.69 

4 

15 

2654.58 

15 

6n 

2817.96 

18 

30 

2423.70 

15 

4 

2660.14 

15 

10 

2819.83 

6 

25 

2484.01 

15 

4 

2664.15 

18 

20 

2821.12 

20 

35 

2484.22 

10 

15 

2675.12 

15 

10 

2824.28 

25 

30 

2489.78 

12 

15 

2675.88 

15 

10 

2826.19 

18 

12  n 

2500.86 

18 

12 

2683.28 

25 

25 

2828.90 

18 

20 

2513.33 

1 

20 

2684.04 

15  r 

10 

2832.06 

35 

50 

2518.97 

15 

6 

2691.04 

15 

30 

2833.82 

15 

25 

2521.80 

5 

15 

2695.49 

12 

30 

2839.89 

18 

20 

2232 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Uranium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2842.09 

15 

12 

3057.91 

20  d 

20  d 

3516.85 

6 

15 

2844.99 

18 

8 

3062.54 

12 

15 

3523.56 

4 

15 

2847.34 

15 

4 

3072.78 

20 

20 

3528.69 

6 

15 

2849.48 

18 

15 

3073.81 

15  r 

10  r 

3531.11 

8 

20 

2852.75 

15 

15  n 

3084.24 

15 

12 

3531.64 

15 

1 

2853.57 

15 

10 

3088.99 

20 

15 

3533.57 

10 

20 

2858.90 

35 

25 

3091.25 

15  rd 

12  rd 

3540.46 

6 

15 

2860.47 

35 

30 

3093.01 

20 

20 

3546.38 

1 

15 

2860.80 

15 

12 

3104.16 

20 

20 

3550.82 

12 

20 

2861.13 

10 

15 

3111.62 

15 

15 

3553.44 

15 

2862.41 

15 

10 

3115.93 

8 

15 

3555.32 

15 

6 

2864.28 

18  n 

12  n 

3126.17 

12 

20 

3561.80 

12 

30 

2865.68 

30 

50 

3129.73 

8 

15 

35.65.75 

1 

15  n 

2870.97 

18 

20 

3130.56 

15 

3566.60 

30 

10 

2874.08 

15 

10 

3139.56 

25 

25 

3569.06 

12 

20 

2875.20 

18 

12 

3141.54 

5 

15 

3577.08 

15 

3 

2880.49 

12 

15 

3147.09 

12 

15 

3581.84 

6 

15 

2882.74 

18 

20 

3149.21 

18  d 

18  d 

3582.02 

6 

15 

2886.45 

15 

6n 

3153.12 

12 

15 

3584.88 

30 

12 

2887.25 

25 

25 

3156.07 

6 

15 

3590.32 

5 

15 

2889.63 

30 

50 

3157.86 

10 

15 

3591.56 

4 

15 

2894.14 

12 

15 

3159.82 

8 

15 

3594.95 

8 

15 

2894.51 

15 

15 

3165.28 

6 

18 

3599.84 

6 

18 

2906.80 

15 

30 

3176.21 

20 

15 

3608.96 

18 

10 

2906.91 

18  r 

15  n 

3177.33 

15 

18 

3609.68 

15 

12 

2908.27 

12 

30 

3200.13 

15 

15 

3620.08 

15 

2n 

2909.25 

6 

15 

3229.50 

18 

25 

3622.70 

15 

1 

2914.25 

18 

25 

3261.72 

15 

10 

3623.05 

12 

15 

2914.63 

12 

15 

3263.11 

25 

8 

3625.98 

5 

15  win 

2921.68 

10 

15 

3265.81 

25 

18 

3630.73 

8 

20 

2925.57 

15 

25 

3270.12 

20 

25 

3633.29 

8d 

15  d 

2928.60 

15 

35 

3288.21 

25 

20 

3639.49 

25 

2930.80 

4 

30  n 

3293.59 

30 

5 

3640.76 

8 

20 

2932.61 

10 

25 

3297.89 

6 

•  18 

3640.95 

8 

20 

2936.45 

12 

20 

3300.68 

15  n 

8n 

3644.24 

18 

2 

2941.92 

15 

30 

3312.70 

15  r 

3645.03 

8 

15 

2943.89 

10 

25 

3322.12 

18 

12 

3654.89 

25 

2954.39 

12 

15 

3341.66 

12 

15 

3657.32 

6 

15 

2954.77 

10 

15 

3361.73 

15 

8 

3659.16 

15 

1 

2956.06 

10 

'   60 

3371.29 

8 

15 

3662.66 

15  r 

2 

2960.94 

15 

25 

3378.20 

15 

1 

3667.97 

15 

S 

2964.25 

6 

15 

3386.13 

6 

15 

3670.07 

15 

18' 

2966.12 

15 

25 

3390.39 

18 

10 

3672.58 

8 

15 

2967.89 

15 

20 

3398.99 

15 

3676.56 

3 

15 

3009.42 

15  d 

2d 

3422.35 

18  r 

15r 

3678.75 

6 

15 

3016.96 

15 

12 

3423.05 

12  d 

15  d 

3680.88 

20 

1 

3019.29 

8 

15 

3424.56 

20 

15 

3682.04 

6 

15 

3021.22 

10 

15 

3429.03 

18  r 

2n 

3685.77 

15 

1 

3024.38 

25  r 

20  r 

3435.53 

15  d 

3693.70 

4 

18 

3024.51 

18 

15 

3436.78 

12 

15 

3700.57 

12 

18 

3025.03 

12  n 

20  n 

3442.96 

15 

3701.52 

10 

25 

3027.69 

15 

8 

3486.30 

5 

15 

3716.13 

18 

3029.13 

20 

15 

3488.81 

8 

15 

3725.65 

3 

15 

3031.99 

15 

15 

3489.37 

20 

1 

3729.82 

8 

15 

3035.96 

15 

8 

3490.24 

12 

20 

3738.05 

8 

20 

3037.91 

20 

3493.33 

6 

15 

3748.68 

15 

25 

3039.26 

15 

12 

3494.84 

6 

15 

3752.66 

6 

15 

3043.79 

15 

8 

3496.41 

8 

15 

3760.88 

10 

15 

3046.84 

6 

15 

3499.33 

6 

15 

3763.27 

12 

25 

3047.57 

15 

20 

3500.08 

15 

2 

3765.34 

18 

1 

3048.63 

15 

8 

3505.07 

8 

15 

3768.80 

15 

12 

3051.14 

15  r 

10  r 

3509.67 

10 

15 

3769.53 

4 

18 

3053.30 

15 

3514.61 

18 

5 

3772.81 

6 

20 

2233 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Uranium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

3773.42 

20 

40 

3914.27 

10 

18 

4125.13 

15 

1 

3779.05 

8 

15 

3915.22 

15 

1 

4128.34 

18 

20 

3780.72 

15 

20 

3915.88 

20 

30 

4133.49 

15 

3782.84 

25 

40 

3923.05 

15 

6 

4136.81 

15 

8 

3783.84 

20 

25 

3924.27 

15 

15 

4141.23 

20 

30 

3785.35 

15  n 

3926.22 

30 

6 

4146.61 

15 

3793.10 

12 

18 

3928.83 

15 

4153.98 

15 

*5 

3793.28 

20 

12 

3930.98 

12 

35 

4155.41 

12 

18 

3796.54 

10 

15 

3931.49 

25 

6 

4162.43 

18 

3d 

3796.84 

12 

15 

3932.03 

35 

50 

4169.05 

20 

2n 

3798.84 

15 

1 

3935.38 

15 

18 

4171.59 

30 

30 

3801.15 

20 

, , 

3940.49 

10 

15 

4172.97 

10 

15 

3801.95 

15 

3942.83 

20 

8 

4179.00 

15 

12 

3808.94 

20 

3943.82 

35 

5 

4204.37 

15 

10 

3809.22 

15 

\2 

3944.13 

8 

15 

4209.49 

15 

1 

3809.92 

15 

2n 

3946.68 

15 

10 

4210.45 

10 

15 

3811.48 

15 

3952.95 

15 

4211.62 

18 

3811.62 

15 

3953.58 

6 

15 

4213.88 

20 

'4 

3811.99 

18 

6 

3954.66 

20 

30 

4222.37 

18 

8 

3812.58 

15 

4n 

3955.38 

8 

15 

4228.76 

18 

12 

3813.79 

20 

15 

3957.81 

10 

15 

4231.68 

25 

3814.07 

25 

15 

3962.79 

15 

8 

4232  04 

15 

15 

3821.96 

15 

3966.57 

20 

30 

4234.53 

18 

15 

3825.03 

15 

3973.94 

15 

4 

4241.67 

40 

50 

3829.80 

15 

3978.80 

8 

18 

4244.37 

25 

25 

3831.46 

25 

25 

3983.91 

5 

15 

4246.26 

30 

2 

3831.86 

15 

3d 

3985.79 

25 

30 

4252.43 

15 

20 

3833.02 

20  r 

15 

3988.88 

12 

15 

4266.33 

15 

3836.52 

6 

15 

3990.42 

18 

20 

4267.93 

15 

4 

3837.27 

15 

3994.98 

8 

20  wn 

4269.61 

20 

30 

3839.63 

30 

2 

3998.24 

5 

18 

4273.97 

12 

15 

3851.73 

15 

2 

4002.34 

10 

18 

4280.66 

18 

3 

3854.23 

20 

4004.06 

15 

20 

4282.03 

30 

30 

3854.65 

20 

30 

4005.70 

25 

3 

4287.87 

15 

18 

3859.58 

20 

30 

4009.17 

8 

15 

4288.84 

20 

2 

3860.63 

1 

15  n 

4017.72 

25 

25 

4290.88 

15 

15 

3863.40 

5 

20 

4018.99 

25 

15 

4293.30 

18 

5 

3865.92 

20 

25 

4026.02 

25 

25 

4295.10 

15 

1 

3871.04 

30 

1 

4039.78 

15 

2 

4297.11 

18 

18 

3871.38 

3n 

20  n 

4042.75 

40 

10 

4301.47 

15 

15 

3874.04 

15 

15 

4044.42 

18 

25 

4304.14 

15  r 

1 

3876.13 

15 

2 

4047.61 

18 

3 

4306.78 

40  r 

4 

3879.55 

18 

4030.04 

25 

35 

4313.15 

20 

In 

3879.71 

20 

*3 

4051.91 

20 

25 

4313.88 

15 

10 

3881.46 

30 

20 

4054.31 

12 

15 

4316.49 

15 

In 

3882.36 

18 

18 

4062.55 

12 

18 

4328.74 

20 

1 

3883.33 

10 

18 

4063.12 

15 

1 

4341.69 

50 

50 

3884.68 

8n 

20 

4067.76 

12 

20 

4347.19 

18 

18 

3887.45 

20 

4071.11 

15 

25 

4355.74 

10 

20 

3887.70 

20 

10 

4077.79 

15 

6 

4362.05 

30 

3 

3890.36 

35 

30 

4080.61 

12 

20 

4362.26 

15 

18 

3891.82 

18 

1 

4088.25 

25 

18 

4371.76 

18 

1 

3892.68 

20 

30 

4090.13 

25 

40 

4372.57 

15 

18 

3894.12 

30 

4 

4095.75 

18 

25 

4372.76 

18 

5 

3895.27 

12 

20 

4096.35 

20 

5 

4382.34 

18 

5 

3896.78 

20 

25 

4099.27 

20  r 

1 

4387.31 

15 

4 

3897.06 

8 

18 

4101.90 

18 

1 

4393.59 

40 

6 

3897.26 

15 

5 

4103.12 

18 

In 

4399.63 

15 

6 

39C1.55 

15 

4106.93 

25 

10 

4413.14 

15 

4 

3902.56 

18 

18 

4116.10 

25 

35 

4418.47 

15 

3904.30 

8 

15 

4122.35 

15 

4 

4426.68 

18 

15 

3904.85 

8 

15 

4123.96 

20  r 

1 

4426.94 

20 

1 

3911.67 

18 

18 

4124.72 

30 

25 

4427.65 

12 

15 

2234 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Uranium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

4433.89 

15 

12 

4646.60 

25 

40 

5620.79 

30 

1 

4440.74 

20 

20 

4663.75 

18 

3 

5669.45 

18 

4462.33 

15 

18 

4666.86 

25 

40 

5723.63 

15 

1 

4462.97 

18  , 

30 

4669.31 

8 

15 

5780.61 

40 

4465.13 

20 

25 

4671.41 

20 

30 

5798.55 

35 

1 

4472.33 

50 

80 

4685.72 

10 

18 

5802.13 

20 

4477.71 

20 

25 

4689.07 

30 

40 

5836.05 

30 

4490.83 

18 

25 

4702.05 

8 

18 

5837.71 

30 

i 

4510.32 

20 

30 

4702.52 

10 

20 

5845.27 

20 

4515.28 

25 

40 

4722.73 

40 

50 

5870.95 

15 

4516.72 

15 

1 

4731.60 

40 

50 

5915.40 

125 

4521.59 

4 

15 

4755.73 

8 

15 

5971.52 

50 

4538.19 

25 

40 

4769.26 

6 

15 

5976.34 

50 

4543.63 

50 

80 

4772.70 

6 

18 

5986.12 

25 

4545.58 

20 

25 

4858.08 

15 

15 

5997.33 

25 

4549.85 

12 

20 

4885.13 

18 

6077.30 

40 

4551.98 

15 

1 

4899.29 

25 

25 

6171.87 

30 

4555.09 

20 

40 

4910.34 

15 

1 

6293.35 

15 

4557.80 

3 

15 

4928.44 

20 

1 

6359.30 

30 

4559.65 

15 

5008.22 

30 

25 

6372.47 

50 

4567.69 

20 

40 

5027.40 

40 

4 

6379.64 

15 

4568.23 

4n 

18 

5160.33 

18 

20 

6389.80 

18 

4569.91 

25 

40 

5164.16 

15 

1 

6392.78 

20 

4570.99 

6 

25 

5184.59 

12 

15 

6395.45 

100 

4573.69 

30 

40 

5257.04 

15 

18 

6449.17 

100 

4579.64 

12 

15 

5278.18 

12 

15 

6465.00 

25 

4581.72 

8 

18 

5280.39 

30 

4 

6503.59 

15 

4584.85 

10 

15 

5308.54 

25 

3 

6518.94 

15 

4601.13 

18 

25 

5311.88 

18 

18 

6555.01 

15 

4603.66 

25 

40 

5475.72 

20 

18 

6620.52 

15 

4605.15 

12 

25 

5480.27 

15 

25 

6826.93 

25 

4609.86 

15 

20 

5481.22 

30 

25 

7074.81 

25 

4611.44 

12 

25 

5482.55 

12 

18 

7128.91 

20 

4618.39 

5 

20 

5492.97 

60 

50 

7379.70 

15 

4620.22 

25 

12 

5511.50 

30 

2 

7425.50 

18 

4622.43 

12 

18 

5527.85 

25 

40 

7533.91 

20 

4627.08 

30 

60 

5564.19 

40 

3 

7784.13 

20 

4631.62 

30 

3 

5570.68 

15 

15 

7881.94 

15 

4641.66 

10 

15 

5610.90 

30 

1 

Vanadium 


II  2004.78 

50 

2222.70 

100 

2325.12 

100 

II  2014.19 

2 

50 

2228.30 

100 

2328.93 

100 

2133.05 

50 

1  2229.74 

12 

80 

2330.46 

8 

300 

112134.12 

30 

125 

2232.91 

500 

2331.29 

50 

112137.31 

10 

80 

2240.62 

100 

2331.77 

300 

112138.16 

8 

50 

2241.53 

200 

2333.60 

50 

II  2140.09 

10 

80 

2285.45 

100 

2334.21 

250 

112141.98 

10 

80 

2288.63 

80 

2335.49 

3 

50 

II  2143.05 

10 

50 

2290.54 

50  wn 

2336.10 

2 

50 

II  2147.46 

2 

100 

2292.85 

250 

2337.13 

100 

112151.82 

50 

2294.99 

5 

100 

2337.32 

80 

2185.38 

4 

50 

2297.85 

100 

I  2340.49 

50 

3 

2201.67 

50 

2309.84 

125 

2342.14 

4 

125 

2202.50 

60 

2311.35 

150 

2343.11 

250 

2209.22 

50 

2314.19 

100 

2346.34 

125 

2214.02 

100 

2318.07 

250 

2347.15 

150 

2216.03 

2 

100 

2318.99 

150 

2349.81 

3w 

150 

2217.41 

150 

2323.83 

300 

2351.26 

2 

50 

2218.43 

125 

I  2324.75 

50 

2351.54 

50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Vanadium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2352.18 

5 

200 

2648.47 

2 

60 

2830.40 

10 

60 

2357.80 

2n 

60 

2649.36 

2 

100 11 

2836.52 

20 

80 

2358.74 

300 

12651.90 

50 

4 

2845.24 

18 

80 

2367.65 

80 

2655.68 

10 

100  n 

2846.57 

50 

20  n 

2371.07 

500 

12661.42 

100 

80 

2847.57 

15 

150 

2372.17 

100 

2663.25 

12 

100 

2849.05 

7 

50 

2373.06 

200 

2670.23 

2 

70 

I  2852.87 

60 

7n 

2380.92 

6 

50 

2672.00 

50 

300  r 

2854.34 

20 

100  r 

2382.47 

100  w 

2673.23 

10 

60 

I  2855.22 

50 

1 

2383.00 

'8 

80 

2677.80 

70 

300  r 

I  2857.94 

50 

7  11 

2385.82 

100 

2678.57 

30 

150  r 

1 2859.97 

50 

10 

2389.70 

5 

100 

2679.32 

70 

300  r 

2869.13 

25 

150  r 

2393.57 

500 

2682.87 

50 

200  r 

I  2870.55 

50  r 

20  r 

2399.68 

150 

I  2683.09 

35 

150  r 

2873.18 

4 

50 

2404.18 

1 

90 

2687.96 

150 

500  r 

2877.69 

15 

100  r 

2430.04 

70 

I  2688.71 

35 

100  r 

112879.16 

50 

35 

2444.97 

2 

60 

2689.88 

50 

150  r 

II  2880.03 

25 

150  r 

2446.70 

1 

50 

2690.24 

50 

200  r 

II  2882.50 

35 

200  r 

2447.61 

70 

2690.79 

70 

300  r 

II  2884.78 

40 

200  r 

2458.29 

1 

70 

2694.74 

2 

70 

2888.25 

20 

125  r 

2465.28 

2 

100 

I  2696.99 

70 

2 

II  2889.62 

40 

150  r 

2475.46 

2 

60 

2697.74 

100 

50  r 

112891.64 

40 

200  r 

2475.87 

60 

2698.38 

30 

300 

II  2892.44 

30 

150  r 

2479.05 

15 

150 

I  2698.73 

70 

15  n 

II  2892.66 

30 

150  r 

2479.52 

15 

150 

2700.94 

125 

500  r 

II  2893.32 

50 

300  r 

2483.07 

20 

150 

2702.19 

80 

300  r 

112896.21 

35 

150  r 

2503.02 

7 

100 

2705.22 

25 

50 

II  2903.08 

35 

150  r 

2506.22 

10 

150 

2706.17 

100 

400  r 

II  2906.46 

40 

150  n 

I  2506.90 

50  r 

35 

2706.70 

60 

200  r 

II  2907.47 

40 

150  n 

2516.12 

25 

100 

2707.86 

70 

150 

II  2908.82 

70  r 

400  r 

12519.62 

125  r 

50 

2710.16 

6 

60 

2910.02 

35 

150  r 

II  2523.95 

10 

100 

2711.74 

50 

150  r 

112910.39 

35 

150  r 

I  2526.21 

150 

150  r 

2713.05 

40 

80 

112911.06 

30 

200  r 

2527.90 

35 

300  r 

2714.20 

60 

100 

12914.93 

60 

50  r 

2528.47 

50 

150  r 

2715.69 

50 

300  r 

112919.99 

10 

70  r 

2528.84 

25 

150  r 

1 2722.56 

100 

40 

II  2920.38 

20 

125  r 

I  2530.18 

100 

70  r 

2726.55 

7 

80 

12923.62 

50  r 

150  r 

II  2534.52 

10 

80 

2728.64 

50 

400  r 

11  2924.02 

70  r 

300  r 

I  2545.98 

50 

10 

12731.35 

80 

50 

112924.64 

60 

200  r 

II  2548.69 

10 

80 

2739.71 

50 

80 

II  2930.81 

30 

150  r 

II  2549.28 

20 

150 

2747.47 

6 

60 

2932.32 

12 

80 

I  2552.65 

75  r 

10 

2753.40 

50 

200  r 

II  2934.40 

10 

50  n 

2554.22 

50  wn 

2760.70 

25 

100  11 

I  2938.25 

2 

60 

2555.91 

2 

80 

2765.67 

50 

200  n 

112941.37 

40 

300  r 

I  2562.13 

50 

4 

II  2766.45 

40 

100  n 

II  2941.49 

12 

150  r 

2571.06 

4 

70 

2768.56 

35 

150  r 

I  2942.35 

80  r 

20  n 

I  2574.02 

60 

50 

2771.40 

6 

50  n 

II  2944.57 

50 

300  r 

II  2574.52 

9 

80 

2772.01 

2 

80  n 

2948.07 

2 

70 

2576.48 

1 

50 

2774.28 

25 

100  r 

2949.17 

6 

80 

2583.01 

50 

2774.72 

20 

50  n 

II  2950.35 

25 

100  r 

2584.96 

2 

100 

2775.76 

12 

70  n 

II  2952.07 

35 

150  r 

2593.05 

50  n 

II  2777.73 

40  n 

100  r 

2955.58 

1 

60 

2595.10 

70  n 

2778.58 

60  n 

1 2957.52 

20 

125  r 

2615.40 

50  wn 

2781.45 

'4 

125  n 

1 2962.77 

60 

60  r 

2616.25 

i 

70 

2784.27 

4 

50  n 

2972.25 

2 

50 

2622.73 

50  n 

2797.02 

12 

80  n 

2975.65 

4 

50 

II  2628.74 

4 

50  n 

2797.79 

12 

70  n 

2976.20 

6 

50 

2629.71 

1 

70  n 

2798.76 

25 

80  n 

1 2977.54 

50 

6 

2630.67 

30 

150  n 

2799.45 

25 

100  n 

2981.20 

4 

60 

2640.85 

2 

50 

2810.27 

50 

50 

2982.75 

4 

50 

2644.35 

12 

100  n 

2817.50 

18 

50 

2983.55 

10 

60 

2645.84 

15 

100 

2822.44 

4 

70  n 

2985.17 

1 

60 

I  2647.71 

50 

10  n 

2825.87 

7 

70  11 

II  2988.02 

10 

80 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Vanadium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

1 2990.95 

50 

5 

3138.06 

70 

13365.55 

125 

80 

2994.54 

2n 

50 

3139.74 

is 

150 

1 3376.06 

80 

60 

II  2995.99 

5 

70 

3141.48 

5 

100 

13377.62 

60 

30 

113001.20 

20 

200  r 

3142.47 

15 

100  r 

3382.53 

125 

113003.46 

8 

70 

3143.47 

1 

50 

1 3384.60 

60 

40 

3005.81 

50 

3144.70 

1 

60 

1 3400.39 

100 

8 

3006.50 

50 

113145.34 

25 

60 

1 3402.57 

60 

25 

113007.28 

2 

50 

3146.23 

2 

70 

3404.42 

50  ii 

3008,50 

50 

3146.81 

2 

50 

3451.04 

60 

3008.61 

3 

70 

3148.74 

50 

3453.08 

60 

3012.01 

2 

50 

3151.32 

*8w 

150  w 

3457.15 

*2 

150 

3013.10 

10 

70 

3155.41 

5 

100 

3469.52 

2 

100 

113014.82 

10 

100 

3161.31 

1 

50 

3470.26 

70 

113016.78 

15 

80 

113164.83 

10 

100 

3477.52 

100 

3022.57 

2 

50 

3165.89 

1 

80 

113479.84 

20 

80 

II  3024.98 

2 

60 

3167.44 

5 

150  r 

13482.19 

40 

50 

II  3028.04 

2 

50 

3174.54 

1 

80 

II  3485.92 

8 

70 

113033.82 

20 

90  r 

13183.41 

200  r 

100  r 

113493.17 

15 

100 

3042.26 

6 

80 

13183.98 

500  r 

400  r 

3497.03 

150 

13043.12 

60 

7 

13185.40 

500  r 

400  r 

II  3499.82 

3 

50 

1 3043.55 

60 

40 

113187.71 

35 

100  r 

II  3504.44 

60 

200 

3048.21 

10 

125  r 

113188.51 

35 

100  r 

I  3505.69 

50 

35 

3048.89 

10 

50 

113190.68 

50 

150  r 

3507.54 

50 

3050.73 

1 

50 

13193.92 

100 

20 

3509.04 

2 

150 

13052.19 

50 

5 

13198.01 

100  r 

30  r 

II  3520.02 

5 

50 

II  3053.39 

10 

90  r 

1 3202.38 

100  r 

20  r 

3521.84 

20 

80 

13053.65 

90  r 

13207.41 

80  r 

20 

II  3524.71 

10 

60 

3053.89 

10 

60  r 

II  3208.35 

10 

100 

II  3530.77 

40 

100 

3055.94 

50  w 

13212.43 

70 

50 

II  3538.24 

10 

100 

1 3056.33 

125  r 

70  r 

113214.75 

20 

100 

1 3543.50 

50 

50 

13060.46 

150  r 

100  r 

1,113217.11 

30 

80  n 

II  3545.20 

40 

300  r 

3063.25 

30 

80  r 

3226.92 

1 

50 

13553.27 

80 

30 

1 3066.37 

400  r 

125  r 

3231.95 

8 

100 

II  3560.60 

10 

50 

3070.12 

50 

II  3237.87 

30 

100  n 

II  3566.18 

25 

100 

3072.71 

70  r 

40  r 

3250.78 

10 

50 

1 3577.87 

50 

40 

13073.82 

60 

20  r 

3251.87 

10 

50 

3578.64 

35  d 

80  d 

3081.25 

5 

50 

1 3254.77 

40 

80  n 

1 3580.82 

50 

50 

13082.11 

80  r 

2n 

II  3263.32 

50 

I  3583.70 

60 

30 

3083.21 

2 

50 

II  3267.70 

30 

80  r 

II  3589.76 

80 

600  r 

1 3083.54 

60 

113271.12 

25 

50  r 

II  3592.02 

50 

300  r 

3092.72 

lOOr 

50  r 

113276.12 

50 

200  r 

II  3593.33 

30 

300  r 

113093.11 

100  r 

400  r 

3281.11 

3 

50 

1 3600.03 

50 

40 

3094.20 

20 

125  r 

3282.53 

12 

80 

3604.38 

50  ii 

3100.93 

20 

100 

II  3289.39 

10 

70 

1 3606.69 

80 

70 

113102.30 

70 

300  r 

3290.24 

2 

70 

3618.93 

100 

3108.70 

3 

50 

3293.15 

50 

3620.47 

10 

50 

3109.37 

1 

70 

3297.52 

60 

3621.21 

15 

80 

113110.71 

70 

300  r 

13298.14 

50 

15 

3625.61 

4 

125 

3113.57 

7 

100 

II  3298.74 

12 

80 

3627.71 

4 

50 

113118.38 

70 

200  r 

3301.65 

80 

13629.31 

50 

2 

3120.73 

12 

80 

3304.47 

125 

3632.12 

70 

113121.14 

60 

200  r 

3308.48 

80 

3635.87 

50 

25  n 

3122.89 

12 

300  r 

3316.88 

60 

1 3639.02 

70 

60 

3125.00 

4 

50 

3317.91 

80 

13641.10 

100  n 

30  wn 

113125.28 

80 

200  r 

3318.91 

60 

13644.71 

80 

50 

113126.21 

60 

100  r 

3321.54 

3 

150 

13648.97 

80 

50 

3128.28 

2 

60 

1 3329.85 

100 

40 

13656.71 

80 

20  n 

3128.69 

3 

70 

3335.48 

1  n 

60 

13661.38 

10 

150 

113130.27 

50 

200  r 

3337.85 

2 

150 

13663.59 

150 

1  wn 

3132.59 

80  r 

20 

3345.90 

125 

13665.14 

100 

50  ii 

113133.33 

50 

200  r 

3353.77 

2 

100 

I  3667.74 

80 

25  n 

3134.92 

30 

150r 

13356.35 

125 

60 

3669.41 

20  W 

300 

3136.51 

20 

200 

3361.51 

200 

13671.20 

100 

70 
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n.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Vanadium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          J 

Spark 

1 3672.40 

100 

40  n 

I  3858.68 

50 

15 

15393.18 

100 

1 3673.40 

150 

80  n 

I  3862.22 

80 

20 

15401.93 

100             100 

18675.70 

100 

70 

1 3864.86 

100  r 

50  r 

15415.26 

75 

75 

I  3676.68 

300 

150  n 

II  3866.74 

5 

50 

5434.17 

50 

50 

1 3677.08 

25 

70 

13867.60 

70 

35 

15507.75 

60 

60 

J  3680.11 

125 

50  n 

13871.08 

60 

35 

15592.41 

50 

50 

13683.13 

100 

60 

I  3875.07 

70  r 

50 

1 5604.94 

60 

20 

13686.26 

100 

100 

13876.09 

50 

30 

1 5624.60 

100 

13688.07 

200 

200  r 

113878.71 

35 

100 

15626.01 

150 

13690.28 

200 

125 

1 3879.66 

50 

5 

1 5627.64 

200 

80 

13692.22 

200  r 

150  r 

113884.84 

4 

70 

15646.11 

150             150 

13694.62 

60 

5 

13890.18 

100 

30 

15657.44 

150 

60 

1 3695.33 

125 

70  n 

1 3892.86 

60 

35 

1 5668.36 

75 

50 

13695.86 

150 

100  r 

1,113896.16 

50 

40 

15670.85 

150 

70 

3700.34 

10 

100 

13900.17 

50 

2n 

5683.22 

50 

2 

13703.58 

200  r 

100  r 

13901.15 

50 

3n 

1 5698.52 

300            300 

13704.70 

200  r 

150  r 

13906.75 

50 

20 

I  5703.56 

200 

60 

1 3705.03 

100 

70 

3908.32 

50 

2n 

1 5706.98 

200 

1 3706.03 

50 

50 

13909.89 

50  w 

30  w 

15716.21 

60 

30 

3708.72 

100 

60 

13912.21 

50 

20 

1 5727.03 

150             150 

3711.12 

80 

113914.33 

25 

70  wn 

1 5727.66 

75 

13713.96 

60 

10 

13922.43 

80 

40 

15731.25 

250             1 

00 

3715.47 

70 

400  r 

I  3927.93 

50 

40 

15737.06 

100             1 

00 

113718.16 

5 

70 

1 3930.02 

50 

20 

1 5743.45 

60 

20 

13721.99 

70 

20 

13934.01 

100 

30 

15750.65 

50  W 

II  3727.34 

40 

200 

1 3937.53 

50 

20 

I  5772.42 

50 

25 

3728.34 

20 

150 

13943.66 

50 

18 

1 5776.68 

50 

25 

13729.03 

80 

15 

113951.97 

35 

50 

1 5784.38 

50 

30 

3732.76 

70  r 

500  r 

13979.14 

50 

8 

15786.16 

75 

13737.99 

50 

5 

1 3988.83 

70 

35 

15807.14 

75 

40 

1 3738.76 

100 

7 

1 3990.57 

125 

40 

I  5817.06 

50 

13740.24 

100 

10 

1 3992.80 

60 

20 

15817.53 

100  n 

13741.50 

80 

8 

13998.73 

100 

25 

I  5830.72 

100 

80 

3745.80 

35 

600 

II  4002.94 

6 

80 

15846.30 

100             1 

00  n 

13747.98 

50 

4 

II  4035.63 

40 

80 

1 5924.57 

250  W 

3751.23 

4 

100 

4053.59 

70 

5928.85 

60  n 

13751.78 

50 

2 

4065.08 

2 

100 

1 5978.91 

100 

I  3755.70 

70 

3 

1 4067.74 

50 

15 

I  5980.78 

50 

13759.32 

50 

2 

1 4090.58 

60 

25 

I  6039.73 

100 

10 

13763.14 

80 

6n 

.  14111.78 

100  Wr 

100  Wr 

I  6058.14 

60 

II  3770.97 

30 

60 

1 4332.82 

60 

40 

I  6077.36 

300  n 

2 

13776.16 

50 

2 

14341.01 

60 

30 

16081.44 

100 

10 

13778.68 

60 

4 

1 4342.83 

50 

30 

I  6090.22 

60 

15 

I  3794.96 

50  n 

50  n 

1 4379.24 

200  r 

200  r 

16199.19 

100 

8 

1 3799.91 

60 

50 

14384.72 

125  r 

125  r 

16213.87 

50 

3 

I  3803.47 

50 

40 

1 4389.97 

80  r 

60  r 

16216.37 

60 

10 

I  3807.50 

80 

50 

1 4395.23 

60  r 

40  r 

1 6224.50 

50 

5 

1 3808.52 

50 

30 

1 4400.57 

60 

40 

I  6230.74 

70 

10 

I  3809.60 

70 

40 

1 4488.89 

60  n 

30  n 

I  6251.82 

70 

8 

13813.49 

50 

4564.59 

150 

I  6274.65 

50 

8 

3815.39 

1 

150  n 

4600.15 

'i 

60  n 

I  6285.16 

50 

10 

13819.96 

60 

35 

1 4670.49 

60  r 

40  r 

I  6292.83 

50 

10 

13821.49 

50 

30 

I  5002.33 

90 

90 

I  7338.92 

50 

I  3822.01 

70 

40 

1 5014.62 

125 

125 

I  8027.39 

80  w 

1 3835.56 

50 

12 

5064.12 

50 

50 

I  8093.45 

80 

I  3839.00 

60 

10 

15128.43 

75 

75  n 

18116.80 

150 

13843.51 

50 

15 

1 5138.42 

50 

50  n 

18161.07 

150  w 

I  3844.44 

100 

50  n 

15139.53 

50 

50 

18171.35 

50 

I  3847.33 

100 

70  n 

15148.72 

60 

60 

18186.71 

80 

1 3849.32 

60 

25 

5176.77 

60 

50 

18187.38 

50 

13851.17 

50 

15 

15192.99 

100 

75  n 

18198.87 

60 

13855.37 

50  r 

50  r 

15240.87 

50 

50 

I  8203.07 

100 

I  3855.84 

200 

200 

15353.41 

50 

50 

18241.61 

60 

2238 


II.  EMISSION  SPECTRA  3000-10,000  A  (Continued) 

Vanadium  (Continued) 


Wave 
length 


I  8253.51 
I  8255.88 
I  8282.37 
I  8342.03 


Arc 


80 
70 
80 
50 


Spark 


Wave 
length 


I  8919.80 
I  8932.93 
I  9046.71 
I  9341.20 


Arc 


100  w 
50  w 
50 

100 


Spark 


Wave 
length 


I  9366.92 
I  9435.58 
19611.60 
19614.68 


Arc 


50 
80 
80 
50 


Spark 


Xenon 


Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

2475.89 

50 

1 4524.68 

400 

114991.17 

50  wnl 

II  2864.73 

100 

114532.49 

100 

II  5012.83 

50  n 

II  2895.22 

80  n 

II  4540.89 

200  nl 

1 5028.28 

. , 

200 

112979.32 

200 

II  4545.23 

200  wnl 

II  5044.92 

100 

3017.43 

50  n 

II  4555.94 

100  wnl 

115080.62 

500 

113121.87 

150 

II  4577.06 

100  wn 

II  5122.42 

. . 

150 

113366.72 

150  n 

14582.75 

300 

115125.70 

, 

50 

113461.26 

50  n 

II  4585.48 

200  wnl 

115178.82 

50 

113907.91 

50  nl 

II  4592.05 

150  wnl 

115188.11 

4  m 

100 

13948.16 

60 

II  4603.03 

300  n 

115191.37 

m 

200 

1 3950.92 

125 

114611.89 

700 

115192.10 

50 

13967.54 

200 

114615.06 

50  nl 

5247.75 

50 

114037.29 

50 

114615.50 

100 

II  5260.44 

300 

114037.59 

100 

114617.50 

50 

115261.95 

200 

114057.46 

100  wnl 

14624.28 

1000 

115268.31 

50 

14078.82 

100 

II  4651.94 

100 

II  5292.22 

800 

II  4098.89 

50  n 

114668.49 

50 

II  5309.27 

150 

14109.71 

60 

14671.23 

2000 

115313.87 

500 

14116.11 

80 

II  4672.20 

50  nl 

II  5339.38 

500 

114158.04 

100  wnl 

4676.46 

100  wnl 

115363.27 

80 

114180.10 

500  n 

1 4690.97 

100 

II  5368.07 

100 

4193.15 

200  n 

I  4697.02 

300 

115372.39 

200 

14193.53 

150 

II  4698.01 

150  nl 

15392.79 

100 

1 4203.69 

50 

114715.18 

80 

115419.15 

1000 

114208.48 

200  n 

114731.19 

50  nl 

II  5438.96 

400 

114209.47 

100  n 

14734.15 

600 

II  5445.52 

80 

II  4213.72 

200  n 

II  4769.05 

100 

115450.45 

100 

114215.60 

100 

114773.19 

50 

II  5460.39 

200 

II  4223.00 

200  n 

114779.18 

50 

II  5472.61 

500 

II  4238.25 

200  n 

II  4787.77 

50 

115531.07 

300 

II  4245.38 

200  n 

1 4792.62 

150 

1 5552.38 

80 

114251.57 

50  wnl 

I  4807.02 

500 

15566.61 

100 

II  4296.40 

200  n 

114818.02 

100 

5572.19 

50 

114310.51 

200  n 

114823.41 

150  n 

15581.78 

50 

II  4330.52 

500  wnl 

14829.71 

400 

115591.61 

50  wn 

4369.20 

100  wn 

1 4843.29 

300 

115616.67 

150 

II  4373.78 

50  wnl 

114844.33 

1000 

15618.88 

80 

14383.91 

100 

II  4862.54 

400  nl 

II  5659.38 

150 

14385.77 

70 

II  4876.50 

200  nl 

II  5667.56 

300 

114393.20 

200  wn 

II  4883.53 

300  n 

1 5695.75 

100 

4395.77 

200  wnl 

114884.15 

50  wn 

1 5696.48 

80 

II  4406.88 

100  wnl 

114887.30 

150  n 

115699.61 

100 

114414.84 

150 

114890.09 

150  n 

15715.72 

70 

114416.07 

80  wnl 

14916.51 

500 

115716.19 

50  wn 

4448.13 

200  wn 

114919.66 

125 

15716.25 

80 

4462.19 

500  wnl 

114921.48 

500 

115719.61 

100 

II  4480.86 

200  wnl 

14923.15 

500 

115726.91 

200 

I  4500.98 

500 

4971.71 

100  wnl 

115751.03 

200 

114521.86 

50  nl 

114972.71 

200  n 

II  5758.65 

150 

114524.21 

100 

114988.77 

150  n 

II  5776.39 

150 

2239 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Xenon  (Continued) 


Wave 

Arc 

Discharge 

Wave 

Arc 

Dicharge 

Wave 

Arc 

Discharge 

length 

tube 

length 

tube 

length 

tube 

I  5814.5C 

60 

I  6554.20 

50  nl 

17881.32 

100 

II  5815.96 

50 

6595.01 

400 

1 7887.39 

300 

I  5823.8S 

300 

I  6595.56 

100 

7942.54 

50 

I  5824.80 

150 

II  6597.25 

200 

1 7967.34 

500 

II  5835.5 

50  wn 

II  6598.84 

50 

7981.1 

50  nw 

1 5875.02 

100 

II  6620.02 

100 

7992.34 

50  wn 

II  5893.29 

150 

1 6632.46 

50 

8008.45 

150  n 

1 5894.99 

100 

I  6666.96 

60 

1 8029.67 

100 

115905.13 

100 

I  6668.92 

150 

8031.64 

50  n 

115917.44 

50 

II  6694.32 

200 

8038.26 

50  n 

15931.24 

80 

II  6702.25 

50 

I  8057.26 

200 

15934.17 

100 

I  6728.01 

200 

18061.34 

150 

115945.53 

200 

I  6777.57 

50 

18101.98 

100 

115958.03 

50 

116788.71 

80 

8151.80 

60 

115971.13 

150 

II  6790.37 

50 

18171.02 

100 

II  5976.46 

, 

800 

II  6805.74 

400 

1 8206.34 

700 

II  6008.92 

100 

16827.31 

200 

18231.63 

5000 

II  6036.20 

500 

16846.61 

60 

1 8266.52 

500 

116051.15 

700 

I  6848.82 

50 

18280.12 

5000 

II  6093.56 

150 

I  6866.84 

50 

8297.55 

50  n 

II  6097.59 

600 

16872.11 

700 

18346.82 

2000 

116101.43 

200 

16882.15 

300 

II  8347.24 

50 

116115.08 

50 

II  6910.22 

50 

1 8347.45 

60 

II  6146.45 

50 

I  6925.53 

100 

18409.19 

2000 

16163.66 

90 

I  6935.62 

50 

18576.01 

200 

16163.93 

80 

6942.11 

400  wn 

1 8624.24 

80 

I  6178.30 

150 

16976.18 

100 

18648.54 

200 

16179.66 

125 

II  6990.88 

700 

1 8692.20 

100 

I  6182.42 

300 

117082.15 

100 

1 8696.86 

200 

II  6194.07 

250 

17119.60 

500 

1 8737.37 

300 

I  6198.26 

100 

7147.50 

50wns 

1 8758.20 

100 

I  6200.89 

60 

117149.03 

150 

18819.41 

5000 

6206.16 

100 

117164.83 

300 

1 8862.32 

300 

I  6261.21 

50 

I  7257.94 

60 

1 8908.73 

200 

II  6270.82 

250 

II  7284.34 

50 

I  8930.83 

200 

II  6277.54 

200 

I  7285.30 

60 

1 8952.25 

1000 

116284.41 

50 

117301.80 

100 

1 8952.78 

50 

I  6286.01 

100 

17316.27 

70 

18981.05 

100 

I  6292.65 

50 

17321.45 

80 

1 8987.57 

200 

II  6300.86 

125 

I  7336.48 

50 

19032.18 

50 

16318.06 

500 

II  7339.30 

150 

I  9045.45 

400 

11 6343.96 

200 

I  7386.00 

100 

19096.13 

50 

II  6356.35 

300 

I  7393.79 

150 

19162.65 

500 

II  6375.28 

80 

II  7548.45 

150 

19167.52 

100 

II  6397.99 

50 

I  7584.68 

200 

I  9374.76 

100 

I  6469.70 

300 

II  7618.57 

50 

19412.01 

60 

I  6472.84 

150 

1 7642.02 

500 

1 9445.34 

80 

I  6487.76 

125 

I  7643.91 

100 

I  9513.38 

200 

I  6498.72 

100 

II  7670.66 

100 

1 9685.32 

150 

I  6504.18 

200  n 

I  Z783.66 

50 

19718.16 

100 

II  6512.83 

150 

II  7787.04 

50 

I  9799.70 

2000 

II  6528.65 

100 

1 7802.65 

100 

1 9923.20 

2000 

I6533.16| 

100 

1 

Ytterbium 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2098.40 

50  n 

2126.72 

40 

200 

2185.69 

60 

100 

2102.72 

20 

200 

2154.16 

80  n 

2224.45 

20 

40 

2109.60 

100  n 

2155.51 

40 

2257.01 

4 

40 

2116.65 

50 

250 

2161.60 

100 

250 

2265.65 

3 

50 

2240 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Ytterbium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2282.99 

5 

50 

3426.04 

40 

15 

5211.60 

40 

2 

2305.33 

8 

100 

3428.46 

25 

80 

5240.50 

10 

40 

2314.48 

4 

50 

3431.12 

40 

15 

5244.11 

50 

5 

2337.95 

2 

40 

3438.72 

4 

80 

5257.49 

15 

100 

2512.06 

10 

50 

3438.84 

20 

100 

5277.07 

200 

6 

2552.15 

10 

40 

3446.88 

10 

50 

5279.55 

15 

100 

2555.31 

50  n 

3454.07 

40 

250 

5300.94 

6 

60 

2567.63 

5 

150 

3458.28 

12 

100 

5307.12 

40 

2579.58 

5 

200 

3464.37 

200  r 

50  r 

5335.16 

150 

400 

2581.12 

20 

100 

3476.30 

80 

10 

5345.67 

20 

100 

2599.15 

2 

50 

3478.84 

40 

300 

5345.83 

10 

50 

2621.12 

2 

100 

3485.76 

20 

40 

5347.20 

40 

200 

2638.09 

1 

60 

3507.83 

12 

60 

5351.32 

50 

3 

2642.55 

3 

80 

3520.29 

10 

70 

5352.96 

100 

250 

2644.32 

5 

40 

3560.33 

20 

50 

5358.64 

15 

100 

2651.71 

2 

60 

3560.73 

8 

100 

5426.91 

2 

60 

2652.23 

2 

60 

3606.47 

15 

60 

5432.73 

5 

100 

2653.75 

50 

200 

3611.31 

12 

50 

5449.29 

20 

100 

2665.03 

10 

60 

3619.81 

30 

100 

5478.52 

10 

50 

2666.08 

5 

150 

3669.71 

50 

80 

5481.94 

50 

2 

2666.97 

5 

150 

3675.09 

50 

200 

5505.50 

40 

2 

2672.65 

20 

80 

3690.58 

10 

50 

5539.06 

200 

5 

2677.37 

40 

3694.20 

500  r 

1000  r 

5556.48 

1500 

50 

2750.48 

20 

150 

3722.29 

7 

60 

5588.47 

30 

100 

2776.27 

6 

40 

3724.21 

15 

50 

5651.99 

50 

80 

2803.48 

40 

3847.86 

40  w 

5720.01 

300 

8 

2818.75 

80 

3887.31 

6 

40 

5730.02 

4 

60 

2830.98 

2 

40 

3900.86 

50 

10 

5771.67 

30 

50 

2851.12 

10 

50 

3904.83 

12 

150 

5819.43 

7 

100 

2867.04 

4 

40 

3987.99 

1000  r 

500  r 

5834.01 

60  n 

1 

2891.38 

50  n 

100 

3990.89 

60 

20 

5837.16 

50 

150 

2906.34 

40 

4077.27 

30 

100 

5897.22 

7 

100  n 

2911.52 

5 

40 

4089.68 

50 

7 

5898.80 

3 

50  n 

2914.21 

10 

60 

4135.10 

15 

50 

5935.06 

3 

40 

2915.27 

10 

40 

4180.83 

10 

100 

5946.02 

4 

100 

2919.35 

15 

90 

4218.57 

3 

50 

5991.50 

50 

150 

2945.90 

10 

60 

4316.97 

20 

40 

6007.42 

4 

80  n 

2970.56 

150 

150 

4370.81 

15 

40 

6152.57 

60 

80 

2983.98 

10 

70 

4439.21 

45 

10 

6246.97 

40 

60 

2994.80 

10 

80 

4515.15 

45 

100 

6260.80 

4 

50 

3002.61 

15 

150 

4553.56 

20 

60 

6274.79 

100 

150 

3005.76 

10 

100 

4576.20 

90 

10 

6355.40 

2 

50  n 

3017.56 

3 

40 

4582.36 

80 

6 

6400.40 

200  n 

4n 

3029.55 

1 

40  n 

4590.83 

40 

6417.97 

125 

3 

3031.11 

100  n 

30 

4598.37 

25 

70 

6432.73 

30 

40 

3042.65 

5 

50 

4726.07 

45 

200 

6463.15 

10 

100 

3107.90 

10 

60 

4781.88 

50 

5 

6474.74 

5 

50 

3201.16 

4 

40 

4786.60 

50 

200 

6489.10 

800 

40 

3275.81 

12 

100 

4820.24 

15 

60 

6492.74 

3 

50 

3289.37 

500  r 

1000  r 

4836.95 

18 

100 

6643.54 

50 

3289.85 

1000 

4935.50 

200 

10 

6667.85 

1000 

20 

3304.56 

15 

40 

4937.23 

6 

80 

6727.62 

30 

60 

3304.76 

12 

40 

5009.52 

20 

50 

6768.70 

80 

2 

3305.73 

30 

125 

5074.34 

200 

5 

6799.61 

1000 

50 

3333.07 

20 

60 

5076.76 

50 

1 

7350.09 

40 

3343.06 

6 

40 

5104.43 

I 

50 

7527.50 

80 

3375.48 

30 

100 

5135.98 

6 

50 

7699.49 

2000 

3391.10 

10 

40 

5147.03 

3 

50 

9760.37 

100 

2241 


II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Yttrium 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

2243.06 

25 

35  w 

3800.03 

25 

5 

II  5087.42 

50 

100 

II  2422.18 

20 

30 

113818.34 

30 

50 

115119.12 

7 

20 

II  2460.62 

10 

30  n 

II  3832.89 

30 

80 

115123.21 

10 

30 

1 2490.42 

20 

3 

113878.29 

15 

15 

II  5200.41 

60 

150 

112734.97 

5 

15 

II  3930.67 

20 

25 

II  5205.72 

50 

80 

II  2785.23 

7 

20 

II  3950.36 

60 

100 

1 5240.81 

20 

II  2785.59 

5 

18 

3968.43 

10 

30 

II  5402.78 

30 

50 

II  2800.10 

10 

20 

II  3982.59 

60 

100 

I  5438.23 

20 

2 

I,  II  2813.65 

7d 

20  n 

1 4047.63 

50 

10 

1 5466.47 

150 

20 

II  2834.57 

2 

18 

4076.35 

30 

8 

II  5473.40 

10 

20 

II  2840.96 

7 

18 

1 4077.37 

50 

40 

II  5480.75 

10 

15 

II  2854.42 

10 

18 

14083.71 

50 

10 

II  5497.40 

20 

40 

II  2856.29 

8 

15 

14102.38 

150 

30 

II  5509.90 

30 

40 

II  2858.08 

7 

15 

114124.91 

7 

18 

115521.70 

4 

40 

I  2886.46 

15 

6 

14128.30 

150 

30 

1 5527.54 

100 

15 

2919.05 

18 

6 

1 4142.84 

100 

25 

II  5544.61 

10 

80 

112930.14 

8 

20 

14167.51 

50 

10 

1 5577.42 

15 

2 

2945.95 

2 

100 

14174.13 

100 

8 

15581.87 

100 

10 

1 2948.40 

20 

5n 

114177.55 

50 

50 

15630.12 

80 

II  2956.04 

7 

15  n 

II  4204.70 

15 

15 

1 5644.68 

15 

*2 

2980.54 

8 

30 

I  4220.64 

15 

7 

II  5662.92 

20 

400 

II  3026.47 

7 

20 

4226.73 

5 

15 

1  5706.72 

15 

1 

II  3036.59 

10 

40 

II  4235.73 

3 

20 

II  5728.88 

3 

25 

II  3053.27 

10  n 

20  n 

I  4235.94 

60 

30 

bh  5730.1 

15 

113055.22 

8 

50 

1425120 

25 

8 

bh  5746.9 

20 

113086.86 

12 

50 

II  4279.3 

3 

15 

bh  5764.2 

20 

II  3093.77 

9d 

15  d 

1 4302.29 

30 

8 

bh  5800.0 

15 

113128.79 

10 

40 

114309.63 

50 

50 

bh  5818.6 

15 

113129.93 

8 

50 

I  4348.79 

100 

bh  5939.1 

100 

113135.17 

10 

18 

11 4358.73 

60 

50 

bh  5956.4 

80 

113173.05 

20 

70 

1 4366.03 

20 

bh  5973.0 

600 

113179.42 

20 

30 

II  4374.93 

150 

150 

bh  5987.6 

300 

113195.61 

30 

50 

II  4398.01 

150 

100 

bh  6003.6 

200 

113200.27 

30 

40 

I  4422.59 

60 

60 

bh  6019.9 

150 

113203.32 

30 

50 

1 4505.95 

50 

50 

bh  6030.6 

100 

113216.68 

40 

70 

I  4527.23 

40 

50 

bh  6053.8 

50 

II  3242.28 

60 

100 

1 4527.79 

25 

40 

bh  6072.8 

15 

3289.85 

15 

10 

I  4643.69 

50 

100 

bh  6089.4 

30 

II  3308.47 

10 

20 

bh  4650.2 

15 

bh  6096.8 

30 

II  3327.87 

60 

60 

I  4658.32 

8 

15 

bh  6107.8 

15 

II  3330.88 

4 

30 

14674.85 

80 

100 

bh  6114.7 

20 

II  3362.00 

12 

25 

II  4682.32 

60 

100 

bh  6132.1 

200 

3372.77 

15 

3 

I  4728.53 

60 

4 

bh  6148.4 

100 

II  3448.81 

18 

18 

1 4760.97 

50 

25 

bh  6165.1 

80 

II  3496.08 

20 

35 

II  4786.58 

15 

25 

bh  6182.2 

60 

II  3549.01 

12 

50 

1 4786.88 

15 

15 

bh  6199.8 

50 

13571.43 

15 

2 

bh  4817.4 

20 

bh  6218.0 

40 

I  3576.05 

15 

2 

bh  4818.2 

30 

bh  6236.7 

30 

113584.51 

20 

15 

114823.31 

15 

10 

bh  6275.0 

15 

3587.75 

15 

2 

4829.35 

3 

15  n 

I  6435.00 

150 

50 

13592.91 

80 

25 

I  4839.87 

20 

25 

bh  6501.2 

15 

II  3600.73 

100 

300 

I  4845.67 

30 

30 

bh  6518.3 

15 

113601.92 

18 

60 

1 4852.69 

30 

15 

I  6538.60 

50 

io 

113611.05 

40 

60 

II  4854.87 

100 

150 

II  6613.74 

15 

12 

113628.71 

40 

50 

1 4859.85 

50 

5 

I  6650.62 

15 

4 

113633.12 

50 

100 

II  4883.69 

20 

300 

I  6687.60 

50 

10 

II  3664.61 

100 

100 

II  4900.12 

20 

300 

6699.26 

18 

4 

II  3668.49 

7 

20 

14906.11 

6 

20 

16713.19 

15 

4 

II  3696.62 

6 

20  n 

1 4908.99 

4 

15 

I  6793.70 

70 

15 

113710.29 

80 

150 

14921.89 

10 

30 

II  6795.40 

12 

20 

113747.55 

12 

15 

4950.66 

3 

15 

I  6845.24 

15 

5 

113774.33 

12 

100 

114982.14 

8 

50 

II  6896.01 

5 

15 

II  3788.70 

30 

30 

bh  5025.3 

20 

I  6950.27 

20 

10 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Yttrium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

Wave 
length 

Arc 

Spark 

I  6979.85 

17191.65 

II  7264.18 

15 
20 
15 

6 

5 

20 

I  7346.46 
II  7450.30 
117881.90 

40 
15 
25 

4 

10 
10 

19231.58 
19494.81 

80 
60 

Zinc 


2012.62 

(250) 

I  2600.94 

10  wn 

3639.53 

20 

(5) 

II  2024.66 

(25)       • 

I  2608.56 

200 

50 

II  3683.47 

20 

(15) 

II  2025.51 

200 

200 

I  2608.64 

300 

100 

3739.99 

20 

II  2040.00 

(250) 

112614.30 

(10) 

113793.91 

10 

II  2057.51 

(20) 

I  2670.53 

200 

4 

II  3806.37 

3 

15 

112061.91 

100 

100 

2682.84 

10 

113840.34 

3 

(50) 

II  2063.61 

2 

20 

12684.16 

300 

6 

113842.26 

(15) 

2077.14 

(10) 

12712.49 

300 

8 

I  3883.34 

50 

2n 

II  2085.53 

(20) 

II  2738.43 

(10) 

I  3965.43 

15 

2136.46 

(10) 

12751.39 

10  n 

113989.23 

(100) 

I  2138.56 

800  r 

500 

I  2756.45 

200 

100 

114057.71 

80 

112148.15 

(50) 

2758.86 

(10) 

14113.21 

10 

II  2210.87 

50 

I  2770.86 

300 

25 

I  4292.88 

25 

25 

II  2253.06 

(10) 

I  2770.98 

300 

150 

I  4298.33 

25 

25 

II  2265.51 

(10) 

1 2781.23 

25 

5n 

4300.81 

(25) 

II  2266.00 

(250) 

II  2782.83 

(20) 

14629.81 

35 

2312.72 

10 

I  2800.87 

400 

300 

14680.14 

300  w 

200  n 

II  2390.78 

25 

12801.06 

100 

20 

14722.16 

400  w 

300  n 

2393.81 

15  n 

II  2801.79 

(25) 

14810.53 

400  w 

300  n 

II  2428.86 

(10) 

II  2804.69 

(10) 

114911.66 

15 

(25) 

II  2435.52 

10 

2826.13 

3 

(10) 

II  4924.04 

15 

(30) 

2439.42 

(25) 

2832.95 

(25) 

1 5069.58 

15 

I  2449.72 

10 

112882.15 

(25) 

15181.99 

200 

2 

I  2463.47 

20 

2 

II  2902.26 

(50) 

II  5585.21 

12 

(1) 

1 2469.38 

12  r 

13018.35 

125 

40 

15777.11 

10 

15 

I  2479.74 

30 

13035.78 

200 

100 

II  5894.35 

3 

(30) 

I  2491.48 

100 

50 

I  3072.06 

200 

125 

II  6021.26 

3 

(15) 

12493.32 

25 

1 3075.90 

150 

50 

II  6102.54 

6 

(20) 

II  2502.00 

20 

400  w 

113172.18 

(12) 

11  6111.56 

8 

(10) 

12515.81 

150  w 

20 

113196.29 

(15) 

116214.59 

3 

(12) 

I  2530.09 

101 

13282.33 

500  r 

300 

I  6362.35 

1000  Wn 

500 

I  2542.32 

40  n 

II  3299.39 

(15) 

16479.15 

10 

II  2557.96 

10 

300 

1  3302.59 

800 

300 

II  6482.98 

4 

(15) 

I  2562.61 

10  n 

3302.94 

700  r 

300  r 

II  6483.27 

(30) 

II  2564.45 

(25) 

11  3305.96 

(20) 

I  6928.32 

15 

II  2568.08 

50  n 

10 

1 3345.02 

800 

300 

II  7478.79 

(50) 

I  2569.87 

100  n 

5 

I  3345.57 

500 

100 

II  7588.48 

(50) 

II  2570.72 

10  r 

I  3345.93 

150 

50 

II  7612.90 

(20) 

2575.60 

(10) 

113381.04 

(20) 

II  7732.50 

(50) 

I  2582.44 

100 

3624.07 

10 

3 

II  7757.86 

(30) 

I  2582.49 

300 

40 

3631.93 

15 

(1) 

I  7799.36 

10 

Zirconium 


I  2248.05 

40 

2285.23 

100 

112291.11 

80 

15 

II  2294.04 

50 

10 

II  2295.48 

40 

8 

2303.14 

100 

2331.57 

100  w 

112449.85 

50 

20 

1 2539.65 

50 

112542.10 
II  2550.74 
II  2567.64 
II  2568.87 
112571.39 
II  2678.63 
112700.13 
112711.51 
112722.61 


100 

50 

100 

50 

100 

100 

100 

200 

300  r 

400  r 

80 

100 

50 

50 

40 

20 

50 

50 

112726.49 

50 

II  2732.72 

40 

II  2734.85 

40 

II  2752.21 

40 

I  2798.27 

100 

12814.90 

70 

I  2837.23 

100 

II  2844.58 

50 

1 2848.52 

100 

50 
30 
40 
40 


50 
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II.  EMISSION  SPECTRA  2000-10,000  A  (Continued) 

Zirconium  (Continued) 


Wave 
length 

Arc 

Spark 

Wave 
length 

Arc          S 

park 

Wave 
length 

Arc 

Spark 

I  2875.98 

70 

1 

II  3843.02 

40 

40 

1 4688.45 

50 

1 2985.39 

50 

3 

1 3864.33 

50 

20 

14710.07 

60 

13011.75 

100 

4 

1 3890.32 

150 

6 

bh  4736.9 

60 

113020.47 

50 

30 

13891.38 

100 

5 

14739.48 

100 

13029.51 

60 

5 

1 3900.52 

100 

14772.31 

100 

11 3236.58 

20 

40 

113914.34 

70 

*8 

I  4784.92 

40 

1 3254.28 

40 

40 

13921.79 

100 

4 

14815.63 

40 

II  3273.05 

50 

80 

I,  II  3929.53 

100 

6 

bh  5437.0 

40 

113279.26 

50 

50 

II  3958.22 

500            1 

50 

bh  5456.5 

40 

II  3306.28 

80 

80 

3961.59 

500 

8 

bh  5551.7 

60 

II  3326.80 

100 

100 

I  3968.26 

100 

4 

bh  5553.1 

60 

II  3356.09 

50 

40 

I  3975.29 

50 

1 

bh  5610.1 

60 

113357.26 

50 

40 

113991.13 

100 

60 

bh  5629.0 

80 

113387.87 

100 

100 

1 4027.20 

100 

4 

bh  5629.5 

100 

113388.30 

50 

40 

1 4028.95 

40 

1 

bh  5658.1 

50 

113391.97 

300 

400 

II  4029.68 

40 

15 

15664.51 

50 

113399.35 

100 

40 

1 4035.89 

40 

2 

1 5680.90 

50 

II  3404.83 

40 

35 

1 4055.03 

100 

5 

bh  5718.1 

150 

113410.25 

50 

50 

14064.15 

100 

6 

bh  5724.1 

70 

II  3430.53 

50 

50 

1 4072.70 

100 

3 

bh  5748.1 

100 

II  3438.23 

250 

200 

14081.21 

150 

7 

bh  5778.5 

60 

13447.36 

150  w 

3 

II 4149  20 

100             1 

00 

I  5797.74 

50 

113463.02 

18 

40 

114161.21 

40 

30 

bh  5860.1 

80 

113479.39 

60 

80 

14166.36 

50 

4 

I  5879.80 

60 

113481.15 

50 

80 

14183.32 

40 

1 

bh  5908.5 

60 

113496.21 

100 

100 

14201.46 

50 

3 

16121.91 

60 

II  3505.67 

40 

30 

14213.86 

40 

3 

I  6124.84 

40 

I  3509.32 

40 

5 

1 4227.76 

150 

8 

I  '127.44 

500 

13519.60 

100 

10 

14239.31 

100 

5 

I  6134.55 

300 

I  3547.68 

200 

12 

1 4240.34 

100 

1 

16140.46 

40 

113551.95 

30 

40 

14241.20 

100 

2 

I  6143.20 

300 

II  3556.60 

15 

50 

14241.69 

100 

2 

I  6299.66 

50 

113572.47 

60 

80 

1 4256.04 

60 

16313.02 

200 

1 3575.79 

100 

5 

14268.02 

40 

1 

I  6470.21 

40 

13601.19 

400 

15 

I  4290.21 

40 

20 

I  6489.64 

50 

113611.89 

15 

40 

1 4294.79 

40 

1 

I  6762.38 

50 

II  3613.10 

40 

40 

1 4302.89 

100 

1 

16769.16 

50 

113614.77 

40 

80 

14341.13 

50 

4 

I  6953.84 

80 

13623.86 

40 

7 

14347.89 

40 

5 

I  6966.44 

40 

II  3636.45 

200 

30 

114457.43 

40 

7 

I  6990.84 

50 

1 3663.65 

100 

10 

bh  4471.5 

40 

I  7097.70 

100 

113671.27 

40 

30 

14575.51 

50 

17102.91 

80 

II  3674.72 

100 
50 

40 

bh  4619.8 

80 

17103.72 
17111.68 

50 
40 

113698.17 

80 

bh  4637.8 

100 

II  3709.26 

50 

30 

bh  4640.6 

150 

, . 

17169.09 

150 

113751.59 

25 

40 

bh  4644.7 

40 

, 

I  8070.08 

100 

1 3780.54 

40 

15 

1 4687.80 

125 

18132.99 

80 

3825.27 

40 

60 
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SECTION  III 


Infrared  above  10,000  Angstroms 

Wave  lengths  are  given  in  angstroms 

Intensities  are  shown  by  the  numbers  1  to  10  except  where  otherwise  indicated. 

Characteristics  of  lines  are  indicated  by  symbols  as  follows:  2,  3,  *,  etc.  unresolved 
line  of  2,  3,  or  4  components. 

I,  II,  III,  etc.  classes  of  spectra  emitted  by  the  neutral,  ionized,  or  doubly  ionized 
atom  respectively. 

b    widened,  not  sharp 

c     complex,  hyperfine  structure 

d    double 

h    hazy 

H  very  hazy 

1     shaded  or  displaced  to  longer  wave  lengths 

r     narrow,  self  reversed 

V    violet,  shaded  or  displaced  to  shorter  wave  lengths 

w   wide,  hyperfine  structure 

W  very  wide,  hyperfine  structure 


Aluminum 

Argon  (4)  (Cont.) 

Barium  (2)  (Cont.) 

nsity  Scale 

-t\.JIlg  b  J-llLc 

Wave  length 

An 

Wave  length 

Geissler  tube 

Wave  length 

Arc 

King's  Intensity  Scale 

I  11255. 
I  13125. 
I  13151. 
I  16720. 
I  16752. 
I  21098. 
I  21166. 
1 39108. 

10700.98 

80 

10188.23 

50  h 

10712.77 

40 

10233.22 

500  h,l 

10733.87 

50 

10274  04 

50h,l 

10759.13 

60 

10349.03 

8  h,l 

10770.35 

15 

10370.34 

10  h 

10773.35 

30 

10471.26 

100 

10861.04 

25 

10649.07 

10 

10880.96 

150 

108Q2  37 

30 

1-10  Intensity  Scale 

Antimony 

10947.90 
10950.74 

20 

120 
200 

II 10651. 

11078.87 

8 

10080. 

L 

[                   11106.44 

60 

10692. 

2 

10263. 

i 

[                  11118.75 

20 

11016. 

4 

10587. 

1 

>        11133.86 

20 

11116. 

2 

10678. 

1( 

)        11248.33 

8 

I  11304. 

2 

10743. 

1 

>        11393.66 

50 

11608. 

2 

10840. 

1 

,        11441.83 

80 

11886. 

5 

10880. 

I        11467.57 

30 

11978. 

2 

11013. 

< 

)        11488.12 

150 

II 12084. 

5 

11082. 

t 

>        11580.39 

8 

12554. 

3 

11109. 

t 

>        11668.72 

100 

12815. 

1 

11190. 

\ 

i        11719.51 

30 

13057. 

1 

11268. 

4 

[                  11733.26 

20 

I  13207. 

4 

11864. 

<■ 

[                  11943.50 

25 

13811. 

4 

12118. 

t 

>        12112.31 

25 

13957. 

2 

12139.73 

1 oino  00 

20 
20 

14078. 

4 

lz4Uz.&5 

14160. 

3 

Argon  (4) 

12439.34 

20 

14211. 

3 

King's  Intensity  Scah 

s        12456.13 

15 

14325. 

3 

12487  67 

15 

I  15000. 
17065. 
17182. 

4 
1 

Geissler 

Wave  length 

tube         Barium  (2) 

1 

18204. 
19075. 

2 

2 

10470.051 

50( 

1      Wave  length 

Arc 

19988. 

3 

10478.10 

20( 

10( 

5( 

) 

I  20712. 

I  21477. 

22221. 

4 

10506.47 
10529.32 

King's  Intensity  Scale 

2 
2 

10673.55 
10681.78 
10683.40 

50( 

20( 

5( 

10001.09 

10032.12 

1                  10129.68 

300 

200 

10 

22313. 

23255. 

I  25516. 

2 
3 
5 
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III.  EMISSION  SPECTRA  ABOVE  10,000  A  (Continued) 


Barium  (Cont.) 


Wave  length 


26221. 

27751. 
I  29224. 

29791. 

30469. 
I  30687. 
I  30934. 


Arc 


Beryllium 


10283. 

10674. 

12141. 

12329. 

12355. 

13227. 

14904. 

15006. ) 

15013. J 

15393. ) 

15400. J 

15951. 

16794. 

17571. 

21560. 

21897. 

22239. 

23097.) 

23110.) 


Bismuth 


10106. 
10302. 
10540. 
11073. 
11556. 
11711. 
11995. 
12167. 
12691. 
14332. 
25554. 


Cadmium 


1 10394.6 
1 11268. 
I  11630. 
I  13979. 
1 14327. 
I  14354. 
I  14473. 
1 14849. 
1 15154. 
15258. 
I  15711. 
1 16402. 
1 16432. 
1 16482. 
I  39086. 


2 
2 
3 

2(2) 

2 


Calcium 


Wave  length 


I  10345. 
I  12822. 

13038. 
I  16145. 
I  16162. 
I  16200. 

16433. 
I  19311. 
I  19453. 
I  19507. 
I  19777. 

19817. 
1  19857. 
I  19865. 
I  19918. 
I  19936. 
I  19947. 
I  22610. 
I  22625. 
I  22656. 


Arc 


10 

5  (■■) 

3 

2 

2 

3 

1 

4 

5 

3 

6 

1 

4 

4 

1 

3 

1 

1 

3 

4 


Carbon  (15^ 
King's  Intensity  Scale 


Wave  length 


10683.18 
10685.44 
10691.36 
10707.44 
10729.59 


Intensity 


25 
10 
50 


Cesium 


Wave  length 


1 10026. 
1 10124. 
I  13589. 
1 13605. 
1 14695. 
I  29317. 
I  30103. 
I  30963. 
1 34893. 
1 36128. 
1 39180. 
I  42202. 
I  68070. 

69310. 

71110. 
I  71930. 

74250. 


Arc 


Chromium  (12) 


King's  Intensity  Scale 


10080.32 
10486.24 
10509.96 


15 

20 
10 


Chromium  (12)  (Cont.) 


Wave  length 


Arc 


King's  Intensity  Scale 


10647.66 

12 

10667.53 

15 

10672.17 

18 

10801.37 

12 

10816.91 

8 

10821.62 

12 

10905.83 

25 

10929.90 

10 

10957.19 

12 

11015.63 

30 

11157.03 

25 

11310.69 

12 

11331.88 

10 

11339.16 

15 

11390.63 

15 

11397.96 

12 

11472.93 

10 

11484.50 

15 

11610.48 

15 

L— 10  Intensity  Scale. 


13462. 
15680. 
15861. 
18479. 
18584. 
18654. 
18717. 
25460. 
25490. 
25560. 
25584. 
25665. 
25709. 
25785. 
25816. 
25850. 
25902. 
26232. 


Cobalt 


10020.7 

10189.2 

10206.1 

10210.8 

10213.3 

10236.4 

10272.9 

10284.6 

10366.6 

11275.5 

11293.5 

11340.8 

11453.4 

11634. 

11895. 

14062. 

14559. 
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III.  EMISSION  SPECTRA  ABOVE 

10,000  A  (Continued) 

Cobalt  (Cont.) 

Helium  (4),  (5)  (Cont.) 
King's  Intensity  Scale 

Iron  (Cont.) 

King's  Intensity  Scale  (13) 

(Cont.) 

Arc 

Wave  length 

Wave  length 

Geissler  tube 

Wave  length 

4 
2 
3 
2 
5 
5 
3 
2 
3 
5 
3 
3 
2 
3 

Intensity 

14611. 

11044.95 
11969.07 

I  20581. 

I  40540. 

40 
20 
20 

14681. 
14958. 
15210. 
16133. 
16257. 

11607.57 
11689.98 
11973.01 

12 

8 
8 

16388. 
16447. 
16574. 

Hydrogen 

Krypton  (4),  (7),  (8) 

17005. 
17080. 

10900. 
12817. 
18751. 
26300. 
40500. 
74000. 

King's  Intensity  Scale 

18176. 
18274. 
19779. 

Wave  length 

Geissler  tube 

10017.97 
10042.27 
10065.96 
10077.66 
10120.96 
10147.68 
10167.61 
10221.46 
10296.93 
10360.37 
10361.15 
10374.44 
10389.28 
10428.40 
10592.97 
10593.01 
10608.43 
10626.70 
10699.33 
10874.84 
10874.92 
11187.13 
11257.74 
11259.16 
11457.52 
11792.47 
11819.43 
11997.15 
12204.54 

COLUMBIUM  (9) 

20H,v 
20H.1 

King's  Intensity  Scale 

Iron 

10 
10 
30 
10 

10  H 
1000 

30  c 
10  c 
20c,d? 
10  c 
8c 
10  c 
10  c 

10003.85 
10042.54 
10067.4 

Wave  length 

Arc 

10181.33 
10203.44 
10419.54 
10563.7 

10063. 
10144. 
11641. 
11884. 
11975. 
12034. 
13564. 
13899. 
14237. 
14288. 
14402. 
14513. 
14558. 
14711. 
14828. 
15054. 
15213. 
15296. 
15396. 
15625. 
15771. 
15815. 
15821. 
16166. 
16317. 
25987. 
26229. 

2 
3 
3 
5 
8 
3 
5 
5 
4 
4 
10 
8 
4 
2 
2 
2 
4 
4 
3 
3 
4 
3 
3 
2 
2 
3 
2 

80 
100 
100 

10 
8h 

Copper  (11) 

10 
30 

King's  Inte 

10146.78 
10172.00 

nsity  Scale 

50  b 
20 

100 

20 

8 

20 
20 

100 

1-10  Intensity  Scale 

40 

80 

1 16008. 
1 16653. 
1 18194. 
1 18229. 

5 

4 

7 
5 

50 
80 
10 
100 
10 
10 

Helium  (4),  (5) 
King's  Intensity  Scale 

Lanthanum  (1) 
King's  Intensity  Scale 

Wave  length 

Geissler  tube 

Wave  length 

Arc 

40 

15 

10 

40 

30 

500 

1500 

2500 

100 

50 

30 

10027.73 
10031.16 

King's  Intensity  Scale  (13) 

10005.73 
10141.20 
10154.74 
10184.60 
10274.85 
10281.34 
10294.68 
10349.08 
10357.70 

50 

10138.50 

10311.32 

10667.60 

10829.081 

10830.250 

10830.341 

10912.92 

10916.98 

11012.97 

Wave  length 

Intensity 

10 
40 
20 

10469.59 
10532.21 
11119.80 
11439.06 

20 
10 
10 
15 

10 

10 
10  d 
40 
20 
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III.  EMISSION  SPECTRA  ABOVE  10,000  A  (Continued) 


Lanthanum  (1)  (Cont.) 
King's  Intensity  Scale 


Manganese  (Cont.) 
1-10  Intensity  Scale 


Neon  (4),  (7)  (Cont.) 
King's  Intensity  Scale 


Wave  length 


10450.82 
10461.69 
10522.09 
10612.56 


Arc 


Lead 


10291. 

10 

10500. 

10 

10651. 

6 

10888. 

1 

10971. 

3 

12564. 

4 

13102. 

4 

14744. 

3 

15315. 

3 

Lithium 


I  12232. 

13566. 
1 17552. 

18697. 
I  19290. 

23991. 
I  24467. 
I  26875. 

26891. 
I  40475. 
I  74360. 


Magnesium 


20 
15 
10 
10 


Manganese  (3) 
King's  Intensity  Scale 


10052.9 
10212.34 


20  h 
8h 


I  10813. 

3 

I  10963. 

1 

I  10970. 

3 

11054.? 

2 

I  11828. 

10 

I  12083. 

5 

I  14877. 

10 

I  15028. 

6 

I  15759. 

1 

I  15768. 

4 

I  17108. 

6 

I  23963. 

1 

I  23977. 

1 

I  23991. 

1 

Wave  length 


11378. 

11614. 

11782. 

12307.': 
I  12900. 

12976. 
I  13294. 
I  13318. 

13416. 

13500. 
I  13626. 

13685. 
I  13864. 
I  13997. 

14970. 

15218. 

15263. 

15965. 

17336. 

17608. 


Arc 


Mercury 


I  10140. 
I  11287. 
1 11888. 
T  13570. 
I  13673. 
I  13950. 

15295. 
I  16921. 
I  17073. 
I  17110. 

18333. 

19701. 
I  23253. 

36492. 
I  39425. 

40159. 


10 
9 
1 
6 
8 
4 
5 
2,, 

2 
1 

1(2) 

1 

2 
10 

8 


_  Neon  (4),  (7) 
King's  Intensity  Scale 


Wave  length 


10005.54 
10007.31 
10295.40 
10562.43 
10620.70 
10764.09 
10766.15 
10798.12 
10844.54 
10888.53 
11020.93 
11044.06 
11049.80 
11143.09 


Geissler  tube 


20 
30 
80 

200 
40 
12 
10 

150 

200 

8 

10 

15 

20 

300 


Wave  length 


11160.29 
11177.59 
11390.53 
11409.24 
11522.82 
11525.11 
11536.41 
11601.62 
11614.18 
11688.08 
11766.87 
11789.11 
11789.93 
11984.99 
12066.38 


Geissler  tube 


Nickel 


Wave  length 


10195. 

10301. 

10330. 

10378. 

10980. 

11198. 

11591. 

13553. 

13722. 

13829. 

13969. 

14102. 

14874 

16313. 

16363. 

16409.': 

16495. 

16868. 

16999. 

17986. 

18040. 


Oxygen 


I  11287. 
I  11294. 
I  11300. 
I  13163. 


Potassium  (2) 
King's  Intensity  Scale 


10480.3 

10487.7 

11022.3 

11690.17 

11769.41 

11773.05 
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III.  EMISSION  SPECTRA  ABOVE  10,000  A  (Continued) 

Potassium  (Cont.) 

Silicon  (16) 

Stroniium  (2) 

1-10  Intensity  Scale 

King's  Intensity  Seale 

Wave  length 

Arc 

Wave  length 

Arc 

Wave  length 

Arc 

King's  Intensity  Scale 

1 11028.0 

10 

10288.83 

25 

1 11689.76 

10 

10371.23 

50 

10036.59 

300 

I  11771.73 

10 

10585.12 

100 

10327.29 

1000 

1 12434.3 

10 

10603.38 

60 

10914.83 

200 

1 12523.0 

9 

10627.81 

20  b 

I  15165.8 

10 

10660.98 

50 

1-10  Intensity  Scale 

27065.6 

2 

10689.52 

20  b 

I  27215.0 

1 

10694.14 

50  b 

I  31395. 

8 

10727.21 

75  b 

I  11242. 

10 

I  31596.8 

4 

10749.40 

60 

17137. 

I  36372.7 

1 

10786.86 

50 

17170. 

I  36626.4 

3 

10827.09 

100 

17446. 

I  37075.6 

3 

10844.02 

25  b 

I  20262. 

10 

I  37354.3 

4 

10869.54 

125 

20705. 

I  37370.7 

1 

10885.16 

10  b 

20767. 

140115  5 

6 

10979.27 

35 

I  26024. 

6 

I  62030. 

2 

11018.00 

70 

26714. 

I  62360. 

2 

11187.74 

20  b 

26806. 

I  64310. 

1 

11290.01 

10  b 

I  26915. 

6 

I  64610. 

1 

11984.20 

20 

26947. 

I  74260. 

1 

11991.57 

10 

I  27356. 

6 

I  84520. 

1 

12031.49 

25 

28516. 

I  85100. 

1 

28964. 
I  29225. 
130110. 

'6 

5 

Rhenium  (3) 

Silver 

30482. 

. . 

King's  Intensity  Scale 

I  30665. 

•'• 

10c,W 
15 
100  c,W 

10064.02 
10128.78 

1 12551. 
1 16819. 

1 
3 

Thallium 

10169.85 

10175.68 

20  w 

1 17415. 

1 

I  10292. 

'6 

10206.32 

20 

1 18307. 

1 

I  10492. 

5 

10332.57 

10c,W 

1 18382. 

1 

1 10496. 

8 

10639.44 

10c,W 

39889. 

5 

1 11482. 

5 

39951. 

8 

I  11513. 
I  11594. 

10 

8 

Rubidium  (2) 

Sodium  (2) 

11691. 
I  12492. 

12728. 
I  12736. 

1 

King's  Intensity  Scale 

2 
2 

10 

10055.2 

30  H,v 

10076.1 

10284.8 

500  H,l 
4H,1 

King's  Intensity  Scale 

I  13014. 
I  14515. 

10 
10 

10305.3 

2H,1 

10745.9 
10748.7 
11381.62 
11403.96 

4 

2 

6 

10 

1 14593. 
1 14598. 
I  16123. 
I  16340. 
20486. 

1 
3 

1-10  Intensity  Scale 

10 
10 

1 

I  10082. 
I  13237. 

10 
10 

21397. 

1 

I  21803. 

3 

I  13444. 

10 

27024. 

1 

I  13667. 

10 

1-10  Intensity  Scale 

I  27889. 

4 

I  14754. 

10 

I  33393. 

1 

I  15290. 

10 
3 

I  35680. 
I  35950. 

1 

138511. 

1 

2 

I  39827. 

3 

Wave  length       Arc 

Spark 

138131. 

5 

I  39898. 

6 
1 

I  39215. 
I  39246. 

2 

I  46190. 

2 

I  46960. 

8 

I  18459.5 

10 

39286. 

6 

I  52313. 

2 

I  40449. 

8r 

I  51058. 

2 

I  64360. 

2 

I  74430. 

lr 

I  55590. 

1 

I  65670. 

2 

I  90480. 

3 

I  70230. 

1 

72690. 
1 74280. 

2 
3 

I  90850. 

4 

171170. 

1 

2249 


in.  EMISSION  SPECTRA  ABOVE  10,000  A  (Continued) 


Tin 

Titanium  (14)  (Cont.) 

Xenon  (4), 

(6)  (Cont.) 

King's  Intensity  Scale 

Arc 

Wave  length 

Intensity 

Wave  length 

Wave  length 

Geissler  tube 

1 

11246.88 

8 

10458. 

10808. 

1 

11403.89 

8 

11162.67 

10 

10896. 

4 

11175.5 

1 

11194. 
11279. 

7 
10 

Vanadium  (10) 

11214.89 
11289.10 

5 
10 

11457. 

6 

King's  Intensity  Scale 

11309.56 

5 

11618. 

6 

11415.04 

15 

11672. 

2 

Wave  length 

Arc 

11491.22 

15 

11740. 

9 

11537.4 

1 

11827. 

4 

11614.08 

25 

11853. 

4 

11742.26 

50 

11934. 

10 

10203.45 

10 

11793.56 

10 

12983. 

5 

10848.0 

20 

11857.31 

6 

13022. 

2 

10993.4 

15 

11857.86 

2 

11107.7 

10 

11874.36 

1 

11912.10 
11951.1 
11953.00 
12084.80 

2 

Xenon  (4),  (6) 

1 
3 

TlTANir 

M  (14) 

King's  Intensity  Scale 

3 

King's  Inte 

nsity  Scale 

12235.24 

5 

Wave  length 
10023.72 

Geissler  tube 

12257.81 
12623.40 

1 
5 

Intensity 

50 

Wave  length 

Zinc 

10060.96 
10084.79 

10 
20 

10120.90 

10 

10107.34 

80 

Wave  length 

Arc 

10145.48 

8 
25 

10125.47 
10188.36 

20 
10 

10396.85 

10460.07 

10 

10251.07 

20 

I  10970. 

4 

10496.14 

30 

10484.83 

8 

I  10979. 

4 

10553.02 

8 

10515.15 

10 

I  11054.2 

10 

10584.66 

25 

10527.84 

40 

I  13053.2 

10 

10607.78 

10 

10549.76 

20 

I  13150.4 

10 

10661.61 

20 

10706.78 

150 

I  13197.5 

10 

10677.04 

10 

10758.86 

100 

I  13781.4 

2 

10689.52 

15 

10838.34 

1000 

I  13786.1 

4 

10726.33 

18 

10895.32 

200 

I  14038.5 

10 

10732.89 

8 

11085.25 

250 

I  15679.7 

4 

10774.92 

12 

11127.20 

100 

I  16485.7 

4 

10896.10 

8 

11130.81 

8 

I  16503.9 

4 

11243.90 

10 

11141.09 

50 

16504.0 

4 
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SPARK  SPECTRUM  OF  AIR 

International  Angstroms 


Wave 
length 


In- 
tensity 


Ele- 
ment 


Wave 
length 


In- 
tensity 


Ele- 
ment 


Wave 
length 


In- 
tensity 


Ele- 
ment 


.0 

.15 

.1 

.3 

.3 


287.9 
318.5 
382.1 
395.62 
399. 
404.9 
406.9 
433.6 
445.5 
507.2 
514.5 
599.5 
739.8 
746.7 
2  749. 
2  755.9 
2  795.5 
2  858.3 

2  927.5 

3  007 
3  047 
3  0$9 
3  130 
3  135 
3  139 
3  158.7 
3  265.2 
3  288.9 
3  301.9 
3  312.5 
3  318.8 
3  320.7 
3  325. 

3  329.5 
331.8 
344.8 
354.08 
365.8 
367.3 
370.9 
374.0 
377.2 
390.3 
3  408.3 
3  437.32 
450.9 
471.2 
491.9 
514.8 
560.6 
3  570.3 
3  577.2 
3  589.0 
3  594.6 
609.8 
639.6 
702.9 
707.3 
709.2 


3  712.7 


O 


727 

729 

749 

754 

759 

770 

804 

830 

839 

842. 

845. 

848. 

850. 

851. 

856. 

864. 

882. 

893. 

907. 

909. 

912. 

919. 

933. 

940. 

945. 

947. 

954. 
3  955. 
3  968. 
3  973. 
3  982. 
3  995. 

014. 

025. 

034. 

041. 

057. 

063. 

069. 

072. 

075. 

078. 

085. 

089. 

093. 

097. 

103. 

105. 

110. 

112. 

114. 

119. 

120. 

121. 

124. 

129. 

132. 

133. 

142. 

143. 


.34 
.3 

.51 
.5 

.8 
.9 
.0 
.7 
.1 
.8 
.1 
.04 
.6 
.2 
.7 
.6 
.3 
.3 
.6 
.1 
.1 
.10 
.6 
.2 
.1 
.45 
.4 
9 
4 

30 
76 
1 
0 
7 
9 
3 
8 
2 

90 
25 
93 
9 

20 
1 

00 
2 
3 

00 
84 
09 
0 
3 
5 
5 
1 
5 

88 
70 
2 
7 


4 

1 
5 
1 
1 
1 
1 
1 
2 
1 
0 
1 
1 
1 
1 
1 
2 
1 
1 
1 
3 
6 
9 
1 
1 
1 
1 
4 
1 
4 
2 
10 
1 
1 
2 
3 
1 
1 
8 
8 
8 
2 
2 
1 
2 
3 
2 
3 
2 
1 
0 
4 
2 
2 
2 
1 
2 
2 
1 
1 

225T 


O 

N 
O 
O 

o 

N 

o 

N 
N 
N 
N 
O 
N 
O 
N 
O 

o 

N 
O 
N 
O 
N 
? 

N 
O 
O 

o 

N 

A(?) 

O 

O 

N 
O 
N 
N 
N 
N 
N 
O 
O 

o 
o 
o 
o 
o 

N 
N 
O 
O 

o 
o 
o 
o 
o 
o 
o 
o 

N 

o 
o 


4  145.90 
4  153.5 
4  169.36 
4  176.2 
4  185.5 
4  189.8 
4  199.3 
4  206.7 
4  211.1 
4  223.3 
4  228. 
4  236.8 
241.75 


4  253.7 


266.4 

275.9 

303.7 

317.11 

319.62 

325.7 

327.5 

328.5 

331.04 

331.9 

4  336.8 

4  345.54 
347.44 
348  0 
349.40 
351.3 
361.6 
366.87 
369.2 
371.4 
379.6 
392.4 
396.0 
401.2 
414.9 
417.0 
425.9 
430.1 
432.4 
434.0 
443.3 
447.04 
452.4 
460.1 
465.4 

4  467.8 
469.4 
477.7 
507.62 

4  514.8 
529.9 
544.8 
552.5 
590.93 
596.12 
601.48 


N 
O 
O 

N 
O 
O 

N 
N 
N 
N 
N 
N 
N 
O 
N 
N 
O 

o 
o 
o 
o 
o 

N 

o 
o 
o 
o 

N 

o 
o 

N 

o 
o 

N 
N 
N(?) 
O 
N 
O 
O 
N 
N 
N 
N 
O 
N 
O 
N 
O 
O 

o 

N 
N 
N 
N 
N 
N 
O 

o 

N 


SPARK  SPECTRUM  OF  AIR  (Continued) 
International  Angstroms 


Wave 

In- 

Ele- 

Wave 

In- 

Ele- 

Wave 

Inr       ; 

Ele- 

length 

tensity 

ment 

length 

tensity 

ment 

length 

tensity   ment 

4  607.14 

4 

N 

5  016.4 

2 

N 

5  952.4 

4 

N 

4  609.4 

1 

N 

5  022.9 

1 

N 

6  158.1 

0 

O 

4  613.84 

3 

N 

5  025.7 

2 

N 

6  171.0 

2 

O 

4  621.39 

4 

N 

5  032. 

0 

6  284.3 

1 

N 

4  630.53 

10 

N 

5  045.1 

2 

"n* 

6  341.5 

0 

N 

4  634.0 

1 

N 

5  061.8 

0 

N 

6  358.1 

0 

N 

4  638.8 

2 

O 

5  073.5 

0 

N 

6  370.7 

0 

4  640.5 

1 

N 

5  136. 

0 

6  379.3 

2 

N* 

4  641.8 

3 

O 

5  143.6 

0 

"6" 

6  456. 

0 

O 

4  643.1 

4 

N 

5  150. 

0 

6  482.0 

5 

N 

4  649.1 

4 

O 

5  160.1 

0 

"6' 

6  563.2 

3 

H 

4  650.8 

2 

O 

5  172. 

1 

N 

6  610.4 

6 

N 

4  654.5 

1 

N 

5  173.4 

1 

N 

6  640.7 

0 

4  661.6 

5 

O 

5  175.9 

2 

N 

6  654.8 

2 

4  674.9 

1 

N 

5  179.4 

1 

N 

6  721.3 

1 

4  676.2 

3 

O 

5  183.2 

0 

O 

6  811.9 

0 

4  697.6 

0 

N(?) 

5  185.1 

0 

N 

6  864. 

0 

4  699.2 

3 

O 

5  190.6 

1 

N 

6  887.6 

1 

4  703.1 

0 

o 

5  206.5 

1 

O 

6  950. 

ON 

4  705.1 

1 

N 

5  250.6 

1 

N(?) 

6  965.9 

1 

A 

4  705.4 

3 

O 

5  263. 

0 

7  067.6 

0 

A 

4  709.9 

2 

o 

5  281.7 

0 

*n' 

7  157.4 

9        0( 

4  718.4 

2 

N 

5  320.5 

1 

N 

7  384.5 

1 

4  735.7 

1 

N 

5  325.1 

0 

O 

7  424.0 

8 

N 

4  751.2 

1 

O 

5  328.6 

0 

N 

7  432.9 

0 

4  764.6 

1 

N 

5  338.7 

1 

N 

7  442.7 

10 

N* 

4  774.2 

1 

N 

5  341.2 

1 

N 

7  458.7 

0 

4  779.8 

2 

N 

5  351.2 

0 

N 

7  468.7 

10 

isf* 

4  781.2 

0 

N(?) 

5  356.4 

0 

N 

7  479. 

0 

o 

4  788.2 

4 

N 

5  411.5 

1 

N 

7  505.8 

0 

A 

4  793.7 

2 

N 

5  432.1 

0 

N(?) 

7  515.2 

0 

A 

4  803.3 

5 

N 

5  452.1 

1 

N 

7  635.7 

1 

A 

4  805.9 

1 

N 

5  454.1 

1 

N 

7  772.1 

10 

O 

4  810.3 

2 

N 

5  462.8 

1 

N 

7  774.3 

7 

O 

4  847.7 

N(?) 

5  478.1 

0 

N 

7  775.6 

6 

O 

4  856.8 

O 

5  480.1 

1 

N 

7  947.8 

4 

O 

4  860.3 

N 

5,495.7 

2 

N 

7  951.1 

3 

o 

4  871.6 

0 

O 

5  526.2 

2 

N 

7  952.3 

2 

o 

4  879.7 

N 

5  530.2 

3 

N 

8  185.3 

4 

N 

4  890.9 

0 

O 

5  535.2 

5 

N 

8  188.4 

4 

N 

4  895.3 

N 

5  543.4 

3 

N 

8  200.7 

1 

N 

4  906.8 

O 

5  552.0 

2 

N 

8  211.1 

2 

N 

4  924.6 

2 

O 

5  566. 

0 

N 

8  216.7 

7 

N 

4  934.8 

N 

5  592.3 

0 

O 

8  223.5 

4 

N 

4  941.0 

N 

5  645.6 

1 

N 

8  230.2 

0 

O 

4  942.5 

N 

5  666.6 

5 

N 

8  242.8 

4 

N 

4  943.0 

O 

5  675.9 

3 

N 

8  446.8 

5 

O 

4  955. 

O 

5  679.5 

10 

N 

8  594. 

0 

4  964.7 

0 

N 

5  686.2 

3 

N 

8  630.0 

0 

, , 

4  987.4 

N 

5  710.7 

2 

N 

8  680.6 

2 

N 

4  991.3 

N 

5  730.6 

2 

N 

8  683.7 

1 

N 

4  994.4 

3 

N 

5  747.5 

1 

N 

8  686.4 

0 

N 

5  001.4 

6 

N 

5  767.4 

2 

N 

8  692. 

0 

5  005.2 

6 

N 

5  927.8 

4 

N 

8  703.8 

0 

N 

5  007.4 

3 

N 

5  931.8 

7 

N 

8  712.0 

0 

N 

5  010.6 

2 

N 

5  940.5 

1 

N 

8  719.2 

0 

N 

5  013.9 

0 



5  941.6 

10 

N 
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STANDARD  WAVE  LENGTHS 

Primary  Standard 

Wave  length  of  the  red  cadmium  line  in  air,  760  mm.  pressure  15°C. 
measures  of  Benoit,  Fabry  and  Perot  1907, 

6438.4696  Angstrom  units 


Secondary  Standards 
Lines  of  the  Iron  Arc 

Selected  lines  from  list  by  Ch.  Fabry:  International  Critical  Tables,  1929, 
"Wave    lengths    in    international    Angstroms,    atmospheric   pressure, 


Iron,  Wave  Lengths  in  the  Ultraviolet  Spectrum 

The  following  table  presents  the  results  of  interferometer  measurements- 
made  by  Meggers  and  Humphreys  and  reported  in  the  Jour.  Research  of 
B.  of  S.  18,  543,  1937.     The  standard  iron  arc  was  used  as  a  source  and  the 

wave  lengths  in  air  at  15°C.  and  76  mm  are  given  in  international  Angstroms, 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

2100.795 

2163.368 

2240.627 

2287.632 

2102.349 

2163.860 

2245.651 

2291.122 

2108.955 

2164.547 

2248.858 

2292.5227 

2110.233 

2165.861 

2249.177 

2293 . 8454 

2112.966 

2172.581 

2253.1251 

2294.4059 

2115.168 

2173.212 

2255.861 

2296.9247 

2130.962 

2176.837 

2259.511 

2297.785 

2132.015 

2180.866 

2260.079 

2299.2180 

2135.957 

2183.979 

2264 . 3894 

2300.1397 

2138.589 

2186.890 

2265.053 

2301.6818 

2139.695 

2187.192 

2270.8601 

2303.4225 

2141.715 

2191.202 

2271.781 

2303 . 579 

2145.188 

2196.040 

2272.0670 

2308.9971 

2147.787 

2200.7227 

2274.0085 

2313.1022 

2150.182 

2201.117 

2276.0247 

2320.3561 

2151.099 

2207.068 

2277.098 

2327.3940 

2153.004 

2210.686 

2279.922 

2331.3067 

2154.458 

2211.234 

2283 . 653 

2332.7972 

2157.792 

2228.1704 

2284.087 

2338.0052 

2161.577 

2231.211 

2287.2477 

2344 . 2802 
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STANDARD  WAVE  LENGTHS  (Continued) 

Iron*  Wave  Lengths  in  the  Ultraviolet  Spectrum 
(Continued) 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

2354.8888 

2584.5349 

2863.864 

3191.6583 

2359.1039 

2585.8753 

2869.3075 

3196.9288 

2359.997 

2598.3689 

2874.1722 

3200  4741 

2360.294 

2611.8725 

2877.3005 

3205.3992 

2362.019 

2613.8240 

2894.5050 

3215.9398 

2364 . 8269 

2617.6160 

2895.0352 

3217.3796 

2366.592 

2621.6690 

2899.4156 

3222.0682 

2368  595 

2625.6663 

2912.1581 

3225.7883 

2370.497 

2628.2923 

2920.6906 

3236.2226 

2371.4285 

2635.8082 

2929.0081 

3239.4362 

2374.517 

2643.9972 

2941.3430 

3244.1887 

2375.193 

2647.5576 

2953.9400 

3254.3628 

2379.2756 

2651.7059 

2957.3654 

3257.5937 

2380.7591 

2662.0563 

2959.9924 

3271.0014 

2384  386 

2673.2127 

2965.2551 

3280.2613 

2388.6270 

2679.0608 

2981.4448 

3284.5892 

2389.9713 

2689.2117 

2987  2919 

3286.7538 

2399  2396 

2699.1060 

2990.3923 

3298.1328 

2404  430 

2706.5812 

2999.5123 

3305.971 

2406.6593 

2711.6548 

3003.0311 

3306.356 

2410.5172 

2714.413 

3009.5698 

3314.7421 

2411.0663 

2718  4352 

3015.9129 

3323  7374 

2413.3087 

2723.5770 

3024.0330 

3328.8669 

2431.025 

2727.540 

3030.1491 

3337.6655 

2438.1811 

2735  473 

3037.3891 

3340.5659 

2442 . 5674 

2739.5467 

3040.4281 

3347.9262 

2443.8707 

2746  4833 

3047.6059 

3355.2285 

2447 . 7086 

2746.9823 

3055.2631 

3370.7845 

2453.4746 

2749.325 

3057.4452 

3380.1111 

2457 . 5956 

2755.7366 

3059.0874 

3383.9808 

2465.1479 

2763.1078 

3067.2433 

3396.9772 

2468.8782 

2767.5208 

3075.7204 

3399.3343 

2474.8131 

2778.2205 

3083.7419 

3401.5196 

2487  0643 

2781.8347 

3091.5777 

3407.4608 

2496  5324 

2797.7751 

3116.6329 

3413.1335 

2507  8987 

2804.5200 

3125.653 

3427.1207 

2519  6279 

2806.9840 

3134.1113 

3443.8774 

2530.6938 

2813.2861 

3143.9896 

3445.1506 

2542.1007 

2823  2753 

3157  0388 

3465.8622 

2551.0936 

2832.4350 

3160.6582 

3476.7035 

2562.5348 

2838.1193 

3175.4465 

3485.3415 

2575.7442 

2845.5945 

3178.0137 

3490.5746 

2576.1033 

2851.7970 

3184.8948 

3497.8418 

Iron,  Wave  Lengths  in  the  Infrared 

From  interferometer  measurements  by  Meggers,  Jour.  Research  of  B-  of  S 
14,  33,  1935.  The  integrated  light  from  the  iron  arc  was  used  as  a  source- 
Wave  lengths  in  air  at  15°C  and  760  mm  are  given  as  well  as  the  intensity. 


Xair  A 

Intensity 

Xair  A 

Intensity 

Xair  A 

Intensity 

7164.469 
7187.341 
7207.406 
7389  425 
7401 .689 
7411.178 

250 
800 
500 
80 
4 
100 

7418.674 
7445.776 
7495.088 
7511.045 
7531.171 
7568.925 

5 

200 

400 

800 

60 

30 

7583.796 
7586.044 
7620.538 
7661  223 
7664  302 
7710.390 

50 
150 
25 
30 
80 
25 
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STANDARD  WAVE  LENGTHS  (Continued) 
Iron,  Wave  Lengths  in  the  Infrared  (Continued) 


Xair  A 

Intensity 

Xair  A 

Intensity 

Xair  A 

Intensity 

7748.281 

125 

8387.781 

1200 

9089.413 

30 

7780  586 

300 

8439 . 603 

20 

9118.888 

25 

7832.224 

400 

8468.413 

300 

9147  800 

2n 

7912.866 

6 

8514.075 

150 

9210.030 

6 

7937   166 

700 

8526.685 

8 

9258.30 

10  n 

7945.878 

600 

8582 . 267 

15 

9350  46 

6 

7994.473 

20 

8611.807 

40 

9359  420 

3 

7998.972 

700 

8621.612 

10 

9362 . 370 

4 

8028  341 

50 

8661.908 

600 

9372.900 

6 

8046.073 

600 

8674.751 

60 

9430.08 

3 

8080.668 

10  n 

8688.633 

1500 

9513  24 

8  n 

8085.200 

500 

8757.192 

25 

9569  960 

15  n 

8096.874 

10 

8764.000 

20  n 

9626.562 

12  n 

8198.951 

80 

8793.376 

25  n 

9653.143 

15 

8207.767 

40 

8804 . 624 

9738.624 

100 

8220  406 

1500 

8824 . 227 

250 

9753.129 

10 

8232.347 

50 

8838.433 

30 

9763  450 

10 

8239.130 

8 

8866.961 

60 

9763  913 

12 

8248  151 

30 

8945.204 

10  n 

9800.335 

8n 

8293 . 527 

20 

8975.408 

10 

9861.793 

12 

8327.063 

1200 

8999.561 

200 

9889 . 082 

15 

8331.941 

200 

9012.098 

10 

10065.080 

30 

8339.431 

80 

9079.599 

4 

10145.601 

40 

8360.822 

8 

9088.326 

50 

10216.351 

50 

8365.642 

25 

Helium 

Merrill,  Bulletin  14,  Bureau  of  Standards  1917. 


Xair 

Xair 

Xair 

Xair 

2945.104 
3187.743 
3613.641 
3705.003 
3819.606 

3888.646 
3964.727 
4026.189 
4120.812 
4143.759 

4387.928 
4471.479 
4713.143 
4921.928 
5015.675 

5047  736 
5875  620 
6678   149 
7065   188 
7281   349 

From  Meggers  and  Humphreys,  Jour.  Research  of  B.  of  S-  13,  293,   1934. 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

10829.081 

10830.250 

10830.341 

Neon 

From  Meggers  and  Humphreys.  Jour  Research  of  B.  of  S.  13,  293,  1934. 
The  source  was  an  "end  on"  Geissler  tube.  Values  are  given  for  the  wave 
length  in  air  at  15°C  and  760  mm  pressure,  and  referred  to  the  primary 
standard  (Cd  6438.4696  A)  and  also  to  the  red  lines  of  neon.  For  complex 
lines  the  valua  for  the  principal  component  is  given. 


Xair  A 

Ne  Std. 

Xair  A 

Cd  Std. 

Xair  A 

Ne  Std. 

Xair  A 

Cd  Std. 

Xair  A 

Ne  Std. 

Xair  A 

Cd  Std. 

4334.125 

4395.556 
4422.519 
4424  800 

4425.400 
4433.721 
4460.175 

4363 . 524 

4381.220 
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STANDARD  WAVE  LENGTHS  (Continued) 
Neon  (Continued) 


Xair  A 

Ne  Std. 

Xair  A 
Cd  Std. 

Xair  A 

Ne  Std. 

Xair  A 

Cd  Std. 

Xair  A 

Ne  Std. 

Xair  A 
Cd  Std. 

4466.807 

4957.0334 

4957.122 

4994.930 

5005.160 

5011.003 

5022.870 

5031.3484 

5037.7505 

5074 . 200 

5080 . 383 

5104.705 

5113.675 

5116.503 

5122.257 

5144.9376 

5151.963 

5154.422 

5156.664 

5188.612 

5193.130 

5193.224 

5203 . 8950 

5208.863 

5210.573 

5222.351 

5234.028 

5298.190 

5304.756 

5326.396 

5330.7766 

5341.091 

5343 . 284 

5355.422 

5360.012 

5374.975 

5400.5619 

5433 . 649 

5448.508 

5562.769 

5656.6585 

5662.547 

5689.8164 

5719.2254 

5748.299 

5764.418 

5804.4488 

5820.1548 

5872 '.828* 

5965.474 
5974.628 

4475.656 

4483  190 

5975  5343 

4488.0928 

5987.9069 

4500.182 

6029  9968 

4517.736 

6074,3376 

4525.764 

6096.1630 

4537.751 

6128.4513 

6128.4502 

4540.376 

6143.0627 

4552.598 



6163.5937 

4565.888 

6182.146 

4573.759 

6217.2812 

4575.060 

5116.501 

6266.4952 

4582.035 

6304 . 7893 

4582.450 



6334.4276 

4609.910 

6382.9914 

4614.391 



6402.247 

6402  248 

4617.837 

6506  5277 

4628  309 

6532  8824 

4636.125 

6598  9528 

4636.634 

6678.2766 

4645.416 

6717  0430 

4649.904 

6929.4679 

4656.3923 

7024.0508 

7032.4134 

7059.109 

7173.9389 

7245.1668 

7438.8990 

7488.8722 

7535.7750 

7544.046 

7943.1802 

8082.4580 

8118.5495 

8136.4060 

8259.380 

8266.076 

8300.3258 

8377.6068 

8418.4274 

8495.3600 

8591.2584 

8634.6480 

8654.3835 

8679.491 

8681.920 

8780.6223 

8783.755 

8853 . 867 

8865.759 

9486.680 

9535.167 

9665.424 

4661  104 



7032  4125 

4670 . 884 

7059.108 

4678.218 

7173  9390 

4679.135 

7245.1668 

4687.671 

7438.8988 

4704.395 

5330.778 
5341.093 

7488.8717 

4708.854 

7535.774 

4715  344 

4725.145 

7943 . 1802 

4749  572 

8082  4585 

4752.7313 

8118.549 

4758.728 

5400.5620 

8136.4058 

4780 . 338 

4788  9258 



8266.077 

4790.218 

8300.3257 

4800.111 

8377.6070 

4810.0625 

8418.4275 

4817.636 

5689.817 

5719.224 

5748.298 

5764.4182 

5804.450 

5820.1553 

5852.4878 

8495.3604 

4821.924 

8591.2585 

4827.338 

8634 . 649 

4827.587 

8654.383 

4837.3118 

4852.655 

4863 . 074 
4865.505 

8780.6220 
8783.755 

4866.476 

5881.8950 
5902.4634 

8853 . 864 

4884.915 

5902.464 
5906.429 
5913.633 

4892.090 

4928.235 

4939.041 

5944.8340 

4944.987 
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STANDARD  WAVE  LENGTHS  (Continued) 
Neoni,  Ultraviolet  Lines 

From  Humphreys,  Jour.  Research  of  B.  of  B.  20,  17,  1938.  The  source 
was  an  "end  on"  Geissler  tube.  Values  are  given  for  the  wave  length  in 
dry  air  at  15°C  and  760  mm  of  Hg  pressure  and  referred  to  the  Krypton 
secondary  standards. 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

3369.8086 
3369.9081 
3375.6498 
3417.9036 
3418.0066 
3423.9127 
3447.7029 

3450.7653 
3454.1952 
3460.5245 
3464.3389 
3466.5786 
3472.5711 
3498.0644 

3501.2165 
3510.7214 
3515.1908 
3520.4717 
3593.5259 
3593.6398 
3600.1693 

3609.1793 
3633.6646 
3682.2428 
3685.7359 
3701.2250 
3754.2160 

Argon 

From  Meggers  and  Humphreys,  Jour.  Research  of  B.  of  S.  13,  293,   1934. 


Xair  A 

Ne  Std. 


3948.977 

4044.4173 

4054.5250 

4158.5896 

4164.1788 

4181.8826 


4198. 
4200. 
4251. 
4259. 
4266. 
4272. 
4300. 
4333. 
4335. 
4345. 
4363. 
4423. 
4510. 
4522. 
4589, 
4596. 
4628, 
4702, 
4752, 
4768, 
4876, 


316 

674 

1842 

3603 

2853 

1680 

0995 

5595 

3370 

1666 

7936 

9936 

7322 

3216 

2884 

0964 

4398 

3151 

9381 

6716 

2596 


Xair  A 

Cd  Std. 


4158 
4164 
4181 
4190 
4191 
4198 
4200 


.5895 
.1789 
.8825 
.7098 
.0270 
.3160 
.6738 


4259.3607 
4266.2855 
4272.1678 
4300.1000 
4333.5601 
4335.3363 


4510.7324 


Xair  A 

Ne  Std. 


4887. 
5162. 
5187. 
5221. 
5252. 
5421. 
5451. 
5495. 
5506. 
5558. 
5572. 
5606. 
5650. 
5739. 
5834. 
5860. 
5888. 
5912. 
5928. 
6032. 
6043. 
6052. 
6059. 
6105. 
6170. 
6173. 
6416. 
6752. 
6965. 


9465 

2845 

7458 

270 

786 

346 

650 

8720 

112 

702 

548 

732 

7034 

517 

263 

315 

592 

084 

805 

124 

230 

721 

373 

645 

183 

106 

315 

832 

4302 


Xair  A 

Cd  Std. 


6965.4304 


Xir  A 

Ne  Std. 


7030 
7067 
7147 
7272 
7372 
7383 
7503 
7514 
7635 
7723 
7724 
7891 
7948 
8006 
8014 
8053 
8103 
8115 
8264 
8408 
8424 
8521 
8667 
9122 
9224 
9354 
9657 
9784 
10470 


.262 
2170 
,0406 
9357 
,117 
.9800 
.8676 
.6510 
.1053 
.7597 
.2064 
.075 
.1754 
.1556 
.7856 
.307 
.6922 
.3115 
.5209 
.208 
.647 
.4407 
.9430 
.9660 
.498 
.218 
.7841 
.5010 
.051 


Xair  A 

Cd  Std. 


7067.2177 
7147.0412 
7272.9356 

7383! 9800 

7503.8667 

7514.653 

7635.1055 

7723.761 

7724.206 


7948.1756 

8006.155 

8014.785 


8103 
8115, 
8264, 
8408, 
8424, 
8521, 
8667, 
9122, 
9224, 


6922 
3095 
5210 
207 

646 

4406 

9435 

9664 

498 
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STANDARD  WAVE  LENGTHS  (Continued) 
Argoni 

From  Humphreys,  Jour,  Research  ©f  B.  of  S.  20.  If,  1938.  The  source 
was  an  "end  on"  Geissler  tube.  Values  are  given  (or  the  wave  length  in 
dry  air  at  15°C  and  760  mm  of  Hg  pressure,  referred  to  the  Krypton  second- 
ary standards. 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

3319.3446 

3690.8957 

4158.5906 

4272.1690 

3373  481 

3770.3688 

4164.1800 

4300.1011 

3393.7517 

3781.3609 

4181   8838 

4333.5612 

3461.0780 

3834.6785 

4190.7127 

4335.3380 

3554.3061 

3894,6602 

4191.0296 

4345.1682 

3567.6565 

3947  -  5043 

4198.3170 

4510.7333 

3606.5224 

3948.9788 

4200.6751 

4522  3238 

3632.6837 

4044  4182 

4251 . 1852 

4596.0970 

3634.4605 

4045.9658 

4259.3618 

4628.4410 

3649  8324 

4054 . 5254 

4266 . 2867 

4702.3164 

Krypton 

Meggers,  Journal  Optical  Society  of  America,  1921, 


Xair  A 

Xair  A 

Xair  A 

Xair  A 

4273.9696 
4282.967 
4318.552 
4319  580 
4355.478 

4362.6422 

4376.122 

4399.969 

4453.9174 

4463.690 

4502.354 
4807 . 065 
5562  224 
5570.2872 
5870.9137 

6456.290 
7587.414 
7601.544 

Kryptoni 

From  Hunphreys.  Jour.  Research  of  B.  of  S.  20,  17,  1938.  The  source 
was  the  'end  on"  Geissler  tube  Values  are  given  for  the  wave  length  in 
air  at  15°C  and  760  mm  of  Hg  pressure. 


Xair  A 

Xair  A 

Xair  -A. 

Xair  A 

3424 . 9433 

3615.4755 

3796.8839 

4184.4726 

3431.7217 

3628.1570 

3800.5437 

4263 . 2881 

3434.1423 

3632 . 4896 

3812.2155 

4302.4455 

3495  9900 

3665  3259 

3837 . 7028 

4410.3685 

3502  5537 

3668.7363 

3837.8162 

4416  8838 

3503  8981 

3679.5609 

3845  9778 

4418  7626 

3511.8963 

3679.6111 

3982.1699 

4425.1908 

3522  6747 

3698.0452 

3991.0797 

4550.2985 

3539  5416 

3773.4241 

3991.2581 

4812.6367 

3540  9538 

Titanium,  Vacuum  Arc  Spectrum 

From  the  measurements  by  Kiess,  Jour.  Research  of  B.  of  S.  1,  75,  1928. 
Wave  lengths  in  air  at  15°C.  760  mm. 


Xair  A 

Intensity 

Xair  A 

Intensity 

Xair  A 

Intensity 

2941.995 
2948  255 
2956.133 

60  r 
60  r 
70  R 

3075.225 
3078.645 
3088 . 027 

40 
45 
60 

3130.804 
3148.033 
3161.755 

15 
12 
20 
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STANDARD  WAVE  LENGTHS  (Continued) 
Titanium   Vacuum  Are  Spectrum  (Continued) 


Xair  A 

! 

Intensity 

Xair  A 

1  Intensity 

Xair  A 

Intensity 

3168  519 

30 

3694.445 

10 

4282  702 

12 

3186.451 

60  r 

3717.393 

20 

4286.006 

25 

3190.801 

20 

3722  568 

15 

4287  405 

22 

3191  994 

80  R 

3724.570 

20 

4289.068 

25 

3199  915 

100  R 

3725.155 

20 

4294.101 

8 

3202  535 

12 

3729 . 806 

50  r 

4295.751 

22 

3214  240 

12 

3741.059 

60  r 

4*98  664 

40 

3217. 056 

15 

3752.860 

80  r 

4305.910 

60 

3222.843 

15 

3759  291 

40 

4307.900 

12 

S229  397 

10 

3761.320 

40 

43.1.2.861 

7 

3234  517 

60 

3771.652 

25 

4314  801 

25 

3236.573 

50 

3786.043 

20 

4318.631 

10  n 

3239  037 

40 

3798  276 

6 

4321  655 

8  n 

3241  984 

40 

3866.446 

15  n 

4325.134 

9n 

326?  596 

25 

3875.262 

20  n 

433"/  916 

10 

3287.657 

10 

3895.243 

30  n 

4346  104 

5 

3292  078 

20 

3900.546 

50 

4360  487 

4 

3314.422 

10 

3904.785 

40  n 

4369  682 

o  n 

3318.024 

8 

3913  464 

40 

4372.383 

3 

3322.936 

20 

3914.334 

35 

4393  925 

8 

3326  762 

5 

3921.423 

30 

4395  031 

25 

3329  155 

20 

3924  527 

50 

4399. V 67 

6 

3332  111. 

8 

3929  875 

40 

4417.274 

15 

3335.192 

20 

3947.770 

40 

4421.754 

6 

3340.344 

15 

3948  670 

60 

4422.823 

JO 

3343  875 

50  r 

3956.336 

60 

4426.054 

10 

3349.399 

40 

3958.206 

80 

4427.098 

40 

3354.634 

60  r 

3962.851 

35 

4430  366 

7 

3358.271 

10 

3964 . 269 

35 

4434  003 

15 

3361.213 

40 

3981.781 

70  R 

4436.586 

4 

3370.436 

40- 

3989.758 

80  R 

4440  345 

10 

3371  447 

80  R 

3998  635 

100  R 

4443 . 802 

25 

3377  577 

30  r 

4008.926 

35 

4449 . 143 

30 

3380.278 

15 

4013.587 

12  n 

4450  896 

25 

3383.761 

40 

4015.377 

12  n 

4453  312 

30 

3385.944 

40  r 

4017.771 

15  n 

4453 . 708 

20 

3387.834 

15 

4024.573 

35 

4455.32) 

30 

3394.574 

15 

4026.539 

25  n 

4457.428 

40 

3444.306 

15 

4030.512 

25  n 

4465 . 807 

20 

3461.496 

20 

4035.828 

10 

4468  493 

25 

3477  181 

15 

4055.011 

20 

4471.238 

20 

3480.525 

12 

4058.139 

7 

4474  852 

8 

3491.053 

8 

4060  263 

20 

4481  261 

30 

3504.890 

8 

4065  094 

15 

4482.688 

10 

3510.840 

10 

4078.471 

30 

4489  089 

20 

3535.408 

10 

4082.456 

20 

4496.146 

20 

3547 . 029 

15 

4099  166 

8 

4501  270 

25 

3596  048 

10 

4112.708 

20 

4503 . 782 

4  a 

3598  714 

15 

4122.143 

10 

4512.734 

40 

3610.154 

12 

4127.531 

15 

4518.022 

50 

3624.826 

8 

4137.284 

10  n 

4522  798 

40 

3635.462 

80  r 

4150  963 

10 

4527.305 

35 

3641.330 

10 

4159.634 

9 

4533  238 

80 

3642.675 

80  r 

4163.644 

8 

4544  688 

30 

3646.198 

12 

4171  897 

5 

4548.764 

35 

3653.497 

100  r 

4186.119 

25 

4549 . 622 

25 

3654 . 592 

15 

4237 . 889 

7 

4552  453 

35 

3658.097 

20 

4249  114 

5  n 

4555.486 

30 

3660  631 

12 

4256 . 025 

8n 

4559  920 

6 

3668.965 

15 

4258  523 

4  n 

4563  761 

15 

3671.672 

20 

4263.134 

15 

4571  971 

15 

3685.192 

40 

4274 . 584 

15 

4599.226 

5 

3689.916 

15 

4281.371 

10 

4617.269 

30 

2259 


STANDARD  WAVE  LENGTHS  (Continued) 
Titanium,  Vacuum  Arc  Spectrum  (Continued) 


Xair  A 

Intensity 

Xair  A 

Intensity 

Xair  A 

Intensity 

4623.098 

25 

5014.185 

25 

5512.529 

25 

4629.335 

15 

5014.277 

25 

5565.476 

9 

4645.193 

12 

5016.162 

20 

5644.137 

18 

4656.468 

25 

5020.028 

25 

5648.570 

5 

4667.585 

25 

5022.871 

25 

5662.154 

12 

4675.118 

10 

5024 . 842 

20 

5675.413 

9 

4681.908 

30 

5025 . 570 

18 

5689 . 465 

10 

4691.336 

20 

5035.908 

25 

5715.123 

9 

4698.766 

20 

5036.468 

25 

5739.464 

9 

4710.186 

18 

5038.400 

25 

5766.330 

4  n 

4715.295 

4 

5039.959 

22 

5774 . 037 

5  n 

4731.172 

9 

5052 . 879 

8 

5785.979 

5  n 

4742.791 

20 

5062.112 

7 

5804.265 

5-  n 

4758.120 

25 

5064 . 654 

25 

5866 . 453 

35 

4759.272 

25 

5087 . 055 

8 

5899.295 

25 

4778.259 

10 

5113.448 

10 

5903.317 

5 

4792.482 

10 

5120.420 

12 

5918.548 

10 

4799.797 

12 

5145.465 

12 

5922.112 

18 

4805.416 

12 

5147.483 

10 

5937 . 806 

6 

4820.410 

20 

5173.742 

30 

5941.755 

12 

4840.874 

25 

5192.971 

35 

5953.162 

30 

4856.012 

20 

5210.386 

40 

5965 . 828 

30 

4868.264 

18 

5224.301 

15 

5978.543 

25 

4870.129 

20 

5224.928 

8 

5999 . 668 

8 

4885.082 

20 

5265.967 

10 

6064.631 

9 

4899.910 

20 

5283.441 

8 

6085 . 228 

20 

4913.616 

20 

5295.781 

4 

6091.175 

20 

4919.867 

10 

5297.236 

6 

6126.217 

20 

4921.768 

12 

5298.429 

4 

6258.103 

40 

4928.342 

12 

5369 . 635 

4 

6258.706 

50 

4938.283 

8 

5389.996 

3 

6261.101 

35 

4975.344 

10 

5397 . 093 

4 

6303 . 754 

10 

4978.191 

10 

5409 . 609 

6 

6312.240 

10 

4981.732 

60 

5429.139 

6 

6336.104 

8 

4991.067 

50 

5477 . 695 

8 

6366.354 

8 

4997 . 099 

8 

5481.426 

6 

6546.276 

20 

4999 . 504 

45 

5488.210 

5 

6554.226 

30 

5007 . 209 

40 

5490.151 

12 

6556 . 066 

25 

5009.652 

7 

5503.897 

8 

6743.124 

10 

Xenon 

Meggers,,  Journal  Optical  Society  of  America,  1921 


Xair 

Xair 

Xair 

4500.978 
4524.680 
4582.746 
4603 . 028 

4624 . 275 
4671.225 
4697.020 
4734.154 

4807.019 
4829.705 
4844 . 333 
4923.246 
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STANDARD  WAVE  LENGTHS  (Continued) 
Wave  Lengths  in  the  Vacuum  Ultraviolet 

J.  C.  Boyce,  Rev.  Med.  Phys.  13,  34,  (1941) 

Copper  (Shenstone,  1936) 


XA 

Inten- 

P.E. in 

XA 

Inten- 

P.E. in 

XA 

Inten- 

P.E, in 

sity 

.001  A 

sity 

.001  A 

sity 

.001  A 

685.139 

8 

2 

1065.781 

20 

1 

1393.126 

10 

2 

685.396 

2 

2 

1066.133 

20 

2 

1399.355 

3 

2 

724.487 

15 

2 

1069.193 

50 

2 

1402.776 

15 

2 

735.519 

20 

2 

1088.393 

20 

2 

1442.136 

15 

2 

736.031 

25 

2 

1106.446 

3 

2 

1444.131 

2 

2 

810.997 

15 

2 

1109.742 

1 

2 

1473.976 

25 

2 

813.882 

20 

2 

1185.899 

2 

2 

1496.686 

35 

4 

826.995 

30 

2 

1214.553 

1 

2 

1517.630 

20 

2 

866.440 

5 

2 

1219.332 

1 

2 

1519.491 

50 

2 

876.719 

20 

2 

1241.961 

2 

1 

1535.004 

25 

2 

883.837 

5 

2 

1248.790 

5 

2 

1540.391 

30 

2 

884.824 

5 

2 

1250.045 

10 

2 

1541.701 

75 

2 

911.654 

1 

2 

1265.504 

15 

1 

1558.344 

30 

2 

912.022 

0 

2 

1266 . 308 

10 

1 

1565.925 

40 

2 

992.951 

25 

1274  069 

3 

2 

1566.411 

40 

2 

1001.010 

8 

1274.463 

3 

2 

1569.216 

10 

2 

1004.053 

30 

1275.570 

30 

2 

1590.164 

40 

3 

1008.568 

30 

1281.458 

8 

4 

1593.557 

60 

3 

1011.433 

2 

1297.549 

2 

2 

1598.402 

40 

3 

KU2.595 

25 

1298.394 

15 

2 

1602.387 

40 

3 

1018.705 

50 

1299 . 267 

10 

2 

1604.848 

20 

3 

1019.652 

15 

1308.296 

30 

2 

1606 . 834 

40 

3 

1022.100 

5 

1309.463 

15 

2 

1608.638 

25 

3 

1027.830 

50 

1314.147 

15 

2 

1610.298 

15 

3 

1028.326 

25 

1314.335 

30 

2 

1617.914 

20 

3 

1031.764 

8 

1325.511 

3 

2 

1621.426 

60 

3 

1035.160 

8 

1326.394 

10 

2 

1649.457 

25 

3 

1036.468 

60 

1350.592 

15 

2 

1656.326 

20 

3 

1039.345 

60 

2 

1351.837 

25 

2 

1660.005 

20 

3 

1044.742 

80 

1355.304 

15 

2 

1663.003 

30 

3 

1049.363 

20 

2 

1359.010 

20 

2 

1944.586 

25 

4 

1049,754 

50 

1359.935 

5 

2 

1970.489 

15 

4 

1054.690 

60 

1362.598 

20 

2 

1979.947 

50 

4 

1055.795 

40 

2 

1363.501 

5 

2 

1989.849 

30 

4 

1058.796 

40 

2 

1370.558 

2 

2 

2000.339 

60 

4 

1059.094 

60 

1 

1371.840 

20 

2 
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STANDARD  WAVE  LENGTHS  (Continued) 

Iron  (Green,  1939) 


Intensities 

Intensities 

Intensities 

XA 

Schiiler 
tube 

Spark 

XA 

Schiiler 
tube 

Spark 

XA 

Schiiler 
tube 

Spark 

1550.273 
1559.084 
1563.788 
1566.821 
1568.017 
1569.674 
1570.244 
1572.754 
1573.826 
1574.769 
1574.921 
1577 . 167 
1584.949 
1612.805 
1623.090 
1625.520 
1632.665 
1633.906 

1 

20 

25 

20 

8 

12 

20 

1 

5 

0 

20 

1 

15 

20 

8 

20 

1 

15 

2 

2 

1 

V 
1 

8 
1 
8 

2 

1637.398 
1640.150 
1643.576 
1652.482 
1654.476 
1658.771 
1659.479 
1663.220 
1670  990 
1674.254 
1676.854 
1685.952 
1686.454 
1691.272 
1693.475 
1693.935 
1696  794 
1699.195 

15 

12 

15 

0 

5 

15 

20 

15 

1 

2 

1 

5 

8 

8 

0 

0 

8 

2 

2 
2 
2 

i' 

2 

10 

2 

i' 

i' 
l 

i 

1702.044 
1709.551 
1712.998 
1718.100 
1720.611 
1724.962 
1726.391 
1815.411 
1818.516 
1826.994 
1833.073 
1842.283 
1848.771 
1851   526 
1859  744 
1898.535 
1903.384 
1904.785 
2001.025 

25 

0 

20 

2 

20 

8 

12 

0 

2 

1 

0 

0 

12 

1 

15 

10 

1 

15 

30 

25 

25 

20 
1 

8 

1 
1 
1 

2* 

io 

2 

5* 
30 

Hydrogen 

(Paschen,  1929) 


Helium 

(HeII)(Paschen,  1929) 


XA 

XA 

XA 

XA 

XA 

923.148 
926.222 
930.745 
937.799 

949.739 

972.532 

1025.717 

1215.664 

234 . 3452 
237.3297 
243 . 0244 
256.3145 
303.7788 

949.326 
958.696 
972.109 
992  361 
1025.270 

1084.940 
1215.129 
1640.409 

Carbon,  Nitrogen,  Oxygen  (More  « 

and  Rieke,  1936) 

El. 

XA 

Int. 

El. 

XA      Int. 

El. 

XA 

Int. 

O  II 

832 . 764 

0 

NI 

1176.502 

1 

C  II 

1335.703 

lSd 

O  II 

833.332 

1 

N  I 

1199.550 

7 

N  I 

1494.670 

4 

O  11 

834.467 

2 

N  I 

1200.218 

6 

C  I 

1560.313 

Sd 

O  I 

990.205 

4d 

N  I 

1200.707 

5 

C  I 

1560.702 

15d 

O  I 

990.794 

3 

O  I 

1217.643 

2 

C  I 

1656  271 

Sd 

O  I 

999.493 

2 

O  I 

1302.174 

8 

C  I 

1656.994 

15d 

N  II 

1083.996 

2 

O  I 

1304.858 

8 

C  I 

1657.388 

Sd 

N  11 

1084 . 582 

3 

O  I 

1306.023 

6 

C  I 

1657.908 

M 

N  I 

1134.168 

3 

C  I 

1328.820 

3 

C  I 

1658.135 

Sd 

N  I 

1134.417 

3 

C  I 

1329.099 

5 

N  I 

1134.979 

4 

C  II 

1334.534 

15d 

2262 


PERSISTENT  LINES  OF  THE  ELEMENTS 

Spectra  of  the  neutral  atom,  the  singly  ionized  atom,  and  the  doubly- 
ionized  atom  are  indicated  by  I,  II,  and  III,  respectively.  The  most  sensitive 
lines  are  indicated  by  an  asterisk  (*).  The  symbol  "D"  preceding  the 
intensity  indicates  the  discharge-tube  spectrum.  Wave  lengths  are  given 
in  International  Angstrom  units. 

Wave  lengths  and  intensities  of  lines  between  2000  and  9999  angstroms 
have  been  given  according  to  the  M.I.T.  Wavelength  Tables. 

Arranged  by  Elements 


Intensity 

Intensity 

Element 

Wave 

TTllf»r""^>  + 

Wave 

length 

-iiiii_-i 

length 

Arc 

Spark 

Arc 

Spark 

A  I 

*1048.26 
1066.70 

Ba 

II 

2304.235 
2335.269 

60 
60 

80 
100 

6965.430 

D  400 

3891.785 

18 

25 

7067.217 

D  400 

4130.664 

50 

60 

7503 . 867 

D  700 

*4554.042 

1000 

200 

8115.311 

D  5000 

4934.086 

400 

400 

Ag  I 

*3280.683 

2000 

1000 

Be 

I 

*2348.610 

2000 

50 

3382.891 

1000 

700 

2650.781 

25 

5209 . 067 

1500 

1000 

3321.013 

50 

5465.487 

1000 

500 

3321.086 

100 

Ag  II 

2246.412 

25 

300 

3321.343 

1000 

30 

*2437.791 

60 

500 

Be 

II 

*3130.416 

200 

200 

Al  I 

3082.155 

800 

800 

3131.072 

200 

150 

3092.713 

1000 

1000 

Bi 

I 

2061.70 

300 

100 

3944.032 

2000 

1000 

2276.578 

100 

40 

*3961.527 

3000 

2000 

2780.521 

200 

100 

Al  II 

1671.0 
1856.00 
1858.13 
1862.48 

2809 . 625 
2897.975 
2938.298 
2989 . 029 

200 
500 
300 
250 

100 
500 
300 
100 

2631.553 

40 

*3067.716 

3000 

2000 

*2669 . 166 

"3 

100 

4722.552 

1000 

100 

2816.179 

10 

100 

Bi 

II 

1909.41 

6231.76 

30 

Br 

I 

1540.8 

6243.36 

100 

1633.8 

Al  III 

1854.67 
1862.90 

Br 

II 

*4704.86 
4785.50 

D  250 
D  400 

As  I 

1889.9 

4816.71 

D  300 

*1890.5 

C 

I 

*2478.573 

'466 

D  400 

1936.9 

C 

II 

1334.54 

1972.0 

1335.72 

2288.12 

250 

5 

2836.710 

200 

2349.84 

250 

18 

2837.602 

40 

2369.67 

40 

4267.02 

350 

2370.77 

50 

3 

4267.27 

500 

2456.53 

100 

8 

C 

III 

2296.89 

200 

2780.197 

75 

75 

Ca 

I 

*4226.728 

'566 

50 

2860.452 

50 

50 

4425.441 

100 

2898.71 

25 

40 

4434.960 

150 

Au  I 

*2427.95 
2675.95 
2802.19 

400 
250 

100 
100 
200 

4454.781 
4455.880 
4456 . 62 

200 

B  I 

2496.778 

'366 

300 

Ca 

II 

3158.869 

100 

300 

*2497.733 

500 

400 

3179.332 

100 

400 

B  II 

1362.46 

*3933.666 

600 

600 

3451.41 

5 

30 

3968.468 

500 

500 

3452.33 

Cb 

I 

*4058.938 

1000 

400 

Ba  I 

3071.591 

100 

50 

4079.729 

500 

200 

5424.616 

100 

30 

4100.923 

300 

200 

5519.115 

200 

60 

4123.810 

200 

125 

*5535.551 

1000 

200 

4137.095 

100 

60 

5777.665 

500 

100 

Cb 

II 

*3094.183 

100 

1000 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Elements  (Continued) 


Wave 
length 


Eler 

nent 

Cb 

II 

Cd 

I 

Cd 

II 

Ce 

II 

CI 

I 

CI 

II 

Co 

I 

Co 

II 

Cr 

I 

Cr 

II 

Cs 

I 

Cu 

I 

Cu 

II 

Dy 

I 

3130. 
3163. 
3194. 
3225. 

*2288. 
3261. 
3403. 
3466. 
3610. 
6438. 

*2144. 
2265. 
2312. 
2573. 
2748. 
4012 
4040. 
4165 

*4186 
1379 
1396. 
4794. 
4810 
4819 

*3453 
3465 
3529 

*2286 , 
2307. 
2363 
2378 
2388. 
2519 
3405 

*4254 
4274 
4289, 
5204 
5206. 
5208 

*2835 
2843 
2849. 
2855 
2860, 
4555 
4593. 

*8521. 
8943, 

*3247 
3273 
5105 
5153 
5218 

*2135 
2192 
2246 
4000 
4045 


786 

402 

977 

479 

018 

057 

653 

201 

510 

4696 

382 

017 

84 

09 

58 

388 

762 

606 

599 

6 

5 

54 

06 

46 

505 

800 

813 

156 

857 

787 

622 

918 

822 

120 

346 

803 

721 

518 

039 

436 

633 

252 

838 

676 

934 

355 

177 

10 

50 

540 

962 

541 

235 

202 

976 

260 

995 

454 

983 


Intensity 

Arc 

Spark 

100 

100 

15 

8 

30 

300 

150 

800 

1500 

300 

300 

300 

800 

500 

1000 

500 

1000 

500 

2000 

1000 

50 

200 

25 

300 

1 

200 

3 

150 

5 

200 

60 

20 

70 

5 

40 

6 

80 

25 

D     250 

D    200 

D     200 

3000 

200 

2000 

25 

1000 

30 

40 

300 

25 

50 

25 

50 

25 

50 

10 

35 

40 

200 

2000 

150 

5000 

1000 

4000 

800 

3000 

800 

400 

100 

500 

200 

500 

100 

100 

400 

125 

400 

80 

150 

60 

200 

60 

100 

2000 

100 

1000 

50 

5000 

2000 

5000 

2000 

3000 

1500 

500 

600 

700 

25 

500 

25 

500 

30 

500 

400 

300 

150 

12 

Element 

Dy  I 

Er 

I 

Eu 
Eu 

I 
II 

F 

I 

Fe 

I 

Fe 

II 

Ga 

I 

Gd 

I 

Ge 

I 

H 

I 

He 

I 

He 

II 

Hf 

I 

Hf 

II 

Hg 

I 

Intensity 

Wave 

length 

Arc 

Spark 

4077.974 

150 

100 

4167.966 

50 

12 

4211.719 

200 

15 

3499 . 104 

18 

15 

3692 . 652 

20 

12 

3906.316 

25 

12 

*4594 . 02 

4129.737 

150 

50 

*4205 . 046 

200 

50 

6856.02 

D  1000 

6902.46 

D     500 

3581.20 

*3719.935 

1000 

700 

3737.133 

1000 

600 

3745.564 

500 

500 

3745.903 

150 

100 

3748.264 

500 

200 

*2382 . 039 

40 

100 

2395.625 

50 

100 

2404 . 882 

50 

100 

2410.517 

50 

70 

2413.309 

60 

100 

2874.244 

10 

15 

2943 . 637 

10 

20 

4032.982 

1000 

500 

*4172.056 

2000 

1000 

3646.196 

200 

150 

3768.405 

20 

20 

*2651.178 

40 

20 

2651.575 

30 

20 

2709 . 626 

30 

20 

3039 . 064 

1000 

1000 

3269 . 494 

300 

300 

4226.570 

200 

50 

1215.7 

4861.327 

D     500 

6562 . 79 

D  3000 

584.4 

*3888.646 

D  1000 

5875.618 

D  1000 

303.8 

1640.5 

4685.75 

D    300 

2898.259 

'    50 

12 

2904 . 408 

30 

6 

2916.481 

50 

15 

2940.772 

60 

12 

3072.877 

80 

18 

4093.161 

25 

20 

2513.028 

25 

70 

2516.881 

35 

100 

*2641.406 

40 

125 

2773.357 

25 

60 

2820.224 

40 

100 

3134.718 

80 

125 

*1849.68 

2536.519 

2000 

1000 

3650.146 

200 

500 

3654.833 

D     200 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Akranged  by  Elements  (Continued) 


Intensity 

Intensity 

Element 

Wave 

Element 

Wave 

length 

length 

Arc 

Spark 

Arc 

Spark 

Hg  I 

3663.276 

500 

400 

Mn  II 

*2576.104 

300 

2000 

4046  561 

200 

300 

2593.729 

200 

1000 

4358.35 

3000 

500 

2605.688 

100 

500 

5460.740 

.... 

D  2000 

Mo  I 

*3798.252 

1000 

1000 

Hg  II 

1649.8 

3864.110 

1000 

500 

1942.3 

3902.963 

1000 

500 

Ho  I 

3748  17 

60 

40 

Mo  II 

*2816.154 

200 

300 

3891.02 

200 

40 

2848.232 

125 

200 

Ho  II 

2936.77 

.... 

1000 

2871.508 

100 

100 

I   I 

1782.9 

2890 . 994 

30 

50 

2062.38 

.... 

D  900 

2909.116 

25 

40 

I   II 

5161.188 
5464  61 

D  300 
D  900 

N  I 

1199.5 
1200.2 

In  I 

3039 . 356 

iooo 

500 

1200.7 

3256  090 

1500 

600 

*4099 . 94 

D  150 

3258.564 

500 

300 

4109.98 

D  1000 

4101.773 

2000 

1000 

N  II 

5666 . 64 

D  300 

*451 1.323 

5000 

4000 

5676 . 02 

D  100 

Ir  I 

2543.97 

5679 . 56 

D  500 

2849.725 

40 

20 

N  III 

989.8 

2924.792 

25 

15 

991.6 

*3220.780 

100 

30 

4097.31 

D  100 

3437.015 

20 

15 

4103.37 

D   80 

3513.645 

100 

100 

Na  I 

3302.323 

'066 

300 

K  I 

4044 . 140 

800 

400 

3302.988 

300 

150 

4047.201 

400 

200 

5682.657 

80 

*7664.907 

9000 

5688.224 

300 

7698.979 

5000 

*5889 . 953 

9000 

1000 

Kr  I 

5570.2895 

D  2000 

5895.923 

5000 

500 

5870.9158 

D  3000 

Nd  I 

3951.154 

40 

30 

La  I 

5455.146 

'266 

1 

4177.321 

15 

25 

5930.648 

250 

*4303.573 

100 

40 

*6249 . 929 

300 

Ne  I 

735.95 

La  II 

*3949 . 106 

1000 

800 

743.73 

4077 . 340 

600 

400 

5400.562 

D  2000 

4123.228 

500 

500 

5832.488 

Li  I 

3232.61 

1000 

500 

5852 . 488 

D  2000 

4603 . 00 

800 

6402.246 

D  2000 

6103.642 

2000 

300 

Ni  I 

*3414.765 

iooo 

50 

*6707 . 844 

3000 

200 

3492.956 

1000 

100 

Lu  I 

4518.57 

300 

40 

3515.054 

1000 

50 

Lu  II 

*2615.43 

3524.541 

1000 

100 

2894 . 84 

60 

200 

Ni  II 

2216.47 

2911.39 

100 

300 

2253.86 

100 

300 

3397.07 

50 

20 

2264.457 

150 

400 

3472.48 

50 

150 

2270.213 

100 

400 

3554.43 

50 

150 

*2287.084 

100 

500 

Mg  I 

*2852.129 

300 

100 

O   I 

1302.27 

3829 . 350 

100 

150 

1304.96 

3832.306 

250 

200 

1306.12 

3838.258 

300 

200 

*7771.928 

.... 

D  1000 

5167.343 

100 

50 

7774.138 

.... 

D  300 

5172.699 

200 

100 

7775.433 

D  100 

5183.618 

500 

300 

Os  I 

*2909.061 

'566 

400 

Mg  II 

*2795.53 

150 

300 

3058 . 66 

500 

500 

2802 . 695 

150 

300 

3262 . 290 

500 

50 

Mn  I 

*4030.755 

500 

20 

3267 . 945 

400 

30 

4033.073 

400 

20 

3301.56 

4034.490 

250 

20 

3752 . 54 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Elements  (Continued) 


Intensity 

Intens'ty 

Element 

Wave 

Element 

Wave 

length 

length 

Arc 

Spark 

Arc 

Spark 

Os    I 

3782.20 

Ru  I 

♦3498.942 

500 

200 

4420.468 

400 

100 

3596.179 

30 

100 

P      I 

1774.8 

Ru  II 

2678.758 

100 

300 

1782.7 

2692.065 

8 

200 

1787.5 

2712.410 

80 

300 

2136.8 

2945.668 

60 

300 

2149.8 

2965.546 

60 

200 

2534.01 

50 

D      20 

2976.586 

60 

200 

2535.65 

100 

D      30 

S      I 

1807.4 

2536.38 

1820.5 

2553.28 

80 

D      20 

1826.4 

2554.02 

4694.13 

•  *  • . 

D    500 

2554.93 

60 

D      20 

4695.45 

.... 

D      30 

Pb   I 

2169.994 

1000 

1000 

4696.25 

•  >  • . 

D       15 

2614.178 

200 

80 

9212.91 

•  • . . 

D    200 

2833 . 069 

500 

80 

9228.11 

•  •  • . 

D    200 

3639 . 580 

300 

50 

9237.49 

D    200 

3683.471 

300 

50 

Sb    I 

*2068.38 

'300 

3 

♦4057 . 820 

2000 

300 

2175.890 

300 

40 

Pb    11 

1682.4 

2311.469 

150 

50 

♦2203 . 505 

50 

5000 

2528.535 

300 

200 

5608.8 

, 

D      40 

2598.062 

200 

100 

Pd    I 

♦3404.580 

2000 

1000 

2877.915 

250 

150 

3421.24 

2000 

1000 

3232.499 

150 

250 

3516.943 

1000 

500 

3267.502 

150 

150 

3609 . 548 

1000 

700 

Sc    I 

3907.476 

125 

25 

3634.695 

2000 

1000 

♦3911.810 

150 

30 

Pd   II 

♦2296 . 53 

4020.399 

50 

20 

2488.921 

10 

30 

4023 . 688 

100 

25 

2498.784 

4 

150 

5671.80 

2505 . 739 

3 

30 

Sc    II 

♦3613.836 

40 

70 

2658.722 

20 

300 

3630.740 

50 

70 

2854.581 

4 

500 

3642.785 

60 

50 

Pr    I 

4062.817 

150 

50 

Se     I 

*1960.2 

Pr    II 

♦4179.422 

200 

40 

2039.851 

•  • .  • 

D  1000 

4189.518 

100 

50 

2062.788 

•  •  *  • 

D    800 

4225.327 

50 

40 

4730.78 

. . . . 

D  1000 

Pt    I 

2659.454 

2000 

500 

4739.03 

• . . . 

D    800 

2830.295 

1000 

600 

4742.25 

D    500 

2929.794 

800 

200 

Si     I 

2506.899 

*300 

200 

2997.967 

1000 

200 

2516.123 

500 

500 

*3064.712 

2000 

300 

2528.516 

400 

500 

Ra   I 

♦4825.91 

.... 

D    800 

♦2881.578 

500 

400 

Ra  II 

♦3814.42 

.... 

D  2000 

3905.528 

20 

15 

4682.28 

D    800 

Si     II 

1526.83 

Rb  I 

4201.851 

2000 

500 

♦1533.55 

4215.556 

1000 

300 

Sm  I 

♦4296.75 

*7800.227 

9000 

Sm  II 

3568.27 

7947 . 60 

5000 

4390.865 

150 

150 

Re   I 

*3460 . 47 

1000 

♦4424.342 

300 

300 

4889.17 

2000 

4434.321 

200 

200 

Rh  I 

3323.092 

1000 

200 

Sn    I 

♦2839 . 989 

300 

300 

3396.85 

1000 

500 

2863 . 327 

300 

300 

♦3434.893 

1000 

200 

3009.147 

300 

200 

3657.987 

500 

200 

3034.121 

200 

150 

3692 . 357 

500 

150 

3175.019 

500 

400 

Rn  I 

7055.42 

D    400 

3262.328 

400 

300 

7450.00 

D    600 

4524.741 

500 

50 

Ru  I 

3436.737 

l 

'300 

150 

Sn    III 

♦2152.22 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Elements  (Continued) 


Intensity 

Intensity 

Element 

Wave 
length 

Element 

Wave 

length 

Arc 

Spark 

Arc 

Spark 

Sr     I 

*4607.331 

1000 

50 

V     I 

4389.974 

80 

60 

4832.075 

200 

8 

V     II 

*3093.108 

100 

400 

4872.493 

25 

3102.299 

70 

300 

4962 . 263 

40 

3110.706 

70 

300 

Sr     II 

3380.711 

150 

200 

3118.383 

70 

200 

3464  57 

200 

200 

3125.284 

80 

200 

3474.887 

80 

50 

W    I 

4008.753 

45 

45 

*4077.714 

400 

500 

4294.614 

50 

50 

4215.524 

300 

400 

*4302.108 

60 

60 

4305.447 

40 

W    II 

*2204 . 49 

Ta   I 

*331 1.162 

300 

70 

2397.091 

18 

30 

3318.840 

125 

35 

2589.167 

15 

25 

3406.664 

70 

18 

3215.560 

10 

9 

Tb   I 

3509.17 

200 

200 

3613.790 

10 

30 

3561.74 

200 

200 

Xe  I 

1295.8 

3848.75 

100 

200 

1469.9 

3874.18 

200 

200 

4500.977 

.... 

D    500 

Te    I 

*2142.75 

60 

4624.276 

.... 

D  1000 

2383.25 

500 

D    300 

4671.226 

. 

D  2000 

2385.76 

600 

D    300 

Y     I 

4643.695 

50 

100 

2530.70 

D      30 

*4674.848 

80 

100 

2769.67 

D      30 

5466.47 

Th   I 

3538.75 

.... 

50 

Y     II 

8242.280 

60 

100 

3601.040 

8 

10 

3600.734 

100 

300 

4019.137 

8 

8 

3633.123 

50 

100 

Th   II 

3290.59 

.... 

40 

*3710.290 

80 

150 

Ti    I 

3635.463 

200 

100 

3774.332 

12 

100 

3642.675 

300 

125 

3788.697 

30 

30 

3653 . 496 

500 

200 

Yb  I 

3289.37 

500 

1000 

*4981.733 

300 

125 

*3987.994 

1000 

500 

4991.066 

200 

100 

Yb  II 

*3694.203 

500 

1000 

4999.510 

200 

80 

Zn    I 

*2138.56 

800 

500 

5007.213 

200 

40 

3282.333 

500 

300 

5014.25 

3302.588 

800 

300 

Ti    II 

*3349 . 035 

125 

800 

3345.020 

800 

300 

3361.213 

100 

600 

4680.138 

300 

200 

3372.800 

80 

400 

4722.159 

400 

300 

3383.761 

70 

300 

4810.534 

400 

300 

Tl    I 

2767.87 

400 

300 

6362.347 

1000 

500 

2918.32 

400 

200 

Zn    II 

*2025.51 

200 

200 

3229 . 75 

2000 

800 

2061.91 

100 

100 

3519.24 

2000 

1000 

2502.001 

20 

400 

3775.72 

3000 

1000 

2557.958 

10 

300 

*5350.46 

5000 

2000 

Zr    I 

3519.605 

100 

10 

Tml 

3462.21 

200 

100 

3547.682 

200 

12 

3761.333 

250 

150 

*3601.193 

400 

15 

3761.917 

200 

120 

4687.803 

125 

Tmll 

*3848.02 

4710.075 

60 

U     I 

3552.172 

8 

12 

4739.478 

100 

3672 . 579 

8 

15 

4772.312 

100 

4241.669 

40 

50 

4815.62 

V      I 

3183.406 

200 

100 

Zr    II 

*339 1.975 

300 

400 

3183.982 

500 

400 

3438.230 

250 

200 

3185.396 

500 

400 

3496.210 

100 

100 

*4379 . 238 

200 

200 

3572.473 

60 

80 

4384 . 722 

125 

125 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Wave  Lengths 


Intensity 

Intensity 

Wave 

TT 1  £»-!-«/-«'•-« + 

Wave 

Element 

length 

.Cjic  m 

length 

Arc 

Spark 

Arc 

Spark 

303.8 

He 

[I 

*2138.56 

Zn    I 

800 

500 

584.4 

He 

*2142.75 

Te    I 

60 

735.95 

Ne 

*2144.382 

Cd   II 

50 

200 

743.73 

Ne   . 

2149.8 

P      I 

989.8 

n    : 

in 

*2152.22 

Sn    II 

991.6 

n    : 

;ii 

2169.994 

Pb    I 

1000 

1000 

*1048.26 

a    ; 

2175.890 

Sb    I 

300 

40 

1066.70 

A      ] 

2192.260 

Cu   II 

25 

500 

1199.5 

N     ] 

*2203 . 505 

Pb    II 

50 

5000 

1200.2 

N     ] 

*2204.49 

W    II 

1200.7 

N     ] 

2216.47 

Ni    II 

1215.7 

h    ; 

2246.412 

Ag    II 

25 

300 

1295.8 

Xe   J 

2246.995 

Cu   II 

30 

500 

1302.27 

0      ] 

2253 . 86 

Ni    II 

100 

300 

1304.96 

o    : 

2264.457 

Ni    II 

150 

400 

1306.12 

o    : 

2265.017 

Cd   II 

25 

300 

1334.54 

c    ; 

:i 

2270.213 

Ni    II 

100 

400 

1335.72 

c    : 

[i 

2276.578 

Bi     I 

100 

40 

1362.46 

b    : 

:i 

*2286.156 

Co    II 

40 

300 

1379.6 

Cl    ] 

*2287.084 

Ni    II 

100 

500 

1396.5 

Cl    ] 

*2288.018 

Cd   1 

1500 

30Q 

1469.9 

Xe   ] 

2288.12 

As    I 

250 

5 

1526.83 

Si     ] 

:i 

*2296.53 

Pd    II 

*1533.55 

Si     ] 

:i 

2296.89 

C      III 

200 

1540.8 

Br    ] 

2304.235 

Ba    II 

"60 

80 

1633.8 

Br    ] 

2307.857 

Co    II 

25 

50 

1640 . 5 

He   ] 

:i 

2311.469 

Sb    I 

150 

50 

1649.8 

Hg  ] 

[i 

2312.84 

Cd   II 

1 

200 

.1671.0 

Al     ] 

[i 

2335.269 

Ba    II 

60 

100 

1682.4 

Pb    ] 

:i 

*2348.610 

Be    I 

2000 

50 

1774.8 

P      ] 

2349.84 

As    I 

250 

18 

1782.7 

P      ] 

2363.787 

Co    II 

25 

50 

1782.9 

I       ] 

2369 . 67 

As    I 

40 

1787.5 

P      ] 

2370.77 

As    I 

50 

3 

1807.4 

S      ] 

2378.622 

Co    II 

25 

5a 

1820.5 

S      ] 

*2382 . 039 

Fe    II 

40 

100 

1826.4 

S      ] 

2383 . 25 

Te    I 

500 

D    30G 

*1849.6 

Hg  ] 

2385.76 

Te    I 

600 

D    300 

1854.67 

Al     1 

:n 

2388.918 

Co    II 

10 

35 

1856.00 

Al    ] 

[i 

2395.625 

Fe    II 

50 

100 

1858.13 

Al     ] 

[i 

2397  091 

W     II 

Fe    II 

18 

30 

1862.48 

Al    ] 

[i 

2404.882 

50 

100 

1862.90 

Al     ] 

11 

2410.517 

Fe    II 

50 

70 

1889.9 

As    ] 

2413.309 

Fe    II 

60 

100 

>::1890.5 

As    ] 

*2427.95 

Au    I 

400 

100 

1909.41 

Bi     ] 

i 

*2437.791 

Ag    II 

60 

500 

1936.9 

As    ] 

2456 . 53 

As    I 

100 

8 

1942.3 

Hg  ] 

i 

*2478.573 

C      I 

400 

D    400 

*1960.2 

Se    ] 

2488.921 

Pd    II 

10 

3G 

1972.0 

As    1 

2496.778 

B      I 

300 

300 

*2025.51 

Zn    ] 

i 

200 

200 

*2497.733 

B      I 

500 

400 

2039.851 

Se    ] 

D  1000 

2498.784 

Pd    II 

4 

150 

2061.70 

Bi    : 

'300 

100 

2502.001 

Zn    II 

20 

400 

2061.91 

Zn   : 

i 

100 

100 

2505.739 

Pd    II 

3 

30 

2062.38 

I 

.... 

D    900 

2506 . 899 

Si     I 

300 

200 

2062.788 

Se 

D     800 

2513.028 

Hf    II 

25 

70 

*2068 . 38 

Sb 

300 

3 

2516.123 

Si     I 

500 

500 

*2135.976 

Cu   . 

i 

25 

500 

2516.881 

Hf    II 

35 

100 

2136.8 

P 

2519.822 

Co    II 

40 

200 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Wave  Lengths  (Continued) 


Intensity 

Intensity 

Wave 

Jj]lgj-r»a-n  + 

Wave 

TT',lf»r*-ni»T*- 

length 

Arc 

Spark 

length 

Jji'.i 

Arc 

Spark 

2528.516 

Si 

I 

400 

500 

2860 . 452 

As 

I 

50 

50 

2528.535 

Sb 

I 

300 

200 

2860 . 934 

Cr 

II 

60 

100 

2530.70 

Te 

I 

D      30 

2863 . 327 

Sn 

I 

300 

300 

2534.01 

P 

I 

"50 

D      20 

2871.508 

Mo  II 

100 

100 

2535.65 

P 

I 

100 

D      30 

2874.244 

Ga 

I 

10 

15 

2536.38 

P 

I 

2877.915 

Sb 

I 

250 

150 

2536.519 

Hg 

I 

2000 

1000 

*288 1.578 

Si 

I 

500 

400 

2543.97 

Ir 

I 

2890.994 

Mo 

II 

30 

50 

2553 . 28 

P 

I 

80 

D      20 

2894.84 

Lu 

II 

60 

200 

2554 . 02 

P 

I 

2897.975 

Bi 

I 

500 

500 

2554.93 

P 

I 

60 

D      20 

2898 . 259 

Hf 

I 

50 

12 

2557.958 

Zn 

II 

10 

300 

2898.71 

As 

I 

25 

40 

2573 . 09 

Cd 

II 

3 

150 

2904.408 

Hf 

I 

30 

6 

*2576.104 

Mn 

II 

300 

2000 

*2909.061 

Os 

I 

500 

400 

2589.167 

W 

II 

15 

25 

2909.116 

Mo  I 

25 

40 

2593.729 

Mn  II 

200 

1000 

2911.39 

Lu 

II 

100 

300 

2598.062 

Sb 

I 

200 

100 

2916.481 

Hf 

I 

50 

15 

2605.688 

Mn 

II 

100 

500 

2918.32 

Tl 

I 

400 

200 

2614.178 

Pb 

I 

200 

80 

2924.792 

Ir 

I 

25 

15 

*2615.43 

Lu 

II 

2929.794 

Pt 

I 

800 

200 

2631.553 

Al 

II 

40 

2936.77 

Ho 

II 

1000 

*264 1.406 

Hf 

II 

"46 

125 

2938.298 

Bi 

I 

*306 

300 

2650.781 

Be 

I 

25 

2940 . 772 

Hf 

I 

60 

12 

*2651 . 178 

Ge 

I 

40 

20 

2943 . 637 

Ga 

I 

10 

20 

2651.575 

Ge 

I 

30 

20 

2945.668 

Ru 

II 

60 

300 

2658.722 

Pd 

II 

20 

300 

2965.546 

Ru 

II 

60 

200 

2659 . 454 

Pt 

I 

2000 

500 

2976.586 

Ru 

II 

60 

200 

*2669 . 166 

Al 

II 

3 

100 

2989.029 

Bi 

I 

250 

100 

2675.95 

Au 

I 

250 

100 

2997.967 

Pt 

I 

1000 

200 

2678.758 

Ru 

II 

100 

300 

3009.147 

Sn 

I 

300 

200 

2692.065 

Ru 

II 

8 

200 

3034.121 

Sn 

I 

200 

150 

2709 . 626 

Ge 

I 

30 

20 

3039.064 

Ge 

I 

1000 

1000 

2712.410 

Ru 

II 

80 

300 

3039.356 

In 

I 

1000 

500 

2748.58 

Cd 

II 

5 

200 

3058.66 

Os 

I 

500 

500 

2767 . 87 

Tl 

I 

400 

300 

*3064.712 

Pt 

I 

2000 

300 

2769.67 

Te 

I 

D      30 

*3067.716 

Bi 

I 

3000 

2000 

2773.357 

Hf 

II 

"25 

60 

3071.591 

Ba 

I 

100 

50 

2780.197 

As 

I 

75 

75 

3072 . 877 

Hf 

I 

80 

18 

2780.521 

Bi 

I 

200 

100 

3082.155 

Al 

I 

800 

800 

*2795.53 

Mg 

II 

150 

300 

3092.713 

Al 

I 

1000 

1000 

2802.19 

Au 

I 

200 

*3093 . 108 

V 

II 

100 

400 

2802.695 

Mg  II 

iso 

300 

*3094.183 

Cb 

II 

100 

1000 

2809 . 625 

Bi 

I 

200 

100 

3102.299 

V 

II 

70 

300 

*2816.154 

Mo 

II 

200 

300 

3110.706 

V 

II 

70 

300 

2816.179 

Al 

II 

10 

100 

3118.383 

V 

II 

70 

200 

2820.224 

Hf 

II 

40 

100 

3125.284 

V 

II 

80 

200 

2830.295 

Pt 

I 

1000 

600 

*3130.416 

Be 

II 

200 

200 

2833 . 069 

Pb 

I 

500 

80 

3130.786 

Cb 

II 

100 

100 

*2835.633 

Cr 

II 

100 

400 

3131.072 

Be 

II 

200 

150 

2836.710 

C 

II 

200 

3134.718 

Hf 

II 

80 

125 

2837 . 602 

C 

II 

40 

3158.869 

Ca 

II 

100 

300 

*2839 . 989 

Sn 

I 

'366 

300 

3163.402 

Cb 

II 

15 

8 

2843 . 252 

Cr 

II 

125 

400 

3175.019 

Sn 

I 

500 

400 

2848.232 

Mo 

II 

125 

200 

3179.332 

Ca 

II 

100 

400 

2849.725 

Ir 

I 

40 

20 

3183.406 

V 

I 

200 

100 

2849 . 838 

Cr 

II 

80 

150 

3183.982 

V 

I 

500 

400 

*2852.129 

Mg  I 

300 

100 

3185.396 

V 

I 

500 

400 

2854.581 

Pd 

II 

4 

500 

3194.977 

Cb 

II 

30 

300 

2855.676 

Cr 

II 

60 

200 

3215.560 

W 

I 

10 

9 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Wave  Lengths  (Continued) 


Intensity 

Intensity 

Wave 

Element 

Wave 
length 

Element 

length 

Arc 

Spark 

Arc 

Spark 

*3220.780 

Ir 

I 

100 

30 

3474.887 

Sr 

II 

80 

50 

3225.479 

Cb 

II 

150 

800 

3492.956 

Ni 

I 

1000 

100 

3229.75 

Tl 

I 

2000 

800 

3496.210 

Zr 

II 

100 

100 

3232.499 

Sb 

I 

150 

250 

*3498.942 

Ru 

I 

500 

200 

3232.61 

Li 

I 

1000 

500 

3499.104 

Er 

I 

18 

15 

3242 . 280 

Y 

II 

60 

100 

3509.17 

Tb 

I 

200 

200 

*3247.540 

Cu 

I 

5000 

2000 

3513.645 

Ir 

I 

100 

100 

3256 . 090 

In 

I 

1500 

600 

3515.054 

Ni 

I 

1000 

50 

3258.564 

In 

I 

500 

300 

3516.943 

Pd 

I 

1000 

500 

3261.057 

Cd 

I 

300 

300 

3519.24 

Tl 

I 

2000 

1000 

3262.290 

Os 

I 

500 

50 

3519.605 

Zr 

I 

100 

10 

3262 . 328 

Sn 

I 

400 

300 

3524.541 

Ni 

I 

1000 

100 

3267.502 

Sb 

I 

150 

150 

3529.813 

Co 

I 

1000 

30 

3267.945 

Os 

I 

400 

30 

3538.75 

Th 

I 

50 

3269.494 

Ge 

I 

300 

300 

3547.682 

Zr 

I 

'200 

12 

3273.962 

Cu 

I 

3000 

1500 

3552.172 

U 

I 

8 

12 

*3280 . 683 

Ag 

I 

2000 

1000 

3554.43 

Lu 

II 

50 

150 

3282.333 

Zn 

I 

500 

300 

3561.74 

Tb 

I 

200 

200 

3289.37 

Yb 

I 

500 

1000 

3568.27 

Sm 

II 

3290.59 

Th 

II 

40 

3572.473 

Zr 

II 

60 

80 

3301.56 

Os 

I 

3581.20 

Fe 

I 

3302.323 

Na 

I 

600 

300 

3596.179 

Ru 

I 

30 

100 

3302 . 588 

Zn 

I 

800 

300 

3600.734 

Y 

II 

100 

300 

3302 . 988 

Na 

I 

300 

150 

3601.040 

Th 

I 

8 

10 

*3311.162 

Ta 

I 

300 

70 

*3601.193 

Zr 

I 

400 

15 

3318.840 

Ta 

I 

125 

35 

3609 . 548 

Pd 

I 

1000 

700 

3321.013 

Be 

I 

50 

3610.510 

Cd 

I 

1000 

500 

3321.086 

Be 

I 

100 

3613.790 

w 

II 

10 

30 

3321.343 

Be 

I 

1000 

30 

*3613.836 

Sc 

II 

40 

70 

3323.092 

Rh 

I 

1000 

200 

3630.740 

Sc 

II 

50 

70 

3345.020 

Zn 

I 

800 

300 

3633.123 

Y 

II 

50 

100 

*3349.035 

Ti 

II 

125 

800 

3634.695 

Pd 

I 

2000 

1000 

3361.213 

Ti 

II 

100 

600 

3635.463 

Ti 

I 

200 

100 

3372.800 

Ti 

II 

80 

400 

3639 . 580 

Pb 

I 

300 

50 

3380.711 

Sr 

II 

150 

200 

3642.675 

Ti 

I 

300 

125 

3382.891 

Ag 

I 

1000 

700 

3642.785 

Sc 

II 

60 

50 

3383.761 

Ti 

II 

70 

300 

3646.196 

Gd 

I 

200 

150 

*339 1.975 

Zr 

II 

300 

400 

3650.146 

Hg 

I 

200 

500 

3396.85 

Rh 

I 

1000 

500 

3653 . 496 

Ti 

I 

500 

200 

3397.07 

Lu 

II 

50 

20 

3654.833 

Hg 

I 

D     200 

3403.653 

Cd 

I 

800 

500 

3657.987 

Rh 

I 

500 

200 

*3404.580 

Pd 

I 

2000 

1000 

3663.276 

Hg 

I 

500 

400 

3405.120 

Co 

I 

2000 

150 

3672.579 

U 

I 

8 

15 

3406.664 

Ta 

I 

70 

18 

3683.471 

Pb 

I 

300 

50 

*3414.765 

Ni 

I 

1000 

50 

3692.357 

Rh 

I 

500 

150 

3421.24 

Pd 

I 

2000 

1000 

3692.652 

Er 

I 

20 

12 

*3434.893 

Rh 

I 

1000 

200 

*3694.203 

Yb 

II 

500 

1000 

3436.737 

Ru 

I 

300 

150 

*3710.290 

Y 

II 

80 

150 

3437.015 

Ir 

I 

20 

15 

*3719.935 

Fe 

I 

1000 

700 

3438.230 

Zr 

II 

250 

200 

3737.133 

Fe 

I 

1000 

600 

3451.41 

B 

II 

5 

30 

3745.564 

Fe 

I 

500 

500 

3452 . 33 

B 

II 

3745 . 903 

Fe 

I 

150 

100 

*3453 . 505 

Co 

I 

3000 

200 

3748.17 

Ho 

I 

60 

40 

*3460 . 47 

Re 

I 

1000 

3748.264 

Fe 

I 

500 

200 

3462.21 

Tm 

I 

200 

100 

3752.54 

Os 

I 

3464  57 

Sr 

II 

200 

200 

3761.333 

Tm 

I 

250 

150 

3465.800 

Co 

I 

2000 

25 

3761.917 

Tm  I 

200 

120 

3466.201 

Cd 

I 

1000 

500 

3768.405 

Gd 

I 

20 

20 

3472.48 

Lu 

II 

50 

150 

3774.332 

Y 

II 

12 

100 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 

Arranged  by  Wave  Lengths  (Continued) 


Intensity 

Intensity 

Wave 

Element 

Wave 

Element 

length 

length 

Arc 

Spark 

Arc 

Spark 

3775.72 

Tl     I 

3000 

1000 

4130.664 

Ba    II 

50 

60 

3782.20 

Os    I 

4137.095 

Cb    I 

100 

60 

3788.697 

Y      II 

30 

30 

4165.606 

Ce    II 

40 

6 

*3798.252 

Mo  I 

1000 

1000 

4167.966 

Dy  I 

50 

12 

*3814.42 

Ra   II 

D  2000 

*4172.056 

Ga   I 

2000 

1000 

3829.350 

Mg  I 

'ioo 

150 

4177.321 

Nd  I 

15 

25 

3832.306 

Mg  I 

250 

200 

*4 179. 422 

Pr    II 

200 

40 

3838.258 

Mg  I 

300 

200 

*4 186. 599 

Ce    II 

80 

25 

*3848 . 02 

Tm  II 

4189.518 

Pr    II 

100 

50 

3848.75 

Tb   I 

100 

200 

4201.851 

Rb   I 

2000 

500 

3864.110 

Mo  I 

1000 

500 

*4205 . 046 

Eu   II 

200 

50 

3874.18 

Tb    I 

200 

200 

4211.719 

Dy  I 

200 

15 

*3888.646 

He   I 

D  1000 

4215.524 

Sr     II 

300 

400 

3891.02 

Ho   I 

'200 

40 

4215.556 

Rb   I 

1000 

300 

3891.785 

Ba    II 

18 

25 

4225.327 

Pr    II 

50 

40 

3902.963 

Mo  I 

1000 

500 

4226.570 

Ge    I 

200 

50 

3905.528 

Si     I 

20 

15 

*4226.728 

Ca    I 

500 

50 

3906.316 

Er    I 

25 

12 

4241.669 

U      I 

40 

50 

3907.476 

Sc     I 

125 

25 

*4254.346 

Cr    I 

5000 

1000 

*3911.810 

Sc     I 

150 

30 

4267.02 

C      II 

.  .  . . 

350 

*3933.666 

Ca    II 

600 

600 

4267.27 

C      II 

500 

3944 . 032 

Al    I 

2000 

1000 

4274.803 

Cr    I 

4000 

800 

*3949.106 

La    II 

1000 

800 

4289.721 

Cr    I 

3000 

800 

3951.154 

Nd  I 

40 

30 

4294.614 

W     I 

50 

50 

*3961.527 

Al     I 

3000 

2000 

*4296.75 

Sm  I 

3968.468 

Ca    II 

500 

500 

*4302.108 

W     I 

60 

60 

*3987 . 994 

Yb   I 

1000 

500 

*4303 . 573 

Nd  I 

100 

40 

4000 . 454 

Dy  I 

400 

300 

4305.447 

Sr     II 

40 

4008.753 

W     I 

45 

45 

4358.35 

Hg  I 

3000 

500 

4012.388 

Ce    II 

60 

20 

*4379 . 238 

V      I 

200 

200 

4019.137 

Th    I 

8 

8 

4384.722 

V      I 

125 

125 

4020 . 399 

Sc     I 

50 

20 

4389.974 

V      I 

80 

60 

4023 . 688 

Sc     I 

100 

25 

4390.865 

Sm  II 

150 

150 

*4030.755 

Mn  I 

500 

20 

4420 . 468 

Os    I 

400 

100 

4032.982 

Ga    I 

1000 

500 

*4424 . 342 

Sm  II 

300 

300 

4033 . 073 

Mn  I 

400 

20 

4425.441 

Ca    I 

100 

4034.490 

Mn  I 

250 

20 

4434.321 

Sm  II 

200 

200 

4040.762 

Ce    II 

70 

5 

4434.960 

Ca    I 

150 

4044.140 

K     I 

800 

400 

4454.781 

Ca    I 

200 

4045.983 

Dy  I 

150 

12 

4455.880 

Ca    I 

4046.561 

Hg   I 

200 

300 

4456.62 

Ca    I 

4047.201 

K     I 

400 

200 

4500.977 

Xe   I 

D    500 

*4057.820 

Pb    I 

2000 

300 

*451 1.323 

In     I 

5000 

4000 

*4058.938 

Cb    I 

1000 

400 

4518.57 

Lu    I 

300 

40 

4062.817 

Pr    I 

150 

50 

4524.741 

Sn    I 

500 

50 

4077.340 

La    II 

600 

400 

*4554.042 

Ba    II 

1000 

200 

*4077.714 

Sr     II 

400 

500 

4555.355 

Cs    I 

2000 

100 

4077.974 

Dy  I 

150 

100 

4593.177 

Cs    I 

1000 

50 

4079.729 

Cb    I 

500 

200 

*4594.02 

Eu   I 

4093.161 

Hf    II 

25 

20 

4603.00 

Li     I 

800 

4097.31 

N      III 

D     100 

*4607.331 

Sr     I 

1000 

50 

*4099 . 94 

N     I 

D     150 

4624.276 

Xe   I 

D  1000 

4100.923 

Cb   I 

'366 

200 

4643.695 

Y     I 

"50 

100 

4101.773 

In     I 

2000 

1000 

4671.226 

Xe   I 

D  2000 

4103.37 

N     III 

D       80 

*4674.848 

Y     I 

"80 

100 

4109.98 

N     I 

D  1000 

4680.138 

Zn    I 

300 

200 

4123.228 

La    II 

'566 

500 

4682.28 

Ra   II 

D     800 

4123.810 

Cb    I 

200 

125 

4685.75 

He   II 

D    300 

4129.737 

Eu   II 

150 

50 

4687.803 

Zr     I 

*i25 
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PERSISTENT  LINES  OF  THE  ELEMENTS  (Continued) 


Arranged 

by  Wave  Lengths  (Continued 

> 

Intensity 

Intensity 

Wave 

Element 

Wave 

Tt  1 0  ■?■*■*  **»%  ^ 

length 

length 

Hiie™ 

Arc 

Spark 

Arc 

Spark 

4694.13 

S      I 

D     500 

5466 . 47 

Y 

I 

4695.45 

S      I 

D      30 

5519.115 

Ba 

I 

200 

60 

4696.25 

S      I 

D       15 

*5535.551 

Ba 

I 

1000 

200 

*4704 . 86 

Br    II 

D    250 

5570.2895 

Kr 

I 

D  2000 

4710.075 

Zr     I 

"60 

5608.8 

Pb 

II 

D       40 

4722.159 

Zn    I 

400 

300 

5666.64 

N 

II 

D    300 

4722.552 

Bi     I 

1000 

100 

5671.80 

Sc 

I 

4730.78 

Se     I 

.  . 

D  1000 

5676.02 

N 

II 

D     100 

4739.03 

Se    I 

D    800 

5679.56 

N 

II 

D     500 

4739.478 

Zr     I 

ioo 

5682.657 

Na 

I 

"80 

4742.25 

Se     I 

. 

D    500 

5688.224 

Na 

I 

300 

4772.312 

Zr     I 

ioo 

5777.665 

Ba 

I 

500 

100 

4785.50 

Br    II 

.... 

D    400 

5832 . 488 

Ne 

I 

4794 . 54 

CI     II 

.... 

D    250 

5852 . 488 

Ne 

I 

D  2000 

4810.06 

CI     II 

D    200 

5870.9158 

Kr 

I 

D  3000 

4810.534 

Zn    I 

'ioo 

300 

5875.618 

He 

I 

D  1000 

4815.62 

Zr     I 

*5889 . 953 

Na 

I 

9666 

1000 

4816.71 

Br    II 

.... 

D    300 

5895 . 923 

Na 

I 

5000 

500 

4819.46 

CI     II 

.... 

D    200 

5930.648 

La 

I 

250 

*4825.91 

Ra   I 

. , 

D    800 

6103.642 

Li 

I 

2000 

300 

4832.075 

Sr     I 

266 

8 

6231.76 

Al 

II 

.... 

30 

4861.327 

H     I 

# 

D    500 

6243.36 

Al 

II 

100 

4872.493 

Sr     I 

25 

*6249.929 

La 

I 

'366 

4889.17 

Re    I 

2000 

6362.347 

Zn 

I 

1000 

500 

4934.086 

Ba    II 

400 

400 

6402.246 

Ne 

I 

D  2000 

4962 . 263 

Sr     I 

40 

6438.4696 

Cd 

I 

2666 

1000 

*4981.733 

Ti     I 

300 

125 

6562.79 

H 

I 

D  3000 

4991.066 

Ti     I 

200 

100 

*6707.844 

Li 

I 

3666 

200 

4999.510 

Ti     I 

200 

80 

6856.02 

F 

I 

.... 

D  1000 

5007.213 

Ti     I 

200 

40 

6902.46 

F 

I 

.... 

D     500 

5014.25 

Ti     I 

6965.430 

A 

I 

.... 

D    400 

5105.541 

Cu   I 

500 

7055.42 

Rn 

I 

.... 

D    400 

5153.235 

Cu   I 

600 

7067.217 

A 

I 

.... 

D    400 

5161.188 

I       II 

D    300 

7450.00 

Rn 

I 

.... 

D    600 

5167.343 

Mg  I 

'ioo 

50 

7503 . 867 

A 

I 

D    700 

5172.699 

Mg  I 

200 

100 

*7664.907 

K 

I 

9666 

5183.618 

Mg  I 

500 

300 

7698.979 

K 

I 

5000 

5204.518 

Cr    I 

400 

100 

*777 1.928 

O 

I 

•  • . . 

D  1000 

5206 . 039 

Cr    I 

500 

200 

7774.138 

O 

I 

•  >  • . 

D    300 

5208.436 

Cr    I 

500 

100 

7775.433 

O 

I 

. 

D     100 

5209 . 067 

Ag   I 

1500 

1000 

*7800.227 

Rb 

I 

9000 

5218.202 

Cu   I 

700 

7947.60 

Rb 

I 

5000 

*5350.46 

TI    I 

5000 

2000 

8115.311 

A 

I 

D  5000 

5400.562 

Ne   I 

D  2000 

*8521.10 

Cs 

I 

5000 

5424.616 

Ba   I 

100 

30 

8943.50 

Cs 

I 

2000 

5455 . 146 

La    I 

200 

1 

9212.91 

S 

I 

•  • « 

D    200 

5460.740 

Hg  I 

•  *  • . 

D  2000 

9228.11 

S 

I 

• . . . 

D    200 

5464.61 

I       II 

D    900 

9237.49 

s 

I 

D     200 

5465.487 

Ag   I 

iooo 

500 
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INDEX  OF  REFRACTION 

Indices  of  refraction  for  elements,  inorganic,  metal-organic  and  organic 
compounds  and  minerals  will  be  found  in  the  tables  of  physical  constants  for 
the  various  classes  of  substances  in  the  section  Properties,  and  Physical 
Constants. 

Values  for  compounds  not  there  listed  and  data  subsequently  collected 
are  sriven  below. 

Indices  not  otherwise  indicated  are  for  sodium  light,  X  =  589.3  mj*. 
Other  wave  lengths  are  indicated  by  the  value  in  millimicrons  or  symbol  in 
parentheses  which  follows  the  index.  Wave  lengths  are  indicated  as  follows: 
He,  X  =  587.6  mM;  Li,  X  =  670.8  mM;  Hg,  X  =  579.1  mM;  A,  X  =  759.4  mM; 
C,  X  =  656.3  mM;  D,  X  =  589.3  m/n;  F,  X  =  486.1  m/i. 

Temperatures  are  understood  to  be  20°C  for  liquids,  or  ordinary  room 
temperatures  in  the  case  of  solids.  Other  temperatures  appear  as  superior 
figures  with  the  index. 

Indices  for  the  elements  and  inorganic  compounds  will  be  understood  to 
be  for  the  solid  form  except  as  indicated  by  the  abbreviation  liq. 

Elements 

See  also  under  Physical  Constants  of  Inorganic  Compounds  and  Index  of 

Refraction  of  Gases. 


Name 

Formula 

Index 

Brornine  (liq.) 

Br2 
Cd 

cr2 

H2 
h 

1.66115 

Cadmium  (liq.)   

0.82  (579  m/x) 

(sol.)  . .                  

1.13 

Chlorine  (liq  )                      

1.385 

"      (gas) 

1.000768 

Hydrogen  (liq.) 

1.0974-252.83(579  mM) 

3.34 

(gas) 

Lead 

Pb 
Hg 

N2 
02 

Ses 

Na 

S8 

Sn 

1.001920 
2.6  (579  m/i) 

1.6-1.9 

1.2053~19° 

Oxveen  (lid.) 

1.221-181 

Phosphorus  (yel.)  (sol.) 

2.144225 

Selenium 

3.00,  4.04 

(amor.)  (sol.) 

Sodium  (liq.) 

2.92 
0.0045 

(sol.)                      

4.22 

Sulfur  (liq.) 

"    (amor.)  (sol.) 

1.929H0 
1.998 

"    (rhombic,  <x) 

Tin  (liq.) 

1.957,  2.0377,  2.2454 
2.1 

Inorganic  Compounds 
See  also  under  Physical  Constants  of  Inorganic  Compounds. 


Aluminum  carbide 

chloride 

oxide 

Alums.    See  under  appropriate  ele 
Ammonium  antimonyl  tartrate. 

orJftoarsenate,  di-H 

bromide 

perchlorate 

chloroplatinate 

fluoride 

acid 

hydrogen  malate  (d) 

nitrate 


A14C3 

2.7,  2.75  (700  m/u) 

A1C13.6H20 

1.560,  1.507 

A1203 

1.665-1.680,  1.63-1.65 

ment. 

2(NH4.SbO.C4H406).H20 

£1.6229  (C) 

NH4H2ASO4 

1.5766,  1.5217 

NH4Br 

1.7108 

NH4CIO4 

1.4818,  1.4833,  1.4881 

(NH4)2PtCl6 

1.8 

NH4F 

o><1.328 

NH4HF2 

1.385,  1.390,  1.394 

NH4C4H5O5 

01.503 

NH1NO3 

1.413,  1.611(He),  1.637 
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INDEX  OF  REFRACTION  (Continued) 

Inorganic  Compounds  (Continued) 


Name 


Formula 


Index 


Ammonium  sulfate,  acid .    

tartrate  (dl) 

thiocyanate 

uranyl  acetate 

Antimony  bromide 

iodide,  tri-. 

Barium  cadmium  bromide 

cadmium  chloride 

calcium  propionate 

fluochloride 

fluoride 

Barium  oxide 

orf/wphosphate,  di- 

propionate 

sulfide,  mono-.  .# 

Cadmium  ammonium  chloride . . 

cesium  sulfate 

fluoride . 

magnesium  chloride 

oxide.. 

potassium  chloride 

"       cyanide 

rubidium  sulfate 

Calcium  aluminate 

borate 

carbide 

copper  acetate 

cyanamide 

dithionate 

pyrophosphate 

platinocyanide 

strontium  propionate 

sulfide  (oldhamite) 

sulfite 

thiosulfate 

Carbon  dioxide  (liq.) 

Cerium  dithionate 

Cesium  perchlorate 

nitrate 

selenate 

thallium  chloride 

Chromium  cesium  sulfate 

oxide  (ic) 

potassium  cyanide  (ic) 

sulfate  (ic) 

thallium  sulfate 

Cobalt  acetate 

aluminate  (Thenard's  Blue) . . 

ammonium  selenate 

cesium  sulfate 

chloride  (ous) 

potassium  selenate 

rubidium  sulfate 

selenate 

Copper  ammonium  selenate 

ammonium  sulfate 

cesium  sulfate 

chloride  (ic) 

formate 


NH4HSO4 

(NH4)2C4H406.2H20 

NH4CNS 

NH4C2H302.U02(C2H302)2 

SbBr3 

Sbl3 

BaCdBr4.4H20 

BaCdCl4.4H20 

BaCa2(C3H502)6 

BaCl2.BaF2 

BaF2 

BaO 

BaHP04 

Ba(C2H6C02)2.H20 

BaS 

CdCl2.4NH4Ci 

CdS04.Cs2S04.6H20 

CdF2 

(CdCl2)2.MgCl2.12H20 

CdO 

CdCl2.4KCl 

Cd(CN)2.2KCN 

CdS04.Rb2S04.6H20 

Ca3Al206 

CaO.B203 

CaC2 

CaCu(C2H302)4.6H20 

CaCN2 

CaS206.4H20 

Ca2P207 

CaPt(CN)4.5H20 

Ca2Sr(C3H502)6 

CaS 

CaS03.2H20 

CaS203.6H20 

C02 

Ce2(S206)3.15H20 

CsC104 

CsN03 

Cs2Se04 

Cs3Tl2Cl9 

CrCs(S04)2.12H20 

Cr203 

CrK3(CN)6 

Cr2(S04)3.18H20 

CrTl(S04)2.12H20 

Co(C2H302)2.4H20 

Co(A102)2 

CoSe04.(NH4)2Se04.6H20 

CoCs2(S04)2.6H20 

CoCl2.2H20 

CoSeO4.K2SeO4.6H2O 

CoSO4.Rb2SO4.6H2O 

CoSe04.6H20 

CuSe04.(NH4)2Se04.6H20 

CuS04.(NH4)2S04.6H20 

CuSO4.Cs2SO4.6H2O 

CuCl2.2H20 

Cu(CH02)2.4H20 
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1.463,  1.473,  1.510 

/91.564 

1.546,  1.685,  1.692 

1.4808,  1.4933 

>1.74+ 

2.78  (Li),  2.36 

01.702 

01.651 

.1.4442 

1.640,  1.633 

1.475  also  1.4741 

1.980 

1.617,  1.63+ ,  1.635 

01.5175 

2.155 

1.6038,  1.6042 

1.498,  1.500,  L506 

1.56 

1.49,  1.5331,  1.5769 

2.49  (Li) 

1.5906,  1.5907 

1.4213 

1.4798,  1.4848,  1.4948: 

1.710 

1.540,  1.656,  1.682 

>1.75 

1.436,  1.478 

1.60,  >1.95 

1.5516,  1.5414 

1.585,  1.60±,  1.605 

1.623,  1.644,  1.767 

1.4871,  1.4956 

2.137 

1.590,  1.595,  1.628 

1.545,  1.560,  1.605 

1.195* 

01.507 

1.4752,  1.4788,  1.4804 

1.55,  1.56 

1.5989,  1.5999,  1.6003 

1.784,1.774 

1.4810 

2.5 

1.5221,  1.5244,  1.5373 

1.564 

1.5228 

/31.542 

>  1.78  (red),  1.74  (blue) 

1.5246,  1.5311,  1.5396 

1.5057,  1.5085,  1.5132 

<  1.625,  <  1.671,  >  1.67 

1.5135,  1.5195,  1.5358 

1.4859,  1.4916,  1.5014 

01.5225,  tI.5227 

1.5213,  1.5355,  1.5395 

1.4910,  1.5007,  1.5054 

1.5048,  1.5061,  1.5153 

1.644,  1.684,  1.742 

1.4133,  1.5423,  1.5571 


INDEX  OF  REFRACTION  (Continued) 

Inorganic  Compounds  (Continued) 


Name 


Formula 


Index 


Coppe-  oxide  (ous)  (cuprite) . . . 

potassium  chloride 

"       cyanide  (ous) 

"       selenate 

"       sulfate 

strontium  formate 

sulfate  (ic) 

Cyanogen 

Germanium  bromide,  tetra- — 

Gold  sodium  chloride 

Hafnium  oxy chloride 

Ice 

Iron  ammonium  chloride 

ammonium  selenate 

cesium  sulfate  (ic) 

"    (ous) 

rubidium  sulfate 

sulfate  (ic) 

thallium  sulfate 

Lanthanum  sulfate. 

Lead  or^oarsenate,  di- 

nitrate . 

Lithium  ammonium  sulfate .... 

ammonium  tartrate  (d) 

44      (dl) 

bromide 

chloride 

dithionate 

oxide 

potassium  sulfate 

"       tartrate 

rubidium  tartrate  (d) 

sodium  tartrate  (dl) 

Magnesium  ammonium  selenate 

ammonium  sulfate 

ort/ioborate 

cesium  sulfate 

chlorostannate 

fluosilicate 

platinocyanide 

Magnesium  potassium  selenate. 

potassium  sulfate 

rubidium  sulfate 

silicate 

sulfide 

Manganese  borate 

cesium  sulfate 

chloride 

rubidium  sulfate 

sulfate  (ous) 

Mercury  chloride  (ic) , 

cyanide  (ic) 

iodide  (ic)  (red) 

Nickel  ammonium  selenate 

cesium  sulfate , 


Cu20 

CuCl2.2KCl.2H2O 
CuK3(CN)4 
CuSeO4.K2SeO4.6H2O 
CuSO4.K2SO4.6H2O 
Cu(HC02)2.2[Sr(HC02)2j 
8H2O 
CuS04  ■ 
C2N2 
GeBn 

AuNaCl4.2H20 
HfOCl2.8H20 
H2O 


Fe(NH4)2Cl4 

FeSe04.(NH4)2Se04.6H20 

FeCs(S04)2.12H20 

FeSO4.Cs2SO4.6H2O 

FeRb(S04)2.12H20 

Fe2(S04)3 

FeTl(S04)2.12H20 

La2(S04)3.9H20 

PbHAs04 

Pb(N03)2 

LiNH4S04 

LiNH4(C4H406).H20 

LiNH4(C4H406).H20 

LiBr 

LiCl 

Li2S206.2H20 

Li20 

L1KSO4 

LiK(C4H406).H20 

LiRb(C4H406).H20 

LiNa(C4H406).2H20 

MgSe04.(NH4)2Se04.6H20 

Mg(NH4)2.(S04)2.6H20 

3MgO.B203 

MgCs2(S04)2.6H20 

MgSnCl6.6H20 

MgSiF6.6H20 

MgPt(CN)4.7H20 

MgK2(Se04)2.6H20 

MgK2(S04)a.6H20 

MgRb2(S04)2.6H20 

MgSiOs 

MgS 

Mn3B409 

MnCs2(S04)2.6H20 

MnCl2.4H20 

MnRb2(S04)2.6H20 

MnS04.4H20 

MnS04.5H20 

HgCl2 

Hg(CN)2 

Hgl2 

Ni(NH4^2.(Se04)2.6H20 

NiCs2(S04)2.6H20 


2.705 

1.6365,  1.6148 

1.5215 

1.5096,  1.5235,  1.5387 

1.4836,  1.4864,  1.5020 

1.4995,  1.5199,  1.5801 

1.724,  1.733,  1.739 
1.3271'  (Lq.) 
1.6269 

al.545,  7l.75-f- 

1.557,  1.543 

1.3049,  1.3062  (A),  1.3091, 

1.3104  (D),  1.3133, 1.3147 

(F) 

1.6439 

L5201,  1.5260,  1.5356 
1.4839 

1.5003,  1.5035,  1.5094 
1.48234 

1.802,  1.814,  1.818 
1.52365 
1.564,  1.569 
1.8903,  1.9097,  1.9765 
1.782 

/31.437  (Li) 
01.567,  71.5673 
01.5287 
1.784 
1.662 

1.5487,  1.5602,  1.5788 
1.644 

L4723,  1.4717 
01.5226  (red) 
01.552 
01.4904 

1.5070,  1.5093,  1.5169 
1.4716,  1.4730,  1.4786 
1.6527,  1.6537,  1.6748 
1.4857,  1.4858,  1.4916 
1.5885,  1.5970 
1.3439,  1.3602 
1.5608,  1.91 
1.4969,  1.4991,  1.5139 
1.4607,  1.4629,  1.4755 
1.4672,  1.4689,  1.4779 
1.651,  1.654  (calc),  1.660 
2.271  also  2.268 
1.617,  1.738,  1.776 
1.4946,  1.4966,  1.5025 
1.555,  1.575,  1.607 
1.4767,  1.4807,  1.4907 
1.508,  1.518,  1.522 
1.495,  1.508,  1.514 

1.725,  1.859,  1.965 
1.645,  1.492 
2.748,  2.455 

1.5291,  1.5372,  1.5466 
1.5087,  1.5129,  1.5162 
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INDEX  OF  REFRACTION  (Continued) 

Inorganic  Compounds   (Continued) 


Name 


Formula 


Index 


Nickel  chloride 

fluoride,  acid 

potassium  selenate 

rubidium  sulfate 

selenate 

Platinum     potassium     dibromo- 

nitrite 

Potassium  carbonate 

carbonate,  acid 

perchlorate 

chloroplatinate 

chloroplatinite 

bichromate 

cyanide 

fluoborate 

fluoride 

fluosilicate 

periodate 

lithium  ferrocyanide 

A^/ppphosphate 

ruthenium  cyanide 

silicate 

thiocyanate 

thionate,  tetra- 

"       penta- 

Rhodium  cesium  sulfate 

Rubidium  perchlorate 

chromate 

dithionate. , 

fluoride 

selenate 

Ruthenium  sodium  nitrate 

Selenium  oxide 

Silver  cyanide 

nitrate 

phosphate 

potassium  cyanide 

Sodium  ammonium  tartrate  (d) . . 

ammonium  tartrate  (dl) 

orjfoarsenate 

bromide 

carbonate 

Sodium  carbonate,  acid 

cyanide 

iodide 

molybdate 

nitrate 

phosphate 

/ij/pophosphate 

silicate 

sulfate,  acid 

sulfite 

"    acid 

tartrate,  acid  (d) 

thiocyanate 


NiCl2.6H20 

NiF2.5HF.6H2O 

NiK2(Se04)2.6H20 

NiRb2(S04)2.6HvO 

NiSe04.6H20 

PtK2(N02)2Br&H20 

K2CO3 

KHCOg 

KC104 

K2PtCl6 

K2PtCl4 

K2O2O7 

KCN 

KBF4 

KF 

KF.2H2O 

K2SiF6 

KIO4 

K2Li2Fe(CN)6.3H20 

K2H2P2O6.2H2O 

K2H2P2O6.3H2O 

K4Ru(CN)6.3H20 

K2Si03 

KCNS 

K2S4O6 

2K2So06.3H20 

RhCs(S04)2.12H20 

RbC104 

Rb2Cr04 

Rb2S2Q6 

RbF 

Rb2Se04 

RuNa2(N02)5.2H20 

Se02 

AgCN 
i  AgNO* 
i  Ag2HP04 
!  AgK(CN)2 

:  NaNH4(C4H406).4H20 
!  NaNH4(C4H406).H20 
j  NaH2As04.H20 
I  NaH2As04.2H20 
!  NaBr 
!  Na^COs 

NaHC03 

NaCN 

Nal 

3Na20.7Mo03.22H20 

NaN03 

NaH2P04.2H20 

Na2HP04.7H20 

Na3HP206.9H20 

Na2S'03 

NaHS04.H20 

Na2S03 

NaHS03 

NaH(C4H406).H20 

NaCNS 

2276 


al.535,  7I.6I 
1.392,  1.408 
1.5199,  1.5248,  1.5339 
1.4895,  1.4961,  1.5052 
1.5393,  1.5125 

1.626,  1.6684,  1.757 

1.426,  1.531,  1.541 

1.380,  1.482,  1.578 

1.4731,  1.4737,  1.4769 

1.827  (577  mu) 

1.64,  1.67 

1.7202,  1.7380,  1.8197 

1.410 

1.3239,  1.3245,  1.3247 

1.352  (1.361) 

1.345,  1.352,  1.363 

1.3391 

1.6205,  1.6479 

1.5883,  1.6007,  1.6316 

1.4893,  1.5314,  1.5363 

1.4768,  1.4843,  1.4870 

01.5837 

1.520,  1.521,  1.528 

1.532,  1.660,  1.730 

1.5896,  1.6057,  1.6435 

1.565,  1.63,  1.655 

1.5077 

1.4692,  1.4701,  1.4731 

01.71,71.72 

1.4574,  1.5078 

1.396 

1.5515,  1.5537,  1.5582 

1.5889,  1.5943,  1.7163 

>1.76 

1.685,  1.94 

1.729,  1.744,  1.788 

1.8036,  1.7983 

1.625,  1.63 

1.495,  1.498,  1.499 

/91.473  (red) 

1.5382,  1.5535,  1.5607 

1.4794,  1.5021,  1.5265 

1.6412 

1.415,  1.535,  1.546 

1.376,  1.500,  1.582 

1.452 

1.7745 

01.627 

1.5874,  1.3361 

1.4401,  1.4629,  1.4815 

1.4412,  1.4424,  1.4526 

1.4653,  1.4738,  1.4804 

1.513,  1.520,  1.528 

1.43,  1.46,  1.47 

1.565,  1.515 

1.474,  1.526,  1.685 

01.533 

1.545,  1.625,  1.695 


INDEX  OF  REFRACTION  (Continued) 

Inorganic  Compounds  (Continued) 


Name 

Formula 

Index 

Sodium  tungstate 

Na2W04.2H2O 

Na3VO4.10H2O 

Na3V04.12H20 

SrCr207.3H20 

SrF2 

SrO 

SrHP04 

SrS 

S4N4 

TlCl 

Til 

Snl4 

UO2.SO4.K2SO4.2H2O 

VNH4(S04)2.12H20 

Zn(Se04).(NH4)2Se04.6H20 

Zn(Br03)2.6H20 

ZnCs2(S04)2.6H20 

ZnCb 

ZnSiF6.6H20 

ZnK2(CN)4 

ZnK2(Se04)2.6H20 

ZnK2(S04)2.6H20 

ZnRb2(S04)2.6H20 

ZnSiOs 

Zr(NH4)3F7 

1.5526,  1.5533,  1.5695 

vanadate 

1.5305;  col.5398,  el.5475 

1.5095,  1.5232 

Strontium  dichromate 

1.7146,  1.7174,  1.812 

fluoride 

1.442  (1.438) 

oxide 

1.870 

ort /wphosphate,  acid 

1.608,  1.62+ ,  1.625 

sulfide,  mono-. 

2.107 

Sulfur  nitride 

al.908,  02.046 

Thallium  chloride,  mono- 

iodide,  mono- 

2.247 
2.78 

Tin  iodide  (ic) 

2.106 

Uranyl  potassium  sulfate 

Vanadium  ammonium  sulfate 

1.5144,      1.5266,      1.5705 
(580  m/4) 
1.475 
1.5240,  1.5300,  1.5385 

bromate 

1.5452 

cesium  sulfate 

1.5022,  1.5048,  1.5093 

chloride 

1.687,  1.713 

1.3824,  1.3956 

potassium  cyanide 

1.4115 

1.5121,  1.5181,  1.5335 

"       sulfate 

1.4775,  1.4833,  1.4969 

rubidium  sulfate 

1.4833,  1.4884,  1.4975 

silicate 

1.616,  1.62+ ,  1.623 

Zirconium  ammonium  fluoride 

1.433 

Organic  Compounds 
See  also  under  Physical  Constants  of  Organic  Compounds. 


Name 

Index 

Allontoin,  solid 

eel.  579,71. 660 

T)imethyl  thiophene  (<*,  nf),  liq 

1.51693i3-4(He) 

"    '            "         (/8,/3'),  liq 

1.5221715(He) 

Ethyl  carbylamine,  liq. . . 

Ethylidene  cyanhydrin,  liq 

1.36592* 
1.405821*-* 

Hexyl  acetylene  (n),  liq 

1.420812.5 

Miscellaneous 


Albite  glass 

Amber 

Anorthite  glass 

Asphalt 

Bell  metal 

Borax,  amorphous,  fused 

Canada  balsam 

Ebonite 

Fuchsin 

Gelatin,  Nelson's  No.  1 . 

Gelatin,  various 

Gum  Arabic 

Hoffman's  violet 

Ivory 


1.4890 
1.546 


5755 

635 

0052 

4630 

530 

66  (red) 

70 

530 
1.516-1.534 
1.480(1.514) 
(red) 
2.20 
1.539,1.541 


Magdalared. 

Obsidian 

Paraffin 

Quartz,  fused . 


Resin,  aloes 

colophony... 

copal 

mastic 

Peru  balsam. 


1.90 

1.482-1.496 
1.4329538.3(C) 
1.45640  (656  m/i 
1.45843  (589  mn 
1.46190  (509  m/i) 
1.47503  (361  m/*) 
1.49634  (275  m/i) 
1.53386  (214  imx) 
1.57464  (185  dim) 
1.619  (red) 
red) 


1.548 
1.528 
1.535 
1.593 


red) 
red) 
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MOLECULAR  REFRACTION 

The  molecular  refraction  of  a  substance  may  be  computed 
by  the  following  relation, — 

M(n*  -  1) 


N 


d(n2  +  2) 


where  N  is  the  molecular  refraction  for  a  specified  wave  length 
and  temperature,  ikf,  the  molecular  weight,  d,  the  density  and 
n  the  refractive  index  for  the  specified  conditions. 

LIQUIDS  FOR  INDEX  BY  IMMERSION  METHOD 


Liquid 


Trimethylene  chloride 

Cineole 

Hexahydrophenol 

Decahydronaphthalene. 

Isoamylphthalate 

Tetrachloroethane 

Pentachloroethane. . 

Trimethylene  bromide 

Chlorobenzene 

Ethylene  bromide  +  Chlorobenzene 

o-Nitrotoluene 

Xylidine 

o-Toluidine 

Aniline 

Bromof  orm 

Iodobenzene  +  Bromobenzene 

Iodobenzene  -j-  Bromobenzene 

Quinoline 

a-Chloronaphthalene 

tt-Bromonaphthalene  -f-  a-Chloronaphthalene 

a-Bromonaphthalene  -j-  a-Iodonaphthalene 

Methylene  iodide  +  Iodobenzene 

Methylene  iodide 

Methylene  iodide  saturated  with  sulfur 

Yellow  phosphorus,  sulfur  and  methylene  iodide  (8:1:1  by 

weight) . 

Can  be  diluted  with  methylene  iodide  to  cover  range 

1.74-2.06.     For    precautions   in  use,   cf.   West,   Am. 

Mineral,  21,  p.  245-9  (1936). 


Nd  24°  C 


1.446 
1.456 
1.466 
1.477 
1.486 
1.492 
1.501 
1.513 
1.523 
1.533 
1.544 
1.557 
1.570 
1.584 
1.595 


603 

613 

622 

633 

640-1 .  650' 
1 . 660-1 . 690 
1.700-1.730 
1.738 
1.78 

2.06 


HEAVY  LIQUIDS  FOR  MINERAL   SEPARATION 


Liquid 


Tetrabromethane  (sym.) 

Can   be  diluted   with   carbon   tetrachloride    (1.595)    or 
benzene  (0.894). 
Methylene  ioaide. 

Can  be  diluted  with  carbon  tetrachloride  or  benzene. 
Thallium  formate,  aq 

Can  be  diluted  with  water. 
Thallium  malonate-thallium  formate,  aq 

Can  be  diluted  with  water. 


Density 


2 

.964, 

20°/4° 

3 

325, 

20°/4° 

3 

5 

4 

9 

For  preparation  and  recovery  of  these  liquids,  cf.  U.  S.  Bureau  Mines^ 
Rept.  Inv.  #2897  (1928). 
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INDEX   OF  REFRACTION   OF  WATER 

Alcohol  and  Carbon  Bisulfide 
For  sodium  light,  X  =  .5893 


Temp. 

Water,  pure            Eth> 

1  Alcohol  99.8 

Carbon  Bisulfide 

°C 

relative  to  air              re] 

ative  to  air 

relative  to  air 

14 

1.33348 

15 

1.33341    , 



i. 62935 

16 

1.33333 

1.36210 

1.62858 

18 

1.33317 

1.36129 

1.62704 

20 

1.33299 

1.36048 

1.62546 

22 

1.33281 

1.35967 

1.62387 

24 

1.33262 

1.35885 

1.62226 

26 

1.33241 

1.35803 

1.62064 

28 

1.33219 

1.35721 

1.61902 

30 

1.33192 

1.35639 

1.61740 

32 

1.33164 

1.35557 

1.61577 

34 

1.33136 

1.35474 

1.61413 

36 

1.33107 

1.35390 

1.61247 

38 

1.33079 

1.35306 

1.61U80 

40 

1.33051 

1.35222 

1.60914 

42 

1.33023 

1.35138 

1.60748 

44 

1.32992 

1.35054 

1.60582 

46 

1.32959 

1.34969 

48 

1.32927 

1.34885 

50 

1.32894 

1.34800 

52 

1.32860 

1.34715 

54 

1.32827 

1.34629 

56 

1.32792 

1.34543 

58 

1.32755 

1.34456 

60 

1.32718 

1.34368 

62 

1.32678 

1.34279 

64 

1.32636 

1.34189 

66 

1.32596 

1.34096 

68 

1.32555 

1.34004 

70 

1.32511 

1.33912 

72 

1.32466 

1.33820 

74 

1.32421 

1.33728 

76 

1.32376 

1.33626 

78 

1.32332 

80 

1.32287 

82 

1.32241 

84 

1.32195 

•  <  •  • 

86 

1.32148 

88 

1.32100 

90 

1.32050 

92 

1.32000 

94 

1.31949 

96 

1.31897 

98 

1.31842 

100 

1.31783 
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ABSOLUTE  INDEX  FOR  PURE  WATER  FOR 
SODIUM  LIGHT 


Temperature 

Index 

Temperature 

Index 

15°  C. 

1.33377 

60°  C. 

1.32754 

20 

1.33335 

65 

1.32652 

25 

1.33287 

70 

1.32547 

30 

1.33228 

75 

1.32434 

35 

1.33157 

80 

1.32323 

40 

1.33087 

85 

1.32208 

45 

1.33011 

90 

1.32086 

50 

1.32930 

95 

1.31959 

55 

1.32846 

100 

1.31819 

INDEX  OF  REFRACTION  OF  GLASS 

Relative  to  Air 


Wave  length  in  microns. 

Variety* 

.361 

.434 

.486 

.589 

(Na) 

.656 

.768 

1.20 

2.00 

Zinc  crown 

1.539 
1.546 
1.614 
1.705 

1.528 
1.533 
1.594 
1.675 
1.945 

1.523 
1.527 
1.585 
1.664 
1.919 

1.517 
1.520 
1.575 
1 .  650 
1.890 

1.514 
1.517 
1.571 
1.644 
1.879 

1.511 
1.514 
1.567 
1.638 
1.867 

1.505 
1.507 
1.559 
1.628 
1.848 

1.497 

Higher  dispersion  crown 
Light  flint 

1.497 
1.549 

Heavy  flint 

1.617 

Heaviest  flint 

1.832 

INDEX  OF  REFRACTION  OF  ROCK  SALT,  SYLVINE, 
CALCITE,  FLUOR1TE  AND  QUARTZ 
(Compiled  from  data  of  Martens,  Paschen,  and  others.) 


Wave 

length. 

Rock 
salt. 

Sylvine, 
KC1. 

Fluorite. 

Calcspar, 

ordinary 

ray. 

Calcspar, 
extraor- 
dinary- 
ray. 

Quartz, 

ordinary 

ray. 

Quarts, 
extraor- 
dinary 
ray. 

0.185 
0.198 
0.340 
0.589 
0.760 
0.884 
1.179 
1.229 
2.324 
2.357 
3.536 
5.893 
8.840 

1.893 

i.*544 

i.*534 
1.530 

i!o26 
1.523 
1.516 
1.502 

1.827 

1.490 

V.481 

1.478 

V.475 
1.473 
1.469 
1.461 

1.496 

1.434 

1.431 
1.430 
1.428 

1.421 

1.414 
1.387 
1.331 

1.701 

1.658 
1.650 

1.639 

_ 

1.578 

1.506 
1.486 
1.483 

1.479 
1.474 

1.676 
1.651 
1.567 
1.544 
1.539 

1.516 

1.690 
1.664 
1.577 
1.553 
1.548 
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INDEX  OF  REFRACTION  OF  GLASS 
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INDEX  OF  REFRACTION  OF  GLASS  (Continued) 
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OPTICAL  CONSTANTS  OF  METALS 

The  following  table  gives  the_  refractive  index  n,  the  absorption  index  k? 
the  angle  of  principle  incidence  <f>,  the  angle  of  principle  azimuth  \p  and  the 
percent  of  light  reflected  R. 

The  reduction  of  amplitude  of  the  wave  of  the  wave  length  X  after  traveling 

2-jrdk     

any  distance  d  in  the  medium  is  given  by  the  ratio  1  :  e  — -j- —   <f>  is  the  angle  of 

incidence  for  which  the  phase  change  between  the  two  rectangular  components 
vibrating  in  and  normal  to  the  plane  of  incidence  is  90°.  \p  is  the  azimuth 
at  which  circularly  polarized  light  results.  These  quantities  are  connected  by 
the  following  relations 


k  =  tan  2^(1  -  cot2  ^), 


sin  <h  tan  <p  .       „  _. 


Metal 

X 

£ 

9 

Computed 

n 

k 

nk 

E 

Aluminum 

Antimony 

Bismuth  (prism)  . 
Bronze. 

/* 

0.589 
.589 

white 
.527 
.589 
.589 
.579 

0.231 
.275 
.500 
.650 
1.00 
1.50 
2.25 
.579 

.231 
.347 
.500 
.650 
.870 
1.75 
2.25 
4.00 
5.50 
.257 
.441 
.589 
1.00 
2.00 
3.00 
5.00 
.589 
.579 

1.00 
2.00 
3.00 
5.00 
.257 
.441 
.589 

o      / 

o      / 

1.44 
3.04 
2.26 
1.18 
1.12 
1.13 
2.97 

1.10 

1.41 

1.93 

2.35. 

3.63. 

5.22. 

5.65 

1.80 

1.39 
1.19 
1.10 
0.44 
0.35 
0.83 
1.03 
1.87 
3.16 
0.92 
1.18 
0.47 
0.24 
0.47 
0.80 
1.81 
3.34 
2.13 

3.85 
4.30 
3.33 
2.27 
1.01 
1.28 
1.51 

5.32 
4.94 

83 
70 

Drude 

Kundt  1889 

Cadmium 

Chromium 

Cobalt 

1.30 
1.52 
1.93 
1.87 
1.58 
1.29 
1.27 

1.05 
1.23 
2.13 
7.4 
11.0 
11.4 
11.4 
11.4 
9.0 

• 

28.6' 
26.7 
24.5 
18.1 

1.60 
1.66 
1.79 
2.03 
0.88 
1.37 
1.63 

5.01 

4.85 

1.43 
2.14 
3.72 
4.40 
5.73 
6.73 
7.18 
2.11 

1.45 
1.47 
2.34 
3.26 
3.85 
9.46 
11.7 
21.3 
28.4 
1.14 
1.85 
2.83 
6.7 
12.5 
19.6 
33. 
0.57 
4.87 

6.2 
7.1 
6.0 
4.6 

85 
70 

32 
46 
66 
69 
73 
75 
76 
41 

29 
32 
56 
86 
91 
96 
97 

28 
42 

82 

30 
75 

16 
28 
33 

Drude 

64  31 
70  22 
77  5 
79  0 
81  45 
83  21 
83  48 

29  39 
29  59 
31  53 
31  25 
29  6 
26  18 
26  5 

Wartenburg, 

1910 
Minor 

Columbium 

Copper 

<< 
Ingersoll 
«« 

M 

Wartenburg, 

1910 
Minor 

65  57 
65  6 
70  44 
74  16 
78  40 

84  4 

85  13 
87  20 
88.00 

26  14 
28  16 
33  46 

41  30 

42  30 
42  30 
42  30 
42  30 
41  50 

Gold 

Ingersoll 
<( 

<« 

.    Forst-FrSed 
Meier   1903 

Electrolytic 

tt 

Iodine 

81  45 
85  30 

87  05 

88  15 

44  00 
43  56 
43  50 
43  25 

.     Forst-Freed 

<«          t« 

tt          tt 
tt          tt 

Meier,  1903 

Iridium ......  t .  r 

Wartenburg, 

1916 

.     Forst-Fr6ed 
<t          ti 

tt          tt 

tt          tt 

Meier,  1903 

Iron 

82  10 

83  10 
81  40 
79  00 

29  15 

29  40 

30  40 
32  20 

tt 
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OPTICAL  CONSTANTS  OF  METALS 

(Continued) 


Metal 

X 

? 

$ 

Computed 

Authority 

n 

k 

nk 

R 

M 

o       / 

o       / 

Lead 

.589 
.589 

2.01 
0.37 

3.48 
4.42 

62. 
93. 

Drude 

Magnesium 

Manganese 

.579 





2.49 

3.89 

64. 

Wartenburg, 
1910 

Mercury    (liq.) .  . 

.326 
.441 
.589 
.668 
0.420 
0.589 

0.68 
1.01 
1.62 
1.72 
1  41 
1.79 

"i!79 

1.86 

2.26 
3.42 
4.41 
4.70 
2.53 
3.33 

66. 

74. 
75. 

77. 
54. 
62. 

Meier,  1903 

«♦ 

«« 

Nickel 

72  20 
76     1 

31  42 
31  41 

Tool 
Drude 

0.750 

78  45 

32     6 

2.19 

1.99 

4.36 

70. 

Ingersoll 

1.00 

80  33 

32     2 

2.63 

2.00 

5.26 

74. 

" 

2.25 

84  21 

33  30 

3.95 

2.33 

9.20 

85. 

" 

.275 
.441 
.589 
1.00 

1.09 
1.16 
1.30 
1.14 

1.16 
1.23 
1.97 
3.25 

3:7' 

24. 
25. 
43. 

Meier,  1903 

«< 

Platinum 

75  30 

37  00 

Forst-Freed 

2.00 

74  30 

39  50 

0.70 

5.06 

3.5 

"          " 

3.00 

73  50 

41  00 

0.52 

6.52 

3.4 

44          " 

5.00 

72  00 

42  10 

0.34 

9.01 

3.1 

44          " 

Electrolytic.  . .  . 

.257 

1.17 

1.65 

37 

Meier,  1903 

.441 

.589 
.668 
.665 

1.84 
2.63 
2.91 
.066 

26'.8' 

3.16 
3.54 
3.66 

58. 
59. 
59. 

93.8 

<« 

" 

Potassium 

65  27 

43  56 

Duncan,  1913 

.589 

62  58 

43  42 

.068 

22.1 

92. 

" 

.472 

57     9 

43     0 

.070 

14.3 

86.9 

44 

.546 

1.09 

1.16 

24. 

Morgan,  1922 

Rhodium 

.579 

1.54 

4.67 

78 

Wartenburg, 
1910 

Selenium 

.400 
.490 
.589 
.760 
pure 

2.94 
3.12 
2.93 
2.60 

2.31 
1.49 

0.45 
0.06 

44. 
35. 
25. 
20. 

Wood 

♦♦ 

<< 

Silicon,  95% 

.579 

75  38 

3.87 

0.116 

35.7 

Wartenburg, 

1910 
Ingersoll 

.589 

4.18 

0.09 

38 

1.25 
2.25 
0.589 

3.67 
3.53 
4.24 

0.08 

0.08 

0.118 

33. 
31. 

37.8 

<< 

99.75%  pure... 

76  45 

Littleton,  1912 

Silver 

0.226 
.293 

62*41 
63  14 

22  io 

18  56 

1.41 
1.57 

0.75 
0.62 

i.ii 

0.97 

18. 
17. 

Minor 

.316 

52  28 

15  38 

1.13 

0.38 

0.43 

4. 

44 

.332 

52     1 

37     2 

0.41 

1.61 

0.65 

32. 

44 

.395 

66  36 

43     6 

0.16 

12.32 

1.91 

87. 

44 

.500 

72  31 

43  29 

0.17 

17.1 

2.94 

93. 

44 

.589 

75  35 

43  47 

0.18 

20.6 

3.64 

95. 

44 

.750 

79  26 

44     6 

0.17 

30.7 

5.16 

97. 

Ingersoll 

1.00 

82     0 

44     2 

0.24 

29.0 

6.96 

98. 

s« 

1.50 

84  42 

43  48 

0.45 

23.7 

10.7 

98. 

(< 

2.25 

86   18 

43  34 

0.77 

19.9 

15.4 

99. 

44 

3.00 

87   10 

42  40 

1.65 

12.2 

20.1 

F6rst-Fr6ed 

4.50 

88  20 

41   10 

4.49 

7.42 

33.3 

44          " 

sodium  c 

.665 

72   11 

44  29 

C.051 

55.0 

97.7 

Duncan,  1913 

.589 

68  51 

44  29 

.044 

55.0 

97.1 

44 

.546 

68  48 

44  20 

.052 

42.6 

96.51 

t< 
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OPTICAL  CONSTANTS  OF  METALS 

(Continued) 


Metal 


Sodium 

(liq.) 

(solid) 

Sodium-Potassium 

17.3%K 

45.    %K 

66.    %K 

74.2%  K 

84.3%  K 

Steel 

0.44%  C 

1.28%C 

3.5  %C 


Tantalum 

Tellurium 

axis  horizontal 

axis  vertical.. . 

Tin 

Tungsten 

Vanadium 

Zinc 


M 

.472 
.435 
.589 
.546 

.546 
.546 
.546 
.546 
.546 

.589 

.589 

.589 

.226 

.257 

.325 

.500 

.650 

.50 

.25 

.579 

.590 

.590 

.589 
.579 
.589 
.579 
,257 
,441 
,589 
668 


<t> 


66  29 
66     0 


77  15 
77  22 
77  35 
66  51 

68  35 

69  57 
75  47 
77  48 
81  48 
83  22 


76     0 
78  31 


44     9 
44     6 


28  51 
30  36 


Computed 


.057 
.058 
.004 
.047 

.081 
1.08 
.137 
.124 

.088 


50 
66 
77 
30 
38 
37 
09 
70 
71 
14 
05 


3.07 

2.68 


48 
76 
46 
03 


0.55 
0.93 
1.93 
2.62 


33.3 
31.7 


47.3 

27.2 
16.8 
12.5 
12.8 
17.6 

1.30 
1.28 


1.55 
1.79 


.563 
.632 


nk       R 


2.61 


1.64 
1.86 
2.09 
3.14 
3.59 
5.75 
7.41 
2.31 


5.25 


3.51 
0.61 
3.19 
4.66 
5.08 


95.2 
94.8 
99. 
96.9 

94.6 
90.4 
87.0 
86.9 
90.2 

57.4 

57.5 

57.0 

35. 

40. 

45. 

57. 

59. 

73. 

80. 

44. 

34. 

30. 

82. 

48.6 

54.5 

58. 

20. 

73. 

74. 

73. 


Authority 


Duncan,  1913 

Drude 
Morgan,  1922 


Littleton,  1912 

Minor 

<( 
Ingersoll 

Wartenburg 

Van  Dyke, 

1922 
Van  Dyke, 

1922 
Drude 
Wartenburg 

Littleton,  1912 

<( 

Meier,  1903 


DISPERSION 

The  dispersion  for  various  types  of  optical  glass  is  shown  in  the  following 
table,  njy  —  index  of  refraction  for  the  D  line  (of  the  solar  spectrum)  and 
uf  and  nc  the  index  for  the  F  and  C  lines  respectively  (hf  —  tic)  shows  the 
dispersion  for  these  two  wave  lengths. 


Glass. 


Light  phosphate  crown 

Barium-silicate  crown 

High-dispersion  crown 

Borate  flint 

Extra  light  flint 

Heavy  flint 

Heaviest  flint 

2285 


1.5159 
1.5399 
1.5262 
1.5686 
1.5398 
1.7174 
1.9626 


(nF  -nc) 


.00737 
.00909 
.01026 
.01102 
.01142 
.02434 
.04882 


INDEX  OF  REFRACTION,  AQUEOUS  SOLUTIONS 


Substance 

Density 

Temp.  °C 

Index  for 

X  =  .5893 

(Na) 

Observer 

Ammonium  chloride 

Ammonium  chloride 

Calcium  chloride 

1.067 
1.025 
1.398 
1.215 
1.143 
1.166 
1.359 
1.416 
Normal 
Double 
Triple 
1.376 
1.189 
1.109 
1.035 
1.358 
1.811 
1.632 
1.221 
1.028 
1.359 
1.209 

27.05 
29.75 
25.65 
22.9 
25.8 
20.75 
18.75 
11.0 
solution 
normal 
normal 
21.6 
18.07 
18.07 
18.07 
22.8 
18.3 
18.3 
18.3 
18.3 
26.6 
26.4 

1.379 
1.351 
1.443 
1.397 
1.374 
1.411 
1.402 
1.403 
1.343 
1.352 
1.360 
1.413 
1.378 
1.360 
1.342 
1.385 
1.437 
1.425 
1.370 
1.339 
1.402 
1.375 

Willigen 
Willigen 
Willigen 
Willigen 
Willigen 
Willigen 
Willigen 
Frauenhofer 

Calcium  chloride 

Calcium  chloride 

Hydrochloric  acid 

Nitric  acid 

Potash  (caustic) 

Potassium  chloride 

Potassium  chloride 

Potassium  chloride 

Soda  (caustic) 

Sodium  chloride 

Bender 

Bender 

Bender 

Willigen 

Schutt 

Sodium  chloride 

Sodium  chloride 

Sodium  nitrate 

Schutt 

Schutt 

Willigen 

Willigen 

Willigen 

Willigen 

Willigen 

Willigen 

Willigen 

Sulfuric  acid 

Sulfuric  acid 

Sulfuric  acid 

Sulfuric  acid 

Zinc  chloride 

Zinc  chloride 

INDEX  OF  REFRACTION  OF  FUSED  QUARTZ 


X 

X 

mM,  15°  C 

n,  18°  C 

mM,  15°  C 

n,  18°  C 

185.467 

1 . 57436 

434.047 

1.46690 

193.583 

1.55999 

435.834 

1.46675 

202 . 55 

1.54727 

467.815 

1.46435 

214.439 

1.53386 

479.991 

1 . 46355 

219.462 

1.52907 

486.133 

1.46318 

226.503 

1.52308 

508.582 

1.46191 

231.288 

1.51941 

533.85 

1 . 46067 

250.329 

1 . 50745 

546.072 

1.46013 

257.304 

1.50379 

589 . 29 

1 . 45845 

274.867 

1.49617 

643 . 847 

1 . 45674 

303.412 

1 . 48594 

656.278 

1 . 45640 

340.365 

1 . 47867 

706 . 520 

1.45517 

396 . 848 

1.47061 

794.763 

1 . 45340 

404.656 

1 . 46968 

2286 


INDEX  OF  REFRACTION,  GASES 

Values  are  relative  to  a  vacuum  and  for  a  temp,  of  0°  C.  and  760  mm. 
pressure. 

(From  Smithsonian  Tables) 


Substance 


Acetone 

Air 

Ammonia 

Ammonia 

Argon 

Benzene 

Bromine 

Carbon  dioxide. . . 

dioxide 

disulphide 

disulphide 

monoxide 

monoxide 

Chlorine 

Chlorine 

Chloroform 

Cyanogen 

Cyanogen 

Ethyl  alcohol.  .  .  . 

ether 

Helium 

Hydrochloric  acid 
Hydrochloric  acid 

Hydrogen 

Hydrogen 

sulphide 

sulphide 

Methane 

Methane 

Methyl  alcohol.  . . 

Methyl  ether 

Nitric  oxide 

Nitric  oxide 

Nitrogen 

Nitrogen 

Nitrous  oxide.  .  .  . 
Nitrous  oxide.  .  .  . 

Oxygen 

Oxygen 

Pentane. ........ 

Sulphur  dioxide.  . 
Sulphur  dioxide.  . 

Water 

Water 


Kind  of 
light 


D 
D 

white 

D 

D 

D 

D 
white 

D 
white 

D 
white 
white 
white 

D 

D 
white 

D 

D 

D 

D 
white 

D 
white 

D 

D 

D 
white 

D 

D 

D 
white 

D 
white 

D 
white 

D 
white 

D 

D 
white 

D 
white 

D 


Indices  of  refraction 


1.001079-1.001100 

1 . 0002926 

1.000381-1.000385 

1 . 000373-1 . 000379 

1 . 000281 

1.001700-1.001823 

1.001132 

1 . 000449-1 . 000450 

1.000448-1.000454 

1.001500 

1.001478-1.001485 


1.000340 
1 . 000335 

1 . 000772 

1 . 000773 

1 . 001436-1 

1.000834 

1.000784-1 

1.000871-1 

1.001521-1 

1.000036 

1 . 000449 

1 . 000447 

1.000138-1, 


001464 

000825 
000885 
001544 


000143 


1.000132 


1 . 000644 
1 . 000023 

1 . 000443 

1 . 000444 

1.000549-1.000623 
1.000891 
1.000303 

1 . 000297 

1.000295-1.000300 

1 . 000296-1 . 000298 

1.000503-1.000507 

1.000516 

1.000272-1.000280 

1.000271-1.000272 

1.001711 

1.000665 

1.000686 

1.000261 

1.000249-1.000259 


Observer 


Perreau 

Rayleigh 
Mascart 

Dulong 

Dulong 
Mascart 
Dulong 
Mascart 

Dulong 


Ramsay 
Mascart 
Mascart 

Burton 

Dulong 

Mascart 

Dulong 

Mascart 

Marcast 

Dulong 

Mascart 


Mascart 


Mascart 
Dulong 
Ketteler 
Jamin 


COEFFICIENT  OF  TRANSPARENCY  OF  UVIOL  GLASS 
FOR  THE  ULTRA-VIOLET 


For  a 

thickness  of  1 

mm. 

Wave  length,   mi- 
crons   

0.280 
0.56 

0.309 
0.95 

0.325 

0.346 

0.361 

0.383 

0.397 

Uviol  crown 

0.990 

0.996 

0.999 

1.000 

1.000 
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REFLECTION  OF  LIGHT  BY  GLASS  IN  AIR 

The  table  gives  the  percentage  R  of  light  reflected  by  one 
surface  of  glass  having  a  refractive  index  of  1.55  relative  to  air. 
The  angle  of  incidence  is  iy  and  the  angle  of  refraction  is  r. 
The  two  components  of  the  polarized  light  are  marked  ||  and  j_ 
according  to  the  electric  vector  of  the  vibration.  (Computed 
according  to  Fresnel's  formula.) 


1 

r 

II 

J_ 

R 

0 

0°  0' 

4.65 

4.65 

4.65 

10 

6°  26' 

4.84 

4.47 

4.66 

20 

12°  45' 

5.45 

3.92 

4.68 

30 

18°  49' 

6.64 

3.00 

4.82 

40 

24°  30' 

8.77 

1.75 

5.26 

50 

29°  37' 

12.54 

0.46 

6.50 

60 

33°  58' 

19.35 

0.12 

9.73 

70 

37°  19' 

31.99 

4.00 

18.00 

80 

39°  27' 

55.74 

23.34 

39.54 

90 

40°  11' 

100.00 

100.00 

100.00 

REFLECTION  BY  TRANSPARENT  MEDIA  IN  AIR 

For  Normal  Incidence 

The  table  gives  the  per  cent  of  the  normally  incident  light  which  is  re- 
flected by  transparent  media  of  various  indices  of  refraction,  n  =  index 
of  refraction,  R  =  reflected  light,  i  =  angle  of  incidence  =  0. 

(Computed  from  Fresnel's  formula.) 


n 

R 

n 

R 

n 

R 

1.0 

0.00 

1.7 

6.72 

2.4 

17.0 

1.1 

0.23 

1.8 

8.16 

2.5 

18.4 

1.2 

0.83 

1.9 

9.63 

2.6 

19.8 

1.3 

1.70 

2.0 

11.11 

2.7 

21.1 

1.4 

2.78 

2.1 

12.6 

2.8 

22.5 

1.5 

4.00 

2.2 

14.1 

2.9 

23.8 

1.6 

5.33 

2.3 

15.5 

3.0 

25.0 

COEFFICIENT  OF  TRANSPARENCY  OF  GLASS  FOR  THE 

INFRA-RED 

Normal  incidence,  thickness  1  cm. 


Wave  length,  microns 


0.7      1.1 


1.7 


2.3 


2.7 


3.1 


Crown,  borate. 

borosilicate . 
Flint,  light..  .  . 

heavy 


1.00 


1.00 
1.00 


.55 

.74 

.91 

1.00 
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.21 

.61 

.82 

1.00 


.025 
.33 
.45 
1.00 


.04 
.034 
.083 
.45 


.021 
.019 
.019 


INDEX  OF  REFRACTION  OF  AQUEOUS  SOLUTIONS  OF 
SUCROSE  (CANE  SUGAR) 

The  table  gives  the  index  of  refraction  for  X  =  0.5893  of  aqueous  sugar 
solutions  at  20°C  from  0  —  85%  sugar.  Corrections  for  temperatures  other 
than  20°  are  given  at  the  end  of  the  table. 


Per  cent 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

sugar 

00. 

1.3  330 

331 

333 

334 

336 

337 

338 

340 

341 

342 

1. 

344 

345 

347 

348 

350 

351 

353 

355 

356 

357 

2. 

359 

361 

362 

363 

365 

367 

368 

369 

371 

373 

3. 

374 

375 

377 

378 

380 

381 

382 

384 

385 

387 

4. 

388 

389 

391 

393 

394 

395 

397 

399 

400 

401 

5. 

403 

405 

406 

407 

409 

411 

412 

413 

415 

417 

6. 

418 

419 

421 

423 

424 

425 

427 

429 

430 

431 

7. 

433 

435 

436 

437 

439 

441 

442 

443 

445 

447 

8. 

448 

450 

451 

453 

454 

456 

458 

459 

461 

462 

9. 

464 

465 

467 

469 

470 

471 

473 

475 

476 

477 

10. 

479 

481 

482 

483 

485 

487 

488 

489 

491 

493 

11. 

494 

496 

497 

499 

500 

502 

504 

505 

507 

508 

12. 

510 

512 

513 

515 

516 

518 

520 

521 

523 

524 

13. 

526 

527 

529 

531 

532 

533 

535 

537 

538 

539 

14. 

541 

543 

544 

546 

547 

549 

551 

552 

554 

555 

15. 

557 

559 

560 

562 

563 

565 

567 

568 

570 

571 

16. 

573 

575 

576 

578 

580 

582 

583 

585 

587 

588 

17. 

590 

592 

593 

595 

596 

598 

600 

601 

603 

604 

18. 

606 

608 

609 

611 

612 

614 

616 

617 

619 

620 

19. 

622 

624 

625 

627 

629 

631 

632 

634 

636 

637 

20. 

639 

641 

642 

644 

645 

647 

649 

650 

652 

653 

21. 

655 

657 

658 

660 

662 

663 

665 

667 

669 

670 

22. 

672 

674 

675 

677 

679 

681 

682 

684 

686 

687 

23. 

\             689 

691 

692 

694 

696 

698 

699 

701 

703 

704 

24. 

706 

708 

709 

711 

713 

715 

716 

718 

720 

721 

25. 

723 

725 

726 

728 

730 

731 

733 

735 

737 

738 

26. 

740 

742 

744 

745 

747 

749 

751 

753 

754 

756 

27. 

758 

760 

761 

763 

765 

767 

768 

770 

772 

773 

28. 

775 

777 

779 

780 

782 

784 

786 

788 

789 

791 

29. 

793 

795 

797 

798 

800 

802 

804 

806 

807 

809 

30. 

811 

813 

815 

816 

818 

820 

822 

824 

825 

827 

31. 

829 

831 

833 

834 

836 

838 

840 

842 

843 

845 

32. 

847 

849 

851 

852 

854 

856 

858 

860 

861 

863 

33. 

865 

867 

869 

870 

872 

874 

876 

878 

879 

881 

34. 

883 

885 

887 

889 

891 

893 

894 

896 

898 

900 

35. 

902 

904 

906 

907 

909 

911 

913 

915 

916 

918 

36. 

920 

922 

924 

926 

928 

929 

931 

933 

935 

937 

37. 

939 

941 

943 

945 

947 

949 

950 

952 

954 

956 

38. 

958 

960 

962 

964 

966 

968 

970 

972 

974 

976 

39. 

978 

980 

982 

984 

986 

987 

989 

991 

993 

995 

40. 

997 

999 

*001 

*003 

*005 

*007 

*008 

*010 

*012 

*014 

41. 

1.4  016 

018 

020 

022 

024 

026 

028 

030 

032 

034 

42. 

036 

038 

040 

042 

044 

046 

048 

050 

052 

054 

43. 

056 

058 

060 

062 

064 

066 

068 

070 

072 

074 

44. 

076 

078 

080 

082 

084 

086 

088 

090 

092 

094 

45. 

096 

098 

100 

102 

104 

107 

109 

111 

113 

115 

46. 

117 

119 

121 

123 

125 

127 

129 

131 

133 

135 

47. 

137 

139 

141 

143 

145 

147 

150 

152 

154 

156 

48. 

158 

160 

162 

164 

166 

169 

171 

173 

175 

177 

49. 

179 

181 

183 

185 

187 

189 

192 

194 

196 

198 

50. 

200 

202 

204 

206 

208 

211 

213 

215 

217 

219 

51. 

221 

223 

225 

227 

229 

231 

234 

236 

238 

240 

52. 

242 

244 

246 

249 

251 

253 

255 

257 

260 

262 

53. 

264 

266 

268 

270 

272 

275 

277 

279 

281 

283 

54. 

285 

287 

289 

292 

294 

296 

298 

300 

303 

305 

55. 

307 

309 

311 

313 

316 

318 

320 

322 

325 

327 
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INDEX  OF  REFRACTION  OF  AQUEOUS  SOLUTIONS  OF 
SUCROSE  (CANE  SUGAR)   (Continued) 


Per  cent 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

sugar 

55. 

1.4  307 

309 

311 

313 

316 

318 

320 

322 

325 

327 

56. 

329 

331 

333 

336 

338 

340 

342 

344 

347 

349 

57. 

351 

353 

355 

358 

360 

362 

364 

366 

369 

371 

58. 

373 

375 

378 

380 

382 

385 

387 

389 

391 

394 

59. 

396 

398 

400 

403 

405 

407 

409 

411 

414 

416 

60. 

418 

420 

423 

425 

427 

429 

432 

434 

436 

439 

61. 

441 

443 

446 

448 

450 

453 

455 

457 

459 

462 

62. 

464 

466 

468 

471 

473 

47  5 

477 

479 

482 

484 

63. 

486 

488 

491 

493 

495 

497 

500 

502 

504 

507 

64. 

509 

511 

514 

516 

518 

521 

523 

525 

527 

530 

65. 

532 

534 

537 

539 

541 

544 

546 

548 

550 

553 

66. 

558 

561 

563 

565 

567 

570 

572 

574 

577 

579 

67. 

581 

584 

586 

588 

591 

593 

595 

598 

600 

602 

68. 

605 

607 

609 

612 

614 

616 

619 

621 

623 

625 

69. 

628 

630 

632 

635 

637 

639 

642 

644 

646 

649 

70. 

651 

653 

656 

658 

661 

663 

666 

668 

671 

673 

71. 

676 

678 

681 

683 

685 

688 

690 

693 

695 

698 

72. 

700 

703 

705 

708 

710 

713 

715 

717 

720 

722 

73. 

725 

727 

730 

732 

735 

737 

740 

742 

744 

747 

74. 

749 

752 

754 

757 

759 

762 

764 

767 

769 

772 

75. 

774 

777 

779 

782 

784 

787 

789 

792 

794 

797 

76. 

799 

802 

804 

807 

810 

812 

815 

817 

820 

822 

77. 

825 

827 

830 

832 

835 

838 

840 

843 

845 

848 

78. 

850 

853 

855 

858 

860 

863 

865 

868 

871 

873 

79. 

876 

878 

881 

883 

886 

888 

891 

893 

896 

898 

80. 

901 

904 

906 

909 

912 

914 

917 

919 

922 

925 

81. 

927 

930 

933 

935 

938 

941 

943 

946 

949 

951 

82. 

954 

956 

959 

962 

964 

967 

970 

972 

975 

978 

83. 

980 

983 

985 

988 

991 

993 

996 

999 

*001 

*004 

84. 

1.5  007 

009 

012 

015 

017 

020 

022 

025 

028 

030 

85. 

033 

Temperature  Corrections 

Below  20°C  the  correction  should  be  subtracted  from  the  per  cent  sugar. 
Above  20°C  the  correction  is  to  be  added  to  the  per  cent  sugar. 


Temp. 

Approximate 

per  cent  sugar 

«C 

5 

10 

15 

20 

30 

40 

50 

60 

1  70  |  75 

15 

0.25 

0.27 

0.31 

0.31 

0.34 

0.35 

0.36 

0.37 

0.36 

0.36 

16 

0.21 

0.23 

0.26 

0.27 

0.29 

0.31 

0.31 

0.32 

0.31 

0.29 

17 

0.16 

0.18 

0.20 

0.20 

0.22 

0.23 

0.23 

0.23 

0.20 

0.17 

18 

0.11 

0.12 

0.14 

0.14 

0.15 

0.16 

0.16 

0.15 

0.12 

0.09 

19 

0.06 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.08 

0.07 

0.05 

21 

0.06 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

0.07 

22 

0.12 

0.14 

0.14 

0.14 

0.14 

0.14 

0.15 

0.14 

0.14 

0.14 

23 

0.18 

0.20 

0.20 

0.21 

0.21 

0.21 

0.23 

0.21 

0.22 

0.22 

24 

0.24 

0.26 

0.26 

0.27 

0.28 

0.28 

0.30 

0.28 

0.29 

0.29 

25 

0.30 

0.32 

0.32 

0.34 

0.36 

0.36 

0.38 

0.36 

0.36 

0.37 

26 

0.36 

0.39 

0.39 

0.41 

0.43 

0.43 

0.46 

0.44 

0.43 

0.44 

27 

0.43 

0.46 

0.46 

0.48 

0.50 

0.51 

0.55 

0.52 

0.50 

0.51 

28 

0.50 

0.53 

0.53 

0.55 

0.58 

0.59 

0.63 

0.60 

0.57 

0.59 

29 

0.57 

0.60 

0.61 

0.62 

0.66 

0.67 

0.71 

0.68 

0.65 

0.67 

30 

0.64 

0.67 

0.70 

0.71 

0.74 

0.75 

0.80 

0.76 

0.73 

0.75 
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REFLECTION   OF  LIGHT  BY  METALS 


The  table  gives  the  per  cent  of  normally  incident  light  which  is  reflected 
by  the  polished  surface  of  various  metals. 


Wave 
length. 

Anti- 
mony. 

Bronze 
(68  Cu, 
32  Sn). 

Copper, 
commer- 
cial. 

Gold, 
electro- 
lytic. 

Iron. 

Magna- 

lium, 
Mach's. 

Mag- 
ne- 
sium. 

Mer- 
cury, 
backed 
glass. 

.251 

.30 

25.9 

38.8 

67.0 

.288 

.... 

24.3 

34.0 

70.6 

,305 

. .  i 

25.3 

31.8 

72.2 

.326 

.  , 

24.9 

28.6 

75.5 

.357 





27.3 

27.9 

.... 

81.2 

.885 

.53 

28.6 

27.1 

83.9 

.420 

32.7 

29.3 

83.3 

.450 

37.0 

33.1 

83.4 

72.8 

.500 

.63 

43.7 

47.0 

.55 

83.3 

.72 

70.9 

.550 





47.7 

74.0 



82.7 



71.2 

.600 

.53 

.64 

71.8 

84.4 

.57 

83.0 

.73 

69.9 

.650 

§ 

.... 

80.0 

88.9 

82.7 

... 

71.5 

.700 

, 

83.1 

92.3 

.59 

83.3 

72.8 

.800 

88.6 

94.9 

, . 

84.3 

1.00 

.55 

.70 

90.1 

.65 

84.1 

.74 

2.0 

.60 

.80 

95.5 

96.8 

.78 

86.7 

.77 

3.0 

.65 

.86 

97.1 

.84 

87.4 

.80 

4.0 

.68 

.88 

97.3 

96.9 

.89 

88.7 

.83 

9.0 

.72 

.93 

98.4 

98.0 

.94 

90.6 

.93 

Wave 
length. 

Nickel, 

Plati- 

Silver, 
chemi- 

Silver- 

Specu- 

Tung- 
sten. 

electro- 
lytic. 

num, 
electro- 
lytic. 

cally 
depos- 
ited. 

backed 
glass. 

lum 
metal. 

Steel. 

.251 

37.8 

33.8 

34.1 

29.9 

32.9 

.288 

42.7 

38.8 

21.2 

37.7 

35.0 

.305 

44.2 

39.8 

9.1 

41.7 

37.2 

,326 

45.2 

41.4 

14.6 

40.3 

.357 

48.8 

43.4 

74.5 

51.0 

45.0 

.385 

49.6 

45.4 

81.4 

53.1 

47.8 

.420 

56.6 

51.8 

86.6 

56.4 

51  9 

.450 

59.4 

54.7 

90.5 

85.7 

60.0 

54.4 

.500 

60.8 

58.4 

91.3 

86.6 

63.2 

64.8 

.49 

.550 

62.6 

61.1 

92.7 

88.2 

64.0 

54  9 

\ 

.600 

64.9 

64.2 

92.6 

88.1 

64.3 

55.4 

.51 

.650 

66.6 

66.5 

94.7 

89.1 

65.4 

56  4 

.700 

68.8 

69.0 

95.4 

89.6 

66.8 

57.6 

.54 

.800 

69.6 

70.3 

96.8 

58  0 

1.00 

72.0 

72.9 

97.0 

70.5 

63.1 

.62 

2.0 

83.5 

80.6 

97.8 

80.4 

76.7 

.85 

3.0 

88.7 

88.8 

98.1 

86.2 

83.0 

.90 

4.0' 

91.1 

91.5 

98.5 

88.5 

87.8 

.93 

9.0 

95.6 

95.4 

98.7 

92.2 

92.9 

.95 
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REFLECTION  OF  LIGHT  BY  METALS 

The  table  gives  the  percent  of  normally  incident  light  which  is  reflected  by 
the  polished  surface  of  various  metals. 

Coblentz,  1906,  1911 


Wave 

Alum- 

Cad- 

Cobalt 

Graph- 

Irid- 

Molyb- 

Pallad- 

Rhod- 

length 

inum 

mium 

ite 

ium 

denum 

ium 

ium 

Silicon 

.  5 

22 

46 

76 

34 

.6 

24 

48 

77 

32 

.8 

25 

52 

81 

29 

1.0 

71 

72 

67 

27 

78 

58 

72 

84 

28 

2.0 

82 

87 

72 

35 

87 

82 

81 

91 

28 

4.0 

92 

96 

81 

48 

94 

90 

88 

92 

28 

7.0 

96 

98 

93 

54 

95 

93 

94 

94 

28 

10.0 

98 

98 

97 

59 

96 

94 

97 

95 

28 

12.0 

98 

99 

97 

96 

95 

97 

Wave 
length 

Tanta- 
lum 

Telur- 
ium 

Tin 

Vanad- 
ium 

Zinc 

Wave      T 

length      si 

ung- 
,en* 

Stellite* 

.5 

38 

57 

.15 

.32 

.6 

45 

49 

58 

.20 

.42 

.8 

64 

48 

60 

.30  | 

.50 

1.0 

78 

50 

54 

61 

80 

.50  j 

50 

.64 

2.0 

90 

52 

61 

69 

92 

.75 

52 

.67 

4.0 

93 

57 

72 

79 

97 

1.00  j 

576 

.689 

7.0 

94 

68 

81 

88 

98 

2.00  ! 

900 

.747 

10.0 

84 

98 

3.00 

943 

.792 

12.0 

95 

85 

99 

4.00 
5.00  1 
9.00  j 

948 
953 

.  825 
.848 
.880 

*Coblentz,  Emerson,  1917. 


RELATIVE  STIMULATION  OF  THE  THREE  PRIMARY 
COLOR  SENSATIONS  BY  DIFFERENT  WAVE  LENGTHS 


Wa  ve 

length  .  .  . 

0.36m 

0.38 

0.40 

0.42 

0.44 

0.46 

0.48 

0.50 

0.52 

0.54 

Red 

Green 

Blue 

0.0 
0.0 
0.0 

0.0 

0.0 

10.5 

2.0 

0.0 

29.0 

1.0 

0.0 

52.0 

1.0 

0.0 

76.0 

1.0 

2.0 

78.0 

3.0 

7.0 

68.0 

9.0 
23.0 
46.0 

23.0 
6.10 
16.0 

39.0 

87.0 

7.0 

Wave 

length  .  .  . 

0 .  56  m 

0.58 

0.60 

0.62 

0.64 

0.66 

0.68 

0.70 

0.72 

0.74 

Red 

56  0 

69.0 

67.0 

1.5 

71.5 

37.0 

0.0 

59.0 

10.0 

0.0 

30.0 
2.5 
0.0 

12.0 
1.0 
0.0 

5.0 
0.0 
0.0 

2.0 
0.0 
0.0 

1.0 
0.0 
0.0 

0  0 

Green 

Blue 

86.0 
4.0 

0.0 
0.0 
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REFLECTION   OF  LIGHT  BY   METALS    (Continued) 

Coblentz,  Bulletin  379,  Bureau  of  Standards  1920 


Wave-length  in  fi  —  0.001mm. 

Silver 

Monel 
metal 

Stellite 

Zinc 

€.45 

0.50 

88.0 
90.0 
91.5 
92.7 
93.5 
94.1 
94.7 
95.1 
96.0 
96.3 
96.5 
96.7 
96.9 
97.2 
97.4 
97.6 
97.8 
97.9 
98.0 
98.0 
98.0 
98.0 

56.5 

57.8 
59.0 
60.2 
61.8 
63.7 
65.6 
67.2 
70.0 
71.1 
72.3 
73.0 
73.6 
74.8 
77.0 
78.2 
81.2 
83.8 
87.0 
88.7 
89.5 
91.0 

63.5 

65.8 
68.3 
70.1 
71.0 
71.8 
72.4 
73.0 
73.5 

74.0 

74.5 
75.0 
75.3 
76.0 

76.8 
78.6 
80.0 
81.4 

82.8 

54.0 
55.0 

€.55 

56.0 

0.60 

57.5 

0.65 

60.0 

€.70 

61.0 

€.75 

61.5 

€.80 

61.5 

0.90. 

55.5 

€.95 

51.0 

1.00 

1.05 

1.10 

1.20 

1.40 

1.50 

1.75 

2.00 

49.0 
53.5 
62.5 

74.7 
85.8 
88.4 
92.0 
94.0 

2.50 

95.3 

3.00 

95.5 

3.50 

95.8 

4.00 

96.2 

TRANSMISSION   FACTORS   FOR    "GROUND"    GLASS 

Luckiesh 


Side  toward 
light 

Transmission  Factor 

Narrow  beam 

Diffuse 

Sand  blasted 

Rough 
Smooth 
Rough 
Smooth 

0.783 
.739 
.794 

.758 

0.702 

Etched,  fine 

.695 
.709 
.704 

COEFFICIENTS    OF    REFLECTION    OF    MAGNESIUM 
CARBONATE  AND  MAGNESIUM  OXIDE 

Frank  Benford,  1947 


X. 

A 

4500 

5000 

5500 

6000 

6500 

MgCOs 

MgO 

0 .  967 
0 .  980 

0.977 
0 .  986 

0.983 
0.991 

0.987 
0.994 

0 .  989 
0.995 
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DIFFUSE  REFLECTING  POWER 


The  diffuse  reflecting  power,  or  ratio  of  total  luminous  flux  reflected  to 
that  received,  measured  for  the  various  regions  of  the  spectrum.  The  wave 
lengths  given  are  those  of  maximum  energy.  —  Coblentz,  Bulletin,  196,  Bureau 
of  Standards  1912. 


Material 


Lampblacks 

paint 

paraffin-candle .... 

rosin 

sperm  candle 

camphor 

acetylene 

Platinum  black 

electrolytic 

Pigments 

cobalt  oxide,  C02O3 


copper  oxide,  CuO 

chromium  oxide,  O2O3 

lead  oxide,  PbO 

red  iron  oxide,  Fe2C>3 .  .  . 
yttrium  oxide,  Y2O3.  .  .  , 
lead  chromate,  PbCr04. 

aluminum  oxide,  AI2O3. 

thorium  oxide,  TI1O2.  .  . 

Einc  oxide,  ZnO 


magnesium  oxide,  MgO 
calcium  oxide,  CaO  .  . . 
zirconium  oxide,  Zr02.  . 


lead  carbonate,  PbCCV 


magnesium  carbonate,  MgC03 
Paints 

white  lead  No.  103 

"       "     102 

zinc  lead  white  No.  107 

44     oxide  No.  104 


white  lead  50%  \  N     2nq 
zinc  oxide  50%  /^o.  209... 
Miscellaneous 

asphalt  (pavement) 

black  felt 


black  velvet 

bluestone  (sandstone)  SiC>2. 

blue  flannel 

Brick: 

light  buff 

darker 

red  brick 

darker  &  glazed 

Cotton  cloth: 

diamine  fast  red  8  B  L .  . 

diamine  fast  black  C  B  - 

Columbia  fast  black  R .  .  . 

diamine  aldehyde  black.  . 

sulphur  black  AWL  — . 


Reflecting  power  % 


0.54  ju     0.60        0.95      4.4       8.8      24. G 


24.1 


61.2 


82.2 


3.2 


3.02 


27.0 
51.8 
26.3 
73.8 
70.2 

84.1 


86 
82 


86.3 
85.4 
85.8 
86.8 
89.9 

85i2 

76.2 
74.3 
69.6 
68.1 

70.8 


14.8 
13.9 
22.5 

1.75 
18.4 
17.5 

48.4 
40.0 
30.1 
23.4 

43.8 
33.1 
28.7 
29.5 
2.43 


3.4 
0.97 
.1.3 
1.1 
1.3 
0.6 

1.1 

3.92 
4.04 
2.49 
23.5 
44.6 


41.0 


87.7 


86.4 


84.1 
90.8 
92.8 
94.5 
89.4 


79.3 


72.1 


21.2 
25.6 


8.1 


3.2 


1.3 

.9 

1.2 

.8 

1.4 
13.9 


3.8 


15.2 
32.9 
50.6 
29.9 
34.4 
41.2 

20.8 

46.9 

8.5 

16.0 
22.3 
23.2 
29.2 

id!  8 


3.66 
17.6 


2.57 


1.3 
1.6 
1.2 

2.1 

14.6 
11.8 


5.0 
25.6 
3.7 
11.1 
4.74 
J  2.34 
\1.64 
7.11 
J3.2 
\2.1 
2.5 
3.6 
5.1 
9.3 


13.2 
4.1 


2.7 
11.0 


12.4 
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DIFFUSE  REFLECTING  POWER   (Continued) 


The  diffuse  reflecting  power,  or  ratio  of  total  luminous  ilux  reflected  to 
that  received,  measured  for  the  various  regions  of  the  spectrum.  The  wave 
lengths  given  are  those  of  maximum  energy.  —  Coblentz,  Bulletin,  196,  Bureau 
of  Standards  1912. 


Reflecting  power  % 

Material 

0.54 /z 

0.60 

0.95 

4.4 

8.8 

24.0 

Woolen  Cloth: 

lanacyl  blue  B  N  — 

salacine  blue  black  A  E  — 

black  PB — 

25.1 
14.6 
11.8 

81.2 
17.0 
18.2 

17.8 
15.1 

Linen: 

starched,  dull  finish 

deep  blue  cloth  (Navy  Dept.) 

Feldspar,  KAlSisOs 

86.7 

38.2 

/  10.3 
\  14.6 

9  7 

cleavage  surface 

39.4 
16.9 
21.9 
42.9 

81.0 
6.7 

53.5 
40.8 
71.7 
73.4 
75.2 

Granolith  (pavement) 

Green  Leaf  (tulip  tree) 

38.0 
41.5 

5.6 
20.3 

7.9 
13.4 

6.4 

Indiana  limestone,  CaCOs 

Quartz   (powder,  French  Flint) 
S1O2 

5.0 

9.0 
20.0 

5.1 



Slate  (dark  clay) 

White    marble    CaC03    ground, 
unpolished 

cleavage,  surface 

White  paper 

74.7 

18.2 

5.0 

two  thicknesses 

White  paper,  (Bond) 

DIFFUSED   REFLECTION 

Albedo 

Giving  the  percent  of  diffused  reflection  of  "  white  light  "  for  various  sur- 
faces.   Sumpner,  Zollner  and  others. 


Material 


Wood,  pine 

Cardboard 

yellow 

white 

Painted  surface, 

yellow 

white  washed. 

Paper 

tracing 

ordinary  white 

blotting 

chocolate  color 

brown 

blue 

yellow 


Reflections 


40 

30 
60-70 

40 
50 

22 
60-70 
70-80 
4 

13 

25 

25 


Material 


Parchment 

1  sheet.  . 

2  sheets. 


Cloth 
black.  . 
tracing 
white . . 

Velvet 
black.  . 


Loam,  sandy .... 

Earth,  moist 

Marl,  argillaceous 


Reflections 


22 
35 

1 
35 
60-70 

0.4 
24 

8 
16 


229.' 


REFLECTION  COEFFICIENTS 

Coefficients    of    Reflection   of    Miscellaneous    Surfaces   for    Monochromatic 

Radiation  in  the  Visible  Spectrum 

(J.  L.  Michaelson) 


Material 


Carbon  Black  in  Oil 

Clay, 

Kaolin  (treated) 

Kaolin  (untreated) 

"White  Georgia. 

Magnesium  oxide 

Paint, 

Lithopone 

MgCCh-Vynal  Acetate  Lacquer. 

ZnO-Milk 

Paper, 

Blotting 

Calendered 

Crepe,  green 

Crepe,  red 

Crepe,  yellow 

News  Print  Stock 

Peach, 

Green 

Ripe 

Pear, 

Green 

Ripe 

Pigment, 

Chrome  Yellow 

French  Ochre 

Porcelain  Enamel, 

Blue 

Orange 

Red 

White 

Yellow 

Talcum,  Italian 

Wheat  Flour 


Wave  lengths  (m) 


0.400 


0.003 

0.82 
0.75 
0.94 
0.97 

0.95 
0.90 
0.74 

0.64 
0.64 
0.23 
0.03 
0.17 
0.38 


18 
10 


0.04 
0.08 

0.05 
0.06 

0.44 
0.09 
0.05 
0.77 
0.11 
0.94 
0.75 


0.500 


0.003 

0.81 
0.79 
0.92 
0.98 

0.98 
i  .88 
0.84 

0.72 
0.69 
0.49 
0.02 
0.44 
0.61 

0.17 
0.10 

0.12 
0.19 

0.13 
0.14 

0.10 
0.09 
0.03 
0.73 
0.46 
0.89 
0.87 


0.600 


0.003 

0.82 
0.85 
0.93 
0.98 

0.98 
0.88 
0.85 

0.79 
0.73 
0.19 
0.21 
0.75 
0.63 

0.62 
0.41 

0.29 
0.46 

0.70 
0.50 

0.05 
0.59 
0.08 
0.72 
0.62 
0.88 
0.94 


0.700 


0.003 

0.82 
0.86 
0.94 
0.98 

0.98 
0.88 
0.86 

0.79 
0.76 
0.48 
0.69 
0.79 
0.78 

0.63 
0.42 

0.41 
0.53 

0.77 
0.56 

0.23 
0.69 
0.62 
0.70 
0.62 
0.88 
0.97 


REFLECTION 


COEFFICIENTS      OF     SURFACES     FOR 
"INCANDESCENT"  LIGHT 


Material 


Aluminum,  "Alzak 

"Alzak" 

on  Glass 

Polished 

Black  Paper 

Chromium 

Copper 

Gold 

Magnesium  oxide.  . 

Nickel 

Platinum 

Porcelain  Enamel . . 

Porcelain  Enamel . . 

Porcelain  Enamel . . 

Silver 

Silvered  Glass 

Snow 

Steel 

Stellite 


Nature  of 
Surface 


Diffusing 

Specular 

First  Surface 

Specular 

Diffusing 

Specular 

Specular 

Specular 

Diffusing 

Specular 

Specular 

Glossy 

Ground 

Matt. 

Polished 

Second  Surface 

Diffusing 

Specular 

Specular 


Coefficient 


0.77-0.81 
0.79-0.83 
0.82-0.86 

0.69 
0.05-0.06 

0.62 

0.63 

0.75 

0.98 
0.62-0.64 

0.62 
0.76-0.79 

0.81 
0.72-0.76 

0.93 
0.88-0.93 

0.93 

0.55 
0 . 58-0 . 65 


Authority 


3 
3 
4 
3 
4 
4 
4 
1 
5 
1,3 
1 
3 
3 
3 
1 
3 
2 
1 
4 


(1)   Hagen  and  Rubens. 
(4)   Frank  Benford.      (5)   J. 


(2)   Nutting,  Jones,  and  Elliot. 
L.  Michaelson. 
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(3)  J.  E.  Bock. 


EMISSIVITY  AND  ABSORPTION 

These  data  are  the  result  of  investigations  made  by  the 
Bureau  of  Standards,  the  British  National  Physical  Laboratory, 
General  Electric  Research  Laboratories,  and  several  eastern 
universities,  and  were  collected  by  W.  J.  King  of  the  General 
Electric  Company. 

Low  Temperature  Total  Emissivities 


Silver,  highly  polished .  . 

0.02 

Platinum      " 

0.05 

Zinc               "          "       .  . 

0.05 

Aluminum,  "          " 

0.08 

*Monel  metal,  polished . 

0.09 

Nickel                        "        . 

0.12 

Copper 

0.15 

Stellite                      "       . 

0.18 

Cast  iron 

0.25 

Monel  metal,  oxidized .  . 

0.43 

Aluminum  paint 

0.55 

Brass,  polished 0 .  60 

Oxidized  copper 0.60 

Oxidized  steel 0 .  70 

Bronze  paint 0.80 

Black  gloss  paint 0 .  90 

White  lacquer 0 .  95 

'White  vitreous  enamel .  0 .  95 

Asbestos  paper 0 .  95 

Green  paint 0 .  95 

Gray  paint 0 .  95 

Lamp  black 0 .  95 


Coefficient  of  Absorption  of  Solar  Radiation 


Silver,  highly  polished  .  .  0 .  07 
Platinum  "  "  ..0.10 
Nickel  "         "        ..0.15 

*  Aluminum 0. 15 

Magnesium  carbonate.  .    0.15 

Zinc  oxide 0.15 

*Steel 0.20 

Copper 0.25 

White  lead  paint 0 .  25 

Zinc  oxide  paint 0 .  30 


Stellite,  polished 0 .  30 

Light  cream  paint 0 .  35 

Monel  metal,  polished.  0.40 

Light  yellow  paint 0 .  45 

Light  green  paint 0 .  50 

Aluminum  paint 0 .  55 

Zinc,  polished  metal.  .  .  0.55 

Grav  paint 0 .  75 

Black  matte 0.97 


Questionable  because  of  scant  or  inconsistent  data. 
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TOTAL  EMISSIVITY 

R.OESER  AND  WENSEL,    NATIONAL  BUREAU  OP  STANDARDS 


Material 


Alloys 

20Ni-25Cr-55Fe,  oxidized 

60Ni-12Cr-28Fe,  oxidized 

80Ni-20Cr,  oxidized 

Aluminum,  unoxidized 

oxidized 

Bismuth,  unoxidized 

Brass,  oxidized 

unoxidized 

Carbon,  unoxidized 

Chromium,  unoxidized 

Cobalt,  unoxidized 

Columbium,  unoxidized 

Copper,  unoxidized 

oxidized 

calorized 

calorized,  oxidized. 

Fire  brick. 

Gold,  unoxidized 

Gold  enamel. 

Iron,  unoxidized 

oxidized 

cast,  unoxidized 

cast,  oxidized 

cast,  strongly  oxidized 


Temp. 
°C 


200 
500 
270 
560 
100 
600 

1300 

25 

100 

500 

200 

600 

25 

100 

200 

600 

25 

100 

25 

100 

500 

100 

500 

1000 

1500 

2000 

100 

liquid 

200 

1000 
100 
500 
200 
600 

1000 
100 
500 
100 
100 
100 
500 

1200 
100 
liquid 
200 
600 
40 
250 


Emis- 
sivity 


00 

97 

89 

82 

87 

87 

89 

022 

028 

060 

11 

19 

048 

061 

61 

59 

035 

035 

081 

081 

079 

08 

13 

23 

19 

24 

02 

15 

6 

6 

26 

26 

18 

19 

75 

02 

03 

37 

05 

74 

84 

89 

21 

29 

64 

78 

95 

95 


Material 


Iron,  rusted 

wrought,  dull 

oxidized. . 
Lead,  unoxidized 

oxidized 

Mercury,  unoxidized 

Molybdenum,  unoxidized 


Monel  metal,  oxidized 
Nickel,  unoxidized 

oxidized 

Platinum,  unoxidized. 


Silica  brick 

Silver,  unoxidized. 
Steel,  unoxidized . . 
oxidized 


Steel  plate,  rough 

calorized,  oxidized. 
Tantalum,  unoxidized .  . 

Tin,  unoxidized 

Tungsten,  unoxidized 


Zinc,  unoxidized 


Temp 
°C 


25 

25 

350 

100 

200 

25 

100 

1000 

1500 

2000 

200 

600 

25 

100 

500 

1000 

200 

1200 

25 

100 

500 

1000 

1500 

1000 

1100 

100 

500 

100 

liquid 

25 

200 

600 

40 

400 

200 

600 

1500 

2000 

25 

100 

25 

100 

500 

1000 

1500 

2000 

300 


Emis- 
sivity 


0.65 
0.94 
0.94 
0.05 
0.63 
0.10 
0.12 
0.13 
0.19 
0.24 
0.43 
0.43 
0.045 
0.06 
0.12 
0.19 
0.37 
0.85 
0.037 
0.047 
0.096 
0.152 
0.191 
0.80 
0.85 
0.02 
0.035 
0.08 
0.28 
0.80 
0.79 
0.79 
0.94 
0.97 
0.52 
0.57 
0.21 
0.26 
0.043 
0.05 
0.024 
0.032 
071 
15 
23 
28 
05 
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SPECTRAL  EMISSIVITY 

Prepared  by  Roeser  and  Wensel,  National  Bureau  of  Standards 
Spectral  Emissivity  of  Materials,  Surface  Unoxidized  for  0.65m 


Element 

Solid 

Liquid 

Element 

Solid 

Liquid 

Beryllium 

Carbon 

0.61 
0.80-0.93 
0.34 
0.36 
0.37 
0.10 
0.55 
0.14 
0.30 
0.35 
0.59 
0.37 
0.36 
0.33 
0.30 
0.24 
0.07 
0.49 

0.61 

6i39 
0.37 
0.40 
0.15 
0.38 
0.22 

6;37 
0.59 
0.40 
0.37 
0.37 
0.38 
0.30 
0.07 

Thorium 

0.36 
0.63 
0.43 
0.54 
0.35 
0.35 
0.32 
0.35 
0.37 
0.35 
0.37 
0.35 
0.35 
0.36 

0.37 
0.27 

0  40 

Titanium 

0.65 

Chromium 

Tungsten 

Cobalt 

Uranium 

0.34 

Columbium 

Vanadium 

0.32 

Copper 

Yttrium 

0.35 

Erbium 

Zirconium 

0.30 

Gold. . 

Steel 

0.37 

Iridium 

Cast  Iron 

0.40 

Iron , 

Constantan 

Manganese 

Molybdenum.  .  . 
Nickel 

Monel 

ChromelP  (90Ni-10Cr). 
80Ni-20Cr 

Palladium 

Platinum 

Rhodium 

60Ni-24Fe-16Cr 

Alumel  (95Ni;  Bal.  Al, 
Mn,  Si) 

Silver     .... 

90Pt-10Rh 

Tantalum 

Spectral  Emissivity  of  Oxides 

The  emissivity  of  oxides  and  oxidized  metals  depends  to  a  large  extent  upon  the  roughness 
of  the  surface.    In  general,  higher  values  of  emissivity  are  obtained  on  the  rougher  surfaces. 


Material 

Range  of 

observed 

values 

Probable 
value  for 

oxide 
formed 

on 
smooth 

metal 

Material 

Range  of 

observed 

values 

Probable 

value  for 

oxide 

formed 

on 

smooth 

metal 

Aluminum  oxide 

0.22-0.40 
0.07-0.37 
0.58-0.80 
0.60-0.80 

0.30 
0.35 

0. 70 
0.75 
0.70 
0.70 
0.70 
0.20 
0.90 
0.50 

6^50 

0.30 
0.70 
0.60 
0.40 

Alumel  (oxidized) 

0.87 

Beryllium  oxide 

Cast  Iron  (oxidized) 

0.70 

Cerium  oxide 

Chromel  P  (90Ni-10Cr) 
(oxidized) 

Chromium  oxide 

0.87 

Cobalt  oxide 

80Ni-20Cr  (oxidized)... 

0.90 

Columbium  oxide 

Copper  oxide 

0.55-0.71 
0.60-0.80 
0.63-0.98 
0.10-0.43 
0.85-0.96 
0.20-0.57 
0.32-0.60 

60Ni-24Fe-16Cr  (oxi- 
dized)   

0  83 

Iron  oxide    

55Fe-37.5Cr-7.5  Al  (oxi- 
dized)   

Magnesium  oxide 

0.78 

Nickel  oxide 

70Fe-23Cr-5Al-2Co  (oxi- 
dized)   

Thorium  oxide 

0  75 

Tin  oxide    

Constantan  (55Cu-45Ni) 
(oxidized) 

Titanium  oxide 

0  84 

Uranium  oxide . . . 

Carbon  Steel  (oxidized) 

0  80 

Vanadium  oxide 

Stainless    Steel    (18-8) 
(oxidized) 

Yttrium  oxide 

0.85 

Zirconium  oxide 

0.18-0.43 

Porcelain 

0.25-0.50 
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PROPERTIES  OF  TUNGSTEN 

Jones  and  Langmuir,  General  Electric  Review 


Ther- 

Resis- 

mal 

Atomic 

Temp. 

°K 

tivity 
mi- 

Electron 
emission 

Evaporation 
g/cm2  sec 

Vapor 
pressure 

expan- 
sion 

heat 
cal./g. 

crohm 

amp. /cm2 

dynes/cm2 

per  cent 

atom./ 

cm 

lo  at 

°C. 

293° 

300 

5.65 

.003 

6.0 

400 

8.06 

/,..[][ ; 

.044 

6.0 

500 

10.56 

.086 

6.1 

600 

13.23 

'.'.'.'..'..'.'.'. '.'.\. '.'.'.'.'.'.'.'. '.'.'. 

.130 

6.1 

700 

16.09 

i 

.175 

6.2 

800 

19.00 

]] j               ...... 

.222 

6.2 

900 

21.94 



.27a 

6.3 

1000 

24.93 

1.07  X  10~15 

5.32  X  10-34 

1.98  X  iO"2" 

.320 

6.4 

1100 

27.94 

1.52  X  10-" 

2.17  X  10-30 

1.22  X  10-25 

.371 

6.4 

1200 

30.98 

9.73  X  lO-12 

3.21  X  10"27 

1.87  X  IO-22 

.424 

6.5 

1300 

34.08 

3.21  X  10"10 

1 .  35  X  10-24 

8.18  X  .O-20 

.479 

6.7 

1400 

37.19 

6.62  X  10~* 

2.51  X  10-22 

1.62  X  IO-17 

.535 

6.8 

1500 

40.36 

9.14  X  10-s 

2.37  X  IO-20 

1.54  X  lO"" 

.593 

7.0 

1600 

43.55 

9.27  X  10-7 

1.25  X  10-is 

8.43  X  IO-14 

.652 

7.1 

1700 

46.78 

7.08  X  10-6 

4.17  X  lO-" 

2.82  X  lO"" 

.713 

7.2 

1800 

50.05 

4.47  X  10-5 

8.81  X  lO"" 

6.31  X  IO-11 

.775 

7.4 

1900 

53.35 

2.28  X  10~4 

1.41  X  10-14 

1.01  x  10-9 

.839 

7.6 

2000 

56.67 

l.oo  x  10-3 

1.76  X  lO-" 

1.33  X  lO"8 

.904 

7.7 

2100 

60.06 

3.93  X  IO-3 

1.66  X  lO"" 

1.28  X  10-7 

.971 

7.8 

2200 

63.48 

1.33  X  10"2 

1.25  X  lO"" 

9.88  X  10-7 

1.039 

8.0 

2300 

66.91 

4.07  X  lO-2 

8.00  X  IO-11 

6.47  X  10-6 

1 .  109 

8.2 

2400 

70.39 

1.16  X  10-i 

4.26  X  lO"" 

3.52  X  10-5 

1.180 

8.3 

2500 

73.91 

2.98  X  10-i 

2.03  X  10-» 

1.71  X  lO"4 

1.253 

8.4 

2600 

77.49 

7.16  X  10-i 

8.41  X  10"» 

7.24  X  10"4 

1.328 

8.6 

2700 

81.04 

1.63 

3.19  X  lO"8 

2.86  X  lO"3 

1.404 

8.7 

2800 

84.70 

3.54 

1.10  x  10-7 

9.84  X  lO"3 

1.479 

8.9 

2900 

88.33 

7.31 

3.30  X  lO"7 

3.00  X  lO"2 

1.561 

9.0 

3000 

92.04 

1.42  X  10 

9.95  X  lO"7 

9.20  X  lO"2 

1.642 

9.2 

3100 

95.76 

2.64  X  10 

2.60  X  10-6 

2.50  X  10-1 

1.724 

9.4 

3200 

99.54 

4.78  X  10 

6.38  X  10-6 

6.13  X  10-1 

1.808 

9.5 

3300 

103.3 

8.44  X  10 

1.56  X  10-s 

1.51 

1.893 

9.6 

3400 

107.2 

1.42  X  102 

3.47  X  10"5 

3.41 

1.980 

9.8 

3500 

j  111.1 

2.33  X  102 

7.54  X  10-5 

7.52 

2.068 

9.9 

3600 

115.0 

3.73  X  102 

1.51  X  lO"4 

1.53  X  10 

2.158 

10.1 

3655 

117.1 

4.79  X  102 

2.28  X  lO"4 

2.33  X  10 

2.209 

10.2 
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PROPERTIES  OF  TUNGSTEN 

ROESER    AND    WENSEL,    NATIONAL    BUREAU    OF    STANDARDS 


Temp. 

Normal 
bright- 

Spectral 
emissivity 

Color 

Total 

Bright- 
ness 

Color 

°K 

ness  new 
candles 

emis- 
sivity 

emis- 
sivity 

temp. 
0.65m 

temp. 

per  cm2 

0.65/x 

0.467m 

300 

0.472 

0.505 

0 .  032 
.042 

400 

500 

.053 

600 

.064 

700 



.076 

800 

.088 

900 

.101 

1000 

' '6!o66i 

'.  458 

'  '.486 

".395 

.114 

966 

1007 

1100 

0.001 

.456 

.484 

.392 

.128 

1059 

1108 

1200 

0.006 

.454 

.482 

.390 

.143 

1151 

1210 

1300 

0.029 

.452 

.480 

.387 

.158 

1242 

1312 

1400 

0.11 

.450 

.478 

.385 

.175 

1332 

1414 

1500 

0.33 

.448 

.476 

.382 

.192 

1422 

1516 

1600 

0.92 

.446 

.475 

.380 

.207 

1511 

1619 

1700 

2.3 

.444 

.473 

.377 

.222 

1599 

1722 

1800 

5.1 

.442 

.472 

.374 

.236 

1687 

1825 

1900 

10.4 

.440 

.470 

.371 

.249 

1774 

1928 

2000 

20.0 

.438 

.469 

.368 

.260 

1861 

2032 

2100 

36 

.436 

.467 

.365 

.270 

1946 

2136 

2200 

61 

.434 

.466 

.362 

.279 

2031 

2241 

2300 

101 

.432 

.464 

.359 

.288 

2115 

2345 

2400 

157 

.430 

.463 

.356 

.296 

2198 

2451 

2500 

240 

.428 

.462 

.353 

.303 

2280 

2556 

2600 

350 

.426 

.460 

.349 

.311 

2362 

2662 

2700 

500 

.424 

.459 

.346 

.318 

2443 

2769 

2800 

690 

.422 

.458 

.343 

.323 

2523 

2876 

2900 

950 

.420 

.456 

.340 

.329 

2602 

2984 

3000 

1260 

.418 

.455 

.336 

.334 

2681 

3092 

3100 

1650 

.416 

.454 

.333 

.337 

2759 

3200 

3200 

2100 

.414 

.452 

.330 

.341 

2837 

3310 

3300 

2700 

.412 

.451 

.326 

.344 

2913 

3420 

3400 

3400 

.410 

.450 

.323 

.348 

2989 

3530 

3500 

4200 

.408 

.449 

.320 

.351 

3063 

3642 

3600 

5200 

.406 

.447 

.317 

.354 

3137 

3754 
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PIGMENTS  AND  DYES  (Continued) 
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TRANSMISSION  OF  COLORED  GLASSES 

If  Io  is  the  intensity  of  radiation  entering  a  layer  of  some  medium  and  / 
the  intensity  reaching  the  opposite  surface,  the  ratio  I/Io  is  called  the  trans- 
mittance.  In  practice  the  ratio  of  intensity  of  radiation  passing  through  a 
glass  sample  to  that  incident  on  its  surface  is  often  measured  and  plotted  as 
transmission.  The  transmission  is  the  result  of  two  factors,  the  transmit- 
tance  of  the  glass  and  the  losses  by  reflection.  These  losses  amount  to  about 
4%  for  each  glass-air  surface;  the  transmission  of  a  sample  is  about  92%  of 
its  transmittance.  Since  the  reflection  losses  differ  slightly  with  different 
samples,  the  correction  is  often  determined  and  applied  when  the  trans- 
mission is  measured.  Values  which  are  thus  corrected  are  marked  *  at  the 
head  of  the  column. 

In  order  to  obtain  the  transmittance  for  thicknesses  other  than  those  listed 
it  is  convenient  to  transform  the  tabular  values  to  terms  of  8t  in  the  equation 

I/Io  =  e&1  where  t  is  the  thickness  (in  millimeters)  and  /3  a  constant  for  a 
particular  sample.  The  base  10  is  conveniently  used  in  place  of  e  so  that 
$t  becomes  the  common  logarithm  of  the  transmittance,  or  (3t  =  log  I/Io. 
Using  the  corrected  value  of  the  transmittance  for  a  specific  thickness,  found 
in  the  table,  the  value  of  fit  may  be  found,  changed  to  the  value  for  the  new 
thickness  and  the  transmittance  for  the  second  thickness  computed. 

For  example:  The  tabular  value  of  transmission  for  sample  CG  396  at 
X  =  .46^  is  given  as  0.80  for  a  thickness  of  2  mm.  It  is  desired  to  find  the 
transmittance  for  5  mm. 

The  corrected  value  of  the  transmittance  for  2  mm  is  0.80/. 92  or  about 
0.871.  Log  .871  =  9.94002-10.  Writing  this  as  a  wholly  negative  number 
the  equation  becomes  0t  =  -  .05998.  For  t  =  5  fit  =  -  .05998  X  5/2  = 
—  .14995  or  changing  to  the  more  familiar  form  gives  9.85005-10  which  is 
the  logarithm  of  the  new  transmittance  which  is  found  to  be  .708.  The 
transmission  will  be  .92  X  .708  or  .651. 

In  order  to  identify  the  glasses  listed,  the  manufacturer's  number  is  given 
preceded  by  an  abbreviation  of  the  maker's  name,  as  follows:  AO,  American 
Optical  Co.;  BL,  Bausch  &  Lomb  Optical  Co.;  CE,  Chicago  Eye  Shield  Co.; 
CG,  Corning  Glass  Works.  Data  for  Jena  glasses  are  given  separately  in 
section  II  of  the  table. 

This  table  has  been  compiled  with  the  assistance  of:  Mr.  H.  P.  Gage, 
Corning  Glass  Works;  Mr.  J.  Liautaud,  Chicago  Eye  Shield  Co.;  Mr.  W.  B. 
Rayton,  Bausch  &  Lomb  Optical  Co.;  Mr.  A.  J.  Weinstein  of  the  Fish- 
Shurman  Corporation. 

Abbreviations  Used 

abs.,  absorbing  lant.,  lantern  sext.,  sextant 

bl.,  blue  It.,  light  sig.,  signal 

col.,  colorless  med.,  medium  tr.,  transmitting 

didym.,  didymium  neut.,  neutral  u.v.,  ultra-violet 

dk.,  dark  purp.,  purple  v.,  very 

fl.,  fluorescent  pyrom.,  pyrometer  viol.,  violet 

grn.,  green  rd  ,  red  yel.,  yellow 
ht.,  heat 
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TRANSMISSION  OF  COLORED  GLASSES  (Continued) 


S3 
2 

<m 

+J 

S 

PI 

© 

U 

S " 

a 

Xt) 

| 

Xtl 

Til 

< 

< 

fe 

- 

p 

I 

A 

a 

a 
* 

1 

O 

K 

- 

o 

s 

o 

*^ 

* 

tN 

o 

o 

02 

W 

fc 

S 

o 

3 

«5 

O 

tt 

M 

i 

s 

HH 

M 

<* 

as 

w 

H 

UU 

«  «  J  s 


oo     ^ 

CO         o 
CO^'-r.-. 


10    .,2- 


x 

;5  !>>c3>h 


"o3  ©  ^  g 

'gal 


OOOOMOiflO 

■  ©  X  »C  CO  rH  <M  <M  <N 

■  O  CO  CO  t>-  00  00  00  oo 


OC.-*^r(tr)<MaHHO 

©XX^COt^XX©©© 

©©<MI>XXXXXXXX 


oo  o  o  ©  ic  i>  ©  so 

O'-i<NC0l>C000iM[>.Tt<00iM©C0Tt<Tt<<N00 

OOOOOHNOO»0^^00  05  0:05050500 
OOOOOOOOO'-'^OOOOOOOOOOOOOOOOO 


OOOOCOCCCM2OC0NX00NNNNN 

oooocooccc'i'xr.ff.ooiCiaoofl) 


NOiOWO^NNO 
XX©XcOCO<Ni-ti-H 


•OOOOHO"0^h«JOMtJI^W<ONNNNN     -CO»C»0©©©<NCO 
•©©©©<N*OcCr~XX  ©©©©©©©©©©©     '©©©X»OCO<Ni-i 


co  fc  a 


s£ 


Sgts£ 

55  ©go 


£.8 


»o»ooo"j»coc»o»o»oo»co5ai©o 

"*OOCOCOOXiO©M»CN'«OCONOOO 
©^-<MCC"^»Ocet^t>.XXXXXXX© 


OO00^ON»«>C 
OCOcN^kC^COcN 
•"i  t^.  X  00  00  00  00  00 


©O0C<J<M©      •© 

o^(NcokO    -S5 
©»-Ht^xx    -X 


0"^0(N»OCOC<J05 
©<MXCO»OCOCOiO 

©©©coxxxxx 


o  o  ©  ©  x  t>.  co  th  io  co  »o  o  o  »©  o  eo 

OOHM<N-*iO»OOOOMMNM(N 
'0©00'X>XXXX<C>r^Xt-~CO<M<N© 


NTflOCOON^OOOON^^OOOOCI^COOOOq^cOOOOiN 
<NC^(NC^COCOCOCOCOM<'<*"«^^'^0»0»0»C»0©©©©©t>»t>»©»0©»0©»0©iO© 


tH^h<n<NC0C0^tH»O 


2310 


TRANSMISSION  OF  COLORED  GLASSES  (Continued) 
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TRANSMISSION  OF  COLORED  GLASSES  (Continued) 
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TRANSMISSION  OF  WRATTEN  FILTERS 

Data  condensed  from  Wratten  Light  Filters,  published  by  Eastman  Kodak 
Co.,  manufacturers  of  the  filters. 

The  following  pages  give  the  percent  transmission  for  the  dyed  gelatin 
only,  unless  otherwise  indicated.  Values  for  the  transmission  for  wave 
lengths  less  than  0.40/x  and  greater  than  0.70ju.  are  computed  from  density 
curves  while  the  values  for  the  visible  spectrum  are  taken  directly  from 
transmission  tables.  The  values  thus  computed  for  the  transmission  in  the 
ultraviolet  and  infrared  are  necessarily  less  accurate  and  are  intended  only 
asa  general  guide  to  the  characteristics  of  the  filters.  These  values  are 
printed  in  italics. 

In  case  the  gelatin  filters  are  cemented  between  sheets  of  glass  the  trans- 
mission at  any  wave  length  will  be  the  product  of  the  filter  transmission  and 
the  transmission  of  glass  for  that  wave  length.     See  No.  00. 

To  save  space  the  name,  use  and  stability  of  the  filters  are  indicated  in 
the  list  below.     The  following  abbreviations  are  used: 

abs.,  absorbs  neut.,  neutral  si.,  slightly 

compl.,  complementary  ortho.,  orthochromatic  trans.,  transmits 

exp.,  experimental  phot.,  photography  uns.,  unstable 

ir.f  infrared  s.,  stable  uv.,  ultraviolet 

m.s.,  moderately  stable  sens.,  sensitive  v.s.,  very  stable 


No. 


00 


2 
2A 


3 
3N5 

4 

5 

5N5 

6 

7 

8 

9 
11 
12 
13 
15 
16 
17 

18A 


21 
22 


Name,  use  and  stability 


Colorless 

Two  pieces  of  "B"  glass 
cemented  together,  such  as 
ordinarily  used  for  mount- 
ing gelatin  filters. 

Plain  gelatin,  focusing,  s. 

/3-Naphtholdisulfonic  acid, 
abs.  uv.,  m.s. 

Aesculine,  abs.  uv.,  uns. 
(turns  brown). 

,  abs.  uv.,  s. 


Yellow 

Aero  No.  1,  aerial  phot.,  v.s. 
,   ortho.,   Aero   No.    1 

with  neut.  density,  v.s. 
Kodak  color  filter,  ortho.,  v.s. 
Aero  No.  2,  aerial  phot.,  v.s. 
,   ortho.,   Aero   No.   2 

with  neut.  density,  v.s. 
Kl,  ortho.,  v.s. 
Kl§,  ortho.,  v.s. 
K2,  ortho.,  v.s. 
K3,  ortho.,  v.s. 
XI,  ortho.,  v.s. 
Minus  blue,  compl.,  v.s. 
X2,  ortho.,  v.s. 
G,  contrast,  v.s. 
Flavazine  T,  contrast,  v.s. 
Quinoline  yellow,  trans,  uv., 

abs.  violet,  s. 
Ultraviolet,    trans,    uv.   and 

ir.  only,  s.     Glass  filter. 

Orange  and  Red 

Monobromofluoresceine,  con- 
trast, m.s. 
E2,  contrast,  m.s. 


No. 


23 
23A 

23B 

24 

24A 

25 

26 
27 
27A 

28 
29 


30 

30A 

31 

32 
33 
34 
35 
36 


38 

38A 

39 


Name,  use  and  stability 


E  red,  contrast,  m.s. 

E  red  (light),  exp.  tricclor 
projection,  m.s. 

Two-color  red,  additive  pro- 
jection, m.s. 

Projection  red,  additive  tri- 
color projection,  m.s. 

Projection  red  (light),  pro- 
jection, m.s. 

A  (tricolor  red),  contrast, 
m.s. 

Stereo  red,  for  anaglyphs,  m.s. 

Stage  red,  exp.  tricolor,  s. 

Stage  red  (light),  exp.  tri- 
color, s. 

Cine'  red,  two-color  taking,  s. 

F,  contrast,  m.s.  (darkens 
si.). 

Magenta  and  Violet 

Transmitting  both  red  and 
blue 

Rose  bengal,  absorption,  uns. 

Q,  absorption,  m.s. 

Minus  green  1,  absorption, 
si.  uns. 

Minus  green  3,  compl.,  m.s. 

Xylene  red,  absorption,  s. 

D  (light),  absorption,  si.  uns. 

D,  contrast,  m.s. 

Methyl  violet  B.B.R.,  ab- 
sorption, m.s. 

Blue  and  Blue  Green 

Toluidine  blue,  absorption, 
v.s. 

Dark  toluidine  blue,  absorp- 
tion, v.s. 

Duplicating,  contrast,  s. 
Glass  filter. 
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Name,  use  and  stability 


Cine  green  1,  two-color  tak- 
ing (tungsten  source),  m.s. 

Cine  green  2,  two-color  tak- 
ing, m.s. 

Minus  red  2,  absorption, 
sens,  to  heat. 

Minus  red  4,  compl.,  m.s. 
(not  sens,  to  heat). 

Minus  red  5,  compl.,  m.s. 
(not  sens,  to  heat). 

H,  contrast,  m.s.   (darkens). 

Blue  green,  contrast,  m.s. 
(darkens) . 

Tj-Blue,  contrast,  m.s. 
(darkens) . 

C5  projection  blue,  projec- 
tion tricolor  (standard  tri- 
color), s. 

Stage  blue,  exp.  tricolor,  s. 

C2,  absorption,  s. 

C3,  absorption,  s. 

C4,  contrast,  s. 

C4  (light),  exp.  tricolor,  s. 

C4  (dark),  exp.  tricolor,  s. 

C4  (extra  dark),  exp.  tri- 
color, s. 

L,  contrast,  m.s. 

Green 

Naphthol  green  1,  absorp- 
tion, v.s. 

Naphthol  green  2,  absorp- 
tion, v.s. 

Naphthol  green  3,  absorp- 
tion, v.s. 

Naphthol  green  4,  absorp 
tion,  v.s. 

Stereo  green,  viewing  for 
anaglyphs,  s. 

B3,  absorption,  s. 

B2  (light),  absorption,  s. 

B2  (extra  light),  exp.  tri- 
color, s. 

B2,  contrast,  s. 

B2  (dark),  s. 

Projection  green,  tricolor  for 
additive  projection,  s. 

Projection  green  (light),  exp. 
tricolor,  s. 

P,  contrast,  s. 

N,  contrast,  s. 

Mercury  green,  mercury 
monochromat,  s. 

e-Green,  absorption,  s. 

Minus  red  3  (light),  absorp- 
tion, s. 

Minus  red  3,  absorption,  s. 

Minus  red  3  (intermediate), 
absorption,  s. 

Rapid  filter  green,  absorp- 
tion, s. 


No. 


G7 
68 
69 

70 

71A 

72 

73 

74 
75 

76 

77 

77A 


78 

78AA 

78A 

78B 

78C 

79 

80 

86 
86A 
86B 
86C 


87 

88 

88A 
89 

89A 

90 

91 
96 
97 
97A 

97B 


Name,  use  and  stability 


Filter  blue  green,  absorp- 
tion, s. 

Fast  green  blue  shade,  ab- 
sorption, s. 

Two-color  blue  green,  addi- 
tive projection,  s. 

Monochromatic 

a-(contrast  R),  deep  red 
monochromat,  m.s. 

/3,  orange  red  monochromat, 
m.s. 

7,  orange  yellow  monochro- 
mat, m.s. 

5,    yellow    green    monochro- 
mat, s. 
e,  pure  green  monochromat,  s. 

77,  blue  green  monochromat, 

m.s. 
0,   violet  monochromat,   m.s. 

Mercury  vapor  monochro- 
mat, v.s.  Cemented  in 
glass. 

Mercury  vapor  monochro- 
mat, v.s.  Cemented  in 
glass. 

Photometric 

Bluish,  photometric,  a. 

,  photometric,  s. 

,  photometric,  s. 

,  photometric,  s. 

,  photometric,  s. 

,  photographic  com- 
pensator, m.s. 

,       kodachrome       for 

photoflood,  s. 

Yellowish,  photometric,  m.s. 

,  photometric,  m.s. 

,  photometric,  m.s. 

,  photometric,  m.s. 

Miscellaneous 

Extra  dark  infrared,  absorp- 
tion, v.s. 

Infrared  (R.  W.  Wood), 
absorption,  v.s. 

Infrared,  absorption,  v.s. 

Signaling  red  (light),  absorp- 
tion, s. 

Signaling  red  (dark),  absorp- 
tion, s. 

Monochromatic  viewing, 

s. 

Z  (infrared),  absorption,  m.s. 

Neutral,  m.s. 

Dichroic,  absorption,  m.s. 

Dichroic  (light),  absorption, 
m.s. 

Dichroic  (extra  light),  ab- 
sorotion.  m.s. 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSION  OF  FILTERS  (Continued) 
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TRANSMISSIBILITY  FOR  RADIATIONS 


Ratio  of  the  transmitted  light  to  the  incident  light  for  a  definite  thickness 
of  the  substance,  usually  1  cm. 

Glass. 

Glass  in  general  is  opaque  to  the  ultra-violet  and  infra-red.     Uviol  glass 
is  transparent  to  the  longer  radiations  of  the  ultra-violet. 

Coefficient  of  transparency  of  glass  for  visible  and  ultra-violet  radiations. 


Normal  incidence,  thickness  1  cm. 

Wave  length 
microns 

0.309 

0.330 

0.347 

0.357 

0.361 

0.375 

0.384 

0.388 

0.396 

Crown,  ordinary. . 
Crown,  borosili- 
cate 

0.08 

0.65 

0.88 

o!6i 

0l72 

0.95 

oiio 

.947 

0.972 
0^58 

0.975 
0.904 

0.986 

Flint,  ordinary.  .  . 
Flint,  heavy 

Wave  length, 
microns .  .  . 


Crown,  ordinary. 
Crown,  borosili- 

cate 

Flint,  ordinary.  . 
Flint,  heavy 


Normal  incidence,  thickness  1  cm, 


0.400 


0.964 


0.415 


0.985 
0.959 


0.4190.425 


0.952! 


0.993 


0.905 


0.434 


0.960 


0.455 


0.981 


0.500 


0.993 
l.OG 


0.580 


0.986 


0.677 


0.990 


Quartz 

Quartz  is  very  transparent  to  the  ultra-violet  and  to  the  visible 
spectrum,  but  opaque  for  the  infra-red  beyond  7.0ju. 


(PflUge 

P;> 

Wave  length,  microns. .  . 



0.19 

0.20 

0.21 

0.22 

Transmission  for  1  mm. . 

.67 

.84 

.92 

.94 

Fluorite 

Fluorite  is  very  transparent  to  the  ultra-violet,  nearly  to 
0.10/x.  Coefficient  of  transparency  at  X  =  186  is  found  bv 
Pfliiger  to  be  0.80. 

For  the  infra-red  the  values  are  given  in  a  table  below. 
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TRANSMISSIBILITY  FOR  RADIATORS  (Continued) 

Rock  Salt  and  Sylvine  and  Fluorite 
Transparency  for  the  Infra-red. 

Thickness  1  cm. 


Wave  length, 

Rock  salt 

Sylvine  KC1 

Fluorite 

microns. 

8. 

.844 

9. 

0.995 

1.000 

.543 

10. 

.995 

.988 

.164 

12. 

.993 

.995 

.010 

14. 

.931 

.975 

.000 

16. 

.661 

.936 

18. 

.275 

.862 

19. 

.096 

.758 

20.7 

.006 

.585 

23.7 

.000 

.155 

PHOSPHORESCENCE  BY  CATHODE  RAYS 

Substances  Luminous  under  Excitation  by  Cathode  Rays 


Substance 
(with  calcium  oxide) 

Wave  lengths  of  principal  bands  in 

microns 

(Urbain,  1909) 

Dysprosium  oxide 

Europium  oxide 

Europium  oxide 

Neodymium  oxide 

Praesodymium  oxide 

0.480,  0.489,  0.585,  0.675 
0.416-0.426,  0.469 
0.589-0.593,  0.613,  0.625 
0.392,  0.419-0.429,  0.458 
0.488,  0.604,  0.606,  0.626,  0.634 

One  part 

100  parts 

Wave 
length 

Color 

Observer 

Antimony  oxide.  . 

Antimony     trisul- 

phide 

calcium  oxide 

calcium  sulphide 
calcium  oxide 
calcium  sulphate 

magnesium       car- 
bonate 
calcium  oxide 

calcium  phosphate 

Ca3(P04)2 
calcium  sulphate 

calcium  sulphide 

0.560 

0.569 
0.522 
0.640 

0.620 
0.589 

0.633 
0.540 

0.589 

yellow 

yellow 

blue 

red 

red 
yellow 

red 
green 

yellow 

Bruninghaus,  1910 

Bruninghaus,  1910 
Bruninghaus,  1910 
Bruninghaus,  1910 

Bruninghaus,  1910 
Lecoq  &  Boisbaudran 
1886 

Bruninghaus,  1910 
Lecoq  &  Boisbaudran 

1886 
Bruninghaus,  1910 

Bismuth  oxide. . . . 
Bismuth  sulphate. 
Manganous     car- 
bonate . : . 

oxide 

phosphate 

sulphate 

sulphide 
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FLUORESCENCE    OF    ORGANIC    SUBSTANCES    IN 

SOLUTION 

Excitation  by  White  Light. 


Substance. 


Anthracene 

Eosine 

Esculine 

Fluorescein 

Naphthalin,  red. 
Quinine  sulphate 
Resorcin  blue .  . . 
Rnodamin 


Wave 

Solvent. 

length 

microns. 

f 0.400 

alcohol 

\  0.430 

I  0.436 

alcohol  or 

0.589 

water 

alcohol 

0.460 

water  (al- 

0.542 

kaline) 

alcohol 

0.632 

water 

0.437 

water 

0.65 

water 

0.554 

Observer. 


Stark  &  Meyer,  1907 

Nichols  &  Merritt,  1907 

Nichols  &  Merritt,  1907 
Nichols  &  Merritt,  1907 

Nichols  &  Merritt,  1907 
Nichols  &  Merritt,  1907 
Nichols  &  Merritt,  1907 
Nichols  &  Merritt,  1907 


FLUORESCENCE 
Gases  and  Vapors. 


Gas  or 

vapor. 

Color  or  wave 

Condition. 

Excitation. 

length  of  emitted 
light. 

Observer. 

Iodine . .  . 

Vapor  at  or- 

Mercury arc 

Strongest  bands 

dinary  tem- 

X=.546m 

X  =.5460/*. . 5774^ 

perature. 

.5730,  .5796 

Wood,  1911 

Mercury  . 

Vapor  at   or- 

Spark between 

Broad  band 

dinary  tem- 

aluminum 

X=.5900-.3000 

Wood,  1909 

perature 

electrodes 

Oxygen  . . 

Mercury  arc  in 
quartz  tube 

Strongest  lines 
X=.1849,  .1851 
(ultra-violet) 

Streubing,  1910 

Potassium 

Vapor,  300°- 
400°  C. 

White    light 

Many  strong  lines 
from  .6416- 
.  6768,    strongest 
.6544  and  .6584 

Wood  &  Carter, 
1908 

Rubidium 

Vapor,  at 

White  light 

Strong  red  band 

270°  C. 

(elec.  arc") 

X  =  .6900-. 6620. 

Dunoyer,  1912 

Sodium  . . 

Vapor    at 

White  light 

D,  X=.5893 

350°  C. 

(elec.  arc) 

(mean) 

Dunoyer,  1912 
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FLUORESCENT  SUBSTANCES 

By  Jack  De  Ment 

The  emission  of  light  from  matter  under  the  influence  of  an  exciting  agent 
is  termed  fluorescence.  When  emission  persists  after  removal  of  the  exciting 
agent  the  process  is  termed  phosphorescence.  Both  are  practically  identical, 
except  in  the  duration  of  light  emission,  and  may  harmoniously  be  explained 
on  the  same  basis.  Luminescence  is  the  term  covering  both  phenomena, 
although  candoluminescence,  emission  due  to  incandescent  heat,  may  also 
be  included.  Fluorescence  is  classified  according  to  the  exciting  agent (s) 
and  special  terms  are  derived  therefrom. 

Excitation  includes  over  30  processes  by  which  energy  is  introduced  into, 
and/or  released  from,  the  luminescent  system;  visible  light  (photolumines- 
cence) ;  low  temperature  heat  (thermoluminescence) ;  friction  (tribolumines- 
cence) ;  cold  (baroluminescence) ;  ion  streams  (ionoluminescence) ;  cathode 
rays  (cathodoluminescence) ;  crystallization  (crystalloluminescence) ;  sound 
waves  (sonoluminescence) ;  Hertzian  waves;  radioelement  radiations,  e.g., 
alpha,  beta  (positrons),  and  gamma  rays  (radio-luminescence,  etc.) ;  neutrons; 
metabolic  processes  (bioluminescence) ;  and  a  large  number  and  wide  variety 
of  chemical  reactions  (chemiluminescence) ;  etc.  Terms  such  as  radiophoto- 
luminescence  and  tribothermoluminescence  denote  the  exciting  action  of 
more  than  one  agent. 

Ultraviolet  light  is  used  with  most  success  in  ordinary  studies  on  lumines- 
cent substances.  Most  effectively  suited  for  general  excitation  of  inorganic 
chemicals,  phosphors,  certain  minerals,  etc.,  whose  exact  absorption  charac- 
teristics are  unknown,  is  short  wavelength  ultraviolet  light  (Hg  =  2537A, 
resonance  radiation)  filtered  through  a  medium  (usually  glass)  possessing 
peak  transmission  in  this  region  and  minimal  transmission  elsewhere,  espe- 
cially in  the  visible.  For  general  excitation  of  organic  and  metal-organic 
compounds,  and  a  few  minerals,  as  well  as  tissues,  long  wavelength 
(Hg  =>  3650 A)  radiation  is  employed.  All  ultraviolet  light  must  be  filtered 
before  adequate  results  are  obtained. 

Slight  discordance  is  noted  in  the  fluorescence  of  certain  substances,  espe- 
cially in  minerals  and  impure  inorganic  chemicals.  Fluorescence  may  be 
affected  by  purity,  age  and  source  of  the  compound,  particle  size,  water- 
content,  and  the  solvent  and  concentration  of  solute.  A  great  many  sub- 
stances, however,  emit  characteristic  fluorescence  which  serves  for  detection 
and  estimation  in  extremely  small  amounts,  particularly  after  treatment 
with  solvents,  acids,  or  alkalis.  The  science  of  fluorochemistry  embraces 
the  applications  of  fluorescence  and  ultraviolet  light  to  chemistry.  The 
references  should  be  consulted  for  additional  details  on  fluorescent  chemicals 
and  fluorochemical  analysis. 

The  following  table  gives  the  character  of  fluorescence  for  various  sub- 
stances when  excited  by  radiation  of  wave  length  3650  angstrom  units, 
except  where  otherwise  noted. 

Key  to  Abbreviations 

acet acetone  KOH potassium  hydroxide 

alk alkalis,  alkaline  1 light 

al ethyl  alcohol  m medium 

bright  oxid oxidation 

t>z benzene  oxy oxyacids 

d dark  p pale 

dil dilute  s strong 

dl dull  si slight 

dp deep  soln.    solutions 

H2O water  xyl xylene 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

Abietic  acid 

green 

4,  6 

Acet&ldehyde 

blue-green 



4 

AcetaniJid 

bluish-violet 

4 

Acetoacetanilid 

b.  blue-white 

— 

1  4,  6 

Acetophenone 

brownish 

— 

2,  4 

p-A  cetylaminophenol 

whitish 

— 

4 

Acetyl  homoumbelliferone 

blue 

KOH 

7 

2 -Acetyl  purpurin 

yellowish 

— 

7 

Acetylsalicylic  acid 

p.  blue 

— 

4 

Acridine 

green 

HaO 

4 

Acridine  picrate 

yellow-green 

H20 

4,  6 

Acridone 

s.  blue 

al. 

4 

Acrylic  aldehyde 

bluish 

— 

4 

Adenine  sulfate 

blue-white 

— 

4,  8 

Ajacine 

blue 

al. 

6 

£- Alanine 

purple-blue 

— 

4 

dl  -Alanine 

rose-white 

- — 

4 

Alizarin 

yellow 

— 

1 

Aloin 

red-yellow 

— 

4 

Alloxan 

violet 

— 

4 

Allylamine  picrate 

crimson 

— 

4 

Aluminum  distearate 

b.  blue 

— ,  xyl. 

4 

Aluminum  monstearate 

b.  blue 

— ,  xyl. 

4 

Aluminum  palmitate 

blue- white 

4 

Aluminum  tristearate 

b.  blue 

— ,  xyl. 

4 

Ambergris 

m.  blue 

al. 

4 

Aminoacetal  picrate 

b.  red-orange 

— 

4 

p-Aminobenzoic  acid 

.  blue 

— ' 

4 

2-Amino-5-chlorobenzoic  acid 

b.  blue-white 

— 

4 

Aminohydrastin 

s.  blue 

— 

1 

Aminophyllin 

s.  blue-green 

— 

4 

Aminopyrine 

s.  blue 

— 

4 

Ammonium  acetate 

blue 

— 

4 

Ammonium  benzoate 

blue 

— 

4 

Ammonium  mandelate 

b.  blue-white 

— 

4 

Ammonium  salicylate* 

s.  blue 

— 

1,  4 

Amyl  salicylate 

purple 

— 

4 

Anemonine 

yellowish 

— 

4 

Anisic  aldehyde 

p.  brown 

— 

4 

Anthracene 

1.  blue 

— 

4 

Anthracene  [+  chrysene] 

brilliant  green 

— 

4 

Anthracene-1-carboxylic  acid 

blue 

alk. 

7 

Anthracene-2-carboxylic  acid 

blue 

alk. 

7 

Anthracene-1,     9-dicarboxylic 

bluish 

acids 

6 

acid 

Anthralin 

green 

NaOH  soln. 

7 

Anthraquinone 

orange 

— 

4 

Apoharmine 

green 

H2SO4  +  forma- 
lin 

7 

Apomorphine 

b.  blue 

4 

Apoquinine 

violet 

— 

4 

Areeoline 

purplish 

— 

4 

Arecoline  hydrobromide 

lavender 

— 

4 

1     (+)-Arginine    monohydro- 

s.  lavender 

— 

4 

chloride 

Ascorbic  acid 

lavender 

— 

4 

dZ-Aspartic  acid 

purplish-white 

— 

4 

!(+)-Aspartic  acid 

purple-blue 

— 

4 

Asterin  hydrochloride 

bluish 

— 

t> 

Atropine 

bluish-white 

— 

4 

Atropine  sulfate 

p.  bluish 

1 

— 

4 

*  Exciting  wave  length  not  given. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  cr 

Refer- 

fluorescence 

treatment 

ences 

Auramine 

b.  yellow 

H20,  etc. 

1,2,3, 
4,5 

7 

Azulmic  acid 

green 

KOH  soln. 

Barium  citrate* 

bluish 

— 

4 

Barium  formate 

blue-violet 

— 

1 

Barium  platinocyanide 

b.  green 

with  H2O  xln. 

1 

Barium  salicylate 

s.  blue 

— 

1 

Barium  stearate 

blue-white 

— 

4 

Barium  succinate 

violet 

— 

1 

4, 5-Benzisocoumaranc  ne 

green 

R2S4O  soln. 

7 

Benzocain 

blue 

— 

4 

Benzyl  acetate 

b.  violet 

— 

2 

Benzyl  ether 

greenish-purple 

— 

4 

Benzyl  salicylate 

vi  olet 

— 

4 

Berberine 

yellow 

— 

1,  5 

Berberine  hydrochloride 

yellow-green 

— 

4 

Beryllium  salicylate 

s.  blue 

— 

4 

Bismuth  subgallate 

crimson 

— 

4 

Bismuth  subsalicylate 

si.  lavender 

— 

4 

Boldine 

bluish 

— 

4 

Borneol 

whitish 

— 

2 

5-Bromosalicylic  acid 

white 

— 

4 

Butyl  acetyl  ricinoleate 

d.  blue-green 

— 

4 

Butyl  borate 

p.  bluish 

— 

4 

Butyl  chloride 

p.  bluish 

— ■ 

4 

Butyl  lactate 

si.  bluish 

— 

4 

JV-Butyl-2-naphthylamine 

violet 

— 

7 

Butyl  oleate 

green-yellow 

— 

4 

Butyl  ricinoleate 

yellow-green 

— ■ 

4 

Butyl  stearate 

p.  blue 

— ■ 

4 

Butyrone 

bluish 

— 

4 

Cadmium  8-hydroxyquinolin- 

ate 
Calcium  benzoate 

yellow-green 

al. 

4 

lavender 

— 

4 

Calcium  p-caseinate 

yellow-blue 

— , 

4 

Calcium  8yhydroxyquinolinate 

dk.  green 

al. 

4 

Calcium    iodo-di    (triethanol- 

b.  blue-green 

— 

4 

amine)  theobromine 

Calcium  o-iodoxybenzoate 

b.  blue 

4 

Calcium  linoleate 

blue-purple 

— 

6 

Calcium  mandelate 

blue 

— 

4 

Calcium  pantothenate 

d.  lavender 

— 

4 

Calcium  salicylate 

blue 

— 

1,  4 

Calcium  stearate 

s.  blue 

— 

4 

Calcium  uranyl  acetate 

greenish-blue 

— 

9 

Campherol 

blue 

H2SO4 

6 

Carbon  dioxide  (solid) 

blue  to  violet 

— 

4 

Chlorophyll  A 

red 

— 

1,  4 

Chlorophyll  B 

brown-red 

— 

1,  4 

Chromium  stearate 

lavender-blue 

— 

4 

Cobalt  resinate 

d.  blue 

— 

10 

Cobaltous  linoleate 

brown-green 

— 

10 

Cobaltous  stearate 

b.  blue 

— 

4 

Cupric  salicylate! 

green-blue 

— 

4 

Cyanomaclurin 

bluish 

KOH  fusion 

6 

Decacyclene 

green 

— 

1 

Decyl  naphthalene 

s.  blue 

— 

4 

Dehydrocholic  acid 

violet-blue 

— 

4 

Delphinine 

p.  green 

— 

4 

Diallyl  barbituric  acid 

violet 

~~             ! 

4 

*  Exciting  wave  length  not  given, 
t  Exciting  wave  length  2537. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

4,  4'-Dibromodiphenyl 

white 



4 

Didymium  salicylate 

lavender 

— 

4 

6,  4'-Dihydroxyflavone  diethyl 
ether* 

7,  2'-Dihydroxyflavone  diethyl 

green 

— 

7 

blue 

H2S04  soln. 

7 

ether 

3,  6-Dihydroxyxanthone 

blue-violet 

— 

4 

1     (  —  )-Diiodotyrosine     dihy- 

purple 

— 

4 

drate 

Dilantin 

purplish 

— 

6 

Dimethyl  phthalate 

green 

— 

4 

2,  4-Dimethylpyrrole 

blue 

— 

6.7 

3,   5-Dimethylpyrrole-2,   4-di- 

blue 

260°C 

6 

carboxylic  acid 

Di-1-Naphthastilbene 

violet 

— 

7 

1',  2',  8',  9'-Dinaphthazine 

blue 

al.,  bz. 

7 

1',  2',  7',  8'-Dinaphthazine 

yellow-green 

bz. 

7 

2,  2'  -Dinaphthyl 

blue 

— 

6 

2,  2'-Dinaphthylamine 

blue 

— 

6 

1,1'  -Dinaphthyl  ether 

bluish 

— 

7 

1,  2  -Di(2-Xenoxy)  ethane 

white 

— 

4 

Dodecacyclene 

olive  green 

— 

1 

Emetine 

yellow 

— 

4 

Enanthic  aldehyde 

b.  yellow-blue 

— 

4 

Esculetin 

dp.  violet 

— 

1 

Erbium  salicylate 

sky  blue 

— 

4 

Ergometrine 

blue 

— 

2 

Ergotine 

yellow-brown 

— 

4 

Ergotoxine 

blue 

— 

2 

Erythrosine 

greenish 

— ,  H2O 

2 

Erythritol  tetranitrate 

dp.  violet 

— 

4 

Ethanolamine  hydrochloride 

violet 

— 

4 

Ethyl  acetate 

p.  bluish 

— 

4 

Ethylene     glycol     monoethyl 

b.  bluish 

— 

4 

ether  laurate 

Ethylene     glycol     monoethyl 

s.  green-blue 

— 

4 

ether  ricinoleate 

Ethylene     glycol     monoethyl 

s.  yellow-blue 

— 

4 

ether  stearate 

Ethylene  glycol  monolaurate 

b.  blue 

— 

4 

Ethylene  glycol  monooleate 

bluish 

— 

4 

Ethylene  glycol  monoricinole- 

ate 
4-Ethoxyacridone 

green-blue 

— 

4 

green 

H2O 

4 

Ethyl  /3-naphtholate 

violet 

— 

2 

Ethyl  salicylate 

greenish 

— 

1,4 

Eucaine 

feiay 

— 

4 

Ferric  8-hydroxyquinolinate 

bluish-black 

al. 

4 

Ferrous  8-hydroxyquinolinate 

blue-brown 

al. 

4 

Ferrous  stearate 

b.  crimson 

— 

4 

Flavazin  S 

b.  orange 

H2O 

1 

Fluorene-2-sulfonic  acid 

dp.  yellow 

— 

1 

Fluorescein 

b.  green 

alk.  soln. 

1,2,4, 

5 
4,  6 

Fluorescin 

b.  green 

oxid.  then  KOH 

Fraxetin 

blue-green 

— 

1 

Fraxin 

blue-green 

— 

1 

Fumaric  acid 

1.  yellow 

— 

1 

Furfuryl  alcohol 

d.  yellow 

— ■ 

4 

Furfuraldehyde 

reddish 

— 

4 

Gallium  gluconate 

p.  blue 

— 

4 

*  Exciting  wave  length  not  given. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

Gallium  8-hydroxyquinolinate 

yellowish 

al. 

4 

Gallium  salicylate 

b    blue 

— 

4 

Germanium  salicylate 

b.  blue 

— 

4 

1  (  +  ) -Glutamic  acid 

violet-white 

— 

4 

Glutathione 

b.  lavender 

— 

4 

Glyceric  aldehyde 

p.  blue 

— 

4 

Glyceryl  citrate 

bluish 

— 

4 

Glyceryl  a,  7-diphenyl  ether 

lavender-blue 

— 

4 

Glyceryl  furfural 

violet-blue 

— 

4 

Glyceryl  ex.-mono-n-butyl  ether 

p.  blue-green 

— 

4 

Glyceryl  monohydroxystearate 

p.  bluish 

— 

4 

Glyceryl  monooleate 

b.  yellow-blue 

— 

4 

Glyceryl  monoricinoleate 

blue-green 

— 

4 

Glyceryl  monostearate 

b.  yellow-blue 

— 

4 

Glyceryl  phthalate 

yellow-blue 

— 

4 

Glyceryl  tartrate 

b.  blue 

— 

4 

Glyceryl  tristearate 

b.  violet-blue 

— 

4 

Glycine 

purplish-blue 

— 

4 

Glycol  dilaurate 

yellow-blue 

— 

4 

Glycollic  acid 

blue 

— 

4 

Glycol  monolaurate  [polymer- 

b. blue 

— 

4 

ized] 

Glycol  maleate  [polymerized] 

blue-yellow 

— 

4 

Glycol   monooleate    [poljmier- 

b.  blue-brown 

— 

4 

ized] 

Glycol  monostearate  [polymer- 

brown-yellow 

— 

4 

ized] 

Glycol  phthalate  [polymerized] 

b.  bluish 

— 

4 

Glycylglycine 

purple-white 

— 

4 

Glycyl-1  (  — )-leucine 

purplish-white 

— 

4 

Glyoxal 

blue 

— 

4 

Guanine  [free  base] 

purple 

— 

8 

Guanine  hydrochloride 

purple 

— 

8 

Harmine 

blue 

— 

3,  4 

sym-Hemimellitenol 

bluish 

— 

7 

Heroin 

yellow-grey 

— 

4 

Heroin  sulfate 

yellowish 

— 

4 

Hematoporphyrin 

red 

al,  CCU,  etc. 

1 

Hexaeikosicyclene 

olive-green 

— 

1 

Hexamethylenetatramine 

1.  purple 

— 

4 

Homatropine  methyl  bromide 

lavender 

— 

4 

Homoumbelliferone  methyl 

blue 

H2SO4 

7 

ether 

Hydrastin 

b.  greenish 

— 

1 

Hydrastine  salicylate 

greenish-white 

— 

4 

Hydrastine  chloride 

b.  blue 

— 

1 

Hydrofuramide 

b.  pink 

— 

4 

Hydroquinone 

blue-violet 

— 

4 

Hydroxyperylene 

green 

— 

7 

2-Hydroxyphenanthrene 

blue 

— 

7 

methyl  ether 

p-Hydroxyphenyl  glycocoll 

violet 

— 

4 

3-Hydroxyquinoline 

bluish 

— 

6,  7 

7-Hydroxyquinoline 

green 

alk.  soln. 

7 

6-Hydroxyquinoline  methyl 

ether 
Hyoscyamin 

blue 

acids 

7 

red-violet 

— 

1 

Hypoxanthine 

violet 

— 

8 

Indium  o-iodoxybenzoate 

p.  lavender 

— 

4 

Indium  salicylate 

b.  blue-green 

— 

4 

«-Ionone 

greenish 

— 

2,  4 

0-Ionone 

green-brown 

~ 

2,  4 
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FLUORESCENT  SUBSTANCES  (Continued) 


±\  3lYQQ 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

Isocytosine 

violet-white 

8 

Isodibenzanthrone 

brown 

PI1NO2 

7 

Isoharman 

blue- violet 

H2SO4  soln. 

7 

Isoguanine 

purple-white 

— 

8 

Lanthanum     8-hydroxyquino- 

linate 
Lanthanum  o-iodoxybenzoate 

yellow-green 

al. 

4 

p.  violet 



4 

Lanthanum  salicylate 

s.  blue 

— 

4 

Lead  linoleate 

d.  green 

— 

10 

Lead  naphthenate 

b.  blue-green 

— 

4 

Lead  sebacate 

b.  lavender-white 

— 

4 

Lead  stearate 

b.  blue 

— 

4 

Lithium  benzoate 

whitish-violet 

— 

4 

Lithium  salicylate 

b.  blue-green 

— 

4 

Lithium  stearate 

bluish 

— 

4 

Lotoflavin 

bluish 

KOH  fusion 

6 

Luteolin 

bluish 

KOH  fusion 

6 

Luteolinidium  chloride 

green 

H2SO4 

7 

1  (  +  )  -Lysine  dihydrochloride 

purple-white 

— 

4 

Lysine  hydrochloride 

p.  purple 

— 

4 

1  (-f-)-Lysine  hydrochloride 

b.  blue 

— 

4 

Magnesium    8-hydroxyquino- 

linate 
Magnesium  salicylate 

golden-yellow 

al.,  H2O,  etc. 

4 

purple-green 

— 

4 

Magnesium  stearate 

blue-white 

— 

4 

Magnesium  uranyl  acetate* 

emerald  green 

— 

9 

Malonic  acid 

bluish-white 

— 

1 

Manganous     8-hydroxyquino- 

linate 
Manganous  stearate 

s.  green 

al. 

4 

dp.  rose 

— 

4 

Manganese  resinate 

d.  violet 

— 

10 

Mannitol  glyceryl  mono- 

dp.  green-brown 

— 

4 

laurate 

Mannitol  glyceryl  monooleate 

b.  brown-blue 

— 

4 

Mannitol  glyceryl  mono- 

blue-gray 

— 

4 

stearate 

Mannitol  triricinoleate 

dp.  green 

— 

4 

Menthol 

greenish 

— 

2 

2-Mercaptobenzothiazole 

reddish-brown 

— 

4 

Mercuric  salicylate 

greenish 

— 

1 

Mercurochrome 

b.  green 

alk.  soln. 

5 

Mercurophen 

s.  crimson 

— 

4 

Mercurous  benzoate 

purple 

— 

4 

Mercury  dibromofluorescein 

yellow-green 

alk.  soln. 

4 

Mericyl  alcohol 

blue-yellow 

— 

4 

Mesobilirubin 

reddish 

— 

1 

Mesobilirubinogen 

reddish 

— 

1 

dIZ-Methionine 

b.  lavender 

— 

4 

Methyl  acetophenone 

grey-brown 

— 

4 

Methyl  acridine* 

green 

— 

11 

i\T-Methyl  anthranilic  acid 

blue 

alk.  soln. 

7 

iV-Methyl      anthranilic      acid 

blue 

— 

7 

phenyl  ester 

2-Methyl    benzanthrone    sul- 

yellow 

— 

4 

fonic  acid 

Methyl  benzyl  ether 

blue-green 

— 

4 

5-Methyl  chromone 

blue 

H2SO4  soln. 

7 

6-Methyl  chromone 

blue 

H2SO4  soln. 

7 

7-Methyl  chromone 

blue 

H2SO4  soln. 

7 

0-Methyl  esculin 

blue 

H2O,  etc. 

4 

2-Methylgenistein 

blue-green 

H2SO4 

7 

*  Exciting  wave  length  not  given. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

Methyl  glycolphenetidin 

violet 

4 

Methyl  hexalin 

green-blue 

— 

4 

Methyl  hydrastin 

blue-green 

— 

1 

Methyl    hydrastinine    hydro- 

blue 

— 

6 

chloride 

4-Methyl  indole 

blue-green 

— 

1 

7-Methyl  indole 

yellow-green 

— 

1 

Methyl  pentadecyl  ketone 

blue-brown 

— 

4 

Methyl  terephthalic  acid 

1.  blue 

— 

1 

Methyl  tridecyl  ketone 

blue-yellow 

— 

4 

/S-Methyl  umbelliferone 

b.  blue 

H2O,  al. 

4,6 

Methyl  undecyl  ketone 

yellow-blue 

— 

4 

Monoamyl  naphthalene 

dp.  blue 

— 

4 

Monobromoisovaleryl     barbi- 

lavender 

— 

4 

turate 

Monoethyl  glycol  ether 

blue-yellow 

— 

4 

Morin 

blue-green 

H2SO4 

3,  4,  6 

Morindin  chloride 

greenish 

H2SO4  soln. 

7 

Morphenol 

green 

acids 

7 

Munjistin 

green 

AcOH 

7 

Musk  ambrette 

yellow-brown 

— 

2 

Musk  ketone 

yellow-brown 

— 

2 

Musk  xylol 

yellow -brown 

— 

2 

Mycolic  acid 

blue 

— 

4 

Myosalvarsan 

green 

alk.  soln. 

2 

Myristic  aldehyde 

brownish-yellow 

— 

4 

Myristone 

yellowish 

— 

4 

Naphthalene 

1.  blue 

— 

1 

1 ,8-Naphthalenediamine-3, 

green 

alk.  soln. 

7 

6-disulfonic  acid 

Naphthastyril 

green 

al. 

7 

/3-Naphthol 

blue 

— 

4 

2-Naphthol-l  ,3,6, 7-tetra- 

blue-green 

alk.  soln. 

7 

sulfonic  acid 

2-Naphthol-l  ,3-7-trisulf  onic 

blue-green 

alk.  soln. 

7 

acid 

2-Naphthol-3,6,7-trisulfonic 

blue-green 

alk.  soln. 

7 

acid 

2-Naphthol-3,6-8-trisulfonic 

green 

NaOH  soln. 

7 

acid 

l-Naphthylamine-2, 

bine-green 

acids  and  alk. 

7 

5-disulfonic  acid 

l-Naphthylamine-2, 

bluish 

alk.  soln. 

7 

7-disulfonic  acid 

l-Naphythylamine-2, 

green 

alk.  soln. 

7 

8-disulfonic  acid 

l-Naphthylamine-3, 

blue 

acids  and  alk. 

7 

7-disulfonic  acid 

l-Naphthylamine-4, 

blue 

acids  and  alk. 

7 

6-disulfonic  acid 

l-Naphthylamine-4, 

blue 

acids  and  alk. 

7 

7-disulfonic  acid 

2-Naphthylamine-l , 

bluish 

— 

7 

6-disulfonic  acid 

2-Naphthylamine-l , 

violet-blue 

KOH  soln. 

7 

7-disulfonic  acid 

2-Naphthylamine-3, 

violet-blue 

— 

7 

6-disulfonic  acid 

2-Naphthylamine-4, 

blue 

KOH  soln. 

7 

7-disulfonic  acid 

2-Naphthylamine-4, 

blue 

alk.  soln. 

7 

8-disulfonic  acid 
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FLUORESCENT  SUBSTANCES  (Continued 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

2-Naphthylamine-5, 

green 

alk. 

7 

7-disulfonic  acid 

2-Naphthylamine-6, 

blue 

alk. 

7 

8-disulfonic  acid 

1-Naphthylamine- 

green 

alk. 

7 

5-sulfonic  acid 

2-Naphthylamine- 

red-blue 

alk. 

7 

5-sulfonic  acid 

2-Naphthylamine- 

blue 

alk. 

7 

6-sulfonic  acid 

2-Naphthylamine- 

blue 

acids  and  alk. 

7 

8-sulfonic  acid 

2-Naphthylamine-l  ,3,6, 

violet-blue 

alk.  soln. 

7 

7-tetrasulfonic  acid 

1  -  Naph  thy  lamine-2 , 4 , 

blue 

— 

7 

6-trisulfonic  acid 

l-Naphthylamine-3,5, 

green 

alk.  soln. 

7 

7-trisulfonic  acid 

1  -Naphthy  lamine-2 , 5 , 

green 

— 

7 

7-trisulfonic  acid 

2-Naphthylamine-l  ,3, 

violet-blue 

— 

7 

7-trisulfonic  acid 

2-Naphthylamine- 1,5, 

blue 

alk. 

7 

7-trisulfonic  acid 

2-Naphthylamine-3,5, 

green 

alk.  soln. 

7 

7-trisulfonic  acid 

2-Naphthylamine-3 ,6, 

blue 

alk. 

7 

7-trisulfonic  acid 

2-Naphthylamine-3 , 6 , 

sky  blue 

alk. 

7 

8-trisulfonic  acid 

2-Naphthylamine-4,6, 

b.  blue 

— 

7 

8-trisulfonic  acid 

iV-a-Naphthylanthranilic  acid 

blue-green 

H2SO4  soln. 

7 

Naringenin 

bluish 

KOH  fusion 

6 

Neodymium  citrate 

blue 

— 

4 

Neodymium  salicylate 

b.  blue-green 

— 

4 

Neosynephrine  hydrochloride 

p.  violet 

— 

4 

Nickel  formate 

carmine  red 

— 

1 

Nickel  stearate 

grey-purple 

— 

4 

Nicotinamide 

b.  blue 

— 

4 

Nicotinic  acid 

purple-white 

— 

4 

Nicotine 

azure  blue 

— 

2 

2-Nitro-2-methyl-l, 

p.  violet 

— 

4 

3-propanediol 

2-Nitro-2-methyl-l-propanol 

p.  lavender 

— 

4 

«-Nitro-/8-naphthol 

scarlet 

— 

4 

2-o-Nitrophenylhydrazone 

green 

amyl  al. 

7 

«-Nitroso-/3-naphthol 

reddish 

— 

4 

6-Nitrothymol 

bluish 

bz. 

7 

3-Nitroxanthone 

green 

H2SO4  soln. 

7 

Norharman 

blue 

acids 

7 

Norharmine  hydrocloride 

b.  blue 

— 

7 

Norleucine 

purple-blue 

— 

4 

<M-Norvaline 

purple 

— 

4 

Nucleic  acid 

lavender-rose 

4 

Nupercaine 

violet 

— 

4 

Octodecacyclene 

green 

— 

1 

Octohydrodecacyclene 

olive-green 

— 

1 

Orcin 

yellow-green 

— 

1 

Orcinaurine 

green 

H20 

4 

^-Ornithine  hydrochloride 

purple-white 

— 

4 

p-Oxybenzoic  acid 

1.  violet 

— 

1 

2-Oxy-6,8-diaminopurine 

green-blue 

— 

8 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

/3-Oxynaphthionic  acid 

green-yellow 

_ 

4 

Oxypeucedanine 

bluish 

KOH  fusion 

6 

Palmitic  aldehyde 

blue-white 

4 

Parabanic  acid 

blue 



4 

Paraldehyde 

b.  bluish 

4 

Pentacene 

blue 

— 

4 

Pentachloroethane 

green-blue 

— 

2 

Pentamethylenetetrazol 

blue- violet 

H20 

4 

Percaine 

b.  blue 

— 

7 

Perlatolic  acid 

green 

CHCh  +  alk. 

7 

Perylene 

blue 

— 

7 

Perylene-3,10-dicarboxylicacid 

green 

alk. 

7 

Perylene-3,9-dicarboxylic  acid 

yellow-green 

— 

7 

dichloride 

Phaetophytin 

red 

— 

2 

Phenanthrene 

1.     blue 

— 

1 

o-Phenoxyphenyl  benzoate 

lavender-blue 

— 

4 

iV-Phenylacridone 

blue 

AcOH 

7 

^-Phenylalanine 

lavender-while 

— 

4 

iV*-Phenyl-2-amino-5-naphthol- 

violet 

Na-jCOs  soln. 

7 

7-sulfonic  acid 

9-Phenylanthracene 

blue 

— ■ 

7 

JV-Phenylanthranil 

green-blue 

— 

7 

1-Phenylbenzanthrone 

orange-red 

H 'SO.  soln. 

7 

10-Phenylbenzanthrone 

golden-yellow 

H  >S04  soln. 

1 
1 

5-Phenylbenzpyrene 

green-yellow 

— 

1 

6-Phenyl-10-benzyl-l , 

greenish-yellow 

— 

1 

2-dibenzanthracene 

2-Phenylcoumarone 

blue 

H2SO4  soln. 

7 

3-Phenylcoumarone 

blue 

Hot  H2SO4 

7 

3-Phenylcyclohexanone 

green 

al.-H.SO. 

7 

10-Phenyl-5,     10-dihydroacri- 

blue 

al. 

7 

dine 

o-Phenylenediamine 

b.  violet 

— 

4 

p-Phenylenediamine 

b.  blue 

— 

4 

Phenyl  mercuric  acetate 

violet 

— 

4 

Phenyl  mercuric  chloride 

p.  lavender 

— 

4 

Phenyl  mercuric  nitrate 

white 

— 

4 

Phenyl  mercuric  nitrite 

bluish 

— 

4 

Phenyl  mercuric  sulfate 

violet 

— 

4 

2-Phenylnaphthalene 

blue 

— 

7 

Phenyl-a-naphthylamine 

1.  blue 

— 

4 

Phenyl-/3-naphthylamine 

1.  blue 

— 

4 

4-Phenylquinaldine 

blue 

dil.  acids 

7 

4-Phenylquinoline 

blue 

dil.  acids 

7 

8-Phenylquinoline 

yellow-green 

— 

7 

Phenyl  salicylate 

strong  blue 

— 

4 

Phenyl-o-tolylguanidine 

1.  bluish-purple 

— 

4 

Phloroglucinol 

b.  blue 

— 

1,  4,  6 

Phloxine 

yellow 

water 

4 

Phycoerythrin 

orange 

— 

2 

Picrotoxine 

yellow 

— 

4 

Podophyllin 

green 

— 

2 

Polyamyl  naphthalene 

d.  blue 

— 

4 

Potassium  ammonium  platino- 

green 

— 

1 

cyanide* 

Potassium  benzoate 

bluish 

— 

4 

Potassium  opianate 

blue 

— . 

4 

Potassium  platinocyanide* 

green 

— 

1 

Potassium  salicylate 

violet-blue 

— 

4 

Potassium  stearate 

blue-white 

~ 

4 

*  Exciting  wave  length  not  given. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 


Potassium  succinate 

Proflavine 

Protoporphyrin 

Psychotrine 

Pyocyanine 

Pyramidon 

Pyrene 

Pyridanthrone 

Pyridoxine  hydrochloride 

Quinetine 

Quinidine 

Quinine 

Quinine  bisulfate 
Quinine  hydrochloride 
Quinine  monosulfate 
Quinine  salicylate 
Quinoline 
Rhamnetin 
Rhodacene 
Rhodamine 

Rhodium  salicylate 

Riboflavin 

Rose  bengal 

Saccharin 

Salicylic  acid 

Samarium  gluconate 

Samarium  8-hydroxyquinolin- 
ate 

Samarium  salicylate 

Santonin 

Saponarin 

dZ -Serine 

Silver  8-hydroxyquinolinate 

Silver  succinate 

Sodium  barbiturate 

Sodium  benzoate 

Sodium  benzyl  morrhuate 

Sodium  5-ethyl  (1-methyl-l- 
butenyl)  barbiturate 

Sodium  isoamyl  barbiturate 

Sodium  isoamylethyl  barbitu- 
rate 

Sodium  methyl  salicylate 

Sodium  o-nitrophenolate 

Sodium  oleate 

Sodium  salicylate 

Sodium  selenocyanide 

Sodium  stearate 

Sorbitol  lactate 

Sorbitol  tartrate 

Sorbitol  triricinoleate 

Stearic  aldehyde 

trans  -Stilbene 

Strontium  benzoate 

Strontium  8-hydroxyquinolin- 
ate 

Strontium  lactate 

Strontium  stearate 

Strychnine 

Styrene 


Character  of 
fluorescence 


bluish-white 

green 

red 

blue 

green-yellow 

s.  blue 

blue 

yellow 

b.  blue 

blue 

p.  blue 

b.  blue 

b.  blue-green 

1.  blue 

blue 

b.  blue-green 

green 

greenish-blue 

red 

b.  red-orange 

b.  purple 

b.  orange 

green 

whitish 

blue 

m.  blue 

yellow-red 

b.  blue 

violet 

blue 

purplish-white 

yellow 

b.  yellow 

violet 

violet 

b.  yellow-green 

b.  light  blue 

bluish 
bluish 

b.  blue-green 

red 

blue-green 

b.  blue-green 

bluish 

p.  blue 

dp.  blue-green 

b.  yellow-blue 

green 

blue 

blue 

lavender 

1.  green 

yellow 
blue-white 
blue-white 
p.  blue 
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Solvent  or 
treatment 


H2O 

ecu 

H2SO4  soln. 

H2SO4  soln. 

dil.  oxy. 

dil.  0x3-. 
dil.  oxy. 
dil.  oxy. 

H2SO4  soln. 
H2O,  al.,  etc. 

al.  etc. 


H2SO4  soln 


H>Q 


al. 


Refer- 
ences 


1 

4,5 

2 

7 

2 

4 

1 

7 

4 

7 

4 

1,2,3» 

4,  5 
4 
4 
4 
4 
1 

4,  6 
7 
1,2,3. 

4,  5 
4 
4 
2 
2 
4 
4 
4 

4 
4 
7 

4 
4 
1 
4 
1 
4 
4 

4 
4 

4 
4 
1 
4 
4 
4 
4 
4 
4 
4 
7 
4 
4 

1 
4 
4 
6 


FLUORESCENT  SUBSTANCES  (Continued) 


Name 


Sulfanilamide 

Sulforicinic  acid 

Syntropin 

Syringetin 

Tartrazin 

Thallium  carbonate 

Thalloperazine 

Theobromine 

Theobromine  calcium  salicyl- 
ate 

Thiamine  hydrochloride 

Thiochrome 

Thioflavin  S 

Thioindigo 

Thioxanthone 

Thorium  cyanide 

Thorium  formate 

Thorium  8-hydroxyquinolinate 

Thorium  o-iodoxybenzoate 

Thorium  salicylate 

Thymol  iodide 

Tin  stearate 

Titanium    8-hydroxyquinolin- 
ate 

Titanium  stearate 

Tetrahydrofurfuryl  alcohol 

Tetradihydroxydesoxy- 
yohimbine 

5,7,2',4'-Tetrahydroxyflavone- 
2'4'-dimethyl  ether 

7,2',4',6'-Tetrahydroxyflavone 

7,3',4',5'-Tetrahydroxyflavone 

l,4,5,8-Tetrahydroxy-2-methyl 
anthraquinone 

6,3',4',5'-Tetrahydroxyflavone- 
3',4',5'-trimethyl  ether 

7,3',4'5'-Tetrahydroxyflavone 
tetramethyl  ether 

5,6,7,8-Tetramethylalloxazin 

1 ,3,6,8-Tetramethylanthracene 

2,4,5,8-Tetramethyl  quinoline 

2,3,5,6-Tetraphenyl  pyridine 

a-Tocopherol 

iV-p-Tolyl-1-naphthylamine 

N-m-Tolyl-2-naphthylamine 

Transentin 

Triethyl  trimethylene  triamine 

6,7,4'-Trihydroxyflavone 

5,6,7-Trimethylalloxazin 

6,7,8-Trimethylalloxazin 

Tris(hydroxymethyl)amino- 
methane 

Tris  (hydroxy  methyl)  nitro- 
methane 

Umbelliferone 

Uracil 

Uranine 

Uranyl  compounds* 
Uric  acid 


Character  of 

Solvent  or 

1  Refer- 

fluorescence 

treatment 

ences 

violet 

4 

b.  yellow-blue 

— 

4 

lavender 

— 

4 

green 

H2S04 

soln. 

7 

b.  orange 

al. 

1 

blue 

— 

1 

red-green 

H2SO4 

soln. 

7 

b.  blue-green 

— 

4 

b.  blue-green 

— 

4 

dl.  lavender-white 

— 

4 

blue 

in  soln 

3 

yellow 

H20 

1,  4 

red-yellow 

xvl. 

7 

green 

H  jS04  sc 

1 

pink 

-- 

4 

b.  blue 

— - 

1 

d.  green 

al. 

4 

m.  blue 

— 

4 

b.  blue 

— 

4 

s.  crimson 

—  - 

4 

cream 

— 

4 

yellowish 

— 

4 

grey-blue 

— 

4 

blue 

— 

4 

b.  blue 

— ■ 

1 

blue 

H2S04 

soln. 

7 

green 

H2SO4 

soln. 

7 

green-yellow 

— 

7 

red 

H2S04 

soln. 

7 

green 

H2S04 

soln. 

7 

violet 

al. 

7 

yellow-violet 



1 

green 

AcOH 

7 

blue- violet 

acids 

7 

blue 

H2S04 

soln. 

8 

bl.  blue-green 

— 

4 

blue 

— 

7 

blue 

— 

7 

b.  yellow-green 

H20 

4,  6 

d.  yellow-green 

— 

4 

green 

H2S04 

soln. 

7 

greenish-yellow 

— 

1 

greenish-yellow 

— 

1 

green-blue 

— 

4 

dp.  pink 

— 

4 

blue-violet 

— 

1 

violet 

— 

4,  8 

b.  yellow 

H20,  al.,  etc. 

1,2,3, 

4,5,6 

usually  b.  yellow 

— 

9,2,3. 

4,  6 
2 

m.  violet 

— 

*  Exciting  wave  length  not  given. 
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FLUORESCENT  SUBSTANCES  (Continued) 


Name 

Character  of 

Solvent  or 

Refer- 

fluorescence 

treatment 

ences 

Urobilin 

reddish 

_ 

1 

Vanadic  8-hydroxyquinolinate 

dp.  green 

al. 

4 

Vanadic  o-iodoxybenzoate 

orange-red 

— 

4 

Vanadous  salicylate 

lavender 

— 

4 

Vanadyl  cyanide 

green 

— 

4 

Vanillin 

b.  pink 

— 

4 

Veronal 

yellow-grey 

— 

2 

Xanthanol 

green 

H2SO4  soln. 

6 

Xanthone 

b.  blue 

H2SO4  soln. 

4 

Yangonin 

blue 

acet.,  MeOH 

7 

Yttrium  gluconate 

b.  blue 

— 

4 

Yttrium  8-hydroxyquinolinate 

orange-red 

al. 

4 

Yttrium  o-iodoxybenzoate 

bluish 

— 

4 

Yttrium  salicylate 

b.  dp.  blue 

— 

4 

Zinc  butyl  xanthate 

dp.  purple 

— 

6 

Zinc  dimethyldithiocarbamate 

purple 

— 

4 

Zinc  fluoresceinate 

b.  green 

alk.  soln. 

6 

Zinc  8-hydroxyquinolinate 

b.  green 

al. 

4 

Zinc  hydroxyquinoline  sulfon- 
ate 
Zinc  palmitate 

b.  yellow 

— 

2 

blue-white 

— 

4 

Zinc  resinate 

cream-white 

— 

10,  2 

Zinc  salicylate 

b.  blue 

— 

1 

Zinc  sebacate 

white 

— 

4 

Zinc  stearate 

b.  blue 

— 

4 

Zinc  sulfanilate 

blue-purple 

— 

4 

Zinc  uranyl  acetate* 

greenish 

— 

9 

Zinc  urobilinate 

b.  dp.  green 

— 

2,3,4 

Zinc  valerate 

lavender 

— 

4 

Zirconium  8-hydroxy- 

yellowish 

al. 

4 

quinolinate 

*  Exciting  wave  length  not  given. 
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COLORIMETRY 

Selected  from  Judd,  Jour.  Opt.  Soc.  Amer.  33,  359  (1933) 
Recommendations  of  the  International  Commission  on  Illumination 

Standard  IUuminants 

A.  Gas-filled  tungsten  incandescent  lamp  of  color  temperature  2848°  K, 

B.  Noon   Sunlight.     Lamp   as   above   in   combination   with    the    Davis- 
Gibson  filter  for  converting  color  temperature  2848°  to  4800°  K. 

The  filter  is  to  be  composed  of  a  layer  one  centimeter  thick  of  each  of  two 
separate  solutions  Bi  and  B2,  contained  in  a  double  cell  of  colorless  optical 
glass. 

Solution  Bi 

Copper  sulphate  (CuS04-5H20) 2.452  g 

Mannite  (C6H8(OH)6) 2 .  452  g 

Pyridine  (C6H6N) 30. 0      cc 

Distilled  water  to  make 1000           cc 

Solution  B2 

C  obalt  ammonium  sulphate  (CoS04- (NH4) 2S04-6H20) 21.71  g 

Copper  sulphate  (CuS04-5H20) 16.11  g 

Sulphuric  acid  (density  1.835) 10. 0  cc 

Distilled  water  to  make 1000  cc 


€.   Average  Daylight.     Lamp  as  in  A  in  combination  with  Davis-Gibson 
filter  for  converting  color  temperature  2848°  to  6500°  K. 

The  filter  is  composed  of  a  layer  one  centimeter  thick  of  each  of  two 
separate  solutions  Ci  and  C2,  contained  in  a  double  cell  made  of  colorless 
optical  glass. 

Solution  Ci 

Copper  sulphate  (CuS04-5H20) 3 .  412  g 

Mannite  (C6H8(OH)6) 3.412  g 

Pyridine  (C5H5N) 30 . 0      cc 

Distilled  water  to  make 1000           cc 

Solution  C2 

Cobalt  ammonium  sulphate  (CoS04-  (NH4)  2S04-6H20) 30 .  580  g 

Copper  sulphate  (CuS04-5H20) 22 .  520  g 

Sulphuric  acid  (density  1.835) 10.0       cc 

Distilled  water  to  make 1000           cc 

See  R.  Davis  and  K.  S.  Gibson  Bur.  Stds.  Misc.  Pub.  No.  114,  Jan.  1931  or 
Bur.  Stds.  Jour.  Research  7,  796  (1931). 

Standard  Coordinate  System 

The  tristimulus  system  of  color  specification  is  based  on  four  chosen 
stimuli  consisting  of  homogeneous  radiant  energy  of  wave  lengths 

700.0  546.1  435.8 

m/n  and  of  standard  illuminant  B  (see  above). 

To  establish  the  system  of  specification  coordinates  are  assigned  as 
follows: 

Stimulus  x  y  z 

700.0  mn  0.73467  0.26533  0.00000 

546.1  mju  0.27376  0.71741  0.00883 
435.8  m/x  0.16658  0.00886  0.82456 

Standard  illuminant  B:  0.34842  0.35161  0.29997 
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The  Standard  Observer 

The  " standard  observer"  is  determined  below  by  the  specification  for  the 
equal  energy  spectrum  both  in  fractions,  x,  y,  z  of  the  total  amount  for  each 
wave  length  interval  of  5  m/x  and  directly  x,  y,  z.  The  fractional  values  are 
known  as  the  trilinear  coordinates  or  trichromatic  coefficients  of  the 
spectrum;  the  direct  values  as  the  distribution  functions  or  coefficients. 

The  sum  of  the  trichromatic  coefficients  is  unity,  that  is  x  +  V  +  z  =  1 
Therefore  the  value  of  z  may  be  and  often  is  omitted  from  a  specification. 

Relative  Visibility 

The  value  of  y  given  in  the  table  is  the  standard  visibility  function  or 
relative  visibility. 


Wave 

Trichromatic  cot 

jfficients 

Distribution  coefficients 
for  equal  energy 

Wave 

length 

length 

ia.fi 

-  (Rel. 

m^t 

X 

y 

z 

X 

y   Vis.) 

z 

380 

0.1741 

0.0050 

0.8209 

0.0014 

0.0000 

0.0065 

380 

385 

0.1740 

0.0050 

0.8210 

0.0022 

0.0001 

0.0105 

385 

390 

0.1738 

0.0049 

0.8213 

0.0042 

0.0001 

0.0201 

390 

395 

0.1736 

0.0049 

0.8215 

0.0076 

0.0002 

0.0362 

395 

400 

0.1733 

0.0048 

0.8219 

0.0143 

0.0004 

0.0679 

400 

405 

0.1730 

0.0048 

0.8222 

0.0232 

0.0006 

0.1102 

405 

410 

0.1726 

0.0048 

0.8226 

0.0435 

0.0012 

0.2074 

410 

415 

0.1721 

0.0048 

0.8231 

0.0776 

0 . 0022 

0.3713 

415 

420 

0.1714 

0.0051 

0.8235 

0.1344 

0.0040 

0.6456 

420 

425 

0.1703 

0.0058 

0.8239 

0.2148 

0.0073 

1.0391 

425 

430 

0.1689 

0.0069 

0.8242 

0.2839 

0.0116 

1.3856 

430 

435 

0.1669 

0.0086 

0.8245 

0.3285 

0.0168 

1.6230 

435 

440 

0.1644 

0.0109 

0.8247 

0.3483 

0.0230 

1.7471 

440 

445 

0.1611 

0.0138 

0.8251 

0.3481 

0.0298 

1.7826 

445 

450 

0.1566 

0.0177 

0.8257 

0.3362 

0.0380 

1.7721 

450 

455 

0.1510 

0.0227 

0.8263 

0.3187 

0.0480 

1.7441 

455 

460 

0.1440 

0.0297 

0.8263 

0.2908 

0.0600 

1 . 6692 

460 

465 

0.1355 

0.0399 

0.8246 

0.2511 

0.0739 

1.5281 

465 

470 

0.1241 

0.0578 

0.8181 

0.1954 

0.0910 

1.2876 

470 

475 

0.1096 

0.0868 

0.8036 

0.1421 

0.1126 

1.0419 

475 

480 

0.0913 

0.1327 

0.7760 

0.0956 

0.1390 

0.8130 

480 

485 

0.0687 

0.2007 

0.7306 

0.0580 

0.1693 

0.6162 

485 

490 

0.0454 

0.2950 

0.6596 

0.0320 

0.2080 

0.4652 

490 

495 

0.0235 

0.4127 

0.5638 

0.0147 

0.2586 

0.3533 

495 

500 

0.0082 

0.5384 

0.4534 

0.0049 

0.3230 

0.2720 

500 

505 

0.0039 

0.6548 

0.3413 

0.0024 

0.4073 

0.2123 

505 

510 

0.0139 

0.7502 

0.2359 

0.0093 

0.5030 

0.1582 

510 

515 

0.0389 

0.8120 

0.1491 

0.0291 

0.6082 

0.1117 

515 

520 

0.0743 

0.8338 

0.0919 

0.0633 

0.7100 

0.0782 

520 

525 

0.1142 

0.8262 

0.0596 

0.1096 

0.7932 

0.0573 

525 

530 

0.1547 

0.8059 

0.0394 

0.1655 

0.8620 

0.0422 

530 

535 

0.1929 

0.7816 

0.0255 

0.2257 

0.9149 

0.0298 

535 

540 

0.2296 

0.7543 

0.0161 

0.2904 

0.9540 

0.0203 

540 

545 

0.2658 

0.7243 

0.0099 

0.3597 

0.9803 

0.0134 

545 

550 

0.3016 

0.6923 

0.0061 

0.4334 

0.9950 

0.0087 

550 

555 

0.3373 

0 . 6589 

0.0038 

0.5121 

1.0002 

0 . 0057 

555 

560 

0.3731 

0.6245 

0.0024 

0.5945 

0.9950 

0.0039 

560 

565 

0.4087 

0.5896 

0.0017 

0.6784 

0.9786 

0.0027 

565 

570 

0.4441 

0.5547 

0.0012 

0.7621 

0.9520 

0.0021 

570 
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The  Standard  Observer  (Continued) 


Wave 

Trichromatic  coefficients 

Distribution  coefficients 
for  equal  energy 

Wave 

length 

length 

m/x 

„-  (Rel. 

m/* 

X 

y 

z 

X 

y  Vis.) 

z 

575 

0.4788 

0.5202 

0.0010 

0 . 8425 

0.9154 

0.0018 

575 

580 

0.5125 

0 . 4866 

0.0009 

0.9163 

0.8700 

0.0017 

580 

585 

0.5448 

0 . 4544 

0.0008 

0.9786 

0.8163 

0.0014 

585 

590 

0.5752 

0.4242 

0.0006 

1.0263 

0.7570 

0.0011 

590 

595 

0.6029 

0.3965 

0.0006 

1.0567 

0.6949 

0.0010 

595 

600 

0.6270 

0.3725 

0.0005 

1.0622 

0.6310 

0.0008 

600 

605 

0.6482 

0.3514 

0 . 0004 

1 . 0456 

0.5668 

0.0006 

605 

610 

0 . 6658 

0.3340 

0.0002 

1 . 0026 

0.5030 

0.0003 

610 

615 

0.6801 

0.3197 

0.0002 

0.9384 

0.4412 

0.0002 

615 

620 

0.6915 

0.3083 

0.0002 

0.8544 

0.3810 

0.0002 

620 

625 

0.7006 

0.2993 

0.0001 

0.7514 

0.3210 

0.0001 

625 

630 

0.7079 

0.2920 

0.0001 

0.6424 

0.2650 

0.0000 

630 

635 

0.7140 

0.2859 

0.0001 

0.5419 

0.2170 

0.0000 

635 

640 

0.7190 

0.2809 

0.0001 

0.4479 

0.1750 

0.0000 

640 

645 

0.7230 

0.2770 

0.0000 

0.3608 

0.1382 

0.0000 

645 

650 

0.7260 

0.2740 

0.0000 

0.2835 

0.1070 

0.0000 

650 

655 

0.7283 

0.2717 

0 . 0000 

0.2187 

0.0816 

0.0000 

655 

660 

0.7300 

0.2700 

0 . 0000 

0.1649 

0.0610 

0.0000 

660 

665 

0.7311 

0.2689 

0 . 0000 

0.1212 

0.0446 

0.0000 

665 

670 

0.7320 

0.2680 

0.0000 

0.0874 

0.0320 

0.0000 

670 

675 

0.7327 

0.2673 

0.0000 

0.0636 

0.0232 

0.0000 

675 

680 

0.7334 

0.2666 

0  0000 

0 . 0468 

0.0170 

0.0000 

680 

685 

0.7340 

0.2660 

0.0000 

0.0329 

0.0119 

0.0000 

685 

690 

0.7344 

0.2656 

0.0000 

0.0227 

0.0082 

0.0000 

690 

695 

0.7346 

0.2654 

0.0000 

0.0158 

0.0057 

0.0000 

695 

700 

0.7347 

0.2653 

0.0000 

0.0114 

0.0041 

0.0000 

700 

705 

0.7347 

0.2653 

0 . 0000 

0.0081 

0.0029 

0.0000 

705 

710 

0.7347 

0.2653 

0.0000 

0.0058 

0.0021 

0 . 0000 

710 

715 

.7347 

0.2653 

0 . 0000 

0.0041 

0.0015 

0.0000 

715 

720 

0.7347 

0.2653 

0.0000 

0.0029 

0.0010 

0.0000 

720 

725 

0.7347 

0.2653 

0.0000 

0.0020 

0.0007 

0.0000 

725 

730 

0.7347 

0.2653 

0.0000 

0.0014 

0.0005 

0 . 0000 

730 

735 

0.7347 

0.2653 

0 . 0000 

0.0010 

0 . 0004 

0 . 0000 

735 

740 

0.7347 

0.2653 

0 . 0000 

0.0007 

0 . 0003 

0.0000 

740 

745 

0.7347 

0.2653 

0.0000 

0.0005 

0.0002 

0.0000 

745 

750 

0.7347 

0.2653 

0.0000 

0.0003 

0.0001 

0.0000 

750 

755 

0.7347 

0.2653 

0.0000 

0 . 0002 

0.0001 

0 . 0000 

755 

760 

0.7347 

0.2653 

0 . 0000 

0 . 0002 

0.0001 

0.0000 

760 

765 

0.7347 

0.2653 

0.0000 

0.0001 

0.0000 

0.0000 

765 

770 

0.7347 

0.2653 

0.0000 

0.0001 

0.0000 

0.0000 

770 

775 

0.7347 

0.2653 

0.0000 

0.0000 

0.0000 

0.0000 

775 

780 

0.7347 

0.2653 

0.0000 
Totals 

0 . 0000 

0.0000 

0.0000 

780 

21.3713 

21.3714 

21.3715 
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SPECIFIC  ROTATION 

Specific  rotation  or  rotatory  power  is  given  in  degrees  per  decimeter  for 
liquids  and  solutions  and  in  degrees  per  millimeter  for  solids;  +  signifies 
right  handed  rotation,  —  left.  Specific  rotation  varies  with  the  wave  length 
of  light  used,  with  temperature  and,  in  the  case  of  solutions,  with  the  con- 
centration. When  sodium  light  is  used,  indicated  by  D  in  the  wave  length 
column,  a  value  of  X  =  0.5893  may  be  assumed. 

Optical  rotatory  power  for  a  large  number  of  organic  compounds  will  be 
found  in  the  International  Critical  Tables,  Vol.  VII;  for  sugars,  Vol.  II. 

Solids 


Substance 

Wave 
length 

Rotation 
deg./mm 

Substance 

Wave 
length 

Rotation 
deg./mm 

Cinnabar  (HgS) .  .  . 

D 

+  32.5 

Quartz      (contin- 

Lead hyposulf ate .  . 
Potassium    hypo- 

D 

5.5 

ued)  

0 . 3609 

+  63  628 

0.3582 

64.459 

sulphate  

D 

8.4 

0.3466 

69 . 454 

Quartz 

0 . 7604 

12.668 

0.3441 

70.587 

0.7184 

14 . 304 

0.3402 

72.448 

0.6867 

15.746 

0.3360 

74.571 

0 . 6562 

17.318 

0.3286 

78.579 

0.5895 

21.684 

0.3247 

80.459 

0.5889 

21.727 

0.3180 

84.972 

0.5269 

27.543 

0.2747 

121.052 

0.4861 

32.773 

0.2571 

143 . 266 

0.4307 

42 . 604 

0.2313 

190.426 

0.4101 

47.481 

0.2265 

201.824 

0.3968 

51.193 

0.2194 

220.731 

0.3933 

52.155 

0.2143 

235.972 

0.3820 

55.625 

Sodium  bromate 

D 

2.8 

0.3726 

58.894 

Sodium    chlorate 

D 

3.13 

Liquid 


Liquid 


Temp. 
°C 


Wave 
length 


Specific  rotation 
deg./dm 


Amyl  alcohol 

Camphor 

Cedar  oil 

Citron  oil 

Ethyl  malate  (C2H5)2C4H405 

Menthol 

Nicotine  C10H14N2 

Turpentine  C10H6 


204 
15 
15 
11 

35.2 
10-30 
20 
20 
20 
20 
20 
20 
20 


D 

D 

D 

D 

D 

D 

D 
0.6563 
0.5351 
0.4861 

D 
0.6563 
0.5351 
0.4861 


5.7 
70.33 
30  to 
62 


40 


-  10 

-  49 
-162 
-126 
-207 
-2-3 

-  37 

-  29 

-  45 

-  54 


to  -12.4 
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SPECIFIC  ROTATION  (Continued) 
Solutions 

Corrections  for  values  of  the  specific  rotation  for  concentration  are  given 
in  the  last  column,  c  indicates  concentration  in  grams  per  100  milliliters  of 
solution;  d  indicates  the  concentration  in  grams  per  100  grams  of  solution. 


Wave 
length 

Specific         Correction 

Substance 

Solvent 

Temp. 

rotation         for  concen- 
deg./dm          tration  or 

/* 

temperature 

Albumen 

water 

D 

-      25  to  -38 

Arabinose 

water 

20 

D 

-    105.0 

Camphor 

alcohol 

20 

D 

+      54.4  -  .135d  for 

d  »  45-91 

benzene 

20 

D 

+      56  -  .166d  for  d  = 
47-90 

ether 

D 

+      57 

Dextrose  d-glucose 

water 

20 

D 

+      52 .  5  +  .025d  for 

C6Hi206 

.5461 

d  =  1-18 
+     62.03  +  .04257c 

for  c  =  6-32 

Galactose 

water 

D 

+     83.9  +  .078aT  - 

.2  If   for  d  =  4-36   and 

t  =  10-30°C 

^-Glucose  03) 

water 

20 

D 

-      51.4 

Invert  sugar  CeH^Oe 

water 

20 

D 

-      19.7-  .036c  for 
c  =  9-35 
at  =  «2o  +  .304 (t  - 

20)  +  .00165 
(t  -  20)2  for  t  = 

3-30°C 

25 

.5461 

-      21.5 

Lactose 

water 

20 

D 

+      52.4  +  .072  (20°  - 

t)  for  c  =  5 

.5461 

+     61.9  +  .085(20°  - 
t)  for  c  =  5 

Levulose  fruit  sugar . .  . 

water 

25 

D 

-      88.5  -  .U5d  for 

d  =  2.6-18.6 

25 

.5461 

-    105.30 

Maltose 

water 

20 

D 

+   138.48  -  .01837d 

for  d  =  5-35 

25 

.5461 

+    153.75 

Alannose 

water 
water 
benzene 

20 
20 
20 

D 
D 
D 

+      14.1      c  =  10.2 

Nicotine 

-     77  for  d  =  1-16 

-    164  for  d  =  8-100 

Potassium  tartrate. . .  . 

water 

20 

D 

+     27 . 14  +  ,0992c  - 
.00094c2  for  c  =  8-50 

Quinine  sulfate 

water 

17 

D 

-   214 

Santonin 

alcohol 

20 

D 

-    161.0      c  =  1.78 

20 

D 

+  693          c  =  4.05 

chloroform 

20 

D 

-   202.7  +  .309dfor 

d  =  75-96.5 

alcohol 

20 

.6867 
.5269 
.4861 

+  442          c  =  4.05 
+991          c  =  4.05 
+  1323          c  =  4.05 

Sodium  potassium  tar- 

trate (Rochelle  salt) 

water 

20 

D 

+     29.75  -  .0078c 

Sucrose    (cane    sugar) 

water 

20 

D 

+     66.412  +  .01267d 

C12H22O11 

-  .000376d2  for  d  = 

0-50 

at  =  a2o\l  -  .00037 

(t  -  20)]  for  t  =  14- 

30°C 
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SPECIFIC  ROTATION  (Continued) 


Sucrose  dissolved  in  water,  20°C. 


M 

Spec.  rot. 

!           /* 

Spec.  rot. 

M 

Spec.  rot. 

670.8  (Li) 

+  50.51 

1   510.6  (Cu) 

+  90.46  1 

435.3  (Fe) 

+  128.5 

643.8  (Cd) 

.55.04 

503.6  (Cd) 

91.16 

433.7  (Fe) 

129.8 

636.2  (Zn) 

56.51 

481.1  (Zn) 

103.07 

431.5  (Fe) 

130.7 

589.3  (Na) 

66.45 

480.0  (Cd) 

103.62 

428.2  (Fe) 

133.6 

578.2  (Cu) 

69.10 

472.2  (Zn) 

107.38 

427.2  (Fe) 

134.2 

578.0  (Hg) 

69.22 

468.0  (Zn) 

109.49 

426.1  (Fe) 

134.9 

570.0  (Cu) 

71.24 

467.8  (Cd) 

109.69 

419.1  (Fe) 

140.0 

546.1  (Hg) 

78.16 

438.4  (Fe) 

126.5 

414.4  (Fe) 

144.2 

521.8  (Cu) 

86.21 

437.6  (Fe) 

127.2 

388.9  (Fe) 

166.7 

515.3  (Cu) 

88.68 

435.8  (Hg) 

128.49 

383.3  (Fe) 
382.6  (Fe) 

171.8 
173.1 

Substance 

|  Solvent  |  °C 

V- 

Spec.  ret.        Correct. 

Tartaric  acid  (ord.) 

water 

20 

D 

+  15.06  -   .131c 

20 

.6563 

7.75} 

20 
20 

D 
.5351 

lllUord  =  4l 

20 

.4861 

9.37; 

Turpentine 

alcohol 

20 

D 

-37  -  .00482d  - 

.00013d-  for  d  =  0-90 

benzene 

20 

D 

-37  -  .0265dfor  d  = 

0-91 

Xylose 

water 

20 

D 

+  19.13           d  =  2.7 

OPTICAL  ROTATION  OF  ACIDS  AND  BASES 


Optical  rotation  of  acids  and  bases  commonly  used  3 
racemic  substances.     Compiled  by  F.  E.  Ray. 

n  the  resolution  of 

Name 

Formula 

Solvent 

Cone.    % 

aD 

Bromocamphor-sulfonic 
acid.     K  salt 

CioHi604BrS 
C10H16O4S 

C10H16CIO4S 
,  Ci8H2iN06S 
C4H803 
CsHeOs 
C4H6O6 
CsHgOs 
C11H16O 

:  C10H10O4 
c4h606 

C23H26N2O4 
C19H22N2O 
C19H22N2O 
C17H21NO4 

CsHi-N 

C18H21NO3 

C21H21NOG 

C10H20O 

C10H21N 

C22H23N07 

C20H24N2O4 

C20H24N2O2 

C19H21NO3 

C21H22N2O2 

H>G 
H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

H2O 

C2H5OH 

C2H5OH 

C2H5OH  and 

H2O 
C2H5OH 
C2H5OH 
CHCI3 

50%C2H5OH 
CHCI3 
C2H6OH 
50%C2H5OH 
C2H5OH 
C2H5OH 
CHCI3 
C2H6OH 
CeHs 
CHCI3 
C2H6OH 

3'  ' 

3.3 

10.5 

*2!6l 

l!5 

5.4 
1.0 
0.6 
1.1 
4 
5 

0.2 
9.6 
11.3 
2.6 
1.0 
0.6 
5 
0.9 

72.1 

Camphorsulf  onic   acid . . . 

Chlorocamphor-sulfonic 

acid 

23.9 
49 . 6 

Codeineoulfonic  acid 

Hydroxybutyric  acid .... 
Lactic  acid 

-190.1 

-    24.8 
3.8 

Malic  acid 

2.4 

Mandelic  acid 

155 . 5 

Methylene-camphor 

Phenylouccinic  acid 

Tartaric  acid 

Brucine 

127 

148 

3  to  25* 

-    85 

Cinchonidine 

-111.0 

Cinchonine 

+  209.6 

Cocaine 

-    35.4 

Coniine 

8.0 

Codeine 

-135.S 

Hydrastine 

115 

Menthol 

-    50.6 

Menthylarnine 

-    31.9 

Narcotine. 

+  200 . 0 

Quinidine 

+  233.  6 

Quinine 

- 136 

Thebaine 

-229.5 

Strychnine 

-128 

*  Varies  greatly  with  temperature,  solvent,  and  cone. 
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MAGNETO-OPTIC  ROTATION 

Revised  by  Park  L.  Turrill 
Verdet's  Constant:  p  = 


tH  cos  0 


The  specific  power  of  magnetic  rotation  p,  is  expressed  in  the  above 
formula,  where  <x  is  the  total  angle  of  rotation  in  minutes,  t  the  thickness 
of  the  substance  in  centimeters  through  which  the  light  beam  passes,  //  the 
magnetic  held  intensity  in  gauss,  and  0  the  angle  between  the  direction 
of  the  magnetic  field  and  0the  path  of  light.  Determinations  made  with 
sodium  light.     Xd  =  5893  A. 

Values  from  the  Smithsonian  Tables,  the  International  Critical  Tables, 
and  the  literature. 

Gases 


Substance 


Atmospheric  air. 
Carbon  dioxide. . 
Carbon  disulfide 

Ethylene 

Nitrogen. 

Nitrous  oxide. .  . 

Oxygen. 

Sulfur  dioxide. . . 


Pressure 
(atmos- 
pheres) 


1 

1.1 

0.98 

1 

1 

1 

1 

3.3 


Temp. 
°C. 


20 

6.5 
70 
20 
20 
20 
20 
20 


Verdet's 
Constant 
(minutes) 

P  X  106 


6.83 

8.61 

23.49 

34.48 

6.92 

6.28 

31.39 

38.40 


Observer 


Becquerel 

Siertsema 

Bichat 

Becquerel 

Becquerel 

Becquerel 

Becquerel 

Bichat 


Year 


1880 
1895 
1879 
1880 
1880 
1880 
1880 
1880 


Liquids,  Organic 

p  X  103 


Acetic  acid 

Acetic  acid 

Acetone 

Acetone 

Amyl  alcohol. . . 

Benzine 

Carbon  disulfide 


Carbon  tetrachloride 

Carvane. 

Chloroform 

Citranellal 

Diethyl  malate 

Diethyl  tartrate 

Dimethyl  malate. . . . 
Dipropyl  tartrate.  .  . 

Ethanol 

Isobutyl  alcohol 

Isobutyric  acid 

Isovaleric  acid 

Limonene 

Menthone 

Methyl  chloride 

Pulegone 

n-Propanol. . .    

Toluene 

Xylene 


Schwers 

Schwers 

Schwers 

Schwers 

Becquerel 

Jahn 

Becquerel 

Schwers 

Chaudier 

Bichat 

Schwers 

Schwers 

Herngrist 

Jahn 

Herngrist 

Herngrist 

Herngrist 

Herngrist 

Herngrist 

Theuvenet 

Schwers 

Schwers 

Schwers 

Herngrist 

Herngrist 

Chaudier 

Herngrist 

Schwers 

Becquerel 

Becquerel 


1912 
1912 
1912 
1912 
1880 

1885 
1912 
1913 
1880 
1912 
1912 
1914 

1914 
1914 
1914 
1914 
1914 
1910 
1912 
1912 
1912 
1914 
1914 
1913 
1914 
1912 
1880 
1880 
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Liquids,  Inorganic 


Verdet's 

Substance 

Temp. 
°C. 

Constant 

(minutes) 

p  X  103 

Observer 

Year 

Antimony  pentachloride 

16 

70.4 

Becquerel 

1885 

Arsenic  trichloride 

16 
10 

42.53 
11  5 

Becquerel 
Giguere  and 
Feeny 

1885 

Hydrogen  peroxide r 

1943 

Nitric  acid,  fuming. 

16 

8  75 

Becquerel 
Chaudier 

1885 

Nitrogen 

-195.5 

4.15 

1913 

Nitrous  oxide 

-92 

5.54 

Siertsema 

1904 

Oxygen 

-182.5 

7.82 

Chaudier 

1913 

Phosphorus,  fused 

33 

132.6 

Becquerel 

1877 

Phosphorus,  trichloride 

16 

27  7 

Becquerel 
Becquerel 

1885 

Silicon  tetrachloride 

16 

18.9 

1885 

Sulfur,  fused 

114 

80.9 

Becquerel 

1877 

Sulfur  dioxide 

-10 

18 

Chaudier 

1913 

Sulfur  monochloride 

16 

41.8 

Becquerel 

1885 

Titanium  tetrachloride 

13.4 

14.71 

Siertsema 

1915 

Water  (X  =  5956  A) 

0 

13.11 

Rodger  and 

20 

13.08 

Watson 

1895 

30 

13.06 

40 

13.02 

60 

12.94 

80 

12.82 

90 

12.74 

SOLTJTIC 

)NS,    AQD 

EOUS 

Verdet's 

Substance 

Density 

Temp. 
°C 

Constant 

(minutes) 

P  X  103 

Observer 

Year 

Ammonium  hydroxide.  . 

0.8918 

15.3 

Perkin 

1884 

Antimony  trichloride.  .  . 

29.9 

Becquerel 

1885 

Barium  bromide 

i.5399 

20 

21.5 

Jahn 

Barium  chloride 

1.2897 

20 

16.8 

Jahn 

Bismuth  nitrate 

19.22 

Becquerel 

1885 

Cadmium  chloride 

1.3179 

20 

16.5 

Jahn 

Calcium  chloride 

1.1504 

20 

16.5 

Humburg 

1893 

Ferric  chloride 

1.6933 

15 

-202.6 

Becquerel 

1885 

Ferrous  chloride 

1.4331 

15 

2.5 

Becquerel 

1885 

Hydriodic  acid 

1.2966 
1.2039 

15 
15 

25.8 
19.4 

Perkin 
Perkin 

1884 

Hydrobromic  acid 

1884 

Hydrochloric  acid 

1.0758 

20 

16.71 

Schwers 

1912 

Lithium  chloride 

1.0619 

20 

14.5 

Jahn 

Magnesium  sulfate 

1.1147 

16 

3.6 

Schonrock 

1893 

Manganous  sulfate 

1.1212 

16 

4.0 

Schonrock 

1893 

Mercuric  chloride 

1.0381 

16 

13.7 

Schonrock 

1893 

Mercuric  cyanide 

1.0638 

16 

7.1 

Schonrock 

1893 

Nickelous  chloride 

1.4685 

27.3 

Becquerel 

1885 

Nitric  acid 

1.3366 

15 

10.5 

Perkin 

1884 

Potassium  bicarbonate. . 

1.1906 

20 

14.0 

Humburg 

1893 

Potassium  bichromate.  . 

1.0786 

15 

12.6 

Verdet 

1863 

Potassium  bromide 

1.1424 

20 

16.3 

Humburg 

1893 

Potassium  carbonate. . . . 

1.1960 

20 

14.0 

Jahn 

Potassium  chloride 

1 . 6000 

15 

16.3 

Becquerel 

1885 
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Solutions,  Aqueous  (Continued) 


Substance 

Density 

Temp. 
°C. 

Verdet's 
Constant 
(minutes) 

P  X  103 

Observer 

Year 

Potassium  iodide 

Potassium  nitrate 

Potassium  sulfate 

Silver  nitrate 

Sodium  bromide 

Sodium  carbonate 

Sodium  chloride 

Sodium  sulfate 

1 . 6743 
1 . 0634 
1 . 0475 

i!i35i 

1.1006 
1.2051 
1.0061 
1.3280 
1 . 5507 
1.2851 

15 
20 
20 

""26" 
20 
16 
20 
15 
15 
16 

34.1 

13.0 

13.3 

18.03 

16.5 

14.0 

18.2 

13.5 

26.6 

12.18 

19.6 

Becquerel 

Humburg 

Jahn 

Becquerel 

Jahn 

Humburg 

Becquerel 

Humburg 

Verdet 

Schwers 

Verdet 

1885 
1893 

i885 

i893 
1885 
1893 

Stannous  chloride 

Sulfuric  acid 

Zinc  chloride 

1863 
1912 
1863 

Solutions,  in  Ethyl  Alcohol 


Cadmium  bromide 

1 . 0446 

20 

15.9 

Humburg 

1893 

Cadmium  chloride 

0.8303 

20 

11.8 

Humburg 

1893 

Cadmium  iodide 

1 . 0988 

20 

19.9 

Humburg 

1893 

Calcium  bromide 

0.9966 

20 

15.4 

Humburg 

1893 

Mercuric  chloride 

0.9988 

16 

10.9 

Schonrock 

1893 

Mercuric  chloride 

0.8857 

16 

12.1 

Schonrock 

1893 

Mercuric  cyanide 

0.8527 

16 

6.4 

Schonrock 

1893 

Mercuric  cyanide 

0.8348 

16 

5.3 

Schonrock 

1893 

Mercuric  iodide 

0.8072 

16 

24.4 

Schonrock 

1893 

Strontium  bromide 

0.9636 

20 

14.0 

Humburg 

1893 

Strontium  chloride 

0.8313 

20 

11.8 

Humburg 

1893 

Solids 


Amber 

Calcium  fluoride  (fluorite) 

Carbon  (diamond) « .  .  .  . 

Carbon  dioxide 

Glass,  Jena  (barium  crown) .  .  . 

(phosphate  crown) 

(light  flint) 

(heavy  flint) 

(very  heavy  flint)  . 
Potassium  chloride  (sylvite) . . . 
Sodium  chloride  (rock  salt) . . . 
Sodium  tetraborate  (borax)  .  .  . 

Silicon  (quartz) 

Stannous  chloride.  > 

Zinc  sulfide,  0 


-9.60 
8.83 
12.8 
2.07 
22.0 
16.1 
31.7 
60.8 
88.8 
28.58 
35.85 
17.2 
16.64 
44. 
225. 


Quincke 

Becquerel 

Becquerel 

Chaudier 

duBois 

duBois 

duBois 

duBois 

duBois 

Becquerel 

Becquerel 

Becquerel 

Borel 

Becquerel 

Becquerel 


1885 
1885 
1877 
1913 
1894 
1894 
1894 
1894 
1894 
1885 
1885 
1885 
1903 
1885 
1885 
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DEFINITIONS  AND  FORMULAE 

The  chemical  terms  have  been  compiled   with  the  collaboration   of 
B.  Clifford  Hendricks 

A  compilation  of  chemical  and  physical  terms  including 
quantities,  units,  laws,  theories  and  effects,  with  their 
expression  as  formulae  or  equations* 

Abegg's  rule. — For  use  in  regard  to  a  helical  periodic  system 
If  the  maximum  positive  valence  exhibited  by  an  element  be 
numerically  added  to  its  maximum  negative  valence,  there  is 
evidently  a  tendency  for  the  sum  to  equal  8.  This  tendency  is 
exhibited  especially  by  the  elements  of  the  4th,  5th,  6th  and 
7th  groups  and  is  known  as  Abegg's  rule. 

Absolute  humidity. — See  Humidity 

Absolute  pressure. — See  Pressure 

Absolute  temperature. — Temperature  reckoned  from  the 
absolute  zero      See  Temperature 

Absolute  units. — A  system  of  units  based  on  the  smallest 
possible  number  of  independent  units.  Specifically,  units  of 
force,  work,  energy  and  power  not  derived  from  or  dependent 
on  gravitation 

Absolute  zero. — The  temperature  at  which  a  gas  would 
show  no  pressure  if  the  general  law  for  gases  would  hold  for 
all  temperatures      It  is  equal  to  -273.18°C  or  -459.72°F 

Absorption. — 1  Penetration  of  a  substance  into  the  body 
of  another  2  Transformation  into  other  forms  suffered  by 
radiant  energy  passing  through  a  material  substance 

Absorption  coefficient. — See  Absorption  factor 

Absorption  factor. — The  ratio  of  the  intensity  loss  by 
absorption  to  the  total  original  intensity  of  radiation  If  I0 
represents  the  original  intensity,  7r,  the  intensity  of  reflected 
radiation,  It,  the  intensity  of  the  transmitted  radiation,  the 
absorption  factor  is  given  by  the  expression 

Io  -  {Ir  +  It) 

lo 

Also  called  coefficient  of  absorption 

Absorption,  Lambert's  law. — If  IQ  is  the  original  intensity, 
/  the  intensity  after  passing  through  a  thickness  x  of  a  material 
whose  absorption  coefficient  is  k, 

I  =  I0e~kx 

The  index  of  absorption  k'  is  given  by  the  relation  k  = 
(47rk'ri)/\  where  n  is  the  index  of  refraction  and  \  the  wave 
length  in  vacuo.  The  mass  absorption  is  given  by  k/d  when 
d  is  the  density      The  transmission  factor  is  given  by  I /I0 

Absorption  spectrum. — The  spectrum  obtained  by  the 
examination  of  light  from  a  source,  itself  giving  a  continuous 
spectrum,  after  this  light  has  passed  through  an  absorbing 
medium  m  the  gaseous  state.     The  absorption  spectrum  will 
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consist  of  dark  lines  or  bands,  being  the  reverse  of  the  emission 
spectrum  of  the  absorbing  substance. 

When  the  absorbing  medium  is  in  the  solid  or  liquid  state  the 
spectrum  of  the  transmitted  light  shows  broad  dark  regions 
which  are  not  resolvable  into  lines  and  have  no  sharp  or  distinct 
edges 

Absorptive  power  or  absorptivity  for  any  body  is  measured 
by  the  fraetion  of  the  radiant  energy  falling  upon  the  body 
which  is  absorbed  or  transformed  into  heat  This  ratio  varies 
with  the  character  of  the  surface  and  the  wave  length  of  the 
incident  energy  It  is  the  ratio  of  the  radiation  absorbed  by 
any  substance  to  that  absorbed  under  the  same  conditions  by  a 
black  body 

Acceleration. — The  time  rate  of  change  of  velocity  in 
either  speed  or  direction  Cgs  unit, — one  centimeter  per 
second  per  second  Dimensions, — [/ 1~2]  See  also  under  A  ngu- 
lar  acceleration 

Acceleration  due  to  gravity. — The  acceleration  of  a  body 
freely  falling  in  a  vacuum  The  International  Committee  on 
Weights  and  Measures  has  adopted  as  a  standard  or  accepted 
value,  980,665  cm/sec2  or  32-174  ft  /sec2 

Acceleration  due  to  gravity  at  any  latitude  and  eleva- 
tion.— If  <j>  is  the  latitude  and  H  the  elevation  in  centimeters 
the  acceleration  in  cgs  units  is,  g  =  980.616  — 2-5928  cos 
2<p  +  0  0069  cos2  20  -  3.086  X  10~6  H      (Helmert's  equation  ) 

Achromatic. — A  term  applied  to  lenses  signifying  their 
more  or  less  complete  correction  for  chromatic  aberration 

Acids  are  substances  whose  molecules  ionize  in  water  solu- 
tion to  give  the  hydrogen  ion  from  their  constituent  elements 
The  strength  of  an  acid  is  proportional  to  the  concentration 
of  hydrogen  ions  present 

Action  is  measured  by  the  product  of  work  by  time.  Cgs 
units  of  action  are  the  erg-second  and  the  joule-second  Dimen- 
sions,— [m  I2 1~1].  Planck's  quantum  or  constant  of  action  is 
6.554  X  10~27  erg-seconds 

Active  mass  of  a  substance  is  the  number  of  gram  molecular 
weights  per  liter  .in  solution,  or  in  gaseous  form 

Adiabatic. — A  body  is  said  to  undergo  an  adiabatic  change 
when   its  condition  is  altered  without  gain  or  loss  of  heat 
The  line  on   the   pressure  volume  diagram  representing  the 
above  change  is  called  an  adiabatic  line 

Adsorption. — The  condensation  of  gases,  ^liquids,  or  dis- 
solved substances  on  the  surfaces  of  solids  is  called  adsorption 

Air  columns,  frequency  of  vibration  m  — See  Organ  pipes 

Allotropy. — The  property  shown  by  certain  elements  of 
being  capable  of  existence  in  more  than  one  form,  due  to 
differences  in  the  arrangement  of  atoms  or  molecules  (See 
M onotropic  and  Enantiotropic  ) 
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Alpha  (a) -particle. — A  helium  nucleus — that  is,  a  helium 
atom  which  has  lost  two  electrons  and  has  therefore  a  double 
positive  charge. 

Alpha  (a)-rays  are  strongly  ionizing  and  weakly  penetrating 
radiations,  deflected  by  magnetic  and  electric  fields  as  positively 
charged  particles.  The  particles  are  doubly  charged  helium 
atoms  (ions)  and  are  called  a-particles. 

Alternating  current  in  circuits  including  resistance  and 
inductance, 

/■    '  E 

VR2   +   (27T/L)2 

where  /  is  the  frequency  in  cycles  per  second,  L  the  inductance 
in  henry.  /  will  be  given  in  effective  amperes  if  R  is  in  ohms 
and  E  in  effective  volts.  The  denominator  is  known  as  the 
impedance  of  the  circuit. 

For  circuits  involving  also  a  capacitance  C  in  farads,  the 
impedance  becomes, 


V*'  +  (**L  -  sjjj) 


Altitudes  with  the  barometer. — If  61  and  62  denote  the 
corrected  barometer  readings  at  two  stations,  t  the  mean  of  the 
temperatures,  U  and  k  of  the  air  at  the  two  stations,  ei  and  e2 
the  tension  of  water  vapor  at  the  two  stations,  h  the  mean  height 
above  sea  level,  </>  the  latitude;  then  the  difference  in  elevation 
in  centimeters  is  H  =  1,843,000  (log  bi  -  log  b2)  (1  +  0.003670 
(1  +  0.0026  cos  2<j>  +  0.00002/i  +  ffc),  where 


2  U  +  bj 


An  approximate  formula,  sufficient  for  differences  not  over 
1000  meters  is 

H  =  1,600.000  ll  ~  ^  (1  +  0.0040. 
Oi  -f-  O2 

Amorphous. — Without  definite  form,  not  crystallized. 

Ampere's  rule. — To  determine  the  direction  in  which  the 
magnetic  needle  is  deflected  by  a  conductor  carrying  a  current 
in  a  given  direction. 

If  a  man  is  imagined  to  be  swimming  in  the  direction  in 
which  the  current  is  flowing,  and  facing  the  magnetic  needle; 
then  the  north  pole  will  be  deflected  toward  his  left  hand,  the 
south  pole  being  deflected  in  the  opposite  direction. 

Amplitude. — The  maximum  value  of  the  displacement  in  an 
oscillatory  motion. 

Angle. — The  ratio  between  the  arc  and  the  radius  of  the  arc. 
Units  of  angle, — the  radian,  the  angle  subtended  by  an  arc 
equal  to  the  radius;  the  degree,  T^  part  of  the  total  angle  about 
a  point.     Dimensions, — a  numeric. 
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Angular  acceleration. — The  time  rate  of  change  of  angular 
velocity  either  in  angular  speed  or  in  direction  of  the  axis  of 
rotation  (precession).  Cgs  unit, — one  radian  per  second  per 
second.     Dimensions, — [t~2]. 

If  the  initial  angular  velocity  is  co0,  and  the  velocity  after 
time  t  is  cot,  the  angular  acceleration, 

COt    —    C00 

a 1~ 

The  angular  velocity  after  time  t, 

cot  —  co0  +  od 
The  angle  swept  out  in  time  t, 

6  =  coot  +  \od2 
The  angular  velocity  after  movement  through  the  arc  0, 

co  =  \/co02  +  2ad 

In  the  above  equations,  for  angular  displacement  in  radians; 
angular  velocit}^  will  be  in  radians  per  second  and  angular 
acceleration  in  radians  per  second  per  second. 

Angular  aperture  of  an  objective  is  the  largest  angular 
extent  of  wave  surface  which  it  can  transmit. 

Angular  harmonic  motion  or  harmonic  motion  of  rota- 
tion.— Periodic,  oscillatory  angular  motion  in  which  the 
restoring  torque  is  proportional  to  the  angular  displacement. 
Torsional  vibration. 

Angular   momentum   or   moment   of   momentum. — 

Quantity  of  angular  motion  measured  by  the  product  of  the 
angular  velocity  and  the  moment  of  inertia.  Cgs  unit, — 
unnamed,  its  nature  is  expressed  by  g-cm2/sec.  Dimensions, 
— [m  I2  r1]. 

The  angular  momentum  of  a  mass  whose  moment  of  inertia 
is  I ,  rotating  with  angular  velocity  co,  is  Ico. 

Angular  velocity. — Time  rate  of  angular  motion  about  an 
axis.     Cgs  unit, — one  radian  per  second.     Dimensions, — [£-1]. 
If  the  angle  described  in  time  t  is  0,  the  angular  velocity, 

0 

co  =  — 

t 

0  in  radians  and  t  in  seconds  gives  co  in  radians  per  second. 

Anhydride  (of  acid  or  base). — An  oxide  which  when  com- 
bined with  water  gives  an  acid  or  base. 

Anion. — A  negatively  charged  ion. 

Apochromat. — A  term  applied  to  photographic  and  micro- 
scope objectives  indicating  the  highest  degree  of  color  correction. 

Archimedes  principle. — A  body  wholly  or  partly  immersed 
in  a  fluid  is  buoyed  up  by  a  force  equal  to  the  weight  of  the 
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fluid  displaced.     A  body  of  volume  V  cm3  immersed  in  a  fluid 
of  density  p  grams  per  cm3  is  buoyed  up  by  a  force  in  dynes, 

F  =  PgV. 

where  g  is  the  acceleration  due  to  gravity. 

A  floating  body  displaces  its  own  weight  of  liquid. 

Area,   unit   of. — The  square   centimeter.     The  area  of  a 
quare  whose  sides  are  one  centimeter  in  length.     Other  units 
of  area  are  similarly  derived.     Dimensions, — [I2]. 

Arrhenius  theory  of  electrolytic  dissociation  states 
that  the  molecule  of  an  electrolyte  can  give  rise  to  two  or  more 
electrically  charged  atoms  or  ions. 

Astigmatism  is  an  error  of  spherical  lenses  peculiar  to  the 
formation  of  images  by  oblique  pencils.  The  image  of  a  point 
when  astigmatism  is  present  will  consist  of  two  focal  lines 
at  right  angles  to  each  other  and  separated  by  a  measurable 
distance  along  the  axis  of  the  pencil.  The  error  is  not  elimi- 
nated by  reduction  of  aperture  as  is  spherical  aberration. 

Atom. — The  smallest  part  of  an  element  which  can  par- 
ticipate in  ordinary  chemical  changes.  The  atoms  of  a  given 
element  are  unvarying  in  average  mass,  but  are  different  in 
such  mass  from  atoms  of  all  other  elements. 

Atomic  number. — The  number  of  excess  positive  charges 
on  the  atomic  nucleus.  This  charge  of  the  nucleus  is  the  essen- 
tial feature  which  distinguishes  one  element  from  another  and 
determines  the  position  of  the  element  in  the  periodic  table. 

Atomic  theory. — All  elementary  forms  of  matter  are  com- 
posed of  very  small  unit  quantities  called  atoms.  The  atoms 
of  a  given  element  all  have  the  same  size  and  weight.  The 
atoms  of  different  elements  have  different  sizes  and  weights. 
Atoms  of  the  same  or  different  elements  unite  with  each  other 
to  form  very  small  unit  quantities  of  compound  substances 
called  molecules. 

Atomic  weight  is  the  relative  weight  of  the  atom,  on  the 
basis  of  oxygen  as  16.  If  these  weights  are  expressed  in  grams 
they  are  called  gram  atomic  weights. 

Avogadro's  law. — Equal  volumes  of  different  gases  at  the 
same  pressure  and  temperature  contain  the  same  number  of 
molecules. 

Avogadro's  number. — The  number  of  molecules  in  a  mole 
or  in  a  mass  in  grams  of  substance  equal  numerically  to  its 
molecular  weight,  i.e.,  6.02  X  1023  molecules. 

Avogadro's  principle  (or  theory). — The  numbers  of  mole- 
cules present  in  equal  volumes  of  gases  at  the  same  temperature 
and  pressure  are  equal. 

Babo's  law. — The  addition  of  a  non-volatile  solid  to  a  liquid 
in  which  it  is  soluble  lowers  the  vapor  pressure  of  the  solvent 
in  proportion  to  the  amount  of  substance  dissolved. 
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Balanced  or  reversible  action. — One  which  can  be  caused 
to  proceed  in  either  direction  by  suitable  variation  in  the  condi- 
tions of  temperature,  volume,  pressure  or  of  the  quantities  of 
eacting  substances. 

Balmer  series  of  spectral  lines.  The  wave  lengths  of  a 
series  of  lines  in  the  spectrum  of  hydrogen  are  given  in  angstroms 
by  the  equation 

N2 

where  N  is  an  integer  having  values  greater  than  2. 

Bases  are  substances  which  ionize  in  water  to  give  the 
hydroxyl  ion  from  their  constituent  elements.  The  strength 
of  a  base  is  proportional  to  the  concentration  of  hydroxyl  ions. 

Beats. — Two  tones  of  slightly  different  frequencies  sounded 
together  interfere  to  give  a  sound  of  regularly  varying  intensity. 
The  number  of  beats  per  second  is  the  difference  in  frequency 
of  the  two  tones. 

Beer's  law  (1852). — If  two  solutions  of  the  same  salt  be 
made  in  the  same  solvent,  one  of  which  is,  say,  twice  the  con- 
centration of  the  other,  the  absorption  due  to  a  given  thickness 
of  the  first  solution  should  be  equal  to  that  of  twice  the  thick- 
ness of  the  second. 

Bernoulli's  theorem. — At  any  point  in  a  tube  through 
which  a  liquid  is  flowing  the  sum  of  the  pressure  energy,  poten- 
tial energy,  and  kinetic  energy  is  constant.  If  p  is  pressure; 
h,  height  above  a  reference  plane;  d,  density  of  the  liquid,  and 
v,  velocity  of  flow, 

p  +  hdg  +  J  dv2  =  a  constant. 

Berthelot  principle  of  maximum  work. — Of  all  possible 
chemical  processes  which  can  proceed  without  the  aid  of  external 
energy,  that  process  always  takes  place  which  is  accompanied 
by  the  greatest  evolution  of  heat.  This  law  holds  good  for  low 
temperatures  only  and  does  not  account  for  endothermic 
reactions. 

Beta  (£)  -particle. — One  of  the  products  emitted  from  the 
atomic  nuclei  of  radioactive  substances  during  their  spontaneous 
disintegration.  A  negatively  charged  particle,  which  at  rest 
has  a  mass  about  T¥V5  that  of  a  hydrogen  atom.     An  electron. 

Beta  (jS)-rays. — A  radiation,  more  penetrating  but  less 
ionizing  than  a-rays.  The  rays  are  deflected  by  electric  and 
magnetic  fields  as  negatively  charged  particles.  The  particles 
consist  of  high  speed  electrons. 

Black  body. — If,  for  all  values  of  the  wave  length  of  the 
incident  radiant  energy,  all  of  the  energy  is  absorbed  the  body 
is  called  a  black  body. 

Boyle's,  law  for  gases. — At  a  constant  temperature  the 
volume  of  a  given  quantity  of  any  gas  varies  inversely  as  the 
pressure  to  which  the  gas  is  subjected.     For  a  perfect  gas, 
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changing  from  pressure  p  and  volume  v  to  pressure  p'  and  vol- 
ume v'  without  change  of  temperature, 

pv  =  p'v' 

Bulk  modulus. — The  modulus  of  volume  elasticity, 

Vl   —  V2 
Vi 

where  pi,  p?.)  v\y  "2  are  the  initial  and  final  pressure  and  volume 
respectively. 

Brewster's  law. — The  tangent  of  the  polarizing  angle  for  a 
substance  is  equal  to  the  index  of  refraction.  The  polarizing 
angle  is  that  angle  of  incidence  for  which  the  reflected  polarized 
ray  is  at  right  angles  to  the  refracted  ray.  If  n  is  the  index  of 
refraction  and  6  the  polarizing  angle,  n  =  tan  0. 

Brightness  is  measured  by  the  flux  emitted  per  unit  emis- 
sive area  as  projected  on  a  plane  normal  to  the  line  of  sight. 
The  unit  of  brightness  is  that  of  a  perfectly  diffusing  surface 
giving  out  one  lumen  per  square  centimeter  of  projected  surface 
and  is  called  the  lambert.  The  millilambert  (0.001  lambert) 
is  a  more  convenient  unit.  Candle  per  square  centimeter 
is  the  brightness  of  a  surface  which  has,  in  the  direction  con- 
sidered, a  luminous  in.  ensity  of  one  candle  per  cm2. 

Brownian  movement. — A  continuous  agitation  of  particles 
in  a  colloidal  solution  caused  by  unbalanced  impacts  with 
molecules  of  the  surrounding  medium.  The  motion  may  be 
observed  with  a  microscope  when  a  strong  beam  of  light  is  caused 
to  traverse  the  solution  across  the  line  of  sight. 

Capacitance  is  measured  by  the  charge  which  must  be  com- 
municated to  a  body  to  raise  its  potential  one  unit.  Electro- 
static unit  capacitance  is  that  which  requires  one  electrostatic 
unit  of  charge  to  raise  the  potential  one  electrostatic  unit. 
The  farad  =  9  X  1011  electrostatic  units.  A  capacitance  of  one 
farad  requires  one  coulomb  of  electricity  to  raise  its  potential 
one  volt.     Dimensions, — [e  I];  [^_1  Z_1 12]. 

A  conductor  charged  with  a  quantity  Q  to  a  potential  V  has 
a  capacitance, 

c      V 

Capacitance  of  a  spherical  conductor  of  radius  r, 

C  =  Kr 
Capacitance  of  two  concentric  spheres  of  radii  r  and  r' 

r  —  r 
Capacitance  of  a  parallel  plate  condenser,  the  area  of  whose 
plates  is  A  and  the  distance  between  them  d, 

r  _KA 

236S 


n=A+-+-+ 


DEFINITIONS  AND  FORMULAE  (Continued) 

Capacitances  will  be  given  in  electrostatic  units  if  the  dimen- 
sions of  condensers  are  substituted  in  cm.  K  is  the  dielectric 
constant  of  the  medium. 

Capillary  constant  or  specific  cohesion, 

a    =  Hi TV    =  hr 

{di  —  ck) g 

where  T  is  surface  tension,  di  and  d2,  the  densities  of  the  two 
fluids,  g  the  acceleration  due  to  gravity,  h  the  height  of  rise  in  a 
capillary  tube  of  radius  r.     See  Surface  tension. 

Carnot  cycle. — A  sequence  of  operations  forming  the  work- 
ing cycle  of  an  ideal  heat  engine  of  maximum  thermal  efficiency. 
It  consists  of  isothermal  expansion,  adiabatic  expansion,  iso- 
thermal compression,  and  adiabatic  compression  to  the  initial 
state. 

Catalytic  agent. — A  substance  which  by  its  mere  presence 
alters  the  velocity  of  a  reaction,  and  may  be  recovered  unaltered 
in  nature  or  amount  at  the  end  of  the  reaction. 

Cation. — A  positively  charged  ion. 

Cauchy's  dispersion  formula. 

^+^ 

X2  T  X' 

An  empirical  expression  giving  an  approximate  relation  between 
the  refractive  index  n  of  a  medium  and  the  wavelength  X  of  the 
light;  A,  By  and  C  being  constants  for  a  given  medium. 

Centripetal  force. — The  force  required  to  keep  a  moving 
mass  in  a  circular  path.  Centrifugal  force  is  the  name  given 
to  the  reaction  against  centripetal  force. 

Charles'  law  or  Gay-Lussac's  law. — The  volumes  assumed 
by  a  given  mass  of  a  gas  at  different  temperatures,  the  pressure 
remaining  constant,  are,  within  moderate  ranges  of  temper- 
ature, directly  proportional  to  the  corresponding  absolute 
temperatures. 

Chromatic  aberration. — Due  to  the  difference  in  the  index 
of  refraction  for  different  wave  lengths,  light  of  various  wave 
lengths  from  the  same  source  cannot  be  focused  at  a  point 
by  a  simple  lens.     This  is  called  chromatic  aberration. 

Chemiluminescence. — Emission  of  light  during  a  chemical 
reaction. 

Christiansen  effect. — When  finely  powdered  substances, 
such  as  glass  or  quartz,  are  immersed  in  a  liquid  of  the  same 
index  of  refraction  complete  transparency  can  only  be  obtained 
for  monochromatic  light.  If  white  light  is  employed  the  trans- 
mitted color  corresponds  to  the  particular  wave-length  for 
which  the  two  substances,  solid  and  liquid  have  exactly  the 
same  index  of  refraction.  Due  to  differences  in  dispersion 
the  indices  of  refraction  will  match  for  only  a  narrow  band  of  the 
spectrum. 
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Colligative  property. — A  property  numerically  the  same 
for  a  group  of  substances,  independent  of  their  chemical  nature. 

Colloid. — A  phase  dispersed  to  such  a  degree  that  the  sur- 
face forces  become  an  important  factor  in  determining  its 
properties. 

Coma. — An  aberration  of  spherical  lenses,  occurring  in  the 
case  of  oblique  incidence,  when  the  bundle  of  rays  forming 
the  image  is  unsymmetrical.  The  image  of  a  point  is  comet 
shaped,  hence  the  name. 

Combining  volumes. — Under  comparable  conditions  of 
pressure  and  temperature  the  volume  ratios  of  gases  involved 
in  chemical  reactions  are  simple  whole  numbers. 

Combining  weight  of  an  element  or  radical  is  its  atomic 
weight  divided  by  its  valence. 

Combining  weights,  law  of. — If  the  weights  of  elements 
which  combine  with  each  other  be  called  their  "  combining 
weights,"  then  elements  always  combine  either  in  the  ratio  of 
their  combining  weights  or  of  simple  multiples  of  these  weights. 

Component  substances,  law  of. — Every  material  consists 
of  one  substance,  or  is  a  mixture  of  two  or  more  substances, 
each  of  which  exhibits  a  specific  set  of  properties,  independent 
of  the  other  substances. 

Compounds  are  substances  containing  more  than  one 
constituent  element  and  having  properties,  on  the  whole, 
different  from  those  which  their  constituents  had  as  elementary 
substances.  The  composition  of  a  given  pure  compound  is 
perfectly  definite,  and  is  always  the  same  no  matter  how  that 
compound  may  have  been  formed. 

Compressibility. — Reciprocal  of  the  bulk  modulus. 

Concentration. — The  amount  of  a  substance  in  weight, 
moles,  or  equivalents  contained  in  unit  volume. 

Condensers  in  parallel  and  series. — If  ch  c2,  c3,  etc.  repre- 
sent the  capacitances  of  a  series  of  condensers  and  C  their  com- 
bined capacitance, — 

when  in  parallel,        C  —  c\  +  c2  +  c3  •  •  • 

.        .  .  111,1 

when  in  series,  ~  = 1 •  •  * 

C       c\        Oi       c?, 

Conductance,  the  reciprocal  of  resistance,  is  measured  by 
the  ratio  of  the  current  flowing  through  a  conductor  to  the 
difference  of  potential  between  its  ends.  The  practical  unit 
of  conductance,  the  mho,  the  conductance  of  a  body  through 
which  one  ampere  of  current  flows  when  the  potential  difference 
is  one  volt.  The  conductance  of  a  body  in  mho  is  the  reciprocal 
of  the  value  of  its  resistance  in  ohms.     Dimensions, — [e  I  t~l] ; 

brH-H). 
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Conductivity,  electrical,  is  measured  by  the  quantity  of 
electricity  transferred  across  unit  area,  per  unit  potential 
gradient  per  unit  time.  Reciprocal  of  resistivity.  Volume 
conductivity  or  specific  conductance,  k  =  1/p  where  p  is 
the  volume  resistivity.  Mass  conductivity  =  k/d  where  d 
is  density.  Equivalent  conductivity  A  m  k/c  where  c  is  the 
number  of  equivalents  per  unit  volume  of  solution.  Molecular 
conductivity  ^  =  kjm  where  m  is  the  number  of  moles  per 
unit  volume  of  solution.  Dimensions:  volume  conductivity, — 
U  t~1])  [m_1  l~2 1], — mass  conductivity, — [e  m~~l  I3  t-1];  [ju-1  rn~l  It]. 

Conductivity,  thermal. — Time  rate  of  transfer  of  heat  by 
conduction,  through  unit  thickness,  across  unit  area  for  unit 
difference  of  temperature.  It  is  measured  as  calories  per 
second  per  square  centimeter  for  a  thickness  of  one  centimeter 
and  a  difference  of  temperature  of  1°C.  Dimensions, — 
[m  I  r3  0"1]. 

If  the  two  opposite  faces  of  a  rectangular  solid  are  main- 
tained at  temperatures  U  and  U  the  heat  conducted  across  the 
solid  of  section  a  and  thickness  dina  time  T  will  be, 

n       K(k  -  ti)aT 

V  "  "         d 

K  is  a  constant  depending  on  the  nature  of  the  substance, 
designated  as  the  specific  heat  conductivity.  K  is  usually 
given  for  Q  in  calories,  t\  and  ti  in  °C,  a  in  cm2,  T  in  sec,  and  d 
in  cm.     See  table  Heat  conductivity. 

Conductors. — A  class  of  bodies  which  are  incapable  of 
supporting  electric  strain.  A  charge  given  to  a  conductor 
spreads  to  all  parts  of  the  body. 

Conjugate  foci. — Under  proper  conditions  light  divergent 
from  a  point  on  or  near  the  axis  of  a  lens  or  spherical  mirror  is 
focused  at  another  point.  The  point  of  convergence  and  the 
position  of  the  source  are  interchangeable  and  are  called 
conjugate  foci. 

Conservation  of  energy.  (Chem). — In  a  chemical  change 
there  is  no  loss  or  gain  but  merely  a  transformation  of  energy 
from  one  form  to  another. 

Conservation  of  energy,  law  of. — Energy  can  neither  be 
created  nor  destroyed  and  therefore  the  total  amount  of  energy 
in  the  universe  remains  constant. 

Conservation  of  momentum,  law  of. — For  any  collision, 
the  vector  sum  of  the  momenta  of  the  colliding  bodies  after 
collision  equals  the  vector  sum  of  their  momenta  before  col- 
lision. If  two  bodies  of  masses  ra\  and  ra2  have,  before  impact 
velocities  V\  and  v2  and  after  impact  velocities  u\  and  ui. 
m\U\  +  ni2U2  =  niiVi  +  m^vi 

Conservation  of  mass. — In  all  ordinary  chemical  changes, 
the  total  of  the  reactants  is  always  equal  to  the  total  mass  of 
the  products. 

Constitutive  property. — A  property  which  depends  on  the 
constitution  or  structure  of  the  molecule. 
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Couple. — Two  equal  and  oppositely  directed  parallel  but 
not  colinear  forces  acting  upon  a  body  form  a  couple.  The 
moment  of  the  couple  or  torque  is  given  by  the  product  of  one 
of  the  forces  by  the  perpendicular  distance  between  them. 
Dimension, — [m  I2 1~2). 

Couple  acting  on  a  magnet  of  magnetic  moment  ml  in  a 
field  of  strength  H.  If  the  magnet  is  perpendicular  to  the 
direction  of  the  field 

C  =  Hml  =  HM 

If  the  angle  between  the  magnet  and  the  field  is  9 

C  =  Hml  sin  0 

The  couple  will  be  in  dyne-cm  for  cgs  electromagnetic  units  of 
H,  m  and  I. 

Cryohydrate. — The  solid  which  separates  when  a  satu- 
rated solution  freezes.  It  contains  the  solvent  and  the  solute 
in  the  same  proportions  as  they  were  in  the  saturated  solution. 

Crystal. — A  homogeneous  portion  of  a  substance  bounded 
by  plane  surfaces  making  definite  angles  with  each  other,  giving 
a  regular  geometrical  form. 

Critical  temperature  is  that  temperature  above  which  a 
gas  cannot  be  liquefied  by  pressure  alone.  The  pressure  under 
which  a  substance  may  exist  as  a  gas  in  equilibrium  with  the 
liquid  at  the  critical  temperature  is  the  critical  pressure. 

Curie's  law. — The  intensity  of  magnetization, 

-  4E 
T 

where  H7  is  the  magnetic  field  strength,  T  the  absolute  tem- 
perature and  A  Curie's  constant.  Used  for  paramagnetic 
substances. 

Curie  point. — All  ferro-magnetic  substances  have  a  definite 
temperature  of  transition  at  which  the  phenomena  of  ferro- 
magnetism  disappear  and  the  substances  becomes  merely 
paramagnetic.  This  temperature  is  called  the  " Curie  Point' ' 
and  is  usually  lower  than  the  melting  point. 

Current  (electric). — The  rate  of  transfer  of  electricity. 
The  transfer  at  the  rate  of  one  electrostatic  unit  of  electricity 
in  one  second  is  the  electrostatic  unit  of  current.  The  electro- 
magnetic unit  of  current  is  a  current  of  such  strength  that  one 
centimeter  of  the  wire  in  which  it  flows  is  pushed  sideways 
with  a  force  of  one  dyne  when  the  wire  is  at  right  angles  to  a 
magnetic  field  of  unit  intensity.  The  practical  unit  of  current 
is  the  ampere,  a  transfer  of  one  coulomb  per  second,  which 
is  one  tenth  the  electromagnetic  unit.  The  international 
ampere  is  the  unvarying  electric  current  which,  when  passed 
through  a  solution  of  silver  nitrate  in  accordance  with  certain 
specifications,  deposits  silver  at  the  rate  of  0.00111800  gram 
per  second.  The  international  ampere  is  equivalent  to  0.999835 
absolute  ampere.     The  ampere-turn  is  the  magnetic  potential 
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produced  between  the  two  faces  of  a  coil  of  one  turn  carrying 
one  ampere.     Dimensions, — [ci  mk  11 1~2];  [fx~i  mh  H  t~1]. 

Current  in  a  simple  circuit. — The  current  in  a  circuit 
including  an  external  resistance  R  and  a  cell  of  electromotive 
force  E  and  internal  resistance  r, 

1  =     E 


R  +r 

If  E  is  in  volts  and  r  and  R  in  ohms  the  current  will  be  in 
amperes. 


For  two  cells  in  parallel, 


*--*■ 


R+l 


For  two  cells  in  series, 


l  .       2E 


R  +2r 

Dal  ton's  law  of  partial  pressures. — The  pressure  exerted 
by  a  mixture  of  gases  is  equal  to  the  sum  of  the  separate  pres- 
sures which  each  gas  would  exert  if  it  alone  occupied  the  whole 
volume.     This  fact  is  expressed  in  the  following  formula: 

PV  =  V(pi  +P2+  Vh  etc.) 
Declination. — The  angle  between  the  vertical  plane  con- 
taining the  direction  of  the  earth's  field  at  any  point  and  a 
plane  containing  the  geographic  north  and  south  meridian. 

Decomposition  is  the  chemical  separation  of  a  substance 
into  two  or  more  substances,  which  may  differ  from  each  other 
and  from  the  original  substances. 

Definite  proportions,  law  of. — In  every  sample  of  each 
compound  substance  the  proportions  by  weight  of  the  con- 
stituent elements  are  always  the  same. 

Degree  of  freedom. — The  number  of  the  variables  determin- 
ing the  state  of  a  system  (usually  pressure,  temperature,  and 
concentrations  of  the  components)  to  which  arbitrary  values 
can  be  assigned. 

Density. — Concentration  of  matter,  measured  by  the  mass 
per  unit  volume.     Dimensions, — [m  Z~3]. 

Dew  point. — The  temperature  at  which  condensation  of 
water  vapor  in  the  air  takes  place. 

Diamagnetic  bodies  tend  to  set  the  longest  dimension 
across  the  magnetic  field.  The  permeability  of  a  diamagnetic 
substance  is  less  than  unity. 

Dielectric  constant  of  a  medium  is  defined  by  e  in  the 
equation 

F 'IF 
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where  F  is  the  force  of  attraction  between  two  charges  Q  and 
Q'  separated  by  a  distance  r  in  a  uniform  medium. 

Dielectrics  or  insulators  or  non-conductors. — A  class 
of  bodies  supporting  an  electric  strain.  A  charge  on  one 
part  of  a  non-conductor  is  not  communicated  to  any  other  part. 

Diffraction. — If  the  light  source  were  a  point,  the  shadow 
of  any  object  would  have  its  maximum  sharpness;  a  certain 
amount  of  illumination,  however,  would  be  found  within  the 
geometrical  shadow  due  to  the  diffraction  of  the  light  at  the 
edge  of  the  object. 

Diffraction  grating. — If  s  is  the  distance  between  the 
rulings,  d  the  angle  of  diffraction,  then  the  wave  length  where 
the  angle  of  incidence  is  90°  is  (for  the  nth  order  spectrum), 

s  sin  d 

A    —    

n 

If  i  is  the  angle  of  incidence,  d  the  angle  of  diffraction,  s  the 
distance  between  the  rulings,  n  the  order  of  the  spectrum,  the 

wave  length  is,  X  =  -  (sin  i  +  sin  d). 

lb 

Diffusion. — If  the  concentration  (mass  of  solid  per  unit 
volume  of  solution)  at  one  surface  of  a  layer  of  liquid  is  di 
and  at  the  other  surface  d2,  the  thickness  of  the  layer  h  and  the 
area  under  consideration  A,  then  the  mass  of  the  substance 
which  diffuses  through  the  cross-section  A  in  time  t  is, 

.  (d2  —  di)t 

m  —  AA j - 

h 

where  A  is  the  coefficient  of  diffusion. 

Diffusivity  or  coefficient  of  diffusion  is  also  given  by  A  in 
the  equation 

dQ 


(£)* 


m         ■" 


where  dQ  is  the  amount  passing  through  an  area  dy  dz  in  the 
direction  of  a;  in  a  time  dt  where  dc/dx  is  the  rate  of  increase  of 
volume  concentration  in  the  direction  of  x.     Dimensions, — 

[Pr*]. 

Diffusivity  of  heat  is  given  by  A  in  the  equation 

dH  A    .dT  ,     , 

-jt-  =  —Asd-j-dydz 
dt  dx 

where  dH  is  the  quantity  of  heat  passing  through  the  area  dy  dz 
in  the  direction  of  x  in  a  time  dt.  The  rate  of  variation  of 
temperature  along  x  is  given  by  dT /dx,  s  is  specific  heat  and  d, 
density.     Dimensions, — [P  t'1]. 

Dimensional  formulae. — If  mass,  length,  and  time  are 
considered  fundamental  quantities,  the  relation  of  other  phys- 
ical quantities  and  their  units  to  these  three  may  be  expressed 
by  a  formula  involving  the  symbols  I,  m  and  t  respectively,  with 
appropriate  exponents.     For  example;  the  dimensional  formula 
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for  volume  would  be  expressed, — [I3];  velocity, — [It-'}]]  force — 
[m  lt~2].  Other  fundamental  quantities  used  in  dimensional 
formulae  may  be  indicated  as  follows:  0,  temperature,  e  the 
dielectric  constant  of  a  vacuum;  n,  the  magnetic  permeability 
of  a  vacuum. 

Diminution  of  pressure  at  the  side  of  a  moving  stream. 

If  a  fluid  of  density  d  moves  with  a  velocity  v,  the  diminution 
of  pressure  due  to  the  motion  is  (neglecting  viscosity), 

p  =  J  dv2 

Dip. — The  angle  measured  in  a  vertical  plane  between  the 
direction  of  the  earth's  magnetic  field  and  the  horizontal. 

Dispersion. — The  difference  between  the  index  of  refraction 
of  any  substance  for  any  two  wave  lengths  is  a  measure  of  the 
dispersion  for  these  wave  lengths,  called  the  coefficient  of 
dispersion. 

Dispersive  power. — If  n\  and  ni  are  the  indices  of  refraction 
for  wave  lengths  Xi  and  X2  and  n  the  mean  index  or  that  for  sodium 
light,  the  dispersive  power  for  the  specified  wave  length  is, 

0)  =  — 

n  —  1 

Displacement  is  a  reaction  in  which  an  elementary  sub- 
stance displaces  and  sets  free  a  constituent  element  from  a 
compound. 

Displacement  or  elongation  at  any  instant.  The  dis- 
tance of  a  vibrating  or  oscillating  particle  from  its  position  of 
equilibrium. 

Distribution  law.- — A  substance  distributes  itself  between 
two  immiscible  solvents  so  that  the  ratio  of  its  concentrations 
in  the  two  solvents  is  approximately  a  constant  (and  equal  to  the 
ratio  of  the  solubilities  of  the  substance  in  each  solvent). 
Requires  modification  if  more  than  one  molecular  species  is 
formed. 

Doppler  effect.  (Light). — The  apparent  change  in  the 
wave-length  of  light  produced  by  the  motion  in  the  line  of 
sight  of  either  the  observer  or  the  source  of  light. 

Doppler' s  principle. — The  apparent  frequency  of  a  sound 
as  affected  by  motion  of  the  hearer,  the  source  and  the  medium 
is  given  by  the  following  expression, 

V  +  w  —  v0 
n  =  n0  =r-: 

V  +  w  —  vs 

where  n0  is  the  original  frequency  of  the  source,  V  the  velocity 
of  sound,  w  that  of  the  medium,  v0  that  of  the  observer  and  vs 
that  of  the  source.  Only  the  components  of  motion  parallel 
to  the  line  connecting  the  source  and  observer  are  to  be  con- 
sidered. All  velocities  are  taken  in  the  direction  from  the 
source  to  observer;  if  the  motion  is  in  the  opposite  direction 
the  sign  of  the  velocity  substituted  in  the  formula  should  be 
changed. 
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Double  decomposition  consists  of  a  simple  exchange  of  the 
parts  of  two  substances  to  form  two  new  substances. 

Dulong  and  Petite,  law  of. — The  specific  heats  of  the 
several  elements  are  inversely  proportional  to  their  atomic 
weights.  The  atomic  heats  of  solid  elements  are  constant  and 
approximately  equal  to  6.3.  Certain  elements  of  low  atomic 
weight  and  high  melting  point  have,  however,  much  lower 
atomic  heats  at  ordinary  temperatures. 

Eddy  current. — A  current  induced  in  a  mass  of  conducting 
material  by  a  varying  magnetic  field.  Also  called  Foucault 
current. 

Edison  effect. — The  name  first  given  (after  its  discoverer) 
to  the  phenomenon  of  electrical  conduction  between  an  incan- 
descent filament  and  an  independent  cold  electrode  contained 
in  the  same  envelope,  when  the  second  electrode  is  made 
positive  with  respect  to  the  filament. 

Elasticity. — The  property  by  virtue  of  which  a  body  resists 
and  recovers  from  deformation  produced  by  force. 

Elastic  limit. — The  smallest  value  of  the  stress  producing 
permanent  alteration. 

Elastic  moduli. 

Young's  modulus  by  stretching. — If  an  elongation  s  is  produced 
by  the  weight  of  the  mass  m,  in  a  wire  of  length  Z,  and  radius  r, 
the  modulus, 

irr2s 

Young's  modulus  by  bending,  bar  supported  at  both  ends. 
If  a  flexure  s  is  produced  by  the  weight  of  mass  m,  added  mid- 
way between  the  supports  separated  by  a  distance  Z,  for  a 
rectangular  bar  with  vertical  dimensions  of  cross-section  a 
and  horizontal  dimension  6,  the  modulus  is, 

M  ^   rngP 
4:sa3b 
For  a  cylindrical  bar  of  radius  r, 

M  =    mgl3 
12ttt4s 

For  a  bar  supported  at  one  end.     In  the  case  of  a  rectangular 
bar  as  described  above, 

M  _  4™g? 
sa3b 

For  a  round  bar  supported  at  one  end, 

_  4mgl3 
3wr*s 
Modulus   of  rigidity. — If   a   couple   C    ( =  mgx)    produces   a 
twist  of  6  radians  in  a  bar  of  length  I  and  radius  r,  the  modulus  is 

7rr40 
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The  substitution  in  the  above  formulae  for  the  elastic  coeffi- 
cients of  m  in  grams,  g  in  cm  per  sec2,  I,  a,  b,  and  r  in  cm,  s  in 
cm,  and  C  in  dyne-cm  will  give  moduli  in  dynes  per  cm2. 
The  dimensions  of  elastic  moduli  are  the  same  as  of  stress, — 

[m  I-1  r2]. 

Coefficient  of  restitution. — Two  bodies  moving  in  the  same 
straight  line,  with  velocities  V\  and  v2  respectively,  collide  and 
after  impact  move  with  velocities  vz  and  v±.  The  coefficient 
of  restitution  is 

~    _   V4    —   Vz 
V2    —   Vl 

Electric  field  intensity  is  measured  by  the  force  exerted 
on  unit  charge.  Unit  field  intensity  is  the  field  which  exerts 
the  force  of  one  dyne  on  unit  positive  charge.     Dimensions, — 

[e-bUir1];  [/**!**»  r2]. 

The  field  intensity  or  force  exerted  on  unit  charge  at  a  point 
distant  r  from  a  charge  q  in  a  vacuum 

If  the  dielectric  in  the  above  cases  isnot  a  vacuum  the  dielec- 
tric constant  e  must  be  introduced.   The  formula  becomes 

The  value  of  e  is  frequently  considered  unity  for  air.  If  the 
dielectric  constant  of  a  vacuum  is  considered  unity  the  value 
for  air  at  0°C  and  760  mm  pressure  is  1.000576. 

Electrolysis. — If  a  current  i  flows  for  a  time  t  and  deposits 
a  metal  whose  electrochemical  equivalent  is  e,  the  mass  depos- 
ited is 

m  =  eit 

The  value  of  e  is  usually  given  for  mass  in  grams,  i  in  amperes 
and  t  in  seconds. 

Electrochemical  equivalent  of  an  ion  is  the  mass  liberated 
by  the  passage  of  unit  quantity  of  electricity. 

Electromotive  force  is  defined  as  that  which  causes  a  flow 
of  current.  The  electromotive  force  of  a  cell  is  measured  by 
the  maximum  difference  of  potential  between  its  plates.  The 
electromagnetic  unit  of  potential  difference  is  that  against 
which  one  erg  of  work  is  done  in  the  transfer  of  electromagnetic 
unit  quantity.  The  volt  is  that  potential  difference  against 
which  one  joule  of  work  is  done  in  the  transfer  of  one  coulomb. 
One  volt  is  equivalent  to  108  electromagnetic  units  of  potential. 
The  international  volt  is  the  electrical  potential  which  when 
steadily  applied  to  a  conductor  whose  resistance  is  one  inter- 
national ohm  will  cause  a  current  of  one  international  ampere  to 
flow.  The  international  volt  =  1.00033  absolute  volts.  The 
electromotive  force  of  a  Weston  standard  cell  is  1.0183  int.  volts 
at  20°C.     Dimensions,— [e-i  mi  l\  '£*]•  [/J  nA  &  r2]. 
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Electrolytic  dissociation  or  ionization  theory. — When 
an  acid,  base  or  salt  is  dissolved  in  water  or  any  other  dis- 
sociating solvent,  a  part  or  all  of  the  molecules  of  the  dissolved 
substance  are  broken  up  into  parts  called  ions,  some  of  which 
are  charged  with  positive  electricity  and  are  called  cations,  and 
an  equivalent  number  of  which  are  charged  with  negative 
•electricity  and  are  called  anions. 

Electrolytic  solution  tension  theory  (or  the  Helmholtz 
double  layer  theory) . — When  a  metal,  or  any  other  substance 
capable  of  existing  in  solution  as  ions,  is  placed  in  water  or  any 
other  dissociating  solvent,  a  part  of  the  metal  or  other  sub- 
stances passes  into  solution  in  the  form  of  ions,  thus  leaving 
the  remainder  of  the  metal  or  substances  charged  with  an 
equivalent  amount  of  electricity  of  opposite  sign  from  that 
carried  by  the  ions.  This  establishes  a  difference  in  potential 
between  the  metal  and  the  solvent  in  which  it  is  immersed. 

Electromotive  series  is  a  list  of  the  metals  arranged  in  the 
decreasing  order  of  their  tendencies  to  pass  into  ionic  form  by 
losing  electrons. 

Electron. — A  very  small  negatively  charged  particle.  Elec- 
trons appear  to  be  uniform  in  mass  and  charge  and  to  be  one 
of  the  basic  elements  of  which  atoms  are  made.  The  charge 
of  the  electron  is  accepted  as  4.80  X  10~10  absolute  electrostatic 
unit. 

Electron  theory  of  matter. — An  atom  is  believed  to  con- 
sist of  a  nucleus  bearing  a  positive  charge,  different  for  each 
sort  of  atom,  surrounded  by  electrons  or  negative  charges 
equal  in  total  charge  to  the  positive  charge  of  the  nucleus. 
The  nucleus  may  consist  of  a  certain  number  of  protons  and 
neutrons.  The  electrons  revolve  as  satellites  around  the 
nucleus. 

The  nucleus  contains  practically  all  of  the  mass  of  the  atom, 
the  number  of  protons  and  neutrons  determining  the  atomic 
weight.  The  number  and  arrangement  of  satellite  electrons 
determines  the  chemical  properties  of  the  atom. 

Elements  are  substances  which  cannot  be  decomposed  by 
the  ordinary  types  of  chemical  change,  or  made  by  chemical 
union. 

Emissive  power  or  emissivity  is  measured  by  the  energy 
radiated  from  unit  area  of  a  surface  in  unit  time  for  unit 
difference  of  temperature  between  the  surface  in  question  and 
surrounding  bodies.  For  the  cgs  system  the  emissive  power 
is  given  in  ergs  per  second  per  square  centimeter  with  the 
radiating  surface  at  1°  absolute  and  the  surroundings  at  absolute 
zero.     See  Radiation  formula. 

Enantiotropic. — Crystal  forms  capable  of  existing  in 
reversible  equilibrium  with  each  other. 

Energy. — The  capability  of  doing  work.  Potential  energy 
is  energy  due  to  position  of  one  body  with  respect  to  another 
or  to  the  relative  parts  of  the  same  body.     Kinetic  energy 
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is  energy  due  to  motion.  Cgs  units, — the  erg,  the  energy 
expended  when  a  force  of  one  dyne  acts  through  a  distance  of 
one    centimeter;    the    joule    is    1  X  107    ergs.     Dimensions, — 

[m  v  r2]. 

The  potential  energy  of  a  mass  m,  raised  through  a  distance  ht 
where  g  is  the  acceleration  due  to  gravity  is 

E  =  mgh. 
The  kinetic  energy  of  mass  m,  moving  with  a  velocity  v,  is 

E  =  %mv2. 

Energy  will  be  given  in  ergs  if  m  is  in  grams,  g  in  cm  per  sec2, 
h  in  cm  and  v  in  cm  per  sec. 

Energy  of  a  charge  in  ergs  where  Q  is  the  charge  and  V  the 
potential  in  electrostatic  units. 

E  =  hQV. 
Energy  of  the  electric  field. — If  H  is  the  electric  field 
intensity  in  electrostatic  units  and  K  the  specific  inductive 
capacity,  the  energy  of  the  field  in  ergs  per  cm3  is 

Energy  of  rotation. — If  a  mass  whose  moment  of  inertia 
about  an  axis  is  /,  rotates  with  angular  velocity  co  about  this 
axis,  the  kinetic  energy  of  rotation  will  be, 

E  =  i/co2 

Energy  will  be  given  in  ergs  if  /  is  in  g-cm2  and  a>  in  radians 
per  sec. 

Entropy. — A  quantity  depending  on  the  quantity  of  heat 
in  a  body  and  on  its  temperature,  which,  when  multiplied  by 
any  lower  temperature  (minimum  available),  gives  the  unavail- 
able energy,  or  unavoidable  waste  when  mechanical  work  is 
derived  from  the  heat  energy  of  the  body.  Dimensions, — 
[m  P  r2  0"1]. 

Equilibrium,  chemical. — A  state  of  affairs  in  which  a 
chemical  reaction  and  its  reverse  reaction  are  taking  place  at 
equal  velocities,  so  that  the  concentrations  of  reacting  sub- 
stances remain  constant. 

Equilibrium  constant. — The  product  of  the  concentrations 
(or  activities)  of  the  substances  produced  at  equilibrium  in  a 
chemical  reaction  divided  by  the  product  of  concentrations 
of  the  reacting  substances,  each  concentration  raised  to  that 
power  which  is  the  coefficient  of  the  substance  in  the  chemical 
equation. 

Equivalent  weight  or  combining  weight  of  an  element 
or  ion  is  its  atomic  or  formula  weight  divided  by  its  valence. 
Elements  entering  into  combination  always  do  so  in  quantities 
proportional  to  their  equivalent  weights. 

Ettinghausen's  effect  (Von  Ettinghausen's). — When  an 
electric  current  flows  across  the  lines  of  force  of  a  magnetic 
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field  an  electromotive  force  is  observed  which  is  at  right  angles 
to  both  the  primary  current  and  the  magnetic  field:  a  tempera- 
ture gradient  is  observed  which  has  the  opposite  direction  to  the 
Hall  electromotive  force. 

Eutectic. — A  term  applied  to  the  mixture  of  two  or  more 
substances  which  has  the  lowest  melting  point. 
Expansion  of  gases. 

Charles'  law  or  Gay-Lussac's  law. — The  volume  of  a  gas  at 
constant  pressure  increases  proportionately  to  the  absolute 
temperature.  If  V\  and  V2  are  volumes  of  the  same  mass  of 
gas  at  absolute  temperatures,  T\  and  T% 

Vi       T_ 

V2       T2 

For  an  original  volume  V0  at  0°C  the  volume  at  t°C  (at 
constant  pressure)  is 

Vt  =  V0(l  +  0.003670. 
General  law  for  gases. 


pa>,  =  PoVo  (1+^3) 


where  poy  v0,  pt,  vt  represent  the  pressure  and  value  at  0°  and  t°C. 
or 

P1V1     _  JWH 

Tx         T2 

where  p\,  V\  and  7\  represent  pressure  volume  and  absolute 
temperature  in  one  case  and  p2,  v2  and  T2  the  same  quantities 
for  the  same  mass  of  gas  in  another. 
The  law7  may  also  be  expressed: 

pv  —  RmT 
where  m  is  the  mass  of  gas  at  absolute  temperature  T.     R  is 
the  gas  constant  which  depends  on  the  units  used.     Boltz- 
mann's  molecular  gas  constant  is  obtained  by  expressing 
m  in  terms  of  the  number  of  molecules. 

For  volume  in  cm3,  pressure  in  dynes  per  cm2  and  temperature 
in  Centigrade  degrees  on  the  absolute  scale  R  =  8.3136  X  107. 

Reduction  of  a  gas  volume  to  0°C,  760  mm  pressure. — 

If  V  is  the  original  volume  of  a  gas  at  temperature  t  and  pres- 
sure H,  the  volume  at  0°C  and  760  mm  pressure  will  be, 

V    =        V         g 

0         (1  +  at)  760 
if  d  is  the  original  density  the  density  at  0°C  and  760  mm  pres- 
sure will  be 

d0  =  d(l  +  at)  ™ 

a  =  0.00367  approximately. 
Falling  bodies. — For  bodies  falling  from  rest  conditions  are 
as  for  uniformly  accelerated  motion  except  that  vQ  =  O  and 
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^  is  the  acceleration  due  to  gravity.     The  formulae  become, — 
air  resistance  neglected, 

vt  =  gt,  s  =  \gt2,  vs  =  V2gs- 
For  bodies  projected  vertically  upward, — if  v  is  the  velocity 
of  projection,  the  time  to  reach  greatest  height,  neglecting  the 
resistance  of  the  air, 


Greatest  height, 

t  =  - 
9 

See  also  under  Projectiles. 

2g 

Faraday's  laws. — In  the  process  of  electrolytic  changes 
equal  quantities  of  electricity  charge  or  discharge  equivalent 
quantities  of  ions  at  each  electrode. 

One  gram  equivalent  weight  of  matter  is  chemically  altered 
at  each  electrode  for  96,500  coulombs,  or  one  faraday,  of  elec- 
tricity passed  through  the  electrolyte. 

Faraday  effect. — The  rotation  of  the  plane  of  polarization 
produced  when  plane-polarized  light  is  passed  through  a 
substance  in  a  magnetic  field,  the  light  traveling  in  a  direction 
parallel  to  the  lines  of  force.  For  a  given  substance,  the  rota- 
tion is  proportional  to  the  thickness  traversed  by  the  light  and 
to  the  magnetic  field  strength. 

Fermat's  principle  of  least  time. — The  path  chosen  by  a 
ray  joining  two  points  is  that  which  can  be  travelled  over  in  the 
least  possible  time. 

Fleming's  rule. — A  simple  rule  for  relating  the  directions 
of  the  flux,  motion,  and  e.m.f.  in  an  electric  machine.  The 
forefinger,  second  finger  and  thumb,  placed  at  right-angles  to 
each  other,  represent  respectively  the  directions  of  flux,  e.m.f., 
and  motion  or  torque.  If  the  right  hand  is  used  the  conditions 
are  those  obtaining  in  a  generator  and  if  the  left  hand  is  used 
the  conditions  are  those  obtaining  in  a  motor. 

Fluidity. — The  reciprocal  of  viscosity.  The  cgs  unit  is  the 
rho,  the  reciprocal  of  the  poise.     Dimensions, — [m_1  It]. 

Force. — That  which  changes  the  state  of  rest  or  motion  in 
matter,  measured  by  the  rate  of  change  of  momentum.  Abso- 
lute unit, — the  dyne,  the  force  which  will  produce  an  accelera- 
tion of  one  centimeter  per  second  per  second  in  a  gram  mass. 
The  gram  weight  or  weight  of  a  gram  mass  is  the  cgs  gravita- 
tional unit.  The  poundal  is  that  force  which  will  give  an 
acceleration  of  one  foot  per  second  to  a  pound  mass.  Dimen- 
sions,— [m  It"2]. 

The  force  F  required  to  produce  an  acceleration  a  in  a  mass  m 
is  given  by 

F  =  ma. 
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If  m  is  substituted  in  grams  and  a  in  cm  per  sec2,  F  will  be 
given  in  dynes. 

Force  between  two  charges,  Coulomb's  law. — If  two 

charges  q  and  q'  are  at  a  distance  r  in  a  vacuum,  the  force 
between  them  is, 


The  force  will  be  given  in  dynes  if  q  and  q'  are  in  electrostatic 
units  and  r  in  cm. 

Force  between  two  magnetic  poles. — If  two  poles  of 
strength  m  and  m'  are  separated  by  a  distance  r  in  a  medium 
whose  permeabilit}'  is  //  (unity  for  a  vacuum),  the  force  between 
them  is, 


jj,r2 

Force  will  be  given  in  dynes  if  r  is  in  cm  and  m  and  m'  are 
in  cgs  units  of  pole  strength. 

The  strength  of  a  magnetic  field  at  a  point  distance  r  from 
an  isolated  pole  of  strength  m  is 

fJLT2 

The  field  will  be  given  in  gauss  if  m  and  r  are  in  cgs  units. 

Formula,  chemical.  — A  combination  of  symbols  with  their 
subscripts  representing  the  constituents  of  a  substance  and 
their  proportions  by  weight. 

Foucault's  pendulum. — The  rate  of  rotation  in  degrees 
per  hour  of  a  line  on  the  surface  of  the  earth  relative  to  the  plane 
of  a  Foucault's  pendulum  at  latitude  <f>  is, 

cu  =  15  sin  <f> 

Fraunhofer's  lines. — When  sunlight  is  examined  through 
a  spectroscope  it  is  found  that  the  spectrum  is  traversed  by  an 
enormous  number  of  dark  lines  parallel  to  the  length  of  the  slit. 
These  dark  lines  are  known  as  Fraunhofer's  lines.  Kirchoff 
conceived  the  idea  that  the  sun  is  surrounded  by  layers  of 
vapors  which  act  as  filters  of  the  white  light  arising  from 
incandescent  solids  within  and  which  abstract  those  rays  which 
correspond  in  their  periods  of  vibration  to  those  of  the  com- 
ponents of  the  vapors.  Thus  reversed  or  dark  lines  are  obtained 
due  to  the  absorption  by  the  vapor  envelop,  in  place  of  the 
bright  lines  found  in  the  emission  spectrum. 

Frequency  in  uniform  circular  motion  or  in  any  periodic 
motion  is  the  number  of  revolutions  or  cycles  completed  in 
unit    time.     Cgs    units, — cycles    per    second.     Dimension, — 
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Frequency  of  vibrating  strings.— The  fundamental  fre- 
quency of  a  stretched  string  is  given  by 

I  \lf 

21    Vm 

where  I  is  the  length;  T,  the  tension  and  m  the  mass  per  unit 
length. 

For  a  string  or  wire  of  circular  section  of  length,  Z,  tension  T, 
density  d,  and  radius  r,  the  frequency  of  the  fundamental  is 

l  JT 

The  frequency  in  vibrations  per  second  will  be  given  if  T 
is  in  dynes,  r  and  I  in  cm  and  d  in  g  per  cm3. 

Friction,  coefficient  of. — The  coefficient  of  friction  between 
two  surfaces  is  the  ratio  of  the  force  required  to  move  one  over 
the  other  to  the  total  force  pressing  the  two  together. 

If  F  is  the  force  required  to  move  one  surface  over  another 
and  W,  the  force  pressing  the  surfaces  together,  the  coefficient 
of  friction, 

k~F- 
k  ~  W 

Fundamental  units. — See  under  Mass.  Length  and  Time. 

Gamma  (7)  rays. — Highly  penetrating  radiations  from 
radioactive  substances,  undeflected  by  electric  or  magnetic 
fields,  representing  a  high  frequency  electromagnetic  radiation. 
They  have  the  same  nature  as  X-rays  but  are  of  higher 
frequency. 

Gas. — A  state  of  matter  in  which  the  molecules  are  prac- 
tically unrestricted  by  cohesive  forces.  A  gas  has  neither 
definite  shape  nor  volume. 

Gas  thermometer. — Where  P0,  Ps  and  Px  represent  the 
total  pressure  with  the  bulb  at  0°C,  at  the  boiling-point  of  water 
and  at  the  unknown  temperature  respectively,  ts  the  tempera- 
ture of  steam  and  tx  the  unknown  temperature, 

IX  ^Ps     -Po 

(approximately).  The  total  pressure  on  the  gas  in  the  bulb 
is  the  algebraic  sum  of  barometric  pressure  at  the  time  and 
that  measured  by  the  manometer. 

Gay-Lussac's  law. — See  Charles'  law. 

Gay-Lussac's  law  of  combining  volumes. — If  gases 
interact  and  form  a  gaseous  product,  the  volumes  of  the 
reacting  gases  and  the  volumes  of  the  gaseous  products  are 
to  each  other  in  simple  proportions,  which  can  be  expressed  by 
small  whole  numbers. 

Gibbs'  phase  rule.— F  =  C  +  2  -  P  F,  the  number  of 
degrees  of  freedom  of  a  system,   is  the  number  of  variable 
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factors  (temperature,  pressure  and  concentration)  of  the 
components,  which  must  be  arbitrarily  fixed  in  order  that 
the  condition  of  the  system  may  be  perfectly  defined.  C,  the 
number  of  the  components  of  the  system,  is  chosen  equal  to 
the  smallest  number  of  independently  variable  constituents 
by  means  of  which  the  composition  of  each  phase  participating 
in  the  state  of  equilibrium  can  be -expressed  in  the  form  of  a 
chemical  equation;  the  components  must  be  chosen  from  among 
the  constituents  which  are  present  when  the  system  is  in  a 
state  of  true  equilibrium  and  which  take  part  in  that  equilib- 
rium; as  components  are  chosen  the  smallest  number  of  such 
constituents  necessary  to  express  the  composition  of  each 
phase  participating  in  the  equilibrium,  zero  and  negative 
quantities  of  components  being  permissible;  in  any  system  the 
number  of  components  is  definite,  but  may  alter  with  changes 
in  conditions  of  experiment;  a  qualitative  but  not  quantitative 
freedom  of  selection  of  components  is  allowed,  the  choice 
being  influenced  by  suitability  and  simplicity  of  application. 
P,  the  number  of  phases  of  the  system,  are  the  homogeneous, 
mechanically  separable  and  physically  distinct  portions  of  a 
heterogeneous  system,  the  number  of  phases  capable  of  exist- 
ence varies  greatly  in  different  systems;  there  can  never  be 
more  than  one  gas  or  vapor  phase  since  all  gases  are  miscible 
in  all  proportions,  a  heterogeneous  mixture  of  solid  substances 
forms  as  many  phases  as  there  are  substances  present. 

Graham's  law. — The  relative  rates  of  diffusion  of  gases 
under  the  same  conditions  are  inversely  proportional  to  the 
square  roots  of  the  densities  of  those  gases. 

Gram  atom  or  gram  atomic  weight. — The  mass  in 
grains  numerically  equal  to  the  atomic  weight. 

Gram  equivalent  of  a  substance  is  the  weight  of  a  substance 
displacing  or  otherwise  reacting  with  1.008  grams  of  hydrogen 
or  combining  with  one-half  of  a  gram  atomic  weight  (8.00 
grams)  of  oxygen. 

Gram  mole,  gram  formula  weight,  gram  equivalent. — 

Mass  in  grams  numerical^  equal  to  the  molecular  weight, 
formula  weight  or  chemical  equivalent,  respectively. 

Gram  molecular  weight  or  gram  molecule. — A  mass 
in  grams  of  a  substance  numerically  equal  to  its  molecular 
weight.     Gram  mole. 

Gravitation. — The  universal  attraction  existing  between 
all  material  bodies.  The  force  of  attraction  between  two 
masses  m  and  ra',  separated  by  a  distance  r,  k  being  the  con- 
stant of  gravitation, 

r2 
(If  m  and  ra'  are.  given,  in  grams,  and  r  in  centimeters,  F  will 
be  in  dynes  if  k  -  6.670  X  10~8.) 
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Hall  effect. — When  a  steady  current  is  flowing  in  a  steady 
magnetic  field,  electromotive  forces  are  developed  which  are 
at  right  angles  both  to  the  magnetic  force  and  to  the  current 
and  are  proportional  to  the  product  of  the  intensity  of  the 
current,  the  magnetic  force  and  the  sine  of  the  angle  between 
the  directions  of  these  quantities. 

Hardness. — Property  of  substances  determined  by  their 
ability  to  abrade  or  indent  one  another.  An  arbitrary  scale  of 
hardness  is  based  upon  ten  selected  minerals.  For  metals 
the  diameter  of  the  indentation  made  by  a  hardened  steel  sphere 
(Brinnell)  or  the  height  of  rebound  of  a  small  drop  hammer 
(Shore  Scleroscope)  serve  to  measure  hardness. 

Harmonic  motion. — See  Simple  harmonic  motion  and  Ang- 
ular harmonic  motion. 

Heat  effect. — The  heat  in  calories  developed  in  a  circuit 
by  an  electric  current  of  /  amperes  flowing  through  a  resistance 
of  R  ohms,  with  a  difference  of  potential  E  volts  for  a  time 
t  seconds. 

=  RM  =   Ei^ 

"  4.18  ~  4.18 
Heat  equivalent,  or  latent  heat,  of  fusion. — The  quan- 
tity of  heat  necessary  to  change  one  gram  of  solid  to  a  liquid 
with  no  temperature  change.     Dimensions, — [I2 1~2]. 

Heat  quantity  is  measured  by  the  change  of  temperature 
produced.  The  cgs  unit  of  heat  is  the  calorie,  the  quantity  of 
heat  necessary  to  change  the  temperature  of  one  gram  of 
water  from  3.5°C  to  4.5°C  (called  a  small  calorie).  If  the 
temperature  change  involved  is  from  14.5  to  15. 5° C,  the  unit 
is  the  normal  calorie.  The  mean  calorie  is  TJo  the  quantity 
of  heat  necessary  to  raise  one  gram  of  water  from  0°C  to  100°C. 
The  large  calorie  is  equal  to  1000  small  calories.  The  British 
thermal  unit  is  the  heat  required  to  raise  the  temperature  of 
one  pound  of  water  at  its  maximum  density,  1°F.  It  is  equal 
to  about  252  calories.     Dimensions  of  energy, — [m  I2 1~2]. 

Heat  of  combustion  of  a  substance  is  the  amount  of  heat 
evolved  by  the  combustion  of  1  gram  molecular  weight  of  the 
substance. 

Henry's  law. — The  mass  of  a  slightly  soluble  gas  that 
dissolves  in  a  definite  mass  of  a  liquid  at  a  given  temperature 
is  very  nearly  directly  proportional  to  the  partial  pressure  of 
that  gas.  This  holds  for  gases  which  do  not  unite  chemically 
with  the  solvent. 

Hess'  law  of  constant  heat  summation. — The  amount  of 
heat  generated  by  a  chemical  reaction  is  the  same  whether 
reaction  takes  place  in  one  step  or  in  several  steps,  or  all 
chemical  reactions  which  start  with  the  same  original  sub- 
stances and  end  with  the  same  final  substances  liberate  the 
same  amounts  of  heat,  irrespective  of  the  process  by  which  the 
final  state  is  reached. 
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Hooke's  law. — Within  the  elastic  limit  of  any  body  the 
ratio  of  the  stress  to  the  strain  produced  is  constant. 

Humidity,  absolute. — Mass  of  water  vapor  present  in 
unit  volume  of  the  atmosphere,  usually  measured  as  grams  per 
cubic  meter.  It  may  also  be  expressed  in  terms  of  the  actual 
pressure  of  the  water  vapor  present. 

Huygens'  theory  of  light. — This  theory  states  that  light 
is  a  disturbance  traveling  through  some  medium,  such  as  the 
ether.     Thus  light  is  due  to  wave  motion  in  ether. 

Every  vibrating  point  on  the  wave-front  is  regarded  as  the 
center  of  a  new  disturbance.  These  secondary  disturbances 
traveling  with  equal  velocity,  are  enveloped  by  a  surface 
identical  in  its  properties  with  the  surface  from  which  the 
secondary  disturbances  start  and  this  surface  forms  the  new 
wave-front. 

Hydrogen  equivalent  of  a  substance  is  the  number  of 
replaceable  hydrogen  atoms  in  1  molecule  or  the  number  of 
atoms  of  hydrogen  with  which  1  molecule  could  react. 

Hydrogen  ion  concentration  or  pH  value  is  the  logarithm 
of  the  reciprocal  of  the  gram  ionic  hydrogen  equivalents   per 

liter;  i.e.,  pH  =  log    ff+   per  liter.     Water  has  a  concentration 

of  H+  ion  of  10~7  and  of  OH~  ion  of  10~7  moles  per  liter  or  a  pH 
value  of  7.  Due  to  hydrolysis  the  composition  of  a  weak 
acid  solution  titrated  against  a  strong  base  is  basic  and  of  a 
weak  base  against  a  strong  acid  is  acid.  A  truly  neutral 
titrated  solution  of  a  strong  acid  or  base  has  the  same  con- 
centration of  H+  and  OH-  ions  as  water. 

Hydrolysis  is  a  double  decomposition  reaction  involving  the 
splitting  of  water  into  its  ions  and  the  formation  of  a  weak 
acid  or  base  or  both. 

Hydrostatic  pressure  at  a  distance  h  from  the  surface  of 
a  liquid  of  density  d, 

P  =  kdg. 
The  total  force  on  an  area  A  due  to  hydrostatic  pressure, 

F  =  PA  =  Ahdg. 
Force  in  dynes  and  pressure  in  dynes  per  cm2  will  be  given  if 
h  is  in  cm,  d  in  g  per  cm3  and  g  in  cm  per  sec2. 

Hysteresis. — The  magnetization  of  a  sample  of  iron  or 
steel  due  to  a  magnetic  field  which  is  made  to  vary  through  a 
cycle  of  values,  lags  behind  the  field.  This  phenomenon  is 
called  hysteresis. 

Steinmetz,  equation  for  hysteresis  gives  the  loss  of  energy 
in  ergs  per  cycle  per  cm3, 

W  =  vB1* 
where  B  is  the  maximum  induction  in  maxwells  per  cm2  and 
t]  the  coefficient  of  hysteresis. 
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Illumination  on  any  surface  is  measured  by  the  luminous 
flux  incident  on  unit  area.  The  units  in  use  are:  the  lux,  one 
lumen  per  square  meter;  the  phot,  one  lumen  per  square 
centimeter  and  the  lumen  per  square  foot.  Since  at  unit  dis- 
tance from  a  point  source  of  unit  intensity  the  illumination  is 
unity,  unit  illumination  may  be  defined  as  that  produced  by  a 
unit  source  at  unit  distance,  hence  the  meter-candle  or 
candle- meter  which  is  equal  to  the  lux  and  the  foot-candle 
equivalent  to  one  lumen  per  square  foot. 

Index  of  refraction  for  any  substance  is  the  ratio  of  the 
velocity  of  light  in  a  vacuum  to  its  velocity  in  the  substance. 
It  is  also  the  ratio  of  the  sine  of  the  angle  of  incidence  to  the 
sine  of  the  angle  of  refraction.  In  general,  the  index  of  refrac- 
tion for  any  substance  varies  with  the  wave  length  of  the 
refracted  light. 

Induced  electromotive  force  in  a  circuit  is  proportional 
to  the  rate  of  change  of  magnetic  flux  through  the  circuit. 

j?  dcf> 

E=   ~Tt' 

where  d<f>  is  the  change  of  magnetic  flux  in  a  time  dt.     The 
induced  current  will  be  given  by 

=  <L± 

Rdt 
where  R  is  the  resistance  of  the  circuit. 

Inertia. — The  resistance  offered  by  a  body  to  a  change  of 
its  state  of  rest  or  motion,  a  fundamental  property  of  matter. 
Dimension, — [m] . 

Indicators  are  substances  which  change  from  one  color  to 
another  when  the  hydrogen  ion  concentration  reaches  a  cer- 
tain value,  different  for  each  indicator. 

Inductance. — The  change  in  magnetic  field  due  to  the 
variation  of  a  current  in  a  conducting  circuit  causes  an  induced 
counter  electromotive  force  in  the  circuit  itself.  This  phe- 
nomenon is  known  as  self-induction.  If  an  electromotive 
force  is  induced  in  a  neighboring  circuit  the  term  mutual 
induction  is  used.  Inductance  may  thus  be  distinguished  as 
self-  or  mutual  and  is  measured  by  the  electromotive  force 
produced  in  a  conductor  by  unit  rate  of  variation  of  the  cur- 
rent. Units  of  inductance  are  the  centimeter  (absolute  elec- 
tromagnetic) and  the  henry,  which  is  equal  to  109  centimeters 
of  inductance.  The  henry  is  that  inductance  in  which  an 
induced  electromotive  force  of  one  volt  is  produced  when  the 
inducing  current  is  changed  at  the  rate  of  one  ampere  per 
second.     Dimensions, — [e_1  l~l  t2];  \jd]. 

Induction. — Any  change  in  the  intensity  or  direction  of  a 
magnetic  field  causes  an  electromotive  force  in  any  conductor 
in  the  field.  The  induced  electromotive  force  generates  an 
induced  current  if  the  conductor  forms  a  closed  circuit. 
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Intensity  of  illumination  in  candle  meters  of  a  screen 
illuminated  by  a  source  of  illuminating  power  P  candles  at  a 
distance  r  meters,  for  normal  incidence, 

If  two  sources  of  illuminating  power  Pi  and  P2  produce  equal 
illumination  on  a  screen  when  at  distances  n  and  r2  respectively, 
Pi       P*  Pi       r£ 

n2       r22         °r         P2       r22 
If  70  is  the  intensity  of  illumination  when  the  screen  is  normal 
to  the  incident  light,  /  the  intensity  when  an  angle  6 

I  =  I0  cos  6 

Intensity  of  magnetization  is  given  by  the  quotient  of  the 

magnetic  moment  of  a  magnet  by  its  volume.     Unit  intensity 

of  magnetization  is  the  intensity  of  a  magnet  which  has  unit 

magnetic     moment     per     cubic     centimeter.     Dimensions, — 

Intensity  of  radiation  is  the  radiant  energy  emitted  in  a 
specified  direction  per  unit  time,  per  unit  area  of  surface,  per 
unit  solid  angle. 

Intensity  of  sound  depends  upon  the  energy  of  the  wave 
motion.  The  intensity  is  measured  by  the  energy  in  ergs 
transmitted  per  second  through  one  square  centimeter  of 
surface.     The  energy  in  ergs  per  cm3  in  a  sound  wave  is  given 

E  =  2ir2dn2a2 

where  d  is  density  in  g  per  cm3,  n  is  frequency  in  vib.  per  sec 
and  a  is  amplitude  in  cm.  The  energy  reaching  the  ear  in 
unit  time  will  also  be  proportional  to  the  velocity  of  propagation. 

Ion. — Acids,  bases  and  salts  (electrolytes)  when  dissolved  in 
certain  solvents  are  more  or  less  dissociated  into  electrically 
charged  units,  or  parts  of  the  molecules,  called  ions. 

Some  electrolytes  dissociate  into  ions  when  fused. 

Ions  carry  charges  of  electricity,  and  in  consequence  have 
different  properties  from  the  uncharged  radicals. 

Positive  ions  are  atoms  or  group  of  atoms  which  have  lost 
valence  electrons;  negative  ions  are  those  to  which  additional 
electrons  have  been  added. 

Ionization  potential. — The  potential  required  to  transfer 
an  electron  from  its  normal  quantum  level  to  infinity. 

Isomerism. — Existence  of  molecules  having  the  same  num- 
ber and  kinds  of  atoms  but  in  different  configurations. 

Isothermal. — When  a  gas  passes  through  a  series  of  pressure 
and  volume  variations  without  change  of  temperature  the 
changes  are  called  isothermal.  A  line  on  a  pressure-volume 
diagram  representing  these  changes  is  called  an  isothermal  line. 

Isotopes  are  elements  occupjdng  the  same  place  in  the 
periodic  system,  having  the  same  nuclear  charge,  but  differing 
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somewhat  in  atomic  weight.  Most  of  the  ordinary  inactive 
elements  have  been  shown  to  consist  of  a  mixture  of  isotopes. 

Joule-Thomson  effect. — The  cooling  which  occurs  when 
a  highly  compressed  gas  is  allowed  to  expand  in  such  a  way 
that  no  external  work  is  done  is  known  as  the  Joule-Thomson 
effect.  This  cooling  is  inversely  proportional  to  the  square 
of  the  absolute  temperature. 

Kepler's  laws. 

I.  The  planets  move  about  the  sun  in  ellipses,  at  one  focus 
of  which  the  sun  is  situated. 

II.  The  radius  vector  joining  each  planet  with  the  sun 
describes  equal  areas  in  equal  times. 

III.  The  cubes  of  the  mean  distances  of  the  planets  from 
the  sun  are  proportional  to  the  squares  of  their  times  of  revolu- 
tion about  the  sun. 

Kerr  effect. — When  plane  polarized  light  is  incident  on  the 
pole  of  an  electromagnet,  polished  so  as  to  act  like  a  mirror,  the 
plane  of  polarization  of  the  reflected  light  is  not  the  same 
when  the  magnet  is  "on"  as  when  it  is  "off."  It  was  found 
that  the  direction  of  rotation  was  opposite  to  that  of  the  cur- 
rents exciting  the  pole  from  which  the  light  was  reflected. 

Kinetic  theory,   expression  for  pressure. 

P  =  \Nmv2 

where  N  is  the  number  of  molecules  in  unit  volume,  m  the  mass 
of  each  molecule  and  v2  the  mean  square  of  the  velocity  of  the 
molecules. 

Kinetic  theory  of  gases. — 1738. — Gases  are  considered  to 
be  made  up  of  minute,  perfectly  elastic  particles  which  are 
ceaselessly  moving  about  with  high  velocities,  colliding  with 
each  other  and  with  the  walls  of  the  containing  vessel.  The 
pressure  exerted  by  a  gas  is  due  to  the  combined  effect  of  the 
impacts  of  the  moving  molecules  upon  the  walls  of  the  con- 
taining vessel,  the  magnitude  of  the  pressure  being  dependent 
upon  the  kinetic  energy  of  the  molecules  and  their  number. 

Kirchhoff's  laws. 

I.  The  algebraic  sum  of  the  currents  which  meet  at  any  point 
is  zero. 

II.  In  any  closed  circuit  the  algebraic  sum  of  the  products 
of  the  current  and  the  resistance  in  each  conductor  in  the 
circuit  is  equal  to  the  electromotive  force  in  the  circuit. 

Kirchhoff's  laws  of  radiation. — The  relation  between  the 
powers  of  emission  and  the  powers  of  absorption  for  rays  of  the 
same  wave-length  is  constant  for  all  bodies  at  the  same  temper- 
ature. First,  a  substance  when  excited  by  some  means  or 
other  possess  a  certain  power  of  emission;  it  tends  to  emit 
definite  rays,  whose  wave-lengths  depend  upon  the  nature 
of  the  substance  and  upon  the  temperature.  Second,  the 
substance  exerts  a  definite  absorptive  power,  which  is  a  maxi- 
mum for  the  rays  it  tends  to  emit.  Third,  at  a  given  tempera- 
ture the  ratio  between  the  emissive  and  the  absorptive  power 
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for  a  given  wave-length  is  the  same  for  all  bodies,  and  is  equal 
to  the  emissive  power  of  a  perfectly  black  body. 

Kohlrausch's  law. — When  ionization  is  complete,  the  con- 
ductivity of  an  electrolyte  is  equal  to  the  sum  of  the  conductivi- 
ties of  the  ions  into  which  the  substance  dissociates. 

Kundt's  law. — On  approaching  an  absorption  band  from 
the  red  side  of  the  spectrum  the  refractive  index  is  abnormally 
increased  by  the  presence  of  the  band,  while  the  approach  is 
from  the  blue  side  and  the  index  is  abnormally  decreased. 

Lambert's  law  of  absorption. — Each  layer  of  equal  thick- 
ness absorbs  an  equal  fraction  of  the  light  which  traverses  it. 

Lambert's  law  of  illumination. — The  illumination  of  a 
surface  on  which  the  light  falls  normally  from  a  point  source 
is  inversely  proportional  to  the  square  of  the  distance  of  the 
surface  from  the  source.  If  the  normal  to  the  surface  makes  an 
angle  with  the  direction  of  the  rays,  the  illumination  is  pro- 
portional to  the  cosine  of  that  angle. 

Latent  heat  of  vaporization. — The  quantity  of  heat 
necessary  to  change  one  gram  of  liquid  to  vapor  without  change 
of  temperature,  measured  as  calories  per  gram.  Dimensions, — 
[P  r2]. 

Lattice  energy. — The  energy  required  to  separate  the  ions 
of  a  crystal  to  an  infinite  distance  from  each  other. 

LeChatelier's  principle. — If  some  stress  is  brought  to  bear 
upon  a  system  in  equilibrium,  a  change  occurs,  such  that  the 
equilibrium  is  displaced  in  a  direction  which  tends  to  undo  the 
effect  of  the  stress. 

Length,  units  of. — The  centimeter,  one  of  the  three  funda- 
mental units  of  the  cgs  system,  is  one  one-hundredth  the  length 
of  the  International  Prototype  Meter,  at  Paris,  at  zero  degrees 
centigrade.  The  meter  is  1,553,164.13  times  the  wave  length 
of  the  red  cadmium  line  in  air,  760  mm  pressure,  15°C.  The 
standard  in  the  British  system  is  the  yard,  the  prototype  of 
which  is  kept  by  the  British  government.  The  United  States 
standard  yard  is  denned  as  f  f  f  f  meter. 

Lenses. — For  a  single  thin  lens  whose  surfaces  have  radii 
of  curvature  n  and  7*2  whose  principal  focus  is  F,  the  index  of 
refraction  n,  and  conjugate  focal  distances  /1  and  f^ 

fi  =  7-  +  7-  =  (n  —  1)  I  — —  1 
F      /1      ft  \n       r2J 

For  sl  thick  lens,  of  thickness  t, 

r,  nr\r<i 


(n  -  l)[n(n  +  r2)  -  t(n  -  1)] 
Combinations  of  lenses. — If  f  and  fi  are  the  focal  lengths  of 
two  thin  lenses  separated  by  a  distance  d  the  focal  length  of  the 
system, 

/i/2 


F  = 


fi+h  -d 
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Lenz's  law. — When  an  electromotive  force  is  induced  in  a 
conductor  by  any  change  in  the  relation  between  the  conductor 
and  the  magnetic  field,  the  direction  of  the  electromotive  force 
is  such  as  to  produce  a  current  whose  magnetic  field  will  oppose 
the  change. 

Line  of  force. — A  term  employed  in  the  description  of  an 
electric  or  magnetic  field.  A  line  such  that  its  direction  at  every 
point  is  the  same  as  the  direction  of  the  force  which  would  act 
on  a  small  positive  charge  (or  pole)  placed  at  that  point.  A 
line  of  force  is  defined  as  starting  from  a  positive  charge  (or 
pole)  and  ending  on  a  negative  charge  (or  pole). 

The  line  (of  force)  is  also  used  as  a  unit  of  magnetic  flux, 
equivalent  to  the  maxwell. 

Lissajous  figures. — The  path  described  by  a  particle  which 
is  simultaneously  displaced  by  two  simple  harmonic  motions 
at  right  angles,  when  the  periods  of  the  two  motions  are  in  the 
ratio  of  two  small  whole  numbers,  shows  a  variety  of  character- 
istic curves  called  Lissajous  figures. 

Liquid. — A  state  of  matter  in  which  the  molecules  are 
relatively  free  to  change  their  positions  with  respect  to  each 
other  but  restricted  by  cohesive  forces  so  as  to  maintain  a 
relatively  fixed  volume. 

Loschmidt's  number. — The  number  of  molecules  per  unit 
volume  of  an  ideal  gas  at  0°C  and  normal  atmospheric  pressure. 

n0  =  2.687  X  1019  per  cm3. 

Luminous  flux. — The  total  visible  energy  emitted  by  a 
source  per  unit  time  is  called  the  total  luminous  flux  from  the 
source.  The  unit  of  flux,  the  lumen,  is  the  flux  emitted  in 
unit  solid  angle  (steradian)  by  a  point  source  of  one  candle 
luminous  intensity.  A  uniform  point  source  of  one  candle 
intensity  thus  emits  4ir  lumens. 

Luminous  intensity  or  candle-power  is  the  property  of  a 
source  of  emitting  luminous  flux  and  may  be  measured  by  the 
luminous  flux  emitted  per  unit  solid  angle.  The  accepted 
unit  of  luminous  intensity  is  the  international  candle.  The 
hefner  unit,  which  is  equivalent  to  0.9  international  candles, 
is  the  intensity  of  a  lamp  of  specified  design  burning  amyl 
acetate,  called  the  Hefner  lamp. 

The  mean  horizontal  candle-power  is  the  average  intensity 
measured  in  a  horizontal  plane  passing  through  the  source. 
The  mean  spherical  candle-power  is  the  average  candle-power 
measured  in  all  directions  and  is  equal  to  the  total  luminous 
flux  in  lumens  divided  by  47r. 

Magnetic  field  due  to  a  current. — The  intensity  of  the 
magnetic  field  in  oersted  at  the  center  of  a  circular  conductor  of 
radius  r  in  which  a  current  /  in  absolute  electromagnetic  units 
ii  flowing, 

r 
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If  the  circular  coil  has  n  turns  the  magnetic  intensity  at  the 
center  is, 

„       2irnl 

£1     =    

r 

The  magnetic  field  in  a  long  solenoid  of  n  turns  per  centi- 
meter carrying  a  current  /  in  absolute  electromagnetic  units 

H  =  47rn/ 

If  J  is  given  in  amperes  the  above  formulae  become, — 

Magnetic  field  due  to  a  magnet. — At  a  point  on  the 
magnetic  axis  prolonged,  at  a  distance  r  cm  from  the  center 
of  the  magnet  of  length  21  whose  poles  are  +ra  and  —  m  and 
magnetic  moment  M,  the  field  strength  in  oersted  is, 

'"  (r2  -  I2)2 
If  r  is  large  compared  with  Z, 

At  a  point  on  a  line  bisecting  the  magnet  at  right  angles, 
with  corresponding  symbols, 

jj  2ml 

~~  (r2  +  Z2)l 
For  large  value  of  r, 

r3 

Magnetic    field    intensity   or    magnetizing   force. — Is 

measured  by  the  force  acting  on  unit  pole.  Unit  field  inten- 
sity, the  oersted,  is  that  field  which  exerts  a  force  of  one  dyne 
on  unit  magnetic  pole.  The  field  intensity  is  also  specified 
by  the  number  of  lines  of  force  intersecting  unit  area  normal  to 
the  field,  equal  numerically  to  the  field  strength  in  oersted. 
Magnetizing  force  is  measured  by  the  space  rate  of  variation 
of  magnetic  potential  and  as  such  its  unit  may  be  the  gilbert 
per  centimeter.  The  gamma  (7)  is  equivalent  to  0.00001 
oersted.     Dimensions, — [ea  wh  l\  t~2];  [^  wh  l~~h  f1]. 

Magnetic  flux  through  any  area  perpendicular  to  a  mag- 
netic field  is  measured  as  the  product  of  the  area  by  the  field 
strength.  The  units  of  magnetic  flux,  the  maxwell  is  the 
flux  through  a  square  centimeter  normal  to  a  field  of  one  gauss. 
The  line  is  also  a  unit  of  flux.  It  is  equivalent  to  the  maxwell. 
Dimensions, — [e~h  mh  ft];  [^  wh  U  t~1]. 

Magnetic  induction  resulting  when  any  substance  is 
subjected  to  a  magnetic  field  is  measured  as  the  magnetic 
flux  per  unit  area  taken  perpendicular  to  the  direction  of  the 
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flux.     The  unit  is  the  maxwell  per  square  centimeter  or  its 
equivalent,  the  gauss.     Dimensions, — [e~h  wh  l~l\\  {yh  wh  l~\  t~Y\. 
If  a  substance  of  permeability  /*  is  placed  in  a  magnetic 
field  H  the  magnetic  induction  in  the  substance, 

B  =  pH. 

If  I  is  the  magnetic  moment  for  unit  volume,  or  intensity 
of  magnetization, 

B  =  H  +  4x7. 
The  susceptibility, 

K    =    -p7>  JU    =    1    -f"   47T/C. 

Magnetic  moment  of  a  magnet  is  measured  by  the  torque 
experienced  when  it  is  at  right  angles  to  a  uniform  field  of  unit 
intensity.  The  value  of  the  magnetic  moment  is  given  by  the 
product  of  the  magnetic  pole  strength  by  the  distance  between 
the  poles.  Unit  magnetic  moment  is  that  possessed  by  a 
magnet  formed  by  two  poles  of  opposite  sign  and  of  unit 
strength,    one    centimeter    apart.     Dimensions, — [txh  wh  B  £_1]; 

If  the  poles  are  separated  by  a  distance  which  is  great  com- 
pared with  the  dimensions  of  the  magnet,  the  magnetic  moment 
of  a  magnet  of  length  1  whose  poles  have  values  of  +m  and 
— ra  is,  M  =  ml. 

Magnetic  permeability  is  a  property  of  materials  modify- 
ing the  action  of  magnetic  poles  placed  therein  and  modifying 
the  magnetic  induction  resulting  when  the  material  is  sub- 
jected to  a  magnetic  field  or  magnetizing  force.  The  per- 
meability of  a  substance  may  be  defined  as  the  ratio  of  the 
magnetic  induction  in  the  substance  to  the  magnetizing  field 
to  which  it  is  subjected.  The  permeability  of  a  vacuum  is 
unity.     Dimensions, — [e_1 l~2 t2];  [/*]. 

Magnetic  pole  or  quantity  of  magnetism. — Two  unit 
quantities  of  magnetism  concentrated  at  points  unit  distance 
apart  in  a  vacuum  repel  each  other  with  unit  force.  If  the 
distance  involved  is  one  centimeter  and  the  force  one  dyne, 
the  quantity  of  magnetism  at  each  point  is  one  cgs  unit  of 
magnetism.     Dimensions, — [e"i  mh  l*]\  [ph  mh  B  t~1]. 

Magnetic  potential  or  magnetomotive  force  at  a  point 
is  measured  by  the  work  required  to  bring  unit  positive  pole 
from  an  infinite  distance  (zero  potential)  to  the  point.  The 
unit  is  the  gilbert,  that  magnetic  potential  against  which  an  erg 
of  work  is  done  when  unit  magnetic  pole  is  transferred.  Dimen- 
sions—[*J  mi  II  r2];  \pri  mh  l\  r1]. 

Magnifying  power  of  an  optical  instrument  is  the  ratio 
of  the  angle  subtended  by  the  image  of  the  object  seen  through 
the  instrument  to  the  angle  subtended  by  the  object  when 
seen  by  the  unaided  eye.  In  the  case  of  the  microscope  or 
simple  magnifier  the  object  as  viewed  by  the  unaided  eye  is 
supposed  to  be  a  distance  of  25  cm  (10  in.). 
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Mass. — Quantity  of  matter.  Units  of  mass — the  gram  is 
ioVu  the  quantity  of  matter  in  the  International  Prototype 
Kilogram;  one  of  the  three  fundamental  units  of  the  cgs  system. 
The  British  standard  of  mass  is  the  pound,  of  which  a  standard 
is  preserved  by  the  government.  The  United  States  standard 
mass  is  the  avoirdupois  pound  defined  as  1/2.20462  kilogram. 

Mass  action,  law  of. — At  a  constant  temperature  the 
product  of  the  active  masses  on  one  side  of  a  chemical  equation 
when  divided  by  the  product  of  the  active  masses  on  the  other 
side  of  the  chemical  equation  is  a  constant,  regardless  of  the 
amounts  of  each  substance  present  at  the  beginning  of  the 
action. 

Mass  by  weighing  on  a  balance  with  unequal  arms. — 

If  W\  is  the  value  for  one  side,  W2  the  value  for  the  other,  the 
true  mass, 

w  =  VwjT2. 

Maxwell's  rule. — A  law  stating  that  every  part  of  an 
electric  circuit  is  acted  upon  by  a  force  tending  to  move  it  in 
such  a  direction  as  to  enclose  the  maximum  amount  of  mag- 
netic flux. 

Mechanical  equivalent  of  heat  is  the  quantity  of  energy 
which,  when  transformed  into  heat,  is  equivalent  to  unit 
quantity  of  heat;  4.18  X  107  ergs  =  1  calorie  (20°C). 

Metallic  elements  in  general  are  distinguished  from  the 
non-metallic  elements  by  their  lustre,  malleability,  conductivity 
and  usual  ability  to  form  positive  ions.  Non-metallic 
elements  are  not  malleable,  have  low  conductivity  and  never 
form  positive  ions. 

Minimum  deviation. — The  deviation  or  change  of  direc- 
tion of  light  passing  through  a  prism  is  a  minimum  when  the 
angle  of  incidence  is  equal  to  the  angle  of  emergence.  If  D 
is  the  angle  of  minimum  deviation  and  A  the  angle  of  the 
prism,  the  index  of  refraction  of  the  prism  for  the  wave  length 
used  is, 

_  sin  j(A  +  D) 

sin  iA 

Mixtures  consist  of  two  or  more  substances  intermingled 
with  no  constant  percentage  composition,  and  with  each 
component  retaining  its  essential  original  properties. 

Modulus  of  elasticity. — The  stress  required  to  produce 
unit  strain,  which  may  be  a  change  of  length  (Young's  modulus) : 
a  twist  or  shear  (modulus  of  rigidity  or  modulus  of  torsion) 
or  a  change  of  volume  (bulk  modulus),  expressed  in  dynes  per 
square     centimeter.     Dimensions, — the     same     as     of    stress, 

[m  i~l  r2]. 

A  molal  solution  contains  one  mole  per  1000  grams  of 
solvent. 

A  molar  solution  contains  one  mole  or  gram  molecular 
weight  of  the  solute  in  one  liter  of  solution. 
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Mole. — A  mass  numerically  equal  to  the  molecular  weight. 

Molecule. — The  smallest  unit  quantity  of  matter  which 
can  exist  by  itself  and  retain  all  the  properties  of  the  original 
substance. 

Molecular  volume. — Volume  occupied  by  one  mole. 
Numerically  equal  to  the  molecular  weight  divided  by  the 
density. 

Molecular  weight. — The  sum  of  the  atomic  weights  of 
all  the  atoms  in  a  molecule. 

Mol  volume. —The  volume  occupied  by  a  mol  or  a  gram 
molecular  weight  of  any  gas  measured  at  standard  conditions 
is  22.414  liters. 

Moment  of  force  or  torque. — The  effectiveness  of  a  force 
to  produce  rotation  about  an  axis,  measured  by  the  product 
of  the  force  and  the  perpendicular  distance  from  the  line  of 
action  of  the  force  to  the  axis.  Cgs  unit — the  dyne-centi- 
meter. Dimensions, — [m  I2 t~2].  If  a  force  F  acts  to  produce 
rotation  about  a  center  at  a  distance  d  from  the  line  in  which 
the  force  acts,  the  force  has  a  torque, 

L  =  Fd. 

Moment  of  inertia. — A  measure  of  the  effectiveness  of 
mass  in  rotation.  In  the  rotation  of  a  rigid  body  not  only 
the  body's  mass,  but  the  distribution  of  the  mass  about  the 
axis  of  rotation  determines  the  change  in  the  angular  velocity 
resulting  from  the  action  of  a  given  torque  for  a  given  time. 
Moment  of  inertia  in  rotation  is  analogous  to  mass  (inertia) 
in  simple  translation.  The  cgs  unit  is  g-cm2.  Dimensions, — 
[ml2]. 

If  mi,  m2,  ra3,  etc.  represent  the  masses  of  infinitely  small 
particles  of  a  body;  n,  r2,  rs,  etc.  their  respective  distances 
from  an  axis  of  rotation,  the  moment  of  inertia  about  this 
axis  will  be 

I  =  (min2  +  m&£  +  rmr^2  +   •  •  •  ) 
or  I  =  S(mr2) 

Momentum. — Quantity  of  motion  measured  by  the 
product  of  mass  and  velocity.  Cgs  unit — ,  one  gram-centimeter 
per  second.     Dimensions, — [m  I 1~1]. 

A  mass  m  moving  with  velocity  v  has  a  momentum, 

M  =  mo. 

If  a  mass  m  has  its  velocity  changed  from  vi  to  #2  by  the 
action  of  a  force  F  for  a  time  t, 

mv2  —  mvi  =  Ft. 
Monochromatic  emissive  power  is  the  ratio  of  the  energy 
of  certain  defined  wave  lengths  radiated  at  definite  tempera- 
tures to  the  energy  of  the  same  wave  lengths  radiated  by  a 
black  body  at  the  same  temperature  and  under  the  same 
conditions. 
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Monotropic. — Crystal  forms  one  of  which  is  always  meta- 
stable  with  respect  to  the  other. 

Mosley's  law, — The  frequencies  of  the  characteristic 
X-rays  of  the  elements  show  a  strict  linear  relationship  with 
the  square  of  the  atomic  number. 

Motion*  laws  of. — See  Newton's  law  of  motion. 

Multiple  proportions,  law  of. — If  two  elements  form 
more  than  one  compound,  the  weights  of  the  first  element 
which  combine  with  a  fixed  weight  of  the  second  element  are 
in  the  ratio  of  integers  to  each  other. 

Nernst  efTect. — When  heat  flows  across  the  lines  of  mag- 
netic force,  there  is  observed  an  electromotive  force  in  the 
mutually  perpendicular  direction. 

Neutralization  is  a  reaction  in  which  the  hydrogen  ion  of 
an  acid  and  the  hydroxyl  ion  of  a  base  unite  to  form  water, 
the  other  product  being  a  salt. 

Neutron. — An  elementary  particle  with  approximately  the 
mass  of  a  hydrogen  atom  but  without  any  electric  charge. 
The  neutron  is  one  of  the  constituents  of  the  atomic  nucleus. 

Newton's  law  of  cooling.— The  rate  of  cooling  of  a  body 
under  given  conditions  is  proportional  to  the  temperature 
difference  between  the  body  and  its  surroundings. 

Newton's  law  of  motion. 

I.  Every  body  continues  in  its  state  of  rest  or  of  uniform 
motion  in  a  straight  line  except  m  so  far  as  it  may  be  com- 
pelled to  change  that  state  by  the  action  of  some  outside  force. 

II.  Change  of  motion  is  proportional  to  force  applied  and 
takes  place  in  the  direction  of  the  line  of  action  of  the  force 

III.  To  every  action  there  is  always  an  equal  and  opposite 
reaction. 

Nodal  points. — Two  points  on  the  axis  of  a  lens  such  that 
a  ray  entering  the  lens  in  the  direction  of  one,  leaves  as  if 
from  the  other  and  parallel  to  the  original  direction. 

A  normal  salt  is  an  ionic  compound  containing  neither 
replaceable  hydrogen  nor  hydroxyl  ions. 

A  normal  solution  contains  one  gram  molecular  weight 
of  the  dissolved  substance  divided  by  the  hydrogen  equivalent 
of  the  substance  (that  is,  one  gram  equivalent)  per  liter  of 
solution. 

Nucleus. — The  heavy  central  part  of  an  atom  in  which  most 
of  the  mass  and  the  total  positive  electric  charge  is  concentrated 
The  charge  of  the  nucleus,  an  integral  multiple  (Z)  of  the  elec- 
tronic charge,  is  the  essential  factor  which  distinguishes  one 
element  from  another.     Z  is  called  the  atomic  number. 

Numerical  aperture  is  the  sine  of  half  the  angular  aperture, 
used  as  a  measure  of  the  optical  power  of  an  objective. 

Ohm's  law. — Current  m  terms  of  electromotive  force  E  and 
resistance  R. 
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R 
The  current  is  given  in  amperes  when  E  is  in  volts  and  R  in 
ohms. 

Organ  pipes. — The  frequency  of  vibration  of  a  closed  pipe 
or  other  air  column  of  length  Z,  where  7  is  the  velocity  of  sound 
in  air,  for  the  fundamental  and  first  three  overtones  respectively 

is, 


V 

n»=4? 

37 

711=3  TV 

57 

n>  =  TV 

77 

n*=T 

open  pipe, 

V 

27 

711  ~  w 

37 

712  =  w 

47 

Oxidation  is  any  process  which  increases  the  proportion 
of  oxygen  or  acid-forming  element  or  radical  in  a  compound. 

Paramagnetic  bodies  are  those  which  tend  to  set  the  longest 
dimension  parallel  to  the  magnetic  field.  The  permeability 
of  a  paramagnetic  substance  is  greater  than  unity. 

Pascal's  law. — Pressure  exerted  at  any  point  upon  a  confined 
liquid  is  transmitted  undiminished  in  ali  directions. 

Peltier  effect. — When  a  current  flows  across  the  junction 
of  two  unlike  metals  it  gives  rise  to  an  absorption  or  liberation 
of  heat.  If  the  current  flows  in  the  same  direction  as  the 
current  at  the  hot  junction  in  a  thermoelectric  circuit  of  the  two 
metals,  heat  is  absorbed;  if  it  flows  in  the  same  direction  as  the 
current  at  the  cold  junction  of  the  thermoelectric  circuit  heat 
is  liberated. 

Pendulum. — For  a  simple  pendulum  of  length  Z,  for  a  small 
amplitude,  the  complete  period, 

T  =  2^yjl-        or        Q-4**^ 

T  will  be  given  in  seconds  if  I  is  in  cm.  and  g  in  cm  per  sec2. 

For  a  sphere  suspended  by  a  wire  of  negligible  mass  where  d 
is  the  distance  from  the  knife  edge  to  the  center  of  the  sphere 
whose  radius  is  r,  the  length  of  the  equivalent  simple  pendulum, 

If  the  period  is  P  for  an  arc  0,  the  time  of  vibration  in  an 
infinitely  small  arc  is  approximately 

1  +  |  sin2  | 

For  a  compound  pendulum,  if  a  body  of  mass  m  be  suspended 
from  a  point  about  which  its  moment  of  inertia  is  /  with  its 
center  of  gravity  a  distance  h  below  the  point  of  suspension,  the 
period 

2392 


DEFINITIONS  AND  FORMULAE  (Continued) 

T  =  2*  \/-L- 

Period  in  uniform  circular  motion  is  the  time  of  one  complete 
revolution.  In  any  oscillatory  motion  it  is  the  time  of  a  com- 
plete oscillation.     Dimension, — [t\ 

Period  of  vibration  of  a  magnet  of  magnetic  moment  M 
and  moment  of  inertia  I  vibrating  in  a  field  of  strength  H, 

Periodic  law. — Elements  when  arranged  in  the  order  of  their 
atomic  weights  or  atomic  numbers  show  regular  variations  in 
most  of  their  physical  and  chemical  properties. 

Permeance,  the  reciprocal  of  reluctance.  Unit  permeance 
is  the  permeance  of  a  cylinder  one  square  centimeter  cross- 
section  and  one  centimeter  length  taken  in  a  vacuum.  Dimen- 
sions—[e"1  Z"1 12} ;  Lu/]. 

Phase  of  oscillatory  motion. — The  fraction  of  a  whole 
period  which  has  elapsed  since  the  moving  particle  last  passed 
through  its  middle  position  in  a  positive  direction. 

Photographic  density. — The  density  D  of  silver  deposit  on 
a  photographic  plate  or  film  is  defined  by  the  relation 

D  =  log  0 

where  O  is  the  opacity.     If  I0  and  /  are  the  incident  and  trans- 
mitted intensities  respectively  the  opacity  is  given  by  I0/I 
The  transparency  is  the  reciprocal  of  the  opacity  or  I /I0. 

Piezo-electric  effect. — The  phenomenon  exhibited  by 
certain  crystals  of  expansion  along  one  axis  and  contraction 
along  another  when  subjected  to  an  electric  field.  The  con- 
verse effect,  whereby  mechanical  strains  produce  opposite 
charges  on  different  faces  of  the  crystal,  also  obtains. 

Pinch  effect. — When  an  electric  current,  either  direct  or 
alternating,  passes  through  a  liquid  conductor,  that  conductor 
tends  to  contract  in  cross-section,  due  to  electromagnetic  forces. 

Pitch  of  sound  is  determined  by  the  frequency  or  number 
of  vibrations  per  second. 

Planck's  constant  (h)  when  multiplied  by  the  frequency  of 
radiation  v,  gives  the  quantity  of  energy  (=  hv)  contained  in 
one  quantum. 

Poisson's  ratio  is  the  ratio  of  the  transverse  contraction  per 
unit  dimension  of  a  bar  of  uniform  cross-section  to  its  elonga- 
tion per  unit  length,  when  subjected  to  a  tensile  stress. 

Polarized  light. — Light  which  exhibits  different  properties 
in  different  directions  at  right  angles  to  the  line  of  propagation 
is  said  to  be  polarized.  Specific  rotation  is  the  power  of 
liquids  to  rotate  the  plane  of  polarization.  It  is  stated  in  terms 
of  specific  rotation  or  the  rotation  in  degrees  per  decimeter  per 
unit  density. 
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Polymorphism. — The  ability  to  exist  in  two  or  more  crystal- 
line forms. 

Positron. — A  particle  with  a  mass  equal  to  that  of  the 
electron  but  possessing  a  positive  charge. 

Potential  (electric)  at  any  point  is  measured  by  the  work 
necessary  to  bring  unit  positive  charge  from  an  infinite  distance. 
Difference  of  potential  between  two  points  is  measured  by  the 
work  necessary  to  carry  unit  positive  charge  from  one  to  the 
other.  If  the  work  involved  is  one  erg  we  have  the  electrostatic 
unit  of  potential.     Dimensions, — [e~h  mS  l.h  t'1];  [/*£  mh  11  t~2]. 

The  potential  at  a  point  due  to  a  charge  q  at  a  distance  r 
in  a  medium  whose  dielectric  constant  is  e  is. 

V  =  q- 

er 

Power. — The  time  rate  at  which  work  is  done.  Units  of 
power, — the  watt,  one  joule  (ten  million  ergs)  per  second;  the 
kilowatt  is  equal  to  1000  watts;  the  horse-power,  33,000  foot- 
pounds per  minute,  is  equal  to  746  watts.  Dimensions, — 
\m  Z2  r3]. 

If  an  amount  of  work  W  is  done  in  time  t  the  power  or  rate 
of  doing  work  is 

W 

/  =  T 

Power  will  be  obtained  in  watts  if  W  is  expressed  in  joules 
(107  ergs)  and  t  in  sec. 
Power  in  watts  for  alternating  current, 

P  =  EI  cos  <f> 

where  E  and  /  are  the  effective  values  of  the  electromotive 
force  and  current  in  volts  and  amperes  respectively  and   <f> 
the  phase  angle  between  the  current  and  the  impressed  elec- 
tromotive force. 
The  ratio, 

P 

EI  =  cos  * 
is  called  the  power  factor. 

Power  developed  by  a  direct  current. — The  power  in  watts 
developed  by  an  electric  current  flowing  in  a  conductor,  where 
E  is  the  difference  of  potential  at  its  terminals  in  volts,  R  its 
resistance  in  ohms,  and  /  the  current  in  amperes, 

p  =  EI  =  RI* 
The  work  done  in  joules  in  a  time  t  sec  is, 

W  =  Elf.RIH. 
Power  ratios  in  telephone  engineering  are  measured  in 
decibels.  The  gain  or  loss  of  power  expressed  in  decibels  is 
ten  times  the  logarithm  of  the  power  ratio.  By  reference 
to  an  arbitrarily  chosen  " power  level"  the  actual  power  may  be 
expressed  in  decibels.     The  numerical  values  thus  used  will 
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not  be  proportional  to  the  actual  power  level  but  roughly 
to  the  sensation  on  the  ear  produced  when  the  electrical  power 
is  converted  into  sound.  A  difference  of  1  decibel  in  the  power 
supply  to  a  telephone  receiver  produces  approximately  the 
smallest  change  in  volume  of  sound  which  a  normal  ear  can 
detect 

Pressure. — Force  applied  to,  or  distributed,  over  a  surface; 
measured  as  force  per  unit  area.  Cgs  unit, — the  barye,  one 
dyne  per  square  centimeter  The  megabarye  is  equal  to  106 
dynes  per  square  centimeter.  Pressure  is  also  measured  by 
the  height  of  the  column  of  mercury  or  water  which  it  supports. 
Dimensions, — [m  /_1  t~2]. 

The  pressure  due  to  a  force  F  distributed  over  an  area  A, 

F 

Absolute  pressure. — Pressure  measured  with  respect  to  zero 
pressure.  Gauge  pressure — pressure  measured  with  respect  to 
that  of  the  atmosphere. 

Principal  focus  of  a  lens  or  spherical  mirror  is  the  point  of 
convergence  of  light  coming  from  a  source  at  an  infinite  distance. 

Projectiles. — For  bodies  projected  with  velocity  v  at  an 
angle  a  above  the  horizontal,  the  time  to  highest  point  of  flight, 

v  sin  a 

9 
Total  time  of  flight  to  reach  the  original  horizontal  plane, 

2v  sin  a 


T  = 


g 


Maximum  height, 
Horizontal  range, 


7        vz  sm:  a 

h    =    jr 

D       v2  sin  2a 


9 

In  the  above  equations  the  resistance  of  the  air  is  neglected 
g  is  the  acceleration  due  to  gravity. 

Proton. — An  elementary  particle  having  a  positive  charge 
equivalent  to  tne  negative  charge  of  the  electron  but  possessing 
a  mass  approximately  1845  times  as  great.  The  proton  is  in 
effect  the  positive  nucleus  of  the  hydrogen  atom. 

Purkinje  effect.- — A  phenomenon  associated  with  the  human 
eye,  making  it  more  sensitive  to  blue  light  when  the  illumination 
is  poor  (less  than  about  0.1  lumen  per  sq.  ft.)  and  to  yellow 
light  when  the  illumination  is  good. 

Quality  or  timbre  of  a  sound  depends  on  the  coexistence 
with  the  fundamental  of  other  vibrations  of  various  frequencies 
and  amplitudes. 
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Quantity  of  electricity  or  charge. — The  electrostatic 
unit  of  charge,  the  quantity  which  when  concentrated  at  a 
point  and  placed  at  unit  distance  from  an  equal  and  similarly 
concentrated  quantity,  is  repelled  with  unit  force.  If  the 
distance  is  one  centimeter  and  force  of  repulsion  one  dyne 
and  the  surrounding  medium  a  vacuum,  we  ha\e  the  electro- 
static unit  of  quantity.  The  electrostatic  unit  of  quantity 
may  be  defined  as  that  transferred  by  electrostatic  unit  current 
in  unit  time.  The  quantity  transferred  by  one  ampere  in  one 
second  is  the  coulomb,  the  practical  unit.  The  faraday  is 
the  electrical  charge  carried  by  one  gram  equivalent.  The 
coulomb  =  3  X  109  electrostatic  units.     Dimensions, — 

Radiation. — If  IQ  is  the  intensity  of  normal  radiation  and  1 
the  intensity  at  an  angle 

I  —  I0  cos  0 
This  is  called  Lambert's  law.     It  does  not  apply  in  all  cases. 

Radiation  formula,  Planck's. — The  emissive  power  of  a 
black  body  at  wave  length  ^  may  be  written 


eC2/\T   -    1 


where  d  and  c2  are  constants  with  numerical  values  3.7403  X 
108  microwatts  per  cm2  per  0.01m  zone  of  spectrum  and  14384 
micron  degrees,  respectively  and  T  the  absolute  temperature. 

Radioactive  substances  continuously  undergo  a  process  of 
atomic  disintegration  in  which  energy  is  liberated.  One  or 
more  radiations  known  as  a-rays,  /3-rays  or  7-rays  are  spon- 
taneously emitted.  ■   • 

Radius  of  curvature  from  spherometer  readings. — If  I  is 
is  the  mean  length  of  the  sides  of  the  triangle  formed  by  the 
points  of  the  three  legs,  d  the  spherometer  readings,  the  radius 
of  curvature  of  the  surface  is 

I2        d 
6d  ^2 

Radius  of  gyration  may  be  defined  as  the  distance  from 
the  axis  of  rotation  at  which  the  total  mass  of  a  body  might  be 
concentrated  without  changing  its  moment  of  inertia.  The 
product  of  total  mass  and  the  square  of  the  radius  of  gyration 
will  give  (the)  moment  of  inertia. 

Rankine  scale  of  temperature.— The  absolute  Fahren- 
heit scale. 

Raoult's  law. — Molar  weights  of  non- volatile  non-elec- 
trolytes when  dissolved  in  a  definite  weight  of  a  given  solvent 
under  the  same  conditions  lower  the  solvent's  freezing  point, 
elevate  its  boiling  point  and  reduce  its  vapor  pressure  equally 
for  all  such  solutes. 
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Reduction  is  any  process  which  increases  the  proportion  of 
hydrogen  or  base-forming  elements  or  radicals  in  a  compound. 

Reflection  coefficient  or  reflectivity  is  the  ratio  of  the 
light  reflected  from  a  surface  to  the  total  incident  light.  The 
coefficient  may  refer  to  diffuse  or  to  specular  reflection.  In 
general  it  varies  with  the  angle  of  incidence  and  with  the  wave- 
length of  the  light. 

Reflection  of  light  by  a  transparent  medium  in  air. 

(FresnePs  formulae). — If  i  is  the  angle  of  incidence,  r  the  angle 
of  refraction,  n\  the  index  of  refraction  for  air  (nearly  equal  to 
unity),  n2  index  of  refraction  for  a  medium,  then  the  ratio  of 
the  reflected  light  to  the  incident  light  is, 

i  /sin2  (i  —  r)       tan2  (i  —  r)\ 
2  Vsin2  (i  +  r)  +  tan2  (i  +  r)) 

If  i  =  0   (normal  incidence),   and  nx  =  I   (approximate  for 

air), 


R 


\n2  +  \) 


Refraction. — See  Index  of  refraction;  Snell  s  law. 

Refraction  at  a  spherical  surface. — If  u  be  the  distance 
of  a  point  source,  v  the  distance  of  the  point  image  or  the  inter- 
section of  the  refracted  ray  with  the  axis,  ni  and  ft2  the  indices 
of  refraction  of  the  first  and  second  medium,  and  r  the  radius 
of  curvature  of  the  separating  surface, 

ri2    ,    fti  _  ni  —  n\ 
v         u  r 

If  the  first  medium  is  air  the  equation  becomes, 
n       1        w  —  1 
v        u  r 

Refractivity  is  given  by  (n  —  1)  when  n  is  the  index  of 

n  —  1 
refraction;  the  specific  refractivity  is  given  by  — -3 —  where 

d  is  the  density.  Molecular  refractivity  is  the  product  of 
specific  refractivity  by  the  molecular  weight. 

Relative  humidity. — The  ratio  of  the  quantity  of  water 
vapor  present  in  the  atmosphere  to  the  quantity  which  would 
saturate  at  the  existing  temperature.  It  is  also  the  ratio  of 
the  pressure  of  water  vapor  present  to  the  pressure  of  satu- 
rated water  vapor  at  the  same  temperature. 

Reluctance  is  that  property  of  a  magnetic  circuit  which 
determines  the  total  magnetic  flux  in  the  circuit  when  a  given 
magnetomotive  force  is  applied.  Unit,  the  reluctance  of  one 
centimeter  length  and  one  square  centimeter  cross-section  of 
space  taken  in  a  vacuum.     Dimensions, — [el  t~2];  Lu-1  J-1]. 

Reluctivity  or  specific  reluctance  is  the  reciprocal  of  mag- 
netic permeability.  The  reluctivity  of  empty  space  is  taken 
as  unity.     Dimensions', — [el2 1~2]',  [m-1]- 
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Replacement  series. — The  arrangement  of  the  metals  in 
order  of  the  values  of  their  oxidation  potentials. 

Resistance  is  a  property  of  conductors  depending  on  their 
dimensions,  material  and  temperature  which  determines  the 
current  produced  by  a  given  difference  of  potential.  The 
practical  unit  of  resistance,  the  ohm  is  that  resistance  through 
which  a  difference  of  potential  of  one  volt  will  produce  a  current 
of  one  ampere.  The  international  ohm  is  the  resistance 
offered  to  an  unvarying  current  by  a  column  of  mercury  at 
0°C,  14.4521  grams  in  mass,  of  constant  cross-sectional  area 
and  106.300  centimeters  in  length,  sometimes  called  the  legal 
ohm.     Dimensions, — [e-1 1'1 1];  [jjlI  t"1]. 

Resistance  of  a  conductor  at  0°C,  of  length  Z,  cross-section 
s  and  specific  resistance  p 

Ro  =p- 

s 

The  resistivity  may  be  expressed  as  ohm-cm  when  R  is  in 
ohms,  I  in  cm  and  s  in  cm2. 

Resistance  of  a  conductor  at  a  temperature  t  whose  resist- 
ance at  0°C  is  Ro  and  whose  temperature  resistance  coefficient 
is  a. 

Rt  =  R0(l  +  at) 

Resistance  of  conductors  in  series  and  parallel. — The 

total  resistance  of  any  number  of  resistances  joined  in  series 
is  the  sum  of  the  separate  resistances.  The  total  resistance 
of  conductors  in  parallel  whose  separate  resistances  are  n,  r2, 
r*  .  .  .  rn  is  given  bv  the  formula 

i    l  +  i+l...  +1 

R       n       r-i       r3  rn 

Where  R  is  the  total  resistance.     For  two  terms  this  becomes. 

n  +  r2 

Resistivity  or  specific  resistance,  the  reciprocal  of  con- 
ductivity, is  measured  bj^  the  resistance  of  a  body  of  the  sub- 
stance of  unit  cross-section  and  of  unit  length  at  0°C  also 
called  volume  resistivity  The  unit  may  be  indicated  as  the 
ohm-centimeter.     Dimensions, — [e-1/],  [jj.12  f1]. 

Mass  resistivity  is  the  longitudinal  resistance  per  unit  length 
of  a  uniform  bar  of  the  substance  of  such  a  sectional  area  that 
it  contains  one  unit  of  mass  per  unit  of  length.  Dimensions, — 
[e^ml^t];  [uml-n-1]. 

Surface  resistivity  is  the  resistance  of  unit  length  and  unit 
width  of  a  surface. 

Resolving  power  of  a  telescope  or  microscope  is  indicated 
by  the  minimum  separation  of  two  objects  for  which  they 
appear  distinct  and  separate  when  viewed  through  the 
instrument. 
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Restitution,  coefficient  of,  for  two  bodies  on  impact.— 
The  ratio  of  the  difference  in  velocity,  after  impact  to  the 
difference  before  impact. 

Reversible  reactions  are  those  in  which  the  products  of  the 
reaction  may  in  turn  react  upon  each  other  to  form  the  original 
reacting  substances. 

Rotatory  power  is  the  power  of  rotating  the  plane  of 
polarized  light,  given  in  general  by  8/1  where  0  is  the  total 
rotation  which  occurs  in  a  distance  I. 

The  molecular  or  atomic  rotatory  power  is  the  product 
of  the  specific  rotatory  power  by  the  molecular  or  atomic  weight. 
Magnetic  rotatory  power  is  given  by 

0/e  H  cos  <x 

where  H  the  intensity  of  the  magnetic  field,  and  a.  the  angle 
between  the  field  and  the  direction  of  the  light. 

Rydberg  formula. — A  formula,  similar  to  that  of  Balmer, 
for  expressing  the  wave-numbers  (v)  of  the  lines  in  a  spectral 
series : 


R[(n+  a)2        (m  +  &)2J 


where  n  and  m  are  integers  and  m  >  n,  a  and  b  are  constants 
for  a  particular  series,  and  R  is  the  Rydberg  constant,  109677.8 
cm-1  for  hydrogen. 

Salt. — Any  substance  which  yields  ions,  other  than  hydrogen 
or  hydroxyl  ions.  A  salt  is  obtained  by  displacing  the  hydrogen 
of  an  acid  by  a  metal. 

Seebeck  efTect. — If  a  circuit  consists  of  two  metals,  one 
junction  hotter  than  the  other,  a  current  flows  in  the  circuit. 
The  direction  of  the  flow  depends  on  the  metals  and  the  tem- 
perature of  the  junctions. 

Sensitiveness  of  a  balance. — Assuming  the  three  knife 
edges  of  a  balance  to  lie  on  a  straight  line, — if  M  is  the  weight 
of  the  beam,  h  the  distance  of  the  center  of  gravity  below  the 
knife  edge,  L  the  length  of  the  balance  arms  and  m  a  small 
mass  added  to  one  pan,  the  deflection  6  produced  is  given  by 

mL 
tan  6  =  m 

Simple  harmonic  motion. — Periodic  oscillatory  motion 
in  a  straight  line  in  which  the  restoring  force  is  proportional 
to  the  displacement.  If  a  point  move  uniformly  in  a  circle, 
the  motion  of  its  projection  on  the  diameter  (or  any  straight 
line  in  the  same  plane)  is  simple  harmonic  motion. 

If  r  is  the  radius  of  the  reference  circle,  o>  the  angular  velocity 
of  the  point  in  the  circle,  0  the  angular  displacement  at  the 
time  t  after  the  particle  passes  the  mid-point  of  its  path,  the 
linear  displacement, 

x  —  r  sin  0  =  r  sin  w£. 
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The  velocity  at  the  same  instant, 

v  =  rco  cos  6  —  co  v  r2  —  x2 
The  acceleration, 

a  =  —  o>2x. 
The  force  for  a  mass  m, 

F  =  mco2z  = ^ 

The  period, 


T  =  2 


V! 


In  the  above  equations  the  cgs  system  calls  for  x  and  r  in 
cm,  v  in  cm  per  sec,  a  in  cm  per  sec2,  T  in  sec,  m  in  grams,  F  in 
dynes.  0  in  radians  and  co  in  radians  per  sec. 

Simple  machine. — A  contrivance  for  the  transfer  of 
energy  and  for  increased  convenience  in  the  performance  of 
work. 

Mechanical  advantage  is  the  ratio  of  the  resistance  overcome 
to  the  force  applied.  Velocity  ratio  is  the  ratio  of  the  dis- 
tance through  which  force  is  applied  to  the  distance  through 
which  resistance  is  overcome. 

Efficiency  is  the  ratio  of  the  work  done  by  a  machine  to  the 
work  done  upon  it. 

If  a  force  /  applied  to  a  machine  through  a  distance  S  results 
in  a  force  F  exerted  by  the  machine  through  a  distance  s, 
neglecting  friction, 

fS  =  Fs. 

The  theoretical  mechanical  advantage  or  velocity  ratio  in 

the  above  case  is,  S- 

Actually  the  force  obtained  from  the  machine  will  have  a 
smaller  value  than  will  satisfy  the  equation  above.  If  F' 
be  the  actual  force  obtained,  the  practical  mechanical  advantage 

F' 
will  be,  y 

The  efficiency  of  the  machine, 

v     F's 

E    W 

Snell's  law  of  refraction. — If  i  is  the  angle  of  incidence, 
r  the  angle  of  refraction,  v  the  velocity  of  light  in  the  first 
medium,  vf  the  velocity  in  the  second  medium,  the  index  of 
refraction  v, 

sin  i        v 

n  -  - —  =  —  • 
sin  r       v 

Solid . — A  state  of  matter  in  which  the  relative  motion  of 
the  molecules  is  restricted  and  they  tend  to  retain  a  definite 
fixed  position  relative   to  each  other,   giving  rise   to   crystal 
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structure      A  solid  may  be  said  to  have  a  definite  shape  and 
volume. 

Solid  angle. — Measured  by  the  ratio  of  the  surface  of  the 
portion  of  a  sphere  enclosed  by  the  conical  surface  forming  the 
angle,  to  the  square  of  the  radius  of  the  sphere.  Unit  of  solid 
angle, — the  steradian,  the  solid  angle  which  encloses  a  surface 
on  the  sphere  equivalent  to  the  square  of  the  radius.  Dimen- 
sions,— unity. 

Solubility  of  one  liquid  or  solid  in  another  is  the  mass  of  a 
substance  contained  in  a  solution  which  is  in  equilibrium 
with  an  excess  of  the  substance.  Under  these  conditions  the 
solution  is  said  to  be  saturated.  Solubility  of  a  gas  is  the 
ratio  of  concentration  of  gas  in  the  solution  to  the  concentra- 
tion of  gas  above  the  solution. 

Solute. — That  constituent  of  a  solution  which  is  considered 
to  be  dissolved  in  the  other,  the  solvent.  The  solvent  is 
usually  present  in  larger  amount  than  the  solute. 

A  solution  is  saturated  if  it  contains  at  given  temperature 
as  much  of  a  solute  as  it  can  retain  in  the  presence  of  an  excess 
of  that  solute, 

A  true  solution  is  a  mixture,  liquid,  solid  or  gaseous,  in 
which  the  components  are  uniformly  distributed  throughout 
the  mixture.  The  proportion  of  the  constituents  may  be 
varied  within  certain  limits. 

Solubility  product  or  precipitation  value  is  the  product 
of  the  concentrations  of  the  ions  of  a  substance  in  a  saturated 
solution  of  the  substance. 

Solvent.- — That  constituent  of  a  solution  which  is  present 
in  larger  amount;  or,  the  constituent  which  is  liquid  in  the 
pure  state,  in  the  case  of  solutions  of  solids  or  gases  in  liquids. 

Specific  gravity. — The  ratio  of  the  mass  of  a  body  to  the 
mass  of  an  equal  volume  of  water  at  4°C  or  other  specified 
temperature.     Dimensions, — unity. 

Specific  heat  of  a  substance  is  the  ratio  of  its  thermal 
capacity  to  that  of  water  at  15°C.     Dimensions, — unity. 

If  a  quantity  of  heat  H  calories  is  necessary  to  raise  the  tem- 
perature of  m  grams  of  a  substance  from  h  to  ^°C,  the  specific 
heat,  or  more  properly,  thermal  capacity  of  the  substance, 

H 

miti  —  t2) 

Specific  heat  by  the  method  of  mixtures. — Where  a  mass  mi  of 
the  substance  is  heated  to  a  temperature  ti,  then  placed  in  a 
mass  of  water  m^  at  a  temperature  ti  contained  in  a  calorimeter 
with  stirrer  (of  same  material)  of  mass  m*,  specific  heat  of  the 
calorimeter  c,  h  the  final  temperature 

mis{ti  —  tz)  =  (mz  c  +  m^)(h  —  k). 
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Black7 s  ice  calorimeter. — If  a  body  of  mass  m  and  temperature 
t  melts  a  mass  m'  of  ice,  its  temperature  being  reduced  to  0°C, 
the  specific  heat  of  the  substance  is, 

80.1m; 


s  = 


mt 


Bunsen's  ice  calorimeter. — A  body  of  mass  m  at  temperature  t 
causes  a  motion  of  the  mercury  column  of  I  centimeters  in  a 
tube  whose  volume  per  unit  length  is  v.     The  specific  heat  is 

=  SUlv 
mt 

Specific  inductive  capacity. — The  ratio  of  the  capacitance 
of  a  condenser  with  a  given  substance  as  dielectric  to  the 
capacitance  of  the  same  condenser  with  air  or  a  vacuum  as 
dielectric  is  called  the  specific  inductive  capacity.  The  ratio  of 
the  dielectric  constant  of  a  substance  to  that  of  a  vacuum. 

Specific  rotation. — If  there  are  n  grams  of  active  sub- 
stance in  v  cubic  centimeters  of  solution  and  the  light  passes 
through  I  centimeters,  r  being  the  observed  rotation  in  degrees, 
the  specific  rotation  (for  1  centimeter), 

r  l        rv 
[a]  =  nl 

Specific  volume  is  the  reciprocal  of  density.  Dimensions, — 
[m-1  Z3]. 

Spectral  series  are  spectral  lines  or  groups  of  lines  which 
occur  in  an  orderly  sequence. 

Speed. — Time  rate  of  motion  measured  by  the  distance 
moved  over  in  unit  time.  Cgs  unit, — one  centimeter  per 
second.     Dimension, —  [It".1]. 

Spherical  aberration. — When  large  surfaces  of  spherical 
mirrors  or  lenses  are  used  the  light  divergent  from  a  point 
source  is  not  exactly  focused  at  a  point.  The  phenomenon  is 
known  as  spherical  aberration.  For  axial  pencils  the  error  is 
known  as  axial  spherical  aberration;  for  oblique  pencils,  coma. 

Spherical  mirrors. — If  R  is  the  radius  of  curvature,  F 
principal  focus,  and/i  and/2  any  two  conjugate  focal  distances, 

1        1        1    _  2 
/1      h      F       R 
If  the  linear  dimensions  of  the  object  and  image  be  O  and  / 
respectively  and  u  and  v  their  distances  from  the  mirror, 

0  u 

1  v 

Standard  conditions  for  gases. — Measured  volumes  of 
gases  are  quite  generally  recalculated  to  0  degrees  C  tempera- 
ture and  760  mm  pressure,  which  have  been  arbitrarily  chosen 
as  standard  conditions. 
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Stark  effect. — A  change  occurs  in  the  number  of  spectral 
lines  when  the  emission  takes  place  in  a  strong  electrical  field. 
The  phenomena  are  different  for  different  lines  and  the  observed 
effects  depend  upon  the  geometrical  relation  between  the 
direction  of  emission  and  the  direction  of  the  electric  field. 

Stationary  or  standing  waves  are  produced  in  a  medium 
by  the  simultaneous  transmission,  in  opposite  directions  of  two 
similar  wave  motions.  Fixed  points  of  minimum  amplitude 
are  called  nodes.  A  segment  extends  from  one  node  to  the 
next.  An  antinode  or  loop  is  the  point  of  maximum  ampli- 
tude between  two  nodes. 

Stefan-Boltzman  law  of  radiation. — The  energy  radi- 
ated in  unit  time  by  a  black  body  is  given  by,  E  —  K(T*  —  TV), 
where  T  is  the  absolute  temperature  of  the  body,  TQ  the  absolute 
temperature  of  the  surroundings,  and  K  a  constant. 

Stoichiometric. — Pertaining  to  weight  relations  in  chemical 
reactions. 

Stoke' s  law  gives  the  rate  of  fall  of  a  small  sphere  in  a 
viscous  fluid.  When  a  small  sphere  falls  under  the  action 
of  gravity  through  a  viscous  medium  it  ultimately  acquires  a 
constant  velocity, 

=  2ga\dl  -  <fe) 
9V 
where  a  is  the  radius  of  the  sphere,  di  and  d±  the  densities  of 
the  sphere  and  the  medium  respectively,  and  y  the  coefficient 
of  viscosity.     V  will  be  in  cm  per  sec  if  g  is  in  cm  per  sec2,  a  in 
cm,  d\  and  d2  in  g  per  cm3  and  t\  in  dyne-sec  per  cm2  or  poises. 

Strain. — The  deformation  resulting  from  a  stress  measured 
by  the  ratio  of  the  change  to  the  total  value  of  the  dimension 
in  which  the  change  occurred.     Dimensions, — unity. 

Stress. — The  force  producing  or  tending  to  produce  deforma- 
tion in  a  body  measured  by  the  force  applied  per  unit  area 
Cgs  units, — one  dyne  per  square  centimeter.     Dimensions, — 

[m  i-1  r2]. 

Surface  density  of  electricity. — Quantity  of  electricity 
per  unit  area.     Dimensions, — [eh  m\  l~h  t~x\\  [m~*  m%  MJ. 

Surface  density  of  magnetism. — Quantity  of  magnetism 
per  unit  area.     Dimensions, — [e_1  tm  l~%],  [ixh  mi  l~%  tr1]. 

Surface  tension. — Two  fluids  in  contact  exhibit  phenomena, 
due  to  molecular  attractions  which  appear  to  arise  from  a 
tension  in  the  surface  of  separation.  It  may  be  expressed 
as  dynes  per  cm  or  as  ergs  per  square  centimeter.  Dimensions, 
— [m  t~2]. 

The  total  force  along  a  line  of  length  I  on  the  surface  of  a 
liquid  whose  surface  tension  is  T, 

F  =  IT. 

Cay  Mary  tubes. — If  a  liquid  of  density  d  rises  a  height  h 
in  a  tube  of  internal  radius  r  the  surface  tension  is, 
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T       rhdg 
2 

The  tension  will  be  in  dynes  per  cm  if  r  and  h  are  in  cm,  d  in 
g  per  cm3  and  g  in  cm  per  sec2. 

Drops  and  bubbles. — Pressure  in  dynes  per  cm2  due  to  surface 
tension  on  a  drop  of  radius  r  cm  for  a  liquid  whose  surface 
tension  is  T  dynes  per  cm, 

p  =  ?L 

r 
For  a  bubble  of  mean  radius  r  cm, 

4T 

P  =  —  • 

r 

Susceptibility  (magnetic)  is  measured  by  the  ratio  of  the 
intensity  of  magnetization  produced  in  a  substance  to  the 
magnetizing  force  or  intensity  of  field  to  which  it  is  subjected. 
The  susceptibility  of  a  substance  will  be  unity  when  unit 
intensity  of  magnetization  is  produced  by  a  field  of  one  gauss 
Dimensions,— [e"1  l~2 12],  [/x]. 

A  chemical  symbol  is  not  only  an  abbreviation  of  the  name 
but  represents  one  atom  and  one  gram  atomic  weight  of  that 
element. 

Tangent  galvanometer. — A  tangent  galvanometer  with  n 
turns,  of  radius  r,  in  the  earth's  field  H,  has  a  deflection  6. 
The  current  flowing  is, 

Hr  >       n 
%  =  p—~  tan  6 

2irn 

If  —  G  (the  galvanometer  constant) 

r 

•       H  x       n 
%  —  77  tan  0 

Temperature  majr  be  defined  as  the  condition  of  a  bod}^ 
which  determines  the  transfer  of  heat  to  or  from  other  bodies. 
The  customary  unit  of  temperature  is  the  Centigrade  degree, 
Tfo  the  difference  between  the  temperature  of  melting  ice  and 
that  of  water  boiling  under  standard  atmospheric  pressure. 
The  degree  Fahrenheit  is  T|0>  and  the  degree  Reaumur  ^o 
the  same  difference  of  temperature. 

The  fundamental  temperature  scale  is  the  absolute,  thermo- 
dynamic or  Kelvin  scale  in  which  the  temperature  measure 
is  based  on  the  average  kinetic  energy  per  molecule  of  a  perfect 
gas.  The  zero  of  the  Kelvin  scale  is  —273. 18°C.  The  temper- 
ature scale  adopted  by  the  International  Bureau  of  Weights 
and  Measures  is  that  of  the  constant  volume  hydrogen  gas 
thermometer.  The  magnitude  of  the  degree  in  both  these 
scales  is  defined  as  Tio  the  difference  between  the  temperature 
of  melting  ice  and  that  of  boiling  water  at  760  mm  pressure. 
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Temperature  resistance  coefficient. — The  ratio  of  the 
change  of  resistance  in  a  wire  due  to  a  change  of  temperature 
of  1°C  to  its  resistance  at  0°C.     Dimension, — [0-1]. 

Thermal  capacity  of  a  substance  is  the  quantity  of  heat 
necessary  to  produce  unit  change  of  temperature  in  unit  mass. 
It  is  ordinarily  expressed  as  calories  per  gram  per  degree 
Centigrade.     Numerically  equivalent  to  specific  heat. 

Thermal  capacity  or  water  equivalent. — The  total  quan- 
tity of  heat  necessary  to  raise  any  body  or  system  unit  tempera- 
ture, measured  as  calories  per  degree  centigrade  in  the  cgs 
system.     Dimension, — [m]. 

Thermal  expansion. — The  coefficient  of  linear  expansion 
or  expansivity  is  the  ratio  of  the  change  in  length  per  degree  C 
to  the  length  at  0°C.  The  coefficient  of  volume  expansion 
(for  solids)  is  approximately  three  times  the  linear  coefficient. 
The  coefficient  of  volume  expansion  for  liquids  is  the  ratio  of 
the  change  in  volume  per  degree  to  the  volume  at  0°C.  The 
value  of  the  coefficient  varies  with  temperature.  The  coeffi- 
cient of  volume  expansion  for  a  gas  under  constant  pressure  is 
nearly  the  same  for  all  gases  and  temperatures  and  is  equal  to 
0.00367  for  1°C.     Dimension,— [r1]. 

If  l0  is  the  length  at  0°C,  a  the  coefficient  of  linear  expansion, 
the  length  at  taC  is, 

It  =  lo(l  +  at). 
General  formula  for  thermal  expansion. — The  rate  of  thermal 
expansion  varies  with  the  temperature.     The  general  equation 
giving  the  magnitude  mt  (length  or  volume)  at  a  temperature  t, 
where  m0  is  the  magnitude  at  0°C,  is 

mt  =  m0(l  +  at  +  (3t2  +  yt3  •   •   •  ) 

where  a,  (3,  y,  etc.  are  empirically  determined  coefficients. 

Volume  expansion. — If  V  represents  volume  and  £  the 
coefficient  of  expansion, 

Vt  -  Vo(l  +  fit). 
For  solids, 

(3  =  Sa  (approximately). 

Thermodynamics,  law  of. 

I.  When  mechanical  work  is  transformed  into  heat  or  heat 
into  work,  the  amount  of  work  is  always  equivalent  to  the 
quantity  of  heat. 

II.  It  is  impossible  by  any  continuous  self-sustaining  process 
for  heat  to  be  transferred  from  a  colder  to  a  hotter  body. 

Thermoelectric  power  is  measured  by  the  electromotive 
force  produced  by  a  thermocouple  for  unit  difference  of  tem- 
perature between  the  two  junctions.  It  varies  with  the  aver- 
age temperature  and  is  usually  expressed  in  microvolts  per 
degree  C.  It  is  customary  to  list  the  thermoelectric  power  of 
the  various  metals  with  respect  to  lead.  Dimensions, — 
[<rh  rm  l\  t~\  0-i];  fr*l  mi  r1 0"1]. 
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Thomson  thermoelectric  effect  is  the  designation  of  the 
potential  gradient  along  a  conductor  which  accompanies  a 
temperature  gradient.  The  magnitude  and  direction  of  the 
potential  varies  with  the  substance. 

The  coefficient  of  the  Thomson  effect  or  specific  heat  of 
electricity  is  expressed  in  joules  per  coulomb  per  degree  Centi- 
grade     Dimensions, — [e~2  m\  l\  t1  6"1};  [rf  mh  U  t~2  0*1]. 

Time,  unit  of. — The  second,  ^eioo  °f  a  mean  solar  day. 
One  of  the  three  fundamental  units  of  the  cgs  system. 

Torque  produced  by  the  action  of  one  magnet  on 
another. — The  turning  moment  experienced  by  a  magnet  of 
pole  strength  m'  and  length  2V  placed  at  a  distance  r  from 
another  magnet  of  length  21  and  pole  strength  m,  where  the 
center  of  the  first  magnet  is  on  the  axis  (extended)  of  the 
second  and  the  axis  of  the  first  is  perpendicular  to  the  axis 
of  the  second, 

n       0mm'llf       2MM' 

C      —     O  7. —     ~ 

r6  y"j 

If  the  first  magnet  is  deflected  through  an  angle  0,  the  expres- 
sion becomes, 

n       2MM' 

C  =  — ■= —  cos  d 
r° 

Torsional  vibration. — See  Angular  harmonic  motion. 

Total  reflection. — When  light  passes  from  any  medium  to 
one  in  which  the  velocity  is  greater,  refraction  ceases  and  total 
reflection  begins  at  a  certain  critical  angle  of  incidence  6  such 
that 

sin  0  =  — 
n 

where  n  is  the  index  of  the  first  medium  with  respect  to  the 
second.  If  the  second  medium  is  air  n  has  the  ordinary  value 
for  the  first  medium.     For  any  other  second  medium, 

fti 

n  =  — 

n2 

where  n\  and  n*  are  the  ordinary  indices  of  refraction  for  the 

first  and  second  medium  respectively. 

Tractive  force  of  a  magnet. — If  a  magnet  with  induction 

B  has  a  pole  face  of  area  A  the  force,  is, 

If  B  and  A  are  in  cgs  units,  F  will  be  in  dynes. 

Triangle  or  polygon  of  forces. — If  three  or  more  forces 
acting  on  the  same  point  are  in  equilibrium,  the  vectors  repre- 
senting them  form,  when  added,  a  closed  figure. 

Uniform  circular  motion. — If  r  is  the  radius  of  a  circle, 
v  the  linear  speed  in  the  arc,  w  the  angular  velocity  and  T  the 
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period  or  time  of  one  revolution, 


_  v  __  2tt 
r        T 

The  acceleration  toward  the  center  is 

V2               2 

a  =  —  =  or  r  = 
r 

4ttV 

~rp2 

The 

centrifugal 

force  for  a  mass  m, 

mv2 
t    —            —  m,u>lr  = 

4:7r2mr 

r  T2 

In  the  above  equations  co  will  be  in  radians  per  second  and 
a  in  cm  per  sec2  if  r  is  in  cm,  v  in  cm  per  sec  and  T  in  sec.  F  will 
be  in  dynes  if  mass  is  in  grams  and  other  units  as  above. 

Application  to  the  solar  system. — If  M  is  the  mass  of  the 
sun,  G  the  constant  of  gravitation,  P  the  period  of  the  planet 
and  r  the  distance  of  the  planet  from  the  sun,  then  the  mass  of 
the  sun 


M  =  ^~,  (G  =  6.670  X  10~8  for  cgs  units). 

If  P  is  the  period  and  r  the  distance  of  a  satellite  revolving 
around  the  planet,  the  above  expression  for  M  gives  the  mass 
of  the  planet.  The  formula  is  written  on  the  assumption 
that  the  orbit  of  the  planet  or  satellite  is  circular,  which  is 
only  approximately  true. 

Uniformly  accelerated  rectilinear  motion. — If  v0  is  the 

initial  velocity,  vt  the  velocity  after  time  t7  the  acceleration, 

vt  —  v0 

The  velocity  after  time  t, 

Vt  =  v0  +  at 
Space  passed  over  in  time  t, 

s  =  v0t  +  \at2 
Velocity  after  passing  over  space  s, 

vs  =  \/vo2  +  2as 
Space  passed  over  in  the  nth  second 

s  =  v0  +  %a(2n  —  1). 
In  the  above  and  following  similar  equations  the  values  of  the 
space,  velocity,  and  acceleration  must  be  substituted  in  the 
same  system.     For  space  in  cm,  velocity  will  be  in  cm  per  sec 
and  acceleration  in  cm  per  sec  per  sec. 

Unit. — Specific  magnitude  of  a  quantity,  set  apart  by 
appropriate  definition,  which  is  to  serve  as  a  basis  of  com- 
parison or  measurement  for  other  quantities  of  the  same  nature. 

Valence  of  an  atom  of  an  element  is  that  property  which  is 
measured  by  the  number  of  atoms  of  hydrogen  (or  its  equiva- 
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lent)  one  atom  of  that  element  can  hold  in  combination  if 
negative,  or  can  displace  in  a  reaction  if  it  is  positive. 

Valence  electrons  of  the  atom  are  electrons  which  are 
gained,  lost  or  shared  in  chemical  reactions. 

Van't  Hoff's  principle. — If  the  temperature  of  interacting 
substances  in  equilibrium  is  raised,  the  equilibrium  concen- 
trations of  the  reaction  are  changed  so  that  the  products  of 
that  reaction  which  absorb  heat  are  increased  in  quantity,  or 
if  the  temperature  for  such  an  equilibrium  is  lowered,  the 
products  which  evolve  heat  in  their  formation  are  increased 
in  amounts. 

Van  der  Waal's  variation  of  Boyle's  law. 

(p+^)(v  -b)  =RT 

where  p  and  v  are  the  pressure  and  volume  at  any  constant 
temperature  and  a  and  b  are  constants.  R  is  the  gas  constant 
and  T  the  absolute  temperature.  For  values  of  R,  a  and  b  see 
tables. 

Vectors,  composition  of. — If  the  angle  between  two 
vectors  is  A,  and  their  magnitude  a  and  b,  their  resultant, 

C  =  V«2  +  b2  +  2ab  cos  A. 
Velocity. — Time  rate  of  motion  in  a  fixed  direction.     Cgs 
units, — one  centimeter  per  second.     Dimensions, — [I  t~l\. 
If  s  is  space  passed  over  in  time  t}  the  velocity, 

s 

v  =  i 

Velocity  of  a  compressional  wave. — The  velocity  of  a 
compressional  wave  in  an  elastic  medium,  in  terms  of  elasticity 
E  (bulk  modulus)  and  density  d, 

For  the  velocity  of  sound  in  air,  where  p  is  the  pressure  and 
d  the  density, 


-4t 


Velocity  of  efflux  of  a  liquid. — If  h  is  the  distance  from 
the  opening  to  the  free  surface  of  the  liquid,  the  velocity  of 
efflux  is 

V  =  V2gh 
The  above  is  the  theoretical  discharge  velocity  disregarding 
friction  and  the  shape  of  orifice.     For  water  issuing  through  a 
circular  opening  with  sharp  edges  of  area,  A,  the  volume  dis- 
charged per  second  is  given  approximately  by, 

Q  =  0.62A\/2gh 
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Velocity  of  sound,  variation  with  temperature. — The 

velocity  in  meters  per  sec  at  any  temperature  t  in  °C  is  given 
approximately  by 


=  "T.V 


1+-*- 

^273 


V  =  331.5  +  .607* 
The  variation  with  humidity  is  given  by  the  equation 

"-W'-JG:-!) 

where  Vd  is  the  velocity  in  dry  air,  Vh  that  in  air  at  barometric 
pressure  p  in  which  the  pressure  of  water  vapor  is  e.  yw  and  ya 
are  the  specific  heat  ratios  for  water  vapor  and  for  air  respec- 
tively. 

Velocity  of  a  transverse  wave  in  a  stretched  cord.     If  T 
is  the  tension  of  the  cord  and  m  the  mass  per  unit  length, 

F  =  V- 
*  m 

Velocity  of  water  waves. — If  the  depth  h  is  small  com- 
pared with  the  wave  length,  the  velocity, 

V  -  Vgh 

In  deep  water  for  a  wave  length  X, 


2tt 

If  the  wavelength  is  very  small,  less  than  about  1.6  cm,  the 
velocity  increases  as  the  wave  length  decreases  and  is  expressed 
by  the  following, 

F        J^f^X 

v  V  \d    ^  2tt 

where  T  is  the  surface  tension  and  d  the  density  of  the  liquid. 

V  will  be  given  in  cm  per  sec  if  h  and  X  are  in  cm,  g  in  cm  per 

sec2,  T  in  dynes  per  cm  and  d  in  g  per  cm3. 

Velocity  of  a  wave. — The  velocity  of  propagation  in  terms 
of  wavelength  X  and  the  period  T  or  frequency  n  is, 

V  -  |  -  n\ 

Viscosity. — All  fluids  possess  a  definite  resistance  to  change 
of  form  and  many  solids  show  a  gradual  yielding  to  forces 
tending  to  change  their  form.  This  property,  a  sort  of  inter- 
nal friction,  is  called  viscosity;  it  is  expressed  in  dyne-seconds 
per  cm2  or  poises.  Dimensions, — [m  l~l  t"1].  If  the  tangential 
force  per  unit  area,  exerted  by  a  layer  of  fluid  upon  one  adjacent 
is  one  dyne  for  a  space  rate  of  variation  of  the  tangential 
velocity  of  unity,  the  viscosity  is  one  poise. 

Kinematic  viscosity  is  the  ratio  of  viscosity  to  density. 
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Flow  of  liquids  through  a  tube;  where  I  is  the  length  of  the 
tube,  r  its  radius,  p  the  difference  of  pressure  at  the  ends,  ij 
the  coefficient  of  viscosity,  the  volume  escaping  per  second, 

v  =  ^—  (Poiseuille). 

atrj 

The  volume  will  be  given  in  cm3  per  second  if  I  and  r  are  in  cm, 
p  in  dynes  per  cm2  and  r\  in  poises  per  dyne-seconds  per  cm2. 

Visibility  is  measured  by  the  ratio  of  the  luminous  flux  in 
lumens  to  the  total  radiant  energy  in  ergs  per  second  or  in 
watts. 

Volume,  unit  of. — The  cubic  centimeter,  the  volume  of  a 
cube  whose  edges  are  one  centimeter  in  length.  Other  units 
of  volume  are  derived  in  a  similar  manner.     Dimension, — [I3]. 

Wave  motion. — A  progressive  disturbance  propagated  in  a 
medium  by  the  periodic  vibration  of  the  particles  of  the 
medium.  Transverse  wave  motion  is  that  in  which  the  vibra- 
tion of  the  particles  is  perpendicular  to  the  direction  of  propa- 
gation. Longitudinal  wave  motion  is  that  in  which  the  vibra- 
tion of  the  particles  is  parallel  to  the  direction  of  propagation. 

Weight. — The  force  with  which  a  body  is  attracted  toward 
the  earth.     Cgs  unit, — the  dyne.     Dimensions, — [m  1 1~2]. 

Although  the  weight  of  a  body  varies  with  its  location,  the 
weights  of  various  standards  of  mass  are  often  used  as  units 
of  force  as, — pound  weight,  or  pound  force,  gram  weight,  etc. 
The  weight  of  mass  m,  where  g  is  the  acceleration  due  to 
gravity, 

W  —  mg. 

The  weight  will  be  given  in  dynes  when  m  is  in  grams  and 
g  in  cm  per  sec2. 

Wien's  displacement  law. — When  the  temperature  of  a 
radiating  black  body  increases,  the  wave  length  corresponding 
to  maximum  energy  decreases  in  such  a  way  that  the  product 
of  the  absolute  temperature  and  wave  length  is  constant. 

f^max-L      —    W 

w  is  known  as  Wien's  displacement  constant. 

Wheatstone's  bridge. — If  the  resistances  n,  r2,  r3,  and  r4 
form  the  arms  of  a  Wheatstone's  bridge  in  order  as  the  circuit 
(omitting  cell  and  galvanometer  connections)  is  traced,  when 
the  bridge  is  balanced, 

r\  _  ri  ri        r2 

r2       r3  /'4       r3 

Work. — When  a  force  acts  against  resistance  to  produce 
motion  in  a  body  the  force  is  said  to  do  work.  Work  is  meas- 
ured by  the  product  of  the  force  acting  and  the  distance  moved 
through  against  the  resistance.  Cgs  units  of  work, — the  erg,  a 
force  of  one  dyne  acting  through  a  distance  of  one  centimeter. 
The  joule  is  1  X  107  ergs.     Dimensions, — [m  I2 1~2].     The  foot- 
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DEFINITIONS  AND  FORMULAE  (Continued) 

pound  is  the  work  required  to  raise  a  mass  of  one  pound  a 
vertical  distance  of  one  foot  where  g  =  32.174  ft. /sec2.  The 
foot-poundal  is  the  work  done  by  a  force  of  one  poundal  acting 
through  a  distance  of  one  foot.  The  International  joule,  a 
unit  of  electrical  energy,  is  the  work  expended  per  second  by  a 
current  of  one  International  ampere  flowing  through  one 
International  ohm.  The  kilowatt-hour  is  the  total  amount  of 
energy  developed  in  one  hour  by  a  power  of  one  kilowatt. 
If  a  force  F  act  through  a  space  s,  the  work  done  is 

W  =Fs 
Work  will  be  given  in  ergs  if  F  is  in  dynes  and  s  in  cm 
Work  done  in  rotation.     If  a  torque  L  dyne-cm  acts  through 
an  angle  6  radians,  the  work  done  in  ergs  is 

W  =  Ld 
Zee  man  effect. — The  splitting  of  a  spectrum  line  into 
several  symmetrically  disposed  components,  which  occurs  when 
the  source  of  light  is  placed  in  a  strong  magnetic  field.  The 
components  are  polarized,  the  directions  of  polarization  and  the 
appearance  of  the  effect  depending  on  the  direction  from  which 
the  source  is  viewed  relative  to  the  lines  of  force. 


2411 


MEASURES  AND  UNITS 

FUNDAMENTAL  STANDARDS 

The  primary  standard  of  length  is  defined  as  the  distance  between  two 
lines  at  0°  C  on  a  platinum-iridium  bar  known  as  the  International  Proto- 
type Meter  deposited  at  the  International  Bureau  of  Weights  and  Measures. 
The  International  Prototype  Meter  is  1553164.13  times  the  wave  length  of 
the  red  cadmium  line  in  air,  760  mm  pressure,  15°  C 

The  primary  standard  of  mass  is  denned  as  the  mass  of  the  International 
Prototype  Kilogram  of  platinum-iridium  kept  at  the  International  Bureau 
of  Weights  and  Measures  at  Sevres.  It  is  equal  to  the  mass  of  0.001000027 
cubic  meter  of  pure  water  at  4°  C  and  760  mm  pressure. 

The  primary  standard  of  capacity  is  the  liter  which  is  the  volume  of  one 
kilogram  of  pure  water  at  the  temperature  of  maximum  density  and  under 
normal  atmospheric  pressure. 

The  primary  standard  of  time  is  the  mean  solar  second,  one  eighty 
six  thousand  four  hundredth  (solos)  part  of  a  mean  solar  day. 

The  standard  scale  of  temperature  adopted  by  the  International  Com- 
mittee of  Weights  and  Measures  1887  is  based  on  the  variations  in  pressure 
of  hydrogen  at  constant  volume.  The  hydrogen  is  taken  at  an  initial  pres- 
sure, at  the  temperature  of  melting  ice,  of  one  meter  of  mercury  (0°  C, 
sea  level,  latitude  45°).  The  scale  is  defined  by  taking  the  temperature  of 
melting  ice  as  0°  and  that  of  condensing  steam  under  760  mm  pressure  as 
100°.     This  is  known  as  the  Centigrade  (C)  scale. 

The  absolute  or  thermodynamic  temperature  scale  proposed  by  Lord 
Kelvin  is  based  on  the  average  kinetic  energy  per  molecule  of  a  perfect  gas. 
The  temperature  of  melting  ice  is  273.18°  and  that  of  the  boiling  point  of 
water  373.18°.     This  is  frequently  referred  to  as  the  Kelvin  (K)  scale. 

International  Electrical  Units 

Adopted  in  the  United  States  January  1,  1948 

1  international  ohm  =  1.000495  absolute  ohms 

1  international  volt  =  1.00033  absolute  volts 

1  international  ampere  =  0.999835  absolute  ampere 

1  international  coulomb  =  0.999835  absolute  coulomb 

1  international  henry  =  1.000495  absolute  henries 

1  international  farad  =  0.999505  absolute  farad 

1  international  watt  =  1.000165  absolute  watts 

1  international  joule  =  1.000165  absolute  joules 
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WEIGHTS  AND  MEASURES 

Metric  System 

Lengths 


Millimeters 
(mm) 

Centimeters 
(cm) 

Decimeters 

(dm) 

Meters 

(m) 

U   S.  equivalent 

1 
10 

100 
1,000 

0.1 

1 

10 
100 

0.01 
.1 

1 
10 

0.001 
.01 

.1 
1 

0.0393700  inch 
0 . 393700    inch 
(3.93700      inches 
(0.328083    foot 
(39 . 3700      inches 
(3.28083      feet 

Meters 
(m) 

Dekameters 
(dkm) 

Hectometers 
(hm) 

Kilometers 
(km) 

U.  S.  equivalent 

1 

10 

100 
1,000 

0.1 

1 

10 
100 

0.01 

.1 

1 
10 

0.001 
.01 

.1 

1 

(  1.09361    yards 
(  0.198838  rod 
(10.9361      yards 
(  1.98838    rods 
19.8838      rods 
0.621372  mile 

Millionth 

microns 

(mm) 

Ang- 
stroms 
(A) 

Milli- 
microns 
(him) 

Microns 
(m) 

Centi- 
meters 
(cm) 

U.  S.  equivalent 
inches 

1 

100 

1,000 

106 

0.01 
1 
10 

104 

0.001 

.1 
1 
1,000 

10-6 

10-4 
10-3 

1 

lO-io 

10-8 

10-7 

10-4 

3.93700  X  10-n 
3.93700  X  10"» 
3.93700  X  10-8 
3.93700  X  10-5 

1  myriameter  =  10,000  meters  =  6.21372  miles. 


Area 


Sq.  milli- 
meters 
(mm2) 


1 

100 

10,000 

1 , 000 , 000 


Sq.  centi- 
meters 
(cm2) 


0.01 
1 
100 
10,000 


Sq.  deci- 
meters 
(dm*) 


0.0001 

.01 
1 
100 


Sq.  meters 
or  centares 

(m2,  ca) 


0.000001 
.0001 
.01 

1 


U.  S.  equivalent 


0.00155000  sq.  in. 

0.155000  sq.  in. 
15.5000  sq.  in. 
10.76387    sq.  ft. 
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WEIGHTS  AND  MEASURES  (Continued) 
Metric  System  (Continued) 

Area  (Continued) 


Sq.  meters 

or  centares 

(m2,  ca) 


1 

100 

10,000 

1 , 000 , 000 


Sq.  deka- 
meters 
or  ares 

(dkm2,  a) 


0.01 

1 

100 

10,000 


Sq.   hecto- 
meters 
or  hectares 
(hm2,  ha) 


0.0001 

.01 
1 
100 


Sq.  kilo- 
meters 

(km*) 


0.000001 
.0001 
.01 

1 


U.  S.  equivalent 


0.039537       sq.  rod 
0.02471044  acre 
2.471044      acres 
0.3861006    sq.  mile 


Volume 


Cu.  millimeters 
(mm3) 


1 

1,000 

1,000,000 

1,000,000,000 


C  a. "centimeters 
(cm3,  cc) 


0.001 
1 
1.000 


1,000,000 


Cu.  decimeters 
(dm3) 


0.000001 

.001 
1 


1,000 


Cu.  meters 
(m3) 


0.000000001 
.000001 
.001 

1 


U.  S.  equivalent 


0.0000610234  cu.  in. 

0.0610234  cu.  in. 
61.0234  cu.  in. 
35  3144     cu.  ft. 

1.30794     cu.  yd. 


1  stere  =  1  cubic  meter 

Capacity 

1  liter  is  the  volume  of  pure  water  at  4°  C  and  760  mm  pressure  which 
weighs  1  kilogram.  1  liter  =  1.000027  cubic  decimeter  =  1000.027  cubic 
centimeters. 


Milliliters 
(ml) 

Centiliters 
(cl) 

Deciliters 
(dl) 

Liters 

(1) 

U.S.  equivalent 

1 

10 
100 

1,000 

0.1 

1 
10 

100 

0.01 

.1 
1 

10 

0.001 
.01 

.1 

1 

f   16.2311         minims 
(     0.0610250  cu.  inch 
2.70518      fl.  drams 
3.38147       fl    ounces 
{270.518           fl.  drams 
1  33.8147         fl.  ounces 

Liters 

(1) 

Dekaliters 
(did) 

Hectoliters 
(hi) 

Kiloliters 
(kl) 

IT.  S.  equivalent 

1 

10 

100 
1,000 

0.1 
1 

10 
100 

0.01 

.1 

1 
10 

0.001 
.01 

.1 
1 

/    1.05671     liq.  quarts 
)    0.264178  gallon 
)    1.81620    dry  pints 
V  0.908102  dry  quart 
(18.1620       dry  pints 
<    9.08102    dry  quartf 
(    1.13513    pecks 
2 .  83782    bushels 
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WEIGHTS  AND  MEASURES  (Continued) 
Metric  System  (Continued) 

Mass 


Milligrams 

(mg) 

Centigrams 
(eg) 

Decigrams 
(dg) 

Grams 

(g) 

U.  S.  equivalent 

1 

10 

100 

1,000 

0.1 

1 
10 

100 

0.01 

.1 
1 

10 

0.001 
.01 

.  1 

1 

0.015432356  grain 
0.15432356    grain 
1 . 5432356       grains 
(15.432356         grains 
<    0.5643833       dram  av. 
(    0.03527396     ounce  av. 

Grams 
(g) 

Deka- 
grams 
(dkg) 

Hecto- 
grams 
(hg) 

Kilo- 
grams 
(kg) 

U.  S.  equivalent 

1 

10 
100 

1,000 

0.1 

1 
10 

100 

0.01 

.1 
1 

10 

0.001 
.01 

.1 

1 

/0. 771618         scruple 
)  0 .  2572059       dram  apoth. 
}  0.03215074    ounce    apoth. 
\0 .  002204622  pound  av. 

5 .  643833         drams  av. 

3 .  527396         ounces  av. 
(2.2046223       pounds  av. 
■j  2.  6792285      pounds  troy 
(                              or  apoth. 

1  kilogram  =  15,432.35639    grains  =  0.00110231     short    ton  =  0.00098421 

long  ton. 
1  metric  carat  =  200  milligrams  =  3.0864712  grains. 
1  myriagram     =     10,000    grams     =     10    kilograms     =     22.04622    pounds 

avoirdupois. 
1  quintal  (metric)  =  100  kilograms  =  2204622  pounds  avoirdupois. 
1  millier    or    tonne  =  1,000    kilograms  =  2,204.622    pounds    avoirdupois  = 

2,679.229  pounds  troy  =  0.98420640  long  ton   =  1.1023112  short  tons. 

Prefixes 

The  prefixes  mega-,  meaning  one  million,  and  micro-,  one  millionth,  are 
used  in  connection  with  various  simple  and  derived  units  of  the  metric 
system. 
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WEIGHTS  AND  MEASURES  (Continued) 
U.  S.  System 

Miscellaneous  Units  and  Equivalents 

Lengths 

The   United  States  standard  yard  is  denned  as  3600/3937"1* 

meter. 


Inches 
(in.) 

Feet 
(ft.) 

Yards 

(yd.) 

Rods 
(rd.) 

Miles 
(mi.) 

Metric 
equivalent 

1 

12 

36 

198 

63,360 

0.083333 
1 
3 

16.5 
5,280 

0.027778 
.33333 
1 

5.5 
1,760 

0.00505051 
.0606061 
.181818 

1 
320 

0.0000157828 
.000189394 
.000568182 
.003125 

1 

2.54001    cm 
0.304801  m 
0.914402  m 
5.029210  m 
1.60935    km 

1  mil  =  0.001  inch  =  25.4001  microns  =  .0254001  millimeter. 

1  hand  =  4  inches  =  10.1600  centimeters. 

1  span  =  9  inches  =  22.86005  centimeters. 

1  fathom  (fath.)  =  6  feet  =  1.828804  meters. 

1  link  (li.)  =  0.66  foot  =  7.92  inches  =  20.11684  centimeters. 

1  rod  (rd.)  =  25  links  =  5.029210  meters 

1  surveyor's  or  Gunter's  chain  (ch.)  =  4  rods  =  100  links  =  66  feet  =  20.11684  meters. 

1  engineer's  or  Ramsden's  chain  =  100  links  of  one  foot  each  =  100  feet  =  30.4801  meters. 

1  knot  or  nautical  mile  =  1.1516  statute  miles  =  6,080.27  feet  =  1.85325  kilometers  =  1' 

of  arc  on  the  Earth's  surface  at  the  equator. 
1  British  yard  =  3  feet  =  36  inches  =  0.914399  meter. 
1  British  inch  =  2.539998  centimeters. 
1  British  mile  =  1,760  yards  =  1.60934  kilometers. 
1  furlong  (fur.)  =  40  rods  =  220  yards  =  660  feet  =201.168  meters. 
1  pole  (British)  =  5.5  yards  =  5.0292  meters  =  approximately  1  rod. 
1  British  fathom  =  6.00  feet. 
1  toise  =  6  Paris  feet  =  1.94904  meters. 
1  Paris  foot  (pied)  =  12  Paris  inches  =  0.324839  meter, 
1  Paris  inch  (pouce)  =  12  Paris  lines  =  2.70700  centimeters. 
1  Paris  line  (ligne)  =  0.225583  centimeter. 
1  light  year  =  5.9  X  1012  miles  =  9.5  X  1012  kilometers. 
1  point  (type  sizes)  =  ^  or  0.01389  inch. 
1  line  =  *\  or  0.083333  inch. 
1  cubit  =18  inches. 
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WEIGHTS  AND  MEASURES  (Continued) 
U.  S.  System  (Continued) 

Area 


Sq.  inches 
(sq.  in.) 


1 
144 

296 


Sq.  feet 
(sq.  ft.) 


0.0069444 
1 
9 
272.25 

43,560 
27,878,400 


Sq.  yards 
(sq.  yd.) 


0.111111 

1 
30.25 

4,840 
3,097,600 


Sq.  rods 
(sq.  rd.) 


0.03305785 

160 
102,400 


Acres 
(A.) 


0.00625 
1 
640 


Sq.  miles 
(sq.  mi.) 


0.0015625 
1 


Metric 
equivalent 


6.451626     sq.  cm 
0.09290341sq.m 
0.8361307    sq.  m 
25.29295       sq.  m 
40.46873       sq.  dkm 
2.589998     sq.  km 


1  square  mil  =  .000001  square  inch  =  .00064516  square  millimeter. 

1  circular  mil  =  area  of  a  circle  whose  diameter  is  one  mil  =  .00000078540  square  inch. 

1  square  link  =  62.7264  square  inches  =  404.6873  square  centimeters. 

1  square  rod  (sq.  rd.)  =  625  square  links  =  25.29295  square  meters. 

1  square  chain  (sq.  ch.)  =  16  square  rods  =  404.6873  square  meters. 

1  acre  (A.)  =  10  square  chains  =  4,046.873  square  meters. 


1  acre  (A.)  =  10  square  chains  =  4,046.873  square  meters. 
1  British  square  yard  =  9  square  feet  =  0.""' 
1  British  sniiarp.  foot  =144  sonare  inches  = 


1  British  square  yard  =  9  square  feet  =  0.836126  square  meter. 

1  British  square  foot  =  144  square  inches  =  9.29029  square  decimeters. 

1  British  square  inch  =  6.45159  square  centimeters. 


1  British  square  inch  =  6.45159  square  centimeters. 
1  square  perch  (British)  =  30.25  square  yards  =  25.293  square  meters. 
1  rood  (British)  =  40  square  perches  =  10.117  ares  or  square  dekameters. 
1  acre  (British)  =  4  roods. 

Volume 


Cubic  inches 
(cu.  in.) 

Cubic  feet 
(cu.  ft.) 

Cubic  yards 
(cu.  yd.) 

Metric 
equivalent 

1 

1,728 

46,656 

0.000578704 

1 

27 

0. 0370370 
1 

16.3872         cu.  cm 
0.0283170  cu.  m 
0.764559     cu.  m 

1  board  foot  (bd.  ft.)   =  144  cubic  inches  =  2,359.8  cubic  centimeters. 

1  cord  =  128  cubic  feet  =  3.625  cubic  meters. 

1  British  cubic  foot  =  1,728  cubic  inches  =  0.0283168  cubic  meter. 

1  British  cubic  yard  =  27  cubic  feet  =  0.764553  cubic  meter. 

1  cubic  foot  =  6.229  British  gallons  =  7.481  U.  S.  gallons. 

1  cubic  yard  =  168.17  British  gallons. 
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WEIGHTS  AND  MEASURES  (Continued) 
U.  S.  System  (Continued) 

Capacity — Liquid  Measure 


Gills 
(gi.) 

Pints 
(Pt.) 

Quarts 
(qt.) 

Gallons 
(gal.) 

Cubic 
inches 

Metric 
equivalent 

1 

4 

8 

32 

0.25 

1 
2 
8 

0.125 

.5 
1 
4 

0.03125 

.125 

.25 
1 

7.21875 
28.875 
57.749 
231 

118.292         milliliters 
0.473167  liter 
0.946333  liter 
3 .  785332  liters 

1  gill  =  4  fluid  ounces  =  1.18292  deciliters. 

1  gallon  (U.  S.)  of  water  at  15°  weighs  about  8.337  pounds  avoirdupois  or 

3.7820  kilograms  =  0.83268  British  gallon. 
1  hogshead  =  63  gallons. 
1  firkin  =  9  gallons  =  34.06799  liters. 
1  tun  =  252  gallons. 
1  British  gill  =  1.4206  deciliters. 
1  British  pint  =  4  gills  =  0.56825  liter. 
1  British  quart  =  2  pints  =  1.13650  liters. 
1  British   gallon  =  4  quarts  =  277.3   cubic  inches  =  0.16054   cubic  foot  = 

4  5459631  liters 
1  British  gallon  of  water  at  15°  C  weighs  10  pounds  =  1.20094  U.  S.  gallons. 

Apothecaries'  Fluid  Measure 


Minims 
(min.  or  TU) 


1 

60 

480 

7,680 


Fluid  drams 
(fl.  dr.  or  5) 


0.016667 
1 
8 
128 


Fluid  ounces 
(fl.  oz.  or  5) 


0.0020833 

.125 
1 
16 


Pints 
(Pt.) 


0.0625 
1 


Metric 
equivalent 


0.0616102  milliliter 
3.69661       milliliters 
29.5729         milliliters 
0.473167    liter 


1  fluid  ounce  =  1.&0469  cubic  inches. 

1  gallon  =  128  fluid  ounces  =  8  pints. 

1  British  Imperial  gallon  =  8  pints  =  160  fluid  ounces  =  4.5459631  liters. 

1  British  fluid  ounce  =  8  drachms  =  28.4130  cubic  centimeters. 

1  British  fluid  drachm  =  60  minims  =  3.5515  cubic  centimeters. 

1  British  minim  =  0.059194  cubic  centimeter. 


Dry 

Measure 

Pints 
(Pt.) 

Quarts 
(qt.) 

Pecks 
(pk.) 

Bushels 
(bu.) 

Cubic 
inches 

Metric 
equivalent 

1 

2 

16 

64 

0.5 

1 

8 

32 

0.0625 

.125 
1 
4 

0.015625 
.03125 
.25 

1 

33 . 6003 
67.2006 
537 . 605 
2,150.42 

0 .  550599  liter 

1.101198  liters 

8 .  80958    liters 

35.2383      liters 

1  British  peck  =  2  British  gallons  =  554  6  cubic  inches  =  9.09193  liters. 
1  British  bushel  =  8  British  gallons  =  2,219.3  cubic  inches  ■>  36.3677  liters 

=  1.03205  U.  S.  bushels. 
1  British  quarter  =  8  bushels  =  2.909  hectoliters. 
1  U.  S.  bushel  =  0.96895  British  bushel. 
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WEIGHTS  AND  MEASURES  (Continued) 
U.  S.  System  (Continued) 

Mass 

Note:   Three   systems   are  in   use, — avoirdupois,    troy   and 
apothecaries'.     The  grain  is  the  same  in  all. 

Avoirdupois — Commercial 

The  U.  S.  Standard  pound  avoirdupois  is  defined  as  453.5924277 

grams. 


Grains 
(gr.) 

Drams 
(dr.  av.) 

Ounces 

(oz.  av.) 

Pounds 
(lb.  av.) 

Tons 

(short) 

(tn.) 

Metric 
equivalent 

1 

0  03657143 

16 

256 

0.0005 

0.064798918  g 

1.771845       g 

28.349527       g 

(453.5924           g 

\    0.4535924     kg 

907.18486         kg 

27.34375 

0  0625 

16 
32,000 

437.5 
7,000 

0.0625 
2,000 

1  pound  avoirdupois  is  the  mass  of  27.692  cubic  inches  of  water  weighed  in  air  at  4°  C, 

760  mm  pressure. 
1  short  hundredweight  (cwt.)  =  100  pounds  =  45.359243  kilograms. 
1  short  ton  =  20  short  hundredweight  =2,430.56  troy  pounds  =  907.18486  kilograms. 
1  stone  (British)  =14  pounds  =  6.350  kilograms. 
1  quarter  (British)  =  28  pounds  =  12.70  kilograms. 

1  long  hundredweight  (British)  =  4  quarters  =  112  pounds  =  50.802352  kilograms. 
1  long  ton  (British)  =  20  long  hundredweight  =  1,016.04704  kilograms. 
1  long  ton  =  1.12000  short  tons  =  2,722.22  troy  pounds  =  1.01605  metric  tons. 
1  short  ton  =  0.892857  long  ton  =  29,166.66  troy  or  apothecaries'   ounces  =  0.907185 

metric  ton. 
1  avoirdupois  pound  =  1.21528  troy  or  apothecaries'  pounds  =  14.5833  troy  ounces. 
1  avoirdupois  ounce  =  0.911458  troy  or  apothecaries'  ounce 

Troy  Weight 


Grains 
(gr.) 

Pennyweights 
(dwt.) 

Ounces 
(oz.  t.) 

Pounds 
(lb.  t.) 

Metric 
equivalent 

1 

0.041667 

1 

20 

240 

0.0020833 

.05 

1 
12 

(64.798918         mg 

\  0.064798918  g 

1.555174         g 

31.103481         g 

373.24177           g 

24 

480 

5,760 

0.0041667 

. 083333 
1 

1  troy    pound  =  5,760/7,000    or    0.822857    avoirdupois    pound  =  13.1657 

avoirdupois  ounces. 
1  carat  (1877)   =  3.168  grains  =  205.6  milligrams. 
1  troy  ounce  =  1.09714  avoirdupois  ounces. 
1  troy  pound  =  0.00036735  long  ton  =  0.00041143  short  ton  =  0.00037324 

metric  ton. 
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WEIGHTS  AND  MEASURES  (Continued) 
U.  S.  System  (Continued) 

Apothecaries'  Weight 


Grains 
(gr.) 


1 

20 

60 

480 

5.760 


Scruples 
Oor 
s.  ap.) 


0.05 
1 
3 
24 

288 


Drams 

(3  or 

dr   ap  ) 


0.016667 

.33333 
1 
8 
96 


Ounces 

(5  or 

oz.  ap.) 


0.0020833 
.041667 
.125 

1 
12 


Pounds 
(lb.  ap.) 


0.0034722 
.0104167 
.083333 

1 


Metric 
equivalent 


64.798918    mg 

1 . 2959784  g 

3.8879351  g 

31.103481     g 

373.24177      g 


Time 


Seconds 
(sec.) 

Minutes 
(min.) 

Hours 
(hr.) 

Days 

(da.) 

Years 

(yr) 

1 

60 

3,600 

86,400 

0.0166667 
1 
60 
1,440 

0.000277778 
.0166667 

1 
24 

0.000694446 
.0416667 

1 
365.2422 
365.256 

1  (common) 

1  (sidereal) 

1  lunar  month  (mo.)   =  29  days  12  hours  44  minutes. 
1  sidereal  second  =  0.997270  mean  solar  second. 

Angle 


Seconds 
(") 


1 

60 

3.600 

1,296,000 

206 , 265 


Minutes 


0.0166667 
1 
60 
21.600 
3,437.75 


Degrees 
(°) 


0 . 000277778 

.0166667 
1 
360 
57.2958 


Circum- 
ference 


0.00000771605 
. 0000462963 
.00277778 

1 

0.159155 


Radians 


0.00000484814 
. 000290888 
.0174533 

6.28319 

1 


44.8"  =  1/27T  of  a  circumference. 
=  1  circumference. 


1  radian  =  57°  17' 

2tt  radians  =  360° 

■k  radians  =  180°. 

tt/2  radians  =  90°. 

7r/4  radians  =  45°. 

1  grade  =  %\n  circumference  =  100  centesimal  minutes 

1  centesimal  minute  =  100"  centesimal  seconds. 


0.0157079  radian 


Solid  Angle 

1  steradian  =  1/47T  of  the  solid  angle  around  a  point. 
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UNITS  AND  CONVERSION  FACTORS 

Each  unit  named  is  followed  by  its  equivalent  in  one  or  more 
other  units  of  the  same  quantity.  While  the  list  of  equivalents 
is  incomplete  it  is  intended  to  include  all  those  which  will  be 
in  common  use 

Symbols  in  the  dimensional  formulae  given  after  the  headings 
have  the  following  significance:  ra,  mass,  /,  length;  t,  time; 
0,  temperature;  e,  dielectric  constant  of  a  vacuum;  /*,  per- 
meability of  a  vacuum. 


Mass,  Length,  Time,  Angle,  Area  and  Volume 

Acre  (A.)  (U.  S.). — 0  0015625  square  mile,  10  square  chains 
(Gunter's),  160  square  rods  or  square  perches;  4840  square 
yards;  4.3560X104  square  feet,  IX 106  square  links  (Gunter's), 
0.4046873  hectare  or  square  hectometer,  40  46873  ares  or  square 
dekameters;  4046.873  square  meters 

Acre  (A.)  (British). — 4  roods  (British),  4840  square  yards 
(British);  0.4046849  hectare  or  square  hectometer,  4046  849 
square  meters 

Angstrom  Unit  (A.  or  A.  U.).— 3  937X10" 9  inch,  0.003937 
millionths  of  an  inch;  1X10'10  meter,  IX 10"8  centimeter, 
IX 10" 4  micron  Ox);  0  1  milli-micron  or  micro-millimeter; 
100  millionth  microns  or  micro-microns  (mm) 

Are  (a).— 3.8610X10"5  square  mile,  0.02471044  acre  (U.  S.); 
119.60  square  yards;  1076.4  square  feet,  0.01  hectare,  1  square 
dekameter,  100  square  meters 

Astronomical  unit. — 1  495X10*  kilometers 

Bag  (British).— 3  bushels  (dry),  0  109107  cubic  meter 

Barleycorn  (British).— 1  /3  inch,  0.84667  centimeter 

Barrel  (bbl.)  (U.  S.,  dry).— 3.281  bushels,  105.0  quarts 
(dry);  7056  cubic  inches  for  dry  commodities  except  cran- 
berry barrel  which=5826  cubic  inches;  0  11562   cubic  meter 

Barrel  (bbl.)  (U.  S.,  liquid).— 31.5  gallons,  0  11924  cubic 
meter 

Barrel  (bbl.)  (British,  dry).— 36  gallons  (British),  0  16366 
cubic  meter 

Board  Foot  (bd.  ft.). — 1  /12  cubic  foot,  144  cubic  inches 
(1  footXl  footXl  inch);  2359.8  cubic  centimeters 

Bolt  (U.  S.,  cloth.).— 120  linear  feet;  36.576  meters. 

Bucket  (British,  dry).— 4  gallons  (British);  1 .8184X10*  cubic 
centimeters. 
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UNITS  AND  CONVERSION  FACTORS  (Continued) 

Bushel  (bu.)  (U.  S.,  dry).— 0.304785  barrel;  0.96895  bushel 
(British);  1  2444  cubic  feet,  4  pecks,  32  quarts  (dry);  64  pints 
(dry);  2150  42  cubic  inches;  0.035239  cubic  meter;  0.35238 
hectoliter,  3.5238  dekaliters;  35  238  liters;  3.5239X104  cubic 
centimeters. 

Bushel  (bu.)  (British,  dry).--^  or  0.125  quarter  (British, 
capacity);  1/3  or  0.33333  bag  (British);  1.03205  bushels 
(U  SO;  1.2843  cubic  feet;  8  gallons  (British);  2219.3  cubic 
inches;  0.363677  hectoliter,  3  63677  dekaliters;  36,3677  liters; 
3  6369X104  cubic  centimeters. 

Butt  (British,  dry).— 126  gallons;  0.57281  cubic  meter. 

Cable  Length  (British  &  U   S.).— 720  feet;  219.46  meters. 

Carat  (c)  (metric)  —3.08647  grains;  0.2  gram;  200  milli- 
grams 

Carat  (c)  (1877).— 3  168  grains,  205.6  milligrams. 

Cental  — 100  pounds,  45.359  kilograms. 

Centare  (car). — 1  196  square  yards,  10  764  square  feet; 
1550  square  inches;  0.01  are,  1  square  meter 

Centigram  (eg).— 0  1543236  grain;  0.01  gram. 

Centiliter  (cl).— 0.33815  ounce  (fluid,  U.  S.);  0.61025  cubic 
inch;  2.705179  drams  (fluid,  U  S.);  0.01  liter;  10.00027  cubic 
centimeters. 

Centimeter  (cm).— 0  01093611  yard  (U.  S.);  0.01093614 
yard  (British);  0.032808  foot  (U  S  or  British);  0.39370  inch 
(U  S.  or  British),  4.4330  lignes  (Paris  lines);  393.70  mils; 
0.01  meter;  10  millimeters;  IX 104  microns;  1X107  milli-microns 
or  micro-millimeters;  IX 108  Angstrom  units. 

Chain  (ch.)  (Engineer's  or  Ramden's).— 100  feet;  100  links 
of  1  foot  each;  30  4801  meters 

Chain  (ch.)  (Surveyor's  or  Gunter's). — 0.1  furlong;  0.0125 
mile,  4  rods;  22  yards;  66  feet.  100  links;  792  inches;  20.117 
meters;  2011  7  centimeters 

Chaldron  (U    S.,  d.y)  —  *36  bushels  (US);  1.2686  cubic 

meters 

Chaldron  (British,  dry).— *32  bushels  (British);  1  1638  cubic 
meters 

Circle  (cir  )  — 2ir  or  6  2832  radians,  12  signs;  360  degrees 

Circular  Inch. — Area  of  circle,  diameter  of  which  is  one  inch, 
0  78540  square-  inch;  5.0671  square  centimeters. 

Circular  Mil. — Area  of  circle,  diameter  of  which  is  one  mil 
*  Variable. 
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UNITS  AND  CONVERSION  FACTORS  (Continued) 

or  1/1000  inch;  7.854X10"7  square  inch;  0.78540  square  mil; 
5.0671X10"6  square  centimeter;  5.0671X10-4  square  millimeter. 

Circular  Millimeter.— 0.0078540  square  centimeter;  0.78540 
square  millimeter. 

Circumference. — 2tt  or  6.28319  radians;  360  degrees;  400 
grades;  2.1600X104  minutes;  1.296000  X106  seconds. 

Clove  or  Customary  Stone  (British). — 8  pounds;  3.6287 
kilograms. 

Coomb  (British,  dry). — 4  bushels;  0.14548  cubic  meter. 

Cord  (cd.).— 8  cord  feet;  128  cubic  feet  (8  feetX4  feetX4  feet); 
3.625  cubic  meters. 

Cord-Foot  (cd.  ft.)— 3^  or  0.125  cord;  16  cubic  feet  (4  feet  X 
4  feet  X  1  foot). 

Cubic  Centimeter  (cm3).— 1.3079  X  10" 6  cubic  yard;  2.7496  X 
10"5  bushel  (British);  2.83776  X  10"5  bushel  (U.  S.);  3.531445  X 
10"5  cubic  foot  (U.  S.);  3.531477  X  10"5  cubic  foot  (British); 
2.1997  X  10"4  gallon  (British);  2.6417  X  10"4  gallon  (U.  S.); 
4.2376  X  10"4  board  foot;  8.7988  X  10"4  quart  (liquid,  British), 
9.0808  X  10"4  quart  (dry,  U.  S.);  0.0010567  quart  (liquid, 
U.  S.);  0.0018162  pint  (dry,  U.  S.);  0.0021134  pint  (liquid, 
U.  S.);  0.033814  ounce  (fluid,  U.  S.);  0.035195  ounce  (fluid, 
British);  0.061023  cubic  inch;  0.27051  dram  (fluid,  U.  S.); 
0.28157  drachm  (fluid,  British);  16.231  minims  (U.  S.);  16.894 
minims  (British);  1  X  10" 6  cubic  meter;  9.9997  X  10"4  liter; 
0.001  cubic  decimeter;  0.99997  milliliter;  1000  cubic  millimeters. 

Cubic  Decimeter  (dm3).— 0.0013079  cubic  yard;  0.035314 
cubic  foot;  61.023  cubic  inches;  0.001  cubic  meter;  0.99997 
liter;  1000  cubic  centimeters. 

Cubic  Dekameter  (dkm3). — 1000  cubic  meters. 

Cubic  Foot  (ft.3  or  cu.  ft.)  (U.  S.).— 1  /128  or  0.0078125  cord. 
0.01  register  ton  (British);  1  /27  or  0.037037  cubic  yard;  1  /16  or 
0.0625  cord-foot;  0.77861  bushel  (British);  0.80357  bushel 
(U.  S.);  6.229  gallons  (British);  7.481  gallons  (U.  S.);  12  board 
feet;  25.714  quarts  (dry,  U.  S.);  29.922  quarts  (liquid,  U.  S.); 
59.844  pints  (liquid,  U.  S.);  1728  cubic  inches;  0.02831701  cubic 
meter;  28.316  liters;  2.8317  X  104  cubic  centimeters. 

Cubic  Foot  (ft.3  or  cu.  ft.)  (British).— 0.02831677  cubic  meter; 
2.831677  X  104  cubic  centimeters. 

Cubic  Inch  (in.3  or  cu.  in.)  (U.  S.).— 2.143347  X  10"5  cubic 
yard;  4.65025  X10"4  bushel  (U.  S.);  5.78704  X  10"4  cubic  foot; 
0.00186010  peck;  0.0043290  gallon  (U.  S.);  1/144  or  0.006944 
board  foot;  0.014881  quart  (dry,  U.  S.);  0.017316  quart  (liquid, 
U.  S.);  0.0297616  pint  (dry);  0.5541  ounce  (fluid);  4.4329  drams 
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(fluid);  1.6387162  X  10" 5  cubic  meter;  0.0163868  liter;  1.63868 
centiliters;  16.3868  milliliters;  16.387162  cubic  centimeters; 
1.6387162  X  104  cubic  millimeters. 

Cubic  Inch  (in.3  or  cu.  in)  (British).— 4.5081  X  10"4  bushel 
(British);  5.7870  X  10"4  cubic  foot  (British);  0.0018031  peck 
(British);  0.003606 gallon  (British);  16.3870253  cubic  centimeters. 

Cubic  Hectometer  (hm3). — 1  X  10 6  cubic  metejrs. 

Cubic  Kilometer  (km3). — 1  X  10 9  cubic  meters. 

Cubic  Meter  (m3).— 0.2759  cord;  1.3079428  cubic  yards 
(U.  S.);  1.307954  cubic  yards  (British);  28.3776  bushels  (U.  S.); 
35.314445  cubic  feet  (U.  S.);  35.31477  cubic  feet  (British); 
264.173  gallons  (U.  S.);  1056.7  quarts  (liquid);  2113.4  pints 
(liquid,  U.  S.);  6.1023  X  104  cubic  inches;  1  stere;  999.973 
liters;  1000  cubic  decimeters;  1  X  10 6  cubic  centimeters; 
1  X  10 9  cubic  millimeters. 

Cubic  Millimeter  (mm3).— 6.1023  X  10'6  cubic  inch;  0.01623 
minim  (U.  S.);  0.01689  minim  (British);  1  X  10"9  cubic  meter; 
0.001  cubic  centimeter. 

Cubic  Yard  (yd.3  or  cu.  yd.)  (U.  S.).— 27  cubic  feet;  168.17 
gallons  (British);  202.0  gallons  (U.  S.);  807.9  quarts  (liquid, 
U.  S.);  1616  pints  (liquid,  U.  S.);  4.6656  X  104  cubic  inches; 
0.76455945  cubic  meter;  764.54  liters;  7.6455945  X  106  cubic 
centimeters. 

Cubic  Yard  (yd.3  or  cu.  yd.)  (British). — 27  cubic  feet; 
0.76455285  cubic  meter. 

Cubit. — 18  inches;  45.72  centimeters. 

Dalton. — 1  /16  the  mass  of  an  atom  of  oxygen;  1.650  X  10"24 
gram. 

Day  (da)  (tropical,  mean  solar). — 24  hours  (mean  solar); 
1440  minutes  (mean  solar);  8.6400  X  104  seconds  (mean  solar). 

Day  (da)  (sidereal). — 8.6164  X  104  seconds  (mean  solar). 

Decigram  (dg.). — 1.543236  grains;  0.1  gram. 

Deciliter  (dl).— 0.176  pint  (British);  3.38147  ounces  (fluid, 
U.  S.);  0.1  liter;  100.0027  cubic  centimeters. 

Decimeter  (dm).— 0.3280833  foot  (U.  S.);  0.3280843  foot 
(British);  3.93700  inches  (U.  S.);  3.937011  inches  (British); 
0.1  meter. 

Decistere  (ds). — 0.1  stere  or  cubic  meter. 

Degree  (°). — 1  /360  or  0.0027778  circumference  or  revolution; 
1/90  or  0.01111  quadrant;  0.017453  radian;  60  minutes;  3600 
seconds. 

Dekagram  (dkg).— 0.35273957  ounce  (avoirdupois);  5.64383 
drams  (avoirdupois);  0.01  kilogram;  10  grams. 
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Dekaliter  (dkl).— 0.27497  bushel  (British);  0.28378  bushel 
(U.  S.);  1.13513  pecks  (U.  S.);  9.08102  quarts  (U.  S.,  dry); 
18.162  pints  (dry,  U.  S.);  10  liters;  10.00027  cubic  decimeters. 

Dekameter  (dkm).— 1.98838  rods  (U.  S.);  10.93611  yards 
(U.  S.);  10.93614  yards  (British);  393.70  inches;  10  meters. 

Dekastere  (dks). — 10  steres  or  cubic  meters. 

Drachm  (fluid)  (dr.  fl.  or  3  flO  (British).— y%  or  0.125  ounce 
(fluid,  British);  60  minims;  3.5515  cubic  centimeters. 

Dram  (apothecaries'  or  troy)  (dr.  ap.  or  t.  or  3  ap.  or  t.) — 

(Same  as  British  Drachm) — 0.008571429  pound  (avoidrupois) ; 
1  /96  or  0.010416667  pound  (apothecary  or  troy);  3^  or  0.1250O 
ounce  (apothecary  or  troy);  0.1371429  ounce  (avoirdupois); 
2.194286  drams  (avoirdupois);  2.5  pennyweights;  3  scruples; 
60  grains;  3.8879351  grams. 

Dram  (avoirdupois)  (dr.  av.  or  3  av.).— 1/256  or  0.00390625 
pound  (avoirdupois);  0.0047471788  pound  (apothecary  or  troy); 
0.056966146  ounce  (apothecary  or  troy);  0.0625  ounce  (avoir- 
dupois); 0.4557292  dram  (apothecary  or  troy);  1.139323  penny- 
weights; 1.3671875  scruples;  27.34375  grains;  1.771845  grams; 
1771.845  milligram. 

Dram  (fluid)  (dr.  fl.  or  3  A.)  (U.S.).— 0.00390625  quart  (liquid, 
U.  S.);  0.0078125  pint  (liquid,  U.  S.);  0.03125  gill  (U.  S.); 
y*  or  0.125  ounce  (fluid);  0.225586  cubic  inch;  60  minims; 
3.6966  milliliters;  3.6967  cubic  centimeters. 

Ell. — 45  inches;  114.30  centimeters. 

Em,  Pica  (printing  industry).— 1 /6  or  0.16667  inch;  0.42333 
centimeter. 

Fathom  (fath.)  (nautical).— 6  feet,  1.828804  meter. 
Firkin  (fir.)  (U.  S.).— 9  gallons  (U.  S.);  34.068  liters. 
Firkin  (fir.)  (British).— 9  gallons  (British);  40.914  liters. 
Fluid  Ounce  (fl.  oz.)— See  Ounce  (Fluid). 

Foot  (ft.)  (U.  S.)— 1.6447  X  10"4  mile  (nautical);  1.893939  X 
10"4  mile  (statute);  0.00151515  furlong;  0.0151515  chain  (Gun- 
ter's);  0.0606061  rod;  1/6  or  0.16667  fathom;  1/3  or  0.33333 
yard;  12  inches;  0.3048006  meter,  30.48006  centimeter;  473404 
wave-lengths  of  red  line  of  cadmium. 

Foot  (ft.)  (British).— 0.4  pace  (British);  30.47997  centimeters. 

Foot  (Paris).— (See  Pied). 

Furlong  (fur.)  (U.  S.  or  British).— Ys  or  0.125  mile  (U.  S.);  10 
chains(Gunter,s);  40  rods,  220  yards;  660  feet;  201.168  meters. 

2425 


UNITS  AND  CONVERSION  FACTORS  (Continued) 

Gallon  (gal.)  (U.S.).— 1  U.  S.  gallon  of  water  at  62°F 
weighs  3.7820  kilograms  or  8.337  pounds  (avoirdupois) ;  0.004951 
cubic  yard;  0.031746  barrel  (liquid,  U.  S.);  0.13368  cubic  foot; 
0.83268  gallons  (British);  4  quarts  (liquid);  8  pints  (liquid); 
32  gills;  128  ounces  (fluid);  231.00  cubic  inches;  6.1440  X  104 
minims;  0.0037854  cubic  meter;  3.7853  liters;  3785.4  cubic 
centimeters. 

Gallon  (gal.)  (British  Imperial)  (Canadian). — 1  British 
gallon  of  water  at  62°F  has  a  mass  of  10  pounds  (avoirdupois); 
0.02778  barrel  (dry,  British);  H  or  0.125  bushel  (dry,  British); 
0.16054  cubic  foot;  0.5  peck  (British);  1.20094  gallons  (U.  S.); 
4  quarts  (liquid,  British);  8  pints  (liquid,  British);  32  gills 
(liquid,  British);  160  ounces  (fluid,  British);  277.3  cubic  inches; 
4.54596  liters;  4546.1  cubic  centimeters. 

Geepound — See  Slug. 

Gill  (gi.)  (U.  S.)  —  1  /32  or  0.03125  gallon  (U.  S.);  V8  or  0.125 
quart  (liquid,  U.  S.);  %  or  0.25  pint  (liquid,  U.  S.);  4  ounces 
(fluid);  7.21875  cubic  inches;  32  drams  (fluid);  1920  minims; 
0.118292  liters;  118.295  cubic  centimeters. 

Gill  (gi.)  (British).— 1/32  or  0.03125  gallon  (British);  \i  or 
0.25  pint  (liquid,  British);  5  ounces  (fluid,  British);  0.14206 
liter;  142.07  cubic  centimeters. 

Grade— 1/400  or  0.0025  circumference;  0.0157079  radian; 
0.9  degree;  100  centesimal  minutes. 

Grain  (gr.).— 1 /7000  or  1.42857  X  10-4  pound  (avoirdupois); 
1/5760  or  1.736111  X  10"4  pound  (apothecary  or  troy); 
0.0020833  ounce  (apothecary  or  troy);  0.0022857  ounce  (avoir- 
dupois); 0.016667  dram  (apothecary  or  troy);  0.03657143  dram 
(avoirdupois);  0.0416667  pennyweight  (troy);  0.05000  scruple 
(apothecary);  0.064798918  gram;  0.3240  carat  (metric); 
64.798918  milligram. 

Gram  (g).— 0.00220462  pound  (avoirdupois);  0.00267923 
pound  (apothecary  or  troy);  0.0321507  ounce  (apothecary  or 
troy);  0.0352739  ounce  (avoirdupois);  0.257206  dram  (apothe- 
cary or  troy);  0.564383  dram  (avoirdupois);  0.6430149  penny- 
weight; 0.771618  scruple;  15.4324  grains;  1  X  10"6  ton  (metric); 
1  X  10"4  myriagram;  0.001  kilogram;  5  carats  (metric);  1000 
milligrams;  1  X  10 6  microgram. 

Hand. — 4  inches;  10.160  centimeters. 

Hectare  (ha)— 2.471044  acres  (U.  S.);  2.471058  acres 
(British);  395.367  square  rods  (U.  S.);  1.125985  X  104  square 
yards  (U.  S.);  1.0764  X  105  square  feet;  130  ares;  1  X  104  square 
meters. 

Hectogram  (hg). — 3.52739  ounces  (avoirdupois);  100  grams. 
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Hectoliter  (hi).— 2.7497  bushels  (British);  2.8378  bushels 
(U.  S.);  11.3513  pecks  (U.  S.);  100  liters. 

Hectometer  (hm).— 19.8838  rods;  109.3611  yards  (U.  S.); 
109.3614  yards  (British);  328.08  feet  (U.  S.);  100  meters. 

Hemisphere. — 0.5  sphere;  4  spherical  right  angles;  6.2832 
steradians. 

Hogshead  (hhd.)  (British).— 63  gallons  (British);  10.114 
cubic  feet;  0.28640  cubic  meters. 

Hogshead  (hhd.)  (U.  S.).— 63  gallons  (U.  S.);  8.4218  cubic 
feet;  0.23848  cubic  meter. 

Hour  (hr.)  (tropical,  mean  solar). — 0.0059524  week;  0.041667 
day  (mean  solar);  60  minutes  (mean  solar);  3600  seconds 
(mean  solar) . 

Hundredweight  (cwt.)  (short). — 100  pounds;  0.044643  ton 
(long);  0.05  ton  (short);  4  quarters  (British);  1600  ounces 
(avoirdupois);  0.0453592  ton  (metric);  45.3592  kilograms. 

Hundredweight  (cwt.)  (long). — 112  pounds;  0.05  ton  (long); 
4  quarters  (British);  50.8023  kilograms. 

Inch  (in.)  (U.  S.).— 1.57828  X  10" 5  mile;  0.00126263  chain 
(Gunter's);  0.00505051  rod;  1/36  or  0.027778  yard;  1/12  or 
0.08333  foot;  0.126263  link  (Gunter's);  72  points  (printer's 
type);  1000  mils;  2.540005  centimeter;  25.40005  millimeters; 
2.5400  X  10 8  Angstrom  unit;  39450.33  wave  lengths  of  red  line 
of  cadmium. 

Inch  (in.)  (British).— 1 /36  or  0.027778  yard  (British);  1/9  or 
0.1111  quarter  (British,  linear);  2.539998  centimeters;  25.39998 
millimeter. 

Inch  (Paris). — See  Pouce. 

Kilderkin  (British).— 18  gallons  (British);  0.081830  cubic 
meter. 

Kilogram  (kg).— 9.842064  X  10"4  ton  (long);  0.0011023112 
ton  (short);  0.019684  hundredweight  (long);  0.022046223 
hundredweight  (short);  0.07874  quarter  (British);  2.2046223 
pounds  (avoirdupois);  2.6792285  pounds  (apothecary  or  troy); 
32.150742  ounces  (apothecary  or  troy);  35.273957  ounces 
(avoirdupois);  257.21  dram  (apothecary  or  troy);  564.38  dram 
(avoirdupois);  643.01  pennyweight;  771.62  scruples;  1.54324  X 
104  grains;  0.001  ton  (metric);  1000  grams. 

Kiloliter  (kl).  -1.3080  cubic  yards;  35.316  cubic  feet;  264.18 
gallons  (liquid,  13.  SO;  1.000027  cubic  meters;  1000  liters. 

Kilometer  (km).— 1.0567  X  10"13  light  year;  0.53961  mile 
(nautical);  0.62137  mile  (statute);  1093.6  yards;  3280.8  feet; 
0.1  myriameter;  1000  meters;  1  X  10 5  centimeters. 
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Knot  as  a  unit  of  length. — 1  nautical  mile,  which  see.  The 
knot  is  properly  a  unit  of  speed  or  velocity.  See  under  that 
heading. 

Last  (British). — *80  bushels;  2.9095  cubic  meters. 

League  (statute). — 3  statute  miles;  4.8280  kilometers. 

League  (nautical). — 3  nautical  miles;  5.5597  kilometers. 

Light  Year  (yr.).— 5.9  X  1012  miles;  9.4637  X  1012  kilometers. 

Ligne  (Paris  line). — 1/12  or  0.083333  pouce  or  Paris  inch; 
0.225583  centimeter. 

Line  (British)  (obsolete)— 1 /12  or  0.08333  inch;  0.21167 
centimeters. 

Link  (li.)  (Engineer's  or  Ramden's). — 0.01  chain  (Engi- 
neer's); 1  foot;  12  inches;  30.480  centimeter. 

Link  (li.)  (Surveyor's  or  Gunter's).— 1.2500  X  10"4  mile 
0.01  chain  (Gunter's);  0.04  rod;  0.22  yards;  0.66  foot;  7.92 
inches;  0.2011684  meter;  20.11684  centimeters. 

Liter  (1).— 0.0013080  cubic  yard;  0.027497  bushel  (British); 
0.028378  bushel  (U.  S.);  0.21998  gallon  (British);  0.26417762 
gallon  (U.  S.);  0.035316  cubic  foot;  0.10999  peck  (British); 
0.11351  peck  (U.  S.);  0.87990  quart  (British);  0.908102  quart 
(dry,  U.  S.);  1.056710  quarts  (liquid,  U.  S.);  1.7598  pints 
(British);  1.8162  pints  (dry,  U.  S.);  2.1134  pints  (liquid,  U.  S.); 
7.0392  gills  (British);  8.4538  gills  (U.  S.);  33.8147  ounces  (fluid, 
U.  S.);  35.196  ounces  (fluid,  British);  61.025  cubic  inches; 
270.5179  drams  (fluid,  U.  S.);  0.001000027  cubic  meter; 
1.000027  cubic  decimeter;  1000.027  cubic  centimeter. 

Megameter. — 1  X  10 6  meter. 

Meter  (m).— 5.3961  X  10"4  mile  (nautical);  6.2137  X  I0"4 
mile  (statute);  0.00497096  furlong;  0.0497096  chain  (Gunter's); 
0.198838  rod  (U.  S.);  0.54681  fathom;  1.093611  yards  (U.  S.); 
1.093614  yards  (British);  3.0784  pied  (French  foot);  3.280833 
feet  (U.  S.);  3.280843  feet  (British);  4.970960  links  (Gunter's); 
39.3700  inches  (U.  S.);  39.3701  inches  (British);  1  X  10"6  mega- 
mater;  0.001  kilometer;  100  centimeters;  1  X  10 9  milli-microns 
or  micro-millimeters;  IX  1010  Angstrom  unit;  1  X  1012  millionth 
microns  (mm)  1.55316413  X  106  wave-lengths  of  red  line  of 
cadmium. 

Metric  carat  (c)  See  Carat  (metric). 

Metric  Ton  (t)  See  Tonne. 

Microgram  (fig  or  y). — 1  X  10' 6  gram;  0.001  milligram. 

*  Variable. 
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Microliter  0*1  or  X).— 1  X  10" 6  liter. 

Micromicron  (/***).) — 1  X  10"12  meter. 

Micron  (/i).— 3.937  X  10" 5  inch;  0.039370  mil;  39.37  mil- 
lionths  of  an  inch;  IX  10" 6  meter;  1  X  10~4  centimeter;  0.001 
millimeter;  1000  milli-microns  or  micro-millimeters;  1  X   104 

Angstrom  units. 

Mil.— 0.001  inch;  0.00254001  centimeter;  0.0254001  milli- 
meter; 25.4001  microns. 

Mile  (mi.)  (U.  S.,  statute).— 1.69  X  10'13  light  year;  0.86836 
mile  (nautical);  8  furlongs;  80  chains  (Gunter's);  320  rods;  1760 
yards;  5280  feet;  8000  links  (Gunter's);  6.3360  X  104  inches; 
0.160935  myriameters;  1.60935  kilometers;  1609.35  meters. 

Mile  (mi.)  (British).— 1.60934  kilometers. 

Mile  (mi.)  (nautical). — The  length  of  1  minute  of  arc  on  the 
earth's  surface  at  the  equator;  1/3  or  0.33333  league;  1.1516 
miles  (statute);  2026.8  yards;  6080.2  feet;  1.85325  kilometers. 

Millier  (t)  See  Tonne. 

Milligram  (mg).  —  2.2046  X  10" 6  pound  (avoirdupois)' 
2.67923  X  10"6  pound  (apothecary  or  troy);  3.215074  X  10'5 
ounce  (apothecary  or  troy);  3.52739  X  10" 5  ounce  (avoirdupois); 
2.57206  X  10"4  dram  (apothecary  or  troy);  5.64383  X  10"4  dram 
(avoirdupois);  6.43015  X  10"4  pennyweight;  7.71618  X  10"4 
scruple;  0.01543236  grain;  IX  10" 6  kilogram;  0.001  gram;  0.005 
carat  ''metric). 

Milliliter  (ml).— 0.0084538  gill  (U.  S.);  0.0338147  ounce 
(fluid,  U.  S.);  0.035196  ounce  (fluid,  British);  0.061025  cubic 
inch;  0.2705179  dram  (fluid,  U.  S.);  16.2311  minims  (U.  S.); 
0.001  liter;  1.000027  cubic  centimeter. 

Millimeter  (mm).— 0.0393700  inch  (U.  S.);  0.0393701  inch 
(British);  39.37  mils;  0.001  meter;  0.1  centimeter;  1000  microns. 

Milli-Micron  or  Micro-Millimeter  (m/t). — 1  X  10' 9  meter; 
IX  10' 7  centimeter;  0.001  micron;  10  Angstrom  units. 

Millionth  Micron  or  Micro-Micron  (mm). — 1  X  10"12  meter; 
1  X  10' 10  centimeter;  0.01  Angstrom  units. 

Minim  (min.  or  ttjj)  (British). — 0.059194  cubic  centimeter. 

Minim  (min.  origO  (fluid,  U.  S.).— 1/61440  or  1.6276  X  10"5 
gallon  (U.  S.);  1.3021  X  10'4  pint  (liquid,  U.  S.);  5.2083  X  10'4 
gill  (U.  S.);  1/480  or  0.0020833  ounce  (fluid,  U.  S.);  1/60  or 
0.016667  dram  (fluid,  U.  S.);  0.061610  milliliter;  0.061612  cubic 
centimeter;  61.612  cubic  millimeter. 

Minute  (')  (angle).— 1.8519  X  10'4  quadrant;  2.90888  X  10"4 
radian;  1/60  or  0.016667  degree;  60  seconds. 
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Minute  (min.)  (time).— 9.9206  X  10"5  week;  6.94446  X  10"4 
day;  0.016667  hour;  60  seconds. 

Month  (mo.)  (mean  calendar). — 30.42  days;  730  hours; 
4.3800  X  104  minutes;  2.628  X  106  seconds. 

Month  (mo.)  (lunar). — 29  days  12  hours  44  minutes. 

Myriagram  (Mg). — 22.04622  pounds  (avoirdupois);  10  kilo- 
grams; 1  X  104  grams. 

Myriameter  (Mm). — 6.21372  miles;  10  kilometers;  1  X  104 
meters. 

Nail  (British). — 2.25  inch;  5.715  centimeters. 

Noggin  (British).— 1/32  or  0.03125  gallon  (liquid);  142.06 
cubic  centimeters. 

Ounce  (Fluid)  (oz.  fl.  or  5  fl.)  (U.  S.).— 1/128  or  0.0078125 
gallon  (U.  S.);  0.03125  quart  (liquid,  U.  S.);  1/16  or  0.0625 
pint  (liquid);  Y±  or  0.25  gill  (U.  S.);  1.80469  cubic  inches;  8 
drams  (fluid);  480  minims;  0.0295729  liter;  0.295729  deciliter; 
29.5729  milliliters;  29.5737  cubic  centimeters. 

Ounce  (fluid)  (oz.  fl.  or  5  fl.)  (British).— 0.006250  gallon 
(British);  8  drachms  (fluid,  British);  480  minims;  28.4130  cubic 
centimeters. 

Ounce  (avoirdupois)  (oz.  av.  or  3  av.). — 2.790179  X  10"5  ton 
(long);  3.125  X  10'6  ton  (short);  6.25  X  10"4  hundredweight 
(short);  1/16  or  0.062500  pound  (avoirdupois);  0.075954861 
pound  (apothecary  or  troy);  0.9114583  ounce  (apothecary  or 
troy);  7.29166  drams  (apothecary  or  troy);  16  drams  (avoirdu- 
pois); 18.22917  pennyweights;  21.875  scruples  (apothecary); 
437.5  grains;  2.83495  X  10" 5  ton  (metric);  28.349527  grams. 

Ounce  (apothecary  or  troy)  (oz.  ap.  or  t.  or  §  ap.  or  t.).—  * 
3.4285  X  10" 5  ton  (short);  0.06857143  pound  (avoirdupois); 
0.08333  pound  (apothecary  or  troy);  1.09714  ounces  (avoirdur 
pois);  8  drams  (apothecary  or  troy);  17.55428  drams  (avoirdu- 
dupois);  20  pennyweights  (troy);  24  scruples;  480  grains; 
31.103481  grams;  3.1103481  X  104  milligrams. 

Pace. — 2Y2  feet;  30  inches  (British);  76.2  centimeters. 

Palm  (British).— 3  inches;  7.62  centimeters. 

Parsec— 19  X  1012  miles;  3.084  X  1013  kilometers. 

Peck  (pk.)  (U.  S.). — H  or  0.25  bushel;  8  quarts;  16  pints; 
537.605  cubic  inches;  0.880958  dekaliter;  8.80958  liters. 

Peck  (pk.)  (British).— 2  gallons  (British);  554.6  cubic 
inches;  9.0919  liters. 

Pennyweight  (dwt.)  (troy). — 0.003428571  pound  (avoirdu- 
pois); 0.0041667  pound  (apothecary  or  troy);   1/20  or  0.05 
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ounce  (apothecary  or  troy);  0.0548571  ounce  (avoirdupois); 
0.8777143  dram  (avoirdupois);  24  grains;  1.55517  grams; 
1555.17  milligrams. 

Perch  (British  &  U.  S.).— 1  rod;  16.5  feet;  5.0292  meters. 

Perch  (masonry). — 24.75  cubic  feet. 

Pied  (French  foot).— 1/6  or  0.16667  toise  (French);  12  Paris 
inches;  0.3248  meter. 

Pint  (pt.)  (dry,  U.  S.).— H4  or  0.015625  bushel;  0.0625 
peck;  0.5  quart;  33.600  cubic  inches;  0.550599  liter;  550.61 
cubic  centimeters. 

Pint  (pt.)  (liquid,  U.  S.).— 6.1881  X  10~4  cubic  yard; 
0.016711  cubic  foot;  H  or  0.125  gallon  (U.  S.);  0.5  quart  (U.  S.); 
0.83268  British  pint;  4  gills  (U.  S.);  16  fluid  ounces  (U.  S.); 
28.875  cubic  inches;  128  fluid  drams;  7680  minims;  0.473167 
liter;  473.167  milliliters;  473.179  cubic  centimeters. 

Pint  (pt.)  (liquid,  British).— }i  or  0.125  gallon  (British); 
0.5  quart  (British);  1.20094  U.  S.  pints;  4  gills  (British); 
20  fluid  ounces  (British);  0.56825  liter;  568.25  milliliters; 
568.26  cubic  centimeters. 

Point  (printer's  type).— 1  /72  or  0.01389  inch;  0.035278  centi- 
meter. 

Pole  (British).— 1  rod;  5.5  yards;  16.5  feet;  5.0292  meters. 

Pottle  (British). — %  gallon  (liquid);  2.273  cubic  decimeters. 

Pouce  (Paris  inch).— 1/12  or  0.083333  pied  or  Paris  foot; 
12  lignes  or  Paris  lines;  2.70700  centimeters. 

Pound  (avoirdupois)  (lb.  av.)  (U.  S.  or  British). — Is  the  mass 
of  27.692  cubic  inches  of  water  weighed  in  air  at  4°  C,  760  mm 
pressure;  4.464286  X  10"4  ton  (long);  5  X  10" 4  ton  (short); 
0.0089286  hundredweight  (long);  0.01  hundredweight  (short); 
1.2152778  pounds  (apothecary  or  troy);  14.5833  ounces  (apoth- 
ecary or  troy);  16  ounces  (avoirdupois);  116.6667  drams 
(apothecary  or  troy);  256  drams  (avoirdupois);  291.6667  penny- 
weights; 350.01  scruples;  7000  grains;  4.5359243  X  10"4  ton 
(metric);  0.4535924  kilogram;  453.5924  grams. 

Pound  (apothecary  or  troy)  (lb.  ap.  or  t.)  (U.  S.  or  British). — 
3.6735  X  10"4  ton  (long);  4.1143  X  10"4  ton  (short);  0.822857 
pound  (avoirdupois);  12  ounces  (apothecary  or  troy);  13.165714 
ounces  (avoirdupois);  96  drams  (apothecary  or  troy);  210.6514 
drams  (avoirdupois);  240  pennyweights;  288  scruples;  5760 
grains;  3.7324  X  10"4  ton  (metric);  0.3732418  kilogram;  373.2418 
grams. 

Puncheon  (British). — 70  gallons  (British);  84  wine  gallons; 
0.31823  cubic  meter. 

Quadrant. — 1.57080  radians;  90  degrees;  5400  minutes. 
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Quart  (qt.)  (U.  S.,  dry).— 1/32  or  0.03125  bushel;  0.038889 
cubic  foot;  l/%  or  0.125  peck;  2  pints  (dry);  67.2006  cubic 
inches;  1.10120  liters;  1101.23  cubic  centimeters. 

Quart  (qt.)  (U.  S„  liquid).— 0.033421  cubic  foot;  \i  or  0.25 
gallon;  2  pints  (liquid);  8  gills;  32  ounces  (fluid);  57.749  cubic 
inches;  256.00  drams  (fluid);  0.946333  liter;  946.358  cubic 
centimeters. 

Quart  (qt.)  (British,  liquid). — 34  gallon  (British);  2  pints 
(liquid,  British);  1.13650  liters;  1136.52  cubic  centimeters. 

Quarter  (U.  S.,  mass). — 34  short  ton  or  500  pounds;  226.795 
kilograms. 

Quarter  (U.  S.,  mass). — 34  l°ng  ton  or  560  pounds;  254.01 
kilograms. 

Quarter  (British,  capacity) — 8  bushels;  2.909  hectoliters. 

Quarter  (British,  linear). — 1  span;  34  yard;  9  inches;  22.860 
centimeters. 

Quarter  (British,  mass). — 34  short  hundredweight  or  25 
pounds;  11.340  kilograms. 

Quarter  (British,  mass). — 34  long  hundredweight  or  28 
pounds;  12.70  kilograms. 

Quartern  (British,  dry). — 3^  gallon;  2273.1  cubic  centimeters. 

Quartern  (British,  liquid). — 1/32  gallon;  142.07  cubic  centi- 
meters. 

Quintal  (q)  (metric).— 1.96841  hundredweights  (long);  220.46 
pounds;  100  kilograms;  1  X  10 5  grams. 

Quintal*  (q)  (U.  S.  or  British).— 100  or  112  pounds. 

Quire. — 25  sheets. 

Radian. — Y%k  or  0.159155  circumference  or  revolution; 
0.637  quadrant;  57.29578  degrees;  57°  17'  44.8";  3437.75  min- 
utes; 2.06265  X  10 5  seconds. 

Ream. — 500  sheets. 

Register  Ton  (British). — 100  cubic  feet;  2.8317  cubic  meters. 

Revolution. — 4  quadrants;  2tt  or  6.2832  radians;  360  degrees. 

Rod  (rd.)  (surveyor's  measure).— 0.003125  mile;  0.025  fur- 
long; 0.25  chain  (Gunter's);  1  perch;  5.5  yards;  16.5  feet;  25 
links;  198  inches;  5.029210  meters. 

Rod  (rd.)  (British,  volume).— 1000  cubic  feet;  28.317  cubic 
meters. 

*  Variable. 
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Rood  (British). — \i  or  0.25  acre;  40  square  perches;  1210 
square  yards;  10.117  ares  or  square  dekameters. 

Rope  (British).— 20  feet;  6.0960  meters. 

Sack  (British).— 3  bushels;  0.10911  cubic  meter. 

Scruples  (apothecary)  (s.  ap.  or  3). — 0.002857143  pound 
(avoirdupois) ;  0.003472222  pound  (apothecary  or  troy) ;  0.041667 
ounce  (apothecary  or  troy);  0.0457143  ounce  (avoirdupois); 
1/3  or  0.33333  dram  (apothecary  or  troy);  0.7314286  dram 
(avoirdupois);  0.833333  pennyweight;  20  grains;  1.2959784 
grams;  1295.9784  milligrams. 

SeanT(British). — 8  bushels;  0.29095  cubic  meter. 

Second(Angle)  (").— 4.84814  X  10"6  radian;  2.7778  X  10"* 
degree;  0.016667  minute. 

Second  (sec)  (time,  mean  solar). — 1.1574  X  10" 5  day  (mean 
solar);  1.1606  X  10"5  day  (sidereal);  2.7778  X  10"4  hour  (mean 
solar);  0.016667  minute  (mean  solar);  1.00273791  seconds 
(sidereal) . 

Second  (sec)  (time,  sidereal). — 0.997270  second  (mean solar). 

Sign  (s). — 30  degrees. 

Skein.— 360  feet;  109.73  meters. 

Slug. — 1  geepound;  32.174  pounds;  14.594  kilograms. 

Space,  Entire  (solid  angle). — 4?r  or  12.5664  steradians. 

Span. — }/%  fathom;  1  quarter  (British,  linear);  9  inches; 
22.86005  centimeters. 

Sphere  (solid  angle). — 2  hemispheres;  47r  or  12.5664  ster- 
adians. 

Spherical  Right  Angle. — %  or  0.125  sphere;  }4  or  0.25  hemi- 
sphere; 7r/2  or  1.5708  steradians. 

Square  Centimeter  (cm2). — 2.47104  X  10~7  square  chain; 
3.95367  X  10" 6  square  rod;  1.1960  X  10"4  square  yard;  0.0010764 
square  foot;  0.00247104  square  link;  0.15500  square  inch; 
1.5500  X  105  square  mils;  1.9735  X  105  circular  mils;  127.32 
circular  millimeters;  1  X  10"4  square  meter;  0.01  square  deci- 
meter; 100  square  millimeters. 

Square  Chain  (sq.  ch.)  (Gunter's). — 1.5625  X  10"4  square 
mile;  16  square  rods;  484  square  yards;  4356  square  feet; 
1  X  104  square  links;  6.27264  X  105  square  inches;  404.6873 
square  meters. 

Square  Decimeter  (dm2). — 15.500  square  inch;  0.01  square 
meter;  100  square  centimeters. 
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Square  Degree. — 3.0462  X  10"4  steradian. 

Square  Dekameter  (dkm2).— 0.02471044  acre  (U.  S.);  119.60 
square  yards;  1  are;  100  square  meters. 

Square  Foot  (ft.2  or  sq.  ft.)  (U.  S.).— 3.58701  X  10'8  square 
mile;  2.29568  X  10" 5  acre;  2.29568  X  10"4  square  chain; 
0.00367309  square  rod;  1/9  or  0.111111  square  yard;  2.29568 
square  links;  144  square  inches  ;  9.290341  X  10"4  are; 
0.09290341     square   meter;  929.0341  square  centimeters. 

Square  Foot  (ft.2  or  sq.  ft.)  (British).— 0.09290289  square 
meter. 

Square  Hectometer  (hm2).— 2.471044  acres  (U.  S.);  2.471058 
acres  (British);  1  X  104  square  meters. 

Square  Inch  (in.2  or  sq.  in.)  (U.  S.).— 1.59423  X  10" 6  square 
chain;  1/144  or  0.0069444  square  foot;  1/1296  or  0.000771605 
square  yard;  0.0159423  square  link;  1  X  106  square  mils;  1.27324 
X  106  circular  mils;  6.4516258  X  10"4  square  meter;  6.4516258 
square  centimeters;  645.16258  square  millimeters. 

Square  Inch  (in.2  or  sq.  in.)  (British).  6.4515898  square 
centimeters. 

Square  Kilometer  (km2).— 0.3861006  square  mile  (U.  S.); 
247.1044  acres  (U.  S.);  247.1058  acres  (British);  1.1960  X  106 
square  yards;  1.0764  X  10 7  square  feet;  1  X  10 6  square  meters. 

Square  Link  (li.2  or  sq.  li.)  (Gunter's). — 1  X  10' 5  acre; 
1  X  10"4  square  chain;  0.0016  square  rod;  0.0484  square  yard; 
0.4356  square  foot;  62.7264  square  inches;  0.040469  square 
meter;  404.69  square  centimeters. 

Square  Meter  (m2).— 3.8610  X  10" 7  square  mile;  2.471044  X 
10"4  acre  (U.  S.);  2.471058  X  10'4  acre  (British);  0.00247104 
square  chain  (Gunter's);  0.039537  square  rod;  1.195985  square 
yards  (U.  S.);  1.195992  square  yards  (British);  10.76387  square 
feet  (U.  S.);  10.76390  square  feet  (British);  24.7104  square 
links  (Gunter's);  1550.0  square  inches;  1  X  10" 6  square  kilo- 
meter; 1  X  10'4  hectare  or  square  hectometer;  0.01  are;  1  centare 
1  X  104  square  centimeters;  1  X  10 6  square  millimeters. 

Square  Mil. — 1  X  10" 6  square  inch;  1.2732  circular  mils; 
6.4516  X  10" 6  square  centimeter;  6.4516  X  10"4  square  milli- 
meter. 

Square  Mile  (mi.2  or  sq.  mi.). — 640  acres;  6400  square 
chains;  1.02400  X  105  square  rods;  3.0976  X  106  square  yards; 
2.78784  X  107  square  feet;  2.589998  square  kilometers;  258.9998 
hectares;  2.589998  X  10 6  square  meters. 

Square  Millimeter  (mm2). — 0.0015500  square  inch;  1550.0 
square  mils;  1973.5  circular  mils;  IX  10' 6  square  meter;  0.01 
square  centimeter;  1.2732  circular  millimeters. 
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Square  Perch  (British  &  U.  S.).— 1/160  or  0.00625  acre; 
30.25  square  yards;  25.293  square  meters. 

Square  Pole  (British). — 30.25  square  yards. 

Square  Rod  (rd.  2  or  sq.  rd.).— 9.765625  X  10" 6  mile;  0.00625 
acre;  0.0625  square  chain  (Gunter's);  30.25  square  yards; 
272.25  square  feet;  625  square  links  (Gunter's);  3.9204  X  104 
square  inches;  0.002529?  hectare  or  square  hectometer;  25.293 
square  meters  or  centares. 

Square  Yard  (yd.  2  or  sq.  yd.)  (U.  S.)  —  3.22831  X  10"7  square 
mile;  2.06612  X  10"4  acre;  0.00206612  square  chain;  0.0330579 
square  rod  or  square  perch;  9  square  feet;  20.6612  square  link 
1296  square  inches;  8.36131  X  10" 5  hectare;  0.0083613  square 
dekameter  or  are;  0.83613  square  meter  or  centare;  8361.31 
square  centimeters. 

Square  Yard  (yd.  2  or  sq.  yd.)  (British).— 2.0661  X  10'4  acre 
(British);  8.2645  X  10"4  rood  (British);  0.836126  square  meter. 

Steradian.— J^tt  of  the  solid  angle  around  a  point;  0.07958 
sphere;  0.15916  hemisphere;  0.6366  spherical  right  angle;  3282.8 
square  degrees. 

Stere  (s). — 0.1  dekastere;  1  cubic  meter;  10  decisteres;  999.973 
liters. 

Stone  (British). — 14  pounds  (avoirdupois);  6.350  kilograms. 

Strike  (British).— 2  bushels  (dry);  0.072738  cubic  meter. 

Toise  (French).— 6  Paris  feet;  1.9490365  meters  (legal,  1799); 
1.949090  meters  (measured,  1887). 

Ton  (long)  (tn.  1.)  (U.  S.  or  British).— 1.12000  tons  (short); 
22.400  hundredweights  (short);  2240  pounds  (avoirdupois); 
2722.22  pounds  (apothecary  or  troy);  3.5840  X  104  ounces 
(avoirdupois);  1.0160470  metric  tons;  1016.0470  kilograms. 

Ton  (short)  (tn.  sh.)  (U.  S.).— 0.89286  ton  (long);  20  hundred- 
weights (short);  2000  pounds  (avoirdupois);  2430.56  pounds 
(apothecary  or  troy);  2.916666  X  104  ounces  (apothecary  or 
troy);3.20U0  X  104 ounces  (avoirdupois); 0.907185 ton  (metric); 
907.185  kilograms. 

Tonne  (t)  (metric  ton,  millier).— 0.984206  ton  (long);  1.10231 
tons  (short);  22.046223  hundredweights  (short);  2204.62  pounds 
(avoirdupois);  2679.23  pounds  (apothecary  or  troy);  3.527396  X 
104  ounces  (avoirdupois);  1000  kilograms;  1  X  10 6  grams. 

Township  (U.  S.). — 36  square  miles;  2.3040  X  104  square 
yards;  93.240  square  kilometers. 

Tun.— 252  gallons. 

Week  (wk.).— 168  hours;  1.0080  X  104  minutes;  6.04800  X105 
seconds. 
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Wey  (British,  capacity). — *40  bushels. 

Wey  (British,  mass). — *252  pounds. 

Yard  (yd.)  (U.  S.).— 5.68182  X  10"4  mile;  0.00454545  fur- 
long; 0.0454545  chain  (Gunter's);  0.181818  rod;  3  feet;  4.54545 
links  (Gunter's);  36  inches;  3600/3937  or  0.91440183  meter; 
91.440183  centimeters. 

Yard  (yd.)  (British).— 0.18182  pole  (British);  4  quarters 
(British,  linear);  0.9143992  meter  (present  legal  equivalent  of 
Imperial  yard);  91.43992  centimeters;  1.420212  X  106  wave 
lengths  of  red  line  of  cadmium. 

Year  (yr.)  (leap).— 366  days;  8784  hours. 

Year  (yr.)  (tropical,  meaifsolar). — 365.2422  day  (mean  solar); 
8765.8128  hours  (mean  solar);  3.15569  X  107  seconds  (mean 
solar) . 

Year  (yr.)  (sidereal).— 365.256  days  (mean  solar);  8766.144 
hours  (mean  solar). 

*  Variable. 


Reciprocal  Units 

x  per  Angstrom  =  IX  10 8  x  per  centimeter. 

x  per  circular  mil  =  1.9735  X  105  x  per  square  centimeter. 

x  per  circular  millimeter  =  127.324  x  per  square  centimeter. 

x  per  circumference  =  0.159155  x  per  radian. 

x  per  cubic  foot  =  3.5314  X  10' 5  x  per  cubic  centimeter. 

x  per  cubic  inch  =  0.061023  x  per  cubic  centimeter. 

x  per  cubic  yard  =  1.3079  x  per  cubic  meter. 

x  per  day  (mean  solar)  =  1.15741  X  10" 5  x  per  second  (mean 
solar) . 

x  per  degree  =  57.29578  x  per  radian. 

x  per  entire  space  =  0.079577  x  per  steradian. 

x  per  foot  =  0.032808  x  per  centimeter. 

x  per  gallon  (British)  =  2.1997  X  10"4  x  per  cubic  centimeter. 

x  per  gallon  (U.  S.)  =  2.6417  X  10"4  x  per  cubic  centimeter. 

x  per  grain  =  0.01543236  x  per  milligram. 

x  per  hemisphere  =  0.15916  x  per  steradian. 

x  per  hour  (mean  solar)  =  2.77778  X  10" 4  x  per  second  (mean 
solar) . 
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x  per  inch  =  0.39370  x  per  centimeter. 

x  per  liter  =  9.9997  X  10~4  x  per  cubic  centimeter. 

x  per  micron  =  1.0000  X  104  x  per  centimeter. 

x  per  mil  =  393.70  x  per  centimeter. 

x  per  mile  =  0.62137  x  per  kilometer. 

x  per  minute  =  3437.75  x  per  radian. 

x  per  minute  (mean  solar)  =  0.0166667  x  per  second  (mean 
solar). 

x  per  ounce  (avoirdupois)  =  0.035274  x  per  gram. 

x  per  ounce  (apothecary  or  troy)  =  0.032151  x  per  gram. 

xper  ounce  (fluid,  British)  =  0.035195 zper  cubic  centimeter. 

#  per  ounce  (fluid,  U.  S.)  —  0.033814  a;  per  cubic  centimeter. 

x  per  pound  (avoirdupois)  =  0.00220462  x  per  gram. 

x  per  quart  (dry,  U.  S.)  =  9.0808  X  10~4  x  per  cubic  centi- 
meter. 

x  per  quart  (liquid,  U.  S.)  =  0.0010567  x  per  cubic  centimeter. 

x  per  quart  (British)  =  8.7988  X  10~4  per  cubic  centimeter. 

x  per  second  =  2.06265  X  105  x  per  radian. 

x  per  second  (sidereal)  =  1.002738  x  per  second  (mean  solar). 

x  per  square  degree  =  3282.8  x  per  steradian. 

x  per  square  foot  =  0.0010764  x  per  square  centimeter. 

x  per  square  inch  =  0.15500  x  per  square  centimeter. 

x  per  square  meter  =  1  X  10~4  x  per  square  centimeter. 

x  per  square  mile  =  0.38610  x  per  square  kilometer. 

x  per  square  millimeter  =  100.0000  x  per  square  centimeter. 

x  per  square  yard  =  1.19599  X  10~4  x  per  square  centimeter. 

x  per  ton  (2000  pounds)  =  0.00110231  x  per  kilogram. 

x  per  ton  (2240  pounds)  =  9.8421  X  10~4  x  per  kilogram. 

x  per  year  (mean  solar)  =  0.00273781  x  per  day  (mean 
solar)  =  3.16888  X  10~8  x  per  second  (mean  solar). 

Velocity  [Zr1] 

Centimeter  per  second. — 3.728  X  10~4  mile  per  minute; 
0.02237  mile  per  hour;  0.032808  foot  per  second;  0.03600  kilo- 
meter per  hour;  0.6000  meter  per  minute;  1.9685  feet  per 
minute. 
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Degree  per  second. — 0.002778  revolution  per  second; 
0.017453  radian  per  second;  0.1667  revolution  per  minute. 

Foot  per  minute. — 0.005080  meter  per  second ;  0.01 1364  mile 
per  hour;  0.016667  foot  per  second;  0.01829  kilometer  per  hour; 
0.3048  meter  per  minute;  0.5080  centimeter  per  second. 

Foot  per  second. — 0.011364  mile  per  minute;  0.5921  knot 
per  hour;  0.6818  mile  per  hour;  1.0973  kilometers  per  hour; 
18.29  meters  per  minute;  30.4801  centimeters  per  second. 

Kilometer  per  hour. — 0.016667  kilometer  per  minute: 
0.27778  meter  per  second;  0.5396  knot;  0.6214  mile  per  hour; 
0.9113  foot  per  second;  16.67  meters  per  minute;  27.7778  centi- 
meters per  second;  54.68  feet  per  minute. 

Kilometer  per  minute. — 0.6215  mile  per  minute;  37.284 
miles  per  hour;  60  kilometers  per  hour;  1666.7  centimeters  per 
second;  3280.8  feet  per  minute. 

Knot — 1  nautical  milo  per  hour;  1.1516  miles  per  hour; 
1.689  feet  per  second;  1.853  kilometers  per  hour;  51.48  centi- 
meters per  second;  6080.20  feet  per  hour. 

Meter  per  minute. — 0.03728  mile  per  hour;  0.05468  foot  per 
second;  0.06  kilometer  per  hour;  1.6667  centimeters  per  sec- 
ond; 3.281  feet  per  minute. 

Meter  per  second.— 0.03728  mile  per  minute;  0.06000  kilo- 
meter per  minute;  2.2369  miles  per  hour;  3.281  feet  per  second; 
3.600  kilometers  per  hour;  196.8  feet  per  minute. 

Mile  per  hour.— 0.016667  mile  per  minute;  0.8684  knot; 
1.4667  feet  per  second;  1.6093  kilometers  per  hour;  26.82  meters 
per  minute;  44.7041  centimeters  per  second;  88  feet  per  minute. 

Mile  per  minute. — 52.104  knot;  1.609  kilometers  per  min- 
ute; 60  miles  per  hour;  88  feet  per  second;  2682.2  centimeters 
per  second. 

Radian  per  second. — 0.1592  revolution  per  second;  9.549 
revolutions  per  minute;  57.296  degrees  per  second. 

Revolution  per  day. — 7.2722  X  10~5  radian  per  second. 

Revolution  per  minute  (R.P.M.). — 0.01667  revolution  per 
second;  0.10472  radian  per  second;  6  degrees  per  second. 

Revolution  per  second. — 6.2832  radians  per  second;  60 
revolutions  per  minute;  360  degrees  per  second. 

Velocity  of  light. — 2.9986  X  1010  centimeters  per  second. 
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Acceleration  [I  t~2] 

Centimeter  per  second  per  second. — 0.02237  mile  per  hour 
per  second;  0.03281  foot  per  second  per  second;  0.03600  kilo- 
meter per  hour  per  second. 

Foot  per  second  per  second. — 0.304801  meter  per  second  per 
second;  0.6818  mile  per  hour  per  second;  1.097  kilometer  per 
hour  per  second;  30.4801  centimeter  per  second  per  second. 

Gravity,  standard.— 32.174  feet  per  second  per  second; 
980.665  centimeters  per  second  per  second. 

Kilometer  per  hour  per  second. — 0.27778  meter  per  second 
per  second;  0.6214  mile  per  hour  per  second;  0.9133  foot  per 
second  per  second;  27.778  centimeters  per  second  per  second. 

Meter  per  second  per  second. — 2.237  miles  per  hour  per 
second;  3.2808  feet  per  second  per  second;  3.600  kilometers  per 
hour  per  second;  100.00  centimeters  per  second  per  second. 

Mile  per  hour  per  minute. — 0.74507  centimeter  per  second  per 
second. 

Mile  per  hour  per  second. — 0.44704  meter  per  second  per 
second;  1.467  feet  per  second  per  second;  1.609  kilometers  per 
hour  per  second;  44.704  centimeters  per  second  per  second. 

Radians  per  second  per  second. — 0.1592  revolution  per  sec- 
ond per  second;  9.549  revolutions  per  minute  per  second;  572.96 
revolutions  per  minute  per  minute. 

Revolution  per  minute  per  second. — 0.10420  radian  per  sec- 
ond per  second. 

Revolution  per  minute  per  minute. — 2.778  X  10'4  revolution 
per  second  per  second;  0.0017453  radian  per  second  per  second; 
0.01667  revolution  per  minute  per  second. 

Revolution  per  second  per  second. — 6.2832  radians  per  sec- 
ond per  second;  60  revolutions  per  minute  per  second;  3600 
revolutions  per  minute  per  minute. 


Density  [ml~z] 

Demal. — 1  gram  equivalent  per  cubic  decimeter. 

Gram  per  cubic  foot. — 2.288  grams  per  cubic  meter. 

Gram  per  cubic  centimeter. — 3.405  X  10" 7  pound  per  mil- 
toot;  0.03613  pound  per  cubic  inch;  8.3452  pounds  per  gallon 
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(U.  S.);  10.022  pounds  per  gallon  (British);  62.43  pounds  per 
cubic  foot. 

Gram  per  cubic  meter. — 0.437  grains  per  cubic  foot. 

Gram  per  milliliter. — (Numerically  equal  to  specific  gravity 
t°/4°);  0.999973  gram  per  cubic  centimeter. 

Kilogram  per  cubic  meter. — 3.613  X  10' 5  pound  per  cubic 
inch;  0.001  gram  per  cubic  centimeter;  0.06243  pound  per  cubic 
foot. 

Mercury  at  0°C. — 13.5951  grams  per  cubic  centimeter 
(Internationally  accepted  conventional  value  to  be  used  in 
expressing  pressures  in  terms  of  columns  of  mercury.) 

Pound  per  cubic  foot. — 5.787  X  10'4  pound  per  cubic  inch; 
0.016018  gram  per  cubic  centimeter;  16.018  kilograms  per  cubic 
meter. 

Pound  per  cubic  inch. — 27.680  grams  per  cubic  centimeter; 
2.768  X  104  kilograms  per  cubic  meter. 

Pound  per  mil  foot. — 2.9369  X  10 6  grams  per  cubic  centi- 
meter. 

Pound  per  gallon  (U.  S.). — 0.119826  gram  per  cubic  centi- 
meter. 

Pound  per  gallon  (British). — 0.099776  gram  per  cubic  centi- 
meter. 

Slug  per  cubic  foot. — 0.5154  gram  per  cubic  centimeter. 

Mass  Concentration 

Gram  per  metric  ton. — 1.0000  milligram  per  kilogram. 

Gram  per  ton  (2000  pound). — 1.1023  milligrams  per  kilo- 
gram. 

Gram  per  ton  (2240  pound). — 0.9842  milligram  per  kilogram. 

Karat  (1  of  gold  to  24  of  mixture). — 41.667  milligrams  per 
gram. 

Milligram  per  assay  ton  (Equals  one  troy  ounce  per  2000 
pound  (avoirdupois).) — 34.276  milligrams  per  kilogram. 

Milligram  per  kilogram. — 0.002  pound  (avoirdupois)  per  ton 
(2000  pound);  0.029175  milligram  per  assay  ton;  0.032000 
ounce  (avoirdupois)  per  ton  (2000  pound);  1  gram  per  metric 
ton. 

Ounce  (avoirdupois)  per  ton  (2000  pound.). — 31.2500  milli- 
grams per  kilogram. 
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Ounce  (avoirdupois)  per  ton  (2240  pound). — 27.9018  milli- 
grams per  kilogram. 

Pound   (avoirdupois)   per  ton  (2000  pound). — 500.000  milli- 
grams per  kilogram. 

Pound  (avoirdupois)  per  ton  (2240  pound). — 446.429  milli- 
grams per  kilogram. 


Flow  [W-i] 

Cubic  centimeter  per  second. — 0.0021186  cubic  foot  per 
minute. 

Cubic  foot  per  minute. — 0.1247  gallon  per  second;  0.4720 
liter  per  second;  62.4  pounds  of  water  per  minute;  472.0  cubic 
centimeters  per  second. 

Cubic  foot  per  second. — 2.2222  cubic  yards  per  minute; 
448.83  gallons  per  minute;  1699.3  liters  per  minute. 

Cubic  yard  per  minute. — 0.45  cubic  foot  per  second;  3.367 
gallons  per  second;  12.74  liters  per  second. 

Gallon  per  second. — 0.297  cubic  yard  per  minute;  8.0192 
cubic  feet  per  minute. 

Gallon  per  minute.— 0.002228  cubic  foot  per  second;  0.06308 
liter  per  second. 

Liter  per  minute. — 5.885X  10"4  cubic  foot  per  second;  0.004403 
gallon  per  second. 

Liter  per  second. — 0.078493  cubic  yard  per  minute;  2.12 
cubic  feet  per  minute;  15.85  gallons  per  minute  (U.  S.). 

Miner's  Inch. — 1.2  cubic  feet  per  minute. 

Pounds  of  water  per  minute. — 0.01603  cubic  foot  per  minute. 


Force  [mlt'2] 

Conversion  factors  between  the  absolute  and  gravitational 
units  of  force,  torque,  energy  and  power  are  dependent  on  the 
value  of  g,  the  acceleration  due  to  gravity.  The  standard 
value  of  g  adopted  by  the  International  Committee  on  Weights 
and  Measures  is  980.665  cm /sec2.  This  value  or  its  equiva- 
lent, 32.174  ft. /sec2,  is  used  except  where  otherwise  noted. 

Dyne.— 2. 2481X10" 6  pound  weight;  7.2330X10"5  poundal; 
0.0010197  gram  weight;  0.015737  grain  weight. 

Grain  weight. — 63.546  dynes. 

Grani  weight— 0.070932  poundal;  980.665  dynes. 
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Kilogram  weight.— 70.932  poundals;  9.80665  X105  dynes. 
Newton. — 1  X105  dynes. 

Poundal. — 0.031081  pound  weight;  14.098  grams  weight; 
1.3825X104  dynes. 

Pound  weight. — 32.174  poundals;  453.59  grams  weight; 
4.4482X105  dynes. 

Ton  weight  (2000  pound).— 8. 8964X10 8  dynes. 

Ton  weight  (2240  pound).— 9. 9640X10 8  dynes. 

Reciprocal  Force     [m_1 1'1 12] 

x  per  gram  weight=  0.0010197  x  per  dyne. 

x  per  poundal=7.2330XlO"5  x  per  dyne. 

x  per  pound  weight=2.2481X10"6  x  per  dyne. 

Pressure  [m  l~l  t~2] 

Atmosphere  (normal). — Pressure  exerted  by  76  cm  of  Hg, 
density  13.5951  g/cm3,  0=980.665  cm/  sec2;  0.0073480  ton 
(2000  pound)  per  square  inch;  1.0133  bars;  1.0581  tons  (2000 
pound)  per  square  foot;  14.696  pounds  per  square  inch;  29.921 
inches  of  mercury  at  32°  F;  33.899  feet  of  water  at  39.1  °  F;  760 
millimeters  of  mercury  at  0°  C;  1033.2  grams  per  square  centi- 
meter; 2116.2  pounds  per  square  foot;  1.0332X104  kilograms 
per  square  meter;  1.01325X106  dynes  per  square  centimeter. 

Bar. — 0.98692  atmosphere;  14.504  pounds  per  square  inch, 
1.01971X10*  kilograms  per  square  meter;  1.000X106  dynes  per 
square  centimeter.  (This  value  accords  with  the  only  interna- 
tionally accepted  use  of  this  term;  but  "bar"  has  also  been  used 
to  denote  a  pressure  of  one  dyne  per  square  centimeter) . 

Barye. — 1 .0000  dyne  per  square  centimeter. 

Centimeter  of  mercury  at  0°C. — 0.013158  atmosphere; 
0.19337  pound  per  square  inch;  0.44604  foot  of  water;  27.845 
pounds  per  square  foot;  135.95  kilograms  per  square  meter; 
1.33322X104  dynes  per  square  centimeter. 

Centimeter  of  water  at  4°C. — 980.638  dynes  per  square  centi- 
meter. 

Dyne  per  square  centimeter. — 9.8692X10"7  atmosphere; 
1X10"6  bar;  1.4504X10"5  pound  per  square  inch;  2.9530X10"5 
inch  of  mercury  at  32 °F;  4.0148X10"4  inch  of  water  at  4°C; 
7.5006X10"4  millimeter  of  mercury;  0.00101971  gram  per  square 
centimeter;  0.00101974  centimeter  of  water  at  4°C;  0.0020886 
pound  per  square  foot;  0.0101971  kilogram  per  square  meter. 

Foot  of  water  at  4°C  or  39.1  °F—  0.029499  atmosphere; 
0.43352  pound  per  square  inch;  0.88265  inch  of  mercury  at 
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32 °F;  62.426  pounds  per  square  foot;  304.79  kilograms  per 
square  meter. 

Gram  (weight)  per  square  centimeter. — 9.6784X10"4  atmos- 
phere; 0.014223  pound  per  square  inch;  0.73556  millimeter  of 
mercury  at  0°C;  2.0482  pound  per  square  foot;  10  kilograms 
per  square  meter;  980.665  dynes  per  square  centimeter. 

Inch  of  mercury  at  32 °F.— 0.033421  atmosphere;  0.49116 
pound  per  square  inch;  1.13299  feet  of  water  at  39.1  °F;  13.595 
inches  of  water  at  4°C;  70.727  pounds  per  square  foot;  345.31 
kilograms  per  square  meter;  3.38639X104  dynes  per  square 
centimeter. 

Inch  of  water  at  4 °C—  0.0024583  atmosphere;  0.036136 
pound  per  square  inch;  0.073554  inch  of  mercury;  0.57818  ounce 
per  square  inch;  5.2022  pounds  per  square  foot;  25.399  kilo- 
grams per  square  meter;  2490.82  dynes  per  square  centimeter. 

Kilogram  (weight)  per  square  centimeter. — 14.223  pounds 
per  square  inch;  73.556  centimeters  of  mercury  at  0°C;  980,665 
dynes  per  square  centimeter. 

Kilogram  (weight)  per  square  meter. — 9.6784X10"5  atmos- 
phere; 0.0014223  pound  per  square  inch;  0.0028959  inch  of  mer- 
cury; 0.0032809  foot  of  water;  0.073556  millimeter  of  mercury; 
0.1  gram  per  square  centimeter;  0.20482  pound  per  square  foot; 
98.0665  dyne  per  square  centimeter. 

Kilogram  (weight)  per  square  millimeter. — 0.71114  ton  (2000 
pounds)  per  square  inch;  IX 106  kilograms  per  square  meter; 
9.80665X107  dynes  per  square  centimeter. 

Millimeter  of  mercury  at  0°C. — 0.0013158  atmosphere; 
0.019337  pound  per  square  inch;  1.3595  grams  per  square  centi- 
meter; 2.7845  pounds  per  square  foot;  13.595  kilograms  per 
square  meter;  1333.22  dynes  per  square  centimeter. 

Ounce  (weight)  per  square  inch. — 0.0625  pound  per  square 
inch;  4309.2  dynes  per  square  centimeter. 

Pound  (weight)  per  square  foot. — 4.7254X10'4  atmosphere; 
4.7880X10"4  bar;  0.0069445  pound  per  square  inch;  0.016018 
foot  of  water  at  39.1  °F;  0.35913  millimeter  of  mercury  at  0°C; 
0.48824  gram  per  square  centimeter;  4.8824  kilograms  per 
square  meter;  478.80  dynes  per  square  centimeter. 

Pound  (weight)  per  square  inch. — 5X10"4  ton  (2000  pound) 
per  square  inch;  0.068046  atmosphere;  0.068947  bar;  0.070307 
kilogram  per  square  centimeter;  2.0360  inches  of  mercury  at 
32 °F;  2.3066  feet  of  water  at  39.1  °F;  5.1715  centimeters  of 
mercury  at  0°C;  27.673  inches  of  water  at  4°C;  51.715  milli- 
meters of  mercury;  70.307  grams  per  square  centimeter;  703.07 
kilograms  per  square  meter;  6.8947X104  dynes  per  square  centi- 
meter. 
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Ton  (2000  pound)  (weight)  per  square  foot. — 0.94509  atmos- 
phere; 13.889  pounds  per  square  inch;  9764.8  kilograms  per 
square  meter;  9.5760X105  dynes  per  square  centimeter. 

Ton  (2240  pound)  (weight)  per  square  foot— 10.7251X105 
dynes  per  square  centimeter. 

Ton  (2000  pound)  (weight)  per  square  inch. — 1.4062  kilo- 
grams  per  square  millimeter;  2000  pounds  per  square  inch; 
1.4062X106  kilograms  per  square  meter;  1.3789X108  dynes  per 
square  centimeter. 

Ton  (2240  pound)  (weight)  per  square  inch. — 1.5749  kilo- 
grams per  square  millimeter;  152.42  atmospheres;  1.5444X108 
dynes  per  square  centimeter. 


Work  and  Energy  [m  I2 1~2] 

British  thermal  unit  (mean)  (BTU).— 2.930X10"4  kilowatt- 
hour;  3.9292X10'4  horse  power-hour;  0.25198  kilogram-calorie 
or  large  calorie  (mean);  0.2930  watt-hour;  10.409  liter-atmos- 
pheres; 107.56  kilogram-meters;  251.98  gram-calories  (mean); 
777.97  foot-pounds;  1054.8  joules  (absolute);  0.3676  cubic  foot- 
atmospheres;  2.5030  Xl04foot-poundals;  1.0548  X1010ergs. 

British  thermal  unit  (39 °F)  (BTU).— 1060.4  joules  (absolute). 

British  thermal  unit  (60 °F)  (BTU).— 1054.6  joules  (absolute). 

Calorie. — See  gram-calorie  or  kilogram-calorie. 

Centigrade  thermal  unit  (15 °C)  (CTU).— 1898.3  joules  (abso- 
lute). 

Centimeter-dyne. — See  erg. 

Centimeter-gram  force. — See  gram-centimeter. 

Cheval-vapeur  heure. — 2.6478X106  joules  (absolute). 

Cubic  centimeter-atmosphere  (normal). — 0.101325  joule  (ab- 
solute) . 

Cubic  foot  atmosphere. — 2.7203  British  thermal  unit 
(mean);  28.313  liter-atmospheres;  292.59  kilogram-meters; 
680.74  gram-calories  (mean);  2116.3  foot-pounds;  2869.4  joules 
(absolute) . 

Erg.— 2.3889X10-11  kilogram-calorie  (mean);  9.4805X10"11 
British  thermal  unit  (mean);  1.0197X10"8  kilogram-meter; 
2.3889X10"8  gram-calorie  (mean);  7.3756X10-8  foot-pound; 
1X10"7  joule;  2.3730X10"6  foot-poundal;  0.0010197  gram- 
centimeter;  1  dyne-centimeter. 

Foot-Pound.— 3. 7662X10" 7  kilowatt-hour;  5.0505X10"7  horse 
power-hour;  3.2389X10"4  kilogram-calorie  (mean);  3.7662X10"4 
watt-hour;  4.7253X10"4  cubic  foot-atmosphere;  0.0012854  Brit- 
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ish  thermal  unit  (mean);  0.013381  liter-atmosphere;  0.138255 
kilogram-meter;  0.32389  gram-calorie  (mean);  1.35582  joule 
(absolute);  32.174  foot-poundals;  1.3825X104  gram-centime- 
ters;  1.35582X107  ergs  or  centimeter-dynes. 

Foot-poundal. — 3.9952X10"5  British  thermal  unit  (mean); 
4.1589X10"4  liter-atmosphere  (normal);  0.0042972  kilogram- 
meter;  0.010067  gram-calorie;  0.031081  foot-pound;  0.042140 
joule;  4.21402X105  ergs. 

Gram-calorie  (mean). — 1.5593X  10" 6  horse  power  hours;  0.001 
kilogram-calorie;  0.0011628  watt-hour;  0.001459  cubic  foot- 
atmosphere;  0.0039685  British  thermal  unit  (mean);  0.041311 
liter-atmosphere;  0.42685  kilogram-meter;  3.0874  foot-pounds; 
4.186  joules  (absolute);  99.334  foot-poundals. 

Gram-calorie  (15 °C). — 4.185  joules  (absolute). 

Gram-calorie  (20 °C).— 4.181  joules  (absolute). 

Gram-centimeter. — 2 .3427X 10' 8  kilogram-calorie  (mean) ; 
9.2972X10"8  British  thermal  unit  (mean);  IX 10" 5  kilogram- 
meter;  2.3427X10-5  gram-calorie  (mean);  7.233X10"5  foot- 
pound; 9.80665X10"5  joule  (absolute);  980.7  ergs. 

Horse  power  hour.  (IP  hr.  or  h.  p.  hr.). — 0.7457  kilowatt- 
hour;  641.30  kilogram-calories  (mean);  745.7  watt-hours;  2545.0 
British  thermal  units  (mean);  2.7374X105  kilogram-meters; 
1.9800X106  foot-pounds;  2.6845X106  joules  (absolute). 

Horse  power  hour  (electrical,  U.  S.  &  British). — 2.6856X106 
joules  (absolute). 

International  volt  (v)  electronic  charge). — 1.5927X10"19  joule 
(absolute) . 

International  volt  (v)  Faraday. — 9.6541X  104  joules  (absolute) . 

Joule  (absolute).— 2 .778X10" 7  kilowatt-hour;  3.725X10"7 
horse  power-hour;  2.3889X10"4  kilogram-calorie  (mean);  2.778X 
10'4  watt-hour;  3.485X10"4  cubic  foot-atmosphere;  9.480X10"4 
British  thermal  unit  (mean);  0.009869  liter-atmosphere;  0.10197 
kilogram-meter;  0.23889  gram-calorie  (mean);  0.23895  gram- 
calorie  at  15 °C;  0.23918  gram-calorie  at  20 °C;  0.73756  foot- 
pound; 0.999835  joule  (International);  1  watt-second;  23.730 
foot-poundals;  1.0197 X104  gram-centimeters;  lXl07ergs. 

Joule  (International). — 1.000165  joule  (absolute). 

Kilogram-calorie  or  large  calorie  (mean). — 0.0011628  kilo- 
watt-hour; 0.0015593  horse  power-hour;  1.1628  watt-hour; 
3.9685  British  thermal  units  (mean);  426.85  kilogram-meters; 
1000  small  or  gram-calories;  3087.4  foot-pounds;  4186  joules; 
4.2686X107  gram-centimeters;  4.186X1010  ergs. 

Kilogram-meter,— 2 .7235X10" 6  kilowatt  hour;  3. 6530X10-* 
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horse  power-hour;  0.0027235  watt-hour;  0.0034177  cubic  foot- 
atmosphere;  0.0092972  British  thermal  unit  (mean);  0.096782 
liter-atmosphere;  2.3427  gram-calories  (mean);  7.2330  foot- 
pounds; 9.80665  joules  (absolute);  232.71  foot-poundals;  IX 105 
gram-centimeters;  9.80665X107  ergs. 

Kilowatt-hour. — 1.3410  horse  power-hours;  1000  watt-hours; 
3413.0  British  thermal  units  (mean);  3.6710X105  kilogram- 
meters;  8.6001X105  gram-calories  (mean);  2.6552X106  foot- 
pounds; 3.6000X106  joules  (absolute). 

Large  Calorie. — See  kilogram-calorie. 

Liter-atmosphere  (normal). — 3.7745X10'5  horse  power-hour; 
0.035319  cubic  foot-atmosphere;  0.09607  British  thermal  unit 
(mean);  10.333  kilogram-meters;  24.206  gram-calories  (mean); 
74.735  foot-pounds;  101.328  joules  (absolute);  2404.5  foot- 
poundals. 

Liter-atmosphere    (lat.    45°,    g=  980.616).— 101.323    joules 

(absolute) . 

Megalerg. — IX 106  ergs. 

Meter-kilogram. — See  kilogram-meter. 

Watt-hour.— 0.001  kilowatt-hour;  0.0013410  horse  power- 
hour;  0.86001  kilogram-calorie  (mean);  3.4130  British  thermal 
units  (mean);  367.10  kilogram-meters;  860.01  gram-calories 
(mean);  2655.3  foot-pounds;  3600  joules. 


Power  [m  I2 1~3] 

British  thermal  unit  (BTU)  (mean)  per  minute. — 0.023575 

horse  power;  17.580  watts  (absolute). 

British  thermal  unit  (BTU)  (mean)  per  second. — 1.4145  horse 
power;  1054.8  watts  (absolute). 

British  thermal  unit  (BTU)  (39  °F)  per  second.— 1060.4  watts 
(absolute) . 

British  thermal  unit  (BTU)  (60  °F)  per  second.— 1054.6  watts 
(absolute) . 

Cheval-vapeur. — For  electrical  purposes  usually  used  as  736 
watts.     See  Force  de  cheval. 

Erg  per  second.— IX 10"10  kilowatt;  1.3412X10"10  horse  pow- 
er; 1. 4333X 10" 9  kilogram-calorie  (mean)  per  minute;  5.688X10"9 
British  thermal  unit  (mean)  per  minute;  7.3756X10'8  foot- 
pound per  second;  1X10'7  watt;  4.4254X10"6  foot-pound  per 
minute;  1  dyne-centimeter  per  second. 

Foot-pound  per  minute.— 2. 2597X10" 5  kilowatt;  3.0303X10"5 
horse  power;  3.072X10"6  horse  power  (metric);  3.2389X10"4 
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kilogram-calorie  (mean)  per  minute;  0.0012854  British  thermal 
unit  (mean)  per  minute;  0.016667  foot-pound  per  second; 
0.022597  watt. 

Foot-pound    per    second. — 0.0013558    kilowatt;    0.0018182 
horse  power;   0.019433  kilogram-calorie   (mean)   per  minute 
0.077124  British  thermal  unit  (mean)  per  minute;  1.35582  watt 
(absolute) . 

Force  de  cheval  (cheval-vapeur). — See  horse  power  (metric). 

Gram-centimeter  per  second. — 9.80665X10"5  watt  (abso- 
lute) . 

Hectowatt. — 100  watts. 

Horse  power  (h.  p.  or  IP). — 0.70696  British  thermal  unit 
(mean)  per  second;  0.7452  kilowatt  (0=980);  0.74570 
(<7=  980.665)  kilowatt;  1.0139  horse  power  (metric)  or  cheval- 
vapeur  10.688  kilogram-calories  (mean)  per  minute;  42.418 
British  thermal  units  (mean)  per  minute;  550  foot-pounds  per 
second;  745.2  watts  (gr=980);  745.70  watts  (g=  980.665); 
3.3000X104  foot-pounds  per  minute. 

Horse  power,  electrical  (U.  S.  &  British). — 746.00  watt  (abso- 
lute) (Commonly  used  in  rating  electrical  machinery) . 

Horse  power,  metric  (cheval  vapeur). — 0.98632  horse  power 
(U.  S.);  75  kilogram-meters  per  second;  735.499  watts;  3.2549X 
104  foot-pounds  per  minute. 

Kilogram-calorie  (mean)  per  minute. — 0.093557  horse  power; 
51.457  foot-pounds  per  second;  69.767  watts. 

Kilogram  calorie  (mean)  per  second. — 4.186  kilowatts. 

Kilogram-meter  per  second. — 9.80665  watts  (absolute). 

Kilowatt. — 0.23889  kilogram-calorie  (mean)  per  second; 
0.94827  British  thermal  unit  (mean)  per  second;  1.3410  horse 
power;  1.3597  horse  power  (metric);  14.333  kilogram-calories 
(mean)  per  minute;  56.896  British  thermal  units  (mean)  per 
minute;  737.56  foot-pounds  per  second;  1000  watts;  4.4254X10* 
foot-pounds  per  minute;  2.6552X106  foot-pounds  per  hour. 

Lumen.— 0.001496  watt. 

Metric  horse  power. — See  horse  power,  metric. 

Watt  (absolute).— 0.001  kilowatt;  0.0013410  horse  power; 
0.0013596  force  de  cheval  or  horse  power  (metric);  0.01433  kilo- 
gram-calorie (mean)  per  minute;  0.056896  British  thermal  unit 
(mean)  per  minute;  0.73756  foot-pound  per  second;  1  joule  per 
second;  44.254  foot-pounds  per  minute;  1X107  ergs  per  second. 

Watt  (International).— 1.000165  watt  (absolute). 

Watt  of  maximum  visibility  radiation. — 668  lumens. 
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Action  [m  I2  tr1] 
Calorie  (15 °C)  second.— 6.3854X1033  quanta. 
Calorie  (15 °C)  second/  N0*— 1.0535X1010  quanta. 
Joule  second.— 1.5258X1033  quanta. 
Joule  second/  N0*.— 2.5173X109  quanta. 
Planck's  quantum. —  6.624  X10~27  erg  second. 
Volt  electronic-charge  second. — 2.4292X1014  quanta. 
Volt  faraday  second. — 1.4724X1038  quanta. 

*N0  denotes  Avogadro's  number,  the  number  of  molecules 
per  gram  mole. 

Torque  or  Moment  of  Force  [m  I2 1~2] 

Dyne-centimeter.— 1 .0197X 10"8  kilogram-meter;  7.3757X 
10" 8  pound-foot;  8.8511X  10" 7  pound-inch;  2.373lX10"6poundal- 
foot. 

Kilogram-meter. — 9 .8066X 10 7  dyne-centimeters . 

Pound-foot. — 1 .3558X 10 7  dyne-centimeters . 

Poundal-foot. — 4.2140X  105  dyne-centimeters. 

Pound-inch. — 1 .1298X 106  dyne-centimeters. 

Moment  of  Area  [Z4] 

Square  centimeter-centimeter  squared. — 0.02402  square  inch- 
inch  squared. 

Square  foot-foot  squared. — 2.074X104  square  inch-inch 
squared. 

Square  inch-inch  squared. — 4.823X10"5  square  foot-foot 
squared;  41.62  square  centimeter-centimeter  squared. 

Moment  of  Inertia  [m  I2] 

Gram-centimeter  squared  (g  cm2). — 2.3730X10"6  pound-foot 
squared;  3.4172X10"4  pound-inch  squared. 

Kilogram-centimeter  squared. — 0.0023730  pound-foot  squar- 
ed; 0.3417  pound-inch  squared. 

Pound-foot  squared. — 144  pound-inches  squared;  421.40  kilo- 
gram-centimeters squared;  4.2140X106  gram-centimeters 
squared. 

Pound-inch  squared. — 0.006945  pound-foot  squared;  2.9264 
kilogram-centimeters  squared;  2926.4  gram-centimeters  squared. 
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Thermal  Units 

Temperature 

Degree  Centigrade  (°C). — 0.8  or  4/  5  degree  Reaumur;  1.00 
degree  absolute,  Kelvin;  1.8  or  9/5  degrees  Fahrenheit. 

Degree  Fahrenheit  (°F). — 0.44444  or  4/9  degree  Reaumur; 
0.55556  or  5/9  degree  Centigrade. 

Degree  Reaumur  (°R). — 1.25  or  5/4  degrees  Centigrade;  2.25 
or  9/4  degrees  Fahrenheit. 

Temperature,  absolute  Centigrade  or  Kelvin  (K)  scale. — 

x°K=T°C+273.18. 

Temperature,  degrees  Centigrade  (°C).— z°C=5/9  (T°F- 
32);s°C=5/4T°R. 

Temperature,  degrees  Fahrenheit  (°F).— x°F=9/5  T°C+32; 
a:°F=9/4T°R+32. 

Temperature,  degrees  Reaumur  ( °R).— x  °R=  4  /9  (T  °F  -32) ; 
x°R=4/5T°C. 


Thermal  Capacity  of  a  Substance 

British  thermal  unit  (mean)  per  pound  per  °F. — 1  gram- 
calorie  per  gram  per  °C;  4.186  joules  per  gram  per  °C. 

Gram-calorie  (mean)  per  gram  per  °C. — 1  British  thermal 
unit  (60 °F)  per  pound  per  °F;  4.186  joules  per  gram  per  °C. 

Joule  per  gram  per  °C. — 0.2389  gram-calorie  (mean)  per 
gram  per  °C;  0.2389  British  thermal  unit  (mean)  per  pound 
per  °F. 


Thermal  Capacity  of  a  Body.    Water  Equivalent 

British  thermal  unit  (60 °F)  per   °F—  453.59  gram-calories 
per  °C;  1898.3  joules  per  °C. 

Gram-calorie  (15°)  per  °C— 0.0022046  British  thermal  unit 
\60°F)  per  °F;  4.185  joules  per  °C. 

Joule  per  °C— 5.268X10"4  British  thermal  unit  (60°F)  per 
°F;  0.2389  gram-calorie  per  °C. 


Heat  Equivalent.    Latent  Heat 

British  thermal  unit  (mean)  per  pound. — 0.5556  gram-calorie 
(mean)  per  gram;  2.325  joules  per  gram. 
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Gram-calories  (mean)  per  gram. — 1.8  British  thermal  units 
(mean)  per  pound;  4.186  joules  per  gram. 

Joule  per  gram. — 0.2389  gram-calories  (mean)  per  gram; 
0.4301  British  thermal  unit  per  pound. 


Thermal  Conductivity 

British  thermal  unit  (mean)  per  square  foot  per  second  for  a 
temperature  gradient  of  1°F  per  inch=  5.191  joules  (absolute) 
per  square  centimeter  per  second  for  a  temperature  gradient  of 
1°C  per  centimeter  =1.2404  gram-calories  (15  °C)  per  square 
centimeter  per  second  for  a  temperature  gradient  of  1°C  per 
centimeter. 

Gram-calorie  (15  °C)  per  square  centimeter  per  second  for  a 
temperature  gradient  of  1°C  per  centimeter  =4.185  joules 
(absolute)  per  square  centimeter  per  second  for  a  temperature 
gradient  of  1°C  per  centimeter  =0.80620  British  thermal  units 
(mean)  per  square  foot  per  second  for  a  temperature  gradient 
of  1°F  per  inch. 

Joule  per  square  centimeter  per  second  for  a  temperature 
gradient  of  1°C  per  centimeter =0.2389  gram-calorie  (15°C) 
per  square  centimeter  per  second  for  a  temperature  gradient 
of  1°C  per  centimeter  =0.1926  British  thermal  unit  per  square 
foot  per  second  for  a  temperature  gradient  of  1  °F  per  inch. 


Photometric  Units 

Bougie  Decimale  (intensity  of  source). — 1.0  International 
candle  (approximately) . 

Candle  (International)  (intensity  of  source). — 0.104  Carcel 
unit  (approximately);  1.0000  International  lumen  per  stera- 
dian;  1  Pentane  candle  (approximately);  1  English  sperm  candle 
(approximately);  1.11  Hefner  unit  (approximately). 

Candle  per  square  centimeter  (surface  brightness). — 3.1416 
lamberts;  3141.6  millilamberts. 

Candle  per  square  inch  (surface  brightness). — 0.48695  1am- 
bert;  486.95  millilamberts. 

Carcel  unit  (intensity  of  source). — 9.6  International  candle 
(approximately) . 

English  sperm  candle  (intensity  of  source) . — 1 .0  International 
candle  (approximately) . 

Foot-candle  (illumination  of  a  surface). — 1  lumen  incident 
per  square  foot;  1.0764  milliphots;  10.764  lumen  per  square 
meter;  10.764  lux. 
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Hefner  unit  (intensity  of  source). — 0.90  International  candle 
(approximately) . 

Lambert  (surface  brightness). — 0.3183  candle  per  square 
centimeter;  2.054  candles  per  square  inch;  1  lumen  emitted 
per  square  centimeter  of  a  perfectly  diffusing  surface. 

Lumen  (flux  of  luminous  energy). — Is  emitted  by  0.07958 
spherical  candle  power.  A  source  of  one  spherical  candle  power 
emits  4tt  or  12.566  lumens. 

Lumen  per  square  centimeter  per  steradian  (surface  bright- 
ness).— 3.1416  lambert. 

Lumen  per  square  foot  (illumination  of  a  surface). — 1  foot- 
candle;  10.764  lumens  per  square  meter. 

Lumen  per  square  foot  per  steradian  (surface  brightness) . — 
3.3816  millilambert. 

Lumen  per  square  meter  (surface  illumination). — IX 10'4 
phot;  0.092902  foot  candle  or  lumen  per  square  foot. 

Lux  (illumination  of  a  surface). — 1X10'4  phot;  0.1  milliphot; 
0.092902  foot-candle;  1.000  lumen  per  square  meter. 

Meter-candle  (illumination  of  a  surface). — 1.000  lumen  per 
square  meter. 

Millilambert  (surface  brightness). — 0.929  lumen  emitted  per 
square  foot  (perfect  diffusion) . 

Milliphot  (illumination  of  a  surface) . — 0.001  phot;  0.929  foot- 
candle. 

Pentane  candle  (intensity  of  source). — 1.0  International 
candle  (approximately) . 

Phot  (illumination  of  a  surface). — 1  lumen  incident  per 
square  centimeter;  1000  milliphots;  1.000X104  lumens  per 
square  meter;  IX 104  lux. 

Stilb  (surface  brightness). — 1  candle  per  square  centimeter 

Viscosity 

Viscosity  [ml"1  tr1] 

Gram  weight  second  per  square  centimeter. — 980.665  poise. 
Poise. — 1.00  gram  per  centimeter  per  second. 
Pound  weight  second  per  square  foot. — 478.8  poise. 
Pound  weight  second  per  square  inch. — 6.895X104  poise. 

Kinematic  Viscosity    [I2 1'1] 

Inch  squared  per  second. — 6.451  centimeters  squared  per 
second. 
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Poise  centimeter  cubed  per  gram. — 1 .000  centimeter  squared 
per  second. 

Poise  foot  cubed  per  pound. — 62.43  centimeters  squared  per 
second. 

Poise  inch  cubed  per  gram. — 16.387  centimeters  squared  per 
second. 


Reciprocal  Viscosity  (Fluidity)  [m'1  It] 
Rhe. — 1.000  per  poise. 

Diffusivity;  Coefficient  of  Diffusion  [I2 1'1] 

Centimeter  squared  per  day. — 1.1574X10"5  centimeter 
squared  per  second. 

Inch  squared  per  second. — 6.4516  centimeters  squared  per 
second. 

Liter  per  centimeter  per  day. — 0.011574  centimeter  squared 
per  second. 

Surface  Tension  [mt~2] 

Dyne  per  centimeter. — 0.01  erg  per  square  millimeter; 
0.10197  milligram  weight  per  millimeter;  1  erg  per  square 
centimeter;  2.5901  milligram  weight  per  inch. 

Erg  per  square  centimeter. — 0.01000  erg  per  square  milli- 
meter; 1.0000  dyne  per  centimeter. 

Erg  per  square  millimeter. — 100.00  dynes  per  centimeter; 
100.00  ergs  per  square  centimeter. 

Milligram  weight  per  inch. — 0.38609  dyne  per  centimeter. 

Milligram  weight  per  millimeter. — 9.80665  dynes  per  centi- 
meter. 

Rotatory  Power  [Z_1] 

Degree  per  centimeter. — 0.017453  radian  per  centimeter. 

Degree  per  foot. — 5.7261X10"4  radian  per  centimeter. 

Degree  per  inch. — 0.0068714  radian  per  centimeter. 

Minute  per  centimeter. — 2.9089X10"4  radian  per  centimeter. 

Radian  per  centimeter. — 57.296  degrees  per  centimeter; 
145.50  degrees  per  inch;  1746.4  degrees  per  foot;  3437.7  min- 
utes per  centimeter. 
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UNITS  AND  CONVERSION  FACTORS  (Continued) 
ELECTRICAL  UNITS 

Electrical  units  are  designated  as  "absolute"  when  based  on 
the  electromagnetic  cgs  system,  "International"  when  based  on 
legal  definitions  of  the  ohm,  Weston  cell  or  silver  voltammeter 

The  basis  of  International  units  is  indicated  as  follows: 
"(a)"  based  on  a  silver  deposit  of  1.11800  mg  per  International 
ampere  second;  "(v)"  based  on  the  International  ohm  and 
Weston  cell,— 1.018300  volts  at  20 °C. 

New  adjusted  values  of  International  units  were  adopted  in 
the  United  States  on  January  1?  1948.  Relations  between 
absolute  and  International  units  given  below  are  based  on  these 
values. 


Quantity  or  Charge  [e'm'ZV1],  [pT^mH^] 

Ahcoulomb. — See  electromagnetic  cgs  unit  electrical 
quantity. 

Ampere-hour  (absolute). — 3600.0  coulomb  (absolute) 

Coulomb  (absolute). — 0.1000  electromagnetic  cgs  unit  or 
abcoulomb;  1.000165  International  coulombs;  2.99796 X109 
electrostatic  cgs  units  or  statcoulombs;  6.281  X1018  electronic 
charges. 

Electromagnetic  cgs  unit  or  abcoislomb. — 10.0000  cou- 
lombs (absolute);  2.99796 X1010  electrostatic  cgs  units  or 
statcoulombs 

Electronic  charge. — 1.5921  X10~20  electromagnetic  cgs  unit 
or  abcoulomb;  1.5921  X10"19  coulomb  (absolute),  4.774X10"10 
electrostatic  cgs  unit  or  statcoulomb 

Electrostatic  cgs  unit  or  statcoulomb. — 3.33560  X10-11 
electromagnetic  cgs  unit  or  abcoulomb,  3.33560  X10-10  cou- 
lomb (absolute),  2.0947  X109  electronic  charges 

Electrostatic  foot-pound  second  unit. — 1.1952  X10~6 
coulomb  (absolute);  117.58  electromagnetic  cgs  units  or  abcou- 
lombs;  3583.9  electrostatic  cgs  units  or  statcoulombs 

Faraday.— 9.6500 X104  coulombs  (absolute);  9.6517 X104 
International  coulombs;  2.89365  X1014  electrostatic  cgs  units 
or  statcoulombs 

International  coulomb. — 0.999835  coulomb  (absolute) 

Statcoulomb. — See  electrostatic  cgs  unit 

Reciprocal  Quantity  [e~*m~*l~h];  [^m~H~2] 

x  per  ampere-hour  =  2.7778  X  10~4  x  per  coulomb  (absolute) 

x  per  coulomb  (absolute)  =0.999835  x  per  International 
coulomb 
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x  per  electromagnetic  cgs  unit=  0.1000  x  per  coulomb  (abso- 
lute) 

x  per  electronic  charge=6  281 X1018  x  per  coulomb  (abso- 
lute) 

x  per  electrostatic  cgs  unit=  2  99796X1 09  x  per  coulomb 
(absolute) 

x  per  faraday=l  0363X10"*  x  per  coulomb  (absolute) 


Current  l^mUU'2];  IprhnHHr1] 

Abampere. — See  electromagnetic  cgs  unit. 

Ampere  (absolute). — 1.0363  X10~5  faraday  per  second;  0.1 
electromagnetic  cgs  unit  or  abampere;  1.000165  International 
amperes  (U.  S.  1948);  2.99796  X109  electrostatic  cgs  units  or 
statamperes 

Electromagnetic  cgs  unit  or  abampere. — 10.0000  amperes 
(absolute);  2  99796X 1010  electrostatic  cgs  units  or  statamperes. 

Electrostatic  cgs  unit  or  statampere. — 3.33560X10"11  electro- 
magnetic cgs  unit  or  abampere;  3.33560X10"10  ampere 
(absolute) 

Faraday  per  second — 9.6500X104  ampere  (absolute). 

International  ampere  (U.  S.  1948).— 0.999835  ampere 
(absolute). 

International  ampere  (a)  — feased  on  the  deposit  of  0.001 1 1800 
grams  of  silver  per  second;  0  99993  ampere  (absolute) 

International  ampere  (v)  — As  defined  by  the  International 

ohm  and  volt,  0  99990  ampere  (absolute) 

International  ampere  (U  S  before  1911)  — 0.99916  Interna- 
tional ampere  (v) 

International  ampere  (England  before  1906)  — 0  99870  Inter- 
national ampere  (v) 

m  International  ampere  (England  1906-8). — 0.99894  Interna- 
tional ampere  (v) 

m  International  ampere  (England  1909-10)  —0.99990  Interna- 
tional ampere  (v) 

m  International  ampere  (France  before  1911). — 0.9998  Interna- 
tional ampere  (v) 

International  ampere  (Germany  before  1911). — 0.99968  In- 
ternational ampere  (v) 

Statampere. — See  electrostatic  cgs  unit 
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Electrical  Field  Strength  [«-imifc*F*];  [n*mHH-*] 

Electrostatic  cgs  unit  of  potential  per  centimeter. — 299.796 

volts  per  centimeter  (absolute) . 

Electrostatic  cgs  unit  of  potential  per  inch. — 118.05  volts  per 
centimeter  (absolute). 

Electromagnetic  cgs  unit  of  potential  per  centimeter. — 1 .0000 
X10"8  volt  per  centimeter  (absolute). 

Electromagnetic  cgs  unit  of  potential  per  inch. — 3.9370X10"9 
volt  per  centimeter  (absolute) . 

Volt  per  inch. — 0.39370  volt  per  centimeter. 


Potential  [e^rnHHr1];  IphnHHr*] 

Abvolt. — See  electromagnetic  cgs  unit. 

Electromagnetic  cgs  unit  or  abvolt. — 3.33560X10"11  electro- 
static cgs  unit  or  statvolt;  1.0000X10"8  volt  (absolute). 

Electrostatic  cgs  unit  or  statvolt. — 299.796  volts  (absolute); 
2.99796X1010  electromagnetic  cgs  units  or  abvolts. 

International  volt  (IT.  S.  1948).— 1.00033  volts  (absolute) 

International  volt  (a)  .—Based  on  the  International  ohm  and 
ampere;  1 .00045  volts  (absolute) . 

International  volt  (v) . — Based  on  the  acceptance  of  the  elec- 
tromotive force  of  a  Weston  cell  at  20  °C  as  1.0183  International 
volts;  1.00042  volts  (absolute). 

International  volt  (U.  S.  before  1911).— 0.99916  International 
volt  (v). 

International  volt  (England  before  1906).— 0.99870  Interna- 
tional volt  (v) . 

International  volt  (England  1906-8).— 0.99894  International 
volt  (v). 

International  volt  (England  1909-10).— 0.99990  International 
volt  (v) . 

International  volt   (Germany  and  France,  before   1911). — 

0.99968  International  volt  (v). 

Statvolts. — See  electrostatic  cgs  unit. 

Volt  (absolute). — 0.0033356  electrostatic  cgs  unit  or  stat- 
volts; 0.999670  International  volt  (U.  S.  1948);  1X108  elec- 
tromagnetic cgs  units  or  abvolts. 
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Resistance  [e~ll-H};  [^lrl] 
Abohm. — See  electromagnetic  cgs  unit. 

Board  of  trade  unit  (England  1903).— 0.9984  International 

ohm. 

Electromagnetic  cgs  unit  or  abohm.— 1.1 1263  X10~21 
electrostatic  cgs  unit  or  statohm;  1X10-15  megohm;  1.0000 X 
10~9  ohm  (absolute);  0.001  microhm. 

Electrostatic  cgs  unit  or  statohm. — 8.98776X1011  ohms 
(absolute);  8.98776 X1020  electromagnetic  cgs  units  or  abohms. 

International  ohm. — The  resistance  of  a  uniform  column  of 
mercury  at  0°C,  106.300  centimeters  long,  having  a  mass  of 
14.4521  grams;  1.000495  ohms  (absolute) ;  1.0016  board  of  trade 
unit  (England  1903);  1.0630  Siemens  unit. 

International  ohm  (France  before  1911). — 0.9999  Interna- 
tional ohm. 

"Legal  ohm"  of  1884  (England).— 0.99718  International 
ohm. 

Megohm. — 1 X 106  ohms. 

Microhm. — 1.11263  X  10~18  electrostatic  cgs  unit  or  statohm; 
1  X10~12  megohm;  1  X10-6  ohm;  1000  electromagnetic  cgs  units 
or  abohms. 

Ohm  (absolute). — 1. 11263  X10~12  electrostatic  cgs  unit  or 
statohm;  1X10-6  megohm  (absolute);  0.999505  International 
ohm;  1X106  microhms  (absolute);  1X109  electromagnetic  cgs 
units  or  abohms. 

Siemens  unit. — 0.94073  International  ohm. 

Statohm. — See  electrostatic  cgs  unit. 


Volume  Resistivity  [e~lt];  [nM-1] 

Electromagnetic      cgs      unit      (abohm) -centimeter. — 

9.99505  X10~10  International  ohm-centimeter;  0.001  microhm- 
centimeter;  0.0060153  ohm-mil  *-foot. 

Electrostatic  cgs  unit-centimeter. — 8.98776  X1011  ohm- 
centimeters  (absolute). 

International  annealed  copper  standard  (20°C). — ■  Vol- 
ume resistivity  of  annealed  copper;  1.7241  microhm-centimeters. 

International  ohm-centimeter. — 1.000495  ohm-centim- 
eters (absolute). 

Microhm-centimeter. — 1.0000  X10~6  ohm-centimeter; 
0.3937  microhm-inch;  6.0153  ohm-mil*-foot;  1000  abohm- 
centimeters. 


*The  unit  thus  marked  refers  to  the  diameter  of  a  wire  of 
circular  cross  section. 
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Microhm-inch. — 2.5400  microhm-centimeters. 

Ohm-centimeter  (absolute). — 0.999505  International  ohm- 
centimeter;  1X106  microhm-centimeters. 

Ohm  inch. — 2.5400X106  microhm-centimeters. 

Ohm-meter-millimeter2. — 100.0000  microhm-centimeters. 

Ohm-meter-millimeter*. — 78.540  microhm-centimeters. 

Ohm-mil*-foot. — 0.16624  microhm-centimeter;  166.24  elec- 
tromagnetic cgs  unit  (abohm)  centimeters. 


Mass  Resistivity  [rlml~H]\  [iiml~lt~l\ 

Electromagnetic    cgs    unit. — 9.9951  X10-6    International 
ohm-meter-gram . 

Electrostatic  cgs  unit. — 8.9869  X1015  International  ohm- 
met  er-gr  am. 

International  ohm-meter-gram. — 1.000495  ohm   (abso- 
lute)-meter-gram. 

Ohm     (absolute) -meter-gram. — 0.999505     International 
ohm-meter-gram . 

Ohm-centimeter-gram. — Df  ohm-centimeter;  1.0000 X104 
ohm-meter-gram . 

Ohm- mile-pound. — 1.7513  X  10~4  ohm-meter-gram. 


Volume  Conductivity  [ef1];  [irH-H] 


Electromagnetic  cgs  unit  or  abmhos  per  centimeter 
cube  (ohm_1-centimeter_1). — 166.2  mhos  per  mil*  foot; 
1000  megmhos  per  centimeter  cube;  1.000495X10*  Interna- 
tional ohm  "^-centimeter-1. 

Electrostatic  cgs  unit.— 1.11318  X  10~12  International 
ohm_1-centimeter_1. 

International  annealed  copper  standard  (£0°C). — 0.5800 
microhm-1-centimeter-1. 

International  ohm^-centimeter1. — 0.999505  ohm1- 
centimeter-1  (absolute). 

Megmhos  per  centimeter  cube. — 0.001  abmhos  per  centi- 


fD  represents  the  density  in  grams  per  centimeter  cubed. 
*The  unit  thus  marked  refers  to  the  diameter  of  a  wire  of 
circular  cross  section. 
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meter  cube;  0.1662  mhos  per  mil*  foot;  2.540  megmhos  per  inch 
cube;  1  microhms-centimeter"1. 

Megmhos  per  inch  cube. — 0.39370  megmhos  per  centimeter 
cube;  1  microhms-inch"1. 

Mho  centimeter  cube. — 1  ohm' ^centimeter'1. 

Microhms-centimeter"1. — 1.0000X106  ohm" ^centimeter'1;  1 
megmho  per  centimeter  cube. 

Microhm"  Mnch'1. — 0.39370    microhm"  ^centimeter'1;    1 
megmho  per  inch  cube. 

Ohm^-centimeter-1  (absolute). — I  mho  per  centimeter 
cube;  1.000495  International  ohm- '-centimeter.-1 

Ohm' Mnch-  K— 3 .9370X 10" 7  microhm'  ^centimeter  i . 

Ohm"1    (meter,    millimeter*)"1. — 0.012732    microhm" ^centi- 
meter"1. 

Ohm"1     (meter,     millimeter2)"1. — 0.01000    microhnr'-centi- 
meter'1. 

Ohm"1  (mil,  foot)"1. — 6.0153  microhm' ^centimeter"1. 
100%  conductivity  (20 °C).— 0.5800  microhm' ^centimeter1. 


Mass  Conductivity    [em'HH'1];  [n^m'Ht] 

x   per    electromagnetic    cgs    unit  =  1 .000495  X 105   x   per 
International  ohm-meter-gram. 

x  per  electrostatic  cgs  unit  =  1.1132  X10~16  x  per  Interna- 
tional ohm-meter-gram. 

x  per  International  ohm-meter-gram  =0.999505  x  per 
ohm  (absolute) -meter-gram. 

x  per  ohm  (absolute) -ineter-gram  =  1.000495  x  per  Inter- 
national ohm-meter-gram. 

x  per  ohm-centimeter-gram=1.0000X10"4  x  per  ohm-meter- 
gram. 

x  per  ohm-mile-pound=  0.0057100  x  per  ohm-meter-gram. 


Capacitance    [el\]  [m_1  I'1 12] 

Electromagnetic  cgs  unit  or  abfarad. — 1.0000X109  farads 
(absolute);  IX 1015  microfarads;  8.98776X1020  electrostatic  cgs 
units  or  statfarads. 

*The  unit  thus  marked  refers  to  the  diameter  of  a  wire  of 
circular  cross  section. 
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Electrostatic  cgs  unit  (statfarad  or  centimeter). — 1.11263X 

10-21  electromagnetic  cgs  unit  or  abfarad;  1.11263X10"12  farad 
(absolute);  1.1 1263X10-*  microfarad. 

Farad  (absolute). — lX10~r!  electromagnetic  cgs  unit  or 
abfarad;  1.000495  International  farad;  1X10G  microfarads; 
8.98776  X1011  electrostatic  cgs  units  or  statfarads. 

International  farad. — 0.999505  farad  (absolute). 

Microfarad. — 1X10'15  electromagnetic  cgs  unit  or  abfarad; 
IX 10"6  farad;  8.98776X105  electrostatic  cgs  units  or  statfarads. 

Micromicrofarad. — IX 10"12  farad. 

Statfarad. — See  electrostatic  cgs  unit. 


Inductance    [€_1  l'1  t2];  [id] 

Abhenry. — See  electromagnetic  cgs  unit. 

Electromagnetic  cgs  unit  (abhenry  or  centimeter). — 1.11263 
X10"21  electrostatic  cgs  unit  or  stathenry;  1.0000X10"9  henry 
(absolute);  1X10"6  millihenry. 

Electrostatic  cgs  unit  or  stathenry. — 8.98776X1011  henry 
(absolute);  8.98776X1014  millihenries;  8.98776X1020  abhenries. 

Henry  (absolute). — 1.11263  X10-12  electrostatic  cgs  unit  or 
stathenry;  0.999505  International  henry;  1000  millihenries; 
1  X 109  electromagnetic  cgs  units  or  abhenries. 

International  henry. — 1.000495  henry  (absolute). 

Millihenry.— 1.11263X10"15  stathenry;  0.001  henries;  1X106 
abhenries. 

Stathenry. — See  electrostatic  cgs  unit. 


Thermoelectric  Units 
Thermoelectric  Power  [e-imHH'1  6~1];  [/**  ra*  l*  t2  r1] 

Electromagnetic    cgs   unit    of   potential   per    °C. — 0.010000 
microvolt  per  °C  (absolute). 

Electromagnetic   cgs   unit   of  potential   per    °F. — 0.018000 
microvolt  per  °C  (absolute) . 

Electrostatic  cgs  unit  of  potential  per  °C. — 2.9986X108  micro- 
volt per  °C  (absolute) . 

Electrostatic    cgs    unit    of   potential    per    °F.— 5. 3975X10 8 
microvolt  per  °C  (absolute). 

Microvolt  per  °F.— 1.8000  microvolt  per  °C. 
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Peltier  Coefficient  i^mMW-1];  ^wUU'2] 

Calorie  (15  °C)  per  ampere-hour. — 0.011625  joule  per  electro 
magnetic  unit  quantity. 

Calorie  (15  °C)  per  coulomb. — 41.850  joules  per  electromag- 
netic unit  quantity. 

Joule  per  ampere-hour  (absolute). — 9.2636X10"14  joule  per 
electrostatic  unit  quantity;  0.0027778  joule  per  electromagnetic 
unit  quantity. 

Joule  per  coulomb. — 10.000  joules  per  electromagnetic  unit 
quantity. 

Joule  per  electron. — 6.2811X1019  joules  per  electromagnetic 
unit  quantity. 

Joule  per  faraday. — 1.0363X10"4  joule  per  electromagnetic 
unit  quantity. 


Coefficient  of  Thomson  Effect 
[e-*ra*  U  t'1  r1];  [ju*mU-2  r1] 

Joule  per  coulomb  per  °F. — 1.8000  joules  per  coulomb  per  °C 

Joule  per  electromagnetic  unit  quantity  per  °F. — 0.1800  joule 
per  coulomb  per  °C . 

Joule  per  electron  per  °C. — 6.2811X1018  joules  per  coulomb 
per  °C. 

Joule  per  electrostatic  unit  quantity  per  °C. — 2.9986X108 
joules  per  coulomb  per  °C. 

Joule  per  electrostatic  unit  quantity  per  °F. — 5.3975X10* 
joules  per  coulomb  per  °C. 

Joule  per  faraday  per  °C. — 1.0363X10'5  joule  per  coulomb 
per  °C. 

Yolt  per  °C.— 1.0000  joule  per  coulomb  per  °C. 


Piezoelectric  Constant    [ehn'HH];      [ij,"%m~H~H2] 

Coulomb   per    kilogram  weight. — 3057.7   electrostatic   unit 
quantity  per  dyne. 

Electromagnetic     unit    quantity    per    kilogram     weight. — 

3.0577X104  electrostatic  unit  quantity  per  dyne. 

Electromagnetic     unit      quantity      per     pound      weight  — 

6. 741 IX 104  electrostatic  unit  quantity  per  dyne. 
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Electron  per  kilogram  weight. — 4.868  X10~16  electrostatic 
unit  quantity  per  dyne.  I 

Electrostatic   unit   quantity   per   kilogram   weight.— 

1.0197  X10-6  electrostatic  unit  quantity  per  dyne. 

Electrostatic  unit  quantity  per  pound  weight. — 2.2481 
X 10-6  electrostatic  unit  quantity  per  dyne. 

Faraday  per  kilogram  weight. — 2.9507X108  electrostatic 
unit  quantity  per  dyne. 


Flux  of  Magnetic  Induction;  Magnetic  Flux;  Pole 

Strength 

[e~2  m?  /'"];  [/J  m?  fi  t~l] 

Electromagnetic  cgs  unit  (unit  pole).— 4?r  maxwell  (abso- 
lute). 

Electrostatic  cgs  unit. — 2.99796  X 1010  maxwells  (absolute). 

International  maxwell  (U.  S.   1948).— 1.00033  maxwells 

(absolute). 

Kilolines. — 1000  maxwells. 

Line. — 1.0000  maxwell  (absolute). 

Maxwell  (absolute). — 3.3356  X10"11  electrostatic  cgs  unit; 
0.999670  International  maxwell;  1.0000  line. 

Megaline. — 1  X 106  maxwells. 

Volt-second. — 1 X 108  maxwells. 

Weber. — 1  volt-second;  1X108  maxwells. 


Magnetic  Field  Intensity  [e1  m*  lh  r2];  [»-*  m*  H  r1] 

The  name  oersted  was  given  to  the  unit  of  field  intensity  formerly  known 
and  given  below  as  the  gauss,  by  the  International  Electrotechnical  Com- 
mission in  1930. 

Ampere-turn  per  centimeter. — 1.2566  gauss. 

Ampere-turn  per  inch. — 0.49474  gauss. 

Electromagnetic  cgs  unit. — 1.0000  gauss  (absolute). 

Electrostatic  cgs  unit. — 3.33560  X10~n  gauss  (absolute). 

Gamma  (y).— 1.0000 X10~5  gauss. 

Gauss  (absolute.) — 0.79580  ampere-turn  per  centimeter; 
1  electromagnetic  cgs  unit;  1  gilbert  per  centimeter;  1.000165 
International  gauss;  2.0213  ampere-turns  per  inch;  6.452  lines 
per  square  inch:  1  X105  gamma  (7);  2.99796 X1010  electrostatic 
cgs  units. 
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Gilbert  per  centimeter. — 1.0000  gauss;  2.021  ampere-turns 
per  inch. 

International  gauss  (U.  S.  1948). — 0.999835  gauss  (abso- 
lute). 

Lines  per  square  centimeter. — 1  gauss. 

Lines  per  square  inch. — 0.1550  gauss. 


Magnetomotive  Force;  Magnetic  Potential 

Abampere-turn. — 10  ampere-turns;  12.566  gilberts. 

Ampere-turn. — 0.1  abampere-turn;  1.2566  gilberts. 

Electromagnetic  cgs  unit. — 1.00000  gilbert  (absolute). 

Electrostatic  cgs  unit.— 3.33560  Xl0~n  gilbert  (absolute). 

Gilbert   (absolute). — 0.07958  abampere-turn;  0.7958  am- 
pere-turn; 1.000165  International  gilbert. 

Reluctance  [e  I  r2];  [m_1  l'1] 

Since  1930  oersted  has  been  used  as  the  name  for  magnetic  field  intensity. 
The  oersted  as  used  below  is  equivalent  to  one  ampere-turn  per  maxwell. 

Electromagnetic  cgs  unit. — 1.0000  oersted  (absolute). 
Electrostatic  cgs  unit. — 1.1122  X10-21  oersted  (absolute). 
International  oersted. — 0.999505  oersted  (absolute). 
Oersted  (absolute). — 1.000495  International  oersted. 

Magnetic  Induction;  Intensity  of  Magnetization 

[e-*  m?  H]:  [^  in)  H  t~l] 

Since   1930  the  name  gauss  has  been  used  for  unit  magnetic    induction, 
one  maxwell  per  square  centimeter. 

Electromagnetic  cgs  unit. — 1.00000  maxwell   (absolute) 
per  square  centimeter. 

Electrostatic  cgs  unit. — 2.9986X1010  maxwells  (absolute) 
per  square  centimeter. 

International  maxwell  per  square  centimeter. — 1.00033 
maxwells  (absolute)  per  square  centimeter. 
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Line  per  square  centimeter. — 1.00000  maxwell  per  square 
centimeter. 

Line  per  square  inch. — 0.15500  maxwell  per  square  centi- 
meter. 

Maxwell  per  square  centimeter   (absolute). — 0.999670 
International  maxwell  per  square  centimeter. 

Maxwell  per  square  inch. — 0.15500  maxwell  per  square  centi- 
meter. 

Dielectric  Constant;  Electrical  Inductivity; 
Magnetic  Permeability;  Susceptibility. 

Electromagnetic    cgs    unit. — 8.9916X1020    electrostatic    cgs 
units. 

Foot-pound-second  electromagnetic  unit. — 0.0010764  electro- 
magnetic cgs  unit;  9.6784X1017  electrostatic  cgs  units. 

Foot-pound-second-electrostatic   unit. — 1.0000   electrostatic 
cgs  unit. 

Magnetic  Effects 

Coefficient  of  Leduc  Effect    [e~*  m~*  l~%  t2];  [^  m~*  2*  t] 

x  centimeters  per  ampere-turn=  0.79577  x  per  gauss. 
x  centimeters  per  gilbert=  1.0000  x  per  gauss. 
x  per  electrostatic  cgs  unit=2.9986X1010  x  per  gauss. 
x  inches  per  ampere-turn=  2.0213  x  per  gauss. 


Coefficient  of  Hall  Effect  [e-*  w*  l't  tz]\  [/z*  wr*  U \ 

Electrostatic    cgs    unit. — 2.6962X1031    electromagnetic    cgs 
unit. 

Volt  centimeter  per  ampere  gauss  (absolute). — 1 .0000X10* 
electromagnetic  cgs  unit. 

Volt  inch  per  ampere  gauss  (absolute). — 2.5400X109  electro- 
magnetic cgs  unit. 


Coefficient  of  Ettinghausen  Effect 

[e"1™-1  l~l  t4  0];   [mW1  It2  6] 

°C   centimeter   per   ampere   gauss   (absolute). — 10.000    °C 
centimeter  per  electromagnetic  cgs  unit. 
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°C  centimeter  per  electrostatic  cgs  unit— 8.9916X10?°  °C 
centimeter  per  electromagnetic  cgs  unit. 

°F  inch  per  ampere  gauss  (absolute). — 45.720  °C  centimeter 
per  electromagnetic  cgs  unit. 

Coefficient  of  Nernst  Effect  [elt  r1];  [td2fl  r1] 

Electrostatic  cgs  unit  per  °C  —  8.9916X1020  electromagnetic 
cgs  unit  per  °C. 

Volt  per  gauss  °C  (absolute).— 1.0000X108  electromagnetic 
cgs  unit  per  °C. 

Volt  per  gauss  °F  (absolute).— 1.8000X108  electromagnetic 
cgs  unit  per  °C. 

Verdet's  Constant  [e~*m"H"H2];  [/**m"*H<] 

Minute  per  ampere-turn. — 1.2566  minute  per  electromagnetic? 
cgs  unit. 

Minute  per  gilbert. — 1.0000  minute  per  electromagnetic  cgs 
unit. 

Radian  per  gilbert. — 3437.7  minute  per  electromagnetic  cgs 
unit. 

RELATIONS  OF  ELECTRICAL  UNITS 

1  ohm        =109    electromagnetic  =  1 /9  X  10~n  electrostatic 

1  volt         =108    electromagnetic  =  1 /3  X  10~2   electrostatic 

1  ampere   =  10_1  electromagnetic  =     3  X  109     electrostatic 

1  coulomb  =  10-1  electromagnetic  =     3  X  109     electrostatic 

1  farad       =  10~9  electromagnetic  =     9  X  10u    electrostatic 

1  farad       =1,000,000  microfarads 

1  henry      =  109  electromagnetic   =1/9  X  10-11  electrostatic 

VALUE  OF  THE  GAS  CONSTANT  R  FOR  VARIOUS  UNITS 

8.3144  X107  ergs  per  °C  per  mole 
1.9865  calories  (15°)  per  °C  per  mole 


Units  of  pressure 


Atmospheres 

Atmospheres 

Atmospheres 

Atmospheres 

Dynes  per  cm2   [barye]. 

Kilograms  per  m2     [g 

980.61 


Pounds  per  sq.in, 
Pounds  per  sq.in. 
Atmospheres .... 
Atmospheres .... 


Units  of  volume. 


Volume  at  0°  C. 

cm3 

liters 

cubic  meters 

cm3 

cm3 

cu.in. 
cu.ft. 
cu.in. 
cu.ft. 


R  per  gram  molecule. 


0.003662 
82.07 
0.08207 

8.3156  X  10* 

8.48  X  105 
R  per  lb.  molecule. 
18510. 
10.71 
1260. 
0.729 
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i>©cor^©coco©coco 

05000HHH(^(MCq 

T-Tc^rc^ofc<rc<rc<rc<rc<rof 

© 

T^c^poqt^iqcoT-Hpt^. 
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CONVERSION  OF  THERMOMETER  SCALES 

By  I.  Gottfried 
1 

Fahrenheit  to  Centigrade  (with  Constant,  32. F.)     (From 

l.F.  to  9999. F.) 


F. 

C. 

F. 

C. 

F. 

C. 

F. 

c. 

1 

-17.22 

10 

-12.22 

100 

37.78 

1000 

537.78 

2 

-16.67 

20 

-  6.67 

200 

93.33 

2000 

1093.33 

3 

-16.11 

30 

-  1.11 

300 

148.89 

3000 

1648.89 

4 

-15.56 

40 

+  4.44 

400 

204.44 

4000 

2204.44 

5 

-15 

50 

10 

500 

260 

5000 

2760 

6 

-14.44 

60 

15.56 

600 

315.56 

6000 

3315.56 

7 

-13.89 

70 

21.11 

700 

371.11 

7000 

3871.11 

8 

-13.33 

80 

26.67 

800 

426.67 

8000 

4426.67 

9 

-12.78 

90 

32.22 

900 

482.22 

9000 

4982.22 

Fahrenheit  to  Centigrade  (Without  Constant) 

f.    a 

F. 

C. 

F. 

C. 

F. 

c. 

1   .56 

10 

5.56 

100 

55.56 

1000 

555.56 

2  1.11 

20 

11.11 

200 

111.11 

2000 

1111.11 

3  1.67 

30 

16.67 

300 

166.67 

3000 

1666.67 

4  2.22 

40 

22.22 

400 

222.22 

4000 

2222.22 

5  2.78 

50 

27.78 

500 

277.78 

5000 

2777.78 

6  3.33 

60 

33.33 

600 

333.33 

6000 

3333.33 

7  3.89 

70 

38.89 

700 

388.89 

7000 

3888.89 

8  4.44 

80 

44.44 

800 

444.44 

8000 

4444.44 

9  5.00 

90 

50.00 

900 

500.00 

9000 

5000.00 

To  Convert  Degrees  Fahrenheit  to  Degrees  Centigrade 
Use  the  first  table  for  one  of  the  digits,  and  the  second  table 

for  the  others;  then  add. 

Examples:     To  find  the  Centigrade  equivalent  for  35 .  F. 

30  =  16.67(2)  30  =  -1.11(1) 
J5  =  -15  (1)  or,  _5_  =  2.78(2) 
35. F  =      1.67.C  35. F  =       1.67.C 


To  find  the  C.  equivalent  for  355.  F,  and  5445.  F, 

300  148.89(1) 

50  27.78(2)  or, 

J  2.78(2) 

355. F     179. 45. C 

2505 


CONVERSION  OF  THERMOMETER  SCALES  (Continued) 


300 

166.67(2) 

5000 

2760   (1) 

50 

10   (1) 

400 

222.22(2) 

5 

2.78(2) 

40 

22.22(2) 

355.  F. 

=  179. 45. C. 

5 
5445.  F. 

2.78(2) 

=  3007. 22.  C. 

Centigrade  to  Fahrenheit  (With  Constant  32. F.) 

C.    F. 

C. 

|| 
F.     C. 

il 

F 

C.    F. 

1 

000 

32 

1  33.8 

10 

50 

100 

212 

1000  1832 

2  35.6 

20 

68 

200 

392 

2000  3632 

3  37.4 

30 

86 

300 

572 

3000  5432 

4  39.2 

40 

104 

400 

752 

4000  7232 

5  41 

50 

122 

500 

932 

5000  9032 

6  42.8 

60 

140 

600 

1112 

7  44.6 

70 

158 

700 

1292 

8  46.4 

80 

176 

800 

1472 

9  48.2 

90 

194 

900 

1652 

Centigrade  to  Fahrenheit  (Without  Constant) 

C.    F. 

C. 

F. 

C. 

F. 

C. 

F. 

1   1.8 

10 

18 

100 

180 

1000 

1800 

2   3.6 

20 

36 

200 

360 

2000 

3600 

3   5.4 

30 

54 

300 

540 

3000 

5400 

4   7.2 

40 

72 

400 

720 

4000 

7200 

5   9.0 

50 

90 

500 

900 

5000 

9000 

6  10.8 

60 

108 

600 

1080 

7  12.6 

70 

126 

700 

1260 

8  14.4 

80 

144 

800 

1440 

9  16.2 

90 

162 

900 

1620 
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CONVERSION  OF  THERMOMETER  SCALES 

^Continued) 

To  Convert  Degrees  Centigrade  to  Degrees  Fahrenheit 

Use  the  first  table  for  one  digit,  and  the  second  table  for 
the  others;  then  add. 

Examples:  To  find  the  Fahrenheit  equivalents  for  15. C; 
155. C;  and  5432. C. 


10 

=  50(1)         18(2)      100 

=  212(1)          =180(2) 

5 

=    9(2)  or,  41(1)       50 

=    90(2)  or,  =  90(2) 

15. C. 

=  59. F.        59. F.        5 

=      9(2)               41(1) 

155.  C. 

=  311.F          =311. P. 

5000         =  9000(2) 

=  9000(2) 

400         =    720(2)       or, 

=    752(1) 

30         =      54(2) 

=      54(2) 

2         =      35.6(1) 
5432.  C.  =  9809. 6.  F. 

3.6(2) 

=  9809. 6. F. 

THERMOMETER  SCALES 

Corrections  to  Reduce  Gas  Thermometer  Temperature  to  Thermodynamic 
Scale. 

The  values  below  are  corrections  to  be  applied  to  temperatures  determined 
by  the  gas  thermometer  indicated  to  give  temperatures  in  the  thermodynamic 
centigrade  scale  for  an  initial  pressure  of  100  cm. 


Temp. 
°C 

Corrections  in  °C 

Constant  Volume 

Constant  Pressure 

Hydro- 

Nitro- 

Helium 

Hydro- 

Nitro- 

Helium 

gen 

gen 

gen 

gen 

+1200 

1000 

800 

600 

500 

+  1.0 
+0.7 
+    .5 
+   .3 
+    .2 

+2.3 
+  1.8 
+  1.3 

+0.9 

+   .7 

450 

+    .17 

+0.05 

+   .6 

+0.008 

400 

+    .14 

+   .04 

+    .5 

+     006 

350 

+    .10 

+    .03 

+    .4 

+   .005 

300 

+    .07 

+    .02 

+0.04 

+    .3 

+   .003 

250 

+    .04 

+    .01 

+    .03 

+    .2 

+   .002 

200 

+0.02 

+    .02 

+    .006 

+    .02 

+    .12 

+   .001 

150 

+   .01 

+    .01 

+    .002 

+    .01 

+   .05 

+    .001 

100 

.000 

.000 

.000 

.000 

.00 

.000 

75 

-    .001 

-    .005 

-    .001 

-    .003 

-    .02 

.000 

50 

-    .002 

-    .010 

-    .001 

-    .004 

-    .03 

.000 

+     25 

-    .001 

-    .008 

-    .001 

-    .003 

-    .02 

-    .001 

0 

.000 

.00 

.000 

.000 

.00 

.000 

-     50 

+    .005 

+    .03 

+    .002 

+    .02 

+    .12 

+    .002 

-   100 

+    .015 

+    .06 

+    .005 

+    .04 

+    A 

+    .005 

-   150 

+    .03 

+    -2 

+    .01 

+    .1 

+  1.3 

+    .02 

-  200 

+    .06 

+    .5 

+    .02 

+    .3 

+    .04 

-  250 

+    -12 

+   .04 
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THERMOMETER  SCALES  (Continued) 

Corrections  to  reduce  Liquid  in  Glass  to  Standard  Thermodynamic  Scale. 


Corrections  in  °C 

Temp. 
°C 

Mercury  in 

T*pn1"5iTiP 

Alcohol 
in 

Toluene 
in 

Jena 

Jena 

Jena 

in 

16iii 

59m 

1565IH 

Jena  16m 

verre  dur 

verre  dur 

—190 

—23.4 

—180 

—21.0 

—170 

—18.6 

—160 

—16.2 

—150 

—13.9 

—140 

—11.6 

—130 

—  9.4 

—120 

—  7.3 

—110 

—  5.3 

-100 

—  3.4 

—  90 

—  1.7 

-  80 

—  0.2 

0.0 

-  78.5 

0.0 

0.0 

0.0 

—  70 

+   1.0 

+0.3 

+    .4 

—  60 

+  2.0 

+    .6 

+    .8 

—  50 

+  2.6 

+    .7 

+1.1 

—  40 

+  3.0 

+    .9 

+  1.2 

—  30 

0.28 

0.13 

+  2.9 

+    .9 

+  1.2 

-  20 

.16 

.07 

+  2.4 

+    .8 

+  1.0 

—  10 

.07 

.03 

+   1.5 

+    .5 

+0.6 

0 

.00 

.00 

0.00 

0.0 

.0 

0.0 

+   10 

—  .06 

-     .02 

—      .03 

—  2.0 

20 

—  .09 

—      .04 

—      .05 

—  4.4 

30 

—   .11 

—     .04 

—      .06 

-  7.6 

-3.6 

40 

—  .12 

—       03 

—     .06 

50 

—  .12 

—     .03 

—     .05 

60 

—  .10 

—     .02 

—     .04 

70 

—  .08 

—     .01 

—      .03 

80 

—   .06 

.00 

—     .02 

90 

—   .03 

+      .02 

—     .01 

100 

.00 

.00 

.00 

—24.4 

120 

+    .03 

—     .05 

+      .06 

140 

+    .02 

—     .16 

+      .03 

160 

—  .02 

—     .31 

—     .13 

180 

—  .12 

—     .52 

—     .38 

200 

-   .29 

—      .84 

—     .90 

220 

—  .5 

—  1.3 

—  1.3 

240 

—   .9 

—  1.9 

—  1.8 

260 

—  1.4 

—  2.6 

—  2.4 

280 

—  2.0 

—  3.4 

—  3.1 

300 

—  2.7 

—  4.4 

—  3.9 

320 

—  5.8 

—  4.8 

340 

—  7.2 

—  5.9 

360 

—  8.8 

—  7.3 

380 

—10.6 

—  8.9 

400 

—12.6 

—10.5 

420 

—14.9 

—12.4 

440 

—17.4 

—14  7 

460 

—20.2 

—17.2 

480 

—23.3 

—20.0 

500 

—26.9 

—23.1 

550 

—32. 

600 

—44. 

650 

—58. 
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RADIO  FORMULA 

A  collection  of  formulae  useful  in  the  computation  of  in- 
ductance, capacitance,  and  other  constants  of  oscillating  cir- 
cuits. From  Radio  Instruments  and  Measurements,  Bureau  of 
Standards. 

Capacitance 

Units. — In  the  following  formula  all  lengths  are  expressed  in 
centimeters,  areas  in  square  centim  eters ;  the  dielectric  constant 
K2  is  taken  as  unity  for  air.  Capacitances  will  be  given  in 
micro  microfarads  =  10-12  farads.  The  electrostatic  unit  of 
capacitance,  sometimes  called  the  centimeter  =  1.1124  micro- 
microfarads. 

Parallel  plate  condenser. — If  s  be  the  area  of  one  plate: 
t,  the  thickness  of  the  dielectric;  K1  the  dielectric  constant; 
and  N,  the  number  of  plates,— the  capacitance 

C  =  0.0885  K  M-8. 

Variable  condenser,  semicircular  plates. — Where  N  is  the 
total  number  of  parallel  plates;  r\  the  outer,  and  r2  the  inner 
radius  of  the  plates;  t,  the  thickness  of  the  dielectric,  and  K 
the  dielectric  constant, — the  maximum  capacitance  is  given  by 

c-o.i89qg(y-iy-*). 

isolated  thin  circular  disk.  —  If  d  is  the  diameter  of  the  disk 

C  =  0.354d. 
Isolated  sphere.  —  If  d  is  the  diameter  of  the  sphere 

C  =  0.556d. 

Two  concentric  spheres.  —  If  n  is  the  radius  of  the  outer 
sphere;  r2,  that  of  the  inner  sphere;  K,  the  dielectric  constant 
of  the  material  between  the  spheres, 

C  =  1.112K-^2-. 
n  -  r2 

Two  coaxial  cylinders.  —  If  n  is  the  radius  of  the  outer 
cylinder;  r2,  that  of  the  inner;  I,  the  length  of  the  cylinders; 
K,  the  dielectric  constant, 

c  _  K  0.2416  I 


logio  - 


r-> 


Single  long  wire  parallel  to  the  ground.  — For  a  wire  of 
length  I;  diameter,  d;  suspended  at  a  height  h  above  the  ground, 
where  the  diamerer  is  small  compared  with  the  length, 
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4A  n        0.2416  I 

For        -7-  =  or<l  C  = 


logie  -j  -  fa 

Z  -         0.2416  I 

For        TT  =  or<l 


«        ■     *  «        2Z 

logio  -j-  -  «a 


In  which, 

r 


vM*)" 


fa-*H        * J  fa-l08"[W1  +  (s)1 

the  values  of  which  may  be  found  in  a  table  at  the  end  of  this 
section. 

Vertical  wire.  —  For  a  wire  of  length  Z,  relatively  high  above 
the  ground;  of  diameter  d,  the  approximate  capacitance  is  as 
follows, 

0.2416 1 
log10  j 

Two  horizontal  parallel  wires  at  the  same  height.  —  If  d  is 
the  diameter  of  each  wire;  Z,  the  length  of  each;  h,  the  height 
above  the  ground;  D,  the  distance  between  wires,  —  where  d 
and  D  are  small  compared  to  Z, 

0.1208 1 


,       2D     D2 


Two  parallel  horizontal  wires,  one  above  the  other.  —  Use 

the  preceding  formula  for  parallel  wires  at  the  same  height, 
substituting  the  mean  height  for  h. 

Two  parallel  wires  joined  together,  both  at  the  same  height.  — 
Let  I  be  the  length  of  each  wire;  D,  the  distance  between  cen- 
ters; h,  the  height  above  the  ground;  d2  the  diameter  of  cross 
section  of  the  wire.  If  d2  and  D2  are  small  compared  with 
Z2  and  4h2  respectively 

t*     4h  ^  „  0.4831 1 

For  -T-  =  or  <  1 


I  *  ,        M%      .        2h      0, 

logio  -j  +  logio  2J-  -  2&i 

„       I  ^  n  0.4831Z 

For7r  =  or<l  C  = 


4fc  ,        2Z      ,         Z       OF 

logio  j  +  logio  j^-Vki 

k\  and  fc2  have  the  same  significance  as  above  and  may  be 
found  from  the  tables  at  the  end  of  the  section. 
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Several  wires  in  parallel.— If  n  parallel  wires  are  joined 
together;  D,  the  spacing  between  the  wires;  dy  the  diameter 
of  the  wire;  h,  the  height  above  the  ground;  I,  the  length  of 
the  group, — the  approximate  capacitance  is, 

c 1.1121 

Pn  +  (n  -  l)pn  _  , 
n 

pu  and  pn  may  be  computed  from  the  following: 
For 


T  =  or<l 


pn  =  4.605riog10^-&i] 

pi2  =  4.605riogl0^-/b1l 

pn  =  4.605   logio  j  -  k2\ 

pn  =  4.605   logio  -g  -  fe 
Values  of  h,  ki,  k2  may  be  found  in  the  following  table. 


For 


=  or<l 


TABLE 

!    1 

4h 
I 

ki 

l 

4h 

kt 

n 

k 

n 

k 

0 

0 

0 

0 

2 

0 

11 

2.22 

0.1 

0.001 

0.1 

0.043 

3 

0.308 

12 

2.37 

.2 

.004 

.2 

.086 

4 

.621 

13 

2.51 

.3 

.009 

.3 

.128 

5 

.906 

14 

2.63 

.4 

.016 

.4 

.169 

6 

1.18 

15 

2.74 

.5 

.025 

.5 

.209 

7 

1.43 

16 

2.85 

.6 

.035 

.6 

.247 

8 

1.66 

17 

2.95 

.7 

.045 

.7 

.283 

9 

1.86 

18 

3.04 

.8 

.057 

.8 

.318 

10 

2.05 

19 

3.14 

.9 

.069 

.9 

.351 

20 

3.24 

1.0 

.082 

1.0 

.383 

Inductance 

Units.  —  In  the  following  formulae  all  lengths  are  expressed 
in  centimeters.  The  inductance  calculated  will  be  in  micro- 
henries =  10~6  henry. 

Long  straight  round  wire.  —  If  I  is  the  length;  d,  the 
diameter  of  cross  section;  jjl  the  permeability  of  the  material,  — 
the  inductance  at  zero  or  low  frequency  is, 

L  =  0.002  £2.303  logio  ^  -  *  +  f  ] 
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For  all  except  iron  wire  /x  =  1  and  the  last  term  becomes  0.25. 
For  wires  whose  length  is  less  than  about  1000  times  the 

diameter  the  term  +  ^  should  be  added  inside  the  brackets. 


For  any  frequency: 

L  =  0.002^2.303  logio 


1  + 


M«] 


where  8  is  a  quantity  given  in  Table  2  below  as  a  function  of  x. 
x  is  to  be  computed  from  the  relation 


x  =  0.1405c? 


v^ 


where  d  and  jjl  are  as  above;   /,  the  frequency  and  p  the  re- 
sistivity of  the   material   of  the   wire  expressed  in  microhm- 
centimeters.     (See  Properties  of  Metallic  Conductors.) 
For  copper  at  20°  C. 

x  -  0.1071  dVl 

For  wires  other  than  iron,  whose  length  is  100,000  times  the 
diameter  the  inductance  at  infinite  frequency  is  about  2%  less 
than  at  zero  frequency. 


TABLE   2 

Values  of  8  for  computing  inductance  at  any  frequency. 


X 

8 

X 

8 

0 

0.250 

12 

0.059 

0.5 

.250 

14 

.050 

1.0 

.249 

16 

.044 

1.5 

.247 

18 

.039 

2.0 

.240 

20 

.035 

2.5 

.228 

25 

.028 

3.0 

211 

30 

.024 

3.5 

.191 

40 

.0175 

4.0 

.1715 

50 

.014 

4.5 

.154 

60 

.012 

5.0 

.139 

70 

.010 

6.0 

.116 

80 

.009 

7.0 

.100 

90 

.008 

8.0 

.088 

100 

.007 

9.0 

.078 

00 

.000 

10.0 

.070 
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Two  parallel  round  wires,  return  circuit. — If  Z  is  the  length 
of  each  wire;  d,  the  diameter;  D,  the  distance  between  centers 
of  wires;  n  the  permeability, — the  inductance  for  any  fre- 
quency is 

L=0.004Zr2.303  1og10^-y+/*5l 

where  8  is  a  quantity  to  be  obtained  from  the  table  above  as 
a  function  of  x  which  is  to  be  computed  as  explained  for  the 
previous  formula. 

For  copper  and  at  low  frequency  the  term  8  becomes  0.25. 

Square  of  round  wire. — If  a  is  the  length  of  the  side  of  the 
square;  d,  the  diameter  of  the  wire;  /x  the  permeability,  the 
inductance  for  any  frequency  is, 


^+^-0.774+/zsl 


L  =  0.008a[2.__d   ,  ^ 

where  8  is  obtained  as  above.  For  low  frequency  and  for  wires 
other  than  iron  8  becomes  0.25;  for  infinite  frequency  the  value 
is  zero. 

Grounded  horizontal  wire,  the  Earth  acting  as  return  cir- 
cuit. If  I  is  the  length  of  wire;  h,  the  height  above  the  ground: 
Z,  the  diameter  of  the  wire;  n  the  permeability  and  8  the  fre- 
quency constant  (see  table  2),  the  inductance, — where  d  is 
small  compared  with  I, — is  given  as  follows: 

L=  0.002  ^2.3026  log10  ^-P+Ms] 

4:1 


For 


=  or  <1 


For 


a-OT<1 


C 


L  =  0.002Z   2.3026  logic 


-Q+jua] 


P  and  Q  may  be  found  in  the  following  table. 


TABLE 


2h 

I 

2h 

I 

I 

P 

2h 

Q 

I 

P 

2h 

Q 

0 

0 

0 

1.0000 

0.6 

0.5136 

0.6 

1.2918 

0.1 

0.0975 

0.1 

1.0499 

.7 

.5840 

.7 

1.3373 

.2 

.1900 

.2 

1.0997 

.8 

.6507 

.8 

1.3819 

.3 

.2778 

.3 

1 . 1489 

.9 

.7139 

.9 

1.4251 

.4 

.3608 

.4 

1 . 1975 

1.0 

.7740 

1.0 

1.4672 

5 

.4393 

.5 

1 . 2452 

The  mutual  inductance  of  the  case  above  may  be  expressed, 
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For    j  =  or<l  M  =  0.002  z[~2.3026  logio  jf-  -  P  +  j] 

For    ~  =  or  <1  M  =  0.002  zf~2.3026  log10  ^  -  Q  -f  y| 

The  values  of  P  and  Q  are  found  in  the  table  above. 

Grounded  wires  in  parallel.  —  Compute  by  the  above 
formulae  the  inductance  Li  per  unit  length  of  a  single  wire 
and  the  mutual  inductance  Mi  per  unit  length  of  two  adjacent 

2h 
fcrires,  using  the  actual  length  in  determining  the  ratios  -y, 

21 

—  etc.     Then  the  inductance  of  n  parallel  wires  will  be, 

where  A;  is  a  function  of  n  found  in  Table  1  under  capacity 
formulae. 

Circular  ring  of  round  wire.  —  If  a  is  the  mean  radius  of 
the  ring;  d,  the  diameter  of  the  wire,  the  inductance  at  any 
frequency  is 

L  =  0.01257a["2.303  log10  ^  -  2  +  fxdl 

where  5  is  determined  from  the  table  above. 

Circular  coil  of  circular  cross  section.  —  For  a  coil  of  n  fine 
wires  wound  with  mean  radius  of  the  turns  a,  the  cross  section 
of  whose  winding  is  a  circle  of  diameter  d,  the  inductance  at 
low  frequency,  for  wire  other  than  iron,  neglecting  insulation 
space  is, 

L  =  0.01257an2f2.303  logio  ^  -  1.75  J 

Torus  with  a  single  layer  transverse  winding,  —  a  circular 
solenoid  of  circular  cross  section.  If  r  is  the  distance  from  the 
center  of  the  torus  to  the  center  of  the  transverse  section;  a, 
the  radius  of  the  turns  of  the  winding;  n,  the  number  of  turns, 
the  inductance  at  low  frequency  is 

L  -  0.01257n2[V  -  vV2  -  of] 

Solenoid,  single  layer.  If  n  is  the  number  of  turns;  a  the 
radius  of  the  coil;  6,  the  length,  the  approximate  inductance 
at  any  frequency  is, 

T      0.03948a2n2 
L  = -h K 

where  K  is  a  function  of  -r-  given  in  the  table  below. 
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TABLE   4 


2a 

2a 

2a 

T 

K 

b 

A' 

b 

K 

0.00 

1.0000 

2.00 

0.5255 

7.00 

0.2584 

.05 

.9791 

2.10 

.5137 

7.20 

.2537 

.10 

.9588 

2.20 

.5025 

7.40 

.2491 

.15 

.9391 

2.30 

.4918 

7.60 

.2448 

.20 

.9201 

2.40 

.4816 

7.80 

.2406 

.25 

.9016 

2.50 

.4719 

8.00 

.2366 

.30 

.8838 

2.60 

.4626 

8.50 

.2272 

,35 

.8665 

2.70 

.4537 

9.00 

.2185 

.40 

.8499 

2.80 

.4452 

9.50 

.2106 

.45 

.8337 

2.90 

.4370 

10.00 

.2033 

50 

.8181 

3.00 

.4292 

.55 

.8031 

3.10 

.4217 

"ii!6" 

" ! 1903 

.60 

.7885 

3.20 

.4145 

12.0 

.1790 

.65 

.7745 

3.30 

.4075 

13.0 

.1692 

.70 

.7609 

3.40 

.4008 

14.0 

.1605 

.75 

.7478 

3.50 

.3944 

15.0 

.1527 

.80 

.7351 

3.60 

.3882 

16.0 

.1457 

.85 

.7228 

3.70 

.3822 

17.0 

.1394 

.90 

.7110 

3.80 

.3764 

18.0 

.1336 

.95 

.  6995 

3.90 

.3708 

19.0 

.1284 

1.00 

.6884 

4.00 

.3654 

20.0 

.1236 

1.05 

.6777 

4.10 

.3602 

22.0 

.1151 

1.10 

.6673 

4.20 

.3551 

24.0 

.1078 

1.15 

.6573 

4.30 

.3502 

26.0 

.1015 

1.20 

.6475 

4.40 

.3455 

28.0 

.0959 

1.25 

.6381 

4.50 

.3409 

30.0 

.0910 

1.30 

.6290 

4.60 

.3364 

35.0 

.0808 

1.35 

.6201 

4.70 

.3321 

40.0 

.0728 

1.40 

.6115 

4.80 

.3279 

45.0 

.0664 

1.45 

.6031 

4.90 

.3238 

50.0 

.0611 

1.50 

.5950 

5.00 

.3198 

60.0 

.0528 

1.55 

.5871 

5.20 

.3122 

70.0 

.0467 

1.60 

.5795 

5.40 

.3050 

80.0 

.0419 

1.65 

.5721 

5.60 

.2981 

90.0 

.0381 

1.70 

.5649 

5.80 

.2916 

100.0 

.0350 

1.75 

.5579 

6.00 

.  2854 

1.80 

.5511 

6.20 

.2795 

1.85 

.5444 

6.40 

.2739 

1.90 

.5379 

6.60 

.2685 

1.95 

.5316 

6.80 

.2633 

Long   multiple   layer   solenoid.  —  The   inductance   is   given 
approximately  by, 
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where  Li  is  the  inductance  calculated  from  the  formula  for  a 
single  layer  solenoid,  n  being  the  number  of  turns  of  the  wind- 
ing; a,  the  radius  of  the  coil  measured  from  the  axis  to  the 
center  of  the  cross  section  of  the  winding;  6,  the  length  of  the 
coil;  c,  the  radial  depth  of  the  winding;  Ba  a  correction  given 
in  table  below  as  a  function  of  b/c. 


TABLE  5 

b/c 

B; 

b/c 

B, 

1 

0.0000 

16 

0.3017 

2 

.1202 

17 

.3041 

3 

.1753 

18 

.3062 

4 

.2076 

19 

.3082 

5 

.2292 

20 

.3099 

6 

.2446 

21 

.3116 

7 

.2563 

22 

.3131 

8 

.2656 

23 

.3145 

9 

.2730 

24 

.3157 

10 

.2792 

25 

.3169 

11 

.2844 

26 

.3180 

12 

.2888 

27 

.3190 

13 

.2927 

28 

.3200 

14 

.2961 

29 

.3209 

15 

.2991 

30 

.3218 

Square  coil  of  rectangular  cross  section.  —  If  a  be  the  side 
of  the  square  measured  to  the  center  of  the  rectangular  section 
which  has  sides  b  and  c  and  if  n  be  the  number  of  turns, 

L  =  0.008cm2f2.303  logio  t^—  +  0.2235  h-±^  +  0.7261 
L  b  +  c  a  J 

If  the  cross  section  is  a  square  b  =  c  and  the  expression  becomes 
L  =  0.008an2f~2.303  logio  j  +  0.447  ^  +  0.033*1 

Mutual  Inductance 

Two  parallel  wires.  —  If  I  be  the  length  of  each  wire;  D, 
the  distance  between,  the  inductance  is 

M  =  0.002  z[~2.303  logio  §  -  1  +  y] 

Coaxial  solenoids,  single  layer  coils,  not  concentric.  If  a  is 
the  radius  of  the  smaller  coil;  A,  the  radius  of  the  larger:  n\ 
and  n2  the  number  of  turns  on  the  smaller  and  larger  coil  re- 
spectively;  21  the  length  of  the  smaller  coil;   2x,  the  length  of 
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the  larger;  D,  the  distance  between  the  centers  of  the  coils 
measured  along  the  common  axis, 

MmO.  G09870^5f-2[  *  A  +  K** + Kshl 

where 

K-zi(s-s) 

*-^f[3<«-4S)-&('-3)] 

i..„.,(|-1oi.;+4|) 

where 


x2=D+z  r2  =  V^22+A2 

The  above  is  most  accurate  for  short  coils  with  relatively- 
great  distance  between. 

Coaxial,  concentric  solenoids,  outer  coil  the  longer.  If  a  be 
the  radius  of  the  smaller  coil;  A,  that  of  the  larger;  21,  the 
length  of  the  inner  coil;  2x,  the  length  of  the  outer;  fti  and  n2 
the  number  of  turns  on  the  inner  and  outer  coil  respectively, 

where  g  =  y/x2+A2. 

Coaxial,  concentric  solenoids,  outer  coil  the  shorter.  As- 
suming the  symbols  as  before  except 


M=0.ol^[1+45.'(3-45)] 

High  Frequency  Resistance 

Cylindrical  straight  wires.  — The  ratio  R/R0  of  the  high 
frequency  resistance  to  the  resistance  at  low  frequency  may  be 
found  from  the  table  below,  by  calculating  first  the  value  of 
x  from  the  relation, 


*=W¥Vlo5 


1000 

where  d  is  the  diameter  of  the  wire  in  centimeters;  /u,  the  mag- 
netic permeability;  /,  the  frequency;  p,  the  resistivity  in 
microhm-centimeters . 
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For  copper  wire  x  =  lOda  where  a  has  a  value  given  by 
a  =  0.01071  V/.  The  value  of  a  for  various  frequencies  may  be 
found  in  the  second  of  the  two  tables  below.  The  above  method 
gives  the  high-frequency  resistance  of  simple  circuits  of  any 
shape  where  the  length  is  great  compared  with  the  diameter 
of  the  wire  and  the  different  portions  of  the  circuit  are  not  close 
to  each  other. 


TABLE  6 
Ratio  of  High-Frequency  Resistance  to  the  Direct-Current  Resistance. 


X 

R/Ro 

X 

R/Ro 

X 

R/Ro 

0 

1.0000 

5.2 

2.114 

14.0 

5.209 

0.5 

1.0003 

5.4 

2.184 

14.5 

5.386 

.6 

1.0007 

5.6 

2.254 

15.0 

5.562 

.7 

1.0012 

5.8 

2.324 

16.0 

5.915 

.8 

1.0021 

6.0 

2.394 

17.0 

6.268 

.9 

1.0034 

6.2 

2.463 

18.0 

6.621 

1.0 

1.005 

6.4 

2.533 

19.0 

6.974 

1.1 

1.008 

6.6 

2.603 

20.0 

7.328 

1.2 

1.011 

6.8 

2.673 

21.0 

7.681 

1.3 

1.015 

7.0 

2.743 

22.0 

8.034 

1.4 

1.020 

7.2 

2.813 

23.0 

8.387 

1.5 

1.026 

7.4 

2.884 

24.0 

8.741 

1.6 

1.033 

7.6 

2.954 

25.0 

9.094 

1.7 

1.042 

7.8 

3.024 

26.0 

9.447 

1.8 

1.052 

8.0 

3.094 

28.0 

10.15 

1.9 

1.064 

8.2 

3.165 

30.0 

10.86 

2.0 

1.078 

8.4 

3.235 

32.0 

11.57 

2.2 

1.111 

8.6 

3.306 

34.0 

12.27 

2.4 

1.152 

8.8 

3.376 

36.0 

12.98 

2.6 

1.201 

9.0 

3.446 

38.0 

13.69 

2.8 

1.256 

9.2 

3.517 

40.0 

14.40 

3.0 

1.318 

9.4 

3.587 

42.0 

15.10 

3.2 

1.385 

9.6 

3.658 

44.0 

15.81 

3.4 

1.456 

9.8 

3.728 

46.0 

16.52 

3.6 

1.529 

10.0 

3.799 

48.0 

17.22 

3.8 

1.603 

10.5 

3.975 

50.0 

17.93 

4.0 

1.678 

11.0 

4.151 

60.0 

21.47 

4.2 

1.752 

11.5 

4.327 

70.0 

25.00 

4.4 

1.826 

12.0 

4.504 

80.0 

28.54 

4.6 

1.899 

12.5 

4.680 

90.0 

32.07 

4.8 

1.971 

13.0 

4.856 

100.0 

35.61 

5.0 

2.043 

13.5 

5.033 

As  an  extension  of  the  above  table  the  following  relation  may  be  used: 
R/Ro=x/2.828+0.25. 

The  equation  is  valid  for  values  of  x  greater  than  7  at  which  point  the  error  is 
about  1  %  and  decreasing  with  increasing  values  of  x. 
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TABLE  7 
Values  of  a  (    =  0.01071  V/)  for  various  frequencies. 


Wave- 
length 
meters 


Wave- 
length 
meters 


100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

15,000 

20,000 

30,000 

40,000 


0.1071 
.1514 
.1855 
.2142 
.2395 
.2624 
.2834 
.3029 
.3213 
.3387 
.4790 
.5866 
.6774 
.7573 
.8296 
.8960 
.9579 
1.0160 
1.071 
1.312 
1.514 
1.855 
2.142 


30,000 
20,000 
15,000 
10,000 
7,500 


!! 


50,000 

60,000 

70,000 

80,000 

90,000 

100,000 

150,000 

200,000 

250,000 

300,000 

333,333 

375,000 

428,570 

500,000 

600,000 

700,000 

750,000 

800,000 

900,000 

1,000,000 

1,500,000 

3,000,000 


2.395 

6,000 

2.624 

5,000 

2.834 

4,286 

3.029 

3,750 

3.213 

3,333 

3.387 

3,000 

4.148 

2,000 

4.790 

1,500 

5.355 

1,200 

5.866 

1,000 

6.184 

900 

6.564 

800 

7.012 

700 

7.573 

600 

8.296 

500 

8.960 

429 

9.275 

400 

9.579 

375 

10.16 

333 

10.71 

300 

13.12 

200 

18.55 

100 

Wave  Length 

The  wave  length  in  meters  is  given  by  the  following  expression 
when  L,  the  inductance,  is  in  microhenries  and  C,  the  capaci- 
tance, is  in  microfarads.     The  resistance  is  assumed  negligible. 

X  =  1884VLC 
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VALUES  OF  "L  C" 

The  following  table  gives  values  of  the  product  of  the  inductance  and 
capacitance  (L  C)  in  microhenries  and  microfarads  for  wave  lengths  from 
1  to  20,000  meters,  and  the  corresponding  frequencies  in  kilocycles. 


Wave 
length, 
meters 

Frequency, 
kilocycles 

L  C 

Microhenries 
Microfarads 

Wave 

length, 
meters 

Frequency, 
kilocycles 

L  C 

Microhenries 
Microfarads 

1 

300,000. 

.00000028 

570 

526.3 

.09141 

10 

30,000. 

.00002816 

580 

517.2 

.09467 

20 

15,000. 

.0001129 

590 

508.5 

.09803 

30 

10,000. 

.0002530 

600 

500. 

.1014 

40 

7,500. 

.0004503 

610 

491.8 

.1047 

50 

6,000. 

.0007039 

620 

483.7 

.1082 

60 

5,000. 

.001014 

630 

476.2 

.1117 

70 

4,286. 

.001378 

640 

468.7 

.1154 

80 

3,750. 

.001801 

650 

461.5 

.1188 

90 

3,333. 

.002280 

660 

454.5 

.1225 

100 

3,000. 

.002816 

670 

447.8 

.1263 

110 

2,727. 

.003404 

680 

441.2 

.1302 

120 

2,500. 

.004052 

690 

434.8 

.1341 

130 

2,308. 

.004757 

700 

428.6 

.1378 

140 

2,144. 

.005518 

710 

422.5 

.1419 

150 

2,000. 

.006335 

720 

416.7 

.1459 

160 

1,875. 

.007204 

730 

411. 

.1501 

170 

1,765. 

.008134 

740 

405.4 

.1540 

180 

1,667. 

.009120 

750 

400. 

.1583 

190 

1,579. 

.01016 

760 

394.7 

.1625 

200 

1,500. 

.01129 

770 

389.6 

.1668 

210 

1,428.5 

.01239 

780 

384.6 

.1714 

220 

1,364. 

.01362 

790 

379.8 

.1756 

230 

1,304.2 

.01490 

800 

375. 

.1801 

240 

1,250. 

.01624 

810 

370.4 

.1847 

250 

1,200. 

.01755 

820 

365.9 

.1893 

260 

1,153.8 

.019C1 

830 

361.4 

.1941 

270 

1,111. 

.02052 

840 

357.1 

.1985 

280 

1,071.3 

.02209 

850 

352.9 

.2034 

290 

1,034.3 

.02372 

860 

348.8 

.2082 

300 

1,000. 

.02530 

870 

344.8 

.2132 

310 

967.7 

.02704 

880 

340.9 

.2179 

320 

937.5 

.02884 

890 

337.1 

.2229 

330 

909.1 

.03069 

900 

333.3 

.2280 

340 

882.4 

.03250 

910 

329.7 

.2332 

350 

859.1 

.03446 

920 

326.1 

.2381 

360 

833.3 

.03648 

930 

322.6 

.2434 

370 

810.8 

.03856 

940 

319.1 

.2487 

380 

789.5 

.04070 

950 

315.9 

.2541 

390 

769.2 

.04277 

960 

312.5 

.2595 

400 

750. 

.04503 

970 

309.3 

.  2647 

410 

731.7 

.04733 

980 

306.1 

.2704 

420 

714.3 

.04968 

990 

303. 

.2759 

430 

697.7 

.05198 

1,000 

300. 

.2816 

440 

681.8 

.05446 

1,010 

297.03 

.2870 

450 

666.7 

.05700 

1,020 

294.12 

.2927 

460 

652.2 

.059l>0 

1,030 

291.26 

.2986 

470 

638.3 

.06225 

1,040 

288.45 

.3045 

480 

625. 

.06485 

1,050 

285.71 

.3105 

490 

612.2 

.06757 

1,060 

283. 

.3161 

600 

600. 

.07039 

1,070 

280.37 

.3222 

510 

588.2 

.07327 

1,080 

277.78 

.3283 

520 

676.9 

.07606 

1,090 

275.23 

.3345 

530 

566. 

. 0^9U3 

1,100 

272 . 73 

.3404 

540 

555.6 

.082U8 

1,110 

270.27 

.3467 

550 

545.4 

.08518 

1,120 

267.85 

.3531 

560 

535.7 

.08836 

1,130 

265.48 

.3595 
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C"  (Continued) 

Wave 

length, 
meters 

Frequency, 
kilocycles 

L  C 

Microhenries 
Microfarads 

Wave 

length, 
meters 

Frequency, 
kilocycles 

LC 

Microhenries 
Microfarads 

1.140 

263.15 

.3660 

1,740 

172.41 

.8520 

1,150 

260.36 

.3721 

1,750 

171.43 

.8620 

1,160 

258.61 

.3787 

1,760 

170.46 

.8720 

1,170 

256.4 

.3853 

1,770 

169.49 

.8821 

1,180 

254.23 

.3921 

1,780 

168.54 

.8916 

1,190 

252.1 

.3988 

1,790 

167.6 

.9019 

1,200 

250. 

.4052 

1,800 

166.67 

.912 

1,210 

247.93 

.4121 

1,810 

165.75 

.9224 

1,220 

245.9 

.4190 

1,820 

164.84 

.9327 

1,230 

243.9 

.4260 

1,830 

163.94 

.9425 

1,240 

241.93 

.4326 

1,840 

163.04 

.9530 

1,250 

240. 

.4397 

1,850 

162.22 

.9634 

1,260 

238.09 

.4469 

1,860 

161.29 

.9741 

1,270 

236.22 

.4541 

1,870 

160.43 

.9844 

1,280 

234.37 

.4610 

1.880 

159.58 

.9948 

1,290 

232.56 

.4683 

1,890 

158.73 

1.0056 

1,300 

230.76 

.4757 

1,900 

157.89 

1.0164 

1,310 

229.01 

.4831 

1,910 

157.06 

1.0265 

1,320 

227.27 

.4906 

1,920 

156.30 

1.0375 

1,330 

225.56 

.4978 

1,930 

155.44 

1.0485 

1,340 

223.87 

.5053 

1.940 

154.63 

1.0597 

1,350 

222.22 

.5130 

1,950 

153.84 

1.0706 

1,360 

220.59 

.5208 

1,960 

153.06 

1.0811 

1,370 

218.97 

.5281 

1,970 

152.28 

1.0923 

1,380 

217.39 

.5359 

1,980 

151.51 

1 . 1035 

1,390 

215.83 

.5438 

1,990 

150.75 

1.1148 

1,400 

214.38 

.5518 

2,000 

150. 

1 . 1256 

1,410 

212.76 

.5598 

2,100 

142.85 

1.2412 

1,420 

211.26 

.5674 

2,200 

136.36 

1 . 3624 

1,430 

209.79 

.5755 

2,300 

130.43 

1 . 4893 

1,440 

208.34 

.5837 

2,400 

125.00 

1.6218 

1,450 

206.90 

.5919 

2,500 

120. 

1 . 7597 

1,460 

205.47 

.5998 

2.600 

115.38 

1.9026 

1,470 

204.08 

.6081 

2;700 

111.11 

2.0520 

1,480 

202.70 

.6165 

2,800 

107.14 

2.207 

1,490 

201.34 

.6250 

2,900 

103.45 

2.3663 

1,500 

200. 

.6335 

3,000 

100. 

2.533 

1,510 

198.68 

.6416 

3.100 

96.77 

2.705 

1,520 

197.36 

.6502 

3,200 

93.75 

2.883 

1,530 

196.07 

.6590 

3,300 

90.91 

3.085 

1,540 

194.80 

.6670 

3,400 

88.24 

3.255 

1,550 

193.56 

.6760 

3,500 

85.91 

3.448 

1,560 

192.31 

.6849 

3,600 

83.33 

3.648 

1,570 

191.06 

.6938 

3,700 

81.08 

3.854 

1,580 

189.86 

.7028 

3,800 

78.95 

4.065 

1,590 

188.67 

.7118 

3,900 

76.92 

4.281 

1,600 

187.5 

.7204 

4,000 

75.00 

4.500 

1,610 

186.34 

.7295 

4,100 

73.17 

4.732 

1,620 

185.19 

.7387 

4,200 

71.43 

4.966 

1,630 

184.05 

.7480 

4,300 

69.77 

5.206 

1,640 

182.93 

.7573 

4,400 

68.18 

5.451 

1,650 

181.82 

.7662 

4,500 

66.67 

5.700 

1,660 

180.73 

.7756 

4,600 

65.22 

5.956 

1,670 

179.64 

.7852 

4,700 

63.83 

6.219 

1,680 

178.57 

.7946 

4,800 

62.500 

6.486 

1,690 

177.51 

.8037 

4,900 

61.22 

6.759 

1,700 

176.46 

.8134 

5,000 

60.00 

7.038 

1,710 

175.44 

.8231 

5,100 

58.82 

7.32 

1,720 

174.42 

.8329 

5,200 

57.69 

7.61 

1,730 

173.41 

.8422 

5,300 

• 

56.60 

7.91 
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C"  (Continued) 

Wave 
length, 

Frequency, 
kilocycles 

LC 
Microhenries 

Wave 
length, 

Frequency, 
kilocycles 

LC 

Microhenriee 

meters 

Microfarads 

meters 

Microfarads 

5,400 

55.56 

8.21 

10,600 

28.30 

31.6 

5,500 

54.55 

8.51 

10,800 

27.78 

32.8 

5,600 

53.57 

8.83 

11,000 

27.275 

34.0 

5,700 

52.63 

9.15 

11,200 

26.785 

35.3 

5,800 

51.72 

9.47 

11,400 

26.315 

36.6 

5,900 

50.85 

9.81 

11,600 

25.86 

37.9 

6,000 

50. 

10.1 

11,800 

25.425 

39.2 

6,100 

49.18 

10.5 

12,000 

25.0 

40.4 

6,200 

48.55 

10.8 

12,200 

24.590 

42.0 

6,300 

47.62 

11.1 

12,400 

24.275 

43.3 

6,400 

46.87 

11.5 

12,600 

23.86 

44.4 

6,500 

46.15 

11.9 

12,800 

23.435 

46.0 

6,600 

45.45 

12.3 

13,000 

23.075 

47.6 

6,700 

44.78 

12.6 

13,200 

22.275 

49.2 

6,800 

44.12 

13.0 

13,400 

22.39 

50.4 

6,900 

43.48 

13.4 

13,600 

22.06 

52.0 

7,000 

42.86 

13.8 

13,800 

21.74 

53.2 

7,100 

42.25 

14.2 

14,000 

21.43 

55.2 

7,200 

41.67 

14.6 

14,200 

21.125 

56.8 

7,300 

41.1 

15.0 

14,400 

20.835 

58.4 

7,400 

40.54 

15.4 

14,600 

20.55 

60.0 

7,500 

40. 

15.8 

14,800 

20.27 

61.6 

7,600 

39.47 

16.3 

15,000 

20.00 

63.2 

7,700 

38.96 

16.7 

15,200 

19.735 

65.2 

7,800 

38.46 

17.1 

15,400 

19.48 

66.1 

7,900 

37.98 

17.6 

15,600 

19.23 

68.4 

8,000 

37.50 

18.0 

15,800 

18.990 

70.4 

8,100 

37.04 

18.5 

16,000 

18.75 

72.0 

8,200 

36.59 

18.9 

16,200 

18.52 

74.0 

8,300 

36.14 

19.4 

16,400 

18.295 

75.6 

8,400 

35.71 

19.9 

16,600 

18.07 

77.6 

8,500 

35.29 

20.3 

16,800 

17.855 

79.6 

8,600 

34.88 

20.8 

17,000 

17.645 

81.2 

8,700 

34.48 

21.3 

17,200 

17.440 

83.2 

8,800 

34.09 

21.8 

17,400 

17.24 

85.2 

8,900 

33.71 

22.3 

17,600 

17.045 

87.2 

9,000 

33.33 

22.8 

17,800 

16.855 

89.2 

9,100 

32.97 

23.3 

18,000 

16.665 

91.2 

9,200 

32.61 

23.8 

18,200 

16.485 

93.2 

9,300 

32.26 

24.3 

18,400 

16.305 

95.2 

9,400 

31.91 

24.9 

18,600 

16.13 

97.2 

9,500 

31.59 

25.4 

18,800 

15.955 

99.6 

9,600 

31.25 

25.9 

19,000 

15.795 

101.6 

9,700 

30.93 

26.5 

19,200 

15.625 

103.6 

9,800 

30.61 

27.0 

19,400 

15.465 

106.0 

9,900 

30.31 

27.6 

19,600 

15.305 

108.0 

10,000 

30.00 

28.1 

19,800 

15.155 

110.4 

10,200 

29.41 

29.3 

20,000 

15.00 

112.4 

10,400 

28.845 

30.4 
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VALUES  OF  W  AND  1/W2 

Computed  by  C.  W.  Winkler, 
submitted  by  J.  Johnsen 

The  values  for  w  were  computed  to  9  significant  figures  and  rounded  to  8 
These  values,  in  the  range  100  to  1000  kc,  were  obtained  by  adding  the  com- 
mon difference  2-k  X  10"2  for  intervals  of  1  kc.  Every  fifth  entry  was 
checked  by  adding  ir  X  10-1  to  the  previous  key  entry.  Values  from  1000  to 
2000  kc  were  obtained  in  the  same  way  except  the  common  difference  here  is 
2-k  X  10"3.  The  values  for  1/w2  were  obtained  by  taking  the  reciprocal  of 
the  squared  values  of  w  and  were  checked  with  some  previously  computed 
tables. 

EXTENSION    OF   TABLES 

Let  the  tabulated  value  for  w  be  M.  The  range  of  the  tables  may  be 
extended  as  follows: 


Frequency 

w 

1/w2 

5  cycles 

M  X  10"5 

M  X  1010 

50  cycles 

M  X  10-4 

M  X  103 

500  cycles 

M  X  10-3 

M  X  108 

5  kc 

M  X  10-2 

M  X  104 

50  kc 

M  X  10-i 

M  X  102 

500  kc 

M 

M 

5  mc 

M  X  10 

M  X  10-2 

50  mc 

M  X  10^ 

M  X  10-4 

500  mc 

M  X  103 

M  X  10-« 

5000  mc 

M  X  10* 

M  X  10-* 

VALUES  OF  W 


Freq. 
kc 

w  X  105 

Freq. 
kc 

w  X  10« 

Freq. 
kc 

w  X  10* 

Freq. 
kc 

w  X  10« 

100 

6.2831853 

105 

6 . 5973446 

205 

1 . 2880530 

305 

1.9163715 

405 

2 . 5446900 

110 

6.9115038 

210 

1.3194689 

310 

1.9477874 

410 

2.5761060 

115 

7.2256631 

215 

1.3508848 

315 

1.9792034 

415 

2.6075219 

120 

7.5398224 

220 

1 . 3823008 

320 

2.0106192 

420 

2 . 6389378 

125 

7.8539816 

225 

1.4137167 

325 

2.0420352 

425 

2.6703538 

130 

8.1681409 

230 

1.4451326 

330 

2.0734511 

430 

2.7017697 

135 

8.4823001 

235 

1.4765485 

335 

2.1048671 

435 

2.7331856 

140 

8.7964594 

240 

1 . 5079645 

340 

2.1362830 

440 

2.7646015 

145 

9.1106187 

245 

1 . 5393804 

345 

2.1676989 

445 

2.7960175 

150 

9.4247779 

250 

1 . 5707963 

350 

2.1991148 

450 

2.8274334 

155 

9.7389372 

255 

1.6022122 

355 

2.2305308 

455 

2 . 8588493 

160 

10.0530965 

260 

1.6336282 

360 

2.2619467 

460 

2 . 8902652 

w  X  108 

265 

1.6650441 

365 

2 . 2933626 

465 

2.9216812 

270 
275 

1.6964600 
1.7278759 

370 
375 

2.3247786 
2.3561945 

470 
475 

2.9530971 
2.9845130 

165 
170 

1.0367256 
1.0681415 

175 

1.0995574 

280 

1.7592919 

380 

2.3876104 

480 

3.0159289 

285 

1.7907078 

385 

2.4190263 

485 

3.0473449 

180 

1.1309733 

290 

1.8221237 

390 

2.4504423 

490 

3.0787608 

185 

1 . 1623893 

295 

1 . 8535397 

395 

2.4818582 

495 

3.1101767 

190 
195 

1 . 1938052 
1  2252211 

300 

1 . 8849556 

400 

2.5132741 

500 

3.1415927 

200 

1.2566371 

2^43 


VALUES  OF  W  (Continued) 


Freq. 
kc 

w  X  106 

Freq. 
kc 

w  X  106 

Freq. 
kc 

w  X  106 

Freq. 
kc 

w  X  10« 

505 

3.1730086 

755 

4.7438049 

1005 

6.3146012 

1255 

7.8853976 

510 

3.2044245 

760 

4.7752208 

1010 

6.3460172 

1260 

7.9168135 

515 

3 . 2358404 

765 

4.8066368 

1015 

6.3774331 

1265 

7.9482294 

520 

3.2672564 

770 

4.8380527 

1020 

6.4088490 

1270 

7.9796453 

525 

3.2986723 

775 

4.8694686 

1025 

6.4402649 

1275 

8.0110613 

530 

3.3300882 

780 

4.9008845 

1030 

6.4716809 

1280 

8.0424772 

535 

3.3615041 

785 

4.9323005 

1035 

6.5030968 

1285 

8.0738931 

540 

3.3929200 

790 

4.9637164 

1040 

6.5345127 

1290 

8.1053090 

545 

3.4243360 

795 

4.9951323 

1045 

6 . 5659286 

1295 

8.1367250 

550 

3.4557519 

800 

5.0265482 

1050 

6.5973446 

1300 

8.1681409 

555 

3.4871678 

805 

5.0579642 

1055 

6.6287605 

1305 

8.1995568 

560 

3.5185838 

810 

5.0893801 

1060 

6.6601764 

1310 

8.2309727 

565 

3 . 5499997 

815 

5.1207960 

1065 

6.6915923 

1315 

8.2623887 

570 

3.5814156 

820 

5.1522119 

1070 

6.7230083 

1320 

8.2938046 

575 

3.6128315 

825 

5.1836279 

1075 

6.7544242 

1325 

8.3252205 

580 

3 . 6442475 

830 

5.2150438 

1080 

6.7858401 

1330 

8.3566364 

585 

3.6756634 

835 

5.2464597 

1085 

6.8172561 

1335 

8.3880524 

590 

3.7070793 

840 

5.2778757 

1090 

6.8486720 

1340 

8.4194683 

595 

3.7384953 

845 

5.3092916 

1095 

6 . 8800879 

1345 

8 . 4508842 

600 

3.7699112 

850 

5.3407075 

1100 

6.9115038 

1350 

8.4823002 

605 

3.8013271 

855 

5.3721234 

1105 

6.9429198 

1355 

8.5137161 

610 

3 . 8327430 

860 

5.4035394 

1110 

6.9743357 

1360 

8.5451320 

615 

3.8641590 

865 

5.4349553 

1115 

7.0057516 

1365 

8.5765479 

620 

3 . 8955749 

870 

5.4663712 

1120 

7.0371675 

1370 

8.6079639 

625 

3.9269908 

875 

5.4977871 

1125 

7.0685835 

1375 

8.6393798 

630 

3.9584067 

880 

5.5292031 

1130 

7.0999994 

1380 

8.6707957 

635 

3 . 9896827 

885 

5.5606190 

1135 

7.1314153 

1385 

8.7022116 

640 

4.0212386 

890 

5.5920349 

1140 

7.1628312 

1390 

8.7336276 

645 

4.0526545 

895 

5 . 6234508 

1145 

7.1942472 

1395 

8.7650435 

650 

4.0840704 

900 

5.6548668 

1150 

7.2256631 

1400 

8.7964594 

655 

4.1154864 

905 

5.6862827 

1155 

7.2570790 

1405 

8.8278753 

660 

4.1469023 

910 

5.7176986 

1160 

7 . 2884949 

1410 

8.8592913 

665 

4.1783182 

915 

5.7491145 

1165 

7.3199109 

1415 

8.8907072 

670 

4.2097342 

920 

5.7805305 

1170 

7.3513268 

1420 

8.9221231 

675 

4.2411501 

925 

5.8119464 

1175 

7 . 3827427 

1425 

8.9535391 

680 

4.2725660 

930 

5.8433623 

1180 

7.4141587 

1430 

8.9849550 

685 

4.3039819 

935 

5.8747783 

1185 

7 . 4455746 

1435 

9.0163709 

690 

4.3353979 

940 

5.9061942 

1190 

7.4769905 

1440 

9.0477868 

695 

4.3668138 

945 

5.9376101 

1195 

7 . 5084064 

1445 

9.0792028 

700 

4.3982297 

950 

5.9690260 

1200 

7.5398224 

1450 

9.1106187 

705 

4 . 4296456 

955 

6.0004420 

1205 

7.5712383 

1455 

9.1420346 

710 

4.4610616 

960 

6.0318579 

1210 

7 . 6026542 

1460 

9.1734505 

715 

4.4924775 

965 

6.0632738 

1215 

7.6340701 

1465 

9.2048665 

720 

4.5238934 

970 

6.0946897 

1220 

7.6654861 

1470 

9.2362824 

725 

4.5553093 

975 

6.1261057 

1225 

7.6969020 

1475 

9.2676983 

730 

4.5867253 

980 

6.1575216 

1230 

7.7283180 

1480 

9.2991142 

735 

4.6181412 

985 

6.1889375 

1235 

7.7597338 

1485 

9 . 3305302 

740 

4.6495571 

990 

6.2203534 

1240 

7.7911498 

1490 

9.3619461 

745 

4.6809730 

995 

6.2517694 

1245 

7.8225657 

1495 

9.3933620 

750 

4.7123890 

1000 

6.2831853 

1250 

7.8539816 

1500 

9.4247779 
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VALUES  OF  W  (Continued) 


Freq. 
kc 

w  X  106 

Freq. 
kc 

w  X  10« 

Freq. 
kc 

w  X  106 

Freq. 
kc. 

w  X  10 6 

1505 

9.4561939 

1630 

1.0241592 

1755 

1 . 1026990 

1880 

1.1812388 

1510 

9.4876098 

1635 

1.0273008 

1760 

1 . 1058406 

1885 

1.1843804 

1515 

9.5190257 

1640 

1.0304424 

1765 

1 . 1089822 

1890 

1.1875220 

1520 

9.5504417 

1645 

1 . 0334840 

1770 

1.1121238 

1895 

1 . 1906636 

1525 

9.5818576 

1650 

1.0367256 

1775 

1.1152654 

1900 

1 . 1938052 

1530 

9.6132735 

1655 

1.0398672 

1780 

1.1184070 

1905 

1 . 1969468 

1535 

9 . 6446894 

1660 

1.0430088 

1785 

1.1215486 

1910 

1 . 2000884 

1540 

9.6761054 

1665 

1.0461504 

1790 

1 . 1246902 

1915 

1.2032300 

1545 

9.7075213 

1670 

1.0492919 

1795 

1.1278318 

1920 

1.2063716 

1550 

9.7389372 

1675 

1.0524335 

1800 

1.1309734 

1925 

1.2095132 

1555 

9.7703531 

1680 

1.0555751 

1805 

1.1341149 

1930 

1.2126548 

1560 

9.8017691 

1685 

1.0587167 

1810 

1.1372565 

1935 

1.2157964 

1565 

9.8331850 

1690 

1.0618583 

1815 

1 . 1403981 

1940 

1.2189379 

1570 

9 . 8646009 

1695 

1.0649999 

1820 

1 . 1435397 

1945 

1.2220795 

1575 

9.8960168 

1700 

1.0681415 

1825 

1.1466813 

1950 

1.2252211 

1580 

9.9274328 

1705 

1.0712831 

1830 

1 . 1498229 

1955 

1.2283627 

1585 

9.9588487 

1710 

1.0744247 

1835 

1.1529645 

1960 

1.2315043 

1590 

9.9902646 

1715 

1.0775663 

1840 

1.1561061 

1965 

1 . 2346459 

1595 

10.0216806 

1720 

1.0807079 

1845 

1 . 1592477 

1970 

1.2377875 

1600 

10.0530965 

1725 

1.0838495 

1850 

1 . 1623893 

1975 

1.2409291 

1605 

1.0084512 

1730 

1.0869911 

1855 

1.1655309 

1980 

1 . 2440707 

1610 

1.0115928 

1735 

1.0901326 

1860 

1.1686725 

1985 

1.2472123 

1615 

1.0147344 

1740 

1.0932742 

1865 

1.1718141 

1990 

1.2503539 

1620 

1.0178760 

1745 

1.0964158 

1870 

1.1749557 

1995 

1.2534955 

1625 

1.0210176 

1750 

1.0995574 

1875 

1.1780972 

2000 

1.2566371 

VALUES  OF  1/W* 


1/W2    X 
1Q-12 


2.533029 
2.297532 
2.093412 
1.915334 
1.759048 
1.621138 


498834 
389865 
292362 
204770 
125790 


1.054330 


1/W2X 
1Q-13 


9 . 894647 
9 . 304056 
8.764808 
8.271117 

7.817993 
7.401108 
7.016702 
6.661485 
6.332573 


Freq. 
kc 


205 
210 
215 
220 
225 

230 
235 
240 
245 
250 

255 
260 
265 
270 
275 

280 
285 
290 
295 
300 


1/W2  X 

Freq. 

10~13 

kc 

6 . 027435 

305 

5.743831 

310 

5.479783 

315 

5.258299 

320 

5.003515 

325 

4.788335 

330 

4.586744 

335 

4.397620 

340 

4.219957 

345 

4.052847 

350 

3.895470 

355 

3.747085 

360 

3.607019 

365 

3 . 474663 

370 

3.349460 

375 

3.230905 

380 

3.118534 

385 

3.011925 

390 

2.910691 

395 

2.814477 

400 

l/v/2  x 

Freq. 

10-13 

kc 

2.722955 

405 

2.635826 

410 

2.552813 

415 

2.473661 

420 

2.398134 

425 

2.326014 

430 

2 . 257099 

435 

2.191202 

440 

2.128149 

445 

2.067779 

450 

2 . 009942 

455 

1 . 954498 

460 

1.901317 

465 

1 . 850277 

470 

1.801265 

475 

1.754175 

480 

1 . 708908 

485 

1.665371 

490 

1.623476 

495 

1.583143 

500 

1 

1/w* 

io- 


1 . 544294 
1 . 506858 
1.470767 
1.435957 
1.402369 

1.369945 
1.338633 
1.308383 
1.279146 
1.250878 

1.223538 
1 . 197083 
1.171478 
1 . 146686 
1.122672 

1.099405 
1.076853 
1 . 054989 
1.033784 
1.013211 
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VALUES  OF  1/W2  (Continued) 


Freq. 

1/w*  X 

Freq. 

1/W2  X 

Freq. 

1/W2  X 

Freq. 

1/W2  X 

kc 

10-H 

kc 

10-14 

kc 

10~" 

kc 

1Q-14 

505 

9.932475 

755 

4.44372 

1005 

2 . 50789 

1255 

1 . 60825 

510 

9 . 738676 

760 

4 . 38542 

1010 

2.48312 

1260 

1 . 59550 

515 

9.55051 

765 

4.32831 

1015 

2.45871 

1265 

1 . 58292 

520 

9.36772 

770 

4.27227 

1  1020 

2.43467 

1270 

1 . 57048 

525 

9.19013 

775 

4.21732 

1025 

2.41097 

1275 

1 . 55819 

530 

9.01754 

780 

4.16342 

1030 

2 . 38763 

1280 

1 . 54604 

535 

8.84977 

785 

4.11055 

1035 

2.36461 

1285 

1 . 53403 

540 

8.68664 

790 

4.05869 

1040 

2.34193 

1290 

1.52216- 

545 

8.52800 

795 

4.00780 

1045 

2.31957 

1295 

1.51043 

550 

8.37365 

800 

3 . 95785 

1050 

2.29753 

1300 

1 .  49883- 

555 

8.22345 

805 

3.90884 

1055 

2.27581 

1305 

1.48737 

560 

8.07726 

810 

3 . 86074 

1060 

2.25438 

1310 

1.47604 

565 

7.93495 

815 

3.81550 

1065 

2.23327 

1315 

1 . 46484 

570 

7.79650 

820 

3.76714 

1070 

2.21239 

1320 

1.45376 

575 

7.66134 

825 

3.72162 

1075 

2.19191 

1325 

1.44281 

580 

7.52981 

830 

3 . 67692 

1080 

2.17166 

1330 

1.43198 

585 

7.40166 

835 

3 . 63302 

1085 

2.15170 

1335 

1.42127 

590 

7.27673 

840 

3 . 58990 

1090 

2.13200 

1340 

1.41069 

595 

7.15495 

845 

3.54753 

1095 

2.11257 

1345 

1 . 40022 

600 

7.03620 

850 

3.50592 

1100 

2.09341 

1350 

1 . 3898a 

605 

6.92039 

855 

3 . 46504 

1105 

2.07451 

1355 

1 .  37963. 

610 

6 . 80738 

860 

3 . 42487 

1110 

2.05586 

1360 

1 . 36950 

615 

6.69716 

865 

3 . 38539 

1115 

2.03747 

1365 

1 . 35949 

620 

6 . 58955 

870 

3 . 34660 

1120 

2.01931 

1370 

1 . 34957 

625 

6 . 48456 

875 

3 . 30844 

1125 

2.00416 

1375 

1 . 33978 

630 

6.38201 

880 

3 . 27095 

1130 

1.98373 

1380 

1 . 33009 

635 

6.28190 

885 

3.23410 

1135 

1.96629 

1385 

1.32051 

640 

6.18416 

890 

3.19786 

1140 

1.94908 

1390 

1.31102 

645 

6.08863 

895 

3.16110 

1145 

1.93210 

1395 

1.30164 

650 

5 . 99535 

900 

3.12719 

1150 

1.91533 

1400 

1 . 29236 

655 

5.90416 

905 

3.09274 

1155 

1 . 89879 

1405 

1.28318 

660 

5.81503 

910 

3 . 05885 

1160 

1 . 88245 

1410 

1.27410 

665 

5.72792 

915 

3.02551 

1165 

1 . 86633 

1415 

1.26511 

670 

5.64274 

920 

2 . 99270 

1170 

1.85041 

1420 

1.25621 

675 

5.55958 

925 

2 . 96044 

1175 

1 . 83469 

1425 

1.24741 

680 

5.47800 

930 

2 . 92869  ! 

1180 

1.81918 

1430 

1 . 23870 

685 

5.39831 

935 

2.89745  ! 

1185 

1 . 80386 

1435 

1.23009 

690 

5.32037 

940 

2.86671  | 

1190 

1 . 78873 

1440 

1.22185 

695 

5 . 24408 

945 

2 . 83646  ! 

1195 

1.77380 

1445 

1.21312 

700 

5.16944 

950 

2 . 80667 

1200 

1 . 75905 

1450 

1.20477 

705 

5 . 09640 

955 

2.77737 

1205 

1.74448 

1455 

1.19650 

710 

5.02486 

960 

2.74851 

1210 

1.73010 

1460 

1.18832 

715 

4.95483 

965 

2.72011 

1215 

1.71588 

1465 

1 . 18023 

720 

4 . 88626 

970 

2.69213  | 

1220 

1.70185 

1470 

1.17221 

725 

4.81908 

975 

2 . 66459  j 

1225 

1.68798 

1475 

1 . 16428 

730 

4.75339 

980 

2 . 63747 

1230 

1.67429 

1480 

1.15642 

735 

4 . 68885 

985 

2.61077 

1235 

1 . 66076 

1485 

1 . 14865 

740 

4.62569 

990 

2 . 58446 

1240 

1.64739 

1490 

1 . 14096 

745 

4.56382 

995 

2 . 55855 

1245 

1.63419 

1495 

1.13333 

750 

4.50317 

1000 

2 . 53303 

1250 

1.62114 

..,. -_...i' 

1500 

1.12579 
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VALUES  OF  1/W2  (Continued) 

Freq. 
kc 

1/W2    X 
1Q-14 

Freq. 
kc 

1/W2    X 
10-15 

Freq. 

kc 

l/w2  X 

10-1- 

Freq. 
kc 

1/W2    X 

10-ia 

1505 
1510 
1515 
1520 
1525 

1.11832 
1.11193 
1.10361 
1.09636 
1.08918 

1630 
1635 
1640 
1645 
1650 

9.53375 
9.47556 
9.41785 
9 . 36070 
9 . 30404 

1755 
1760 
1765 
1770 
1775 

8.22406 
8.17738 
8.13113 
8.08526 
8.03977 

1880 
1885 
1890 
1895 
1900 

7.16679 
7.12882 
7.09115 
7.05378 
7.01670 

1530 
1535 
1540 
1545 
1550 

1.08208 
1.07504 
1.06807 
1.06117 
1.05433 

1655 
1660 
1665 
1670 
1675 

9 . 24792 
9.19230 
9.13717 
9.08256 
9 . 02840 

1780 
1785 
1790 
1795 
1800 

7.99467 
7.94994 
7 . 90559 
7.86161 
7.81799 

1905 
1910 
1915 
1920 
1925 

6.97992 
6.94342 
6.90721 
6.87128 
6 . 83563 

1555 
1560 
1565 
1570 
1575 

1.04756 
1.04086 
1.03422 
1.02764 
1.02113 

1680 
1685 
1690 
1695 
1700 

8.97475 
8.92155 
8 . 86882 
8.81659 
8.76480 

1805 
1810 
1815 
1820 
1825 

7.77474 
7.73185 
7.68930 
7.64711 
7.60527 

1930 
1935 
1940 
1945 
1950 

6 . 80026 
6.76516 
6.73034 
6.69578 
6.66149 

1580 
1585 
1590 

1.01467 
1.00828 
1.00195 

1705 
1710 
1715 
1720 
1725 

1730 
1735 
1740 
1745 
1750 

8.71348 
8.66260 
8.61216 
8.56218 
8.51260 

8.46371 
8.41475 
8.36647 
8.31858 
8.27112 

1830 
1835 
1840 
1845 
1850 

1855 
1860 
1865 
1870 
1875 

7 . 56377 
7 . 52260 
7.48177 
7.44128 
7.40111 

7.36126 
7.32174 
7.28253 
7 . 24364 
7.20506 

1955 
1960 
1965 
1970 
1975 

1980 
1985 
1990 
1995 
2000 

6.62745 
6.59368 
6.56017 

l/w*X 

IO-15 

6.52691 
6.49391 

1595 
1600 

1605 
1610 
1615 

9.95678 
9.89464 

9.83310 
9.77211 
9  71170 

6.46115 
6.42864 
6 . 39638 
6.36436 
6 . 33257 

1620 
1625 

9.65184 
9.59254 
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CHARACTERISTICS  OF 

CompUed  by 


Since  the  exact  operating  characteristics  may  vary  considerably  depending  upon  the  use 
information  should  be  consulted  for  further  detaUs. 


Abbreviations 

A.C.,  alternating  current  D.C,  direct  current 

A.F.,  audio  frequency  Det.,  detector 
Amp.,  amperes,  amplifier,  amplification    Diss.,  dissipation 

B,  bayonet  Fil.,  filament 

Coat.,  coated  Heat.,  heater 

Cond.,  conductance  H.  F.,  high  frequency 

Conv.,  converter,  conversion  m,  milli- 

Cur.,  current  M,  medium 

RECEIVING 

Metal  tubes  are  designated  by  the  letter  M  in  front  of  the  tube  number.    The  type  of 
connections  are  indicated  by  diagrams  with  the  corresponding  numbers,  following  the  tables. 


Description  and  use 

Base 

Cathode 

Plate 
poten- 
tial 
vclts 

Plate 
cur- 
rent 
ma 

Screen 

Type 
No. 

Type1 

Poten- 
tial 

volts 

Cur- 
rent 
amp. 

poten- 
tial 
volts 

00-A 

Detector,  triode 

MB  4-4 
MB  4-4 

S      4-11 

S      6-10 

S      4-11 
S      6-11 
S      6-10 

M     5-9 

S      6-17 
S      6-17 

M     4-4 
M     4-4 

M     6-2 
S      6-7 

S      7-3 

S      7-4 

D.C.  Fil 
D.C.  FU. 

D.C.  FU. 

D.C.  FU. 

D.C.  Fil. 
D.C.  Fil. 
D.C.  Fil. 

D.C.  Fil. 

D.C.  FU. 
D.C  FU. 

FU. 
FU. 

Heat. 
Heat. 

Heat. 
Heat. 

5.0 
5.0 

2.0 

2.0 

2.0 
2.0 
2.0 

2.0 

2.0 
2.0 

2.5 
2.5 

2.5 
2.5 

2.5 
2.5 

0.25 
0,25 

0.06 

0.06 

0.06 
0.06 
0.12 

0.12 

0.06 
0.06 

2.5 
2.5 

1.75 
0.8 

0.8 
0.8 

45 
90 
135 
90 
180 
135 
180 

90 

180 
135 

135 

180 

135 

180 
135" 

250 
300 
300 

1.5 
2.5 
3.0 
2.2 
2.3 
1.2 
1.3 

1.6 
1.7 
0.8 

1.3 
1.5 

8.0 
2.0 

01-A 
1A43 
1A63 

Det.,2  amp.,  class  A 

R.F.  amp. ,  pentode,  class  A 
Pentagrid  conv.4 

"67.5 
67.5 
67.5 

1B4 

1B5, 

25S3 
1C63 

R.F.  amp.,  pentode,  class  A 

Duplex     diode,     triode, 

class  A  amp. 
Pentagrid  conv.4 

67.5 

67.5 
67.5 

67.5 

1F43 
1F63 

Pow.      amp.,      pentode, 

class  A 
Duplex  diode,  pentode 
Pentode  unit  as  R.F. 

amp. 
Pentode  unit  as  A.F. 
amp. 

Pow.  amp.,  triode 
Class  A 

67.5 
135 

67.5 

2A3 

60.0 
80.0 
80.0 

2A5 

Push-pull,  Class  AB  i7.. 

Pow.  amp.,  pentode 

Duplex    diode,    high-mu 

triode,  triode  unit  as 

amp. 
Pentagrid  conv.4 

2A6 

250 

250 
250 

2A7 

100 

2B7 

Duplex   diode,    pentode, 
amp. 

125 
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THERMIONIC  VACUUM  TUBES 

J.  R.  Martin 

tc  which  the  electronic  devices  may  be  put,  the  manufacturers'  specifications  and  special 


Abbreviations 


Ma,  milliampere 
Max.,  maximum 
Meg;,  megohm 
Min.,  minimum 
Mod.,  modulator 
Mog.Scr.,  mogul  screw 
0,  octal 
Osc,  oscillator 


Pow.t  power 
Resist.,  resistance 
R.F.,  radio  frequency 


Thor.,  thoriated 
Tung.,  tungsten 
Volt.,  voltage 
H,  micro- 


TUBES 

base  is  indicated  by  two  numbers  the  first  of  which  is  the  number  of  prongs.    The  base 


Type 
No. 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 
At  mhos 

Power 
output 
watts 

Load 
resist, 
ohms 

00-A 

Return  to  (- 

-)  filament 

30000 

20 

666 

Ol-A 

-  4.5 

11000 

8 

725 

-  9.0 

10000 

8 

800 

1A4 

6^9 

-  3.0  min. 

600000 

425 

720 

0.8 

-  3.0  min. 

1000000 

750 

750 

1A6 

2.5 

-  3.0  min. 

400000 

Anode-grid  (#2):  180< 

'  max.  volts,  2.3  ma. 

2.4 

—  3.0  min. 

500000 

Osc.-grid    (#1)    resistor,    50000    ohms 
Conv.  cond.,  300  micromhos. 

1B4 

0.7 

-  3.0 

1000000 

550 

600 

0.6 

-  3.0 

1500000 

1000 

650 

1B5, 

-  3.0 

35000 

20 

575 

25S 

1C6 

2.0 

—  3.0  min. 

550000 

Anode-grid  (#2):  1805  max.  volts,  3.3  ma. 

2.0 

—  3.0  min. 

750000 

Osc.-grid    (#1)    resistor,    50000    ohms. 
Conv.  cond.,  325  micromhos. 

1F4 

2.6 

-  4.5 

200000 

340 

1700 

0.34 

16000 

1F6 

0.6 

-  1.5 

1000000 

650 

650 

-  2.0 

Screen  supply,  135  volts 

)  applied  t 

irough  0.8  megohm 

resistor.    Grid     resistor,6     1.0     megohm.    Voltage 

gain,  46. 

2A3 

-45.0 

800 

4.2 

5250 

3.5 

2500 

Self-bias 

,  780  ohms 
-62.0 

10.08 

15. 08 

5000 
3000 

2A5 

See  type  number  42. 

2A6 

See  type  number  75. 

2A7 

See  type  number  6 A  7. 

2B7 

See  type  number  6B7. 
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RECEIVING 


Type 
No. 


6A4, 
LA 
6A6 
6A7 


M  6A83 
6B7 

M6B8 

M6C53 


6C6 
6D6 


6E5 


M6F53 


M6F63 


6F7 


Description  and  use 


Pow.  amp.,  pentode,  class 
A. 

Twin  triode,  amp 

Pentagrid  conv.4 


Pentagrid  conv.4. 


Duplex  diode,  pentode 
Pentode  unit  as  R.F 

amp. 
Pentode  unit  as  A.F 

amp. 


Duplex  diode,  pentode 
Pentode  unit  as  R.F 

amp. 
Pentode  unit  as  A.F 

amp. 


Det.,2  amp.,  triode 
Class  A  amp 


Bias  detector 

Triple  grid  det.,  amp 

Triple  grid  amp. 

Screen  grid  R.F.  amp. . 

Mixer  in  superhetero- 
dyne 
Electron  ray  tube,  visual 
indicator 


High-mu  triode,  class  A 
amp. 

Pow  amp.,  pentode 
Pentode,  class  A 


Triode,10  class  A 

Pentode,  push-pull, 

class  AB27 
Triode,  push-pull,10 
class  AB27 
Triode,  pentode 
Triode,  class  A  amp. . . 
Pentode,  class  A  amp . 

Pentode  unit  as  mixer . 


Base 


M     5-2 


7-2 
7-3 


SO    8-1 

S      7-4 
S       7-4 


SO    8-5 
SO    8-5 


SO    6-12 


SO 

s 


6-12 
6-6 

6-6 

6-6 

6-13 


SO    5-1] 


SO    7-14 


Cathode 


Type1 


SO 
SO 


7-14 
7-14 


SO    7-14 


7-5 
7-5 

7-5 


Fil. 

Heat. 
Heat. 


Heat. 

Heat. 
Heat. 

Heat. 
Heat. 

Heat. 

Heat, 
Heat. 

Heat. 

Heat. 

Heat. 

Heat. 

Heat, 

Heat, 
Heat, 

Heat. 


Her.t. 
Heat. 

Heat. 


Poten- 
tial 
volts 


6.3 

6.3 
6.3 


6.3 

6.3 
6.3 


6.3 
6.3 


6.3 

6.3 
6.3 

6.3 

6.3 

6.3 


6.3 


6.3 

6.3 
6.3 

6.3 


6.3 
6.3 

6.3 


Cur- 
rent 
amp. 


0.8 
0.3 


0.3 

0.3 
0.3 

0.3 

0.3 

0.3 

0.3 
0.3 

0.3 

0.3 

0.3 

0.3 

0.7 

0.7 
0.7 

0.7 


0.3 

0.3 

0.3 


Plate 
poten- 
tial 
volts 


100 
180 
300 
100 
250 

100 
250 


100 
250 
9014 

30014 


250 
9014 
30014 


250 
25015 
250 
250 

100 

250 
100 
250 
100 


2509 


250 
250i4 


250 
315 
250 
375 
375 
350 
350 

100 
100 
250 
250 


3.5 
6.3 
6.5 

2.8 


Plate 
cur- 
rent 
ma 

Screen 

poten- 

tial 

volts 

9.0 
22.0 

100 
180 

1.3 
3.5 

1.2 
3.3 

5.8 
9.0 

50 

100 

50 
100 

100 
125 

10.0 

125 

8.0 
1.0 

8.0 

8.2 

100 

100 
100 
100 
100 

0.9 
0.4 

34.0 
42.0 
31.0 
54.0 
34.0 
50.0 
45.0 

250 
315 

'250'* 
250 
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TUBES  (Continued) 


Type 

No. 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 
n  mhos 

Power 
output 

watts 

Load 
resist, 
ohms 

6A4, 

1.6 

-  6.5 

83250 

100 

1200 

0.31 

11000 

LA 

3.9 

-12.0 

45500 

100 

2200 

1.40 

8000 

6A6 

See  type  number  6N7. 

6A7 

""i'h"" 

-  3.6  min. 

600000 

Anode-grid  (#2):  2505  max.  volts,  4.0  ma. 

2.2 

-  3.0  min. 

360000 

Osc.-grid    (#1)    resistor,    50000    ohms. 
Conv.  cond.,  520  micromhos. 

M6A8 

1.5 

-  3.0  min. 

600000 

Anode-grid  (#2):  2505  max.  volts,  4.0  ma. 

3.2 

-  3.0  min. 

360000 

Osc.-grid    (#1)    resistor,    50000    ohms. 
Conv.  cond.,  500  micromhos. 

6B7 

1.7 

-  3.0 

300000 

285 

950 

2.3        1-  3.0 

650000 

730 

1125 

Self-bias,   3500  ohms.     Screen  resistor  =1.1  meg.  Grid  resistor,6  0.5  megohm. 

Gain  per  stage  =  55. 

Self-bias,    1600  ohms.    Screen  resistor  =  1.2  meg.  Grid  resistor,6  0.5  megohm. 

Gain  per  stage  =  79. 

M6B8 

\               !            1            III 

2.3        |~  3.0             1        600000|        800      1     1325    1                1 

Self-bias,  3500  ohms.     Screen  resistor  =  1.1  meg.  Grid  resistor,6  0.5  megohm 

Gain  per  stage  =  55. 

Self-bias,    1600  ohms.    Screen  resistor  =  1.2  meg.  Grid  resistor,6  0.5  megohm. 

Gain  per  stage  =  79. 

M6C5 

-  8.0 

-  5.0 

1 
lOOOOi          20 
Gain  per  stage  =  14. 

2000 

—  17.0approx. 

Plate  current  to  be  adjusted  to  0.2  ma  with  no  signal. 

6C6 

See  type  nimbp.r  fi.T7. 

6D6 

2.2 

—  3.0  min. 

250000 

375 

1500 

2.0 

-  3.0  min. 

800000 

1280 

1600 

-10.0 

Oscillator  peak  volts  =7.0 

-10.0 

I                    1 

6E5 

Plate  &  target  supply  =  100  volts.    Triode  plate  resistor  =  0.5  meg.    Target 
cur  =  4.5  ma.    Grid  bias,  —3.3  volts;  shadow  angle,  0°.     Bias,  0  volts;  angle, 

90°;  plate  cur.,  0.19  ma. 

Plate  &  target  supply  =  250  volts.    Triode  plate  resistor  =1.0  meg.    Target 

cur.  =  4.5  ma.    Grid  bias,  —8.0  volts;  shadow  angle,  0°.    Bias,  0  volts;  angle » 

90°;  plate  cur.,  0.24  ma. 

M6F5 

-  2.0 

-  0.3 

660001         100      |     1500    ) 
Grid  resistor,  0.25  meg.6    Gam  per 
stage  =  52. 

M6F6 

6.5 

-16.5 

80000 

200 

2500 

3.0 

7000 

8.0 

-22.0 

75000 

200 

2650 

5.0 

7000 

-20.0 

2600 

7 

2700 

0.85 

4000 

816 

Self-bias 

Self-bias  resistor,  340  ohms. 

19. 08 

10000 

5.0 

-26.0 

1   I   

19.08 

10000 

. . . 

Self-bias 

Self-bias  resistor,  730  ohms. 

14.08 

10000 

-38.0 

18.08 

6000 

6F7 

, 

-  3.0 

16000 

8 

500 

1.6 

-  3.0  min. 

290000 

300 

1050 

1.5 

-  3.0  min. 

850000 

900 

1100 

0.6 

-10.0 

Osc.  peak  volts  =  7.0.    Conv.  cond.  = 
300  micromhos 

1                                   1                1 
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RECEIVING 


Type 
No. 


6G5 


M6J73 


M  6K73 


M6L63 


M6L73 


M6N73 


M  6Q73 

M6R73 

10 

12 

12-A 
15 

18 
193 

20 


Description  and  use 


Electron  ray  tube,  visual 
indicator 


Triple  grid  det.,  amp. 
Screen  grid,  R.F.  amp, 

Screen  grid,  A.F.  amp 


Bias  detector. 


Triple  grid  amp. 
Screen  grid  R.F.  amp. . 

Mixer  in  superhetero- 
dyne 
Beam  pow.  amp. 
Single  tube,  class  A17 . . . 

Push-pull,  class  A17 

Push-pull,  class  AB17. . 

Push-pull,  class  AB27. . 

Pentagrid  mixer,12  amp. 

MLxer  in  superhetero- 
dyne 

Class  A  amp 

Twin  triode,  amp. 

Class  A  (as  driver)13 . . . 

Class  B 


Duplex  diode,  high-mu 
triode,  triode  unit  as 
class  A  amp. 

Duplex  diode,  triode,  tri- 
ode unit  as  class  A  amp. 
Pow.  amp.,  triode,  class  A 

Det.,2  amp., triode,  class  A 

General  purpose 

R.F.  amp.,  pentode,  class 
A 

Output  pentode . . . . ._ 

Twin  triode,  amp.,  class  B 

POw,  amp.,  triode,  class  A 


6-13 


SO    7-13 
SO    7-13 

SO    7-13 


SO 
SO 

SO 
SO 
SO 
SO 

SO 
SO 
SO 
SO 

so 
so 

MB 
MB 


7-13 
7-13 

7-18 
7-18 
7-18 

7-18 

7-15 

7-15 

8-2 

8-2 

7-16 

7-16 

4-4 

4-4 

4-4 
5-6 

6-1 
6-3 

4-4 


Cathode 


Type1 


Heat. 


Heat. 
Heat. 

Heat. 

Heat. 
Heat. 

Heat. 
Heat. 
Heat. 
Heat. 

Heat. 
Heat. 
Heat. 
Heat. 
Heat. 

Heat. 

Fil. 

D.C.  Fil. 

Fil. 
Heat. 

Heat. 
D.C.  Fil; 

D.C.  Fill 


Potent 
tial 
volts 


6.; 


6.3 
6.3 

6.3 

6.3 
6.3 

6.3 
6.3 
6.3 
6.3 

6.3 
6.3 
6.3 
6.3 
6.3 

6.3 

7.5 

1.1 

5.0 
2.0 

14.0 
2,0 

3.3 


Cur- 
rent 
amp. 


0.3 


0.3 
0.3 

0  3 

0.3 
0.3 

0.9 
0.9 
0.9 
0.9 

0.3 
0.3 
0.8 
0.8 
0:3 

0.3 

1.25 

0.25 

0.25 
0.22 

0.30 
0.26 

0.132 


Plate 
poten- 
tial 
volts 


100 


2509 


100 
250 
90" 

300" 

250 


90 
250 
250 


250 
250 
250 
250 
400 
400 
400 
400 

250 

250 

250 

294 

250 

300 

100 

250 

1001* 

25017 

250 

25015 

350 

425 

90 
135 
180 

67.5 
135 
250 
135 
135 

90 
135 


Plate 
cur- 
rent 
ma 


2.0 
2.0 


5.4 
10.5 


72.0 
75.0 
120.0 
120.0 
102.0 
112.0 
88.0 
102.0 

2.4 

5.3 

6.0 
7.0 


0.35 

1.1 

0.25 

0.5 

9.5 

1.81 

16. OS 

18.0* 

2.5* 

3.0» 

7.6i 

1.85 

1.85 

34.0 


3.0 
6.fr 


Screen 
poten- 
tial 
volts 


100 
100 


100 


90 
125 
100 


250 
250 
250' 
250 
300 
300 
250< 
300< 

100 

100 


67.5. 
67.  & 
250 


2552 


»r 


TUBES  (Continued) 


Type 
No. 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
Voltff 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 

ance 
fj,  mhos 

Power 
output 
watts 

Load 

resist. 
ohma 

6GS 

1                                           i 
Plate  &  target  supply  =  100  volts,    Triode  plate 

resistor'  = 

=  0.5  meg 

.    Target 

cur.  =*  4.5  ma.    Grid  bias, 

—  8  volts;  shadow  angle,  0°.    Bias,  0  volts;  angle, 

90°;  plate  cur:,  0.19  ma. 

Plate  &  tarj 

;et  supply  =  250  volts.    Triode  plate  resistor  =1.0  meg.    Target 

cur.  =*  4.5  ma.    Grid  bias, 

—  22  Volts;  shadow  angle,  G°.    Bias,  0  volts;  angle, 

90p;  plate  cu 

lt.,  0.24  ma. 

M6J7 

0.5 

-  3.0 

1000000 

1185 

1185 

0.5 

-  3.0 

> 1500000 

>1500 

1225 

Self-bias,  2600*  ohms.    Screen  resistor  =*  1.2  meg.  Grid  resistor;6  0,5  megohm. 

Gain  per  s 

>tage  =  85. 

Self-bias;   1200  ohms.    Screen  resistor  =  1.2  meg.  Grid  resistor,*  0.5  megohm. 

Gain  per , 

stage  =  140. 

ii 

-  4.3 

Plate     resistor,     500000     ohms;    Grid 
resistor,6  250000  ohms. 

M6K7 

1.3 

-  3.0  min. 

315000 

400 

1275 

2.6 

-  3.0  min. 

600000 

990 

1650 

-10.0 

Oscillator  peak  volt3  =  7.0. 

M  6L6 

5.0 

-14.0 

6.5 

2500 

5.4 

Self-bias 

Self-bias  resistor,  170  ohms. 

6.5 

2500 

10.0 

-16.0 

,   I   |   

14.58 

5000 

10.0 

Self-bias 

Self-bias  resistor,  125  ohms. 

13.88 

5000 

6.0 

-25.0 

,  |   I   

34.08 

6600 

7.0 

Self-bias 

Self-bias  resistor,  200  ohms. 

32.08 

6600 

4.0 

-20.0 

40.08 

6000 

6.0 

-25.0 

60.08 

3800 

M6L7 

6.2 

-  3.0 

Osc.-grid  (#3)  bias,  — 10  volts.    Grid  #3  peak  swing, 
12  volts  min.    Conv.  cond.,  350  micromhos. 

5.5 

-  3.0min.is 

800000 

880 

1100 

M6N7 

-  5.0 

11300 

35 

3100 

>0.4 

>20000 

-  6.0 

11000 

35 

3200 

>0.4 

> 20000 

0 

Power  output  is  for  one  tube 

8.0 

8000 

0 

at  stated  plate-to-plate  load. 

10.0 

10000 

M6Q7 

-  1.5 

-  3.0 

875001          70      1      800 
58000 I          70           1200 

-  1.1 

(Grid  resistor,6  0.5)    Gain  per  stage  =  35. 

-  2.0 

(       megohm.        )    Gain  per  stage  =  43. 

M6R7 

-  9.0 

-  6.0 

8500|          16      |     1900    |<    0.28    |     10000 
Grid  resistor,6  0.5  megohm-.    Gain  per  stage  =  12. 

10 

-32.0 

5150 

8 

1550 

0.9 

11000 

-40.0 

5000 

8 

1600 

1.6 

10200 

12 

-  4.5 
-10.5 

15500 
15000 

6.6 
6.6 

425 

440 

12-A 

-13.5 

5000 

8.5 

1700 

0.260 

10800 

15 

0.3 

-  1.5 

630000 

450 

710 

0.3 

-  1.5 

800000 

600 

750 

18 

-16.5 

75000 

165 

2200 

3.000 

9000 

19 

0 

Power  output  is  for  one  tube  at 

2.1 

10000 

-  3.0 

stated  plate-to-plate  load. 

1.9 

10000 

'20 

-16.5 

8000 

3.3 

415 

0  045 

9600 

-22.5 

6300 

3.3 

525 

0.110 

6500 

;lra 


RECEIVING 


Type 
No. 


22 
24-A 


M 


25A63 


26 

26 
27 


28 
29 
303 


30 
31 

32 


32 
33 

34 

35 

36 


37 

38 

39,44 

40 

40 
413 


Description  and  use 


R.F,  amp.,  tetrode. 


R.F.  amp 

R.F.  amp.,  tetrode 
R.F.  amp 


Bias  detector 

Pow.  amp.,  pentode,  class 

A 
Amp.,  triode,  class  A. . . . 


Detector 

Det.,2  amp.,  triode 
Class  A  amp 


Bias  detector 

General  purpose. . . 

Special  detector 

Det.,2  amp.,  triode, 

Class  A  amp 


Class  B  amp 

Power  amp... 

Pow.  amp.,  triode,  class  A 

R.F.  amp.,  tetrode 
R.F.  amp 


Bias  detector 

Voltage  amp 

Pow.  amp.,  pentode,  class 

A 
R.F.  amp.,  pentode. . . 


R.F.  amp.,  tetrode. 

R.F.  amp.,  tetrode 
R.F.  amp 


Bias  detector. 


M 


M 

M 

SO 

M 


Det.,2  amp.,  triode 
Class  A  amp 


Bias  detector. 


Pow.  amp.,  pentode,  class 

A 
R.F.  amp.,  pentode 


Voltage     amp.,     triode, 

class  A 

Power  amp 

Pow.  amp.,  pentode,  class 

A 


4-9 

5-5 

5-5 

5-5 
7-14 

4-4 

5-1 

5-1 

5-1 
5-1 
5-1 

4-4 


4-4 
5-1 
4-4 


4-9 

4-9 
5-1 
5-9 

4-11 


o-o 
5-5 

5-1 


Cathode 


Type* 


D.C.  Fil. 

Heat/ 

Heat. 

Heat. 
Heat. 

FiL 

Heat. 

Heat. 

Heat. 
Heat. 
Heat. 

D.C.  Fil. 


D.C.  Fil 
Heat. 
D.C.  Fil 


D.C.  Fil. 

D.C.  Fil. 
Heat. 
D.C.  Fil. 

D.C.  Fil 

Heat. 

Heat. 
Heat. 


Heat. 


S 

s 

s 
s 

MB 


5-6 


Heat. 


4-4 

5-1 
6-2 


D.C.  Fil 

Heat. 
Heat. 


Poten- 
tial 
volts 


3.3 

15.0 

2.5 

2.5 
25.0 

1.5 

15.0 

2.5 

2.5 

15.0 

2.5 

2.0 


2.0 

15.0 

2.0 


2.0 

2.0 

15.0 

2.0 

2.0 

2.5 

6.3 
6.3 

6.3 

6.3 

6.3 

6.3 

5.0 

15.0 
6.3 


Cur- 
rent 
amp. 


0.132 

0.35 

1.75 

1.75 
0.3 

1.05 

0.35 

1.75 

1.75 
0.35 
1.00 

0.06 


0.06 
0.35 
0.13 


0.06 

0.06 
0.35 
0.26 

0.06 

1.75 

0.3 
0.3 

0.3 

0.3 

0.3 

0.3 

0.25 

0.40 
0.4 


Plate 
poten- 
tial 
volts 


135 
135 
135 

180 
250 
250i» 

95 
180 

90 
180 

90 

135 

250 

250 

90 

180 

90 
135 
180 
157.5 
180 
135 
180 

135 

180 
18015 
135 
180 

135 
180 
180 
250 

100 
250 
IOO19 
25019 

90 
250 

90 
250 
100 
250 

90 
250 
13514 
1801* 
180 
100 
250 


Plate 
cur- 
rent 
ma 


1.7 
3.7 
1.0 


20.0 

38.0 

2.9 

6.2 

4.5 

4.5 
5  2 


7.5 
4.5 

2.5 
3.0 
3.1 
1.0 

22.0 

8.0 

12.3 

1.7 
1.7 


1.5 
22.0 

2.8 
2.8 
6.3 
6.5 

1.8 
3.2 


2.5 
7.5 


7.0 

22.0 

5.6 

5.8 

0.2 

0.2 

21.0 

9.0 

32.0 


Screen 
poten- 
tial 
volts 


45 

67.5 

30 

90 

90 

20to45 

95 

135 


67.5 
67.5 
67.5 


180 

67.5 
67.5 
90 
90 

55 
90 
55 
90 


100 

250 

90 

90 


100 
250 


2554 


TUBES  (Continued) 


%■ 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 
fj,  mhos 

Power 
output 
watts 

Load 
resist, 
ohms 

22 

0 . 6  max 

-  1.5 

725000 

270 

375 

1 . 3  max. 

-  1.5 

325000 

160 

500 

22 

-  1.5 

700000 

400 

570 

24-A 

1  7  max. 

-  3.0 

400000 

400 

1000 

1 . 7  max. 

-  3.0 

600000 

630 

1050 

—  5.0approx. 

Plate  cur.  to  be  adjusted  to  0.1  ma  with  no  signal. 

M25A6 

i!6 

-15.0 

45000 

90 

2000 

0.9 

4500 

7.5 

-20.0 

40000 

100 

2500 

2.75 

5000 

26 

-  7.0 

8900 

8.3 

935 

-14.5 

7300 

8.3 

1150 

26 
27 

-  1.5 

9000 

10.5 

1165 

-  9.0 

9000 

9 

1000 

-21.0 

9250 

9 

975 

—  30 . 0  approx. 

Plate  current  to  be  adjusted  to  0.2  ma  with  no  signal. 

28 

-  1.5 

9000 

10.5 

1165 

29 

-  3.0 

20700 

30 

1450 

30 

-  4.5 

11000 

9.3 

850 

-  9.0 

10300 

9.3 

900 

-13.5 

10300 

9.3 

900 

-15.0 

2.18 

8000 

30 

-27.0 

3500 

3^8 

'iioo' 

31 

. . . 

-22.5 

4100 

3.8 

925 

0.185 

7000 

32 

-30.0 

3600 

3.8 

1050 

0.375 

5700 

0 . 4  max. 

-  3.0 

950000 

610 

640 

0 . 4  max. 

-  3.0 

1200000 

780 

650 

—  6.0  approx. 

Plate  current  to  be  adjusted  to  0- 

2  ma  with  no  signal 

32 

-  3.0 

32000 

30 

940 

33 

5.0 

-18.0 

55000 

90 

1700 

1.4 

6000 

34 

1.0 

—  3.0  min. 

600000 

360 

600 

1.0 

—  3.0  min. 

1000000 

620 

620 

35 

2.5  max. 

—  3.0  min. 

300000 

305 

1020 

36 

2 . 5  max. 

—  3.0  min. 

400000 

420 

1050 

-  1.5 

550000 

470 

850 

1.7  max. 

-  3.0 

t  550000 

595 

1080 

a  •  • 

-  5.0 

Grid  bias  values  are  approximate.    Plate  current  to 

37 

... 

-  8.0 

be  adjus 

,ed  to  0.1  m 

i  with  no 

signal. 

-  6.0 

11500 

9.2 

800 

-18.0 

8400 

9.2 

1100 

-10.0 

Grid  bias  values  are  approximate.     Plate  current  to 

-28.0 

be  adjusted  to  0.2  ma  with  no  signal. 

38 

i.2 

-  9.0 

140000 

120 

875 

0.27 

15000 

3.8 

-25.0 

100000 

120 

1200 

2.50 

10000 

39,44 

1.6 

-  3.0  min. 

375000 

360 

960 

1.4 

—  3.0  min. 

1000000 

1050 

1050 

40 

-  1.5 

150000 

30 

200 

... 

-  3.0 

150000 

30 

200 

40 

-40.5 

2000 

3 

1500 

41 

i'.6 

-  7.0 

103500 

150 

1450 

0.33 

12000 

5.5 

-18.0 

68000 

150 

2200 

3.40 

7600 

2555 


RECEIVING 


Cathode 

Plate 

Plate' 

Screen 

w 

Description  and  use 

Base 

Typei 

Poten- 
tial 
volts 

Cur- 
rent 
amp. 

poten- 
tial 
volts 

cur- 
rent 
ma 

poten- 
tial 
volts 

42 

Pow.  amp.,  pentode 

Pentode,!  class*  A 

M 

6-2 

Heat. 

6.3 

0.7 

250 
315 

34.0 
42. 0> 

250 
315 

Triode,1(<  class  A 

M 

6^2 

Heat. 

6.3 

0.7 

250 

31.0' 

Pentode;        push-pull, 

M 

6^2 

Heat. 

6.3 

0.7 

375 

54.0' 

250 

class  AB27 

375 

34. 01 

250 

Triode,      ;  push-pull,10 

M 

6-2 

Heat. 

6.3 

0.7 

350 

50.0' 

class  AB$7 

350 

45. 0> 

45' 

PoW.  amp.,  pentode,  class 

A 

M 

6^2 

Heat. 

25.0 

0.3 

95 
180 

20.0 
38. 01 

95 
135 

45 

Pow.  amp.,  triode 

Class  A 

M 

4^4' 

Fil. 

2.5 

1.5 

180 
275 

31.0' 
36. 0! 

Class  AB27 

M 

44' 

Fil. 

2.5 

1.5 

275 
275 

72. 0! 
28.0' 

46 

Dual  grid  pow.  amp; 

Class  Ai° 

M 
M 

5-3 
5-3 

Fil. 

2.5 
2.5 

1.75 
1.75 

250 
300 
400 

22. 0J 

8.0; 

12.0' 

Class  B20. 

47 

Pow.  amp.,  pentode,  class 

A 
Pow.  amp.,  tetrode 

M 

5-2 

Fil. 

2.5 

1.75 

250 

31.0' 

250 

48 

Tetrode;  class  A 

M 

6^1 

D.C, 
Heat. 

30.0 

0.4 

96 
125 

52.0' 
56.0' 

96 
100 

Tetrode,        push-pull, 

M 

6-1 

D.C. 

30.0 

0.4 

125 

100. 0! 

100 

class  A 

Heat. 

48 

General  purpose 

5-1 

Heat. 

15.0 

0.35 

90 

4.5: 

49 

Dual  grid  pow.  amp. 

Class  A'0 

M 

M- 

5-3 
5-3 

I  4-4 

D.C.  Fil. 
D.C.  Fil. 
Fil. 

2.0 
2-.0 
7.5 

0.12 
0.12 
1.25 

135 
180 
300 

6.0 

4.0 

35.0 

Class  B20 

50 

Pow.  amp.,  triode,  class  A 

ME 

400 

55.0 

450 

55. 6 

51 

Variable  mu 

5-5 

Fil. 

2.5 

1.75 

180 
250 

5.8 
6.3 

75 

90 

52 

Output  amp 

4-4 

M2i  7-2 

Fil. 
Heat. 

6.3 
2.5 

0.30 
2  0 

100 

300 

42.0 

53 

Twin  triode,  amp 

55 

Duplex  diode,  triode,  tri- 

S 

6-7 

Heat. 

2.5 

1  0 

2K0 

ode  unit  as  amp. 

56 

Super-triode  amp.,  det.2. . 

K 

5-1 

Heat. 

2.5 

1  0 

250 

57 

Triple  grid  det.,  amp 

s 

6-6 

Heat. 

2.5 

1.0 

2Kb' 

100 

58 

Triple  grid  amp.,  mixer. . 

3 

6-6 

Heat. 

2.5 

1.0 

250 

100 

59 

Triple  grid  pow.  amp. 
Triode,22  class  A 

M 

7-1 

Heat. 

2.5 

2.0 

250 

26.0 

Pentode,23  class  A 

M 

7-1 

Heat. 

2.5 

2.0 

250 

35.6 

250 

Triode,21  class  B 

M 

7-1 

Heat. 

2.5 

2.0 

300 
400 

20.0 
26.0 

64 

R.  F.  amp 

5-5 
5-5 
5-1 
6-1 
6-1 
MB  4-4 

Heat. 
Heat. 
Heat. 
Heat. 
Heat. 
Fil. 

6.3 
6.3 
6.3 
6.3 
6.3 
5.0 

0.40 
0.40 
0.40 
0.40 
0.30 
0.25 

135 
135 
135 
135 
180 
90 

3.0 
3.3 
5.0 

14.0 
4.K 

10.0 

67 

65 

R.  F.  amp 

67 

67 

Power  amp 

68 

Output  pentode 

135 

69 

Special  detector 

71-A 

Pow.  amp.,  triode,  class  A 

180 

20.0 

75 

Duplex    diode,    high-mu 
triode 

S 

6-7 

Heat. 

6.3 

0.3 

250" 

0.4 

2f>56 


TUBES  (Continued) 


Type 

No. 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
Tolta 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 

anee 
H  mhos 

Power 
output 
watts 

Load 
resist, 
ohma 

42 

6.5 

-16.5 

80000 

190 

2350 

3.0 

700O 

8.0 

-22.0 

100000 

260 

2600 

5.0 

7000 

-20.0 

2700 

6.2 

2300 

0.65 

3000 

8.  a 

Self-bias 

Self-bias  resistor,  340  ohms. 

19. 08 

10000 

5.0 

-26.0 

19.0* 

10000 

Self-bias, 

730  ohms. 

14.08 

1000O 

-38.0 

18.08 

6000 

43 

4.0 

-15.0 

45000 

90 

2000 

0.90 

4500 

A£ 

7.5 

-20.0 

40000 

100 

2500 

2.75 

5000 

%0 

-51.5 

1650 

3.5 

2125 

0.82 

2700 

-56.0 

1700 

3.5 

205O 

2.00 

4600 

Self-bias 

775  ohms. 
-68.0 

12.08 
18. 08 

5060 
3200 

46 

-33.0 

2380 

5.6 

2350 

1.25 

6400 

0 

16.08 

5200 

0 

20.03 

5800 

47 

6.6 

-16.5 

60000 

no 

2500 

2.7 

7000 

48 

9.0 

-19.0 

3800 

2.0 

1500 

9.5 

-20.0 
-20.0 

3900 

2.5 
5.08 

1500 
3000 

48 

-  4.5 

9000 

10.5 

1185 

49 

-20.0 

4175 

4.7 

1125 

0.17 

11000 

. . . 

0 

3.58 

12000 

50 

-54.0 

2000 

3.8 

i900 

1.6 

4600 

-70.0 

1800 

3.8 

2100 

3.4 

3670 

-84.0 

1800 

3.8 

2100 

4.6 

4350 

51 

-  1.5 

500000 

525 

1050 

-  3.0 

500000 

525 

1050 

52 

0 

Class  B  c 

peration. 

53 

. . .  .See  type  number  6N7. 

55 

. . .  .See  type  number  85. 

56 

....  See  type  number  76. 

57 

....  See  type  number  6J7. 

58 

....  See  type  number  fiDfi 

59 

-28.0 

2300 

6 

2600 

1.25 

5000 

9.0 

-18.0 
0 
0 

40000 

100 

2500 

3.0 
15.08 
20.08 

6000 
4600 
6000 

64 

-  1.5 

350000 

370 

ioso 

65 

-  1.5 

320000 

320 

1000 

67 

-  9.0 

8200 

9 

1100 

68 

-13.5 

64500 

90 

1400 

69 

-  3.0 

20700 

30 

1450 

71-A 

-19.0 

2170 

3 

1400 

0.125 

3000 

-43.0 

1750 

3 

1700 

0.790 

4800 

75 

-   1.35 

Gain  per  stage  =« 

50-60 

1 
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RECEIVING 


ST 


76 


77 


78 
79 

fc5 


99 
112-A 

182-B 

183 

210 


257 
291 


295 

303-A.26 

401 

402 

483 

484 

485 

864 

874 

876 
886 
956 
1603 


GA 
KR-5 


Description  and  use 


Super-triode  amp.,  det.2 
Class  A  amp 


Bias  detector , 

Triple  grid  det.,  amp. 
Screen  grid,  R.F.  amp, 


Bias  detector. 


Triple  grid  amp.,  mixer. . 
Twin  triode,  amp.,  class  B 

Duplex  diode,  triode,  tri- 
ode unit  as  class  A  amp. 

Triple  grid  pow.  amp. 
Triode,22  class  A  amp. . 

Pentode,23  class  A  amp. 

Triode,24  class  B  amp. . 

Det.,2  amp.,  triode,  class  A 
Det.,2  amp.,  triode,  class 
A 

Power  amp 

Power  amp 

Power  amp 


Power  pentode. 
A.F.  amp 


A.F.  amp. 
A.F.  amp. 


309-A2* 

General  purpose. 
Power  output... 
Power  output... 
General  purpose. 
General  purpose. 
Amp.,  det 


Voltage  regulator. 


Current  regulator , 

Current  regulator 

R.F  amp.,  pentode 

Triple  grid  det.,  amp. 

Class  A  amp.,  pentode. 

Class  A  amp.,  triode . . , 

Pentode 

Output  pentode 


S      5-1 


5-1 

6-6 

6-6 

6-6 
6-8 

6-7 


S      6-6 

S      6-6 

S      6-6 

S      4-4 
MB  4-4 

4-4 
4-4 
4-4 


5-3 
5-1 


Cathode 


Type1 


Heat. 

Heat. 

Heat. 

Heat. 

Heat. 
Heat. 

Heat. 

Heat. 

Heat. 

Heat. 

D.C.  Fil. 
D.C.  Fil. 

Heat. 

Fil. 

Fil. 


Fil. 
Heat. 


Output  stage 
5-1  lHeat. 

Output  stage 
5-1  |Heat. 

Output  stage 


4-4 
4-4 
4-4 
4-4 
5-1 
4-4 

MB  4-14 

Mog.Scr. 
Mog.Scr. 


6-6 
6-6 


Fil. 

Fil. 

Fil. 

Fil. 

Heat. 

Fil. 


Fil. 
Fil. 
Heat. 

Heat. 
Heat. 
Fil. 
Fil. 


Poten- 
tial 
volts 


6.3 

6.3 

6.3 

6.3 

6.3 
6.3 

6.3 

6.3 

6.3 

6.3 

3.3 
5.0 

5.0 
5.0 
7.5 


5.0 
12.3 


Cur- 
rent 
amp, 


0.3 


0.3 

0.3 

0.3 

0.3 
0.6 


6.3 


2.5 


3.0 
3.0 
5.0 
3.0 
3.0 
1.1 


6.3 

6.3 
6.3 
5.0 
6.3 


0.3 

0.4 
0.4 
0.4 


063 
25 

25 
25 

25 


0.60 


4.0 


1.00 
1.50 
1.35 
1.30 
1.30 
0.25 


0.15 


Plate 
poten- 
tial 
volts 


100 
250 
25015 
250 

100 
250 
250 

250 
180 
250 
135 
250 

160 
250 
100 
250 
180 
180 

90 

90 
180 
200 
250 
250 
350 
425 
110 
120 
120 
173 
180 
250 
250 

90 
180 
180 
135 
135 
135 

90 


250 

250 
250 
180 
165 


Plate 
cur- 
rent 


2.5 
5.0 
1.0 


1.7 
2.3 


3.7 
8.0 

17.0 

32.0 

9.5 

32.0 

6.0 

6.0 

2.5 

5.0 

7.7 

18.0 

25.0 

10.0 

16.0 

18.0 

20.0 

3.0 

30.0 

4.0 

17.5 

4.0 

52.0 

3.0 

20.0 

15.3 

6.0 

5.5 


2.9 


5.5 

2.0 

6.5 

7.5 

17.0 
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TUBES  (Continued) 


Type 
No. 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 
fx  mhos 

Power 
output 
watts 

Load 
resist, 
ohms 

76 

-  5.0 

12000 

13.8 

1150 

-13.5 

9500 

13.8 

1450 

-  9.0 

77 

—  20 . 0  approx. 

Plate  current  to  be  adjusted  to  0.2  ma  with 

no  signal 

0.4 

-  1.5 

650000 

715 

1100 

0.5 

-  3.0 

1500000 

1500 

1250 

25 

-  1.95 

Plate  resistor,  250000  ohms.. 
resistor,6  250000  ohms 

Grid 

78 

....  See  type  number  6TC7. 

j 

79 

... 

0 

Power  out] 

)ut  Is  for  one  tube  at 

5.5 

7000 

0 

stated  plate-to-plate  load. 

8.0 

14000 

85 

-10.5 

11000 

8.3 

750 

0.075 

25000 

89 

... 

-20.0 

7500 

8.3 

1100 

0.350 

20000 

-20.0 

3300 

4.7 

1425 

0.30 

7000 

-31.0 

2600 

4.7 

1800 

0.90 

5500 

L6 

-10.0 

104000 

125 

1200 

0.33 

10700 

5.5 

-25.0 
0 
0 

7000 

125 

1800 

3.40 

2.508 

3.508 

6750 

13600 

9400 

99 

-  4.5 

i5500 

6.6 

"425' 

112-A 

-  4.5 

5400 

8.5 

1575 

-13.5 

4700 

8.5 

1800 

182-B 

-29.0 

3330 

5 

1500 

183 

-60.0 

1670 

3 

1800 

210 

-22.0 

6000 

8 

1330 

0.400 

13000 

-31.0 

5150 

8 

1550 

0.900 

11000 

-39.0 

5000 

8 

1600 

1.600 

10200 

257 

-21.5 

41000 

55 

1350 

0.800 

:  6000 

291 

-11.0 

8700 

6.8 

780 

20000 

-11.0 

4400 

11.2 

2550 

'i]250 

3000 

293 

-  6.5 

-  6.5 

'L250 

100000 
8000 

295 

-14.0 

i2ooo 

"UA 

'i200* 

7500 

-  3.0 

3000 

13 

4350 

*4\506 

4000 

401 

-  4.5 

10000 

8 

1000 

402 

-40.0 

2000 

3 

1000 

483 

-40.5 

2450 

3.3 

1340 

484 

-  6.0 

8900 

12.5 

1400 

485 
864 

-  6.0 

-  9.0 

8900 

12.5 

8.2 

1400 

-  4.5 

i3500 

8.2 

610 

874 

Min!  D.C.  s 

,arting  supply  voltage,  125  volts.     D.C.  operating  current,  1 

0-50  ma. 

D.C.  operati 

Jig  voltage,  90  volts.    Max.  current  (continuous),  50  ma. 

876 

Voltage  rang 

;e,  40  to  60  volts.     Operating  current,  1.7  amperes. 

886 

Voltage  rang 

;e,  40  to  60  volts.    Operating  current,  2.05  amperes. 

956 

1.8 

-  3.0 

800000 

1440 

1800 

1603 

0.5 

-  3.0 

> 1500000 

>1500 

1225 

-  8.0 

10500 

20 

1900 

GA 

-10.0 

30UO0 

60 

2000 

0.800 

7000 

KR-5 

-11.0 

470U0 

100 

2100 

1.200 

8000 
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RECEIVING 


Type 
No. 


KR-20 
KR-22 
KR-25 


Description  and  use 


Two  grid  det. . . 
Two  grid  det. . . 
Output  pentode. 


Cathode 


Type* 


Heat. 
Heat. 
Heat. 


Poten- 
tial 
volts 


2.5 
6.3 
2.5 


Cur- 
rent 
amp. 


1.00 
0.40 
1.75 


Plate 
poten- 
tial 
volts 


250 
250 
250 


Plate 
cur- 
rent 
ma 


3.5 

3.5 

34.0 


Screen 
poten- 
tial 

volts 


250 


1  Either  A.C.  or  D.C.  may  be  used  on  filament  or  heater,  except  as  specifically  noted. 
For  use  of  D.C.  on  A.C.  filament  types,  decrease  stated  grid  volts  by  ?  (approx.)  of  filament 
voltage. 

2  For  grid  leak  detection,  plate  volts  45,  grid  return  to  +  filament  or  to  cathode. 

3  Also  available  in  octal  base,  glass  bulb  type.  Characteristics  data  for  the  glass  type, 
except  for  some  difference  in  capacitance  value,  are  the  same  as  for  the  type  listed.  In  certain 
cases  where  socket  connection  to  shield  on  metal  type  tube  is  indicated  there  is  no  connection 
on  the  glass  type  tube. 

4  Grids  #3  and  #5  are  screen.    Grid  #4  Is  signal  input  control  grid. 

6  Supply  voltage  applied  through  20000  ohm  voltage  dropping  resistor. 

6  For  grid  of  following  tube. 

' 7  Subscript  1  on  class  of  amplifier  service  (as  ABi)  Indicates  that  grid  current  does  not 
flow  during  any  part  of  input  cycle.  Subscript  2  on  class  of  amplifier  service  (as  AB2) 
Indicates  that  grid  current  flows  during  some  part  of  the  input  cycle. 

8  Power  output  is  for  two  tubes  at  stated  plate-to-plate  load. 

8  Triode  plate  supply  voltage  and  maximum  target  voltage;  minimum  target  voltage  = 
90  volts. 

M  Grid  #2  tied  to  plate. 

TELEPHONE  AND 


Type 
No. 


101-D 

101-F 

101-H 

101-J 

102-D 

102-F 

102-G 

104-H 

105-A 

107-A 

203-D 

205-D, 

215-A 

216-A 

230-D 

231-D 

235-D 

239-A 

244-A 

245-A 


Description  and  use 


Repeater 

Amp.,  repeater 

Repeater 

Amp.,  repeater 

Volt,  amp.,  det 

Volt,  amp.,  det 

Volt,  amp.,  det 

Cable  amp 

Amplifier 

18-cm  osc 

General  purpose 

A.F.  &  R.F.  amp.,  osc. . 

Amp.,  det.,  osc 

General  purpose 

General  purpose 

Amp.,  det.,  osc 

General  purpose 

General  purpose 

Amp.,  osc 

Volt,  amp.,  det.,  tetrode 


Cathode 

Max. 

Type 

Poten- 
tial 
volts 

Cur- 
rent 
amp. 

plate 

potential 

volts 

Coat. 

4.5 

1.00 

130 

Coat. 

4.15 

0.50 

190 

Coat. 

4.5 

1.00 

130 

Coat. 

4.15 

0.50 

190 

Coat. 

2.1 

1.0 

190 

Coat. 

2.1 

0.50 

190 

Coat. 

2.1 

1.0 

190 

Coat. 

4.5 

1.00 

130 

Coat. 

4.0 

0.50 

150 

Tung. 

4.0 

3.00 

-  50 

Coat. 

2.6 

1.00 

60 

Oxide 

4.5 

1.6 

400 

Coat. 

1.0 

0.25 

100 

Coat. 

6.0 

1.05 

130 

Coat. 

3.1 

0.06 

90 

Coat. 

3.1 

0.060 

135 

Coat. 

5.0 

0.25 

135 

Coat. 

1.1 

0.27 

100 

Heat, 

2.0 

1.6 

180 

Heat. 

2.0 

1.60 

180 

Max. 

plate 

current 

ma 


7.5 

10.0 

7.5 

10.9 

1.46 

1.75 

1.46 

20.5 

40.0 

10.0 

1.8 

50.0 

2.1 

6.5 

2.1 

2.50 

5.0 

2.3 

6.2 

5.1 


2560 


TUBES  (Continued) 


$r 

Screen 
cur- 
rent 
ma 

Grid 
bias1 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 

n  mhos 

Power 
output 
watts 

Load 
resist, 
ohms 

KRr20 
KR-22 
Kft.25 

0 

0 

-16.5 

10000 
10000 

loodoo 

14 

14 

220 

1400 
1400 
2200 

'3:666 

100000 

100000 

9000 

11  Cathode  current,  0.43  ma. 

12  Grids  #2  and  #4  are  screen.    Grid  #1  is  signal  input  control  grid. 

13  Both  grids  connected  together;  likewise,  both  plates. 

14  Applied  through  plate  resistor  of  250000  ohms. 

16  Applied  through  plate  resistor  of  100000  ohms. 
18  Applied  through  plate  resistor  of  150000  ohms. 

17  Applied  through  200000  ohm  plate  resistor. 

18  For  signal  Input  control  grid  (#1) ;  control  grid  #3  bias,  —  3  volts. 

19  Applied  through  plate  resistor  of  250000  ohms  or  500  henry  choke  shunted  by  0.25 
megohm  resistor. 

20  Grids  #1  and  #2  tied  together. 

21  Requires  different  socket  from  small  7-pln. 

22  Grid  #1  is  control  grid.    Grids  #2  and  #3  tied  to  plate. 

23  Grid  #1  is  control  grid.    Grid  #2  is  screen.    Grid  #3  tied  to  cathode. 

24  Grids  #1  and  #2  connected  together.    Grid  #3  tied  to  plate. 

25  Cathode  current,  0.65  ma. 

26  Tubes  number  303-A  and  309-A,  often  used  as  receiving  tubes,  are  listed  under  Telephone 
and  Industrial  Tubes. 


INDUSTRIAL  TUBES 


Type 
No. 

Screen 

grid 

potential 

volts 

Screen 
grid 

current 
ma 

Grid 
bias 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 
/imhos 

Power 
output 
m  watta 

101-D 

-  9.0 

5700 

5.9 

1030 

1Q1-F 

-14.0 

4800 

6.5 

1120 

250 

101-H 

-  9.0 

5700 

5.9 

1030 

1014 

-14.0 

5000 

6.6 

250 

102-D 

-  2.0 

43000 

30.2 

700 

102-F 

-  2.0 

36000 

30.6 

850 

102-G 

-  2.0 

43000 

30.2 

700 

104-H 

-20.0 

2100 

2.5 

1190 

105-A 

0 

3000 

5.0 

1500 

107-A 

60.0(C.G.) 

+250.0 

203-D 

-  3.0 

ioooo 

6.8 

680 

205-D,  E 

-29.0 

3800 

7.2 

1890 

1400 

215-A 

-10.0 

14500 

5.6 

390 

26 

216-A 

-  9.0 

6000 

5.8 

970 

230.D 

-  3.0 

16000 

8.0 

500 

231-D 

-  7.5 

15600 

8.4 

540 

27 

235-D 

-  6.0 

7000 

9.0 

1280 

239-A 

-  8.0 

15000 

6.2 

410 

244-A 

-10.0 

10000 

9.8 

980 

128 

245-A 

45.0 

1.5 

-  1.5 

220000 

170.0 

770 

2fif 

>1 

TELEPHONE  AND 


Type 
No. 


246-A 

247-A 

252-A 

257-A 

259-A 

259-B 

262-A 

264 

264-A,  B 

271-A 

272-A 

273-A 

275-A 

281-A 

283-A 

285-A 

286-A 

300-A 

303-A 

309-A 

310-A] 

864 

DRH-500 

DRH-501 

DRH-505 

DRJ-521 

DRJ-522 

DRJ-524 

DRJ-528 

DRJ-546 

DRJ-548 

DRJ-549 

DRJ-551 

DRJ-552 

DRJ-554 

DRJ-555 

DRJ-556 

DRJ-557 

DRJ-559 

DRJ-562 

DRJ-564 

DRJ-571 

FP-54 

FP-62 

FP-110 

PJ-2 

PJ-4 

PJ-7 

PJ-8 

PJ-11 

PJ-21 

RJ-526 

RJ-544 

RJ-550 

RJ-553 

RJ-563 


Description  and  use 


Volt,  amp.,  det.,  tetrode. . . 

Amp.,  det.,  osc 

Amp.,  osc 

Amp.,  det.,  osc 

Volt,  amp.,  det.,  tetrode 

Volt,  amp.,  det.,  tetrode 

A.F.  amp 

A.F.  amp 

A.F.  amp 

A.F.  or  R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  det 

Detector 

A.F.  amp 

A.F.  amp.,  control,  tetrode. 

Volt,  amp.,  tetrode 

A.F.  amp.,  pentode 

Volt,  amp.,  pentode 

A.F.  amp 

A.F.  amp.,  det.,  rectifier 

A.F.  or  R.F.  amp.,  pentode. 

Voltage  amp.,  pentode 

Non-microphonic 

Ionization  gauge 

Ionization  gauge 

Electrometei  tube 

Interstage  amp 

Interstage  amp. 

Non-microphonic 

Low-filament  cur 

Volt,  amp 

Volt,  amp 

Volt,  amp 

Current  amp 

Current  amp 

Current  amp 

Osc,  current  amp 

Low  grid  current  amp 

Current  amp 

Low  grid  current 

Current  amp 

Current  amp 

Three  grid  tube 

Low  grid  current,  tetrode. . . 

Ionization  gauge 

A.F.  amp 

Volt,  amp 

Power  amp 

Volt,  amp 

A.F.  or  R.F.  amp.,  osc 

Volt,  amp 

A.F.  amp.,  mod 

Interstage  amp 

Non-microphonic 

Low  grid  current 

Low  grid  current  amp 

Current  amp 


Cathode 


Type 


Coat. 
Heat. 
Coat. 
Coat. 
Heat. 
Heat. 
Heat. 
Coat. 
Coat. 
Heat. 
Heat. 
Heat. 
Coat. 
Oxide 
Heat. 
Heat. 
Heat. 


Poten- 
tial 
volts 


Heat. 
Heat. 
Heat. 
Coat. 
Tung. 
Tung. 
Coat. 
Coat- 
Coat. 
Coat. 
Coat. 
Coat, 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Heat. 
Coat. 
Coat, 
Coat. 
Heat. 
Thor. 
Tung. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 


3.3 
2.0 
5.0 
3.1 

2.0 
2.0 

10.0 
1.1 
1.5 
5.0 

10.0 
2.0 
5.0 
5.0 
2.0 
2.0 
2.0 
5.0 
2.0 

10.0 

10.0 


1 
5 
5 
2 
2 
2 

1.1 
10.0 
2.5 
5.0 
2.5 
7.5 
7.5 
1.1 
7.5 
2.5 
2.5 
2.5 
2.5 
2.5 
2  5 
2.5 
4  5 
5.0 
4.5 
4.5 
4.5 


Cur- 
rent 
amp. 


2.5 


0.100 

1.6 

2.0 

0.060 

1.60 

1.6 

0.32 

0.25 

0.300 

2.0 

0.32 

60 

2 

6 

60 

60 
1.60 
1.2 
1.60 
0.32 
0.32 
0.25 
1.15 
3.00 
0.25 
1.00 
1.00 
0.25 
0.06 
.5 
0.25 
1.00 
1.25 
0.50 
0.25 
.25 
0.25 
1.00 
0.25 

00 
4.00 
1.00 
0.09 
1.48 
1.00 
1.10 
1.10 
1.10 
1.10 
0.25 

10 
0  92 
0.25 
0.92 

05 

00 


Max. 

plate 

potential 

volts 


180 
135 
500 
135 
250 
250 
180 

90 
100 
450 
180 
135 
300 
250 
250 
250 
250 
450 
200 
250 
250 

90 
180 
180 
6 
250 
250 

90 
135 
450 
180 
180 
450 
425 
135 
450 

95 
180 

95 

180 

250 

250 

6 

i25 
350 
350 
350 
350 
180 
350 
135 
180 
95 
95 
250 


Max. 

plate 

current 


1.55 
2.0 
58 

2.50 

5.7 

5.7 

2.8 

2.9 

2.70 

60.0 

6.2 

50.0 

51.0 

45.0 

6.0 

12.5 

6.3 

80.0 

3.2 

4.85 

5.5 

2.7 

3.5 

4.5 

0.2 

13.0 

5.0 

2.5 

9.0 

13.5 

1.4 

4.0 

38.0 

20.0 

8.0 

55.0 

4.5 

20.0 

3.5 

17.5 

320.0 

4.0 

0.06 

lob'.b 

4.5 

19.0 
40.0 
40.0 

0.45 
19.5 

5.2 

1.0 

6.0 

8.5 
200.0 
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INDUSTRIAL  TUBES  (Continued) 


Type 
No. 

Screen 

grid 

potential 

volts 

Screen 
grid 

current 
ma 

Grid 
bias 
volts 

Plate 
resist, 
ohms 

Amp. 
factor 

Trans- 
conduct- 
ance 

fi  mhos 

Power 
output 
m  watts 

246-A 

45.0 

0.15 

-   1.5 

820000 

335.0 

410 

247-A 

-  6.0 

19600 

14.5 

730 

50 

252-A 

-70.0 

1500 

5.12 

3450 

8300 

257-A 

-  7.5 

15600 

8.4 

540 

27 

259-A 

75.0 

1.1 

-  1.5 

430000 

610.0 

1420 

259-B 

75.0 

1.1 

-  1.5 

430000 

610.0 

1420 

262-A 

-  7.5 

16200 

14.7 

910 

90 

264 

-  4.5 

13400 

8.2 

610 

264-A,  B 

-  7  0 

11400 

7  2 

630 

28 

271-A 

-30.0 

2450 

8.5 

3480 

3400 

272-A 

-21.0 

7200 

5.5 

760 

230 

273-A 

-  1.5 

320000 

102.0 

320 

275-A 

-80.0 

1100 

2.7 

2450 

4900 

281-A 

65.0 

0.2 

-70.0 

3600 

5.2 

4200 

283-A 

75.0 

1.5 

-  1  5 

700000 

980.0 

1400 

285-A 

200.0 

2.2 

-16.5 

137000 

140.0 

1020 

1350 

286-A 

75.0 

1.5 

-   1.5 

1050000 

1275.0 

1210 

300-A 

-97.0 

17800 

303-A 

-  9.0 

18000 

13.2 

105 

309-A 

75.0 

1.1 

-  1  5 

1300000 

1450.0 

1110 

310-A 

135.0 

2.5 

-  3.0 

480 

864 

-  4  5 

15000 

8.2 

560 

DRH-500 

-12.0 

19000 

6.6 

350 

DRH-501 

-12.0 

16500 

6.6 

400 

lJRH-505 

-  4.5 

20000 

1.0 

50 

DRJ-521 

-  9.0 

6000 

12.0 

2000 

DRJ-522 

-13.5 

9500 

13.8 

1450 

DRJ-524 

-  4.5 

15000 

8.0 

530 

DRJ-528 

-  9.0 

5000 

5.7 

1150 

DRJ-546 

-  4.5 

13500 

30.0 

2200 

DRJ-548 

-   1.5 

40000 

37.0 

925 

DRJ-549 

-   1.5 

25000 

30.0 

1200 

DRJ-551 

-32  0 

2900 

8.0 

2750 

DRJ-552 

-30.0 

4000 

8.4 

2100 

DRJ-554 

-15.0 

7000 

3.5 

5000 

DRJ-555 

-80  0 

1800 

3.8 

2100 

DRJ-556 

-  5  0 

7500 

6.8 

900 

DRJ-557 

-22.5 

3500 

3.5 

1000 

DRJ-559 

-  5.0 

8800 

8.4 

950 

DRJ-562 

-22  5 

2500 

4  8 

1925 

DRJ-564 

!-  5.0 

500 

3.5 

7000 

DRJ-571 

-  3.0 

200000 

200  0 

1000 

FP-54 

-  4.0 

45000 

0.9 

20 

FP-62 

112.5 

10.0 

-22.5 

FP-110 

-50.0 

320 

0.8 

2500 

PJ-2 

-  4  0 

26800 

30.0 

1120 

PJ-4 

-20.0 

6400 

8.5 

1330 

PJ-7 

-  4.0 

20800 

30.0 

1120 

PJ-8 

-20.0 

6400 

8.5 

1330 

PJ-11 

-  1.5 

100000 

30.0 

300 

PJ-21 

-83.0 

3160 

3.0 

950 

RJ-526 

-  9.0 

8000 

8.2 

1050 

RJ-544 

-  1.5 

75000 

35.0 

465 

RJ-550 

-  5.0 

5150 

8.5 

1650 

RJ-553 

-12.0 

3200 

3.85 

1200 

RJ-563 

-  5.0 

800 

4.0 

5000 

5563 


TRANSMITTING 


Description  and  use 

Cool- 
ing 

Cathode 

. 

Max. 

plate 

potential 

volts 

Max. 

Type 
No. 

Type 

Poten- 
tial 
volts 

Cur- 
rent 
amp. 

plate 

current 

amp. 

100-A 
101-A 
102-A 
203-A 
204-A 
206 

Osc,  R.F.  pow.  amp 

08C,  R.F.  pow.  amp 

Osc,  R.F.  pow.  amp 

A.F.  or  R.F.  pow.  amp.,  osc. 
A.F.  or  R.F.  pow.  amp.,  osc. 
Osc,  R.F.  pow.  amp 

Air 

Water 

Air 

Air 

Air 

Air 

Water 

Air 

Air 

Air 

Air 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Air 

Air 

Air 

Air 

Air 

Water 

Air 

Air 

Air 

Air 

Air 

Air 

Water 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Air 

Water 

Water 

Water 

Water 

Tung. 
Tung. 
Tung. 
Tung. 
Thor. 
Tung. 
Tung. 
Thor. 
Coat. 
Coat. 
Thor. 
Tung. 
Tung. 
Tung. 
Tung. 
Tung. 
Tung. 
Tung. 
Tung. 
Coat. 
Thor. 
Thor. 
Thor. 
Thor. 
Tung. 
Coat. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Tung. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 

Thor. 

Thor. 
Thor. 
Thor. 
Tung. 
Tung. 
Tung. 
Tung. 

11.0 
28.0 
10.0 
10.0 
11.0 
11.0 
22.0 
10.0 
10.0 
14.0 
14.0 
21.5 
21.5 
21.5 
21.0 
20.0 
21.5 
21.0 
21.5 
14.0 
14.0 
10.0 
10.0 
10.0 
10.5 
10.0 
10.0 

5.0 

7.5 
10.0 
10.0 
22.0 

5.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

7.5 

10.0 

2.75 

5.5 

14.0 
10.0 
2.0 
22.0 
22.0 
22.0 
22.0 

25.00 
51.0 
11.0 
3.25 
3.85 
14.75 
52.00 
3.25 
3.00 
6.00 
6.0 
41.0 
41.0 
41.0 
61.0 
60.0 
41.0 
41.0 
41.0 
6.00 
6.0 
3.25 
3.25 
3.25 
41.00 
3.00 
16.0 
3.25 
3.25 
3.25 
3.25 
183.00 
3.25 
9.75 
3.0 
15.6 
21.0 
3.0 
3.25 
3.25 
3.25 

3.1 

2.0 

1.0 

6.0 
2.8 
3.65 
52.0 
52.0 
52.0 
30.0 

2000 

1000 

7000 

1250 

3000 

15000 

15000 

1250 

750 

1500 

3000 

12000 

15000 

6000 

18000 

20000 

20000 

10000 

12000 

1500 

3000 

1250 

1250 

1250 

10000 

750 

3000 

750 

750 

3000 

1250 

18000 

750 

3000 

1250 

3000 

3000 

1000 

1250 

1250 

1250 

1000 

300 

500 

2250 

1250 

450 

5000 

15000 

10000 

10000 

0.175 
1.100 
0.150 
0.175 
0.275 
0  023 

207 
211 
211-D,  E 

Osc,  R.F.  pow.  amp 

A.F.  or  R.F.  amp.,  osc. . . . 
A.F.  amp 

0.750 
0.175 
0.065 

212-D 
212-E 
220-B 
220-C 

228-A 
232-A 

250-w  amp 

A.F.  or  R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  osc 

25-kw  amp 

0.015 

0.350 

1.5 

1.5 

1.5 

3.0 

232-B 
236-A 
240-A 

A.F.  or  R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  osc 

H.F.  osc 

3.0 
2.0 
1.5 

240-B 
241-A 

A.F.  or  R.F.  amp.,  osc — 
H.F.  amp 

1.7 
0.200 

241-B 
242-A 
242-B 
242-C 
243-A 

A.F.  or  R.F.  amp.,#osc. . . . 

A.F.  or  R.F.  amp.,"  osc 

A.F.  or  R.F.  amp.,  osc. . . . 
A.F.  or  R.F.  amp.,  osc. . . . 
R.F.  amp 

0.350 
0.150 
0.150 
0.150 
0.400 

248-A 

50-w  amp 

0.065 

251-A 
254-A 
254-B 
260-A 
261-A 
265-A 

A.F.  or  R.F.  amp.,  osc. . . . 
R.F.  amp.,  osc,  tetrode.. . 
R.F.  amp.,  osc,  tetrode. . . 
R.F.  amp.,  osc,  tetrode. . . 

A.F.  or  R.F.  amp.,  osc 

R.F.  amp 

0.600 
0.060 
0.075 
0.100 
0.150 
8.000 

268-A 
270-A 
276-A 
278-A 
279-A 
282-A 
284-D 

A.F.  or  R.F.  amp.,  osc. . . . 
A.F.  or  R.F.  amp.,  osc. . . . 
A.F.  or  R.F.  amp.,  osc. . . . 
R.F.  amp.,  osc,  tetrode. . . 
A.F.  or  R.F.  amp.,  osc. . . . 
R.F.  amp.,  osc,  tetrode. ., . 
A.F.  amp.,  mod 

0.060 
0.375 
0.125 
0.600 
0.800 
0.100 
0.150 

295-A 
304-B 

305-A 

306-A 

307-A 

308-B 
312-A 
316-A 
348-A 

A.F.  or  R.F.  amp.,  osc. . . . 
A.F.  or  R.F.  amp.,  osc, 

ultra  high  frequency 
R.F.  amp.,  osc,  ultra  high 

frequency,  tetrode 
A.F.  or  R.F.  amp.,  osc, 

pentode 
A.F.  or  R.F.  amp.,  osc, 

pentode 
A.F.  or  R.F.  amp.,  osc. . . . 

Amp.,  osc,  pentode 

Ultra  H.F.  osc.  and  amp. . 
Modulator 

0.175 
0.100 

0.125 

0.060 

0.060 

0.325 
0.100 
0.080 
3.00 

358-A 
363-A 

H.F.  osc.  and  amp 

Osc,  power  amp 

1.20 
0.80 

500 

Osc,  R.F.  amp 

0.800 

2564 


TUBES 


Screen 

Max. 

Plate 
resist, 
ohms 

Trans- 

Max. 

Type 

grid 

R.F.  grid 

Amp. 

conduct- 

plate 

No. 

potential 

current 

factor 

ance 

diss. 

volts 

amp. 

H  mhos 

watts 

100-A 

8.0 

7000 

14 

2000 

500 

101-A 

50.0 

3000 

18 

6000 

35000 

102-A 

30.0 

3000 

8 

1500 

150 

203-A 

7.5 

6000 

25 

4200 

100 

204-A 

10.0 

6300 

25 

4000 

250 

206 

10.0 

300000 

350 

1170 

350 

207 

30.0 

3500 

20 

5700 

10000 

211 

7.5 

3400 

12 

3530 

100 

211-D,  E 

.... 

3200 

12 

3900 

65 

212-D 

2150 

16 

7500 

250 

212-E 

5.6 

1900 

16 

8500 

275 

220-B 

20.0 

8000 

40 

5000 

10000 

220-C 

20.0 

7000 

35 

5000 

10000 

228-A 

20.0 

2500 

16 

6500 

5000 

232-A 

. , 

7000 

40 

5700 

25000 

232-B 

40.0 

6150 

40 

6500 

25000 

236-A 

25.0 

6200 

40 

6450 

20000 

240-A 

9000 

40 

4450 

10000 

240-B 

o6!6 

8000 

40 

5000 

10000 

241-A 

2150 

16 

7500 

200 

241-B 

'5.6 

1900 

16 

8500 

275 

242-A 

5.0 

3500 

12.5 

3600 

85 

242-B 

5.0 

3500 

12.5 

3600 

100 

242-C 

5.0 

350,0 

12.5 

3600 

100 

243-A 

.... 

20000 

40 

2000 

2000 

248-A 

3500 

12 

3400 

65 

251-A 

isio 

2750 

10.5 

3800 

1000 

254-A 

i75 

5.0 

80000 

80 

1000 

20 

254-B 

150 

5.0 

86000 

100 

1160 

25 

260-A 

300 

10.0 

175000 

200 

1150 

100 

261-A 

5.0 

3000 

12 

4000 

100 

265-A 

2250 

32 

14000 

100000 

268-A 

3.0 

6250 

5 

800 

25 

270-A 

10.0 

2800 

16 

5700 

350 

276-A 

5.0 

3000 

12 

4000 

100 

278-A 

750 

15.0 

105000 

400 

3800 

800 

279-A 

15.0 

2000 

10 

5000 

1200 

282-A 

250 

5.0 

70000 

100 

1430 

70 

284-D 

5.0 

1900 

4.8 

2500 

85 

295-A 

7.5 

6000 

25 

4200 

100 

304-B 

6.0 

5500 

11 

2000 

50 

305-A 

200 

5.0 

40000 

56 

1400 

60 

306-A 

300 

70000 

290 

4150 

15 

307-A 

300 

15 

308-B 

5.0 

1070 

8 

7500 

250 

312-A 

500 

5.0 

290000 

1100 

3800 

50 

316-A 

2700 

6.5 

2400 

30 

348-A 

30i6 

2400 

8 

3300 

10000 

358-A 

60.0 

8700 

42 

4800 

20000 

363-A 

30.0 

7800 

50 

6400 

10000 

500 

20.0 

3800 

3950 

5000 

2565 


TRANSMITTING 


Type 

No. 


504 

510 

520-B 

520-M 

525 

545 

571 

800 

801 

802 

803 

804 

805 

806 

807 

80S 

830-B 

831 

834 

838 

841 

842 

843 

844 

845 

846 

848 

849 

850 

851 

852 

853 

858 

860 

861 


865 
954 

955 

1652 

AW-220 

DRJ-571 

FH-11 

FP-1 

FP-2 

FP-3 

FP-57 

FP-70 

FP-126 

FP-152 

PJ-12 

PJ-13 


Description  and  use 


Osc,  R.F.  amp 

Osc.  or  amp 

Osc,  R.F.  amp 

Modulator 

H.F.  osc,  amp 

A.F.  amp.,  mod 

Osc,  R.F.  pow.  amp 

A.F.  or  R.F.  amp.,  osc. . 
A.F.  or  R.F.  amp.,  osc. . 
R.F.  amp.,  osc,  pentode 
R.F.  amp.,  osc,  pentode 
R.F.  amp.,  osc,  pentode 
A.F.  or  R.F.  amp.,  osc. . 
A.F.  or  R.F.  amp.,  osc. . 

Beam  power  amp 

A.F.  or  R.F.  amp.,  osc. . 
A.F.  or  R.F.  amp.,  osc. . 

Shortwave  osc 

R.F.  amp.,  osc 

A.F.  or  R.F.  amp.,  osc. . 
A.F.  or  R.F.  amp.,  osc. . 
A.F.  power  amp.,  mod. . 

A.F.  or  R.F.  amp 

General  purpose,  tetrode 
A.F.  pow.  amp.,  mod 

Shortwave  osc 

General  purpose 

A.F.  or  R.F.  amp.,  osc 
Osc,R.F.  amp.,  tetrode. 

General  purpose 

A.F.  or  R.F.  amp.,  osc. . 

Osc,  R.F.  pow.  amp 

Osc,  R.F.  pow.  amp 

Osc.  R.F.  amp.,  tetrode 
Osc,  R.F.  amp.,  tetrode 

Osc,  R.F.  pow.  amp 

Osc,  R.F.  pow.  amp 

Osc,  R.F.  amp.,  tetrode. . 
R.F.  amp.,  det.,  pentode. 

ultra  high  frequency 
Amp.,  det.,  osc,  ultra  high 

frequency 

General  purpose 

Osc,  R.F.  pow.  amp. . . 

Tetrode 

Osc,  magnetron 

Osc,  R.F.  pow.  amp. . . 
Osc,  R.F.  pow.  amp. . . 

General  purpose 

R.F.  amp.,  osc,  tetrode 

R.F.  amp.,  osc 

Ultra  H.F.  osc 

R.F.  amp.,  osc 

General  purpose 

General  purpose 


Cool- 
ing 


Water 
Water 
Air 


Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 
Air 


Cathode 


Type 


Thor. 
Oxide 
Tung. 
Tung. 


Thor. 
Thor. 


Thor. 
Heat, 
Thor. 
Thor. 
Thor. 
Thor. 
Heat. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Thor. 
Heat, 
Heat. 
Thor. 
Tung. 
Tung. 
Thor. 
Thor. 
Thor. 
Thor. 
Tung. 
Tung. 
Thor. 
Thor. 
Tung. 
Tung. 
Thor. 
Heat. 

Heat. 

Tung. 
Tung. 
Heat. 
Tung. 
Thor. 
Thor. 
Thor. 
Thor. 
Tung. 
Tung. 
Thor. 
Thor. 
Thor. 


Poten- 
tial 
volts 


11.0 

7.5 

22.0 

22.0 

7.5 

10.0 

11.0 

7.5 

7.5 

6.3 

10.0 

7.5 

10.0 

5.0 

6.3 

7.5 

10.0 

11.0 

7.5 

10.0 

7.5 

7.5 

2.5 

2.5 

10.0 

11.0 

22.0 

11.0 

10.0 

11.0 

10.0 

10.0 

22.0 

10.0 

11.0 

33.0 

22.0 

7.5 

6.3 

6.3 

14.5 
30.0 

2.5 

5.0 
10.0 
11.0 
11.0 
10.0 
11.0 

5.0 
10.0 
10.0 

7.5 


Cur- 
rent 
amp. 


14.75 
1.25 

34.00 

34.00 
2.50 
3.25 

10.0 
3.25 
1.25 
0.9 
5.0 
3.0 
3.25 

10.0 
0.9 
4.0 
2.0 

10.0 
3.25 
3.25 
1.25 
1.25 
2.50 
2.50 
3.25 

49.0 

52.0 
5.0 
3.25 

15.50 
3.25 

16.75 

52.00 
3.25 

10.0 
207.0 

52.00 
2.0 
0.15 

0.15 

52.00 

325.0 

1.0 

5.0 

3.25 

10.0 
5.0 
3.25 

51.0 
6.6 
3.25 
3.25 
1.25 


Max. 

plate 

potential 

volts 


2500 

500 

10000 

6000 

425 

1000 

3000 

1250 

600 

500 

2000 

1250 

1500 

3000 

400 

1500 

1000 

3500 

1250 

1250 

450 

425 

500 

500 

1250 

7500 

15000 

3000 

1250 

2500 

3000 

2500 

20000 

3000 

4000 

20000 

15000 

750 

250 

180 

7500 
22000 


1500 
3000 
3500 
3000 
1250 
7500 
-150 
1500 
1250 
450 


2566 


TUBES  (Continued) 


Screen 

Max. 

Plate 
resist, 
ohms 

Trans- 

Max. 

Type 

grid 

R.F.  grid 

Amp. 

conduct- 

plate 

No. 

potential 

current 

factor 

ance 

diss. 

volts 

amp. 

fx  mhos 

watts 

504 

10.0 

5000 

25 

5000 

250 

510 

5.0 

5450 

8 

1550 

15 

520-B 

20.0 

4000 

16 

4000 

5000 

520-M 

1600 

8 

5000 

525 

6 

545 

"2100 

5 

2380 

571 

5000 

16 

3200 

5000 

800 

*5\6 



15 

35 

801 

5.0 

4300 

8 

1840 

20 

802 

250 

2250 

10 

803 

600 

4000 

125 

804 

300 

3250 

40 

805 

• . . 

125 

806 

"i2!6 

150 

807 

300 

*6066 

21 

808 

"47" 

50 

830-B 

25 

60 

831 

.  t  . 

io!6 

"6450 

14.5 

*2250 

400 

834 

10.5 

50 

838 

'7:5 

100 

841 

5.0 

"46666 

"36" 

"750 

15 

842 

.... 

2500 

3 

1200 

12 

843 

4250 

8.5 

2000 

844 

iso 

'2:6 

125000 

75 

"is 

845 

1800 

5.3 

*3006 

75 

846 

3o!6 

38 

2500 

848 

.  .  • 

30.0 

'  2400 

8 

'3366 

10000 

849 

10.0 

3200 

19 

6000 

400 

850 

i75 

7.5 

200000 

550 

2750 

100 

851 

10.0 

1400 

20 

15000 

750 

852 

10.0 

10000 

12 

1200 

100 

853 

4100 

12 

2900 

250 

858 

6o!6 

8700 

42 

4800 

20000 

860 

300 

10.0 

180000 

200 

1100 

100 

861 

750 

10.0 

143000 

300 

400 

862 

60.0 

2800 

48 

mso 

100000 

863 

30.0 

7200 

50 

7000 

10000 

865 

i25 

5.0 

200000 

150 

750 

15 

954 

100 



> 1500000 

>2000 

1400 

955 

.... 

12500 

25 

2000 

1652 

10.0 

2600 

14 

5400 

5000 

AW-220 

640 

10.5 

21000 

150000 

DRJ-571 

ioo 

200000 

200 

FH-11 

""60 

FP-1 

io!6 

ioooo 

"l2" 

'i200 

100 

FP-2 

10.0 

6450 

14.5 

2250 

400 

FP-3 

10.0 

3200 

19 

6000 

400 

FP-57 

7.5 

200000 

550 

2750 

100 

FP-70 

30.0 

18500 

40 

2160 

2500 

FP-126 

D.C.  grid  vol 

tage,  300  voU 

s;  D.C.  grid  c 

urrent,  0.10  a 

mp. ;  grid  diss 

.,  20  watts. 

FP-152 

7.5 

6250 

25 

4000 

125 

PJ-12 

7.5 

3400 

12 

3530 

100 

PJ-13 

5.0 

5000 

8 

1600 

15 
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TRANSMITTING 


Cathode 

Description  and  use 

Cool- 
ing 

Max. 

plate 

potential 

Max. 

Type 

No, 

Poten- 

Cur- 

plate 
current 

Type 

tial 

rent 

volts 

amp. 

Air 

volts 

amp. 

PJ-27 

R.F.  amp.,  osc,  tetrode. .  . 

Thor. 

7.5 

2.0 

750 

0.060 

PR-3B 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

10.0 

3.25 

1250 

0.175 

PR-4B 

R.F.  amp.,  osc 

Air 

Thor. 

11.0 

3.85 

2500 

0.275 

PR-11A 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

10.0 

3.25 

1250 

0.175 

PR-51A 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

11.0 

15.5 

3000 

1.0 

PR-S45 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

10.0 

3.25 

1250 

0.175 

PR-861 

R.F.  amp.,  osc,  tetrode.. . 

Air 

Thor. 

11.0 

10.0 

3500 

0.350 

PT-210 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

7.5 

1.25 

450 

0.060 

PT-841 

Voltage  amp 

Air 

Thor. 

7.5 

1.25 

450 

0.060 

PT-842 

A.F.  or  R.F.  amp.,  osc 

Air 

Thor. 

7  5 

1.25 

425 

0.060 

PT-860 

R.F.  amp.,  osc,  tetFode.  .  . 

Air 

Thor. 

10.0 

3.25 

3000 

0.150 

GASEOUS  RECTIFIERS 


Cathode 

Max.  peak 

iiwerse 

potential 

volts 

Max. 

peak 

current 

amp. 

Max. 

Type 
No. 

Type 

Potential 
volts 

Current 
amp. 

average 

current 

amp. 

82 

83 

249-A 

249*B 

253-A 

255-A 

255-B 

258-A 

258-B 

263-A 

263-B 

266-A 

266-B 

267-A 

267-B 

280-A 

301-A 

313-Ai 

314-A 

315-A 

321-A 

857 

86& 

866-A 

869 

871 

872 

872-A 

985 

Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 

Coid' 

Coat 
Coat, 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 
Coat. 

2.5 
5.0 
2.5 
2.5 
2.5 
5.0 
5.0 
2.5 
2.5 
2.5 
2.5 
5.0 
5.0 
5.0 
5.0 
2.5 
5.0 

5.6 
5.0 
5,0 
5.0 
2,5 
2.5 
5.0 
2.5 
5.0 
5.0 
5.0 

3.0 

3.0 

7.0 

7.5 

3.0 

21.0 

19.0 

7.0 

7.5 

15.0 

15.0 

60.0 

42.0 

10.0 

6.75 

3-.0 

3.0 

*5.0' 

10.0 

10.0 

37.0 

5.0 

5.0 

20. G 

2,0 

10.0 

6.75 

0.5 

1400 

1400 

©500 

7500 

3500 

20000 

20000 

6300 

7500 

100 

100 

20000 
5000 
7500 
3500 
1800 

"300 

1250O 

12500- 

20000 

7500 

10000 

20000 

500O 

7,500 

10000 

500 

0.400 

0.800 

1.1 

1.5 

0.5 

5.0 

5.0 

1.1 

1.5 

&.0 
10.0 
12.0 
20.0 

2.5 

2.5 

0.5 

1.0 

O.030 

2,5 

2.5 

2,5 
20,0 

1.0 

0,6- 

5,0 

0,3 

2.5 

2.5 

0.1 

0.125 
0.250 

"o^oio 

1  May  be  used  as  relay  or  voltage  regulator  in  special  circuits. 
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TUBES  (Continued) 


Screen 

Max. 

Plate- 
resist, 
ohms 

Trans- 

Max* 

Type 
No. 

grid     . 

R.F.  grid 

Amp. 

conduct- 

plate 

potential 

current 

factor 

ance 

diss. 

volts 

amp. 

n  mhos 

watts 

PJ-27 

5.0 

200000 

150 

750 

15 

PR-3B 

7.5 

6000 

25 

4200 

100 

PR-4B 

10.0 

6300 

25 

4000 

250 

PR-llA 

7.5 

3400 

12 

3530 

100 

PR-51A 

8.0 

1400 

20:5 

15000 

750 

PR-845 

7.5 

1800 

O' 

3000 

100 

PR-861 

500 

10.0 

143000 

300 

2100 

400; 

PT-210 

5.0 

5000 

8 

1600 

15^ 

PT-841 

5.0 

21500 

30 

1400 

15 

PT-842 

5.0 

2500 

3 

1200 

15 

PT-860 

300 

10.0 

180000 

200 

1100 

100 

GASEOUS  RECTIFIERS  (Continued) 


Cathode 

Max.  peak 
inverse 

Max. 
peak 

Max* 

Type 
No. 

average 

Type 

Potential 

Current 

potential 

current 

current 

vOlts 

amp. 

volt's 

amp. 

amp. 

BA 

350 

0.35 

BH 

350 

0.12 

BR 

600 

0.05 

DKL-606 

Mercury  po< 

)1  3  phase 

15000 

50.0 

20.0 

DKI-624 

Coat. 

5.0 

40.0 

5000 

65.0 

25.0 

FG-15 

Heat. 

5.0 

37.0 

20000 

40.0 

10.0 

FG-19 

Coat. 

5.0 

10.0 

7500 

5.0 

1.25 

FG-19-A 

Coat. 

5.0 

6:75 

10000 

5.0 

1.25 

FG-26 

Coat. 

5.0 

7.0 

1000 

10.0 

2.5 

FG-28 

Heat. 

5.0 

17.5 

3500 

75.0 

12.5 

FG-32 

Heat. 

5.0 

4.5 

1000 

15.0 

2.5 

FG-42 

Heat. 

5.0 

80.0 

15000 

450.0 

75.0 

FG-52 

Heat. 

5.0 

80.0 

1500 

600.0 

100.0 

FG-64 

Coat. 

2.5 

2.0 

1000 

0.5 

0.12 

FG-104 

Heat. 

5.0 

10.0 

1500 

40.0 

6.4 

FG-1392 

Mercury  poc 

1 

900 

1125.0      ' 

'    '    7.5 

FG-I903 

Fil. 

2.5 

i2  0 

175 

5.00 

1.25 

FG-1942 

900 

105  0 

1.25 

FG-235-A2 

Mercury  poc 

>1 

900 

1000.0 

135.0 

FG-2532 

Mercury  poc 

»l 

900 

600.0 

2.4 

FG-258-A' 

Mercury  poc 

1 

900 

7500.0 

100.0 

KI-605 

Coat. 

2.5 

2.0 

5000 

0.3 

0  2 

KI-620 

Coat. 

5.0 

11.5 

5000 

10.0 

4.0 

KI-625 

Coat. 

5.0 

20.0 

5000 

22.5 

10.0 

KI-626 

Coat. 

2.5 

6.0 

5000 

1.2 

0.64 

KR-1 

Heat. 

6.3 

0.3 

500 

0.2 

0.05 

PJ-20^ 

Cold 

160 

200.0 

0  25 

PJ-26 

Coat 

5.0 

20.0 

20000 

10.0 

2.5 

PJ-28 

Coat. 

2.5 

5.0 

7500 

2.0 

0.5 

PJ-28-A 

Coat. 

2.5 

5.0 

10000 

2.0 

0.5 

'-'  Ignitron. 


3  All  metal  tube. 
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Surge  absorber  tube. 


HIGH  VACUUM  RECTIFIERS 


Cathode 

Type 

Max. 
peak 

Max. 
peak 

C( 

)oling 

Type 

No. 

Potential 
volts 

Current 
amp. 

potential 
volts 

current 
amp 

1-v 

Heat. 

6.3 

0.3 

350 

0.050 

5W4i 

Fil. 

5  0 

1.5 

350 

0.110 

5Z3 

Fil. 

5.0 

3  0 

500 

0.250 

5Z4i 

Heat. 

5.0 

2.0 

400 

0.125 

6H6i 

Heat, 

6.3 

0.3 

100 

0  004 

6X5i 

Heat. 

6.3 

0  6 

350 

0.075 

12Z3 

Heat. 

12  6 

0  3 

250 

0.060 

25Z52 

Heat. 

25  0 

0.3 

250 

0  085 

25Z61,2 

Heat. 

25.0 

0.3 

250 

0.085 

80 

Coat, 

5.0 

2.0 

550 

0.135 

81 

Coat, 

7.5 

1.25 

700 

0.085 

83-v 

Heat, 

5.0 

2.0 

400 

0  200 

84,  6Z4 

Heat. 

6.3 

0.5 

350 

0.060 

103-A 

Wat 

er            Tung. 

28.0 

51.00 

60000 

6.500 

104-A 

Air 

Tung. 

11.0 

25.00 

30000 

1.250 

214 

Wat 

er            Tung. 

22.0 

52.00 

50000 

7.500 

214-E 

Air 

Thor. 

10.0 

3.20 

0.150 

217-A 

Air 

Coat. 

6.0 

1.00 

0.025 

217-A 

Air 

Thor. 

10.0 

3.25 

"3500 

0.600 

217-C 

Air 

Thor. 

10.0 

3.25 

7500 

0.600 

218 

Air 

Tung. 

11.0 

14.75 

50000 

0.750 

219 

Air 

Tung. 

22.00 

24.50 

50000 

2.500 

219-D 

Air 

Coat. 

14.0 

6.00 

0.250 

222-A 

Wat 

er            Tung. 

21.5 

41.0 

25000 

5.0 

233-A 

Wat 

er            Tung. 

21.5 

41.00 

2.000 

234-A 

Air 

Thor. 

11.0 

3.90 

1.000 

237-A 

Wat 

er            Tung. 

20.0 

61.0 

'50000 

8.0 

274-A 

Air 

Coat. 

5.0 

2.0 

660 

0.160 

282 

Air 

Coat. 

2.5 

3.00 

1400 

0.400 

283 

Air 

Coat. 

2.5 

5.00 

500 

0.250 

1651 

Air 

Tung. 

11.0 

14.75 

4000 

0.250 

DRO-580 

Air 

Oxide 

5.0 

0.25 

600 

0.040 

DRO-581 

Air 

Tung. 

5.0 

2.20 

3000 

0.010 

DRO-582 

Air 

Tung. 

5.0 

2.50 

7500 

0.015 

DRO-583 

Air 

Tung. 

5.0 

4.50 

15000 

0.025 

DRO-584 

Air 

Tung. 

5.0 

5.50 

30000 

0.035 

DRO-587 

Air 

Oxide 

2.5 

4.00 

750 

0.450 

DRO-588 

Air 

Oxide 

2.5 

4.00 

1500 

0.450 

FP-52 

Air 

Thor. 

10.0 

3.25 

1500 

0.200 

FP-78 

Air 

Tung. 

10.0 

10.00 

125000 

0.300 

FP-84 

Oil, 

air           Tung. 

10.0 

14.50 

75000 

0.300 

FP-85 

Air 

Tung. 

10.0 

5.0 

20000 

0.100 

FP-92 

Air 

Tung. 

10.0 

14.50 

140000 

0.300 

KC-1 

Air 

Tung. 

9.0 

32.00 

100000 

1.00C 

KC-3 

Air 

Tung. 

12.5 

32.00 

150000 

1.000 

KC-4 

Air 

Tung. 

20.0 

25.00 

140000 

1.000 

KP-2 

Air, 

oil           Tung. 

10.0 

10.0 

75000 

0.200 

WL-608 

Air 

Tung. 

10.0 

10.00 

50000 

0.200 

WL-612 

Air 

Tung. 

10.0 

50.00 

150000 

0.100 

WL-613 

Air 

Tung. 

10.0 

10.00 

140000 

0.200 

WL-660 

Air 

Tung. 

10.0 

10.00 

230000 

0.100 

1  Metal  tube. 

2  Also  used  as  voltage  doubler. 
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GRID  CONTROLLED  RECTIFIERS 

Thyratrons,  Grid-glow  Tubes,  Etc. 


Cathode 

Type 

Max.  peak 

Max. 
peak 

Max. 

inverse 

average 

No. 

Type 

Potential 

Current 

potential 

current 

current 

volts 

amp. 

volts 

amp. 

amp. 

256-A 

Heat. 

2.3 

1.7 

325 

0.075 

269-A 

Coat. 

2.2 

0.55 

275 

0.020 

277-A 

Heat. 

5.0 

2.0 

350 

0.5 

287-A 

2.5 

7  0 

2500 

3.0 

"2!6" 

323-A 

2.5 

7.0 

500 

3.0 

2.0 

DKU-622 

Coat. 

5.0 

40.0 

5000 

65.0 

25.0 

DKU-623 

Coat 

5.0 

20.0 

5000 

22.5 

10.0 

DKU-632 

Coat. 

2.5 

2.0 

1500 

0.30 

0.10 

FG-17 

Coat. 

2.5 

5.0 

2500 

2.0 

0.5 

FG-27 

Coat. 

5.0 

7.0 

1000 

10.0 

2.5 

FG-27-A 

Coat. 

5.0 

4.5 

1000 

10.0 

2.5 

FG-29 

Heat. 

5.0 

17.5 

3500 

75.0 

12.5 

FG-33 

Heat. 

5.0 

4.5 

1000 

15.0 

2.5 

FG-37 

Heat. 

115.0 

0.2 

1000 

15.0 

2.5 

FG-41 

Heat. 

5.0 

20.0 

10000 

75.0 

12.5 

FG-43 

Heat. 

5.0 

80.0 

15000 

450.0 

75.0 

FG-53 

Heat. 

5.0 

60.0 

1500 

600.0 

100.0 

FG-57 

Heat. 

5.0 

4.5 

1000 

15.0 

2.5 

FG-65 

Coat. 

2.5 

2.0 

1000 

0.5 

0.125 

FG-67 

Heat. 

5.0 

4.5 

1000 

15.0 

2.5 

FG-81 

Coat. 

2.5 

5.0 

180 

2.0 

0.50 

FG-951 

Heat. 

5.0 

4.5 

1000 

15.0 

2.5 

FG-971 

Coat. 

2.5 

5.0 

1000 

2.0 

0.5 

FG-981 

Coat. 

2.5 

5.0 

180 

2.0 

0.5 

FG-1051 

Heat. 

5.0 

10.0 

1000 

40.0 

6.4 

FG-1541 

Coat. 

5.0 

7.0 

500 

10.0 

2.5 

FG-172L2 

Heat. 

5.0 

10.0 

1000 

40.0 

6.4 

FG-178 

Coat. 

2.5 

2.25 

310 

0.500 

0.125 

KU-610 

Coat. 

2.5 

6.5 

1500 

0.80 

0.40 

KU-618 

Cold 

800 

0.1 

0.015 

KU-627 

Coat. 

"2.5 

'g.o 

5000 

1.2 

0.64 

KU-628 

Coat. 

5.0 

11.5 

5000 

10.0 

4.0 

1  Double  grid. 
-  Ml  metal. 


BASE  CONNECTIONS 

Looking  at  Bottom  of  Tube 


BP,  bayonet  pin 

F,  filament 

G,  grid 


H,  heater 
K,  cathode 

NC,  no  connection 


P,  plate 

Pbf,  beam  forming  plates 

TA,  target 


Alohabetical  subscripts  d,  P  and  T  indicate,  respectively,  diode  unit,  pentode  unit,  and 
triode  unit  in  multi-unit  types. 

Numerical  subscripts  are  used  (1)  in  multi-grid  types  to  indicate  relative  position  of 
grids  to  cathode  or  filament,  and  (2)  in  multi-unit  types  to  differentiate  between  two  iden- 
tical electrodes  which  would  otherwise  have  the  same  designation. 
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BASE  CONNECTIONS  (Continued) 


BASE  CONNECTIONS  (Continued-; 


"T?d 


CONVERSION  TABLE  FOR  TRANSMISSION  UNITS 


Decibels 

Amplf  n 

Attenu'n 

Decibels 

Amplf  n 

For 

For 

Attenu'n 

current 

For 

ratio 

ratio 

current 

For 

ratio 

ratio 

or 

power 

or 

power 

voltage 

ratio 

voltage 

ratio 

ratio 

ratio 

4.5 

2.25 

1.679 

0.596 

0.1 

0.05 

1.012 

0.989 

4.6 

2.3 

1.698 

0.589 

0.2 

0.1 

1.023 

0.977 

4.7 

2.35 

1.718 

0.582 

0.3 

0.15 

1 .  035 

0.966 

4.8 

2.4 

1 .  738 

0.575 

0.4 

0.2 

1.047 

0.955 

4.9 

2.45 

1.758 

0.569 

0.5 

0.25 

1.059 

0.944 

5.0 

2.5 

1.778 

0.562 

0.6 

0.3 

1.072 

0.933 

5.1 

2.55 

1.799 

0.556 

0.7 

0.35 

1.084 

0.923 

5.2 

2.6 

1.820 

0.550 

0.8 

0.4 

1.096 

0.912 

5.3 

2.65 

1.841 

0.543 

0.9 

0.45 

1.109 

0.902 

5.4 

2.7 

1.862 

0.537 

1.0 

0.5 

1.122 

0.891 

5.5 

2.75 

1.884 

0.531 

1.1 

0.55 

1.135 

0.881 

5.6 

2.8 

1.906 

0.525 

1.2 

0.6 

1.148 

0.871 

5.7 

2.85 

1.928 

0.519 

1.3 

0.65 

1.162 

0.861 

5.8 

2.9 

1.950 

0.513 

1.4 

0.7 

1.175 

0.851 

5.9 

2.95 

1.972 

0.507 

1.5 

0.75 

1.188 

0.841 

6.0 

3.0 

1.995 

0.501 

1.6 

0.8 

1.202 

0.832 

6.1 

3.05 

2.018 

0.495 

1.7 

0.85 

1.216 

0.822 

6.2 

3.1 

2.04 

0.490 

1.8 

0.9 

1.230 

0.813 

6.3 

3.15 

2.06 

0.484 

1.9 

0.95 

1.245 

0.804 

6.4 

3.2 

2.09 

0.479 

2.0 

1.0 

1.259 

0.794 

6.5 

3.25 

2.11 

0.473 

2.1 

1.05 

1.274 

0.785 

6.6 

3.3 

2.14 

0.468 

2.2 

1.1 

1.288 

0.776 

6.7 

3.35 

2.16 

0.462 

2.3 

1.15 

1.303 

0.767 

6.8 

3.4 

2.19 

0.457 

2.4 

1.2 

1.318 

0.759 

6.9 

3.45 

2.21 

0.452 

2.5 

1.25 

1.334 

0.750 

7.0 

3.5 

2.24 

0.447 

2.6 

1.3 

1.349 

0.741 

7.1 

3.55 

2.26 

0.442 

2.7 

1.35 

1.365 

0.733 

7.2 

3.6 

2.29 

0.437 

2.8 

1.4 

1.380 

0.724 

7.3 

3.65 

2.32 

0.432 

2.9 

1.45 

1.396 

0.716 

7.4 

3.7 

2.34 

0.427 

3.0 

1.5 

1.413 

0.708 

7.5 

3.75 

2.37 

0.422 

3.1 

1.55 

1.429 

0.700 

7.6 

3.8 

2.40 

0.417 

3.2 

1.6 

1.445 

0.692 

7.7 

3.85 

2.42 

0.412 

3.3 

1.65 

1.462 

0.684 

7.8 

3.9 

2.45 

0.407 

3.4 

1.7 

1.479 

0.676 

7.9 

3.95 

2.48 

0.403 

3.5 

1.75 

1.496 

0.668 

8.0 

4.0 

2.51 

0.398 

3.6 

1.8 

1.514 

0.661 

8.1 

4.05 

2.54 

0.394 

3.7 

1.85 

1.531 

0.653 

8.2 

4.1 

2.57 

0.389 

3.8 

1.9 

1.549 

0 .  645 

8.3 

4.15 

2.60 

0.385 

3.9 

1.95 

1.567 

0.638 

8.4 

4.2 

2.63 

0.380 

4.0 

2.0 

1.585 

0.631 

8.5 

4.25 

2.66 

0.376 

4.1 

2.05 

1.603 

0.624 

8.6 

4.3 

2.69 

0.372 

4.2 

2.1 

1.622 

0.617 

8.7 

4.35 

2.72 

0.367 

4.3 

2.15 

1.641 

0.610 

8.8 

4.4 

2.75 

0.363 

4.4 

2.2 

l.GoO 

0.603 

8.9 

4.45 

2.79 

0.359 

1.5 

2.25 

1.679 

0.596 

9.0 

4.5 

2.82      j 

0.355 
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CONVERSION  TABLE  FOR  TRANSMISSION  UNITS 


Decibels 


For 
current 

or 

voltage 

ratio 


For 
power 
ratio 


Amplf'n 
ratio 


Attenu'n 
ratio 


Decibels 


For 
current 

or 

voltage 

ratio 


For 
power 
ratio 


Amplf'n 
ratio 


Attenu'n 
ratio 


9.0 

4.5 

2.82 

0.355     | 

14.0 

7.0 

5.01 

0.200 

9.1 

4.55 

2.85 

0.351 

14.1 

7.05 

5.07 

0.197 

9.2 

4.6 

2.88 

0.347 

14.2 

7.1 

5.13 

0.195 

9.3 

4.65 

2.91 

0.343 

14.3 

7.15 

5.19 

0.193 

9.4 

4.7 

2.95 

0.339 

14.4 

7.2 

5.25 

0.191 

9.5 

4.75 

2.98 

0.335 

14.5 

7.25 

5.31 

0.188 

9.6 

4.8 

3.02 

0.331 

14.6 

7.3 

5.37 

0.186 

9.7 

4.85 

3.05 

0.327 

14.7 

7.35 

5.43 

0.184 

9.8 

4.9 

3.09 

0.324 

14.8 

7.4 

5.50 

0.182 

9.9 

4.95 

3.13 

0.320 

14.9 

7.45 

5.56 

0.180 

10.0 

5.0 

3.16 

0.316 

15.0 

7.5 

5.62 

0.178 

10.1 

5.05 

3.20 

0.313 

15.1 

7.55 

5.69 

0.176 

10.2 

5.1 

3.24 

0.309 

15.2 

7.6 

5.75 

0.174 

10.3 

5.15 

3.27 

0.305 

15.3 

7.65 

5.82 

0.172 

10.4 

5.2 

3.31 

0.302 

15.4 

7.7 

5.89 

0.170 

10.5 

5.25 

3.35 

0.298 

15.5 

7.75 

5.96 

0.168 

10.6 

5.3 

3.39 

0.295 

15.6 

7.8 

6.03 

0.166 

10.7 

5.35 

3.43 

0.291 

15.7 

7.85 

6.10 

0.164 

10.8 

5.4 

3.47 

0.288 

15.8 

7.9 

6.17 

0.162 

10.9 

5.45 

3.51 

0.285 

15.9 

7.95 

6.24 

0.160 

11.0 

5.5 

3.55 

0.282 

16.0 

8.0 

6.31 

0.158 

11.1 

5.55 

3.59 

0.279 

16.1 

8.05 

6.38 

0.157 

11.2 

5.6 

3.63 

0.275 

16.2 

8.1 

6.45 

0.155 

11.3 

5.65 

3.67 

0.272 

16.3 

8.15 

6.53 

0.153 

11.4 

5.7 

3.72 

0.269 

16.4 

8.2 

6.61 

0.151 

11.5 

5.75 

3.76 

0.266 

16.5 

8.25 

6.68 

0.150 

11.6 

5.8 

3.80 

0.263 

16.6 

8.3 

6.76 

0.148 

11.7 

5.85 

3.85 

-0.260 

16.7 

8.35 

6.84 

0.146 

11.8 

5.9 

3.89 

0.257 

16.8 

8.4 

6.92 

0.144 

11.9 

5.95 

3.94 

0.254 

16.9 

8.45 

7.00 

0.143 

12.0 

6.0 

3.98 

0.251 

17.0 

8.5 

7.08 

0.141 

12.1 

6.05 

4.03 

0.248 

17.1 

8.55 

7.16 

0.140 

12.2 

6.1 

4.07 

0.245 

17.2 

8.6 

7.24 

0.138 

12.3 

6.15 

4.12 

0.242 

17.3 

8.65 

7.33 

0.136 

12.4 

6.2 

4.17 

0.240 

17.4 

8.7 

7.41 

0.135 

12.5 

6.25 

4.22 

0.237 

17.5 

8.75 

7.50 

0.133 

12.6 

6.3 

4.27 

0.234 

17.6 

8.8 

7.59 

0.132 

12.7 

6.35 

4.32 

0.232 

17.7 

8.85 

7.67 

0.130 

12.8 

6.4 

4.37 

0.229 

17.8 

8.9 

7.76 

0.129 

12.9 

6.45 

4  42 

0.226 

17.9 

8.95 

7.85 

0.127 

13.0 

6.5 

4.47 

0.224 

18.0 

9.0 

7.94 

0.126 

13.1 

6.55 

4.52 

0.221 

18.1 

9.05 

8.04 

0.124 

13.2 

6.6 

4.57 

0.219 

18.2 

9.1 

8   13 

0.123 

13.3 

6.65 

4.62 

0.216 

18.3 

9.15 

8.22 

0.122 

13.4 

6.7 

4.68 

0.214 

18.4 

9.2 

8.32 

0.120 

13.5 

6.75 

4.73 

0.211 

18.5 

9 .  25 

8.41 

0.119 

13.6 

6.8 

4.79 

0.209 

18.6 

9.3 

8.51 

0.118 

13.7 

6.85 

4.84 

0.206 

18.7 

9.35 

8.61 

0.116 

13.8 

6.9 

4.90 

0.204 

18.8 

9.4 

8.71 

0.115 

13.9 

6.95 

4.95 

0.202 

18.9 

9.45 

8.81 

0.114 

14.0 

7.0 

5.01 

0.200 

19.0 

9.5 

8.91 

0.112 
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CONVERSION  TABLE  FOR  TRANSMISSION  UNITS 
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Decibels 

Amplf'n 
ratio 

Attenu'n 
ratio 

Decibels 

Amplf'n 
ratio 

For 
current 

For 

For 
current 

For 

Attenu'n 
ratio 

or 

power 

or 

power 

voltage 

ratio 

voltage 

ratio 

ratio 

ratio 

19.0 

9.5 

8.91 

0.112 

55 

27.5 

562. 

0.00178 

19.1 

9.55 

9.02 

0.111 

56 

28.0 

631. 

0.0015S 

19.2 

9.6 

9.12 

0.110 

57 

28.5 

708. 

0.00141 

19.3 

9.65 

9.23 

0.108 

58 

29.0 

794. 

0.00126 

19.4 

9.7 

9.33 

0.107 

59 

29.5 

891. 

0.00112 

19.5 

9.75 

9.44 

0.106 

60 

30.0 

1000. 

0.00100 

19.6 

9.8 

9.55 

0.105 

61 

30.5 

1120. 

0.000891 

19.7 

9.85 

9.66 

0.104 

62 

31.0 

1260. 

0.000794 

19.8 

9.9 

9.77 

0.102 

63 

31.5 

1410. 

0.000708 

19.9 

9.95 

9.89 

0.101 

64 

32.0 

1580. 

0.000631 

20 

10.0 

10.00 

0.100 

65 

32.5 

1780. 

0.000562 

21 

10.5 

11.2 

0.0891 

66 

33.0 

2000. 

0.000501 

.   22 

11.0 

12.6 

0.0794 

67 

33.5 

2240. 

0 . 000447 

23 

11.5 

14.1 

0.0708 

68 

34.0 

2510. 

0.000398 

24 

12.0 

15.8 

0.0631 

69 

34.5 

2820. 

0.000355 

25 

12.5 

17.8 

0.0562 

70 

35.0 

3160. 

0.000316 

26 

13.0 

20.0 

0.0501 

71 

35.5 

3550. 

0.000282 

27 

13.5 

22.4 

0.0447 

72 

36.0 

3980. 

0.000251 

28 

14.0 

25.1 

0.0398 

73 

36.5 

4470. 

0.000224 

29 

14.5 

28.2 

0.0355 

74 

37.0 

5010. 

0.000200 

30 

15.0 

31.6 

0.0316 

75 

37.5 

5620. 

0.000178 

31 

15.5 

35.5 

0.0282 

76 

38.0 

6310. 

0.000158 

32 

16.0 

39.8 

0.0251 

77 

38.5 

7080. 

0.000141 

33 

16.5 

44.7 

0.0224 

78 

39.0 

7940. 

0.000126 

34 

17.0 

50.1 

0.0200 

79 

39.5 

8910. 

0.000112 

35 

17.5 

56.2 

0.0178 

80 

40.0 

10000. 

0.000100 

36 

18.0 

63.1 

0.0158 

81 

40.5 

11200. 

0.0000891 

37 

18.5 

70.8 

0.0141 

82 

41.0 

12600. 

0.0000794 

38 

19.0 

79.4 

0.0126 

83 

41.5 

14100. 

0.0000708 

39 

19.5 

89.1 

0.0112 

84 

42.0 

15800. 

0.0000631 

40 

20.0 

100. 

0.0100 

85 

42.5 

17800. 

0.0000562 

41 

20.5 

112. 

0.00891 

86 

43.0 

20000. 

0.0000501 

42 

21.0 

126. 

0 . 00794 

87 

43.5 

22400. 

0.0000447 

43 

21.5 

141. 

0.00708 

88 

44.0 

25100. 

0.0000398 

44 

22.0 

158. 

0.00631 

89 

44.5 

28200. 

0 . 0000355 

45 

22.5 

178. 

0.00562 

90 

45.0 

31600. 

0.0000316 

46 

23.0 

200. 

0.00501 

91 

45.5 

35500. 

0.0000282 

47 

23.5 

224. 

0.00447 

92 

46.0 

39800. 

0.0000251 

48 

24.0 

251. 

0.00398 

93 

46.5 

44700. 

0.0000224 

49 

24.5 

282. 

0.00355 

94 

47.0 

50100. 

0 . 0000200 

50 

25.0 

316. 

0.00316 

95 

47.5 

56200. 

0.0000178 

51 

25.5 

355. 

0.00282 

96 

48.0 

63100. 

0.0000158 

52 

26.0 

398. 

0.00251 

97 

48.5 

70800. 

0.0000141 

53 

26.5 

447. 

0.00224 

98 

49.0 

79400. 

0.0000126 

54 

27.0 

501. 

0.00200 

99 

49.5 

89100. 

0.0000112 

55 

27.5 

562. 

0.00178 

100 

50.0 

100000. 

0.0000100 
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LABORATORY  ARTS  AND  RECIPES 

Many  of  the  following  recipes  have  been  contributed  by  users  of 
the  Handbook.  To  those  who  have  cooperated  in  this  way  we 
extend  our  grateful  acknowledgment. 

BLUING  STEEL  AND  IRON 

The  metal  is  cleaned  with  a  potassium  bichromate-sulfuric  acid 
mixture,  then  washed  with  ammonium  hydroxide  and  rubbed  dry. 
Apply  ammonium  polysulfide  until  the  desired  depth  of  color  is 
obtained,  allowing  the  object  to  dry  after  each  application  and 
rubbing  briskly  with  soft  clean  cloth.  The  result  is  a  deep  blue 
which  may  be  made  very  nearly  black  by  repeated  applications. 
Rubbing  with  boiled  linseed  oil  will  deepen  this  color  more.  The 
finish  thus  obtained  is  very  resistant  to  oxidation. 

CEMENTS  AND  ADHESIVES 
Acid  Proof  Cement 

1 
A  handy  acid  resisting  cement  can  be  made  by  mixing  sodium 
silicate  and  asbestos  powder  to  the  consistency  of  a  thin  paste.     If 
allowed  to  dry  for  a  day,  the  resulting  cement  will  resist  the  strong- 
est acids. 

2 
Barium  sulfate  4  parts,   water  glass  3  parts,   asbestos   1   part. 
Sodium  fluosilicate  or  sodium  fluoborate  is  advised  in  addition  when 
the  cement  is  used  on  glass. 

Aquarium  Cement 

1 

Glazier's  putty 10  lb. 

Litharge '  '  *  '      n^ 

Red  lead 1  Jb 

Asphaltum 4  oz".  fl. 

Mix  with  boiled  linseed  oil  to  the  proper  consistency.     Lamp  black 
may  be  added  to  give  a  gray  color. 

2 

P^  lead 3  parts 

Litharge    7  parts 

Fine  sand  .       10  parts 

.Powdered  rosm 1  par^ 

Add  sufficient  spar  varnish  to  give  the  proper  consistency. 

Cement  for  Cellophane 

The  following  is  said  to  be  a  very  satisfactory  glue  cr  cement  for 
cellophane : 

Gum  acacia  (gum  arabic) 16.5  parts  by  weight 

Oli^cenn 29 . 5  parts  by  weight 

Water 49.5  parts  by  weight 

Formaldehyde  (40  %) 4.5  parts  by  weight 
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ARTS  AND  RECIPES  (Continued) 

Cupric  Oxide  Cement 

For  a  strong  adhesive  cement  for  attaching  metal  articles  to  each 
other  or  for  cementing  glass,  a  paste  of  cupric  oxide  and  phosphoric 
acid  is  very  satisfactory.  The  cement  is  adhesive,  strong  and  sets 
quite  rapidly. 

De  Khotinsky  Cement 

1 

About  70  grams  of  light  brown  orange  shellac  is  added  in  small 
amounts  to  30  grams  of  heated  pine  tar.  The  mixture  is  stirred  at 
frequent  intervals  for  a  period  of  two  hours  (or  four  hours)  and  main- 
tained at  a  temperature  of  130°  C.  or  slightly  lower.  (The  longer 
heating  period  gives  a  cement  that  is  suitable  for  high  vacuum 
work.)  The  product  may  be  tested  at  intervals  by  dropping  some 
of  it  into  cold  water  and  then  subjecting  it  to  bending  pressure. 
Under  such  treatment,  the  product  should  not  bend  but  break  with 
a  conchoidal  fracture. 

If  a  harder  product  is  desired,  85  grams  of  light  brown  shellac 
may  be  mixed  and  heated  with  30  grams  of  pine  tar. 

The  finished  product,  while  still  warm,  may  be  spread  on  a  stone 
slab  or  a  smooth  surface  and  rolled  into  small  sticks. 

This  sealing  cement  will  be  found  useful  whenever  two  pieces  of 
apparatus  are  to  be  cemented  together.  The  cementing  is  effected 
by  warming  the  surfaces  and  applying  melted  cement.  The 
removal  of  the  cement  may  be  facilitated  by  softening  it  with 
alcohol. 


A  handy  water-proof  laboratory  cement  of  the  type  "Kotinsky 
Cement"  is  made  from: 

Dry  yellow  or  orange  shellac 3  parts  by  weight 

Pine  tar 1  part  by  weight 

Place  the  shellac  in  a  double  boiler  using  water  in  the  outer 
member.  Add  the  pine  tar  and  permit  to  digest  with  occasional 
stirring  until  the  mass  is  homogeneous;  this  will  take  about  five 
hours.  Pull  out  like  taffy  and  make  into  sticks.  The  cement  can 
be  made  harder  or  softer  by  varying  the  amount  of  tar. 

General  Hints 

Glues  of  all  kinds  are  useful  for  wood,  leather,  paper  and  glass, 
where  the  joints  are  not  required  to  be  waterproof. 

For  waterproof  joints  of  nearly  all  substances,  including  metals, 
shellac  may  be  used.  Flakes  of  solid  shellac  may  be  used  with  heat 
or  it  may  be  used  as  a  solution  in  alcohol. 

Kotinsky  cement,  Chatterton's  compound  and  other  resinous 
cements  are  used  for  similar  purposes  and  in  the  same  way  as  solid 
shellac.  Glass  cells  made  up  with  compounds  of  this  nature  may 
be  made  impervious  to  alcohol  by  painting  over  the  joints  with  a 
rubber  cement  made  by  melting  up  small  pieces  of  rubber  tubing 
and  adding  carbon  disulfide  to  make  a  thin  syrup. 

For  celluloid  a  cement  made  by  dissolving  celluloid  shavings  in 
acetone  is  recommended. 

Brass  fittings  are  usually  cemented  on  glass  tubing  with  sealing 
wax.  The  glass  tube  should  be  wound  with  thread  or  twine  to 
secure  a  close  fit.     The  glass  and  the  brass  fitting  should  be  warmed 
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slightly  above  the  melting  point  of  wax.  (Thick  or  pressed  glass 
should  be  warmed  slowly.)  Wax  may  be  applied  to  both  parts 
and  the  thread  well  saturated  with  the  melted  wax.  Enough 
should  be  used  to  insure  filling  the  space  completely.  Join  the 
parts  while  the  wax  is  very  soft  and  clamp  in  position  until  it  is 
thoroughly  cold. 

For  optical  purposes,  cementing  glass,  etc.,  Canada  balsam  is 
universally  employed,  and  makes  a  permanent  and  nearly  invisible 
joint. 

Laboratory  Adhesive 

Nitrated  cotton  (5-6  sec.) 30  grams 

Make  up  a  solution  of: 

Di  methyl  ketone  (acetone) 100       milliliters  (c.c.) 

Amyl  acetate 45       milliliters  (c.c.) 

Butyl  acetate 15       milliliters  (c.c.) 

Ethyl  acetate 15       milliliters  (c.c.) 

*Ethyl  abietate. 1.5  milliliters  (c.c.) 

*  i  above  of  castor  oil  is  a  substitute. 

Using  the  latter  solution  as  solvent,  add  the  nitrated  cotton 
until  the  solution  is  of  the  consistency  of  syrup.  Dissolving  the 
cotton  takes  about  two  hours.  If  the  mixture  is  too  thick,  a  little 
more  of  the  above  solvent,  which  should  be.  kept  on  hand,  is  added. 

The  above  solution  should  not  blush  when  applied  to  any  surface. 
It  should  dry  quickly  into  a  tough  film  which  is  stable  over  a  long 
period  owing  to  the  plasticizer,  ethyl  abietate. 

The  above  is  useful  for  cementing  cross  hairs,  coating  labels, 
sealing  rubber  to  tubing,  etc. 

In  case  a  more  flexible  film  is  desired  the  amount  of  the  plasticizer 
may  be  doubled.     In  case  of  blushing  increase  amyl  acetate. 

Litharge  Cement  for  Joining  Metal  to  Glass 

In  the  preparation  of  tanks  with  glass  sides  or  bottom,  it  is 
desired  to  make  these  water  tight  by  cementing  the  glass  to  the  iron 
frame  or  to  repair  the  leaks  that  may  occur. 

Litharge  (PbO) 260  grams 

Glycerin  solution  (glycerin  2  parts, 

water  1  part) 100  milliliters  (c.c.) 

Place  the  litharge  in  a  mortar,  add  the  diluted  glycerin  slowly 
while  grinding.  Mix  thoroughly  by  grinding  a  short  time.  Heat 
will  be  evolved  and  the  mixture  will  begin  to  set.  While  still  soft, 
pour  it  into  place  and  by  means  of  a  spatula  work  it  into  position 
as  in  the  case  of  putty.  Allow  to  stand  for  a  day  when  it  will  be 
thoroughly  hard. 

If  desired,  it  may  be  covered  with  a  layer  of  white  lead  or  alumi- 
num paint. 

Mucilage  or  Paste 

Gum  arabic  (gum  acacia) 1  part 

Rice  starch 1  part 

Sugar 4  parts 

Water 10  parts 
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Warm  the  gum  arabic  with  some  of  the  water  until  it  has  a 
jelly-like  consistency.  Mix  the  sugar  and  starch  with  enough 
water  to  make  a  smooth  paste.  Combine  these  two  mixtures,  and 
boil  until  the  starch  is  clear. 

Shellac  Cement 
De  Khotinsky  Type 
(Benzene  Resistant) 

Note:  Most  recipes  for  de  Khotinsky  cement  call  for  pine  tar,  to 
the  amount  of  40  to  50  %,  as  the  material  with  which  shellac  is 
plasticized  for  the  application  in  question.  Recent  investigation 
indicates  that  pine  tar  is  inferior  to  the  creosote  plasticizer  recom- 
mended below. 

Prepare  the  plasticizer  by  mixing  one  volume  of  terpineol  with 
three  volumes  of  beechwood  creosote  (alkali-soluble).  Coal-tar 
creosote,  not  completely  alkali-soluble,  will  not  do. 

Heat  from  12  to  25  grams  of  the  plasticizer  to  about  130°  C. 
With  constant  stirring  add  85  grams  of  shellac  as  fast  as  it  dissolves 
smoothly.  When  the  mixture  is  homogeneous,  allow  to  cool  until 
it  will  barely  flow  from  the  vessel,  and  pour  into  molds  which  have 
been  lightly  but  completely  covered  with  petrolatum.  The  use  oi 
only  12  grams  of  plasticizer  gives  a  very  hard  cement;  25  grams 
gives  a  very  soft  product. 

Shellac-Wax  Cement 

(Benzene  Soluble) 

Rosin . 35  grams 

Shellac 20  grams 

Beeswax 20  grams 

Talc,    fibrous    (asbestine   pulp) 0  to  30  grams 

Melt  the  rosin  in  a  large  (6  or  8  in.)  hemispherical  iron  pan,  add 
the  shellac  and  beeswax  with  stirring.  Heat  strongly  with  a  large 
Bunsen  flame  so  that  the  temperature  reaches  360°  C.  in  six  min- 
utes; then  extinguish  the  burner.  When  the  temperature  has 
reached  about  275°  C,  add  the  talc,  if  any  is  to  be  used.  Finally 
when  the  mixture  is  so  viscous  that  it  will  barely  pour  from  the  pan, 
pour  into  metal  molds  which  have  previously  been  very  thoroughly 
scoured  with  washing  powder  and  thickly  coated  with  aqueous 
dextrine  paste  which  is  still  wet.  The  talc  gives  a  more  viscous 
cement  at  temperatures  just  above  the  melting  point. 

Transparent  Sealing  Resin 

A  transparent  resin  which  adheres  well  to  glass,  quartz  and  metals 
may  be  made  by  heating  together  equimolal  quantities  of  phthallic 
anhydride  and  ethylene  glycol  for  24  hours  at  200°  C.  The  resin 
softens  at  95°-110°  C.  It  is  unaffected  by  water  but  slowly  dis- 
solved by  organic  solvents  and  is  particularly  useful  for  high- 
vacuum  seals. 

Vacuum  Wax 

Wax  for  coating  joints  which  may  be  used  for  ordinary  vacuum 
distillations  etc.  where  the  temperature  does  not  get  too  high: 

Melt  together  equal  parts  (by  weight)  of  beeswax  and  rosin. 
The  product  is  pliable  and  easily  removed  from  apparatus  by 
simply  using  hot  water. 
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CLEANING  COMPOUNDS  AND  METHODS 

Alcoholic  Sodium  Hydroxide  Solution  for  Cleaning 

Dissolve  120  grams  sodium  hydroxide  in  120  c.c.  water.  Dilute 
to  1  liter  with  95  %  alcohol. 

Burette  Cleaning  Assembly 

A  burette  cleaning  assembly  may  consist  of  a  300  c.c.  beaker  of 
cleaning  solution  mounted  on  a  ring  stand  having  a  7  X9"  base. 
Higher  on  the  stand  is  a  clamp  for  engaging  the  burette  to  be  cleaned 
and  still  higher  a  mounting  of  &"  rubber  tubing  connected  with  an 
aspirator.  The  cleaning  solution  is  heated,  the  burette  placed  with 
its  top  dipping  into  the  cleaning  solution  while  the  aspirator  tubing 
is  slipped  on  the  delivery  end  of  the  burette.  When  hot  cleaning 
liquid  has  been  aspirated  to  near  the  glass  stopcock  or  pinch-cock, 
the  cock  is  closed  and  the  aspirator  tubing  slipped  off,  leaving  the 
cleaning  solution  in  the  burette.  After  a  minute  or  so,  the  cock 
is  opened  and  the  cleaning  solution  is  allowed  to  run  out  of  the 
burette,  which  will  leave  a  uniform  film  if  the  burette  is  clean. 
The  burette  is  transferred  to  a  sink  and  after  cooling  is  rinsed  with 
tap  and  distilled  water.  By  this  means  50  burettes  per  hour  may 
be  made  ready  for  use. 

Brown  Stains  on  Burettes 

Brown  stains  left  on  the  inside  of  burettes  used  for  KMn04 
solutions  may  be  removed  by  filling  the  burette  with  FeS04  solu- 
tion after  which  the  liquid  is  removed  and  completely  washed  out. 
A  convenient,  ready  for  use,  solution  of  FeSC>4  may  be  made  by 
placing  small  nails  in  a  dilute  H2SO4  solution,  keeping  the  flask 
closed  except  for  a  hydrogen  vent,  thus  preventing  oxidation  of  the 
iron. 

Cleaning  Engler  Flasks 

To  thoroughly  remove  all  of  the  carbonaceous  deposit  baked  in 
the  bottom  of  an  Engler  flask  from  gasoline  distillation,  place  2 
or  3  grams  of  commercial  Na2S04  in  the  flask  to  be  cleaned;  apply 
heat  directly  to  the  flask  from  a  Bunsen  burner.  Heat  until  all 
the  carbon  residue  has  been  loosened.     Cool,  rinse  and  drain. 

Cleaning  Fermentation  Tubes  and  Other  Glassware 

Fermentation  tubes  (used  in  water  testing)  and  other  glassware 
difficult  to  clean  in  the  ordinary  way,  may  be  cleaned  as  follows: 

Moisten  the  inside  of  the  tube  with  ethyl  alcohol.  Pour  off  the 
excess  alcohol,  leaving  not  to  exceed  two  c.c.  of  the  liquid  in  the 
tube.  Add  ten  c.c.  of  concentrated  nitric  acid  and  let  it  stand. 
Soon  a  vigorous  reaction  takes  place  with  the  elimination  of  large 
quantities  of  nitrogen  dioxide.  When  the  reaction  stops,  wash 
with  water.  As  some  nitric  acid  may  be  blown  out  of  the  tube, 
it  should  be  placed  in  a  sink  (preferably  in  a  hood)  until  the  reaction 
ceases.     Do  not  close  the  tube. 

Cleaning  Fluid 

An  excellent  solution  for  cleaning  grease  stains  from  cloth  or 
leather  consists  of  the  following: 

CCU 80% 

Ligroin 16  % 

Amyl  alcohol  (ter.) 4  % 
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Gleaning  Mercury 

Mercury  may  be  cleaned  sufficiently  for  many  laboratory  pur- 
poses without  distilling.  Allow  the  mercury  to  fall  in  a  fine  spray 
into  a  quantity  of  dilute  nitric  acid,  25  parts  of  acid  to  75  parts  of 
distilled  water.  After  being  passed  through  the  acid  one  or  more 
times  it  should  be  passed  through  distilled  water  and  dried.  Most 
of  the  water  may  be  removed  with  a  clean  filter,  and  the  mercury 
heated  in  a  porcelain  dish  to  about  110°  C.  To  produce  the  spray 
the  stem  of  a  glass  funnel  may  be  drawn  down  so  as  to  leave  only  a 
small  opening  for  the  escape  of  mercury  or  a  glass  tube  with  a 
capillary  point  attached  to  a  funnel  with  a  tightly  fitting  rubber 
tube. 

A  three-  to  four-foot  length  of  one-inch  glass  tube  closed  at  one 
end  and  supported  in  a  vertical  position  may  be  used  to  contain 
the  acid  solution.  If  a  small  glass  tube  be  fused  into  the  lower 
closed  end  of  the  large  tube,  and  bent  so  as  to  stand  up  for  a  distance 
a  little  greater  than  1/13.6  the  column  of  acid  solution  in  the  large 
tube,  a  U-tube  is  formed  in  which  a  short  column  of  mercury  sup- 
ports the  long  column  of  acid  solution. 

The  end  of  the  small  tube  should  be  bent  over  at  the  top  so  as  to 
facilitate  the  delivery  of  the  mercury  and  a  short  piece  of  clean 
rubber  tubing  with  a  pinch-cock  put  on  at  the  start;  as  soon  as 
mercury  enough  has  collected  in  the  bottom  of  the  tube  the  pinch- 
cock  may  be  opened.  The  mercury  will  rise  nearly  or  quite  to  the 
top  of  the  small  tube,  and  as  the  quantity  increases  will  be  delivered 
from  the  small  tube  as  fast  as  it  falls  in  the  spray. 

The  reversed  end  of  the  small  tube  should  be  short  to  avoid 
forming  a  siphon,  which  would  completely  empty  the  apparatus. 

An  efficient  procedure,  especially  if  the  mercury  is  greasy, 
consists  in  spraying  the  mercury  by  means  of  the  above  apparatus, 
first,  through  a  dilute  solution  (10  %)  of  potassium  hydroxide,  then 
through  dilute  nitric  acid  (10-15  %)  and  finally  through  distilled 
water. 

Cleaning  Optical  Surfaces  for  Silvering 

(From  Miller's  Laboratory  Physics,  Ginn  &  Co.,  publishers,  by  permission.) 

Probably  the  most  important  part  of  the  silvering  process  is  the 
proper  cleaning  of  the  surface  to  be  silvered. 

The  surface  is  thoroughly  cleaned  of  grease  or  other  organic 
matter  by  the  usual  methods,  using  alcohol  or  chromic  acid.  Then 
it  should  be  carefully  cleansed  with  strong  nitric  acid,  the  whole 
surface  being  firmly  rubbed  with  clean  cotton  tied  to  a  rod  of 
wood  or  glass.  Care  should  be  taken  not  to  injure  the  surface. 
Rinse  with  water,  and  then  wash  the  surface  thoroughly  with  a 
strong  solution  of  caustic  potash,  rubbing  with  a  cotton  brush  as 
before.  Finally,  rinse  with  distilled  water,  and  keep  the  surface 
wet  until  it  is  placed  in  the  silvering  solution.  If  the  distilled 
water  wets  the  whole  surface  uniformly  the  cleaning  may  be 
sufficient;  if  it  does  not  wet  uniformly,  the  operations  must  be 
repeated.  The  fingers  should  not  touch  the  edges  of  the  glass 
during  the  latter  cleaning  operations,  as  a  layer  of  organic  matter 
is  apt  to  spread  over  the  surface  and  render  the  silvering  uneven. 

Dr.  Brashear  recommends  that  the  surface,  after  the  washings 
described  above,  be  rubbed  with  prepared  chalk  on  a  cotton  wad 
until  it  is  thoroughly  dry  and  clean.  It  may  then  be  put  into  the 
silvering  solution  at  one's  convenience, 
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Cleaning  Solution  for  Glass 

35  c.c.  saturated  sodium  dichromate  (technical) 

1  liter  cone,  sulfuric  acid  poured  into  the  dichromate  solution 

Avoid  contact  with  the  flesh  or  clothing. 

Cleaning  Solution 

Trisodium  phosphate 2  oz. 

Sodium  oleate 1  oz. 

Distilled  water 1  pint 

Soak  apparatus  in  the  warm  solution  10-15  minutes,  then  brush 
with  a  stiff  brush. 

Iodine  Stains 

Iodine  stains  can  readily  be  removed  from  clothing  by  washing 
the  stain  with  a  10  %  solution  of  sodium  thiosulfate  ("hypo")  in 
water. 

Paint  Brush  Cleaner 

(1)  Kerosene 2  pints 

Oleic  acid 1  pint 

(2)  Aqueous  ammonia  (cone.) £  pint 

Denatured  alcohol \  pint 

Stir  (2)  into  (1)  until  uniform.  To  clean  brushes,  place  in  the 
mixture  over  night.     Wash  thoroughly  with  warm  water. 

Removal  of  Carbonaceous  Matter 

A  10-15  %  solution  of  NaOH  or  KOH  removes  carbon  etc. 
quickly.      Rinse  well  with  acid  and  H2O. 

Removing  Carbon  Deposits  from  Flasks 

First  rinse  flask  with  acetone  or  carbon  disulfide  to  remove  traces 
of  oil  or  tar.  Add  a  few  grams  of  magnesium  nitrate.  Heat 
gradually  over  a  free  Bunsen  flame  till  water  is  all  expelled  and  the 
magnesium  nitrate  melts.  Rotate  the  flask  to  distribute  the  melt 
and  continue  the  heating  till  the  brown  fumes  of  nitric  oxide  cease 
to  evolve.  Finally  cool  and  dissolve  the  residual  magnesium  oxide 
in  dilute  acid  by  boiling. 

Large  deposits  of  carbon  or  tar  will  require  a  repetition  of  the 
above  procedure. 

Removing  Carbon  Residue  from  Glassware 

Tri-sodium  phosphate  (Na3PC>4) 2  tablespoonfuls 

Sodium  oleate 1  tablespoonful 

Soft  water 1  quart 

Allow  to  stand  in  the  solution  for  several  minutes,  brush  off  the 
incrustation  and  rinse  with  water. 

COLORED  LIQUIDS 

For  rendering  columns  of  water  easily  visible,  add  a  few  drops  of 
one  per  cent  alcoholic  solution  of  fluorescein  to  a  liter  of  water.  The 
dilute  solution  of  fluorescein  is  bright  green  by  reason  of  its  fluo- 
rescence, although  colorless  by  transmitted  light. 

A  small  quantity  of  an  aqueous  (1  %)  solution  of  uranine  (the 
sodium  salt  of  fluorescein)  may  be  used  in  place  of  the  alcoholic 
solution  mentioned  above. 
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If  liquids  showing  color  by  transmission  are  desired,  dilute 
aqueous  solutions  may  be  made  with  any  of  the  following  dyes: 

Dye  Color 

Erythrosine  Pink 

Eosine  Pink  (green  fluorescence) 

Rhodamine  B  Pink  (red  fluorescence) 

Ponceau  2R  Scarlet 

Naphthol  green  Green 

Methylene  green  Bluish  green 

Methylene  blue  Blue 

Methyl  violet  Purple 

CROSS  HAIRS 

The  spider  lines  which  serve  as  an  index  in  reading  telescopes 
may  be  quickly  replaced  in  an  emergency  by  single  silk  fibers 
(from  ordinary  sewing  silk)  attached  by  soft  wax.  Single  fibers 
may  easily  be  removed  from  an  untwisted  strand. 

Spider  web  should  be  used  in  permanent  work.  The  fibers 
of  the  egg  nest  of  certain  species  are  employed  and  may  be  ob- 
tained of  most  dealers  in  scientific  apparatus.  In  mounting 
them  the  following  suggestions  may  be  useful:  The  cross  hair 
diaphragm  of  the  telescope  should  be  removed  and  clamped  in 
a  horizontal  position.  A  bow  of  brass  wire,  about  No.  28,  should 
be  employed  to  stretch  the  fiber.  A  background  of  black  velvet 
makes  the  fibers  more  easily  visible.  With  soft  wax  or  other 
convenient  adhesive  ready  on  both  tips  of  the  bow,  a  fiber  of 
the  required  length  is  to  be  disentangled  with  tweezers  and  wrapped 
several  times  about  the  ends  of  the  bow  under  tension  sufficient 
to  straighten  the  fiber.  The  fiber,  now  conveniently  handled 
by  the  wire  bow,  should  be  cautiously  lowered  onto  the  diaphragm 
in  the  proper  position,  the  wire  left  hanging. 

A  small  drop  of  shellac  varnish  applied  at  each  side  will  hold 
the  fiber  in  position  as  soon  as  it  is  thoroughly  dry,  after  which 
the  ends  of  the  fiber  should  be  cut  away. 

DIALYZERS 

As  a  substitute  for  parchment  and  similar  natural  membranes, 
it  has  been  found  that  those  made  from  cellulose  trinitrate  are 
superior.  Parlodion  (DuPont)  may  be  used,  dissolving  one  part 
of  the  nitrate  in  2  each  of  ethanol  and  ethyl  ether.  The  water 
adhering  to  the  Parlodion  should  first  be  removed  (the  shreds  are 
preserved  by  covering  with  water),  otherwise  a  clear  solution  will 
not  be  obtained.  Cut  the  round  end  off  a  f"  or  1"  test  tube,  and 
dip  the  flared  end  of  the  tube  into  the  alcohol-ether  solution  of 
Parlodion.  Upon  removing  the  tube  from  the  solution  a  film 
will  be  found  across  the  tube  and  after  evaporation  of  the  solvents 
the  film  will  be  found  to  be  of  sufficient  strength  to  meet  the  pur- 
poses of  a  dialyzer.  The  liquid  to  be  dialyzed  is  poured  into  the 
tube  and  contents  are  then  set  in  a  beaker  of  water.  In  a  short 
time  the  working  of  the  semi-permeable  membrane  will  be  shown  by 
the  rise  of  the  level  of  the  liquid  inside  the  tube. 

EXPANSION  OF  GLASSES,  TEST  FOR  EQUALITY  OF 

In  order  to  compare  the  coefficients  of  expansion  of  two  pieces 
of  glass,  prior  to  sealing  them  together,  melt  the  drawn  out  ends 
of  each  piece  to  beads;  press  these  molten  beads  together  with 
tweezers  and  draw  into  a  thread.     If  the  glasses  can  be  sealed 

2584 


ARTS  AND  RECIPES  (Continued) 

together,    the   thread   will   be   straight;   otherwise,   it   will   curve 
because  of  the  different  coefficients  of  expansion. 

FLUORESCENT  SCREENS 

For  observations  of  the  ultraviolet  spectrum,  moisten  a  small 
quantity  of  anthracene  with  water  and  brush  a  thin  layer  over  a 
ground-glass  surface.  On  drying  most  of  the  anthracene  will 
adhere  to  the  glass.  The  prepared  surface  should  be  placed  so  as  to 
receive  the  radiation  directly,  glass  being  comparatively  opaque 
to  the  shorter  wave  lengths. 

GLASS    GRINDING  FLUID 

Turpentine 45      c.c. 

Ether  (ethyl  oxide) 22.5  c.c. 

Camphor  gum 31      g 

To  be  used  with  powdered  emery  for  grinding  glass. 

For  smoothing  edges  a  sheet  of  emery  cloth  moistened  with  the 
above  solution  may  be  used. 

Plane  surfaces  should  be  ground  on  thick  plate  glass. 

For  grinding  glass  stoppers  use  coarse  emery,  turn  in  one  direc- 
tion, finish  with  fine  emery. 

GLASS  GRINDING  MEDIUM 

Glycerin  may  be  used  instead  of  a  camphor-turpentine  mixture 
for  a  medium  in  which  to  suspend  emery  powder  for  grinding  glass. 
Glycerin  has  body  enough  and  is  sufficiently  viscous  to  carry  the 
emery  well,  and  besides  this  it  is  water-soluble,  thus  making  it 
very  easy  to  wash  away  the  excess  grinding  agent  when  the  job 
is  done  or  when  it  is  desirable  to  make  a  close  inspection  of  the  work 
done. 

HEATING  BATH 

A  bath  fluid  at  temperatures  above  150°  C.  and  which  does  not 
appreciably  affect  glass  is  prepared  by  fusing  10  parts  of  potassium 
nitrate  with  8.5  parts  of  sodium  nitrite. 

HEATING  BATHS 

For  uniform  heating  of  reactions  the  following  materials  have 
proven  satisfactory: 

For  temperatures  up  to  100°  C Steam 

For  temperatures  from  100°  —  250°  C.  Crisco  or  Nujol 

For  temperatures  from  200°  —  300°  C .  o-tolyl  phosphate 

For  temperatures  above  250°  C Wood's  metal. 

HECTOGRAPH  FILLER 

Ingredients:  \  oz.  of  ground  (dried)  glue;  2  oz.  of  dried  gelatine; 
18  fluid  oz.  glycerin.  These  amounts  should  provide  sufficient 
filler  for  a  pan  12"  X  9"  X  §". 

Mix  the  glue  with  water  and  digest  it  on  a  water  bath  (a  double 
boiler  may  be  used)  until  it  has  the  consistency  of  cream  and  is 
thoroughly  melted.  Soak  the  gelatine  in  cold  water  till  soft 
free  it  from  as  much  water  as  is  possible  by  pressure  in  a  cheese- 
cloth and  then  melt  it  on  a  water  bath  or  in  a  double  boiler.  Pour 
the  three  liquids  together,  and  after  they  are  thoroughly  mixed, 
pour  them  into  the  pan.     If  any  bubbles  appear  on  the  surface 
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of  the  filler,  scrape  them  off  with  the  edge  of  a  piece  of  cardboard 
while  the  filler  is  hot.  Do  not  use  the  filler  until  at  least  six  hours 
after  it  has  been  poured  into  the  pan.  The  materials  gel  slowly, 
Keep  the  pan  level  and  covered  until  its  contents  is  no  longer 
fluid. 

HECTOGRAPH  INK 

Violet 

Aniline  violet 1     oz. 

Hot  water 7    oz.  fl. 

On  cooling,  add: 

Alcohol 1     oz. 

Glycerin *  oz. 

Carbolic  acid  (phenol) a  few  drops 

Black 

Nigrosine 1  part 

Water 14  parts 

Glycerin 4  parts 

HYDROGEN  SULFIDE 

Pure  hydrogen  sulfide  may  be  generated  by  allowing  distilled 
water  to  drop  on  aluminum  sulfide. 

HYDROGEN  SULFIDE  SUPPLY 

Mix  and  heat  slightly  3  parts  by  weight  of  sulfur  with  1  part  by 
weight  of  paraffin.  Then  mix  with  sufficient  shredded  asbestos 
to  make  a  porous  mass.  Partly  fill  an  8"  Pyrex  test  tube,  connect 
with  delivery  tube  and  safety  bottle.  Heat.  Furnishes  good 
supply  of  H2S.  No  leakage  into  the  room  as  generation  of  H2S 
ceases  as  soon  as  heat  is  removed.  Mixture  keeps.  Test  tube 
may  be  heated  over  again  until  reactants  are  used  up 

INK  FOR  GLASS  MARKING 

Barium  sulfate 15  parts  by  weight 

Ammonium  bifluoride 15  parts  by  weight 

Ammonium  sulfate 10  parts  by  weight 

Oxalic  acid 8  parts  by  weight 

Glycerin 40  parts  by  weight 

Water 12  parts  by  weight 

If  too  thick,  add  more  water.  If  the  action  is  too  slow,  up  to  5  % 
of  sodium  fluoride  may  be  added.  Use  in  a  hood  or  well  ventilated 
room. 

LABEL  PROTECTION 

Collodion  for  Labels  on  Bottles 

Dissolve  3-4  grams  pyroxylin  in  100  c.c.  1:3  mixture  of  alcohol 
and  ether  (25  c.c.  absolute  alcohol,  75  c.c.  dry  ether). 

First  soak  the  pyroxylin  in  the  alcohol,  then  add  the  ether. 

Labels  for  Bottles 

Labels  should  be  written  in  India  Ink.  They  can  be  made 
waterproof  and  durable  by  coating  with  a  saturated  solution  of 
paraffin  in  benzene. 
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Lacquer  for  Protecting  Labels 

An  excellent  lacquer  for  protecting  labels  may  be  made  by  dis- 
solving 20  grams  of  vinyl  acetate  polymer  (Vinylite  A)  in  100  c.c. 
of  a  mixture  of  3  parts  of  toluene  and  1  part  of  95  %  alcohol.  This 
lacquer  forms  a  colorless,  transparent  film  which  resists  most 
reagents  very  well. 

Protecting  Varnish  for  Labels 

Typed  labels  may  be  protected  by  several  coats  of  a  varnish 
made  by  dissolving  ordinary  tooth  brush  handles  in  acetone.  The 
quantity  of  solvent  should  be  adjusted  to  give  a  convenient  vis- 
cosity.     The  varnish  is  water  and  acid  resistant. 

LOW  MELTING  ALLOY 

The  following  alloy,  Wood's  metal,  melts  at  about  65°  C: 

Bismuth 50      parts  by  weight 

Lead 25       parts  by  weight 

Tin 12.5  parts  by  weight 

Cadmium 12.5  parts  by  weight 

LUBRICANT,   DRY 

Melt  a  quantity  of  paraffin  and  add  as  much  fine  flake  or  pow- 
dered graphite  as  is  readily  moistened  by  the  melted  wax.  Cool 
and  cut  while  soft  into  convenient  sticks. 

This  lubricant  when  rubbed  on  the  surfaces  involved,  adheres 
and  greatly  reduces  friction.  It  is  particularly  useful  when  one  or 
both  of  the  surfaces  are  of  wood  or  other  non-metallic  substance. 

MILDEW  PREVENTION   ON  LEATHER  BOOK  BINDINGS 

Make  a  2  %  to  5  %  solution — not  more  than  5  % — of  copper 
sulfate.  Immerse  a  soft  towel  or  cloth  in  this  solution.  Remove 
the  cloth  and  thoroughly  wring  out.  Then  hang  out  to  dry. 
When  thoroughly  dried,  it  can  be  used  to  rub  leather  bound 
books.  One  treatment  of  the  cloth  will  easily  take  care  of  scores 
or  a  hundred  volumes,  and  the  leather  will  not  be  marked  by  the 
chemical. 

MIRRORS  FOR  SPECTROMETER  ADJUSTMENT 

A  small  square  of  thick  plate  glass  with  edges  ground  smooth 
and  silvered  on  one  surface  affords  a  means  of  accurate  adjustment. 

To  avoid  the  necessity  of  frequently  resilvering,  which  arises 
where  the  mirrors  are  in  constant  use,  the  following  course  is 
suggested : 

From  selected  German  plate  mirror  2  to  3  mm  thick,  cut  two 
pieces  of  the  same  size,  say  4X5  cm.  Remove  the  protective 
layer  of  varnish  or  paint  from  both  pieces  by  soaking  in  alcohol 
and  rubbing  with  cotton,  being  careful  not  to  injure  the  silver 
surface.  From  one  piece  remove  every  trace  of  varnish  by  repeated 
rinsing,  dry  and  polish  the  silver  surface  thus  exposed  by  stroking 
lightly  with  a  chamois  rouge  pad.  From  the  other  piece  remove 
the  silver  by  nitric  acid,  wash  thoroughly  in  distilled  water  and 
dry.  Cement  the  clear  piece  on  the  silver  face  of  the  other  with 
Canada  balsam.  This  is  accomplished  by  placing  two  or  three 
drops  of  Canada  balsam  in  xylol  (obtained  in  collapsible  tubes) 
on  the  center  of  the  silver  face,  and  evenly  lowering  upon  it  the 
clear  glass.     The  balsam  should  spread  rapidly  to  the  edges  of 
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the  plates.  Minute  bubbles  of  air  in  the  balsam  film  are  harmless; 
if  large  bubbles  are  present  the  plates  should  be  slipped  apart, 
cleaned  with  alcohol  and  the  process  repeated. 

The  balsam  will  be  sufficiently  hard  in  a  few  days  to  allow  the 
excess  to  be  scraped  from  the  edges  and  the  plates  bound  together 
with  lantern  slide  binding  strip.  Gentle  heat  may  be  used  to 
harden  the  balsam  more  rapidly. 

PHENOL   (CARBOLIC  ACID)   BURNS 

To  c.  p.  glycerin  add  bromine  until  slightly  colored  or  saturated. 
Keep  in  glass  stoppered  bottle  and  apply  quickly  to  phenol  burns. 
The  bromide  reacts  instantly  with  the  phenol  to  form  phenyl 
bromides. 

POLARITY  TEST  PAPER 

Dissolve  one  gram  of  phenolphthalein  in  a  small  quantity  of 
alcohol.  Add  the  solution  of  phenolphthalein  to  100  c.c.  of  a 
10  per  cent  solution  of  potassium  chloride  in  distilled  water.  Filter 
paper  should  be  soaked  in  the  solution  and  dried.  A  strip  of  paper 
moistened  with  water  and  placed  in  contact  with  the  two  terminals 
will  show  a  bright  red  stain  at  the  negative  terminal. 

PURIFICATION  OF  ALCOHOL 

To  remove  aldehydes  from  alcohol  intended  for  use  in  the  prepa- 
ration of  alcoholic  solutions  of  sodium  or  potassium  hydroxide, 
add  to  one  liter  of  alcohol  5  to  10  grams  of  aluminum  or  zinc  and 
8  to  10  grams  of  potassium  hydroxide;  boil  under  reflux  for  20  min- 
utes, and  distil.  Best  results  are  obtained  if  an  all-glass  apparatus 
is  used.  Alcoholic  solutions,  prepared  with  alcohol  so  treated,  will 
not  discolor  if  the  purification  of  the  alcohol  has  been  carefully 
carried  out. 

RESISTANT  PAINTS  AND  VARNISHES 

Acid  Proof  Wood  Stain 

Solution  No.  1  Solution  No.  2 

125  grams  of  copper  sulfate  150  grains  of  good  fresh  anilin 

oil 
125  grams  of  potassium  chlorate        180  grams     of     concentrated 

hydrochloric  acid 
1000  grams  of  water  1000  grams  of  water 

Wood  must  be  free  from  paint,  varnish,  grease  or  chemicals. 
Apply  two  coats  of  solution  No.  1  boiling  hot  with  a  paint  brush, 
allowing  each  coat  to  dry  thoroughly  before  the  next  coat  is  applied. 
Then  apply  two  coats  of  solution  No.  2  in  the  same  way.  When 
the  wood  is  completely  dried  wash  off  excess  chemicals  with  hot 
soapsuds.  Finish  with  raw  linseed  oil.  Polish  comes  from  rubbing 
the  oil  down  well  with  a  cloth  or  sponge.  Whenever  the  tables  get 
dingy  again  go  over  them  with  a  coat  of  linseed  oil  and  rub  smooth. 

Resistant  Coal  Tar  Varnish 

A  resistant  varnish  is  made  from  coal  tar  pitch  as  follows: 

Coal  tar  pitch 65  parts  by  weight 

Phenol  , 5  parts  by  weight 

Benzene 30  parts  by  weight 
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Resistant  Paint 

The  following  paint  when  used  on  galvanized  iron  has  been  found 
to  hold  up  well,  without  cracking  or  peeling  in  a  three  year's  test. 
It  can  also  be  used  on  black  iron,  tin,  copper,  or  stone  such  as  is 
used  for  laboratory  desk  tops.     It  withstands  dilute  acids. 

Formula:  Stir  in  10  parts  by  weight  of  benzol  into  30  parts  by 
weight  of  ordinary  thin  coal  tar.  Then  add  with  vigorous  stirring 
10  parts  by  weight  of  Silica  Black  (a  new  product  patented  under 
U.  S.  No.  1,940,352). 

SCALE  POLISH 

To  brighten  up  refractometer  and  polarimeter  scales  without 
injury  to  the  metal  rub  with  bone  black  or  clarifying  charcoal. 
A  dry  cloth  with  a  little  of  the  bone  black  is  rubbed  on  the  scale 
until  a  bright  polish  is  produced.  The  divisions  then  stand 
out  clearly  and  are  easily  read.  The  great  advantage  is  that  the 
fine  lines  are  not  worn  away  and  no  corrosive  material  is  left  to  cause 
discolorations. 

SILVERING  GLASS 

Brashear's  Process 
(From  Miller's  Laboratory  Physics,  Ginn  &  Co.,  publishers,  by  permission.) 
Two  solutions  are  required,  one,  the  reducing  solution,  should 
be  prepared  at  least  a  week  before  it  is  used,  and  it  may  be  made 
in  large  quantity  and  kept  in  stock  with  advantage;  the  other 
solution  is  to  be  prepared  when  used. 

Reducing  Solution 

Distilled  water 700  c.cm. 

Pure  sugar  (loaf,  granulated  or  rock  candy)  .  .        80  g. 

When  dissolved  add 

Alcohol 175  c.cm. 

Strong  nitric  acid  (sp.  gr.  1.42) .  . 3  c.cm. 

Add  water  to  make 1000  c.cm. 

For  silvering,  the  mirror  may  rest  face  up  on  the  bottom  of 
a  suitable  dish;  it  may  stand  on  edge,  or  be  supported  in  any 
manner,  face  downward,  dipping  into  the  upper  part  of  the  solu- 
tion. In  the  latter  case,  the  mirror  may  be  fastened  with  wax 
to  a  stick  laid  across  the  dish,  or  it  may  be  supported  on  glass 
feet  or  on  paraffined  wood  wedges.  Dr.  Brashear  recommends 
that  the  mirror,  if  round,  form  the  botton  of  the  silvering  dish, 
which  is  completed  by  wrapping  a  strip  of  paraffined  paper  around 
the  edge  of  the  mirror,  this  being  held  in  place  by  rubber  bands  or 
fastened  with  several  wrappings  of  coid. 

Having  selected  a  dish  and  support  for  the  mirror,  measure 
with  water  the  quantity  of  solution  that  will  be  required  to  make 
a  layer  a  centimeter  or  two  thick  over  the  surface  to  be  silvered. 
For  each  150  c.cm.  of  final  solution,  1  g.  of  silver  nitrate  and 
0.5  g.  of  caustic  potash  (purified  by  alcohol)  will  be  required. 
Dissolve  the  silver  and  potash  separately,  using  quantities  of  water 
of  the  proportion  of  100  c.cm.  to  1  g.  of  the  solid.  Ordinary  gradu- 
ates or  flasks  are  the  most  convenient  form  of  vessel  in  which  to 
mix  the  solutions.  Into  the  silver  nitrate  solution  pour  a  few 
drops  of  dilute  aqua  ammonia.  The  solution  will  turn  to  a  dark 
brown  color;  add  ammonia  little  by  little  till  the  precipitate  is 
nearly  but  not  quite  redissolved.     Now  add  the  potash  solution, 
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when  a  precipitate  will  again  be  formed.  This  is  to  be  nearly,  but 
not  entirely,  redissolved  by  the  addition  of  more  ammonia,  a  few 
drops  being  sufficient  this  time.  After  the  ammonia  has  been 
added  shake  or  stir  the  solution  well  and  wait  a  minute  or  two  to  be 
certain  that  it  does  not  entirely  clear.  If  by  chance  too  much 
ammonia  has  been  used,  a  little  silver  nitrate  is  to  be  dissolved  and 
added,  a  few  drops  at  a  time,  till  a  permanent  precipitate  is  formed. 
This  excess  of  silver  must  be  present,  the  solution  showing  a  decided 
brown  tint.  The  solution  may  be  filtered,  though  usually  this  is 
not  necessary. 

A  quantity  of  reducing  solution  equal  to  about  a  twenty-fifth 
part  of  the  solution  just  prepared  is  measured  out.  The  mirror, 
having  been  properly  cleaned  and  rinsed  with  distilled  water,  is 
placed  in  position.  The  reducing  solution  is  poured  into  the 
silver  and  potash  solution,  and  mixed  by  a  quick  shaking  of  the 
graduate  or  stirring  with  a  glass  rod;  the  whole  is  then  poured 
into  the  dish.  If  the  mirror  is  immersed  face  down,  care  is  neces- 
sary to  remove  air  bubbles;  the  mirror  may  well  be  immersed  after 
the  solution  is  in,  being  dipped  in  at  one  side  first.  If  the  mirror 
is  at  the  bottom  of  the  dish,  after  cleaning  it  is  covered  with  a  thin 
layer  of  water,  and  the  prepared  solutions  are  poured  into  the  disn 
without  further  trouble.  In  the  latter  case  the  dish  must  be  rocked 
during  the  time  of  deposition. 

The  solution  soon  turns  to  a  black  color,  which  in  a  few  minutes 
will  turn  to  a  brown;  and  when  it  becomes  a  light  gray  and  the 
precipitate  is  flocculent,  which  may  be  in  ten  or  fifteen  minutes, 
the  operation  is  at  an  end.  If  the  mirror  is  allowed  to  remain 
in  the  solution  too  long,  the  surface  will  have  a  bleached  appear- 
ance, which  polishing  will  hardly  remove.  Remove  the  mirror, 
rinse  with  water,  and  carefully  wipe  off  the  sediment  with  a  tuft 
of  absorbent  cotton.  It  is  then  set  on  edge  to  dry;  a  rinsing 
with  alcohol  will  facilitate  the  drying,  or  all  water  may  be  safely 
taken  up  by  pressing  clean  blotting  paper  over  the  surface. 

When  dry,  the  surface  may  be  polished,  if  necessary,  with  a 
small  pad  of  chamois  leather  stuffed  with  cotton,  on  which  is 
spread  a  little  rouge.  Small,  circular  strokes  of  the  pad,  with 
light  pressure,  will  soon  bring  out  the  deep  luster  of  the  silver. 

A  uniform  temperature  of  the  bath  and  the  glass,  of  about 
20°  is  essential  to  success. 

Since  fulminating  silver  is  liable  to  be  produced  by  the  action 
of  ammonia  on  silver  oxide,  especially  in  a  warm  room,  all  solu- 
tions should  be  thrown  away  as  soon  as  the  silvering  operation 
is  completed.  The  used  solutions  may  be  poured  into  a  large 
jar,  in  which  is  thrown  some  common  salt;  this  causes  the  silver 
to  be  precipitated  as  the  chloride,  and  about  90  per  cent  of  the 
original  silver  may  be  recovered. 

Rochelle  Salts  Process 
(From  Miller's  Laboratory  Physics,  Ginn  &  Co.,  publishers,  by  permission.) 

For  depositing  the  uniform  thin  film  of  silver  required  on  the 
half-silvered  glass  of  the  interferometer,  the  following  method 
is  more  suitable  than  the  one  described  above,  as  the  silver  is 
deposited  more  slowly.  If  a  thick  film  is  desired,  two  or  more 
successive  deposits  may  be  made,  each  of  which  may  require  an 
hour's  time. 

Dissolve  5  g.  of  silver  nitrate  in  300  c.cm.  of  distilled  water, 
and  add  dilute  aqua  ammonia  until  the  precipitate  formed  is 
nearly,   but   not   entirely,   redissolved  in   the   manner  explained  in 
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the  preceding  method.  Filter  the  solution  and  add  water  to 
make  500  c.cm. 

Dissolve  one  g.  of  silver  nitrate  in  a  small  quantity  of  water 
and  pour  into  about  half  a  liter  of  boiling  water;  dissolve  0.83  g. 
of  Rochelle  salts  in  a  small  quantity  of  water,  and  add  to  the 
boiling  solution.  Continue  the  boiling  for  half  an  hour,  till  the 
gray  precipitate  collects  as  a  powder  in  the  bottom  of  the  flask. 
Filter  hot,  and  add  water  to  make  500  c.cm. 

These  solutions  may  be  kept  in  the  dark  for  a  month  or  two. 

For  silvering,  equal  volumes  of  the  two  solutions  are  mixed, 
and  the  glass  is  supported  in  the  mixture  in  whatever  fashion 
is  convenient.  Various  methods  are  mentioned  in  the  preceding 
article.  The  thickest  possible  deposit  may  require  an  hour's 
time.  A  second  deposit  may  be  made  upon  the  first  if  necessary 
to  secure  the  desired  thickness.  The  drying  and  polishing  may 
be  carried  out  as  described  above. 

A  half-silvered  film  will  be  produced  in  about  a  minute;  only 
experience  can  determine  when  the  proper  thickness  has  been 
secured.  The  glass  appears  as  though  it  were  very  lightly  smoked. 
A  film  that  reflects  a  little  more  than  half  the  light  incident  at 
45°  is  desirable  for  interferometer  use.  A  simple  method  of 
testing  is  to  look  at  two  similar  gas  flames,  one  seen  through  the 
film  and  the  other  seen  reflected  by  it.  It  is  well  to  silver  at  once 
all  four  surfaces  of  the  two  plane-parallel  plates  of  the  interfer- 
ometer and  to  select  for  use  that  film  which  is  of  the  proper  and  most 
uniform  thickness. 

SOAP  SOLUTION  FOR  SOAP  FILM  EXPERIMENTS 

Pure  castile  or  palm-oil  soap 1  oz. 

Distilled  water 8  oz. 

Pure  glycerin 4  oz. 

Cut  the  soap  in  thin  shavings  and  dissolve  in  the  water.  When 
the  solution  is  complete,  add  the  glycerin  and  mix  very  thoroughly. 
On  standing  the  liquid  becomes  clear  at  the  bottom.  The  clear 
portion  may  conveniently  be  removed  by  a  siphon  and  preserved 
indefinitely. 

SODIUM  FLAME 

An  intense  sodium  flame  is  readily  obtained  by  placing  a  small 
lump  of  rock  salt  in  the  center  of  the  screen  on  a  lighted  Meker 
burner. 

SODIUM  LIGHT 

Paper  is  to  be  soaked  in  a  saturated  solution  of  common  salt, 
borax  or  other  salt  of  sodium,  and  dried.  When  wrapped  around 
a  Bunsen  burner,  secured  by  a  twist  of  wire  and  pushed  up  into 
the  edge  of  the  flame,  a  sodium  flame  of  considerable  intensity  is 
obtained.  As  the  ash  of  the  paper  breaks  away  it  must  be  occa- 
sionally raised.  Lithium  chloride  may  be  used  in  place  of  or  with 
sodium  salt  to  give  the  lithium  line  for  spectrometric  measurement. 
Sheet  asbestos  (thin)  may  replace  the  paper  if  desired.  Since  the 
asbestos  is  not  consumed  it  is  necessary  to  moisten  the  mantle  with 
salt  solution  at  intervals. 

SOLDERING  PYREX  GLASS  TO  METAL 

Dip  the  Pyrex  glass  tube  to  be  soldered  into  a  solution  of  chlor- 
piatinic  acid   (or  platinic  chloride  may  be  substituted)   made  by 
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preparing  a  mixture  consisting  of  0.2  gram  of  the  acid  with  5  c.c. 
each  of  alcohol  and  ethyl  ether  to  which  4  or  5  drops  of  turpentine 
have  been  added.  After  dipping  the  tube,  carefully  burn  all 
the  adhering  liquid  away  leaving  a  film  of  platinum  metal.  That 
film  will  serve  to  hold  the  solder  to  the  Pyrex  glass  and  in  doing  so 
makes  a  very  satisfactory  gas-tight  joint  for  a  metal  to  glass 
connection. 

SOLDERS 


Composition  by  weight 

Tem- 
perature 
of  fusion 

Metals  for 

which  it  is 

used 

Flux  com- 
monly used 

Lead 

Tin 

Cop- 
per 

Zinc 

Sil- 
ver 

Gold 

1 
3 

2 

1 
5 

5 

2 
55 

4.5 
6.5 
4 

1 
45 

0.5 
2.0 



15.0 

11.0 

6 

io 

188°  C. 
176 

170 

880 

1005 
983 

Lead 
Zinc 

Copper 
brass 

Iron 

Fe,  Cu, 
Fe,  Cu, 

brass 
Fe,  Cu,  Au, 
Fe,  Cu,  Au, 
Gold 

Tallow 

Zinc  chloride 

25%  HCl 
Zinc  chloride 

(neutral)  or 

resin 
Zinc  chloride 

or  NH^Cl 
Borax 
Borax 

Borax 
Borax 

STOPCOCK  LUBRICANTS 

Seal  for  Ground  Glass  Joints 

Glycerin  makes  a  very  satisfactory  seal  for  ground  glass  joints 
to  prevent  leakage  of  petroleum  ether,  ethyl  ether  or  any  other 
fluid  in  which  glycerin  is  insoluble.  Glycerin  on  the  ground  glass 
surface  prevents  sticking  and  so  allocs  for  the  easy  dismantling 
of  the  apparatus. 

Stopcock  Grease 

Shepherd  and  Ledig  (J.  Ind.  Eng.  Chem.  19,  1059,  1927)  prepare 
stopcock  grease  from  the  following  ingredients  by  mixing  with  con- 
tinuous stirring  for  190  hours  at  155°  C.,  then  placing  the  mixture  in 
small  2  oz.  containers,  immediately  chilling  the  contents  on  ice  and 
allowing  to  age  for  10  days  before  use.  For  high  vacuum:  31  parts 
crepe  rubber,  24  parts  white  "Vaseline"  petroleum  jelly,  5  parts 
paraffin  (m.  p.  36°  C.) ;  for  general  lubricant:  6  parts  crepe  rubber,  7 
parts  "Vaseline"  petroleum  jelly,  1  part  paraffin;  for  light  lubricant: 
10  parts  smoked  sheet  or  pale  crepe  rubber,  18  parts  "Vaseline" 
petroleum  jelly  and  1  part  paraffin  (m.  p.  30°  C). 

Stopcock  Grease 

Black  rubber  (red  or  pure  gum) 1  part 

Paraffin 2  parts 

"Vaseline"  petroleum  jelly 4  parts 

Melt  the  paraffin  and  "Vaseline"  petroleum  jelly  together,  add 
the  rubber  slowly  and  in  small  pieces  taking  care  not  to  burn  the 
rubber.  A  larger  quantity  of  "Vaseline"  petroleum  jelly  may  be 
desirable. 
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Stopcock  Lubricant 

Petrolatum  (500  grams)  and  raw  crepe  rubber  (50  grams)  are 
stirred  together  and  kept  in  an  oven  at  125°— 150°  C.  for  several 
days,  or  until  the  mixture  is  homogeneous. 

Stopcock  Lubricant 

Standard  Viscous  Oil  No.  32  (Standard  Oil  Co. 

of  California) 200  grams 

Aluminum  stearate 50  grams 

Dissolve  the  stearate  in  the  oil,  heated  to  about  150°  C,  and  cool. 
This  makes  an  extremely  sticky,  ropy,  tough  adhesive  for  ground 
glass  surfaces. 

Stopcock  Lubricant 

In  the  laboratory  it  is  often  desirable  to  have  a  stopcock  lubricant 
that  will  not  dissolve  away  with  the  ordinary  fat  solvents  such  as 
the  hydrocarbons  Or  chlorinated  hydrocarbons.  In  some  set-ups 
the  ordinary  stopcock  greases  are  quite  useless,  and  syrupy  phos- 
phoric acid  is  very  unsatisfactory. 

A  paste  of  Bentonite  (colloidal  clay)  and  glycerin  may  be  used 
for  such  a  purpose.  One  can  adjust  the  viscosity  of  the  paste 
to  suit  his  needs.  Such  a  lubricant  is  entirely  unaffected  by  the 
non-aqueous  solvents,  and  even  in  the  presence  of  water  holds 
remarkably  long,  probably  due  to  the  fact  that  the  Bentonite  makes 
a  jelly  with  either  glycerin  or  water.  In  addition  it  has  the  very 
decided  advantage  of  permitting  a  stopcock  lubricant  to  be  used 
at  temperatures  up  to  or  even  well  above  100°  C.  The  viscosity 
does  not  diminish  very  much  with  rise  in  temperature. 

UNIVERSAL  WAX 

(1)  A  soft  wax  useful  in  the  laboratory  may  be  made  by  melting 
together  paraffin,  "Vaseline"  petroleum  jelly  and  paraffin  oil  in 
various  proportions  according  to  the  pliability  desired. 

(2)  Another  authority  recommends  equal  quantities  of  beeswax 
and  turpentine  (by  weight).  It  is  customary  to  color  the  Wax  by 
adding  finely-powdered  Venetian  red. 

(3)  Melt  together  1  part  of  Venice  turpentine  and  5  parts  of 
beeswax.     Color  with  vermilion. 


2593 


PHOTOGRAPHIC  FORMULAE 

Pure  water,  preferably  distilled,  should  be  used  in  all  solutions. 
Chemicals  should  be  dissolved  in  the  order  given. 

Desiccated  or  anhydrous  sodium  carbonate  and  sodium  sulfite 
are  specified  in  the  following  formulae.  If  the  crystalline  forms  are 
employed,  a  larger  quantity  must  be  used. 

Sodium  carbonate  exists  in  three  forms:  the  anhydrous  or  desic- 
cated, Na2C03|  the  monohydrate,  Na^COa-EhO;  "washing  soda," 
Na2CO3-10H2O.  If  the  monohydrate  is  substituted  for  the  desic- 
cated, 1.17  times  the  specified  quantity  should  be  used.  If  the 
"crystal"  form  Na2CO3-10H2O  is  substituted  for  the  desiccated, 
2.7  times  the  specified  quantity  should  be  used. 

Sodium  sulfite  exists  in  two  forms;  the  anhydrous  or  desiccated, 
Na2S03,  and  a  form,  Na2S03-7H20.  If  the  latter  "crystal"  form 
is  substituted  for  the  desiccated,  2  times  the  specified  amount 
should  be  used. 

Quantities  required  are  given  in  both  English  and  metric  units. 
The  values  are,  in  most  cases^not  interchangeable  since  the  amounts 
of  water  are  not  the  same.  According  to  recent  usage  quantities  of 
liquid  are  often  specified  in  milliliters  (ml) .  The  milliliter  is  1 .000027 
cubic  centimeters;  the  units  are,  of  course,  interchangeable  for 
photographic  formulae.  The  U.  S.  avoirdupois  system  of  weights 
is  used. 

The  following  abbreviations  are  employed: 

anh.  anhydrous 

c.c.  cubic  centimeter 

dr.  dram 

g  gram 

gal.  gallon 

gr.  grain 

1  liter 

min.  minim 

ml  milliliter  (equivalent  to  cubic  centimeter,  cm3  or  c.c.) 

oz.  (av.)  ounce  (avoirdupois) 

oz.  fl.  fluid  ounce 

qt.  quart 

DEVELOPERS  FOR  PLATES  AND  FILMS 

When  a  time  of  development  is  suggested,  it  is  intended  to  serve 
as  a  guide  only.  Individual  requirements  as  to  density  and  con- 
trast vary.  Greater  or  less  contrast  may  be  obtained  by  developing 
for  a  longer  or  a  shorter  time  respectively. 

General  Purpose  Negative  Developers 

Amidol  (Diaminophenol  hydrochloride) 
For  plates  and  films,  to  be  mixed  immediately  before  use. 

Water 10  oz.  fl.  1000  ml 

Sodium  sulfite,  anh 120  gr.  29  g 

Amidol 30  gr.  7  g 

Potassium  bromide 6-10  gr.  1.4-2  g 

Amidol  oxidizes  so  rapidly  in  solution  that  it  is  customary  to 
make  up  this  developer  immediately  before  it  is  to  be  used.  The 
time  required  for  development  is  from  3  to  5  minutes  at  18°  C.  or 
65°  F. 
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Amidol 

Sulfite  Stock  Solution 

Sodium  sulfite,  anh 2      oz.  100  g 

Potassium  metabisulfite 0.5  oz.  25  g 

Water 20     oz.  1000  c.c 

Boil  after  dissolving  in  warm  water.  Developer  is  made  when 
needed  by  adding  dry  amidol  to  the  stock  solution  of  sulfite  which 
keeps  for  a  long  period. 

Stock  solution  of  sodium  sulfite 2  oz.         200  c.c. 

Water 10  oz.       1000  c.c. 

Amidol 20-30  gr.      4.5-7  g 

Athenon.     See  Glycin 

Elon-Hydroquinone  (Kodak  D-76) 

Developer  for  maximum  speed  at  normal  contrast  on  films  and  plates. 

Water,  about  125°  F.  (52°  C.) 24  oz.  750  c.c. 

Elon 29  gr.  2  g 

Sodium  sulfite,  desiccated 3  oz.  145  gr.  100  g 

(1458  gr.) 

Hydroquinone 73  gr.  5  g 

Borax,  granular 29  gr.  2  g 

Water  to  make 32  oz.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

Average  development  time  about  17  minutes  at  68°  F.  (20°  C). 
See  individual  recommendations  listed  for  each  material. 

Replenisher  (Kodak  D-76R) 

Water,  about  125°  F.  (52°  C.) 24    oz.  750  c.c. 

Elon 44    gr.  3  g 

Sodium  sulfite,  desiccated 3    oz.  145  gr.  100  g 

(1458  gr.) 

Hydroquinone |  oz.  7.5  g 

Borax,  granular 290    gr.  20  g 

Water  to  make.  ....... .      32    oz.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

Use  the  replenisher  without  dilution  and  add  to  the  tank  to 
maintain  the  activity  of  the  developer. 

Elon-Hydroquinone-Pyro  (Kodak  D-75) 
A  long  life  deep  tank  developer  for  roll  film. 

Solution  No.  1 

Water  (about  125°  F.)  (52°  C.) 16  oz.     500  c.c. 

Elon 44  gr.  3  g 

Solution  No.  2 

Water  (about  125°  F.)  (52°  C.) 16  oz.  500  c.c. 

Sodium  sulfite,  anh 260  gr.        18  g 

Sodium  bisulfite 1  oz.     85  gr.        36  g 

Solution  No.  3 

Hot  water  (about  160°  F.)  (71°  C.) 16  oz.  500  c.c 

Sodium  sulfite,  anh 260  gr.  18  g 

Hydroquinone 175  gr.  12  g 

Pyro 44  gr.  3  g, 
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Solution  No.  4 

Water  (about  125°  F.)  (52°  C.) 16  oz.     500  c.c. 

Sodium  carbonate,  anh 2  oz.   175  gr.        72  g 

Mix  each  solution  separately  and  add  to  the  tank  at  once  in  the 

order  given. 

Then  add  water  to  make 1  gal.     4000  c.c. 

Develop  7  to  14  minutes  at  65°  F.  (18°  C),  in  the  fresh  developer 
according  to  the  contrast  desired.  Greater  or  less  contrast  may  be 
obtained  by  developing  for  longer  or  shorter  times  than  those 
specified.  Avoid  the  use  of  galvanized  ware  when  mixing,  or  trouble 
from  fog  will  be  encountered.  Cool  the  mixture  of  the  first  three 
solutions,  before  adding  the  cooled  solution  No.  4  to  it,  to  avoid 
effervescence. 

For  small  scale  mixing,  that  is,  less  than  1  gallon  (4000  c.c),  all 
the  chemicals  may  be  dissolved  in  the  order  given  in  one-half  the 
total  volume  of  water  (125°  F.)  (52°  C.)  and  cold  water  added  to 
make  up  to  volume. 

Replenisher  Stock  Solution 

Water  (about  125°  F.)  (52°  C.) 64  oz.  2000  c.c. 

Elon i  oz.            15  g 

Sodium  sulfite,  anh 3  oz.           90  g 

Sodium  bisulfite 3  oz.           90  g 

Hydroquinone 1  oz.           30  g 

Sodium  carbonate,  anh 8  oz.         240  g 

Water  to  make 1  gal.  4000  c.c. 

Dilute  1  part  of  stock  solution  with  1  part  o[  water  and  add  to 
the  tank  as  required. 

Elon-Pyro  (Kodak  D-7) 
Stock  Solution  A 

Water  (about  125°  F.)  (52°  C.) 16    oz.  500      c.c. 

Elon i  oz.  7*5  g 

Sodium  bisulfite i  oz.  7.5  g 

Pyro 1     oz.  30      g 

Potassium  bromide 60     gr.  4.2  g 

Water  to  make 32     oz.  1000      c.c. 

Stock  Solution  B 

Water 32    oz.      1000      c.c. 

Sodium  sulfite,  desiccated. 5    oz.        150      g 

Stock  Solution  C 

Water 32     oz.      1000      c.c. 

Sodium  carbonate,  desiccated 2^  oz.  75      g 

Dissolve  chemicals  in  the  order  given 

TRAY  DEVELOPMENT:  Take  1  part  of  A,  1  part  of  B,  1  part  of 
C,  and  8  parts  of  water.     Develop  about  7  minutes  at  68°  F.  (20°  C.) . 

TANK  DEVELOPMENT:  Take  1  part  of  A,  1  part  of  B,  1  part 
of  C,  and  13  parts  of  water.  Develop  about  10  minutes  at  68°  F. 
(20°  C). 

This  developer  can  be  used  for  two  or  three  weeks  if  the  volume 
is  maintained  by  adding  fresh  developer  in  the  proportion  of  1  part 
each  of  A,  B,  and  C  to  4  parts  of  water.  It  is  usually  necessary 
to  increase  the  development  time  as  the  developer  ages. 
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Glycin  (Parahydroxyphenyl  glycin) 

Stock  Solution 

Water 10  oz.  fi.  1000      ml 

Sodium  sulfite,  anh 300  gr.  68.5  g 

Glycin 120  gr.  27.5  g 

Sodium  carbonate,  anh 240  gr.  54.8  g 

TRAY  DEVELOPMENT:  Dilute  with  4  parts  of  water  to  1  of 
stock  solution.      Develop  6  to  10  minutes. 

TANK  DEVELOPMENT:  Use  15  parts  of  water  to  1  of  stock 
solution;  develop  20  to  30  minutes. 

Glycin  developer  keeps  well.     The  image  is  fine-grained  and  free 
from  fog  or  stain. 

Glycin 

Stock  Solution 

Hot  water  (200°  F.) 60      oz.  1 700  c.c. 

Sodium  carbonate,  anh 2      oz.  57  g 

Glycin 0.5  oz.  14  g 

Sodium  sulfite,  anh 0.5  oz.  14  g 

Dissolve  in  order.  For  use  take  stock  solution,  6  parts;  water, 
58  parts. 

At  60°  F.  develop  30  min.;  at  65°  F.  25  mill.;  at  70°  F.  20  min. 

Glycin  (Kodak  D-78) 

Water 2.5  qt.  750  c.c. 

Sodium  sulfite,  anh 175      gr.  3  g 

Glycin 175      gr.  3  g 

Sodium  carbonate,  anh 350      gr.  6  g 

Water  to  make 1      gal.  1000  c.c. 

Time  of  development:  15  to  25  minutes  at  65°  F.  (18°  C.) 

Glycin  Developer  (Agfa  72) 

This  formula  is  recommended  for  use  with  commercial  films  in 
reproduction  work  and  is  also  suitable  for  development  of  roll, 
pack  and  cut  film. 

Stock  Solution 

Hotwater(125°F.or52°C.)   24    oz.  3    qt.  750  c.c. 

Sodium  sulfite,  anh 4|  oz.  1     lb.  1  oz.  125  g 

Potassium  carbonate 8^  oz.  2    lb.  2  oz.  250  g 

Glycin 1§  oz.  80  gr.  6f  oz.  50  g 

(736  gr.) 

Water  to  make 32    oz.  1     gal.  1000  c.c. 

TANK  DEVELOPMENT:  Take  one  part  stock  solution,  fifteen 
parts  water  and  develop  20  to  25  minutes  at  65°  F.  (18°  C.). 

TRAY  DEVELOPMENT:  Take  one  part  stock  solution,  four 
parts  water  and  develop  5  to  10  minutes  at  65°  F.  (18°  C.). 

Hydroquinone 

Water 10  oz.  fl.  1000      ml 

Sodium  sulfite,  anh 220  gr.  50      g 

Hydroquinone 50  gr.  11.5  g 

Sodium  carbonate,  anh 162  gr.  37      g 

For  use  take  1  part  of  water  to  1  part  of  stock  solution.  This  is  a 
slow  acting  developer.  The  temperature  should  not  be  allowed  to 
fall  below  60°  F.  (15°  C.)  as  the  developer  becomes  inert. 
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Metaborate  Metol-Hydroquinone  (Agfa  48M) 

This  formula  is  recommended  for  photofinishing,  professional, 
and  amateur  developing  and  is  suitable  for  deep  tank  use  over  a 
long  period  of  time. 

Hot  water  (125°  F.  or 

52°  C.) 3    qt.  2Jgal.  750      c.c. 

Metol 119    gr.  418    gr.  2      g 

Sodium  sulfite,  anh.  .        5^  oz.  1     lb.  2\  oz.  40      g 

(18-1-  oz.) 

Hydroquinone 88    gr.  309    gr.  1.5  g 

Sodium  metaborate..        1^  oz.  30  gr.  4|  oz.  10      g 

(577  gr.) 

Potassium  bromide .  .      30    gr.  -4  oz.  .5  g 

Water  to  make 1     gal.  3^  gal.  1000      c.c. 

Do  not  dilute  for  use. 

TANK  DEVELOPMENT:  Normal  developing  time  5  to  7 
minutes  at  65°  F.  (18°  C). 

TRAY  DEVELOPMENT:  Normal  developing  time  4  to  6 
minutes  at  65°  F.  (18°  C). 

Replenisher  (Agfa  48M) 
Add  whenever  necessary  to  keep  tank  up  to  full  volume. 

Hot  water  (125°  F.  or  52°  C.)  .  .  .  24    oz.  3    qt.  750      c.c. 

Metol 90    gr.  358    gr.              6.3  g 

Sodium  sulfite,  anh 1     oz.  4    oz.           30      g 

Hydroquinone 144     gr.  \\  oz.            10      g 

Sodium  inetaboraie \\  oz.  5    oz.           40      g 

Water  to  make 1     qt.  1     gal.  1000      c.c. 

Metol 

Water,  warm 20        oz.  1000  c.c. 

Metol 150        gr.  17  g 

Sodium  sulfite,  anh 1.25  oz.  63  g 

Sodium  carbonate,  anh 1.75  oz.  88  g 

Potassium  bromide 16        gr.  1.8  g 

Always  dissolve  metol  first. 

For  use  dilute  with  equal  part  of  water  for  portraiture;  for  land- 
scape use  two  parts  of  water  to  one  of  stock  solution.  Gives  detail 
without  density  except  by  prolonged  development. 

Metol-Hydroquinone 

Note:  Elon  may  be  used  with  hydroquinone  in  place  of  metol,  in 
equal  quantity. 

Solution  A 

Water 64  oz.  1820      c.c. 

Metol 120  gr.  7.8  g 

Hydroquinone 120  gr.  7.8  g 

Sodium  sulfite,  anh 2  oz.  57      g 

Solution  B 

Water 16  oz.        455      c.c. 

Sodium  carbonate,  anh 2  oz.  57      g 

For  use  take  A,  4  oz.;  B,  1  oz.;  water,  4  oz. 
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Metol-Hydroquinone  Tray  Developer  (Agfa  40) 

This  is  a  brilliant  tray  developer  for  roll,  pack  and  sheet  film. 

Stock  Solution 

Hot  water  (125°  F.  or  52°  C.)   29    oz.  3§  qt.         900      c.c. 

Metol 66    gr.  264     gr.              4.5  g 

Sodium  sulfite,  anh If  oz.  25  gr.  7|  oz.           54      g 

(791  gr.) 

Hydroquinone I  oz.  1     oz.              7.5  g 

Sodium     carbonate,     mono- 

hydrated If  oz.  25  gr.  7|  oz.           54      g 

(791  gr.) 

Potassium  bromide 45     gr.  189     gr.              3      g 

Water  to  make 32    oz.  1     gal.      1000      c.c. 

For  use  dilute  1  part  stock  solution  with  2  parts  water. 
Development  time  4  to  5  minutes  at  65°  F.  (18°  C). 

Metol-Hydroquinone  Tray  Developer  (Agfa  61) 

This  developer  is  recommended  for  use  with  commercial  film  to 
produce  negatives  of  normal  contrast.  It  may  also  be  used  satis- 
factorily for  roll,  pack  and  sheet  film  for  negatives  of  average 
brilliance. 

Hot  water  (125°  F.  or  52°  C.) 24    oz.  3  qt.  750  c.c. 

Metol 15    gr.  60  gr.  1  g 

Sodium  sulfite,  anh |  oz.  2  oz.  15  g 

Hydroquinone 30    gr.  119  gr.  2  g 

Sodium  carbonate,  monohydrated ...  \  oz.  2  oz.  15  g 

Potassium  bromide 15    gr.  60  gr.  1  g 

Water  to  make 32    oz.  1  gal.  1000  c.c. 

Do  not  dilute  for  use.  Normal  development  time,  4  to  6  minutes 
at  65°  F.  (18°  C). 

Metol-Hydroquinone  Developer  (Agfa  47) 
This  is  a  long-life,  clean-working  formula  which  will  give  excel- 
lent results  as  a  standard  film  developer  for  either  tray  or  tank 
development. 

Hot  water  (125°  F.  or  52°  C.)        3  qt.           2^  gal.  750      c.c. 

Metol 88  gr.       309     gr.  1.5  g 

Sodium  sulfite,  anh 6  oz.            1     lb.  5  oz.  45      g 

(21  oz.) 

Sodium  bisulfite 60  gr.              \  oz.  1      g 

Hydroquinone 179  gr.            \\  oz.  80  gr.  3      g 

(627  gr.) 
Sodium     carbonate,     mono- 
hydrated       348  gr.            2\  oz.  6      g 

Potassium  bromide 47  gr.       269     gr.  .8  g 

Water  to  make 1  gal.          3|  gal.  1000      c  c, 

TANK  DEVELOPMENT:  Used  without  dilution.  Normal 
development  time  6  to  8  minutes  at  65°  F.  (18°  C.)  with  occasional 
agitation.  For  longer  developing  times,  dilute  one  part  developing 
solution  with  one  part  water  and  develop  12  to  16  minutes  at 
65°  F.  (18°  C). 
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TRAY  DEVELOPMENT:   Normal  development  time  5  to   7 
minutes  at  65°  F.  (18°  C). 

Replenisher  (Agfa  47A) 
Add  whenever  necessary  to  keep  tank  up  to  full  volume. 

Hot  water  (125°  F.  or  52°  C).      24    oz.         3    qt.  750  c.c. 

Metol 45    gr.      179    gr.  3  g 

Sodium  sulfite,  anh 1|  oz.          6    oz.  45  g 

Sodium  bisulfite 30    gr.      119    gr.  2  g 

Hydroquinone 88    gr.      348    gr.  G  g 

Sodium      carbonate,      mono-   174    gr.          l|  oz.  50  gr.  12  g 

hydrated.  (706  gr.) 

Water  to  make 32     oz.          1     gal.  1000  c.c, 

Metol-Hydroquinone  Tank  Developer  (Agfa  42) 

This  is  a  soft-working  tank  formula  recommended  for  pack,  roll 
and  portrait  films. 

Hot  water  (125°  F.  or  52°  C.)  24  oz.  3  qt.  750      c.c. 

Metol 12  gr.  47  gr.  .8  g 

Sodium  sulfite,  anh 1  '  oz.  6  oz.  45      g 

Hydroquinone. 18  gr.  70  gr.  1.2  g 

Sodium      carbonate,      mono-  119  gr.  1  oz.  40  gr.  8      g 

hydrated.  (478  gr.) 

Potassium  metabisulfite 59  gr.  239  gr.  4      g 

Potassium  bromide 22  gr.  88  gr.  1.5  g 

Water  to  make 32  oz.  1  gal.  1000      c.c. 

Do  not  dilute  for  use. 

Develop  15  to  20  minutes  at  65°  F.  (18°  C). 

Ortol 

Solution  A 

Ortol 140         gr.  16      g 

Potassium  metabisulfite 70         gr.  8      g 

Cold  water 20         oz.       1000      c.c. 

Solution  B 

Sodium  carbonate,  anh 1 .25   oz.  63      g 

Sodium  sulfite,  anh 1.75   oz.  88      g 

Potassium  bromide 10-20  gr.  1.1-2.3  g 

Water 20  oz.  1000      c.c. 

For  rapid  developer  take  A.  1  part;  B,  1  part.     For  slower,  softer 
development  take  A,  1  part;  B,  1  part;  water,  1  part. 

Paraformaldehyde  Developer  (Agfa  79B) 
(Two  Solution) 

This  developer  has  better  keeping  quality  than  when  marie  in 
one  solution. 

Solution  1 
Water    (not   over   90°   F.    or 

32°  C.) 24  oz.  3    qt.  750      c.c. 

Sodium  sulfite,  anh 15  gr.        60    gr.  1      g 

Paraformaldehyde 1  oz.  4    oz.  30      g 

Potassium  metabisulfite 154  gr.  1 J  oz.  60  gr.  10.5  g 

(607  gr.) 

Water  to  make 32  oz.  1     gal.  1000      c.c. 
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Solution  2 

Hot  water  (125°  F.  or  52°  C.)  24  oz.  3  qt.  750  c.c. 

Sodium  sulfite,  anh 4  oz.  1  lb.  120  g 

Boric  acid 1  oz.  4  oz.  30  g 

Hydroquinone 3  oz.  12  oz.  90  g 

Potassium  bromide 88  gr.  348  gr.  6  g 

Water  to  make 96  oz.  3  gal.  3000  c.c. 

For  use  mix  one  part  Solution  1  with  three  parts  Solution  2. 

Normal  development  time  2  to  3  minutes  at  65°  to  70°  F.  (18c 
to  21°  C). 

Paraminophenol 

Water,  boiling 20  oz.      1000  c.c. 

Potassium  metabisulfite 6  oz.       300  g 

Paraminophenol 2  oz.        100  g 

Add  sodium  pr  potassium  hydroxide  in  small  quantities  to  dis- 
solve the  precipitate  first  formed. 

For  use  take  1  part  stock  solution  with  20  parts  water. 

Pyro  Developer  (Agfa  45) 

This  formula  is  recommended  to  those  who  prefer  Pyro  develop- 
ment.    Stock  solutions  should  be  kept  in  stoppered  bottles. 

Solution  1 

Sodium  bisulfite 144    gr.        1|  oz.  25  gr.  9.8  g 

(572  gr.) 

Pyro 2    oz.        8    oz.  60      g 

Potassium  bromide 16    gr.      64    gr.  1.1  g 

Water  to  make 32     oz.        1     gal.  1000      c.c. 

Solution  2 

Sodium  sulfite,  anh 3|  oz.      14    oz.  105      g 

Water  to  make 32    oz.        1     gal.  1000      c.c. 

Solution  3 
Sodium      carbonate,      mono- 

hydrated 2f  oz.      11     oz.  85      g 

Water  to  make 32    oz.        1     gal.  1000      c.c. 

TANK  DEVELOPMENT:  Take  one  part  each  Solutions  1,  2,  3 
and  add  11  parts  water.  Normal  development  time,  from  9  to  12 
minutes  at  65°  F.  (18°  C). 

TRAY  DEVELOPMENT:  Take  1  part  each  Solutions  1,  2,  3 
and  add  7  parts  water.  Normal  development  time,  from  6  to  8 
minutes  at  65°  F.  (18°  C).  Solutions  will  keep  well  when  stored 
separately  but  final  developer  should  be  used  immediately  after 
mixing. 

Pyro  Developer  (Kodak  D-l) 
Stock  Solution  A 

Sodium  bisulfite 140    gr.  9.8  g 

Pyro 2    oz.  60      g 

Potassium  bromide 16    gr.  1.1  g 

Water  to  make 32    oz.      1000      c.c. 

Stock  Solution  B 

Water 32    oz.     1000     c.c. 

Sodium  sulfite,  anh 3^  oz.        105      g 
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Stock  Solution  C 

Water 32    oz.      1000      c.c. 

Sodium  carbonate,  anh 2\  oz.  75      g 

For  tray  development  take  1  part  of  A,  1  part  of  B,  1  part  of  C, 
and  7  parts  of  water.  Develop  about  5  to  7  minutes  at  65°  F. 
(18°  C.). 

For  tank  development  take  1  part  of  A,  1  part  of  B,  1  part  of  C, 
and  11  parts  of  water.  Develop  about  12  minutes  at  65°  F. 
(18°  C). 

Pyro  Developer  (Kodak  D-90)  *    . 
Stock  Solution  A 

Sodium  sulfite,  anh 2  oz.   145  gr.  70  g 

Sodium  bisulfite 245  gr.  17  g 

Pyro 290  gr.  20  g 

Water  to  make 32  oz.  1 000  c.c. 

Stock  Solution  B 

Sodium  carbonate,  anh 2\  oz.  75  g 

Potassium  bromide 15    gr.  1  g 

Water  to  make 32    oz.  1000  c.c. 

For  average  use  take  1  part  of  stock  solution  A,  1  part  of  stock 
solution  B,  and  2  parts  of  water.  Develop  4  to  6  minutes  at  65°F. 
(18°  C).  For  greater  contrast,  use  1  part  of  A,  1  part  of  B,  and 
1  part  of  water;  for  less  contrast,  use  1  part  of  A,  1  part  of  B,  and 
4  parts  of  water. 

Pyro  Tank  Developer 

Water 48  oz.  1360      c.c. 

Sodium  sulfite,  anh 115  gr.             7.5  g 

Sodium  carbonate,  an!i 90  gr.            5.8  g 

Pyro 45  gr.            2.9  g 

Dissolve  immediately  before  use.      Use  full  strength. 
Develop  15  minutes  at  05°  F.  (18°  C). 

Pyro  Tank  Developer 

(Three  Solutions) 
Solution  A 

Water 16  oz.     455        c.c. 

Oxalic  acid 10  gr.  0.65  g 

Pyro 1  oz.        28        g 

Solution  B 

Water 16  oz.     455        c.c. 

Sodium  sulfite,  anh 3  oz.        85        g 

Solution  C 

Water 16  oz.     455        c.c. 

Sodium  carbonate,  anh 1  oz.        28        g 

For  use  take  A,  1  part;  B,  1  part;  C,   1  part;  water,  61  parts. 
Develop  30  minutes  at  65°  F.  (18°  G.)  for  best  results. 
For  temperature  60°  F.  develop  35  minutes. 
For  temperature  65°  F.  develop  30  minutes. 
For  temperature  70°  F.  develop  25  minutes. 
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Contrast  Negative  Developers 

Elon-Hydroquinone 

Contrast  Developer  for  Photomicrography 

Water  (52°  C.) 16    oz.  500  c.c. 

Elon 14    gr.  1  g 

Sodium  sulfite 2^  oz.  75  g 

Hydroquinone 130    gr.  9  g 

Sodium  carbonate 360    gr.  25  g 

Potassium  bromide 70    gr.  5  g 

Water  to  make 32    oz.  1000  c.c. 

Elon-Hydroquinone  (Kodak  D-ll) 

Process  tank  or  tray  developer  for  high  contrast  on  films  and 
plates. 

Water,  about  125°  F.  (52°  C.) 16    oz.  500  c.c. 

Elon 15    gr.  1  g 

Sodium  sulfite,  desiccated 2-] r  oz.  75  g 

Hydroquinone 130    gr.  9  g 

Sodium  carbonate,  desiccated 365     gr.  25  g 

Potassium  bromide 73     gr.  5  g 

Cold  water  to  make 32    oz.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

For  process  photography  use  without  dilution.  For  develop- 
ment of  copies  of  continuous-tone  subjects,  dilute  with  an  equal 
volume  of  water.  Develop  about  5  minutes  in  a  tank  or  4  minutes 
in  a  tray  at  68°  F.  (20°  C). 

Hydroquinine  Developer  for  Line  Work 

Also  for  lantern  slides,  or  wherever  increased  contrast  is  desired. 

A 

Distilled  water \¥2    oz. 

Hydroquinone 1  \  oz. 

Sodium  sulfite,  anh 1     oz. 

Sulfuric  acid  (cone.) 60    min. 

B 

Distilled  water 32  oz. 

Sodium  carbonate,  aiili 1  oz. 

Potassium  carbonate,  anh 3  oz. 

Potassium  bromide 130  gr. 

Sodium  sulfite,  anh 3  oz. 

For  tray  or  tank  development,  use  equal  parts  of  A  and  B  without 
further  dilution.  Develop  at  65°  F.  for  5  to  10  minutes  according 
to  exposure  or  density  desired. 

Hydroquinone-Caustic  Soda  (Kodak  D-9) 

Process  Tray  Developer 

Stock  Solution  A 

Water  (about  125°  F.)  (52°  C.) 16    oz.       500      c.c. 

Sodium  bisulfite J  oz.  22.5  g 

Hydroquinone f  oz.  22.5  g 

Potassium  bromide 2  oz.  22.5  g 

Cold  water  to  make 32     oz.      1000      c.c. 
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Stock  Solution  B 

Cold  water 32    oz.     1000      c.c. 

Sodium  hydroxide  (caustic  soda) If  oz.         52.5  g 

Use  equal  parts  of  A  and  B  and  develop  not  more  than  two 
minutes  at  65°  F.  (18°  C).  Wash  thoroughly  after  development 
and  before  fixing,  otherwise  stains  and  dichroic  fog  will  result. 
Development  slows  up  greatly  below  55°  F.  (13°  C). 

Cold  water  should  always  be  used  when  dissolving  sodium 
hydroxide  (caustic  soda)  because  considerable  heat  is  evolved. 
If  hot  water  is  used,  the  solution  will  boil  with  explosive  violence 
and  may  cause  serious  burns  if  the  hot  alkali  spatters  on  the  hands 
or  face.  Solution  A  should  be  stirred  thoroughly  when  the  caustic 
alkali  is  added  to  it;  otherwise  the  heavy  caustic  solution  will  sink 
to  the  bottom. 

Hydroquinone  Caustic  Soda  (Kodak  D-8) 
Developer  for  very  high  contrast  on  films  and  plates. 

Stock  Solution 

Water,  about  90°  F.  (32°  C.) 24 

Sodium  sulfite,  desiccated 3 

Hydroquinone H 

Sodium  hydroxide  (caustic  soda) 1| 

Potassium  bromide 1 

Water  to  make 32 

Dissolve  chemicals  in  the  order  given.  Stir  the  solution  thor- 
oughly before  use. 

For  use,  take  2  parts  of  stock  solution  and  1  part  of  water. 
Develop  about  2  minutes  in  a  tray  at  65°  F.  (18°  C). 

For  general  use,  a  developer  which  is  slightly  less  alkaline  and 
gives  almost  as  much  density  can  be  obtained  by  using  410  gr.  of 
sodium  hydroxide  per  32  oz.  of  stock  solution  (28  g  per  1000  c.c.) 
instead  of  the  quantity  given  in  this  formula. 

Hydroquinone  Caustic  Soda  (Agfa  70) 

This  developer  is  recommended  for  Process  film  used  in  repro- 
duction work. 

Solution  1 
Hot    water    (125°    F.    or 

52°  C.) 24    oz.  3    qt.  750  c.c. 

Hydroquinone 368    gr.  3|  oz.  40  gr.  25  g 

(1462  gr.) 
Potassium    metabisulfite.    368    gr.  3|  oz.  40  gr.  25  g 

(1462  gr.) 

Potassium  bromide 368    gr.  3£  oz.  40  gr.  25  g 

(1462  gr.) 
Cold  water 32    oz.  1     gal.  1000  c.c. 

Solution  2 

Cold  water 32    oz.  1     gal.  1000  c.c. 

*Sodium  hydroxide  1     oz.  90  gr.  4f  oz.  30  gr.  36  g 

(Caustic  soda  flakes).  (528  gr.)  (2108  gr.) 

*May  be  substituted  by: 

Potassium  hydroxide.  ...        1*  oz.  80  gr.     6|  oz.  50  g 

(736  gr.) 

Mix  equal  parts  of  Solutions  1  and  2  immediately  before  use. 
Develop  films  within  3  minutes  at  65°  F.  (18°  C). 
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Metol-Hydroquinone  (Agfa  90) 

This  developer  has  been  particularly  designed  for  use  with  com- 
mercial and  process  films  to  produce  negatives  of  brilliant  contrast. 

Hot  water  (125°  F.  or  52°  C.) .  24    oz.  3    qt.  750  c.c. 

Metol 75    gr.  294    gr.  5  g 

Sodium  sulfite,  anh 1|  oz.  40  gr.  5}  oz.  40  g 

(587  gr.) 

Hydroquinone 88    gr.  348    gr.  6  g 

Sodium      carbonate,       mono-  1\  oz.  40  gr.  b\  oz.  40  g 
hydrated.                                             (587  gr.) 

Potassium  bromide 45    gr.  179    gr.  3  g 

Water  to  make 32    oz.  1     gal.  1000  c.c. 

Do  not  dilute  for  use. 

Normal  development  time,  4  to  6  minutes  at  65°  F.  (18°  C). 

For  results  of  higher  contrast,  this  developer  may  be  modified 
by  the  addition  of  3  g  of  potassium  bromide  per  1000  c.c.  of  devel- 
oper (45  gr.  per  32  oz.),  with  developing  time  of  2  to  3  minutes  at 
65°  F.  (18°  C). 

Metol-Hydroquinone  (Agfa  22) 

This  formula  is  recommended  for  tray  or  tank  development  of 
cine  title  film  and  positive  film  to  obtain  results  of  high  contrast. 

Hot  water  (125°  F.  or  52°  C.)      24    oz.          3  qt.  750      c.c. 

Metol 12    gr.        52  gr.  .8  g 

Sodium  sulfite,  anh If  oz.          5  oz.  40      g 

Hydroquinone 119    gr.          1  oz.  40  gr.  8      g 

(478  gr.) 
Sodium      carbonate,      mono- 

hydrated If                7  oz.  50      g 

Potassium  bromide 75    gr.      299  gr.  5      g 

Water  to  make 32    oz.          1  gal.  1000      c.c. 

Do  not  dilute  for  use.  Normal  developing  time  5  to  8  minutes 
at  65°  F.  (18°  C). 

Fine  Grain  Developers 

Elon-Hydroquinone-Borax  (Kodak  D-70) 

For  low  contrast  and  greatest  shadow  detail  on  panchromatic 
films  and  plates. 

Water  (about  125°  F.)  (52°  C.) 96    oz.       3000  c.c. 

Elon 116    gr.  8  g 

Sodium  sulfite,  anh 13|  oz.         400  g 

Hydroquinone 290    gr.  20  g 

*Borax 116    gr.  8  g 

Water  to  make 1     gal.     4000  c.c. 

*Such  as  20-Mule  Team  Borax. 

Use  without  dilution.  For  tank  use,  develop  15  to  25  mimftes 
at  65°  F.  (18°  C.  )  in  the  fresh  developer  according  to  the  contrast 
desired;  for  tray  use,  decrease  the  time  about  20  %.  A  faster  work- 
ing developer  can  be  obtained  by  increasing  the  quantity  of  borax. 

Still  finer  grained  results  may  be  secured  by  adding  potassium 
bromide  to  the  developer.  The  maximum  quantity  which  may  be 
added  without  too  great  a  loss  of  speed  is  300  grains  per  gallon 
(20  grams  per  4000  c.c).     As  bromide  is  added,  it  will  be  necessary 
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to  increase  both  the  time  of  development  and  the  exposure  for  best 
results. 

Replenisher  Solution 

Water  (about  125°  F.)  (52°  C.) 96    oz.  3000  c.c. 

Elon 175    gr.  12  g 

Sodium  sulfite,  anh 13£  oz.  400  g 

Hvdroquinone 1     oz.  30  g 

*Borax 2  oz.   290    gr.  80  g 

Water  to  make 1     gal.  4000  c.c. 

*Such  as  20-Mule  Team  Borax. 

Use  the  replenisher  without  dilution  and  add  to  the  tank  to 
maintain  the  level  of  the  solution. 

Fine  Grain  Developer  for  Films  and  Plates  (Kodak  DK-20) 

Water,  about  125°  F.  (52°  C.) 96  oz.  750  c.c. 

Elon 290  gr.  5  g 

Sodium  sulfite,  desiccated 13£  oz.  100  g 

Kodalk  (sodium  metaborate,  4HjO) 116  gr.  2  g 

Sodium  thiocyanate  (sulfocyanate) 58  gr.  1  g 

Potassium  bromide 29  gr.  .5  g 

Cold  water  to  make 1  gal.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

Average  development  time  about  15  minutes  in  a  tank  at  68°  F. 
(20°  C).     See  individual  recommendations  listed  for  each  material. 

The  useful  life  of  this  developer  can  be  increased  5  to  10  times  by 
use  of  the  following  replenisher. 

Replenisher  (Kodak  DK-20R) 

Water,  about  125°  F.  (52°  C.) 96    oz.  750  c.c. 

Elon 1     oz.  7.5  tr 

Sodium  sulfite,  desiccated 13£  oz.  100  g 

Kodalk  (sodium  metaborate  4HjO) .  .        2    oz.  290  gr.  20  g 

(1165  gr.) 

Sodium  thiocyanate  (sulfocyanate)  .  .    290     gr.  5  g 

Potassium  bromide 58    gr.  1  g 

Cold  water  to  make 1     gal.  1000  c.c. 

Dissolve  chemicals  in  the  order  given.  The  replenisher  should 
be  added  at  a  rate  which  will  maintain  constant  development 
activity. 

Metol-Hydroquinone,  Automatic  System 
Two  Solutions 

A 

Water 1  qt. 

Metol 95  gr. 

Sulfite  of  soda,  anh 750  gr. 

Hydroquinone 95  gr. 

B 

Saturated  solution  of  borax 

To  mix  solution  A  take  one-half  of  the  water,  add  the  metol  and, 
when  dissolved,  add  one-half  of  the  sulfite.  To  the  other  half  of 
the  water,  hot,  add  the  rest  of  the  sulfite  and,  when  dissolved,  add 
the  hydroquinone.  Cool  and  add  this  second  solution  to  the  first, 
making  solution  A. 
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To  use  pour  enough  of  solution  A  into  a  tray  to  well  cover  the 
film  or  plate,  add  drops  of  saturated  solution  of  potassium  bromide, 
enough  for  the  kind  of  material  in  use.  Some  do?  not  require  any, 
others  do.  Use  only  enough  to  keep  the  whites  clear.  Soak  the 
film  or  plate  in  the  A  solution  for  at  least  two  minutes,  drain  but  do 
not  rinse,  and  then  soak  in  solution  B  for  at  least  two  minutes. 
Rinse,  fix  and  wash  as  usual.  If  a  tank  is  used,  the  time  in  each 
solution  must  be  at  least  two  minutes  after  the  tank  is  filled.  It 
is  necessary  to  give  a  full  exposure  as  the  high  lights  cannot  be 
over  developed  and  the  shadows  will  go  as  far  as  the  exposure  will 
permit.  This  system  gives  a  gamma  of  about  0.7  and  will  be  found 
to  produce  a  very  fine  negative  for  enlarging.  It  is  especially  good 
for  work  in  photomicrography. 

These  solutions  are  very  concentrated  and  must  not  be  allowed 
to  go  below  60°  F.  They  can  be  used  repeatedly  and  keep  well. 
Results  are  best  at  about  70°  F.,  but  it  makes  very  little  difference 
between  65°  and  80°  F. 

Metol-Hydroquinone  (Agfa  17M) 

Fine-Grain  Metaborate  Tank  Developer 

This  developer  is  recommended  for  those  who  desire  a  formula 
similar  to  Agfa  17,  but  permitting  greater  variation  in  developing 
time. 

Hot  water  (125°  F.  or52°C.)   24    oz.  3    qt.         750      c.c 

Metol 22     gr.  88     gr.  1.5  g 

Sodium  sulfite,  anh 2^  oz.  80  gr.        10f  oz.  80      g 

~  (1174  gr.) 

Hydroquinone 45    gr.  179     gr.  3      g 

Sodium  metaborate 30    gr.  119     gr.  2      g 

Potassium  bromide 7\  gr.  30    gr.  .5  g 

Water  to  make 32     oz.  1     gal.      1000      c.c. 

Do  not  dilute  for  use. 

Development  time  at  65°  F.  C18°  C),  10  to  15  minutes  for  fine- 
grain  films. 

Larger  amounts  of  sodium  metaborate  may  be  used  with  corre- 
sponding reduction  of  developing  time,  (up  to  10  g  of  sodium  meta- 
borate per  1000  c.c.  with  a  developing  time  of  5  minutes  at  65°) 
although  slightly  coarser  grain  size  will  then  be  experienced. 

Replenisher  (Agfa  17  M) 
Add  whenever  necessary  to  keep  tank  up  to,  full  volume. 
Hot     water     (125°     F.     or 

52°  C.) 24    oz.  3    qt.         750      c.c. 

Metol 32    gr.  129     gr.  2.2  g 

Sodium  sulfite,  anh 2|  oz.  80  gr.        lOf  oz.  80      g 

(1174  gr.) 

Hydroquinone 65    gr.  269     gr.  4.5  g 

Sodium  metaborate 119    gr.  478     gr.  8      g 

Water  to  make 1     qt.  1     gal.      1000      c.c. 

Metol-Hydroquinone  (Agfa  17) 
Fine  Grain  Borax  Tank  Developer 
In  addition  to  its  usefulness  as  a  fine-grain  developer,  this  formula 
is  satisfactory  for  obtaining  soft  gradation.     It  is  also  recommended! 
for  motion  picture  negative  development. 
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Hot  water  (125°  F.  or52°C.)   24    oz. 

Metol 22     gr. 

Sodium  sulfite,  anh 2\  oz.  80  gr. 

(1174  gr.) 

Hydroquinone 45     gr. 

Borax 45    gr. 

Potassium  bromide 1\  gr. 

Water  to  make 32    oz. 

Do  not  dilute  for  use. 

Development  time  at  65°  F.  (18°  C),  10  to  15  minutes  for  fine- 
grain  films,  12  to  20  minutes  for  direct  copy,  direct  duplicating, 
and  portrait  cut  films. 

Replenisher  (Agfa  17 A) 
Add  whenever  necessary  to  keep  tank  up  to  full  volume. 

Hot  water  (125°  F.  or 

52c  C.) 24    oz.                      3    qt.  750      c.c. 

Metol 32     gr.                  129    gr.  2.2  g 

Sodium  sulfite,  anh.  .        2\  oz.  80  gr.        10}  oz.  80      g 

(1174     gr.) 

Hydroquinone 65    gr.                  269    gr.  4.5  g 

Borax 263     gr.  2\  oz.  75  gr.  18      g 

(1059  gr.) 

Water  to  make 32    oz.                       1     gal.  1000      c.c. 

Paraphenylene  Diamine 

Paraphenylene  diamine 10  g 

Sodium  sulfite,  anh 60  g 

Tribasic  sodium  phosphate  (10  %) 20  c.c. 

Potassium  bromide  (10  %) 10  c.c. 

Water 1000  c.c. 

Develop  one  hour  at  65°  F. 

Paraphenylene-diamine  Glycin 

No.  1 

Water 32  oz. 

Sodium  sulfite,  dry 3  oz. 

Paraphenylene-diamine 146  gr. 

Glycin 

No.  1  gives  the  finest  grain,  and  requires  three  to  four  times  nor- 
mal exposure.  The  other  formulas  require  about  twice  normal 
exposure,  develop  a  film  in  a  shorter  time,  and  give  more  graininess 
as  the  glycin  content  increases.     Formula  No.  3  is  standard. 

Lantern  Slide  Developers 
Elon-Hydroquinone  (Kodak  D-34) 
Developer  for  blue  black  tones  on  lantern  slide  plates. 
Stock  Solution  A 

Water  (about  125°  F.)  (52°  C.) 16    oz.  500      c.c. 

Elon 60     gr.  4.2  g 

Sodium  sulfite,  anh \  oz.  15      g 

Hydroquinone \  oz.  15      g 

Cold  water  to  make 32     oz.  1000      c.c. 
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No.  2 

No.  3 

No.  4 

32  oz. 

32  oz. 

32  oz 

3  oz. 

3  oz. 

3  oz 

.46  gr. 

146  gr. 

146  gr 

15  gr. 

88  gr. 

175  gr 
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Stock  Solution  B 

Water 32    oz.  1000  c.c. 

Sodium  carbonate,  anh f  oz.  15      g 

Potassium  bromide 30    gr.  2.1  g 

For  use,  take  equal  parts  of  A  and  B. 

For  softer  tones,  dilute  with  an  equal  volume  of  water. 

Develop  H  to  3  minutes  at  70°  F.  (21°  C.). 

Hydroquinone  (Kodak  D-32) 
Developer  for  warm  tones  on  lantern  slide  plates. 
Stock  Solution  A 

Water,  about  125°  F.  (52°  C.) 16  oz.  500      c.c. 

Sodium  sulfite,  desiccated 90  gr.  6.3  g 

Hydroquinone 100  gr.  7      g 

Potassium  bromide 50  gr.  3.5  g 

Citric  acid 10  gr.  0.7  g 

Cold  water  to  make 32  oz.  1000      c.c. 

Stock  Solution  B 

Cold  water 32  oz.  1000     c.c. 

Sodium  carbonate,  desiccated 1  oz.  30     g 

Sodium  hydroxide  (caustic  soda) 60  gr.  4.2  g 

Dissolve  chemicals  in  the  order  given. 

For  use,  take  1  part  of  A  and  1  part  of  B.  For  still  warmer  tones, 
1  part  of  A  and  2  parts  of  B.  Stir  thoroughly  before  use.  Develop 
about  5  minutes  in  a  tray  at  68°  F.  (20°  C). 

Maximum  Energy  Developer  (Kodak  D-82) 

For  high  speed  films  or  plates. 

Water  (about  125°  F.)  (52°  C.) 24    oz.  750      c.c. 

Wood  alcohol 1J  oz.  48      c.c. 

Elon 200    gr.  14      g 

Sodium  sulfite,  anh If  oz.  52.5  g 

Hydroquinone 200    gr.  14      g 

Sodium  hydroxide  (caustic  soda) 125     gr.  8.8  g 

Potassium  bromide 125    gr.  8.8  g 

Cold  water  to  make 32    oz.  1000      c.c. 

Develop  about  four  to  five  minutes  at  65°  F.  (18°  C). 

The  prepared  developer  does  not  keep  more  .than  a  few  days.  If 
wood  alcohol  is  not  added  and  the  developer  is  diluted,  the  solution 
is  not  so  active  as  in  the  concentrated  form.  This  developer  gives 
the  greatest  possible  density  with  negatives  having  a  minimum 
exposure. 

Motion  Picture  Film  Developer  (Kodak  D-79) 
Pyro 
For  negative  motion  picture  film. 

Water 2.5  qt.  750      c.c. 

Sodium  sulfite,  anh 3.3  oz.  25      g 

Pyro 145.8  gr.  2.5  g 

Sodium  carbonate,  anh 291.6  gr.  5      g 

Potassium  bromide 29.2  gr.  0.5  g 

Water  to  make 1      gal.  1000      c.c. 

Time  of  development:  9  to  12  minutes  at  65°  F.  (18°  C). 
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Portrait  Developer 
Elon-Hydroquinone  (Kodak  DK-50) 

Developer  for  professional  films  and  plates. 

Stock  Solution 

Water,  about  125°  F.  (52°  C.) 64  oz.  500      c.c. 

Elon 145  gr.  2.5  g 

Sodium  sulfite,  desiccated 4  oz.  30     g 

Hydroquinone 145  gr.  2.5  g 

Kodalk  (sodium  metaborate  (4H2O).  .  1  oz.  145  gr.  10      g 

(583  gr.) 

Potassium  bromide 29  gr.  .5  g 

Water  to  make 1  gal.  1000      c.c. 

Dissolve  chemicals  in  the  order  given. 

For  tank  development  of  portrait  negatives,  dilute  with  an  equal 
volume  of  water;  develop  about  9  minutes  at  68°  F.  (20°  C).  For 
tray  development,  use  without  dilution;  develop  about  5  minutes 
at  68°  F.  (20°  C). 

For  commercial  work,  use  without  dilution.  Develop  about 
8  minutes  in  a  tank  or  6  minutes  in  a  tray  at  68°  F.  (20°  C.). 

Replenisher  (Kodak  DK-50 R) 

Water,  about  125°  F.  (52°  C.) 96    oz. 

Elon 290    gr. 

Sodium  sulfite,  desiccated 4    oz. 

Hydroquinone 1     oz.  145  gr. 

(583  gr.) 
Kodalk  (sodium  metaborate  4H2O)  ...        5|  oz. 
Water  to  make 1     gal. 

Dissolve  chemicals  in  the  order  given. 

Add  to  the  developer  to  maintain  the  activity  constant,  as 
described  in  the  instructions  for  Replenisher  DK-20R. 

If  the  developer  is  diluted  1  to  1  for  use,  the  replenisher  should  be 
diluted  in  the  same  proportion. 

Elon-Hydroquinone  (Kodak  D-61a) 
Developer  for  professional  films  and  plates. 

Stock  Solution 

Water,  about  125°  F.  (52°  C.) 16  oz. 

Elon 45  gr. 

Sodium  sulfite,  desiccated 3  oz. 

Sodium  bisulfite 30  gr. 

Hydroquinone 85  gr. 

Sodium  carbonate,  desiccated 165  gr. 

Potassium  bromide 24  gr. 

Cold  water  to  make 32  oz. 

Dissolve  chemicals  in  the  order  given. 

TRAY  DEVELOPMENT:  Take  1  part  of  stock  solution  to  1 
part  of  water.     Develop  about  6  minutes  at  68°  F.  (20°  C). 
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TANK  DEVELOPMENT:  Take  1  part  of  stock  solution  and 
3  parts  of  water.  Develop  about  12  minutes  at  68°  F.  (20°  C). 
Add  stock  solution  (diluted  1:3)  at  intervals  to  maintain  the- 
volume,  or  the  replenisher,  Kodak  D-61R,  to  maintain  the  strength 
of  the  solution. 

Replenisher  (Kodak  D-61R) 
Stock  Solution  A 

Water,  about  125°  F.  (52°  C.) 96  oz.  3000     c.c. 

Elon 85  gr.  5.9  g 

Sodium  sulfite,  desiccated 6  oz.  180     g 

Sodium  bisulfite 55  gr.  3.8  g 

Hydroquinone 170  gr.  11.9  g 

Potassium  bromide 45  gr.  3.1  g 

Cold  water  to  make \\  gal.  6000     c.c 

Stock  Solution  B 

Sodium  carbonate,  desiccated 8    oz.         240     g 

Water  to  make 64    oz.       2000      c.c. 

Dissolve  chemicals  in  the  order  given. 

For  use  take  3  parts  of  A  and  1  part  of  B  and  add  to  the  tank  of 
developer  as  needed.  Do  not  mix  solutions  A  and  B  until  ready 
to  use. 

Elon-Pyro  (Kodak  D-7) 

For  professional  films  and  plates. 

Stock  Solution  A 

Water,  about  125°  F.  (52°  C.) 16    oz.  500     c.c. 

Elon \  oz.  7.5  g 

Sodium  bisulfite \  oz.  7.5  g 

Pyro 1     oz.  30      g 

Potassium  bromide 60    gr.  4.2  g 

Water  to  make 32    oz.  1000      c.c. 

Stock  Solution  B 

Water 32    oz.     1000      c.c. 

Sodium  sulfite,  desiccated 5    oz.        150      g 

Stock  Solution  C 

Water 32    oz.     1000      c.c. 

Sodium  carbonate,  desiccated 2\  oz.  75      g 

Dissolve  chemicals  in  the  order  given. 

TRAY  DEVELOPMENT:  Take  1  part  of  A,  1  part  of  B,  1 
part  of  C  and  8  parts  of  water.  Develop  about  7  minutes  at  68°  F. 
(20°  C). 

TANK  DEVELOPMENT:  Take  1  part  of  A,  1  part  of  B,  1  part 
of  C  and  13  parts  of  water.  Develop  about  10  minutes  at  68°  F. 
(20°  C). 

This  developer  can  be  used  for  two  or  three  weeks  if  the  volume 
is  maintained  by  adding  fresh  developer  in  the  proportion  of  1  part 
each  of  A,  B,  and  C  to  4  parts  of  water.  It  is  usually  necessary  to 
increase  the  development  time  as  the  developer  ages. 
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Positive  Film  Developer 
Metol-Hydroquinone  (Agfa  20) 
This  clean-working  developer  is  recommended  for  normal  con- 
trast with  tray  or  tank  development  of  positive  film. 
Hot  water  (125°  F.  or  52°  C.)      24  oz. 

Metol 30  gr. 

Sodium  sulfite,  anh 368  gr. 


3  qt. 
119  gr. 
31  oz.  40 

(1462 
239  gr. 

gr. 
gr.) 

750  c.c. 

2  g 

25  g 

4  g 

2\  oz. 

119  gr. 

1  gal 

18.5  g 
2   g 
1000   c.c, 

Hydroquinone 60  gr. 

Sodium      carbonate,      mono- 

hydrated 269  gr. 

Potassium  bromide 30  gr. 

Water  to  make 32  oz. 

Do  not  dilute  for  use.      Normal  developing  time  3  to  4  minutes 
at  65°  F.  (18°  C). 

Speed  Processing 

Metol-Hydroquinone 

Water  (cool,  60°  F.  to  70°  F.) 90    oz. 

Metol If  oz.  30  gr.  (796  gr.) 

Sodium  sulfite,  anh 10    oz. 

Hydroquinone 3|  oz.  60  gr.  (1591  gr.) 

Sodium  hydroxide 3|  oz.  60  gr.  (1591  gr.) 

Water  to  concentration (about  112    oz.) 

Dissolve  chemicals  in  the  order  given,  using  full  strength. 
Develop  10  seconds  in  tray  at  80°  F.      Rinse  for  the  same  time. 

Standard  Developers  for  Sensitometry 
Pyro 

Hurter  and  Driffield  standard  developer  for  plate  testing: 

Pyro 8  parts 

Sodium  sulfite,  crystal 40  parts 

Sodium  carbonate,  crystal 40  parts 

Water  to  make 1000  parts 

Paraminophenol 

Adopted  at  Eighth  International  Congress  of  Photography 

p-Aminophenol  hydrochloride 7.25  g 

Sodium  sulfite,  anh 50.00  g 

Sodium  carbonate,  anh 50.00  g 

Water  to  make 1000.00  c.c. 

Tropical  Developers 

Metol  for  Tropical  Development  of  Films  and  Plates  (Kodak 

DK-15) 

Water,  about  125°  F.  (52°  C.) 24 

Elon 82 

Sodium  sulfite,  desiccated 3 

Kodalk  (sodium  metaborate  4H2O) 

Potassium  bromide 27 

*Sodium  sulfate,  desiccated 1J  oz. 

Cold  water  to  make 32 

*If  it  is  desired  to  use  crystalline  sodium  sulfate  instead  of  the 
desiccated  sulfate,  then  Z\  oz.  per  32  oz.  (105  g  per  1000  c.c.) 
should  be  used. 
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Dissolve  chemicals  in  the  order  given. 

Average  time  for  tank  development  is  about  10  minutes  at  68°  F. 
(20°  C.)  and  2  to  3  minutes  at  90°  F.  (32°  C.)  in  the  fresh  developer 
according  to  the  contrast  desired.  When  working  below  75°  F. 
(24°  C.)  the  sulfate  may  be  omitted  if  a  more  rapid  formula  is 
required.  Development  time  without  the  sulfate  is  about  6  minutes 
at  68°  F.  (20°  C).     Develop  about  20  percent  less  for  tray  use. 

When  development  is  completed,  rinse  the  film  or  plate  in  water 
for  1  or  2  seconds  only  and  immerse  in  the  Tropical  Hardener  or 
Hardening  Bath  SB-4  for  3  minutes  (omit  water  rinse  if  film  tends 
to  soften) ;  then  fix  for  at  least  10  minutes  in  an  acid  hardening 
fixing  bath,  and  wash  for  10  to  15  minutes  in  water  (not  over 
95°  F.)  (35°  C). 

Kodalk  developers  make  it  impossible  to  produce  gas  blisters, 
because  Kodalk  does  not  evolve  a  gas  when  treated  with  an  acid. 
This  is  a  distinct  advantage,  especially  for  summer  work,  when 
temperature  control  of  solutions  is  often  difficult. 

Developer  for  Low  Contrast  Tropical  Development  of  Films 
and  Plates  (Kodak  DK-15a) 

A  developer  which  gives  less  contrast  than  Kodak  DK-15  can 
be  obtained  by  reducing  the  quantity  of  Kodalk  to  73  gr.  per  32  oz. 
of  developer  (5  g  per  1000  c.c). 

Development  times  and  processing  instructions  are  the  same  as 
for  the  above  developer. 

Paraminophenol  for  Tropical  Development 

Water  (at  125°  F.) 96  oz. 

Paraminophenol  hydrochloride 400  gr. 

Sodium  sulfite,  desiccated 6  oz.  290  gr. 

(2915  gr.) 
Sodium  carbonate,  desiccated 6  oz.  290  gr. 

(2915  gr.) 
Water  to  make 1  gal. 

Dissolve  chemicals  in  the  order  given,  using  full  strength.  Aver- 
age time  of  development  7  to  9  minutes  in  tray  at  65°  F.,  and  3  to 
4  minutes  at  80°  F.  If  the  temperature  of  the  developer  is  80°  F. 
or  above,  add  6  oz.  sodium  sulfate,  desiccated,  to  1  gal.  of  solution. 

Metol-Hydroquinone,  Rapid  (Tropical)  Developer  (Agfa  64) 

This  is  a  clean-working  developer  of  particular  value  for  rapid 
development  or  development  at  high  temperatures. 

Hot  water  (125°  F.  or  52°  C.)      24  oz. 

Metol 36  gr. 

Sodium  sulfite,  anh 368  gr. 

Hydroquinone 95  gr. 

Sodium      carbonate,     mono- 

hydrated 234  gr. 

Potassium  bromide 15  gr. 

Water  to  make 32  oz. 

Do  not  dilute  for  use. 

Normal  development  time — 3  to  4  minutes  at  65°  F.  (18°  C). 

2  to  3  minutes  at  85°  F.  (29°  C). 
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Underexposures 
Elon-Hydroquinone   Developer  for  Extreme  Underexposure 

(Kodak  D-82) 

Water,  about  125°  F.  (52°  C.) 24    oz.  750      c.c. 

Wood  alcohol U  oz.  fl.          48      g 

Elon 200    gr.  14      g 

Sodium  sulfite,  desiccated If  oz.  52.5  g 

Hydroquinone 200    gr.  14      g 

Sodium  hydroxide  (caustic  soda) 125    gr.  8.8  g 

Potassium  bromide 125    gr.  8.8  g 

Cold  water  to  make 32    gr.  1000     c.c. 

Dissolve  chemicals  in  the  order  given. 

Develop  about  5  minutes  in  a  tray  at  68°  F.  (20°  C). 

The  prepared  developer  does  not  keep  more  than  a  few  days  in  a 
full  bottle  or  about  2  hours  in  an  open  tray.  If  wood  alcohol  is 
omitted  and  the  developer  is  diluted,  the  solution  is  not  so  active 
as  in  the  concentrated  form. 

Universal  Developers 
Amidol  for  Films,  Plates  or  Papers 

The  following  developer  will  give  excellent  results  for  plates, 
films,  lantern  slides,  bromide  paper  or  gaslight  paper.  It  should 
be  dissolved  immediately  before  using,  since  it  keeps  only  a  few 
hours  in  solution. 

Amidol 25  gr.  1.6  g 

Sodium  sulfite 120  gr.  7.8  g 

Water 10  oz.     300      c.c. 

For  lantern  slides,  bromide  paper  or  gaslight  papers  add  to  the 
above, 

Potassium  bromide 7  gr.  0.5  g 

The  concentration  given  is  satisfactory  for  any  of  the  purposes 
mentioned.  Develop  three  to  five  minutes  at  a  temperature  of 
65°  F.  or  18°  C. 

Elon-Hydroquinone  (Kodak  D-72) 
Stock  Solution 

Water,  about  125°  F.  (52°  C.) 16    oz.  500      c.c. 

Elon 45    gr.  3.1  g 

Sodium  sulfite,  desiccated \\  oz.  45      g 

Hydroquinone 175    gr.  12      g 

Sodium  carbonate,  desiccated 2\  oz.  67.5  g 

Potassium  bromide 27    gr.  1.9  g 

Water  to  make 32    oz.  1000     c.c. 

Dissolve  chemicals  in  the  order  given. 

For  fast  chloride  papers  such  as  Velox:  stock  solution  1  part, 
water  1  part.      Develop  45  seconds  at  70°  F.  (21°  C). 

For  chloride  papers  such  as  Azo:  stock  solution  1  part,  water  2 
parts.     Develop  45  seconds  at  70°  F.  (21°  C.). 
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For  bromide  papers:  stock  solution  1  part,  water  4  parts. 
Develop  not  less  than  H  minutes  at  70°  F.  (21°  C). 

For  films  and  plates:  stock  solution  1  part,  water  1  part  and 
develop  about  4  minutes  in  a  tray  or  5  minutes  in  a  tank. 

Kodelon  (Kodak  DK-93) 
Developer  for  films,  plates,  and  papers. 

Water,  about  125°  F.  (52°  C.) 16  oz.  500      c.c. 

Kodelon  (paraminophenol  oxalate) 73  gr.  5      g 

Sodium  sulfite,  desiccated 1  oz.  30      g 

Hydroquinone 37  gr.  2.5  g 

Kodalk  (sodium  metaborate  4H20) 290  gr.  20      g 

Potassium  bromide 7  gr.  .5  g 

Cold  water  to  make 32  oz.  1000      c.c. 

Dissolve  the  chemicals  in  the  order  given. 

Use  without  dilution.  Develop  roll  films  about  9  minutes  in  a 
tank  of  fresh  developer  at  68°  F.  (20°  C).  Develop  professional 
films  and  plates  about  6  minutes  at  68°  F.  (20°  C).  Greater  or 
less  contrast  may  be  obtained  by  developing  longer  or  shorter 
times  than  those  specified. 

For  warm  tones  on  papers,  use  without  dilution  and  develop  for 
2  minutes  at  68°  F.  (20°  C).  For  colder  tones,  double  the  quan- 
tity of  Kodalk;  use  without  dilution  and  develop  1  to  2  minutes  at 
68°  F.  (20°  C).  In  either  case,  the  tones  given  with  this  developer 
are  slightly  warmer  than  the  normal  tones  given  with  Kodak 
Developers  D-52  and  D-72. 

The  use  of  Kodak  DK-93  is  especially  recommended  for  those 
persons  subject  to  trouble  from  skin  irritation. 

Me tol- Hydroquinone  (Agfa  103) 

Universal  film  and  paper  developer.  This  formula  may  be  used 
both  as  a  developer  for  film  and  as  a  developer  for  Convira,  Speedex 
and  Brovira  papers  when  cold,  blue-black  tones  are  desired. 

Hot     water     (125°     F.     or 

52°  C.) 24 

Metol 50 

Sodium  sulfite,  anh l£ 

Hydroquinone 164 

Sodium    carbonate,    mono- 

hydrated 2\ 

Potassium  bromide 18 

Water  to  make 32 

FILM  DEVELOPMENT:  Dilute  one  part  stock  solution  with 
two  parts  water.  Normal  development  time  5  minutes  at  65°  F. 
(18°  C). 

PAPER  DEVELOPMENT:  Dilute  1  part  stock  solution  with 
2  parts  water.  For  Brovira  and  similar  bromide  papers,  develop 
1  to  \\  minutes  at  70°  F.  (21°  C.).  For  Speedex  and  Convira 
(new  type)  normal  development  time  is  45  seconds.  Other  contact 
papers  may  require  1  to  \\  minutes. 

For  slower,  softer  development  of  Brovira  dilute  1  to  4.  Develop 
H  to  3  minutes,  at  70°  F.  (21°  C). 
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X-ray  Developers 

Elon-Hydroquinone  (Kodak  D-19b) 

Water  (about  125°  F.)  (52°  C.) 16  oz.  500     c.c. 

Elon 32  gr.  2.2  g 

Sodium  sulfite,  anh 2  oz.  175  gr.  72      g 

Hydroquinone 128  gr.  8.8  g 

Sodium  carbonate,  anh ,.  .    1  oz.  265  gr.  48     g 

Potassium  bromide 60  gr.  4      g 

Cold  water  to  make 32  oz.  1000     c.c. 

Use  without  dilution.     Develop  for  5  minutes  at  65°  F.  (18°  C). 

Metol-Hydroquinone  (Agfa-30) 

This  developer  is  recommended  when  results  of  maximum  bril- 
liance are  desired.  It  is  clean-working,  has  long  life  and  gives 
high  contrast. 

Hot  water  (125°  F.  or 

52°  C.) 24 

Metol 50 

Sodium  sulfite,  anh.  .  2 

Hydroquinone 129 

Sodium  carbonate, 

monohydrated 1 


oz. 

3 

qt. 

750  c.c. 

gr. 

204 

gr. 

3.5  g 

oz. 

8 

oz. 

60  g 

gr. 

1 

oz.  80  gr. 
(517  gr.) 

9  g 

oz.  40  gr. 

(587  gr.) 

5i 

oz. 

40  g 

gr. 

119 

gr. 

2   g 

oz. 

1 

gal. 

1000  c.c. 

Potassium  bromide.  .      30 
Water  to  make 32 

Do  not  dilute  for  use. 

Normal  development  time  at  65°  F.  (18°  C),  for  x-ray  film, 
6  minutes,  for  non-screen  x-ray  film,  8  minutes,  for  direct  copy  film 
and  direct  duplicating  film,  4  to  5  minutes,  for  S.  S.  Pan-Aero 
film  10-15  minutes  depending  upon  the  type  of  developing  machine. 

Desensitizers 

Pinakryptol  Yellow  Desensitizer 

Pinakryptol  yellow 15  gr.  1  g 

Water  to  make 32  oz.     1000  c.c. 

Use  without  dilution  at  a  temperature  of  65°  F.  (18°  C). 
Immerse  films  in  total  darkness  for  two  minutes.  Orthochromatic 
film  may  then  be  handled  in  bright  red  light,  panchromatic  film 
in  bright  green  light.  Pinakryptol  yellow  desensitizer  should  be 
used  as  a  separate  bath  and  not  mixed  with  the  developer. 

Use  of  a  50-50  water  alcohol  mixture  for  solution  will  improve 
the  keeping  qualities  of  the  desensitizer. 

Pinakryptol  Green  Desensitizer 

This  solution  is  not  recommended  for  high  speed  panchromatic 
films. 

Stock  Solution 

Pinakryptol  green 15  gr.  1  g 

Water  to  make 16  oz.     500  c.c. 

For  use  dilute  one  part  stock  desensitizing  solution  with  ten 
parts  water.  Immerse  films  in  total  darkness  for  two  minutes  at 
65°  F.  (18°  C).  Development  may  then  be  carried  out  in  bright 
red  light. 
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The  same  stock  solution  may  be  used,  if  preferred,  directly  in 
the  developer  in  the  proportion:  desensitizer:  one  part,  developer: 
thirty  parts.  After  two  minutes'  development  in  total  darkness, 
bright  red  light  may  be  used  as  above. 

Use  of  a  50-50  water-alcohol  mixture  for  solution  will  improve 
the  keeping  qualities  of  the  desensitizer. 

Developers  for  Papers 

Amidol  (Kodak  D-51) 
Developer  for  bromide  papers. 

Stock  Solution 

Water  (about  125°  F.)  (52°  C.) 24    oz.       750      c.c. 

Sodium  sulfite,  anh 4    oz.        120      g 

Di-aminophenol  hydrochloride  (amidol) l£  oz.          37.5  g 

Cold  water  to  make 32    oz.  1000      c.c. 

For  use,  take  6  ounces  (180  c.c.)  stock  solution,  f  dram  (3  c.c.) 
10  %  potassium  bromide  solution,  and  24  ounces  (750  c.c.)  of  water. 
This  developer  oxidizes  rapidly  when  exposed  to  the  air  so  that  only 
a  quantity  sufficient  for  immediate  use  should  be  mixed. 

Amidol  Paper  Developer  (Agfa  113) 

This  formula  is  intended  for  tray  development  only  and  must  be 
mixed  fresh  each  time.  It  is  recommended  only  for  small  lots  of 
prints. 

Amidol 96     gr.  6.6    g 

Sodium  sulfite,  anh If  oz.  90  gr.  44        g 

(037  gr.) 

Potassium  bromide 8  gr.  .55  g 

Water  to  make 32    oz.  1000        c.c. 

Do  not  dilute  for  use.  If  hot  water  is  used  for  dissolving  chem- 
icals, the  sodium  sulfite  and  potassium  bromide  should  be  dissolved 
first  and  the  amidol  added  only  after  the  solution  has  cooled. 

For  development  of  Cykora  and  similar  papers  use  twice  the 
amount  of  potassium  bromide  specified  above. 

Develop  1  to  2  minutes  at  70°  F.  (21°  C). 

Elon-Hydroquinone  (Kodak  D-52) 
Developer  for  warm  tone  papers. 

Stock  Solution 

Water,  about  125°  F.  (52°  C.) 16    oz.  500      c.c. 

Elon 22    gr.  1.5  g 

Sodium  sulfite,  desiccated f  oz.  22.5  g 

Hydroquinone 90    gr.  6.3  g 

Sodium  carbonate,  desiccated \  oz.  15      g 

Potassium  bromide 22     gr.  1.5  g 

Cold  water  to  make 32     oz.  1000      c.c. 

Dissolve  chemicals  in  the  order  given. 

For  use,  take  1  part  of  stock  solution  to  1  part  of  water.  Develop 
about  2  minutes  at  68°  F.  (20°  C). 

More  bromide  may  be  added  if  warmer  tones  are  desired. 
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Glycin-Hydroquinone  Developer  (Agfa  115) 
This  is   a   warm-tone   developer  suitable   for  Cykron,   Cykora, 
Indiatone,  Brovira,  and  similar  papers. 

Stock  Solution 

Hot  water  (125°  F.  or  52°  C.)      24  oz.         3    qt.  750  c.c. 

Sodium  sulfite,  anh 3  oz.        12    oz.  90  g 

Sodium      carbonate,      mono- 

hydrated 5  oz.          1     lb.  4  oz.  150  g 

Glycin 1  oz.         4    oz.  30  g 

Hydroquinone 139  gr.          1£  oz.  10  gr.  9.5  g 

(557  gr.) 

Potassium  bromide 60  gr.      239    gr.  4  g 

Water  to  make 32  oz.          1     gal.  1000  c.c. 

For  warm  tones,  dilute  1  part  stock  solution  with  3  parts  water 
and  develop  prints  2\  to  3  minutes  at  70°  F.  (21°  C). 

For  very  warm  tones  and  more  open  shadows,  especially  with 
Cykora,  dilute  1  part  stock  solution  with  6  parts  water,  giving 
prints  3  to  4  times  normal  exposure  and  2\  to  5  minutes  develop- 
ment. Because  of  dilution  of  the  developer,  solution  will  exhaust 
more  rapidly  and  will  require  more  frequent  replacement. 

Hydroquinone  (Agfa  110) 

Direct  brown-black  paper  developer.  Beautiful  warm  tones 
may  be  obtained  with  this  developer  on  both  contact  and  projection 
papers. 

Stock  Solution 
Hot     water     (125°     F.     or 

52°  C.) 24     oz.  3    qt.         750        c.c. 

Hydroquinone f  oz.  3    oz.  22.5     g 

Sodium  sulfite,  anh 1  f  oz.  50  gr.  1\  oz.  57        g 

(816  gr.) 
Sodium    carbonate,    mono- 

hydrated 2\  oz.  10    oz.  75        g 

Potassium  bromide 40    gr.  159    gr.  2.75  g 

Water  to  make 32    oz.  1     gal.     1000        c.c. 

For  use  dilute  1  part  stock  solution  with  5  parts  water. 
Give  prints  3  to  4  times  normal  exposure  and  develop  5  to  7 
minutes  at  70°  F.  (21°  C). 

Metol  (Agfa  120) 

This  is  a  soft-worHng  developer,  primarily  intended  for  portrait 
work  where  soft  gradation  is  required. 

Stock  Solution 
Hot    water    (125°    F.    or 

52°  C.) 24  oz.  3    qt.  750      c.c. 

Metol 179  gr.  1J  oz.  60  gr.  12.3  g 

(716  gr.) 

Sodium  sulfite,  anh 1  oz.  88  gr.     4|  oz.  36      g 

(526  gr.) 
Sodium  carbonate,  mono- 

hydrated 1  oz.  88  gr.     4f  oz.  36      g 

(526  gr.) 

Potassium  bromide 27  gr.  \  oz.  1.8  g 

Water  to  make 32  oz.  1     gal.  1000      c.c. 
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For  use,  dilute  1  part  stock  solution  with  2  parts  water. 
Normal  developing  time,  1£  to  3  minutes  at  70°  F.  (21°  C). 

Metol-Hydroquinone  (Agfa  135) 

This  developer  is  recommended  for  rich,  warm-black  tones  with 
Cykon,  Convira,  Cykora,  Brovira,  Indiatone  and  similar  papers. 

Stock  Solution 

Hot  water  (125°  F.  or  52°  C.)  .  .  .  .  24  oz.  3    qt.  750      c.c. 

Metol 24  gr.  96    gr.  1.6  g 

Sodium  sulfite,  anh 348  gr.  3£  oz.  24      g 

Hydroquinone 96  gr.  388    gr.  6.6  g 

Sodium  carbonate,  monohydrated.  348  gr.  3*  oz.  24      g 

Potassium  bromide 40  gr.  159    gr.  2.8  g 

Water  to  make 32  oz.  1     gal.  1000      c.c. 

For  use,  dilute  1  part  stock  solution  with  1  part  water.  A  prop- 
erly exposed  print  will  be  fully  developed  at  70°  F.  (21°  C.)  in 
about  H  to  2  minutes.  Complete  development  may  be  expected 
to  take  slightly  longer  with  rough-surfaced  papers  than  with  semi- 
glossy  or  luster-surfaced  papers.  For  greater  softness,  dilute  the 
bath  with  water  up  to  equal  quantities  of  developer  and  water. 
To  increase  the  warmth,  add  bromide  up  to  double  the  amount 
in  the  formula.  The  quantity  of  bromide  specified  in  the  formula, 
however,  assures  rich,  warm,  well-balanced  tones. 

Metol-Hydroquinone  (Agfa  130) 

This  formula  is  a  universal  developer  for  all  projection  and  con- 
tact papers.  It  gives  rich  black  tones  with  excellent  brilliance 
and  detail.  It  provides  unusual  latitude  in  development  and  is 
clean-working  even  with  long  developing  times. 

Stock  Solution 

Hot  water  (125°  F.  or  52°  C.)  .  .  .  24    oz.  3    qt.  750      c.c. 

Metol 32    gr.  129    gr.  2.2  g 

Sodium  sulfite,  anh If  oz.  6f  oz.  50      g 

Hydroquinone 159     gr.  1|  oz.  11      g 

Sodium  carbonate,  monohydrated  2|  oz.  10-|  oz.  78      g 

Potassium  bromide 80    gr.  J  oz.  5.5  g 

Glycin 159    gr.  If  oz.  11      g 

Water  to  make 32    oz.  1     gal.  1000      c.c. 

The  prepared  stock  solution  is  clear  but  slightly  colored.  The 
coloration  in  this  case  does  not  indicate  the  developer  has  deteri- 
orated or  is  unfit  for  use. 

For  use  dilute  1  part  stock  solution  with  1  part  water. 

Normal  developing  time  at  70°  F.  (21°  C.)  for  Brovira,  2  to  6 
minutes,  for  Convira  and  Indiatone,  1|  to  3  minutes. 

Greater  contrast  can  be  obtained  by  using  the  developer  stock 
solution  full  strength.  Softer  results  can  be  obtained  by  diluting 
1  part  stock  solution  with  2  parts  water. 

Metol-Hydroquinone  (Agfa  125) 

This  formula  is  recommended  for  development  of  Cykon,  Cykora, 
Brovira  and  similar  papers.  It  can  also  be  used  as  recommended 
below  for  the  rapid  development  of  press  films. 

2619 


PHOTOGRAPHIC  FORMULAE  (Continued 

Stock  Solution 

Hot  water  (125°  F.  or  52°  C).  24     oz.  3    qt.  750  c.c. 

Metol 45    gr.  179     gr.  3  g 

Sodium  sulfite,  anh 1|  oz.  6    oz.  44  g 

Hydroquinone 169    gr.  1§  oz.  20  gr.  12  g 

(676  gr.) 
Sodium      carbonate,      mono- 

hydrated 2\  oz.  9    oz.  65  g 

Potassium  bromide 30    gr.  119    gr.  2  g 

Water  to  make 32    oz.  1     gal.  1000  c.c. 

PAPER  DEVELOPMENT:  Dilute  1  part  stock  solution  with 

2  parts  water.  Develop  1  to  2  minutes  at  70°  F.  (21°  C).  For 
softer  and  slower  development  dilute  1  to  4,  and  develop  1|  to 

3  minutes  at  70°  F.  (21°  C).  For  greater  brilliance,  shorten  the 
exposure  slightly  and  lengthen  the  development  time.  For  greater 
softness,  lengthen  the  exposure  slightly  and  shorten  the  develop- 
ment time. 

Rinsing,  Hardening  and  Fixing  Baths 

Rinsing  Bath  or  Short  Stop 

After  development  rinse  prints  (or  negatives)  for  five  seconds 
before  fixing. 

Water 32      oz.      1000  c.c. 

Acetic  acid  (glacial) 0.5  oz.  6  c.c. 

Stop  Bath  (Kodak  SB-1) 
For  papers. 

Water 32    oz.      1000  c.c. 

Acetic  acid,  28  % 1|  oz.         48  c.c. 

To  make  approximately  28  %  acetic  acid  from  glacial  acetic 
acid,  dilute  three  parts  of  glacial  acetic  acid  with  eight  parts  of 
water. 

Rinse  prints  for  at  least  5  seconds.  Capacity:  about  20  8  X  10- 
inch  prints  per  quart  (1000  c.c). 

Stop  Bath  (Kodak  SB-la) 
For  films,  plates,  and  papers  for  graphic  arts. 

Water 32  oz.      1000  c.c. 

Acetic  acid,  28  % 4  oz.        125  c.c. 

To  make  approximately  28  %  acetic  acid  from  glacial  acetic  acid, 
dilute  three  parts  of  glacial  acetic  acid  with  eight  parts  of  water. 

The  action  of  this  bath  checks  development  instantly,  provided 
the  acid  has  not  been  neutralized.  It  also  tends  to  prevent  uneven 
spots  and  streaks  when  the  prints  or  negatives  are  immersed  in  the 
fixing  bath. 

Hardening  Bath  (Kodak  SB-3) 
For  use  at  65°  to  75°  F.  with  films  and  plates. 

Water 32  oz.      1000  c.c. 

Potassium  chrome  alum 1  oz.  30  g 

This  bath  is  intended  for  use  in  hot  weather  after  development 
and  before  fixation  in  conjunction  with  Kodak  Fixing  Bath  F-5. 
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Agitate  the  negatives  for  a  few  seconds  when  first  immersed  in 
hardener.  Leave  them  in  the  bath  for  3  to  5  minutes  to  secure 
maximum  hardening.     This  bath  should  be  renewed  frequently. 

Hardening  Bath  (Kodak  SB-4) 

For  use  at  75°  to  90°  F.  with  films  and  plates. 

This  solution  is  recommended  for  use  in  conjunction  with  the 
High  Temperature  Developer  (Kodak  DK-15),  when  working 
above  75°  F.  (24°  C). 

Water 32  oz.     1000  c.c. 

Potassium  chrome  alum 1  oz.         30  g 

*Sodium  sulfate,  desiccated 2  oz.         60  g 

*If  crystalline  sodium  sulfate  is  preferred  instead  of  the  desic- 
cated, use  4J  oz.  (140  g)  in  the  above  formula. 

Agitate  the  negatives  for  30  to  45  seconds  when  they  are  first 
immersed  in  the  hardener,  or  streakiness  will  result.  Leave  them 
in  the  bath  for  at  least  3  minutes  between  development  and  fixa- 
tion. If  the  temperature  is  below  85°  F.  (29°  C),  rinse  for  1  to 
2  seconds  in  water  before  immersing  in  the  hardener  bath. 

The  hardening  bath  is  a  violet  blue  color  by  tungsten  light  when 
freshly  mixed,  but  it  ultimately  turns  a  yellow-green  with  use;  it 
then  ceases  to  harden  and  should  be  replaced  with  a  fresh  bath. 
The  hardening  bath  should  never  be  overworked.  An  unused 
bath  will  keep  indefinitely,  but  the  hardening  power  of  a  partially 
used  bath  decreases  rapidly  on  standing  for  a  few  days. 

Formaldehyde  Hardener  (Kodak  SH-1) 
For  after  treatment  of  films  and  plates. 

Water 16    oz.  500  c.c. 

Formaldehyde  (about  37  %  solution  by  weight) .      2|  dr.  10  c.c. 

Sodium  carbonate,  desiccated 73    gr.  5  g 

Water  to  make 32    oz.  1000  c.c. 

This  formula  is  recommended  for  the  treatment  of  negatives 
which  normally  would  be  softened  by  a  chemical  treatment  as  for 
the  removal  of  stains  or  for  intensification  or  reduction. 

After  hardening  for  three  minutes,  negatives  should  be  rinsed 
and  immersed  for  five  minutes  in  a  fresh  acid  fixing  bath  and  then 
washed  thoroughly  before  they  are  given  any  further  chemical 
treatment. 

Plain  Non-hardening  Fixing  Bath 

Water 32  oz.     852  c.c. 

Hypo  (sodium  thiosulfate) 8  oz.     227  g 

Do  not  use  the  bath  when  it  is  discolored;  it  must  be  made  fresh 
each  day. 

Non-Hardening  Metabisulfite  Fixer  (Agfa  203) 
This  fixing  bath  is  recommended  for  use  when  hardening  is  not 
desired.     It  is  highly  desirable  for  accuracy  of  registration  in  color 
work  with  Reprolith  Film. 

Stock  Solution 

Hypo 4  lb.       1900  g 

Potassium  metabisulfite 9  oz.         270  g 

Water  to  make 1  gal.     4000  c.c. 
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The  metabisulfite  should  be  added  only  when  the  hypo  solution 
is  cool. 

For  use  dilute  one  part  stock  solution  with  one  part  water. 
Normal  fixing  time  5  to  10  minutes  at  65°  F.  (18°  C). 

Fixing  Bath  Non-Hardening;  For  Special  Processes  (Kodak 

F-24) 

Water,  about  125°  F.  (52°  C.) 16  oz.  500  c.c. 

Sodium  thiosulfate  (hypo) 8  oz.  240  g 

Sodium  sulfite,  desiccated 145  gr.  10  g 

Sodium  bisulfite 365  gr.  25  g 

Cold  water  to  make 32  oz.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

This  bath  may  be  used  for  films,  plates  or  paper  when  no  harden- 
ing is  desired. 

For  satisfactory  use,  the  temperature  of  the  developer,  rinse 
bath,  and  wash  water  should  not  be  higher  than  68°  F.  (20°  C). 

Acid  Hardening  Fixer  (Agfa  201) 

This  hardening  fixing  bath  for  use  with  either  film  or  paper  may 
be  stored  indefinitely  and  used  repeatedly  until  exhausted.  If  the 
fixing  bath  froths,  turns  cloudy,  or  takes  longer  than  10  minutes 
to  fix  out  completely,  it  must  be  replaced  by  a  fresh  solution. 

Solution  1 

Hot  water  (125°  F.  or  52°  C.) 16    oz.  \  gal.       500  c.c. 

Hypo 8    oz.       2    lb.         240  g 

Solution  2 

Hot  water  (125°  F.  or  52°  C.) 5    oz.  20  oz.  150  c.c. 

Sodium  sulfite,  anh \  oz.  2  oz.           15  g 

Acetic  acid  (28  %) \\  oz.  6  oz.           45  c.c. 

Potassium  alum \  oz.  2  oz.            15  g 

Add  solution  2  to  1  and  add  water  to 

make 32    oz.        1     gal.      1000  c.c. 

Dissolve  chemicals  thoroughly  in  order  given  and  stir  rapidly 
while  adding  solution  2  to  solution  1.  Glacial  acetic  acid  may  be 
diluted  to  28  %  concentration  by  adding  3  parts  of  acid  to  8  parts 
of  water.  Do  not  dilute  for  use.  Normal  fixing  time  5  to  10 
minutes  at  65°  to  70°  F.  (18°  to  21°  C). 

Acid  Hardening  Fixing  Bath  (Kodak  F-5) 
For  films,  plates,  and  papers. 

Water,  about  125°  F.  (52°  C.) 20    oz.  600  c.c. 

Sodium  thiosulfate  (hypo) 8    oz.  240  g 

Sodium  sulfite,  desiccated \  oz.  15  g 

*Acetic  acid,  28  % \\  oz.  fl.  48  c.c. 

Boric  acid,  crystals \  oz.  7.5  g 

Potassium  alum \  oz.  15  g 

Cold  water  to  make 32    oz.  1000  c.c. 

*To  make  approximately  28  %  acetic  acid  from  glacial  acetic 
acid,  dilute  3  parts  of  glacial  acetic  acid  with  8  parts  of  water. 

Films  or  plates  should  be  fixed  properly  in  10  to  20  minutes  in  a 
freshly  prepared  bath.  The  bath  need  not  be  discarded  until  the 
fixing  time  exceeds  20  minutes. 
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This  bath  has  the  advantage  over  the  older  type  of  fixing  baths, 
which  do  not  contain  boric  acid,  that  it  gives  much  better  hardening 
and  has  less  tendency  to  precipitate  a  sludge  of  aluminum  sulfite. 

Acid  Fixing  Bath  for  Papers 

(May  also  be  used  for  plates  or  films) 

Water 64    oz. 

Hypo 16    oz. 

Dissolve,  then  add  the  following  acid  hardener: 

Water 5    oz. 


Sodium  sulfite,  anh 4 


oz. 


Acetic  acid,  25  % 3    oz. 

Alum,  anh J  oz. 

This  fixing  bath  is  also  excellent  for  dry  plates  and  films,  and  will 
keep  indefinitely  before  using;  therefore  it  can  be  made  up  some 
time  in  advance.  One  pint  of  the  bath  should  fix  at  least  fifty 
4X5  prints.  The  acid  fixing  bath  can  be  used  repeatedly.  It 
keeps  with  but  little  care.  It  will  by  degrees  become  alkaline  by 
the  gradual  addition  of  developer  adhering  to  the  prints.  It 
should  be  discarded  entirely  when  it  becomes  frothy,  and  a  fresh 
bath  prepared. 

Rapid  Fixing  Bath  for  General  Photographic  Use  (Kodak  F-7) 

Water,  about  125°  F.  (52°  C.) 80  oz.  600  c.c. 

Sodium  thiosulfate  (hypo) 3  lb.  360  g 

Ammonium  chloride 6f  oz.  50  g 

Sodium  sulfite,  desiccated 2  oz.  15  g 

♦Acetic  acid,  28  % 6  oz.  fl.  48  c.c. 

Boric  acid,  crystals 1  oz.  7.5  g 

Potassium  alum 2  oz.  15  g 

Cold  water  to  make 1  gal.  1000  c.c. 

*  To    make   approximately   28  %  acetic   acid  from  glacial  acetic 
acid,  dilute  3  parts  of  glacial  acetic  acid  with  8  parts  of  water. 
Dissolve  chemicals  in  the  order  given. 

Chrome  Alum  Fixing  Bath  for  Films  and  Plates  (Kodak  F-16) 

Solution  A 

Sodium  thiosulfate  (hypo) 2    lb.  960  g 

Sodium  sulfite,  desiccated 2    oz.  60  g 

Water  to  make 96    oz.  3000  c.c. 

Solution  B 

Water 32    oz.  1000  c.c. 

Potassium  chrome  alum 2    oz.  60  g 

Sulfuric  acid \  oz.  fl.  8  c.c. 

Caution:  Always  add  the  sulfuric  acid  to  the  solution  slowly, 
stirring  constantly,  and  never  the  solution  to  the  acid:  otherwise 
the  solution  may  boil  and  spatter  the  acid  on  the  hands  or  face, 
causing  serious  burns. 

Pour  solution  B  into  solution  A  slowly  while  stirring  A  rapidly. 
This  bath,  when  freshly  mixed,  is  recommended  for  use  in  hot 
weather,  but  it  rapidly  loses  its  hardening  properties  with  or  without 
use,  when  it  should  be  replaced  by  a  fresh  bath.  With  an  old  bath 
there  is  a  tendency  for  scum  to  form  on  the  surface  of  the  film.  Any 
such  scum  should  be  removed  by  swabbing  with  cotton  before  the 
film  is  dried.     It  is  not  advisable  to  use  this  bath  in  metal  tanks. 
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Hypo  Eliminator 

Water 16    oz. 

Hydrogen  peroxide  (3  percent) 4    oz.  fl. 

Ammonia  (3  percent) 3|  oz.  fl. 

Water  to  make 32    oz. 

Directions  for  use:  Wash  prints  for  30  minutes  at  65°  F.  Im- 
merse each  print  for  6  minutes  in  hypo  eliminator  solution,  then 
wash  for  10  minutes  and  dry.  Capacity  of  bath  is  about  fifty 
8  X  10  prints  or  the  equivalent  per  gallon. 

Hypo  Test  Solution 

Water  (cool,  60°  F.  to  70°  F.,  preferably  dis- 
tilled)      8  oz. 

Potassium  permanganate 4  gr. 

Sodium  hydroxide 8  gr. 

Use  I  dr.  (15  drops)  of  above  solution  to  8  oz.  of  water,  preferably 
distilled.  Pour  \  oz.  of  this  solution  in  small  graduate.  Take 
equivalent  of  six  4  X  6  inch  prints  from  water,  drain  hurriedly, 
and  allow  drippings  to  drip  into  the  £  oz.  of  solution  for  30  seconds. 
The  least  trace  of  hypo  in  the  water  draining  from  the  prints  will 
cause  this  violet  solution  to  turn  to  an  orange  color.  If  more  hypo 
is  present  in  the  drippings,  the  solution  will  change  to  a  greenish- 
yellow  color.  As  certain  impurities  in  water  will  cause  similar 
discoloration  of  the  solution,  a  number  of  drops  of  tap  water, 
equivalent  to  number  of  drops  to  be  dropped  from  prints,  should 
be  dropped  into  the  \  oz.  of  violet-colored  solution.  If  no  change 
in  color  takes  place,  any  change  in  color  that  will  take  place  from 
the  water  drained  from  prints  will  be  due  to  the  presence  of  hypo 
which  will  prove  that  the  prints  have  not  been  sufficiently  washed. 

Stain  Removers 
Hand  Stain  Remover  (Kodak  S-5) 

Solution  A 

Potassium  permanganate \  oz.  7.5  g 

Water 32    oz.      1000      c.c. 

Solution  B 

Sodium  bisulfite 16    oz.       480      g 

Water 32    oz.      1000      c.c. 

Rub  the  hands  with  a  small  amount  of  solution  A,  rinse  in  water; 
then  pour  a  small  quantity  of  solution  B  into  the  palm  of  one 
hand,  rub  it  quickly  over  the  hands,  and,  when  free  of  stain,  wash 
them  thoroughly  with  water.  If  the  original  stain  is  not  entirely 
removed,  repeat  the  treatment  with  solutions  A  and  B. 

If  it  is  desired  to  immerse  the  hands  in  solution  B,  1  part  of  the 
solution  should  be  diluted  with  4  parts  of  water. 

Stain  Remover  for  Removal  of  Developer  Stain  on 
Negatives  (Kodak  S-6) 

Developer  or  oxidation  stain  may  be  removed  by  first  hardening 
the  film  for  2  or  3  minutes  in  the  formalin  hardener  then  washing 
for  5  minutes  and  bleaching  in: 

Stock  Solution  A 

Potassium  permanganate 75    gr.  5.2  g 

Water  to  make 32    oz.     1000     c.c, 

2624 


PHOTOGRAPHIC  FORMULAE  (Continued) 

Stock  Solution  B 

Cold  water 16    oz.  500  c.c. 

Sodium  chloride 2-|  oz.  75  g 

Sulfuric  acid \  oz.  16  c.c. 

Water  to  make 32    oz.  1000  c.c. 

Caution:  Always  add  the  sulfuric  acid  to  the  solution  slowly, 
stirring  constantly,  and  never  the  solution  to  the  acid;  otherwise 
the  solution  may  boil  and  spatter  the  acid  on  the  hands  or  face, 
causing  serious  burns. 

Use  equal  parts  of  A  and  B.  The  solutions  should  not  be  mixed 
until  ready  for  immediate  use  since  they  do  not  keep  long  after 
mixing.  All  particles  of  permanganate  should  be  dissolved  com- 
pletely when  preparing  solution  A,  since  undissolved  particles 
are  likely  to  produce  spots  on  the  negative.  Bleaching  should  be 
complete  in  3  or  4  minutes  at  68°  F.  (20°  C).  The  brown  stain 
of  manganese  dioxide  formed  in  the  bleach  bath  is  best  removed  by 
immersing  the  negative  in  1  %  sodium  bisulfite  solution.  Then 
rinse  well  and  develop  in  strong  light,  preferably  sunlight,  with 
any  general  purpose  developer.     Then  wash  thoroughly. 

Iron  Clearing  Solution 

To  remove  yellow  stain  caused  by  pyro  or  hydroquinone  devel- 
oper, wash  well  to  free  from  hy po  and  place  in 

Water 20  oz.  568  c.c. 

Ferrous  sulfate,  pure 3  oz.  85  g 

Sulfuric  acid,  C.  P 1  oz.  28  g 

Powdered  alum 1  oz.  28  g 

until  stain  is  gone,  then  wash  well. 

Intensifiers 

Mercury  Intensifler  for  Films  and  Plates  (Kodak  In-1) 

BLEACH  the  negative  in  the  following  solution  until  it  is  white, 
then  wash  thoroughly. 

Potassium  bromide f  oz.  22.5  g 

Mercuric  chloride f  oz.  22.5  g 

Water  to  make 32    oz.     1000      c.c. 

The  negative  can  be  blackened  with  10  %  sulfite  solution,  a 
developing  solution,  or  10  %  ammonia  (1  part  concentrated  ammo- 
nia (28  %)  to  9  parts  water) ,  these  giving  progressively  greater 
density  in  the  order  given. 

Chromium  Intensifler  for  Films  and  Plates  (Kodak  In-4) 

Stock  Solution 

Potassium  bichromate 3  oz.  90  g 

Hydrochloric  acid 2  oz.  fl.  64  c.c. 

Water  to  make 32  oz.  1000  c.c. 

For  use,  take  1  part  of  stock  solution  to  10  parts  of  water. 

Harden  the  negative  first  in  a  formaldehyde  hardening  solution. 
Bleach  thoroughly  at  65°  to  70°  F.  (18°  to  21°  C),  then  wash  five 
minutes  and  redevelop  fully  in  artificial  light  or  daylight  (not 
sunlight)  in  any  quick-acting,  non-staining  developer  which  does 
not  contain  an  excess  of  sulfite;  for  example,  about  10  minutes  at 
68°  F.  (20°  C.)  in  any  general  purpose  developer.  Developers 
containing  a  high  proportion  of  sodium  sulfite  should  be  avoided. 
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Then  rinse,  fix  for  five  minutes,  and  wash  thoroughly.  Greater 
intensification  can  be  secured  by  repeating  the  process.  Negatives 
intensified  with  chromium  are  more  permanent  than  those  intensi- 
fied with  mercury. 

Silver  Intensifier  for  Films  and  Plates  (Kodak  In-5) 
The  following  formula  is  the  only  intensifier  known  that  will  not 
change  the  color  of  the  image  on  positive  film  on  projection.  It 
gives  proportional  intensification  and  is  easily  controlled  by  varying 
the  time  of  treatment.  The  formula  is  equally  suitable  for  positive 
and  negative  film. 

Stock  Solution  No.  1 
(Store  in  brown  bottle) 

Silver  nitrate,  crystals 2    oz.  60  g 

Distilled  water  to  make 32    oz.      1000  c.c. 

Stock  Solution  No.  2 

Sodium  sulfite,  desiccated 2    oz.  60  g 

Water  to  make 32    oz.     1000  c.c. 

Stock  Solution  No.  3 

Sodium  thiosulfate  (hypo) 3^  oz.        105  g 

Water  to  make 32    oz.      1000  c.c. 

Stock  Solution  No.  4 

Sodium  sulfite,  desiccated \  oz.          15  g 

Elon 350    gr.          24  g 

Water  to  make 96    oz.  3000  c.c. 

Prepare  the  intensifier  solution  for  use  as  follows:  Slowly  add 
1  part  of  solution  No.  2  to  1  part  of  solution  No.  1,  shaking  or 
stirring  to  obtain  thorough  mixing.  The  white  precipitate  which 
appears  is  then  dissolved  by  the  addition  of  1  part  of  solution  No.  3. 
Allow  the  resulting  solution  to  stand  a  few  minutes  until  clear. 
Then  add,  with  stirring,  3  parts  of  solution  No.  4.  The  intensifier 
is  then  ready  for  use  and  the  film  should  be  treated  immediately. 
The  mixed  intensifier  solution  is  stable  for  approximately  30  minutes 
at  68°  F.  (20°  C). 

The  degree  of  intensification  obtained  depends  upon  the  time  of 
treatment  which  should  not  exceed  25  minutes.  After  intensifi- 
cation, immerse  the  film  for  2  minutes  with  agitation  in  a  plain 
30  %  hypo  solution.      Then  wash  thoroughly. 

The  stability  of  the  mixed  intensifier  solution  and  the  rate  of 
intensification  are  very  sensitive  to  changes  in  the  thiosulfate 
concentration.  A  more  active  but  less  stable  working  solution 
may  be  obtained  by  using  a  stock  solution  No.  3  prepared  with 
3  oz.  of  hypo  per  32  oz.  (90  g  per  1000  c.c.)  instead  of  the  quantity 
in  the  formula.  The  directions  for  preparing  the  working  solution 
are  the  same  as  before  but  the  mixed  intensifier  will  not  keep  over 
20  minutes  at  68°  F.  (20°  C). 

For  best  results,  the  intensifier  should  be  used  in  artificial  light; 
the  solution  tends  to  form  a  precipitate  of  silver  quite  rapidly  when 
exposed  directly  to  sunlight. 

Reducers 
Farmer's    Reducer,    Proportional,    for    Lowering    Contrast 

(Kodak  R-4b) 
Farmer's  Reducer  also  may  be  used  as  a  two-bath  formula  by 
treating  the  negative  in  the  ferricyanide  solution  first  and  sub- 
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sequently  in  the  hypo  solution.  This  method  gives  almost  pro- 
portional reduction  and  corrects  for  overdevelopment.  The  single 
solution  Farmer's  Reducer  gives  only  cutting  reduction  and  cor- 
rects for  overexposure. 

Solution  A 

Potassium  ferricyanide I  oz.  7.5  g 

Water  to  make 32    oz.      1000      c.c. 

Solution  B 

Sodium  thiosulfate  (hypo) 6f  oz.        200      g 

Water  to  make 32    oz.      1000      c.c. 

Treat  the  negatives  in  solution  A  with  uniform  agitation  for 
1  to  4  minutes  at  65-70°  F.  (18-20°  C.)  depending  on  the  degree 
of  reduction  desired.  Then  immerse  them  in  solution  B  for  5 
minutes  and  wash  thoroughly.  The  process  may  be  repeated  if 
more  reduction  is  desired.  For  the  reduction  of  general  fog,  one 
part  of  solution  A  should  be  diluted  with  one  part  of  water. 

Farmer's  Reducer  (Agfa  310) 

This  is  a  cutting  reducer  for  lessening  the  density  of  heavy 
negatives  and  at  the  same  time  increasing  their  contrast.  It  is 
especially  valuable  for  reproduction  films  to  clear  the  whites. 

Solution  1 

Hypo 8  oz.        240  g 

Water  to  make 32  oz.      1000  c.c. 

Solution  2 

Potassium  ferricyanide 274  gr.  19  g 

Water  to  make 8  oz.       250  c.c. 

For  use  mix  one  part  solution  2  and  four  parts  solution  1  in  32 
parts  water.  Solutions  1  and  2  should  be  stored  separately  and 
mixed  immediately  before  use. 

Flattening  Reducer  (Agfa  311) 

This  reducer  is  useful  for  lessening  the  density  and  contrast  of 
heavy  negatives. 

Solution  1 

Potassium  ferricyanide 1  oz.  75  gr.  35  g 

(513  gr.) 

Potassium  bromide 149  gr.  10  g 

Water  to  make 32  oz.  1000  c.c. 

Bleach  in  solution  1  and  after  thorough  washing,  redevelop  to 
desired  density  and  contrast  in  any  except  fine-grain  developers. 
Then  fix  and  wash  in  usual  manner.  Conduct  operation  in  subdued 
light. 

Farmer's  Reducer  for  Amateur  Use  for  Clearing  Shadow 

Areas  (Kodak  R-4) 

Solution  A 

Water 1  oz.  32  c.c. 

Potassium  ferricyanide 15  gr.  1  g 

Solution  B 

Water 32  oz.      1000  c.c. 

Sodium  thiosulfate  (hypo) 1  oz.  30  g 
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Add  A  to  B  and  immediately  pour  over  the  negative  to  be 
reduced.  The  reducer  solution  decomposes  rapidly  after  mixing- 
together  the  A  and  B  solutions  and  therefore  should  be  used  at 
once.  When  the  negative  has  been  reduced  sufficiently,  wash 
thoroughly  before  drying.  Local  areas  may  be  reduced  by  applying 
the  solution  with  a  cotton  pad. 

Reducer  for  Clearing  Shadow  Areas  (Kodak  R-2) 
Stock  Solution  A 

Water 32    oz.  1000      c.c. 

Potassium  permanganate If  oz.  52.5  g 

Stock  Solution  B 

Water 32     oz.  1000      c.c. 

Sulfuric  acid 1     oz.  fl.  32      c.c. 

Caution:  Always  add  the  sulfuric  acid  to  the  water  slowly 
stirring  constantly,  and  never  the  water  to  the  acid;  otherwise  the 
solution  may  boil  and  spatter  the  acid  on  the  hands  or  face  causing 
serious  burns. 

The  best  method  of  dissolving  the  permanganate  crystals  in 
solution  A  is  to  use  a  small  volume  of  hot  water  (about  180°  F.) 
(82°  C.)  and  shake  or  stir  the  solution  vigorously  until  completely 
dissolved;  then  dilute  to  volume  with  cold  water. 

The  negative  must  be  thoroughly  washed  to  remove  all  traces 
of  hypo  before  it  is  reduced.  For  use,  take  1  part  A,  2  parts  B 
and  64  parts  of  water.  When  the  negative  has  been  reduced  suffi- 
ciently, place  it  in  a  fresh  acid  fixing  bath  for  a  few  minutes,  to 
remove  yellow  stains,  then  wash  thoroughly. 

If  reduction  is  too  rapid,  use  a  larger  volume  of  water  when 
diluting  the  solution  for  use.  This  solution  should  not  be  used  as 
a  stain  remover  as  it  has  a  tendency  to  attack  the  image  before 
it  removes  the  stain. 

The  two  solutions  should  not  be  combined  until  immediately 
before  use.     They  will  not  keep  long  in  combination. 

Proportional  Reducer  for  Lowering  Contrast  (Kodak  R-5) 
Stock  Solution  A 

Water 32    oz.  1000      c.c. 

Potassium  permanganate 4    gr.  .3gi 

Sulfuric  acid  (10  %  solution) |  oz.  fl.  16      c.c. 

Stock  Solution  B 

Water 96    oz.  3000      c.c. 

Ammonium  persulfate 3    oz.  90      g 

To  make  a  10  %  solution  of  sulfuric  acid,  take  1  part  of  sulfuric 
acid  and  add  it  to  9  parts  of  water,  slowly  with  stirring.  Never  add 
the  water  to  the  acid  because  the  solution  may  boil  and  spatter  the 
acid  on  the  hands  or  face,  causing  serious  burns. 

For  use,  take  one  part  of  solution  A  to  three  parts  of  solution  B. 
When  sufficient  reduction  is  secured,  the  negative  should  be  cleared 
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in  a   1  %  solution  of  sodium  bisulfite.     Wash  the  negative  thor- 
oughly before  drying. 

Semi-Proportional    Reducer    for    Lowering    Contrast    and 
Clearing  Shadow  Areas  (Kodak  R-8) 
This  is  the  only  single  solution  which  keeps  well  in  a  tank. 

Water,  about  125°  F.  (52°  C.) 24    oz.  750  c.c. 

Ferric  chloride 365     gr.  25  g 

Potassium  citrate .  .  2  J  oz.  75  g 

Sodium  sulfite,  desiccated 1     oz.  30  g 

Citric  acid 290     gr.  20  g 

Sodium  thiosulfate  (hypo) 6f  oz.  200  g 

Water  to  make 32     oz.  1000  c.c. 

Dissolve  chemicals  in  the  order  given. 

Use  full  strength  for  maximum  rate  of  reduction.  Treat  nega- 
tives 1  to  10  minutes  at  65°  to  70°  F.  (18°  to  21°  C).  Then  wash 
thoroughly.  If  a  slower  action  is  desired,  dilute  one  part  of  solu- 
tion with  one  part  of  water.  The  reducer  is  especially  recom- 
mended for  the  treatment  of  dense,  contrasty  negatives. 

Super-Proportional  Reducer  for  Great  Reduction  of  Contrast 

(Kodak  R-l) 

Water. 32     oz.      1000  c.c. 

Ammonium  persulfate 2     oz.  60  g 

Sulfuric  acid I  dr.  3  c.c. 

Caution:  Always  add  the  sulfuric  acid  to  the  solution  slowly, 
stirring  constantly,  and  never  the  solution  to  the  acid;  otherwise 
the  solution  may  boil  and  spatter  the  acid  on  the  hands  or  face 
causing  serious  burns. 

For  use,  take  1  part  stock  solution  and  2  parts  water. 

Treat  the  negative  in  a  formaldehyde  hardener  solution  and  wash 
thoroughly  before  reduction.  When  reduction  is  complete, 
immerse  in  an  acid  fixing  bath  for  a  few  minutes  and  wash  thor- 
oughly before  drying.  If  reduction  is  too  rapid,  dilute  the  solution 
with  a  further  volume  of  water. 

Toning  Formulae 

Hypo  Alum  Toner  (Agfa'  222) 

This  toner  is  recommended  for  beautiful  reddish-brown  tones. 

Solution  1 

Water 80  oz.     2350      c.c. 

Hypo 15  oz.        450      g 

Solution  2 

Water 1  oz.  30      c.c. 

Silver  nitrate 20  gr.  1.3  g 

Solution  3 

Water 1  oz.  30      c.c. 

Potassium  iodide 40  gr.  2.7  g 

Add  solution  2  to  solution  1.  Then  add  solution  3  to  the  mixture. 
Finally  add  105  grams  (3 J  oz.)  of  potassium  alum  to  this  solution, 
and  heat  the  entire  bath  to  the  boiling  point  or  until  sulfurization 

2620 


PHOTOGRAPHIC  FORMULAE  (Continued) 

takes  place  (indicated  by  a  milky  appearance  of  the  solution).. 
Tone  prints  20  to  60  minutes  in  this  bath  at  110-125°  F.  (43-52°  C). 
Agitate  prints  occasionally  until  toning  is  complete.  Care  should 
be  taken  to  see  that  the  blacks  are  fully  converted  before  removing 
the  prints  from  the  toning  bath,  otherwise  double  tones  may  result. 

Hypo  Alum  Sepia  Toner  for  Papers  (Kodak  T-la) 

Cold  water 90  oz.       2800      c.c. 

Sodium  thiosulfate  (hypo) 16  oz.         480      g 

Dissolve  thoroughly,  and  add  the  following  solution: 

Hot  water,  about  160°  F.  (70°  C.) 20  oz.         640      c.c. 

Potassium  alum 4  oz.         120      g 

Then  add  the  following  solution  (including  precipitate)  slowly  to  the 
hypo-alum  solution  while  stirring  the  latter  rapidly. 

Cold  water 2  oz.  64      c.c 

Silver  nitrate,  crystals 60  gr.  4.2  g 

Sodium  chloride 60  gr.  4.2  g 

After  combining  above  solutions, 

Add  water  to  make 1  gal.     4000      c.c 

Note:  The  silver  nitrate  should  be  dissolved  completely  before 
adding  the  sodium  chloride  and  immediately  afterward,  the  solution 
containing  the  milky  white  precipitate  should  be  added  to  the 
hypo-alum  solution  as  directed  above.  The  formation  of  a  black 
precipitate  in  no  way  impairs  the  toning  action  of  the  bath  if 
proper  manipulation  technique  is  used. 

For  use,  pour  into  a  tray  supported  in  a  water  bath  and  heat  to 
120°  F.  (49°  C).  At  this  temperature  prints  will  tone  in  12  to  15 
minutes  depending  on  the  type  of  paper.  Never  use  the  solution 
at  a  temperature  above  120°  F.  (49°  C.).  Blisters  and  stains  may 
result.  Toning  should  not  be  continued  longer  than  20  minutes 
at  120°  F.  (49°  C). 

In  order  to  produce  good  sepia  tones,  the  prints  should  be  exposed 
so  that  the  print  is  slightly  darker  than  normal  when  developed 
normally  (1|  to  2  minutes). 

The  prints  to  be  toned  should  be  fixed  thoroughly  and  washed 
for  a  few  minutes  before  being  placed  in  the  toning  bath.  Dry 
prints  should  be  soaked  thoroughly  in  water.  To  insure  even 
toning,  the  prints  should  be  immersed  completely,  and  separated 
occasionally,  especially  during  the  first  few  minutes. 

After  prints  are  toned,  they  should  be  wiped  with  a  soft  sponge 
and  warm  water  to  remove  any  sediment,  and  washed  for  one  hour 
in  running  water. 

Sulfide  Sepia  for  Papers  (Kodak  T-7a) 
Stock  Bleaching  Solution  A 

Potassium  ferricyanide 2\  oz.  75  g 

Potassium  bromide 2\  oz.  75  g 

Potassium  oxalate 6^  oz.  195  g 

Acetic  acid,  28  % \\  oz.  fl.  40  c.c. 

Water 64    oz.  2000  c.c. 
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To  make  approximately  28  %  acetic  acid  from  glacial  acetic 
acid,  dilute  3  parts  of  glacial  acetic  acid  with  8  parts  of  water. 

Stock  Toning  Solution  B 

Sodium  sulfide  (not  sulfite) 1|  oz.  45  g 

Water 16    oz.  500  c.c. 

Prepare  bleaching  bath  as  follows: 

Stock  solution  A 16    oz.  500  c.c. 

Water 16    oz.  500  c.c. 

Prepare  toner  as  follows: 

Stock  solution  B 4    oz.  125  c.c. 

Water  to  make 32    oz.  1000  c.c. 

Stock  hardener  solution  (Kodak  F-la) 

Water,  about  125°  F.  (52°  C.) 14  oz.            425  c.c. 

Sodium  sulfite,  desiccated 2  oz.               60  g 

Acetic  acid,  28  % 6  oz.  fl.        190  c.c. 

Potassium  alum 2  oz.               60  g 

Cold  water  to  make 32  oz.  1000  c.c. 

To  make  approximately  28  %  acetic  acid  from  glacial  acetic 
acid,  dilute  3  parts  of  glacial  acetic  acid  with  eight  parts  of  water. 

Dissolve  the  chemicals  in  the  order  given.  The  sodium  sulfite 
should  be  dissolved  completely  before  the  acetic  acid  is  added. 
After  the  sulfite-acid  solution  has  been  mixed  thoroughly,  add  the 
potassium  alum  with  constant  stirring. 

The  print  to  be  toned  should  first  be  washed  thoroughly.     Place 
it  in  the  bleaching  bath,  and  allow  it  to  remain  until  only  faint 
traces  of  the  halftones  are  left  and  the  black  of  the  shadows  has* 
disappeared.     This  operation  will  take  about  one  minute. 

Note:  Particular  care  should  be  taken  not  to  use  trays  with  any 
iron  exposed,  otherwise  blue  spots  may  result. 

Rinse  thoroughly  in  clean  cold  water. 

Place  in  toner  solution  until  original  detail  returns.  This  will 
require  about  30  seconds.  Give  the  print  an  immediate  and 
thorough  water  rinse;  then  immerse  it  for  five  minutes  in  a  harden- 
ing bath  composed  of  1  part  of  the  stock  hardener  Kodak  F-la 
and  16  parts  of  water.  The  color  and  gradation  of  the  finished  print 
will  not  be  affected  by  the  use  of  this  hardening  bath.  Remove 
the  print  from  the  hardener  bath  and  wash  for  one-half  hour  in 
running  water. 

Sepia  Toner  (Agfa  221) 
This  toner  is  recommended  for  warm-brown  sepia  tones. 

Solution  1 

Hot  water  (125°  F.  or  52°  C.) 24    oz.  750  c.c. 

Potassium  ferricyanide 1 J  oz.  80  gr.  50  g 

(736  gr.) 

Potassium  bromide 144    gr.  10  g 

Sodium  carbonate,  monohydrated 289     gr.  20  g 

Water  to  make 32    oz.  1000  c.c. 

Solution  2 

Sodium  sulfide 1|  oz.  45  g 

Water  to  make 16    oz.  500  c.c. 
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For  use  as  described  below,  dilute  one  part  solution  2  with  eight 
parts  water.  IMPORTANT — Be  sure  to  use  sodium  sulfide,  not 
sodium  sulfite,  in  compounding  the  re-developer.  Also,  use  clean 
trays,  free  from  exposed  iron  spots,  especially  with  bleaching  bath. 
Otherwise  blue  spots  may  form  on  prints. 

Prints  should  be  washed  thoroughly  and  then  bleached  in  solution 
1  until  the  black  image  is  converted  to  a  very  light  brown  color 
(about  1  minute).  Prints  should  then  be  washed  for  10  to  15 
minutes  and  redeveloped  in  diluted  solution  2. 

Redevelopment  should  be  complete  in  about  1  minute.  After 
redevelopment  the  prints  should  be  washed  for  about  30  minutes 
and  then  dried.  If  the  toner  should  leave  sediment  which  results 
in  streaks  or  finger  marks  on  the  surface  of  the  paper,  the  print 
should  be  immersed  for  a  few  seconds  in  a  3  %  solution  of  acetic 
acid,  after  which  a  10-minute  washing  is  necessary. 

Sulfide   Toner  for   Warm   Sepia  Tones    on  Lantern   Slides 

(Kodak  T-10) 

Solution  A 

Potassium  ferricyanide 1     oz.  30      g 

Potassium  bromide '.  .        £  oz.  15      g 

Water  to  make 32    oz.     1000      c.c. 

Solution  B 

Sodium  sulfide  (not  sulfite) 13    gr.  .9  g 

Water  to  make 32    oz.     1000      c.c. 

,Use  three  times  the  quantity  if  crystalline  sodium  sulfide  is  used. 

The  well  washed  slide,  or  film,  is  thoroughly  bleached  in  solution 
A,  washed  for  5  minutes,  and  immersed  in  solution  B  for  about  2 
minutes  until  thoroughly  toned.  The  slide  should  then  be  washed 
thoroughly  for  10  to  15  minutes  before  drying.  The  transparency 
of  the  tone  is  much  improved  by  the  addition  of  a  little  hypo  to  the 
B  solution,  say,  66  gr.  per  32  oz.  or  4.5  g  per  1000  c.c. 

Uranium  Toning  Bath  for  Papers  (Kodak  T-17) 

Stock  Solution 

Uranium  nitrate 116  gr.            8  g 

Oxalic  acid,  crystals 58  gr.            4  g 

Potassium  ferricyanide 58  gr.            4  g 

Water  to  make 32  oz.  1000  c.c. 

Dissolve  the  uranium  nitrate  in  a  small  volume  of  water,  about 
8  oz.  (250  c.c.)  (about  125°  F.)  (50°  C).  Dissolve  the  oxalic  acid 
separately  in  about  8  oz.  (250  c.c.)  of  water  and  filter;  then  add  the 
oxalic  acid  solution  to  the  uranium  nitrate  solution.  Dissolve 
the  potassium  ferricyanide  separately  in  about  8  oz.  (250  c.c.)  of 
water;  if  the  solution  is  clear,  add  it  to  the  uranium  nitrate  and 
oxalic  acid  solution.     If  not  clear,  filter  before  mixing  together. 

For  Use  as  a  Toning  Bath  (Chocolate  to  Brick  Red).  Dilute 
1  part  of  the  stock  solution  with  2  parts  of  water.  As  the  toning 
time  is  increased,  the  tone  changes  from  chocolate  to  brown  and 
finally  to  brick  red.     The  print  may  be  removed  at  any  stage. 

Wash  until  the  highlights  are  clean;  this  usually  requires  from 
10  to  15  minutes.     Prolonged  washing  should  be  avoided. 
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Uranium  Toner  for  Brown  to  Red  Tones  on  Slides  or  Films 

(Kodak  T-9) 

Uranium  nitrate 35    gr.  2.5  g 

Potassium  oxalate 35    gr.  2.5  g 

Potassium  ferricyanide 15    gr.  1      g 

Ammonium  alum 85     gr.  6      g 

Hydrochloric  acid,  10  %  solution 11  dr.  5      c.c. 

Water  to  make 32    oz.  1000      c.c. 

To  make  a  10  %  solution,  add  1  part  of  hydrochloric  acid  to  9  parts 
of  water,  slowly  with  stirring. 

Dissolve  chemicals  in  the  order  given. 

The  solution  should  be  perfectly  clear  and  pale  yellow  in  color. 
It  is  light  sensitive,  however,  and  should  be  stored  in  the  dark. 

The  maximum  toning  effect  is  produced  in  about  10  minutes, 
the  tone  passing  from  brown  to  red  during  this  time. 

After  toning,  wash  for  about  10  minutes;  the  washing  should  not 
be  prolonged,  especially  if  the  water  is  slightly  alkaline,  since  the 
toned  image  is  soluble  in  alkali. 

Gold  Toner  (Agfa  231) 

This  formula  gives  a  range  of  red  tones  to  sepia-toned  prints,  the 
brilliance  of  the  tone  depending  on  the  paper  used.  Brilliant 
chalk-red  tones  are  produced  on  Cykon,  while  with  Indiatone  and 
Cykora  darker  shades  are  formed.  If  desired,  deep  blue  tones 
may  also  be  obtained  with  this  formula  by  using  black-and-white 
prints  instead  of  prints  that  have  first  been  sepia-toned.  Unusual 
effects  of  mixed  tones  of  blue-black  shadows  and  soft  reddish 
highlights  can  be  produced  by  using  prints  which  have  been 
partially  toned  in  a  hypo  alum  sepia-toner. 

Hot  water  (125°  F.  or  52°  C.) 24    oz.  750  c.c. 

*  Ammonium  sulfocyanate 3|  oz.  105  g 

Gold  chloride,  1  %  solution 2     oz.  fl.  60  c.c. 

Water  to  make 32    oz.  1000  c.c. 

*May  be  substituted  by: 

Sodium  sulfocyanate 3f  oz.  110  g 

or 
Potassium  sulfocyanate 4§  oz.  135  g 

For  Red  Tones:  Prints  must  first  be  bleached  and  toned  by 
sulfide  redevelopment  method.  After  washing,  place  prints  in 
above  solution  until  toning  is  complete  (requires  15-45  minutes). 
For  redder  tones  one-half  the  specified  amount  of  sulfocyanate 
may  be  used. 

For  Deep  Blue  Tones:  Omit  sepia  toning  operation  and  place 
well-washed  black-and-white  prints  directly  in  above  toning 
solution. 

For  Mixed  Tones:  Prints  should  be  incompletely  toned  in  a  hype 
alum  toner  and  washed  before  treatment  in  above  solution. 

Iron  Toner  for  Blue  Tones  on  Papers  (Kodak  T-12) 

Ferric  ammonium  citrate  (green  scales) 58  gr.  4  g 

Oxalic  acid,  crystals 58  gr.  4  g 

Potassium  ferricyanide 58  gr.  4  g 

Water  to  make 32  oz.  1000  c.c. 
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Dissolve  each  chemical  separately  in  a  small  volume  of  water, 
about  8  oz.  (250  c.c.)  and  filter  before  mixing  together.  This 
solution  does  not  keep  well  except  in  brown  bottles. 

Immerse  the  well-washed  print  in  the  toning  bath  for  10  to  15 
minutes  until  the  desired  tone  is  obtained.  Then  wash  until  the 
highlights  are  clear. 

Iron  Blue  Toner  (Agfa  241) 

Producing  brilliant  blue  tones,  this  formula  is  suitable  for  use 
with  Cykora,  Brovira  and  Indiatone  papers. 

Hot  water  (125°  F.  or  52°  C.) 16    oz.  500  c.c. 

Ferric  ammonium  citrate I  oz.            8  g 

Potassium  ferricyanide £  oz.            8  g 

Acetic  acid,  28  % 9    oz.  265  c.c. 

Water  to  make 32    oz.  1000  c.c. 

Solution  should  be  prepared  with  distilled  water  if  possible.  If 
enameled  iron  trays  are  used,  no  chips  or  cracks  in  the  enamel 
should  be  present  or  spots  and  streaks  may  appear  in  the  print. 

Prints  for  blue  toning  should  be  fixed  in  plain,  non-hardening 
hypo  bath  (which  should  be  kept  at  a  temperature  of  68°  or  under 
to  avoid  undue  swelling).  When  prints  have  been  fully  toned  in 
the  above  solution,  they  will  be  greenish  in  appearance,  but  will 
be  easily  washed  out  to  a  clear  blue  color  when  placed  in  running 
water. 

The  depth  of  the  blue  toning  will  vary  somewhat  with  the  quality 
of  prints  toned  in  it,  light-toned  prints  generally  toning  to  lighter 
blues.  Some  intensification  of  the  print  usually  occurs  in  toning; 
consequently,  prints  should  be  slightly  lighter  than  the  density 
desired  in  the  final  toned  print. 

Wash  water  should  be  acidified  slightly  with  acetic  acid  since 
the  blue  tone  is  quite  soluble  in  alkaline  solutions  and  is  consider- 
ably weakened  when  wash  water  is  alkaline.  Pleasing  variations 
in  the  tone  can  be  obtained  by  bathing  the  washed  prints  in  a  |  % 
solution  (5  g  per  1000  c.c.)  of  borax  which  produces  softer,  blue- 
gray  tones,  the  extent  depending  on  the  length  of  treatment. 

Iron  Toner  for  Blue  Tones  on  Slides  or  Films  (Kodak  T-ll) 

Ammonium  persulfate 7  gr*               .5  g 

Iron  and  ammonium  sulfate  (ferric  alum) ....  20  gr.  1.4  g 

Oxalic  acid 45  gr.  3      g 

Potassium  ferricyanide 15  gr.  1      g 

Ammonium  alum 73  gr.  5      g 

Hydrochloric  acid,  10  %  solution \  dr.  1      c.c. 

Water  to  make 32  oz.     1000      c.c. 

To  make  a  10  %  solution,  add  1  part  of  hydrochloric  acid  to  9 
parts  of  water,  slowly  with  stirring. 

Dissolve  chemicals  in  the  order  given. 

The  method  of  compounding  this  bath  is  important.  Each  of 
the  solid  chemicals  should  be  dissolved  separately  in  a  small  volume 
of  water;  the  solutions  then  should  be  mixed  strictly  in  the  order 
given,  and  the  whole  diluted  to  the  required  volume.  If  these 
instructions  are  followed,  the  bath  will  be  pale  yellow  in  color  and 
perfectly  clear. 

Immerse  the  slides  or  films  from  2  to  10  minutes  at  68°  F.  (20°  C.) 
until  the  desired  tone  is  obtained.     Wash  for  10  to  15  minutes  until 
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the  highlights  are  clear.  A  slight  permanent  yellow  coloration  of 
the  clear  gelatin  will  usually  occur,  but  should  be  too  slight  to  be 
detectable  on  projection.  If  the  highlights  are  stained  blue,  then 
either  the  slide  (film)  was  fogged  during  development,  or  the 
toning  bath  was  stable  or  not  mixed  correctly. 

Since  the  toned  image  is  soluble  in  alkali,  washing  should  not  be 
carried  out  for  too  long  a  period,  especially  if  the  water  is  slightly 
alkaline. 

BLUE  PRINT  PAPER,  FORMULAE  FOR  SENSITIZING 

1 

Solution  A 

Water 8.5  oz.     50  c.c. 

Iron  and  ammonium  citrate 1.7  oz.      10  g 

Solution  B 

Water 8.5  oz.     50  c.c. 

Potassium  ferricyanide 1.4  oz.        8  g 

Filter  separately.  The  solutions,  which  may  be  preserved 
separately  for  some  time,  are  best  kept  in  the  dark.  For  use,  mix, 
in  a  dark  room  or  by  an  artificial  light  of  low  intensity,  equal 
quantities  of  the  two  solutions. 

Any  non-absorbent  paper  may  be  sensitized  by  brushing  the 
solution  over  it  rapidly  with  a  soft,  wide,  flat  brush,  going  over  the 
surface  twice,  the  second  coat  being  applied  in  a  direction  at  right 
angles  to  the  first.  An  alternative  method  is  to  lower  the  paper, 
beginning  at  one  edge,  on  to  the  surface  of  the  solution  in  a  tray  and 
allow  it  to  float  for  a  few  seconds.  Care  must  be  taken  to  exclude 
air  bubbles.  After  sensitizing  by  either  method,  the  paper  should 
be  hung  by  one  edge  in  a  dark  room  to  dry. 

2 

Blue  printing  depends  to  a  large  extent  upon  surface  of  paper. 
The  following  formula  is  recommended  as  producing  clear  whites: 

Solution  1 

Potassium  ferricyanide,  KsFe(CN)fi 10  g 

Distilled  water 100  c.c. 

Solution  2 

Iron  and  ammonium  citrate  (ferric) 30  g 

Water 100  c.c. 

Gum  arabic  (gum  acacia) 5  g 

Equal  parts  of  the  above  solutions  are  mixed  just  before  use. 
The  paper  to  be  sensitized  may  be  floated  on  the  surface  or  the 
liquid  may  be  applied  with  a  tuft  of  absorbent  cotton  using  cross 
strokes  to  insure  an  even  coating.  The  sensitized  paper  must  be 
dried  in  the  dark  and  should  be  used  within  36  hours. 

ULTRAVIOLET  SENSITIZATION 

Photographic  plates  can  be  made  sensitive  to  short-wave  ultra- 
violet light  by  immersion  in  a  dilute  solution  of  citric  acid  in  95  % 
ethyl  alcohol  (1  %  citric  acid) . ,  (Sodium  salicylate  may  be  substi- 
tuted for  the  citric  acid.)  The  plate  is  immersed  in  the  citric  acid 
solution  and  immediately  withdrawn  and  dried  in  less  than  one 
minute  by  waving  in  the  air  before  putting  in  the  holder.     After 
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exposure  the  plate  can  be  developed  without  previous  washing 
and  without  special  precautions.  The  coating  of  citric  acid  adheres 
to  the  plate  so  that  a  number  of  plates  may  be  treated  and  stored 
away  for  future  use.  Citric  acid  has  no  detrimental  action  on  the 
emulsion  or  the  developer.  The  sharpness  of  the  image  is  not 
diminished. 

FACTORIAL  DEVELOPMENT 

If  the  image  first  appears  after  immersion  in  the  developer  for  a 
certain  time,  then  this  period  of  time  multiplied  by  the  "factor" 
for  the  particular  developer  used  will  give  the  total  time  required 
for  full,  normal  development.  The  factor  for  the  degree  of  develop- 
ment desired  may  well  be  determined  by  experiment;  the  following 
are  suggested: 

Amidol,  2  gr.  per  oz 18 

Glycin 8-12 

Hydroquinone 4^-5 

Metol 30 

Metol-hydroquinone 14 

Ortol 10 

Pyro,  without  bromide: 

1  gr.  per  oz 18 

2  gr.  per  oz 12 

3  gr.  per  oz 10 

4  gr.  per  oz 8 

5  gr.  per  oz 6 

With  1  part  bromide  to  4  parts  pyro: 

1  gr.  pyro  per  oz 9 

2  gr.  pyro  per  oz 5 

3  gr.  pyro  per  oz 4| 

4  gr.  pyro  per  oz 4 

DIAPHRAGM  OR  STOP  NUMBERS 


F  System 
Rel.  Exp. 

U.  S.  No. 

f/2 
1/16 

f/3 

1/7 

f/3.5 

1/5 

f/4 
1 

f/4.5 
1/3 

f/5.6 

2 

f/6.3 

5/8 

F  System 
Rel.  Exp. 
U.  S.  No. 

f/8 
1 
4 

f/11.3 
2 
8 

f/16 

4 

16 

f/22.6 
8 
32 

f/32 
16 
64 

f/45 

32 

128 

f/64 
256 
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Compiled  with  the  collaboration  of 
Chas.  H.  Shipman 

It  is  pertinent  to  state  that  there  is  at  present  no  exact  way  to  indicate 
plate  and  film  speeds.  Also  since  different  manufacturers  do  not  use  identi- 
cal methods  in  their  speed  determinations  the  stated  speeds  vary  among  the 
different  makes. 

In  1900  two  English  amateurs,  Messrs.  Hurter  and  Driffield,  proposed  a 
system  of  plate  speeds  based  on  the  assumption  that,  if  a  plate  is  given  a  series 
of  graded  exposures,  and  developed  in  a  pyro  developer  free  from  bromide, 
a  density-log  exposure  curve  may  be  plotted  from  which  a  speed  value  may  be 
determined  which  is  supposed  to  be  inversely  proportional  to  the  exposure 
required  to  produce  average  density.  The  Schemer  system  is  based  upon 
the  assumption  that  speeds  are  inversely  proportional  to  the  exposure  neces- 
sary to  produce  a  just  visible  image.  It  will  be  evident  that  these  two 
systems  cannot  be  compared  exactly.  Nor  is  either  system  correct  since  the 
assumptions  upon  which  they  are  based  are  not  exactly  true.  Nevertheless 
the  results  obtained  by  these  methods  are  well  within  the  latitude  of  the 
emulsions  and  will  serve  well  as  a  starting  point  for  all  ordinary  work.  The 
exposures  may  be  easily  altered  after  a  trial  to  produce  the  type  of  result 
desired. 

Kodak  Film  Speeds  are  determined  by  a  system  of  testing  in  which  the 
exposure  on  which  the  speed  number  is  based  is  taken  as  the  value  of  expo- 
sure for  which  the  slope  at  the  lower  part  of  the  characteristic  curve  is  three- 
tenths  the  average  slope  over  an  exposure  range  of  30:1  which  is  found  to  be 
the  maximum  contrast  for  the  average  scene. 

There  can  be  no  simple  relationship  between  speeds  obtained  in  funda- 
mentally different  ways  and  the  conversion  table  given  below  can  be  con- 
sidered only  a  rough  guide. 

Comparison  of  Speed  Systems 


H  &  D 

American 

Weston 

Kodak 

Relative 

American 

Din 

Scheiner 

Numbers 

Speeds 

Exposure 

35 

1/10 

8 

0.75 

4 

32 

45 

2/10 

9 

1 

5 

27 

56 

3/10 

10 

1.3 

6 

21 

72 

4/10 

11 

1.5 

8 

16 

91 

5/10 

12 

2 

10 

13 

117 

6/10 

13 

2.5 

12 

11 

150 

7/10 

14 

3 

16 

8 

190 

8/10 

15 

4 

20 

7 

240 

9/10 

16 

5 

25 

5 

308 

10/10 

17 

6 

32 

4 

390 

11/10 

18 

8 

40 

3.3 

500 

12/10 

19 

10 

50 

2.7 

636 

13/10 

20 

12 

64 

2.0 

800 

14/10 

21 

16 

80 

1.7 

1050 

15/10 

22 

20 

100 

1.3 

1300 

16/10 

23 

24 

125 

1.0 

1700 

17/10 

24 

32 

160 

.80 

2100 

18/10 

25 

40 

200 

.67 

2700 

19/10 

26 

50 

250 

.50 

3500 

20/10 

27 

64 

320 

.40 

4400 

21/10 

28 

80 

400 

.33 

5600 

22/10 

29 

100 

500 

.25 

7200 

23/10 

30 

125 

640 

.20 

9100 

24/10 

31 

160 

800 

.17 

11600 

25/10 

32 

200 

1000 

.125 

15400 

26/10 

33 

250 

1250 

.10 

20500 

27/10 

34 

320 

1600 

.08 

27300 

28/10 

35 

400 

2000 

.0625 

31400 

29/10 

36 

500 

2500 

.05 

41700 

30/10 

37 

650 

3200 

.04 

54700 

31/10 

38 

800 

4000 

.03125 
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Shutter  Speeds  of  Moving  Picture  Cameras 


3in6  Ansco  Model  B 

DeVry 

Eastman  (all  models) 

Filmo  all  70*s  Reg.  and  121 
Filmo  Golf  70,  71's,  75  and 

141 

Filmo  8  mm.  (all) 

Keystone  Late  Models  A-3 

and  A-7 

Keystone  Model  K-8 

No.  872650  and  above 
Keystone  16B 


1/30  sec. 
1/30 
1/30 
1/30 

1/40 
1/30 

1/40 
1/40 

1/50 


*  When  shutter  is  at  180°. 


Keystone  (other  models) .  .  1/50  sec. 

Model  B  Agfa 1/30 

Paillard  Bolex 1/30 

Paragon 1/30 

Revere 1/30 

Simplex 1/40 

Stewart  Warner  8 1/50 

Stewart       Warner       Holly- 
wood and  532A 1/40 

Sept 1/90 

Univex 1/30 

Victor  (all  models) 1/30 

Zeiss  Kinamo  S-10-16 1/30 

Zeiss  Movikon 1/30* 


PLATE  AND  FILM  SPEEDS 

The  following  table  presents  the  most  recent  figures  available  at  the  time  of 
compilation  for  speed  numbers  in  American  Scheiner  values  and  as  given  for 
two  widely  used  exposure  meters.  Values  are  given  for  daylight  and  for 
tungsten  or  photoflood  illumination. 

Speed  values  given  can  be  considered  only  as  a  general  guide.  Values 
given  by  different  authorities  differ  somewhat  according  to  the  characteristics 
of  the  negatives  considered  satisfactory.  In  general  the  speeds  given  are  for 
full  exposure.  The  Weston  and  G.  E.  figures  may  be  increased  by  about  50 
per  cent  or  the  Scheiner  values  by  about  two  units  if  a  thinner  negative  is 
desired. 

Many  types  of  material  no  longer  available  are  included  in  the  table  for 
purposes  of  comparison. 


AMERICAN  STANDARDS  ASSOCIATION 

Exposure  Indexes 

The  American  Standards  Association  (A  S  A)  has  adopted  certain  methods 
of  measuring  and  indicating  speeds  of  photographic  materials  and  also  a 
scale  of  corresponding  numbers  to  be  used  as  exposure  indexes.  Most 
exposure  meters  of  recent  manufacture  are  using  the  ASA  numbers  which 
are  almost  identical  with  the  former  Weston  numbers  and  differ  only  slightly 
from  the  G.  E.  index  values  given  in  the  following  Table.  For  "black  and 
white"  materials  the  differences  may  be  neglected  in  most  cases  but  for 
purposes  of  comparison  the  relative  values  of  the  ASA  and  G.  E.  indexes 
are  shown  below. 


ASA 

G.  E. 

A  S  A 

G.  E. 

ASA 

G.  E. 

Index 

Index 

Index 

Index 

Index 

Index 

0.6 

.6 

8 

10 

100 

125 

0.8 

10 

12 

125 

150 

1.0 

1 

12 

16 

160 

200 

1.2 

1.5 

16 

20 

200 

250 

1.6 

2 

20 

24 

250 

300 

2.0 

25 

32 

320 

400 

2.5 

3 

32 

40 

400 

500 

3 

4 

40 

48 

500 

600 

4 

50 

64 

650 

800 

5 

6 

64 

80 

800 

900 

6 

8 

80 

100 

1000 

1000 
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PLATE  AND  FILM  SPEEDS  (Continued) 


Maker  and  kind 


CINE  FILM  8  mm 
Ansco 

Hypan  Reversible 

Triple  S.  Pan 

Eastman 

Cine    Kodak    Pan.    Re- 
versible  

Super  X  Pan.  Reversible 

CINE  FILM  16  mm 
Ansco 

F.      G.     Plenachromatic 
Reversible 

Finopan  Negative 

Hypan  Reversible ....... 

Panchromatic  Reversible 

Superpan  Supreme  Nega- 
tive   

Triple  S  Pan  Reversible. . 
Dupont 

Regular  Pan.  Reversible . 

Superior  Pan.  Neg 

Eastman 

Cine  Kodak  Safety 

Super  X  Pan  Safety 

Super  XX  Pan  Safety. .  . 
Gevaert 

F.  G.  Pan.  Reversible.  .  . 

Ortho 

Pan.  Super  Reversible.  .  . 
MINIATURE  AND 
35  mm 
Ansco 

F.  G.  Plenachrome 

F.  G.  Reversible  Super- 
pan  

Finopan 

Minipan 

Superpan 

Ultra  Speed  Pan 

Dupont 

Superior  Pan.  2 

Microcopy 

Eastman 

Direct  Positive 

Microfile 

Panatomic  X 

Plus  X 

Super  XX 

Gevaert 

Express  Superchrome  .  .  . 

Panchromosa 

Panchromosa  Microgram 
ROLL  FILM  AND  FILM 

PACK 
Ansco 

Finopan 

Plenachrome 

Standard 

Super  Plenachrome 

Superpan  Press 

Superpan  Supreme 


American 
Scheiner 


Day- 
light 


23 
29 


18 
24 


20 
23 
24 
21 

27 
29 

20 
24 

20 
24 
29 

20 
21 
23 


23 

23 

23T 

15* 

26 

29 

26 


26 

15* 

23 

26 

29 

23 
20 
20 


23 
26 
23 
26 
29 
26 


Tung- 
sten or 
Photo- 
flood 


21 

27 


17 
23 


21 
23 
20 

25 
27 

18 
22 

18 
23 
28 

18 
17 
21 


21 

21 
21T 
16* 
24 

27 

24 
15* 

24 

13* 

21 

24 

27 

21 
18 
18 


21 
24 
18 
24 
27 
24 


Weston 


Day- 
light 


24 
100 


8 
32 


12 
24 
32 
16 

64 

100 

12 
32 

12 

32 

100 

12 
16 
24 


24 

24 
24T 

50 
100 

50 


50 

4* 

24 

50 

100 

24 

12 
12 


24 
50 
24 
50 
100 
50 


Tung- 
sten or 
Photo- 
flood 


16 
64 


6 

24 


16 
24 
12 

40 
64 

8 
20 

8 
24 
80 

8 

6 

16 


16 

16 
16T 
5* 
32 
64 

32 
2.5* 

32 

2.5* 
16 
32 
64 

16 
8 
8 


16 
32 
8 
32 
64 
32 


General 
Electric 


Day- 
light 


32 
125 


12 

48 


16 
32 
48 
24 

100 
125 

16 

48 

16 

48 

125 

16 
24 
32 


32 

32 

32 

6: 

64 

125 

64 


64 

6* 
32 
64 
125 

32 
16 
16 


32 
64 
32 
64 
125 
64 


Tung- 
sten or 
Photo- 
flood 


24 
100 


8 
32 


24 
32 
16 


64 
100 

12 
24 

12 

32 

100 

12 

8 

24 


12 

24 
24 

7* 
48 
100 

48 
4* 

48 
4* 

24 

48 
100 

24 
12 
12 


24 
48 
12 
32 
100 
48 


2639 


PLATE  AND  FILM  SPEEDS  (Continued) 


Maker  and  kind 


ROLL  FILM  AND  FILM 

PACK  (Continued) 
Eastman 

Panatomic  X 

Plus  X 

Super  Ortho  Press 

Super  XX 

Verichrome 

Gevaert 

Superchrome 

Panchromosa 

CUT  FILM 
Ansco 

Commercial 

Commercial  Ortho 

Commercial  Pan 

Isopan 

Portrait 

Process   

S.  S.  Plena 

Super  Plenachrome  Press 

Superpan  Portrait 

Superpan  Press 

Triple  S.  Pan 

Triple  S.  Ortho 

Defender 

Arrow  Pan 

Commercial 

F.  G.  Pan 

Ortho  7 

Pentagon 

Portrait 

Portrait  H.  G.  S 

Process 

Process  Pan 

X.  F.  Ortho 

X.  F.  Ortho  Press 

X.F.Pan 

X.  F.  Pan  Press 

Eastman 

Commercial 

Commercial  Matte 

Commercial  Ortho 

Commercial  Pan 

Contrast  process  Ortho.  . 

Ortho  X 

Panatomic  X 

Pan  Press 

Par  Speed  Portrait 

Portrait  Pan 

Process  Pan 

S   S.  Ortho  Portrait 

S.  S.  Pan 

Super  Ortho  Press 

Super  Pan  Press,  Type  B 

Super      Panchro     Press, 
Sports  type 

Super  XX 

Tri-X  Panchromatic  .  .  .  . 


American 
Scheiner 


Day- 
light 


23 
26 
29 
29 
26 

23 
23 


20 
20 
20 
26 
20 
20 
26 
29 
26 
29 
32 
29 

29 
20 
23 
29 
23 
23 
26 
20 
20 
26 
26 
26 
26 

23 
23 
23 
23 

29 
23 
25 
24 
26 
21 
26 
26 
29 
29 

32 
29 

32 


Tung- 
sten or 
Photo- 
flood 


21 
24 

24 

27 
24 

18 
21 


15 
18 
18 
24 
18 
15 
21 
24 
24 
27 
30 
27 

27 
15 
21 
27 
21 
18 
21 
15 
18 
21 
21 
24 
24 

15 

15 
18 
20 
18 
27 
21 
24 
19 
24 
19 
21 
24 
24 
27 

31 
27 
30 
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Weston 


Day- 
light 


24 

50 

100 

100 

50 

24 
24 


12 

12 

12 

50 

12 

12 

50 
100 

50 
100 
200 
100 

100 
12 
24 

100 
24 
24 
50 
12 
12 
50 
50 
50 
50 

24 
24 
24 
24f 

ioo' 

24 

40f 

32| 

50 

16t 

50 

50 
100 
100 

200 
100 
200 


Tung- 
sten or 
Photo- 
flood 


16 
32 
32 
64 
32 

8 
16 


4 
8 
8 

32 
8 
4 

16 

32 

32 

64 
125 

64 

64 
4 

16 

64 

16 
8 

16 
4 
8 

16 

16 

32 

32 

4 

4 

8 
12t 

8 
64 
16 
32f 
lOf 
32 

lot 

16* 
32 
32 
64 

160 

64 

125 


General 
Electric 


Day- 
light 


32 

64 

125 

125 

64 

32 
32 


Tung- 
sten or 
Photo- 
flood 


24 

48 

48 

100 

48 

12 
24 


16 

6 

16 

12 

16 

12 

64 

48 

16 

12 

16 

8 

64 

24 

125 

48 

64 

48 

125 

100 

250 

200 

125 

100 

125 

100 

16 

6 

32 

12 

125 

100 

32 

16 

32 

12 

48 

24 

16 

6 

24 

12 

64 

24 

64 

24 

64 

48 

64 

48 

32 

6 

32 

6 

48 

12 

40t 

20t 

12 

125 

64 

32 

24 

64t 

50t 

50 1 

16t 

64 

48 

24t 

16t 

64 

32 

64 

48 

100 

48 

125 

100 

250 

225 

125 

100 

250 

200 

PLATE  AND  FILM  SPEEDS  (Continued) 


Maker  and  kind 


CUT  FILM  (Continued) 
Gevaert 

Commercial 

Commercial  Ortho 

Studio  High  Speed 

Studio  Ultra  Panchro .  .  . 

Superchrome 

Hammer 

Commercial  Pan 

Medium  Commercial.  .  .  . 

Medium    Commercial 
Ortho 

Portrait  Ortho 

Safety 

Slow 

Slow  Ortho 

Special  Super  Process  .  .  . 

Super  Ortho  Press 

True  Tone  Pan 

PLATES 
Defender 

Seed  L.  NH 

Seed  L.  Ortho 

Seed  23 

Seed  26  X 

Seed  27 

Standard  Orthonon 

Stanley  Ex.  Imp 

Stanley  Reg 

Eastman 

Commercial 

D.  C.  Ortho  Plate 

Panatomic  X 

Polychrome 

Postcard 

Process 

S.  C.  Ortho  Plate 

Super  Ortho  Press 

Super  Panchro  Press.  .  .  . 

Tri-X  Pan  Type  B 

Tri-X  Pan  Type  B,  Matte 

Universal 

Wratten  and  Wainwright 
M 

W  &  W  Metallographic. 

Wratten  and  Wainwright 
Pan 

Wratten  Process  Pan 

W  &  W  Tri  Color 

"33  " 

"33"  Matte.'/.'. ".'.! '. .  .  .  . 

"40" 

"50" 

Gevaert 

Sensima  Ortho 

Super  Chromosa 

Ultra  Panchro 


American 
Scheiner 

Weston 

Tung- 

Tung- 

Day- 

sten or 

Day- 

sten or 

light 

Photo- 

light 

Photo- 

flood 

flood 

20 

15 

12 

4 

20 

18 

12 

8 

23 

21 

24 

16 

20 

18 

12 

8 

23 

18 

24 

8 

20 

18 

12 

8 

20 

15 

12 

4 

20 

18 

12 

8 

26 

24 

50 

32 

17 

12 

6 

2 

14 

9 

3 

1 

14 

9 

3 

1 

17 

12 

6 

2 

32 

15 

24 

4 

32 

18 

24 

8 

20 

18 

12 

8 

20 

18 

12 

8 

17 

12 

6 

2 

20 

18 

12 

8 

23 

18 

24 

8 

20 

18 

12 

8 

20 

18 

12 

8 

20 

18 

12 

8 

20 

18 

12 

8 

22 

17 

20f 

6t 

23 

21 

24 

16 

23 

18 

24 

8 

22 

19 

12 

4 

17 

9 

6 

1 

23 

18 

24 

8 

29 

27 

100 

64 

29 

27 

100 

64 

29 

27 

100 

64 

29 

27 

100 

64 

23 

17f 

24 

6t 

23 

24 

20 

12 

20 

18 

12 

8 

23 

24 

25 

23 

40f 

24f 

20 

15 

12 

4 

20 

15 

12 

4 

23 

18 

24 

8 

23 

18 

24 

8 

20 

15 

12 

4 

17 

15 

6 

4 

32 

21 

24 

16 

General 
Electric 


Day- 
light 


16 
16 
32 
16 
32 

16 
16 

16 

64 

8 

4 

4 

8 

32 

32 


16 
16 
8 
16 
32 
16 
16 
16 

16 
32 
32 

40f 

32f 
8 

40  f 
125 
125 
125 
125 

40f 


20 

64f 

24 

16 

32 

32 

16 

8 

32 


Tung- 
sten or 
Photo- 
flood 


6 

12 
24 
12 
12 

12 
6 

12 
48 

3 

1. 

1. 

3 

6 
12 


12 
12 
3 
12 
12 
12 
12 
12 

12 

10 

24 

12 

10f 
1.5 

12 
100 
100 
100 
100 

10t 

32 

16 

12 
32 
40 1 

6 

6 
12 
12 

6 

6 

24 
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PLATE  AND  FILM  SPEEDS  (Continued) 


American 
Scheiner 

Weston 

General 
Electric 

Maker  and  kind 

Day- 
light 

Tung- 
sten or 
Photo- 
flood 

Day- 
light 

Tung- 
sten or 
Photo- 
flood 

Day- 
light 

Tung- 
sten or 
Photo- 
flood 

PLATES  (Continued) 
Hammer 

Commercial  Pan 

Contrast  Pan 

17 
17 
20 
20 

20 

\i' 

17 
14 
14 

ii' 

23 

15 
15 
18 
12 

15 

12 

12 
9 
9 

i2* 

.18 

6 

6 

24 

12 

12 

24 
6 
6 
3 
3 

12 
6 

24 

4 
4 

8 
2 

4 
16 
2 
2 
1 
1 
4 
2 
8 

8 

8 

16 

16 

16 

32 
8 
8 
4 
4 

16 
8 

32 

6 
6 

Extra  Fast 

12 

Medium  Commercial.  .  .  . 
Medium    Commercial 

Ortho 

Portrait  Ortho 

3 

6 
24 

Process 

Process  Pan 

Slow        

Slow  Ortho 

3 
3 
1.5 

1.5 

Soft  Gradation  Pan 

Special  Process 

Specials 

6 

3 

12 

COLOR  FILMS 

Speed  indexes  given  below  apply  when  the  type  of  illumination  used  is 
that  for  which  the  emulsion  has  been  specifically  color-balanced.  When 
film  is  used  with  illumination  other  than  that  for  which  it  is  originally 
intended  the  recommended  filter  must  be  used  and  the  appropriate  filter 
factor  employed  in  computing  exposure. 


Maker  and  kind 


Ansco 

16  mm  Daylight 

44      Tungsten 

35  mm  Daylight 

"      Tungsten 

Roll  film  Daylight 

44     Tungsten 

Sheet  film  Daylight 

44     Tungsten 

Kodak 

Kodachrome,  prof,  cut  film 

Daylight  Type 

Type  B 

Kodachrome  8, 

16,  35  mm  and  Bantam. 

Daylight 

Type  A 

Kodacolor,  roll  film 

Neg.  Daylight 

Ektachrome  sheet  film 

Daylight 

Type  B 


American 

Former 

Former 

Scheiner 

Weston 

G.  E. 

18 

8 

12 

20 

12 

18 

18 

8 

12 

19 

10 

15 

18 

8 

12 

18 

8 

12 

17 

6 

10 

18 

8 

12 

18 

8 

12 

20 

12 

20 

22 

20 

32 

18 

8 

12 

ASA 
Index 


10 
12 
12 
12 
12 
12 
10 
10 


8 
10 


10 
16 

25 

10 

10 


*  Read  meter  on  white  surface  placed  over  copy  work, 
t  Value  given  by  manufacturer. 
T-Tentative  value  subject  to  further  test. 
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WIRE  TABLES 

COMPARISON  OF  WIRE  GAUGES 

Diameter  of  Wire  in  Inches 


Gauge 

Brown 

& 
Sharpe 

Bir- 
ming- 

Wash- 
burn 

Imperial 
or 

Stubs' 

U.  S. 
Std. 
plate 

No. 

ham  or 

Stubs'. 

& 
Moen 

Brit. 

Std. 

Steel 

00000000 

0000000 

|"  "  ' 

.506' 

000000 

.464 
.432 
.400 
.372 

.348 

. 46875 

00000 

.4375 

0000 

'  *4600' 
.4096 
.3648 

.454 
.425 
.380 

' ' 3938 
.3625 
.3310 

. 40625 

000 

.375 

00 

. 34375 

0 

.3249 
.2893 

.340 
.300 

.3065 
.2830 

.324 
.300 

.3125 

1 

".221 

.28125 

2 

.2576 

.284 

.  2625 

.276 

.219 

.265625 

3 

.2294 

.259 

.2437 

.252 

.212 

.25 

4 

.2043 

.238 

.  2253 

.232 

.207 

. 234375 

5 

.1819 

.220 

.2070 

.212 

.204 

.21875 

6 

.1620 

.203 

.1920 

.192 

.201 

.203125 

7 

.1443 

.180 

.1770 

.176 

.199 

.1875 

8 

.1285 

.165 

.1620 

.160 

.197 

. 171875 

9 

.1144 

.148 

.  1483 

.144 

.194 

. 15625 

10 

.1019 

.134 

.1350 

.128 

.191 

. 140625 

11 

.09074 

.120 

.1205 

.116 

.188 

.125 

12 

.08081 

.109 

.1055 

.104 

.185 

. 109375 

13 

.07196 

.095 

.0915 

.092 

.182 

.09375 

14 

.06408 

.083 

.0800 

.080 

.180 

.078125 

15 

.05707 

.072 

.0720 

.072 

.178 

.0703125 

16 

.05082 

.065 

.0625 

.064 

.175 

.0625 

17 

.04526 

.058 

.0540 

.056 

.172 

.05625 

18 

.04030 

.049 

.0475 

.048 

.168 

.05 

19 

. 03589 

.042 

.0410 

.040 

.164 

.04375 

20 

.03196 

.035 

.0348 

.036 

.161 

.0375 

21 

.02846 

.032 

.0318 

.032 

.157 

.034375 

22 

.02535 

.028 

.0286 

.028 

.155 

.03125 

23 

.02257 

.025 

.0258 

.024 

.153 

.028125 

24 

.02010 

.022 

.0230 

.022 

.151 

.025 
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COMPARISON  OF  WIRE  GAUGES  (Continued) 

Diameter  of  Wire  in  Inches 


Gauge 
No. 

Brown 

& 
Sharpe 

Bir- 
ming- 
ham or 
Stubs'. 

Wash- 
burn 

& 
Moen 

Impe- 
rial or 

Brit. 

Std. 

Stubs' 
steel 

U.  S.  Std. 
plate 

25 

26 
27 
28 
29 

30 
31 
32 
33 
34 

35 
36 
37 

38 
39 

40 
41 

0.01790 
0.01594 
0.01419 
0.01264 
0.01126 

0.01003 

0.008928 

0.007950 

0.007080 

0.006304 

0.005614 
0.005000 
0.004453 
0.003965 
0.003531 

0.003145 

0.020 
0.018 
0.016 
0.014 
0.013 

0.012 
0.010 
0.009 
0.008 
0.007 

0.005 
0.004 

0.0204 
0.0181 
0.0173 
0.0162 
0.0150 

0.0140 
0.0132 
0.0128 
0.0118 
0.0104 

0.0095 
0.0090 
0.0085 
0.0080 
0.0075 

0.0070 
0.0066 
0.0062 
0.0060 
0.0058 

0.0055 
0.0052 
0.0050 
0.0048 
0.0046 

0.0044 

0.020 

0.018 

0.0164 

0.0149 

0.0136 

0.0124 
0.0116 
0.0108 
0.0100 
0.0092 

0.0084 
0.0076 
0.0068 
0.0060 
0.0052 

0.0048 
0.0044 
0.0040 
0.0036 
0.0032 

0.0028 
0.0024 
0.0020 
0.0016 
0.0012 

0.0010 

0.148 
0.146 
0.143 
0.139 
0.134 

0.127 
0.120 
0.115 
0.112 
0.110 

0.108 
0.106 
0.103 
0.101 
0.099 

0.097 
0.095 
0.092 
0.088 
0.085 

0.081 
0.079 
0.077 
0.075 
0.072 

0.069 

0.021875 

0.01875 

0.0171875 

0.015625 

0.0140625 

0.0125 

0.0109375 

0.01015625 

0.009375 

0.00859375 

0.0078125 
0.00703125 
0.006640625 
0.00625 

42 

43 

44 

45 

46 

47 

48 

49 

50 
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COMPARISON  OF  WIRE  GAUGES  (Continued) 

Diameter  of  Wire  in  Centimeters 


Gauge 

Brown 

& 
Sharpe 

Bir- 
ming- 

Wash- 
burn 

Impe- 
rial or 

Stubs' 

U.  S. 
Std. 
plate 

No. 

ham  or 

& 

Brit. 

steel 

Stubs. 

Moen 

Std. 

00000000 

0000000 

1 '.  245 

" i ! 27  * 

i '.  27 

000000 

1.172 
1.093 
1.000 

1.18 
1.10 
1.02 

1.191 

00000 

1.111 

0000 

1^168" 

Tl5' 

1.032 

000 

1.040 

1.08 

0.9208 

0.945 

0.9525 

00 

0.9266 

0.965 

0.8407 

0.884 

0.8731 

0 

0.8252 

0.864 

0.7785 

0.823 

0.7938 

1 

0.7348 

0.762 

0.7188 

0.762 

"6.577 

0.7144 

2 

0.6543 

0.721 

0.6668 

0.701 

0.556 

0.6747 

3 

0.5827 

0.658 

0.6190 

0.640 

0.538 

0.6350 

4 

0.5189 

0.605 

0.5723 

0.589 

0.526 

0.5953 

5 

0.4620 

0.559 

0.5258 

0.538 

0.518 

0.5556 

6 

0.4115 

0.516 

0.4877 

0.488 

0.511 

0.5159 

7 

0.3665 

0.457 

0.4496 

0.447 

0.505 

0.4763 

8 

0.3264 

0.419 

0.4115 

0.406 

0.500 

0.4366 

9 

0.2906 

0.376 

0.3767 

0.366 

0.493 

0.3969 

10 

0.2588 

0.340 

0.3429 

0.325 

0.485 

0.3572 

11 

0.2305 

0.305 

0.3061 

0.295 

0.478 

0.3175 

12 

0.2053 

0.277 

0.2680 

0.264 

0.470 

0.2778 

13 

0.1828 

0.241 

0.232 

0.234 

0.462 

0.2381 

14 

0.1628 

0.211 

0.203 

0.203 

0.457 

0.1984 

15 

0.1450 

0.183 

0.183 

0.183 

0.452 

0.1786 

16 

0.1291 

0.165 

0.159 

0.163 

0.445 

0.1588 

17 

0.1150 

0.147 

0.137 

0.142 

0.437 

0.1429 

18 

0.1024 

0.124 

0.121 

0.122 

0.427 

0.1270 

19 

0.09116 

0.107 

0.104 

0.102 

0.417 

0.1111 

20 

0.08118 

0.089 

0.0884 

0.0914 

0.409 

0.09525 

21 

0.07229 

0.081 

0.0808 

0.0813 

0.399 

0.08731 

22 

0.06439 

0.071 

0.0726 

0.0711 

0.394 

0.07938 

23 

0.05733 

0.064 

0.0655 

0.0610 

0.389 

0.07144 

24 

0.05105 

0.056 

0.0584 

0.0559 

0.384 

0.06350 
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COMPARISON  OF  WIRE  GAUGES  (Continued) 

Diameter  of  Wire  in  Centimeters 


Gauge 
No. 

Brown 

& 
Sharpe 

Bir- 
ming- 
ham or 
Stubs'. 

Wash- 
burn 

& 
Moen 

Impe- 
rial or 
Brit. 

Std. 

Stubs' 

steel 

u.  s. 

Std. 
plate 

25 

26 
27 

28 
29 

30 
31 
32 
33 
34 

35 
36 
37 

38 
39 

40 
41 
42 

0.04547 
0.04049 
0.03604 
0.03211 
0.02860 

0.02548 
0.02268 
0.02019 
0.01798 
0.01601 

0.01426 
0.01270 
0.01131 
0.01007 
0.008969 

0.007988 


0.051 
0.046 
0.041 
0.036 
0.033 

0.030 
0.025 
0.023 
0.020 
0.018 

0.013 
0.010 

0.0518 
0.0460 
0.0439 
0.0411 
0.0381 

0.0356 
0.0335 
0.0325 
0.0300 
0.0264 

0.024 
0.023 
0.022 
0.020 
0.019 

0.018 
0.017 
0.016 

0 . 0508 
0.0457 
0.0417 
0.0378 
0.0345 

0.0315 
0.0295 
0.0274 
0.0254 
0.0234 

0.0213 
0.0193 
0.0173 
0.0152 
0.0132 

0.0122 
0.0112 
0.0102 
0.0091 
0.0081 

0.0071 
0.0061 
0.0051 
0.0041 
0.0030 

0.0025 

0.376 
0.371 
0.363 
0.353 
0.340 

0.323 
0.305 
0.292 
0.284 
0.279 

0.274 
0.269 
0.262 
0.257 
0.251 

0.246 
0.241 
0.234 

0.05556 
0.04763 
0.04366 
0.03969 
0.03572 

0.03175 
0.02778 
0.02580 
0.02381 
0.02183 

0.01984 
0.01786 
0.01687 
0.01588 

43 

i 

0.015 
0.015 

0.014 
0.013 
0.013 
0.012 
0.012 

0.011 

0 . 224     

44 

1 

0.216 

45 

i 

0.206 
0.201 
0.196 
0.191 
0.183 

0.175 

46 

47 

48 

49 

50 

2646 


TWIST  DRILL  AND  STEEL  WIRE  GAUGE 

Inches 


No. 

Size 

No. 

Size 

No. 

Size 

No. 

Size 

No. 

Size 

1 

0.2280 

17 

0.1730 

33 

0.1130 

49 

0.0730 

65 

0.0350 

2 

0.2210 

18 

0.1695 

34 

0.1110 

50 

0.0700 

66 

0.0330 

3 

0.2130 

19 

0.1660 

35 

0.1100 

51 

0.0670 

67 

0.0320 

4 

0.2090 

20 

0.1610 

36 

0.1065 

52 

0.0635 

68 

0.0310 

5 

0.2055 

21 

0.1590 

37 

0.1040 

53 

0.0595 

69  [0.02925 

6 

0.2040 

22 

0.1570 

38 

0.1015 

54 

0.0550 

70  10.0280 

7 

0.2010 

23 

0.1540 

39 

0.0995 

55 

0.0520 

71 

0.0260 

8 

0.1990 

24  0.1520 

40 

0.0980 

56 

0.0465 

72 

0.0250 

9 

0.1960 

25 '0.1495 

41 

0.0960 

57 

0.0430 

73 

0.0240 

10 

0.1935 

26 

0.1470 

42 

0.0935 

58 

0.0420 

74 

0.0225 

11 

0.1910 

27 

0.1440 

43 

0.0890 

59 

0.0410 

75  10.0210 

12 

0.1890 

28 

0.1405 

44 

0.0860 

60 

0.0400 

76  0.0200 

13 

0.1850 

29 

0.1360 

45 

0.0820 

61 

0.0390 

77  0.0180 

14 

0.1820 

30 

0.1285 

46 

0.0810 

62 

0.0380 

78  JO. 0160 

15 

0.1800 

31 

0.1200 

47 

0.0785 

63 

0.0370 

79  0.0145 

16 

0.1770 

32 

0.1160 

48 

0.0760 

64 

0.0360 

80  0.0135 

Centimeters 

No. 

Size 

No. 

Size 

No. 

Size 

No. 

Size 

No. 

Size 

1 

0.5791 

17 

0 . 4394 

33 

0.2870 

49 

0.1854 

65 

0.0889 

2 

0.5618 

18 

0.4305 

34 

0.2819 

50 

0.1778 

66 

0.0838 

3 

0.5410 

19 

0.4216 

35 

0.2794 

51 

0.1702 

67 

0.0813 

4 

0.5309 

20 

0.4089 

36 

0.2705 

52 

0.1613 

68 

0.0787 

5 

0.5220 

21 

0.4039 

37 

0.2642 

53 

0.1511 

69 

0.0743 

6 

0.5182 

22 

0.3988 

38 

0.2578 

54 

0.1397 

70 

0.0711 

7 

0.5105 

23 

0.3912 

39 

0.2527 

55 

0.1321 

71 

0.0660 

8 

0.5055 

24 

0.3861 

40 

0.2489 

56 

0.1181 

72 

0.0635 

9 

0.4978 

25 

0.3797 

41 

0.2438 

57 

0.1092 

73 

0.0610 

10 

0.4915 

26 

0.3734 

42 

0.2375 

58 

0.1067 

74 

0.0572 

11 

0.4851 

27 

0.3658 

43 

0.2261 

59 

0.1041 

75 

0.0533 

12 

0.4801 

28 

0.3569 

44 

0.2184 

60 

0.1016 

76 

0.0508 

13 

0.4699 

29 

0.3454 

45 

0.2083 

61 

0.0991 

77 

0.0457 

14 

0.4623 

30 

0.3264 

46 

0.2057 

62 

0.0965 

78 

0.0406 

15 

0.4572 

31 

0.3048 

47 

0.1994 

63 

0.0940 

79 

0.0368 

16 

0.4496 

32 

0.2946 

48 

0.1930 

64 

0.0914 

80 

0.0343 
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DIMENSIONS  OF  WIRE 

Stubs'  Gauge 
Giving   the  diameter   and   cross-section  in   English   and    metric    system 
for  the  Birmingham  or  Stubs'  gauge. 


Gauge  No. 

Diameter 

Section 

Diameter 

Section 

in  in. 

in  sq.  in. 

in  cm 

in  sq.  cm 

0000 

0.454 

0.16188 

1.1532 

1 . 0444 

000 

.425 

. 14186 

1.0795 

0.9152 

00 

.380 

.11341 

0.9652 

.7317 

0 

0.340 

0 . 09079 

0.8636 

0.5858 

1 

.300 

. 07069 

.7620 

.4560 

2 

.284 

. 06335 

.7214 

.4087 

3 

.259 

. 05269 

.6579 

.3399 

4 

.238 

. 04449 

.6045 

.2870 

5 

0.220 

0.03801 

0 . 5588 

0.2452 

6 

.203 

.03237 

.5156 

.20881 

7 

.180 

.02545 

.4572 

.16147 

8 

.165 

.02138 

.4191 

. 13795 

9 

.148 

.01720 

.3759 

.11099 

10 

0.134 

0.01410 

0 . 3404 

0.09098 

11 

.120 

.011310 

.3048 

. 07297 

12 

.109 

.009331 

.2769 

.06160 

13 

.095 

. 007088 

.2413 

.04573 

14 

.083 

.005411 

.2108 

.03491 

15 

0.072 

0 . 004072 

0.1829 

0.02627 

16 

.065 

.0033183 

.16510 

.021409 

17 

.058 

.0026421 

. 14732 

.017046 

18 

.049 

.0018857 

. 12446 

.012166 

19 

.042 

.0013854 

. 10668 

. 008938 

20 

0.035 

0.0009621 

0.08890 

0.006207 

21 

.032 

. 0008042 

.08128 

.005189 

22 

.028 

.0006158 

.07112 

. 003973 

23 

.025 

. 0004909 

. 06350 

.003167 

24 

.022 

.0003801 

. 05588 

. 002452 

25 

0.020 

0.0003142 

0 . 05080 

0.002027 

26 

.018 

.0002545 

. 04572 

.0016417 

27 

.016 

.0002011 

. 04064 

. 0012972 

28 

.014 

.0001539 

. 03556 

. 0009932 

29 

.013 

.0001327 

.03302 

. 0008563 

30 

0.012 

0.0001181 

0.03048 

0 . 0007297 

31 

.010 

. 00007854 

. 02540 

. 0005067 

32 

.009 

. 00006362 

. 02286 

.0004104 

33 

.008 

.00005027 

. 02032 

. 0003243 

34 

.007 

.00003848 

.01778 

. 0002483 

35 

0.005 

0.00001963 

0.01270 

0.0001267 

36 

.004 

.00001257 

.01016 

.0000811 
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DIMENSIONS  OF  WIRE  (Continued) 

British  Standard  Gauge 

Giving   the   diameter   and   cross-section  in   English   and    metric    system 
for  the  British  Standard  Gauge. 


Gauge  No. 

Diameter 

Section 

Diameter 

Section 

in  in. 

in  sq.  in. 

in  cm 

in  sq.  cm 

0000000 

0.500 

0.1963 

1.2700 

1.267 

000000 

.464 

.1691 

1.1786 

1.091 

00000 

0.432 

0.1466 

1 . 0973 

0.9456 

0000 

.400 

.1257 

1.0160 

.8107 

000 

.372 

.1087 

0.9449 

.7012 

00 

.348 

.0951 

.8839 

.6136 

0 

0.324 

0.0825 

0 . 8230 

0.5319 

1 

.300 

.07069 

.7620 

.4560 

2 

.276 

.05983 

.7010 

.  3858 

3 

.252 

. 04988 

.6401 

.3218 

4 

.232 

.04227 

.5893 

.2727 

5 

0.212 

0.03530 

0 . 5385 

0.2277 

6 

.192 

. 02895 

.4877 

. 18679 

7 

.176 

. 02433 

.4470 

. 15696 

8 

.160 

.02010 

.4064 

. 12973 

9 

.144 

.01629 

.3658 

. 10507 

10 

0.128 

0.01287 

0.3251 

0 . 08302 

11 

.116 

.010568 

.2946 

.06818 

12 

.104 

. 008495 

.2642 

. 05480 

13 

.092 

. 006648 

.2337 

. 04289 

14 

.080 

.005027 

.2032 

. 03243 

15 

0.072 

0.004071 

0.1829 

0.02627 

16 

.064 

.003217 

. 16256 

. 020755 

17 

.056 

. 002463 

. 14224 

.015890 

18 

.048 

.001810 

.12192 

.011675 

19 

.040 

.001257 

. 10160 

.008107 

20 

0.036 

0.001018 

0.09144 

0.006567 

21 

.032 

. 0008042 

.08128 

.005189 

22 

.028 

.0006158 

.07112 

. 003973 

23 

.024 

. 0004524 

. 06096 

. 002922 

24 

.022 

.0003801 

. 05588 

. 002452 

25 

0.020 

0.0003142 

0.05080 

0.002027 

26 

.0180 

.0002545 

. 04572 

.0016417 

27 

.0164 

.0002112 

.04166 

.0013628 

28 

.0148 

.0001728 

. 03759 

.0011099 

29 

.0136 

.0001453 

. 03454 

. 0009363 

30 

0.0124 

0.0001208 

0.03150 

0.0007791 

31 

.0116 

.00010568 

. 02946 

.0006818 

32 

.0108 

.00009161 

.02743 

.0005910 

33 

.0100 

. 00007854 

. 02540 

.0005067 

34 

.0092 

.00006648 

.02337 

. 0004289 

35 

0.0084 

0.00005542 

0.02134 

0.0003575 

36 

.0076 

. 00004536 

.01930 

.0002927 

37 

.0068 

. 00003632 

.01727 

. 0002343 

38 

.0060 

.00002827 

.01524 

.0001824 

39 

.0052 

.00002124 

.01321 

.0001370 

40 

0.0048 

0.00001810 

0.01219 

0.0001167 

41 

.0044 

.00001521 

.01118 

. 0000982 

42 

.0040 

.00001257 

.01016 

.0000811 

43 

.0036 

.00001018 

.00914 

. 0000656 

44 

.0032 

. 00000804 

.00813 

.0000519 

45 

0.0028 

0.00000616 

0.00711 

0 . 0000397 

46 

.0024 

. 00000452 

.00610 

.0000212 

47 

.0020 

.00000314 

. 00508 

. 0000203 

48 

.0016 

.00000201 

. 00406 

.0000129 

49 

.0012 

.00000113 

. 00305 

. 0000073 

50 

0  0010 

0.00000079 

0.00254 

0  0000051 
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PLATINUM  WIRE 

Mass  in  Grams  per  Foot 


B.  &.  S. 

Diameter, 

Mass, 

B.  &  S. 

Diameter, 

Mass, 

Gauge 

inches 

g  per  ft. 

Gauge 

inches 

g  per  ft. 

10 

.1019 

37.5 

23 

.02257 

1.8 

11 

.09074 

28.0 

24 

.02010 

1.4 

12 

.08081 

22.0 

25 

.01790 

1.1 

13 

.07196 

17.5 

26 

.01594 

0.9 

14 

.06408 

14.0 

27 

.01420 

0.7 

15 

.05707 

11.0 

28 

.01264 

0.6 

16 

.05082 

9.0 

29 

.01126 

0.45 

17 

. 04526 

7.0 

30 

.01003 

0.35 

18 

.04030 

5.7 

31 

. 008928 

0.28 

19 

.03589 

4.4 

32 

.007950 

0.22 

20 

.03196 

3.4 

33 

.007080 

0.17 

21 

.02846 

2.9 

34 

. 006305 

0.15 

22 

.02535 

2.3 

35 

.005615 

0.11 

ALLOWABLE  CARRYING  CAPACITIES  OF  COPPER  WIRE 

(Regulations   of   the    National    Board   of    Fire    Underwriters) 


Amperes 

Size,  B.  &  S. 
Gauge 

Cross  section, 
circular  mils 

Diameter,  mils 

Rubber 

Other 

insulation 

insulation 

0000 

460.0 

211600 

225 

325 

000 

409.6 

167800 

175 

275 

00 

364.8 

133100 

150 

225 

0 

324.9 

105500 

125 

200 

1 

289.3 

83690 

100 

150 

2 

257.6 

66370 

90 

125 

4 

204.3 

41740 

70 

90 

6 

162.0 

26250 

50 

70 

8 

128.5 

16510 

35 

50 

10 

101.9 

10380 

25 

30 

12 

80.81 

6530 

20 

25 

14 

64.08 

4107 

15 

20 

16 

50.82 

2583 

6 

10 

18 

40.30 

1624 

3 

5 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 
American  Wire  Gauge  (B.  &  S.)  English  Units 


Diam- 

Cross section  at  20°C 

Ohms  per 

1000  feet* 

Gauge 

eter  in 

No. 

mils  at 
20°C 

Circular 

Sq.  inches 

0°C 

20°C 

50°C 

75°C 

mils 

(32°F) 

(68°F) 

(122°F) 

(167°F) 

0000 

460.0 

211600 

0.1662 

0.04516 

0.04901 

0.05479 

0.05961 

000 

409.6 

167800 

.1318 

.05695 

.06180 

.06909 

.07516 

00 

364.8 

133100 

.1045 

.07181 

.07793 

.08712 

.09478 

0 

324.9 

105500 

.08289 

.09055 

.09827 

.1099 

.1195 

1 

289.3 

83690 

.06573 

.1142 

.1239 

.1385 

.1507 

2 

257.6 

66370 

.05213 

.1440 

.1563 

.1747 

.1900 

3 

229.4 

52640 

.04134 

.  1816 

.1970 

.2203 

.2396 

4 

204.3 

41740 

.03278 

.2289 

.2485 

.2778 

.3022 

5 

181.9 

33100 

.02600 

.2887 

.3133 

.3502 

.3810 

6 

162.0 

26250 

.02062 

.3640 

.3951 

.4416 

.4805 

7 

144.3 

20820 

.01635 

.4590 

.4982 

.5569 

.6059 

8 

128.5 

16510 

.01297 

.5788 

.6282 

.7023 

.7640 

9 

114.4 

13090 

.01028 

.7299 

.7921 

.8855 

.9633 

10 

101.9 

10380 

.008155 

.9203 

.9989 

1.117 

1.215 

11 

90.74 

8234 

.006467 

1.161 

1.260 

1.408 

1.532 

12 

80.81 

6530 

.005129 

1.463 

1.588 

1.775 

1.931 

13 

71.96 

5178   ! 

.004067 

1.845 

2.003 

2.239 

2.436 

14 

64.08 

4107 

.003225 

2.327 

2.525 

2.823 

3.071 

15 

57.07 

3257 

.002558 

2.934 

3  184 

3.560 

3.873 

16 

50.82 

2583 

.002028 

3.700 

4.016 

4.489 

4.884 

17 

45.26 

2048 

.001609 

4.666 

5.064 

5.660 

6.158 

'18 

40.30 

1624 

.001276 

5.883 

6.385 

7.138 

7.765 

19 

35.89 

1288 

.001012 

7.418 

8.051 

9.001 

9.792 

20 

31.96 

1022 

.0008023 

9.355 

10.15 

11.35 

12.35 

21 

28.45 

810.1 

.0006363 

11.80 

12.80 

14.31 

15.57 

22 

25.35 

642.4 

.0005046 

14.87 

16.14 

18.05 

19.63 

23 

22.57 

509.5 

.0004002 

18.76 

20.36 

22.76 

24.76 

24 

20.10 

404.0 

.0003173 

23.65 

25.67 

28.70 

31.22 

25 

17.90 

320.4  ; 

.0002517 

29.82 

32.37 

36.18 

39.36 

26 

15.94 

254.1 

.0001996 

37.61 

40.81 

45.63 

49.64 

27 

14.20 

201.5 

.0001583 

47.42 

51.47 

57.53 

62.59 

28 

12.64 

159.8 

.0001255 

59.80 

64.90 

72.55 

78.93 

29 

11.26 

126.7 

.00009953 

75.40 

81.83 

91.48 

99.52 

30 

10.03 

100.5 

.00007894 

95.08 

103.2 

115.4 

125.5 

31 

8.928 

79.70 

.00006260 

119.9 

130.1 

145.5 

158.2 

32 

7.950 

03.21 

.00004964 

151.2 

164.1 

183.4 

199.5 

33 

7.080 

50.13 

.00003937 

190.6 

206.9 

231.3 

251.6 

34 

6.305 

39.75 

.00003122 

240.4 

260.9 

291.7 

317.3 

35 

5.1)15 

31.52 

.00002476 

303.1 

329.0 

367.8 

400.1 

36 

5.000 

25.00 

.00001964 

382.2 

414.8 

463.7 

504.5 

37 

4.453 

19.83 

.00001557 

482.0 

523.1 

584.8 

636.2 

38 

3.965 

15.72 

.00001235 

607.8 

659.6 

737.4 

802.2 

39 

3.531 

12.47 

.000009793 

766.4 

831.8 

929.8 

1012 

40 

3.145 

9.888 

.000007766 

966.5 

1049 

1173 

1276 

*  Resistance  at  the  stated  temperatures  of  a  wire  whose  length  is  1000  feet  at  20°C. 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 

(Continued) 

American    Wire  Gauge   (B.  &  S.)  English  Units  (Continued) 


Feet  per  ohm* 

Gauge 

No. 

Pounds 

per  1000 

feet 

Feet 

per 

pound 

0°C 

(32°F) 

20°C 
(68°F) 

50°C 

(122°F) 

75°C 
(167°F) 

0000 

000 

00 

640.5 
507.9 
402.8 

1.561 

1.968 

2.482 

22140 
17560 
13930 

20400 
16180 
12830 

18250 
14470 
11480 

16780 
13300 
10550 

0 

1 

2 
3 
4 

319.5 
253.3 
200.9 
159.3 
126.4 

3.130 
3.947 
4.977 
6.276 
7.914 

11040 
8758 
6946 
5508 
4368 

10180 
8070 
6400 
5075 
4025 

9103 
7219 
5725 
4540 
3600 

8367 
6636 
5262 
4173 
3309 

5 

6 

7 
8 
9 

100.2 
79.46 
63.02 
49.98 
39.63 

9.980 
12.58 
15.87 
20.01 
25.23 

3464 
2747 
2179 
1728 
1370 

3192 
2531 
2007 
1592 
1262 

2855 
2264 
1796 
1424 
1129 

2625 
2081 
1651 
1309 
1038 

10 

11 
12 
13 
14 

31.43 
24.92 
19.77 
15.68 
12.43 

31.82 
40.12 
50.59 
63.80 
80.44 

1087 
861.7 
683.3 
541.9 
429.8 

1001 
794.0 
629.6 
499.3 
396.0 

895.6 
710.2 
563 . 2 
446.7 
354.2 

823.2 
652.8 
517.7 
410.6 
325.6 

15 

16 
17 
18 
19 

9.858 
7.818 
6.200 
4.917 
3.899 

101.4 
127.9 
161.3 
203.4 
256.5 

340.8 
270.3 
214.3 
170.0 
134.8 

314.0 
249.0 
197.5 
156.6 
124.2 

280.9 
222.8 
176.7 
140.1 
111.1 

258.2 
204.8 
162.4 
128.8 
102.1 

20 

21 
22 
23 
24 

3.092 
2.452 
1.945 
1.542 
1.223 

323.4 
407.8 
514.2 
648.4 
817.7 

106.9 
84.78 
67.23 
53.32 
42.28 

98.50 
78.11 
61.95 
49.13 
38.96 

88.11 
69.87 
55.41 
43.94 
34.85 

80.99 
64.23 
50.94 
40.39 
32.03 

25 

26 
27 
28 
29 

0.9699 
.7692 
.6100 
.4837 
.3836 

1031 
1300 
1639 
2067 
2607 

33.53 
26.59 
21.09 
16.72 
13.26 

30.90 
24.50 
19.43 
15.41 
12.22 

27.64 
21.92 
17.38 
13.78 
10.93 

25.40 
20.15 
15.98 
12.67 
10.05 

30 

31 
32 
33 
34 

.3042 
.2413 
.1913 
.1517 
.1203 

3287 
4145 
5227 
6591 
8310 

10.52 
8.341 
6.614 
5.245 
4.160 

9.691 
7.685 
6.095 
4.833 
3.833 

8.669 
6.875 
5.452 
4.323 
3.429 

7.968 
6.319 
5.011 
3.974 
3.152 

35 

36 
37 
38 
39 

.09542 
. 07568 
.06001 
.04759 
.03774 

10480 
13210 
16660 
21010 
26500 

3.299 
2.616 
2.075 
1.645 
1.305 

3.040 
2.411 
1.912 
1.516 
1.202 

2.719 
2.156 
1.710 
1.356 
1.075 

2.499 
1.982 
1.572 
1.247 
0 .  9886 

40 

.02993 

33410 

1.035 

0.9534 

0.8529 

.7840 

*  Length    at   20°C  of  a  wire  whose  resistance  is   1   ohm   at   the  stated 

temperatures . 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 
(Continued) 


American   Wire 

Gauge   (B. 

&  S.)  English  Units  (Continued) 

Gauge 

Diameter 

in  mils  at 

20°C 

Ohms  per  pound 

Lbs.  per  ohm 

No. 

0°C  (32°F) 

20°C   (68°F) 

50°C  (122°F) 

20°C  (68°F) 

0000 

000 

00 

460.0 
409.6 
364.8 

0.00007051 
.0001121 
.0001783 

0.00007652 
.0001217 
.0001935 

0.00008554 
.0001360 
.0002163 

13070 
8219 
5169 

0 

1 
2 
3 
4 

324.9 
289.3 
257.6 
229.4 
204.3 

.0002835 

.0004507 

.0007166 

.001140 

.001812 

.0003076 

.0004891 

.0007778 

.001237 

.001966 

.0003439 

.0005468 

.0008695 

.001383 

.002198 

3251 

2044 

1286 
808.6 
508.5 

5 

6 
7 
8 
9 

181.9 
162.0 
144.3 
128.5 
114.4 

.002881 

.004581 

.007284 

.01158 

.01842 

.003127 

.004972 

.007905 

.01257 

.01999 

.003495 

.005558 

.008838 

.01405 

.02234 

319.8 
201.1 
126.5 
79.55 
50.03 

10 

11 
12 
13 
14 

101.9 
90.74 
80.81 
71.96 
64.08 

.02928 

.04656 

.07404 

.1177 

.1872 

.03178 
.05053 
.08035 

.1278 
.2032 

.03553 

.05649 

.08983 

.1428 

.2271 

31.47 
19.79 
12.45 

7.827 
4.922 

15 

16 
17 

18 
19 

57.07 
50.82 
45.26 
40.30 
35.89 

.2976 
.4733 
.7525 
1.197 
1.903 

.3230 
.5136 
.8167 
1.299 
2.065 

.3611 
.5742 
.9130 
1.452 
2.308 

3.096 
1.947 
1.224 
0.7700 
.4843 

20 

21 
22 

23 

24 

31.96 
28.46 
25.35 
22.57 
20.10 

3.025 
4.810 
7.649 
12.16 
19.34 

3.283 
5.221 
8.301 
13.20 
20.99 

3.670 
5.836 
9.280 
14.76 
23.46 

.3046 

.1915 

.1205 

.07576 

.04765 

25 

26 
27 
28 
29 

17.90 
15.94 
14.20 
12.64 
11.26 

30.75 
48.89 
77.74 
123.6 
196.6 

33.37 
53.06 
84.37 
134.2 
213.3 

37.31 
59.32 
94.32 
150.0 
238.5 

.02997 

.01885 

.01185 

.007454 

.004688 

30 

31 
32 
33 
34 

10.03 
8.928 
7.950 
7.080 
6.305 

312.5 

497.0 
790.2 

1256 

1998 

339.2 
539.3 
857.6 

1364 

2168 

379.2 
602.9 
958.7 

1524 

2424 

.002948 

.001854 

.001166 

.0007333 

.0004612 

35 

36 
37 
38 
39 

5.615 
5.000 
4.453 
3.965 
3.531 

3177 

5051 

8032 

12770 

20310 

3448 

5482 

8717 

13860 

22040 

3854 

6128 

9744 

15490 

24640 

.0002901 

.0001824 

.0001147 

.00007215 

.00004538 

40 

3.145 

32290 

35040 

39170 

.00002854 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 

(Continued) 

American  Wire  Gauge   (B.  &  S.)  Metric  Units  (Continued) 


Gauge 

Diameter 
in  mm 
at  20°C 

Cross  sec- 
tion in 
mm-  at 
20°C 

Ohms  per 

kilometer* 

No. 

0°C 

20°C 

50°C 

75°C 

0000 

000 

00 

11.68 
10.40 
9.266 

107.2 
85.03 
67.43 

0.1482 
.1868 
.2356 

0.1608 
.2028 
.2557 

0.1798 
.2267 
.2858 

0.1956 
.2466 
.3110 

0 

1 

2 
3 
4 

8 .  252 
7.348 
6.544 
5.827 
5.189 

53 .  48 
42.41 
33.63 
26.67 
21.15 

.2971 
.3746 
.4724 
.5956 
.7511 

.3224 
.4066 
.5127 
.6465 
.8152 

.3604 
.4545 
.5731 
.7227 
.9113 

.3921 
.4944 
.  6235 
.7862 
.9914 

5 

6 

7 
8 
9 

4.621 
4.115 
3.665 
3.264 
2.906 

16.77 
13.30 
10.55 
8.366 
6.634 

.9471 
1.194 
1.506 
1.899 
2.395 

1.028 
1.296 
1.634 
2.061 
2.599 

1.149 
1.449 
1.827 
2.304 
2.905 

1.250 
1.576 
1.988 
2.506 
3.161 

10 

11 
12 
13 
14 

2.588 
2.305 
2.053 
1.828 
1.628 

5.261 
4.172 
3 .  309 
2.624 
2.081 

3.020 
3 .  807 
4.801 
6.054 
7.634 

3.277 
4.132 
5.211 
6.571 
8.285 

3.663 
4.619 
5.825 
7.345 
9.262 

3.985 
5.025 
6.337 
7.991 
10.08 

15 

16 
17 
18 
19 

1.450 
1.291 
1.150 
1.024 
0.9116 

1.650 
1.309 
1  .  038 
0.8231 
.6527 

9.627 
12.14 
15.31 
19.30 
24 .  34 

10.45 
13.17 
16.61 
20.95 
26.42 

11.68 
14.73 
18.57 
23.42 
29.53 

12.71 
16.02 
20.20 
25.48 
32 .  12 

20 

21 
22 
23 
24 

.8118 
.  7230 
.6438 
.5733 
.5106 

.5176 
.4105 
.3255 
.2582 
.2047 

30.69 
38 .  70 
48.80 
61.54 
77.60 

33.31 
42.00 
52.96 
66.79 
84.21 

37.24 
46.95 
59.21 
74.66 
94.14 

40.51 
51.08 
64.41 
81.22 
102.4 

25 

26 
27 
28 
29 

.  4547 
.4049 
.  3606 
.3211 
.2859 

.1624 
.  1288 
.1021 
. 08098 
.06422 

97 .  85 
123.4 
155.6 
196.2 
247.4 

106.2 
133.9 
168.9 
212.9 
268.5 

118.7 
149.7 
188.8 
238.0 
300.1 

129.1 
162.9 
205.4 
258.9 
326.5 

30 

31 
32 
33 
34 

.2546 
.2268 
.2019 
.1798 
.1601 

.05093 
.04039 
. 03203 
.02540 
.02014 

311.9 

393 . 4 
496.0 
625.5 

788.7 

338.6 
426.9 
538.3 
678.8 
856.0 

378.5 
477.2 
601.8 
758.8 
956.9 

411.7 
519.2 
654.7 
825.5 
1041 

35 

36 
37 
38 
39 

.1426 
.1270 
.1131 
.1007 
. 08969 

.01597 
.01267 
.01005 
. 007967 
.006318 

994.5 
1254 
1581 
1994 
2514 

1079 
1361 
1716 
2164 
2729 

1207, 

1522 

1919 

2419 

3051 

1313 
1655 
2087 
2632 
3319 

dO 

.07987 

.005010 

3171 

3441 

3847 

4185 

*  Resistance  at  the  stated  temperatures  of  a  wire  whose  length  is  1  kilo- 
meter at  20°C. 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 

(Continued) 
American  Wire  Gauge   (B.  &  S.)   Metric  Units   (Continued) 


Diameter 

Kilograms 

Meters 

Meters  per  ohm* 

Gauge 

•  _._. 

per  kilo- 
meter 

No. 

in  mill 
at  20°C 

per  gram 

0°C 

20°C 

50°C 

75°C 

0000 

11.68 

953.2 

0.001049 

6749 

6219 

5563 

5113 

000 

10.40 

755.9 

.001323 

5352 

4932 

4412 

4055 

00 

9.266 

599.5 

.001668 

4245 

3911 

3499 

3216 

0 

8.252 

475.4 

.002103 

3366 

3102 

2774 

2550 

1 

7.348 

377.0 

.002652 

2669 

2460 

2200 

2022 

2 

6.544 

299.0 

.003345 

2117 

1951 

1745 

1604 

3 

5.827 

237.1 

.004217 

1679 

1547 

1384 

1272 

4 

5.189 

188.0 

.005318 

1331 

1227 

1097 

1Q09 

5 

4.621 

149.1 

.006706 

1056 

972.9 

870.2 

799.9 

6 

4.115 

118.2 

.008457 

837.3 

771.5 

690.1 

634.4 

7 

3.665 

93.78 

.01066 

664.0 

611.8 

547.3 

503.1 

8 

3.264 

74.37 

.01345 

526.6 

485.2 

434.0 

399.0 

9 

2.906 

58.98 

.01696 

417.6 

384.8 

344.2 

316.4 

10 

2.588 

46.77 

.02138 

331.2 

305.1 

273.0 

250.9 

11 

2.305 

37.09 

.02696 

262.6 

242.0 

216.5 

199.0 

12 

2.053 

29.42 

.03400 

208.3 

191.9 

171.7 

157.8 

13 

1.828 

23.33 

.04287 

165.2 

152.2 

136.1 

125.1 

14 

1.628 

18.50 

.05406 

131.0 

120.7 

108.0 

99.24 

15 

1.450 

14.67 

.06816 

103.9 

95.71 

85.62 

78.70 

16 

1.291 

11.63 

.08595 

82.38 

75.90 

67.90 

62.41  ■ 

17 

1.150 

9.226 

.1084 

65.33 

60.20 

53.85 

49.50 

18 

1.024 

7.317 

.1367 

51.81 

47.74 

42.70 

39.25 

19 

0.9116 

5.803 

.1723 

41.09 

37.86 

33.86 

31.13 

20 

.8118 

4.602 

.2173 

32.58 

30.02 

26.86 

24.69 

21 

.7230 

3.649 

.2740 

25.84 

23.81 

21.30 

19.58 

22 

.6438 

2.894 

.3455 

20.49 

18.88 

16.89 

15.53 

23 

.5733 

2.295 

.4357 

16.25 

14.97 

13.39 

12.31 

24 

.5106 

1.820 

.5494 

12.89 

11.87 

10.62 

9.764 

25 

.4547 

1.443 

.6928 

10.22 

9.417 

8.424 

7.743 

26 

.4049 

1.145 

.8736 

8.105 

7.468 

6.680 

6.141 

27 

.3606 

0.9078 

1.102 

6.428 

5.922 

5.298 

4.870 

28 

.3211 

.7199 

1.389 

5.097 

4.697 

4.201 

3.862 

29 

.2859 

.5709 

1.752 

4.042 

3.725 

3.332 

3.063 

30 

.2546 

.4527 

2.209 

3.206 

2.954 

2.642 

2.429 

31 

.2268 

.3590 

2.785 

2.542 

2.342 

2.095 

1.926 

32 

.2019 

.2847 

3.512 

2.016 

1.858 

1.662 

1.527 

33 

.1798 

.2258 

4.429 

1.599 

1.473 

1.318 

1.211 

34 

.1601 

.1791 

5.584 

1.268 

1.168 

1.045 

0.9606 

35 

.1426 

.1420 

7.042 

1.006 

0.9265 

0.8288 

.7618 

36 

.1270 

.1126 

8.879 

0.7974 

.7347 

.65*2 

.6041 

37 

.1131 

.08931 

11.20 

.6324 

.5827 

.5212 

.4791 

38 

.1007 

.07083 

14.12 

.5015 

.4621 

.4133 

.3799 

39 

.08969 

.05617 

17.80 

.3977 

.3664 

.3278 

.3013 

40 

.07987 

.04454 

22.45 

.3154 

.2906 

.2600 

.2390 

*  Length  at  20°C  of  a  wire  whose  resistance  is  1  ohm  at  the  stated  temperatures. 
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WIRE  TABLE,  STANDARD  ANNEALED  COPPER 

(Continued) 
American  Wire   Gauge    (B.   &  S.)   Metric  Units   (Continued) 


Gauge 
No. 


Ohms  per  kilogram 


0°C 


20°C 


50°C 


Grams  per  ohm 


20°C 


0000 

000 

00 

0 

1 

2 
3 
4 

5 

6 

7 
8 
9 

10 

11 
12 
13 
14 

15 

16 
17 
18 
19 

20 

21 
22 
23 
24 

25 

26 
27 

28 
29 

30 

31 
32 
33 
34 

35 

36 
37 
38 
39 

40 


0.0001554 

0.0001687 

0.0001886 

5928000 

.0002472 

. 0002682 

. 0002999 

3728000 

. 0003930 

0004265 

. 0004768 

2344000 

.0006249 

. 0006782 

.0007582 

1474000 

.0009936 

.001078 

.001206 

927300 

.001580 

.001715 

.001917 

583200 

.002512 

002726 

. 003048 

366800 

. 003995 

. 004335 

.004846 

230700 

. 006352 

. 006893 

.007706 

145100 

.01010 

.01096 

.01225 

91230 

.01606 

.01743 

.01948 

57380 

.02553 

.02771 

.03098 

36080 

.04060 

. 04406 

.04926 

22690 

. 06456 

.07007 

. 07833 

14270 

.1026 

.1114 

.1245 

8976 

.  1632 

.1771 

.1980 

5645 

.  2595 

.2817 

.3149 

3550 

.4127 

.4479 

.5007 

2233 

.6562 

.7122 

.7961 

1404 

1.043 

1.132 

1.266 

883.1 

1.659 

1.801 

2.013 

555.4 

2.638 

2.863 

3.201 

349.3 

4.194 

4.552 

5.089 

219.7 

6.670 

7.238 

8.092 

138.2 

10.60 

11.51 

12.87 

86.88 

16.86 

18.30 

20.46 

54.64 

26.81 

29.10 

32.53 

34.36 

42.63 

46.27 

51.73 

21.61 

67.79 

73.57 

82.25 

13.59 

107.8 

117.0 

130.8 

8.548 

171.4 

186.0 

207.9 

5.376 

272.5 

295.8 

330.6 

3.381 

433 . 3 

470.3 

525.7 

2.126 

689.0 

747.8 

836.0 

1.337 

1096 

1189 

1329 

0.8410 

1742 

1891 

2114 

.5289 

2770 

3006 

3361 

.3326 

4404 

4780 

5344 

.2092 

7003 

7601 

8497 

.1316 

11140 

12090 

13510 

.08274 

17710 

19220 

21480 

. 05204 

28150 

30560 

34160 

.03273 

44770 

48590 

54310 

. 02058 

71180 

77260 

86360 

.01294 

2656 


ALUMINUM  WIRE  TABLE 

Hard-Drawn  Aluminum  Wire  at  20°C  (or,  68°F) 

American  Wire  Gauge  (B.  &  S.)  English  Units 


Cross  section 

Gauge 

Diameter 

Ohms 

Pounds 

Pounds  per 

Feet  per 

No. 

in  mils 

Circular 
mils 

Square 
inches 

per 
1000  ft. 

per 
1000  ft. 

ohm 

ohm 

0000 

460 

212000 

0.166 

0.0804 

195 

2420 

12400 

000 

410 

168000 

.132 

.101 

154 

1520 

9860 

00 

365 

133000 

.105 

.128 

122 

957 

7820 

0 

325 

106000 

.0829 

.161 

97.0 

602 

6200 

i 

289 

83700 

.0657 

.203 

76.9 

379 

4920 

2 

258 

66400 

.0521 

.256 

61.0 

238 

3900 

3 

229 

52600 

.0413 

.323 

48.4 

150 

3090 

4 

204 

41700 

.0328 

.408 

38.4 

94.2 

2450 

5 

182 

33100 

.0260 

.514 

30.4 

59.2 

1950 

6 

162 

26300 

.0206 

.648 

24.1 

37.2 

1540 

7 

144 

20800 

.0164 

.817 

19.1 

23.4 

1220 

8 

128 

16500 

.0130 

1.03 

15.2 

14.7 

970 

9 

114 

13100 

.0103 

1.30 

12.0 

9.26 

770 

10 

102 

10400 

.00815 

1.64 

9.55 

5.83 

610 

11 

91 

8230 

.00647 

2.07 

7.57 

3.66 

484 

12 

81 

6530 

.00513 

2.61 

6.00 

2.30 

384 

13 

72 

5180 

.00407 

3.29 

4.76 

1.45 

304 

14 

64 

4110. 

.00323 

4.14 

3.78 

0.911 

241 

15 

57 

3260 

.00256 

5.22 

2.99 

.573 

191 

16 

51 

2580 

.00203 

6.59 

2.37 

.360 

152 

17 

45 

2050 

.00161 

8.31 

1.88 

.227 

120 

18 

40 

1620 

.00128 

10.5 

1.49 

.143 

95  5 

19 

36 

1290 

.00101 

13.2 

1.18 

.0897 

75.7 

20 

32 

1020 

.000802 

16.7 

0.939 

.0564 

60.0 

21 

28.5 

810 

.000636 

21.0 

.745 

.0355 

47.6 

22 

25.3 

642 

.000505 

26.5 

.591 

.0223 

37.8 

23 

22.6 

509 

.000400 

33.4 

.468 

.0140 

29  9 

24 

20.1 

404 

.000317 

42.1 

.371 

.00882 

23.7 

25 

17.9 

320 

.000252 

53.1 

.295 

.00555 

18.8 

26 

15.9 

254 

.000200 

67.0 

.234 

.00349 

14.9 

27 

14.2 

202 

.000158 

84.4 

.185 

.00219 

11.8 

28 

12.6 

160 

.000126 

106. 

.147 

.00138 

9.39 

29 

11.3 

127 

.0000995 

134. 

.117 

.000868 

7.45 

30 

10.0 

101 

.0000789 

169. 

.0924 

.000546 

5.91 

31 

8.9 

79.7 

.0000626 

213. 

.0733 

.000343 

4.68 

32 

8.0 

63.2 

.0000496 

269. 

.0581 

.000216 

3  72 

33 

7.1 

50.1 

.0000394 

339. 

.0461 

.000136 

2.95 

34 

6.3 

39.8 

.0000312 

428. 

.0365 

.0000854 

2.34 

35 

5.6 

31.5 

.0000248 

540. 

.0290 

.0000537 

1.85 

36 

5.0 

25.0 

.0000196 

681. 

.0230 

.0000338 

1.47 

37 

4.5 

19.8 

.0000156 

858. 

.0182 

.0000212 

1.17 

38 

4.0 

15.7 

.0000123 

1080. 

.0145 

.0000134 

0.924 

39 

3.5 

12.5 

.00000979 

1360. 

.0115 

.00000840 

.733 

40 

3.1 

9.9 

.00000777 

1720. 

.0091 

.00000528 

.581 

2657 


ALUMINUM  WIRE  TABLE  (Continued) 
Hard-Drawn  Aluminum  Wire  at  20°C  (or,  68°F) 
American  Wire  Gauge  (B.  &  S.)  Metric  Units 


Gauge 
No. 

Diame- 
ter in 
mm 

Cross 
section 
in  mm2 

Ohms 
per 
kilo- 
meter 

Kilo- 
grams 
per  kilo- 
meter 

Grams  per 
ohm 

Meters 
per  ohm 

0000 

11.7 

107 

0.264 

289 

1100000 

3790 

000 

10.4 

85.0 

.333 

230 

690000 

3010 

00 

9.3 

67.4 

.419 

182 

434000 

2380 

0 

8.3 

53.5 

.529 

144 

273000 

1890 

1 

7.3 

42.4 

.667 

114. 

172000 

1500 

2 

6.5 

33.6 

.841 

90.8 

108000 

1190 

3 

5.8 

26.7 

1.06 

72.0 

67900 

943 

4 

5.2 

21.2 

1.34 

57.1     ' 

42700 

748 

5 

4.6 

16.8 

1.69 

45.3 

26900 

593 

6 

4.1 

13.3 

2.13 

35.9 

16900 

470 

7 

3.7 

10.5 

2.68 

28.5 

10600 

373 

8 

3.3 

8.37 

3.38 

22.6 

6680 

296 

9 

2.91 

6.63 

4.26 

17.9 

4200 

235 

10 

2.59 

5.26 

5.38 

14.2 

2640 

186 

11 

2.30 

4.17 

6.78 

11.3 

1660 

148 

12 

2.05 

3.31 

8.55 

8.93 

1050 

117 

13 

1.83 

2.62 

10.8 

7.08 

657 

92.8 

14 

1.63 

2.08 

13.6 

5.62 

413 

73.6 

15 

1.45 

1.65 

17.1 

4.46 

260 

58.4 

16 

1.29 

1.31 

21.6 

3.53 

164 

46.3 

17 

1.15 

1.04 

27.3 

2.80 

103 

36.7 

18 

1.02 

0.823 

34.4 

2.22 

64.7 

29.1 

19 

0.91 

.653 

43.3 

1.76 

40.7 

23.1 

20 

.81 

.518 

54.6 

1.40 

25.6 

18.3 

21 

.72 

.411 

68.9 

1.11 

16.1 

14.5 

22 

.64 

.326 

86.9 

0.879 

10.1 

11.5 

23 

.57 

.258 

110 

.697 

6.36 

9.13 

24 

.51 

.205 

138 

.553 

4.00 

7.24 

25 

.45 

.162 

174 

.438 

2.52 

5.74 

26 

.40 

.129 

220 

.348 

1.58 

4.55 

27 

.36 

.102 

277 

.276 

0.995 

3.61 

28 

.32 

.0810 

349 

.219 

.626 

2.86 

29 

.29 

.0642 

440 

.173 

.394 

2.27 

30 

.25 

.0509 

555 

.138 

.248 

1.80 

31 

.227 

.0404 

700 

.109 

.156 

1.43 

32 

.202 

.0320 

883 

.0865 

.0979 

1.13 

33 

.180 

.  0254 

1110 

.0686 

.0616 

0.899 

34 

.160 

.0201 

1400 

.0544 

.0387 

.712 

35 

.143 

.0160 

1770 

.0431 

.0244 

.  565 

36 

.127 

.0127 

2230 

.0342 

.0153 

.448 

37 

.113 

.0100 

2820 

.0271 

.00963 

.  355 

38 

.101 

.0080 

3550 

.0215 

.00606 

.282 

39 

.090 

.0063 

4480 

.0171 

.00381 

.223 

40 

.080 

.0050 

5640 

.0135 

.00240 

.177 

2658 


CROSS-SECTION  AND  MASS  OF  WIRES 
U.  S.  Measure 

Diameters  are  given  in  mils  (1  mil  =  .001  in.),  and  area  in  square  mils 
(1  sq.  mil  =  .000001  sq.  in.).  For  sections  and  masses  for  one-tenth  the 
diameters  given,  divide  by  100  and  for  sections  and  masses  for  ten  times 
the  diameter  multiply  by  100. 


Cross-sec. 
in  sq.  mils 

Pounds 

per  foot 

Diam.  in 
mils 

Copper, 

Iron, 

Brass, 

Aluminum, 

density 

density 

density 

density 

8.90 

7.80 

8.56 

2.67 

10 

78.54 

0.000303 

0.0002656 

0.0002915 

0.0000909 

11 

95.03 

0367 

03214 

03527 

01100 

12 

113.10 

0436 

03825 

04197 

01309 

13 

132.73 

0512 

04488 

04926 

01536 

14 

153.94 

0594 

05206 

05713 

01782 

15 

176.71 

0.000682 

0.0005976 

0.0006558 

0 . 0002045 

16 

201.06 

0776 

06799 

07461 

02327 

17 

226.98 

0876 

07675 

08423 

02627 

18 

254.47 

0982 

08605 

09443 

02946 

19 

283 . 53 

1094 

09588 

10522 

03282 

20 

314.16 

0.001212 

0.001062 

0.001166 

0.0003636 

21 

346.36 

1336 

1171 

1285 

04009 

22 

380.13 

1467 

1286 

1411 

04400 

23 

415.48 

1603 

1405 

1542 

04809 

24 

452 . 39 

1746 

1530 

1679 

05237 

25 

490.87 

0.001894 

9.001660 

0.001822 

0.0005682 

26 

530.93 

2046 

1795 

1970 

06147 

27 

572.56 

2209 

1936 

2125 

06628 

28 

615.75 

2376 

2082 

2285 

07127 

29 

660.52 

2549 

2234 

2451 

07646 

30 

706.86 

0.002727 

0.002390 

0 . 002623 

0.0008182 

31 

754.77 

2912 

2552 

2801 

08737 

32 

804.25 

3103 

2720 

2985 

09309 

33 

855.30 

3300 

2892 

3174 

09900 

34 

907.92 

3503 

3070 

3369 

10509 

35 

962.11 

0.003712 

0 . Q03253 

0.003570 

0.001114 

36 

1017.88 

3927 

3442 

3777 

117S 

37 

1075.21 

4149 

3636 

3990 

1245 

38 

1134.11 

4376 

3844 

4218 

1316 

39 

1194.59 

4609 

4040 

4433 

13S3 

40 

1256.64 

0.004849 

0.004249 

0.004664 

0.001455 

41 

1320.25 

5094 

4465 

4900 

1528 

42 

1385.44 

5346 

4685 

5141 

1604 

43 

1452 . 20 

5603 

4911 

5389 

1681 

44 

1520.53 

5867 

5142 

5643 

1760 

45 

1590.43 

0.006137 

0.005378 

0.005902 

0.001841 

46 

1661.90 

6412 

5620 

6167 

1924 

47 

1734.94 

6694 

5867 

6438 

2008 

48 

1809.56 

6982 

6119 

6715 

2095 

49 

1885.74 

7276 

6377 

6998 

2183 

50 

1963.50 

0.007576 

0.006640 

0.007287 

0.002273 

51 

2042.82 

7882 

6908 

7581 

2365 

52 

2123.72 

8194 

7181 

7881 

2458 

53 

2206. IS 

8512 

7460 

8187 

2554 

54 

2290.22 

8837 

7744 

S499 

2651 

2659 


CROSS-SECTION    AND    MASS    OF    WIRES    (Continued) 
U.  S.  Measure  (Continued) 

Diameters  are  given  in  mils  (1  mil  =  .001  in.),  and  area  in  square  mils 
(1  sq.  mil  =  .000001  sq.  in.).  For  sections  and  masses  for  one-tenth  the 
diameters  given,  divide  by  100  and  for  sections  and  masses  for  ten  times 
the  diameter  multiply  by  100. 


L 

Cross-sec. 

Pounds 

per  foot 

Diam.  in 

Copper, 

Iron, 

Brass, 

Aluminum, 

mils 

insq.  mils 

density 

density 

density 

density 

» 

8.90 

7.80 

8.56 

2.67 

1  ^  55 

2375.83 

0.009167 

0 . 008034 

0.008817 

0.002750 

56 

2463.01 

09504 

08329 

09140 

2851 

57 

2551.76 

09846 

08629 

09470 

2954 

58 

2642 . 08 

10195 

08934 

09805 

3058 

59 

2733.97 

10549 

09245 

10146 

3165 

60 

2827.43 

0.01091 

0 . 00956 

0.01049 

0.003273 

61 

2922.47 

1128 

0988 

1085 

3383 

62 

3019.07 

1165 

1021 

1120 

3495 

63 

3117.25 

1203 

1054 

1157 

3608 

64 

3216.99 

1241 

1088 

1194 

3724 

65 

3318.31 

0.01280 

0.01122 

0.01231 

0.003841 

66 

3421.19 

1320 

1157 

12  70 

3960 

67 

3525 . 65 

1360 

1192 

1308 

4081 

68 

3631.68 

1401 

1228 

1348 

4204 

69 

3739.28 

1443 

1264 

138S 

4328 

70 

3848.45 

0.01485 

0.01302 

0.01429 

0.004456 

71 

3959.19 

1528 

1339 

1469 

4583 

72 

4071.50 

1571 

1377 

1511 

4713 

73 

4185.39 

1615 

1415 

1553 

4845 

74 

4300.84 

1660 

1454 

1596 

4978 

75 

4417.86 

0.01705 

0.01494 

0.01639 

0.005114 

76 

4536.46 

1751 

1534 

1684 

5251 

77 

4656.63 

1797 

1575 

1728 

5390 

78 

4778.36 

1844 

1616 

1773 

5531 

79 

4901.67 

1892 

1658 

1819 

5674 

80 

5026.55 

0.01939 

0.01700 

0.01865 

0.0058 IS 

81 

5153.00 

1988 

1743 

1912 

5965 

82 

5281.02 

2038 

1786 

4960 

6113 

83 

5410.61 

2088 

1833 

2008 

6263 

84 

5541.77 

2138 

1874 

2057 

6415 

85 

5674.50 

0.02189 

0.01919 

0.02106 

0 . 006568 

86 

5808.80 

2241 

1964 

2156 

6724 

87 

5944.68 

2294 

2010 

2206 

6881 

88 

6082.12 

2347 

2057 

2257 

7040 

89 

6221.14 

2400 

2104 

2309 

7201 

90 

6361.73 

0.02455 

0.02151 

0.02300 

0.007364 

91 

6503 . 88 

2509 

2199 

2414 

7528 

92 

6647.61 

2565 

2248 

'  2467 

7695 

93 

6792.91 

2621 

2297 

2521 

7863 

94 

6939.78 

2678 

2347 

2575 

8033 

95 

7088.22 

0.02735 

0.02397 

0.02630 

0.008205 

96 

7238.23 

2793 

2448 

2686 

8378 

97 

7389.81 

2851 

2499 

2742 

8554 

98 

7542 . 96 

2910 

2551 

2799 

8731 

99 

7697.69 

2970 

2603 

2857 

8910 

100 

7853 . 98 

0 . 03030 

0.02656 

0.02915 

0.009091 

2660 


CROSS-SECTION    AND    MASS    OF    WIRES    (Continued) 

Metric  Measure 

Diameters  are  given  in  thousandths  of  a  centimeter  and  area  of  section 
in  square  thousandths  of  a  centimeter.  1  (cm/ 1000) 2  =  .000001  sq.  cm 
For  sections  and  masses  for  diameters  1/10  or  10  times  those  of  the  table, 
divide  or  multiply  by  100. 


• 

Grams  per  meter 

Diam^in 

thousandths 

of  a  cm 

Cross-section 

in  square 

thousandths 

of  a  cm 

Copper, 
density 

Iron, 
density 

Brass, 
density 

Aluminum, 
density 

8.90 

7.80 

8.56 

2.67 

10 

78.54 

0.06990 

0.06126 

0.06723 

0.02097 

11 

95.03 

. 08458 

.07412 

.08135 

.02537 

12 

113.10 

. 10065 

.08822 

.09681 

. 03020 

13 

132.73 

.11813 

. 10353 

.11362 

. 03544 

14 

153.94 

.13701 

. 12008 

.13177 

.04110 

15 

176.71 

0.1573 

0.1378 

0.1513 

0.04718 

16 

201.06 

.1789 

.1568 

.1721 

.05368 

17 

226.98 

.2020 

.1770 

.1943 

. 06060 

18 

254.47 ^ 

.2265 

.1985 

.2178 

. 06794 

19 

283 . 53 

.2523 

.2212 

.2427 

.07570 

20 

314.16 

0.2796 

0.2450 

0.2689 

0.08388 

21 

346.36 

.3083 

.2702 

.2965 

.09248 

22 

380.13 

.3383 

.2965 

.3254 

.10149 

23 

415.48 

.3698 

.3241 

.3557 

.11093 

24 

452 . 39 

.4026 

.3529 

.3872 

. 12079 

25 

490.87 

0.4369 

0.3829 

0.4202 

0.1311 

26 

530.93 

.4725 

.4141 

.4545 

.1418 

27 

572.56 

.5096 

.4466 

.4901 

.1529 

28 

615.75 

.5480 

.4803 

.5271 

.1644 

29 

660.52 

.5879 

.5152 

.5654 

.1764 

30 

706 . 86 

0.6291 

0.5514 

0.6051 

0.1887 

31 

754.77 

.6717 

.5887 

.6461 

.2015 

32 

804 . 25 

.7158 

.6273 

.6884 

.2147 

33 

855.30 

.7612 

.6671 

.7321 

.2284 

34 

907,92 

.8081 

.7082 

.7772 

.2424 

35 

962.11 

0.856 

0.7504 

0.8236 

0.2569 

36 

1017.88 

.906 

.7939 

.8713 

.2718 

37 

1075.21 

.957 

.8387 

.9204 

.2871 

38 

1134.11 

1.012 

.8866 

.9730 

.3035 

39 

1194.59 

.063 

.9318 

1.0230 

.3190 

40 

1256.64 

1.118 

6.980 

1.076 

0.3355 

41 

1320.25 

.175 

1.030 

.130 

.3525 

42 

1385.44 

.233 

.081 

.186 

.3699 

43 

1452.20 

.292 

.133 

.243 

.3877 

44 

1520.53 

.353 

.186 

.302 

.4060 

45 

1590.43 

1.415 

1.241 

1.361 

0.4246 

46 

1661.90 

.479 

.296 

.423 

.4437 

47 

1734.94 

.544 

.353 

.485 

.4632 

48 

1809.56 

.611 

.411 

.549 

.4832 

49 

1885.74 

.678 

.471 

.614 

.5035 

50 

1963.50 

1.748 

1.532 

1.681 

.5243 

51 

2042.82 

.818 

.593 

.753 

.5454 

52 

2123.72 

.890 

.657 

.818 

.5670 

53 

2206.18 

.964 

.721 

.888 

.5891 

54 

2290.22 

2.038 

.786 

.960 

.6115 

2661 


CROSS-SECTION    AND    MASS    OF    WIRES    (Continued) 
Metric  Measure  (Continued) 

Diameters  are  given  in  thousandths  of  a  centimeter  and  area  of  section 
in  square  thousandths  of  a  centimeter.  1  (cm/1000)2  =  .000001  sq.  cm. 
For  sections  and  masses  for  diameters  1/10  or  10  times  those  of  the  table, 
divide  or  multiply  by  100. 


1 

Cross-section 

in  square 
thousandths 

Grams  per  meter 

Diam.  in. 

thousandths 

of  a  cm 

Copper, 
density 

Iron, 
density 

Brass, 
density 

Aluminum, 
density 

of  a  cm 

8.90 

7.80 

8.56 

2.67 

55 

2375.83 

2.114 

1.853 

2.034 

0.6343 

56 

2463.01 

.192 

.921 

.108 

.6576 

57 

2551.76 

.271 

.990 

.184 

.6813 

58 

2642 . 08 

.351 

2.061 

.262 

.7054 

59 

2733.97 

.433 

.132 

.340 

.7300 

60 

2827.43 

2.516 

2.205 

2.420 

0.7549 

61 

2922.47 

.601 

.280 

.502 

.7803 

62 

3019.07 

.  687 

.355 

.584 

.8061 

63 

3117.25 

.774 

.431 

.668 

.8323 

64 

3216.99 

.863 

.509 

.760 

.8589 

05 

3318.31 

2.953 

2.588 

2.840 

0.8860 

66 

3421.19 

3.045 

.669 

.929 

.9135 

67 

3525.65 

.138 

.750 

3.018 

.9413 

68 

3631.68 

.232 

.  S33 

.109 

.9697 

69 

3739.28 

.328 

.917 

.201 

.9984 

70 

3848.45 

3 .  426 

3 .  003 

3.295 

1.028 

71 

3959.19 

.524 

.088 

.389 

.057 

72 

4071.50 

.624 

.176 

.485 

.087 

73 

4185.39 

.725 

.265 

.583 

.117 

74 

4300.84 

.828 

.355 

.682 

.148 

75 

4417.86 

3.932 

3.446 

3.782 

1.180 

76 

4536.46 

4.037 

.538 

.883 

.211 

77 

4656.63 

.144 

.632 

.986 

.243 

78 

4778.36 

.253 

.727 

4.090 

.276 

79 

4901.67 

.362 

.823 

.177 

.309 

80 

5026.55 

4.474 

3.921 

4.303 

1.342 

81 

5153.00 

.586 

4.019 

.411 

.376 

82 

5281.02 

.700 

.119 

.521 

.410 

83 

5410.61 

.815 

.220 

.631 

.445 

84 

5541.77 

.932 

.323 

.744 

.480 

85 

5674 . 50 

5.050 

4.426 

4.857 

1.515 

86 

5808.80 

.170 

.531 

.972 

.551 

87 

5944 . 68 

.291 

.637 

5.089 

.587 

88 

6082 . 12 

.413 

.744 

.206 

.624 

89 

6221.14 

.537 

.852 

.325 

.661 

90 

6361.73 

5.662 

4.962 

5.446 

1.699 

91 

6503 . 88 

.788 

5.073 

.567 

.737 

92 

6647.61 

.916 

.185 

.690 

.775 

93 

6792.91 

6.046 

.298 

.815 

.814 

94 

6939.78 

.176 

.413 

.940 

.853 

95 

7088.22 

6.309 

5.529 

6.068 

1.893 

96 

7238.23 

.442 

.646 

.196 

.933 

97 

7389.81 

.577 

.764 

.326 

.973 

98 

7542.96 

.713 

.884 

.457 

2.014 

99 

7697 . 69 

.851 

6.004 

.589 

.055 

100 

7853 . 98 

6.990 

6.126 

6.723 

2.097 

2662 


RESISTANCE  OF  WIRES 

The  following  table  gives  the  approximate  resistance  of  various  metallic 
conductors.  The  values  have  been  computed  from  the  resistivities  at  20°C, 
except  as  otherwise  stated,  and  for  the  dimensions  of  wire  indicated.  Owing 
to  differences  in  purity  in  the  case  of  elements  and  of  composition  in  alloys, 
the  values  can  be  considered  only  as  approximations. 


The  following  dimensions  have  been  adopted  in  the  computations. 


Diameter 

B.  &  S. 

Diameter 

B.  &  S. 

gauge 

mils 

gauge 

mils 

mm 

1  mil  = 
.001  in. 

mm 

1  mil  = 
.001  in. 

10 

2.588 

101.9 

26 

0.4049 

15.94 

12 

2.053 

80.81 

27 

0.3606 

14.20 

14 

1.628 

64.08 

28 

0.3211 

12.64 

16 

1.291 

50.82 

30 

0.2546 

10.03 

18 

1.024 

40.30 

32 

0.2019 

7.950 

20 

0.8118 

31.96 

34 

0.1601 

6.305 

22 

0.6438 

25.35 

36 

0.1270 

5.000 

24 

0.5106 

20.10 

40 

0.07987 

3.145 

B.  &  S. 

Ohms  per 

Ohms  per 

B.  &  S. 

Ohms  per 

Ohms  per 

No. 

cm 

ft. 

No. 

cm 

ft. 

Ad  van  ci 

3  (0°C)  p  =  4 
ohm  cm 

8.  X  10-6 

Alumin 

urn  p  =  2.82! 
ohm  cm 

S  X  10-6 

10 

.000912 

.0278 

10 

.0000538 

.00164 

12 

.00145 

.0442 

12 

. 0000855 

. 00260 

14 

.00231 

.0703 

14 

.000136 

.00414 

16 

. 00367 

.112 

16 

.000216 

.00658 

18 

. 00583 

.178 

18 

. 000344 

.0105 

20 

. 00927 

.283 

20 

. 000546 

.0167 

22 

.0147 

.449 

22 

.000^69 

.0265 

24 

.0234 

.715 

24 

.00138 

.0421 

26 

.0373 

1.14 

26 

.00220 

.0669 

27 

.0470 

1.43 

27 

. 00277 

.0844 

28 

.0593 

1.81 

28 

. 00349 

.106 

30 

.0942 

2.87 

30 

. 00555 

.169 

32 

.150 

4.57 

32 

. 00883 

.269 

34 

.238 

7.26 

34 

.0140 

.428 

36 

.379 

11.5 

36 

.0223 

.680 

40 

.958 

29.2 

40 

.0564 

1.72 

2663 


RESISTANCE  OF 

WIRES  (Continued) 

B.  &  S. 

Ohms  per 

Ohms  per 

B.  &  S. 

Ohms  per 

Ohms  per 

No. 

cm 

ft. 

No. 

cm 

ft. 

Brass  p  =  7.00  X  10-6  ohm  cm 

Climax  p  =  87.  X  10~6  ohm  cm 

10 

.000133 

. 00406 

10 

.00165 

.0504 

12 

.000212 

. 00645 

12 

. 00263 

.0801 

14 

. 000336 

.0103 

14 

.00418 

.127 

16 

. 000535 

.0163 

16 

. 00665 

.203 

18 

. 000850 

.0259 

18 

.0106 

.322 

20 

.00135 

.0412 

20 

.0168 

.512 

22 

.00215 

.0655 

22 

.0267 

.815 

24 

. 00342 

.104 

24 

.0425 

1.30 

26 

. 00543 

.166 

26 

.0675 

2.06 

27 

. 00686 

.209 

27 

.0852 

2.60 

28 

. 00864 

.263 

28 

.107 

3.27 

30 

.0137 

.419 

30 

.171 

5.21 

32 

.0219 

.666 

32 

.272 

8.28 

34 

.0348 

1.06 

34 

.432 

13.2 

36 

.0552 

1.68 

36 

.687 

20.9 

40 

.140 

4.26 

40 

1.74 

52.9 

Constantan  (0°C)  p  =  44.1  X  10"« 

Copper,  annealed  p  =  1.724  X  10-6 

ohm  cm 

ohm  cm 

10 

. 000838 

.0255 

10 

. 0000328 

. 000999 

12 

.00133 

.0406 

12 

.0000521 

.00159 

14 

.00212 

.0646 

14 

. 0000828 

. 00253 

16 

. C0337 

.103 

16 

.000132 

.00401 

18 

. 00536 

.163 

18 

. 000209 

. 00638 

20 

. 00852 

.260 

20 

. 000333 

.0102 

22 

.0135 

.413 

22 

. 000530 

.0161 

24 

.0215 

.657 

24 

. 000842 

.0257 

26 

.0342 

1.04 

26 

.00134 

.0408 

27 

.0432 

1.32 

27 

.00169 

.0515 

28 

.0545 

1.66 

28 

.00213 

.0649 

30 

.0866 

2.64 

30 

. 00339 

.103 

32 

.138 

4.20 

32 

. 00538 

.164 

34 

.219 

6.67 

34 

.00856 

.261 

36 

.348 

10.6 

36 

.0136 

.415 

40 

.880 

26.8 

40 

.0344 

1.05 

Eureka  (0°C)  p  =  47.  X  10"» 
ohm  cm 

Excello  p 

=  92.  X  10-6  ohm  cm 

10    1 

. 000893 

.0272 

10 

.00175 

.0533 

12 

.00142 

.0433 

12 

. 00278 

.Q847 

14 

. 00226 

.0688 

14 

. 00442 

.135 

16 

. 00359 

.109 

16 

. 00703 

.214 

18 

.00571 

.174 

18 

.0112 

.341 

20 

.00908 

.277 

20 

.0178 

.542 

22 

.0144 

.440 

22 

.0283 

.861 

24 

.0230 

.700 

24 

.0449 

1.37 

26 

.0365 

1.11 

26 

.0714 

2.18 

27 

.0460 

1.40 

27 

.0901 

2.75 

28 

.0580 

1.77 

28 

.114 

3.46 

30 

.0923 

2.81 

30 

.181 

5.51 

32 

.147 

4.47 

32 

.287 

8.75 

34 

.233 

7.11 

34 

.457 

13.9 

36 

.371 

11.3 

36 

.726 

22.1 

40 

.938 

28.6 

40 

1.84 

56.0 

2664 


RESISTANCE  OF  WIRES  (Continued) 


B.  &  S.    Ohms  per 

Ohms  per 

B.  &  S. 

Ohms  per 

Ohms  per 

No        cm 

ft. 

No. 

cm 

ft. 

German  silver  p  =  33.  X  10-6 
ohm  cm 

Goldp 

=  2.44  X  10" 

6  ohm  cm 

10 

.000627 

.0191 

10 

. 0000464 

.00141 

12 

. 000997 

.0304 

12 

. 0000737 

. 00225 

14 

.00159 

.0483 

14 

.000117 

. 00357 

16 

. 00252 

.0768 

16 

.000186 

. 00568 

18 

.00401 

.122 

18 

. 000296 

. 00904 

20 

.00638 

.194 

20 

.000471 

.0144 

22 

.0101 

.309 

22 

.000750 

.0228 

24 

.0161 

.491 

24 

.00119 

.0363 

26 

.0256 

.781 

26 

.00189 

.0577 

27 

.0323 

.985 

27 

. 00239 

.0728 

28 

.0408 

1.24 

28 

.00301 

.0918 

30 

.0648 

1.97 

30 

.00479 

.146 

32 

.103 

3.14 

32 

.00762 

.232 

34 

.164 

4.99 

34 

.0121 

.369 

36 

.260 

7.94 

36 

.0193 

.587 

40 

.659 

20.1 

40 

.0487 

1.48 

Iron  p  -  10.  X  10~6 

ohm  cm 

Lead  p 

=  22.  X  10-8 

ohm  cm 

10 

. 000190 

. 00579 

10 

.000418 

.0127 

12 

.000302 

.00921 

12 

. 000665 

.0203 

14 

.000481 

.0146 

14 

.00106 

.0322 

16 

. 000764 

.0233 

16 

.00168 

.0512 

18 

.00121 

.0370 

18 

.00267 

.0815 

20 

.00193 

.0589 

20 

. 00425 

.130 

22 

.00307 

.0936 

22 

. 00676 

.206 

24 

.00489 

.149 

24 

.0107 

.328 

26 

. 00776   i 

.237 

26 

.0171 

.521 

27 

. 00979 

.299 

27 

.0215 

.657 

28 

.0123 

.376 

28 

.0272 

.828 

30 

.0196 

.598 

30 

0432 

1.32 

32 

.0312 

.952 

32 

.0687 

2.09 

34 

.0497 

1.51 

34 

.109 

3.33 

36 

.0789 

2.41 

36 

.174 

5.29 

40 

.200 

6.08 

40 

.439 

13.4 

Magnesium  p  =  4.6  X  1 

0-6  ohm  cm 

Manganin 

p  =  44.  X  1 

0~6  ohm  cm 

96 

.0000874 

. 00267 

10 

.000836 

.0255 

.000139 

.00424 

12 

.00133 

.0405 

14 

.000221 

.00674 

14 

.00211 

.0644 

16 

.000351 

.0107 

16 

. 00336 

.102 

18 

.000559 

.0170 

18 

. 00535 

.163 

20 

. 000889 

.0271 

20 

. 00850 

.259 

22 

.00141 

.0431 

22 

.0135 

.412 

24 

. 00225 

.0685 

24 

.0215 

.655 

26 

. 00357 

.109 

26 

.0342 

1.04 

27 

. 00451 

.137 

27 

.0431 

1.31 

28 

. 00568 

.173 

28 

.0543 

1.66 

30 

. 00903 

.275 

30 

.0864 

2.63 

32 

.0144 

.438 

32 

.137 

4.19 

34 

.0228 

.696 

34 

.218 

6.66 

36 

.0363 

1.11 

36 

.347 

10.6 

40 

.0918 

2.80 

40 

.878 

26.8 

2665 


RESISTANCE  OF  WIRES  (Continued) 

B.  &  S. 

Ohms  per 

Ohms  per 

B.  &  S. 

Ohms  per 

Ohms  per 

No. 

cm 

ft. 

No. 

cm 

ft. 

Molybdenum  p  =  5.7  X  10~6 

Monel  Metal  p  =  42.  X  lO"6 

ohm  cm 

ohm  cm 

10 

.000108 

. 00330 

10 

. 000798 

.0243 

12 

.000172 

. 00525 

12 

.00127 

.0387 

14 

.000274 

. 00835 

14 

. 00202 

.0615 

16 

. 000435 

.0133 

16 

.00321 

.0978 

18 

. 000693 

.0211 

18 

.00510 

.156 

20 

.00110 

.0336 

20 

.00811 

.247 

22 

.00175 

.0534 

22 

.0129 

.393 

24 

. 00278 

.0849 

24 

.0205 

.625 

26 

. 00443 

.135 

26 

.0326 

.994 

27 

. 00558 

.170 

27 

.0411 

1.25 

28 

. 00704 

.215 

28 

.0519 

1.58 

30 

.0112 

.341 

30 

.0825 

2.51 

32 

.0178 

.542 

32 

.131 

4.00 

34 

.0283 

.863 

34 

.209 

6.36 

36 

.0450 

1.37 

36 

.331 

10.1 

40 

.114 

3.47 

40 

.838 

25.6 

Nichrome  p  =  100.  X  10~6  ohm  cm 

Nickel  p  =  7.8  X  10"6  ohm  cm 

10 

.00190 

.0579 

10 

.000148 

. 00452 

12 

. 00302 

.0921 

12 

. 000236 

.00718 

14 

. 00481 

.146 

14 

.000375 

.0114 

16 

. 00764 

.233 

16 

. 000596 

.0182 

18 

.0121 

.370 

18 

.000948 

.0289 

20 

.0193 

.589 

20 

.00151 

.0459 

22 

.0307 

.936 

22 

. 00240 

.0730 

24 

.0489 

1.49 

24 

.00381 

.116 

26 

.0776 

2.37 

26 

. 00606 

.185 

27 

.0979 

2.99 

27 

. 00764 

.233 

28 

.123 

3.76 

28 

. 00963 

.294 

30 

.196 

5.98 

30 

.0153 

.467 

32 

.312 

9.52 

32 

.0244 

.742 

34 

.497 

15.1 

34 

.0387 

1.18 

36 

.789 

24.1 

36 

.0616 

1.88 

40 

2.00 

60.8 

40 

.156 

4.75 

Platinum  p  =  10.  X  10"6  ohm  cm 

Silver  (18°C)  p  =  1.629  X  10~« 
ohm  cm 

10 

.000190 

. 00579 

10 

.0000310 

. 000944 

12 

. 000302 

.00921 

12 

. 0000492 

.00150 

14 

. 000481 

.0146 

14 

. 0000783 

. 00239 

16 

. 000764 

.  0233 

16 

.000124 

. 00379 

18 

.00121 

.  0370 

18 

.000198 

.00603 

20 

.00193 

.0589 

20 

.000315 

. 00959 

22 

.00307 

.  0936 

22 

. 000500 

.0153 

24 

. 00489 

.149 

24 

. 000796 

.  0243 

26 

.00776 

.237 

26 

.00126 

.0386 

27 

. 00979 

.299 

27 

.00160 

.0486 

28 

.0123 

.376 

28 

.00201 

.0613 

30 

.0196 

.598 

30 

. 00320 

.0975 

32 

.0312 

.952 

32 

. 00509 

.155 

34 

.0497 

1.51 

34 

. 00809 

.247 

36 

.0789 

2.41 

36 

.0129 

.392 

40 

.200 

6.08 

40 

.0325 

.991 

2666 


RESISTANCE  OF  WIRES  (Continued) 


B.  &  S. 

Ohms  per 

Ohms  per 

B.  &  S. 

Ohms  per 

Ohms  per 

No. 

cm 

ft. 

No. 

cm 

ft. 

Steel,  piano  wire 

(0°C) 

Steel,  invar  (35  %  Ni) 

p  =  11.8  X  lO-6  o 

hm  cm 

p  =  81.  X  10-6  ohm  cm 

10 

.000224 

. 00684 

10 

.00154 

.0469 

12 

. 000357 

.0109 

12 

.00245 

.0746 

14 

. 000567 

.0173 

14 

.00389 

.119 

16 

.000901 

.0275 

16 

.00619 

.189 

18 

.00143 

.0437 

18 

. 00984 

.300 

20 

.00228 

.0695 

20 

.0156 

.477 

22 

.00363 

.110 

22 

.0249 

.758 

24 

.00576 

.176 

24 

.0396 

1.21 

26 

.00916 

.279 

26 

.0629 

1.92 

27 

.0116 

.352 

27 

.0793 

2.42 

28 

.0146 

.444 

28 

.100 

3.05 

30 

.0232 

.706 

30 

.159 

4.85 

32 

.0368 

1.12 

32 

.253 

7.71 

34 

.0586 

1.79 

34 

.402 

12.3 

36 

.0931 

2.84 

36 

.639 

19.5 

40 

.236 

7.18 

40 

1.62 

49.3 

Tantalum  p  =  15.5  X  1 

0~6  ohm  cm 

Tin  p  =  11.5  X  10"6  ohm  cm 

10 

. 000295 

. 00898 

10 

.000219 

.00666 

12 

. 000468 

.0143 

12 

.000348 

.0106 

14 

. 000745 

.0227 

14 

.000553 

.0168 

16 

.00118 

.0361 

16 

.000879 

.0268 

18 

.00188 

.0574 

18 

.00140 

.0426 

20 

. 00299 

.0913 

20 

.00222 

.0677 

22 

. 00476 

.145 

22 

.00353 

.108 

24 

.00757 

.231 

24 

.00562 

.171 

26 

.0120 

.367 

26 

.00893 

.272 

27 

.0152 

.463 

27 

.0113 

.343 

28 

.0191 

.583 

28 

.0142 

.433 

30 

.0304 

.928 

30 

.0226 

.688 

32 

.0484 

1.47 

32 

.0359 

1.09 

34 

.0770 

2.35 

34 

.0571 

1.74 

36 

.122 

3.73 

36 

.0908 

2.77 

40 

.309 

9.43 

40 

.230 

7.00 

Tungsten  p  =  5.51  X  1 

0~6  ohm  cm 

Zinc  (0°C)  p  =  5.75  X  10"«  ohm  cm 

10 

.000105 

.00319 

10 

.000109 

. 00333 

12 

.000167 

. 00508 

12 

.000174 

. 00530 

14 

.000265 

. 00807 

14 

. 000276 

. 00842 

16 

.000421 

.0128 

16 

. 000439 

.0134 

18 

. 000669 

.0204 

18 

. 000699 

.0213 

20 

.00106 

.0324 

20 

.00111 

.0339 

22 

.00169 

.0516 

22 

.00177 

.0538 

24 

. 00269 

.0820 

24 

.00281 

.0856 

26 

. 00428 

.130 

26 

. 00446 

.136 

27 

. 00540 

.164 

27 

. 00563 

.172 

28 

. 00680 

.207 

28 

.00710 

.216 

30 

.0108 

.330 

30 

.0113 

.344 

32 

.0172 

.524 

32 

.0180 

.547 

34 

.  0274 

.834 

34 

.0286 

.870 

36 

.0435 

1.33 

36 

.0454 

1.38 

40 

.110 

3.35 

40 

.115 

3.50 
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FUSING  CURRENTS  FOR  WIRES 

Owing  to  the  influence  of  various  factors  which  control  the 
rate  of  loss  of  heat  energy  the  following  values  can  be  considered 
only  as  approximations. 


Gauge  No. 
A.W.G. 


Diameter 
inches 


Fusing  current  in  amp. 


Cu 


Al 


Fe 


Fuse 
wire 


43 
41 
39 
38 
37 
35 
34 
33 
32 
30 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 


0.0021 
.0026 
.0035 
.0040 
.0045 
.0056 
.0063 
.0071 
.0080 
.0100 
.0126 
.0142 
.0159 
.0179 
.0201 
.0226 
.0253 
.0285 
.032 
.036 
.040 
.045 
.051 
.057 
.064 
.072 
.081 
.091 
.102 
.114 
.128 
.144 
.162 
.182 
.204 


10 
15 

20 

25 

30 

35 

40 

45 

60 

70 

80 

100 

120 

140 

160 

200 

225 

275 


10 

15 

*20 

25 

30 

35 

40 

50 

60 

70 

90 

100 

120 

160 

180 

200 

225 

275 


10 


15 

20 

25 

30 

35 

45 

50 

60 

70 

90 

100 

120 

140 

160 

200 

225 

275 


1.7 


4.9 


9.0 
11.3 
13.3 

19*8 

25*4 

32 

39.1 

*54".l 

63.1 

81.1 

90.6 

110.7 

132.1 

154  7 
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DATA  FOR  SIEYES 
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GRAVITY,  LATITUDE,  LONGITUDE 
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GRAVITY,  LATITUDE,  LONGITUDE  (Continued) 
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GRAVITY,  LATITUDE,  LONGITUDE  (Continued) 
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GRAVITY,  LATITUDE,  LONGITUDE  (Continued) 
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GRAVITY,  LATITUDE,  LONGITUDE  (Continued) 
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ACCELERATION   DUE   TO    GRAVITY   AND   LENGTH 
OF  THE  SECONDS  PENDULUM 

For  Sea  Level  at  Various  Latitudes 

Based  on  the  formula  of  the  U.  S.  Coast  and  Geodetic  Survey.  The 
length  of  the  simple  pendulum  whose  period  is  two  seconds,  that  is  which 
beats  seconds,  is  computed  in  each  case  from  the  corresponding  value  of  the 
acceleration. 


Latitude 

Acceleration  due  to  gravity 

Length  of  seconds  pendulum 

o 

cm/sec.2 

ft. /sec.2 

cm 

in. 

0 

978.039 

32 . 0878 

99.0961 

39.0141 

5 

978.078 

32.0891 

99.1000 

39.0157 

10 

978.195 

32.0929 

99.1119 

39 . 0204 

15 

978.384 

32.0991 

99.1310 

39.0279 

20 

978.641 

32.1076 

99.1571 

39.0382 

25 

978.960 

32.1180 

99.1894 

39.0509 

30 

979 . 329 

32 . 1302 

99.2268 

39.0656 

31 

979 . 407 

32.1327 

32 

979 . 487 

32.1353 

33 

979 . 569 

32.1380 

34 

979 . 652 

32.1407 

35 

979 . 737 

32.1435 

99.2681 

39.0819 

36 

979 . 822 

32.1463 

37 

979 . 908 

32.1491 

38 

979.995 

32.1520 

39 

980.083 

32.1549 

40 

980.171 

32.1578 

99.3121 

39.0992 

41 

980.261 

32.1607 

42 

980.350 

32.1636 

43 

980.440 

32.1666 

44 

980.531 

32.1696 

45 

980.621 

32.1725 

99.3577 

39.1171 

46 

980.711 

32.1755 

47 

980 . 802 

32.1785 

48 

980.892 

32.1814 

49 

980.981 

32.1844 

50 

981.071 

32 . 1873 

99 . 4033 

39.1351 

51 

981.159 

32 . 1902 

52 

981.247 

32.1931 

53 

981.336 

32.1960 

54 

981.422 

32.1988 

55 

981 . 507 

32.2016 

99 . 4475 

39.1525 

56 

981.592 

32 . 2044 

57 

981.675 

32.2071 

58 

981.757 

32 . 2098 

59 

981.839 

32.2125 

60 

981.918 

32.2151 

99.4891 

39.1689 

65 

982 . 288 

32.2272 

99 . 5266 

39.1836 

70 

982 . 608 

32.2377 

99 . 5590 

39.1964 

75 

982 . 868 

32 . 2463 

99 . 5854 

39.2068 

80 

983 . 059 

32 . 2525 

99 . 6047 

39.2144 

85 

983.178 

32.2564 

99.6168 

39.2191 

90 

983.217 

32.2577 

99 . 6207 

39.2207 
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ACCELERATION  DUE  TO  GRAVITY 


Free  Air  Correction  for  Altitude 

-0.0003086  cm/sec. 2/m  for  altitude  in  meters. 
-0.000003086  ft./sec.2/ft.  for  altitude  in  feet. 


Altitude 

Correction 

Altitude 

Correct  i  on 

meters 

cm/sec.2 

feet 

ft. /sec* 

200 

-0.0617 

200 

-0.000617 

300 

.0926 

300 

.000926 

400 

.1234 

400 

.001234 

500 

.1543 

500 

.001543 

600 

.1852 

600 

0J1852 

700 

.2160 

700 

. 002  1 60 

800 

.2469 

800 

002469 

900 

.2777 

900 

.002777 

DATA  IN  REGARD  TO  THE  EARTH 

Equatorial  radius,  6,378.388  meters,  3,963.34  miles. 

Polar  radius,  6,356,911.946  meters,  3,949.99  miles. 

Radius  of  sphere  having  same  volume,  6,371,221.3  meters,  3,958.89  miles. 

Quadrant  of  the  equator,  10,019,148.4  meters,  6,225.60  miles. 

Quadrant  of  the  meridian,  10,002,288.3  meters,  6,215.12  miles. 

1°  latitude  at  the  equator  =  68.70  miles. 

1°  latitude  at  the  pole  =  69.41  miles. 

Mean  density  of  the  earth,  5.522  g/cm3,  344.7  lb. /ft.3 

Mass  of  the  earth,  5.983  X  1024  kg,  6.595  X  1021  tons. 

Mean  surface  density  of  the  continents,  2.67  g/cm3,  166.7  lb. /ft.3 

Mean  linear  velocity  of  the  earth  in  its  orbit,  29.77  km/sec,  18.50  mi. /sec. 

Mean  linear  velocity  of  rotation  of  the  surface  at  the  equator,  0.465 
km/sec,  0.289  mi. /sec. 

Land  area,  148.847  X  106  km2,  57.470  X  106  sq.  mi. 

Ocean  area,  361.254  X  106  km2,  139.480  X  106  sq.  mi. 

Highest  mountain,  Everest,  8840  meters,  29,003  ft. 

Greatest  sea  depth,  10,430  meters,  34,219  ft. 

Thermal  gradient  of  the  earth,  higher  at  increasing  depths,  30°  C  per  km, 
48°  C  per  mi.  (uncertain). 

Mean  distance  to  the  sun,  149,500,000  km  or  92,900,000  mi. 

Mean  distance  to  the  moon,  384,393  km  or  238,854  mi. 


Chemical  Composition  of  the  Earth's  Crust,  Ocean  and 

Atmosphere 

Arranged  in  order  of  abundance 


Element 

,  0 

Element 

% 

O 

46.43 

P 

0.130 

Si 

27.77 

H 

127 

Al 

8.14 

Mn 

.096 

Fe 

5.12 

F 

.077 

Ca 

3.63 

CI 

.055 

Na 

2.85 

S 

052 

K 

2.60 

Ba 

.048 

Mg 

2.09 

C 

.027 

Ti 

0.629 

Sr 

.018 

Total  of  all  others 

.111 
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Velocity  of  Seismic  Waves 

Depth 
km. 

Longitudinal  or 

condensational 

km/sec. 

Transverse  or 

distortional 

km/sec. 

0-20 

20-45 

1300 

2400 

5.4  -5.6 
6.25-6.75 

12.5 

13.5 

3.2 
3.5 
6.9 
7.5 

DATA  CONCERNING  THE  SOLAR  SYSTEM 


Mass 
Earth  =  1 

Distance  from  Sun 

Sidereal 

Mean 

Body 

period, 

specific 

km 

miles 

days 

gravity 

Sun 

329390. 

1.42 

Mercury- 

0.0549 

58  X  106 

36.0  X  106 

87.97 

5.61 

Venus 

0.8073 

108  X  106 

67.1  X  106 

244.70 

5.  16 

Earth 

1.000 

149  X  106 

92.9  X  10f 

365.26 

5.52 

Mars 

0.1065 

228  X  106 

141.7  X  106 

686.98 

3.95 

Jupiter 

314.5 

778  X  106 

483  . 4  X  106 

4332.59 

1.34 

Saturn 

94.07 

1426  X  lO6 

886.1  X  106 

10759.20 

0.69 

Uranus 

14.40 

2869  X  106 

1782.7  X  106 

30685.93 

1.36 

Neptune 

16.72 

4495  X  106 

2793.1  X  106 

60187.64 

1.30 

Pluto 

5900  X  106 
*38  X  104 

3666.1  X  106 
*23.9  X  104 

90885. 
27.32 

Moon 

0.01228 

3.36 

Diam 

eter 

Acceleratio 

n  due  to 

gravity  at 

surface 

Albedo 

Body 

visual 

km 

miles 

cm/sec.2 

ft. /sec. 2 

Sun 

1390600 

864100 

27440 

900.3 

Mercury 

5140 

3194 

392 

12.9 

0.069 

Venus 

12620 

7842 

882 

28.9 

.59 

Earth 

12756 

7926 

980 

32.2 

Mars 

6860 

4263 

392 

12.9 

.154 

Jupiter 

143600 

89229 

2646 

86.8 

.56 

Saturn 

120600 

74937 

1176 

38.6 

.63 

Uranus 

53400 

33181 

980 

32.2 

.63 

Neptune 

49700 

30882 

980 

32.2 

.73 

Moon 

3476 

2159.9 

167 

5.47 

.073 

ATMOSPHERIC  AND  METEOROLOGICAL  DATA 

Total  mass  of  the  atmosphere,  estimated  by  Ekholm,  5.2  X  10n  g, 
11.4  X  10*8  pounds,  5.70  X  10"  tons. 

Evidence  of  extent:  twilight,  63  km,  39  mi.;  meteors,  200  km,  124  mi.: 
aurora  44-360  km,  27-224  mi. 

Height  if  homogeneous  at  normal  atmospheric  pressure,  7991  m,  4.965  mi. 

Composition  of  the  atmosphere,  mean  percentage  by  volume,  at  sea  level, 
of  the  dry  air  components. 


N2 

78.03 

H2 

0.01 

02 

20.99 

Ne 

0.0012 

A 

0.94 

He 

0.0004 

C02 

0.03 

*  Distance  to  Earth. 


2677 


Variation  of  Composition  of  the  Atmosphere  with 
Elevation.    Percentage  Distribution  by  Volume. 

(Humphreys) 


Km 

Mi. 

A 

N 

H20 

6 

C02 

H 

He 

100 
50 
20 
11 

62 
31 
12 
6.8 

6!i2 

0.59 
0.94 

2.95 

86.78 
81.24 
78.02 

0.05 
0.10 
0.02 
0.01 

0.11 
10.17 
18.10 
20.99 

o^oi 

0.03 

95.58 
2.76 
0.04 
0.01 

1.31 
0.07 

.... 

Variation  of  Temperature,  Pressure  and  Density  of  the 
Atmosphere  with  Altitude 

Compiled  by  Humphreys 


Elevation 

Summer 

Winter 

Km 

Mi. 

Temp. 
°C 

Pres- 
sure 
mm 

of  Hg. 

Density, 
dry  air 
g/cm3 

Temp. 

°C 

Pres- 
sure 
mm 

of  Hg. 

Density, 
dry  air 
g/cm3 

20.0 

12.4 

-51.0 

44.1 

0.000092 

-57.0 

39.5 

0 . 000085 

19.0 

11.8 

-51.0 

51.5 

.000108 

-57.0 

46.3 

.000100 

18.0 

11.2 

-51.0 

60.0 

.000126 

-57.0 

54.2 

.000117 

17.0 

10.6 

-51.0 

70.0 

.000146 

-57.0 

63.5 

.000137 

16.0 

9.9 

-51.0 

81.7 

.000171 

-57.0 

74.0 

.000160 

15.0 

9.3 

-51.0 

95.3 

.000199 

-57.0 

87.1 

.000187 

14.0 

8.7 

-51.0 

111.1 

. 000232 

-57.0 

102.1 

. 000220 

13.0 

8.1 

-51.0 

129.6 

. 000270 

-57.0 

119.5 

. 000257 

12.0 

7.5 

-51.0 

151.2 

.000316 

-57.0 

140.0 

.000301 

11.0 

6.8 

-49.5 

176.2 

.000366 

-57.0 

164.0 

. 000353 

10.0 

6.2 

-45.5 

205.1 

.000419 

-54.5 

192.0 

. 000408 

9.0 

5.6 

-37.8 

237.8 

. 000470 

-49.5 

224.1 

. 000466 

8.0 

5.0 

-29.7 

274.3 

.000524 

-43.0 

260.6 

.000526 

7.0 

4.3 

-22.1 

314.9 

.000583 

-35.4 

301.6 

. 000590 

6.0 

3.7 

-15.1 

360.2 

.000649 

-28.1 

347.5 

.000659 

5.0 

3.1 

-   8.9 

410.6 

. 000722 

-21.2 

398.7 

. 000735 

4.0 

2.5 

-   3.0 

466.6 

. 000803 

-15.0 

455.9 

.000821 

3.0 

1.9 

+   2.4 

528.9 

. 000892 

-    9.3 

519.7 

.000915 

2.5 

1.6 

+   5.0 

562.5 

. 000942 

-    6.7 

554.3 

. 000967 

2.0 

1.2 

+  7.5 

598.0 

. 000990 

-    4.7 

590.8 

.001023 

1.5 

0.9 

+  10.0 

635.4 

.001043 

-   3.0 

629.6 

.001083 

1.0 

0.6 

+  12.0 

674.8 

.001100 

-    1.3 

670.6 

.001146 

0.5 

0.3 

+  14.5 

716.3 

.001157 

0.0 

714.0 

.001215 

0.0 

0.0 

+  15.7 

760.0 

.001223 

+  0.7 

760.0 

.001290 

Atmospheric  Electricity 

Normal  potential  gradient: 

Over  land,  67  to  317  volts/m. 

Over  sea,  128  volts/m. 
Potential  gradient  at  Earth's  surface  beneath  thunder  cloud,  1  X  104  volts/m. 
Quantity  discharged  by  lightning  flash,  10-50  coulombs. 
Energy  of  flash,  1  X  1017  ergs. 
Potential  difference  between  discharge  points,  1  X  109  volts. 

Angular  Radius  of  Halos  and  Rainbows 

Coronae  due  to  small  water  drops 1°  to  10° 

Small  halo,  due  to  60°  angles  of  ice  crystals 22° 

Large  halo,  due  to  90°  angles  of  ice  crystals 46° 

Rainbow,  primary 41°  20' 

Rainbow,  secondary 52°  15' 

Solar  Constant 

The  energy  falling  on  one  sq.  cm  area  at  normal  incidence  equals  1.92  small 
calories  per  minute. 
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MOLECULAR  CONSTANTS 

The  following  gives  the  arithmetical  average  velocity,  the 
mean  free  path,  molecular  diameter  and  collision  frequency  for 
the  temperatures  indicated  and  at  standard  pressure,  760  mm 
Hg.  except  as  otherwise  stated. 


Average 
ia  cnr 

velocity 
,/sec. 

Mean  free  path  in  cm  at  75  cm  Hg. 

Gas 

0°C 

20°  C 

Boltzmann 

Meyer 

0°C 

20°  C 

20°  C 

Air 

Ammonia 

447X 102 

583 

381 

454 

362 
1208 
1696 

263 

170 

538 

454 

425 

566 

210 

463X 102 

604 

395 

471 

376 
1252 
1755 

272 

176 

557 

471 

440 

587 

218 

'5!92Xl6-6 

8.98 

8.46 

5.56 
25.25 
16.00 

9.5 

e.'eoxio1* 

9.88 

9.23 

6.15 
27.45 
17.44 

5.83X10  e 

Argon 

Carbon  monoxide 

Carbon  dioxide 

8.73 
8.16 
5.44 

Helium 

Hydrogen 

Krypton 

33.10 
15.40 

Mercury 

Neon 

(14.70) 

(13.0) 



Nitrogen 

Oxygen 

Water  vapor 

8.50 
9.05 

9.29 
9.93 

8.21 

8.78 

Xenon 

5.6 

Gas 


Collision 

frequency 

20°  C 


Molecular  diameter,  en 


From 
viscosity 


From  van  From 

der  Waal's  heat 

equation      j  conductivity 


Ammonia 9150X10* 

Argon ;  4000 

Carbon  monoxide 5100 

Carbon  dioxide !  6120 

Helium !  4>40 

Hydrogen j  10060 

Krypton i  

Mercury |  

Nitrogen 5070 

Oxygen j  4430 

Xenon I  

I 


2.97X10 

2.88 

3.19 

3.34 

1.90 

2.40 


3.15 

2.98 


3.08X10-* 
2.94 
3.12 
3.23 
2.65 
2.34 
(3.69) 
3.01 
3.15 
2.92 
4.02 


2.86Xi0"8 

3^40 
2.30 
2.32 
3.14 

3.53 


3.42 


2f>79 


EFFECTIVE  RADII  OF  ATOMS 


Values  given  have  been  computed  by  Goldschmidt  on  the  basis  of  empirical 
assumptions  or  by  Pauling  on  the  basis  of  wave-mechanics.  ^  The  latter 
values  are  in  bold-faced  type.  Values  considered  non-typical  are  in 
parenthesis. 

Condensed  from  a  compilation  by  Wherry,  American  Mineralog  14,  54, 
1929. 


Element 

Charge 

Radius 
Angstrom 

Element 

Charge 

Radius 
Angstrom 

A 

0 

(1.54) 

Cd 

0 

1.49 

Ag 

0 

1.44 

+2 

0.97 

+1 

1.13 

1.03 

1.26 

Ce 

0 

1.82 

Al 

0 

1.43 

1.83 

+3 

0.50 

+3 

1.18 

0.57 

+4 

1.01 

As 

0 

1.16 

1.02 

+3 

0.69 

CI 

0 

1.05 

+5 

0.47 

1.07 

-3 

2.22 

+7 

0.26 

Au 

0 

1.40 

-1 

1.81 

1.44 

Co 

0 

1.26 

+  1 

1.37 

+2 

0.72 

B 

+3 

0.20 

+3 

0.82 
0.29 

Ba 

0 

2.10 

0.47 

+2 

1.35 
1.43 

Cr 

0 

1.25 

+6 

0.52 

Be 

0 

1.05 

0.65 

+2 

0.31 

0.34 

Cs 

0 

+  1 

2.55 
1.65 

Bi 

0 

1.46 

1.69 

+5 

0.74 

Cu 

0 

1.27 

Br 

0 

1.19 

+1 

0.96 

+7 

0.39 

+2 

0.70 

-1 

1.95 

1.96 

Dy 

+3 

1.07 

C 

0 

0.77 

Er 

+3 

1.04 

+4 

0.15 

Eu 

+3 

1.13 

-4 

2.60 

F 

0 

0.67 

Ca 

0 

1.97 

+7 

0.07 

+2 

0.99 
1.06 

-1 

1.33 
1.36 

Cb 

0 

1.43 

Fe 

0 

1.26 

+4 

0.67 

0.69 

+2 

0.75 

0.83 

+5 

0.69 
0.70 

+3 

0.67 
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EFFECTIVE  RADII  OF  ATOMS  (Continued) 


Element 

Charge 

Radius 
Angstrom 

Element 

Charge 

Radius 
Angstrom 

Ga 

0 

1.33 

Mn 

0 

1.29 

+3 

0.62 

+2 

0.80 

Gd 

+3 

1.11 

+4 

0.91 
0.50 

Ge 

0 

1.22 

0.52 

+4 

0.44 
0.53 
2.72 

+7 

0.46 

-4 

Mc 

0 

+4 

1.36 
0.66 

H 

-1 

2.08 

+6 

0.62 

He 

0 

(0.93) 

N 

0 

0.71 

Hf 

0 

1.66 

+5 

0.11 

Hg 

0 

1.46 

-3 

1.71 

1.49 

Na 

0 

1.86 

+2 

1.10 

1.12 

+  1 

0.95 

0.98 

Ho 

+3 

1.05 

Nd 

+3 

1.15 

I 

0 

+5 
+7 
-1 

1.36 
1.40 
0.94 
0.50 
2.16 
2.20 

Ne 
Ni 

0 

0 

+2 

+3 

(1.12) 
1.24 
0.69 
0.78 
0.35 

In 

0 

+3 

1.45 
1.62 
0.81 

0.92 

O 

0 

+6 
-2 

0.60 
0.09 
1.32 
1.40 

Ir 

0 

+4 

1.35 
0.64 

0.66 

Os 

0 

+4 

1.30 
1.34 
0.65 

0.67 

K 

0 

+  1 

2.23 
1.33 

P 

0 

+5 

0.93 
0.34 

Kr 

0 

(1.69) 

-3 

2.12 

La 

+3 

1.15 

Pb 

0 

1.74 

1.22 

+2 

1.21 

Li 

0 

1.56 

1.32 

+1 

0.60 

+4 

0.84 

0.78 

-4 

2.15 

Mg 

0 

1.62 

Pd 

0 

1.37 

+2 

0.65 

Pr 

+3 

1.16 

0.78 

+4 

0.92 

1.00 
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EFFECTIVE  RADII  OF  ATOMS  (Continued) 


Element 

Charge 

Radius 
Angstrom 

Element 

Charge 

Radius 
Angstrom 

Pt 

0 

1.38 

Te 

0 

1.33 

Kb 

0 

2.36 

1.43 

+1 

1.48 

1.49 

+4 

0.81 

0.89 

Rh 

0 

1.34 

+6 

0.56 

1.35 

-2 

2.03 

+3 

0.69 

2.21 

Ru 

0 

1.27 
1.34 

Th 

0 

1.80 
1.82 

+4 

0.63 

0.65 

+4 

1.02 

1.10 

S 

0 

1.02 

Ti 

0 

1.49 

1.04 

+4 

0.64 

+6 

0.29 

0.68 

0.34 

Tl 

0 

1.99 

-2 

1.74 
1.84 

+1 

1.44 
1.51 

Sa,  Sm 

+3 

1.13 

+3 

0.95 

1.05 

Sb 

0 

1.34 

+3 

0.90 

Tm 

+3 

1.04 

+5 

0.62 

U 

+4 

0.97 

-3 

2.45 

1.05 

Sc 

0 

1.51 

V 

0 

1.32 

+3 

0.81 

0.83 

+4 

0.59 

0.61 

Se 

0 

1.13 

+5 

0.59 

1.17 

w 

0 

1.37 

+6 

0.42 

+4 

0.66 

-2 

1.91 

0.68 

1.98 

+6 

0.88 

Si 

0 

1.18 

Xe 

0 

(1.90) 

+4 

0.39 
0.41 

Y 

+3 

0.93 

1.06 

-4 

2.71 

Yb 

+3 

1.00 

Sn 

0 

+4 

1.40 
0.71 

Zn 

0 

1.31 
1.34 
0.74 

-4 

2.94 

+2 

Sr 

0 

1.95 

0.83 

+2 

1.13 

1.27 

Zr 

0 

1.60 
1.62 

Ta 

0 

1.42 
1.44 

+4 

0.80 

0.89 

Tb 

+3 

1.09 

NH4 

+  1 

1.42 

1.59 
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ABBREVIATIONS  AND  SYMBOLS 

Abbreviations 

The  following  list  of  abbreviations  is  intended  to  cover  those  in  common  use 
in  chemistry  and  physics.  Symbols  are  presented  in  a  separate  list  following 
the  abbreviations. 


A. 

o 

A 

a 

a. 

abs. 

abt. 

a.c. 

acet. 

acet.  a. 

al. 

alk. 

alt. 

amal. 

amor.  01 

amorph. 
amp. 
arm. 
antilog 
ap. 
appr. 
aq. 

aq.  reg. 
asym. 
atm.  or 
atmos. 


At.  No. 
At.  Wt. 
aux. 
Av. 
av.  or 

avoir, 
bar. 
bbl. 
bd. 
Be 


B.G. 


b.h.p. 

bl. 

blk. 

B.M. 

b.p. 

br. 

BTU 

bu. 
B.W.G. 

bz. 

C 

c 

c. 

ca 


Acre 

o 

Angstrom  unit 

Are 

Acid 

Absolute 

About 

Alternating  cur- 
rent 

Acetone 

Acetic  acid 

Alcohol 

Alkali 

Altitude 

Amalgam; 
amalgamated 

Amorphous 

Ampere 

Anhydrous 

Antilogarithm 

Apothecaries' 

Approximately 

Aqua;  aqueous; 

water 
Aqua  regia 
Asymmetrical 

Atmosphere 
(atmos- 
pheric) 

Atomic  number 

Atomic  weight 

Auxiliary 

Average 

Avoirdupois 

Barometer 

Barrel 

Board 

Beaume  (de- 
grees) 

Birmingham 
gauge    (hoop 
and  sheet) 

Brake  horse 
power 

Blue 

Black 

Board  measure 

Boiling  point 

Brown 

British  thermal 
unit 

Bushel 

Birmingham 
wire  gauge 

Benzene 

Centigrade 

Carat;  centi- 

Cold 

Candle 


ca. 

Circa,  about; 

approximate- 

*y  . 

cal. 

Calorie  (gram) 

cc.  or  c.c. 

Cubic  centi- 

meter 

cd. 

Cord 

c.  cm 

Cubic  centi- 

meter 

Cent. 

Centigrade 

centi- 

Prefix   meaning 

1/100 

cf. 

Confer,  compare 

c.f.m. 

Cubic  foot  per 

minute 

cgs 

Centimeter- 

gram-second 

system  of 

units 

cgse 

Cgs  electro- 

static system 

cgsm 

Cgs  electromag- 

netic system 

ch. 

Chain 

chl. 

Chloroform 

cir. 

Circular 

circum. 

Cirumference 

cl 

Centiliter 

cm 

Centimeter 

cm2 

Square  centi- 

meter 

cm3 

Cubic  centi- 

meter 

cm. 

Circular  mil 

coef. 

Coefficient 

colog 

Cologarithm 

colorl. 

Colorless 

comm'l 

Commercial 

cone. 

Concentrated 

cond. 

Condensing 

const. 

Constant 

cos 

Cosine 

cos-1 

Arc     or     angle 

whose   cosine 

is ... ;      anti- 

cosine  of;  in- 

verse cosine  of 

cosec 

Cosecant 

cosh 

Hyperbolic 

cosine 

cosh-1 

Inverse    hyper- 

bolic    cosine 

cot 

Cotangent 

cot"1 

Arc     or     angle 

whose  cotan- 

gent is  .  .  . 

coth 

Hyperbolic    co- 

tangent 

coth-i 

Inverse    hyper- 

bolic    cotan- 

gent 

covers 

Coversed  sine 

c.p. 

Candle    power ; 

circular 

pitch;   center 

of  pressure 

cry.  or 

Crystalline; 

cryst. 

crystals 

CSC 

Cosecant 

CSC-1 

Arc     or     angle 

whose     cose- 

cant is .  .  . 

csch 

Hyperbolic    co- 

secant 

csch-1 

Inverse    hyper- 

bolic cose- 

cant 

CTU 

Centigrade 

thermal  unit 

cu. 

Cubic 

cu.  cm 

Cubic  centi- 

meter 

cu.  ft. 

Cubic  foot 

cu.  in. 

Cubic  inch 

cu.  m 

Cubic  meter 

cu.  yd. 

Cubic  yard 

cwt. 

Hundredweight 

cyl. 

Cylinder 

d 

Derivative;  deci- 

d. 

Decomposes; 

day 

d. 

Dextrorotary 

d.c. 

Direct  current 

dec. 

Decomposes 

deci- 

Prefix   meaning 

1/10 

def. 

Definition  (s) 

deg 

Thermometric 

degree;  abso- 

lute C  unless 

contrary  is  in- 

dicated 

deka- 

Prefix   meaning 

10 

deliq. 

Deliquescent 

den.  or 

Density 

dens. 

dg 

Decigram 

diam. 

Diameter 

dil. 

Dilute 

dissd. 

Dissolved 

dk 

Deka- 

dk. 

Dark 

dkg. 

Dekagram 

dkl 

Dekaliter 

dkm 

Dekameter 

dkm* 

Square  deka- 

meter 

dkm3 

Cubic  deka- 

meter 

dks 

Dekastere 

dl 

Deciliter 
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dm 

Decimeter 

fpsm 

Foot-pound- 

kg 

Kilogram 

dm2 

Square  deci- 

second    elec- 

kg-cal. 

Kilogram- 

meter 

tromagnetic 

calorie 

dm3 

Cubic  decimeter 

system 

kg-m 

Kilogram-meter 

d.p. 

Diametral 

F.S. 

Factor  oi  safety 

kilo- 

Prefix   meaning 

pitch;  double 

ft. 

Foot 

1,000 

pole 

ft.2 

Square  foot 

kl 

Kiloliter 

dr. 

Dram 

ft.3 

Cubic  foot 

km 

Kilometer 

dr.  ap.  or 

Dram,    apothe- 

ft.-lb. 

Foot-pound 

km2 

Square  kilo- 

3ap. 

caries' 

fur. 

Furlong 

meter 

dr.  av.  or 

Dram,  avoirdu- 

G 

Gravitation 

km3 

Cubic  kilometer 

5  av. 

pois 

constant 

kva. 

Kilovolt- 

dr.  fl.  or 

Dram,  fluid 

g 

Gram 

ampere 

j  5fl. 

g-cal.  or 

Gram  calorie 

kw. 

Kilowatt 

dr.  t. 

Dram,  troy 

g.-cal. 

kw.-hr. 

Kilowatt-hour 

or  3t. 

gal. 

Gallon 

1 

Liter 

ds 

Decistere 

gel. 

Gelatinous 

1. 

Long 

dwt. 

Pennyweight 

gi. 

Gill 

1 

Laevorotary 

efflor. 

Efflorescent 

glac. 

Glacial 

lat. 

Latitude 

e.g. 

Exempli  gratia, 

glit. 

Glittering 

lb. 

Pound 

for  example 

glyc 

Glycerine 

lb.  ap. 

Pound,  apothe- 

e.h.p. 

Effective   horse 

gm. 

Gram 

caries' 

power 

gr. 

Gray;  grain 

lb.  av. 

Pound,  avoirdu- 

E.L. 

Elastic  limit 

gm. 

Green 

pois 

em 

Cgsm    unit    of 

gyr. 

Gyration 

lb.t. 

Pound,  troy 

quantity      of 

h 

Hecto- 

leaf. 

Leaflets 

electricity 

h. 

Hot;  hour 

lgr. 

Ligroin 

emf  or 

Electromotive 

ha 

Hectare 

li. 

Link 

e.mi. 

force 

hecto- 

Prefix   meaning 

lin. 

Linear 

es 

Electrostatic  or 

100 

liq. 

Liquid 

cgse   unit    of 

hex. 

Hexagonal 

lim. 

Limit 

quantity      of 

hg 

Hectogram 

In 

Natural   hyper- 

electricity 

hhd. 

Hogshead 

bolic  or 

etc. 

Et.   cetera,   and 

hi 

Hectoliter 

Napierian 

so  forth 

hm 

Hectometer 

logarithm 

eth. 

Ether 

hm2 

Square 

log  or  log. 

Logarithm 

eth.  acet. 

Ethyl  acetate 

hectometer 

log« 

Logarithm  to 

et.  seq. 

Et        sequentes, 

hm3 

Cubic 

the    base    e; 

and    the    fol- 

hectometer 

natural,     hy- 

lowing 

hor.  or 

Horizontal 

perbolic  or 

evap. 
ex. 

Evaporation 

Excess 

horiz. 
h,p. 

High-Pressure 

Napierian 
logarithm 

exp 

Exponential 

HP  or 
h.p. 
h.p.-hr, 

hr. 

Vg. 

Horse  power 

logio 

Common 

function 

logarithm; 

exp. 
exsec 
F 
f 

Explodes 

Exterior  secant 

Fahrenheit 

From 

Fahrenheit 

Fathom 

Feathery 

Friction 

horse  power 
Firkin 
Fluid 

Horse  power- 
hour 
Hour 
Hygroscopic 

long. 
Ing. 

logarithm    to 
the  base  10 

Longitude 

Long 

fahr. 
fath. 
feath. 
f.h.p. 

i. 
ibid. 

i.e. 
ign. 

Insoluble 
Ibidem,    in    the 

same  place 
Id  est,  that  is 
Ignites 

l.-p. 

It. 

lust. 

m 

Low-pressure 
Light 
Lustrous 
Minim  or  drop 
Meter;       milli- 

fir. 
fl. 

i.h.p. 

Indicated  horse 

m2 

Square  meter 

power 

m3 

Cubic  meter 

in. 

Indigo;  inch 

m. 

Minute 

fl.  dr. 

Dram,  fluid 

in.2 

Square  inch 

m. 

M  eta- 

fl.  02. 

fluores. 
fps 

Ounce,  fluid 
Fluorescent 
Foot-pound- 
second  sys- 

in.3 
inc. 
in.-lb. 
insol. 

Cubic  inch 
Inclusive 
Inch-pound 
Insoluble 

max. 
med. 
meth. 

Maximum 

Medium 

Methyl 

tem  of  units 

Int. 

International 

meth.  al. 

Methyl  alcohol 

fpso 

Foot-pound- 

iso. 

Isotropic 

m.e.p. 

Mean  effective 

second     elec- 

isom. 

Isometric 

pressure 

trostatic  sys- 

isoth. 

Isothermal 

met. 

Metallic 

tem 

k 

Kilo- 

mg 

Milligram. 
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ra.h.c.p. 

Mean  horizon- 

perp. 

Perpendicular 

sol. 

Solution; 

tal  candle 

p.f. 

Power  factor 

soluble 

power 

pk. 

Peck 

soln. 

Solution 

mi. 

Mile 

Pi. 

Plates 

sp. 

Specific 

mic. 

Microscopic 

powd. 

Powder 

specif. 

Specification 

micro- 

Prefix   meaning 

pr. 

Prisms 

sp.  gr. 

Specific  gravity 

1/1,000,000 

precip.  or 

Precipitated 

sq. 

Square 

or  10-6 

p'p't'd 

sq.  ch. 

Square  chain 

micro- 

Prefix   meaning 

p.  sol. 

Partly  soluble 

sq.  ft. 

Square  foot 

micro 

10-12 

pt. 

Point;  pint 

sq.  in. 

Square  inch 

milli- 

Prefix   meaning 

purp. 

Purple 

sq.  mi. 

Square  mile 

1/1,000 

pyr. 

Pyridine 

sq.  rd. 

Square  rod 

inilli- 

Prefix   meaning 

Q 

Quantity 

sq.  yd. 

Square  yard 

micro- 

10-9 

q 

Quintal 

std. 

Standard 

min  or 

Minute 

qt. 

Quart 

subl. 

Sublimes 

min. 

q.v. 

Quod  vide, 

sym. 

Symmetrica! 

min. 

Minim;  mini- 

which see 

t 

Metric  ton 

mum;  mineral 

R 

Reaumur; 

t. 

Troy 

ml 

Milliliter 

radioactive 

tab.  or 

Tablets 

m.l.h. 

Mean  lower 

mineral 

tabl. 

c.p. 

hemispherical 

rac 

Racemic 

tan 

Tangent 

candle  power 

rad 

Radian,  meas- 

tan"1 

Arc     or     angle 

mm 

Millimeter 

ure  of  angle 

whose  tan- 

mm2 

Square  milli- 

rad. 

Radius 

gent  is  .  .  . 

meter 

rd. 

Rod 

tanh 

Hyperbolic  tan- 

mm3 

Cubic  milli- 

reg. 

Regular 

gent 

meter 

rev. 

Revolution 

tanh-i 

Inverse    hyper- 

mmf or 

Magnetomotive 

rhbdr. 

Rhombohedral 

bolic  tangent 

m.m.f. 

force 

rhomb. 

Rhombic  or  or- 

temp. 

Temperature 

mol. 

Molecule 

thorhombic 

tetr.  or 

Tetragonal 

Mol.  Wt. 

Molecular 

R.M.S. 

Square  root   of 

tetrag. 

weight 

mean  square 

tn. 

Ton 

monocl. 

Monoclinic 

r.p.m. 

Revolutions  per 

tr. 

Transition 

m.p. 

Melting  point 

minute 

tricl. 

Triclinic 

m.s.c.p. 

Mean  spherical 

s 

Stere 

trig. 

Trigonal 

candle  power 

s. 

Scruple;  soluble; 

trim. 

Trimetric 

myria- 

Prefix   meaning 

second 

T.S. 

Tensile  strength 

10,000  or  104 

•   s.  ap.  or 

Scruple,  apothe- 

turp. 

Turpentine 

m/i 

Millimicron; 

3 

caries' 

Tw.° 

Degrees  Twad- 

millimicro- 

sat.  or 

Saturated 

dell,  hydrom- 

A" 

Numeric;  num- 

sat'd 

eter  scale 

ber  (in  mathe- 

sc. 

Scales 

ult. 

Ultimate 

matical      ta- 

S.E. 

Siemens  unit 

uns. 

Unsymmetrical 

bles) 

sec  or 

Second  (mean 

U.S. 

United  States  of 

n. 

Normal 

sec. 

solar     unless 

America; 

n 

Refractive 

contrary  is 

universal  sys- 

index 

stated) 

tem    of    lens, 

need. 

Needles 

sec 

Secant 

apertures 

0 

Ortho- 

sec-1 

Arc     or     angle 

v. 

Very 

Obs. 

Observer 

whose  secant 

V. 

Vide,  see 

octahdr. 

Octahedral 

is  .  .  . 

vel.  or 

Velocity 

oil 

Oil    of    turpen- 

sech 

Hyperbolic 

veloc. 

turp. 

tine 

secant 

vers 

Versed  sine 

or. 

Orange 

seen-1 

Inverse    hyper- 

vert 

Vertical 

oz. 

Ounce 

bolic  secant 

vise. 

Viscous 

oz.  ap.  or 

Ounce,  apothe- 

segm. 

Segment 

vol. 

Volume 

5  ap. 

caries' 

sh. 

Short 

volt. 

Volatilizes 

oz.  av.  or 

Ounce,      avoir- 

sin 

Sine 

w. 

Water 

3  av. 

dupois 

sin-1 

Arc     or     angle 

wh. 

White 

oz.  fl.  or 

Ounce,  fluid 

whose  sine  is 

wt. 

Weight 

3A. 

yd. 

Yard 

oz.  t.  or 

Ounce,  troy 

sinh 

Hyperbolic  sine 

yel. 

Yellow 

St. 

sinh~l 

Inverse    hyper- 

yr. 

Year 

V 

Para- 

bolic  sine 

M 

Micron;  micro- 

pa. 

Pale 

si. 

Slightly 

MM 

Micromicron; 

p.  ct. 

Per  cent 

sm. 

Small 

micromiero- 
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Symbols 

The  following  list  of  symbols  is  rearranged  from  a  report  of  the  Committee 
on  Letter  Symbols  and  Abbreviations  of  the  American  Association  of  Physics 
Teachers,  H.  K.  Hughes  chairman,  published  in  the  American  Journal  of 
Physics  8,  300-315,  1940. 

Symbols  or  definitions  in  parentheses  are  those  whose  use  is  discouraged 
by  the  committee.  Symbols  or  meanings  indicated  by  an  asterisk  (*)  are 
not  recommended  by  the  committee  but  have  been  added  to  the  list  for  the 
sake  of  completeness. 


A 

An 
A45 

A 


A,  Ap 

A,  Av 

A,  b 
a 

a 


ai 

a  (subscript) 

av  (subscript  or  bar 

over  symbol) 
a,  b 
B 

B 

B,  b 

<$> 
b 


61 

(C) 

c 

(to) 
c 


c      (with     suitable 

subscripts) 
(co) 

Cp 

cv 

U,  C2 

e  (subscript) 


English  Letter  Symbols 

Magnetic  vector  potential. 

Normal  atmosphere*. 

Atmosphere,  45°  latitude*. 

Helmholtz  function  or  maximum  isothermal  work  func- 
tion or  Helmholtz  free  energy  [=  U  —  TS);  refract- 
ing angle  of  prism;  area;  amplitude;  strength  of  simple 
acoustic  source;  atomic  weight. 

Power  gain  of  amplifier;  power  amplification  of 
amplifier. 

Voltage  gain  of  amplifier;  voltage  amplification  of 
amplifier. 

Richardson  equation  factors  [Is  =  AT2  exp  (  —  b/T)]. 

Linear  acceleration. 

Width  of  slit,  transparent  portion;  semimajor  axis  of 
ellipse;  radius  of  tube,  disk  or  membrane,  acous.; 
coefficient  of  accommodation;  mean  absorption 
coefficient  for  a  room,  acous.;  absorption  coefficient 
[Ix  =  la  exp  (—ax)]\  chemical  activity;  aperture, 
optics. 

Bohr  radius  [  =  hfi/4.ir*me*[. 

Adsorbed. 

Average  value  (e.g.,  I,  lav). 

Van  der  Waals  constants. 

Magnetic  flux  density  or  induction;  magnetic  induction 
density. 

Density  of  electric  charge  of-  magnetic  flux  [d<£/dA]; 
brightness  or  luminance  [  =  d//dA  cos  0]. 

Susceptance  or  reciprocal  of  reactance. 

Steradiancy  or  steradiance  [  =  d  FT/doj]. 

Semiminor  axis  of  ellipse;  closest  possible  distance  of 
approach  (in  Rutherford  scattering  formula) ;  first 
Wien  displacement  constant  [=  \mT\\  breadth  or 
width. 

Second  Wien  displacement  constant  [=  Jm/ATh], 

Root-mean  square  velocity. 

Molar  thermal  capacity;  normality;  (rms  speed);  capa- 
citance or  permittance;  compliance. 

Molecular  heat  at  constant  pressure,  at  constant 
volume*. 

Most  probable  velocity. 

Velocity  of  light  in  vacuum;  specific  heat  or  thermal 
capacity;  coefficient  of  induction,  or  partial  capaci- 
tance; distance  from  neutral  axis  to  extreme  fiber 
(beams);  velocity  of  sound  or  other  waves;  acoustic 
conductivity  of  an  opening;  concentration  of  solutions. 

Partial  capacitance. 

Most  probable  speed. 

Specific  heat  or  thermal  capacity  for  constant  pressure. 
Specific  heat  or  thermal  capacity  for  constant  volume. 
Planck  radiation  law  constants  [J^  =  Ac\\~h/(exp  ctf 

XT  -  1)].    > 
Cathode;  critical  properties. 
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D  Displacement;  displacement  flux  density;  electric  flux 

density  [  =  /D  •  dA] ;  electric  induction  density. 

D,  D/47T  Displacement  current. 

D  Derivative  operator. 

D  Minimum  deviation  angle;  coefficient  of  diffusion,  fluid; 

diameter;  optical  density  [  =  logio  Io/I];  power  of  lens 
system  or  refracting  power  [=  n/f  diopters];  relative 
density;  density  of  electric  flux  [=  dV/dA];  optical 
attenuation;  angular  dispersion  [=  d0/d\];  (density 
[=  m/V)). 

d  Differential  operator. 

d  Distance  between  corresponding  points  of  grating;  dis- 

tance between  lens  units  in  an  optical  system;  inter- 
planar  distance  (Bragg  law) ;  spacing  of  Bragg  planes 
in  a  crystal. 

dt.  Specific   gravity   at  temperature   t»,   with   reference   to 

water  at  temperature  h*. 

(E)  ,  Electric    potential   gradient;   electric   field   strength    or 

intensity. 

E  Illumination  or  illuminance  [=  dF/dA]]  total  energy, 

other  than  work;  electromotive  force  or  electromo- 
tance  or  emf ;  Young's  modulus  of  elasticity;  (internal 
or  intrinsic  energy,  thermodyn). 

Ek  Kinetic  energy. 

Ep  Potential  energy. 

Ev  Total  energy  of  vibration. 

&  Irradiancy  or  irradiance  [=  dQ/dA  or  dP/dA,  w  cm-2]. 

(?  Electric   potential  gradient;   electric   field  strength   or 

intensity. 

e  Eccentricity  of  ellipse;  probable  error;  base  of  natural 

logarithms  [  =  2.718  .  .  .  ];  modulus  of  electronic 
charge;  coefficient  of  restitution  or  resilience. 

F  Force. 

F  Force  in  a  string  or  membrane;  luminous  flux  [  =  dQ/dt), 

hyperfine  quantum  number  [=  I  +  «/];  Faraday  con- 
stant or  equivalent;  formality;  (weight);  (Helmholtz 
function  or  maximum  isothermal  work  function  or 
Helmholtz  free  energy  [=   U  -  TS]). 

F,  Fg  Gravitational  force. 

£F  Magnetomotive  force  or  magnetic  scalar  potential. 

/  Relative   humidity;   fugacity;    frequency    (electric    cir- 

cuits, mechanics,  sound) ;  focal  length  of  object  space; 
coefficient  of  friction,  if  \i  designates  the  Poisson  ratio; 
degrees  of  freedom,  kinetic  theory  and  Gibbs  phase 
rule. 

(/o)  Photoelectric  threshold  frequency. 

fr  Natural  or  resonant  frequency. 

/'  Focal  length  of  image  space. 

/,  F  Function;  distribution  function. 

/  (subscript)  Filament. 

G  Newtonian  gravitational  constant;  Gibbs  free  energy, 

Gibbs  function  or  free  enthalpy  [  =  H  —  TS]. 

g  Lande  factor;  statistical  weight  or  degeneracy;  gyro- 

magnetic  ratio;  gravitational  acceleration. 

gg  Grid  or  input  conductance. 

9gp,  (Qm)  Grid-plate    transconductance,    real    part    of    grid-plate 

transadmittance. 

ql  Gravitational  acceleration,  local  value. 

Op  Plate  or  output  conductance. 

Qs  Gravitational  acceleration,  standard  value  [=  980.6(55 

cm  sec-2]. 

045  Gravitational   acceleration   45°   value    [=  980.616    cm 

sec-2]. 
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G,  g 


o  (subscript) 

H 

H 

H 


h 

K  k,  I 

h\[  =  nh],  h2[=  nk], 

/13I  =  nl] 
h  (subscript) 

I 


/o 


h 

I, 

Ixu,  etc. 

/, 

Ixx,  etc. 

/, 

■lav 

l, 

dpk) 

Im,  (/max) 

i 

i 

i, 

(I) 

J, 

(J') 

./ 

i 

i 
K 


k 

k 


Reciprocal  resistance  or  conductance;  electric 
conductance. 

Reference  to  gas  or  vapor. 

Magnetic  field  strength  or  intensity. 

Hamiltonian  function  or  operator. 

Irradiancy  or  irradiance  [=  d$/dA  or  dP/dA,  w  cm-2]; 
Hessian  function;  with  suitable  subscript,  Hermitian 
function;  heat  content  or  enthalpy;  Henry  law  con- 
stant; Boltzmann  function  J      :    /  ,  m  In  m  I. 

Perturbing  Hamiltonian  function  or  operator. 
Head,  hydrodyn;  radius  of  lens  zone;  Planck  constant;: 
degree  of  hydrolysis,  electrolytes;  depth  or  height. 
Dirac  h[=  h/2x]. 
Miller  indices. 
Bragg  reflection  indices. 

Heater. 

Rectangular  areal  moment  of  inertia  [=  J  y 2d A ];  integra- 
tion constant  of  Gibbs  function  equation;  luminous 
intensity  or  candlepower  [=  dF/doo,  lu/steradian]; 
nuclear  spin;  strength  of  magnetic  shell;  acoustic 
intensity,  e.g.,  erg  cm-2  sec-1;  activity  at  time  f, 
radioactivity;  conduction  current;  steady  direct  cur- 
rent; rms  or  effective  current;  convection  current. 

Initial  luminous  intensity;  initial  activitjr,  radio- 
activity. 

Quiescent  current. 

Saturation  current;  total  electron  emission  or  saturation.. 

Product  of  inertia. 

Moment  of  inertia. 

Average  current. 

Peak  current. 

Maximum  current. 

Unit  vector  in  X-direction. 

Mole  factor  or  van't  Hoff  coefficient;  inertia  of  photo- 
graphic plate;  vapor  pressure  constant. 

Instantaneous  current. 

Electric  Joule  equivalent. 

Jacobian  determinant;  mechanical  equivalent  of  heat  or 
Joule    equivalent;    polar    areal    moment    of    inertia 

[=  Jr2d.4];  number  of  equivalents;  total  inner  quan- 
tum number;  radiant  intensity  [=  d<J>/da>  =  dP/dco];: 
total  emissive  power;  variable  action;   (moment   of 
inertia). 
Spectral  radiant  intensity  [  =  d«//d\j. 

Monochromatic  emissive  power. 

Unit  vector  in  Y-direction. 

Inner  quantum  number;  inverse  Jacobian  determinant 

[JJ  -  1]. 
Karat*;  Kelvin,  or  absolute  C  scale  of  temperature*. 
Visibility     factor     or     luminosity     or     monochromatic 

luminous  efficiency  [  =  F^/P^  =  F\/^\lu  w"1]. 

Extinction  coefficient  or  index  [=  (l/x)  logio  Io/I];  Ken- 
constant;  luminous  efficiency  [  =  F/P  =  F/4>] ;  equilib- 
rium constant,  products/reactants;  curvature. 

Hydrolysis  constant. 

Unit  vector  in  Z-direction. 

Volume  modulus  of  elasticity;  molecular  gas  constant  or 

Boltzmann  constant;  torque  per  unit  twist  or  torsion 

constant;  magnetic  volume  susceptibility  [M  =  fcHJ;; 

wave-length     constant      [=  2ir/Xj;     load      per     unit 
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displacement;  magnetic  susceptibility;  radius  of  gyra- 
tion; restoring  force  per  unit  displacement;  spring 
constant  [  =  —F/s] ;  force  constant  [  =  —F/s] ;  specific 
reaction  velocity,  specific  reaction  rate  or  reaction 
velocity  constant;  velocity  coefficient  of  chemical  reac- 
tion*; thermal  conductivity;  coefficient  or  factor  of 
compressibility;  coupling  coefficient. 

kg  Grid  conductance  at  zero  frequency  and  constant  plate 

potential  [=  (dig/dva)v  ]. 

kp  Plate  conductance  at  zero  frequency  and  constant  grid 

potential  [=  (dip/dvp)v  ]. 

L  Torque*. 

L  Lagrange  function  or  Lagrangian  or  kinetic  potential 

[=  Ek  —  Ep);  total  azimuthal  or  orbital  quantum 
number;  relative  heat  content;  total  heat  of  fusion  or 
vaporization;  inductance;  with  suitable  subscript, 
Laguerre  function;  Lorentz  unit  [=  Be /An  mc2]; 
(standard  density,  referred  to  y8  =  980.665  cm  sec-2 
at  0°C,  1A.), 

L12  Mutual  inductance. 

L  Heat  of  fusion  or  vaporization,  per  mole. 

L,  I  Length  of  heat  flow  path. 

/  Free  path;  azimuthal  or  orbital  quantum  number;  heat 

of  fusion  or  vaporization  per  unit  mass;  length  of 
vibrating  string,  rod  or  tube;  length. 

h  Length  rest. 

It  Tait  free  path. 

I  Heat  of  fusion  or  vaporization  per  molecule;  mean  free 

path. 

Reference  to  liquid. 

Intensity  of  magnetization,  magnetization  or  magne- 
tic polarization. 

Mutual  inductance;  total  mass;  mass  per  mole;  total 
magnetic  quantum  number. 

Molecular  weight. 

Ionic    molecular    weight,    if    necessary    to    distinguish 

between  ions  and  neutrals. 
Molecular  rotatory  power*. 
Molecular  magnetic  rotatory  power*. 
Moment  of  atom,  dipole  or  molecule;  magnetic  moment, 

total. 
Order  of  spectrum;  number  of  phases,  elec.  circuits; 

magnetic  quantum  number;  magnification;  mass  of 

molecule;  modulation  factor;  mass  of  electron;  mass*; 

(strength  of  magnetic  pole). 
Electronic  mass,  when  m  is  magnetic  quantum  number. 
Mass  of  a  hydrogen  atom*. 

Longitudinal  mass  [=  rao/(l  —  /92)§]. 
Rest  mass. 


i  (subscript) 
M 

M 

M,  M 
Mit  Mi 

Mfa] 

M[o>) 
m 


me 
inn 

mi 
mo 

mt 

m  or  max  (sub- 
scripts) 
min  (subscript) 

No 
N 


No 

Ni,i... 


Transverse  mass  [=  rao/(l  —  £2)3] 
Maximum. 

Minimum. 

Avogadro's  number*. 

Safety  factor;  number  of  turns  or  of  conductors;  number 
of  molecules;  total  number  of  lines  of  a  grating;  num- 
ber of  atoms  or-nuclei  at  time  t,  radioactivity;  nor- 
malization factor,  probability. 

Initial  number  of  atoms  or  nuclei,  radioactivity. 

Number  of  atoms  or  nuclei,  if  more  than  one  type  is 
considered. 

Initial  number  of  atoms  or  nuclei,  if  more  than  one  type 
is  considered,  radioactivity. 
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N,  No  Number  of  molecules  per  gram-molecule,  0°C,    1A3  or 

Avogadro  number. 

n  Number;   number   of   components,    Gibbs   phase   rule; 

number  of  molecules  per  unit  volume  or  molecular 
concentration;  number  of  moles;  number  of  revolu- 
tions or  rotations  per  unit  time;  principal  quantum 
number;  rotational  frequency  [rev/time];  rigidity  or 
shear  modulus  of  elasticity;  refractive  index;  (order  of 
spectrum);  molecular  concentration  or  molecular 
density  [=  no./cm3];  (angular  frequency  without 
damping). 

ng  Group  refractive  index. 

no  Number   of  molecules  per  cubic   centimeter  0°C,    1AS 

or  Loschmidt  number. 

(uf)  Angular  frequency  of  free  vibration  with  damping. 

iia,  nit  Transport  number  for  anion,  kation*. 

0  Atomic  weight  of  oxygen*. 

0  Opacity,  reciprocal  of  absorptance. 
P  Electric  polarization. 

Pa  Surface  polarization  or  strength  of  double  layer,  electric. 

r  Probability;  active  power,  elec;  power,  used  with  same 

system  of  subscripts  as  for  potential  difference  except 
that  P  unmodified  signifies  average  power;  radiant 
power  or  flux  [=  dU/dt];  amplitude  of  simple  har- 
monic pressure,  acous. 

Pi  Input  power. 

Pz,m  Legendre  polynomial. 

Po  Static  pressure,  acous.;  output  power. 

Pp  Plate  power. 

p  Generalized    momentum;    electric    moment    of    atom, 

molecule  or  dipole;  total  electric  moment. 

p  Heaviside  time  operator  [  =  d/d?]. 

p  Vapor    pressure;    partial   potential   coefficient;  varying 

pressure,  acous.;  partial  pressure;  impact  parameter, 
Rutherford  scattering  formula;  number  of  pairs  of 
magnetic  poles,  elec.  mach.;  distance  between  a  prin- 
cipal plane  of  a  lens  system  and  the  appropriate  prin- 
cipal plane  of  a  unit;  generalized  momentum;  strength 
of  magnetic  pole;  pressure;  osmotic  pressure;  potential 
coefficient;  (angular  frequency  of  impressed  force). 

pc  Critical  pressure. 

P  (subscript)  Plate. 

Q  Figure  of  merit  of  reactance  [=  X/R];  electric  quadru- 

pole  moment;  thermoelectric  power;  luminous  energy 

[=  JFdt];  quantity  of  heat;  quantity  of  light  or 
luminous  energy;  Q-f actor,  or  quality  factor,  of 
reactor  [=  X/R];  moment  of  area  [=  JydA]. 

q  Generalized  coordinate;  heat  entering  system. 

q,  Q  Electric  charge;  quantity  of  electric  charge. 

R  Gas  constant  [  =  pV/nT];  thermal  resistance;  Rydberg 

constant;  radiation  resistance;  range,  radioactivity; 
rotational  quantum  number;  acoustic  resistance; 
(radius  of  tube,  disk  or  membrane,  acous.). 

Roo  Rydberg  constant  at  infinite  mass. 

01  Reluctance;  radiancy  or  radiant  emittance  or  radiance 

or  radiant  flux  density  [  =  d^/dA  =  dP/d^4,  w/area]. 

r  Radius  vector;  position  vector. 

r  Residual   of   an   observation;   radial   distance;   nuclear 

radius;  radius;  relative  humidity;  specific  acoustic 
resistance  [=  R/A];  spherical  coordinates  0[=  colati- 
tude],  X[=  latitude],  <p[  =  longitude]. 

rp  Plate  resistance 

R,  (r)  Electric  resistance. 

r,  d  Polar  coordinates. 

r,  0,  z,  (y)  Cylindrical  coordinates. 
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r  (subscript) 


$2870,   S2870 

s  (subscript) 

T 

T 


To 


*0 

tc,  Tc 

t  (subscript) 
U 


uo 

Vix,y,z 


U 

u 
u,  ug 

11,  Ut 

«,  uav 

U,   Ut 
U,  Uav 

V 


Ve 
Ve 
Vi 
Vn 

Vq 


Reduced  properties. 

Area;  total  spin;  static  sensitivity  of  photoelectric  tube; 
reciprocal  capacitance  or  elastance;  total  spin  quan- 
tum number,  strictly  speaking,  spin  is  not  a  quantum 
number;  entropy;  action;  effective  molecular  cross 
section;  area  of  cross  section,  walls,  acous. 

Linear  displacement. 

Length  of  arc  or  path;  linear  distance;  spin  quantum 
number,  strictly  speaking,  spin  is  not  a  quantum 
number;  dynamic  sensitivity  of  photoelectric  tube; 
slip;  spin;  displacement  in  general;  distance  between 
object  and  corresponding  principal  plane;  object  dis- 
tance, optics;  acoustic  condensation. 

Transconductance  at  zero  frequency  and  constant  plate 
potential  [=  (dip/dvg)vp\. 

Image  distance;  distance  between  image  and  corres- 
ponding principal  plane. 

2870  tungsten  sensitivity  of  photoelectric  tube. 

Reference  to  solid. 

Torque*. 

Kelvin  temperature;  reverberation  time;  half-life, 
radioactivity;  period  of  a  periodic  motion;  oscillation 
period;  (kinetic  energy;  force  in  a  string  or 
membrane). 

Absolute  temperature  of  ice-point;  absolute  ice-point. 

Time;  length  of  prism  base;  transmission  coefficient 
[tx  =  Ix/Io  =  exp  (—ax)];  ordinary  temperature. 

Ordinary  ice-point. 

Critical  temperature. 

Transition  between  polymorphic  forms. 

Radiant  energy;  potential  energy;  total  energy,  other 
than  work;  internal  or  intrinsic  energy,  thermodyn. 

Velocity;  linear  or  particle  velocity;  with  suitable  sub- 
script, ionic  velocity;  (component  of  linear  or  particle 
velocity). 

Initial  velocity. 

Component  of  linear  or  particle  velocity;  rectangular 
component  of  velocity. 

Most  probable  velocity. 

Root-mean-square  velocity. 

Linear    or    particle    speed;    speed;    density    of    radiant 

energy    [=  dU/dV];    reaction    velocity    [=   —dc/dt}; 

time-independent  wave  function. 
Initial  speed. 
Most  probable  speed. 

Rms  speed. 
Group  velocity. 
Velocity  at  ume  t. 
Phase  or  wave  velocity. 

Average  velocity. 

Speed  at  time  t. 

Average  speed. 

Volume;  volume  of  a  cavity  or  room;  rms  or  effective 
potential  difference;  steady  d.c.  potential  difference; 
molecular  volume;  shearing  force  in  beam  section; 
electric  potential;  specific  magnetic  rotation  or 
Verdet  constant;  configuration-space  volume;  atomic 
volume;  (time-dependent  variable  in  Hamilton- 
Jacobi  equation;  electromotive  force  or  electromo- 
tance  or  emf ;  potential  energy). 

Critical  volume. 

Excitation  potential;  excitation  potential  difference. 

Ionization  potential. 

Volume  of  perfect  gas,  0°C,  An. 

Quiescent  potential  difference. 
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VB  Seebeek  potential  difference. 

Vt  Thomson  potential  difference. 

Vv  Contact  or  Volta  potential  difference. 

TV  Peltier  potential  difference. 

Vm  Maximum  peak  potential  difference. 

V  Velocity;    linear    or    particle    velocity;    (component    of 

linear  or  particle  velocity). 
Vo  Initial  velocity. 

\x,v,g  Component  of  linear  or  particle  velocity;  rectangular 

component  of  velocity. 

V  Most  probable  velocity. 

V  Root-mean-square  velocity. 

v  Specific  volume  [T/m];  linear  or  particle  speed;  speed; 

velocity  of  sound  or  other  waves;  vibrational  quan- 
tum number;  instantaneous  potential  difference. 

20  Initial  speed. 

To  Volume  per  gram  mole  of  ideal  gas  at  0°C  and  -4n*. 

t  Most  probable  speed. 

r  Rms  speed. 

V,  Vi  Inner  potential,  metals. 

Yvt{Vmax)  Maximum  potential  difference. 

V,  Vav  Average  potential  difference. 

I',  (Vpk)  Peak  potential  difference. 

v,  \0  Group  velocity. 

v,  Vt  •  Velocity  at  time  /. 

V,  Vow  Average  velocity. 

r.  vt  Speed  at  time  t. 

»e,  iv  Critical  volume,  reduced  volume*. 

7,  rav  Average  speed. 

W  Radiant  emittaiice  or  radiant  flux  density  or  radiancy 

or  radiance  [=  d<b/dA  =  dP/dA,  w/area];  time- 
dependent  variable  in  Hamilton- Jacobi  equation; 
(weight). 

(w)  Phase  or  wave  velocity;  component  of  linear  or  particle 

velocity. 

w  Weight;  mixing  ratio  or  water-vapor  content;  net  work 

function. 

wa  Gross  work  function. 

W,  (w)  Work. 

X  Volume  displacement,  acous.;  acoustic  reactance. 
Xc                                    Capacitive  reactance. 

XI  Inductive  reactance. 

x  Distance  between  object  and  principal  focus  of  object 

space;  specific  acoustic  reactance  [=  X/A]. 

x*  Distance  between  image  and  principal  focus  of  image 

space. 

x,  y,  z  Rectangular  coordinates;  variable. 

V  Young's  modulus  of  elasticity;  admittance  or  reciprocal 

impedance. 
Yi,m  Associated  Legendre  polynomial  or  spherical  function 

[=  Pi,m(6)  exp  hn  <p\. 
y  Super-compressibility  factor;  length  of  object,  optics; 

variable;  (depth  or  height). 
ye  Grid  or  input  admittance  or  reciprocal  impedance  with 

plate-load  [=  gg  —  }b0]. 
ygp  Grid-plate  transadmittance  [  =  gQV  —  \bgv\. 

yp  Plate  or  output,  admittance  or  reciprocal  impedance 

y  Length  of  image;  image  size. 

Z  Gram-equivalent  weight;  radius  of  image  of  a  point; 

modulus  of  section  [=  J/e,  where  c  is  distance  of 
neutral  axis  from  extreme  fiber];  number  of  molecular 
collisions  per  unit  time  or  collision  frequency;  coeffi- 
cient of  relative  viscosity,  referred  to  water;  atomic 
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number;  acoustic  impedance;  radius  of  circle  of  least 
confusion. 
z  Variable;  electrochemical  equivalent;  valence;  specific 

acoustic  impedance  [  =  Z/A]. 

Greek  Letter  Symbols 

a  Angular  acceleration. 

a  Half -angle  subtended  by  point  object  at  objective  of  microscope; 

thermal  coefficient  of  resistance;  end  correction  for  a  tube, 
acous.;  fine-structure  or  Sommerfeld  constant  [=  ch/Zire^); 
specific  rotatory  power  [=  0/lc];  degree  of  dissociation  or  ioni- 
zation, electrolytes;  linear  expansivity  or  linear  coefficient  of 
expansion;  absorption  or  absorption  factor  [=  Fa/Fi];  absorp- 
tion coefficient  of  absorbing  material,  acous.;  angular  resolving 
power  of  telescope;  attenuation  constant  [y  =  a  +  J/3];  tem- 
perature coefficient  of  resistance;  coefficient  of  recombination: 
(plane  angle). 

«'  Coefficient  of  thermal  expansion  or  expansivity  of  a  gas. 

«,  ai  Linear  coefficient  of  thermal  expansion  or  linear  expansivity. 

a,  «',  ar        Volume  expansivity  or  coefficient  of  expansion. 

/S  Phase    constant    [y  =  a.  +  J/3];    u/c,    pressure    coefficient;  1/kT; 

ratio  of  speed  to  speed  of  light  [=  v/c];  relativity  ratio  [=  v/c]; 
specific  heat  constant*;  (plane  angle). 

T  Reciprocal  inductance  [  =  1/L], 

y  Coefficient  of  surface  tension;  propagation  constant  [=  a  -f-  J/9]; 

weightivity  or  specific  weight  [u>/K];  ratio  of  specific  heat  or 

thermal  capacity  [  =  cp/cr]',  adiabatic  exponent  [pVY  =  const.]; 
angular    magnification    [=  tan  u'/t&nu];    contrast    of    photo- 
graphic emulsion;  electric  conductivity  [i  =  yE]. 
A  Optical    length    of    microscope     tube;    quadratic     discriminant 

[=  b2  —  4ac];  difference  in  optical  path;  distance  between  adja- 
cent principal  foci  of  two  lens  units;  small  finite  change  opera- 
tor; cubic  discriminant  [=  (62/4)  +  (a.3/27)]. 

5  Piezoelectric    strain    constant    or    modulus;    deflection    or    total 

elongation;  total  thermal  expansion;  frequency  deviation 
[=  Af/fr);  galvanometer  deflection;  variation  operator;  angle 
of  deviation;  beam  deflection  or  sag. 

bm  Minimum  deviation  angle. 

«  Piezoelectric  stress  constant;  molecular  kinetic  energy,  average 

[  =  |mv2l;  base  of  natural  logarithms  [=  2.718  .  .  .];  self- 
energy  [  =  mc2];  dielectric  coefficient  or  permittivity  or  capaci- 
tivity; epoch  angle. 

eft,  €C  Electrode  potential  above  that  of  normal  hydrogen,  of  normal 

calomel,  electrode*. 

c,  er  Relative  dielectric  coefficient  or  specific  inductive  capacity. 

7]  Coefficient  of  viscosity;  efficiency;  electric  susceptibility  [P  =  -nQ]. 

vi  Current  efficiency,  electrolysis  [  =  /useful //total]. 

yv  Voltage  efficiency  [  =  Ftheor/ Tactual],  electrolysis. 

v(Z,  U,  w)      Transverse  displacement,  acous. 

0  Angular  displacement. 

6  Angle  of  contact;  polar  coordinate  angle;  polar  angle,  colatitude; 

angle  of  optical  rotation;  angular  distance;  plane  angle;  angle  of 
diffraction;  glancing  angle;  (Kelvin  temperature;  ordinary 
temperature). 

k  Electric   conductivity   [i  =  kE};   volume   modulus   of   elasticity; 

coefficient  or  factor  of  compressibility;  susceptibility,  magne- 
tic*; absorption  index  [=  (X/lirx)  In  Io/I]. 

A  Nuclear   dissociation   energy;    permeance   [=  L/N2];   equivalent 

conductivitj  ,  mho/mole;  spherical  Laplace  operator 


r   l     a  ••/-.      d  \         i     d*_ i 

Lsin  6  dd  VSm      B9J        sin*  6  d<p2] 


Linear   density  [=  m/l];  mass  per  unit  length;  free  path;  wave- 
length;    latitude,     colatitude  =  <j>;     disintegration     constant 
[N  =  No  exp  (  —  XOli  linear  charge,  density;  (linear  expansivity 
or  linear  coefficient  of  expansion). 
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X:«  Wave-length    of    maximum    monochromatic    radiance    of   black- 

body  at  stated  temperature*. 
X  t  Tait  free  path. 

X  Mean  free  path. 

M  Partial   molal,  or  chemical  potential  Gibbs  function  [=  dG/dn]; 

Joule-Thomson  coefficient  [=  dT/dp\H];  inductivity  or  abso- 
lute permeability;  reduced  mass  [l//x  =  (1/mi)  -f-  (l/rrn)]; 
molecular  conductivity;  gas  amplification  factor,  photoelectric 
tube;  amplification  factor  [  =  —  (dvp/dvg)ip];  chemical  potential 
[dG/dn];  coefficient  of  friction;  grid  control  ratio,  thyratrons; 
(refractive  index;  coefficient  of  diffusion,  fluid). 

(ng)  Group  refractive  index. 

M/  Nuclear  magneton  [=  /uo/1838]. 

mo  Bohr  magneton  [=  eh/lirmc]. 

fir  Coefficient  of  rolling  friction. 

jus  Coefficient  of  starting  or  static  friction. 

ju,  (nk)  Coefficient  of  sliding  or  kinetic  friction. 

n,  Hr  Relative  magnetic  permeability. 

v  Frequency,  quantum  theory  of  light;  reluctivity  [  =  1/V];  recip- 

rocal of  dispersive  power;  kinematic  viscositv  coefficient 
[=  u/p].  . 

vo  Photoelectric  threshold  frequency. 

vx  Rydberg's  fundamental  frequency*. 

E  Propagation  flux  density. 

£  Longitudinal  displacement,  acous. 

£,  y,  f  Displacement  components  of  sound-bearing  particle;  generalized 

curvilinear  coordinates;  moving  Cartesian  axes  coordinates. 

n  Osmotic  pressure;  Peltier  coefficient;  Poynting  vector;  continued 

product  operator;  Hertzian  vector;  reciprocal  inductance. 

7r  Pressure,  used  for  total  pressure  when  p  represents  vapor  pres- 

sure; (osmotic  pressure). 

p  Volume  density  of  electric  charge;  reflectance  or  reflectivity  or 

reflection  factor  [=  Fr/Fi\;  vapor  density;  resistivity  or  specific 
resistance;  density  [=  m/V];  absolute  humidity;  radius  of 
curvature;  (mass  per  unit  length;  linear  density  1=  m/l]; 
surface  density  [m/A]). 

pv  Convection  current. 

ps  Standard  densitv,  referred  to  gs  =  980.665  cm  sec-2  at  0°C,  1A«. 

S  Exposure  [  =  Et). 

<r  Specific  magnetization  [=  M/p)\  coefficient  of  surface  tension; 

surface  density  [ra/^4];  effective  molecular  cross  section;  area; 
molecular  diameter,  collision;  Poisson  ratio;  dispersion 
[=  d/*/dX];  wave  number;  magnetic  leakage  coefficient;  Stefan- 
Boltzmann  constant  [=  J/T4];  Thomson  coefficient;  electric 
conductivitj''  [i  =  <rE];  surface  charge  density. 

t  Unit  vector  tangent  to  path. 

7  Coupling    coefficient;     optical    transmittance     or     transmission 

factor  [=  Ft/Fi];  mean-life,  radioactivity;  modulus  of  decay 
[s  =  A  cos  (ut  +  <p)  exp  (—  t/r)];  time  constant;  dew-point 
temperature;  (volume;  time,  used  when  t  is  used  for 
temperature). 

<**  Dyadic  in  general. 

*  Magnetic  flux  of  induction  [JB  •  dA];  magnetic  flux  [=  JB  ■  dA]; 

radiant  power  or  flux  [=  dU/dt]. 

ip  Function;  net  work  function  per  unit  charge  or  electron  affinity 

[d<p  =  dw/dq  volts];  electromagnetic  scalar  potential;  longi- 
tude; velocity  potential,  hydrodyn;  fluidity,  reciprocal  of  vis- 
cosity; angle  between  ray  and  normal  in  first  medium;  phase 
angle;  (epoch  angle). 

(f0  Gross  work  function  per  unit  charge  or  gross  electron  affinity 

[d<pg  =  dwg/dq  volts]. 

<pc  Critical  angle. 

<p'  Angle  between  ray  and  normal  in  second  medium. 

7p  Polarizing  angle  or  principal  angle  of  incidence  in  dielectrics. 

X  Specific  magnetic  susceptibility  [  =  k/p]. 
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v]>  Planck  function  [  =  —  A  /T];  electric  flux  of  induction  [=  J  D  •  d  A]; 

total   flux   of   electric  displacement  [=  JD  •  dA];  total  electric 

flux  [=  /D  -dA]. 
\p  Time-dependent  wave  function;  azimuth  angle,  optics. 

T  Principal  azimuth  angle. 

ft  Volume  of  phase  space;  ohm*. 

[12]  Relative    molecular    magnetic    rotary    power    with    reference    to 

water*. 

u>  Angular  velocity. 

co  Pulsatance  or  periodicity;  specific  magnetic  rotation  or  Verdet 

constant;  dispersive  power  [=  (rajr  —  nc)/(nD  —  1)];  angular 
frequency  of  impressed  force;  angular  frequency  without 
damping;  angular  frequency,  or  periodicity  or  angular  speed 
[  =  2irf] ;  solid  angle. 

cjr  Resonant  periodicity. 

a/  Angular  frequency  of  free  vibration  with  damping. 

Miscellaneous  Symbols 

••••  (Superscripts)       Time  derivatives,  dots  used  over  symbol. 
l/k  Thermal  resistivity. 

1/R  Thermal  conductance. 
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Abbreviations  and  symbols 2689-2701 

,  industrial  organic  table 1193 

,  inorganic  table 387 

,  minerals  table 1274 

,  organic  table 609 

Abegg's  rule 2357 

Aberration,  chromatic,  definition 2364 

,  spherical,  definition 2402 

Absolute  density  of  water  at  various  temperatures 1720 

humidity,  definition 2357;  2381 

index  of  refraction  for  pure  water 2280 

pressure,  definition 2357;  2395 

temperature,  definition 2357;  2404 

units,  definition 2357 

zero,  definition 2357 

Absorption  and  emissivity 2297 

Absorption,  atomic,  coefficients  for  X-rays 2036 

coefficients  for  X  and  y  rays 2031-2036 

,  definition  of 2357 

factor,  definition 2357 

,  Lambert's  law,  equation 2357 

of  sound 1957-1963 

spectrum,  definition 2357 

Absorptive  power  or  absorptivity,  definition 2358 

Accelerated  motion,  equations 2407 

Acceleration,  definition 2358 

due  to  gravity  at  any  latitude  and  elevation,  equation.  .    2358 

"      ,  definition 2358 

"      ,  free  air  correction  for  altitude 2676 

11      "  "      ,  latitude,  longitude  and  elevation ...  2670-2674 

;"  ,  units  and  conversion  factors 2439 

Acetic  acid,  specific  gravity  of  aqueous  solutions 1565 

Acetyl  value  for  oils,  fats  and  waxes 1268;  1270 

Achromatic,  definition 2358 

Acid  and  alkali  burns,  treatment  of xvi 

"      dilution  by  volume 1384 

proof  wood  stain 2588 

value  for  oils,  fats  and  waxes 1268;  1270' 

44      of  resins 1272 

Acids  and  bases,  dissociation,  equilibrium  and  ionization  constants  for 

1450-1456 

11     ,  definition 235& 

"     ,  optical  rotation  of 2353 

"     ,  pH  values 1437 

"     ,  standard  solutions  for  volumetric  analysis 1376-1378 

Acoustical  materials,  sound  absorption  of 1959-1963 

Action,  definition 2358 

"      ,  units  and  conversion  factors 2448 

Active  mass,  definition 2358 

Adhesives  and  cements,  recipes  for 2577-2580 

Adiabatic,  definition 2358 

Adsorption,  definition 2358 

Air  columns,  frequency  of  vibration,  equations 2358;  2392 

Air,  dry,  density  of 1728- 

"  ,  spark  spectrum  of 2251-2252 

"  ,  table  for  computation  of  density  of  moist 1723-1727 

Albedo  or  diffused  reflection  for  various  substances 2295 
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Albumen,  specific  gravity  of  aqueous  solutions 1567 

Alcohol  and  water  solutions,  freezing  point 1839 

,  density  at  various  temperatures 1717 

,  ethyl,  specific  gravity  of  aqueous  solutions 1693-1703 

"      ,  methyl  and  ethyl,  refractometer  readings  of  aqueous  solutions   1708 

**      ,        "      ,  specific  gravity  of  aqueous  solutions 1704-1707 

"       -water  mixtures,  boiling  point  of 1827 

-     "  "  viscosity  of 1767 

Algebra,  formulae 268-275 

Alkali  burns,  treatment  of xvi 

Alkalis,  standard  solutions  for  volumetric  analysis 1378-1379 

Allatropy,  definition 2358 

Allowable  carrying  capacities  for  copper  wire 1993;  2650 

Alloys  and  various  solids,  specific  heat  of 1814-1815 

"      ,  composition  and  physical  properties  of 1292-1304 

"     ,  "  ,  supplementarv  table 

1302-1304 

"      ,  density  of 1292-1301 ;  1713-171 4 

Alpha-particle,  definition 2359 

Alpha-rays,  definition 2359 

Alternating  current,  equations 2359 

Altitudes  with  the  barometer,  equations 2359 

Aluminum  chloride,  specific  gravity  of  aqueous  solutions 1567-1568 

sulfate,        "  "  "         "  "  1569-1571 

wire,  cross-section,  mass,  resistance,  table 2657-2658 

American  Standards  Association,  exposure  indexes 2638 

Amino  acids,  composition  of 1453 

"  "    ,  densities  of  crystalline 1464 

"    ,  ionization  constants  in  aqueous  formaldehyde  solution 

and  aqueous  ethanol  solution 1455—1456 

"    ,  properties  of 1453-1454 

"    ,  solubilities  in  grams  per  100  grams  of  organic  solvent.  .  .    1464 

'•'•  ,  of,  in  water 1461 

"   ■',  "  ,  "        "     -alcohol  mixtures 1462-1463 

"  '*    ,  specific  rotations  using  sodium  light 1457-1460 

Ammonia,  solubility  in  water,  table 1424 

,  specific  gravity  of  aqueous  solutions 1572 

,  thermodynamic  properties  of 1914-1917 

Ammonium  chloride,  specific  gravity  of  aqueous  solutions 1576 

hydroxide,      "  "         1573 

nitrate,  "         "  "  "        1576-1578 

sulfate,  "  "         "  "  "         1579-1580 

Amorphous,  definition 2359 

Ampere,  unit  of  electric  current,  definition 2367 

Ampere's  rule 2359 

Amplitude,  definition 2359 

Analysis,  polarographic 1439-1441 

"         ,  reagents  for  semi- micro  qualitative 1382-1383 

,  standard  solutions  for  volumetric 1376-1381 

Analytical  geometry,  equations 294-295 

reagents,  organic 1385-1390 

Angle,  definition 2359 

"     ,  units  and  conversion  factors 2421-2436 

"     ,      "      of,  table 2420 

Angular  acceleration,  definition,  equations 2360 

aperture,  definition 2360 

"         harmonic  motion,  definition 2360 

"         momentum,  definition,  equation 2360 

"         radius  of  halos  and  rainbows 2678 

velocity,  definition,  equation 2360 

Anhydride,  definition 2360 

Anion,  definition 2360 

Annulus,  area  of,  formula 285 

Antidotes  of  poisons xv,  xvi 

Anti-freeze  solutions,  percentage  composition  of 1839 

Antilogarithms,  four-place,  table 18-19 

Aperture  of  objectives,  angular,  definition 2360 

Apochromat,  definition 2360 

Apothecaries'  fluid,  units,  table 2418 

weight,  units  of  mass,  table 2420 
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Approximate  pH  values 1437-1438 

Approximations 271 

Aqua  ammonia,  specific  gravity  of  aqueous  solutions 1574-1575 

Aqueous  glycerol  solutions  for  calibration,  viscosity  of 1768 

solutions,  diffusion  of,  table .  .  . 1769 

"         ,  lowering  of  freezing  point 1829-1830 

,  osmotic  pressure  of,  table 1770 

,  specific  gravity  of 1565-1707 

heat  of 1817-1818 

sucrose  solutions,  viscosity  of 1767 

Arc,  length  of,  formula 284 

"      to  time,  conversion  of  angles  from 190 

Archimedes'  principle,  equation 2360 

Area  and  volume  of  a  spherical  segment,  formulae 287 

comparison  of  metric  and  English  units 2467-2468 

English  units,  table 2417 

metric  units,  table 2413-2414 

of  a  lune,  formula 287 

"  triangle,  equations 294 

circles,  numerical  table 192-201 

geometrical  figures,  formulae 282-288 

spherical  polygon,  formula 287 

triangle,  formula 287 

the  ring  between  two  circles,  formula 285 

unit  of,  definition 2361 

units  and  conversion  factors 2421—2436 

Areas,  ordinates  and  derivatives  of  the  normal  curve  of  error,  explana- 
tion of 10 

,  ordinates  and  derivatives  of  the  normal  curve  of  error,  table. 228— 232 

,  Simpson's  rule  for  irregular 288 

Arithmetical  progression,  formulae 269 

Arrangement  of  electrons  in  orbits,  table 303-304 

Arrhenius'  theory  of  electrolytic  dissociation 2361 

Arsenic  acid,  specific  gravity  of  aqueous  solutions 1581 

Arts  and  recipes,  laboratory 2577-2593 

Astigmatism,  definition 2361 

Astronomical  data 2676-2678 

Atmosphere,  variation  of  composition  with  elevation 2678 

"  temperature,  pressure  and  density  with  alti- 
tude      2678 

Atmospheric  and  meteorological  data 2677—2678 

electricity 2678 

Atom,  definition 2361 

Atomic  absorption  coefficients  for  X-rays 2036 

and  molecular  constants 2683-2388 

H        heat  and  specific  heat  of  mercury 1796 

number,  definition 2361 

numbers  and  weights  of  the  elements 301-302 

radii 2680-2682 

theory 2361 

weight,  definition 2361 

of  general  physical  constants 2684 

Average  daylight,  filter  for 2348 

Avogadro's  law 2361 

number,  definition 2361 

theory  or  principle,  definition 2361 

Avoirdupois,  units  of  mass,  table 2419 

B 

Babo's  law 2361 

Balance,  sensitiveness  of,  equation 2399 

with  unequal  arms,  equation 2389 

Balanced  or  reversible  action,  definition 2362 

Balancing  equations  for  oxidation-reduction  reactions 1404 

Balmer  series 2362 

Barium  chloride,  specific  gravity  of  aqueous  solutions 1582 

Barometer,  altitudes  with,  equations 2359 

,  reduction  to  latitude  45° 1945 

to  gravitv  at  sea  level,  reduction  of 1944 

"  sea  level,  reduction  of 1939-1943 
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Barometric  and  hygrometric  tables 1929-1952 

readings,  conversion  tables  for .  1929-1933 

44        ,  temperature  correction,  brass  scale,  English  units 

1936-1937 
,  ,      "  "     ,  metric  units 

1934-1935 
,  ,  glass  scale,  44     units.    1938 

Barye,  unit  of  pressure,  definition 2395 

Base  connections  of  radio  tubes 2571-2573 

Base  of  logarithms,  change  of,  equation 12 

44       44  natural  logarithms 12 

Bases  and  acids,  dissociation,  equilibrium  and  ionization  constants  for 

1450-1456 

44     ,  definition 2362 

,  optical  rotation  of 2353 

44     ,  pH  values 1437 

44     ,  standard  solutions  for  volumetric  analysis 1378—1379 

Baths,  constant  temperature 1928 

Baume  hydrometer  scale,  conversion  tables 1718—1719 

Bead  and  flame  tests 1359-1360 

Beads  of  microcosmic  salt 1360 

Beats,  definition 2362 

Beer's  law 2362 

Bernoulli's  theorem,  equation 2362 

Berthelot's  principle  of  maximum  work 2362 

Beta-particle,  definition 2362 

Beta-rays,  definition 2362 

Binomial  coefficients,  formulae  and  table 274 

series 271 

Biologic  Materials,  pH  values 1437 

Birmingham  wire  gauge 2643-2646;  2648 

Black  body,  definition 2362 

Black's  ice  calorimeter,  equation 2402 

Blood,  reduction  values  for  glucose,  procedure,  tables 1468—1469 

Blue  print  paper,  sensitizing  formula  for 2635 

Bluing  steel  and  iron 2577 

Boiling  and  melting  points  of  the  elements 1824 

temperatures  for  various  substances 1826 

44        point  index  of  organic  compounds 1183-1192 

44        point,  molecular  elevation  of 1828 

44        of  industrial  organic  compounds 1196-1264 

44        44  inorganic  compounds 395-549 

44        44  metal-organic  compounds 551-585 

44  organic  compounds 611-1149;  1183-1192 

44  water 1822-1823 

44        44  water-alcohol  mixtures 1827 

44        points,  correction  to  standard  pressure 1831-1832 

Boltzmann's  molecular  gas  constant,  definition 2375;  2686 

Borox  bead  tests 1359-1360 

Boyle's  law  for  gases,  definition,  equation 2362 

Brashear's  process  of  silvering  glass 2589 

Breaking  strain  and  limit  of  elasticity  for  metals,  table 1729—1733 

Brewster's  law 2363 

Bridge  calculations,  ratio  tables  for 1989—1992 

Brightness,  definition 2363 

Brightness  of  tungsten 2097 

Brilliancy  of  light  sources,  intrinsic 2096 

Brinell  hardness  for  metals,  table 1729-1733 

British  standard  gauge  for  wire 2649 

thermal  unit  (BTU) ,  definition 2380 

Brown  and  Sharpe  gauge,  dimensions  of  wire 2651—2658 

Brownian  movement,  definition 2363 

B.  &  S.  gauge,  resistance  of  wire  per  unit  length 2663—2667 

Buffer  solutions,  Mcllvaine's  standard,  table 1431 

44       systems,  approximate  pH  values 1438 

Building  materials,  sound  absorption  of 1957-1958 

Bulk  modulus,  equation 2363 

Bunsen's  ice  calorimeter,  equation 2402 

Burns  and  scalds,  treatment  of xvi 

Butane,  thermodynamic  properties  of 1922-1923 
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Cadmium  nitrate,  specific  gravity  of  aqueous  solutions 1583 

Calcite,  Index  of  Refraction 2280 

Calcium  chloride,  specific  gravity  of  aqueous  solutions 1584 

Calculus 244-287 

Calibration,  fixed  points  for  thermometer 1849-1850 

of  thermocouples 1849-1850 

tables  for  thermocouples 2002-2013 

Calorie,  unit  of  heat,  definition 2380 

Calorimeters,  equations 2402 

Candle,  International,  definition 2095;  2386 

Candlepower,  spherical,  definition 2095 

Cane  sugar,  solubility  of 1443 

Capacitance,  definition,  equations 2363 

-inductance,  product  for  various  wave-lengths 2540-2542 

of  condensers,  various  shapes,  formulae 2529-2531 

"  conductors,  formulae 2529-2531 

,  units  and  conversion  factors 2458 

Capacity,  comparison  of  metric  and  English  units 2469-2470 

"         ,  electric.      See  {Capacitance) 

,  English  units,  table 2418 

11         ,  metric  units,  table .  .  . 2414 

of  glass  vessels,  corrections  for,  table 1393 

,  primary  standard  of,  definition 2412 

Capillary  constant,  equation 2364 

depression  of  mercury  in  a  glass  tube,  correction  for,  table     1392 

tubes,  equation 2403 

Carbohydrates,  proteins  and  fats  in  food 1549-1562 

Carboloy,  alloy 1301 

,  resistivity 1979 

,  specific  heat 1815 

Carbon  bisulfide,  index  of  refraction  at  various  temperatures 2279 

dioxide,  thermodynamic  properties  of 1918-1919 

44       ,  vapor  pressure  of 1859 

"        disulfide,  thermodynamic  properties  of 1924-1925 

"        tetrachloride,  thermodynamic  properties  of 1924-1925 

Carcel  unit,  photometric 2095 

Carnot's  cycle,  definition 2364 

Carrying  capacity  for  copper  wire 1993;  2650 

Catalyptic  agent,  definition 2364 

Cathode  rays,  phospherescence  by 2334 

Cation,  definition 2364 

Cauchy's  dispersion  formula 2364 

Cells,  electromotive  force  and  composition  of 1969-1970 

Cements  and  adhesives,  recipes  for. 2577-2580 

Centigrade  degree,  definition 2404 

to  Fahrenheit,  conversion  table 2509-2526 

Centimeter,  unit  of  inductance 2382;  2459 

Centimeters  to  inches,  conversion  table 2475-2480 

Central  measures 276 

Centrifugal  force,  definition 2364 

Centripetal  force,  definition 2364 

Change  in  volume  due  to  fusion 1849 

Change  of  base  of  logarithms,  equations 12 

Character  of  Fluorescence 2336-2347 

Characteristics  and  functions  of  the  vitamins 1540-1548 

Characteristics  of  thermionic  vacuum  tubes 2548-2573 

Charge,  electric,  units  and  conversion  factors 2453 

Charles'  law,  definition 2364 

44      for  gases 2375 

Chemical  composition  and  names  of  pigments 1334-1337 

of  the  Earth's  crust 2676 

equilibrium,  definition 2374 

hazards  in  fires xvii,  xviii 

names,  formulae  and  common  names  of  chemicals 1338-1343 

44         of  industrial  organic  compounds 1194-1262 

terms,  definitions 2357-241 1 

words,  pronunciation  of 1346-1357 

Chemiluminescence,  definition 2364 

Chi  square,  table 281 
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Chord,  length  of,  formula. 284 

Christiansen  effect,  definition  and  formula 2364 

Chromatic  aberration,  definition 2364 

scale 1955 

Chromatic  acid,  specific  gravity  of  aqueous  solutions 1585 

Chromium  sulfate,  specific  gravity  of  aqueous  solutions 1586 

Circle,  area  of,  formula 284 

Circles,  area  and  radius  of  inscribed  and  circumscribed,  table,  formula 

282-283 

"      ,  equations  of 294 

44      ,  mensuration  formulae  for 284-285 

44      ,  numerical  table  for  circumference  and  area 192-201 

Circular  motion,  uniform,  equations 2406 

Circumference  of  a  circle,  formula 284 

Circumferences  of  circles,  numerical  table 192-201 

Circumscribed  circles,  formulae,  table 282-283 

polygons,  area  and  perimeter,  formulae 283 

Citric  acid,  specific  gravity  of  aqueous  solutions 1587 

Clark  and  Lubs  indicator  solutions,  preparation  of 1430 

Class  interval,  formulae 278 

Cleaning  compounds  and  methods 2581-2583 

mercury 2582 

optical  surfaces  for  silvering 2582 

Coals,  heat  of  combustion  and  composition  of 1535-1536 

Coefficient  of  absorption  of  solar  radiation 2297 

"  equation  for  the  linear  expansion  of  solids 1777 

44  expansion  of  gases  at  constant  pressure 1780 

"  "  "  "       "       "  "         volume 1781 

"  friction 1739 

44  restitution,  definition 2399 

,  equation 2372 

44  sound  absorption 1957-1963 

44  thermal  expansion,  definition 2405 

44        ,  linear 1771-1777 

44  transparency  for  uviol  glass 2287 

of  glass  for  the  infrared 2288 

Coefficients  of  reflection  of  magnesium  carbonate  and  magnesium  oxide  2293 

,  reflection 2296 

,  of  surfaces 2296 

Colligative  property,  definition 2365 

Collision  frequency  of  gas  molecules 2679 

Colloid,  definition 2365 

Color  and  physical  form  of  industrial  organic  compounds 1195-1263 

of  inorganic  compounds 394-548 

"   metal-organic  compounds 550-584 

44  minerals 1277-1291 

"  organic  compounds 611-1149 

scale  of  temperature 1815 

sensation,  relative  stimulation  by  different  wave  lengths 2292 

Colorations,  flame 1359 

Colored  glasses,  transmission  of 2308-2321 

liquids 2583-2584 

Colorimetry 2348-2350 

Coma,  definition 2365 

Combinations,  algebraic,  formulae 269 

of  lenses,  equations 2385 

Combining  volumes,  definition 2365 

,  Gay-Lussac's  law  of 2378 

weight,  definition 2365;  2374 

weights,  law  of 2365 

Combustion  and  composition,  heat  of,  for  coals 1535—1536 

,  heats  of,  for  manufactured  and  natural 

gases 1534 

constants  of  gases 1531-1533 

,  heat  of,  for  liquid  fuels 1531 

,     4'      44  ,    4i    organic  compounds 1521-1529 

44      44  ,    44    various  substances 1537 

Commercial  plastics,  properties  of 1305-1325 

Common  fractions  to  decimal  equivalents,  conversion  table 12 

logarithms  of  decimal  fractions,  four  place 16-17 

2708 


INDEX 

PAGE 

Common  names  and  svnonyms  of  alloys 1292-1304 

of  chemicals 1338-1343 

Comparison  of  wire  gauges 2643-2646 

Complete  elliptic  integrals,  tables 233-235 

Component  substances,  law  of 2365 

Composition  and  electromotive  force  of  voltaic  cells 1969-1970 

"     heat  of  combustion  of  coals 1535—1536 

44  "     physical  properties  of  alloys 1292-1304 

"  "  "  "  44        "      ,     supplementary     table 

1302-1304 

"     value  of  foods 1548-1562 

Composition,  chemical,  of  pigments 1334-1337 

"  the  Earth's  crust 2676 

of  amino  acids 1453 

11  manufactured  and  natural  gases 1534 

44  the  atmosphere,  variation  with  elevation 2678 

44  vectors,  equation 2408 

Compounds,  definition 2365 

Compressibility,  definition 2365 

of  liquids 1735-1737 

Concentration,  definition 2365 

of  laboratory  reagents 1361-1383 

Condensers,  capacitances  of,  formulae 2365 

in  parallel  and  series,  capacitances  of,  equations 2365 

Conductance,  definition 2365 

,  equivalent,  of  the  separate  ions 1998 

of  aqueous  solutions,  equivalent 1995-1997 

Conduction  of  heat,  definition,  equation 2366 

Conductivity,  definition 2366 

,  electric,  units  and  conversion  factors 2457-2458 

of  standard  solutions 1994 

,  thermal,  definition,  equation 2366 

,         44      ,  of  solids,  liquids  and  gases 1889-1896 

,  44      ,  44  various     commercial     insulating     materials 

1895-1896 

Conductors,  capacity  of,  equations 2363 

,  definition 2366 

Cone,  surface  and  volume,  formulae. 287 

Configuration  of  the  elements,  electronic 303—304 

Conjugate  foci,  definition 2366 

Conservation  of  energy,  definition 2366 

44  mass,  definition 2366 

44  momentum,  equation 2366 

Constant  heat  summation,  Hess'  law  of 2380 

humidity 1951-1952 

44        with  sulfuric  acid  solution 1952 

temperature  baths 1928 

Constants,  atomic  and  molecular 2683-2688 

,  miscellaneous  physical 13 

,  molecular  of  gases 2679 

,  numerical  and  logarithmic 12 

of  industrial  organic  compounds 1193—1265 

44  inorganic  compounds 384-549 

44  metal-organic  compounds 550-585 

44  minerals 1274-1291 

44  organic  compounds 610-1149 

44  resins,  oleo-resins  and  gum-resins 1272-1273 

44  vegetable  and  animal  oils,  fats  and  waxes 1266-1271 

Constitutive  property,  definition 2366 

Contact  difference  of  potential 1971 

Contrast  Negative  developers 2603-2608 

Conversion  and  unit  factors 2412-2526 

factors  (condensed) 11 

44     ,  pH  to  E.  M.  F 1430-1431 

of  angles  from  arc  to  time 190 

44  thermometer  scales 2505-2508 

table,  centimeters  to  millibars 1932-1933 

14     ,  common  fractions  to  decimal  equivalents 12 

44       (condensed) 10 

44     ,  degrees  and  fractions  to  radians 190 
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Conversion  table,  degrees,  minutes  and  seconds  to  radians 189 

"  "    ,         "        -radians,  radians  to  degrees 186-190 

"  "       for  barometric  readings 1929-1933 

"  "         "    pressure  and  energy  units 2465 

"         "    results  of  water  analysis 1449 

'*  M        "    transmission  units 2574-2576 

M    ,  hydrometer 1718-1719 

"    ,  metric-English  units 2475-2526 

'*    ,  minutes  and  seconds  to  decimal  parts  of  a  degree.  .      191 

"  "    ,  radians  to  degrees 186-190 

M     ,  U.  S.  inches  to  millibars 1930-1931 

Cooling,  Newton's  law  of,  definition.  .  . 2391 

Coordinate  system,  standard,  of  colorimetry 2348 

Copper  nitrate,  specific  gravity  of  aqueous  solutions 1588 

sulfate,        "  44         "         "  "        1588-1590 

14        wire,  dimensions,  mass  and  resistance 2651-2556 

"    ,  safe  current  carrying  capacity 1993;  2650 

Correction  for  capacity  of  glass  vessels,  table 1393 

44    capillary  depression  of  mercury  in  a  glass  tube,  table  .  .    1392 

of  boiling  points  to  standard  pressure 1831-1832 

Corrections  to  thermometer  scales 2507-2508 

Correlation,  formulae 278-280 

Cosecants  and  secants,  natural  functions 113-127 

Cosine  squared  and  Sine  squared  and  the  product  of  sine  and  cosine, 

table 143-165 

Coulomb,  unit  of  quantity  of  electricity,  definition 2396 

Coulomb's  law,  force  between  two  charges,  definition  and  formulae.  .    2377 

Couple  acting  on  a  magnet,  equations 2367 

Couple,  definition 2367 

Critical  constants  for  gases 1833-1835 

"        Temperature,  definition 2367 

Cross  hairs,  mounting 2584 

Cross-section  aluminum  wire,  table 2657-2658 

"       and  mass  of  wires,  various  metals 2650-2662 

Crushing,  resistance  to 1739 

Cryohydrate,  definition 2367 

Crystal,  definition 2367 

Crystalline  form  and  color  of  industrial  organic  compounds 1195-1263 

"        "        "       "  inorganic  compounds 394-548 

"        "        "       "  metal-organic  compounds 550-584 

"      "  minerals 1277-1291 

"  *'        "        "      "  organic  compounds 611-1149 

Crystallographic  Data,  X  Ray 2041-2094 

"      "    ,  supplementary  table 2089-2094 

Crystals,  grating  space  in 2040 

Cube  roots,  table  of 202-221 

Cubes  and  squares,  table  of 202-221 

"       of  numbers,  sum  of,  formula 269 

Cubic  equations,  formulae 270 

Cubical  expansion  of  liquids 1779 

44  solids. . 1778 

Cupric  chloride,  specific  gravity  of  aqueous  solutions 1591—1592 

Cuprous  oxide  equivalent  of  sugars 1470-1474 

Curie  point,  definition 2367 

Curie's  law,  equation 2367 

Current  carrying  capacity  of  copper  wire 1993;  2650 

,  electric,  definition 2367 

"        ,         44      ,  units  and  conversion  factors 2454 

"       ,  in  a  simple  circuit,  equations 2368 

Curves,  equations  of 294-295 

Cylinder,  surface  and  volume,  formulae 287 


Dalton's  law  of  partial  pressures 2368 

Dates  of  discovery  of  the  elements 305-333 

Daylight,  average,  filter  for 2348 

Decibel,  definition 2394 

Decimal  equivalents  of  common  fractions 12 

fractions,  common  logarithms  of 16-17 
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Decimal  parts  of  a  degree  to  minutes  and  seconds 191 

Deci-normal  solutions  of  salts  and  other  reagents 1394-1396 

Declination,  definition 2368 

,  magnetic 2029-2030 

Decomposition,  definition 2368 

of  anhydrous  metallic  sulfates 1564 

Definite  integrals 263-267 

proportions,  law  of 2368 

Definitions  and  formulae. 2357-2411 

Degree  of  freedom,  definition 2368 

44  ionization,  for  acids,  bases  and  salts 1447 

Degrees  and  decimal  fractions  to  radians,  conversion  table 190 

-radians,  conversion  table 186-190 

Dehydration  of  metallic  sulfates,  table 1563 

Deming's  periodic  table  of  the  elements 336 

Densities  of  crystalline  amino  acids 1464 

Density  and  specific  gravity  of  gases  and  vapors 17C9-1710 

"        volume  of  mernry 1722 

"     volume  of  water,  relative 1721 

,  definition 2368 

of  air,  10-30°C;  72-77  cm 1728 

44  alcohol  at  various  temperatures 1717 

44  alloys 1292-1302;  1713-1714 

44  aqueous  vapor 1903-1913;  1938 

44  common  woods 1330-1333 

44  elements 1711-1713 

44  gases  and  vapors 1709-1710 

"       "      in  liquid  and  solid  form 1729 

44  heavy  liquids  for  mineral  separation 2278 

44  industrial  organic  compounds 1195-1263 

44  inorganic  compounds 395-549 

44  metal-organic  compounds 550-585 

44  minerals 1276-1290 

44  moist  air,  table  for  computation  of 1723-1727 

44  oils,  fats  and  waxes 1267-1271 

44  organic  compounds 611-1149 

44  resins 1272 

44  saturated  vapors 1728 

44  sulfuric  acid  solutions 1952 

44  various  aqueous  solutions 1679-1692 

liquids 1717 

solids 1715-1716 

44  water 1716 

44       44      at  various  temperatures,  absolute 1720 

44  #    44       vapor  in  saturated  air 1903-1913;  1938 

units  and  conversion  factors 2439 

44        44     hydrometers 1718 

Depression  of  the  freezing  point,  molecular 1828 

Derivation  of  the  names  of  the  elements 305-333 

Desensitizers,  photographic 2616-2617 

Developer,  maximum  energy 2609 

Developers,  contrast  negative 2603-2608 

,  fine  grain 2605-2608 

for  plates,  films  and  papers 2594-2620 

44    sensitometry,  standard 2612 

,  general  purpose  negative 2594-2602 

44  ,  lantern  slide 2608-2609 

,  photographic 2594-2620 

,  portrait 2610-2611 

,  tropical 2612-2613 

44  ,  universal 2614-2615 

,  X-ray 2616 

Deviations,  probable  occurrence  of 227 

Dew-point,  definition 2368 

44     ,  relative  humidity 1946-1947 

Dextrose,  cuprous  oxide  equivalent 1470-1474 

Dialyzers 2584 

Diamagnetic,  definition 2368 

Diameter  of  gas  molecules 2679 

Diaphragm  systems  for  photographic  lenses 2636 
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Dielectric  constant,  equation 2368 

,  table 1965-1968 

"  "        ,  units  and  conversion  factors 2463 

strength  or  sparking  potential  for  insulators 1968 

Dielectrics,  definition 2369 

,  resistivity  of 1999-2001 

Dietary  allowances,  recommended 1547-1548 

Difference  of  potential  between  metals  in  solutions  of  salt.s 1971 

"        ,  contact 1971 

Differentials 244 

of  hyperbolic  functions 298 

Diffraction,  definition 2369 

grating,  equations 2369 

Diffuse  reflecting  power 2294-2295 

reflection  for  various  substances 2295 

Diffusion,  equation 2369 

of  aqueous  solutions,  table 1769 

11  "   gases,  table.  .;•••, 1769 

Diffusivity,  coefficient  of  diffusion,  units  and  conversion  factors 2452 

,  equation 2369 

of  heat,  equation 2369 

Difluorodichloromethane,  thermodynamic  properties  of 1924-1925 

Dilution  of  acid,  by  volume 1384 

Dimensional  formulae,  explained 2369 

Dimensions  of  wire,  B  &  S  gauge,  mass  and  resistance  for  copper .  2651-2656 

Diminution  of  pressure  at  the  side  of  a  moving  stream,  equation 2370 

Dip,  definition 2370 

Dip  or  inclination  of  the  Earth's  field 2028 

Discoveries  of  the  elements 305-333 

Dispersion,  definition 2370 

,  (statistics),  formulae 277 

of  optical  glass,  table 2285 

,  table 2285 

Dispersive  power,  equation 2370 

Displacement,  definition 2370 

in  oscillatory  motion,  definition 2370 

series  of  elements 1465-1467 

Dissociation  constants  of  acids  and  bases 1450-1452 

"  amino  acids 1451-1452 

,  electrolytic  Arrehenius'  theory  of 2361 

Distance  between  two  points,  equations 294 

Distillation  range  of  industrial  organic  compounds 1196-1264 

Distribution  coefficients  for  equal  energy  spectrum 2349-2350 

law 2370 

Doppler  effect  (light),  definition 2370 

Doppler's  principle,  equations 2370 

Double  decomposition,  definition 2371 

"      layer  theory 2373 

Drill  gauge,  sizes 2647 

Drops  and  bubbles,  pressure  due  to  surface  tension,  equations 2404 

Dry  measure,  English  units,  table 2418 

Drying  agents,  efficiency  of,  table 1403 

Dulong  and  Petit's  law  of  thermal  capacity 2371 

Dyes  and  pigments,  absorption  of 2302-2307 

Dyestuff  intermediates,  trade  names  of 1344-1345 

Dyne,  unit  of  force,  definition 2376 

E 

Earth,  data  in  regard  to  the 2676 

Earth's  crust,  chemical  composition  of 2676 

Eddy  current,  definition 2371 

Edison  effect 2371 

Effective  radii  of  atoms 2680-2682 

Efficiencies  of  illuminants 2095-2096 

Efficiency  of  a  source  of  light 2095 

"  drying  agents,  table 1403 

Efflux,  velocity  of,  equations 2408 

Elastic  coefficients,  equations 2371 

constants  for  gases 1738 
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Elastic  constants  for  solids 1729-1734 

44     limit  for  metals,  table 1729-1733 

Elasticity,  definition 2371 

"        ,  limit  of,  definition 2371 

,  modulus  of,  definition 2371 ;  2389 

"       ,  Young's  modulus  for 1734 

Electric  current,  definition 2367 

"       field  intensity,  equation 2372 

"       potential,  definition 2394 

surface  density,  definition 2403 

Electrical  energy,  equations 2394 

field  strength,  units  and  conversion  factors 2455 

"         inductivity,  units  and  conversion  factors 2463 

*'        units  and  conversion  factors 2453-2464 

44  ,  International 2412 

Electricity,  atmospheric 2678 

Electrochemical  equivalent,  definition 2372 

equivalents  of  the  elements 1972-1974 

reactions,  potentials  of,  at  25°C 1444-1446 

Electrolysis,  equation 2372 

Electrolytes,  resistance  of 1993 

Electrolytic  dissociation  theory 2373 

,  Arrhenius'  theory  of 2361 

potential,  metals  in  solutions  of  salts 1971 

solution  tension  theory 2373 

Electromotive  force  and  composition  of  voltaic  cells 1969-1970 

"     ,  definition 2372 

"     series  of  elements 1465-1467 

series,  definition 2373 

Electron,  definition 2373 

theory  of  matter 2373 

Electronic  configuration  of  the  elements 303-304 

Elements,  atomic  number,  atomic  weight,  symbols,  valence 301-302 

,  definition 2373 

,  density  of 1711-1713 

,  derivation  of  names,  description,  discoverers,  occurrence  of  305—333 

,  description  of 305-333 

,  electrochemical  equivalents  of 1972-1974 

,  electromotive  force  series  of 1465-1467 

,  electronic  configuration  of 303-304 

,  emission  spectra  of 2101-2250 

,  ionization  potentials  of 1975-1977 

,  isotopes  of : 337-380 

,  melting  and  boiling  points  of 1824 

,  periodic  arrangement  of,  table 334—335 

,         "        table,  Deming 336 

,         persistent  spectrum  lines  of 2263-2272 

,         refractive  index  of 2273 

specific  heat  of 1797-1799 

Elevation,  latitude  and  longitude,  acceleration  due  to  gravity. . .  .2670-2674 

of  the  boiling  point,  molecular 1828 

Ellipse,  area  and  circumference  of,  formula 285 

,  equations  of 295 

Elliptic  functions 299 

"      integrals,  complete 299 

Elliptic  integrals,  tables 233-235 

E.  M.  F.  to  pH,  conversion  factors 1430-1431 

Emission  spectra  of  the  elements 2101-2250 

Emissive  power,  definition 2373 

"      ,  monochromatic,  definition 2390 

Emissivity  and  absorption 2297 

,  spectral 2299 

,  total 2298 

Enantiotropic,  definition 2373 

Energy,  conservation  of 2366 

,  definition,  equations 2373-2374 

,  free,  table 1538-1539 

of  a  charged  conductor,  equation.  .  ; 2374 

44   rotation,  equation '. 2374 

44   the  electric  field,  equation 2374 

2713 


INDEX 

PAGE 

Energy,  units  and  conversion  factors 2444-2465 

English  units  comparison  with  metric  units 2466-2471 

Enthalpy  of  air-saturated  water 1794 

Entropy,  definition 2374 

Equation  for  the  linear  expansion  of  solids 1777 

Equations  for  volumetric  quantitative  reactions  with  gram  equivalents 

1397-1403 

of  analytical  geometry 294-295 

44         ,  quadratic  and  cubic  formulae 270 

Equilibrium,  chemical,  definition 2374 

constant,  definition 2374 

constants  of  acids  and  bases 1450-1456 

Equivalent  conductance  of  aqueous  solutions 1995—1997 

44  the  separate  ions 1998 

Equivalent  gram,  definition 2379 

of  heat,  mechanical,  definition 2389 

44  ,  "  ,  table 1790 

14  light,  least  mechanical,  definition 2095 

weight  or  combining  weight,  definition 2374 

Equivalents,  electrochemical,  of  the  elements 1972-1974 

Erg,  unit  of  work  and  energy,  definition 2410 

Error,  areas,  ordinates  and  derivatives  of  the  normal  curve,  table.  .  .228-232 

Ester  value  of  resins 1273 

Ethyl  alcohol,  index  of  refraction  at  various  temperatures 2279 

44      ,  specific  gravity  of  aqueous  solutions 1693-1703 

41     and  methyl  alcohols,  refractometer  readings  of  aqueous  solutions   1708 

44      ether,  thermodynamic  properties  of 1924-1925 

Ethylene  glycol  and  water  solutions,  freezing  point  of 1839 

Ettinghausen  effect 2374;  2463 

Etymology  of  the  names  of  the  elements 305—333 

Eutectic,  definition 2375 

Exact  values  of  factorials 186 

Expansion,  coefficient  of,  thermal 1771-1781 

of  alloys 1292-1302 

44    gases  at  constant  pressure,  coefficient  of 1780 

"       volume,  coefficient  of 1781 

44        44     ,  equations 2375 

44   glasses,  thermal 1777 

44   liquids,  cubical 1779 

44    solids,  coefficients  of,  equations 1777 

44   ,  cubical 1778 

44       ,  thermal,  equations 2405 

Expansions  and  factors,  formulae 268 

Explanation  of  mathematical  tables 1-10 

44   use  of  logarithms 1-5 

Exponential  functions,  use  of  table 8 

method  of  expressing  numbers 1 

series 27 1 

Exponentials,  table 174-179 

Exponents,  relations  of 268 

Exposure  indexes  of  the  American  Standards  Association 2638 

F 

Factorial  development,  photographic 2636 

Factorials  and  their  logarithms,  table 224 

44  ,  use  of  table 9 

44        ,  exact  values  and  reciprocals,  table 186 

44        ,  Stirling's  approximation  formula  for 269;  273 

Factors  and  expansions,  formulae 268 

primes 236-243 

44      ,  use  of  table 10 

44       for  computing  probable  errors,  explanation 9 

44     ,  table 225-226 

44      ,  gravimetric 1475-1495 

Fahrenheit  degree,  definition 2404 

Falling  bodies,  equations 2375 

Farad,  unit  of  capacitance,  definition 2363 

Faraday  effect,  definition 2376 

44       ,  unit  of  electrical  charge,  definition 2396 

2714 


INDEX 

PAGE 

Faraday's  law 2376 

Fats  and  waxes,  constants  of 1266—1271 

"    ,  proteins  and  carbohydrates  in  food 1549-1562 

Fermat's  principle  of  least  time,  definition 2376 

Ferric  chloride,  specific  gravity  of  aqueous  solutions 1592-1594 

"      nitrate  "  "   -    "  "  "  1594-1596 

"      sulfate,  "  "       "  "  "  1597 

Ferrous  sulfate 1598 

Field  intensity,  static,  equations 2372 

Film  and  plate  speeds,  table 2637-2642 

Filters,  Davis-Gibson  for  daylight 2348 

"      ,  Wratten,  transmission  of 2322-2332 

Fine  grain  developers 2605-2608 

Finite  differences 275 

Fire  precautions  for  chemicals xvii-xviii 

Five-place  logarithms,  table 20-41 

Fixed  points  for  thermometer  calibration 1849-1850 

Fixing,  rinsing,  and  hardening  baths,  photographic 2620-2624 

Flame  and  bead  tests 1359-1360 

colorations 1359 

44       spectra 2098-2099 

standards 2095 

Flash  point  of  industrial  organic  compounds 1196-1264 

Fleming's  rule 2376 

Flow,  units  and  conversion  factors 2441 

Fluidity,  definition 2376 

Fluorescence,  gases  and  vapors 2335 

of  organic  substances  in  solution 2335 

Fluorescent  screens,  method  of  making 2585 

substances 2336-2347 

Fluorite,  index  of  refraction 2280 

"       ,  transmissibility  for  radiations 2333-2334 

Flux  of  magnetic  induction,  units  and  conversion  factors 2461 

Foci,  conjugate,  definition 2366 

Focus,  principal,  definition 2395 

Foods,  composition  and  value  of 1548-1562 

"     ,  pH  values 1437 

Foot-candle,  unit  of  illumination,  definition 2382 

Force  between  magnetic  poles,  equations 2377 

static  charges,  equations 2377 

"    ,  definition,  equation 2376 

"    ,  units  and  conversion  factors 2441 

Formation  and  solution,  heat  of,  for  inorganic  compounds 1496-1520 

,  heat  of,  for  organic  compounds 1530 

Formic  acid,  specific  gravity  of  aqueous  solutions 1599-1600 

Formula,  chemical,  definition 2377 

index  of  organic  compounds 1150-1168 

Formulae,  algebraic 268-275 

and  definitions 2357-241 1 

"     names  of  chemicals 1338-1343 

,  chemical,  of  minerals 1276-1290 

,  industrial  organic  compounds 1194-1262 

,  inorganic  compounds 394-549 

,  mensuration 282-288 

,  metal-organic  compounds 550-584 

,  minerals 1276-1290 

,  organic  compounds 610-1148 

,  photographic 2594-2636 

,  trigonometric 289-293 

Foucault  current,  definition 2371 

Foucault's  pendulum,  equation 2377 

Four-place  antilogarithms,  table 18-19 

common  logarithms  of  decimal  fractions 16-17 

"      logarithms,  table 14-15 

Fraunhofer  lines,  definition 2377 

"     ,  wave  lengths  of 2098 

Free  energy,  table 1538-1539 

Freezing  mixtures 1838 

point,  lowering  of,  for  aqueous  solutions 1829-1830 

,  molecular  depression  of 1828 
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Freezing  point  of  anti-freeze  solutions 1839 

Frequency,  definition 2377 

of  vibrating  strings,  equations 2378 

table  for  length  of  electromagnetic  waves 2540-2542 

Friction  coefficient  of,  definition,  equation 2378 

"      ,     ,    "  ".table 1739 

Frustum  of  a  cone,  surface  and  volume,  formulae 287 

Fuel,  heat  values  of,  table 1534-1536 

value  of  foods 1548-1562 

Fuels,  liquid,  heat  of  combustion 1531 

Function,  gamma 267 

Functions,  elliptic 299 

,  exponential,  table 174-179 

,  hyperbolic 296-298 

,  table 180-186 

,  natural  trigonometric,  table 89-131;  136-137 

,  trigonometric,  for  multiple  angles 291 

,  ,    "    sums  of  angles 290 

,  formulae 289-293 

,  logarithms  of 42-88;  132-135;  138-139 

,  ,  of  various  angles 290 

,  relations  of 290-291 

,  "  ,  signs  and  limits  of  value 289 

Fundamental  standard  units « 2412 

Fused  quartz,  index  of  refraction  of 2286 

Fusibility,  scale  of 1928 

Fusing  currents  for  wires 2668 

Fusion,  heat  equivalent  of,  definition . 2380 

"     of,  table 1840-1844 

"       temperature     of,     for     various     substances    for    atmospheric 

pressure 1826 

"    ,    volume  change  due  to 1849 


Galvanometer,  tangent,  equations 2404 

Gamma  function 267 

Gamma-rays,  definition 2378 

44     ,  mass  absorption  coefficients  for 2031-2036 

Gas  constant,  value  for  various  units 2464 

,  definition 2378 

,  manufactured  and  natural,  heat  of  combustion  and  composition  of   1534 

thermometer,  equation 2378 

temperatures  to  thermodynamic,  reduction  table.  .    2507 

volume,  reduction  of 1790 

"       ,  "  ,  to  normal  conditions 1782-1789 

Gasous  rectifiers,  characteristics  of 2568-2569 

Gases  and  vapors,  specific  gravity  of 1709-1710 

,  coefficient  of  expansion  of,  at  constant  pressure 1780 

"     ,  "  "  "  ",  "  "  volume 1781 

"     ,  combustion  constants  of 1531-1533 

44     ,  critical  constants  for 1833-1835 

44     ,  diffusion  of,  table 1769 

44     ,  elastic  constants  for 1738 

44        in  liquid  and  solid  form,  density  of 1729 

44     ,  index  of  refraction 2287 

44     ,  kinetic  theory  of,  definition 2384 

44     ,  molecular  constants  of 2679 

44     ,  solubility  in  water,  table 1422-1423 

44     ,  specific  heat  of 1819-1821 

44     ,  Van  der  Waals'  constants  for 1836-1837 

44     ,  viscosity  of ; 1762-1766 

Gauss,  unit  of  magnetic  induction,  definition 2388 

Gay-Lussac's  law  for  gases 2364;  2375;  2378 

44  of  combining  volumes 2378 

Gelatin  filters,  transmission  of 2322-2332 

General  law  for  gases,  equations 2375 

physical  constants,  values  of,  tables 2683-2688 

purpose  photographic  negative  developers 2594-2602 

Geometrical  progression,  formulae 269 
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Gibbs'  phase  rule,  definition 2378 

Gilbert,  unit  of  magnetic  potential,  definition 2388 

Glass  grinding  fluid  .  . ■  I 2585 

"     ,  index  of  refraction  of ... 2280-2282 

"     ,  transmissibility  for  radiations .': 2333 

"        vessels,  corrections  for  capacity  of,  table .  . 1393 

Glasses,  thermal  expansion  of , 1777 

Glucose  in  blood,  reduction  values  for,  procedure,  table 1468-1469 

Glycerine  and  water  solutions,  freezing  point  of 1839 

Glycerol  solutions  for  calibration,  viscosity  of 1768 

,  specific  gravity  of  aqueous  solutions 1601-1602 

Graham's  law ........    2379 

Gram  atom  or  gram  atomic  weight,  definition 2379 

equivalent,  definition 2379 

mole,  gram  formula  weight,  gram  equivalent,  definition 2379 

molecular  weight  or  gram  molecule,  definition 2379 

"     ,  unit  of  mass,  definition 2389 

Grating,  diffraction,  equations 2369 

space  in  crystals 2040 

Gravimetric  factors  and  their  logarithms    1475-1495 

Gravitation,  definition,  equation 2379 

Gravity,  acceleration  due  to 2670-2676 

Greek  alphabet 13 

Grid  controlled  rectifiers,  characteristics  of 2571 

Gudermannian  function,  relation  to  hyperbolic  .  .  . 298 

Gums,  and  resins,  physical  constants  of 1272-1273 

H 

Half-lives  of  the  elements 339-372 

Hall  effect 2380;  2463 

Halos  and  rainbows,  angular  radius  of 2678 

Hardening,  fixing  and  rinsing  baths,  photographic 2620-2624 

Hardness,  Brinell,  for  metals,  table 1729-1733 

,  definition 2380 

of  materials 1741 

"   minerals 1277-1291 

Harmonic  motion,  angular,  definition 2360 

14     ,  equations 2399-2400 

Haversines,  Table 140-142 

Heat  capacity  of  air-free  water  0°C 1791-1794 

(specific  heat) 1791-1794 

"      conductivity 1889-1896 

effect  of  electric  current,  equation 2380 

equivalent,  latent  heat,  units  and  conversion  factors 2449 

of  combustion  and  composition  of  coals 1535-1536 

"   manufactured      and      natural 

gases 1534 

,  definition 2380 

for  organic  compounds 1521-1529 

"     various  substances 1537 

of  liquid  fuels 1531 

"   formation  and  solution  of  inorganic  compounds 1496-1520 

for  organic  compounds 1530 

11  fusion,  definition 2380 

"       "        "      ,  tables 1840-1844 

44      44  vaporization,  definition 2385 

of  various  substances  (thermodvnamic  table) .  .  . 

1914-1927 

44   water,  (steam  tables) 1902-1912 

44      44  "  ,  tables 1845-1848 

quantity,  definition 2380 

Heavy  liquids  for  mineral  separation 2278 

Hefner  unit,  photometric 2095;  2386 

Hehner's  number  for  oils,  fats  and  waxes 1267;  1271 

Helmert's  equation 2358 

Helmholtz  double  layer  theory 2373 

Henry,  unit  of  inductance,  definition 2382 

Henry's  law 2380 

44     constant  for  gases 1424 

Hess'  law  of  constant  heat  summation 2380 
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High  and  low  temperatures 1928 

frequency  resistance  of  various  conductors,  formulae 2537-2539 

"      vacuum  rectifiers,  characteristic  of 2570 

Hooke's  law 2381 

Horizontal  intensity  of  the  Earth's  field 2028 

Humidity,  constant 1951-1952 

from  wet  and  dry  bulb  thermometer  readings 1948-1949 

Huygen's  theory  of  light,  definition 2381 

Hydrochloric  acid,  dilution  by  volume 1384 

"    ,  specific  gravity  of  aqueous  solutions 1603-1605 

Hydrocyanic  acid,        "  "        1606 

Hydrofluoric  acid  "        1607 

Hydrofluosilicic  acid      "  "         "  "  "        1608-1609 

Hydrogen  equivalent,  definition 2381 

ion  concentration,  conversion  factors 1430-1431 

,  definition 2381 

"  "  ,  range  for  indicators 1427-1429 

Hydrolysis,  definition 2381 

Hydrometer  conversion  tables 1718-1719 

Hydrometers  and  density  units 1718 

Hydrostatic  pressure,  equations 2381 

Hygrometric  and  barometric  tables 1929-1952 

Hyperbola,  equations  of 295 

Hyperbolic  functions 296-298 

,  integrals 263 

,  table 180-186 

Hysteresis,  definition,  equation 2381 

,  table 2015 

I 

Ice,  melting  point  at  various  pressures 1826 

"  ,  specific  heat  of 1791 

Uluminants,  efficiencies  of 2095-2096 

,  standard,  for  colorimetry 2348 

Illumination,  definition 2095;  2382 

,  intensity  of,  equations 2383 

,  Lambert's  law  of,  definition 2385 

Immersion  method  for  index  of  refraction,  list  of  liquids  for 2278 

refractometer  readings  for  aqueous  solutions  of  methyl  and 

ethyl  alcohol .  .  . 1708 

Imperial  or  British  standard  wire  gauge 2649 

Inclination  or  dip  of  the  Earth's  field 2028 

Index  of  refraction,  definition 2382 

,  equation 2400 

,  gases 2287 

,  liquids  by  immersion  method 2278 

"         "  of  aqueous  solutions 2286 

44  carbon  bisulfide  at  various  temperatures 2279 

44  elements 394-548;  2273-2277 

"  "  "  ethyl  ^alcohol  at  various  temperatures 2279 

44  fused  quartz 2286 

44  glass 2280-2282 

44  inorganic  and  metal-organic  compounds 

394-584;  2273-2277 

"  44  metal-organic  compounds 550-584 

44  metals 2283-2285 

44  minerals 1277-1291 

*'  ,4  miscellaneous  compounds 2277 

44  optical  glass 2285 

substances 2280-2282 

44         *'  44  organic  compounds 611-1149;  2277 

44  rock  salt,  svlvine,  etc 2280 

44  sugar  solutions 2289-2290 

"  water 2279-2280 

Indicator  solutions,  Clark  and  Lubs,  preparation  of 1430 

Indicators,  definition 2382 

,  explanation  of  use 1426 

,  table 1426-1429 

Induced  electromotive  force,  equations 2382 

Inductance-capacitv,  product  for  various  wave  lengths 2540-2542 
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Inductance,  definition 2382 

of  various  conductors,  formulae 2531-2537 

,  units  and  conversion  factors^ 2459 

Induction,  definition 2382 

Industrial  organic  compounds,  constants  of 1193-1265 

Inertia,  definition 2382 

"    for  various  bodies,  moment  of 2527-2528 

Infrared,  coefficient  of  transparency  of  glass  for 2288 

transmission  by  colored  glasses .2308-2321 

"       ,  wave  length  of  the  principal  emission  lines  of  the  elements 

2101-2108 

Inorganic  compounds,  explanation  of  table 385-386 

,  heat  of  formation  and  solution 1496-1520 

,  physical  constants  of,  general  table 394—549 

,  solubility   in    water    at    various   temperatures, 

table 1410-1421 

,  specific  heat  of 1800-1805 

"  ,  synonym  index 388-393 

Inscribed  circles,  formulae,  table 282-283 

44        polygons,  area  and  perimeter,  formulae 283 

Insulating  materials,  thermal  conductivity  of 1895—1896 

Insulators,  definition 2369 

,  sparking  potential  or  dielectric  strength  for 1968 

Integrals 245-267 

,  complete  elliptic,  tables 233-235 

of  hyperbolic  functions 263 

Intensifies,  photographic 2625-2626 

Intensity,  luminous,  definition 2386 

of  electric  field,  definition,  equations 2372 

"  illumination,  equations 2383 

44  magnetization,  definition 2383 

,  units  and  conversion  factors 2462 

44  radiation,  definition 2383 

44  sound,  definition,  equation 2383 

Internal  resistance  of  various  voltaic  cells 1974 

International  ampere,  definition 2367 

atomic  weights 301-302 

candle,  definition /. 2095 

44      ,  unit  of  luminous  intensity,  definition 2386 

"  electrical  units .. 2412 

ohm,  unit  of  resistance,  definition 2398 

union  rules  for  naming  of  organic  compounds 588-600 

volt,  definition 2372 

Intrinsic  brilliancy  of  light  sources 2096 

Inverse  hyperbolic  functions 297-298 

Invert  sugar,  cuprous  oxide  equivalent 147(K1474 

Iodine  value  of  oils,  fats  and  waxes 1267-1271 

44  resins 1272 

Ion,  definition 2383 

44     product  constant,  table 1448-1449 

Ionization  constants  of  acids  and  bases 1455-1456 

44  amino  acids  in  aqueous  formaldehyde  solution 

and  aqueous  ethanol  solution 1455—1456 

"        ,  degree  of,  for  acids,  bases  and  salts - 1447 

"  potential,  definition 2383 

"  potentials,  elements  and  compounds .  1975— 1977 

theory 2373 

Ions,  equivalent  conductance  of 1998 

Iron,  magnetic  constarts  of 2016 

Isobutane,  thermodynamic  properties  of 1922—1923 

Isomerism,  definition 2383 

Isothermal,  definition 2383 

Isotopes,  definition. 2383 

44       ,  table 337-380 

Isotopic  masses 381-382 

J 

Joule,  unit  of  work,  definition 2410 

Joule's  equivalent 1790;  2683 

Just  scale .  . .  .  , 1956 
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Kelvin  scale,  definition 2404 

Kepler's  laws 2384 

Kerr  effect,  definition f 2384 

kilogram,  International  prototype 2412 

kilograms  to  avoirdupois  pounds,  conversion  table 2499—2504 

kilometers  to  miles,  conversion  table. 2487-2492 

Kinematic  viscosity,  definition 1754;  2409-2410 

*'  "       ,,  units  and  conversion  factors 2451 

Kinetic  energy,  definition 2373-2374 

•.>    •.'.**.■-  "         of  rotation,  equation 2374 

(      "      theory,  expression  for  pressure,  equation 2384 

"        of  gases,  constants '.  '. 2679 

44     ,       "        "      "    /definition •'...■ 2384 

KirchhorT's  laws 2384 

Kohtrausch's  law 2385 

Kundt's  law 2385 


Isabel  protection 2586-2587 

laboratory  arts  and  recipes. 2577-2593 

reagents,  preparation  of 1361-1383 

Lactose,  cuprous  oxide  equivalent 1470-1474 

Lambert,  unit  of  brightness,  definition 2363 

Lambert's  law 2357,  2385;  2396 

Lantern  slide  developers 2608-2609 

Large  calorie,  definition 2380 

Latent  heat  of  fusion,  definition 2380 

!    "  "      "        "     ,  table 1840-1844 

44      "  vaporization,  definition 2385 

44      "  "  ,  table 1845-1848 

latitude,  longitude  and  elevation,  acceleration  due  to  gravity  ..2670-2674 

lattice  energy,  definition 2385 

Laws,  chemical,  definitions 2357-2411 

fLC,"  values  of 2540-2542 

Least  squares,  formulae 278 

•    "     time,  Fermat's  principle  of,  definition 2376 

LeChatelier's  principle 2385 

Leduc  effect,  units 2463 

l^ength,  comparison  of  metric  and  English  units 2466 

of  the  seconds  pendulum 2675 

14       ,  primary  standard  of,  definition 2412 

44       ,  units  and  conversion  factors 2421-2436 

"of,  definition : 2385 

Lengths,  English  units,  table 2416 

,  ....  44      ,  metric  units,  table 2413 

j'      44      ,         44     equivalent  for 2416 

Lenses,  equations 2385 

tenz'  law 2386 

Light,  Huygen's  theory  of,  definition 2381 

I     "•  ,  least  mechanical  equivalent  of,  definition 2095 

44      source,  efficiency  of,  definition 2095 

44     ,  intrinsic  brilliancy  of 2096 

44    ,  velocity  of 13;  2096;  2683 

Limit  of  elasticity  and  breaking  strain  for  metals,  table 1729-1733 

Line  of  force,  definition 2386 

linear  expansion,  coefficient  of 1771-1777 

Liquid,  definition 2386 

44        fuels,  heat  of  combustion 1531 

44        measure,  English  units,  table 2418 

liquids,  compressibility  of 1735-1737 

44     ,  density  of 1717 

44       for  index  of  refraction  by  immersion  method 2278 

44    ,  heavy,  for  mineral  separation 2278 

44    ,  viscosity  of 1756-1762 

Lissajous  figures,  definition 2386 

Liter,  primary  standard  of  capacity,  definition 2412 

Liters  to  liquid  quarts,  conversion  table 2493-2498 

Logarithmic  constants 12 
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Logarithmic  series 272 

Logarithms,  change  of  base,  equations 12 

,  explanation  of  use 1-5 

,  five-place,  table , 20-41 

,  four-place,      "      14—15 

,  Naperian  or  natural,  table 166-173 

,  natural,  use  of  table 7-8 

of  decimal  fractions,  four-place 16-17 

the  trigonometric  functions  for  angles  in  degrees,  min- 
utes and  seconds,  table 42-88 

"  the  trigonometric  functions  for  angles  in  radians. . . .  138,  139 

"    "  "         ,  use  of  table 5-7 

"    "  for  angles  in  degrees  and 

decimals 132-135 

Longitude,  latitude,  elevation  and  acceleration  due  to  gravity.  .2670-2674 

Loschmidt's  number,  definition  and  value  of 2386;  2687 

Low  and  high  temperatures 1928 

Low  temperature  total  emissivities 2297 

Lowering  of  freezing  point  for  aqueous  solutions 1829-1830 

"        "  vapor  pressure  by  salts  in  aqueous  solutions 1887—1888 

Lubricant,  dry,  arts  and  recipes 2587 

Lubricants  for  stopcocks 2592-2593 

Lumen,  unit  of  luminous  flux,  definition 2095;  2386 

Luminous  flux,  definition 2386 

Luminous  intensity,  definition 2386 

Lune,  area  of,  formula 287 

Lux,  unit  of  illumination,  definition 2382 

M 

Maclaurin's  series 271 

Magnesium  carbonate  and  magnesium  oxide,  coefficients  of  reflection.  2293 

chloride,  specific  gravity  of  aqueous  solutions 1610-1612 

sulfate,            "           "        "          "               "        1613 

Magnet,  couple  acting  on,  equations 2367 

magnetic  field  due  to,  equations 2387 

period  of  vibration  of,  equation 2393 

Magnetic  constants  of  iron 2016 

declination 2029-2030 

effects,  reciprocal  units 2463 

field  to  a  current,  equations 2386 

magnet,  equations 2387 

"      intensity,  definition 2387 

44        ,  units  and  conversion  factors 2461 

flux,  definition 2387 

"   ,  units  and  conversion  factors 2461 

inclination  or  dip  and  horizontal  intensity,  table 2028 

induction,  definition,  equations 2387-2388 

induction,  units  and  conversion  factors 2462 

line  of  force,  definition 2386 

moment,  definition,  equation 2388 

permeability,  definition 2388 

,  units  and  conversion  factors 2463 

pole,  definition 2388 

poles,  force  between,  equations 2377 

potential,  definition 2388 

44        ,  units  and  conversion  factors 2462 

properties  of  iron  and  steel 2016 

reluctance,  definition 2397 

substances,  saturation  constants  for 2016 

susceptibility,  definition 2404 

of  various  substances 2017-2027 

units  and  conversion  factors 2461-2464 

Magnetism,  quantity  of,  definition 2388 

,  surface  density  of,  definition 2403 

Magnetization,  intensity  of,  definition 2383 

Magnetomotive  force,  definition 2388 

44    ,  units  and  conversion  factors 2462 

Magneto-optic  rotation,  table 2354-2356 

Magnets,  action  of  one  on  another,  equations 2406 
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Magnifying  power,  definition 2388 

Maltose,  cuprous  oxide  equivalent 1470-1474 

Mass  absorption  coefficients  for  X  and  gamma  rays .2031-2036 

action,  law  of .  .  . 2389 

by  weighing  on  a  balance  with  unequal  arms,  equation 2389 

"        concentration,  units  and  conversion  factors 2440 

"     ,  definition 2389 

"     ,  English  units,  table 2419-2420 

"     ,  metric  units,  table 2415 

of  water  vapor  in  saturated  air 1903-1913;  1938 

"     ,  primary  standard  of,  definition 2412 

"     ,  units  and  conversion  factors 2421-2436 

"     ,      "      of,  definition 2389 

Masses  of  the  isotopes   381-382 

Mathematical  tables 1-299 

,  use  of 1-10 

Maumene  number  for  oils,  fats  and  waxes 1268,  1270 

Maximum  energy  photographic  developer 2609 

work,  Berthelot's  principle  of,  definition  and  formula 2362 

Maxwell,  unit  of  magnetic  flux,  definition 2387 

Maxwell's  rule,  definition  and  formula 2389 

Mcllvaine's  standard  buffer  solutions,  table 1431 

Mean  free  path  of  gas  molecules 2679 

solar  second,  standard  of  time,  definition 2412 

Measures  and  units 2412-2526 

"     weights,  metric  system,  tables 2413-2415 

,  U.  S.  system,  tables 2416-2420 

Mechanical  equivalent  of  heat,  definition 2389 

"      "    ,  table 1790 

44  light,  least,  definition 2095 

Megabarye,  unit  of  pressure,  definition 2395 

Melting  and  boiling  points  of  the  elements 1824 

temperatures  for  various  substances 1826 

44      point  index  of  organic  compounds 1169-1182 

44       of  alloys 1292-1304 

44       44  ice- variation  with  pressure 1826 

44       "  industrial  organic  compounds 1196-1264 

44  inorganic  compounds 395-549 

44       44   metal-organic  compounds 551-585 

44       44   mixture  of  metals 1825 

44  oils,  fats  and  waxes 1269-1271 

44  organic  compounds 611-1149;  1169-1182 

'  resins 1272 

Mendeleeff's  periodic  arrangement  of  the  elements,  table 334-335 

Mensuration  formulae 282-288 

Mercury,  cleaning 2582 

,  density  and  specific  volume  of 1722 

in  a  glass  tube,  correction -for  capillary  depression  of,  table  .    1392 

,  specific  heat  and  atomic  heat  of 1796 

44       ,  thermodynamic  properties  of 1926-1927 

44       ,  vapor  pressure  of 1858 

Metallic  elements,  definition 2389 

Metal-organic  compounds,  physical  constants  of 550—585 

Metals  as  conductors,  properties  of 1978 

44       ,  melting  point  of  mixtures 1825 

,  optical  constants  of 2283-2285 

44       ,  reflection  of  light  by 2291-2293 

,  resistivity  of 1979-1985 

44       ,  specific  heat,  variation  with  temperature 1816 

,  tensile  strength  of 1740 

Meteorological  and  atmospheric  data 2677-2678 

Meter,  International  prototype,  definition 2412 

44      ,  unit  of  length,  definition 2385;  2412 

Meters  to  feet,  conversion  table 2481-2486 

Method  of  mixtures  of  calorimetry,  equation 2401 

Methyl  alcohol,  specific  gravity  of  aqueous  solutions 1704-1707 

44        and  ethyl  alcohols,  refractometer  readings  of  aqueous  solutions   1708 

44        chloride,  thermodynamic  properties  of 1926-1927 

Metric  equivalent  for  English  units  of  length 2416 

system  of  weights  and  measures,  tables 2413-2415 
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Metric  units  comparison  with  English  units 2466-2471 

Mho,  unit  of  conductance,  definition 2365 

Mineral  content  of  foods 1549-1562 

44         separation,  heavy  liquids  for 2278 

Minerals,  physical  constants  of 1274-1291 

Minimum  deviation,  definition,  equation 2389 

Minutes  and  seconds  to  decimal  parts  of  a  degree,  conversion  table.  .  .      191 

to  radians,  conversion  table 189 

Mirrors  for  spectrometer  adjustment 2587 

,  spherical,  equations 2402 

Miscellaneous  physical  constants 13 

Mixtures,  definition 2389 

44         ,  method  of,  in  calorimetry,  equation 2401 

of  metals,  melting  point  of 1825 

Moduli,  elastic,  equations 2371 

Modulus  of  elasticity,  Young's 1734 

44  rigidity,  equation 2371 

(torsional)  table.  .  . 1734 

44  rupture  and  elasticity  for  various  woods 1330-1333 

Young's  equations 2371;  2389 

Moist  air,  density  of,  table 1723-1727 

Mol  volume,  definition 2390 

Molal  solution,  definition 2389 

Molar  solution,  definition 2389 

Mole,  definition 2390 

Molecular  and  atomic  constants 2683-2688 

constants 2679 

depression  of  the  freezing  point 1828 

elevation  of  the  boiling  point 1828 

refraction,  equation  for 2278 

volume,  definition 2390 

weight  definition 2390 

,  industrial  organic  compounds 1194-1262 

44       ,  inorganic  compounds 394-548 

44      ,  metal-organic  compounds 550-584 

44      ,  organic  compounds 610-1148 

Molecule,  definition 2390 

Moment  of  area,  units  and  conversion  factors 2448 

44   force  or  torque,  definition,  equation 2390 

44         44       ,  units  and  conversion  factors 2448 

"   inertia,  definition,  equations 2390 

for  various  bodies 2527-2528 

44        44      ,  units  and  conversion  factors 2448 

44   momentum,  definition,  equation 2360 

Momentum,  definition,  equation 2390 

Monochromatic  emissive  power,  definition 2390 

Monotropic,  definition "] 2391 

Moselev's  law 2391 

Motion,  laws  of 2391 

Motion  picture  film,  developer  for 2609 

M-Tiles 276-277 

Multiple  angles,  trigonometric  functions  of 291 

proportions,  law  of 2391 

Musical  scales,  scientific  or  just 1956 

,  standard  and  International  pitch 1955 

Mutual  inductance,  definition 2382 

N 

Name  and  chemical  composition  of  pigments 1334-1337 

Naperian  logarithms,  table 166-173 

Natural  functions,  secants  and  cosecants 113-127 

"        logarithms,  base  of 12 

,  table 166-173 

,  use  of  tables 7,8 

and  synthetic  rubber  stocks,  physical  properties  of 1327-1329 

trigonometric  functions  for  angles  in  degrees  and  decimals.  128-131 

44   radians 136-137 

"  4*  44  degrees  and  minutes,  table 89-112 

44  "         ,  use  of  table 7 
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Negative  developer,  photographic 2594-2608 

Nernst  effect 2391 ;  2464 

Neutralization,  definition 2391 

Neutron,  definition 2391 

Newton's  formula 275 

law  of  cooling 2391 

laws  of  motion 2391 

Nickel  chloride,  specific  gravity  of  aqueous  solutions 1614 

nitrate,  "  "        "  "  "       1615 

sulfate  "  "        "  "  "       1615 

Nitric  acid,  dilution  by  volume 1384 

44    ,  specific  gravity  of  aqueous  solutions 1616-1620 

Nodal  points,  definition 2391 

Non-conductors,  definition 2369 

Non-metallic  elements,  definition 2389 

Noon  sunlight,  filter  for 2348 

Normal  curve  of  error,  areas,  ordinates  and  derivatives  of,  table.  .  .228-232 

oxidation  potentials,  table 1442-1443 

salt,  definition 2391 

solution,  definition 2391 

44         (deci-)  solutions  of  salts  and  other  reagents 1394-1396 

Nucleus,  definition 2391 

Numerical  aperture  of  an  objective,  definition 2391 

constants,  table 12 

tables 192-221 

41     ,  use  of 8,  9 

O 

Oblate  spheroid,  surface  and  volume,  formulae 287 

Observer,  standard 2349-2350 

Occurrence  of  the  elements 305-333 

Odor,  industrial  organic  compounds 1195-1263 

Oersted,  unit  of  magnetic  field  intensity 2387 

Ohm,  unit  of  resistance,  definition 2398 

Ohm's  law,  equation 2391-2392 

Oils,  fats  and  waxes,  constants  of 1266-1271 

Oleo-resins,  physical  constants  of 1272-1273 

Opacity,  definition 2393 

Optic  axes  of  minerals,  angles  of 1277-1291 

Optical  constants  of  metals 2283-2285 

glass,  dispersion  and  index  of  refraction  of 2285 

44        rotation  of  acids  and  bases 2353 

substances,  index  of  refraction  of 2280-2282 

Organ  pipes,  frequency  of,  equations 2392 

Organic  analytical  reagents 1385-1390 

compounds,  boiling  point  index 1183-1192 

,  explanation  of  table 606-608 

,  formula  index 1150-1168 

,  heat  of  combustion  of 1521-1529 

"  44  ,     44      4'  formation  of 1530 

,  industrial,  constants  of 1193-1265 

"  44  ,  International  Union  rules  for  naming  of 588-600 

,  melting  point  index 1169-1182 

44  ,  physical  constants  of 586-1149 

,  specific  heat  of 1806-1808 

radicals,  prefix  names  of : 601-605 

Oscillating  circuits,  formulae  for  constants  of 2529-2539 

Oscillatory  motion,  definition 2393 

Osmotic  pressure  of  aqueous  solutions 1770 

Oxalic  acid,  specific  gravity  of  aqueous  solutions 1621 

Oxidation,  definition 2392 

-reduction,  method  of  balancing  equations 1404 

potentials,  table 1442-1443 

Oxides,  spectral  emissivity  of 2299 

Oxidizing  and  reducing  solutions 1379—1381 

P 

Paper  developers,  photographic 2617-2620 

Parabola,  area  of  section,  formula 285 
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Parabola,  equation  of •  •      295 

,  length  of  arc  of,  formula.  .  .  .  . 7.  .  .      285 

Parallelogram,  area  of,  formula 282 

Paramagnetic  bodies,  definition 2392 

Particle  characteristics  of  pigments 1334-1337 

Pascal's  law ■  .    2392 

Peltier  coefficient,  units  and  conversion  factors 2460 

effect,  definition 2392 

Pendulum,  equations 2392 

,  Foucault's  equation 2377 

,  seconds,  length  of 267  o 

Percentage  composition  of  amino  acids ....:'  1453 

44  anti-freeze  solutions .    1839 

Perchloric  acid,  specific  gravity  of  aqueous  solutions 1622 

Perimeter  of  a  polygon  circumscribed  about  a  circle,  formula.  .......      283 

inscribed  in  a  circle,    formula 283 

44  geometric  figures,  formulae .      28§ 

Period,  definition 2393 

44         of  vibration  of  a  magnet,  equation 2393 

Periodic  arrangement  of  the  elements,  table '.  .  .  ...334-335 

law ,. .    2393 

table  of  the  elements,  Deming 1  336 

Permeability  of  transformer  iron 2016 

Permeance,  definition 2393 

Permutations,  formulae 269 

Persistent  spectrum  lines  of  the  elements 2263-2272 

pH  range  for  indicators 1427-1429 

"  to  E.M.F.,  conversion  factors 1430-1431 

"    value,  definition 2381 

"    values  for  potentiometer  readings,  conversion  table 1432-1436 

44        "       of  acids,  bases,  biologic  materials,  foods,  and  buffer  systems 

1437-1438 

14        44        44  the  amino  acids 1454-1455 

Phase  of  oscillatory  motion,  definition 2393 

44       rule,  Gibb's  definition 2378 

Phosphorescence  and  fluorescence 2334-2347 

by  cathode  rays 2334 

Phosphoric  acid,  specific  gravity  of  aqueous  solutions 1623-1624 

Phot,  unit  of  illumination,  definition 2382 

Photographic  density,  equation 2393 

formulae 2594-2636 

Photometric  quantities,  units  and  standards 2095 

units  and  conversion  factors 2095;  2450—2451 

Physical  and  chemical  constants  of  resins 1272-1273 

constants,  general  values  of 2683-2688 

,  miscellaneous 13 

of  common  minerals 1274-1291 

44  industr"al  organic  compounds 1193-1265 

44  inorganic  compounds 384-549 

"  metal-organic  compounds 550-585 

44  oils,  fats  and  waxes 1266-1271 

44  organic  compounds 586-1149 

supplementary    table.  1130-1149 

form  and  color,  industrial  organic  compounds 1195-1263 

properties  and  composition  of  alloys 1292-1304 

44  44  44  4<       '4     ,  supplementary  table 

1302-1304 

of  commercial  plastics 1308-1325 

44  natural  and  synthetic  rubber  stocks 1327-1329 

44  pigments 1334-1337 

44  woods 1330-1333 

44         terms,  quantities  and  units 2357-2411 

Pi,  multiples,  fractions,  roots,  and  powers  of 12 

Piezoelectric  constant,  units  and  conversion  factors 2460 

effect,  definition 2393 

Pigments  and  dyes,  transmission 2302-2307 

,  names  and  chemical  composition   1334-1337 

,  physical  properties  of 1334-1337 

Pinch  effect,  definition 2393 

Pitch,  definition 2393 
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Planck's  constant,  definition 2393> 

Plane  triangles,  relations  between  sides  and  angles  of 292 

Planets,  data  in  regard  to 2677 

Plastics,  commercial,  properties  of 1305—1325 

"         comparator 1326 

Plate  and  film  speeds,  table 2637-2642 

Platinum  wire  table 2650 

Poise,  unit  of  viscosity,  definition 2409-2410 

Poisons,  antidotes   of xv-xvi 

Poisson's  ration,  definition 2393 

Polarity  test  paper 2588 

Polarized  light,  definition 2393 

Polarographic  analysis 1439-1441 

Pole  strength,  units  and  conversion  factors 2461 

Polygon,  area  of,  formula 282 

Polygon  of  forces,  definition 2406- 

Polygons,  inscribed  and  circumscribed,  area  and  perimeter,  formulae       283 

Polyhedra,  surface  and  volume  of,  formulae 286- 

Polymorphism,  definition 2394 

Portrait  developers 2610-2611 

Positive  film,  developer  for 2612" 

Positron,  definition 2394 

Potassium  bromide,  specific  gravity  of  aqueous  solutions 1625 

carbonate,         4i         "  "  "  "  1625-1626- 

chloride,  "         "         "  "  "  1626- 

chromate,  "         "  "  "  "  1628-1629 

chrome  alum,  '*         "         "  "  "  1627 

dichromate,      "         "         "  "  1629 

hydroxide,         44         "  44  "  M  1630 

iodide,  "         "         "  "  44         1631 

nitrate,  "         "         "  "  44  1632 

sulfate,  "         "         44  "  "  1632 

tartrate,  "         "  1633 

Potential,  contact  difference  of 1971 

difference  between  metals  in  solutions  of  salts 1971 

"        ,  electric,  units  and  conversion  factors 2455 

"  energy,  definition 2373 

,  equation 2394 

"        ,  magnetic  and  electric,  equations 2394 

Potentials,  ionization,  elements  and  compounds 1975-1977 

"         ,  normal  oxidation,  table 1442-1443 

of  electrochemical  reactions  at  25°C 1444-1446 

Potentiometer  readings  for  pH  values,  conversion  table 1432-1436 

Pound,  unit  of  mass,  definition 2389 

Poundal,  unit  of  force,  definition 2376- 

Pounds  and  tons  in  use  in  United  States,  metric  equivalents 2472-2474 

Power,  definition,  units,  equation 2394 

developed  by  a  current,  equations 2394 

factor,  definition 2394 

ratios,  definition 2394 

"        thermoelectric,  definition 2405 

table 2014-2015 

,  units  and  conversion  factors 2446—2447 

Powers  and  roots,  formulae 26& 

of  numbers 222-223 

"      ,  use  of  table 9 

Precipitation  value  or  solubility  product,  definition 2401 

Prefix  names  of  organic  radicals 601-605 

Preparation  of  laboratory  reagents 1361-1383 

Pressure,  definition,  equation 2395 

"       ,  osmotic,  of  aqueous  solutions,  table 1770 

44       ,  units  and  conversion  factors 2442;  2465 

units,  conversion  table  for 2465 

44       ,  vapor 1851-18.86 

Prestone  and  water,  freezing  point 1839 

Primary  color  sensations  by  different  wave  lengths,  relative  stimula- 
tion of 2292 

44         standards  for  volumetric  analysis 1391-1392 

Prime  numbers,  logarithms  of 236-243 

Principal  constants  and  ratios,  general  physical 2383-2688 
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Principal  focus,  definition 2395 

"        lines  in  the  emission  spectra  of  the  elements 2101-2250 

Principle  of  least  time,  Fermat's 2376 

Prism,  index  of  refraction  by  minimum  deviation,  equation 2389 

"       surface  and  volume,  formulae 286 

Prismoidal  formula  for  volumes 288 

Probability,  formulae 280-281 

of  occurrence  of  deviations 227 

that  a  random  sample  gives  no  better  fit,  table 281 

Probable  errors,  factors  for  computation 225-226 

Processing,  photographic  developer  for  speed 2612 

Product  of  the  sine  and  cosine,  Table 143-165 

Progression,  arithmetical  and  geometrical  formula 269 

Projectiles,  equations 2395 

Prolate  spheroid,  surface  and  volume,  formulae 288 

Pronunciation  of  chemical  words 1346-1357 

Propane,  thermodynamic  properties  of 1922—1923 

Properties  of  amino  acids 1453-1464 

"   commercial  plastics 1305-1325 

"  metals  as  conductors 1978 

"  saturated  steam 1901-1913 

44  the  elements 305-333 

44  tungsten 2300-2301 

44         ,  physical,  of  common  woods 1330-1333 

44  44     ,  44  pigments 1334-1337 

Proportion,  formulae 268 

Proteins,  amino  acids  of # 1453 

44       ,  fats  and  carbohydrates  in  food 1549-1562 

Proton,  definition 2395 

Psychrometric  observations,  reduction  of 1950 

Purity,  industrial  organic  compounds 1195-1263 

Purkinje  effect,  definition 2395 

Pyramid,  surface  and  volume,  formula 286 

Q 

Quadratic  equations,  formulae 270 

Quadrilateral,  area  of,  formula 282 

Qualitative  analysis,  reagents  for  semi- micro 1382-1383 

Quality  of  sound,  definition 2395 

Quantities,  general  physical  constants 2683—2688 

44       ,  laws  and  formulae  of  chemistry  and  physics 2357—2411 

Quantities,  photometric 2095 

44       ,  units,  laws,  theories  and  effects,  formulae  and  equations 

2357-2411 

Quantity,  electrical,  definition 2396 

of  magnetism,  definition 2388 

or  charge,  electric,  units  and  conversion  factors 2453 

Quartz,  index  of  refraction 2280 

of  fused 2286 

44       ,  specific  heat,  variation  with  temperature 1816 

44       ,  transmissibility  for  radiations 2333 

R 

Radian,  unit  of  angle,  definition 2359 

Radians-degrees,  conversion  table 186-190 

,  logarithms  of  the  trigonometric  functions  for  angles  in.  .  .  .  138-139 

,  natural  trigonometric  functions  for  angles  in 136-137 

to  minutes  and  seconds,  conversion  table 189 

Radiation,  equation 2396 

,  Stefan-Boltzman  law  of,  equations 2403 

Radiations,  wave  lengths  of 2097 

Radicals,  organic,  prefix  names  of 601-605 

Radii  of  atoms 2680-2682 

Radioactive  elements  and  their  constants 337-380 

substances,  definition 2396 

Radio  formulae 2529-2539 

tubes,  base  connections  of 2571-2573 

(vacuum)  tubes,  characteristics  of 2548-2573 
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Radius  of  curvature  from  spherometer  readings,  equation 2396 

"         "  gyration,  definition 2396 

Rainbows  and  halos,  angular  radius  of 2678 

Rankine  scale  of  temperature,  definition 2396 

Raoult's  law 2396 

Ratio  tables  for  bridge  calculations    1989-1992 

Reactions,  electrochemical,  potentials  of,  at  25°C 1444-1446 

Reagents  and  solutions,  special 1366-1375 

,  deci-normal  solutions  of 1394-1396 

for  semi-micro  qualitative  analysis 1382-1383 

"         ,  organic  analytical 1385-1390 

,  preparation  and  concentration  of 1361-1383 

Receiving  tubes,  characteristics  of 2548-2561 

Recipes,  laboratory 2577-2593 

Reciprocal  force,  units  and  conversion  factors 2442 

units 2436 

Reciprocals,  numerical  table 192-201 

Recommended  Dietary  Allowances 1547-1548 

Rectangle,  area  of,  formula 282 

Rectifiers,  thermionic 2568-2571 

Reducers,  photographic 2626-2629 

Reducing  and  oxidizing  solutions 1379-1381 

Reduction-oxidation,  equations  for 1404 

,  definition 2397 

factors 2421-2464 

of  barometer  readings  to  standard  temperature 1934-1938 

"  barometer  to  gravity  at  sea  level 1944 

"  latitude  45° 1945 

"  sea  level 1939-1943 

"  gas  volume 1790 

"        to  normal  conditions 1782-1789 

"  psychrometric  observations 1950 

"  weighings  to  vacuo,  equation 1393 

"      ,  table 1395 

values  for  glucose  in  blood 1468-1469 

Reflecting  power,  diffuse 2294-2295 

Reflection  by  transparent  media  in  air 2288 

coefficient,  definition 2397 

coefficients 2296 

of  magnesium  carbonate  and  magnesium  oxide.    2293 

"  surfaces 2296 

of  light  by  glass  in  air 2288 

"       "    metals 2291-2293 

"       '.'       "    transparent  media  in  air,  equations 2397 

Refraction  at  a  spherical  surface,  equations 2397 

,  index  of,  definition 2382 

,  molecular,  equation 2278 

,  Snell's  law  of 2400 

Refractive  index  of  minerals 1277-1291 

11       "  oils,  fats  and  waxes 1268;  1270 

"  pigments 1334-1337 

indicies  of  elements 2273 

"  inorganic  compounds 394-548;  2273-2277 

"  metal-organic  compounds 550-584 

"  miscellaneous  compounds 2277 

"  organic  compounds 611-1149;  2277 

Ref ractivity,  definition 2397 

Refrigerants,  thermodynamic  properties 1914-1927 

Reichert  Meisel  number  for  oils,  fats  and  waxes 1269;  1271 

Relations  between  sides  and  angles  of  plane  triangles 292 

in  spherical  triangles 293 

of  electrical  units 2453;  2464 

"  trigonometric  functions 290,  291 

Relative  density  and  specific  volume  of  water 1721 

humidity,  definition 2397 

-dew-point 1946-1947 

from  wet  and  dry  bulb  thermometer  readings.  1948-1949 
stimulation   of   primary   color  sensations   by   different   wave 

>  lengths 2292 

visibility,  definition 2095 
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Reluctance,  definition 2397 

,  units  and  conversion  factors 2462 

Reluctivity,  definition 2397 

Replacement  series,  definition 2398 

Resins,  physical  and  chemical  constants  of 1272-1273 

Resistance  and  resistivity,  units  and  conversion  factors 2456-2457 

,  definition 2398 

,  internal,  of  various  voltaic  cells 1974 

of  a  conductor,  equations 2398 

"  aluminum  wire,  B.  &  S.  gauge 2657-2658 

44  conductors  in  series  and  parallel,  equations 2398 

"  copper  wire,  B.  &  S.  gauge 2651-2656 

44  electrolytes 1993 

44  wires  per  unit  length 2663-2667 

,  temperature  coefficient,  definition 2405 

in  crushing 1739 

Resistivity,  definition 2398 

of  dielectrics 1999-2001 

"  metals 1979-1985 

,  temperature  coefficient  of 1986-1988 

,  units  and  conversion  factors 2456-2457 

Resolving  power,  definition 2398 

Restitution,  coefficient  of,  definition 2399 

,  "  ,  equation 2372 

Reversible  action,  definition 2362 

reactions,  definition 2399 

Rhombus,  area  of,  formula 282 

Right-angled  triangle,  trigonometric  functions  for 289 

Rigidity,  modulus  of,  equation 2371 ;  2389 

44       ,        "  4<  ,  table 1734 

Rinsing,  hardening,  and  fixing  baths,  photographic 2620-2624 

Rochelle  salts  process  for  silvering  glass 2590 

Rock  salt,  index  of  refraction 2280 

44        "   ,  transmissibihty  for  radiations 2334 

Roots  and  powers,  formulae 268 

"    ,  numerical  table  of 202-221 

Rotation,  magneto-optic 2354-2356 

,  optical,  of  acids  and  bases 2353 

,  specific,  of  the  amino  acids 1457-1460 

,         "     ,  table 2351-2353 

Rotatory  power,  equation 2399 

44      ,  table 2351-2353 

44      ,  units  and  conversion  factors 2452 

Rubber  stocks,  physical  properties  of  synthetic  and  natural 1327—1329 

Rules  for  naming  organic  compounds,  International  Union 588-600 

44    pronunciation  of  chemical  words 1346-1357 

Rydberg  constant,  definition 2399 

formula,  equation 2399 

S 

Safe  current  carrying  capacity  of  copper  wire 1993;  2650 

Salt,  definition 2399 

Saponification  value  of  oils,  fats  and  waxes 1267;  1271 

44  resins 1272 

Saturated  solution,  definition 2401 

vapors,  density  of 1728 

Saturation  constants  for  magnetic  substances 2016 

Scalds  and  burns,  treatment  of xvi 

Scale  of  fusibility 1928 

44      ,  musical,  scientific  or  just 1956 

Scales,  musical,  standard  and  International  pitch 1955 

Screen  scale,  standard,  sieves  of 2669 

44       sizes,  standard 2669 

Secants  and  cosecants,  natural  functions 113-127 

Second,  unit  of  time,  definition 2406;  2412 

Secondary  standards  of  wave  length 2253-2262 

Seconds    and  minutes  to  decimal  parts  of  a  degree,  conversion  table.  .      191 

pendulum,  length  of 2675 

44        to  radians,  conversion  table 189 
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Sector  of  a  circle,  area  of,  formula 284 

"       "  an  annulus,  area  of,  formula 285 

Seebeck  effect 2399 

Segment  of  a  circle,  area  of,  formulae 284-285 

Seismic  waves,  velocity  of 2677 

Self-inductance,  definition 2382 

Semi- micro  qualitative  analysis,  reagents  for 1382-1383 

Sensitiveness  of  a  balance,  equation 2399 

Sensitizing  formula  for  blue  print  paper 2635 

Sensitometry,  standard  developers  for 2612 

Series,  algebraic. 271-272 

"     ,  formula  for  resistances  in 2398 

"        of  elements,  electromotive  force 1465-1467 

Sheet  metal  gauge 2643-2646 

Sheppard's  corrections,  formulae 278 

Shipping  container  of  industrial  organic  compounds 1197-1265 

Sieves  of  the  standard  screen  scale ; 2669 

Signs  and  limits  of  value  of  the  trigonometric  functions 289 

Silvering,  cleaning  optical  surfaces  for 2582 

glass,  Brashear's  process 2589 

"    ,  Rochelle  salts  process 2590 

Simple  harmonic  motion,  definition,  equations 2399-2400 

machine,  definition,  equations 2400 

Simpson's  rule  for  irregular  areas 288 

Sine  squared,  cosine  squared  and  the  product  of  sine  and  cosine,  table 

143-165 

Skewness,  formula 277 

Snell's  law  of  refraction 2400 

Soap  solution  for  soap  film  experiments 2591 

Sodium  arsenate,  specific  gravity  of  aqueous  solutions 1634—1637 

bromide,        "  "         "  "  "         1637 

carbonate,     "  "         "         "  "         1638 

chloride,         "  "         "         "  "         1639 

chromate,      "  44         "         4<  "         1639 

dichromate,  "  "         "  "  "         1640 

"         hydroxide,     "  "  "         1641 

"         light,  means  of  producing 2591 

"         nitrate,  specific  gravity  of  aqueous  solutions 1642 

nitrite,         "  "         "  4<  " 1642 

'•         potassium  tartrate,  specific  gravity  of  aqueous  solutions 1643 

silicate,  "  "         "  "  "         .1644-1646 

sulfate,  "  "         "  "  "         .1647-1649 

sulfide,  "  "         "  "  "         1650 

sulfite,  acid  "  "         "         "  "         .1651-1652 

44        specific  gravity  of  aqueous  solutions 16£0 

44         tartrate,        4<  "         1653 

thiosulfate,  "  "         "  "  "         1654-1656 

Solar  constant 2678 

44      system,  data 2677 

Solders 2592 

Solid  angle,  definition 2401 ;  2420 

"     ,  definition 2400 

Solidifying  point  of  oils,  fats  and  waxes 1267—1271 

Solids,  density  of 1715-1716 

44      ,  viscosity  of 1766 

Solubilities  of  the  amino  acids  in  grams  per  100  grams  of  organic  sol- 
vent     1464 

44     44         44  "       "water 1461 

44     44         44  44       "       "     -alcohol  mixtures 1462-1463 

Solubility  chart 1405-1409 

,  definition 2401 

of  ammonia  in  water,  table 1424 

44  cane  sugar 1443 

44  gases  in  water,  table 1422-1423 

44  industrial  organic  compounds 1197—1265 

44  inorganic  compounds 395—549 

in  water  at  various  temperatures 

1410-1421 

"  metal-organic  compounds 551—585 

44  organic  compounds 611-1 149 
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Solubility  of  resins < 1273 

44  various  gases  in  water,  table 1424 

product,  definition 1448;  2401 

44  table 1448-1449 

Solute,  definition. % . 2401 

Solution  and  formation,  heat  of,  for  inorganic  compounds 1496-1520 

44        ,  saturated,  definition 2401 

44  tension  theory 2373 

Solutions,  deci-normal 1394-1396 

for  volumetric  analysis,  standard 1376-1381 

44         ,  oxidizing  and  reducing 1379-1381 

44         ,  special,  reagents 1366-1375 

Solvent,  definition 2401 

Sound  absorption . 1957-1963 

44      ,  intensity  of,  equation 2383 

44      ,  velocity  of 1953-1954 

Spark  spectrum  of  air 2251-2252 

Sparking  potential  for  air 1964 

or  dielectric  strength  for  insulators 1968 

Specific  gravity,  definition 2401 

of  alcohol  at  various  temperatures 1717 

44  alloys 1292-1302;  1713-1714 

"  aqueous  solutions 1565-1707 

of  ethyl  alcohol 1693-17C3 

44  methvl    44       1704-1707 

44  common  woods 1330-1333 

44  elements 1711-1713 

44  gases  and  vapors 1709-1710 

44  industrial  organic  compounds 1195-1263 

44  inorganic  compounds 395-549 

44  metal-organic  compounds 551-585 

44  minerals 1276-1290 

44  oils,  fats  and  waxes 1266-1271 

44  organic  compounds 611—1149 

44  pigments 1334-1337 

44  resins 1272 

44  various  liquids 1717 

solids 1715-1716 

44  water  at  various  temperatures 1720 

heat  and  atomic  heat  of  mercury 1796 

by  method  of  mixtures,  equation 2401 

,  definition,  equation 2401-2402 

(heat  capacity). 1791-1821 

of  alloys  and  various  solids 1814-1815 

"  aqueous  solutions 1817-1818 

44  elements 1797-1799 

44  gases 1819-1821 

44  heavj'-  water 1808 

44  ice 1791 

44  inorganic  compounds 1800-1805 

44  liquid  organic  compounds 1809—1813 

44  metals,  variation  with  temperature 1816 

44  organic  compounds 1806-1808 

44  quartz,  variation  with  temperature 1816 

44  steam 1795-1796 

44  water 1791-1796 

44       "       above  100°C 1795 

inductive  capacity 1965-1967 

44  definition 2402 

resistance,  definition 2398 

,  of  metals 1979-1985 

rotation,  equation 2402 

44      ,  table 2351-2353 

rotations  of  the  amino  acids  using  sodium  light 1457-1460 

viscosity,  definition 1754 

volume  and  density  of  mercury 1722 

44     relative  density  of  water 1721 

44      ,  definition 2402 

44         of  saturated  aqueous  vapor 1903-1913 

Spectra,  emission  lines  of  the  elements 2101-2251) 
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Spectra,  flame 2098-2099 

of  the  elements 2101-2250 

"       ,  persistent  lines  of  the  elements 2263-2272 

"       ,  X-ray 2037-2040 

Spectral  emissivity 2299 

series,  equation 2402 

Spectrometer  adjustment,  mirrors  for 2587 

Spectroscope  calibration,  wave  lengths  for 2098 

Spectrum,  solar,  wave  lengths  of  the  Fraunhofer  lines 2098 

Speed,  definition 2402 

"        processing,  developer  for 2612 

Speeds  of  films  and  plates,  table 2637-2642 

Sphere,  surface  and  volume,  formulae 286 

Spherical  aberration,  definition 2402 

candlepower,  definition 2095 

mirrors,  equations 2402 

polygon,  area  of,  formula 287 

segment,  area  and  volume,  formulae 287 

triangle,  area  of,  formula 287 

triangles,  relations  in 293 

Spheroid,  surface  and  volume,  formulae 287-288 

Spherometer  readings,  radius  of  curvature  from,  equations 2396 

Square  of  the  sine  and  cosine  and  their  product,  table 143-165 

Square  roots,  table  of 202-221 

Squares  and  cubes,  table  of 202-221 

"         of  numbers,  sum  of,  formula 269 

Stain,  acid  proof,  for  wood 2588 

44        removers,  photographic 2624-2625 

Standard  cells,  electromotive  force  of 1969 

conditions  for  gases,  definition 2402 

coordinate  system  of  colorimetry 2348 

developers  for  sensitometry 2612 

illuminants  for  colorimetry 2348 

observer p 2349-2350 

oxidation-reduction  potentials,  table 1442-1443 

solutions,  conductivity  of 1994 

for  volumetric  analysis 1376-1381 

units,  fundamental 2412 

wave  lengths 2253-2262 

in  vacuum  ultraviolet 2261-2262 

Standards,  photometric 2095 

,  primary,  for  volumetric  analysis 1391-1392 

Stannic  chloride,  specific  gravity  of  aqueous  solutions 1657 

Stannous      "       ,        "  "         "         "  "        1658 

Stark  effect,  definition 2403 

Static  charges,  force  between,  equation 2377 

Stationary  or  standing  waves,  definition 2403 

Statistics,  definitions  and  formulae  for 276-281 

Steam,  saturated,  properties  of 1901-1913 

"      ,  specific  heat  of 1795-1796 

"     ,  temperature  of  saturated 1897-1900 

Steel,  magnetic  properties  of 2016 

44   ,  wire  gauge ^ 2647 

Stefan-Boltzman  law  of  radiation,  equation 2403 

Steradian,  unit  of  solid  angle,  definition 2401 

Stimuli,  standard  trichromatic 2348 

Stirling's  approximation  formula  for  factorials 269 ;  273 

Stoichiometric,  definition 2403 

Stokes'  law,  equation 2403 

Stopcock  lubricants . 2592-2593 

Stops  for  photographic  lenses,  comparison  of  systems 2636 

Straight  line,  equations  of 294 

Strain,  definition 2403 

Strength  of  metals 1740 

Stress,  definition 2403 

Stubs'  gauge  for  wire 2643-2646;  2648 

Sucrose  solutions,  aqueous,  viscosity  of 1767 

41         (cane  sugar),  specific  gravity  of  aqueous  solutions 1659-1660 

Sugar,  solubility  of 1443 

solutions,  index  of  refraction  of 2289-2290 

2732 


INDEX 

PAGE 

Sugars,  cuprous  oxide  equivalent  of 1470-1474 

Sulfates,  decomposition  of  anhydrous  metallic,  table 1564 

M       ,  dehydration  of  metallic,  table 1563 

Sulfur  dioxide,  thermodynamic  properties  of 1920-1921 

Sulfuric  acid,  dilution  by  volume 1384 

4    ,  SO3,  specific  gravity  of  aqueous  solutions 1667-1668 

44      solution,  density  of 1952 

44    ,  specific  gravity  of  aqueous  solutions 1661—1666 

Sum  and  product  notations 273 

Sums  of  angles,  trigonometric  functions  of 290 

44  numbers,  formulae 269 

Sunlight,  noon,  filter  for 2348 

Sun's  spectrum,  wave  lengths  of  the  Fraunhofer  lines 2098 

Surface  and  volume  of  a  cone,  formulae 287 

44  "  cylinder,  formulae 287 

44  44  frustum,  formulae 287 

44  regular  polyhedra,  formulae 286 

44  a  spheroid,  formulae 287-288 

44        density  of  electricity,  definition 2403 

44  magnetism,  definition 2403 

of  regular  solids,  formulae 286—288 

tension  of  aqueous  solutions  against  air 1744-1746 

,  definition,  equation 2403 

of  fused  salts 1748-1749 

,  interfacial 1747 

,  liquids  against  air 1743 

41       ,        '4  44        their  vapors 1743 

44       ,  meaning  of  symbols 1742 

44       ,  metals 1747 

of  various  liquids 1749-1752 

44       ,  units  and  conversion  factors 2452 

,  water  against  air 1747 

Susceptibility,  definition 2404 

,  magnetic,  of  various  substances 2017-2027 

,  units  and  conversion  factors 2463 

Sylvine,  index  of  refraction 2280 

44      ,  transmissibility  of  radiations 2334 

Symbol,  chemical,  definition 2404 

Symbols  and  abbreviations 2689-2701 

of  the  elements 302-303 

Synonym  index  of  minerals 1276-1290 

Synonyms  and  common  names  of  alloys 1292-1304 

,  common  minerals 1274-1291 

,         "         names  of  chemicals 1338-1343 

of  special  inorganic  compounds 388-393 

,  organic  compounds 610-1148 

Synthetic  and  natural  rubber  stocks,  physical  properties  of 1327—1329 

T 

Tangent  galvanometer,  equations 2404 

Tannic  acid,  specific  gravity  of  aqueous  solutions 1669 

Tartaric  acid,      "  "         4'         "  44         1670 

Taylor's  series 271 

Telephone,  industrial  tubes,  characteristics  of 2560-2563 

Temperature  coefficient  of  resistivity 1986-1988 

,  color  scale  of 1815 

correction  for  barometric  readings,  brass  scale,   English 

units 1936-1937 

"  '4  "  brass    scale,     metric 

units 1934-1935 

"  "  44  "  44  glass     scale,     metric 

units 1938 

,  definition 2404 

,  gas  thermometer  to  thermodynamic,  reduction  table.  .  .    2507 
"  ,  liquid  thermometer  to  thermo-dynamic,  reduction  table  2508 

of  saturated  steam 1897-1900 

"  pressure  and  density  of  the  atmosphere,  variation  with 

altitude t 2678 

resistance  coefficient,  definition. 2405 

scale,  absolute  or  thermodynamic,  definition 2412 
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Temperature,  standard  scale  of,  definition 2412 

,  units  and  conversion  factors 2449 

Temperatures,  high  and  low 1928 

Tensile  strength  of  metals 1740 

Tension,  surface 1742-1753 

Terrestrial  magnetism,  constants  of 2028 

Tests,  flame  and  bead 1359-1360 

Theories,  chemical 2357-241 1 

Thermal  capacity  of  a  substance,  definition 2405 

or  water  equivalent,  definition 2405 

conductivity,  definition 2366 

"  "  of  various  materials 1895-1896 

,  units  and  conversion  factors 2450 

expansion  coefficient  of  alloys 1292-1302 

,  tables 1771-1781 

**  "         ,  definition,  equations 2405 

of  glasses 1777 

44         units  and  conversion  factors 2449 

Thermionic  vacuum  tubes,  characteristics  of 2548-2573 

Thermocouples,  E.  M.  F. — temperature  calibration 2002-2013 

,  fixed  points  for  calibration  of 1849-1850 

Thermodynamic  properties  of  refrigerants 1914-1927 

Thermodynamics,  laws  of 2405 

Thermoelectric  power,  definition 2405 

"      ,  table 2014-2015 

units  and  conversion  factors 2459 

Thermometer  calibration,  fixed  points  for 1849-1850 

scales,  conversion  of 2505-2508 

Thomson  effect,  coefficient  of,  units  and  conversion  factors 2460 

thermoelectric  effect,  definition 2406 

Time,  English  units,  table 2420 

"     ,  primary  standard  of,  definition 2412 

44     ,  unit  of,  definition 2406 

"     ,  units  and  conversion  factors 2421-2436 

14     ,      "      of,  table 2420 

Toning  formulae,  photographic 2629-2635 

Tons  and  pounds  in  use  in  the  United  States,  metric  equivalents .  2472-2474 

Torque,  definition,  equation 2390 

or  moment  of  force,  units  and  conversion  factors 2448 

produced  by  the  action  of  one  magnet  on  another,  equations  2406 

Torsional  rigidity,  modulus  of 1734 

vibration,  definition 2406 

Total  emissivity 2298 

41      reflection,  equations 2406 

Tractive  force  of  a  magnet,  equation 2406 

Trade  names  of  dyestuff  intermediates 1344-1345 

44         "  industrial  organic  compounds 1194-1264 

Transforming  expression  of  results  of  water  analysis,  table 1449 

Transmissibility  for  radiations,  optical  substances 2333-2334 

Transmission  by  various  neutral  and  colored  glasses 2308-2321 

factors  for  "ground"  glass 2293 

of  Wratten  filters 2322-2332 

units,  conversion  table  for 2574-2576 

Transmitting  tubes,  characteristics  of 2564-2569 

Transparency,  definition 2393 

of  uviol  glass,  coefficient  of 2287 

Transparent  media,  reflection  of  light  by,  equations 2397 

Trapezoid,  area  of,  formula 282 

Triangle,  area  of,  formula 282 

or  Dolygon  of  forces,  definition 2406 

44        ,  radius  of  circle  inscribed  in,  formula 283 

44        ,  right-angled,  trigonometric  functions  in 289 

Trichromatic  coefficients 2349-2350 

standard  stimuli 2348 

Trigonometric  formulae 289-293 

functions  for  angles  in  degrees  and  decimals,  natural.  128-131 

44  "         "        "  radians,  logarithms  of 138-139 

,  natural 136-137 

44    degrees,  minutes  and  seconds,  logarithms 

of,  table 42-88 
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Trigonometric  functions  for  degrees  and  minutes,  natural,  table.  .  .  .89-112 

"  in  a  right-angled  triangle 289 

11  "        ,  logarithms  of  the,  use  of  table 5-7 

11  "        ,  natural,  use  of  table 7 

series 272 

Tropical  developers 2612-2613 

Troy  weight,  units  of  mass,  table 2419 

True  capacity  of  glass  vessels  from  weight  of  contained  water  or  mer- 
cury   1393 

solution,  definition 2401 

Tubes,  thermionic  vacuum,  characteristics  of 2548-2573 

Tungsten,  brightness  of .    2097 

,  properties  of 2300-2301 

Twaddell  hydrometer,  conversion  tables 1719 

Twist  drill  gauge 2647 

U 

Ultimate  tensile  strength  for  metals,  table 1729-1733 

Ultraviolet   sensitization  of  photographic  plates 2635 

,  standard  wave  lengths 2261-2262 

transmission  by  colored  glasses 2308-2321 

,  wave  length  of  the  principal  emission  lines  of  the  elements 

2101-2108 

Underexposure,  developer  for 2614 

Uniform  circular  motion,  equations 2406 

Uniformly  accelerated  rectilinear  motion,  equations 2407 

Unit,  definition 2407 

44       magnetic  pole,  definition 2388 

44       quantity  of  electricity,  definition 2396 

Units  and  conversion  factors 2412-2526 

systematized  list 2421-2464 

44     measures 2412-2526 

44     ,  photometric 2095 

44     ,  quantities  and  physical  terms 2357-2411 

Universal  developer,  photographic 2614-2615 

wax 2593 

Unsaponifiable  matter,  oils,  fats  and  waxes 1269-1271 

Use  of  mathematical  tables 1-10 

Uses  of  industrial  organic  compounds 1197-1265 

U.  S.  system  of  weights  and  measures,  table 2416-2420 

V 

Vacuum  tubes,  characteristics  of 2548-2573 

Valence,  definition 2407 

44         electrons,  definition 2408 

of  the  elements 301-302 

Value  and  composition  of  foods 1549-1562 

44      of  foods  as  a  source  of  vitamins 1549-1562 

44       44  the  functions  of  various  angles 290 

Values  of  general  physcial  constants 2683-2688 

44       44  W  and  1/W2  (radio  table) 2543-2547 

Van  der  Waals'  constants  for  gases 1836-1837 

44        variation  of  Boyle's  law,  equation   2408 

Van't  Hoff's  principle 2408 

Vapor  density  of  water  in  saturated  air 1903-1913;  1938 

pressure,  lowering  by  salts  in  aqueous  solution 1887-1888 

of  carbon  dioxide 1859 

44  elements  and  inorganic  compounds 1860-1868 

44  mercury 1858 

44  organic  compounds 1868-1880 

44      ,  sulfur  acid  solution 1952 

44         of  various  substances 1860-1880 

44  Water 1851-1857 

44       ,  variation  with  temperature 1881-1886 

Vaporization,  heat  of  tables 1845-1848 

Vapors  and  gases,  specific  gravity  of 1709-1710 

44       ,  saturated,  density  of 1728 

Vectors,  composition  of,  equation 2408 

Velocity,  definition,  equation 2408-2409 

of  a  compressional  wave,  equations 2408 
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Velocity  of  a  longitudinal  wave,  equations 2408 

44         "  "  transverse  wave,  equation 2409 

"         ■*  **  wave,  equation 2409 

"         "  efflux,  equations 2408 

44  light 13,  2096;  2683 

44         44  seismic  waves 2677 

44  sound 1953-1954 

44        "    ,  variation  with  temperature,  equations 2409 

44         44  water  waves,  equations 2409 

44       ,  units  and  conversion  factors 2437 

Verdet's  constant 2354-2356;  2464 

Vibrating  strings,  frequency  of,  equations 2378 

Viscosity,  definition,  equation 1754;  2409;  2410 

44         of  alcohol-water  mixtures 1767 

44  aqueous  glycerol  solutions  for  calibration 1768 

44  44  44      sucrose  solutions 1767 

44  gases 1762-1766 

44  liquids 1756V1762 

44  solids 1766 

44  water 1754-1756 

44      ,  units  and  conversion  factors 2451 

Visibility,  definition 2410 

factors 2349-2350 

44        ,  relative,  definition . 2095 

Vitamin  unit  table .  . 1546 

Vitamins,  characteristics  and  functions  of 1540-1548 

44      ,  value  of  foods  as  sources  of 1549-1562 

Volt,  unit  of  electromotive  force,  definition 2372 

Voltage,  calibration  of  spark-gap  for 1964 

Voltaic  cells,  electromotive  force  and  composition  of 1969-1970 

44       44   ,  internal  resistance  of 1974 

Volume  change  due  to  fusion 1849 

44      ,  comparison  of  metric  and  English  units 2468 

44      ,  English  units,  table 2417 

44      ,  metric  units,  table 2414 

44      ,  unit  of,  definition 2410 

44      ,  units  and  conversion  factors 2421-2436 

Volumes  of  regular  solids,  formulae 286-288 

44        ,  prismoidal  formula  for 288 

Volumetric  analysis,  standard  solutions  for 1376-1381 

primary  standards 1391-1392 

quantitative  reactions  with  gram  equivalents,  equations  for 

1397-1403 
Von  Ettinghausen's  effect 2374 

W 

W  and  1/W2,  values  of  (radio  table) 2543-2547 

Washburn  and  Moen  wire  gauge 2643-2646 

Water-alcohol  mixtures,  boiling  points  of 1827 

Water  analysis,  conversion  of  units 1449 

Water  at  various  temperatures,  absolute  density  of 1720 

44     ,  boiling  point  of 1822-1823 

44     ,  density  of 1716 

44     ,  index  of  refraction  of 2279-2280 

14     ,  relative  density  and  specific  volume  of 1721 

44     ,  specific  heat  of 1791-1796 

44     ,  specific  heat  of  heavy 1808 

44     ,  surface  tension,  against  air 1747 

44        vapor  in  saturated  air,  mass  of 1903-1913;  1938 

,      44       pressure  of 1851—1857 

44     ,  viscosity  of 1754-1756 

Water  waves,  velocity  of,  equations    2409 

Watt,  unit  of  power,  definition 2394 

Wave  length,  electromagnetic 2539 

,  frequency  table  for  electromagnetic  waves 2540-2542 

of  the  principal  lines  in  the  emission  spectra  of  the 

Section  I      Ultraviolet 2101-2108 

II  2000-10,000  A 2109-2244 

III  Infrared 2245-2250 
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Wave  length,  secondary  standards  of 2253-2262 

Wave  lengths  for  spectroscope  calibration 2098 

of  Fraunhofer  lines 2098 

11       "  various  radiations 2097 

44      ,  primary  standard,  definition 2253 

*      ,  standard,  in  the  ultraviolet 2261-2262 

motion,  definition 2410 

Wax,  universal : 2593 

Waxes  and  fats,  constants  of 1266-1271 

Weighings,  reduction  to  vacuo,  equation 1393 

"    .    "      ,  table 1395 

Weight,  definition,  equation,  unit 2410 

"       or  mass,  comparison  of  metric  and  English  units 2471—2474 

Weights  and  measures,  metric  system,  tables 2413-2415 

,  U.  S.  system,  tables 2416-2420 

Wet  and  dry  bulb  thermometer  readings,  reduction  of 1950 

Wheatstone's  bridge,  equation 2410 

Wien's  displacement  law,  equation .  .  .  . 2410 

Wire,  cross-section  and  mass  for  copper,  iron,  brass  and  aluminum. 2659-2662 

44     ,  dimensions,  British  standard  gauge 2649 

44    ,  mass  and  resistance  for  copper 2651—2656 

,  Stubs'  gauge 2643-2646;  2648 

44       gauges,  comparison  of 2643-2646 

44       tables 2643-2668 

Wires,  fusing  currents  for 2668 

44    ,  resistance  per  unit  length 2663-2667 

Wood  stain,  acid  proof 2588 

Woods,  botanical  and  common  names 1330-1333 

44      ,  physical  properties  of 1330-1333 

Work,  definition,  equations 2410 

44    ,  units  and  conversion  factors 2444;  2465 

Wratten  filters,  transmission  of 2322-2332 


X-ray  crystallographic  data 2041-2094 

44     ,  supplementary  table 2089-2094 

44      developers 2616 

44      spectra 2037-2040 

X-rays,  atomic  absorption  coefficients  for 2036 

44      ,  mass  absorption  coefficients  for 2031-2036 


Yard,  unit  of  length,  definition 2385 

44     ,  U.  S.  standard,  metric  equivalent  for 2416 

Yield  point  for  metals,  table 1729-1733 

Young's  modulus,  equations : 2371 

44      ,  table 1734 


Zeeman  effect 241 1 

Zinc  chloride,  specific  gravity  of  aqueous  solutions 1671-1673 

44     nitrate,  44  "  44  44         1674-1675 

44     sulfate,  4<  44        4<  44  "         1676-1678 
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